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ABSTRACT 

Grain yield in spring wheat, Triticum aestivum L., is in part 

determined by the number of spikes per unit area. With the exception 

of high plant density crops, spike numbers are in turn the end-product 

of the tillering process common to all grass species. A series of 

experiments was conducted to evaluate the tillering patterns of diverse 

spring wheat genotypes under the short growing season conditions of 

central Saskatchewan. In addition, experiments were carried out to 

determine how consistently tillering patterns were expressed in 

different years, locations, seeding rates, seeding dates, seeding 

depths and temperatures. 

Significant genotypic variation was detected for the following 

tillering pattern components: time to tiller emergence, maximum tiller 

number, tiller mortality and spike number. Maximum tiller number 

consistently exhibited the greatest variability among genotypes with a 

five and 2.S-fold range at 5 and 100% of the commercial seeding rate 

(230 seeds/m2), respectively. Genotypes which produced large tiller 

populations did so by producing more secondary tillers as a result of 

higher individual tiller emergence and survival frequencies. Cultivars 

i~~ wnlch tillers emerged when the main stem was less developed had 

higher tiller grain yields but were late maturing. Lower tillering 

cultivars were characterized by a lower synchronization of tiller 
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emergence and a greater phytomass differential between the main stem 

and its second leaf tiller at the mid- to late-tillering phase. On a 

crop basis there was no relationship between a genotype's yielding 

ability and either its tillering capacity or tiller mortality. 

Cultivars with diverse tillering habits (free-tillering, 

low-tillering and oligoculm) responded differently to changing 

environments as illustrated by cultivar x seeding rate and cultivar x 

year interactions for tillering characteristics and yield components. 

The genotype x environment (G x E) interactions for tillering did not 

involve changes in cultivar rank while those for a number of yield 

components did. The G x E interactions for yield components were 

ascribed to a pronounced reduction in the means of the low-tillering 

and oligoculm cultivars at higher seeding rates under extended 

pre-anthesis drought conditions. Several years of testing led to the 

conclusion that oligoculm cultivars are not suited to the erratic 

precipitation distributions common to central Saskatchewan. 

Under field and/or controlled environment conditions increases in 

seeding depth (1 to 3 cm) had a slight effect on tillering, reducing 

the rate of tillering, shortening the tillering phase, and reducing 

maximum tiller number, tiller mortality and spike number. Under 

c<",ntrolled environment eonditions temperature waCl shown to have a 

pronounced effect on the rate of tillering but little impact on maximum 

tiller number. Similarly, under field conditions delayed seeding had 

little effect on maximum tiller number. 
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Heritability estimates for maximum tiller numbers based on the 

variance component method were high and G x E effects negligible, 

indicating that genotypic tillering characteristics are expressed 

consistently across environments. A lack of heterosis combined with 

few deviations from normality in F2 population distributions suggests 

that tillering capacity is controlled by genes with largely additive 

effects. It is suggested that selection for maximum tiller number 

could be carried out during early generations in solid seeded plots. 

However, the fact that grain yields were not associated with a 

particular tillering capacity leads to the conclusion that the 

manipulation of this trait would not be a productive breeding venture. 
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1. INTRODUCTION 

Spring wheat, Triticum aestivum L. em. TheIl, is the single most 

important crop grown in Saskatchewan, and the Canadian prairies in 

general. In 1985, 10,805,000 tonnes of hard red spring wheat were 

produced on 6,657,000 ha, accounting for approximately 55% of the area 

seeded to grain crops in Saskatchewan (Statistics Canada, 1986). 

Tillering or the branching process, is a major determinant of 

yield in cereal crops. Much of the presently available information on 

tillering in wheat has been gathered from the study of genotypes grown 

in environments which typically result in extended pre-anthesis growth 

phases of 70 to 150 days. The much shorter pre-anthesis period (50-60 

days) commonly observed in the major wheat growing regions of 

Saskatchewan is associated with tiller production levels which are 

generally 50% of those reported for fall-sown wheat. A paucity of 

information dictates that the tillering behaviour of spring wheat grown 

under the semi-arid short growing season conditions of central 

Saskatchewan be studied in greater detail. 

The tillering habit or pattern of cereals can be characterized by 

quantifying a number of traits! Tillering pattern components of a 

wheat crop include the rate of tiller emergence, duration of the 

tillering phase, maximum tiller numbers per unit area, tiller mortality 

and spike numbers per unit area. The extent and timing of emergence 

for designated tillers (Klepper et al., 1982) can provide precise 

information on the tillering behaviour of wheat genotypes in different 

environments. 
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This study was carried out with two major objectives in mind. 

Those objectives were to determine (1) the extent of genotypic 

variation for a number of tillering pattern components and their 

relationship with grain yield and (2) the effect of environment on the 

expression of genotypic tillering patterns. Spring wheat genotypes 

characterized by a wide range of tillering capacities were evaluated 

over a three year period to meet the first objective. Cultivars 

representing extreme tillering patterns were grown at a range of plant 

densities and seeding depths in the field and under controlled 

environment conditions in order to study the extent and nature of 

genotype x environment interaction (GxE) for tillering. In conjunction 

with the G x E studies, the constancy of tillering capacity was 

quantified by heritability determinations. It was hoped that 

information generated from these studies would help establish whether 

genotypes with a particular tillering pattern are better suited to 

central Saskatchewan growing conditions. 
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2. LITERATURE REVIEW

2.1 The tillering process in cereals 

2.1.1 Growth and developmental patterns 

The term tillering is used to describe the branching process in 

the Gramineae. Typically, the embryo of a mature wheat (Triticum 

aestivum L.) caryopsis is characterized by the presence of primordia 

for the first three leaves; in addition to these foliar buds a tiller 

bud is visible in the axil of the coleoptile (Percival, 1921; McCall, 

1934). Within 24 hours of germination a tiller bud becomes visible in 

the axil of the first leaf (Dale and Fletcher, 1974; Williams et al., 

1975). Subsequently, axillary bud initiation occurs acropetally at a 

rate similar to that of the leaf primordia but usually two to three 

plastochrons later than the primordium of the subtending leaf (Langer, 

1972). Tillers which develop from axillary buds on the main stem of a 

wheat seedling (primary tillers) in turn give rise to shoots (secondary 

tillers) from buds in the axils of their prophylls and leaves. These 

secondar)r tillers can in turn give rise to tertiary tillers. Depending 

on the genotype and environment higher-order tillers may be observed 

(Langer, 1972). Primary tiller buds, though, have generally not been 

observed in the axils of the more apical leaves and are conspicuously 

absent from the axils of the flag and penultimate leaves (Kirby and 

Faris, 1972; Williams et al., 1975). 
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Tiller buds arise from the outer cell layers of the apical 

meristem. A combination of periclinal divisions in the third 

outer-most cell layers and anticlinal divisions of the two outer cell 

layers gives rise to a slight semi-circular bulge which is the first 

outward manifestation of a tiller bud's presence. This bulge appears 

to be derived from tissues of the suprateEding leaf or its disc of 

insertion (Williams et al., 1975). The first structure to 

differentiate from the developing tiller bud is a prophyll which is 

initiated by periclinal cell divisions in the epidermis and hypodermis 

(the two outer cell layers of wheat primordia) (Williams et al., 1975). 

The prophyll is a closed sheathing structure which protects the 

axillary bud during its early stages of growth, anatomically and 

functionally it is analogous to the coleoptile (McCall, 1934). 

Following the development of the prophyll, a tiller bud's development 

is similar to that of the main stem in that it is characterized by the 

presence of an apical meristem and th~ appearance of leaf and tiller 

primordia (Langer, 1972). As these "developmental changes occur the 

young tiller bud proceeds to grow upward into a small cavity between 

the subtending leaf sheath and stem. If the young tiller bud is 

sufficiently vigorous it will force its way out of this cavity 

(Williams and Langer, 1975) and eventually emerge above the ligule of 

the subtending leaf. Williams and Langer (1975) observed that tillers 

which eventually emerge are characterized by a discontinuous growth 

curve, the discontinuity occurring when the tiller bud 'escapes' from 

its cavity. Tillers which do not escape have a continuous growth 
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curve which is asymptotic in shape, i.e. over time the growth rate of 

these tillers approaches zero. Dale and Fletcher (1974) reported a 

similar two-phase tiller growth pattern for barley (Hordeum vulgare L.) 

but suggested that the discontinuity in growth curves coincided with 

the vascularization of tiller buds which resulted in an increased 

supply of photosynthates to the tiller bud. In contrast, Williams et 

ale (1975) concluded that tiller bud vascularization was not 

responsible for the second growth phase. The formation of precambial 

strands begins when tiller buds are roughly 0.5 to 1.0 mm (mean = 0.68 

mm) in length (Williams and Langer, 1975). These strands are initiated 

independently of the vascular strands in the parental shoot but rapidly 

become connected to the latter by downward differentiation (Hitch and 

Sharman, 1968; Dale and Fletcher, 1974). In grass species the initial 

vascular connection of a tiller bud is with its supratending leaf 

(Bunting and Drennan, 1966) but at later stages the vascular strands of 

the tiller bud appear to be fully integrated with the vascular system 

of the parental shoot, the major linkage occurring at the nodal plexus 

associated with the subtending leaf (Hitch and Shacman, 1971). 

During the early stages of its development a tiller can be 

considered as being parasitic on its parent shoot, and to a lesser 

degree on other, lower order, tillers. At a later stage the tiller 

becomes less dependent on its vascular connections to the remainder of 

the plant, developing its own set of adventitious roots in addition to 

becoming photosynthetically self-reliant (Langer, 1972). The timing 
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of the above-mentioned events, in a phenological context, has not been 

well documented. Apel (1984) claims that tillers become autotrophic by 

the three leaf stage and have three to five adventitious roots at that 

time. Both descriptive (Quinlan and Sagar, 1962; Lupton, 1966) and 

quantitative (Rawson and Hofstra, 1969) data from labelled carbon 

(14C) studies show that the main shoot of a wheat plant provides 

large amounts of photosynthates to developing tillers. Rawson and 

Hofstra (1969) found that during a 24-hour period up to 52% of the 

assimilated radioisotope from a given leaf was exported to young 

tillers. The export of photoassimilates to younger shoots may be 

detected throughout most of a plant's life (Rawson and Hofstra, 1969) 

but this movement usually decreases rapidly following internode 

elongation (Quinlan and Sagar, 1962; Lupton, 1966; Thorne, 1982). 

A tiller may force its way out of its cavity, emerge from its 

subtending leaf and start growing, yet not survive to produce grain. 

Late-emerging tillers succumb to intra- and inter-plant competition 

before older, more established tillers (Bremner, 1969, Fraser et al., 
o 

1982). Although reproductive tillers have been shown to senesce, in 

general, once a tiller has entered the reproductive phase it will reach 

maturity (Krishnamurthy, cited in Bunting and Drennan, 1966). 

2.1.2 The control of tiller growth and development 

Ultimately; all the organs on a wheat plant arise from primordia 

which are differentiated from the embryonic shoot and root meristems. 

According to Sinnott (1921), "The size of any given organ depends upon 

the size of the growing point out of which it has been developed". 
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Grafius and co-workers (Grafius et al., 1976; Grafius, 1978; Hamid and 

Grafius, 1978) using barley as a model provided evidence supporting 

Sinnott's conclusion. The implication of Srnnott's law (Grafius, 1978) 

is that the growth and development of a plant will follow a path which 

is under genetic control and manifested by a positive correlation 

between the size of organs on an individual plant. The strength of 

that correlation is determined by the ontogenetic distance between 

organs, as well as intervening environmental effects. As a corollary 

to Sinnott's law, Grafius (1978) concluded that organ number and size 

are inversely related. Consequently, the potential number and size of 

tillers which characterize a wheat genotype are ultimately determined 

by the size of the shoot apical meristem. The mode of control of 

axillary bud growth by the apical meristem, commonly referred to as 

apical dominance has not been elucidated satisfactorily (Phillips, 

1975). In his interpretation of the literature Phillips (1975) states 

~hat auxins From young leaves and the apical meristem are likely 

controlling axillary bud growth by influ~~cing the availability of 

cytokinins. Exogenous cytokinins have been shown to promote initial 

tiller bud outgrowth (Jewiss, 1972; Sharif and Dale, 1980a) as well as 

sustaining subsequent tiller growth (Langer et al. 1973; Johnson and 

Jeffcoat, 1977). Indoleacetic acid ~IAA) and gibberellic 'lcid (GA3) 

have also been implicated in the growth of tiller buds (Johnson and 

Jeffcoat, 1977; Sharif and Dale, 1980b). 
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The degree of apical dominance varies with environment, usually 

increasing when a plant is subjected to nutrient stre~s (Fletcher and 

Dale, 1'74; Sharif and Dale, 1980a) or growth is inhibited by selective 

leaf-shading (Fletcher and Dale, 1974). Reduced tillering associated 

with high plant densities is considered a manifestation of increased 

apical dominance. 

2.2 Tillering patterns 

2.2.1 Individual plants 

If an individual wheat plant were to De observed in the absence of 

inter-plant competition, tiller numbers would initially increase at a 

linear rate in step with leaf development since each leaf axil has the 

potential to produce a tiller. However, as the prophyll and leafaxils 

on tillers can give rise to yet more tillers, the tillering rate 

deviates from linearity and tends to be exponential (Langer, 1972). In 

cases where the coleoptilar tiller does not develop, tiller numbers may 

increase following a pattern approximating a Fibonacci Series (Klepper 

et al., 1982). Aspinall (1961) and Jewiss (1972) described a two-phase 

tillering pattern for barley and wheat, respectively. In barley the 

end of the first phase coincided with the internode elongation of 

early tillers while the second phase occurred during the grain-

filling period of the early tillers. Individual spring wheat plants 

may exhibit a similar-tillering pattern; tiller production ceasing 

around the time of double ridge formation and early internode 

elongation and resuming at spike emergence. According to Rawson (1971) 
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tillering ceases at about the time of terminal spikelet differentiation 

and is followed by a period of tiller senescence which ends at the time 

of spike emergence. Friend (1965) observed very little or no 

post-anthesis tillering in the bread wheat cultivar Marquis under 

controlled environment conditions conducive to tiller production. 

Early tillers emerge.in a sequence which appears to be relatively 

unaffected by genotype and environment. Tillers arising at the 

coleoptilar node and from the axil of the first leaf emerge at about 

the same time, followed by tillers developing from buds on the axils 

of: the second leaf, first tiller prophyll, third leaf and, second 

leaf prophyll (Rawson, 1971).· The survival and. yielding ability of 

individual tillers is inversely related to their time of emergence 

whereas the harvest index of individual tillers remains relatively 

constant (Cannell, 1969b; Rawson, 1971; Ishag and Taha, 1974) over a 

wide range of the tiller hierarchy. In addition, leaf numbers and 

length decrease while leaf width and leaf sheath length increase with 

increasing tiller order (Kirby and Faris, 1970; Stern and Kirby, 1979). 

Although the interval between main stem and tiller emergence may be 

quite large, the difference in spike emergence dates for the same 

shoots will be much reduced (Cannell, 1969a). This increase in 

synchrony is a result of the reduced leaf production and increased rate 

of spikelet initiation in tillers relative to the main stem, such that 

in spike-bearing shoots terminal spikelet initiation occurs within a 

relatively short time interval (Stern and Kirby, 1979). Furthermore, 

MacDowall (1973) has presented evidence suggesting that tiller growth 

rates are greater in later than in earlier-emerged tillers. 
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Typically, the tillering process in cereals has been quantified by 

determining maximum tiller and final spike numbers on either a single 

plant or crop basis. A third parameter, tiller mortality or its 

converse·, tiller survival has be.en used to describe tillering pattern 

differences (Frankel, 1935; Rawson, 1971; Shanahan et al., 1985). More 

detailed studies have reported the proportion of plants which exhibit 

specific tillers as well as the time taken for these tillers to emerge 

(Rawson, 1971; Kirby and Faris, 1972; Fraser et al., 1982; Simmons et 

al., 1982). 

Apart from graphical analyses very few attempts have been made to 

describe the over-all tillering pattern of wheat. Fraser et al. (1982) 

determined the tiller production and senescence rates for two field 

grown wheat cultivars. A second approach involves fitting the 

appearance data of specific tillers to a logistic distribution 

function, where the time scale is expressed in degree-days (Rickman et 

al., 1983). The latter technique results in the estimation of three 

parameters: (i) time to 50% tiller appearance, (ii) tiller appearance 

rate and (iii) dispersion coefficient which can be used to evaluate the 

effects of environmental or agronomically induced stress on seedling 

development. Porter (1984) developed a computer simulation model in 

which time, temperature and daylength are the independent variables 

used to obtain the tillering pattern of a winter wheat crop from 

planting to maturity. 
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2.2.2 Plant populations 

In the field, a population of spring wheat plants will tiller 

according to a characteristic pattern which is similar to that observed 

for individual plants (Bunting and Drennan, 1966). Tiller numbers 

increase rapidly during the first few weeks after seedling emergence, 

reaching a peak shortly after floral initiation (Shanahan et a1., 1985) 

and dropping off at the time when internode and apex extension are the 

most rapid (Fraser et al., 1982). The timing of maximum tiller 

production, however, is influenced by inter-plant competition (Hansel, 

1955), resulting in tiller population peaks earlier or later than 

depicted by Fraser et a1. (1982). Following a period of tiller 

mortality, tiller numbers remain at a constant level from approximately 

the time of anthesis to maturity (Clements et a1., 1974; Fraser et al., 

1982). The proportion of tillers which senesce and consequently do not 

contribute to final grain yield will vary according to the genotype and 

environment being studied (Frankel, 1935; Simmons et a1., 1982, 

Shanahan et al., 1985). 

2.3 Genotypic variation in ti11ering patterns 

2.3.1 Cultivar evaluations 

There is no evidence that genotypes differ with regards to the 

generalized seasonal ti11ering pattern described in Section 2.2.2 

(Bunting and Drennan, 1966; Cannell, 1969a; Simmons et al., 1982; 

Simons, 1982). Although the shape of the ti11ering pattern is similar 

for diverse genotypes there are pronounced differences for maximum 



12

tiller (Bunting and Drennan, 1966; Rawson, 1971; Ishag and Taha, 1974; 

Shanahan et al., 1985) and final spike production (Rawson, 1971; 

Clements et al., 1974). The observation of genotypic differences in 

tillering capacity is not a recent phenomenon. Percival (1921) 

observed the tillering potential of 841 space-planted genotypes (ca. 40 

plants m-2) representing four Triticum species and found that 

tiller numbers per plant ranged from one to more than ten. 

Genetic variation for tiller mortality has been demonstrated 

repeatedly for diverse groups of wheat (Frankel, 1935; Langer, 1965; 

Austin et al., 1980; Shanahan et al., 1985). In general, cultivars 

which produce many tillers tend to be characterized by higher tiller 

mortalities (Frankel, 1935; Shanahan et al., 1985) although the 

high-tillering low-mortality combination has been reported in barley 

(Simmons et al., 1982). 

2.3.2 Inheritance and heritability of spike number 

The end product of tillering, namely spike numbei, is 

characterized by a polygenic inheritance pattern. Numerous studies, 

particularly diallel analyses, of this yield component have led to the 

conclusion that additive gene effects account for most of the observed 

genetic variation (Kronstad and Foote, 1964' Brown et al., 1966; Knott 

and Sindagi, 1969; Bitzer and Fu, 1972; Walton, 1972; Gill et al., 

1977; Bitzer et al., 1982). Sizeable non~additive genetic effects have 

been detected by several investigators (Gyawali et al., 1968; Sidwell 

et al., 1976; Sharma and Ahmad, 1980). Non-additive genetic variation 
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has been ascribed to dominance gene effects (Singh and Anand, 1971; 

Walton, 1972; Sidwell et al., 1976; Sharma and Ahmad, 1980) as well as 

epistasis (Chapman and McNeal r 1971; Singh and Anand, 1971; Gill et 

al., 1977; Patel and Bains, 1984). 

Heterosis above the higher-tillering parent tends to be low and 

statistically nonsignificant (McNeal et al., 1965; Fonseca and 

Patterson, 1968a; Gyawali et al., 1968; Knott and Sindagi, 1969; Bitzer 

and Fu, 1972; Bitzer et al., 1982). 

Heritability estimates based on variance component methods range 

from 0.03 to 0.71 (mean = 0.37, n = 26) and from 0.09 to 0.80 (mean = 

0.43, n = 9) for the parent-offspring regression procedure (McNeal, 

1960; Kronstad and Foote, 1964; Johnson et al., 1966; Fonseca and 

Patterson, 1968b; Singh and Anand, 1971; Chowdry et a1., 1976; Ketata 

et al., 1976; Sidwell et al., 1976; Nasr and Ghoshe, 1977; Yadavand 

Murty, 1979). The low to intermediate levels of heritability reported 

for spike production are higher than those associated with grain yield 

but generally lower than those observed for the remaining yield 

components: kernels per spike and kernel weight. 

Although there appears to be significant genetic variation for 

tiller production there is no conclusive evidence to date that a 

particular tillering habit will result in higher yields in either a 

general or specific environment. 

2.3.3 Optimum tiller production 

During the evolution and domestication of wheat there has been a 

marked reduction in the tillering capacity of individual plants, the 

greatest reduction occurring at the tetraploid level. With each 
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ploidy level, domesticated species tiller less profusely than their 

wild counterparts. This reduction in ti1lering has been associated 

with a decrease in the proportion of sterile tillers and an increase in 

kernel size, spikelet fertility, harvest index, and grain yield (Evans 

and Dunstone, 1970; Bamakhramah et a1., 1984). A continuing trend of 

reduced til1ering has been observed in comparisons of modern and 

ancestral hexaploid wheat cultivars (Austin et al., 1980; Donald, 1981; 

Bamakhramah et al., 1984). While til1ering capacity and tiller 

mortality has decreased through natural and applied selection, the 

proportion of sterile tillers in a typical winter wheat crop may still 

approach 70% (Austin et al., 1980; Shanahan et al., 1985), accounting 

for 20- to 30% of the phytomass present during the early summer 

(Krishnamurthy, 1963; cited in Simons, 1982). Whether these 

non-productive tillers are detrimental to grain yield is .an unresolved 

issue which has received much attention (Smith, 1933; Hashimoto et al., 

1956; Jones and Kirby, 1977; Kirby and Jones, 1977; Mohamed and 

Marshall, 1979; Kemp and Whingwiri, 1980; Islam and Sedgley, 1981). 

The data from the latter tiller removal studies indicates that tillers 

compete with the main stem for assimilates and that under water stress 

conditions this competition will result in reduced grain yields on a 

whole plant or plot basis. 

A second approach to studying the effects of non-productive 

tillers on grain yield involves the use of mutant genotypes in which 

tillering is partially or completely suppressed (Atsmon and Jacobs, 

1977; Donald, 1979). Limited information from such studies suggests 
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that a uniculm plant type may out-yield free-ti11ering cu1tivars by as 

much as 25%. The yield advantage of barley unicu1ms was amplified at 

higher seeding rates and under abundant rainfall conditions (Donald, 

1979). In a more recent study' (Marshall and Boyd, 1985), however, 

biculm wheat genotypes selected from 10w-ti11ering Israeli material 

(Atsmon and Jacobs, 1977) yielded 30% less than conventional Australian 

cu1tivars. 

Radioactive carbon tracer studies show that there is a 

considerable flow of assimilates from the main stem to developing 

tillers but little reverse movement (Simons, 1982). Kemp and Whingwiri 

(1980) concluded that tillers did not appear to compete with the main 

stem for carbohydrates and suggested that reduced nitrogen may be the 

limiting substrate. When sterile tillers senesce a majority of their 

nitrogen is re-mobi1ized to the surviving shoots but by the time this 

occurs their contribution to a plant's nutrient pool is neg1ib1e 

(Rawson and Donald, 1969). 

2.4 Environmental effects on ti11ering 

Although subject to genetic control, ti11ering can be greatly 

modified by the environment in which a grass plant is grown (Langer, 

1972). The influence of environmental factors such as light, water, 

nutrients, carbon dioxide and temperature on the ti11ering process has 

been, in part, reviewed by Langer (1963), Evans et a1. (1964), Bunting 

and Drennan (1966), Friend (1966), Jewiss (1972) and Simons (1982). 

The following review will focus on how ti11ering is affected by 

temperature and environment-modifying agronomic factors such as seeding 

rate, date and depth. 
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2.4.1 Temperature 

The optimum temperature for ti1lering in temperate forage grasses 

has been shown to be in the range from 18 to 240 C (Langer, 1972). 

Friend (1965) has shown that the tillering rate of spring wheat 

increases by approximately 30% as the temperature is raised from 10 to 

200 C and drops off ~t temperatures exceeding 25 0 C. Since most 

tillers develop from buds in the leafaxi1s, an increase in the leaf 

production rate should result in a concomitant tillering rate increase 

due to the presence of more potential tiller sites (Laude, 1972). 

Friend (1965) determined that the relative leaf emergence rate is 

stimulated to a greater extent by warmer temperatures than is the 

relative tiller emergence rate, leading to the speculation that apical 

dominance increases with temperature. Tiller and spike numbers 

decrease with increasing temperature (Taylor and McCall, 1936) but 

there is little change in tiller mortality (Friend, 1965; Rawson, 

1971). Campbell.et al. (1979), however, reported a slight increase in 

spike production at a higher temperature regime. Und~~ field 

conditions higher temperatures during the tillering phase in contrast 

to lower temperatures during the jointing and later phases of crop 

development promoted spike production (Fisher and Maurer, 1976). 

The coleoptilar tiller is especially sensitive to te~perature

during early seedling development, emerging at a higher frequency and 

making a greater contribution to grain yield at lower temperatures 

(Cannell, 1969b, Rawson, 1971). Temperature has been shown to affect 

individual tiller yields. Rawson (1971) reported that when two wheat 
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cu1tivars were grown in contrasting temperature regimes the 

free-ti11ering cu1tivar had a higher tiller phytomass at the warmer 

temperature while the 10w-ti11ering cu1tivar responded in the inverse 

manner, providing evidence of a cu1tivar x temperature interaction. 

2.4.2 Seeding rate 

The fact that seeding rates have a marked effect on til1ering was 

documented starting in the 1920's (Bunting and Drennan, 1966). 

Puckridge and Donald (1967) demonstrated that of the three yield 

components (spikes/plants, kernels/spike, kernel weight), spikes per 

plant was the most sensitive to increasing inter-plant competition. As 

the seeding rate was raised from 1.4 to 1078 seeds m-2 spikes per 

plant decreased by a factor of 43.24 while the two remaining components 

were reduced by factors of only 4.98 and 1.03, respectively. 

Increasing the plant density results in higher maximum tiller 

populations, the maxima being reached at an earlier date (Kirby, 1967; 

Pnckridge and Donald, 1967; Clements et a1., 1974; Mahmoud and Osman, 

1981). Tiller mortality has also been shown to increase with seeding 

rate (Frankel, 1935; Puckridge and Donald, 1967; Nerson, 1980; Mahmoud 

and Osman, 1981) but due to higher plant densities, spike populations 

at maturity tend to increase either linearly or asymptotically with 

seeding rate (Guitard et a1., 1961; Kirby, 1967; Pelton, 1969; Lovett 

and Kirby, 1971; Willey and Holiday, 1971; Clements et a1., 1974; 

Nerson, 1980, Faris and DePauw, 1981; Mahmoud and Osman, 1981) or reach 

a maximum at intermediate plant densities (Puckridge and Donald, 1967). 
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In addition to a reduction in the number of tillers per plant, 

increasing inter-plant competition causes a yield reduction in the 

surviving tillers (Puckridge and Donald, 1967; Nerson, "1980). Since 

the main stem will survive over a wider range of plant densities the 

net effect is a greater, if not absolute, contribution of the main stem 

to crop grain yield at higher seeding rates (Clements' et al., 1974). 

In a comparison of early versus later emerging tillers Fraser et al. 

(1982) reported that the survival of the latter was reduced to a 

greater extent at a higher plant density. 

The tillering patterns of different genotypes respond similarly to 

seeding rate, i.e. there is an absence of cultivar x seeding rate 

interactions for tiller production over the course of a growing season 

(Kirby, 1967; Clements et al., 1974). Kirby (1967) and Cannell (1969a) 

did, however, detect a cultivar x seeding rate interaction for tiller 

and/or spike numbers in barley, but Clements et al. (1974) and Faris 

and DePauw (1981) failed to detect the same interaction in wheat. 

2.4.3 Seeding date 

Delayed seeding results in a more rapid tiller emergence (Cannell, 

1969b; Stern and Kirby, 1979) but the sequence in which tillers appear 

remais unC'hanged. Later seedings do, however, result ~n fewer 

higher-order tillers emerging, an increase in their mortality and a 

reduction in the grain yield of surviving tillers such that yield on a 

population basis can be drastically reduced (Cannell, 1969b). Cultivar 

x sowing date interactions for the emergence, mortality and 
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grain yield m-2 of specific tillers was reported by Cannell 

(1969b). Significant reductions in spike number due to delayed 

planting have been reported for winter (Knapp and Knapp, 1977; Smid and 

Jenkinson, 1979; Musick and Dusek, 1980) and spring wheat (Horner, 

1936; Black and Siddoway, 1977). 

2.4.4 Seeding depth 

Under the semi-arid growing conditions of the Canadian prairies 

the depth of seeding for cereals will vary according to the 

availability of soil moisture for the germination process (Harvey, 

1942). Anderson (cited in Johnson, 1983) evaluated the effects of four 

seeding depths (2.5 to 10.2 cm) on spring wheat yields over a four-year 

period and found that a 5.1 cm depth was optimal for grain yield. A 

review of the early literature by Harvey (1942) indicated that a 2 to 3 

inch (5.1 to 7.6 cm) seeding depth was optimal. 

At increased seeding depths wheat plants produce fewer tillers or 

spikes, this phenomenon has been observed under both greenhouse (Taylor 

and McCall, 1936) and field ~0nditions (Harvey, 1942; 

Hadjichristodoulou et al., 1977; Frederick and Marshall, 1985). 

Percival (1921) observed that a 7.6 cm sowing depth inhibited the 

development or reduced the vigour of the first three tillers and that 

at progressively shallower plantings the lower node tillers developed 

more rapidly. 
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2.5 The relationship between tillering capacity and grain yield 

As mentioned previously, thetillering capacity~of wheat has 

declined during the course of dOillestication, the trend continuing with 

the advent of intensive breeding efforts initiated at the turn of this 

century. The above phenomenon coupled with the o~servation that 

sterile tillers may be detrimental to crop yields has led to 

speculation that grain yields may be improved by breeding yet 

lower-tillering genotypes with reduced tiller mortalities (Bingham, 

1969; Smith, 1976; Donald, 1981). In a more extreme case, Donald 

(1968) proposed a wheat ideotype featuring the inability to tiller. 

This uniculm plant habit was proposed specifically for 

high-productivity environments while a restricted tillering 

('oligoculm') habit was suggested for environments with erratic 

precipitation patterns. In contrast, others believe that a higher 

tillering capacity is desirable in wheat (Hsu and ·Walton, 1971; Schmidt 

et al., 1978) and barley genotypes (Benbelkacem et al., 1984). The 

latter philosophy is in part based on the argument that tillering 

provides a cereal crop with the flexibility to compensate for abiotic 

and biotic stresses in addition to responding to yield-promoting 

environments. 

In comparisons of spring wheat genotypes, grain yield tends to be 

highly correlated with spike number under space-planted (10-20 plants 

m-2) conditions (Hsu and Walton, 1971; Yadav and Murty, 1979) but 

this relationship is not detected at higher seeding rates (> 200 see~s

m-2) for common (Knott and Talukdar, 1971; Nass, 1973; Jain et al., 
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1978) and durum (Triticum turgidum, t.) wheats (Gebeyehou et al. ,. 

1982). More recently, however, Shamsuddin and Abi-Antoun (1984) 

reported similar (0.66, 0.6R) correlation coefficients for spike number 

versus grain yield under both space and solid-seeded conditions. A 

review of 24 winter-wheat studies in which near-commercial seeding 

rates were used reveals a significant correlation between tillering 

capacity and grain yield in only three cases (Simons, 1982). 

Additional information obtained from yield and yield-component 

selection experiments indicates that the selection of high-tillering 

genotypes from segregating populations is generally ineffective in 

terms of increasing grain yields (Alexander et al., 1984) and in some 

cases may lead to slight yield reductions (McNeal et al., 1978; 

Benbel~acem et al., 1984). 

Higher tillering genotypes are characterized by increased tiller 

mortalities (Frankel, 1935; Benbelkacem et al., 1984); tiller mortality 

may in turn be negatively correlated with grain yield (Shanahan et al., 

1985). 
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3. MATERIALS AND METHODS

3.1 Field studies 

With the exception of the early generation (F1 and F2) 

studies, all field experiments (1983 to 1985) were planted in rows 3.7 

m long, spaced 30 cm apart with a custom-built four-row cone seeder. 

Fertilizer (11-51-0) was drilled in with the seed at a rate of ca. 50 

kg/ha. Individual trials varied in seeding rate and number of rows per 

plot. The field trials were carried out at three locations in the 

vicinity of Saskatoon. At the University of Saskatchewan's seed farm 

in Saskatoon proper, the soil type is an orthic dark brown Bradwell 

clay loam. At the Goodale farm near Floral, 15 km south-east of 

Saskatoon, the soil is a very fine sandy loam (0.5 to 2.5% organic 

matter) in the Bradwell Association. At the Kernen Crop Research Farm, 

6 km north-east of the seed farm, plots were seeded on an orthic dark 

brown Sutherland clay, clay-loam in 1983 and 1985 but an Elstow clay, 

clay-loam in 1984. 

3.1.1 Germplasm evaluation 

An unreplicated, single row trial of 373 spring wheat genotypes 

obtained primarily from the U.S.D.A. National Small Grain Collection 

(Beltsville, Mti.) was grown at the University of Saskatchewan's Kernen 

Crop Research Farm. Individual rows were thinned to a density of 

approximately 100 seedlings/m2 at the 2-3 leaf stage. The number of 

spikes per plant was recorded at maturity for 5 plants per plot as 
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were the days to 50% spike emergence. By definition, spike emergence 

occurred when a spikelet was visible above the flag leaf ligule or 

through a slit in the flag leaf sheath of the main stem for 50% of the 

plants in a plot. This trial was planted on 'May 26 and May 10 in 1983 

and 1984, respectively. 

3.1.2 Evaluation of genotypic variability for tillering patterns 

Ten spring wheat genotypes selected for their genetic and 

geographic diversity (Table 3.1) were seeded at Saskatoon at an early 

(May 4) and a late (May 28) date in 1983. A four-replicate split-plot 

design was used for each date. The main plots consisted of genotypes 

while 10 sampling dates were assigned to subplots. Main plots 

consisted of eight rows. The seeding rate was 115 seeds/m2 at a 

depth of approximately 3 cm. A common seed source (Saskatoon, 1982) 

and seed size (8/64 - 9/64 sieve size) were used to limit any variation 

that might arise from these factors. At the 1.5 leaf stage five 

randomly chosen seedlings in each main plot were labelled with large 

plastic-coated crossing tags which were then affixed to the ground with 

toothpicks. The dates of emergence of tillers from the coleoptiles, 

prophylls and leafaxils were recorded as was the main stem Haun stage 

(Haun, 1973). Tiller designation followed the system proposed by 

Mitchell (1953) and expanded by Klepper et ale (1982). Five specific 

tillers (TO, Tl, T2, TI0 and T3) were labelled with crossing tags. 

These observations were terminated at the onset of internode 

elongation. 
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Table 3.1. The origin and pedigree of 11 spring wheat cultivars 
used in the study of tillering patterns under field 
and controlled environment conditions. 

Cultivar Origin Pedigree 

Ingal Alaska 

Potam Mexico 

Glenlea Canada 

NB402 Canada 

Pitic 62 Mexico 

Neepawa Canada 

Ko-Fong China 

Ko-Chuan China 

Siete Cerros Mexico 

HY320 Canada 

M1417 Minnesota 

Norin 16 x Gasser 

Inia Sib/Napo 63 

Pembina/Bage//CBI00 

Pitic 62/Gaines 

Yaktana 54//Norin 10/Brevor 26-1C 

Thatcher*7/Frontana//Thatcher 
*6/Kenya Farmer/3/Thatcher*2 
//Frontana/Thatcher 

NA 

NA 

Penjamo 62 sib/Gabo 55 

Tobari 66/Romany 

Oligoculm/2*MN7125 
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In alternate rows of each main plot a series of ten 50 cm segments 

were staked at the 1.5 leaf stage. These row segments (sub-plots) were 

arranged in a completely randomized fashion and harvested at7-day 

intervals beginning at the time of the first tiller's emergence. The 

number of tillers and plants per sample were recorded. Non 

spike-bearing tillers with a senesced apical leaf or with more than 50% 

of their photosynthetic area senesced or desiccated were considered 

dead and not included in the counts. 

At the mid- to late-tillering stage, a five plant sub-sample was 

broken down into its tiller components and the Haun stage and dry 

weight of the individual tillers was determined. At maturity, the 

tagged plants were harvested and oven-dried at 800 C for 48 h. The 

biological and grain yields, number of kernels and rachis nodes, as 

well as the culm length were determined for the main stem and the five 

tagged tillers. Harvest indices and 1000 kernel weights were obtained 

by calculation from the appropriate parameters. Culm lengths were 

determined by measuring the distance between the point of crown 

attachment and the basal rachis node. 

Days to spike emergence (DSE) and to physiological maturity (DPM) 

were collected on a per-plot basis. Spike emergence data were 

expressed as the number of days required for 5% of the tillers in a 

plot to exhibit a spikelet (see section 3.1.1). A plot was rated 

mature when 95% of the spike-bearing tillers were characterized by the 

absence of chlorophyll in the flag leaf, peduncle and spike (Hanft and 

Wych, 1982). 
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3.1.3 Seeding rate study 

Three cultivars representitl:g high, medium-low and low tillering 

capacities (Neepawa, Siete Cerros and M1417, respectively) were seeded 

at five seeding rates (40, 80, 160, 320, 640 seeds/m2) at two 

locations (Saskatoon and Goodale) in 1984 and 1985. M1417 is an 

oligoculm-derived (Oligoculm/2* MN7125) advanced generation line 

obtained from R.H. Busch (see section 3.1.6) which consisted primarily 

( >95%) of one phenotype. This phenotype was characterized by awn tips 

with black pigmentation, pubescence on the glumes and short, thick 

culms. Seeding rates were adjusted to take into account cultivar 

kernel weight differences as well as plot trimming and seed germination 

(ca. 90%) effects. A four-replicate split-plot design was used for 

each experiment. Main plots consisted of cultivars while seeding rates 

were allocated to the subplots. Each pl~t consisted of four rows. In 

1984 the Saskatoon and Goodale tests were planted on May 4 and 2, 

respectively; in 1985 both locations were seeded on May 15. 

Tiller emergence, yield component and phenological data were 

collected as previously described (Section 3.1.2). In 1985, however, 

tiller emergence data were not collected, and the determination of 

yield components was restricted to the main stem. Furthermore, the 

Haun stage of six seedlings per plot was determined 30 days after 

planting (DAP) in 1985 only. In both years DPM was recorded at 

Saskatoon only. 

Tiller counts from a 0.6 m2 plot area (two centre rows x 1 m) 

were carried out at 10 weekly intervals starting at the 1.5 leaf stage. 
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At maturity, plots were harvested with a Hege 125 combine and the 

grain was dried down to a moisture of 10+1% in forced air driers 

maintained at 350 C. In addition, 1000 kernel weights and test 

weights were determined from random sub-samples of each plot. 

3.1.4 Seeding depth experiment 

Four cultivars (Ingal, Potam, Pitic 62 and Neepawa) were seeded at 

three packed soil depths of 3, 4 and 5 cm in a six-replication strip 

plot design with four-row plots. The shallowest depth was planted into 

moisture to ensure proper germination. This trial was planted on May 

4, 1984 at Saskatoon using a seeding rate of 125 seeds/m2 . 

Tiller counts from a 0.3 m2 plot area (on~ centre row x 1 m) 

were repeated at 10 weekly intervals starting at the 1.5 leaf stage. 

In addition to the tillering data,whole plot grain yield, kernel 

weight,seedling Raun stage 30 days after planting,DSE and DPM were 

measured. The same experiment was seeded in 1985 but was abandoned due 

to improper seed ~epth control. 

3.1.5· Re-evaluation of world collection genotypes 

Based on 1983 results (Section 3.1.1), 53 genotypes were selected 

to cover a range of tillering capa~ities and subsequently evaluated 

under solid-seeded conditions in 1984. This trial consisted of two-row 

plots arranged in two replications according to a randomized complete 

block design. The test was seeded at the Kernen site on May 10 at a 

rate of 240 seeds/m2 . Tiller counts were made on a 0.3 m2 plot 

area at the time of spike emergence and at maturity. The first count 
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is an estimate of maximum tiller production as both live and dead 

tillers were recorded. At harvest the plots were combined and kernel 

weights were determined from a 200-kernel subsample. 

In 1985 the 10 highest and 10 lowest-tillering genotypes 

identified in the 1984 trial, were tested in a three replication, 

four-row plot format seed~d on May 27 at Saskatoon. This experiment 

was handled in a manner similar to the 1984 version with the exception 

that tiller counts were made on a 0.6 m2 plot area and that seedling 

establishment counts were included in the data collected. 

3.1.6 Evaluation of restricted-tillering genotypes 

Wheat genotypes with reduced 'tillering capacities were-obtained 

from two sources. In the first case, the 40-entry 1982-1983 CIMMYT 

Yield Components Nursery, obtained courtesy of Dr. G.R. Hughes of the 

Department of Crop Science and Plant Ecology, University of 

Saskatchewan, was grown out on an unreplicated single row basis in each 

of two years. In 1983 the seeding rate was 75 seeds/m2 while in 1984 

the plant density was reduced to 10 plants/m2• At maturity, spike 

counts were carried out on aIm length of row and on five single 

plants in 1983 and 1984, respectively. 

Eight 'oligoculm' lines, kindly provided by Dr. R.H. Busch 

(University of Minnesota), were tested in 1983. A randomized complete 

block design with four replications was used. The seeding rate was 

160 seeds/m2 • Data collection procedures followed those outlined in 

section 3.1.5 (1984). 
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In 1984 seven of these oligoculms, along with the 18 

lowest-tillering CIMMYT genotypes, were included in a trial with four 

free-tillering and one low-tillering semi-dwarf cultivar. The 

experimental design and procedures were identical to those used in 

section 3.1.5 (1984). 

Based on the 1984 results, nine of the low-tillering entries which 

yielded more than the 'oligoculm' genotype (85% or more of the 

free-tillering cultivars) were retested in 1985. This experiment was 

conducted following the procedures described in section 3.1.5 (1985) 

with the exception that four replications were used. 

The trials described in this section were grown at the Kernen site 

and seeded on May 26, May 10 and May 21 in 1983, 1984 and 1985, 

respectively. 

3.1.7 Heritability and inheritance studies 

Spike numbers were determined on a per-plant basis in nine F2 

populations representing high- x high-, low- x high- and low- x 

low-tillering crosses. The segregating populations and parental 

genotypes were precision space-seeded 20 cm apart at a row-spacing of 

30 cm. Depending on the availability of seed, plot size varied from 

one to four rows 75 m long. With the exception of the cross Siete 

Cerros x Ingal from which only 137 plants were obtained, 200 plants 

within each population were sampled at mat~rity. Plants with missing 

neighbours were not sampled. The Fl hybrids from which the nine F2 

populations were derived were part of a 6 x 6 diallel with two missing 
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hybrids and no reciprocals. The hybrids were grown in a greenhouse 

maintained at 18~30C during the January to May period of 1984. 

Plants were grown, two to a 15. cm diameter plastic pot under a light 

bank which provided a 16 h photoperiod and quantum flux density of 

approximately 200 E m-2s-1 . The pots were filled with a 2 

clay loam: 1 sand: 1 peat (by volume) mixture and arranged according to 

completely randomized design which was changed once every 10 days. The 

pots were abutted to provide an approximate plant density of 89 

plants/m2 . Tiller counts were made at spike emergence and maturity 

and the data were expressed on a per plant basis. Single plant 

replications varied between 2 and 15. 

Tiller and spike counts were carried out on the entries of the 

Crop Development Centre's 1983 Preliminary Utility Wheat Yield (PUWY) 

trial grown at Kernen and Goodale. Similar data were obtained from 11 

entries grown in the 1983 and 1984 Soft White Spring Wheat Cooperative 

(SWSWC) trials grown under irrigation at Saskatoon and Outlook. Data 

were collected from aIm length of row (0.3 m2). Plots consisted of 

four-row plots seeded at a rate of 240 seeds/m2 . A randomized 

complete block design with three replications was used. 

A six parent diallel cross without reciprocals and one missing 

hybrid (Siete Cerros x Ingal) was generated in the greenhouse during 

the winter of 1983-1984. ~1l the summer of 1984 the parents and Fl 

hybrids were seeded in the field in a completely randomized design with 

eight replications for the parents and from two to nine replications 

for the hybrids. Experimental plots consisted of microplots 45 cm long 
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spaced 22.5 cm apart in rows 30 cm apart. A hand-pushed seed drill 

with a segmented rubber 'V'-belt which compartmentalized the seed into 

hills was used to plant the experiment. The seeding rate was 22 

seeds/plot which is equivalent to approximately 110 seeds/m2 • 

Tiller and spike counts per plot as well as the DSE were included ih 

the data collected. The F1 and F2 field trials were seeded on May 

29 at Saskatoon. 

3.2 Controlled environment studies 

3.2.1 Cultivar x seeding depth x temperature experiment 

Sieved (> 8/64) seed of four cultivars (Ingal, Potam, Neepawa and 

Pitic 62) was seeded at three depths (3, 6 and 12 cm) and grown at 

day/night temperature regimes of 10/5 and 20/100 C. Individuar' plants 

were grown in 40 cm-long PVC tubes with a 10 cm diameter. Six tubes 

were seeded for each treatment combination. The tubes were placed at 

random within the controlled environment chambers and care was taken to 

minimize inter-plant competition for light. Furthermore, the plants 

were re-randomized at intervals of 10 + 1 days to limit possible 

position effects. 

The growth medium consisted of a loess-type soil and a soil mix 

for the first and second replications, respectively. The soil mix 

consisted of a 2 clay loam: 1 sand: 1 peat (by volume) mixture. A 16 h 

photoperiod was used. The light source consisted of a combination of 

cool-white fluorescent tubes and incandescent light bulbs which were 
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kept 15-20 cm above the developing plant canopy, providing a quantum 

flux density of approximately 563 ~ 180 ~E m-2s-1 . One 

replicate of the higher temperature regime treatment was grown in a 

walk-in growth room which had a quantum flux density of only 283 + 57 

~E m-2s-1 • The soil surface was kept moist by the addition of 

tap water once or twice every 48h. The plants were fertilized with a 

commercial nutrient solution at the recommended rate once every ten 

days. The relative humidity in the chamb~rs was maintained at 44 + 5% 

with peak values of 70% shortly after watering~

Seedling and tiller emergence data were collected according to a 

previously described procedure (Section 3.1.2) until the main stem 

spike began emerging. At that stage of development, the plants were 

harvested at crown level. The individual tillers were separated from 

the plant and classified as live or dead (3.1.2). Green leaf 

area and Raun stage determinations were carried out for all live 

tillers and dry weights were obtained for both live and dead tillers. 

Final leaf numbers were recorded for tillers which had a fully expanded 

flag leaf. 

This experiment was designed as a randomized complete block design 

where the blocks consisted of the two soil types. 
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3.2.2 Cultivar x seeding rate x de-tillering study 

The three cultivars grown in a field study investigating the 

response of low and high tillering habits to seeding rate (Section 

3.1.3) were grown at densities of 2, 4 and 8 seedlings per 15 cm 

diameter pot. Seeds were planted at a uniform depth (2.5 cm) at 

equidistant positions using cardboard templates. Excess seedlings were 

removed at the 1.5 leaf stage. Within each cultivar x plant density 

combination four de-tillering treatments were carried out such that 

each plant was left intact (1), consisted of the main stem (MS) only 

(2), consisted of the MS and first leaf tiller (Tl) (3), or consisted 

of the MS,Tl and second leaf tiller (T2). Plants were de-tillered at 

two to three day intervals until the onset of physiological maturity. 

Excess tillers were clipped as they emerged above the ligules of the 

subtending leaves and in the case of the coleoptilar tiller, at soil 

level. Each treatment was replicated four times, each replication 

consisting of a single pot. 

The growing conditions, with the exception of a 15/100 C 

day/night temperature regime, were similar to those outlined in the 

previous study (Section 3.2.1). 
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At maturity the culm length, yield, and yield components of 

individual tillers were determined (as' described in Section 3.1.2) for 

two plants per pot. Furthermore, the culm diameter was measured with 

calipers to the nearest mm. Measurements were taken 1 cm above the 

three uppermost nodes of each tiller. The grain yield and kernel 

numbers of individual spikelets were determined on main stem spikes. 

In addition to the two plants sampled, yields were obtained by 

bulk-harvesting the remaining plants to obtain total pot grain yields 

and harvest indices. A completely randomized design was used with four 

replications of each cultivar x de-tillering treatment x plant density 

combination. 

3.3 Statistical analysis 

Tiller population data from the two seeding dates in the 1983 

genotype evaluation study (Section 3.1.2) were analyzed separately as 

split-block designs (Steel and Torrie, 1980). Final spike number and 

tiller mortality data f.Gm the two seeding dates were subjected to a 

combined analysis of variance. Tiller mortality was calculated in the 

following manner: 

Tillermax - spike number 
x 100 

Tillermax 
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The time to tiller emergence, expressed as growing degree-days (GDD) 

from seeding, was used in seeding date comparisons. Daily GDD were 

calculated as GDD = (Tmax - Tmin)!2-Tb, where Tb = SoC. 

Ti11ering patterns from the field seeding rate and seeding depth 

studies (Sections 3.1.3 and 3.1.4) were characterized by fitting the 

data to a grafted polynomial function (Fuller, 1969). Two cubic 

functions were grafted resulting in the following equation: 

Y = bo + blX + b2X2 + b3X3 + b421 + b5Z 2 

where 21 = 22 = 0 if X<C 

and 21 = (X-C)2 if X>C 

and 22 = {X-C)3 if X>C 

C is a specified point in time at which the functions are grafted. 

The join point, C, was chosen after examination of the raw data and is 

a rough approximation of the time at which tiller nu~?ers peaked. Four 

parameters were estimated by evaluating the above function at daily 

increments of time (X = 1,2 ••. ). These parameters were the 

(1) maximum tiller appearance rate (TAR) estimated by maximum 

daily increments 

(2) maximum tiller population (TILLMAX) 

(3) maximum tiller senescence rate (TSR) estimated by maximum

daily decrement

and (4) the time taken to reach TILLMAX (DTMAX).

Single plant tillering patterns in the controlled environment 

seeding depth study (3.2.1) were quantified by fitting the cumulative 

tiller number data to a logistic function (Schimpf et al., 1977; Scott 

et al., 1984). These functions were in turn used to estimate the time 

tq 50% tiller emergence ( TE50) and the maximum rate of tiller 
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emergence (Baker et al., 1982). The parameters estimated from the 

above functions as well as the final tiller or spike number and 

mortality data were subjected to an analysis of variance. In the case 

of the seeding rate study a combined analysis of variance over years 

and locations was used for the data obtained on a whole plot basis. 

Due to heterogeneity of error variances between years for certain 

parameters, the procedure suggested by Cochran and Cox (1957) was used 

in testing the significance of interaction effects. All the data 

obtained in the seeding depth field study (Section 3.1.4) were analyzed 

according to the model appropriate for a strip plot design (Milliken 

and Johnson, 1984). 

Specific tiller emergence and yield-related data from the above 

studies were analyzed using the SAS (R) General Linear model (GLM) 

procedure (SAS, 1985). Typically, this procedure can be used to 

analyze balanced factorial experiments with unequal sub-class numbers. 

As recommended, a Type III analysis (Yates' weighted squares of means 

technique) was used for hypothesis testing purposes (Milliken and 

Johnson, 1984). In the present studi~s, inequality of subclass numbers 

arose primarily from the failure of designated tillers to emerge and/or 

survive to maturity. In the controlled environment seeding depth 

experiment (Section 3.2.1) the failure of seedlings to emerge also 

caused unequal subclass sizes. Hence, the single plant tillering 

pattern data from that study was also analyzed according to the GLM 

procedure. All the single plant data analyzed according to the GLM 

procedure was subjected to appropriate transformations (Steel and 

Torrie, 1980) to limit the effects of error variance heterogeneity. 
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To test the effects of various treatments (3.1.2 and 3.1.3) on 

percent tiller emergence and survival, data analysis followed the r x c 

x 2 contingency table approach proposed by Steel and Torrie (1980). In 

cases where sample sizes were unequal, a weighted analysis of variance 

was used in conjunction with the above procedure (Steel and Torrie, 

1980). 

Data from the genotype evaluation trials (Sections 3.1.5 and 

3.1.6) were analyzed in a two-way analysis of variance. 

For the controlled environment de-tillering study (Section 3.2.2), 

a cubic function was used to describe the spikelet grain yield and 

kernel number data. The independent variable consisted of the spikelet 

position numbered acropetally from the first fertile rachis node. The 

following parameters were estimated from the cubic function: 

(1) maximum grain yield or kernel number per spikelet 

(2) the spikelet position at which (1) was obtained

and (3) the grain yield and kernel number of the basal fertile

rachis node spikelet 

All the observed and estimated vari~bles from the above study were 

analyzed as 3 x 3 x 4 factorial in a completely random design. 

In all of the above studies meaningful orthogonal contrasts or 

single degree of freedom comparisons were used to partition the 

variances of particular interest. 

The components of variance method was used to estimate 

heritability of spike production. In the case of the F2 data (3.1.7) 

VF2 - (VPl x VP2)1/2 
x 100 
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where VFZ, VP1 and VPZ represent the variances of the FZ 

populations, low tillering and high tillering parents, respectively. 

(Mahmud and Kramer, 1951). 

Heritability (hZ) on the basis of homozygous line means, over 

two years, two locations and three replications was estimated as 

0 2 g + 0 2 pooled 
12 

for tiller and spike production, respectively, for the SWSWC trial 

data. Similarly, h2 was estimated by using data from the two locations 

in the 1983 PUWY trial, where 
h 2 = 0 2 g and h2 0 2 g 

02 g + 0 2 pooled -0 2-g + 0 2 g1 + 0 2 e 
--2- 66 

for tiller and spike production, respectively. As a result of negative 

variance estimates certain sources of variation were pooled as 

suggested by Thompson (1962). Exact 95% confidence intervals were 

calculated for the heritability estimates using the method proposed by 

Knapp et al. (1985). 

The extent and statistical significance of heterosis for spike 

production and tiller mortality was determined from a planned linear 

contrast (Steel and Torrie, 1980) whereby the hybrid was compared to 

the mean of its parents. 
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4. RESULTS

4.1 Synopsis of weather data 

The three growing seasons during which this project was carried 

out differed markedly from each other and the long-term average for 

both temperature and precipi~ation (Table 4.1). The first year (1983) 

was characterized by ample precipitation, part of which was due to a 

single record-breaking rainfall of 99.4 mm in late June. The second 

growing season was marked by a progressively worsening drought and 

higher than average temperatures in the later stages of the growing 

season. The last year had a bimodal seasonal precipitation 

distribution with peaks in the pre-seeding and post-anthesis phases of 

the growing season. Temperatures were below average in 1985, 

particularly in June and August. The meteorological data were obtained 

from a site located within 1.5 km of the Saskatoon site and may not be 

representative of the Kernen and Floral sites. 

4.2 Genotypic variation for tillering patterns 

The objective of the series of experiments in this study was to 

establish whether there is significant genotypic variation for 

tillering patterns and, more specifically, to document whether this 

variability is expressed consistently, under the semi-arid, 

short-season growing conditions encountered in central Saskatchewan. 

The term 'tillering pattern' is used not only to describe the course of 

tiller numbers (over time) for a wheat plant or crop but also 
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Table 4.1. Synopsis of meteorological data, for the 1983-1985 growing 
seasons at Saskatoon1• 

Temper~ture (oC) Precipitation (mm) 

Year 30 year Year 30 year 
1983 1984 1985 avg.(2) 1983 1984 1985 avg. (2) 

Month Deviations from average % of average 

1Saskatchewan Research Council data. 
2Based on means and sums for temperature and precipitation data, 
respectively. 
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encompasses various parameters which are components of that pattetn. 

Those components include: tillering capacity, tiller mortality, $pike 

numbers, time of tiller emergence and main stem ~evelopment at the time 

of tiller emergence. 

4.2.1 Germplasm evaluation for tillering capacity 

The evaluation of 373 space-planted spring wheat genotypes 

resulted in similar frequency distribution patterns for spike numbers 

in 1983 and 1984 (Figure 4.1). There was a five-fold difference 

between the lowest and highest tillering genotypes in both years. The 

extreme genotypes were not the same for the two years but based on the 

mean of 1983 and 1984 data the extreme genotypes from both years fell 

within the lowest and highest-tillering 5% of the population (Table 

4.2). It is apparent from the information in Table 4.2 that the lowest 

and highest tillering genotypes represent a wide array of geographic 

adaptation and, based on available cultivar pedigrees (Zeven and 

Zeven-Hissink, 1976), diverse genetic backgrounds. The inter-year 

correlation for spikes per plant was intermediate (r = 0.52**), 

suggesting that genotypes behaved fairly consistently between years. 

For comparison purposes, the inter-year correlation for days to spike 

emergence (DSE), a trait with a relatively high heritability (Wong, 

1985), was r = 0.81**. The correlation between spike numbers and DSE 

was r = 0.62** and r = 0.44** for 1983 and 1984, respectively. This 

suggests that genotypes with longer vegetative periods tend to produce 

more spikes. Earlier seeding in 1984 resulted in a longer DSE period 

(56 versus 51 days) and slightly higher mean number of spikes per plant 
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Table 4.2. The 20 lowest and highest spike producing genotypes from the evaluation of 373 space
planted spring wheat genotypes in 1983 and 1984. 

Genotype 

PI384-423 
PI366-128 
PI442-574 
PI351-678 
INIA 66 
Potam 
PI381-950 
CI17408 
PI412-960 
ICARDA 16 
PI381-990 
ICARDA 5 
PI352-180 
PI461-513 
PI388-162 
PI412-966 
CI17691 
PI376-842 
PI404-585 
PI351-917 

Seed 
source 

Netherlands 
India 
USSR 
Switzerland 
Mexico 
Mexico 
Ira.n 
USA 
Africa 
Syria 
Iran 
uyria 
Switzerland 
China 
Pakistan 
Africa 
USA 
India 
Italy 
Switzerland 

Low tillering 
Cultivar 

designc,ltion 

Zaria-3 
Nadadores 169 
VIF34144 

Prospur 
Ciano's' 

Yaqui 54A 
Ke Chun No.14 
C-273 
Elize 
'vampum 
UP30i 
Gerardo 525 
Sina10a53 

Spikes/ 
plant 
(no.) 

7.4+O.4t 

7 •8±0. 2 
8.1±0.9 
8. 2±0. 4 
8.4±1.0 
8. S± 2.3 
8.5±1.7 
8.611.0 
8.6±0.0 
8 . 7± 1 . 9 (L84)'IT 
8.7±1.3 
8.8±0.8 
8.8±0.8 
8.81:0.2 
8. 9±0. 5 
8.9!:1.9 
8. 9± 1. 3 
9.Ot2.4 
9. O± 2.4 (L83) 
9.1±0.8 

Genotype 

PI436-516 
PI44S-869' 
PI442-900 
CI17944 
CI17943 
PI436-333 
PI442-880 
CI7949 
PI461-514 
PI438-960 
URQUIE 
CI17759 
PI429-391 
PI442-901 
PI462-161 
CI17947 
PI438-966 
PI436-194 
PI442-063 
PI442-064 

High tillering 
Seed Cultivar Spikes/ 

source designation plant 
(no. ) 

Chile 23.2+2.2 
China Zhe Mo No.1 23.2±5.8 

Australia Cook 23.3±1.1 
USA MT8193 23.4±2.4 
USA MT8192 23.8±3.2 
Chile 24.0±5.0 
China Yen Da No.2S 24.2±4.2 
USA MT8194 24.4±0.6 
China Ke Han No.8 24.9 ±9. 1 
USSR VIR3S345 25.5±3.3 
USA 26. 5±7 . 9(H84) 
USA Walladay 26.9±2.7 
Iran 27. 2±2. 6 

Australia Egret 27.2±1.2 
China Zhe Jian 908 27.4±3.8 
USA 28.1±6.7(H83) 
USSR VIR48744 28.1 ±O. 5 
Chile 29.1±5.7 

30.0±2.0 
30.5±0.7 

+-
w 

t Mean of 2 years + SEe Within years) n = 5. 
IT . -Lowest (L) and highest (H) spike-producing genotypes for 1983 and 1984. 
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than in 1983. Consequently, the frequency distribution for spikes per 

plant was less skewed towards lower tillering classes in 1984 (Figure 

4.1). The weaker association between spike number and DSE in 1984 was 

likely due to increasing drought stress which limited the expression of 

higher tillering capacities. 

In order to determine whether the genotypic differences in 

ti1lering capacity observed under space-planted conditions would be 

expressed under solid-seeded conditions, 53 genotypes representing a 

wide range of tillering capacities were selected from the 1983 

germplasm evaluation trial and seeded at a commercial rate in 1984. 

Tiller numbers ranged from 312 to 762 tillers/m2 , a 2.4-fold 

difference (Table 4.3). Hence, the difference between lowest and. 

highest til1erin~ genotypes was 50% of that observed under 

space-planted conditions. Spike numbers and tiller mortalities were 

characterized by 2.4 and 3.6-fold differences between minima and 

maxima. Based on simple correlations, higher ti1lering genotypes 

produced more spikes, lighter kernels a __J later emerging spikes than 

low ti1lering genotypes. Furthermore, there was no association between 

tiller numbers and either grain yield or tiller mortality. Grain 

yield was, however, associated with kernel weight (r = 0.46**). Both 

linear and quadratic regressions of yield on spike numbers (based on 

genotype means) were non-signficant with coefficients of determination 

of only 0.5%. A graphical presentation of the tiller number and 

mortality data (Figure 4.2) emphasizes the fact that there is no 

apparent relationship between these two traits. High tillering 
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Table 4.3. Means of 53 spring wheat genotypes for tillering and yield 
characteristics evaluated in 1984. 

Cultivar Tillers! Spikes/ Tiller Grain 1000 DSEt 
m 2 

m2 mortality yield kernel weight 

no. (%) (kg/ha) (g) (days) 

1 PI 404-58 367 240 33.9 2625 38.1 52.5 
2 PI 410-433 462 337 26.6 2935 28.4 57.5 
3 PI 410-538 578 402 31.0 2151 25.7 52.0 
4 PI 412-966 418 363 13.5 2880 33.6 50.0 
5 PI 414-087 358 248 29.5 2824 34.3 53.5 
6 CI 17429 588 493 16.6 2433 24.1 56.0 
7 CI 17579 548 425 22.6 2651 30.5 52.0 
8 PI 376-842 460 328 28.7 2628 32.0 52.5 
9 PI 381-970 482 372 22.9 2438 32.4 51.0 

10 PI 384-085 533 433 18.9 2408 26.5 53.5 
11 PI 384-105 558 443 20.4 2241 33.4 54.0 
12 PI 388-136 515 408 20.3 1692 30.6 53.5 
13 PI 388-162 412 302 26.3 1660 30.0 51.5 
14 PI 388-182 527 392 25.6 2287 36.3 54.5 
15 PI 349-456 515 400 22.3 1924 19.5 56.0 
16 PI 349-506 762 495 35.5 2755 23.4 56.0 
17 PI 351-305 540 438 19.1 2197 22.4 55.5 
18 PI 351-565 502 395 18.9 2803 31.0 54.0 
19 PI 351-678 407 337 17.1 2049 25.9 51.0 
20 PI 3-51-796 578 420 26.8 2151 23.5 55.5 
21 PI 351-917 510 337 33.5 2389 29.2 52.0 
22 PI 351~929 582 407 30.1 2630 29.8 54.0 
23 PI 352--066 508 402 20.6 2009 28.7 55.5 
24 PI 366-190 437 353 18.7 2366 27.1 51.0 
25 PI 366-128 382 258 31.5 2132 31.8 51.0 
26 PI 369-331 562 420 26.0 2002 20.0 57.0 
27 INIA-66 400 315 21.3 2706 34.3 51.0 
28 Lerma Rojo 438 337 22.5 2012 27.3 52.0 
29 PI 436-194 390 203 47.2 1993 24.6 62.0 
30 PI 436-516 637 427 32.6 2674 32.4 58.0 
31 PI 442-061 428 325 24.3 2820 34.8 53.0 
32 PI 442-064 682 337 48.8 2225 28.3 64.0 
33 PI 442-881 383 280 26.7 2669 42.3 53.0 
34 PI 447-350 312 245 23.0 2843 28.6 55.0 
35 PI 449-293 337 212 35.7 2215 28.3 56.0 
36 PI 461-514 472 3]7 32.4 1861 25.9 59.5 
37 PI 462-158 342 247 27.7 2660 34.7 54.5 
38 PI 462-161 573 398 30.6 2445 21.3 57.5 
39 CI 17935 508 372 27.2 2241 26.1 52.0 
40 CI 17945 575 393 32.2 2167 24.5 56.5 
41 PI 436-379 473 312 34.5 2577 24.6 58.0 
42 PI 436-385 393 262 33.0 2290 28.7 55.0 
43 Columbus 632 417 33.6 2648 26.9 56.5 
44 Sinton 498 328 34.1 2114 23.7 56.0 
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Table 4.3 continued 

45 Ingal 592 458 22.0 2065 18.5 49.0 
46 Neepawa 653 457 29.2 2352 24.2 55.0 
47 Pitic 62 615 377 37.2 2456 23.3 58.5 
48 Potam 465 368 19.7 2565 28.4 48.0 
49 S. Cerros 433 290 32.9 2190 23.8 54.0 
50 HY320 497 290 41.8 2831 31.5 55.0 
51 Ko-Fong 393 288 26.5 2181 23.5 56.5 
52 Glenlea 500 330 34.5 2757 29.4 57.0 
53 NB 402 478 320 32.6 2174 24.9 57.3 

r 0.84** o.15ns 0.05ns -0.43** 0.30* 
Mean 494 354 27.9 2377 28.2 54.7 
LSD(.05) 149 107 12.5 598 4.2 1.5 
CV(%) 15.0 15.0 22.4 12.5 7.5 1.4 

@correlation coefficient for tiller numbers versus remaining traits 
(based on genotype means). 

tDSE = days to 5% spike emergence. 
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genotypes with low tiller mortalities and, conversely, low tillering 

genotypes with high tiller mortalities were readily observed. Tiller 

.mortality and spike numbers, however, were negatively correlated (r = 

-0.39**). Genotypes which headed later had higher tiller mortalities 

(r = 0.64**) and smaller kernels (r = -0.31*). 

The correlation between the space and solid-seeded trials, based 

on 1984 data, was low (r = 0.33*) for spike numbers but the association 

between spikes per plant and tillers/m2 was much stronger (r = 

0.61**). 

With the exception of PI436-194, genotypes re-tested in 1985 

(Table 4.4) corresponded to their 1984 classifications of being either 

low or high tillering. The low and high tillering genotype groups did 

not differ significantly in seedling establishment, tiller mortality or 

grain yield. The lower tillering group did, however, have larger 

kernels and headed earlier. As in 1984, the highest tillering genotype 

produced approximately 2.5 times as many tillers as the lowest 

tillering entry. 

4.2.2 Tillering capacity of restricted-tillering genotypes 

Although the germplasm evaluation identified significantly lower 

tillering cultivars (relative to the standard Canadian hard red bread 

wheats), none produced less than six spikes per plant. Material 

obtained from Minnesota and CIMMYT yielded lines which typically 

produced four spikes per plant under space-planted conditions. The. 

initial evaluation of oligoculm-derived lines (Table 4.5) at two-thirds 



Table 4.4. Tillering and yield characteristics for low and high tillering spring wheat genotypes evaluated in 
1985. . 

Genotype 
Seedlings! 

2 m 
Tillers! 

2 m 
no. 

Spikes! 
m 2 

Tiller 
mortality 

(%) 

Grain 
yield 

(kg!ha) 

1000 
kernel weight 

(g) 
DSEf 
days 

PI 404-585 
PI 414-087 
PI 366-128 
PI 436-194 
PI 442-881 
PI 447-350 
PI 449-293 
PI 462-158 
PI 436-385 
Ko-Fong 

144 
169 
124 
130 
136 
137 
149 
167 
128 
128 

342 
433 
417 
734 
458 
380 
379 
437 
333 
368 

251 
313 
321 
358 
287 
218 
274 
299 
318 
273 

24.6 
24.7 
22.7 
51.2 
36.9 
39.9 
24.3 
31.2 
4.5 

25.9 

3556 
3990 
2483 
4385 
3678 
4631 
4451 
3607 
3248 
4316 

61.9 
45.4 
41.2 
37.1 
57.4 
45.7 
42.5 
40.9 
46.8 
37.3 

45.7 
46.0 
43.7 
58.7 
48.0 
48.7 
47.7 
48.3 
46.3 
48.0 

Mean (Lowyr 141 428 291 28.6 3835 45.6 48.1 +:'
\.0 

PI 410-538 
CI 17429 
PI 349-506 
PI 351-929 
PI 436-516 
PI 442-064 
Columbus 
Neepawa 
Ingal 
Pitic 62 

135 
143 
127 
148 
113 
134 
144 
157 
136 
161 

434 
502 
467 
489 
637 
888 
551 
523 
476 
565 

344 
402 
368 
379 
392 
471 
369 
387 
476 
347 

19.0 
19.4 
19.0 
21.5 
37.7 
46.9 
32.3 
25.6 
0.0 

36.5 

4192 
4289 
3802 
3512 
3496 
3924 
3837 
3951 
2580 
4921 

42.5 
39.1 
35.9 
40.6 
43.6 
38.0 
38.6 
36.8 
27.4 
37.7 

46.0 
48.3 
46.0 
45.0 
52.0 
59.3 
48.7 
46.3 
42.7 
53.0 

Mean (High) 140 NS i' 553** 394** 25.8 NS 3850 ~S 38.0** 48.7** 

LSD (.05) 
CV (%) 

NS 
17.1 

116 
14.4 

69 
12.3 

14.8 
32.9 

574 
9.1 

3.4 
4.9 

1.3 
1.6 

i'Single degree of freedom ~ prio_r_~ contrast of low and high-ti11ering genotype group means. 
**,NS P<O.Ol and not significant, respectively. 

TIgenotype grouping based on 1984 result& 
tDSE = days to 5% spike emergence. 
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Table 4.5. Tillering characteristics and yield of Minnesota oligoculm 
spring wheat genotypes evaluated in 1983. 

Genotype Tillers/m 2 Spikes 1m2 Tiller mortality Yield DSE =r 
no. (%) (kg/ha) days 

Neepawa 531 467 11.9 3374 50.8 
HY320 412 374 9.2 3870 51.8 
M2111 339 292 13.8 2894 49.8 
M2201 350 305 12.9 2980 51.5 
M1116 207 189 8.4 2174 48.3 
M1417 201 187 6.6 2262 48.0 
M1407 238 219 7.6 2503 48.3. 
M3306 261 246 6.0 1727 48.5 
M3308 198 183 8.2 1521 48.3 
'Oligoculm' 256 235 10.0 2630 48.8 

r t 0.99** 0.8.1** 0.84** 
Mean 299 270 9.5 2593 49.4 
LSD (.05) 47 49 NS 306 0.9 
CV (%) 10.8 12.4 63.1 8.1 1.3 

t Correlation with tiller numbers, based on genotype means • 
•J ....'.. 

""Significant at the 0.01 level of probability. 

f DSE = days to 5% spike emergence. 
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of the standard (230 seeds/m2 ) seeding rate, identified genotypes 

which produced half as many tillers and spikes as the free-tillering 

check cultivars Neepawa and HY320. The oligoculms were characterized 

by earlier spike emergence and yields ranging from 39 to 88% of the 

check cultivars. Tiller mortalities, however, did not differ 

significantly among genotypes. Two of the oligoculm-derived lines, 

M2111 and M220l, produced significantly more tillers and spikes than 

the oligoculm parent. 

The single row, unreplicated CIMMYT 'yield components' trial 

yielded lines which typically produced less than 50% the number of 

spikes counted on the check cultivars Jupateco 73, Ciano 79, Sonalika 

and Glennson. 

A trial combining the two sources of low tillering materials 

(Table 4.6) generally confirmed the previous year's findings. Some of 

the oligoculms did indeed produce half as many tillers as the 

free-tillering checks. Twenty of the genotypes in this experiment were 

placed in two categories. Entries which produced fewer tillers than 

the 'oligoculm' genotypes were considered oligoculms while four 

previously tested cultivars (HY320, Pitic 62, Fielder and NB402) were 

used as free-tillering checks. Based on the single degree of freedom 

contraRts, the oligoculms produced eignificantly fewer spikes, lower 

tiller mortalities and grain yields, larger kernels and reached the 

spike emergence stage earlier than the check cultivars. 
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Table 4.6. Means for tillering and yield characteristics of restricted 
and free-tillering genotypes evaluated in 1984. 

Genotype Tillers! 
nf 

Spikes! Tiller 
m2 mortality 

Grain 
yield 

1000 
kernel weight DSEt 

Spikes lrr 
plant 

no. (%) (kg!ha) (g) (days) (no.) 
oligoculm 
S28 143 113 20.5 1560 41.6 55.0 2.6±0.5 
S23 220 185 15.9 1741 28.5 53.0 1.8±O.7 
S19 243 217 10.9 2403 30.5 52.0 2.4±0.5 
S20 265 220 17.6 1961 29.1 53.5 3.2±1.0 
S17 290 273 5.7 2086 30.3 51.5 3.6±1.0 
S21 300 258 13.2 2234 29.3 52.0 3.8±1.2 
515 307 248 19.0 2158 28.2 52.5 3.2±1.0 
505 325 247 23.3 1938 23.9 55.0 6.6±0.5 
S18 335 288 13.4 1952 26.9 53.0 4.2±0.8 
508 347 270 22.1 2049 23.8 55.5 5.0±1.1 

Ml116 362 250 30.8 2137 31.5 53.5 7.6±4.3 
Siete Cerros 365 258 29.3 2535 25.5 55.0 10.2±2.1 

506 372 308 17.6 2285 25.6 57.0 4.8±1.7 
S22 382 195 48.9 1322 31.2 56.5 3.0±0.6 
S07 413 318 ' 23.0 2398 24.9 56.0 4.8tl.6 

'oligoculm' 413 298 26.7 2162 28.2 53.0 4.8±1.2 

Low-tillering 
M1407 415 335 1.9.4 1875 27.0 53.0 3.8±1.0 
S26 415 315 24.2 2296 27.4 56.0 4.2±1.3 
M3306 425 332 22.5 2408 28.4 54.0 17.3±3.3 
M3308 433 318 25.5 2097 26.2 53.5 17.8±1.6 
S32 440 227 48.2 1658 36.8 56.5 13.7±1.7 
M2201 445 328 26.8 2313 28.3 55.5 14.2±2.3 
M2111 450 307 31.8 2505 28.6 54.5 16.0±2.7 

Free-tillering 
Fielder 477 332 30.4 2345 24.5 57.5 
HY320 512 240 52.9 2699 30.1 55.0 16.4±4.0 
NB402 605 308 49.0 2486 25.9 58.5 25.0±6.3· 
Pitic 62 643 340 46.4 2616 24.6 59.0 21.8±3.3 

Mean 385 269 30.1 2136 28.2 55.0 
LSD (0.05) 108 82 14.2 344 2.2 1.3 
CV (%) 13.6 14.9 21.3 7.8 3.7 1.1 

r+ 0.67** 0.75** 0.41* -0.48* 0.68** 0.83** 
Contrasts 252 21.0 2058 28.7 54.0 
(oligoculm vs vs vs vs vs vs 
free-tillering) 305 44.7 2537 26.3 57.5 

** ** * ** ** 

~ *,** Significant at the 0.05 and 0.01 probability levels, respectively. 
t DSE = days to 5% spike emergence. 
TI Mean + SE of 5 widely (ca. 11 plants!m2) spaced plants grown 

adjacent to yield trial in single, unreplicated, rows. 
+ Correlation with tiller numbers. 
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In the third year of this study, the selected oligoculm category, 

once again, produced signficantly fewer spikes, a lower grain yield and 

headed earlier than the free-tillering checks (Table 4.7). The two 

groups of cultivars did not, however, differ in seedling establishment 

or kernel size. The classification of genotypes into low and high 

tillering categories was quite similar to the previous year's with the 

exception that the cultivar Siete Cerros produced slightly more tillers 

than the oligoculm category in 1985. The most striking difference 

between the 1984 and 1985 results is the yield differential between the 

oligoculms and free-tillering check cultivars. The five oligoculms 

selected in 1985 yielded 9.5 and 39% less than the checks in 1984 and 

1985, respectively. 

4.2.3 Tillering patterns of selected genotypes 

4.2.3.1 Crop tillering patterns 

Over-all tillering patterns for 10 spring wheat cultivars 

evaluated in four replications were similar for two planting dates in 
. 

1983 (Figure 4.3). There ~las, however, a large second flush of tillers 

for the early seeding date which coincided with a 99.4 mm rainfall 

occurring at the 380 growing degree-day mark. The cessation of 

tillering was associated with the onset of spike emergence. A split 

plot in time analysis for each date of seeding (Table 4.8) revealed 

that the cultivars differed in plant density and tillering capacity and 

that there was a highly significant cultivar x sampling time interaction 

for tillering. Plant density differences among cultivars ranged from 
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Table 4.7. Means for the tillering and yield characteristics of 
restricted tillering genotypes evaluated in 1985 . 

Genotype 
Seedlings!

2 m 
Tillers! 

m2 
Spikes! 

m2 
Grain 
yield 

1000 
kernel weight DSE t 

no. (kg!ha) (g) (days) 

Oligoculm 

S19 116 195 169 2583 53.6 50.0 
S21 133 208 195 2679 49.9 50.0 
S06 117 242 180 1646 40.7 53.8 
S07 123 247 183 1608 41.8 54.3 
'oligoculm' 109 249 238 2299 48.0 50.3 

Low-tillering 

S26 122 257 214 2477 52.0 53.0 
Siete Cerros 121 289 275 2760 43.3 52.5 
M2111 137 322 320 2285 47.3 51.5 
M22Ul 132 345 333 2057 45.4 52.0 
M3306 132 345 345 2111 48.3 50.0 

Free-tillering 

NB402 118 358 290 3690 .46.7 57.3 
HY320 115 390 382 3144 49.5 53.8 
Fielder 128 403 396 3583 44.5 56.5 
Pitic 62 128 409 318 3773 45.4 57.0 

Mean 124 304 274 2621 46.9 53.0 
LSD (.05) NS 52 50 480 1.4 0.7 -
CV (%) 15.4 12.1 12.9 12.8 3.8 1.9 

Contrasts 120 193 2163 46.8 51.7 
(oligoculmvs vs vs vs vs vs 
free-tillering)122 347 3548 46.5 56.2 

NS ** ** NS ** 

** Significant at the O.Olprobability level. NS = Not significant. 
t DSE = days to 5% spike emergence. 
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Table 4.8. Analyses of variance for plant and tiller densities of 10 
spring wheat cultivars sown at two dates and sampled o~er
a 10 week growing period in 1983. 

Plants/m2 Tillers/m 
LS ES LS 

Source of variation Mean squaresdf ---------------..:------------1---
Replications (R) 3 817 NS 1969 ** 50,595 ** 40,591 ** 
Cultivars (C) 
Error a 

9 
27 

2210 
263 

** 1433 ** 
419 

218,135 
9,501 

** 70,521 
14,457 

** 

Sampling times 
S x R 
C x S 
Error b 
Total 

(8) 9 
27 
81 

243 
399 

3160 ** 
854 NS 
718 NS 
627 

3206 ** 
554 NS 
439 NS 
425 

369,505 ** 
10,994 NS 
14,760 ** 

8,285 

l 16,316 ** 
13,383 ** 
10,958 ** 

6,970 

CVa 
CVb 

(%) 
(%) 

18.0 
27.8 

24.2 
24.4 

20.2 
18.8 

26.4 
18.3 

**Significant at the 0.01 probability level. NS = Not significant 

t 
ES = early seeding (May 4), LS = late seeding (May 28). 
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81+3 to 106+4 ex 9~1) and 78+3 to 96+4 (X = 85+1) plants/m2. for 

seeding dates 1 and 2, respectively. Based on genotypic means (n 

10), coefficients of determination (R2) for the linear regression f 

tiller density on plant density were R2 = 0.34 (NS) and 0.14 (NS) or 

the early and late seedings, respectively. An examination of the 

plotted tiller number data for the two lowest and highest 

cultivars (Figure 4.4) suggests that, over time, there is a change in 

cultivar ranks. This interaction was particularly obvious for the 

early-seeded material and may have, in part, been due to the large 

cultivar differences in re-tillering capacity (Table 4.9). 

The cultivar differences in tillering capacity translated 

highly significant (p < 0.01) spike number differences. A combine 

analysis of variance for the two seeding dates indicated an absenc of 

cultivar x seeding date in~eractions, hence the cultivar means were 

averaged over the two dates (Table 4.9). Spikes/m2 ranged from 3 2 

for Siete Cerros to 552 for Ingal. The early seeding date resulte in 

significantly higher spike production. Although tiller mortality 

ranged from 28.4 ( Ko Fong ) to 44.4% ( Siete Cerros ), the cultiv r 

differences were not statistically significant. The higher tille 

mortality resulting from delayed planting was, on the other hand, 

statistically significant. 
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Table 4.9. Means of spike numbers, tiller mortality and extent of 
secondary tillerfug of 10 spring wheat cultivars in 198 . 

Spikes! Tiller Secondary 
m2 mortality \ tillers/m2 

Factor (no ~) (%) (no .) 

Date of seeding 

May 4 466 32.2 
** ** 

May 28 393 42.1 

Cultivar 

Ingal 552t 35.2t 340f 
Potam 423 30.2 190 
Glenlea 392 40.4 178 
NB402 442 40.4 57 
Pitic 62 465 39.0 67 
Neepawa 521 39.1 100 
Ko-Fong 364 28.4 80 
Ko-Chuan 363 38.0 65 
Siete Cerros 342 44.4 58 
HY320 431 36.5 167 

Mean 430 37.2 130 
LSD (.05) Cultivars 88 NS 90 
CV (%) 20.4 41.2 47.5 

**Significant at the 0.01 probability level. NS = Not significanL. 

t Mean of two seeding dates. 

f Second flush of tillers counted in the May 4 seeding only. 
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4.2.3.2 Individual plant tillering patterns 

The first ~wo main stem leaf tillers (T1 and T2) of 10 spr 

wheat cultivars seeded at two dates in 1983 emerged nearly as 

frequently as the main stem itself (Table 4.10). Averaged over 

cultivars, the coleoptilar tiller (TO) emerged approximately ha 

often as either T1 or T2. Plants of most cultivars were charac 

by a near-absence of secondary tillers (TOO and T01) derived fr 

Not only did specific tillers differ from each other in terms 

emergence but there were also obvious cultivar differences (p<O 

ng 

f as 

erized 

TO. 

f 

for the emergence of specific tillers. Based on their crop pop lation 

spike numbers (Table 4.9), cultivars were split into low (Potam 

Glenlea, Ko-Fong, Ko-Chuan, Siete Cerros) and high tillering (I gal, 

NB402, Pitic 62, Neepawa, HY320) groups. Cultivars in the latt r group 

produced significantly more TO and higher-order tillers (TlO an 

higher). The cultivar x tiller interaction for tiller emergenc was 

also very highly significant resulting, in part, from increasin 

differences between the low and high tillerinr cultivar groups s the 

tiller order increased. 

The survival of the main stem and five of the earliest-erne ging 

tillers followed a pattern similar to that observed for tiller 

emergence for most of the cultivars (r = 0.85**) except (r 

0.11, NS) . 

by T. Culm survival was greatest for the main stem followed and T2 

(Table 4.11). Survival was lowest for TO. Based on a weighted 

analysis of variance, cultivar, tiller and their interaction ef ects 
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Table 4.10. Tiller emergence of 10 spring wheat cultivars, 
pooled over two seeding dates.t 

Tiller=r 
Cultivar TO Tl T2 TI0 TOO T3 TOI T20 

emergence (%) 

Ingal 80 100 100 75 20 85 8 23 
Potam 73 98 98 40 10 73 5 15 
Glenlea 73 98 100 78 3 75 5 33 
NB402 68 98 100 75 0 90 10 68 
Pitic 62 63 95 95 93 5 95 8 73 
Neepawa 43 98 100 83 8 90 23 55 
Ko-Fong 28 95 98 48 0 63 3 15 
Ko-Chuan 40 95 100 78 0 73 5 40 
Siete Cerros 23 98 98 50 0 78 0 20 
HY320 45 100 98 88 5 90 5 38 

38Mean 53 98 99 71 5 81 7 

t n = 40 seedlings.
fTiller designation according to Mitchell (1953).

Table 4.11. Tiller survival of 10 spring wheat cultivars, pooled 
over two seeding dates. t 

Tiller 
Cultivar MS TO Tl T2 TIO T3 

survival (%) 

Ingal 97 38 92 94 63 84 
Potam 98 42 87 72 43 58 
Glenlea 95 45 97 84 79 82 
NB402 98 45 86 72 45 87 
Pitic 62 98 59 92 98 62 80 
Neepawa 89 59 91 89 55 79 
Ko-Fong 86 51 88 82 46 62 
Ko-Chuan 87 81 92 71 46 79 
Siete Cerros 97 48 80 74 34 58 
HY320 95 41 89 86 78 90 

76Mean 94 51 89 82 55 

n = 9 - 40 seedling& 

MS = main stem. 

~

TIl 

28 
·8 

18 
58 
80 
35 
18 
35 
10 
35 

33 
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were all highly significant (p <0.005). Tiller survival was gre ter 

for the higher-tillering cultivar group, the difference increasi g with 

tiller order. Destructive plant sampling revealed that live 

coleoptilar tiller numbers dropped off rapidly (Table 4.12) duri g the 

first three to four weeks following the initiation of tiller erne 

A weighted analysis of variance provided evidence of highly sign ficant 

cultivar, sampling time and interaction effects. The cultivars 

Neepawa, Ko-Fong and Siete Cerros consistently produced very few TO 

tillers while Ingal and Pitic 62 were the most prolific. 

Individual tiller emergence was more rapid for the later-se ded 

material (Table 4.13). Depending on the tiller (TO, Tl, T2, TIO or 

T3), the range in cultivar differences for time to tiller emerge ce was 

approximately 2 to 6 days. Based on one-way ANOVA's, cultivar 

differences for this parameter were statistically significant fo the 

designated tillers. Main stem Raun stages at the time of tiller 

emergence (MSHE) were similar for both seeding dates (Table 4.1). 

With the exception of TO, the cultivar differences for the five 

designated tillers were highly significant, the range being from 0.40 

to 1.07 Raun units. A more detailed analysis (SAS, GLM procedur ) of 

cultivarand seeding date effects on tiller emergence (Table 4.15 

corroborated the statistical significance ofcultivar difference in 

~'ables 4.13 and 4.14. Fut thermore, the combinec a,alyses of var ance 

indicated that there were highly significant two-way interaction 

amongst all the main effects. With the exception of seeding dat 

effects on MSHE, all main effects (seeding dates, cultivars, til ers) 
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Table 4.12. The proportion of seedlings with live coleoptilar (~~O)

tillers at several sampling times for 10 spring whe~t
cultivars sown at two dates in 1983. 

Sampling time 
f (GDD)t 

ES LS 
173 253 333 408 222 297 38 

Cultivar 
Live TO tillers (%) 

Ingal 84 38 46 20 70 40 2: 
Potam 83 48 38 25 58 44 4f~

Glenlea 62 25 38 29 55 39 3 
NB402 55 18 38 19 42 41 2 ~
Pitic 62 57 40 36 28 78 38 2: 
Neepawa 15 13 14 10 64 41 3c~

Ko-Fong 13 8 12 10 40 22 2 
Ko-Chuan 34 33 26 15 49 24 1 ~
Siete Cerros 26 17 22 5 35 34 1~

HY320 42 28 24 21 49 43 2:1

Mean 50 27 29 18 47 33 2 

t GDD = growing degree-days, 50 C base temperature. 

fES = early seeding (May 4), LS = late seeding (May 28). 



Table 4.13. The time to emergence of nine tillers on 10 spring wheat ~ultivars sown at two dates in 1983. 
ES Tillers 
Cultivar TO T1 T2 T10 TOO T3 TOI T20 TIl 

Days .± S.E.t 

Ingal 
Potam 
Glenlea 
NB402 
Pitic 62 
Neepawa 
Ko-Fong 
Ko-Chuan 
Siete Cerros 
HY320 
Mean 

LS 

25.6±0.6 
27.4±0.4 
29.8:1:0.6 
28.8±0.3 
28.6±0.3 
28.8t0.6 
31.3±1.3 
31.0!:0.6 
30.3±0.9 
29.6±O.7 
28.4±0.2 

** 

26.7 :to. 3 
28.2tO.2 
28.5:tO.2 
28.4tO.3 
27.8±O.1 
28.6tO.3 
28.4±0.3 
30.1tO.3 
29 .. 7tO.4 
28. 7tO.3 
28.5tO.1 

** 

30.6tO.3 
32 .OtO.2 
32.8tO.2 
31.6±0.3 
31.2tO.2 
32.stO.3 
31.4±0.3 
34.4±0.3 
33.2±0.4 
32.:tt0.3 
32.21:0.1 

* 

34.5±O.2 
35.6tO.4 
36.1tO.2 
35.6±0.4 
34.9±0.2 
36.3±0.4 
34.6±0.5 
36.91:0.4 
36.8±0.3 
35.51:0.3 
35.7tO.1 

** 

34.3±O.3 35.5£0.2 
37 ..8±O.5 
38 .2±O. 3 
35.9tO.3 
35.3fO.2 
36.9tO.3 
37.7±o.7 
40.3tO.7 
38.9±O.4 
36.7tO.3 
37.0iO.1 

** 

37. 3t1. 3 

38.0tO.0 

38.3:!O.9 41.0 t1. 0 
39.7tO.3 
41.0fO.641.0t1.0 
38.8tO.4 40.2±0.4 
38.2 :to • 2 38.3 fO. 2 
39.6tO.5 41.1±O.6 

40.4tO.8 41.8t1.2 

39.0±1.0 38.7±O.7 

Q'\ 
.j::--

Ingal 15.6'=0.3 16.4±0.2 19. 7±0.2 23.0±0.5 21.5±1.5 23.9±O.4 28.8±1.2 29.4±1.0 
Potam 16.3±0.4 17.0tO.2 20.6±0.3 22.5±0.3 28.7±2.3 25.7±O.5 25. 3±1. 2 27.0±o.0 
Glenlea 18. otO. 4 18.0±0.2 21.4±0 .. 2 24.4±0.4 27.3±0.4 27.0±1.0 29.3tO.8 31.6±0.9 
NB402 16.3t O.3 17.3±0.3 20.2tO.2 22.8tO.3 24.4±0.4 28.0±2.6 27.2±O.5 28.1:to.6 
Pitic 62 16.8±0.4 16.9±0.2 20.1tO .2 22.51:0.2 24.3t O.. 2 26.7±1.6 26.6±0.4 26.3±0.3 
Neepawa 18.7tO.5 18.7tO.2 21.6tO.2 24.8tO.4 28.5t4.5 26.6tO.3 29.3±O.8 33.1 ±1. 3 
Ko-Fong 17.stO.4 17.3±0.2 20.2±0.3 22 .9t O.4 26.3±3.3 26.5±O.9 25.8±0.5 31.3t1.9 
Ko-Chuan 19.3±0.5 18.2±0.2 21.7tO.2 24.4t O.5 28.2±o.5 29.7±o.8 31.8±o.6 
Siete Cerros 17.8±0.5 18.2±0.3 21. 7tO.3 24.3tO.3 28.9±O.7 31.6±1.0 37.3±1.2 
HY320 18.1tO.4 17.7±0.1 20.6tO.1 23 .. 5t O.. 2 31.5±1.5 24.5±0.2 26.5±o.2 28.1:to.5 
Mean 17 .3J: 0 •1 17.6±0.1 20.8±o.1 23.5±0.1 26.0±0.2 28.1±0.2 29.5±0.3 

** ** ** ** ** ** ** 
*~~-* significant at the 0.05 and 0.01 probability levels, respectively.
ES = early seeding (May 4), LS = late seeding (May 28).
t n 2 - 20.



Table 4.14. 

ES 
Cultivar 

Main stem development (Haun stage) at the time of emergence of nine tillers on 10 
wheat cultivars sown at two dates in 1983. 

Tillers 
TO T1 T2 T10 TOO T3 T01 T20 

Haun stage ~ S.Et 

spring 

TIl 

1ngal 3. 26±0 .09 3.44±0.04 4.13±0.03 4. 99±0. 06 4 .83 ±O .09 5. 27 ±O .04 5. 73.t 0 .24 5.87 ±O .07 6. 15 ±O •15 
Potam 3.24±0.06 3.351: 0.03 3. 9Ut 0.04 4.91±0.13 - 5 .42±0 .10 - 6.00±0.06 
G1enlea 3. 32±0 .12 3.13±0.03 3.87±0.04 4.66±0.03 - 5.29±0.05 - 5.83±0.03 5.90±0.20 
NB402 3.25t0.05 3.18±0.033.73±0.06 4.67±0.09 - 4. 79±0 .04 - 5.51±0.10 5.69±0.12 
Pitic 62 3.28±0.07 3.23±0.04 3.76±0.03 4.64±0.04 - 4.69±0.03 - 5.46±0.04 5.48±0.3 
Neepawa 3. 38±0 .04 3.18±0.03 3.88±0.04 4. 79±0 .07 - 4. 95±0 .05 5.7±0.05 5.59±0.05 5.86±0.08 
Ko-Fong 3.53±0.23 3.06±0.02 3.57±0.03 4 .4"4±0 .05 - 5.01±0.11 
Ko-Chuan 3.20±0.11 2.97±0.03 3.68±0.04 .4.27±0.06 - 4.97±0.11 - 5.0610.06 5.02±0.08 
Siete Cerros 3.10±0.06 3.12±0.03 3.75±0.06 4.77±0.06 - 5.24±0.05 
HY320 3.36±0.15 3.15±0.02 3.78±0.04 4 .64±0 .06 - 4.98±0.07 - 5. 50! 0.10 5. 73±0. 20 
Mean 3.28±0.03 3.18±0.01 3.80±0.01 4.68±0.02 - 5.05±0.02 - - 

NS ** ** ** - ** 
LS 
1nga1 3.031 0 .09 3.28±0.02 4.15±0.04 5 .05±0 .15 4 •25± 0 . 25 5. 31± 0 •05 - 6.45±0.326.36±0.19 
Potam 3 .01± 0 .10 3.24±0.03 4.07±0.05 4.74±0.06 6.20±0.56 5.41±O.08 - 5.37±0.20 5.65±O.05 
Glen1ea 2. 98± 0.09 2.96±0.03 3.86±0.03 4.38±0.30 - 5.2910.08 5.60±0.20 5.93±0.18 6.16±0.21 
NB402 2.~5±0.10 3.00±0.04 3.77±0.03 4.46±0.07 - 4.75±0.04 5.50±0.50 5.33±0.08 5.54±O.09 
Pitic 62 2. 88±0 .11 2.94±0.04 3.77±0.04 4. 31±0 .03 5.75±0.85 4.46±0.27 5.29±0.31 5.21±0.05 5.24±0.06 
Neepawa 3.09±0.07 3.07±0.03 3.89±0.02 4.64±0.05 4.80±0.42 5.01±0.05 - 5.50±0.11 6.14iD.28 
Ko-Fong 3 .J5±0 .09 2.90±0.02 3.68±0.05 4 .11±0. 33 - 5.221 0.14 - 5.1410.10 6.17±0~39
Ko-Chuan 3.12±0.13 2.88±0.02 3.70±0.03 4.26±0.08 - 5.10±0.11 - 5.37±0 .16 5.84:tO .17 
Siete Cerros 2.95±0.11 2.96±0.03 3.87±0.04 4. 52±0 .06 - 5.53±0.14 - 6.38±0.226.53±1.07 
HY320 3.09±0.08 2.95±0.02 3.74±0.03 4.25±0.23 6.45±0.95 4.75±0.02 - 5.22±0.05 5.55iO.10 
Mean 3 .01± 0.03 3 . 02± 0 . 01 3. 851 0 •01 4 .46±0 .06 - 5.061 0.04 - 5 . 5}!: 0 . 04 5. 79 ±O . 06 

NS ** ** * - ** - ** ** 
*,** Significant at the 0.05 and 0:01 probability levels, respectively~--
ES = early seeHng (May 4) ,LS = late seeding (May 28). 
tn = 2 - 20 . 

0" 
lJl 
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Table 4.15. Analyses of variance for the time to emergence and MSI~E
of Tl, T2 and T3 tillers on individual seedlings of Ie 
spring wheat cultivars sown at two dates in 1983. 

GDD IT MSHE 
Source of variation df Mean squarest 

(x 104) 

Seeding date (D) 1 5918.29 *** 30.84 **; 
Replicates in D 
Cultivars (C) 

6 
9 

40.02 
608.49 

*** 
*** 

2.78 
178.26 

N~

**; 
Tillers (T) 2 3386.19 *** 25533.04 **oJ.. 
D x C 9 32.48 *** 8.57 **oJ.. 
D x T 2 380.42 *** 140.98 *** 
C x T 18 53.88 *** 35.90 **-J. 
D x C x T 18 8.83 NS 3.04 NS 
Error 1040 7.80 2.68 
CV (%) 1.2 2.4 

IT Time to tiller emergence expressed in growing degree-days (GDD) , 
MSHE = main stem Haun stage at the time of tiller emergence. 

tobtained after log 10 (x+l) transformation of data and type III GLM 
analysis. 

*,'(i, .. . 
S~gn~ficant at the 0.001 probability level. NS not significant. 
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had heterogeneous error variances hence the F probability level have 

been presented at the 0.001 level in order to reduce the risk 0 

detecting a surfeit of significant interaction effects. Cochra and 

Cox (1957) have indicated that such a risk exists in cases wher 

effect error variances are heterogeneous. The cultivar Ingal h 

earliest emerging tillers but the highest MSHE 

Conversely, Ko-Chuan had later emerging tillers but lower MSHE 

The cultivars Pitic 62 and NB402 were characterized by both ear 

tiller emergence and lower MSHE ratings. Lower and higher till 

cultivargroups had similar emergence times for TI (146 vs 142 

T2 (175 vs 168 GDD) but T3 emergence was delayed by 29 GDD in t 

tillering cultivar group, corresponding to a difference of 2.5 

The first three tillers (Tl, T2 and T3) required approximately '172 

and 225 GDD's, respectively, for emergence. These emergence 

corresponded to MSHE ratings of 3.09, 3.82 and 5.08, It 

is apparent that the GUD and Haun stage intervals between stem 

tillers were not constant ~n magnitude. 

The seeding date x tiller interaction appears to have aris n 

because the GDD accumulation differences between the two seedin dates 

main 

(Tables 4.13 and 4.14). 

y 

DD) and 

ays. 

were accentuated with increasing tiller order. For main stem 

development (MSHE) , the same interaction rc~ulted from a lower 

rating for Tl at the early versus the late seeding date, while he 

converse was observed for T2 and T3. 
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A comparison of cultivars at the two seeding dates did not reveal 

any obvious trends for time to tiller emergence. The cu1tivar 

exhibited the greatest delay (30 GDD) in tiller emergence due t 

delayed seeding while 'Ko-Chuan' was the least sensitive (14 GD 

Lower and higher tillering cultivars responded similarly to del 

. planting. For MSHE, the cultivar Siete Cerros exhibited the 1a 

increase (0.05) with delayed seeding while, conversely, HY320 w s 

characterized by the largest (0.16) decrease in MSHE due to·del yed 

seeding. The interval between the emergence of tillers, 

synchrony, was determined from T3 MSHE - Tl MSHE. Tiller emergence 

synchrony (TES) differed among cultivars and seeding dates (p<O.Ol). 

Cultivar response was consistent for the two dates of seeding. 

Cultivars which had a greater degree of synchronization (a low ES) 

produced more spikes/m2 (r = -0.63**). 

4.2.3.3 Yield characteristics of selected tillers 

Seedling development at the mid to late-ti1~cring phase fa 10 

spring wheat cultivars sown at two dates in 1983 was quantified y Haun 

stage and phytomass determinations for the main stem (MS) and five of 

the first tillers. Main stem Haun stages were similar (5.43 vs 5.63) 

for both seeding date samples and cultivar x seeding date interact~ons

were non-significant, hence the cultivar means were averaged for the 

two samples. Main stem, Tl and T2 data are presented in Table 4.16. 

The two latest emerging tillers (TID and T3) were inconsistent 

in emergence frequencies and yielded only 6 to 13% of the 



69 

eragedTable 4.16. Seedling development of 10 spring wheat cultivars av
over two seeding dates in 1983. + 

Tiller Haun stage Tiller dry weight 
Cultivar MS TI T2 MS Tl T2 

(mg) 
Low tillering 

Potam 5.96 3.23 2.48 389 161 102 
Glenlea 5.25 2.39 1.61 278 113 60 
Ko-Fong 5.49 2.85 1.98 318 142 103 
Ko-Chuan 5.03 2.49 1.84 245 118 71 
Siete Cerros 5.35 2.40 1.85 290 115 78 

High tillering 

Ingal 6.11 3.10 2.39 288 126 90 
NB402 5.45 2.70 2.10 207 88 72 
Pitic 62 5.65 2.95 2.33 250 123 95 
Neepawa 5.41 2.35 1.76 226 86 62 
HY320 5.58 2.88 2.15 245 114 89 

Mean 5.53 2.73 2.05 274 119 82 
LSD (.05) 0.26 0.25 0.26 48 29 23 

+harvested 253 and 297 GDD after planting for the early and lat 
seeding dates, respectively. 



The main st 

s 

between the MS and two tillers approximate the plastochron interv Is 

observed at tiller emergence. Tiller emergence synchrony (TES) w s 

associated with MS and T1 phytomass yields (r = 0.66** and r = O. 

respectively). Using the phytomass yield difference between MS a 

as an expression of apical dominance, it can be shown that the la ter 

is highly correlated with TES (r = 0.71**). This relationship im lies 

that cultivars in which tillers appear in rapid succession are 

characterized by reduced apical dominance. This in turn suggests that 

cultivars with a large main stem will have a less synchronized ti ler 

emergence pattern. 

Data for yield-related characteristics and culm length of thMS 

and first four tillers are summarized in Figure 4.5. 

four tillers had similar culm lengths, numbers of spikelets per 

and harvest indices. The number of kernels per spike and kernel 

weights decreased with tiller order resulting in lower tiller 

yields relative to the main stem. Although TIO emerged prior to 

5*, 

70 

MS phytomass. The coleoptilar tiller (TO) was as developed as T1 

yielded only half as much. Based on the data in Table 4.16, ther 

large genotypic differences in seedling development. The cultiva 

Ingal and Potam were the most advanced based on Haun ratings whil 

Potam and Ko-Fong had the heaviest shoots. Lower tillering 

cultivars had significantly lower Haun stage ratings for all thre 

shoots (p<O.Ol, 0.05, 0.01, respectively), but had a higher yield 

and Tl (p ~0.01) and did not differ significantly from the high 

tillering cultivar group for T2 phytomass. The Haun stage differ 

but 

are 

s 

ng MS 
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50 ~-------------------r-----
Tl T2 TID T3

TILLER DESIGNATION

Figure 4.5. Main stem and tiller relationships for yi ld 
components and culm length. Mean of 10 c ltivars 
sown at two dates in 1983. 
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was lower-yielding. A more detailed analysis of MS, Tl and T2 dat 

(Tables 4.17 and 4.18) revealed that the trends portrayed in Figur 

were statistically significant. For all characteristics, cultivar 

seeding date and cultivar x seeding date interactions were highly 

significant. 

The cultivar x seeding date interaction for kernels/spike, gr 

yield and harvest index may have resulted because Pitic 62 and Ko

exhibited decreases in these traits with delayed seeding while the 

remaining cultivars responded with increases. An a-priori 

contrast based on the known vernalization requirement of Pitic 62 

versus the remaining cultivars x seeding date accounted for 19-31% 

in 

haun 

of 

the interaction sums of squares. For culm length and kernel weigh, 

the above contrast was not significant. Relative to the other 

cultivars, Ingal and Neepawa showed the greatest increase in culm 

length with delayed seeding, the difference between the two groups 

being three-fold. An examination of the data for spikelets/spike 

kernel weight is not as revealing as to the causes of the cultivar 

seeding date interaction, with the exception that the a-priori con 

.was highly significant for the former trait. In addition to the 

cultivar Pitic 62, HY320 and NB402 exhibited equally large reducti 

in spikelet numbers with delayed seeding. For kernel weight, the 

cultivar x seeding date interaction may have arisen because Ko-Fon 

nd 

rast 

ns 

and 

Siete Cerros had larger kernels while the remaining cultivars exhi ited 

kernel size reductions due to the delayed seeding. 

x 



Table 4.17. Analyses of variance for the culm length and yield-related characteristics of MS, Tl, and 
T2 tillers on individual plants of 10 spring wheat cultivars sown at two dates in 1983. 

Culm Grain 
length yield 

Source of variation df (A) (B) 

Seeding date (D) 
Replications in D 
Cultivars (C) 
Tillers (T) 
D x C 
D x T 
C x T 
DxCxT' 
Error 

CV (%) 

1 
6 
9 
2 
9 
2 

18 
18 

A-F'IT 

553.02*** 
13.30*** 

351.45*** 
3.62 NS 

24.99*** 
8.19 NS 
2.46 NS 
4.86 * 
2.76 

2.9 

31.20** 
15.73** 

193.98*** 
103.87*** 

22.52*** 
4.40 NS 
3.22 NS 
4.16 NS 
4.23 

20.6 

Kernels! 
spike 
(C) 

Mean squares+ 
(x 103) 

1238.01*** 
11.48 NS 

696.10*** 
108.49*** 
126.45*** 
21.11 NS 
19.23** 
21.93** 

9.59 

6.1 

Harvest 
index 
(D) 

2.759** 
1.336*** 
2.369*** 
0.106 NS 
2.417*** 
0.546 NS 
0.206 NS 
0.484 NS 
0.298 

11.1 

Spikelets/
spike
(E)

159.54***
10.32***

252.47***
2.86 NS 

12.72*** 
1.97 NS 
2.31 NS 
1.66 NS 
1.46 

3.0 

1000 
K.wt. 
(F) 

491.52*** 
32.42*** 

......,324.17*** 
97.38*** w 

42.62*** 
0.09 NS 
5.70 NS 
6.13 NS 
6.81 

5.7 

+obtained after Log (X + 1) transformation of data and Type III SAS GLM analysis.
* ' ** ,*** Significant at theO. 05, 0 .01 and o. 001 probabi1ity leve1s, respectively. NS = not significant. 
'ITA = 808, B-D = 765, E = 848, F = 822 • 



Table 4.18. Cull length and yield-related characteristics for three tillers on individual plants of 10 spring wheat cultivars sown at two dates 
in 1983. 

Cull 
length 

Grain 
yield 

Kernelsl 
spike 

Spikeletsl 
spike 

1000 
kernel weight 

Harvest 
index 

Cultivar LSM a (Cia) II 
---------- --

lSM (Ig) 
----

LSM (no. ) 

-------------------
lSM (no. ) 

-------------------
lSM (g) 

-------------------
LSM (~)

------------------
Ingal 169.56 ~ 0.57 (48.6) 
Potaa 172.12 ±0.58 (51.6) 
Glenlea 185.93~ 0.54 (71.3) 
NB402 183.98 ! 0.59 (66.6) 
Pitic 62 183.41 ±0.59 (67.3) 
NeepaNa 186.13 ±0.58 (71.7) 
Ko-fong 180.33 ±0.59 (62.6) 
Ko-Quan 187.81 ±0.55 (74.5) 
Siet. Cerros 174.66 ±0.58 (54.8) 
HY320 176.30 ±0.54 (56.9) 

18.57 ~ 0.84 (533) 
27.79 ! 0.83 (896) 
33.31 ~ 0.74 (1153) 
34.22 ! 0.77 (1199) 
35.30 ±0.74 (1254) 
25.68 ±0.76 (806) 
34.44 ±0.75 (l210) 
35.14 ±0.75 (1246) 
34.20 ±0.74 (1198) 
32.32 ±0.71 (1105) 

146.08 ! 1.27 (27.9) 
142.80 ! 1.25 (25.8) 
155.47 ± 1.11 (34.9) 
166.55 ± 1.15 (45.3) 
168.38 ±1.11 (47.3) 
146.14 ±1.14 (27.9) 
165. 65 ±1. 13 (44.3) 
167.22 ±1.13 (46.0) 
166.26 ±1.11 (45.0) 
160.99 ±1.06 (39.7) 

120.31 ±0.42 (15.0) 
118.79! 0.44 (14.4) 
124.56 ±0.41 (16.6) 
128.50 ±0.43 (18.3) 
130.99 ±0.43 (19.4) 
114.92 ±0.42 (13.1) 
129.71 ±0.43 (18.8) 
131.85 ±0.41 (19.8) 
125.49 ±0.42 (17.0) 
126.22 ±0.39 (17.3) 

128.33 ±1.06 (18.2) 
154.41 ! 0.98 (34.0) 
152.64 ±0.91 (32.6) 
142.91 ! 0.93 (25.9) 
143.11 ±0.93 (26.0) 
146.75 ±0.92 (28.3) 
143.49 :!: 0.93 (26. 2) 
143.94 ±0.90 (26.5) 
143.68 ±0.91 (26.3) 
1".71t ±0.86 (27.0) 

14.47 ~ 0.23 (39.5) 
15.98 ! 0.22 (44.5) 
IS. 17 ±0.20 (41.8) 
15.59 ±0.20 (43.2) 
15.49 ! 0.20 (42.9) 
14.98 ±0.20 (41.2) 
15.98 ±0.20 (44.S) 
15.02 ±0.20 (41.3) 
16.46 ±0.19 (46.1) 
15.67 ±0.19 (43.4) ....... 

.f::' 

Tiller 
ItS 
Tl 
T2 

180.28 
179.91 
179.57 

ns 

(61.9) 
33.32 ±0.41 (1154) 
JO.69 :!: 0.42 (1027) 
29.28 ±0.42 (963) 

160.81 ±0.62 (39.6) 
158.19 ±0.64 (37.2) 
156.67 ±0.63 (35.9) 

124.77 
125.30 
125.34 

ns 

(16.8) 
146.47 ±0.50 (28.2) 
144.01 ! 0.52 (26.6) 
142.,71 :!: 0.52 (25.7) 

15.42 
15.55 
15.47 

ns 

(42.9) 

Seeding date 
May 4 
May 28 

177.37 ±0.25 (58.4) 
182. 48 ! 0.26 (65.8) 

30.44 ±0.35 (1016) 
31.15 ±0.33 (1078) 

154.42 ±0.53 (34.0) 
162.68 ±0.50 (41.3) 

123.74 ±0.18 (16.3) 
126.53! 0.19 (17.4) 

146.90 ±0.42 (28.5) 
141.90 ! 0.lt2 (25.2) 

15.68 ±0.09 (43.5) 
15.29 ±0.09 (42.2) 

a Least Square Means ±SE calculated by SAS s..M procedure following a loglOCXfl) transforllation of the data, x 100. 
I (back-transforEd data). 

--------- ~ns~=~~not significant at the 0.05 probability level. 



greatest contribution to whole-plant grain yield, followed by TI 

T2. These three shoots accounted for two-thirds of whole-plant g 

yield. The coleoptilar tiller (TO) made the smallest contributio 

yield. Higher-order tillers accounted for approximately 10% of t e 

grain yield. Cultivar differences for tiller yield contributions were 

significant at p<0.08 for MS, Tl and T3. The low versus 

cultivar contrast was highly significant for MS, Tl, TIO and T3. 

yield contributions of MS and Tl were larger in low tillering cuI ivars 

but the reverse was observed for TIO and T3. 

In an attempt to relate phenological events occurring during the 

tillering phase to mature plant characteristics, the MSHE ratings of 

four tillers were correlated with culm length and five yield-rela ed 

parameter~. The correlation coefficients indicate that cultivars in 

which tillers emerged when the main stem was less developed tende to 

have larger culms and higher grain yields (Table 4.20). These 

increased yields were associated with increased spikelet and kern I 

a d 

to 
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With the exception of kernels/spike, the three shoots behaved 

consistently from cultivar to cultivar. The cultivar x tiller 

interaction for kernels/spike may have arisen because two of the 

cultivars (Neepawa and HY320) had slight kernel weight increases 

tiller order while the remaining cultivars, particularly Potam an 

NB402, exhibited weight reductions. 

The contribution of selected tillers to grain yield varied 

considerably (Table 4.19). The main stem by virtue of its greate 

survival (Table 4.11) and yielding ability (Table 4.18) made the 

ith 
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Table 4.19. The contribution of selected tillers to final grai 
yield in 10 spring wheat cu1tivars, averaged over 
two seeding dates in 1983 . 



Cultivar MS 
Tiller 

TO T1 T2 T10 
Yield contribution (%)'IT 

T3 R" mainder 

Low tillering 

Potam 29.9 7.1 21.4 17.2 4.6 7.7 12.1 
Glenlea 24.4 4.1 22.9 18.6 8.5 11.8 9.7 
Ko-Fong 27.7 2.7 26.2 21.4 4.1 9.6 8.3 
Ko-Chuan 25.8 3.9 24.5 16.7 6.4 10.7 12.0 
Siete Cerros 32.5 2.7 23.4 22.2 3.0 10.7 5.5 

High tillering 

Ingal 23.4 4.0 21.2 19.3 7.5 14.6 10.0 
NB402 28.6 5.8 19.9 16.4 5.7 15.6 8.0 
Pitic 62 23.4 7.0 18.0 18.1 8.2 12.9 12.4 
Neepawa 20.6 3.8 19.5 18.5 7.1 12.9 17.6 
HY320 23.4 3.0 20.5 19.8 7.3 15.5 10.5 

Mean 26.0 4.4 21.8 18.8 6.2 12.2 10.6 

LSD (0.10) 5.5 NS 4.0 NS 4.9 3.3 NS 

Contrast of low 
vs high NS NS NS** ** ** ** 
tillering cultivars 

'lTn = 20 plants/seeding date. 
J~J~* , "''' Significant at the 0.05 and 0.01 probability levels,

respectively.
NS = Not significant.
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Table 4.20. Correlations of tiller emergence (MSHE) with mature tiller 
characteristics, based on cultivar means.+ 

Culm Kernels! Spikelets! Grain Kernel Harvest 
Tiller length spike spike yield weight index 

Tl -0.68** -0.67** -0·.72** -0.71** -0.15 -0.01 
T2 -0.43 -0.61** -0.67** -0.70** -0.16 -0.19 
TI0 -0.61** -0.54* -0.82** -0.58** -0.09 0.31 
T3 -0.32 -0.44 -0.41 -0.50* -0.04 -0.08 

+Correlationcoefficients pooled over i seeding dates, n = 20 . 

*,**Significant at the 0.05 and 0.01 probabilty levels, 
respectively. 

MSHE = main stem Haun stage at the time of tiller emergence. 
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numbers per spike. Tiller emergence was not related to kernel s ze or 

harvest index. Lower cultivar MSHE means were, however, associa ed 

with days to physiological maturity (r = -0.87**, n = 10). 

4.3 The effect of cultivar and seeding rate on tillering 

4.3.1 Crop tillering patterns 

All main effects were significant for the tillering 

characteristics of three spring wheat cultivars sown at five ratts at 

Saskatoon and Floral in 1984 and 1985 (Table 4.21). The year x I 

location, location x cultivar and location x cultivar x seeding tate 

interactions were non-significant in all cases. Except for seedling 

establishment and days to maximum tiller numbers, year x cultiva and 

cultivar x seeding rate interactions were all significant. The tear x 

seeding rate, location x seeding rate and year x cultivar x Seed~ng

rate interactions were significant for approximately half of thel! 

characteristics while the year x location x seeding rate and fou -way 

interaction were non-significant for the majority of the 

icharacteristics. 
I 

The orthogonal contrast comparing the high ti11ering cU1tivtr 
! 

Neepawa to the two low tillering cultivars Siete Cerros and M141t (CCl) 

accounted for a majority of the cultivar vRriation. The Ce1 contrast, 
! 

however, accounted for most of the variation in only 40% of the 4ases 

where either the year x cultivar or cultivar x seeding rate 

interactions were significant. 

I

I

I 
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Table 4.21. Analyses of variance for tillering characteristics of three spring Mheat cultiv rs 
SOMn at five rates at Saskatoon and Floral in 1984 and 1985. 

Seedling Tiller ISPi:=s'
establishMent TAR TIUJIAX D1lIAX TSR IIOrtality 

Source of (Log10) I 

I 

variation df Mean squares 
(x 10--) I(x I~l

Years (Y) 1 15.155 H 1027.1 H 6258.6 H 7843.3 H 1074.10 H 2007.4 H 1520.1 H 

Locations (l) 1 10.313 H 756.4 H 815.6 H 268.8 ns 560.23 H 2S6O.4 H 130.2 I j 

Yx L 1 0.092 H 32.2 ns 0.1 ns SO.4 ns 18.41 ns 7.3 ns 
I 3.7 ns 

Error a 12 0.738 60.3 50.4 98.0 17.61 108.8 17.2I 

! 

Cultivars (C) 2 6.544 H 779.9 H 4190.1 H 2~.2 H 209.38 H 710.0 H 3364.3 H 

Nvs (SC+M) (eel) 1 10.325 H 1512.3 H 8293.4 H 233.0 H 416.79 H . 1357.4 If 6618.6 H 

SC vs M (CC2) 1 2.763 ns 47.6 ns 86.8 ns 263.5 H 1.96 ns 62.5 ns 109.9 I 

Yx C 2 0.892 ns 157.4 H 512.6 H 1.0 ns 57.01 H 1250.0 H 241.4 H 

Y x CCl 1 1.200 ns 294.4 H 1012.8 H 0.5 ns 112.80 If 579.2 I 128.0 I 

Y x CC2 1 0.8n ns 20.3 ns 12.3 ns 1.6 ns 1.20 ns 1920.8 *1 354.8 H 

L x C 2 0.161 ns 0.5 ns 17.6 ns 5.9 ns 2.14 ns 29.2 ns 19.5 ns 
Y x L x C 2 3.481 I 59.9 f 213.6 If 47.1 ns 59.36 If 228.6 ns 44.6 ns 
Error b 24 0.654 17.4 30.0 16.5 9.13 81.8 22.2 

Seeding 
rates (5) 4 1185.600 H 781.9 H 17101.6 H 1435.9 H 332.64 H 948.7 H 9625 51Linear (Li) 1 4075.536 H 138.1 If 60909.6 H 4260.1 ff 681.02 H 159.7 f 7~4• .... 
Quadratic (0) 1 581.472 ff 2669.7 If 6911.8 If 900.6 H 637.25 If 3614.3 ff 601.9 If 
Cubic (e) 1 79.200 H 319.9 If 584.6 H 564.6 H 11.25ns 20.7 ns 582.2 H 

Rerlainder 1 6.192 H 0.0 ns 0.0 ns 18.3 ns 1.08 ns 0.0 ns 31.4 ns 
y x S 4 1.361 ns 24.7 ns 97.0 I 46.1 * 23.52 f 87.6 ns 55.5 I 

Yx Li 1 3.840 f 12.5 ns 27.1 ns 2.6 ns 44.16 f 73.7 ns 26.4 ns 
Yx Q 1 1.604 ns 8.6 ns 330.0 H 8.4 ns 1.92 ns 59.3 ns 167.5 f 

Yx Cu 1 0.000 ns 54.5 ns 0.2 ns 152.9 H 3.36 ns 82.1 ns 25.9 ns 
Rellainder 1 0.000 ns 23.0 ns JO.7 ns 20.3 ns 44.65 f 135.1 ns 2.1 ns 
L x S 4 1.340 ns 155.9 H 225.5 H 10.3 ns 61.61 H 288.9 H 27.0 ns 
e x S 8 0.993 ns 84.4 H 127.1 H 21.0 ns 24.83 H 478.0 H 88.7 H 

CCI x Li 1 0.160 ns 141.1 If 64.6 ns 0.6 ns 6.88 ns 187.8 f 164.2 If 
CCl x Q 1 0.160 ns 23.0 ns 161.6 f 44.0 ns 2.24 ns 106.4 ns 202.7 H 

CCl x roo 1 0.480 ns 1.3 ns 1.4 ns 5.3 ns 2.08 ns 32.8 ns 9.9 ns 
CC2 x Li 1 2.880 f 336.6 If 541.8 If 67.5 f 173.60 If 2601.4 If 57.0 ns 
CC2 x Q 1 0.000 ns 141.3 If 113.4 f 0.5 ns 0.32 ns 160.2 ns 153.1 H 

CC2 x Cu 1 1.120 ns 31.4 ns 72.2 ns 4.5 ns 9.92 ns 150.9 ns 41.6 ns 
Relainder 2 1.721 ns 0.3 ns JO.6 ns 22.7 ns 1.79 ns 172.1 I 59.3 ns 
Yx L x S 4 0.883 ns 18.3 ns 14.3 ns 11.6 ns 35.43 H 250.9 H 21.9 ns 
Y J( e x S 8 1.684 f 18.3 ns 115.6 H 13.1 ns 20.68 I 73.0 ns 52.3 f 

L x C x S 8 0.976 ns 7.9 ns 31.3 ns 8.4 ns 5.71 ns 54.6 ns 12.9 ns 
Yx L x C x S 8 0.400 ns 2.6 ns 49.7 ns 5.1 ns 19.n f 40.5 ns 11.3 ns 
Error c - 144 0.647 15.8 27.8 16.2 8.18 42.1 21.3 
Total 239 

CVa (~) ".>4.0 54.2 15.2 21.4 59.9 39.0 12.3 
CVb (~) 8.1 29.2 11.7 8.8 43.1 33.8 14.0 
CVc (~) 8.0 27.8 11.3 8.7 40.8 24.3 13.7 

TAR =tiller appearance rate, TILL~X =IixiMW. tiller nUiber, DTMAX =days to TILLMAX, TSR =tiller 
I,senescence rate. N=Neepawa, SC =Siete Cerros, M= 1'41417. 

f,1f Significant at the 0.05 and 0.01 probability levels,respectively. ns =not Significan1. 

I 

I 
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A comparison of main effect means (Table 4.22) reveals that iln 
I 

1984 all parameter values were higher than in 1985. The saskatoo~
I 

location was characterized by lower seedling establishment and sPi~e

numbers but higher TAR, tiller senescence rate (TSR), maximum til~er
I

numbers (TILLMAX) and mortality than the Floral site. As previouslly 

observed (Tables 4.5 and 4.9) the cultivar Neepawa produced more 

tillers and spikes than either Siete Cerros or M1417. The high 

tillering cultivar also had a better seedling establishment, high r TAR 

and TSR and took longer to reach maximum tiller numbers (DTMAX) t an 

the low-tillering cultivars. The tiller mortality of Neepawa wasJ 
I 

however, lower than that of the two low-tillering cultivars. JI 

The relationship between tillering parameters and seeding ra e was 
I 

complex. Highly significant deviations from linearity were obser1ed 

for all parameter responses. In addition, a significant lack of ~it to 
I 

the quadratic polynomial was detected for most of the parameters (Table 

4.21). Seedling, tiller and spike numbers increased, while DTMAX 

decreased, asymptotically with increasing seeding rates. The res~onse
of TAR, TSR and ~lller mortality to seeding rate was parabolic, with 

maxima being reached at intermediate plant 4ensHies. 

The cultivar (CCl) x seeding rate interaction is of particultr 

interest because it indicates a differential response of tillerin~

habit to seeding rate. The same rationale has been used in the 

examination of other two or three-way interactions which were 

statistically significant. Interactions involving the second cUl~ivar

contrast (CC2) were scrutinized only if that particular contrast 
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Table 4.22. ·"eans for the tillering characteristics of three sp~ing wheat 
cultivars sown at five rates at two locations in eaQh of two years. 

Seedling ~iller Spike 
establishment TAR TILL"AX DT"AX TSR IIdrtality numbers 

(no. I.a ) (no. 1..1 I eno. Ima ) (days) (no./mll ex) (no. Im l ) 

I!![ 111 day) day)
1/1984 2.167 (141) 16.4 517 51.9 9.1 29.6 362 

1985 2.117 (131) 12.2 416 40.5 4.9 23.9 312 

~gg!j:!gn

Saskatoon 2.121 (132) 16.1 485 45.1 8.5 30.0 330 
Floral 2.162 (145) 12.5 448 47.2 5.5 23.5 344 

•• •• •• ns •• •• • 

~y!~!:!![ i~l
Neepawa 2.171 (148) 11.9 550 47.6 8.9 23.4 411 
Siete Cerros 2.114 (130) 12.0 432 46.8 6.2 29.1 308 
"1411 2.140 (138) 13.1 418 44.2 6.0 27.8 292 

Contrast a CCl CCl CCl CCl,CC2 CCl eCl CC1,CC2 

§!!g!ng [!~! 1§1
40 1.510 (32) 10.4 241 54.1 3.9 23.1 183 
80 1.823 (67) 14.0 332 48.9 5.0 26.2 244 

160 2.148 (141) 18.7 461 44.6 7.0 30.0 319 
320 2.470 (295) 18.2 589 43.3 10.5 32.4 386 
640 2.758 (513) 10.3 709 40.0 8.6 22.0 550 

aContrast Li,Q,Cu,R Li,Q,Cu Li,Q,Cu L1,Q,Cu Li,Q Li,Q Li,Q,Cu 

~~! ! § 
40 0.147 12.9 255 3.9 5.3 -10.8 221 
80 0.005 12.1 221 8.4 5.8 -9.3 212 

160 0.116 12.6 294 2.2 4.0 -17.8 291 
320 0.115 12.0 298 0.9 5.1 -11. 3 262 
640 0.060 3.6 119 4.4 1.2 -1. 2 128 

Contrast ns Li Q ns ns Li Li,Q 

~~! ! ! 
1984 0.118 15.4 337 4.3 8.5 -3.5 254 
1985 0.058 6.0 162 4.1 2.7 -16.7 192 

ns •• •• ns •• • • 

TAR = tiller appearance rate, TILL"AX = maximum tiller numbers, IDTMAX = ~ays to
TILL"!X, TSR = tiller senescence rate.

Log10 transfor••tion, (back-transformed data).
a Statistically significant (P<O. 05) contrasts. CCl = N VB (SC+IIO, CC2 = SC vs " 

CCI = 2 -1 -1 and CC2 = 1 -1, CC1/2 = contrast mean. Li = lin~ar, Q = quadratic 
Cu = cubic, R = remainder . 

• , •• Significant at the 0.05 and 0.01 probability levels, respec~ively.

I 
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accounted for 50% or more of an interaction's variation. Tiller and 

spike number differences between Neepawa and the low-tillering 

cultivars were largest at the intermediate seeding rate, reaching a 

minimum value at the highest plant density. The interaction for tiller 

- appearance rate resulted because the TAR of Neepawa dropped off more 

rapidly at the highest seeding rates than did Siete Cerros and M1417. 

Cultivar tiller mortalities were inconsistent in their response to 

increasing seeding rates. Cultivar differences (CC1) appeared to reach 

a maximum at the intermediate seeding rate but the statistical analysis 

indicated that these differences dropped off linearly as seeding rate 

increased. The year x cultivar interaction is a result of the cultivar 

Neepawa having a higher TAR and TSR, and producing more tillers and 

spikes than the low tillering cultivars in 1984 relative to 1985. 

Cultivar differences for tiller mortality were, however, smaller in 

1984 than in 1985. The analyses of variance indicate that the two 

low-tillering cultivars were not homogeneous in their response to 

seeding rate. The TAR, TILLMAX, TSR, tiller mortality and spike 

numbers of Siete Cerros were higher at the lower seeding rates, but 

lower than those of M1417 at the higher seeding rates. M1417 

maintained higher parameter values at the higher seeding rates while 

those of Siete Cerros tended to drop off quite rapidly. 

An examination of the year x cultivar x seeding rate interaction 

data for seedling numbers did not reveal clear-cut trends. That, 

however, was not the case for tiller anQ spike numbers (Figure 4.6). 
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The graphical presentation of this three-way interaction suggests that 

cultivar differences reached maxima at a lower seeding rate in 1985. 

The cultivar Neepawa had higher seedling and tiller numbers and higher 

TAR and TSR's, than the low tillering cultivars at Saskatoon in 1984. 

In 1985, however, the same cultivar contrast was larger at Floral, 

hence the year x location x cultivar interactions for those parameters. 

4.3.2 Individual tiller emergence patterns 

Detailed tiller emergence data were collected from five plants per 

plot for the three spring wheat cultivars sown at five rates at 

Saskatoon and Floral in 1984. The emergence patterns of the first 14 

tillers are documented in Figure 4.7. Tiller emergence, particularly 

at higher seeding rates and tiller orders, wa~ greater at Saskatoon 

than at Floral. The emergence of tillers of a higher order.than T3 was 

severely curtailed at seeding rates above 80 seeds/m2 • As observed 

in a previous study (Section 4.1.3.2), Tl and T2 tillers were the most 

consistent in emergence, followed by T3 and TI0. Coleoptilar tiller 

emergence levels were qpproximately half those measured for T1 and T2. 

Furthermore, the prophyll and first leaf tillers of TO were 

conspicuously absent. The oligoculm cultivar M1417 was characterized 

by a relatively sharp drop-off in tiller emergence starting with T3. 

In addition, M1417 produced significantly (p<0.005) more TO tillers 

than either Neepawa or Siete Cerros. The high tillering cultivar 

Neepawa differed from the low tillering cultivars in that it produced 

more first order tillers (i.e. TI, T2, T3, T4) at the higher seeding 
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cultivars sown at five rates at Saskatoon (S) 
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rates and substantially more secondary tillers. Cultivar and seeding 

rate effects on the emergence of the eight tillers observed at two or 

more seeding rates (Table 4.23) were highly significant with the 

exception of cultivar differences for Tl emergence. The cultivar x 

seeding rate interaction was highly significant for TO, T2, TIl and T4. 

These interactions resulted from a more rapid reduction in tiller 

emergence with increasing seeding rates for the low tillering cultivars 

relative to 'Neepawa' for T2, TIl and T4. For TO, however, the 

interaction arose because the emergence of that tiller was least 

affected by seeding rate in the cultivar M1417 but dropped off sharply 

for the two other cultivars. 

Tiller survival (Table 4.24) and emergence levels were comparable 

at the lower seeding rates, but survival dropped off more rapidly at 

the higher rates. Main stem survival was virtually unaffected by 

seeding rate. The analysis of Tl and T2 data (Table 4.23) indicated 

that cultivar, seeding rate and interaction effects on tiller survival 

were statistically significant. Cultivar differences for Tl and Try 

appear to be maximized at an intermediate seeding rate with smaller 

differences at the extreme rates, hence the cultivar x seeding rate 

interaction. 

Tillers took slightly longer to emerge at Floral, but otherwise 

the time to tiller emergence (DTE) patterns were similar at both 

locations (Figure 4.8). Cultivar and seeding rates did not appear to 

have pronounced effects on DTE. The only discernible trend consisted 

of a slight delay in emergence as seeding rate increased. This trend 



Table 4.23 . Analyses of variance for the percent emergence and survival of selected tillers on three spring 
wheat cultivars sown at varying rates in 1984t 

Tiller emergence Tiller 

TO Tl T2 TI0 T3 T20 TIl T4 
Source df SS df SS df SS df SS df SS 

Cultivar(C) 2 2153.6*** 2 78.1 NS 2 597.6*** 2 826.9*** 1986.7*** 2 1410.4*** 1532.0*** 2677.0*** 
Seeding rate(S) 3 835.2*** 4 6939.8*** 3 6580.2*** 2 3088.2*** 1901.6*** 1 594.2*** 894.0*** 1404.0*** 
C x S 6 414.1*** 8 171.2 NS 6 382.9*** 4 117.4 NS 166.1 NS 2 47.2 NS 205.0** 404.0*** 
Error 20.5 20.5 20.5 20.5 20.5 20.5 20.5 20.5 

Tiller survival 

Cultivar(C) 2 155,228*** 2 59,949*** 00 
'-J 

Seeding rate (S) 4 2,137,917*** 3 1,305,216*** 
C x S 8 94,232*** 6 10,823* 
Error 821 821 

+Data pooled over locations. Tiller emergence n = 40, tiller survival n = 3 to 40 for each C x S combination. 
* ** *~*, , significant at the 0.05, 0.01 and 0.005 levels of probability, respectively. NS = not significant. 



Table 4.24. Tiller survival of three spring wheat cu1tivars sown at five rates in 1984.t 

Seeding rates (seeds/m2) 

40 80 160 320 640 40 80 160 320 640 40 80 160 320 640 
Survival (%) 

Cu1tivar MS TO T1 

Neepawa 100 100 100 100 95 64 0 0 0 0 100 98 85 56 17 
S. Cerros 100 97 100 100 98 28 19 11 0 0 98 87 74 27 18 
M1417 100 100 100 100 100 32 67 24 0 0 88 90 84 12 9 

Means 100 99 100 100 98 41 43 12 0 0 95 92 81 32 15 
00 
00 

T2 T10 T3 

Neepawa 98 100 77 20 0 89 64 0 0 0 100 86 29 0 0 
S. Cerros 93 97 46 8 0 44 35 0 0 0 93 29 12 0 0 
M1417· 100 89 56 31 0 77 28 0 0 0 99 74 19 0 0 

Means 97 95 60 20 0 70 42 0 0 0 97 63 20 0 0 

tData was pooled over locations. For each tiller, N = 3 to 40 for each cu1tivar-seeding rate combination. 
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Tiller designotion 

Time to tiller emergence of three spring wheat 
cultivars sown" at five rates at Saskatoon (S) 
and Floral (F). Vertic~l bars within tillers 
represent, from left to right, seeding rates of 
40,80,160,320 and 640 seeds/m2 • Each bar is 
based on the mean of at least two samples. 
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was most pronounced for T1, T2 and T3 tillers which typically emerged 

over a wide range of plant densities. Coleoptilar tiller DTE was not 

affected consistently by seeding rate. Cultivar differences in DTE 

were statistically significant in half of the analyses. The cultivar 

Neepawa appeared to have earlier emerging tillers than either Siete 

Cerros or M1417. The largest differences in cultivar means ranged from 

0.8 days for T1 to 1.9 days for T3. Increasing the seeding rate 

delayed the emergence of the main stem leaf tillers (Figure 4.9, Table 

4.25), the delay ranging from 0.6 (T3) to 1.4 days for T2. Main stem 

development at the time of tiller emergence (MSHE) did not differ 

discernibly between the two locations. The cultivar effect on MSHE was 

inconsistent due to cultivar rank changes for the different tillers. 

In cases where significant cultivar effects were detected (Table 4.25) 

the largest differences were in the order of 0.11 to 0.35 Haun units. 

Seeding rate had little effect on MSHE. For T2 the lowest and highest 

MSHE ratings differed by only 0.09 Haun units. The significant 

cultivar x seeding rate interactions for DTE and MSHE are probably 

attributable to the more pronounced, and sometimes contrary, response 

of the oligoculm cultivar M1417 (relative to Neepawa andSiete Cerros) 

to increasing seeding rates. 

4.3.3 Crop grain yield, test weight and phenological characteristics 

As was the case with crop tillering patterns for the three spring 

wheat cultivars sown at five rates at two locations in each of two 

years (Section 4.2.1), year, cultivar and seeding rate effects were 



E ~

(J e 
~

OJ 
.cUl 
~ 6 

( 
~ 4 

0 0 
~

2 

91
S 

NeQpawa 

ro- 8 
en 
( 

OJ
'ri 6 

U 
~ (
0 CI 4
L en 

L( 2(J
J E0 OJ:J: SietQ eQrrOSv 

L 
OJ 8 

~
.( 

OJ 
--.... 6 iE 1I:a. ~

.: • .40 .:4 •.:.: •0 -Q/ •2 .: •> .:OJ •OJ •E ':"U .... 
Hl417 

i:.: ..: .: .:.: .:: .: .:.: 
.: .:.:': 

TO TI T2 TID TOO T3 T20 TOI TIl T4 T30 

Tiller designation 

F NeClpawa 

r0- e 
en 
( 

(J.... 6 
U 

~ ,:( .:0 (J 4 
.:.:L en .:L( 2 .:(J .:J E0 ':(]I

J: 
v 5ietQ eerros 

L 
(II e 

~

c 
01 
--.... 6 

.:.:

.:E .:a. ~

.:-O·
4-

4 

0 .:01 .: 
.:> (J 

2 
(J 

E ':"U .... 
:-11417 

~E 
8III OJ 

~ .cf/J 
~ 6 

C .... ~ 400 
~

2 

TO T1 T2 TID TOO T3 T20 TOI TIl T4 T30 

Tiller designation 

Figure 4.9. Main stem Haun stage at the time of tiller 
emergence. See Figure 4.8 for further 
details. 



Table 4.25. Analyses of variance for days to tiller emergence (DTE) and main stem Haun stage at tiller 
emergence (MSHE) for individual plants of three spring wheat cultivars sown at varying rates 
and locations in 1984. 

DTE 

Source df 
st 

Tl 
F 

- df 

T2 
S F 

Mean squares (x104) df 

TI0 
S 

T3 
S 

Replication 
Cultivar (C) 
Error a 

3 
2 
6 

24.72 NS 
14.69 NS 
6.94 

6.03 NS 
24.85 ** 
1.57 

3 
2 
6 

11.'5 NS 17.95 
3.53 NS 26.53 
2.65 1.45 

** 
** 

3 
2 
6 

2.85 NS 
31.92 NS 
7.14 

0.07 NS 
38.17 ** 
1.98 

I 

Seeding rate (8) 3 25.77*** 
C x S 6 8.17** 
Error b 213(209) 2.47 

25.12*** 2 44.11*** 22.80 *** 1 
3.50 NS 4 4.44 NS 4.67 NS 2 
2.26 171(160) 2.09 2.73 100(103) 

6.17 NS 
6.37 NS 
2.71 

10.94 
8.58 
1.87 

* 
* 1..0 

N 

~

Replication 
Cultivar (C) 
Error a 

3 
2 
6 

4.88 NS 
3.18 NS 
1.39 

3.19 NS 
1.73 NS 
1.40 

3 
2 
6 

1.88 NS 
7.13 NS 
2.35 

4.97 NS 
22.56 * 

3.34 

3 
2 
6 

3.27 NS 
21.71 * 

3.34 

15.26 NS 
47.38 ** 

3.47 

Seeding rate 
C x S 
Error b 

(S) 3 1.17 NS 
6 6.75 NS 

213(209) 4.65 

3.37 NS 2 8.49 ** 
2.36 NS 4 0.05 NS 
1.61 171(160) 1.65 

13.81*** 
7.80** 
1.81 

1 
2 

100(103) 

0.30 NS 
1.09 NS 
2.92 

5.55 NS 
0.77 NS 
1.78 

t s = Saskatoon, F = Floral. 
+Obtained after Log (X+1) transformation of data and Type III SAS GLM analysis. 
*,**,*** Significant at the 0.05, 0.01 and 0.001 levels of probability. NS = Not significant. 
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significant for most traits (Table 4.26). It should be noted that DPM 

were recorded at the Saskatoon site only (for both years), while the 

Haun stage of seedlings was determined at both sites but for one 

growing season (1985) only. With the exception of DSE, location 

effects were nonsignificant. The location x cultivar, location x 

seeding rate, year x location x cultivar and year x location x seeding 

rate interactions were non-significant for all the traits under 

consideration. The year x location and location x cultivar x seeding 

rate interactions were significant only in the case of DSE. Of the 

remaining two and three-way interactions, year x cultivars and year x 

seeding rate were not significant for test weight but significant for 

yield, DSE and DPM. Test weight, DSE and DPM had significant cultivar 

x seeding rate interactions while Haun stage and grain yield did not. 

Finally, the Y x C x S interaction was significant for test weight and 

DPM only. For grain yield, test weight and DSE, a majority of the 

variation due to cultivar effects arose from differences among the two 

low tillering cultivars. For DPM and Haun stage, however, the 

orthogonal contrast comparing the high and low tillering cultivars 

(CC1) accounted for most of the variation. The significant year x 

cultivar and cultivar x seeding rate interactions for test weight and 

DPM were due, in large part, to the CC1 contrast. The CC1 and CC2 

contrasts accounted for most of the C x Sand Y x S variation in DSE, 

respectively. 
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Table 4.26. Analyses of variance for plot grain yield, test weight, days to 5% spike 
emergence (DSE), physiological Maturity (IJ)M) , and seed1ing Haun stage 30 
days after olanting for three spring wheat cultivars sown at five rates at 
Saskatoon and Floral in 1984 and 1985. 

Grain Test Haun 
yield weight DSE DPM stage 

Source of (Log10) 
variation df Mean squares --.--- df df --

(x loa) (x loa) 
Years (Y) 1 19.574 H 34-0.82 H 1219.50 H 73.63 f 

Locations (l) 1 1.680 nS 12.15 ns 343.20 If 7.97 ns 
Vx L 1 3.423 ns 2.09 ns 133.50H 
Error a 12 1.209 3.28 2.58 6 6.36 6 1.74 

Cultivars (C) 2 11.323 H 269.82 H 76.66 H 2 414.11 H 2 1.66 H 

Nvs (SC+M) (CC1) 1 3. 745 ns 114.47 H 3.07 f 1 no. 42 H 1 3.05 H 

5C vs M (CC2) 1 18.902 H 425.17 H 150.26H 1 57.80 H 1 0.27 ns 
y x C 2 6.044 f 1.60 ns 10.63 If 2 27.01 f 

Vx CCl 1 6.759 ns 0.86 ns 21.20 H 1 2.80 ns 
y x CC2 1 5.328 ns 0.38 ns 0.06 ns 1 51. 22 f 

L x C 2 2.271 ns 4.51 ns 0.93 ns 2 0.46 ns 
Yx L x C 2 1.488 ns 5.38 ns 0.08 ns 
Error b 24 1.455 2.53 0.55 12 6.10 12 0.23 

Seeding 
rates (S) 4 19.581 If 45.92 H 14.12 If 4 191. 70 H 4 21. 01H 
Linear (U) 1 28.637 H 276.06 H 45.19 H 1 604.58 H 1 82.82 H 

Quadrat ie (Q) 1 36.641 H 78.32 H 10.59 H 1 112.66 H 1 0.09 ns 
Cubic (Cu) 1 11.753 H ~.62·H 0.39 ns 1 45.38 H 1 0.05 ns 
Retlainder 2 1.293 f 7.05 H 0.28 ns 1 4.16 ns 1 1.10 f 

Yx S 4 1.333 H O. 72 ns 1.14 H 4 18.90 H 

Yx li 1 4.534 H 2.52 f 3.02 H 1 36.24 H 
Y)( Q 1 0.046 ns 0.02 ns 0.79 f 1 18.48 H 

Yx Cu 1 0.163 ns 0.29 ns 0.62 f 1 17.76 H 

Remainder 1 0.589 ns 0.07 ns 0.12 ns 3.14 ns 
L x 5 4 0.138 ns 0.49 ns 0.24 ns 4 0.08 ns 
C x S B 0.259 ns 2.31 H 0.62 H a 2.86 H 8 0.07 ns 
CClxLi 1 0.291 ns 15.50 H 3.89 If 1 8.88 H 1 O.Oi ns 
eel )( Q 
eel x Cu 

1 
1 

0.234 ns 
0.421 ns 

0.91 ns 
0.10 ns 

0.08 ns 
0.16 ns 

. 1 
1 

5.12 f 

6.96 f 

1 
1 

O. ()() ns 
0.05 ns 

CC2xli· 1 0.003 ns 0.69 ns 0.58 f 1 0.08 ns 1 0.15 ns 
CC2 x Q 1 0.469 ns 0.21 ns 0.03 ns 1 0.16 ns 1 O. ()() ns 
CC2 x Cu 1 0.211 ns 0.22 ns _0.05 ns 1 0.08 ns 1 0.19 ns 
Rellc1inder 2 0.219 ns 0.42 ns 0.09 ns 2 0.79 ns 2 0.08 ns 
Y )( L x S 4 0.3aO ns 0.17 ns O. 24 ,..:~

y X C x S 8 0.142 ns 1.7S H 0.14 ns 8 4.65 H 

L x C )( S 8 0.222 ns 0.04 ns 0.59 H 8 0.10 ns 
Yx L )( C )( 5 8 0.2£9 ns 0.97 f 0.10 ns 
Error c 144 0.189 0.46 0.12 72 1.21 72 0.24 
Total 239 119 119 

CVa (%) 3.1 2.3 4.7 2.8 9.5 
CVb (%) 3.4 2.0 1.4 2.8 3.5 
CVe (~) 1.2 0.9 0.6 1.2 3.5 

~ Tabl~ 4.21 for ~ dP<rrtntinn nf tha ~hh~vi~+arl ~~



95

For this study, averaged over all other factors, the 1984 growing 

season was characterized by a higher ~rain yield, but lower test 
-

weight, than in 1985 (Table 4.27). It took fewer days to reach the 

spike emergence and physiological maturity stages in 1985 but this is 

likely a reflection of the two week delay in the second year's planting 

due to heavy rainfalls in early May. Spike emergence occurred earlier 

at Saskatoon than at Floral. The comparison of high and low tillering 

cultivars is of interest since it might reveal differences associated 

with the contrasting tillering habits. It is apparent that the high 

and low tillering cultivars (eCl) do not differ in yielding ability 

because of the low grain yield of M1417 relative to Neepawa. Siete 

Cerros, one of the low tillering cultivars, yielded 15% more than 

Neepawa (p<0.01). As a group, the low tillering cultivars had a 

significantly lower test weight and took longer to reach the spike 

emergence and physiological maturity stages. The oligoculm cultivar 

yielded less, had a lower test weight and was slightly earlier maturing 

than Siete Cerros. Seedling development 30 days after sowing was 

significantly more advanced in the high tillering cultivar. 

Based on the mean of the three cultivars, grain yield increased 

with seeding rate, reaching a maximum of 4014 kg/ha at 362 seed~/m2.

The above estimates were obtained from the polynomial function Y = 

3.366 + 2.490 x 10-3X - 0.076xlO-4X2 + 0.070xlO-7X3 

(R2 = 0.98), where yield was expressed in logarithms to the base of 

10. Based on the analysis of variance, cultivar grain yields 

responded similarly to seeding rate. An examination of the contrast 
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Table 4.27. Keans for plot grain yield, test weight, days to 5% spike 
emergence (OSE), physiological maturity (OfK) and seedling 
Haun stage 30 days after planting for three spring wheat 
cultivars sown at five rates at two locations in each of 
two years. 

Grain Test Haun 
yield weight OSE OfK stage 

x!!!: 1Xl (kg/ha) hl/kg days days 
1984 3.579 (3793)11 76.7 57.2 89.9 
1985 3.522 (3327) 79.1 52.7 88.4 

•• •• •• • 
b9Q!~!9!!
Saskatoon 3.542 (3483) 77.6 53.7 4.45 
Floral 3.559 

ns 
(3622) 78.1 

ns 
56.1 
•• 

4.29 
ns 

~Yl~!!!!:
Neepawa 3.533 (3412) 78.8 54.8 85.6 4.44 
Siete Cerros 3.594 (3926) 79.0 56.0 91.8 4.35 
"1417 3.525 (3350) 75.7 54.1 90.1 4.32 

Contrast a CC2 CC1,CC2 CC1,CC2 CCl,CC2 ns 

§!!~!!!g
40 

!:!~! 1§1
3.445 (2786) 76.4 55.6 93.1 4.58 

80 3.536 (3436) 77.5 55.4 90.6 4.63 
160 3.587 (3864) 78.1 54.9 88.7 4.46 
320 3.603 (4009) 78.5 54.5 87.5 4.30 
640 3.583 (3828) 78.9 54.3 85.8 3.89 

Contrast aLi, Q, Cu, R Li,Q,Cu,R Li,Q Li,Q,Cu Li 

~~! ! §
·40 -0.028 4.2 0.1 -14.3 0.14 

80 -0.079 3.9 -0.1 -10.8 0.30 
160 -0.088 3.3 -0.1 -9.5 0.21 
320 -0.051 2.1 -0.9 -10.0 0.20 
640 -0.018 1.2 -1.4 -9.3 0.24 

Contrast ns Li Li Li,Q,eu ns 

~~! ! X 
1984 -0.124 (-1064) 2.5 0.8 -10.1 0.21 $ 
1985 0.017 (82) 3.3 -1.8 -11.4 0.22 

(f<0.052) ns • ns ns 

, Log10 transformation, (back-transformed data).
$ eCl x Location.
a See Table 4.22 for a description of the contrasts•

• , •• Significant at the 0.05 and 0.01 probability levels, respectively. 
ns = not significant. 
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means, however, suggests that the yield difference between the high and 

low tillering cultivars was greatest in the low to intermediate seeding 

rate range. A closer examination of the grain yield data reveals that 

the cultivar Siete Cerros out-yielded Neepawa at all seeding rates but 

that M14l7 yields, on the other hand, were similar to those of Neepawa 

at seeding rates of up to 320 seeds/m2 but lower at the highest 

rate. 

Test weights increased while DSE and DPM decreased asymptotically 

with increasing seeding rates. Seedling development (Haun stage at 30 

days) was also affected by seeding rate, dropping off linearly as rates 

increased. With the exception of seedling Haun stage, the cultivars 

responded differently to seeding rate. As was the case with most of 

the interactions in this study, the contrast signs are the same at each 

seeding rate indicating that the interactions result from the degree of 

cultivar response as opposed to changes in cultivar rank. Hence, 

although many of the interaction effects were statistically 

significant, the main effect trends were not invalidated. For tpst 

weight, the cultivar Neepawa showed little or no response to seeding 

rate while both low tillering cultivars were characterized by 

asymptotically increasing test weights. The two-way interactions for 

DSE and DPM that were significant (Table 4.27) generally involved 

cultivar differences of a very small magnitude. The cultivar Siete 

Cerros was highest yielding in ,both years while M14l7 yielded more than 

Neepawa in 1984 (p<0.05) but less in 1985 (NS), hence the year x 

cultivar interaction. Finally, the year x cultivar x seeding rate 
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interaction for test weight (Figure 4.6) is likely due to increasing 

cultivar differences over the four lowest seeding rates in 1984 but a 

decrease over the same range in 1985. 

4.3.4 Yield characteristics of individual tillers 

Yield determinations were carried out on individual tillers from 

the five plants per plot which were previously evaluated for individual 

tiller emergence patterns (Section 4.3.2). Since tiller emergence and 

survival dropped off rapidly as seeding rate increased (Table 4.24, 

Figure 4.7), the main stem was the only shoot present over the whole 

seeding rate range at maturity. Hence only the main stem culm length 

and yield-related traits were analyzed in the same manner as the crop 

population data (Tables 4.21 and 4.26). As was the case for the crop 

traits, the effects of years,. cultivars and seeding rates on main stem 

(MS) traits were generally highly significant while the effect of 

location was not (Table 4.28). Similarly, with the exception of year x 

cultivar, year x seeding rate, cultivar x seeding rate and year x 

cultivar x seeding rate the interactions were, for the most part, not 

statistically significant. 

Main stems were longer in 1984, but yielded less than in 1985 by 

virtue of reduced kernel weights and harvest indices (Table 4.29). In 

addition, the contribution of MS to whole plant grain yield was lower 

in 1984. Plants grown at the Saskatoon site had slightly shorter culms 

but more spikelets/spike than material grown at Floral. The standard 

height cultivar Neepawa was, on t~e average, 10 and 16 cm taller than 
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Table 4.28. Analyses of variance for -ain ste. cull length, kernels/spike, spikelets/spike, 
grain yield/spike, 1000 kernel Meight, harvest index and contribution to plant grain yield 
(MSCTRB) for three spring Nheat cultivars sown at five rates at saskatoon and Floral in 1984 
and 1985. 

Grain 1000 
CuI. Kernels/ Spikeletsl yield/ Kernel Harvest 

length spike spike spike wight index MSCTRB 
Source of 
variation df Mean squares 

Years (V) 1 6201.711 166.7 ns 0.20 ns 3.746 H 3641.83 H 9.520 II 3213.5 H 

Locations (l) 1 470.4 I 248.1 ns 27.34 I 0.606 ns 27.27ns 0.171 ns 87.4 ns 
V x L 1 3.3 ns 138.0 ns 11.70 ns 0.702 ns 200.13 II 1.634 ns 196.2 ns 
Error a 12 48.3 85.5 3.58 0.178 23.19 0.471 184.2 

Cultivars (el 2 563S. 7 II 3421.7 It 263.55 H 10.365 H 2655.00 H 3.275 II 3648.9 H 

N vs (SC+M) 
SC vs M 

(CCI) 
(CC2) 

1 
1 

10061.4 H 

1209.7 II 
4558.4 H 

2285.0 H 

489.65 H 

37.46 H 

20.714 H 

0.016 ns 
3581.76 H 

1728.24 H 

5.478 It 

1.072 ns 
6624.6 II 
673.2 * 

y x C 2 96.8 ns 184.5 * 0.28 ns 0.157 ns 87.n I 2.650 It 581. 7 H 

V x CCI 1 28.0 ns 246.0 II 0.28 ns 0.040 ns 172.80 II 4.372 If 365.6 TIS 

Y x CC2 1 165.6 ns 123.0ns 0.28 ns 0.274 ns 2.15 ns 0.928 ns 797.9 It 
L x C 1 136.7 ns 4.0 ns 2.64 ns 0.058 ns 3.31 ns 0.001 ns 20.8 ns 
Y x L x C 1 46.8 ns 218.3 H 0.38 ns 0.259 I 6.07 ns 0.184 ns 150.3 ns 
Error b 24 37.7 37.6 O.sa 0.064 19.28 0.275 87.6 

Seeding 
rates (S) 
Linear eli) 

4 
1 

540.4 H 

2042.6 II 
7404.7 H 

26851.2 It 
l05.52H 

403.25 H 

14.615 H 

52.384 H 

306.24 H 

1185.18 H 

2.830 It 48679.3 It 

11.153 il 158284.8 ** 
Quadratic (12) 1 27.8 ns 2245.4 H 15.57 H 4.869 H 7.68 TIS 0.152 ns 36417.6 H 

Cubic (Cu) 1 91.5 I 418.1 II 0.45 ns 1.053 II 18.45 ns 0.009 ns 0.0 TIS 

Retaainder 1 0.4 ns 104.3 I 2.80 I 0.395 H 13.69 ns 0.005 ns 0.0 ns 
y x S 4 51.3 I 84.7 H 3.65 H 0.670 H 16.29 ns 0.658 II 205.0 I 

V x Li 1 102.0 I 189.6 H 7.73 H 2.071 H 58.08 II 2.604 H 648.0 if 
Y x Q 1 97.7 t 144.0 It 3.65 II 0.535 It 1.20 ns 0.012 TIS 72.0 TIS 

Q x Cu 1 5.5 TIS 0.0 ns 2.54 I 0.007 ns 4.08 ns 0.002 ns 48.0 ns 
Relliinder 1 0.0 ns 5.4 ns 0.69 ns 0.066 ns 1.80 ns 0.013 ns 27.9 ns 
L x S 4 24.7 ns 16. 9 ns 0.91 ns 0.058 ns 22.04 I 0.093 ns 101.2 ns 
C x S 8 19.7 ns 118.1 H 0.71 ns 0.656 H 38.28 It 0.225 t 305.3 H 

CCl x Li 1 0.0 ns 753.6 It 0.90 ns 4.267 H 178.40 H 1.222 H 1040.0 H 

CCl )( Q 1 6.4 ns 0.0 ns 2.45 f 0.203 H 11.28 ns 0.155 ns 592.0 H 

CCl )( Cu 1 0.0 ns 1.6 ns 0.05 ns 0.064 ns 3.84 ns 0.037 ns 64.0 ns 
CC2 x Li 1 64.0 f 78.4 t 0.59 ns 0.070 ns 79."84 H 0.155 ns 480.0 H 

CC2 x tl 1 64.0 I 57.6 ns 0.11 ns 0.330 H 5.12 ns 0.211 ns 176.0 ns 
CC2 x Cu 1 14.4 ns 17.6 ns 0.14 ns 0.138 ns 13.60 ns 0.002 ns 16.0 ns 
Remainder 2 4.3 ns 35.7 ns 0.70 ns 0.088 ns 4.06 ns 0.009 ns 37.1 ns 
Yx L x S 4 18.1 ns 23. 7 ns 0.17 ns 0.022 ns 2.58 ns 0.015 ns 96. '3 ns 
Yx C x S 8 21.1 ns 38.4 f 0.68 ns 0.198 If 20.63 H 0.215 t 153.9 f 

L x C x S 8 6.3 ns 41.4 f 0.45 ns 0.032 ns 12.16 ns 0.187 ns 137.6 * 
Y x L x C x 5 8 23.0 ns 8.7 ns 0.27 ns 0.015 ns 8.97 ns 0.151 ns 86.1 ns 
Error c 144 15.6 16.7 0.52 0.041 6.71 0.099 66.9 
Total 239 

CVa (~) 10.7 25.9 12.6 30.5 12.8 15.4. 21.2 
CVb e~) 9.5 17.2 6.3 18.3 11.7 11.8 14.7 
CVc (~) 6.1 11.5 4.8 14.7 6.9 7.1 12.8 

See Table 4.21 for a description of the abbreviated terlS.
I,H Significant at the 0.05 and 0.01 probabi-lity levels,respectively. ns = not significant.
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Table 4.29. "eans for main stem culm length and yield characteristics for three 
spring wheat cultivars sown at five rates at two locations in each 
of two years. 

Grain 1000 
Ifain CuI.. Kernels/ Spikelets/ yield/ kernel Harvest 
!~~!~!:! length spike spike spike weight index IfSCTRB Ii 

!!![! ill 
1984 

(Cll) 

70.1 
(no. ) 
36.5 

(no. ) 
15.0 

(g) 
1.257 

(g) 
33.8 

(X) 
42.6 

(X) 
6 60• 2 

1985 59.9 
•• 

34.9 
ns 

15.0 
ns 

1.507 ... 41.6 
•• 

46.6 .... 67.5 
•• 

bQ~!!:!Qn
Saskatoon 63.6 36.7 15.3 1.432 38.0 44.3 63.3 
Floral 66.4 34.7 14.7 1.332 37.4 44.9 64.5 

• ns .. ns ns ns ns 

~y!!:!~![ i~l
Heepawa 74.1 29.5 13.0 0.967 32.2 42.5 56.5 
Siete Cerros 63.2 42.6 16.5 1.602 37.2 46.5 65.6 
"1417 57.7 35.0 15.5 1. 578 43.7 44.8 69.6 

Contrast Z CCl,CC2 CC1,CC2 CC1,CC2 CCl,CC2 CCl,CC2 eCl CC1,CC2 

2!!g!ng 
40 

[I!:! 121 
66.8 51.0 16.6 2.084 40.5 46.5 26.7 

80 67.3 43.2 16.0 1.694 39.0 46.1 39.4 
160 67.4 36.6 15.4 1.417 38.3 45.5 61.6 
320 63.9 28.6 14.2 1.062 36.9 44.3 92.3 
640 59.6 19.1 12.9 0.655 33.8 40.5 99.4 

Contrast Z Li,Cu Li,Q,Cu,R Li,Q,R Li,Q,Cu,R Li Li Li,Q 

. ~~! ! ~
40 27.1 -27.6 -5.9 -2.079 -22.1 -7.9 -21.4 
80 29.1 -21.3 -5.9 -1.524 -18.5 -1.9 -27.7 

160 26.4 -22.7 -6.1 -1.386 -16.8 -9.5 -33.6 
320 26.4 -15.9 -6.6 -0.914 -13.8 -6.5 -27.6 
640 28.3 -5.0 -5.2 -0.325 -10.7 -0.1 -1.1 

Contrast ns Li Q Li,Q Li L1 L1,Q 

~~! ! ! 
1984 28.9 -22.8 -6.2 -1.191 -12.8 -12.1 -11.1 
1985 26.0 -14.2 -5.9 -1. 303 -20.0 -0.7 -27.5 

ns ... ns ns •• •• <P<0.052) 

I "SeTRB = main stem contribution to plant grain yield. 
Z See Table 4.22 for a description of the contrasts. 
f, •• Significant at the O.OS and 0.01 probability levels, respectively. 
ns = not significant. 
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the two semi-dwarf (gibberellin-insensitive) cultivars. Furthermore, 

Neepawa produced fewer kernels and spikelets per spike, lower grain 

yield, lower kernel weight and lower harvest index per main stem than 

the low tillering cultivars. Main stem contributions to plant yield 

were lowest for Neepawa and highest for the oligoculm cultivar M14l7 . 

The oligoculm cultivar differed from Siete Cerros in that it had fewer, 

larger kernels as well as fewer spikelets per spike. Also, M14l7 was 

slightly shorter-culmed than Siete Cerros. 

The response of culm length to seeding rate was rather complex, 

increasing over the first three rates then dropping off rapidly as the 

seeding rate was increased to 640 seeds/m2 (Table 4.29). Kernel and 

spikelet numbers as well as grain yield per spike dropped off 

asymptotically while kernel weight and harvest index were reduced 

linearly as seeding rate increased. Main stem yield contribution 

increased asymptotically with seeding rate such that MS was responsible 

for virtually all of the whole plant yield at the highest seeding rate. 

Except for culm length, the cultivars were not consistent in their 

performance across the five seeding rates. Cultivar differences (CCl) 

for kernel number and weight, as well as harvest index droped off 

linearly, while grain yield differences decreased asymptotically with 

increasing seeding rates. Cultivar differences (CCl) for spikelet 

numbers and MS yield contribution were greatest at the intermediate 

seeding rates. The year x cultivar (CCl) interaction for kernel 

numbers can be attributed to greater kernel numbers for Neepawa in 
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1985, relative to 1984, coupled with a slight reduction for. the low 

tillering cultivars, the net result being a smaller contrast difference 

in the second year. The net result was the same for harvest index but 

it came about by a greater increase from 1984 to 1985 for Neepawa 

relative to the low-tillering cultivars. For kernel weight, the 

argument is diametrically opposed to that used above, the low-tillering 

cultivars exhibiting a greater increase than Neepawa in 1985 compared 

to 1984. 

The year x cultivar x seeding rate interaction for kernel numbers, 

grain yield and harvest index appear to have resulted from slight 

cultivar (CC1) differences over seeding rates in 1984 compared to a 

pronounced reduction in the advantage of the low tillering cultivars 

over Neepawa in 1985 (Figure 4.6). For kernel numbers and harvest 

index, cultivar ranks changed in 1985 due to a more rapid drop in the 

means of the low-tillering cultivars relative to Neepawa at the higher 

seeding rates. 

In 1984, yield component determinations included five tillers (TO, 

Tl, T2, TI0, T3) which had been evaluated in a n~evious study (Section 

4.2.3.3). The data for the first three main stem leaf tillers (Tl, T2, 

T3) has been expressed as a percentage of the main stem value (Figure 

4.10). Each bar is based on minimum and maximum sample sizes of 2 and 

20 plants, respectively. The tiller to MS relationship appeared to he 

the same at both sites for the cultivar Neepawa. The grain yield and 

kernel number performance of tillers on the low tillering cultivars 

were, however, poorer at the Floral site. There did not appear to be 
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any consistent cultivar differences at the Saskatoon site. At Floral, 

however, the cultivar Neepawa had a smaller MS-tiller differential than 

the low tillering cultivars. As was previously observed (Figure 4.5), 

spikelet numbers and harvest indices did not vary with tiller order but 

grain yield, kernel number and weight decreased relative to MS. 

Increasing the seeding rate resulted in a larger MS-tiller differential 

for grain yield, kernel number and to a lesser extent, kernel weight 

and harvest index. The above trend was slightly more pronounced for 

the low tillering cultivars. 

The contribution of tillers to plant grain yield decreased rapidly 

as seeding rate increased, such that the main stem accounted for 

virtually all the yield at the two highest seeding rates (Figure 4.11). 

The impact of seeding rate on tiller yield contributions was greater 

for the low-tillering cultivars. The predicted MS contribution to 

grain at a typical commercial seeding rate, 230 seeds/m2, was 66, 81 

and 83% for Neepawa, Siete Cerros and M1417, respectively (R2 = 

99.7%). The low MS yield contribution of Neepawa was off-set by a 

greater T1 contribution. The oligoculm cultivar was charactertzed by a 

TO contribution which was approximately twice that observed for either 

Neepawa or Siete Cerros. Higher order tillers (remainder category) 

accounted for 15-30% of the grain yield at the lowest seeding rate but 

made virtually no contribution at the three highest seeding rates. 
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4.4 The effect of seeding depth on tillering and yield 

The following results were obtained from a 1984 experiment in 

which four cultivars (Pitic 62, Neepawa, Ingal and Potam) were sown at 

depths of 3, 4 and 5 cm in the field at the Saskatoon site. With the 

exception of seedling establishment and kernel weight, seeding depth 

had a significant effect on all the traits examined in this study 

(Table 4.30). The variation due to seeding depth was, however, with 

the exception of seedling vigour, a fraction of that attibuted to 

cultivar differences. Increasing the seeding depth from 3 to 5 cm 

reduced tiller and spike numbers as well as the tiller mortality (Table 

4.31). The tillering rate (TAR, TSR) and DTMAX response to seeding 

rate deviated significantly from linearity. The maxima for rates and 

minimum for DTMAX occurred at the intermediate seeding depth. For the 

phenological traits, time to spike emergence and physiological maturity 

were delayed by an average of one day by the 2 cm increase in seeding 

depth. Seedling vigour, in contrast, was lowest at the 4 cm depth. 

Averaged over cultivars, grain yield was reduced approximately 4.5% by 

increasing the seeding depth from 3 to 5 cm. The early heading 

cultivars Ingal and Potam had a significantly lower seedling stand, 

TAR, TILLMAX, TSR, tiller mortality, DSE, DPM and grain yield than the 

later heading cultivars Pitic 62 and Neepawa. Seedling Haun stage and 

DTMAX were greater for the early heading cultivars. The two pairs of 

cultivars did not differ significantly in spike numbers or kernel 

weight. Most of the cultivar differences due to spike size differences 

(CC2, CC3) were significant. Those within group contrasts 



Table 4.30. Analyses of variance for tillering, phenological and yield characteristics of four spring wheat cultivars sown at three depths under field conditions. 

Tiller Spike Seed Iing 1/ 1000 kernE 
Source of SEST @ TAR TILLJIlAX DTMAX TSR raortality number Haun stage DSf DPM Grain yield weight 
Variation df --------------------------------------..------------------------ Mean squares ---------------------------------------------~---------------~---

Replications 5 77 n5 10.22 ns 1375 ns 3.26 ns 10.20 ns 7.0 ns 349 ns 0.2195 If 0.180 ns 3.28 ** 199626 f 13.92 m 
Seeding depths (0) 2 181 os 92.40 f 24519 ** 31. 50 ! 19.15 ns 50.0 ~ 't983 f 0.9306 If 5.014 ** 9.18 If 173935 ~ 't.36 m 
Linear (Li) 1 351 n5 38.90 ns 40368 H 6.75 n~ 5.24 ns 85.4 * 9408 I 1.0092 ** 9.720 u 17.28 u 295788 f 4. 76 n~

Ouadrat ie (0) 1 10 os 145.90 f 8569 05 56.25 I 33.06 ! 15.6 n5 558 05 0.8519 If 0.308 rlS 1. 08 os 52081 ns 3.96 m 
Error a 10 169 14.63 2067 10.78 8.95 15.0 1209 0.0331 0.300 0.55 46531 5.20 

Cultivar (C) 3 802 I 59't.80 II 139625 ** 71.16 If 256.65 If 2173.0 H 22218 If 0.816't ** 311.718 *f 288.31 *t 6177129 ** 698. 72 *1 
Early vs late$ (CCl) 1 791 ! 1641. 65 If 281250 ** lOB.05 If 564.48 If 4324.5 II 365 n5 1.5348 II 80.020 If 196.02 ** 8't33725 If 0.65 m 
Within early (CC2) 1 9905 123.21 f 110889 If 75.69 If 't7.61 f 81. (I * 40401 If 0.5358 If 0.09005 262.44 ** 6548481 fl 2087.58 fJ 

Within late (CC3) 1 1511 f 16.46 ns 2:6737 ** 29.75 * 157.85 If 2113.6 If 25999 If 0.3787 ** 127.043 ** 406.05 It 3549180 It 6.58 m 
Error b 15 231 15.81 2940 3.56 7.63 16.0 828 0.040't 0.240 1. 78 91250 3.60 

o )( C 6 397 ns 3.33 ns 3441 r,s 4.43 ns 5.41 ns 17.2 os 2107 ns 0.0191 ns 0.162 ns 0.87 ns 50378 ! 2.91 * 
Li)( CCl 1 19 05 0.12 05 1728 n5 0.33 ns o. 12 ns 31. 8 f1S 126 ns 0.0006 05 0.000 05 2.58 05 202020 If 3.36 ! 
Li x CC2 1 o ns 4.86 05 1422 n5 5.04 05 0.00 ns 27.6 ns 1950 ns 0.0144 ns 0.060 ns 0.00 05 3600 ns 0.00 n~

li )( CCJ 1 1705 't.14 ns 10686 I 2.04 ns 11. 88 rls 1.8 ns 1770 ns 0.0600 ns 0.180 flS 2.O't ns 12.bOO ! 9. SIt Ii 

0)( CCI I 1286 * 1. 38 ns 4140 rls 11. 12 * 0.12 flS 4.2. rlS 3642 ns 0.0024 ns 0.350 ! 0.05 05 552 ns 0.18 m 
o x CC2 1 167 ns 0.36 ns 1662 05 O. be flS 19.26 ! 0.6 ns 966 flS 0.0330 05 0.300 ! 0.24 os 2%4 r,s 0.00 m 

a )( CC3 1 893 ! 9.18 rlS 1007 ns 7.35 flS 1.20 ns 37.2 ns 4185 ns 0.0040 os 0.012 ns 0.27 05 20531 fls 4.44 ' 
Error c 30 267 12.93 2942 -2.38 5.55 15.3 1622 0.0301 0.102 1. 42 22370 1.15 
Total 72 

CVa (~) 1/t.4 16.1 8.5 6.3 33.0 12.3 9.6 3.6 1.0 0.8 6.3 7.6 
CVb (~) 16.8 16.7 10.1 3.6 30.1 12.7 7.9 4.0 0.9 1.5 8.8 6.3 
CVe (~) 18.1 15.1 10.1 3.0 26. 1 12.4 11. 1 3.4 0.6 1.4 4.4 3.6 

@SEST = Seedling establishment. See Table 4.22 for a description of the re~aioiflg abbreviated terms. 
• 30 days after planting.
S Early =early heading, late = late heading. .......

o!,*,** Significant at the 0.10,0.05 and 0.01 probability levels, respectively. flS =not significant. 
'-J 
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.bIe 4.31. Means for tillering, phenological and yield.characteristics of four spring wheat cultivars sown at three deoths 
under field conditions. 

Seedling 1000 
lin Tiller Spike Haun stage Grain kernel 
:fe£!~ SEST TAR TI~X DTMAX TSR IIOrtality nuber 34DAP DSE yield weight 

~ing (no. I (no./~/ (no. / (no. Ifill1 (no. I (Haun 
tQ1hlD) .,a) day) .,a) (days) ,.a) (~) ,.a) stage) (days) (days) (kg/ha) (g) 

CII) 

3 93 23.7 559 52.4 8.9 32.6 377 5.30 54.6 87.6 3493 29.5 
4 90 25.8 554 SO. 9 10.0 32.3 366 4.93 55.3 88.4 3473 30.3 
5 88 21.9 SOl 52.1 8.2 30.0 349 5.01 55.5 88.8 3336 30.1 

lntrast Z ns Q Li Q Q Li Li Li,a Li Li Li ns 

!!!ivar i~l
,tic 62 100 29.4 627 SO. 1 13.9 47.0 339 5.04 60.3 93.3 4090 29.4 
M!pawa 87 27.8 574 51.7 9.8 31.8 393 4.83 56.6 86.5 3462 30.3 
,gal 89 20.9 531 54.8 7.4 25.4 395 5.53 51.8 83.9 2665 22.4 
)tall 85 17.2 42Q 51.9 5.1 22.4 339 5.11 51. 7 89.3 3518 37.7 

)ntrast ZCC1,CC3 CCl,CC2 CCl-cc3 CCI-CC3 CCl-cc3 CCI-ecJ CC2,ceJ CCl-ecJ Gel, CC3 CC1-ecJ CCl-ceJ CC2 

~teraction effec!§ 

~!Q
3 -28 ~18. 9 -295 6.5 -11.2 -34.4 -21 0.61 -13.6 -7.'+ -1117 1.2 
4 11 -19.9 -208 2.8 -11.4 -23.6 32 0.55 -13.0 -6.6 -1353 O. 7 
5 -23 -18.4 -247 5.9 -11.2 -28.5 -17 0.57 -13.5 -5.0\ -1636 -()Q

• oJ 

)ntrast a ns ns Q ns ns ns ns Q ns Li U 

~ ! Q 
3 18 3.1 103 -2.9 5.3 14.4 -21 0.10 4.0 7.5 486 -2.5 
4 -1 0.1 39 -0.3 4.7 12.2 . -84 0.22 3.6 6.5 694 o....1
5 22 1.5 18 -1.7 2.5 13.4 -56 0.30 3.7 6.3 706 ...). 1 

)ntrast Q ns Li ns ns ns ns ns ns ns Li Li,Q 

Statistically significant (P{0.10) contrasts. Li = linear, a = quadratic.CCI = Ingal and Pot all vs Pit i c 62 and Neepawa 
(1 1 -1 -1), Ge1/2 = contrast lean. CC2 = Ingal vs Potaa (1 -1). ceJ = Pitic 62 vs Neepawa (l -1). 

ee Tables 4.22 and 4.30 for descriptions of abbrevited~e~.
s = not significant. 
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were based on spike size differences established previously (Table 

4.18). An examination of CC2 and CC3 contrast means failed to reveal 

obvious -trends that might be attributed to spike yield differences. 

The' cultivars with larger spikes (Potam, Pitic 62) did, however, reach 

maximum tiller numbers sooner, had lower spike numbers, later maturity 

and higher yields than their smaller-spiked counterparts. 

The cultivars did not respond uniformly to seeding depth. As can 

be seen from the analyses of variance (Table 4.30) most of the cultivar 

x seeding depth interactions involved the first (CC1) and third (CC3) 

cultivar contrasts, hence only their effects have been presented in 

Table 4.31. It is evident that the interactions for seedling 

establishment and kernel weight involve changes in cultivar rank. In 

the first case, both contrasts are largely a result of a marked drop in 

the seedling stand of Pitic 62 at the intermediate depth. It appears 

that Pitic 62 is also responsible for the second interaction in that 

its kernel weight increased with seeding depth (from 27.9 to 30.3g) 

while that of Inga1 and Potam was greatest at the intermediate depth. 

Neepawa, on the other hand, showed virtually no respon~e to seeding 

depth. The CC1 x D and CC3 x D interactions for grain yield are in 

part due to the fact that the yield of three cultivars decreased with 

seeding depth while the yield of Pitic 62 was 4015, 4158 and 4098 

kg/ha for the 3, 4 and 5 cm seeding depths, respectively. The maximum 

tiller numbers of Neepawa were relatively unaffected (5% difference) by 

seeding depth while those of.Pitic 62 decreased by 16%. Differences 

between early and later heading cultivars for DTMAX and DSE were 

minimized at the·intermediate seeding depth. 
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4.5 The heritability and inheritance of tillering capacity 

The ratio of genotypic to phenotypic variation, or heritability 

(h2), is a measure of how con8istently a given trait is expressed in 

different environments. The two major objectives of this thesis 

project were to evaluate the degree of genotypic variation for 

tillering pattern as well as the constancy of these patterns over 

various environments. In line with the second objective, beritability 

for maximum tiller number was estimated, using the variance components 

method, for two data sets (Table 4.32). The heritability estimate for 

the first data set (SWSWC) based on three-replicate plots per entry 

grown at two locations in each of two years was h2 = 0.84 (95% CI = 

0.53 - 0.93). Based on three replicate plots grown at two locations, 

h2 = 0.78 (95% CI = 0.55 - 0.89) for the PUWY data set. It is 

apparent that genotype x environment interaction accounts for a small 

portion of the variability measured in these two trials. Although the 

genotypes and environments used in obtaining these heritabilities were 

diverse (Appendix 7), the estimates were similar. Spike number (data 

not shown) h 2 estimates (0.89, 0.77) were uearly identical to those 

obtained for maximum tiller number. Tiller mortality did not differ 

significantly among genotypes (Appendix 7). 

Heritability estimates for spike number based on the variances of 

space-planted F2 populations and parents were low to intermediate in 

magnitude (Table 4.33), ranging from 0.03 to 0.49. The highest h2 

estimates were obtained from populations in which the oligoculm 

selection M1417 was a parent. With the exception of the high x high and 



Table 4.32. Analyses of variance for maximum tiller numbers in the 1983-1984 Soft White Spring Wheat Co
Operative trials (SWSWC) and 1983 Crop Development Centre Preliminary Utility Wheat Yield 
Trial (PUWY) and expected mean squares used for heritability estimation. 

SWSWC 
Source of variation df Mean square Expected mean square F Mean square 

Years (Y) 
Locations (L) 
Y x L 
Replications in Y x L 
Genotypes (G) 
Y x G 
L x G Pooled 
Y x L x G 
Error 

1 
1 
1 
4 

10 

30 

84 
h 2 = 

MS1 
MS2 
MS3 
MS4 
MS5 

MS6 

MS7 

aE2 +3,02 YLG+llo~+3302 YL+66a2Y 
02E+302YLG+1102'"R+3302YL+6602L 
o2E+3a2YLG+l102R 
a2 E+l1a2 R 
a2E+302YLG+602LG+6a2YG+1202G 

o2E+302GEt 

a 2 E 
a2 G 

MS1/MS3 
MS2/MS3 
MS3+MS7/MS6+MS41T 

MS4/MS7 
MS5/MS6 

MS6/MS7 

2150850 NS 
88438 NS 

2363680 ** 
9644 NS 

68387 ** 
12898 NS 

8432 
CV(%) 11.0 

...... 

...... 

...... 

PUWY 
a2 G + a2 pooled + a2 E 

4 12 
Locations (L) 
Replications in L 
Genotypes (G) 
L x G Pooled 
Error 

1 
4 

15 

60 
h 2 = 

75 

a2 G + o2GE 
-6

MSl 
MS2 
MS3 
MS4 
MS5 

02E+1602R+48a2L 
a2 E+16a 2 R 
a2 E+3a2 LG+6a2 G 
a2GEtt 
a2 E 

o2G 

MS1/MS2 
MS2/MS5 
MS3/MS4 

382537 NS 
28980 ** 
10259 ** 
227~ •.. NS 
2281 

CV(%) 14.1 

t Y x G, L x G, Y x L x G, t L x G and error sum squares pooled due to negative variance estimates. 
~Satterthwaite's approximate F = 1,17 df. . 
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Table 4.33. Heritability estimates, means and variances for spike 
numbers of space-planted F2 populations and parents 
grown at Saskatoon in 1984. 

F2 
Parents N Mean mid-parent Variance h2 

Neepawa (1) 200 15.1 8.35 
Ingal (2) 200 14.4 5.62 
Ko-Fong (3) 200 10.3 3.20 
Siete Cerros(4) 200 9.4 3.13 
M1417 (5) 200 6.2 3.50 

F2 populations

1 x 2 200 15.5 0 .. 8 7 .. 08 0.03 
3 x 1 200 11.8 -0.9 5.76 0.10 
4 x 1 200 11.2 -1.1 5.76 0.11 
5 x 1 200 9.0 -1.7 9.42 0.43 
4 x 2 137 11.1 -0.8 5.62 0.25 
5 x 2 200 10.3 0.0 8.70 0.49 
4 x 3 200 9.5 -0.4 4.20 0.25 
5 x 3 200 8.5 0.3 5 .. 95 0.44 
5 x 4 200 8.9 1.1 5.71 0.42 
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low x low populations, F2 means were generally lower or equal to the 

corresponding mid-parent values. The_F2 population data appears to 

fit a normal distribution (Figure 4.12). An approximate Shapiro-Wilk 

test (Ryan et al., 1981) and coefficients of skewness (Snedecor and 

Cochran, 1976), however, indicate that there were significant 

deviations from normality for Ingal x Neepawa, Siate Cerros x Ingal and 

M1417 x Siete Cerros. In the first instance, skewness was towards the 

lower tillering parent while in the latter populations it was towards 

the higher tillering parent. The graphical data presentation suggests 

ample transgressive segregation for spike numbers in all populations. 

The apparent transgressive segregation in the Ingal x Neepawa 

population might be spurious due to the large variances for both 

parents. 

Comparisons of hybrid and mid-parent values for maximum tiller 

numbers and tiller mortality reveal very few significant differences 

(Table 4.34). Depending on the cross, negative and positive deviations 

were observed, indicating partial dominance for both high and low 

"tiller numbers. There was, however, a preponderance of deviations 

towards the low-tillering parent. The HY320 x Ko-Fong hybrid produced 

signficantly fewer tillers than the low tillering parent. Due to the 

small magnitude of most of the deviations under both field and 

greenhouse conditions it is evident that additive gene action is an 

important factor in the control of tillering and tiller mortality. 
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Table 4.34. Differences between F1 hybrids and mid-parents (F1-MP) for 
maximum tiller numbers and tiller mortality for field-grown 
microplots and greenhouse grown plants. 

Field 
F1-MP 

Cultivar 
Parental 

Trai t:i= Mean 2 3 4 5 6 

1. Ingal MT 507 
TM 32.8 

2 • Neepawa MT 486 
TM 35.5 

3. HY320 MT 411 
TM 60.4 

4. Siete Cerros MT 359 
TM 42.8 

5. Ko-Fong MT 344 
TM 42.7 

6 • M1417 MT 334 
TM 40.9 

-37 
5.8 

9 
2.4 

4 
-2.3 

-22 
9.0** 

16 
0.5 

-3 
6.0 
-29 
4.2 
-49* 

-1.5 
6 

0.7 

-24 
2.3 
- 19t 
2.4 
-18 
1.7 

10 
5.9** 

9 
1.2 

LSD (.05) MT 54 
TM 6.1 

Greenhouse 

1. Ingal MT 5.4±0.3 
TM 2±2 

2 • Neepawa MT 7.2±0.4 
TM 28± 4 

3. HY320 MT 5.6±0.6 
TM 15± 9 

4 • Siete Cerros MT 4.6±0.2 
TM 22±5 

5. Ko-Fong MT 5.7±0.4 
TM 30± 4 

6. M1417 MT 3.1±0.3 
TM 29± 8 

1.1 
-7 

-1.0 
-6 

0.0 
8 

-0.9* 
-7 
-0.7 
13 

-0.1 
9 

-2.6** 
-23* 

0.0 
-3 

-0.1 
-3 

0.6 
29** 
-0.4 
7 

I 0.7 
4 
0.7 
9 

t*, ,** Significant at the 0.10, 0.05 and 0.01 probability levels, 
respectively. 

f MT = maximum tiller number, TM = tiller mortality (%). 
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4.6 The effect of temperature, cultivar and seeding depth on tillering 

patterns 

Increasing the seeding depth from 3 to 6 cm had little impact on 

the percentage of seedlings which emerged in four cultivars in growth 

cabinets at two temperature regimes (Table 4.35). Seedling emergence 

was, however, reduced to only 5% by the combination of deep seeding (12 

cm) and higher temperatures. Due to the extremely low seedling 

establishment under the latter conditions, statistical analyses were 

confined to the 3 and 6 cm seeding depth data. Cumulative tiller 

emergence patterns, as described by logistic functions (R2 = 

0.987+0.001) are presented graphically in Figure 4.13. It is apparent 

from these graphs that the higher temperature hastened the tillering 

process while increasing the seeding depth slowed down tiller 

appearance. The seeding depth. effect is quite clear when all three 

depths are compared at the lower temperature regime. 

Statistical analyses for the estimated median tiller emergence 

time (TE50), maximum tiller emergence rate (MTER) and observed maximum 

tiller number reveal significant temperature, cultivar and temperature 

x cultivar interaction effects on the tillering process (Table 4.36). 

Seeding depth was shown to have a highly significant effect on TE50 and 

TILLMAX. The time to seedling emergence was similar for the four 

cultivars (Table 4.37). The lower temperature regime and deeper 

seeding both resulted in significantly longer seeding to emergence 

periods. The highly significant temperature x seeding depth 

interaction for this trait is due to a greater delay in seedling 
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Table 4.35 • Seedling emergence of four spring wheat cultivars 
sown at three soil depths and day/night temperature 
regimes of 10/50 C and 20/100 C • 

Temperature 
regime Cultivar 

. 10/5 

Pitic 62 
Neepawa 
Ingal 
Potam 
Mean 

20/10 
Pitic 62 
Neepawa 
Ingal 
Potam 
Mean 

t n = 18 - 26. 
fn = 42 - 48. 

Seedling emergence 
(%) 

Seeding Depth (cm) 

3t 6t 121' 

54 65 28 
100 85 37 
81 77 37 
54 54 17 
72 70 30 

56 42 2 
78 79 13 
54 67 4 
42 54 0 
56 60 5 
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four spring wheat cultivars. 



Table 4.36. Analyses of variance for time to seedling emergence (DE)) median tiller emergence time (TE50)) 
maximum tiller emergence rate (MTER) and maximum tiller number (TILLMAX) of four spring wheat 
cultivars sown at two depths in each of two temperature regimes. 

DEt TE50 MTER TILLMAX 
Source df Mean squares 

(x 103) 

Temperature (T) 1 380.36 *** 763.88 *** 705.16 *** 19.75 * 
Replications (R) in T 2 76.17 *** 4.82 * 17.19 ** 179.30 *** 
Cultivar (C) 3 4.24 NS 88.56 *** 9.79 * 797.68 *** 
CC11T 1 0.51 NS 430.47 *** 9.05 NS 2939.81 *** 
CC2 1 7.50 NS 6.37 * 22.54 ** 42.78 *** 
CC3 1 4.97 NS 0.51 NS 0.35 NS 87.54 *** 
T x C 3 2.56 NS 17.48 *** 25.05 *** 41.74 *** 

1---4 
1---4 

CC2 1 1.34 NS 15.86 *** 6.28 NS 35.15 ** \D 

CC3" 1 5.60 NS 8.90 ** 27.58 ** 8.97 NS 
R x C in T 6 2.03 NS 2.64 * 5.86 NS 18.18 *** 
Seeding depth (D) 1 306.27 *** 14.44 *** 8.79 NS 64.82 *** 
T x D 1 33.33 ** 3.69 NS 10.91 NS 10.45 NS 
R x D in T 2 4.35 NS 0.45 NS 2.83 NS 6.85 NS 
C x D 3 4.93 NS 0.04 NS 0.48 NS 1.29 NS 
CC1xD 1 0.35 NS 0.00 NS 1.30 NS 2.96 NS 
CC2xD 1 3.87 NS 0.01 NS 0.06 NS 0.73 NS 
CC3xD 1 10.79 NS 0.11 NS 0.07 NS 0.42 NS 
T x C x D 3 3.85 NS 4.45 * 1.25 NS 7.20 NS 
R x C x D in T 6 1.80 NS 2.34 NS 1.38 NS 3.40 NS 
Error 119 2.99 1.19 3.02 3.34 

CC1 1 0.50 NS 31.22 *** 45.80 *** 88.85 *** 

1T See Table 4.31 for contrast descriptions. ----.-
•.1.....IC'",... ..,~ ......t. 

ft,' ft~~Significant at the 0.05) 0.01 and 0.001 probability levels) respectively.
tLog lO(X+1) transformation of DE data) LOG 10(X) transformation of TE50) MTER and TILL~~X data.
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Table 4.37. The effect of temperature and seeding depth on the time to 
seedling emergence (DE), median tiller emergence time 
(TE50), maximum tiller emergence rate (MTER) and maximum 
tiller number (TILLMAX) of· four spring wheat cultivars. 

DE TE50 MTER TILLMAX 

Temperature regime 
( °C) 

Cultivar 10/5 20/10 10/5 20/10 10/5 20/10 10/5 20/10 
days days %/day f no./plant 

Pitic 62 7.3 
Neepawa 8.0 
Inga1 7.3 
Potam 7.9 

Cu1tivar contrasr NS 

T x C contrast
1r 

NS 

Mean 7.6 

Seeding depth(cm) *** 

3 5.9 
6 7.5 

*** 

5.8 t 
5.7 
5.8 
6.0 

5.8 

30.0 24.1 
31.9 23.3 
26.4 18.2 
26.0 16.2 

CC1,CC2 

CCl,CC2 

28.2 22.2 

*** 

23.3 
24.4 

*** 

3.80 4.41 
3.43 4.78 
3.38 4.86 
3.52 5.51 

eC2 

CC1,CC3 

3.52 4.88 

*** 

4.22 
4.08 

NS 

28.5 31.9 
25.5 25.7 
15.7 14.7 
15.5 11.9 

CC1-CC3 

CC1,CC2 

20.5 21.4 

* 
21.0 
19.1 

*** 

. t back-transformed least square means. 
'IT Contrasts significant at p < 0.05. .See Table 4.31 for descriptions. 
~~**Significantat the 0.05 and 0.001 probability levels, respectively. 

NS = Not significant. 
fproportion of TILLMAX emerged per day x 100. 
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emergence (2.4 vs 1.0 days) due to increased seeding depth at the lower 

than at the higher temperature regime. Ti1lering occurred at a faster 

rate at the higher temperature regime as attested by a reduced TE50 and 

higher MTER. Averaged over cultivars, TILLMAX was marginally higher at 

the 20/10oC temperature regime. Based on orthogonal contrasts the 

early heading cultivars Ingal and Potam tillered over a shorter time 

span and produced significantly fewer tillers than Pitic 62 and 

Neepawa. As pointed out earlier, cultivars did not respond in a 

consistent manner to temperature changes with regards to the three 

tillering parameters. In the case of TE50, the temperature x cultivar 

(T x C) interaction did not appear to result from changes in cultivar 

ranks, but was attributable to a greater reduction in TE50 means for 

the early heading cultivars at the higher temperature regime as well as 

a greater reduction in TE50 for the cultivar Potam relative to Ingal. 

Maximum tiller numbers of the later heading cultivars increased 

slightly with temperature while those of the early heading cultivars 

decreased markedly. In addition, tiller numbers of Potam were 

influenced to a greater degree by temperature than were those of Ingal. 

For MTER, however, the T x C interaction was likely due to cultivar 

rank changes associated with the change in temperature regimes. At the 

lower temperature the later heading cultivars tended to have a higher 

MTER than Ingal and Potam, while the opposite was true at the higher 

temperature regime. A rank reversal within the later heading cultivar 

pair was also highly significant for MTER (Table 4.37). 
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Increased seeding depth had a slight, non-significant, depressing 

effect on MTER but caused a significant retardation in TESO and 

reduction in TILLMAX (Table 4.37). With the exception of TESO, the 

four cultivars responded similarly to seeding depth. 

It is evident that the early versus late heading cultivar contrast 

(eC1) is in fact a comparison of low and high tillering cultivars and 

will be considered as such for the remainder of this section. 

The three-way interaction, T x G x D, (Table 4.36) for TESO may be 

linked to the fact that the higher tillering cultivars were 

characterized by a greater d~lay in tillering due to increased seeding 

depth at the lower temperature than were the low tillering cultivars, 

while the two cultivar groups did not differ in their response to 

seeding depth at the higher temperature. In comparisons of Ingal 

versus Potam, the TESO of the latter did not respond to seeding depth 

at the lower temperature but was delayed at the higher temperature, 

while Ingal displayed a complete reversal of that trend, resulting in a 

change in cultivar ranks. 

The effect of cultivar and environment on the emergence of 

individual tillers is documented in Tables 4.38 and 4.39. As observed 

on a whole plant basis (Table 4.36), temperature had a predominant 

effect on the time to tiller emergence (Table 4.38), accounting for 

75+/~ or the observed variation. Cultivars, however, differed 

significantly for the time taken for each of the eight tillers to 

emerge. Cultivars responded similarly to temperature, as indicated by 

the absence of T x C interactions. Except for T10 and TIl, seeding 



Table 4.38. Analyses of variance for the tilE to eMergence of eight tillers and tiMe to Main stell spike eMergence (DSE). 

Tiller 
n T2 no T3 TOO Tll T21 T4 DSE 

Source of variation df ---- ---------------------------- Mean squares a ---------------------~----------------------
(x 10:1) 

Tellperature (n 1 851.45 HI 690.85 HI 876.31 HI 659.35 fff 836.39 Hf 790.88 Hf 831.51 fff 699.71 Hf 891.73 fff 

Replications (R) in T 2 9.32 ff 23.82 fff 54.12 Hf 42.76 fH 47.93 Iff 55.50 fff 54.43 fff 35.78 Iff 7.26 Iff 
Cultivars (C) 3 7.88 H 22.19 Hf 6.56 Ilf 12.12 Iff 1.68 f 2.74 f 9.741H 13.99 HI 425.78 Iff 

CCl 1 42.21 ffl 34.35Hf 2.01 ns 9.02 HI 3.24 f 0.10 ns 7.41 If 0.03 ns 1217.94 Hf 

CC2 1 1.76 ns 3.74 f 0.01 ns 6.12 fff 1.14 ns 0.85 ns . 0.25 ns 26.23 Iff 4.12 If 

CC3 1 19.87 HI 24.75 fff 17.13 fff 19.31 Ifl 18.75 III 22.65 Iff 22.70 Iff 15.68 fff 69.60 Hf 

T x C 3 1.75 ns 1.01 ns 0.20 ns 1.21 ns 0.28 ns 0.49 ns 1.50 ns 1.16 ns 9.44 Iff 

CCl 1 0.08 ns 0.01 ns 0.48 ns 0.25 ns 0.02 ns 0.04 ns 1.56 ns 0.22 ns 17.33 fff 

CC2 1 0.00 ns 0.17 ns 0.09 ns 1.37 ns 0.00 ns 0.61 ns 0.62 ns 1.18 ns 6.69 Iff 

CC3 1 5.20 ns 2.85 ns 0.05 ns 2.03 ns 0.82 ns 0.83 ns 2.56 ns 2.08 ns 6.01 ff 

Rx C in T 6 2.02 lIS 0.72 ns 1.16 ns 1.3't ns 0.39 ns 1.34 ns 0.83 lIS 1.14 ns 3.31 Iff ...... 
Seeding Depth (D) 1 3.63 ns 0.03 ns 9.56 Iff 0.03 ns 1.26 ns 7.27 If 0.63 ns 0.41 ns 4.88 If N 

W 

T x D 1 5.07 ns 11.46 f., 9.66 Iff 4.64 I 5.64 If 5.98 If 9.45 f.f 11.58 fff 0.40 ns 
Rx D in T 2 1.19 ns 0.31 ns 1.03 n5 0.41t n5 0.75 ns 0.30 n5 0.14 ns 0.19 n5 0.12 ns 
C x D 3 1.81 ns 0.81 n5 0.33 ns 1.01 ns 0.81 ns 0.44 ns 1.07 ns 1.13 ns 0.60 ns 
CCI 1 3.29 ns 1.90 ns 0.09 ns 1.12 ns 0.77 n5 0.37 ns 1.98 n5 1.65 ns 0.33 ns 
CC2 1 2.04 ns 0.06 ns 0.79 ns 0.21 ns 1.17 n5 0.76 ns 0.01 ns 0.37 ns 0.09 ns 
CC3 1 0.28 ns 0.42 ns 0.15 ns 1.62 ns 0.51 ns 0.27 ns 1.10 ns 1.30 ns 1.ltl ns 

2.18 ns 0.31 1.08 ns 1.19 ns I 3.82 IffT x C x D 3 0.94 nS ns 0.37 ns 1.97 I 0.52 ns
R x C x D in T 6 2.30 ns 0.91 ns 0.53 ns 1.24 ns 1.01 ns 1.32 ns 1.40 ns 0.67 ns 0.87 ns
Error /I 1.53 0.78 0.84 0.76 0.62 0.73 0.82 0.70 0.55

a LogIO(X+l) transfOrMation of the data.
I T2, T3, T4,DSE =120; Tl, T20, Til =119; TI0 =116; T21 =115.
f,fl,ff* Significant at the 0.05,0.01 and 0.001 probability levels, respectively. ns =not significant.
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depth had little or no impact on individual tiller emergence. The 

temperature x seeding depth (T x D) interaction was, however, 

significant for all tillers except Tl. The T x D interaction for DTE 

probably resulted from a larger seeding depth effect at the lower 

temperature regime. In general, DTE was reduced by increased 

temperature and increased by deeper seeding (Table 4.39). Although 

small, the cultivar differences were statistically significant. Based 

on the means of Ingal and Potam, low tillering cultivars were 

characterized by earlier emergence of tillers TI through T20 but later 

emergence of T21 and T4 relative to the high tillering cultivars. The 

cultivar Pitic 62 had earlier emerging tillers than did Neepawa as did 

Ingal compared to Potam. 

Cultivar and temperature effects on days to spike emergence (DSE) 

were much larger than those observed for tiller emergence. Doubling 

the temperature regime reduced the period between seedling emergence 

and MS spike emergence by approximately 30%. Cultivar differences in 

DSE were magnified relative to those observed in the field (Tables 4.3 

and 4.31) but the rankings were essentially the same. Temperature x 

cultivar and temperature x cultivar x seeding depth interactions for 

DSE were highly significant. These interactions did not appear to 

involve changes in cultivar rank and were likely a result of the 

greater response of low tillering cultivars to increased temperature, 

the response differences being accentuated at the shallower seeding 

depth. 
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Table 4.39' .. The effect of temperature, cu1tivar and seeding depth on the 
time to emergence of eight tillers and the main stem spike 
(DSE). 

Tiller 
T1 T2 T10 T3 T20 TIl T21 T4 

Time to tiller emergence DSE 
Temperature regime dayst 

( °C) 

10/5 13.3 17.0 20.9 22.2 25.3 26.3 32.0 29.3 61.1 
20/10 9.0 12.1 14.2 16.0 17.5 18.4 22.1 21.0 42.2 

*** *** *** *** *** *** *** *** *** 

Cultivar 

Pitic 62 10.9 14.2 16.8 18.4 20 .. 5 21.1 25.1 23.9 67.8 
Neepawa 11.9 15.6 18.1 20.0 22.1 23.0 27.3 25.6 58.6 
Ingal 10.3 13.5 17.1 18.1 20.6 22.1 27.0 23.7 40.2 
Potam 10.6 14.0 17.1 18.9 21.0 21.8 27.2 26.0 41.6 

7T
Contrast CC1,CC3 CC1-CC3 CC3 CC1-CC3 CC1,CC3 CC3 CC1,CC3 CC2,CC3 CC1-CC3 

Seeding depth 
(cm) 

3 10.6 14.3 16.9 18.9 20.9 21.6 26.5 24.9 50.1 
6 11.1 14.3 17.6 18.8 21.2 22.4 26.7 24.7 51.5 

NS NS *** NS NS ** NS NS ** 

**,***Significant at the 0.01 and 0.001 probability levels, respectively. 
NS = Not significant. 

7TSignificant at p<O.OS. See Table 4.31 for a description of the 
contrasts. 

tBack-transformed least square means. 
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The main stem phenological (Raun) stage (MSHE) at which the eight 

tillers emerged was determined to a greater extent by cultivar than by 

either temperature or seeding depth. Cultivar and temperature effects 

accounted for 81+13 and 4,!5%, respectively, of the total variation 

measured (Table 4.40). Whereas temperature had a significant impact on 

the time to emergence of all tillers (Table 4.38), it had little effect 

on the MSHE of T1, TIl and T21. Moreover, the T x C interaction was 

significant for the MSHE of six tillers but was nonsignificant for all 

tillers in the case of DTE. On the average, low tillering cultivars 

had a more developed main stem at the time of tiller emergence, with 

Ingal havi.ng the highest MSHE rating (Table 4.41). \-1ith the exception 

of T21, the cultivars Pitic 62 and Neepawa did not differ in MSHE. The 

T x C interaction for MSHE resulted in part from changes in rank 

between Pitic 62 and Neepawa (T2 and T10) and the fact that the mean 

MSHE of the low tillering cultivars increased to a greater extent than 

that of the high tillering cultivars as the temperature was increased 

(T10, T3, T2, T3). In the case of T2, T20 and T21 the MSHE of Potam 

was subject to greater temperature-associated changes than was evident 

with Ingal. Seeding depth had a significant effect on the MSHE of T10, 

TIl and" T4. In the first two cases, the deeper seeding increased MSHE 

but in the case of the T4 it reduced the MSHE. 

A graphical presentation (Figure 4.14) which includes data from 

the 12 cm seeding depth (10/soG) emphasizes a number of trends which 

are not obvious from the statistical analyses. It is evident that in

creasing the seeding depth delays tiller emergence relative to main 



Table 4.40. Analyses of variance for .ain steM Haun stage at the ti.e of eMergence of eight tillers. 

Tiner 
n T2 no T3 120 111 T2l TIt 

Source of variation df ------------------------------------ Mean squares
8
-------------------------------------

h( 10") 
Tetlperature (n 1 1.78 ns 35.87 Iff 13.88 f JO.74 Iff 5.31 f 0.08 ns 0.03 ns 40.71 Iff 
Replications (R) in T 2 6.1t8 ns 1.03 ns 53.91 Hf 15.56 fff 39.79 fH 65.30 'ff 48.24 '*f 14.32 fff 
Cult ivars (C) 3 27.46 ... 25.11 flf 89.66 Ifl 50.22 Hf 74.81 fH 101.73 flf 121.08'" 80.14 Iff 
CCI 1 62.68 Iff 24.09 fH 165.21 Hf 106.49 Ifl 230.21 HI 255.25 fff 312.88 fff 240.20 Iff 
CC2 1 57.32 Hf 1t8.84 ·IH 88.21 fff 38. as fff 54. 76 Hf 98.03 fH 35.92Hf 1.14 ns 
CC3 1 8.79 ns 0.12 ns 2.05 ns 0.21 ns 0.46 ns 1.96 ns 7.14 f 0.86 ns 
T x C 3 6.55 ns 4.22 If 14.35 If 5.99 fH 4.78 If 0.90 ns 19.28 fff 3.00 I 

CCI 1 8.73 ns 0.37 ns 18.51 * 15.17 IH 3.92 ns 0.51 ns 39.90 Hf 6.83 I 
CC2 1 9.05 ns 5.24 I. 0.63 ns 0.29 ns 6.99 f 1.88 ns 18.26 Iff 2.16 ns 

. CC3 1 0.66 ns 7.09 II 22.35 H 2.14 ns 3.64 ns 0.38 ns 1.40 ns 0.21 ns 
Rx C in T 6 6.90 ns 2.53 I 2.24 ns 2.54 I 4.32 If 5.36 f 3.13 I 3.83 If .... 

NSeeding depth (D) 1 9.27 ns 1.33 ns 49.55 Hf 0.59 ns 0.86 ns 11.10 I 0.35 115 6.74 I ......, 

T x D 1 0.02 ns 0.14 ns 0.43 ns 5.36 f 1.14 ns 1.45 ns 0.40 ns 2.08 ns 
Rx Din T 2 8.85 ns 0.55 ns 5.70 ns 0.48 ns 0.39 ns 0.86 ns 4.66 ns 2.18 ns 
C x D 3 10.56 f 1.83 ns 4.32 ns 1.62 ns 0.24 ns 2.27 ns 1.40 ns 0.41 ns 
CCI 1 15.05 I 1.25 ns 0.94 ns 3.39 ns 0.09 ns 0.00 ns 2.38 ns 0.75 n5 
CC2 1 17.09 I 2.92 ns 7.22 ns 1.66 ns 0.63 ns 0.03 ns 0.01 ns 0.52 ns 
CC3 1 1.51 ns 1.58 ns 5.17 ns 0.04 n5 0.02 ns 6.77 ns 1.65 ns 0.00 ns 
T x C x D 3 4.61 ns 2.80 I 2.47 ns 0.19 ns 2.02 ns 1.97 n5 0.90 ns 2.01 ns 
Rx C x Din T 6 2.74 ns 0.94 ns 2.00 n5 2.38 I 0.80 ns 1.51 ns 2.26 n5 0.59 ns 
Error /I 3.70 0.88 3.11 0.98 1.14 2.08 1.29 1.06 

a logI0(X+l) transfor.ation of the da"a. 
I See Table 4.38 for eKplanation. 
I,H,IH Significant at the 0.05,0.01 and 0.001 probability levels, respectively. ns =not significant. 



Table 4.41. The effect of teMperature, cultivar and seeding depth on aain steM Haun stage at the tile of elergence for 
eight tillers. 

!ill!!: 
T1 T2 no T3 T20 Ttl T21 14 

Te!l!!ratYr! r!gill@ 
(0(:) 

10/5 20/10 10/5 20/10 10/5 20/10 10/5 20/10 10/5 20/10 10/5 20/10 1015 20/10 10/5 20/10 

Cultivar Haun stageS 
Pitic 62 3.09 3.14 3. n 3.96 4.44 4.42 4.72 4.80 5.18 5.14 5.23 5.88 6.11 5.98 5.76 5.87 
Neepawa 3.00 3.09 3.83 3.88 4.54 4.24 4.78 4.77 5.27 5.10 5.40 5.96 6.26 6.03 5.81 5.89 
Jngal 3.J4 3.24 4.02 4.07 4.84 4.83 5.00 5.21 5~73 5.62 5.36 5.51 6.73 6.73 6.13 6.32 
Potill 3.10 3.14 3.78 3.94 4.52 4.56 4.79 5.02 5.37 5.46 5.35 5.60 6.30 6.66 6.12 6.43 
Cultivar" CCI,CC2 cel, CC2 CCl,CC2 CCI,CC2 CCl,CC2 CCl,CC2 CCI-CC3 CCI 
contrast ...... 

N 
ex> 

! ! ~ £Ont~~! ns CC2,ceJ CCI,CC3 CCI CC2 ns CCl,CC2 CCI 

Mean 3.13 3.15 3.85 3.96 4.59 4.51 4.82 4.95 5.39 5.33 5.54 5.53 6.35 6.34 5.95 6.12 
ns ftl I fft I ns ns Iff 

Seeding de(!th 
(ad 
3 3.12 3.89 4.47 4.89 5.35 5.49 6.34 6.07 
6 3.17 3.92 4.62 4.88 5.37 5.57 6.35 6.00 

ns ns fli ns ns * ns f 

a Back-transforled Least Squares Means.
t Significant at peO.05. See Table 4.31 for a description of contrasts.
I,'" Significant at the 0.05 and 0.001 proba~ility levels,respectively. ns = not significant.
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Figure 4.14 Main stem Haun stage at the time of tiller emergence for four spring 
wheat cultivars sown at three soil depths and grown at a temperature 
regime of IO/SoC. 
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stem development, this was particularly true for TO, T1 and their 

secondary tillers (T10, TOO, T01, T11). A second, le£3 evident, trend 

was a reduction in MSHE with increasing seeding depth for later 

emerging tillers such as T3, T20 (Pitic 62 and Neepawa) and T4 (Pitie 

62 and Ingal). 

A significant cultivar x seeding depth (C x D) interaction for T1 

resulted from a smaller increase in MSHE for the low tillering relative 

to the high tillering cultivars as seeding depth increased. 

Furthermore, the two low tillering cultivars differed in their response 

to seeding depth; the MSHE of Ingal increased with seeding depth while 

that of Potam decreased. The contrary response of Potam appears to be, 

in large part, responsible for both C x D interactions for T1. 

The significant replication (= ~rowth cabinet) x cultivar 

interaction within temperature regimes (Table 4.40) indicates that a 

factor other than temperature and seeding depth was different within 

the growth cabinet environments used. Within temperature regimes, the 

low tillering cultivars tended to have larger inter-growth cabinet 

responses than did the high tillering cultivars. 

Tiller mortality at the time of MS spike emergence was subject to 

large cultivar effects which were consistent across temperature regimes 

(Table 4.42). Temperat 11re also had a significant, albeit, smaller 

effect on tiller, mortality, while the effect of seeding depth was 

negligible. The contribution of non-senesced tillers to plant 

phytomass at MS spike emergence was not affected significantly by 

temperature or seeding depth. 



Table 4.42. Analyses of variance for tiller mortality, live tiller yield contribution 
(LTYLD) to plant phy~omass, yield contribution differential between primary 
and secondary tillers (PRSECTYLD), leaf area contribution differential 
between primary and secondary tillers ePRSECTLA) and main ste. e"s) leaf 
nUMber. 

Tiller "S leaf 
mortality LTYLD PRSECTYLD PRSECTLA number 

aSource of variation df "ean squares --------------------
(xl0' ) (xl0' ) 

TeMperature eT) 1 172.8 • 0.088 ns 0.094 ns 0.295 ns 44.410 ••• 
Replications (R) in T 2 55.5 ns 3.053 •• 14.292 ••• 16.401 ••• 8.315 ••• 
Cultivare (C) 3 2228.7 ••• 21.985 ••• 29.663 ••• 17.059 ••• 360.626 ••• 
CCI 1 6359.9 ••• 62.992 ••• 82.600 ••• 49.402 ••• 1078.391 ••• 

0.155 ns 0.521 ns 0.188 ns 0.937 ns 
I-'

CC2 1 30.4 ns W 

CC3 1 317.2 •• 3.126 •• 7.562 ••• 2.294 nB 123.565 ••• I-' 

T x C 3 48.4 ns 1. 295 • 4.132 ••• 4.831 ••• 6.094 ••• 
CCI 1 4.7 ns 2.724 • 5.101 •• 10.729 ••• 7.828 ••• 
CC2 1 115.1 ns 1.249 ns 4.876 •• 4.324 • 2.129 ns 
CC3 1 23.9 ns 0.046 ns 3.033 • 0.030 nB 9.094 ••• 

R x C in T 6 377.1 •• 3.622 ••• 0.692 ns 1.746 nB 6.409 ••• 
Seeding depth (D) 1 11.9 ns 0.059 ns 1.799 ns 3.675 ns 0.047 ne 
T x D 1 12.8 ns 0.150 ns 0.647 ne 1. 458 nB . 2.680 • 
R x D in T 2 1.5 ns 0.163 ne 0.081 ne 1.275 ne ·0.498 ns 
C x D 3 21.5 ns 0.553 ns 1.076 ns 3.777 •• 1. 451 ns 
CCI 1 0.3 ns 0.619 ns 0.677 ns 3.020 ns 1.202 ne 
CC2 1 63.7 ns 0.922 ns 0.472 ns 3.570 • 0.107 ns 
CC3 1 0.0 ns 0.041 ns 2.188 ns 5.212 • 3.113 • 
T x C x D 3 28.5 ns 0.131 ne 0.699 ne 0.695 ne 3.957 ••• 
R x C x D in T 6 19.7 ns 0.557 ne 0.606 ns 0.991 ne 0.402 ne 
Error 121 30.0 0.430 0.480 0.837 0.636 

a arcsin-square rooteX), square rootel00-X), square rooteX), ditto, and Logl0eX) 
transformations, respectively.' 

., •• , ••• Significant at the 0.05,0.01 and 0.001 probability levels, respectively. 
ns = not significant. 
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Cultivar and T x C interactions were statistically significant. The 

contribution of the first six primary tillers (MS, TO, T1, T2, T3, T4) 

minus that of· the first six secondary tillers (T10, TOO, T20, T01, TIl, 

T21) to plant phytomass was unaffected by seeding depth but cultivar 

and T x C effects were highly significant. The difference in the 

contribution of the two tiller groups to plant leaf area was affected 

in a similar fashion with the exception that cultivars did not behave 

consistently at the two seeding depths. Since the difference between 

the two tiller groups is a contrast of primary versus secondary 

tillers, the main effects and two-way interactions for PRSECTYLD and 

PRSECTLA are in fact two-way and three-way interactions of primary 

versus secondary tillers x cultivar (x temperature or seeding depth). 

Except for seeding depth, all main and interaction effects were 

significant for final MS leaf numbers. The growth cabinet x cultivar 

within temperature regime interactions for three of the parameters 

(Table 4.42) were highly significant. An examination of the raw data 

failed to reveal clear-cut trends for this interaction, with the 

exception that low ~nd high tillering cultivars tended to respond 

differently to the individual growth cabinet environments. 

Tiller mortality was, on the average, higher at the lower 

temperature regime. The high tillering cultivars had substantially 

higher tiller mortalities than either Ingal or Potam (Table 4.43). 

Within each pair, th~ cultivar with larger spikes had a higher tiller 

mortality, the difference being statistically significant for the Pitic 

62 - Neepawa comparison only. The contribution of live tillers to 



Table 4.43. The effect of temperature. cultivar and seeding depth on tiller mortality. live tiller 
contribution to plant phytomass (LTYLD). the difference between primary and secondary 
tiller contribution to plant phytomass (PRSECTYLD) and leaf area (PRSECTLA) and. 
main stem leaf numbers. 

Tiller LTYLD PRSECTYLD PRSECTLA Main stem 
mortality contribution contribution contribution leaf numbers 

Temperature regime 
(OC) 

Cultivar 10/5 20/10 10/5 20/10 10/5 20/10 10/5 20/10 10/5 20/10 
rt no.t 

Pitic 62 48.5 37.0 
Neepawa 32.1 28.1 
Ingal 3.2 4.7 
Potam 9.8 3.2 

Cultivar contrast CC1.CC3 

T x C contrast7T NS 

Mean 20.7 15.4 

* 
Seeding depth 

(em) 
3 18.7 
6 17.3 

NS 

96.1 94.9 
97.7 96.4 
99.7 99.7 
99.1 99.8 

CC1,CC3 

CC1 

99.5 98.4 
NS 

98.4 
98.5 

NS 

33.0 24.1 
35.8 35.6 
51.4 ·48.6 
46.5 58.7 

CC1,CC3 

CC1-CC3 

41.3 40.7 
NS 

39.6 
42.4 

NS 

24.5 18.3 
27.7 21.8 
35.1 34.7 
30.7 41.9 

CC1,CC3 

CC1,CC3 

29.4 28.4 
NS 

27.2 
30.6 

NS 

11.2 13.2 
9.7 10.4 
7.1 7.6 
7.4 7.6 ..... 

w 
w 

CC1,CC3 

CC1,CC3 

8.7 9.4 

*** 

9.1 
9.0 

NS 

* *..". *** , , Significant at the 0.05 and 0.001 probability levels, respectively. NS = not significant. 
'IT Significant at p < 0.05. See Table 4.31 for a description of the contrasts. 
t Back-transformed least square means. 
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plant phytomass was in the vicinity of 95-100% for all cultivars. The 

low tillering cultivars had significantly higher live tiller 

contributions th~n the high tillering cultivars, the difference being 

accentuated at the higher temperature due to a contrary response of the 

two cultivar pairs to changes in temperature. 

The contribution of the first six primary and secondary tillers to 

plant phytomass ranged from a low of 77% for the cultivar Pitic 62 to a 

high of 96% for lngal. The difference in contribution of the two 

tiller categories to phytomass was greatest for the low-tillering 

cultivars (Table 4.43). It is apparent for the above parameter, that 

the cultivars Pitic 62 and Potam responded in a diametrically opposed 

fashion to increasing temperature while there was little or no response 

for the cultivars Neepawa and Ingal. In the case of Pitic 62, primary 

and secondary tiller phytomass contributions decreased by approximately 

13 and 3 percentage points, respectively, as temperature increased. 

Hence the smaller tiller category differential for Pitic 62 at the 

higher temperature regime. The fact that the contributions of both 

tiller categories decreased indicates that higher order tillers made a 

greater contribution to plant phytomass at the higher temperature. The 

primary and secondary tiller phytomass contributions of Potam increased 

and decreased by 8 and 6 percentage points, respectively as the 

temperature was increased. The analysis of variance (Table 4.42) 

indicated that increasing the seeding depth from 3 to 6 cm had little 

effect on tiller phytomass contributions. When the data for individual 

tillers and deepest sowing at the lower temperature regime are examined 
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(Figure 4.15) it is evident that there was a seeding depth x tiller 

interaction. The contribution of MS, T2, T3 and T4 increased while 

that of TO, T1 and their secondary tillers decreased with increasing 

seeding depth. The response of the remaining higher-order tillers 

(T20, T21, T30) to seeding depth varied from cultivar to cultivar. 

The contribution of the primary and secondary tiller groups to 

plant leaf area varied between 75 (Pitic 62) and 96% (Potam). Over all 

the differential between primary and secondary tillers was smaller for 

leaf area than for phytomass. Cultivar differences in response to 

temperature were similar to those observed for phytomass with the 

exception that Neepawa exhibited a marked response for leaf area, but 

not phytomass, contributions. Individual tiller leaf area 

contributions (Figure 4.16) followed essentially the same pattern 

observed for phytomass (Figure 4.15). 

The number of leaves on the main stem at the time of spike 

emergence (Table 4.43) was determined largely by the cultivar and its 

response to temperature. Leaf numbers increased with temperature for 

all cultivars, but Pitic 62 was characterized by an increase of two 

leaves compared to only 0.7, 0.5 and 0.2 for Neepawa, Ingal and Potam, 

respectively. The cultivar x seeding depth interaction (Table 4.42) is 

likely due to a reduction in the MS leaf number of Pitic 62 versus a 

slight increase for Neepawa as the seeding depth was increased (data 

not shown). The three-way interaction, T x C x D, is likely due to the 

larger cultivai differences (parti~ularly CC3) at the shallower seeding 

depth within temperature regimes. 
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The marked difference in the response of Pitic 62 to temperature 

was evident in subsequent tillers (Table 4.44). In comparisons of 

tillers to the main stem, the largest decrease in leaf numbers occurred 

between MS and Tl (ca. 2.5). Tillers T1, T2 and T3 differed from each 

~ther by an average of 0.5 to 0.8 leaves, while T4 of the high 

tillering cultivars had 0.7 to 1.4 fewer leaves than T3. The low 

tillering cultivars had a fairly constant 4 to 5.5 leaves for Tl, T2 

and T3. The minimum final leaf number of all the live tillers examined 

at MS spike emergence was 4 and 3 for the high and low tillering 

cultivars, respectively (data not shown). 

Tiller development (Raun stage) at the time the plants were 

harvested, expressed as a percentage of MS development (Figure 4.17), 

indicates that the tillers of the low tillering cultivars were less 

developed than those of the high tillering cultivars. The general 

pattern is one of proportionally greater curtailment of tiller 

development with increasing tiller order for the low relative to the 

high tillering cultivars (Appendix 8). Increasing the seeding depth 

had, in most cases, a depressing effect on tiller developm.citt (Figure 

4.17). 

4.7 The consequences of tiller removal in high and low tillering 

cultivars 

Three cultivars which were previously sown at five rates in the 

field (Section 4.3) were subjected to four levels of tiller removal at 

each of thr~e seedling densities in a controlled environment. 



Table 4.44. Mean leaf number for the main stem (MS) and six tillers of four spring wheat cultivars 
grown under two temperature regimes. 

Tillers 
MS Tl T2 T10 T3 

Temperature regime 
(OC) 

Cultivar 1075 20110 10/5 20/10 10/5 20/10 10/5 20/10 1075 20710 
Final leaf number 

Pitic 62 
Neepawa 
Ingal 
Potam 

t11.2±0.2 
9.6±0.2. 
7.l±0.1 
7.4±0.2 

l3.2±0.2 
10.4±0.1 
7.7±0.2 
7.S±0.2 

8.S±0.2 9.9±0.2 
7.0±0.2 8.2±0.1 
4.9±0.1 S.S±0.2 
5 •I±0 •IS. 2±0 •1 

7.9±0.2 9.6±0.2 
6. 3±0 .2 7. 2±0.1 
4.6±0.1 4.8±0.2 
4.7±0.1 S.2±0.2 

7.3±0.2 
S.7±0.2 

-
-

8.9±0.2 
7.!±0.1 

-
-

6.8±0.2 
S.l;t0.2 
4.0±0.0 
4.1±0.1 

8.8±0.l 
6.3±0.1 
4.S±0,,1 
4.6±O'.1 

Mean 8.8±0.2 9.7±0.3 6.4±0.2 7.2±0.2 S.8±0.26.6±O.2 - - S.0±0.2 6.1±0.2 
I---" 
w 
\0 

10/5 
T20 

20/10 10/5 
T4 

20/10 

Pitic 62 
Neepawa 
Ingal 
Potam 

6.S±0.3 
S.4±0.2 

8.3±0.2 
6.4±0.2 

S.4±0.2 
4.4±0.2 

8.0±0.2 
S.3±O.1 

Mean 

t Mean + SEe Data was pooled over two seeding depths. 
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Each cultivar x detillering x seedling density combination was 

replicated four times. Since each seedling density was grown in a 

separate growth cabinet environment the significance tests for that 

factor are not valid due to the systematic nature of the experimental 

design (Table 4.45). It should be noted, though, that the F-tests for 

seedling density were significant at the 0.001 probability level or 

less. It is unlikely that environmental factors were in fact 

responsible for such large differences since the experimental procedure 

involved the monitoring of light and temperature conditions within each 

growth cabinet. The cultivars and detillering treatments, however, are 

replicated within each seedling density, hence it is valid to test for 

differences within those factors as well as their interactions, 

including those with seedling density. 

Except for spikelets/spike, ker~els/spike andMS harvest index, 

seedling density appeared to elicit a curvilinear response from the MS 

and plot (=pot) traits. Cultivar differences were significant for 

every trait investigated. With the exception of spikelets/spike, 

kernel weights and plot harvest index, detillering treatments had a 

significant impact on grai~ yield and yield-related traits. A majority 

of the two-way interactions were statistically significant, the 

exceptions being seedling vigour for both density x detillering (D x 

Tr) and MS harvest index (ex Tr). Partitioning of the interaction 

sums of squares reveals that differences in the response of high and 

low tillering cultivars (Cel) to density and tiller removal accounts 

for a major portion of the variation ascribable to those interactions. 
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Table 4.45. Analyses of variance for oain steM CUlM diMensions, aain steM spike yield traits, plot yield and phenological traits of three spring
Nheat cultivars subjected to four levels of ,detillering at three seedling densities under controlled environment conditions.

------------------------------- Main stem traits ---------------------------------- -------------- Plot traits --------------
Grain 1000 

CuI. Sp'ikeletsl yieldl Kernelsl kernel Harvest Cull Grain Harvest Seedling 
length spike spike spike weight index dialeter yield index vigour DSE 

Source of variation df --------------------------------------------------------Mean squares ---------------------------------------------------------
(x 10-4 ) he 10-4 ) 

Seedling density (D) 2 2395.4 ff 295.28 If 21.76 II 7494.9 If 520.9 'II 1.178 If 2.736 If 72.44 fl 2.055 ff 7.179 fl 239.18 If 
Linear (Li) 1 920.1 *1 589.42 *1 42.76 If H986.3 If 917.1 If 2.089 If 4.494 If 74.83 If 4.052 If a. 055 If 314.55 If 
Quadratic (Q) 1 3870.7 If 1.14 ns 0.76 ff 3.5 ns 124.7 ff 0.267 ns 0.978 If 70.06 *1 0.057 ns 6.303 II 163.81 It 

Cuitivars (C) 2 5769.8 If 61.62 H 20.79 If 2610.9 II Jlt71.4 If 20.280 If 4.938 If 242.64 If 17.502 u 0.263 If 736.61 If 
N vs (SC+M) (CCl) 1 11244.0 If 122.93 ff 40.97 H 3886.1 H 5238.8 If 39.430 If 5.739 fl 421.78 If 34.945 If 0.000 ns 1308.67 H 

SC vs M (CC2) 1 295.5 If 0.31 ns 0.61 I 1335.0 II 1760.1 fl 1.130 If 4.137 If 63.50 It 0.059 r,s 0.526 fl 164.55 If 

Detillering (Tr)Z 3 618.9 ff 0.79 ns 3.74 If 2603.7 H 14.4 ns 1.090 II 1.933 If 265.64 If 0.204 ns 0.185 II 15.13 f 

TrCl 1 148.3 If 0.55 ns 2.96 If 2019.7 ff 10.7 ns 0.663 II 1.665 If 366.84 If 0.011 ns 0.519 If 5.15 ns 
......TrC2 1 1590.2 ff 1.68 ns· 6.86 1* 5586.3 It 31.5 ns 1.815 If 4.044 ff 424.57 H 0.320 ns 0.020 ns 40.25 fl
+:'
NTrCJ 1 118.3 I 0.14 ns 1.40 ff 205.0 I 1.lns 0.792 ff 0.090 ns 5.52 ns 0.281 ns 0.016 ns 0.05 ns 

Dx C 4 57.5 f 5.09 II 0.85 If 196.6 If 261.3' If 0.439 If 0.185 If 39.83 If 0.400 If 0.089 ns 37.72 If 
li x CCI 1 156.8 If 8.16 It 2.53 If 4.8 ns 297.6 if 1.573 It 0.494 If 17.58ns 1.562 if 0.282 * 128.96 It 
Li x CC2 1 3.2 ns 9.12 II 0.29 ns 266.8 I 249.6 fl 0.008 ns 0.139 ns 132.18 II 0.005 ns I 0.028 ns 4.16 ns 
Q x CCI 1 1.6 ns 0.64 ns 0.37 I 118.4 ns 9.6 ns 0.064 ns 0.107 ns 1.60 ns 0.093 os 0.005 os 16.48 os 
Q )( a::2 1 68.4 ns 2.44 ns 0.21 ns 393.6 1* 490.4 ff 0.111 ns 0.000 ns 7.94 ns 0.260 ns 0.041 ns 1.28 ns 
Dx Tr 6 87.9 If 1.33 ns 0.75 If 482.5 If 10.5 os 0.469 If 0.346 ff 29.83 If 0.540 If 0.035 ns 4.93 ns 
C x Tr 6 72.3 If 0.84 ns 0.47 II 90.8 os 55.2 If 0.079 ns 0.099 f 21.42 H 0.337 II 0.032 ns 10.14 ns 
CCI x TrCl 1 110.4 f 0.04 ns 0.00 ns 110.4 ns 1.2 os 0.070 os 0.091 ns 58.6811' 0.360 ns 0.013 ns 27.28 .. 
CCl • TrC2 1 8.4 ns 3.80 ns 1.71 ff 12.0 ns 129.6 If 0.02~ ns 0.108 ns 8.04 ns 0.144 os 0.000 ns 9.72 ns 
CCI x TreJ 1 164.4 H 0.10 ns 0.07 ns 135.6 ns 28.8 05 0.000 ns 0.023 ns 14.40 ns 0.050 os 0.145 ns 9.60 ns 
CC2 x TrCl 1 6.0 os 0.43 os 0.26 ns 56.4 os 73.2 * 0.035 os 0.186 I 0.00 ns 0.389 * 0.008 os 3.12 ns 
CC2 x TrC2 1 2.4 os 0.29 ns 0.74 If 16.8 ns 51.6 ns 0.086 ns 0.186 f 30.12 f 0.025 ns 0.023 ns 4.20 ns 
CC2 x TreJ 1 142.0 f 0.38 os 0.04 ns 213.8 I 47.0 ns 0.258 ns 0.000 ns 17.28 ns 1.054 II 0.003 ns 6.36 ns 
Dx C )( Tr 12 14.4 os 0.89 os 0.12 os 53.0 ns 11.0 os 0.067 ns 0.063 os 9.75 ns 0.123 os 0.045 os 3.44 os 
Error 108 21.2 0.73 0.09 51.5 17.8 0.086 0.045 5.65 0.095 0.047 4.94 
Total 143 
tv (j) 6.4 4.6 13.1 13.4 10.2 6.4 6.2 16.8 7.0 4.3 3.9 

ZTrCl =Trl vs Tr2+Tr3+Tr4, TrC2 =Tr2 vs Tr3+Tr4, Tre3 =Tr3 vs Tr4. Trl =control, Tr2 =HS, Ir3 =HS+Tl, Jr4 =MS+Tl+T2. 
f,l* Significant at the 0.05 and 0.01 probability levels, respectively. ns = not significant. 
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The interactions for kernels/spike were, however, due largely to 

resp0nse differences between the two low tillering cultivars. No 

single detillering treatment stood out as being responsible for a large 

portion of the interaction sums of squares. 

-The tillering capacities of the three selected cultivars, as 

expressed by control plants at the lowest seedling density, were 20.8, 

12.3 and 7.4 tillers/plant for Neepawa, S~ete Cerros and M1417, 

respectively. Similarly, spike numbers for the three cultivars were 

9.1, 5.3 and 3.8 (Appendix 9). 

The effect of seedling density on MS culm length and yield-related 

traits (Table 4.46) was, in general, similar to that observed for the 

same cultivars in the field (Table 4.29). The controlled environment 

data accentuated the parabolic response of culm length and, to a lesser 

extent, diameter to seeding rate. 

Cultivar relationships were essentially the same as those observed 

in the field seeding study (Table 4.29), except that the oligoculm 

cultivar M1417 hpd a greater grain yield/spike than Siete Cerros under 

controlled environment conditions. Furthermore, both low tillering 

cultivars had significantly earlier-emerging main stem spikes than 

Neepawa in the growth cabinet study, a reversal of the situation 

observed in the field. 

Tiller removal resulted in longer and thicker MS culms as well as 

greater kernel numbers and grain yields per spike. The same treatments 

had little or no impact on spikelet numbers and kernel weights. Except 

for the least drastic tiller removal treatment (MS + T1 + T2), 
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Table 4.~46. The effect of seedling density and tiller ~val on the cui. dimensions, yield-related characteristics, seedling 
vigour and days to spike eergence (DSE) of three spring ...neat cultivars grown in a controlled enviroNlent. 

Main stem trai ts -- Plot traits 
Main effect§ 1000 

CuI. Spikeletsl Grain Kernelsl kernel Harvest CuI. Grain Harvest Seedling 
length spike yield spike weight iooex diameter yield index vigour DSE 

Seedling 
densit~ iD) (Haun 
(no./pot) (c.) (no. ) (g) (no. ) (g) (j) (.) .(g) (j) stage) (days) 

2 65.1 20.8 2.936 65.4 45.2 47.2 3.54 12.757 46.0 5.49 58.2 
4 79.2 19.1 2.333 56.8 41.0 46.1 3.58 14.950 44.3 4.81 59.5 
8 73.6 15.9 1.592 40.8 38.7 44.1 3.15 14.814 41.9 4.82 55.1 

Cultivar (C) 
Neepawa 85.1 17.3 1.533 47.0 33.1 38.4 3.14 11.753 37.1 5.04 61.9 
Siete Cerros 68.2 19.2 2.583 61.7 41.7 SO. 4 3.36 16.198 47.6 5.12 56.8 
M1417 64.6 19.3 2.746 54.3 so. 1 48.6 3.n 14.569 47.5 4.97 54.1 

Contrasta CCl, CC2 eel CCl,CC2 CCl,CC2 CCl,CC2 CCl,CC2 CCl,CC2 CCl,CC2 CCl CCl,CC2 CCl,CC 

Detillering treat.nt (Tr) 
Control 70.9 18.5 2.039 47.8 42.1 47.0 3.24 16.938 43.9 4.94 57.3 
MS 78.7 18.8 2.751 66.6 40.7 43.6 3.76 10.448 43.4 5.10 58.6 
MS+T1 71.8 18.5 2.255 53.1 42.0 45.3 3.38 14.379 43.9 5.04 57.2 
MS + T1 + T2 69.2 18.6 2.104 49.7 41.7 47.4 3.31 14.929 45.1 5.08 57.3 

Contrasta TrCI-TrC3 ns TrC1-TrO TrCI-TrC3 ns TrCI-TrC3 TrCl,TrC2 TrCl,TrC2 ns TrCl TrCZ 

Interaction effects 

CCl ~ ~
2 32.4 -3.2 -3.064 -24.8 -33.2 -18. 7 -1.02 -5.420 -17.3 0.22 18.4 
4 36.8 -3.4 -2.112 -16.6 -25.7 -20.1 -1.08 -8.230 -18.8 -0.02 11.8 
8 43.2 -5.4 -1.612 -25.0 -18.0 -28.6 -0.48 0.900 -27.8 -0.26 8.0 

Contrast Li Li u,a ns Li U Li ns Li Li Li 

CCl ! Tr 
Control 31.0 -4.2 -2.260 -28.6 -24.8 -21.0 -1.06 -2.593 -17.7 -0.08 9.6 
MS 41.2 -2.8 -3.018 -22.0 -32.5 -24.0 -0.98 -10.404 -24.8 -0.04 15.8 

,MS+T1 45.2 -4.6 -1.844 -13.2 -25.3 -22.5 -0.62 -9.921 -20.3 -0.18 14.6 
MS + T1 + T2 32.4 -4.4 -1.982 -24.8 -20.0 -22.5 -{).76 -6.131 -22.2 0.20 11.4 
LSD (0. 05) 3.4 1.2 0.420 ns 5.9 ns ns 3.363 ns ns 3.12 

a Statistically significant CP (0. OS) contrasts. Li =linear, a=quadratic. CCl =Nvs CSC+M), CC2 =SC vs M. CCl =2 1 -1 
CC2 =1 -1. CCll2 =contrast Ean. Tr.Ct =Tr1 YS Tr2+Tr3+T1"4, TrC2 =T1"2 vs Tr3+Tr4, TreJ =Tr3 vs Tr4. Trl =Control, 
Tr2 =MS, Tr3 =MS+T1, T1"4 =MS+T1+T2. 

ns =not significant. 
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detillering reduced harvest indices relative to the free-tillering 

control. On a plot ~asis, detillering resulted in-reduced grain yields 

and harvest indices, delayed spike emergence (for single stem plants 

only) and increased seedling development at 30 days relative to the 

control treatment. 

The seedling density x cultivar (D x C) interactions for culm 

length and diameter resulted because the MS culm dimensions of Neepawa 

plateaued-out with increasing seedling density while the same 

dimensions decreased for Siete Cerros and M1417. Spikelet numbers, 

seedling vigour and DSE dropped off faster with seedling density for 

Neepawa relative to the low-tillering cultivars. The seedling vigour D 

x C interaction involved a change in cultivar rank, primarily because 

the Haun stage rating of Siete Cerros increased slightly relative to 

the other cultivars at the densest sowing. Main stem grain yields of 

Siete Cerros and, particularly, M1417 dropped off faster than those of 

Neepawa with increasing density. Kernel weights of Neepawa remained 

relatively c?nstant over the three densities while those of Siete 

Cerros and, especially, M1417 were reduced as seeding rate increased. 

Conversely, the harvest indices of the low tillering cultivars changed 

little with seeding rate while those of Neepawa decreased linearly. 

Plot grain yields of Neepawa and Siete Cerros increased asymptotically 

with seeding rate while the yield response of M1417 was parabolic, 

hence the D x C (CC2) interaction. 

The cultivar x detillering (C x Tr) interactions for culm length 

and spikelet numbers are attributable to the greater positive response 
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of Neepawa main stems to tiller removal for those traits. In the case 

of kernel weight, however, Neepawa suffered a reduction with complete 

tiller removal while the low tillering cultivars showed little or no 

response to the same treatment. Three-stemmed plants of Neepawa and 

Siete Cerros had heavier (NS) MS kernels than their respective control 

while the same treatment resulted in slightly lighter MS kernels for 

M1417. Main stem grain yields of the low tillering cultivars were 

enhanced to a greater extent by tiller removal than were those of the 

high tillering cultivar. Conversely, Neepawa plot grain yields were 

reduced to a greater extent by tiller removal than were those of the 

low tillering cultivars. 

A partitioning of the seedling density x detillering treatment (D 

x Tr) interaction (Table 4.45) reveals that in a majority of cases,

differences due tQ degree of tiller removal diminished as seedling 

density increased. In seven instances the D x Tr interactions'involved 

changes in treatment rank with changes in density. The control plants 

produced shorter culms, fewer spikelets/spike and higher harvest 

indices than the mean of the three tiller removal treatments (TrCl) at 

the low and intermediate densities but longer culms, more 

spikelets/spike and lower harvest indices at the densest sowing. 

Compared to the three-stemmed plants (MS + T1 + T2) the grain 

yie:d/spike and kernels/spike of the two-stemmed plants (MS + Tl) were 

greater at the two lowest densities, but lower at the highest density. 

Main stem and plot harvest indices of the single stem (MS) plants were 

lower than the mean of the two and three-stemmed versions at the low 
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and intermediate densities but, higher at the densest sowing. The D x 

Tr interaction for plot harvest index is noteworthy in that it is the 

c~ly one for which both negative and positive treatment (Tr) contrasts 

are statistically significant. Furthermore, the single stem plants had 

a significantly (p<0.01) higher plot harvest index than the 

free-tillering plants at the- highest seedling density. 

The seedling density x cultivar x detillering (D x C x Tr) 

interaction (p<0.07) suggests that grain yield/plot was maximized under 

specific conditions. A closer examination of the data shows that the 

highest grain yield (22.0 g) was generated by the MS + T1 version of 

Siete Cerros at the densest sowing. This maximum grain yield 

represented 8 (p <0.10) and 31% (p<O.Ol) increases over free-tillering 

plants of Siete Cerros grown at the intermediate and highest density, 

respectively. The highest oligoculm grain yield/plot (17.1 g) was 

obtainea from MS + T1 + T2 plants grown at the intermediate density, a 

10% (p<O.lO) higher yield than the maximum for control plants grown at 

the highest density. All levels of tiller removal, regardless of 

seedling densl_y, resulted in reduced grain yields/plot relative to the 

control plants for the higher tillering cultivar Neepawa. 

The effect of seedling density on tiller relationships is 

illustrated in Figure 4.18. Data for certain parameters were not 

presented since density had lit~le or no effect (les~ than a 3% 

difference) on their MS-tiller differences. With the exception of 

harvest index the main stem consistently out-performed T1 and T2 

tillers. The differences between MS and either T1 or T2 increased as 
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the cultivar tillering capacity decreased. Kernel numbers per spike, 

and consequently grain yield, exhibited the largest MS-tiller 

dlf£erence. Increasing the seedling density put the tillers at a 

greater disadvantage relative to the main stem, this effect being 

accentuated for the low tillering cultivars. The density effect 

appears to be greater for the T2 tiller, with up to a 50% reduction in 

grain yield relative to the main stem. Harvest indices of both tillers 

were similar to those of MS at the low density but markedly lower at 

the higher density. The culm diameter response to density departed 

from that observed for the remaining traits in that T2 culm diameters 

of Neepawa and M1417 increased, relative to MS, with increasing 

density. 

The main stem spike of low tillering cultivars was better able to 

respond to reduced intra- and inter-plant competition by virtue of its 

larger size (Table 4.46). To further evaluate the cultivar x seedling 

density (or tiller removal) interactions, individual spikelet grain 

yields (Figure 4.19) and kernel numbers (Figure 4.20) were determined 

for MS spikes- The three cultivars differed in the distribution of 

intra-spike yield. The high tillering cultivar, Neepawa, and low 

tillering cultivars had more or less symmetrical and skewed 

distributions, respectively, for spikelet grain yield and kernel 

number. The oligoculm cultivar was characterized by marked apical 

spikelet sterility at the lowest density. A similar observation was 

ma~e.in the field seeding rate study. The low tillering cultivars, 

M1417 in particular, exhibited the greatest response to tiller removal 
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152

at each of the three seedling densities (Figure 4.19). In most cases, 

there was a positive correlation between spikelet grain yield and the 

level of tiller removal. The oligoculm cultivar deviated from the 

above trend in that the free-tillering plants had slightly larger 

spikelet yi~lds than the two and three-stemmed plants at the 

intermediate and high seedling densities. Unlike grain yield, the 
~

kernel numbers per spikelet of Neepawa were sensitive to tiller removal 

(Figure 4.20). In addition, the difference between high and low 

tillering cultivars for kernel number/spikelet was not as large as that 

observed for grain yield/spikelet. In general, though, the 

distribution for kernels/spikelet paralleled that of grain 

yield/spikelet. 

Statistical analyses of spike parameters (Table 4.47) estimated 

from the data presented in Figures 4.19 and 4.20 confirm the seedling 

density, cultivar and tiller removal effects suggested by the graphical 

data presentation. With the exception of the C x Tr interaction for 

the spikelet position at which maximum grain yields (MGYSP) and kernel 

numbers (MKNSP) occurred, and the D x Tr interaction for MKNSP, all 

two-way interactions were statistically significant. As was the case 

for MS and plot data (Table 4.45) a majority of the interactions 

involving cultivar differences were ascribable to the contrast 

comparing high and low tillering cultivars (CC1). 

All parameter means decreased with increasing seedling density, 

this effect being most pronounced for the grain yield (BY) and kernel 

numbers (BKN) of the basal spikelet (Table 4.48). The high and low
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Table. 4.47. Analyses of variance for maximu. grain yield CMGY) per spikelet, the spikelet 
position at which MGYoccurs (MSYSP), grain yield of the basal spikelet (BY), 
lIaXilUII kernel nWlber per spikelet (MKN) , the spikelet position at Nhich MKN 
occurs 01KNSP) and basal spikelet kernel nWlber (BKN). 

MGY MSYSP BY l'tKN JlI<NSP BKN 
Source of variation df Mean sqares 

(x loa) Cx loa) 
Seedling density CD> 2 . 6.457 If 10.058 H 4.693 H 12.019 If 20.045 If 18.044 H 

Linear (li) 1 12.318 H 18.801 H 6.546 H 23.952 H 38.406 H 25.884 H 
Quadratic 1 0.596 If 1.315 ns 2.840 H 0.086 ns 1.864 ns 10.204 H 
Cultivars (C) 2 18.269 H 14.790 H 2.8n H 18.434 H 5.594 H 8.794 H 
Nvs (SC+M) (CCl) 1 33. 718 H 9.142 H 0.035 ns 36. 70s H 0.117 ns 10.077 H 
SC vs M (CC2) 1 2.820 H 20.438 fl 5.718 If 0.163 ns 11.187 H 7.510 H 

Detillering <Tr)Z 3 1.280 If 7.306 H 6.605 H 7.049 H 4.&27 H 30.377 H 

TrCl 1 0.663 If 8.058 H 6.031 H 3.189 t4 5.973 f 30.303 II 

TrC2 1 2.940 H 13.699 H 13.112 H 17.259 H 7.784 If 57.033 H 

TrO 1 0.238 ns 0.162 ns 0.673 I 0.699 ns 0.124 ns 3.794 f 

Dx C 4 1.251 If 3.333 H 0.itC8 * 0.557 t 3.796 H 1.297 ns 
Li x CCI 1 2.027 H 8.224 H 1.131 H 0.299 ns 7.654 H 2.613 I 

Li x CC2 1 1.483 H 1.792 ns 0.010 ns 0.312 ns 2.112 ns 2.075 ns 
ox CCl 1 0.352 I 2.598 I 0.426 ns 1.597 H 3.867 f 0.363 ns 
Q x CC2 1 1.142 H 0.718 ns 0.145 ns 0.020 ns 1.551 ns 0.137 ns 
Dx Tr 6 0.230 H t.l00 ns 1.242 II 1.366 H 1.096 ns 4.3'90 H 

C x Tr 6 0.337 H 0.455 ns 0.600 .. 0.444 ns 1.249 ns 1.530 .. 
CCl x TrCl 1 0.005 ns 0.888 ns 0.060 ns 0.630 ns 3.103 ns 0.144 ns 
CCl x TrC2 1 0.985 If 0.731 ns 2,,609 H 0.155 ns 1.748 ns 5.376 H 

CCI x TrO 1 0.005 ns 0.935 ns 0.017 ns 0.516 ns 2.478 ns 0.972 ns 
CC2 )( TrCl 1 0.212 ns 0.058 ns 0.024 ns 0.143 ns 0.102 ns 1. SOO ns 
CC2 x TrC2 1 0.812 H 0.101 ns 0.828 t 0.906 t 0.031 ns 0.264 ns 
CC2 x TreJ 1 0.003 ns 0.015 ns 0.070 ns 0.314 ns 0.032 ns 0.924 ns 
Dx C x Tr 12 0.066 ns 0.691 ns 0.279 t 0.170 ns 1. ':/)7 ns 0.659 ns 
Error 108 0.065 0.587 0.138 0.210 0.909 0.645 
Total 143 

CV C~) 10.5 13.9 65.1 12.2 11.3 55.3 

ZSee Table 4.45 for a description of the contrasts.
I,*' Significant at the 0.05 and 0.01 probability levels, respectively. ns =not significant.
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Table 4.48. The effect of seedling density and tiller removal on maximum grain 
yield (MGY) per spikelet, the spikelet position at which MGY occurs 
(MGYSP), grain yield of the basal spikelet (BY), maximum kernel 
number per spikelet (KKK), spikelet position at which KKN occurs 
(KKHSP) and basal spikelet kernel numbers (BKH). 

l!!!n !!i!~~!

Seedling KGY KGYSP II BY KKK KKKSP II BKH 
density (D) 
(no./pot) (mg) (no. ) (mg) --------_ .... ------------ no. 

2 221.5 7.63 92.8 4.52 8.29 2.15 
4 183.3 7.56 43.2 4.15 8.13 1.20 
8 148.2 6.80 35.0 3.53 7.10 1.01 

~!:!!~!~!!:
Neepawa 115.9 6.97 59.2 3.35 7.80 1.83 
Siete Cerros 201.4 7.97 31.5 4.46 8.20 0.99 
"1417 235.7 7.05 80.3 4.39 7.52 1.55 

ContrastZ CC1,CC2 CC1,CC2 CC2 CCl CC2 CC1,CC2 

Q!~!!!~!:!!!g ~!:!!~!!!!!!~! iI!:l 
Control 172.6 7.74 21.6 3.81 8.19 0.66 
MS 211.6 6.69 118.1 4.72 1.34 2.15 
liS + Tl 182.2 7.40 54.0 3.91 1.87 1.43 
MS + T1 + T2 171.0 1.49 34.4 3.77 7.95 0.97 

ContrastZ TrCl,TrC2 TrCl,TrC2 TrC1-TrC3 TrC1,TrC2 TrCl,TrC2 TrC1-TrC3 

!n~!!:!2~!Q!! !!i!2~!

~~! ! Q 
2 -278.6 -0.52 -55.2 -2.12 0.28 0.26 
4 -189.6 0.00 29.4 -1.58 1.10 1.26 
8 -148.0 -2.70 46.0 -2.10 -1. 76 1.80 

ContrastZ Li,"Q Li,Q Li Q Li,Q Li

~~! ! II:
Control -209.6 -0.82 21.6 -2.64 0.96 0.90
KS -261.2 -0.78 -91.6 -2.22 0.28 -0.22
115 + Tl -178.6 -1.98 54.8 -1.46 1.66 2.36
KS + Tl + T2 -172.0 -1.04 42.0 -2.22 0.08 1.38
LSDCO.05) 50.8 ns 73.8 ns ns 1.60

I Numbered acropetally frail the basal spikelet.
Z See Table 4.46 for a description of the contrasts.
ns = not significant.
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tillering cultivars differed in that the latter had higher maximum 

grain yields and kernel numbers per spikelet. The two low tillering 

cultivars differed markedly from each other with respect to MGYSP, 

MKNSP, basal spikelet grain yield and kernel number. Tiller removal 

resulted in larger MGY, BY, MKN and BKN but reduced the MGYSP and 

MI<;NSP. 

The density, cultivar and tiller removal treatment differences 

were rarely more than one spikelet position, indicating that this 

determinant of intra-spike yield distribution is fairly constant. The 

difference in MGYSP and MKNSP indicates that maximum grain yield and 

kernel numbers do not necessarily occur in the same spikelet. The MGY, 

BY and BKN of Neepawa remained relatively constant over the three 

seedling densities while those of the low tillering cultivars dropped 

off as density increased, hence the D x C interaction. Conversely, the 

MGYSP and MKNSP of the low tillering cultivars decreased only slightly 

with increasing density while the same parameters for Nee~awa were 

markedly reduced at the densest sowing. The greater response of 

Neepawa to seedling density resulted in cultivar rank changes (Table 

4.48). The MKNSP of the low tillering cultivars decreased 

asymptotically while the MKN of Neepawa had a near-parabolic response 

to density, hence the quadratic effect for that particular interaction. 

The C x Tr interaction for MGY can be traced to the greater response of 

the low tillering cultivars to complete, relative to only partial 

tiller removal. The BY and BKN of the low tillering cultivars were 

greater than those of Neepawa when all tillers were removed, while the 

converse was true when less or no tiller removal occurred. 



156 

Partitioning of the D x Tr interaction sums of squares and 

examination of appropriate contrasts reveals that in all cases the 

magnitude of tiller removal contrasts decreased as seedling density 

increased, resulting in an interaction due to degree of response and 

no changes in treatment rank. 
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5. DISCUSSION

5.1 Genotypic variabilty for tillering patterns 

The tillering process in wheats is a major determinant of grain 

yield.. Each ttller or branch, on a wheat seedling has the potential to 

produce a spike. The number of'spikes produced per unit area has been 

recognized as a component of yield for over 60 years starting with the 

work of Engledow and Wadham (1923). Although genotypic differences for 

tillering have been reported for close to a century no conclusive 

evidence has been presented to date indicating that a particular 

tillering habit is superior for maximizing grain yield. Large 

environmental effects on the tillering process coupled with the 

compensatory abilty of later-formed plant organs has led to an 

obscuring of the tiller number to grain yield relationship, leaving 

Engledow and Hadham (1924) to lament "the problem of tillering". In 

the present study, emphasis was placed on identifying as wide a range 

of genotypic tillering capacities as possible without regard for 

maturity, quality or disease resistance characteristics. 

The evaluation of spring wheat germplasm at approximately 5% of 

the conventional seeding rate should have minimized inter-plant 

competition and allcwed a fuller expression 0f a genotype's tillering 

capacity. Indeed, the highest spike-producing genotypes had five times 

as many spikes as the least prolific genotypes in each of two years. 

In the absence of inter-plant competition tillering persisted past 

anthesis resulting in higher tiller numbers per plant at maturity than 
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at the time of spike emergence. Hence, it appears that spike counts at 

maturity were a good measure of genotypic tillering potential. The 

simi-larity of frequency distributions of spike numbers in two years 

(Figure 4.1) coupled with a moderate inter-year correlation suggests 

that genotype x year interaction was not a major concern in the 

identification of genotypes with diverse tillering habits. In light of 

the drastically different precipitation amounts and distribution 

patterns for 1983 and 1984 (Figure 5.1), the constancy of genotype 

potential for spike number is promising. Genotypes with a longer 

planting to spike emergence phase tended to produce more tillers, but 

the association was moderate in magnitude, indicating that late 

maturity is not necesarily a prerequisite for high tillering capacity. 

Although the range in tillering capacities observed under space 

planted conditions was not observed under solid-seeded conditions 

(Tables 4.3 and 4.4) the highest tillering genotype, none-the-less, 

produced 2.5 times as many tillers as the lowest-tillering genotype in 

two years of testing. Based on the 1985 tiller numbers of the 10 

highest and 10 lowest tillering genotypes selected in 1984 (ca. 20% 

selection pressure) a realized heritability estimate of 0.47+0.07 was 

obtained. This estimate is similar in magnitude to the inter-year 

correlation obtained in the space-planted experiment. The realized 

heritability estimate was biat"': Jownward due to the misclassification 

of PI436-194 as low-tillering based on 1984 data. This 

misclassification is quite obvious considering that the genotype in 
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question was the third most prolific tiller-producing entry in the 

germplasm evaluation experiment (Table 4.~). It seems based on the 

longer than average period between planting and spike emergence for 

PI436-l94, that increasing moisture stress in 1984 may have coincided 

with the peak tillering phase of that genotype plus curtailing its 

tillering capacity. Based on the 1985 genotype evaluation trial (Table 

4.4), tiller and spike number differences' among genotypes were not a 

consequence of differing plant stands. 

Correlations between the tillering capacity of genotypes grown 

under space-planted and solid-seeded conditions in 1984 indicated there 

is a fairly weak association between spikes/plant and tillers/m2 . A 

clue to the reason for the occurrence of these conflicting results may 

be found in the association between spikes/plant and tiller 

mortality/m2 (r = 0.44**). This association implies that genotypes 

which are prolific tiller producers at wide plant spacings have high 

tiller mortalities in solid-seeded plots, resulting in reduced 

spikes/m2 and hence the weak association between sing=_d plant and 

crop spike numbers. A further cause for this apparent genotype x plant 

density interaction may be the fact that a number of early-heading 

genotypes (Ingal, PI351-9l7, CI17935) with low til1ering capacities 

under space-planted conditions produced higher than average numbers of 

tillers/m2 . As was seen from subsequent experiments, the cultivar 

Inga~, despite a very short life cycle, was one of the most 

consistently high-tillering genotypes evaluated. 
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The evaluation of genotypes selected to represent as wide a range 

of tillering capacities as possible indicates quite clearly that there 

is no association between grain yield and either tiller or spike 

numbers (Tables 4.3 and 4.4). Furthermore, the regression of grain 

yield on spike numbers for the 1984 experiment (Table 4.3) reveals, by 

the absence of a quadratic yield response, that intermediate tillering 

genotypes do not yield differently from the high and low tillering 

genotypes. 

Tiller mortality does not appear to be associated with maximum 

tiller number nor is there any relationship between ,a genotype's tiller 

mortality and grain yield. Standard bread wheat cultivars currently 

grown in the Canadian prairies can be classified as medium- to 

high-tillering with intermediate levels of tiller mortality and average 

grain yields (Tables 4.3 and 4.4, Figure 4.2). Under space-planted 

conditions Neepawa, Sinton and Columbus fell in the 59th to 83rd 

percentile range for spikes/plant. 

The apparent independence of a genotype's grain yield from either 

maximum tiller number or tiller mortality has previously been noted in 

spring barley (Simmons et al., 1982). Tiller mortality, however, may 

have a negative impact on grain yield in winter wheat (Shanahan et al., 

1985). Winter wheat crops (Simons and Hunt, 1983; Shanahan et al., 

1985) typically produce two- to four-times more tillers/m2 than 

spring wheat crops, largely as a consequence of the extended tillering 

phase in fall-sown cereals. The greater potential for tillering in 

cereal crops with an extended vegetative period can in turn result in 
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higher tiller mortality levels, providing some scope for the negative 

impact of tiller mortality on grain yield. 

The discovery of restricted-tillering wheat genotypes by Atsmon 

and Jacobs (1977) has provided crop researchers with a potential tool 

to study Donald's (1968) proposed uniculm and oligoculm ideotypes. The 

putative advantages of restricted- over free-tillering genotypes in 

semi-arid environments (Marshall and Boyd, 1985) led to the evaluation 

of the former plant type under central Saskatchewan conditions. In the 

present study, repeated evaluations of oligoculm genotypes have led to 

the conclusion that this plant. habit is consistent with regards to low 

tiller and spike production as well as a markedly lower yielding 

potential relative to free-tillering cultivar~. In addition to being 

detected statistically by least significant differences or single 

degree of freedom contrasts, the lower yield potential of oligoculms 

was illustrated by positive correlations (r = 0.81**, 0.41*, 0.61*) 

between tiller numbers and grain yield for three experiments 

(1983-1985) in which low-tillering genotypes were evaluated. As noted 

earlier, there was no association between either tiller or spike 

numbers and grain yield for germplasm with conventional tillering 

habits. The association between tiller numbers and yield in the 

oligoculm evaluation trials indicates that the tillering potential of 

this material is inadequate for maximizing yield at commercial seeding 

rates. This conclusion is compatible with the findings of a recent 

Australian study. Upon .comparing two biculm genotypes with two 

standard free-tillering cultivars Marshal and Boyd (1985) concluded 
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that the restricted-tillering material, despite a 50% greater main stem 

grain yield, yielded 30% less than the conventional~enotypeson a 

per-plant or plot basis. 

By definition, an oligoculm genotype should produce only 3 to 5 

tillers per plant in the absence of inter-plant competition. Of the 23 

low-tillering genotypes evaluated, 14 fit the above description." Three 

gibberellin (GA)-insensitive CIMMYT oligoculms (S19, S21 and S26) 

yielded better than the GA-sensitive Minnesota 'Oligoculm' genotype. 

By virtue of their higher yield potential these three genotypes should 

be of some value in future comparisons of oligoculm and 

conventionally-tillering genotypes. 

At the plant-densities used in this study the slightly higher 

kernel weight of oligoculm genotypes did not compensate for their 

reduced number of spikes/m2 • In 1984 when high tiller mortalities 

were observed, oligoculms had half the mortality recorded for 

free-tillering cultivars but were still lower yielding. One positive 

attribute of the oligoculm material tested is that it consistently 

headed 3 to 5 aays earlier than conventional cultivars. 

The analysis of seasonal tillering patterns in diverse cultivars 

sown at early and late dates indicates that the differences in 

tillers/m2 are indeed a function of genotypic diversity for that 

trait, and not simply attributable to environmental variability or a 

genotype's seedling emergence capacity (Table 4.8). Significant 

cultivar x sampling time interactions for tillers/m2 suggest that 

cultivars differ in their seasonal tillering patterns. Generally, all 

cultivars follow a similar over-all progression of rapidly increasing 
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tiller numbers ending in a short plateau which coincides roughly with 

spike emergence, followed by varying degrees of tiller mortality and a 

relatively constant tiller number until physiological maturity (Figure 

4.4). Variation in tillering patterns appears to result from cultivar 

differences in the time to maximum tiller numbers. In other words, the 

tillering plateau is displaced over time. Additionally, the degree of 

tiller mortality can result in cultivar rank changes in the later 

stages of the tillering process. 

The fact that a random, destructive sampling technique was used in 

obtaining the tillering data should eliminate or at least reduce the 

heterogeneity of sampling time error variances. The resulting 

heterogeneity of the error '(Cultivar x sampling time x replicate 

interaction) may invalidate a traditional split-block analysis in which 

repeated tiller counts are made on the same experimental unit (Rowell 

and Walters, 1976). In fact, a repeated measures analysis (Rowell and 

Walters, 1976) for tillers/m2 over time revealed (data not shown) 

that error variances were homogeneous, validating the split-block 

analysis. The fact that highly significant cultivar and cultivar x 

sampling time interactions were obtained using a random sampling 

approach lends greater credence to the conclusion that there is indeed 

genetic variation for tillering patterns. Since plant samples were 

harvested from randomly pre-staked subplots within main plots, plant 

densities (Table 4.8) should have varied randomly across sampling 

times. Statistical analyses, however, indicate that there were highly 
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significant plant density differences among sampling times, which upon 

examination of the data appear to be due to a decline in plant numbers 

over time. Plant mortality due to biotic factors might account for the 

15% reduction in plant numbers over the sampling period. 

Final spike numbers, also known as fertile or effective tillers, 

are a product of maximum tiller number and tiller mortality. For the 

10 cultivars evaluated for tillering patterns in 1983 (Table 4.9) the 

difference between the highest and lowest spike-producers was 61%, 

compared to a 240% difference observed in trials which included extreme 

genotypes from the initial germplasm evaluation of 373 genotypes. 

Ingal and Neepawa, with one exception, produced the most spikes/m2 

over three years of evaluation. The absence of low-tillering 

genotypes, obtained from the original germplasm evaluation (Tables 4.3 

and 4.4) accounts for the smaller range in cultivar spike production in 

the 1983 experiment (Table 4.9). In addition to being a consistently 

high spike producer, Ingal was characterized by the largest secondary 

flush of tillers in the early 1983 planting. Tillers resulting in 

secondary vegetative growth did not develop de-novo, but emerged from 

subtending leaf sheaths, bearing 2 to 3 rudimentary leaves. These 

tillers were identical in appearance to the post-anthesis tillers 

depicted by Aspinall (1961) for greenhouse-grown barley. Based on 

tiller counts one week after a tiller regrowth-inducing rainfall (Table 

4.9) there appears to be substantial g~notypic variability for 

secondary tillering. Whether these differences could be exploited for 

the purposes of varietal improvement is open to speculation since it is 
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likely that secondary vegetative growth is partly a function of a 

cultivar's developmental stage relative to the occurrence of moisture 

stress-alleviating precipitation. Secondary flushes of tillers are not 

desirable since these later-formed tillers generally do not mature in 

the short growing period common to central Saskatchewan. In addition 

to making little or no contribution to crop grain yield, tillers from 

secondary flushes may delay maturity and preclude a direct-combined 

harvest. 

In the 1983 tilleringpattern study cultivar differences in tiller 

mortality were statistically non-significant despite a 16 percentage 

point difference between extreme cultivars. It is likely that the use 

of different subsamples to calculate tiller mortality resulted in the 

large coefficient of variation (CV) for that trait. Subsequent field 

trials in which tiller mortality was calculated from tiller and spike 

counts from the same plot area resulted in CV's which were typically 

half to three-quarters of the 41.2% obtained in the 1983 study. 

Delayed seeding had no effect on tiller production but caused a 

significantly higher tiller mortality which resulted La lower spike 

numbers (Horner, 1936; Black and Siddoway, 1977). Cultivar x seeding 

date interactions for spikes/m2 and tiller mortality were 

statistically non-significant. 

Genotypic differences in tillering pattern can be studied further 

by quantifying the emergence and survival of specific tillers on 

individual seedlings. The frequency at which a specific tiller emerges 

is largely influenced by agronomic practices such as seeding rate and 
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nitrogen fertilization (Cannell t 1969a; Kirby and Faris t 1972; Fraser 

et al. t 1982)t making it difficult to compare studies reported in the 

literature. However t the trends observed for percent tiller emergence 

and survival in this study (Tables 4.10 and 4.11) are similar to those 

previously observed in wheat (Rawson t 1971; Fraser et al. t 1982). The 

first two true leaf tillers (T1 and T2) emerge at a frequency similar 

to that of the main stem followed by T3 t T10 t T20 and TIl. The 

coleoptilar tiller (TO) emerges at a frequency which iS t on the 

average t half that observed for either T1 or T2 while the secondary 

tillers TOO and TOI are virtually absent in most cultivars. Cultivars 

differ significantly with regards to the emergence of specific tillers t 

the differences being more pronounced for TOt secondary and 

higher-order main stem tillers. In general t the degree of tiller 

survival parallels that of tiller emergence. Highly significant 

cultivar x tiller interactions for tiller emergence and survival are 

likely due to increasing cultivar differences with increasing tiller 

order. These differences are particularly evident in comparisons of 

cultivars known to be high and low tilleting on a crop basis. A 

detailed examination of TO tiller emergence (Table 4.12) reveals that 

the cultivars Ko-Fong and. Siete Cerros which are characterized by a low 

emergence frequency for that tiller t do so by virtue of curtailed TO 

bud development as opposed to tiller mortality during the soil 

penetration process. 

Another approach in describing tillering pattern differences 

involves determining the time taken for individual tillers to emerge 
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Signficant cultivar x year (C x Y) interactions for tiller 

appearance rate, maximum tiller number" tiller senescence rate, tiller 

mortality and spike number provide further evidence of G x E 

interactions for tillering patterns. A complete reversal of 

precipitation patterns for 1984 and 1985 (Figure 5.1) is likely to be 

responsible for the C x Y interactions. In 1984 there was sufficient 

precipitation for a greater expression of Neepawa's higher tillering 

capacity relative to the LT cultivars. In 1985, however, lack of 

rainfall during the month of June (21% of the long-term average) 

limited the tillering of Neepawa to a greater extent than that of Siete 

Cerros and M1417. The C x Y interaction for tiller mortality stems 

from the reduced tiller mortalities of Neepawa and Siete Cerros in 1985 

relative to 1984, but the converse for M1417. Compared to the other 

.cultivars the oligoculm's response to reduc~d precipitation is similar 

to that observed for inter-plant competition, namely the death of 

emerged tillers as opposed to a curtailment of the tillering process. 

The three-way interaction years x cultivars x seeding rates (Y x C 

x S) for tiller and spike numbers (Figure 4.6) is primarily a result of 

cultivar differences (HT vs LT) decreasing as seeding rates are raised 

in 1985 versus increasing cultivar differences in 1984. The 

substantial reduction in tiller numbers of Neepawa in 1985 appears to 

account for these Y x C x S interactions. The CC1 x S interaction 

trends described earlier for tiller and spike numbers are evident in 

both years, but Neepawa's tolerance of inter-plant competition is 

diminished due to putative moisture stress in 1985. 
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There appears to be no advantage of LT over HT cu1tivars under the 

semi-arid growing conditions common to central Saskatchewan. Averaged 

over years, locations and seeding rates one of the LT cu1tivars, Siete 

Cerros, yielded 15% more than Neepawa (Table 4.27). In contrast, the 

oligocu1m yielded more than the HT cultivar in 1984 but less in 1985, 

resulting in a Y x C interaction for grain-yield. As might be expected 

(Clements et a1., 1974; Faris and DePauw, 1981), the two semidwarf 

(LT) cultivars produced higher grain yields/spike by virtue of higher 

kernel numbers/spike and heavier kernel weights (Table 4.29). 

Generally, the semidwarf cultivars had higher harvest indices than 

Neepawa but this trait was subject to substantial G x E interaction. 

Although the HT and LT cultivars headed at about the same time (Table 

4.27) the latter matured nearly a week later than Neepawa, suggesting 

that the larger kernel sizes of the LT cu1tivars are associated with a 

longer grain-filling period. 

In this study grain yields were maximized at a seeding rate of 

362 seeds/m2 , this is higher than the 150-250 seeds/m2 currently 

recommended for the Saskatoon region. Baker (1982) obtained maximum 

grain yields at a seeding rate of 430 seeds/m2 in the same region. 

In addition to raising grain yields, higher seeding rates resulted in 

high test weights and fewer days to maturity. The hastening of 

maturity at higher seeding rates (Briggs, 1975; Faris and DePauw, 1981) 

could be a critical factor allowing the production of later-maturing 

cultivars in areas with shorter growing seasons. Typically, increasing 

.the seeding rate caused a reduction in culm length, kernel 
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numbers/spike, spikelets/spike, kernel weight and harvest index 

(Guitard et al., 1961; Puckridge and Donald, 1967; Faris and DePauw, 

1981). In addition to affecting yield characteristics, increasing 

seeding rates caused a reduction in seedling Raunstage 30 days after 

planting. Kirby and Faris (1970) observed that increasing the plant 

density of a barley crop resulted in internode elongation starting at a 

lower node and generally shifted main stem development to an earlier 

date, ultimately reducing main stem leaf numbers. Although 

statistically nonsignificant the 80 seeds/m2 seeding rate had a 

higher MS Raun rating than the lo~est seeding rate. This deviation 

from linearity was also observed for culm length, suggesting that there 

is a shift from inter-tiller (intra-plant) to inter-plant competition 

in the 40-80 seeds/m2 seeding rate range. Puckridge and Donald 

(1967) documented a similar phenomenon with spikelets/spike, 

kernels/spike, kernel weight and grain yield/spike but at seeding rates 

in the range of only 1.4-7 seeds/m2• Similarly, the C x S 

interactions for culm length, seedling Raun stage, spike and tiller 

numbers exhibited deviations from over-all trends at the 80 seeds/m2 

seeding rate. A possible explanation for these C x S patterns is that 

the switch-over from intra- to inter-plant competition occurs at 

different plant densities for the HT and LT cultivars. 

As mentioned earlier, this study was unable to demonstrate an 

advantage of the LT cultivars over the HT cultivar Neepawa due to the 

lower yields of M1417 and the later maturity of both LT cultivars. A 

number of G x E interactions provide further support for the above 
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conclusion. In addition to significant Y x C and C x S interactions, 

the three yield traits: grain yield/spike, kernels/spike and harvest 

index were characterized by Y x C x S interactions (Figure 4.6). These 

Y x C x S interactions involved changes in cultivar ranks, thus 

deserving a closer examination. The kernels/spike interaction came 

about because kernel numbers of the LT cultivars decreased to a greater 

extent as seeding rate increased in 1985 compared to 1984 while the 

reverse was observed for Neepawa. In the case of harvest index, 

seeding rate evinced little response from either LT or HT cultivars in 

1984 whereas in 1985 Neepawa was characterized by a slight drop in 

harvest index while the LT cultivars suffered substantial reductions 

with increasing seeding rates. The oligoculm cultivar had a harvest 

index of only 35.5% compared to harvest indices of 42.1 and 44.4 for 

Siete Cerros and Neepawa, respectively, at the highest seeding rate in 

1985. The Y x C x S interaction for grain yield/spike is a result of 

cultivar relationships similar to those described for kernels/spike 

except that grain yields/spike of Neepawa were greater at all seeding 

rates in 1985. In contrast, the grain yields/spike of the LT cultivars 

were greater at the three lowest seeding rates in 1985, dropping below 

1984 means at the two densest sowings. 

It appears that LT cultivars are more sensitive to the combination 

of high seeding rates and moisture stress during the tillering phase 

than Neepawa. The early drought in 1985 caused a marked reduction in 

the tiller numbers of the HT cultivar which was initially compensated 

by an increase in kernel numbers/spike and subsequently when moisture 
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stress was alleviated, by higher kernel weights. In the LT cultivars, 

however, the slight reduction in tiller numbers was accompanied by a 

decrease in kernel numbers/spike. Even though kernel weight increases 

were higher than for Neepawa, this last compensation mechanism was 

inadequate at the two densest sowings, resulting in low harvest indices 

and ultimately yields similar to those of the HT cultivar Neepawa. The 

problem of low oligoculm yields at conventional seeding rates (Section 

4.2.2) was not solved by increasing plant populations as was the case 

for uniculm barley (Donald, 1979). Furthermore, the apparent 

instability of yield of the oligoculm plant type limits its suitability 

for the rainfed production areas of central Saskatchewan which 

typically have erratic precipitation patterns. 

Compared to the main stem, individual tiller grain yields (Figures 

4.10 and 4.18) were reduced to a greater extent by increased 

inter-plant competition. These yield reductions are primarily a result 

of reduced kernel numbers and weights. In general, spikelet 

numbers/spike and harvest indices of individual tillers are similar to 

those of the main stem and are not affected by plant density. The 

greater MS-tiller grain yield d~fferential of LT cultivars as plant 

density increases might, in part, account for the poor performance of 

those cultivars relative to Neepawa at the higher seeding rates in 

1985. 

The combination of reduced tiller emergence and survival with 

lower tiller yields (relative to the main stem) due to increasing 

seeding rates results in rapidly increasing main stem contributions to 
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plant grain yield (Figure 4.11). Main stem yield contributions are 

greater in LT cultivars (Table 4.29) accounting for over 80% of the 

yield at a seeding rate of 230 seeds/m2 compared to 66% for Neepawa. 

The T1 and T2 tillers account for the balance of the grain yield at the 

commercial seeding rate. The MS contribution of LT cultivars increased 

more rapidly than that of Neepawa at the intermediate seeding rates, 

lending support to the previously-made conclusion that the HT cultivar 

was less sensitive to inter-plant competition. Similarly, tiller yield 

contributions of the LT cultivars were reduced to a greater extent by 

the early drought in 1985 than were those of Neepawa. Aggarwal and 

Sinha (1983) documented similar cultivar response differences to 

drought in a comparison of the Siete Cerros-related cultivar Kalyansona 

to the higher-tillering cultivar C306. Aggarwal and Sinha (1983) 

concluded that the LT cultivar Kalyansona was better suited to 

non-drought environments while the buffering effect of higher tiller 

numbers provided the cultivar C306 with the yield stabilty which made 

it popular in the rainfed wheat production regions of India. 

Under ~ontrolled environment conditions continual tiller removal 

(Section 4.7) resulted in significantly higher main stem grain yields 

(Table 4.46). At the lowest and highest plant densities MS yields were 

increased by an average of 53 and 18%, respectively, by complete 

detillering. MOhamed and Marshall (1979) reported a 50% increase in 

MS grain yield when all tillers were removed just prior to flag leaf 

appearance while Kemp and Whingwiri (1980) obtained 86% greater MS 

grain yields by continual tiller removal in the field. The larger 
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spikes of the LT cultivars (Figures 4.19 and 4.20) resulted in greater 

main stem yield responses to tiller removal relative to Neepawa. Grain 

yields, howeve=, were not maximized as indicated by a reduction in 

harvest index with complete and near-complete tiller removal. As 

previously documented (Jones and Kirby, 1977; Kemp and Whingwiri, 

1980), in the absence of moisture stress free-tillering plants yield 

more than completely detillered plants despite a dramatically enhanced 

main stem dry matter accumulation. In this study LT cultivar plot 

grain yields were enhanced by partial tiller removal at either the 

intermediate or high plant densities. These improvements in grain 

yield were accompanied by increases in harvest index, suggesting that 

at the higher levels of inter-plant competition higher-order tillers 

which normally do not survive to maturity are detrimental to crop 

yields of LT cultivars. Partial tiller removal failed to elicit an 

improvement in plot grain yield at either of the three densities for 

the cultivar Neepawa. These results suggest that non grain-bearing 

tillers of Neepawa do not compete with the main stem sufficiently to 

have a negative impact on whole plant yields, possibly because they 

succumb to inter-tiller competition at an earlier developmental stage. 

Main stem grain yield increases associated with tiller removal 

were a result of greater kernel numbers/spike rather than increases in 

kernel weight (Table 4.46). Kernel numbers and consequently the grain 

-
yields of the mid to lower spikelets increased the most in response to 

tiller removal~(Figures 4.19 and 4.20). Similar results have been 

previously reported for greenhouse (Mohamed and Marshall, 1979) and 
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field (Kemp and Whingwiri, 1980) studies. The basal spikelets of the 

LT cultivars responded to tiller removal to a much greater extent than 

those of Neepawa as manifested by cultivar x tiller removal 

interactions for basal spikelet kernel numbers and grain yields (Table 

4.48). The dominance of mid-basal spikelets (Rawson and Evans, 1970) 

of LT cultivars is accentuated in situations where maximum spike yield 

potentials are approached. Although both LT cultivars had asymmetrical 

intra-spike yield distributions, this asymmetry was more pronounced for 

the oligoculm when inter- and intra-plant competition was at a low 

level. Generally, the yield~compensatingabilities of LT cultivar 

spikes allowed them to yield more than the HT cultivar at the lowest 

plant densities in both the controlled environment and field studies. 

The intra-spike dominance of the LT cultivars is a further 

manifestation of the greater dominance of older plant organs which was 

measured in terms of reduced tiller synchrony and higher main stem 

tiller differentials for seedling phytomass (Section 5.1) and mature 

tiller yield characteristics (Section 5.1 and present section). The 

detrimental effect of high seeding rates combined with moisture stress 

in the field (1985) on the LT cultivars, particularly the oligoculm, 

indicates that there is a weakness in the yield compensatory mechanism" 

of the oligoculm plant type under particular environmental conditions. 

The oligoculm, however, was characterized by a significant reduction 

in plot grain yields relative to Siete Cerros at the highest plant 

density in the controlled environment study. Care was taken in the 

latter study to prevent both nutrient and water stress, suggesting 
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that the drop in oligoculm grain yields was associated with increased 

inter-plant competition resulting in higher plant mortalities. Based 

on spike counts at maturity the oligoculm had a minimum plant mortality 

of 14% compared to only 1% for Neepawa and Siete Cerros at the ·highest 

seeding rate in the 1985 field plantings. Stunted plants similar to 

those described by Atsmon and Jacobs (1977) were observed at the plant 

densities at which plant mortality was detecte~. According to Atsmon 

and Jacobs (1977) the frequency of stunted plants in plantings of 

unicu1m wheat was a function of day1ength and temperature; the 

frequency of stunted plants being highest with long days and low 

temperatures. It appears that high levels of inter-plant competition 

can induce a phenomenon similar to the 'thermo-photoperiodic' effect 

described for uniculm wheat. Although a reduction in the number of 

spike-bearing plants might account for the reduced oligoculm yield at 

the highest seeding rate in 1985 there still remains the question of 

why the main stem kernel numbers and subsequently the harvest indices 

of the LT cultivars, and the 011goculm in particular, were reduced by 

that year x seeding rate combination. One might speculate as to why 

the number of kernels/spike of the LT cultivars were lower while those 

of Neepawa were higher in 1985 compared to 1984. It is possible, for 

instance, that in the face of increasing drought stress greater 

intra-spike dominance of the LT cultivars resulted in the growth of the 

earliest and more competitive kernels only, limiting the number of 

kernels/spike relative to the HT cultivar which typically has a more 
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symmetrical intra-spike yield distribution. Furthermore, kernel 

weights of the oligoculms may not have compensated for the lower kernel 

numbers because inter-plant competition may have resulted in palea and 

lemma size-reductions (Grafius, 1978) which in turn limited potential 

kernel size. A curtailment of the grain-filling period is not a likely 

cause of the reduced oligoculm kernel weights since test weight~ were 

at a maximum at the particular year x seeding rate combination which 

resulted in the marked yield reduction of the oligoculm cultivar. 

In conclusion, cultivars with diverse tillering habits were shown 

to respond differently to changing environments as illustrated by 

cultivar x seeding rate and cultivar x year interactions for tillering 

characteristics. Although statistically significant, G x E 

interactions did not involve changes in cultivar rank when comparing 

the high-tillering cultivar Neepawa to the two low-tillering cultivars 

Siete Cerros and M1417. The cultivar x seeding rate interactions came 

about because the tillering traits of the HT cultivar were less 

sensitive to increasing inter-plant competition. It is suggested that 

reduced apical dominance in the HT cultivar results in diminished 

intra-plant competition which in turn results in higher tiller 

production levels at intermediate plant densities. At higher seeding 

rates inter-plant supp.rcedes intra-plant competition thus reducing the 

expression of genotypic differences in tillering capacity. The year x 

cultivar interactions for tillering are a result of tiller-promoting 

precipitation levels in one year which enhanced the tillering of the HT 

cultivar relative to that of the LT cultivars. In the second year of 
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the study a drought during the tillering phase minimized cultivar 

differences for all the tillering traits except tiller mortality. In 

contrast to the G x E interactions for tiilering traits the 

interactions for grain yield and a number of yield related traits 

involved changes in cultivar rank. The G x E interactions for yield 

are indicative of a weakness of the LT cultivars, and oligoculm 

genotypes in particular, under extended tillering pha&e drought 

conditions. It appears that genotypes with a greater plasticity of 

later-developed yield components are not suited for the erratic 

precipitation distributions common to central Saskatchewan.. 

5.2.2 The effect of seeding depth on the tillering and yield 

characteristics of four spring wheat cultivars 

Under field conditions, increasing the seeding depth from 3 to 5 

cm had a small, albeit statistically significant effect on tillering 

and yield-determining traits (Table 4.31). Over all, tillering was 

reduced, matur~ty delayed, grain yield decreased and kernel weight 

unaffected by deeper seeding. Frederick and Marshall (1985), based on 

a multi-year and location study, concluded that doubling the seeding 

depth from 1.9 to 3.8 cm decreased tiller numbers but had little or no 

effect on kernel weight and gr2~.n yield. In contrast to a majority of 

the traits measured which decreased linearly with seeding depth, the 

rates of tiller appearance and senescence were greatest at the inter

mediate (4 cm) depth of sowing in this study. In addition, the length 

of the tillering phase and seedling Haun stage were lowest at the 4 
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cm seeding depth. The Raun stage rating measurement is in fact a main 

stem development measurement and it is indicative of a greater 

curtailment of main stem development at the intermediate seeding depth 

compared to the 3 and 5 cm depths. To speculate, MS development may 

have been slightly curtailed by the 1 cm increase in seeding depth, 

leading to reduced apical dominaqce and hence a greater proliferation 

of tillers which in turn slowed down main stem development by competing 

for assimilates. At the deepest seeding, though, the seedling would 

probably use up more seed reserves to emerge, resulting in a greater 

dominance of the main stem and hence reduced ocmpetition from early 

tillers. 

The four cultivars used in this study were chosen based on their 

diverse tillering and yield characteristics (Section 4.2.3) and as 

might have been expected, cultivar differences accounted for a large 

portion of the variation measured. In addition to having lower 

tillering rates, producing fewer tillers and maturing earlier, the 

early-heading cultivars Ingal and Potam yielded significantly less 

than the later-heading cultivars Pitic 62 and Neepawa. These findings 

concur with results from previous studies (Section 4.2.1) which 

indicated there is a moderate positive correlation between time to 

spike emergence and tiller numbers. Cultivars with a larger spike mass 

matured later and yielded more than the cultivars with smaller spikes. 

Early and late heading cultivars differed in their response to 

increasing seeding depth as did the RT cultivars Pitic 62 and Neepawa. 

Cultivar x seeding depth interactions, some of which involved changes 

in cultivar rank, appear to have been caused largely by the divergent 
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response of Pitic 62 to seeding depth. In the case of seedling 

establishment, seedling numbers/m2 of Ingal, Potam and Neepawa tended 

to decrease with seeding depth whereas the seedling numbers of Pitic 62 

were reduced approximately 20% at the intermediate depth compared to 

either the 3 or 5 cm depths. There does not appear to be an obvious 

explanation for the above phenomenon. A further cultivar x seeding 

depth interaction came about because the kernel weight of Pitic 62 

increased with seeding depth while the kernel weights of the remaining 

cultivars decreased in a curvilinear fashion. Similarly, the grain 

yield of Pitic 62 increased curvilinearly with seeding depth while that 

of the remaining cultivars decreased. In addition, the yields of the 

early heading cultivars were affected to a greater extent by seeding 

depth, decreasing by 9% compared to only 4% for Neepawa. In contrast 

to Neepawa tiller numbers which ~ere relatively constant over the three 

seeding depths; Pitic 62 tiller numbers decreased by approximately 

17%. 

A detailed study of seeding depth,and temperature effects on the 

tillering patterns of Pitic 62, Neepawa, Ingal and Potam was carr~cd

out under controlled environment conditions (Section 4.6). Based on 

the data from individual plants, doubling the depth of sowing from 3 to 

6 cm delayed seedling emergence, increased the median tiller emergence 

time calculated from seedling emergence (TE50) and reduced maximum 

tiller numbers (Table 4.37). Depth of seeding, however, did not affect 

the maximum tillering r~te (MTER) or tiller mortality. In contrast, 

under field conditions increasing the seeding depth from 3 to 5 cm did 
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reduce rate of tillering and tiller mortality. Increasing the seeding 

depth from 6 to 12 cm reduced seedling emergence to levels 

approximately 42 and 9% of those observed for the 3 and 6 cm depths at 

the 10/5 and 20/10oC temperature regimes, respectively. The 

extremely low seedling emergence of short-statured (Ingal) and 

semidwarf cultivars (Pitic 62~ Potam) at the high temperature x deep 

seeding combination has been observed in semidwarf winter wheat 

genotypes (Burleigh et aL.; 1965). In the latter study the inherently 

shorter coleoptile lengths of the semidwarf wheats combined with a 

universal reduction in coleoptile lengths at higher temperatures was 

responsible for an acute reduction in seedling emergence from a depth 

of 10.2 cm. At the lower temperature regime doubling the depth of 

sowing from 6 to 12 cm delayed seedling emergence by a week and TE50 by 

3.4 days while reducing MTER, maximum tiller number and tiller 

mortality. 

Cultivar rankings in the controlled environment low temperature 

regime and the field study were similar for rate of tillering, tiller 

numbers anu tiller mortality but practically reversed when the traits 

estimating the length of the tillering phase (TE50 and days to maximum 

tiller number) were compared. The cultivar Ingal which consistently 

produces high tiller numbers under field conditions (Section 4.2) has 

in fact, based on controlled environment data, a JA~ tillering 

potential. In general, the early heading cultivars, produced fewer 

tillers by virtue of a shorter tillering phase. It seems that the 

combination of short culms and low apical dominance results in the 
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persistent tillering habit which is a characteristic of Ingal under 

field conditions. 

Increasing the temperature from a regime of 10/5 to 20/10oC 

hastened seedling emergence and the tillering process as evinced by a 

higher maximum tiller emergence rate and lower median tiller emergence 

time. Averaged over cultivar and seeding depth means, the higher 

temperature regime resulted in a higher tiller production but lower 

tiller mortality. The 38% increase in tillering rate associated with 

the doubling in temperature 1s similar to the 30% calculated from data 

presented by Friend (1965) in a comparison of the cultivar Marquis 

grown at 10 and 20oC. The slight increase (4%) in tiller number at 

the higher temperature in the present study contrasts with the 12 to 

16% decrease in maximum tiller number resulting from temperature 

increases reported elsewhere (Friend, 1965; Rawson, 1971). Similarly, 

tiller mortality was shown to be lower at the, higher temperature which 

is not in agreement with the positive association between tiller 

mortality and temperature reported by Friend (1965) and Rawson (1971). 

The latter studies, however, lacked a temperature regime equivalent to 

the 10/50 C regime used here, possibly accounting for the conflicting 

results. 

Cultivars did not respond uniformly to temperature changes for 

median tiller emergence time, maximum tiller emergence rate and maximum 

tiller number. The temperature x cultivar (T x C) interactions for 

TE50 and maximum tiller number did not involve changes in cultivar 

rank. These interactions may be attributed to a decrease, for early 
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heading cultivars, compared to an increase in tiller number INith 

temperature for the later-heading cultivars. These changes in tiller 

number are likely a result of the relatively larger reduction in TE50 

of Ingal and Potam at 20/10oC. The T x C interaction for MTER 

involved changes in cultivar rank , largely as a result of the greater 

response of the early-heading cultivars to temperature. The 

later-heading cultivars tended to have the higher tillering rates at 

the lower temperature while the early heading cultivars had a higher 

MTER at the higher temperatures. 

Data for the time to emergence of individual tillers (Table 4.39) 

substantiate the conclusion for median tiller emergence time drawn 

from the analysis of individual plant tillering patterns. The delaying 

of tiller emergence by deeper seeding was most pronounced for the 

coleoptilar tiller (TO). In addition to increasing the time to 

emergence from 11.0~.7 to 14.1~.6 days, doubling the seeding depth 

from 3 to 6 cm decreased TO emergence from 71% to 46%. Of the eight 

tillers with greater than 97% emergence the Tl tiller and its secondary 

tillers (TI0 and TIl) showed the largest delay in emergence due to 

deeper seeding. According to Dale et al. (1972) there is evidence that 

TO and T1 tillers are. initially dependent on the seed's endosperm 

reserves for their growth. It would seem that the main stem would 

require more endosperm nutrients to emerge from a greater soil depth 

thus reducing the supply to the TO and Tl tiller buds. This direct 

competition between the main stem and first two tillers resulted in the 

reduced emergence of the TO tiller and the delayed emergence of both TO 
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and Tl and ultimately the delayed emergence of the TIO and TIl tillers.

The differences in time to tiller emergence due to temperature

increased with tiller order,suggesting that later-emerging tillers

are more sensitive to environmental effects. Although small, cultivar

differences in time to tiller emergence were statistically significant.

In general, the early heading, low tillering (LT) cultivars had

earlier-emerging tillers but these data do suggest a possible cultivar

x tiller interaction. The LT cultivars had, on the average, earlier

emerging Tl through TIl tillers but slightly later emerging T21 and T4

tillers than the later-heading high-tillering (HT) cultivars.

Cultivars responded similarly to temperature and seeding depth for time

to tiller emergence.

The main stem Haun stage at the time of tiller emergence (MSHE) 

was largely determined by genotypic effects and to a much lesser e~tent

by temperature and seeding depth (Table 4.41). As was the case for 

time to emergence, TIO and Tll tillers were the only ones which were 

significantly delayed in their development relative to the main stem. 

In contrast to the other tillers, T4 was characterized by a decr.ease in 

MSHE with increasing seeding depth. Unlike time to tiller emergence, 

temperature had a small effect on MSHE. Raising the temperature 

decreased the MSHE of TIO and T30 tillers but increased that of TZ, T3 

and T4. Friend (1965) reported that apical dominance increases with 

temperature. In this study an increase in apical dominance is 
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quantified by higher MSHE means for primary tillers. It seems that the 

secondary tillers by virtue of their reduced dependence on the main 

stem are not affected by temperature-induced changes in apical 

dominance. Over all, the LT cultivars had higher MSHE means but the 

greater increase in the MSHE of either or both LT cultivars with 

temperature led, in part, to a temperature x cultivar interaction for a 

majority of the tillers. Differences in the response of Pitic 62 and 

Neepawa to temperature contributed to the T x C interacton for T2 and 

T10 tillers. 

Although up to 50% of the tillers on a plant died prior to MS 

spike emergence, senesced tillers accounted for no more than 5% of a 

plant's phytomass (Table 4.43). In the case of the LT cultivars 

senesced tillers accounted for only 1% of plant phytomass. Based on 

these results it seems unlikely that senesced tillers will have a 

detrimental effect on the final grain yield of spring wheat. Simons 

(1982), based on an extensive review of the literature concluded that 

'non-flowering tillers and'those which fail to set grain are 

deleterious but their presence is likely to have only a small effect on 

grain yield'. The contribution of non-senesced tillers to plant 

phytomass was not affected by seeding depth but temperature was shown 

to have a variable effect on that trait depending on whether cultivars 

were LT or HT. In the case of LT cultivars an increase in temperature 

resulted in a slightly larger contribution of live tillers to plant 

phytomass while the contrary was observed for"the HT cultivars. 

Evidence from an earlier study (Section 4.2.3.3) suggests that there is 
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a cultivar x tiller interaction for individual tiller contributions to 

yield. The difference between primary and secondary tillers in 

phytomass and leaf area contributions (Table 4.43) supports the 

evidence for a cultivar x tiller interaction for grain yield 

contributions obtained in the 1983 field study (Table 4.19). The 

differential between primary and secondary tiller phytomass and leaf 

area contributions was greatest for the early heading (i.e. LT) 

cultivars. In addition, the effect of temperature on the difference 

between primary and secondary tillers in phytomass and leaf area of 

different cultivars was not consistent, resulting in a temperature x 

cultivar x tiller interaction. For both traits the three-way 

interaction was largely due to the reduction in the mean of Pitic 62 

versus an increase in the mean of Potam at the higher temperature. As 

previously mentioned, apical dominance is enhanced at higher 

temperatures. Based on the above relationship one might expect 

cultivars with smaller spikes (Neepawa, Ingal) to be characterized by a 

smaller response to temperature than larger-spiked cultivars (Pitic 62, 

Potam). Theoretically, an increase in apical dominance should result 

in a greater differential between primary and secondary tillers, which 

is the case for Potam. The response of Pitic 62, however, is contrary 

to the above hypothesis. It is likely that the vernalization 

requirement of Pitic 62 (Bingham, 1972) was not met at the higher 

temperature regime resulting in a longer vegetative phase relative to 

that of the other cultivars. Although.the higher temperature resulted 

in fewer days to spike emergence for all cultivars, the decrease in 
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time was only 23% for Pitic 62 compared to 30-38% for the remaining 

cultivars. Futhermore, Pitic 62 was characterized by an increase in 

leaf numbers (Table 4.44) at the higher temperature which was 

consistently greater than that observed for the other cultivars. This 

putative lengthening of Pitic 62's vegetative period might account for 

a large number of the T x C interactions observed in this study. For 

instance, the longer vegetative period would result in a longer 

tillering phase and ultimately a greater tiller production. 

In addition, the delayed switch-over from a vegetative to a 

reproductive mode would allow more secondary tillers to become 

photosYnthetically self-reliant prior to the critical internode 

extension phase depicted by Aspinall (1961). Tillers which survived 

until the main stem spike emergence s~age had a minimum final leaf 

number of either 3 (Potam, Ingal) or 4 (Pitic 62, Neepawa). This is in 

agreement with Apel's (1984) observation that tillers become 

autotrophic when they have 3 leaves. Tillers on the LT cultivars had a 

lower final leaf number than equivalent tillers on HT cultivars. In 

general, tillers on the LT cultivars were less developed relative to 

the main stem than those on HT cultivars, the difference between the 

two cultivar groups increasing with tiller order. Increasing the 

seeding depth (Figure 4.17) inhibited the development of Tl and T2 and 

their secondary tillers but, in some cases, stimulated the development 

of T3, T4 and T30 tillers relative to the main stem. 
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In conclusion, if soil depths of 6 em were not exceeded, seeding 

depth changes of 2-3 em had a slightly detrimental effect on the 

tillering of four spring wheat cultivars. Under field and/or 

controlled environment conditions an increase in seeding depth reduced 

the rate of tillering, shortened the tillering phase, reduced maximum 

tiller numbers, tiller mortality and spike numbers. In some cases, the 

emergence of individual tillers is delayed both on a temporal and 

phenological scale by deeper seeding. With few exceptions, the 

tillering characteristics were not subject to cultivar x seeding depth 

interactions. There is evidence that later formed tillers compensate 

for early-emerging tillers which have been adversely affected by a 

seeding depth-induced competition with the main stem; presumably for 

endosperm reserves. Temperature was shown to have a predominant effect 

on the rate of tillering. Temperature x cultivar interactions for a 

number of tillering traits were largely attributable to the 

vernalization requirement of the cultivar Pitic 62 and 

temperature-associated changes in apical dominance which were more 

pronounced for the cultivar Potam. These findings support the view 

that the tillering process is a genotypic characteristic that is 

expressed consistently across a wide range of environmental conditions. 

In cases where G x E interactions are detected, they generally do not 

involve changes in genotype rank. 
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5.3 The heritability and inheritance of tillering capacity 

The heritability of til1ering capacity, as determined by the 

variance components method, is high (Section 4.4). In addition to 

obtaining similar h2 estimates (0.78, 0.84) for two sets of genotypes 

grown in diverse environments, G x E effects were negligible. These 

results indicate that, on a per plot basis, selection for tillering 

capacity should be quite effective with relatively little environmental 

or plot replication. High heritability estimates for spike number have 

been obtained from the evaluation of segregating wheat populations in 

either solid-seeded plots (Fonseca and Patterson, 1968b) or microplots 

(Nasr and Ghoshe, 1977). The lack of significant G x E variation 

supports the previously made (Sections 5.2 and 5.3) conclusion that 

genotypic tillering patterns are expressed consistently across 

environment. 

Based on the above results and the availability of potential 

parental material with highly divergent tillering capacities (Section 

5.1) a study of wheat populations segregu~ing for tillering capacity 

was initiated. A survey of the literature in which parental means are 

presented indicates that h2 estimates for tillering capacity are 

based on the evaluation of segregating populations derived from crosses 

in which the parental genotypes differ by only 3 to 45% wi~h r2gards to 

tiller number (Johnson et al., 1966; Singh and Anand, 1971; Ketata et 

al., 1976; Sidwell et al., 1976). In the present study using parental 

genotypes which differed by as much as 240%, h2 estimates based on 

the variances of space-planted F2 populations were low to inter
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mediate for spike numbers and generally similar to previously reported 

h2 estimates. It appears that large environmental effects on 

space-planted segregants result in low h2 estimates for tillering 

regardless of the magnitude of parental differences. The higher 

heritability estimates obtained from populations in which ·the oligoculm 

cultivar was a parent suggests that a relatively simple genetic system 

controls the restricted-tillering habit~ Atsmon and Jacobs (1979) 

concluded that the oligoculm character was polygenetically inherited 

and that there was considerable dominance for lower tillering. In this 

study there was apparently no dominance for the restricted-tillering 

habit. Generally, F2 population distributions for spikes/plant were 

symmetrical and in cases where skewness was detected, dominance of 

either low or high spike numbers were observed. 

Under both field and greenhouse conditions there was little or no 

evidence of heterosis for tillering capacity which is in agreement with 

earlier reports (McNeal et al., 1965; Fonseca and Patterson, 1968a; 

Gywali et al., 1968; Knott and Sindayi, 1969; Bitzer and Fu, 1972; 

Bitzer et al., 198~). Likewise, heterosis for tiller mortality was 

minimal. The lack of heterosis combined with few deviations from 

normality for F2 distributions leads to the conclusion that tillering 

capacity is controlled by genes with largely additive effects. 

Taking into consideration the above conclusions, selection for 

tillering capacity could be carried out during early generations 

(F3 - F4) in solid-seeded or possibly micro-plots but not on 

space-planted segregants. The fact that studies described herein 
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(Sections 5.1 and 5.2) indicate that high grain yields are not 

associated with a particular tillering capacity suggests that the 

manipulation of this trait in a breeding program would not be a 

productive venture. A more productive approach might involve the 

screening of potential parental genotypes for the combination of 

extreme tiliering capacity and high kernel weight and subsequently 

attempting to exploit yield component complementation (Grafiuset al. , 

1976) in a breeding program. 
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Appendix 1a. Analyses of variance for the 1984 evaluation of 53 spring wheat 
genotypes for til1ering and yield characteristics. 

Tiller Grain 1000 
Til1ers!m2 Spikes!m2 mortali,ty yield K.wt. DSE 

Source 

Replications 
Genotypes 
Error 

DF 

1 
52 
52 

15,457 
18,344** 

5,497 

50,341** 
10,174** 

2,832 

Mean Squar;es 
(x 10i ) 

3934.0** 10094.4** 
110.4** 207.2** 
389 88.4 

142.7** 
47.8** 

4.5 

0.01 NS 
18.82** 

0.57 

Total 105 

N 
I-'Appendix lb. Analyses of variance for the 1985 evaluation of 20 spring wheat genotypes for tillering 
N

and yield characteristics. 

Seeding! Tillers! Spikes! Tiller Grain 1000 
m2 m2 m2 mortality yield K. wt. DSE 

Source DF Mean squares 
(x 10.03) 

Replications 2 8490** 39789** 1677 NS 1423.9** 2341.4 84.3** 0.22 NS 
Genotypes 19 644 NS 55670** 13482** 472.1** 1141.2** 168.4** 56.87** 
Low vs high 1 15 NS 234375** 156570** 117.0 NS 3.7 NS 866.4** 6.00** 
Remainder 18 679 NS 45742** 5533** 491.8** 1204.4** 129.6** 59.70** 
Error 38 580 4985 1761 80.0 121.1 4.2 0.62 

Total 59 

**Significant at the 0.01 probability level. NS = Not significant. 



Appendix 2. Analyses of variance for the oligoculm trials grown in 1983, 1984 and 1985, respectively. 

Tillers! 
m2 

Spikes/ 
m2 

Tiller 
mortality 

Grain 
yield 

DSE 

Source Df Mean squares 

1983 
Replications 
Genotypes 
Error 
Total 

3 
9 

27 
39 

5445** 
47210** 
1035 

3114 NS 
34111** 
1123 

17.8 NS 
29.0 NS 
34.1 

(x 103) 
501.8** 

2077.6** 
44.5 

0.96 NS 
8.46** 
0.38 

Tillers/ 
m2 

-~--Sp:ikes7 
m2 

Tiller 
morta1ity 

Grain 
yield 

1000 
K.wt. DSE 

Source 
1984 
Replications 
Genotypes 
Error 
Total 

DF 

1 
27 
27 
55 

13516* 
24714** 
2753 

87 NS 
5894** 
1599 

Mean squares 

238.3* 
355.4** 

41.0 

(x 103) 
279.8** 
235.5** 

28.0 

18.86** 
31.19** 

1.07 

0.07 NS 
10.51 ** 

0.37 

tv 
I-' 
w 

Tillers/ 
m2 

Spikes/ 
m2 

Tiller 
. mortality 

Grain 
yield 

1000 
K.wt. DSE 

Source 
1985 
Replications 
Genotypes 
Error 
Total 

DF 

3 
13 
39 
55 

5237** 
266 NS 
362 

11674** 
21109** 

1344 

Mean squares 

5423** 
24247** 

1243 

(x 103) 
566.8** 

1995.4** 
112.7 

1.59 NS 
54.54** 

1.78 

0.69** 
26.79** 

0.22 

*,**Significant at the 0.05 and 0.01 probability levels, respectively. 
" ~NS = Not significant. 



Appendix 3. Combined analyses of variance for spikes/m2 and tiller mortality of 
10 spring wheat cultivars sown at two dates in 1983. 

Mean square 
Source of variation df spikes/m:l tiller mortality 

Planting date (D) 1 108 t030** 1,971** 
Replications in D 6 22 t 713* 415 
Cultivar (C) 9 37 t889** 187 
C x D 9 3,821 164 
Pooled error 54 7,682 234 

*t**Significant at the 0.05 and 0.01 levels of probability, respectively. 

Appendix 4. Analyses of variance for percent tiller emergence (TE),survival (TS) N ..... 
and percentage of live TO tillers over time. +:'" 

TE, TS 
Source df Sum of squares X2 

TE TS TE TS TE TS 

Cultivar (C) 9 9 3119.2 269521 152.0*** 328.3***
Tiller (T) 6 5 24990.1 1868227 1217.6*** 2275.6***
C x T 54 45 3781.9 697648 184.3*** 764.5***
'Error' 20.5 821

dfTO C DT C D C D
Cultivar 9 9 1393263 192416 1697.0*** 234.4***
Sampling time(S) 3 2 669481 368932 815.5*** 449.4***
C x S 27 18 405829 102288 494.3*** 124.6***
'Error' 821 821 

***Significant at the 0.005 probability level.
~CtD Data from early and late seeding dates, respectively.
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Appendix 5. Least square means (+S.E.)+ for the time to emergence 
expressed in GDD and~he main stem Haun stage at the time 
of emergence (MSHE) for three tillers on individual plants of 10 
spring wheat cu1tivars sown at two dates in 1983. 

Tiller 
GDD 

Cu1tivar Tl T2 T3 Mean 
(xl02 ) 

Inga1 
Potam 
G1en1ea 
NB402 
Pitic 62 
Neepawa 
Ko-Fong 
Ko-Chuan 
Siete Cerros 
HY320 

Seeding date 
May 4 
May 28 

Mean 

Inga1 
Potam 
G1en1ea 
NB402 
Pitic 62 
Neepawa 
Ko-Fong 
Ko-Chuan 
Siete Cerros 
HY320 

May 4 
May 28 

Mean 

212.86±0.44 
215.06±0.45 
216. 78±0 .45 
215.53tO.45 
214.38±0.45 
217.85±0.45 
215.59±0.45 
218.58±0.45 
218.13±0.45 
216.41tO.44 

-
214.94±0.20 
217.29±0.20 

216 .12±0 .14 

63.87±0.26 
63 .27±0 .26 
60.67±0.26 
61.13±0.26 
61 ... 06±0.27 
61.48±0 .26 
59.99±0.26 
59 .38±0 .27 
60.60±0.26 
60 .69±0 .26 

62.09±0.12 
60 .34± 0 .12 

61.21±0.08 

221.12±0.44 
222.94±o.45 
225.05±0.44 
221.21±0.44 
221.79±0.45 
225.23±0.44 
222.03±0.45 
227.29±0.44 
226.11±0.45 
223.19±0.45 

220.81±0.20 
226.58±0.20 

223.70±0.14 

MSHE 
(x102) 

71.05±0.26 
69.69±0.26 
68.69±0.26 
67.63±0.26 
67.80±0.27 
68.87±0.26 
66.46±0.26 
67.07±0.26 
68.15±0.26 
67.75±0.26 

68.11±0.12 
68.53±0.12 

68.32±0.08 

231.39±0.48 
236.13±O.52 
238.46±0.51 
232.54±0.47 
231.40±0.45 
236.16±0.48 
236.63±0.56 
241.10±0.53 
240.45±0.50 
233.72±0.47 

232.85±0.22 
238.74±0.22 

235.80±0.16 

79.88:t:0.28 
80.70±0.3Q 
79.82±0.30 
76 ~09±0 .27 
75.63±0.27 
77 .67±0. 28 
78.52±0.33 
77.99±0.31 
80.44±0.29 
76.78±0.27 

78.20±0.13 
78.51±0.13 

78.35±0.09 

221.79±0.26 
224.71±0.27 
226. 76±0. 27 
223.43±0.26 
222. 52±0. 26 
226.41±0.26 
224.75±0.28 
228.99±0.28 
228. 23±0. 27 
224.44±0.26 

222 .87±0 .12 
227.54±0.12 

71.60±0.15 
71. 21±0 .16 
69.72±0.16 
68.29±0.15 
68.16±0.15 
69 .34±0 .16 
68.32±0.17 
68.15±0.16 
69.73±0.16 
68.41±0.15 

69.46±0.07 
69.13±0.07 

+Log 10(X+l) transformation of the data. See Table 4.15 for the ANOVA 
carried out on these data sets. 
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Appendix 6. Analyses of variance for the contribution of selected 
tillers to final grain yield in 10 spring wheat 
cultivarssown·at two dates in 1983. 

Source df 
MS TO T1 

Mean squares 
T2 

Seeding date 
Cultivar 

low vs high tillering 
Remainder 

Error 

1 
9 
1 
8 
9 

0.01 NS 
26.69 + 
88.20** 
19.00 NS 
8.96 

34.34* 
5.36 NS 
1.80 NS 
5.81 NS 
6.26 

50.59* 
12.48+ 
76.05** 

4.53 NS 
4.67 

6.10 NS 
7.30 NS 
3.20 NS 
7.80 NS 

17.10 

Total 

Seeding date 
Cultivar 

low vs high tillering 
Remainder 

Error 
Total 

19 

1 
9 
1 
8 
9 

19 

TO 
21.64 NS 

6.82 NS 
57.80** 

0.45 NS 
6.99 

T3 
0.06 NS 

13.59* 
88.20** 

4.26 NS 
3.16 

Remainder 
36.70 NS 
21.80 NS 
24.20 NS 
21.55 NS 
13.90 

'+,*,**Significant at the 0.10, 0.05 and 0.01 probability levels, 
respectively. 
NS = Not significant. 
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Appendix 7. 

Genotype 

Means for maximum tiller numbers and tiller mortality of 
genotypes in the 1983-1984 SWSWC and 1983 PUWY trials. 

SWSWC 

Tillers/ 
m2 

Tiller 
mortality Genotype 

(%) 

PUWY 

Tillers/ 
m2 

Tiller 
mortality 

(%) 

Dirkwin 953t 30.7 Neepawa 382t 13.3 
Springfield 909 30.1 Glenlea 302 22.4 
Fielder 931 29.0 HY320 354 15.0 
Owens 783 27.1 Nai/H//TD/P62 383 23.0 
Neepawa 778 27.5 Nai/H//TD/P62 408 24.8 
HY320 715 30.3 PI412986 357 15.6 
SW3149 795 32.0 Potam 309 12.7 
DF-Mixture 889 29.2 PI352075 410 11.8 
L82-P06-150 774 27.5 PI352190 346 10.9 
L82-P07-165 840 27.0 PI351304 333 14.9 
L82-P19-460 835 29.7 S/W4 280 17.7 

S/W6 331 20.2 
S/W9 331 18.1 
S/WI6 287 27.8 
S/W20 302 24.4 
S/W21 299 17.1 

338 18 ~ 1 

55 NS 

tAveraged over two years and two sites (SWSWC) or two sites in one year 
(PUWY). 
SWSWC and PUWY trials were grown under irrigated and rainfed conditions, 

respectively.
See Table 4.32 for ANOVA.



Appendix 8. Raun stages of selected tillers at the time of main stem spike emergence 
f,or four spring wheat cultivars grown at two temperature regimes 
(10/5 and 20/100 C). 

10/5 

Pitic 62 
Neepawa 
Ingal 
Potam 

MS 
13.34±0.21 
11. 79±0 .17 
9.37tO.08 
9.71tO.17 

T1 
10.31±0.20 

8.42±0.14 
5.91tO.13 
6.83±0.10 

T2 
9.57±0.27 
7 .87± 0.19 
5.42±0.21 
6.24±0.16 

T10 
7.81±0.28 
6.49±0.20 
4.12tO.19 
4. 77tO .22 

T3 
8.62:1:0.24 
6.7ttO.17 
4.52:1:0.15 
4.99tO.16 

T20 
7.02±O.23 
5.97tO.16 
3.62±0.20 
4.07±0.29 

TIl 
7.12iO.29 
5.69±0.17 
3.38tO.18 
3.75tO.25 

T4 
6.69±0.28 
5.72;t0.18 
3.37±0.23 
3. 3.6± 0.24 

Mean 11.05tO.21 7.86tO.22 7.25tO.22 5.79tO.21 6.16±0.22 5.21±0.20 4.95tO.21 4. 79tO. 21 

20/10 
N ..... 
00 

Pitic 62 
Neepawa 
Ingal 
Potam 

14.75tO .15 
12.67±0.10 

9 .89tO .16 
9.82±0.15 

11.9S~0.16 11.81±0.21 
9.30tO.41 9.05tO.12 
7 .20±0 .16 6.3S±0.17 
7.17±0.09 6.48±0.21 

9.96±0.28 10.31±0.16 
7.59tO.16 8.21tO.14 
5.27±O.21 5.44±0.14 
4.99±0.18 5.39±0.20 

9 .34±0 .26 
6.63tO.25 
4.61±O.IS 
4.00tO.15 

8.98tO.29 
6.26±0.25 
4 .03tO .20 
3.87±O.22 

8.93t0.27 
6.83±0.18 
4.41tO.21 
3.46±0.31 

Mean 11.77tO.23 8 .91±0 .25 8.32±0.25 6 .81± 0 .26 7.35tO.24 6.10±0.21 5.75±0.26 5 .94±0 .26 

+Mean + SE, pooled over two seeding depths. 
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Appendix 9. Tiller and spike numbers for control plants and, spike 
numbers for detillered plants of three spring wheat cultivars 
sown at three densities in controlled environments. 

Control Seedling density 
2 4 8 

Cultivar Tillers/plant Mean 
(no .) 

Neepawa 20.8±2.3 + 8.0±0.5 5.2±0.4 11.3 
Siete Cerros 12.3±0.5 5 .4±0.4 4 .1±0.2 7.3 
M1417 7.4±0.4 3.0±0.2 1.9±0.2 4.1 

Spikes/plant 
(no.) 

Neepawa 9.1±0 .. 2 3.9±0.3 2.1±0.3 5.0 
Siete Cerros 5.3±0.1 3.2±0.1 1.9±0.1 3.5 
M1417 3.8±0.8 1.8±0.1 1.4±0.1 {6 .8±0.5)t 2.3 

'IT MS + Tl 

Neepawa 2 2 1. 7±0.1 
Siete Cerros 2 1.9±0.1 1.6±0.1 
M1417 2 1.&0.1 1.1±0.1 (6.5±1.0) 

MS + Tl + T2 

Neepawa 3 3 2.31:0.2 
Siete Cerros 3 2. 7±0.1 1.6±0 .1 
M1417 3 2.31:0.2 1.32:0.1 (5.&0.3) 

+ Mean + SEe 
t (Plants surviving to maturity). Plant survival for the remaining treatments 

was complete. 
'IT Mean spike numbers for the MS treatment = 1 in all cases. 
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