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I. INTRODUCTION 

Spring wheat ( Triticum aestivum L.) is an 

important crop in prairie agriculture. It is estimated 

that over 11,000,000 hectares were seeded during the 

1985-1986 Canadian crop year (Agriculture Canada, 

1986). Statistics indicate that average wheat yields 

per hectare have steadily increased throughout the 

world ( Hanson, et al., 1982). This progressive yield 

improvement can be attributed to the scientific 

manipulation of genetic potential, and the increased 

understanding of resources required for optimum plant 

production. 

Plant breeders and crop physiologists have sought 

to relate the variation in final grain yield with wheat 

plant development. Engledow and Wadham (1 923 ) 

recognized that yield could be viewed as the 

combination of three factors: spikes per unit area, 

kernels per spike and weight per kernel. Several 

researchers have sought to correlate grain yield with 

individual components of yield ( Hsu and Walton, 1971; 

Adams and Grafius, 1971 ). They observed that due to 

compensation, yield components could not be 

satisfactorily ranked as to their importance in final 

grain yield. 

This work was supplemented by investigations of the 
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physiological aspects of yield. Bingham (1972) used 

this approach to observe that final yield was 

influenced by the plant's photosynthetic capacity at 

anthesis, the duration of this photosynthetic capacity 

and the ability of the kernel to store the supply of 

assimilates. The method Bingham (1967) used to study 

the relative importance of these processes was to 

artificially increase or decrease the amount of 

photosynthate available per kernel in the developing 

plant. Decreases were produced by shading, defoliation 

or high levels of plant competition. Increased 

photosynthate per kernel was produced by excision or 

emasculation of some kernels within the infloresence. 

The concept that yield was determined by an 

interdependent chain of physiological processes 

produced the hypothesis that the weakest link in 

development could be identified. This would provide 

the opportunity to specify crop improvement goals which 

would result in higher yield. 

In one model either the source or the sink was 

designated as the limiting factor in final grain yield. 

Source was defined as all chlorophyll-bearing tissues 

capable of photosynthesis. The sink was described as 

all organs of the plant capable of receiving 

photosynthate (roots and other assimilate importers can 

also be included in the defini~ion). The simplest view 

of limitiation to final grain yield is that the 

photosynthetic areas of the plant are incapable of 
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supplying sufficient assimilate throughout development 

of the plant (source limitation), or that the kernel 

possesses mechanisms which limit individual kernel size 

although surplus photosynthate is available (sink 

limitation). 

Donald and Hamblin (1976) noted the crucial role 

that increases in harvest index have played in the 

improvement of wheat yields. There is concern that, as 

harvest index approaches its maximum value, a yield 

plateau will develop. If present levels of biological 

yield are maintained, plant breeders will need to 

identify specific components of yield which can be 

maximized to increase yield without the limiting 

problem of component compensation. This will require a 

detailed understanding of the physiological processes 

involved in plant development. Increasing photosynthate 

production in a cultivar which possesses a genetically 

determined kernel size would be a pointless task. 

Greater understanding and enhancement of physiological 

factors could provide yield increases in spring wheat. 

Eight spring wheat cultivars with large variations 

in flag leaf area, kernel number and kernel size were 

used in this study. Flag leaf lamina removal, spike 

reduction and competition reduction were done to 

identify cultivar x treatment interactions for kernels 

per spikelet, grain weight per'spike and kernel weight. 

The objective was to identify components of yield whose 
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response to a changed source: sink ratio differed in 

magnitude between the cultivars under study. The 

concept of either source or sink as the single limiting 

process in yield is simplistic. Studying cultivar 

reponses to artificial source and sink alteration at 

specific developmental stages will provide information 

on how the individual yield components differ in 

response to increases or decreases in photosynthate per 

kernel. 

/ 
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2. LITERATURE REVIEW 

2.1 Morphology ~ yield component relationships 

Crop scientists have had great interest in how 

morphological features of plants influence plant yield. 

Hsu and Walton (1971) investigated the correlation of 

spike length and flag leaf characters with yield and 

the various yield components of barley (Hordeum 

vulgare). Chowdhry et al.(1976) conducted a similar 

study in wheat using various flag leaf parameters such 

as lamina length, lamina breadth and sheath length. 

Flag leaf sheath length was the most highly correlated 

with yield, although the authors suggested that this 

may have been due to the mechanical advantage from the 

trait in preventing lodging. Voldeng and Simpson 

(1967) investigated correlations between flag leaf area 

and yield, and reported correlations between 0.54 and 

0.90. Simpson (1968 ) obtained high, positive 

correlations between kernel weight and the area of 

photosynthetic components above the flag leaf node. 

Some plant breeders explained the negative 

relationships between yield components as being the 

result of genetic linkage (Rasmusson and cannell, 

1970). Adams and Grafius (1971) reported that linkage 
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is not the factor which produces the characteristic 

yield stability due to yield component compensation in 

barley. They suggested that the unavailability of 

enviromental resources influenced the sequential nature 

of yield component development. They stated that n 

increasing the flow of environmental resources 

throughout the period of need by the components, and 

raising, by selection, the genetic ceiling that dampens 

the capacity of a component to respond when resources 

are available" should lead to increased yields. Nass 

(1973) used stepwise regression analysis to show that 

yield per ear and ears per plant explained 84.6 % of 

yield variance. 

Fischer and Kohn (1966) reported that yield 

correlated well with total dry weight of the plant at 

flowering (r = 0.875),head number per unit area (r = 
0.826) and spikelet number per unit area (r = 0.934). 

Grain yield was also highly correlated with leaf 

duration. Spiertz et ale ( 1 971 ) defined green area 

duration as green area per unit of land area integ~ated

over the time period following spike emergence. 

Photosynthate production is determined by area of 

chloropyll-bearing tissues and the length of time they 

are active. They reported that stepwise regression 

analysis, using flag leaf and peduncle area,accounted 

for 81 % of grain yield variance. 
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2.2 Dry matter production 

The high correlations between grain yield and 

various plant characteristics suggests that further 

study should be concentrated on the physiological 

processes which occur within these organs. 

Investigators used growth analysis to establish the 

rate by which crop dry matter increased throughout the 

growing sea·son (Thorne, 1973). Crop growth rate was 

dependent on two factors: the length of the growing 

period and the crop growth per day. The latter can be 

further simplified into leaf area index (LAI) and net 

assimilation rate (NAR). Leaf area index is defined as 

plant leaf area per unit land area. Net assimilation 

rate describes the dry matter increase per unit of leaf 

area (Noggle and Fritz, 1983). Watson (1947) concluded 

that LAI was responsible for a large portion of the 

variation in crop dry matter. The optimum LAI for 

wheat ranges between 7 and 11, depending on the 

developmental stage of the plant (Thorne, 1973). 

2.2.1 Leaves 

Leaves are important chlorophyll bearing parts of 

the plant which are integral to the production of 

photosynthate (Gifford et al.,1973).In the early stages 

of crop growth, the primary determinant of assimilate 
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production is the extent of leaf development (Evans and 

Wardlaw, 1976). Leaf area index increases until a 

maximum critical LAI is achieved at the point when 95% 

of the incidental light is captured. Once this value 

is reached, subsequent crop photosynthesis is 

determined by the amount of incident radiation and 

canopy structure. 

It has been observed that vertically-inclined 

leaves are advantageous 1-n improving light penetration 

into the canopy while reducing the amount of light 

saturation when the sun is at high elevation (Tanner et 

al., 1966). Modern agronomic practices which include 

high seeding and nitrogen fertilizer rates have 

produced dense crop canopies which benefit from the 

erect leaf structure. Yap and Harvey (1972) found high 

correlations between green area above the flag leaf 

node and kernel weight increase in barley. They 

suggested that selection for flag leaf duration could 

be successful, but that the erectophile nature of the 

leaves should be maintained as a cultivar 

characteristic. 

In wheat the maximumLAI is reached two to three 

weeks before anthesis begins (Fischer and Kohn, 1966). 

Under prairie cpnditions, wheat grain filling occurs 

when LAI is rapidly falling, root growth has ceased, 

and the plant is under increas~ng water stress (Connor, 

1975) • 
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Large differences in photosynthetic rate per unit 

leaf area have been observed between the primitive, 

wild diploid wheats and the modern cultivars (Evans and 

Dunstone, 1970). Contemporary cultivars have the lower 

photosynthetic rates. Studies show differences among 

cultivars of wheat, barley (Dantuma, 1973) and rice, 

Oryza sativa (Murata, 1964). Austin and Jones (1974) 

noted a negative relationship between photosynthetic 

rate and both leaf size and leaf duration. The 

literature shows no clear evidence that increased 

photosynthetic rate will result in increased yield. 

2.2.2 stems and ears 

stems and ears are also capable of photosynthesis. 

Chlorophyll remains productive in the ear, while leaves 

rapidly senesce during the latter stages of development 

(Spiertz ' et al., 1 971 ) • Ear photosynthesis is 

important due to the opportunity the ear has for 

unhindered light reception and the close proximity of 

the developing kernel. Patrick (1972) reported that 

assimilate was preferentially imported into the 

developing kernel from the nearest available source. 

Cook and Evans (1978) used radioactive tracers to 

verify that nearby assimilate supplies were imported in 

preference to photosynthate produced in more distant 

tissues. 

Leaf laminae comprise 50% of the total green 
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surface area of wheat at anthesis, but only 0 to 10 % 

at maturity (Allison, 1964) • puckridge (1 969) 

determined that leaf sheaths and stems contribute 39 to 

44 % of total wheat crop photosynthesis. He determined 

this by measuring carbon dioxide uptake in a field 

assimilation chamber after leaf laminae and ears were 

removed from the plant. Evans and Dunstone (1970) 

reported that a larger percentage of the carbohydrate 

stored in the stem was remobilized and incorporated 

into the kernels of modern -wheat cultivars than in 

primitive wheat species. 

Awns appear to play a significant role in ear 

photosynthesis. Photosynthesis in the barley ear 

accounts for 24 to 84% of kernel growth (Biscoe et al., 

1973). Wheat, with its shorter awns, has 10 to 60 % of 

the kernel photosynthate produced by photosyntheis in 

the ear (Lupton, 1969). However, a study using 

near-isogenic lines of winter wheat noted that awns 

contributed 12.2 % to gross canopy photosynthesis but 

did not increase net photosynthesis of the canopy 

(Olugbemi et al.,1976). They also noted that the 

presence of awns decreassed photosynthesis in the 

remaining ear structures and in the flag leaf and 

penultimate leaf laminae. Awns may also play a role in 

the movement of cytokinins to the kernels. Cytokinins 

are capable of influencing the partition of assimilates 

(Michaelet al., 1973). .' 

Herzog (1982b) applied cytokinins to wheat 
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inflorescences and noted extended periods of leaf 

development and increased kernel set, but no change in 

the kernel growth rate. Herzog (1982a) reported that 

kernel weight and cytokinin levels were positively 

correlated, and that competition for cytokinins ocured 

between leaves and kernels. He suggested that 

artificial source or sink alterations alter endogenous 

cytokinin levels, and that cytokinins act as regulatory 

substances during kernel filling. 

Teare and Peterson (1971) published data on the 

photosynthetic area of various ear structures (Table 

2.1). Area of the ear comprised 86 % of total plant 

photosynthetic area in long-awned cultivars, and only 

38 % in short-awned cultivars. The value of awns is 

not established in the literature, but they have been 

incorporated into many of the new high yielding 

cultivars. 

Flag leaves produce a large amount of the 

photosynthate required for kernel filling. Thorne 

(1965) reported that the flag leaf (the uppermost leaf 

on the culm) was responsible for 83% of the assimilate 

incorporated by the wheat kernel. The location of the 

flag leaf allows it to be a pr;mary production site for 

assimilate destined for the inflorescence. Patrick 
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Table 2.1 The percentage of photosynthetic area for 

specific ear structures in a long and short 

awned cultivar of wheat (Teare and Peterson, 

1971 ) 

Ear structure Long-awned Short~awned

-----------Percent-----------------

Awns 46 5 

Lemmas 30 53 

Glumes 20 35 

Paleas 4 7 
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(1972) demonstrated the importance of the flag leaf and 

the major role it plays (compared with the lower 

leaves) in providing photosynthate to the ear. The 

organization of the phloem system allows for 

preferential loading of the flag leaf assimilates, and 

their transport to the spike (Patrick, 1972; Simmons 

and Moss, 1978). Rawson and Hofstra (1969) used 

radioactive carbon to trace the path of assimilate 

movement out of each 1eaf of the wheat plant. They 

reported that 50 to 55% of photosynthate tagged in the 

flag leaf arrived in the ear. The highest percentage 

of photosynthate transported from any other leaf to the 

ear was less than 5 %. 

Gale et al. (1974) studied eight cultivars of wheat 

and found that flag leaf blades had a constant 

photosynthetic rate throughout the growing season. The 

rate of photosynthesis was positively correlated to the 

inverse of the flag leaf lamina area. Teare and 

Peterson (1971) reported a correlation of 0.488 between 

flag leaf area and grain yield in wheat. 

Evans and Dunstone (1970) determined that duration 

and rate of kernel growth have increased during the 

evolution of wheat. Ear photosynthesis is adequate to 

supply photosynthate for the infloresence of A~9ilops

speltoides, but modern cultivars require carbohydrate 

importation from the leaves. The flag leaf is of 

particular importance in this process. Comparison of 
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flag leaf senesencebetween wild tetraploid and 

domesticated hexaploid wheats showed that modern 

cultivars had longer flag leaf activity periods. 

Jatimliansky et al.(1982) agreed that the flag leaf 

provides a much larger percentage of assimilate to the 

spike in modern hexaploids than in the more primitive 

wheat species. 

2.3 Development of yield capacity 

The development of yield capacity depends on how 

many viable fruits are set in the infloresence,and the 

availability of resources to fill these kernels. 

2.3.1 Kernel set 

The potential number of fertile florets in the 

wheat infloresence is determined prior to anthesis 

(Thorne, 1913). Floret viability is maintained by an 

uninterrupted supply of assimilates and the absence of 

severe water stress (Austin and Jones, 1914). Salter 

and Goode (1961) suggested that microsporogenesis and 

pollen development may be the stages which are most 

sensitive to interruptions of these enviromental 

requirements. Such interruption would reduce 

pollination, resulting in decreased seed set. 

Environment plays a s~bstantial role in the 

development of yield capacity. Bingham (1912) observed 
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that 50 % of the potential florets fail during the 

period of rapid stem growth. The removal of primary 

and secondary florets within the spikelet produced 

kernel development in more distal portions of the 

spikelet where mature kernels are not u.sually observed. 

Yield capacity may be limited by inter~kernel

competition,where primary and secondary kernel 

development have an inhibitory effect on other florets 

(Bremner and Rawson, 1972). Fischer (1985) reported 

that the 30 days prior to anthesis are most crucial to 

grain set. During this period a positive linear 

relationship exists between kernel set and radiation, 

but there is a negative linear response between kernel 

set and temperature. Warrington et ale (1977) reported 

that temperature effects varied during development, 

with ear differentiation being the most sensitive 

stage. Rohman and Wilson (1977) noted that high 

temperatures reduced spikelet number per ear. They 

also reported 'that there was a strong positive 

co:r::relation between length of the vegetative stage and 

spikelet number. They observed that length of the 

vegetative phase was related to temperature. High 

temperatures resulted in shortened periods, and cooler 

temperatures allowed an extended vegetative phase. 

In contrast to Fischer's work (1985), Rawson and 

Bagga (1979) found no critical stage that was 

particularly sensitive to the effects of temperature. 

High temperature reduced kernel number per ear. 
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Temperature influenced the leaf duration of developing 

plants (Austin and Edrich, 1975). Lower temperatures 

extended the duration of all stages of plant 

development, resulting in higher yield. Gebeyehou et 

ale (1982) reported that longer periods of plant 

development resulted in higher durum wheat (Triticum 

turgidum) yields, although no temperature relationship 

was investigated. They reported that duration of the 

vegetative period was correlated with kernels per spike 

(r = 0.29) and kernel weight (r = 0.42). 

Friend (1965) reported that the values of all wheat 

yield components were decreased when radiation was 

reduced. stockman et ale (1983) increased light by 15% 

for a six-day period two weeks prior to anthesis. 

Kernel number per spike increased by 18 %, but final 

grain yield did not increase by the same proportion. 

Ford and Thorne (1975) observed that both temperature 

and radiation could vary considerably with no 

significant effect on grain yield. 

Emasculation of basal florets resulted in kernel 

development in florets which do not generally produce 

mature kernels (Bremner and Rawson, 1972; Evans, et 

al., 1972).. Fertilization of the basal florets 

inhibited either fertilization or embryo growth in 

distal florets. This is not likely a competitive 

situation, since the basal kernels require little 

photosynthate immediately following fertilization 
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(Austin and Jones, 1974). Hormones may be involved in 

regulation of kernel development, since kernels produce 

plant growth regulators (Wheeler, 1972). This mechanism 

ensures production of some viable kernels in the spike. 

Fischer et al. (1977) suggested that during 

evolutionary development kernel numbers were reduced to 

ensure filling. There is an excess of potential wheat 

kernels, but what actually determines final kernel 

number is unclear (Beveridge et aI, 1965). 

Potential kernel size is determined by endosperm 

cell number within the kernel (Brocklehurst, 1977). 

Jenner (1979) observed that some mechanism during the 

early stages of kernel development influences the 

capacity of the endosperm to accumulate starch. He 

noted that there was no effect on protein accumulation 

within the kernel. Singh and Jenner (1982) noted that 

variation in kernel size between and within spikelets 

is due to the variable numbers of endosperm cells which 

are formed. There is an excellent correlation between 

sucrose level and endosperm cell number (Nicolas et 

al.,1985). They were uncertain whether sucrose 

regulated cell division, or if the sink size 

(determined by the number of cells) determined 

assimilate demand. Sucrose levels were measured within 

the developing grain. 
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2.3.2 Grain filling 

Growth of viable kernels is divided into a lag 

period (following anthesis), a period of linear weight 

increase and a final phase in which growth slows and 

then stops.. Herzog (1 980) divided the 1inear phase of 

growth into primary (more rapid) and secondary growth. 

He reported that correlations between leaf characters 

(area, chlorophyll and ·carotene content, and carbon 

dioxide assimilation) were poor during the first 

phase, but higher correlations were always observed in 

the second stage. 

The lag period is one to three days following 

anthesis in wheat. The length is dependent on the 

number of kernels within the spike (Sofield et al., 

1977). Assimilate demand is low during this period, 

resulting in increased stem and leaf reserves. Evans 

and Rawson (1970) reported that ear photosynthesis is 

rapid during this period, and flag leaf photosynthate 

production decreases, but returns to normal levels 

following the lag period. 

Assimilate supply does not limit the kernel growth 

rates of temperate cereals (Evans and Wardlaw, 1976). 

Manipulation of the environment in an effort to 

increase photosynthate production had little effect on 

kernel grain growth rates. ca~bon dioxide enrichment 

had little effect on assimilate production in barley 
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(Natr and Apel, 1974). Enhanced light increased wheat 

kernel growth only when control plants were under very 

low light intensity (Sofield et al., 1977). However, 

temperatures of up to 27°C will increase the rate of 

growth per kernel per day. These rate increases do not 

compensate for the reduction in filling duration caused 

by high temperature (Austin and Jones, 1974). 

Herzog (1982a) investigated the nature of 

source-sink relations during the linear growth phase. 

Herzog altered the source:sink ratio (flag leaf 

area:grains per ear) by spikelet removal and 

temperature reduction at ear differentiation. The 

former treatment increased the ratio, while the latter 

decreased the source:sink ratio. Variation in the 

ratio resulted in different growth rates in the kernel. 

Spikelet removal produced results only during the 

linear growth period. 

The process which causes termination of kernel fill 

is not understood. Chlorophyll capable of 

photosynthesis may be p~esent in the plant, yet kernels 

cease growth. Jenner and Rathjen (1977) observed that 

endosperm sucrose concentrations were higher at 

maturity than at earlier developmental stages. This 

implies that starch accumulation in the kernel is not 

limited by the source of assimilates. Herzog and Stamp 

(1982) reported that leaf dry weight increased as 

kernel growth slowed. Assimilate production continued 

during reduction of the kernel growth rate, but 
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photosynthate was not transported to the spike. 

2.4 Photosynthate transfer 

The movement of assimilate from producing organs 

to sink areas is crucial to the development of the 

wheat plant. Photosynthate which enters the ear may be 

imported directly from source tissues, or be 

remobilized from carbohydrates in other parts of the 

plant. 

2.4.1 Translocation 

Wheat plants transfer assimilate produced in source 

tissues into the phloem. The assimilates are 

transferred through the phloem system to the developing 

kernels (Singh and Jenner, 1982). Thornley (1972) 

suggested that phloem transport is caused by the 

osmotic effects associated with the active processes 

associated with the loading and unloading of 

assimilates. This results in high pressure at the 

source, but low pressure at the sink end of the phloem 

system. 

Wheat has a larger build-up of assimilates in the 

source tissue than C4 cereals (Lush and Evans, 1974). 

This difference is likely due,to longer distances from 

site of fixation in the leaf to the nearest phloem 
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vessel in wheat (Wardlaw, 1976). Patrick and Wardlaw 

(1984) noted different transport pathways depending on 

assimilate demand within the plant. Under low sink 

demands photosynthate travels out of the flag leaf, 

down the stem, and then is loaded into the stem phloem 

at the penultimate leaf node to allow travel to the 

spike. High sink demand caused direct transfer of 

assimilate into the stem phloem system at the flag leaf 

node. 

Phloem transport may be a limiting .step in the 

delivery of assimilate to the developing grains. This 

is unlikely, since assimilate translocation has been 

measured at rates of 80 to 100 cm per hour (Wardlaw, 

1965). The rate of translocation is responsive to 

increased sink demand. The inhibition of ear 

photosynthesis resulted in increased translocation 

rates. Phloem transport rates can also compensate if 

50 % of the stem phloem is artificially severed, by 

increasing flow in the remaining intact elements 

(Wardlaw and Moncur, 1976). 

There is a hierarchical distribution of assimilate 

during kernel fill. Bremner and Rawson (1978) reported 

that partitioning of assimilate within the spike 

favours the central spikelets, followed by basal and 

then apical filling. Florets within the spikelet also 

receive preferential partitioning of assimilates. The 

secondary floret within the wheat spikelet developed 

into the largest kernel. The basal portion of the spike 
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produced 50 % more kernel weight than the apical 

portion. They also reported that the structural 

arrangement of the phloem placed the distal kernel at a 

disadvantage in obtaining translocated assimilate 

entering the spike. In contrast, ear photosynthesis 

favoured assimilate delivery to distal florets (Bremner 

and Rawson, 1972). Jenner (1974) reported a 

progressive decline in sucrose concentration from the 

vascular bundle to the endosperm cells. 

2.4.2 stem and leaf reserves 

Assimilate is gradually exported out of the leaf. 

Starch does not accumulate in the leaf, but other 

polysaccharides may build up to high levels (Gates and 

Simpson, 1968). King et ale (1967) reported that these 

materials comprised up to 45 % of leaf dry weight in 

wheat. Radioactive tracer studies have shown that 

remobilization of stem reserves accounts for 20 to 40 % 

of final grain weight in barley and rice, but only 5 to 

10 % in unstressed wheat plants. Yoshida (1972) 

reviewed the role of reserves and concluded that the 

carbohydrates used in kernel filling are produced 

primarily by photosynthesis following heading. In 

contrast to this are the results of Herzog and stamp 

(1982), who used gigas wheats to show that surplus 

assimilates stored in the vegetative organs 
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substantially compensated for insufficient 

photosynthesis during leaf senesence. 

2.5 Source-sink alteration 

2.5.1 Source alteration 

Photosynthate is produced in the source tissues. 

Source alteration is carried out on plants to identify 

the importance of the various source structures to 

final grain yield, by disabling the source tissue using 

mechanical methods. 

2.5.1.1 Shading 

Shading alters the amount of photosynthate produced 

by source components of the plant. Jenner (1980) 

tested shading treatments and reported that they 

reduced the amount of sucrose produced by treated 

tissues. This was the first study to prove that 

assimilate production was decreased by shading, 

although several earlier studies had simply made this 

assumption. Shading treatments also affected crop 

temperature, crop transpiration and plant water 

potential. Shading also delayed spike emergence, 

anthesis and maturity (Fischer, 1975). 

Bremner (1972) used shadi~g to study the effect of 

restricted photosynthate supply on partitioning within 
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the wheat spikelet. The secondary floret received the 

largest percentage of available photosynthate. Total 

shading produced a 47 % reduction in plant dry matter, 

but grain weight decreased by only 15 %. This supports 

the Fischer et ale (1977) premise that wheat plants 

will use available resources in a manner which 

maintains kernel size. They emphasized the 

evolutionary significance of seed viability, which is 

maintained by stable kernel size. 

Fischer (1975) found that yield reduction due to 

shading is not constant for a genotype from year to 

year. Shading prior to anthesis reduced kernel set; 

shading following anthesis did not allow sufficient 

opportunity for kernel filling. Fischer warned that 

the relative importance of sources and sinks within a 

genotype is susceptible to yearly variation. He 

suggested that changes in latitude, climatic conditions 

and seeding date could influence any conclusions made 

concerning the relative importance of source and sink 

to final grain yield. 

Fischer and stockman (1980) grew several cultivars 

of wheat in a controlled environment and observed that 

to 11 days of shading, centered 10 to 13 days prior 

to anthesis, produced the largest reduction in kernel 

number. Significant differences in field experiments 

were reported only when light was reduced to 40 % of 

normal. However, Kemp and Whingwiri(1980) shaded wheat 

plants at 20 % of normal light from double ridge 
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post-anthesis periods. There was no change in the 

number of kernels produced in the lower half of the 

ear, but kernel dry weight was reduced 30 ,. 

Fischer and Hil1eRisLambers (1978) used 50 % light 

reduction on old and contemporary wheat cultivars in 

Mexico. They found that grain yield reduction varied 

from 7 to 23 %. There was a high correlation (r = 0.83) 

between yield reduction and the amount of source 

limitation. Source limitation was calculated as the 

average of increases (%) in kernel weight when (a) 80 % 

of kernels were removed artificially from wheat spikes, 

and (b) nine-row plots were thinned to a single central 

row. This high correlation implies that cultivars 

which suffer the largest kernel weight losses due to 

assimilate limitation also produce the largest gains in 

kernel weight when surplus photosynthate is available. 

Woodruff and Mawhood (1978) used shading and reported 

that cu1tivars which possess Norin-10 genes had larger 

decreases in grain weight than contemporary Australian 

wheat cultivars. Wardlaw et ale ~1965) noted that 

shading ears of four wheat cultivars resulted in 

remobilization of stem reserves which were imported 

into the spike, although the rate of flag leaf 

photosynthesis decreased. 

Experiments involving barley provided similar 

responses. Gifford et a1. (1973) reported that kernel 

weight was most affected by periods of post-anthesis 

shading. Nosberger and Thorne (1965) shaded the ears 
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of barley plants and noted a significant reduction in 

stem dry weight. This means that if adequate 

photosynthate is not available (due to ear shading in 

this case), stem reserves will be used. 

2.5.1.2 Defoliation 

Plant defoliation will limit photosynthate 

production. Defoliation at various levels of severity 

eliminates source tissue. Womack and Thurman (1962) 

cited a large number of studies using this simple and 

effective technique to alter assimilate production. 

Austin and Edrich (1975) noted that as wheat 

development proceeds into the heading stage, roots and 

young tillers are deprived of photosynthate. Bingham 

(1972) removed tillers and reported that flag leaf 

weight increased and significantly higher amounts of 

photosynthate reached the spike of the main culm. 

Aslam and Hunt (1978) also removed tillers and 

observed that carbon dioxide exchange in the main culm 

was maintained at normal levels for two weeks following 

treatment. If only one tiller was de-earred, then the 

exchange rate did not decrease for at least five weeks 

following removal. The authors suggested that internal 

source-sink relationships explain the variation between 

complete tiller removal and s~ngle tiller ear removal. 

The removal of all tillers resulted in an 86% grain 
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yield increase for the main culm due to increased 

number of kernels per spikelet. 

Simmons et al.(1982) defoliated the upper four 

leaves of wheat at either anthesis or 14 days following 

anthesis. These treatments resulted in reductions in 

kernel growth rate and kernel weight. Using winter 

wheat, Womack and Thurman (1962) removed 10 to 40 , of 

the leaves at four developmental stages ranging from 

one week before the boot stage to two weeks following 

the boot stage. The earliest treatment was the most. 

critical stage for leaf area reduction. Leaf area 

removal in excess of 10 % was necessary to cause 

significant grain yield reductions. All leaf area 

removal treatments resulted in kernel weights 

significantly below that of the control. Walpole and 

Morgan (1974) reported that the decrease in grain yield 

depended on the the severity of defoliation in the 

order: complete defoliation >entire flag leaf > half of 

the flag leaf > control. 

In other cereals, experiments by Habgood and 

Rafique-Uddin (1983) produced decreases in barley 

kernel weight similar to those reported in wheat. 

Klinck and Sim_(1975) reported that removal of the two 

upper leaves of oat (Avena sativa) plants which 

decreased kernel weight in proportion to defoliaton. 

In oat, both the first and second uppermost leaves are 

involved in assimilate supply to the developing 

kernels. They suggested that, following leaf removal, 
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adequate compensation by the lower plant leaves was not 

possible. Piening and Kaufman (1969) also noted that 

leaf removal following heading in barley provided 

little opportunity for compensation by the remaining 

leaves. Flag leaf removal following anthesis in barley 

resulted in a 14 % yield loss. 

Radley (1981) removed the glumes of wheat to 

determine their influence on kernel filling. Glumeless 

grains were much smaller at maturity than those of 

intact spikelets. This was explained as a result of 

decreasedphotosynthate importation due to a reduction 

of sink tissue in the glumeless grain. 

Defoliation has also been used as a technique to 

mimic hail and insect damage. Studies have been 

conducted to determine the critical periods and amounts 

of damage required to significantly decrease yield 

(Roebuck and Brown, 1923; Kiesselbach,1948; Laude and 

Pauli, 1959; Pauli and Laude, 1959). 

2.5.1.3 Other methods 

Gifford et al. (1973) used carbon dioxide 

enhancement of barley in an attempt to increase 

photosynthate production and determine its effect on 

kernel filling. The results were highly variable due 

to genotypic' effects. stockman et al. (1983) used 

increased illumination which resulted in increased 
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kernel number per wheat spike, although yield did not 

increase proportionately. Dichlorophenyl dimethyl urea 

(DCMO) has been used to halt photosynthesis in specific 

parts of the plant. King et al. (1967) stopped ear. 

photosynthesis by spraying a low concentration of DCMO 

on the ear 16 .hours prior to the introduction of the 

labelled carbon dioxide. This technique resulted in 

only small increases in the amount of photosynthate 

produced by the flag leaf and transported to the ear. 

It is poss.ible that pre-treatment flag 

photosynthate production was already so high that 

increased sink demand due to DCMU inhibition of ear 

photosynthesis did not increase flag leaf activity. 

2.5.2 Sink alteration 

The basic objective of sink alteration is to 

ascertain how the remaining kernels respond to new 

source:sink ratios. Kernel removal is accomplished by 

mechanical removal of the entire infloresence, single 

spikelets or kernels and emasculation of florets within 

the spike to prevent further kernel development. 

Artificial removal of kernels increases the amount 

of photosynthate available to the remaining kernels. 

Fischer and HilleRisLambers (1978) show that such 

treatments increased final ~ernel weight in wheat. 

Konovalov (1966) reported that kernel weight was 
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reduced due to the artificial removal of some wheat 

kernels. Reduction in kernel number produced similar 

decreases in kernel weight in studies by Lupton and Ali 

(1966), Pinthus and Millet (1978) and Bremner and 

Rawson (1978). 

The most severe sink alteration method is complete 

ear removal,and it has been used to investigate how net 

photosynthesis is affected. Apel et al. (1973) and 

Austin and Edrich (1975) reported that there was no 

change in flag leaf photosynthetic rate following ear 

removal. The wheat plants subjected to this treatment 

developed a new translocation pattern to other sink 

regions two days following ear removal. This resulted 

in no significant change in plant dry matter compared 

with control plants. King et ale (1967) reported 

reduced flag leaf photosynthetic rates following main 

stem ear removal. Net photosynthesis in the flag leaf 

decreased 50 % within 3 to 15 hours following ear 

excision. They noted that wheat is suitable for this 

work since the leaves do not store excess carbohydrates 

as starch. 

Fischer and HilleRisLambers (1978) reported that 

eliminating specific kernels from several spikelets 

produced results similar to eliminating all kernels 

from some spikelets. They noted the ease of the latter 

procedure. Martinez-Carrasco and Thorne (1979a,b) 

removed 50 % of the spike at'anthesis. They observed 

that the remaining kernels can only enlarge a certain 
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amount due to their fixed endosperm cell number, even 

though excess assimilate is available. They reported 

that if ears were halved by removing the upper portion 

of the spike five days following anthesis, kernels 

within these ears possessed more endosperm than control 

kernels due to increased numbers of endosperm cells. 

This increase in endosperm cell division was also 

observed by Brocklehurst (1977). Martinez-Carrasco and 

Thorne (1979b) noted that there was no corresponding 

increase in kernel weight due to the increase in number 

of endosperm cells. 

Radley (1978) removed two kernels from each wheat 

spikelet one week after anthesis. This resulted in 

increased aleurone and endosperm cell number in the 

remaining kernels. These kernels synthesized starch 

more rapidly than kernels in the intact ears. 

Gibberellin and auxin levels were significantly higher 

in the glumes of the treated ears, and auxin 

concentration was higher in the kernels compared with 

the control. Radley and Thorne (1981) reported that 

removing the upper 50 % of the ear, or removing the two 

lower kernels in each spikelet six days following 

anthesis increased kernel size in winter wheat. 

Simmons et ale (1982) found that spikelet removal, 

by severing the rachis above the seventh spikelet, 

increased final kernel weight. Weight increases were 

higher when spikelet removal was early (anthesis) and 
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the control kernel weights were low. Artificial sink 

reduction also increased the growth rates of remaining 

kernels. Kernel growth rate was highly correlated with 

grain yield. This correlation was also reported by 

Simmons and Crookston (1979) and Sofield et ale (1977). 

Rawson (1970) observed that the limiting factor in 

grain yield is kernel set. He pointed out that 

spikelet number was critical to final yield, and 

reported that spikelet number was positively correlated 

with the length of wheat's developmental period. When 

spikelet number was varied within a single genotype by 

photoperiod management, spikelet number and grain yield 

were highly correlated. Kernel number per spikelet and 

kernel size were relatively constant. This is in 

contrast to the results of Bianchi et ale (1983) who 

reported highly variable effects on kernl size, when 

spikes of Italian bread wheat were reduced by halving 

the number of spikelets per spike. Walpole and Morgan 

(1973) sterilized the florets of wheat by careful 

removal of the ovule. They observed that this caused 

increased kernel set and kernel weight in the untreated 

spikelets. This evidence supports the premise that 

additional potential exists within contemporary 

cu1tivars for increased yield production. Klinck and 

Sim (1975) claimed that yield potential in oat was also 

limited by inhibition and/or competition. 

Sink alteration treatments'have been carried out on 

several cereals. In barley, Habgood and Rafique-Uddin 



33

(1983) reported dramatic increases of 4.3 and 6.8 mg 

per kernel, which represented percentage gains of 12.0 

and 12.2%, when all but fourspikelets were removed 

from the spike. Nosberger and Thorne (1965) reduced 

the number of barley florets by 50%, and increased 

stem dry weight. The reduced sink size resulted in 

reduced photosynthate importation by the spike. 

2.6 Competition reduction 

Reduced competition will alter the resources 

available to the plant. The standard procedure is to 

remove adjoining plants or rows at specific 

developmental stages. Variable rates of competition 

produce source alteration due to limitation of 

moisture, nutrients and light (Watson and French, 

1960). The response of yield components to various 

levels of reduced competition, and their timing 

provides information on how yield compensation occurs 

in plants. 

Dougherty et ale (1975) reported that thinning 

stands of wheat resulted in higher kernel set per 

spike. They cite the lack of assimilate as the cause 

for the degeneration of potentially viable florets. 

Using several cultivars of spring wheat, Fischer and 

Laing (1976) noted that thinn~ng at anthesis increased 

final kernel weight by 6 to 41 %. They suggested that 



34

thinning at anthesis resulted in maximum kernel weight 

under normal field conditions in the absence of 

post-anthesis photosynthate limitation. Cultivar 

differences were observed in response to reduced 

competition. 

Frederick and Marshall (1985) showed that higher 

seeding rates increased tiller number and grain yield 

per unit area, although kernel number was decreased. 

The increase in grain yield was due to the high 

percentage of primary tillers in dense crop stands. 

Glenlea wheat showed a highly significant negative 

correlation between plant density and kernel weight, as 

well as between kernel number per spike and number of 

fertile spikes per plant (Gebre-Mariam and Larter, 

1979) • 

Martinez-Carrasco and Thorne (1979a), in a field 

study, reduced the density of a wheat stand from 360 to 

180 shoots per square meter 30 days prior to anthesis. 

Number of kernls per ear was increased in the thinned 

plots, but kernel size, kernel wei9ht per spike and 

total dry weight per culm were not affected. They 

suggested that photosynthate production did not 

increase in the thinned plants. Similar results 

occurred in a pot experiment, under controlled 

enviromentaI conditions. Scott et ale (1975) also 

reported that kernel number per ear was afected by ear 

number per unit area. They' proposed that limited 

carbohydrate supplies and water stress in the 
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developing infloresence would cause problems as crop 

density increased. 

Fischer and HilleRisLambers (1978) thinned nine-row 

wheat plots to a single central row at anthesis. This 

resulted in a 15 to 24 % increase in kernel weight. 

They suggested that this represented the kernel weight 

potential of the cultivar. Kernel weight potential of 

old and new cultivars differed significantly. 

Inter-floret competition prior to anthesis was cited as 

a possible reason for cultivar differences. 

Puckridge (1968) used a pot study to create high 

and low wheat densities. At high competition the upper 

spikelets competed more effectively for resources, 

since spikelets at the base of the ear often failed to 

develop. Puckridge (1968) stated that the critical 

period of competition was during primordia development, 

which occurred from double ridge formation to spike 

emergence. 

Willey and Holliday (1971) reduced competition in 

wheat plots by thinning to a single culm on a 36 cm x 

30 cm grid. Thinning was carried out at various stages 

of development. They suggested that kernel number was 

the limiting factor in grain yield under field 

conditions. The decrease in grain yield at high 

density (due to reduced kernel number per unit area) 

was attributed to lower produ~tion of plant dry matter 

during the later stages of ear development. Yield 
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decreases were not due to the partitioning of dry 

matter between the infloresence and other plant parts. 

The authors noted that kernel weight did not vary 

whether plots were thinned at plant establishment, ear 

initiation or anthesis. The increase in wheat yield 

due to thinning casts doubt on the assertion of Watson 

et ale (1962) that there may be little interplant 

competition in wheat following anthesis. Habgood and 

Rafique-Uddin (1983) thinned pots of barley, and 

reported that kernels per ear were increased due to the 

treatment. They reported that the increase was due to 

higher seed set in distal florets. 

2.7 Summary 

The literature cited provides a general 

understanding of the complexity of physiological 

processes, and the variation in how plants are 

organized to deal with their environment". Assimilate 

production, transport and kernel uptake in cereals are 

influenced by several factors. The concepts of source 

and/or sink limitation to final grain yield must be 

considered within the complex framework of plant 

development. 
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3. MATERIALS AND METHODS 

3.1 Source alteration-Kernen Crop Research Farm-1985~86

Eight cultivars were sown in an eight-replication 

randomized complete block design. These cultivars were 

Western Red Spring (Conway, Katepwa, Leader and 

Neepawa), Prairie Spring (HY320), Soft White Spring 

(Fielder), utility (Glenlea) and Mexican ( Siete 

Cerros). HY320, Fielder and Siete Cerros possessed 

awns. Kernen Crop Research Farm was reported by the 

Saskatchewan Soil Testing Laboratory as having dark 

brown heavy-clay soil. All experiments reported were 

done on land which had been fallowed the previous 

summer. Planting dates were 23 May, 1985 and 21 May, 

1986. Each plot consisted of five 3.8 m rows spaced 23 

cm apart. A seeding rate of approximately 210 seeds 

per square meter was used, and 50 kg per hectare of 

11-55-0 fertilizer was applied with the seed. 

At heading, random culms were tagged as either 

control shoots or shoots which would have their flag 

leaf lamina removed either at anthesis, 8 days 

post-anthesis,or 18 days post-anthesis. following 

anthesis or 18 days following anthesis. All culms were 

selected from row one of the five row plot. Five shoots 

were tagged per plot for each of the treatments and the 
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control. Areas of the excised flag leaves were 

measured on aLI-COR 3000 area meter. 

At harvest, data on number of kernels per spikelet, 

grain yield per spike and kernel weight were 

collected,using only the bottom ten spikelets of the 

spike. A split-plot analysis of variance was done 

using years as the main plots,the flag leaf removal 

treatments as sub-plots and plants as subsamples. 

3.2 Sink alteration.-:.Kernen Crop Research Farm- 1985-86 

The same plots as described in 3.1 were used to 

study sink alteration. At heading, random culms were 

tagged as either control shoots, or shoots which would 

have their rachis severed directly above the tenth 

spikelet (numbering from the base of the spike). Spike 

reductions were done at anthesis, 8 days post-anthesis 

and 18 days post-anthesis. All culms were selected from 

row five of the five row plot. Five shoots were tagged 

per plot for each of the treatments. 

At harvest, data on number of kernels per spikelet, 

grain yield per spike and kernel weights were 

collected, using only the bottom ten spikelets of the 

spike. A split-plot analysis of variance was done 

using years as the main plots, the spike reduction 

treatments as sub-plots and plants as subsamples. 
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3.3 Competition reduction-Kernen Crop Research Farm

1985-1986 

The same eight cultivars were sown on 23 May, 1985 

in an eight-replication randomized complete block 

design. Each plot consisted of five 3.8-m rows spaced 

23 cm apart, sown at 210 seeds per square meter. Fifty 

kg per hectare of 11-55-0 fertilizer was applied with 

the seed. The center row of each plot was divided into 

three one-meter sub-plots with 0.4 m border plot at 

either end of the row. Three treatments were applied 

at random to the sub-plots in each plot. Treatments 

consisted of adjacent row removal (rows two and four) 

at either the six-leaf stage ( designated 6.0 in Haun 

,1973) or at heading. The third sub-plot was used as a 

control, with no adjacent row removal. 

The same eight cultivars were sown on 21 May,1986 

in an eight-replication randomized complete block 

design. Each plot was made up of three sub-plots. Each 

of these sub-plots consisted of five 3.8 m rows spaced 

23 cm apart and seeded at 210 seeds per square meter. 

Three treatments were applied at random to the 

sub-plots in each plot. Treatments consisted of entire 

adjacent row removal (rows two and four) at the same 

developmental stages as in 1985. The third sub-plot 

was used as a control, with no adjacent row removal. 

In both 1985 and 1986, ten random spikes were 
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selected from each center row sub-plot and harvested. 

Data on number of kernels per spike, grain yield per 

spike, kernel weight and fertile spikes per plant were 

collected. A split plot analysis of variance, combined 

over years, was done using years as main plots, 

competition reduction treatments as sub-plots and 

plants as subsamples. 

3.4 Source..;.sink alteration..;. Preston Irrigation 

Plots...;. 1985 

The same eight cultivars were seeded in single 

plots of 282 seeds spaced on 30 cm centers in four rows 

of 72 seeds. Planting was done on 16 May, 1985. 

Approximately 50 kg per hectare of 11-55-0 was 

broadcast five days after planting. Flag leaf removal 

or spike reduction as described in 3.1 and 3.2 were 

carried out at either anthesis, 8 days post-anthesis or 

18 days post-anthesis on the main shoots of 16 to 20 

random plants per cultivar. Preston Irrigation Plots 

have a dark brown clay soil-type. 

At harvest, the number of kernels and kernel weight 

were determined for the lower ten spikelets of each 

spike. One-way analysis of variance was used to t,est 

for treatment effects within each cultivar. 
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3.5 Source~sink alteration- Preston Irrigation 

Plots- 1986 

The same eight cultivars were sown on 13 May, 1986 

in a six-replication, randomized complete block design. 

Each plot consisted of 48 plants spaced on 30 cm 

centers. Three to four seeds per hill were sown and 

thinned to one plant so that plant density was uniform. 

Flag leaf removal and spike reduction were carried out 

on four randomly chosen main shoots at either anthesis, 

8 days post-anthesis or 18 days post-anthesis. Four 

shoots per plot were tagged at anthesis to serve as 

controls for the experiment. Areas of excised flag 

leaves were measured on aLI-COR 3000 area meter. 

At harvest, number of fertile spikes per plant were 

counted and data were collected on kernels per spikelet 

and kernel weight from the lower ten spikelets of each 

spike. A split-plot analysis of variance was done 

using cultivars as main plots, treatments as sub-plots 

and plants as subsamples. 
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3.6 Source-sink alteration in the greenhouse, 1985 

In May 1985 the same cultivars were planted in a 

greenhouse bed in a completely random design with 

plants spaced 7 x 13 cm. Five plants of each cultivar 

were tagged as controls, five had their main stem flag 

leaf removed at anthesis and another five had their 

main stem spike rachis severed directly above the tenth 

spikelet. Soluble fertilizer was applied and tiller 

growth was excised at biweekly intervals. 

In September the number of kernels per spikelet and 

average kernel weight were determined using only the 

lower ten spikelets of each spike. The data were 

analyzed as a factorial analysis of variance in a 

completely random design with five replications. 

3.7 MaximUm kernel weight- 1985~1986

Seeds of the eight cultivars were sown in 15 em 

pots in a growth chamber, and thinned to one seedling 

at emergence. Pots were arranged in a randomized 

complete block design with six replications. At 

heading the rachis was severed directly above the tenth 

spikelet. This experiment was repeated three times. 

The main shoot was identified, and all other tillers 

were excised at biweekly intervals. Soluble nutrient 
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solution was applied weekly. 

Data on kernel number per spikelet and kernel 

weight were collected on the lower ten spikelets of 

each spike. Analyses of data were done using a 

randomized complete block design with six replications. 

The experiment was repeated three times. 
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4. RESULTS 

4.1 Source alteration ~ Kernen erop Research Farm 

In these experiments, source of photosynthate was 

altered by removal of flag leaf lamina at anthesis or 8 

or 18 days post-anthesis. 

4.1.1 Kernel number per spikelet 

Kernel number per spikelet varied significantly 

between years, among cultivars and among flag leaf 

removal treatments (Table 4.1). Siete Cerros and HY320 

had significantly more kernels per spikelet than the 

four hard red spring cultivars included in this study 

(Table 4.2). Flag leaf removal at anthesis and eight 

days post-anthesis resulted in a significant reduction 

in kernel number per spikelet relative to the control 

and flag leaf removal 18 days post-anthesis. Likewise, 

kernel number per spikelet did not differ significantly 

between the check and the A + 18 treatment. 

The year x cultivar interaction was significant 

(Table 4.1). Cultivars produced larger numbers of 

kernels per spikelet in 1986, but the magnitude in the 

size of the increases varied among cultivars (Table 

4.3). HY320 had a much larger increase in kernel number 

per spikelet in 1986 than any other cultivar and this 
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Table 4.1 Analyses of variance for source alteration treatments 
applied to eight cultivars of wheat grown at the Kernen 
Crop Research Farm,1985-1986 

Mean squares 
Source of variation d.f. Kernels/spikelet Grain weight/ Kernel weight 

spike 

Years 1 306 •.325 ** 8.90 ** 19095 ** 
Replications in years 14 0.716 ** 0.22 ** 82 ** 
Cultivars 7 15.193 ** 8.46 ** 8223 ** 
Year x cultivar 7 6.277 ** 0.34 ** 2175 ** 
Error (a) 98 0.233 ** 0.10 ** 120 ** 

Treatments 3 2.681 ** 2.45 ** 1388 ** 
Cultivar x treatment 21 0.168 NS 0.05 * 39 * 
Year x treatment 3 0.100 NS 0.18 ** 181 ** 
Y x C x T 21 0.271 ** 0.06 ** 26 NS 
Error (b) 336 0.133 ** 0.03 ** 24 ** 

Sampling error 2048 0.084 0.02 13 

*,**Significant at the 0.05 and 0.01 levels of probability, respectively. 
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Table 4.2 Average number of kernels per spikelet for eight 
cultivars subjected to flag leaf removal at anthesis 
or 8 or 18 days post-anthesis at the Kernen Crop 
Research Farm, 1985-1986 

Flag leaf removal at:
Cultivar Control Anthes is A + 8 A + 18 Average

-------------kernels per spike--------------------

Siete Cerros 3.08 2.85 2.95 3.04 2.98+ 
HY320 2.78 2.72 2.70 2.81 2.75 
Glenlea 2.68 2.62 2.58 2.58 2.61 
Conway 2.62 2.50 2.46 2.55 2.53 
Katepwa 2.58 2.45 2.37 2.57 2.49 
Neepawa 2.53 2.43 2.43 2.50 2.47 
Leader 2.42 2.19 2.27 2.33 2.30 
Fielder 2.38 2.29 2.35 2.46 2.37 

Average 2.63 2.51 2.51 2.61 2.56 

+LSD (0.05) for differences between cultivar means = 0.07 and 
for differences between treatment means = 0.04. 



47 

Table 4.3 Average number of 
cultivars of wheat 
removal treatments 
Crop Research Farm 

kernels per spikelet for eight 
averaged over all flag leaf 

in 1985 and 1986 at the Kernen 

Cultivar 1985 1986 Average 

Siete Cerros 
Conway 
Glenlea 
Katepwa 
Neepawa 
HY320 
Leader 
Fielder 

Average 

----------kernels per 
2.49 3.47 
2.31 2.75 
2.27 2.95 
2.24 2.75 
2.23 2.72 
2.19 3.31 
2.11' 2.50 
1.91 2.83 

2.22 2.91 

spike------------
2.98+ 
2.53 
2.61 
2.49 
2.47 
2.75 
2.30 
2.37 

2.56 

+LSD (0.05) for differences between cultivar means: 1985 = 
0.12, 1986 = 0.10,85-86 = 0.07 and for differences between 
year means within a given cultivar = 0.11. 
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was the main reason for the significant year x cultivar 

interaction. The differences in the climatic conditions 

between the two years (Appendix 2.1) caused differing 

cultivar capability to produce kernels per spikelet. 

The significant year x cultivar x treatment 

interaction (Table 4.1) was due to the diffential 

response of Leader, relative to the othercultivars. In 

1985 flag leaf removal at anthesis resulted in an 

average decrease of 0.37 kernels per spikelet, compared 

with to the control, and an average decrease of 0.12 

for all cultivars, but in 1986 the decrease averaged 

only 0.11 kernels per spikelet for Leader (see Appendix 

1 • 1 ) • 

4.1.2 Grain weight per spike 
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Table 4.4 Average grain weight per spike for eight cultivars 
of wheat subjected to flag leaf removal at 
anthesis or 8 or 18 days post-anthesis at the 
Kernen Crop Research Farm, 1985-1986 

Flag leaf removal at:
Cultivar Control Anthes is A + 8 A + 18 Average

-------------------g/spike-------------------------
Glenlea 1.35 1.15 1.20 1.22 1.23+ 
HY320 1.19 1.02 1.09 1.17 1.12 
Siete Cerros 1.10 0.96 1.04 1.08 1.05 
Fielder 0.95 0.83 0.91 0.99 0.92 
Conway 0.94 0.82 0.81 0.88 0.86 
Katepwa 0.94 0.81 0.81 0.91 0.87 
Neepawa 0.87 0.76 0.78 0.84 '0.81 
Leader 0.82 0.70 0.74 0.80 0.77 

Average 1.02 0.88 0.92 0.99 0.95 

+LSD (0.05) for differences between cultivar means = 0.05, for 
differences between treatment means = 0.02 and for differences 
between treatment means within a given cultivar = 0.05. 
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anthesis. The flag leaf was still an important source 

of photosynthatefor the grain at that point in kernel 

filling (Table 4.4). 

The year x cultivar interaction was significant 

(Table 4.1).There was no significant increase in grain 

weight from 1985 to 1986 for HY320, Siete Cerros and 

Conway, while all other cultivars increased 

significantly (Table 4.5). 

The year x treatment interaction was significant 

(Table 4.1). Flag leaf removal treatments produced no 

significant reduction in 1985, but grain weight values 

were significantly reduced in 1986 (Table 4.6). 

The year x cultivar x treatment interaction was 

significant (Table 4.1). Grain weight values for 

Fielder were largely responsible. In 1985, flag leaf 

removal at anthesis resulted in average decreases of 

0.01 g per spike, but the 1986 average decrease 

compared with the control was 0.22 g per spike 

(Appendix 1.2). 

The highest yields per spike were reported for the 

awned cultivars, HY320, Fielder and Siete Cerros, plus 

Glenlea which possesses a large spike with a large 

photosynthetic area. These results support the 

hypothesis that the spike plays a major role in grain 

filling in western canada. 
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Table 4.5 Average grain weight per spike for eight 
cultivars of wheat averaged over all flag leaf 
removal treatments in 1985 and 1986 at the Kernen 
Crop Research Farm 

Cultivar 1985 1986 Average 

-----------------g/spike-----------------
Glenlea 1.11 1.35 1.23+ 
HY320 1.09 1.15 1.12 
Siete Cerros 1.02 1.07 1.05 
Fielder 0.84 0.99 0.92 
Conway 0.84 0.89 0.86 
Katepwa 0.81 0.92 0.87 
Neepawa 0.74 0.89 0.81 
Leader 0.71 0.82 0.77 

Average 0.89 1.01 0.95 

+LSD (0.05) for differences between cultivar means: 1985 = 
0.09, 1986 = 0.16, 85-86 = 0.05, and for differences 
between year means within a given cultivar = 0.07. 

Table 4.6 Average grain weight per spike for four flag 
leaf removal treatments averaged over all 
cultivars in 1985 and 1986 at the Kernen Crop 
Research Farm 

Flag leaf removal at:i985 1986 Average 

---------------g/spike----------------

Control 0.94 1.10 1.02+ 
Anthes is 0.84 0.92 0.88 
A + 8 0.86 0.98 0.92 
A+ 18 0.93 1.05 0.99 

Average 0.89 1.01 0.95 

+LSD (0.05) for differences between treatment means: 1985 
=0.10, 1986 = 0.06, 85-86 = 0.02 and for differences 
between year means within a giventrea~ent = 0.03. 
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4.1.3 Kernel weight 

Kernel weight varied significantly between years, 

among cultivars and among flag leaf removal treatments 

(Table 4.1). The cultivars varied from 47.2 mg per 

kernel for Glenlea to 32.8 mg per kernel for Neepawa 

(Table 4.7). Flag leaf removal at anthesis reduced 

kernel weight more than the later treatments. 

The significant cultivar x treatment interaction 

resulted due largely to the differential response of 

Siete Cerros to the flag leaf removal treatments. All 

cultivars, except Siete Cerros produced significant 

individual kernel weight reductions due to flag leaf 

removal at anthesis (Table 4.7). 

The year x cultivar interaction was significant 

(Table 4.1). The lower number of kernels per spikelet 

(Table 4.3) and resulting lower grain weight (Table 

4.9) in 1985 produced a compensating increase in most 

of .the cultivars except Leader and Neepawa (Table 4.8). 

The year x treatment interaction was significant 

(Table 4.1). Flag leaf removal at anthesis had a 

greater effect in 1986 than in 1985 (Table 4.10), 

possibly due to more limited moisture in 1985 (Appendix 

2.1 ) • 

4.1.4 Leaf area of excised flag leaves 

The leaf area of the excised leaves differed 
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Table 4.7 Average kernel weight for eight cultivars of wheat subjected 
to flag leaf removal at anthesis or 8 or 18 days 
post-anthesis at the Kernen Crop Research Farm 1985-1986 

Flag leaf removal at:
Cultivar Control Anthes is A + 8 A + 18 Average

---,.;---------------mg/kernel------------------------
Glenlea 50.3 44.1 46.6 47.8 47.2+ 
HY320 44.4 39.8 41.8 43.0 42.3 
Fielder 40.7 37.3 39.6 40.8 39.6 
Katepwa 36.5 33.1 34.2 35.8 34.9 
Siete Cerros 36.3 35.0' 36.0 36.5 36.0 
Conway 36.1 33.2 33.4 34.6 34.3 
Neepawa 34.7 31.2 32.1 33.4 32.8 
Leader 34.1 32.1 32.9 34.2 33.3 

Average 39.1 35.7 37.1 38.3 37.6 

+ LSD (0.05) for differences bewtween cultivar means = 1.7, for 
differences between treatment means = 0.5, and for differences between 
treatment means within a given cultivar = 1.5. 
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Table 4.8 Average kernel weight for eight cultivars of wheat 
averaged over all flag leaf removal treatments in 1985 
and 1986 at the Kernen Crop Research Farm 

Cultivar 1985 1986 Average 

HY320 
Glenlea 
Fielder 
Siete Cerros 
Conway 
Katepwa 
Leader 
Neepawa 

Average 

--------------mg/kernel---------------

49.6 34.8 42.3+ 
48.5 45.9 47.2 
44.2 35.0 39.6 
40.9 31.0 36.0 
36.2 32.4 34.3 
36.1 33.8 34.9 
33.0 33.0 33.0 
33.0 32.7 32.8 

40.3 34.8 37.6 

+LSD (0.05) for differences between cultivar means: 1985 = 
3.3, 1986 = 1.4, 85-86 = 1.7, and for differences between 
year means within a given cultivar = 2.4 

Table 4.9 Average kernel weight for four flag leaf removal 
treatments averaged over all cultivars of wheat in 
1985 and 1986 at the Kernen Crop Research Farm 

Flag leaf removal at: 1985 1986 Average 

----------------mg/kernel----------------

Control 41.4 36.9 39.1+ 
Anthesis 39.2 32.3 35.7 
A + 8 39.8 34.3 37.1 
A + 18 40.7 35.8 38.3 

Average 40.3 34.8 37.6 

LSD (0.05) for differences between treatment means: 1985 = 0.9, 
1986 = 0.6, 85-86 = 0.5, and for differences between year means 
within a given treatment = 0.8. 
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significantly between years, among cultivars and among 

time of flag leaf removal treatments (Table 4.10). The 

average flag leaf area (average of 5 leaves) varied 

2from 16.8 cm2in Glenlea to 8.3 cm for Fielder during 

1986 (Table 4.11). 

The cultivar x treatment interaction was not 

significant, but the year x cultivar interaction was 

significant (Table 4.10). The flag leaf areas of 

Glenlea and Conway in 1986 increased much more over 

their 1985 values than did the remaining cultivars 

(Table 4.11). The year x treatment interaction was also 

significant (Table 4.10). There were significant flag 

leaf area differences between identical periods in 

development (treatment times) in 1985 and 1986 • 

There was a medium correlation (r = 0.62, 6 d.f. ) 

between average flag leaf area (Table 4.11) and average 

grain weight per spike in the control spikes which was 

significant at the 0.1 level of probability (Table 

4.4). Because of the large variation in kernel weight 

among cultivars it is useful to express the kernel 

weight reduction as a percent of the control kernel 

weight. The 1985 correlation (Figure 4.1) between the 

flag leaf area removed and the decrease in kernel 

weight (%) due to flag leaf removal at anthesis was 

-0.14, but if Fielder values are removed the 

correlation was 0.89**(** Significant at the 0.01 level 

of probability). The 1986 correlation using all 

cultivars was 0.32 (NS). 
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Table 4.10 Analysis of variance for leaf area of 
excised flag leaves for the source 
alteration treatments on eight wheat 
cultivars at Kernen Crop Research Farm, 
1985-1986 (Five leaf totals) 

Mean square 
Source of variation d.f. 

Years 1 46658 ** 
Replications in years 14 4738 ** 
Cultivars 7 210 * 
Year x cultivar 7 529 ** 
Error (a) 98 92 ** 

Treatments 2 1026 ** 
Cultivar x treatment 14 58 NS 
Year x treatment 2 685 ** 
Y x C x T 14 58 NS 
Error (b) 224 62 

*,**Significant at the 0.05 and 0.01 levels of probability, respectively. 
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Table 4.11 Average areas of five flag leaves for eight wheat 
cultivars at the Kernen Crop Research Farm in 1985 
and 1986 (per leaf) 

Cultivar 1985 1986 Average 

Glenlea 
Siete Cerros 
Neepawa 
Katepwa 
Leader 
Conway 
HY320 
Fielder 

Average 

LSD (0.05) 

----------------cm2-----------------

12.2 21.5 16.8 
11.6 13.3 12.5 
9.1 13.5 11.3 
9.0 13.0 11.0 
9.0 12.0 10.5 
8.8 15.1 11.9 
8.1 10.9 9.5 
6.3 10.3 8.3 

9.3 13.7 11.5 

1.1 2.9 2.4 



Figure 4.1 The effect of flog leaf removal at
anthesis on percent kernel weight loss in wheat in 1985

and 1986 at Kemen Crop Research Farm
20 D 

o 
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The positive correlation between flag leaf area and 

grain yield per spike supports the view that flag leaf 

plays an important role in supplying photosynthate to 

the developing kernels. 

4.2 Sink alteration - Kernen Crop Research Farm 

Sink size was reduced by clipping the spike 

directly above the tenth spikelet at anthesis or 8 or 

18 days post-anthesis. 

4.2.1 Kernel number per spikelet 

Kernel number per spikelet varied significantly 

between years, among cultivars and among sink 

alteration treatments (Table 4.12). Siete Cerros 

produced the highest number of kernels per spikelet, 

and Leader the lowest (Table 4.13). Spike reduction at 

anthesis produced no significant change in kernel 

numbers per spikelet. Significant reductions were 

observed for A + 8 and A + 18 treatments, compared with 

to the control. It is possible that spike reduction 

reduced the sink demand, resulting in decreased 

photosynthate importation into the spike. The reason 

why spike reduction at anthesis had no effect is 

unclear. 

The cultivar x treatment and the year x cultivar x 
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Table 4.12 Analyses of variance for sink alteration treatments 
applied to eight cultivars of wheat grown at the Kernen 
Crop Research Farm,1985-1986 

Mean squares 
Source of variation d.f. Kernelsl Grain weight Kernel weight 

spikelet per spike 

Years 1 407.285 ** 43.79 ** 3559 ** 
Replications in years 14 0.515 ** 0.,31 ** 204 ** 
Cultivars 7 11.834 ** 8.73 ** 9167 ** 
Year x cultivar 7 7.955 ** 0.44 ** 1699 ** 
Error (a) 98 0.281 ** 0.11 ** 130 ** 

Treatments 3 4.010 ** 1.28 ** 935 ** 
Cultivar x treatment 21 0.171 NS 0.08 ** 59 ** 
Year x treatment 3 1.946 ** 1.15 ** 341 ** 
Y x C x T 21 0.195 NS 0.04 NS 38 NS 
Error (b) 336 0.158 ** 0.03 ** 25 ** 

Sampling error 2048 0.085 0.02 14 

*,**Significant at the 0.05 and 0.01 levels of probability, respectively. 
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Table 4.13 Average number of kernels per spikelet for eight 
cultivars of wheat subjected to spike reduction at 
anthesisor 8 or 18 days post-anthesis at the Kernen 
Crop Research Farm, 1985- 1986 

Spike reduction at: 
Cultivar Control Anthes is A + 8 A+ 18 Average 

---------------kernels/spike--------------------

Siete Cerros 3.01 3.08 2.80 2.78 2.92+ 
HY320 2.76 2.74 2.57 2.72 2.70 
Glenlea 2.72 2.67 2.61 2.59 2.65 
Katepwa 2.59 2.60 2.38 2.54 2.52 
Neepawa 2.59 2.56 2.43 2.48 2.52 
Conway 2.54 2.59 2.38 2.51 2.51 
Fielder 2.42 2.43 2.27 2.37 2.37 
Leader 2.37 2.33 2.24 2.30 2.31 

Average 2.63 2.62 2.46 2.54 2.56 

+LSD (0.05) for differences between cultivar means = 0.08, for 
differences between treatment means = 0.04, and for 
differences between treatment means within a given cultivar = 
0.11. 
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treatment interactions were not significant (Table 

4.12). The year x cultivar interaction was 

significant. Glenlea and the Western red spring wheat 

cultivars (Conway, Leader, Katepwa and Neepawa) 

exhibited smaller increases than the other cultivars 

when 1986 means were were compared to 1985 means (Table 

4.14). 

The year x treatment interaction was significant 

(Table 4.12). All 1985 spike reduction treatments 

"resulted in signifcant decreases in kernel numbers per 

spikelet, in comparison to control values (Table 4.15). 

In 1986, spike reduction at anthesis produced a 

significant increase, but both later treatments were 

not different from the control. 

4.2.2 Grain weight per spike 

Grain weight per spike varied significantly between 

years, among cultivars and among sink alteration 

treatments (Table 4.12). The Western red spring 

cuiltivars produced the lowest yield per spike and 

Glenlea the lowest yield per spike (Table 4.16). Spike 

reduction at anthesisproducedgrain weight increases, 

but later treatments did not differ significantly from 

the control. 

The cultivar x treatment interaction was 

significant (Table 4.12). Grain weight per spike of 

Fielder and Siete Cerros increased significantly 
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Table 4.14 Average number of kernels per spikelet for eight 
cu1tivars of wheat averaged over all spike reduction 
treatments in 1985 and 1986 at the Kernen Crop 
Research Farm, 1985- 1986 

Cultivar 1985 1986 Average 

--------------kernels/spike----------

Siete Cerros 2.36 3.46 2.92+ 
Glenlea 2.27 3.03 2.65 
Katepwa 2.25 2.80 2.52 
Neepawa 2.24 2.79 2.52 
Conway 2.21 2.80 2.51 
Leader 2.08 2.54 2.31 
HY320 2.04 3.35 2.70 
Fielder 1.84 2.90 2.37 

Average 2.16 2.96 2.56 

+LSD (0.05) for differences between cultivar means: 1985 = 
0.14, 1986 = 0.02, 85-86= 0.08, and for differences between 
year means within a given cultivar = 0.12. 

Table 4.15 Average number of kernels per spikelet for four 
spike reduction treatments averaged over all 
cultivars of wheat in 1985 and 1986 at the 
Kernen Crop Research Farm 

Spike reduction at: 1985 1986 Average 

----------------kernels/spike----------

Control 2.29 2.95 2.63+ 
Anthesis 2.22 3.02 2.62 
A + 8 1.99 2.93 2.46 
A + 18 2.14 2.93 2.54 

Average 2.16 2.96 2.56 

+LSD (0.05) for differences betwe~n treatment means: 1985 = 
0.07, 1986 = 0.05, 85-86 = 0.04, and for differences 
between year means within a given treatment = 0.06. 
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Table 4.16 Average grain weight per spike for eight cultivars 
of wheat subjected to spike reduction at anthesis or 
8 or 18 days post-anthesis at the Kernen Crop 
Res~arch Farm. 1985-1986 

Spike reduction at:
Cultivar Control Anthesis A + 8 A + 18 Average

-----------------g/spike-------------------------

Glenlea 1.31 1.40 1.31 1.24 1.32+ 
HY320 1.16 1.26 1.18 1.21 1.20 
Siete Cerros 1.05 1.21 1.01 0.99 1.06 
Fielder 0.95 1.07 0.97 0.97 0.99 
Katepwa 0.93 0.99 0.89 0.94 0.94 
Conway 0.91 0.96 0.88 0.90 0.91 
Neepawa 0.91 0.93 0.87 0.88 0.90 
Leader 0.84 0.86 0.81 0.83 0.83 

Average 1.01 1.09 0.99 1.00 1.02 

+LSD (0.05) for differences between cultivar means = 0.05. 
for differences between treatment means = 0.02 and for 
differences between treatment means within a given cultivar = 
0.06. 
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following spike reduction at anthesis, but none of the 

hard red spring cultivars differed significantly from 

the control values (Table 4.16). 

The year x cultivar interaction was significant 

(Table 4.12),due primarily to the much larger increase 

in grain weight per spike of Glenlea from 1985 to 1986 

than for the other cultivars (Table 4.17). The year x 

treatment interaction was significant (Table 4.12), due 

primarily to the hi9h grain weight per spike of the 

control treatment in 1985 (Table 4.18). Thus, spike 

reduction treatments in 1985 had no effect or decreased 

grain weight per spike, whereas in 1986 they all 

resulted insignificant or nearly significant increases 

4.2.3 Kernel weight 

Kernel weight varied significantly between years, 

among cultivars.and among sink alteration treatments 

(Table 4.12). Spike reduction at anthesis produced the 

largest increases in kernel weight (Table 4.19). 

The significant cultivar x treatment interaction 

(Table 4.12) was due to the inconsistent response of 

the cultivars to spike reduction. Kernel weight of 

Conway and Neepawa increased very little following 

spike reduction at anthesis, whereas Glenlea and 

Fielder kernel weights increased significantly (Table 

4.19). 
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Table 4.17 Average grain weight per spike for eight cultivars 
of wheat averaged over all spike reduction 
treatments in 1985 and 1986 at· the Kernen Crop 
Research Farm 

Cultivar 1985 1986 Average 

Glenlea 
HY320 
Siete Cerros 
Katepwa 
Fielder 
Conway 
Neepawa 
Leader 

Average 

-----------------g/spike-----------

1.11 1.52 1.32+ 
1.05 1.35 1.20 
0.96 1.17 1.06 
0.84 1.04 0.94 
0.83 1.16 0.99 
0.80 1.03 0.91 
0.80 1.00 0.90 
0.73 0.94 0.83 

0.89 1.15 1.02 

+LSD (0.05) for differences between cultivar means: 1985 = 
0.04, 1986 = 0.05, 85-86 = 0.05, and for differences between 
years means within a given cultivar = 0.07. 

Table 4.18 Average grain weight per spike for four spike 
reduction treatments averaged over all wheat 
cultivars in 1985 and 1986 at the Kernen Crop 
Research Farm 

Spike reduction at: 1985 1986 Average 

----------------g/spike-------------

Control 0.93 1.08 1.01+ 
Anthesis 0.94 1.24 1.09 
A + 8 0.82 1.16 0.99 
A + 18 0.86 1.13 1.00 

Average 0.89 1.15 1.02 

+LSD (0.05) for differences between treatment means: 1985 
= 0.11, 1986 = 0.06, 85-86 = 0.02, and for differences 
between year means within a given treatment = 0.03. 
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Table 4.19 Average kernel weight for eight cultivars of wheat 
subjected to spike reduction at anthesis or 8 or 18 
days post-anthesis at the Kernen Crop Research Farm, 
1985- 1986 

Spike reduction at:
Cultivar Control Anthes is A + 8 A + 18 Average

--------------------mg/kernel--------------------
Glenlea 48.2 52.9 50.3 47.9 49.8+ 
HY320 43.7 46.9 47.2 45.8 45.9 
Fielder 40.3 44.9 43.6 42.0 42.7 
Katepwa 36.2 38.3 37.3 36.9 37.2 
Conway 35.9 36.9 36.9 36.0 36.4 
Siete Cerros 35.7 39.9 36.6 36.3 37.1 
Neepawa 35.4 36.5 35.8 35.5 35.8 
Leader 35.3 36.9 36.2 36.0 36.1 

Average 38.8 41.6 40.6 39.6 40.1 

+LSD (0.05) for differences between cultivar means = 1.8, for 
differences between treatment means = 0.5, and for differences 
between treatments within a given cultivar = 1.5 



x 
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The year x cultivar interaction was significant 

(Table 4.12), due primarily to extremely large 

reduction in kernel weight of HY320from 1985 to 1986, 

relative to the other cultivars (Table 4.20). The year 

treatment interaction was significant (Table 4.12), 

due primarily to the high kernel weight of the control 

treatment in 1985 (Table 4.21). Thus, only spike 

reduction at anthesis resulted in increased kernel 

weight in 1985, whereas all spike reduction treatments 

increased kernel weight in 1986. 

4.2.4 Spike reduction percentage 

The percent intact spike removed when the rachis 

was severed directly above the tenth spikelet was 

determined in 1985 and 1986 (Table 4.22). Data were 

based on kernel number in 1985 and spikelet number in 

1986. There was a high, positive correlation (r = 

0.95**, 6 d.f.) between the percent intact spike 

removed from the cultivars in the.two years. 

The correlation between percent spike reduction of 

the cultivars and their percent increase in kernel 

weight due to spike removal at anthesis was 0.47** in 

1985 and 0.80** in 1986 with 6 d.f.{Figure 4.2). Thus, 

kernel weight increases as the size of the sink 

decreases. The amount of photosynthate available per 

kernel is higher in cultivars with larger percentages 

of the spike removed. 
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Table 4.20 Average kernel weight for eight cultivars of wheat 
averaged over all spike reduction treatments 
in 1985 and 1986 at the Kernen Crop Research Farm 

Cultivar 1985 1986 Average 

HY320 
Glenlea 
Fielder 
Siete Cerros 
Katepwa 
Conway 
Neepawa 
Leader 

Average 

--------------mg/kernel------------

51.3 40.4 45.9+ 
49.4 50.3 49.8 
45.3 40.0 42.7 
40.3 33.9 37.1 
37.2 37.1 37.2 
36.2 36.7 36.4 
35.7 35.9 35.8 
35.0 37.1 36.1 

41.3 38.9 40.1 

+LSD (0.05) for differences between cultivar means: 1985 = 1.3, 
1986 = 1.6, 85-86 = 1.8, and for differences between year means 
within a given cultivar = 2.5 

Table 4.21 Average kernel weight for four spike reduction 
treatments averaged over all cultivars of wheat in 
1985 and i986 at the Kernen Crop Research Farm 

Spike reduced at: 1985 1986 Average 

---------------mg/kernel-------------

Control 41.1 36.6 38.8+ 
Anthesis 42.3 40.9 41.6 
A + 8 41.3 39.6 40.6 
A + 18 40.4 38.7 39.6 

Average 41.3 38.9 40.1 

+LSD (0.05) for differences between treatment means: 1985 = 0.9, 
1986 = 0.7, 85;,.86 = 0.5, and for differences between year means 
within a given treatment = 0.8 
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Table 4.22 Spike reduction 'in wheat 'at the Kernen Crop Research Farm in 
1985 (by kernel number) and 1986 (by spikelet number) due to 
excision of the inflorescence above the tenth spikelet 

1985 1986

Kernels removed Percentage of Spikelets removed Percentage of 
from portion of intact spike from portion of intact spike 
spike above the spike above the 
tenth spikelet tenth spikelet 

Fielder 7.7 29.2 6.5 39.4 
HY320 8.3 28.2 6.8 40.5 
Siete Cerros 9.2 26.4 6.3 38.5 
Glenlea 8.6 25.7 5.4 35.1 
Leader 6.3 22.5 4.1 28.8 
Conway 4.8 17.1 4.2 29.3 
Neepawa 4.7 16.0 2.9 22.5 
Katepwa 4.2 14.7 2.5 19.7 

LSD (0.05) 0.9 0.4 



FlgUnI 4.2 The effect of percent spike reduction
at anthesls on percent kernel weight incr8Clse In wheat In

1985 and 1986 of Kernen Crop Research Fann
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4.3 Competition reduction - Kernen erop Research Farm 

Competition was reduced by removing adjacent rows 

at either the six-leaf or heading stage. 

4.3.1 Kernel number per spike 

Kernel number per spike varied significantly 

between years, among cultivars and among competition 

reduction treatments (Table "4.23). Siete Cerros and 

HY320 produced the largest numbers of kernels per 

spike, and the Western red spring wheat cultivars the 

lowest (Table 4.24). Reduction of competition at the 

six-leaf stage resulted in the highest kernel number 

per spike. The control treatment, which involved no 

competition reduction, resulted in the lowest number of 

kernels per spike. 

The year x cultivar interaction was significant 

(Table 4.23), primarily due to the much larger increase 

in kernels per spike for HY320 from 1985 to 1986, 

relative to the increase for the other cultivars (Table 

4.24). Neither the year x treatment interaction nor the 

cultivar x treatment interaction was not significant 

(Table 4.23). 

4.3.2 Grain weight per spike 

.' 
Grain weight per spike varied significantly between 

years, among cultivars and among competition reduction 



Table 4.23 Analyses of variance for the oompetition reduction experiment conducted 
on eight cultivars of wheat grown at the:!' Kernen Crop Research 
Farm, 1985-1986 

Mean sauares 
Source of variation d. f. Kernels/spike Grain weight Kerne:!'l weight Heads/plant 

Yeers 
Replications in years 
Cultivars 
Year x cultivar 
Error (a) 

1 
14 

7 
7 

98 

92975 
77 

10551 
1934 

61 

** 
** 
** 
** 
** 

29.06 
0.14 

45.63 
0.49 
0.12 

** 
** 
** 
** 
** 

29777 
47 

11373 
2202 

62 

** 
** 
** 
** 
** 

33.04** 
0.43** 
6.71** 
3.08** 
O.13NS ........ 

w 

'Treatments 
Cultivar x treatment 
Year x treatment 
y x C )C T 
Error (b) 

2 
14 

2 
14 

224 

1671 
43 
14 
54 
54 

** 
NS 
NS 
NS 
** 

1.86 
0.10 
1.26 
0.07 
0.13 

** 
NS 
** 
NS 
** 

173 ** 
34 NS 

558 ** 
37 NS 
30 ** 

6.10** 
O.20NS 
5.44** 
O.23NS 
0.15 

Sampling error 3456 18 0.03 9 

.,**Significant at theO.OS and 0.01 levels of probability, respectively. 
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Table 4.24 Average number of kernels per spike for eight 
cultivars of wheat subjected to competition 
reduction at the six-leaf and heading stage at the 
Kernen Crop Research Farm, 1985-1986 

Competition reduction at:
Cultivar Control Heading Six-leaf Average

---------------kernels!spikelet----------------

Siete Cerros 39.6 40.3 41.9 40.6+ 
HY320 39.4 39.9 42.6 40.6 
Glenlea 36.1 37.5 38.7 37.4 
Fielder 31.5 34.9 33.4 33.2 
Conway 30.1 31.5 31.5 31.0 
Leader 29.7 30.7 31.4 30.6 
Katepwa 28.9 29.2 30.5 29.5 
Neepawa 28.9 30.8 31.0 30.2 

Average 33.0 34.2 35.3 34.2 

+LSD (0.05) for differences between cultivar means = 1.0 and 
for differences between treatments means = 0.6. 
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Table 4.25 Average number of kernels per spike for eight 
cultivars of wheat averaged over all competition 
reduction treatments in 1985 and 1986 at the Kernen 
Crop Research Farm 

Cultivar 1985 1986 Average 

Siete Cerros 
Glenlea 
HY320 
Leader 
Fielder 
Neepawa 
Conway 
Katepwa 

Average 

-----------kernels/spike---------

34.3 46.9 40.6+ 
33.0 41.8 37.4 
31.9 49.4 40.6 
27.8 33.4 30.6 
27.1 39.4 33.2 
27.1 33.4 30.2 
26.9 35.1 31.0 
25.8 33.2 29.5 

29.2 39.1 34.2 

+LSD (9.05) for differences between cultivar means: 1985 = 
1.2, 1986 = 1.6, 85-86 = 1.0, and f-or differences betweenye.ar 
means within a given cultivar = 1.6. 
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treatments (Table 4.23). There was no significant 

difference between competition reduction at the 

six-leaf or heading stage, although both treatments 

resulted in significantly higher qrain weight than the 

control (Table 4.26). 

The year x cultivar interaction was significant 

(Table 4.23), due primarily to the large increase in 

grain weight per spike of Glenlea, and the small 

increase for Siete Cerros from 1985 to 1986, relative 

to the other cultivars (Table 4.27) The year 

treatment interaction was significant (Table 4.23), 

primarily due to the significant increase in grain 

weight per spike due to the reduction of competition 

treatments in 1985 and the lack of a significant 

response of these treatments in 1986 (Table 4.28). The 

lack of response to the competition reduction 

treatments in 1986 was due to ample precipitation which 

resulted in little competition for moisture, even in 

the control plots. In 1985 removing the adjacent rows 

did provide an advantage. The advantage was highest 

for the earliest competition removal treatment (at the 

six-leaf stage). 

4.3.3 Kernel weight 

Kernel weight varied significantly between years, 

among cultivars and among competition reduction 

x 
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Table 4.26 Average grain weight per spike for eight cultivars 
of wheat subjected to competition reduction at the 
six-leaf and heading stages at the Kernen Crop 
Research Farm, 1985-1986 

Competition reduction at: 
Cultivar Control Heading Six-leaf Average 

--------------g/spike-----------------------

Glenlea 1.68 1.77 1.79 1.75+ 
HY320 1.62 1.72 1.76 1.70 
Siete Cerros 1.42 1.49 1.52 1.48 
Fielder 1.23 1.33 1.33 1.30 
Conway 1.03 1.07 1.07 1.06 
Katepwa 1.03 1.01 1.04 1.03 
Leader 1.02 1.04 1.07 1.04 
Neepawa 0.99 1.04 1.03 1.02 

Average 1.25 1.31 1.33 1.30 

+LSD (0.05) for differences between cultivar means = 0.04 and 
for differences between treatment means = 0.02. 
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Table 4.27 Average grain weight per spike for eight 
cultivars of wheat averaged over all competition 
reduction treatments in 1985 and 1986 at the 
Kernen Crop Research Farm 

Cultivar 1985 1986 Average 

------------------g/spike--------------

Glenlea 1.61 1.89 1.75+ 
HY320 1.60 1.79 1.70 
Siete Cerros 1.45 1.51 1.48 
Fielder 1.18 1.42 1.30 
Leader 0.98 1.11 1.04 
Conway 0.96 1.16 1.06 
Katepwa 0.95 1.11 1.03 
Neepawa 0.95 1.10 1.02 

Average 1.21 1.38 1.30 

+LSD (0.05) for differences between cultivar means: 1985 = 
0.07, 1986 = 0.06, 85-86 = 0.04, and for differences 
between year means in a given cultivar = 0.08. 

Table 4.28 Average grain weight per spike for three 
competition reduction treatments averaged over 
all cultivars of wheat in 1985 and 1986 at the 
Kernen Crop Research Farm 

Competition reduction at: 1985 1986 Average 

-------g/spike------------------

Control 1.14 1.37 1.25+ 
Heading 1.22 1.40 1.31 
Six-leaf 1.27 1.38 1.33 

Average 1.21 1.38 1.30 

+LSD (0.05) for differences between treatment means: 
1985 = 0.04, 1986 = 0.10, 85-86 = 0.02, and for 
differences between year means within a given treatment 
= 0.06. 
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treatments (Table 4.23). Glenlea had the highest kernel 

weight (Table 4.29), followed by HY320. The Western red 

spring wheat cultivars had the lowest kernel weight. 

Reducing competition at the six-leaf stage reduced 

kernel weight, whereas if competition was reduced at 

heading, kernel weight increased relative to the 

control treatment. 

The year x cultivar interaction was significant 

(Table 4.23), primarily due to the large decrease in 

kernel weight of HY320 from 1985 to 1986, relative to 

the smaller decrease in the other cultivars (Table 

4.30). The year x treatment interaction was significant 

(Table 4.23)primarily due to the increase in kernel 

weight in 1985 and the decrease in kernel weight in 

1986 that occurred as a result of the reduced 

competition treatments (Table 4.31). 

4.3.4 Fertile spikes per plant 

Fertile spikes per plant varied significantly 

between years, among cultivars and among competition 

reduction treatments (Table 4.23). The highest number 

of fertile spikes per plant occurred in Conway and the 

lowest in Siete Cerros and Glenlea (Table 4.32). 

Reduction of competition at the six-leaf stage resulted 

in a larger number of fertile spikes per plant than 

reduction of competition at beading, which was still 

higher than the check treatment. 
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Table 4.29 Average kernel weight for eight cultivars of wheat 
subjected to competition reduction at the six-leaf 
and heading stages at Kernen Crop Research Farm, 
1985-1986 

Competition reduction at:
Cultivar Control Heading Six-leaf Average

------------------mg/kernel---------------------

Glenlea 46.8 47.7 46.5 47.0+ 
HY320 42.9 44.3 42.8 43.3 
Fielder 39.8 40.5 39.0 39.8 
Siete Cerros 36.7 37.8 37.3 37.2 
Katepwa 35.8 35.0 34.7 35.1 
Conway 34.4 34.3 34.2 34.3 
Leader 34.4 34.1 34.2 34.2 
Neepawa 34.2 34.2 33.4 33.9 

Average 38.1 38.5 37.7 38.1 

+LSD (0.05) for differences between cultivar means = 1.0 and 
for differences between treatment means = 0.4. 
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Table 4.30 Average kernel weight for eight cultivars of wheat 
averaged over all competition reduction treatments 
for 1985 and 1986 at the Kernen Crop Research Farm 

Cultivars 1985 1986 Average 

---------mg/kernel----------------------

HY320 50.2 36.5 43.3+ 
Glenlea 49.0 45.0 47.0 
Fielder 43.4 36.2 39.8 
Siete Cerros 42.1 32.4 37.2 
Katepwa 36.8 33.5 35.1 
Conway 35.6 33.0 34.3 
Leader 35.3 33.1 34.2 
Neepawa 34.9 33.0 33.9 

Average 40.9 35.3 38.1 

+LSD (0.05) for differences between cultivar means: 1985 = 
1.9, 1986 = 1.0, 85-86 = 1.0, and differences between year 
means within a cultivar = 1.8. 
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Table 4.31 Average kernel weight for three competition 
reduction treatments averaged over all cultivars 
in 1985 and 1986 at the Kernen Crop Research 
Farm, 1985-1986 

Competition reduction at: 1985 1986 Average 

--------------mg/kernel----------

Control 40.2 36.0 38.1+ 
Heading 41.3 35.7 38.5 
Six-leaf 41.2 34.3 37.7 

Average 41.2 34.3 37.7 

+LSD (0.05) for differences between treatment means: 
1985 = 0.7, 1986 = 0.5, 85-86 = 0.4, and for 
differences between year means within a given treatment 
= 0.9. 
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Table 4.32 Number of fertile spikes per plant for eight 
cultivars of wheat subjected to competition 
reduction at the six-leaf and heading stages at 
Kernen Crop Research Farm, 1985-1986 

Cultivar Control Heading Six-leaf Average 

---------fertile spikes/plant---------------

Conway 2.44 2.84 2.89 2.73+ 
Fielder 2.14 2.22 2.54 2.• 30 
Katepwa 2.13 1.99 2.46 2.19 
Neepawa 1.88 2.00 2.31 2.07 
Leader 1.81 2.13 2.28 2.08 
HY320 1.73 2.06 2.38 2.05 
Siete Cerros 1.53 1.41 1.74 1.56 
Glenlea 1.38 1.52 1.89 1.60 

Average 1.87 2.02 2.31 2.07 

+LSD (0.05) for differences between cultivars = 0.15 and 
differences between treatments = 0.09. 



4.4 Source and sink alteration~ Preston Irrigation 

Plots~ 1985~1986

In these experiments the photosynthetic source was 

reduced by flag leaf removal or spike reduction was 

conducted by severing the rachis directly above the 

tenth spikelet at anthesis or 8 or 18 days 

post-anthesis. 
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Table 4.33 Number of fertile spikes per wheat plant for 
eight cultivars averaged over all competition 
reduction treatments at the Kernen Crop Research 
Farm, 1985-1986 

Cultivars 1985 1986 Average 

------------fertile spikes/plant------

Katepwa 2.11 2.28 2.19+ 
Fielder 2.07 2.53 2.30 
Neepawa 2.02 2.12 2.07 
Conway 2.00 3.45 2.73 
Leader 1.94 2.21 2.08 
HY320 1.42 2.68 2.05 
Siete Cerros 1.39 1.73 1.56 
Glenlea 1.26 1.93 1.60 

Average 1.77 2.37 2.07 

+LSD (0.05) for differences between cultivar means: 
1985 = 0.19, 1986 = 0.21, 85-86 = 0.15, and differences 
between year means within a cultivar = 0.15. 

Table 4.34 Number of fertile spikes per wheat plant for 
three competition reduction treatments averaged 
over all cultivars at the Kernen Crop Research 
Farm 1985 and 1986 

Competition reduction at: 1985 1986 Average 

---------fertile spikes/plant-~----

Control 1.77 1.99 1.88+ 
Heading 1.79 2.28 2.02 
Six-leaf 1.77 2.83 2.31 

Average 1.78 2.37 2.07 

+LSD (0.05) for differences between treatment means: 1985 
= 0.10, 1986 = 0.17, 85-86 = 0.09, and for differences 
between year means within a given treatment = 0.10. 
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4.4.1 1985 results 

4.4.1.1 Spike reduction 

Kernel number per spikelet did not vary 

significantly among spike reduction treatments (Table 

4.35). Under irrigated conditions the control values 

for kernel number per spikelet were much higher than 

for data collected at the Kernen Crop Research Farm 

(Table 4.36). 

Kernel weight varied significantly among spike 

reduction treatments (Table 4.35). Spike reduction 

resulted in large kernel weight increases for most of 

the cultivars compared to their control values (Table 

4.37). 

4.4.1.2 Flag leaf removal 

Kernel number per spikelet did not vary 

significantly among flag leaf treatments (Table 4.35) 

using the collected data (Table 4.38). 

Kernel weight varied significantly among flag leaf 

removal treatments (Table 4.35). Spike reduction 

resulted in large kernel weight decreases in all 

cultivars except Fielder (Table 4.39). Fielder had a 

high rust infection which caused difficulty in data 

interpretation. 
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Table 4.35 Analyses of variance for flag leaf removal and spike 
reduction applied to eight wheat cultivars on the 
Preston Irrigation Plots 1985 

Mean squares 
Source of variation d.f. Kernels per spikelet Kernel weight 

Treatments 6 0.41 927** 
Error 999 0.36 6 

**Significant at the 0.01 level of probability. 
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Table 4.36 Average number of kernels per spikelet for eight 
cultivars of wheat subjected to spike reduction 
at anthesis or 8 or 18 days post-anthesis on the 
Preston Irrigation Plots, 
1985 

Spike reduction at: 

Cultivar Control Anthes is A + 8 A + 18 LSD (0.05) 

------------kernels/spikelet------------------

Siete Cerros 4.78 4.51 4.41 4.20 0.14 
HY320 3.99 3.87 4.19 3.92 0.14 
Glenlea 3.83 3.34 3.60 3.80 0.14 
Fielder 3.62 3.68 3.57 3.53 0.14 
Conway 3.56 3.74 3.73 3.45 0.14 
Neepawa 3.53 3.56 3.42 3.43 0.15 
Leader 3.16 3.18 3.18 3.24 0.14 
Katepwa 3.48 3.63 3.37 3.58 0.14 

Average 3.74 3.69 3.68 3.64 

Table 4.37 Average kernel weight for eight cultivars of 
wheat subjected to spike reduction at anthesis or 
8 or 18 days post anthesis on the Preston 
Irrigation'Plots, 1985 

Spike reduction at:
Cultivar Control Anthes is A + 8 A + 18 LSD (0.05)

----------------mg/kernel-----------------------

Glenlea 52.0 55.8 55.0 53.9 1.8 
HY320 43.0 48.8 46.2 47.4 1.9 
Conway 40.0 40.2 1.2.8 38.8 1.8 
Leader 39.9 40.1 38.6 39.0 1.8 
Katepwa 39.4 41.0 40.5 40.3 1.8 
Siete Cerros 37.1 39.5 38.6 39.8 1.6 
Neepawa 36.6 40.2 38.6 36.3 1.9 
Fielder 30.8 36.6 38.3 33.2 1.8 

Average 39.8 42.8 42.3 41.1 
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Table 4.38 Average number of kernels per spikelet for eight 
cultivars of wheat subjected to flag leaf removal 
at anthesis or 8 or 18 days post-anthesis on the 
Preston Irrigation plots, 1985 

Flag leaf removal at
Cultivar Control Anthes is A + 8 A + 18 LSD (0.05)

-------------kernels/spikelet--------------------

Siete Cerros 4.78 4.46 4.49 4.84 0.14 
HY320 3.99 4.04 4.06 3.88 0.14 
Glenlea 3.83 3.70 3.84 3.57 0.14 
Fielder 3.62 3.67 3.58 3.37 0.14 
Conway 3.56 3.30 3.42 3.32 0.14 
Neepawa 3.53 3.36 3.63 3.23 0.15 
Leader 3.16 2.96 3.19 3.22 0.14 
Katepwa 3.48 3.27 3.42 3.53 0.14 

Average 3.74 3.60 3.70 3.62 

Table 4.39 Average kernel weight for eight cultivars of wheat 
subjected to flag leaf removal at anthesis or 8 or 
18 dayspost-anthesis on the Preston Irrigation 
Plots, 1985 

Flag removal at
Cultivar Control Anthesis A + 8 A + 18 LSD (0.05)

---------------mg/kernel------------------------

Glenlea 52.0 45.6 48.4 50.6 1.8 
HY320 43.0 39.4 37.6 39.4 1.9 
Conway 40.0 34.1 34.9 35.5 1.8 
Leader 39.9 36.6 37.4 37.7 1.8 
Katepwa 39.4 35.6 34.4 36.8 1.8 
Siete Cerros 37.1 30.9 35.2 37.2 1.6 
Neepawa 36.6 36.9 34.1 38.0 1.9 
Fielder 30.8 33.4 31.4 32.0 1.8 

Average 39.8 36.6 36.7 38.4 
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4.4.2 1986 results 

4.4.2.1 Flag leaf removal 

Kernel number per spikelet varied significantly 

among flag leaf removal treatments and among cultivars 

(Table 4.40). Siete Cerros had the highest number of 

kernels per spikelet, and Leader the lowest (Table 

4.41). The cultivar x treatment interaction was 

significant. When the treatments are sub-divided 

kernels per spikelet in flag leaf removal treatments 

are significantly different from kernels per spikelet 

in spike reduction treatments (Table 4.40). 

Kernel weight varied significantly among cultivars 

and among flag leaf removal treatments (Table 4.40). 

Glenlea had the highest kernel weight (Table 4.42). The 

cultivar x treatment interaction was significant(Table 

4.40). 

4.4.2.2 Spike reduction 

Kernel number per spikelet varied significantly 

among cultivars and among spike reduction treatments 

(Table 4.40). Siete Cerros had the highest number of 

kernels per spikelet (Table 4.43). The cultivar 

treatment interaction was significant, since cultivars 

produce less kernels per spik~let due to flag leaf 

removal than due to the increase caused by spike 

x 
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Table 4.40 Analyses of variance for flag leaf removal and spike 
reduction applied to eight wheat cultivars grown on 
the Preston Irrigation Plots, 1986 

Mean squares 
Source of variation d.f. Kernel No./spikelet Kernel weight 

Replications 5 0.28 ** 61 ** 
Cultivars 7 28.49 ** 4671 ** 
Error (a) 35 0.25 ** 50 ** 

Treatments 
Control vs. trts. 1 0.10 62 
Flag vs. Spike trts. 1 22.53 ** 8299 ** 
Flag leaf removal 2 0.05 82 ** 
Spike reduction 2 2.65 ** 305 ** 

Cultivars x treatments 
Control vs. trts. 1 0.22 40 
Flag vs spike trts. 1 3.01 ** 1113 ** 
Remainder 40 0.15 22 

Error (b) 240 0.15 ** 31 ** 

Sampling error 1008 0.060 16 

*,**Significant at the 0.05 and 0.01 levels of probability, 
respectively. "' 
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Table 4.41 Average kernels per spikelet for eight cultivars 
of wheat subjected to either flag leaf removal 
at anthesis or 8 or 18 days post-anthesis on the 
Preston Irrigation Plots, 1986 

Flag leaf removal at:
Cultivar Control Anthes is A + 8 A + 18 Average

----------------kernels/spikelet-------------

SieteCerros 4.14 3.98 3.82 3.83 3.94+ 
HY320 3.56 3.46 3.53 3.43 3.50 
Glenlea 3.39 3.45 3.45 3.31 3.40 
Fielder 3.30 3.01 2.96 3.05 3.08 
Katepwa 3.14 2.77 2.91 2.98 2.95 
Neepawa 3.05 2.88 2.95 3.00 2.97 
Conway 2.98 2.89 2.91 3.03 2.95 
Leader 2.94 2.71 2.56 2.72 2.73 

Average 3.31 3.14 3.14 3.17 3.19 

LSD (0.05) for differences between cultivar means = 
0.11, for differences between treatment means = 0.08 and 
for differences between treatment means within a given 
cultivar = 0.22. . 
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Table 4.42 Average weight per kernel for eight cultivars 
of wheat subjected to flag leaf removal at 
anthesis or 8 or 18 days post-anthesis at 
Preston Irrigation Plots, 1986 

Flag leaf removal at: 
Cultivar Control Anthesis A+8 A+18 Ave. 

----------------mg!kernel----------------

Glenlea 46.1 44.7 45.2 42.4 44.6+ 
HY320 35.3 29.2 28.7 31.5 31.2 
Neepawa 34.6 31.9 32.8 32.2 32.9 
Conway 34.5 33.0 31.5 31.9 32.7 
Katepwa 34.1 31.5 32.4 31.9 32.5 
Leader 32.6 32.6 35.2 32.3 33.2 
Fielder 31.4 27.3 29.7 30.4 29.7 
Siete Cerros 28.5 24.6 29.4 29.7 28.1 

Average 34.6 31.8 33.1 32.8 33.1 

+LSD (0.05) for differences between cultivar means = 1.5, 
for differences between treatment means = 1.1, and for 
differences between treatment means within a given 
cultivar = 3.1. 
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Table 4.43 Average kernels per spikelet for eight cultivars 
of wheat subjected to spike reduction at anthesis 
or 8 or 18 days post-anthesis on the Preston 
Irrigation Plots, 1986. 

Spike reduction at:
Cultivar Control Anthesis A+ 8 A + 18 Average

---------------kernels/spikelet-----------
Siete Cerros' 4.14 4.19 4.43 4.05 
HY320 3.56 4.02 3.81 3.60 
Glenlea 3.39 3.71 3.68 3.40 
Fielder 3.30 3.01 3.49 3.20 
Katepwa 3.14 3.13 3.30 3.12 
Neepawa 3.05 3.23 3.25 3.10 
Conway 2.98 3.24 3.11 3.16 
Leader 2.94 2.88 2.86 2.72 

Average 3.31 3.49 3.49 3.29 

4.20+ 
3.75 
3.55 
3.39 
3.17 
3.16 
3.12 
2.85 

3.40 

+ LSD (0.05) for differences between cultivar means = 0.11, for 
differences between treatment means = 0.08 and for differences 
between treatment means within a given cultivar 0.22. 
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reduction. 

Kernel weight varied significantly among cultivars 

and among spike reduction treatments (Table 4.40). 

Glenlea had the largest kernel weight (Table 4.44).. The 

cultivar x treatment interaction was significant (Table 

4.40). Sub-division of the treatment sum of squares 

showed a significant difference between the flag leaf 

removal and spike reduction treatments. Spike reduction 

causes greater increases in cultivar kernel weight than 

the decreases cause by flag leaf removal. 

4.4.2.3 Cultivar response 

Flag leaf area differed significantly among 

cultivars and among flag leaf removal treatments (Table 

4.45). Glenlea had the largest flag leaf area' (Table 

4.46). There was a great range in the number of heads 

per plant between the cultivars, with Siete Cerros 

being the lowest (Table 4.46). There is a huge increase 

in tiller number compared to the values observed at the 

Kernen Crop Research Farm, showing the plasticity of 

the development of the wheat plant. 

4.5 Greenhouse study~ 1985 

Kernel number per spikelet varied significantly 

among cultivars (Table 4.47). 'There was a significant 

cultivar x treatment interaction, primarily due to 
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Table 4.44 Average weight per kernel for eight cultivars of wheat 
subjected to spike reduction at anthesis or 8 or 18 
days post-anthesis on Preston Irrigation Plots, 1986 

Spike reduction at:

Cultivar Control Anthesis A + 8 A + 18 Average

------------------mg/kernel-----------------------

Glenlea 46.1 51.4 52.8 49.0 49.8+ 
HY320 35.3 40.6 37.1 35.1 37.0 
Neepawa 34.6 38.3 34.8 36.0 35.9 
Conway 34.5 38.6 36.9 37.0 36.8 
Katepwa 34.1 38.4 36.3 35.2 36.0 
Leader 32.6 38.5 37.0 37.8 36.5 
Fielder 31.4 36.3 35.5 34.6 34.5 
Siete Cerros 28.5 32.6 31.0 29.8 30.5 

Average 34.6 39.3 37.7 36.8 37.1 

+LSD (0.05) for differences between cultivar means = 1.5, for 
differences between treatment means = 1.1, and for differences 
between treatment means within a given cultivar = 3.1. 
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Table 4.45 Analysis of variance for flag leaf area removed 
during source alteration treatments on eight 
wheat cultivars on Preston Irrigation Plots, 
1986 

Mean square 
Source of variation d.f. 

Replications 
Cultivars 
Error (a) 

Treatments 
Cultivar x treatment 
Error (b) 

Sampling error 

5 
7 

35 

2 
14 
80 

432 

26.9 NS 
1326.4 ** 

31.7 ** 

95.6 ** 
46.5 * 
25.8** 

15.2 

*,**Significant at the 0.05 and 0.01 levels of probability, 
respectively. 
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Table 4.46 Average individual flag leaf area and number of 
fertile spikes per plant for eight cultivars of wheat in the 
source-sink alteration study on the Preston Irrigation Plots. 
1986 

Cultivar Flag leaf area (cm2) Spikes per plant 

HY320 
Glenlea 
Fielder 
Siete Cerros 
Conway 
Katepwa 
Leader 
Neepawa 

LSD (0.05) 

24.7 
34.1 
24.2 
23.4 
22.7 
21.4 
20.6 
21.4 

1.9 

25.9 
20.6 
26.8 
17.4 
24.9 
24.9 
23.5 
24.2 

1.7 
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Table 4.47 Analyses of variance for kernels per spike and kernel 
weight for eight cultivars of wheat subjected to 
spike reduction and flag leaf removal 2 d 
post-anthesis in the greenhouse,1985 

Mean Squares 
Source of variation d.f. Kernels/spikelet Kernel weight 

Treatments 
Control vs trts. 1 0.01 7 
Flag vs spike trts. 1 0.32 775** 

Cultivars 7 2.30** 163** 
Treatment x cultivar 

Control vs trts. 1 0.19 12 
Flag vs spike trts. 1 0.58** 139** 
Remainder 12 0.03 21 

Error 96 0.15 18 

**Significant at the 0.01 level of probability. 
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Fielder, which increased in kernel number per spikelet 

when flag leaf removal occurred (Table 4.48). 

Kernel weight varied significantly among cultivars 

and among flag leaf removal and spike reduction 

treatments (Table 4.47). Subdivision of treatment sum 

of squares showed significant differences due to flag 

leaf removal treatments versus spike reduction 

treatments. Greater decreases in kernel weight occurred 

due to flag leaf removal than kernel weight increases 

caused by spike reduction (Table 4.49). 

4.6 Maximum kernel weight study- 1'985..;,1986 

Kernels per spikelet and kernel weight varied 

significantly among cultivars (Table 4.50). This 

experiment was conducted to determine the maximum 

number of kernels per spikelet and kernel weight. The 

values reported for kernel number per spikelet (Table 

4 •. 51) are the largest of all experiments conducted at 

Kernen Crop Research Farm Preston Irrigation plots and 

the greenhouse. Maximum kernel weightss were not 

observed in this experiment, since larger kernel 

weights were recorded for several cultivars at Kernen 

Crop Research Farm in 1985. 
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Table 4.48 Average number of kernels per spikelet for eight 
cultivars of wheat subjected to spike reduction and 
flag leaf removal at anthesis in the greenhouse t 1985. 

Cultivar Control Flag leaf removal Spike reduction Average 

------------kernels/spikelet-----------------------

HY320 2.48 2.48 2.26 2.41+ 
Glenlea 3.22 3.10 3.50 3.27 
Fielder' 1.88 2.40 2.00 2.09 
Siete Cerros 3.36 3.24 2.62 3.07 
Conway 2.70 2.54 2.76 2.67 
Katepwa 2.56 2.62 3.10 2.76 
Leader 2.36 2.14 2.44 2.31 
Neepawa 2.48 2.14 3.00 2.54 

Average 2.63 2.58 2.71 2.64 

+LSD (0.05) for cultivars = 0.28 t for treatments = 0.17 and 
treatments within a cultivar = 0.49. 
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Table 4.49 Average kernel weight for eight cultivars of wheat 
subjected to spike reduction and flag leaf removal 
at anthesis in the greenhouse.1985 

Cultivar Control Flag leaf removal Spike reduction Average 

-------------------mg/kernel---------------------

HY320 34.3 28.7 41.2 34.7+ 
Glenlea 37.1 33.7 43.4 38.1 
Fielder 31.5 28.8 28.0 29.4 
Siete ·Cerros 29.9 24.8 31.4 28.7 
Conway 30.1 26.6 31.1 29.3 
Katepwa 30.5 28.2 30.4 29.7 
Leader 28.6 26.6 35.8 30.3 
Neepawa 31.4 26.8 32.7 30.3 

Average 31.7 28.0 34.3 31.3 

+LSD (0.05) for differences among cultivar means = 3.1. for 
differences among treatment means = 1.9. and for differences 
among treatment means within a given cultivar = 5.4 
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Table 4.50 Analyses of variance for kernels per spike and 
kernel weight for eight cultivars of wheat subjected 
to spike reduction at 2 d post-anthesis in the 
growth cabinet 

Source of variation d.f. Kernels/spikelet Kernel weight 

Repetitions 2 
Replications 5 
Cultivars 7 

Repetition x replic. 10 
Repetition x cultivar 14
Replication x cult. 35

Error 70 

6.41** 
0.22 
1.96** 

555** 
8 

872** 

0.29 
0.41** 
0.35* 

4 
18 
11 

0.19 11 

**Significant at the 0.01 level of probability. 
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Table 4.51 Average number of kernels per spikelet and kernel 
weight for the lower ten spikelets of eight cultivars 
of wheat grown in a growth chamber, 1985-1986 

Cultivar Kernels/spikelet Kernel weight (mg) 

HY320 
Glenlea 
Fielder 
Siete Cerras 
Conway 
Katepwa 
Leader 
Neepawa 

LSD (0.05<) 

3.44 
3.92 
3.17 
4.14 
3.42 
3.28 
3.63 
3.42 

0.40 

46.2 
47.4 
40.6 
41.9 
31.3 
32.2 
32.6 
30.7 

3.2 
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Table 4.52 Percent decrease in grain weight per 
spike due to flag leaf removal at 
anthesis at the Kernen Crop Research 
Farm, 1985-1986 

Cultivar 

Glenlea 
HY320 
Siee Cerros 
Fielder 
Conway 
Katepwa 
Neepawa 
Leader 

LSD (0.05) 
c.v. 

Decrease in
grain weight per spike

14.8 
14.3 
12.7 
12.6 
12.8 
13.8 
12.6 
14.6 

0.04 
7.0% 

Table 4.53 Percent decrease in kernel weight due 
to flag leaf removal at anthesis at the 
Kernen Crop Research Farm (1985-1986) and 
Preston Irrigation Plots 
(1986) 

Cultivar Kernen Preston 

Glenlea 
HY320 
Neepawa 
Katepwa 
Fielder 
Conway 
Leader 
Siete Cerros 

LSD (0.05) 

Decrease in kernel weight (%) 

12.3 3.0 
10.4 17.3 
10.1 7.8 
9.3 7.6 
8.4 13.1 
8.0 4.3 
5.9 0.0 
3.6 13.7 

0.8 3.5 
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Table 4.54 Percent increase in grain weight per spike 
due to spike reduction at anthesis at the 
Kernen Crop Research Farm, 1985-1986 

Increase in
Cultivar Grain weight per spike (%)

Siete Cerros 
Fielder 
HY320 
Glenlea 
Katepwa 
Conway 
Leader 
Neepawa 

LSD (0.05) 
c.v. 

15.2 
12.6 
8.6 
6.9 
6.4 
5.5 
2.4 
2.2 

1.4 
61% 

Table 4.55 Percent increase in kernel weight due to 
spike reduction at anthesis at the Kernen 
Crop Research Farm (1985-1986) and the 
Preston Irrigation Plots (1986) 

Cultivar Kernen Preston 

Increase in kernel weight (%) 

Siete Cerros 11.8 14.4 
Glenlea 9.8 11.5 
Fielder 11.4 15.6 
HY320 7.3 15.0 
Katepwa 5.8 12.6 
Leader 4.5 18.1 
Neepawa 3.1 10.7 
Conway 2.8 11.9 

LSD (0.05) 1.1 1.5 
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5. DISCUSSION 

5.1 Source versus sink 

The experiments concerning the importance of both 

source and sink in determining final yield have 

produced conflicting evidence. 

The concept that photosynthate production limits 

yield due to the plant's inability to produce enough 

assimilate is supported by high correlations between 

yield and leaf area duration (Fischer and Kohn, 1966; 

Simpson, 1968; Puckridge, 1971;Borojevic and Williams, 

1982). Large leaf area and long periods of leaf 

activity (photosynthate production) following heading 

will increase yield (Spiertz et al.,1971). Welbank et 

ale (1966) reported that grain yield of several 

cultivars was highly correlated with flag leaf area and 

duration following anthesis. The restriction of 

assimilate production by artificial source reduction 

(shading, defoliation) reduced yield. These pieces of 

evidence support the idea that photosynthate production 

of the plant is the limiting factor in grain 

production. 

In contrast, there is the view that the sink 

regions are incapable of absorbing the more than 

sufficient quantities of asstmilateproduced by source 

tissues. Rawson and Evans (1971) reported that their 
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calculations showed a great excess of green plant 

tissue in relation to the photosynthetic requirements 

of grain filling. Wheat plants can compensate for 

artificial removal of leaves by mobilization of reserve 

carbohydrates from the stem (Bremner, 1972). Rawson 

(1970) reported that yield per ear depended on the 

spikelet number per ear, which was varied by 

photoperiod manipulation in the two cultivars studied. 

He noted that number of grains set, not the size of the 

photosynthetic system, was the limiting factor in 

yield. King et ale (1967) observed that flag leaf 

photosynthate production was highest during the rapid 

grain filling period, and that the flag leaf could 

increase production of assimilate if there was a demand 

for it. These observations cast doubt on the limiting 

effect that photosynthate limitation has on the 

developing kernels. Kernels may be able to limit their 

own size through genetically controlled mechanisms. 

The reasonable conclusion is that both components 

play a role in determining final yield. Several 

authors (Bingham, 1972; Gifford et al., 1984) noted 

that looking for one weak link in the chain of 

physiological processes was not useful, but that the 

concept of source and sink can be used as a tool to 

investigate the role of physiology and development in 

grain yield. 
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5.2 Cultivar response 

Thecultivars under study can be divided into 

large-seeded (HY320, Glenlea, Fielder and Siete Cerros) 

and small-seeded cultivars (Katepwa, Conway, Leader, 

Neepawa). Borojevic et al. (1980) noted that cultivars 

can vary in both source and sink capacity. The 

cultivars in this study display a wide range of leaf 

area, spikelet number and single kernel weight. 

A two-year study was useful due to the large 

variation in yield components. The extreme climatic 

differences between 1985 and 1986 (Appendix 2.1) 

produced large differences in flag leaf area, kernels 

per spikelet, kernel weight and fertile spikes per 

plant. 

5.2.1 Source alteration 

5.2.1.1 Flag leaf· removal 

Flag leaf removal resulted in a decrease in yield 

of the lower ten spikelets of the cultivars under study 

(Table 4.52). The decrease in grain weight per spike 

ranged from 12.6 to 14.8 %. The small range of values 

suggests that flag removal produced a similar effect 

for all eight cultivars. The' large-seeded cultivars 

showed larger amounts of absolute grain weight loss per 
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spike than did the small-seeded cultivars. The 

significant cultivar x treatment interaction (Table 

4.1) provides evidence that a specific cultivar could 

be selected which would perform better under low 

photosynthate production conditions (simulated by flag 

leaf removal). 

Differences among cultivars in grain weight per 

spike was due to variation in mean weight per kernel, 

since there were no signif·icant differences in kernel 

number per spikelet. Kernel weight responded to 

assimilate reduction. The 1986 Preston Irrigation Plot 

results show limited kernel weight reduction due to 

flag leaf removal at anthesis, except for Siete Cerros, 

Fielder and HY320 (Table 4.53). Under space-seeded, 

irrigated conditions, these awned cultivars showed 

large reductions in weight per kernel when the flag 

leaf was removed at anthesis. 

Grain weight per spike and kernel weight were both 

decreased by flag leaf removal. It is apparent that 

photosynthate production does not create a large 

surplus within the wheat plant under the experimental 

conditions at the Kernen Crop Research Farm and Preston 

Irrigation Plots. 

5.2.1.2 Competition reduction 

The competition reduction experiment resulted in no 

significant cultivar x treatment interactions for 
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kernels per spike, grain weight per spike or kernel 

weight. No cultivar showed an enhanced capability to 

exploit the resources made available when competition 

was reduced at either of two developmental stages. 

Kernel number per spike and kernel weight did not 

differ significantly whether the competition was 

reduced at the siX-leaf stage or at heading. There was 

no benefitfrom reducing competition early at the 

six-leaf stage. 

The timing of the treatments did affect the number 

of fertile spikes per plant. Donald (1968) contended 

that under high plant density, a uniculm plant is 

preferable. The lowest number of fertile spikes per 

plant in this study was in the control, with full 

competition. The problem with multiculm wheat 

cultivars is that conditions may favour high tiller 

production early in the growing season, but climatic 

changes may then result in these tillers being unable 

to produce kernels. This would result in loss of all 

plant resources partitioned to such tillers. 

5.2.2 Sink alteration 

Spike reduction increased yield in the bottom ten 

spikelets of the spike (Table 4.54). All large-seeded 

cultivars, except Glenlea, 'exhibited significantly 

larger percentage increases in grain weight per spike 
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kernel size is not limited by sink mechanisms, since 

large kernel weight increases for all cultivars were 

observed under conditions which should enhance 

photosynthate production. 

5.3 Conclusions 

The limiting factor for the production of optimum 

wheat yield under prairie climatic conditions is source 

production. Similar conclusions were drawn by Fischer 

and HilleRisLambers (1978) in a Mexican wheat study. 

Researchersin Britain have reported that there are 

upper limits to the ability of kernels to use the 

excess photosynthatemade available by spike reduction 

(Martinez-carrasco and Thorne, 1979a and 1979b}.The 

apparent conflict in these studies can be resolved by 

observing where the work was carried out. Excellent 

climatic conditions will usually result in sink 

limitations to yie.ld, while environments such as the 

Western canadian semi-arid type, will produce results 

which identify source as the limiting factor. 

The possibility of sink limitation to yield in some 

of the eight cultivars studied does exist. The results 

for kernel weight changes due to spike reduction in 

1985 and 1986 (Table 4.19) suggest that sink limitation 

was involved. For some cultivars, environmental. 

conditions in 1985 resulted in the largest kernel 

r 
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weights recorded during the entire study, while others 

did not differ significantly from their 1986 values. 

Glenlea and the hard red spring cultivars did not 

produce significantly different kernel weights in 1985 

and 1986. It is possible that their kernels could not 

increase in size due to genetically predetermined 

limits on kernel weight. 

Plant breeders achieved increased yield in the past 

by selecting for cultivars which redistribute plant dry 

matter to the economic regions of the plant. Donald 

and Hamblin (1976) noted that plant breeders had been 

selecting for improved harvest index long before the 

concept itself was recognized. There is a maximum 

harvest index value for wheat. Two options for 

increasing yield are increasing plant biomass, or 

taking advantage of the potential which yield 

components have for increased kernel set, kernel weight 

and fertile spikes per plant. 

Increasing photosynthate production under field 

conditions has potential for increasing yield. Spike 

reduction treatments which increased the amount of 

photosynthate available per remaining kernel increased 

kernel weight. Pinthus and Sar-Shalom (1978) reported 

that there was a causal relationship between the rate, 

rather than the duration, of plant dry matter 

accumulation and final grain w~i9ht. Breeding programs 

could identify cultivars which have higher rates of 

accumulation, since this has a positive effect on 
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yield. Pinthus and Millet (1978) investigated the 

interactions of wheat yield components by artificially 

altering yield component values by temperature. They 

reported that for the cultivars they studied, kernel 

weight was not influenced by the number of spikelets 

per spike, or grains per spikelet. The lack of 

interaction suggests that wheat plants could be 

selected for kernel weight without the. effects of yield 

compensation. Bianchi et ale (1983) observed that some 

cultivars are more responsive to such an approach than 

others. If selection is carried out for larger single 

kernel weight and increased dry matter accumulation 

rates, higher yields may be possible. 
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5.4 Summary 

This study dealt with eight wheat cultivars which 

varied in flag leaf area, kernel number per spikelet, 

grain weight per spike, kernel weight and heads per 

plant. The cultivar x treatment interactions produced 

by treatments which altered the source:sink ratio 

provided information on the respective role of each in 

the wheat plant. The yield components were measured to 

identify which exhibited increased yield potential. 

Source reduction by flag leaf lamina removal at 

anthesis or 8 or 18 days post-anthesis at the Kernen 

Crop Research Farm produced a significant cultivar 

treatment interaction for grain weight per spike and 

kernel weight. The anthesis treatment had the greatest 

effect. 

Severing the rachis directly above the tenth 

spikelet at anthesis or 8 or 18 days. post-anthesis at 

Kernen Crop Research Farm caused significant cultivar x 

treatment interactions for grain weight per spike and 

kernel weight. The anthesis treatment had the greatest 

effect on increasing these two components of yield. 

Competition reduction was expected to provide 

increased resources which would increase source 

production. Removal of adjacent rows at the six-leaf or 

heading stage at Kernen Crop Research Farm produced no 

x 
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cultivar x treatment interactions. Early competition 

reduction did produce higher kernels per spike, grain 

weight per spike and kernel weight over all cultivars. 

Flag leaf removal and spike reduction were carried 

out on the Preston Irrigation Plots (1986) and in the 

greenhouse. The cultivar x treatment interactions for 

kernels per spikelet and kernel weight on Preston 

Irrigation Plots and kernels per spikelet for the 

greenhouse study were due to significant differences 

between the flag leaf removal and spike reduction 

treatments. 

This study has shown that increasing the amount of 

photosynthate available per kernel resulted in larger 

kernel weights for the cultivars studied. There is no 

surplus of photosynthate reaching the kernel since flag 

leaf removal treatments resulted in kernel weight 

decreases. All cultivars showed the same capability to 

increase kernel weight in proportion to the increase in 

the source:sink ratio. 

/ 
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APPENDICES 

Appendix 1.1 The average number of kernels per spikelet 
for eight cultivars subjected to flag leaf 
removal at anthesis or 8 or 18 days post
anthesis in" 1985 and 1986 at Kernen Crop 
Research Farm 

Cultivar Control Anthesis A + 8 A + 18 

-------------kernels/spikelet--------1985 

HY320 2.18 2.10 2. ~6 2.33 
Glenlea 2.37 2.30 2.23 2.22 
Fielder 1.82 1.87 1.87 2.08 
Siete Cerros 2.56 2.36 2.53 2.51 
Conway 2.40 2.23 2.22 2.38 
Katepwa 2.37 2.23 2.10 2.24 
Leader 2.30 1.93 2.01 2.19 
Neepawa 2.26 2.18 2.19 2.30 

LSD (0.05) for treatments within a cultivar= 0.17 

1986 

HY320 3.38 3.35 3.25 3.29 
Glenlea 2.99 2.93 2.93 2.95 
Fielder 2.94 2.72 2.84 2.84 
Siete Cerros 3.61 3.34 3.37 3.58 
Cbnway 2.83 2.76 2.69 2.72 
Katepwa 2.79 2.66 2.64 2.91 
Leader 2.55 2.44 2.54 2.48 
Neepawa 2.81 2.69 2.67 2.71 

LSD (0.05) for treatments within a cultivar= 0.15 



132

Appendix 1.2 The average grain weight per spike due 
to flag leaf removal at anthesis or 8 
or_ 18 days post-anthesis in 1985 and 
1986 at Kernen Crop Research Farm 

Cultivar Control Anthesis A + 8 A + 18 

--------------g!spike----------------

1985 

HY320 1.12 1.01 1.05 1.17 
Glenlea 1.20 1.08 1.08 1.07 
Fielder 0.81 0.80 0.83 0.94 
Siete Cerros 1.04 0.97 1.04 1.02 
Conway 0.92 0.81 0.77 0.86 
Katepwa 0.88 0.78 0.75 0.84 
Leader 0.79 0.61 0.66 0.77 
Neepawa 0.78 0.70 0.72 0.75 

LSD (0.05) for treatments within a cultivar= 0.28 

1986 

HY320 1.25 1.04 1.13 1.18 
Glenlea 1.49 1.22 1.32 1.38 
Fielder 1.08 0.86 0.98 1.03 
Siete Cerros 1.16 0.95 1.04 1.14 
Conway 0.96 0.83 0.86 0.91 
Katepwa 1.00 0.84 0.87 0.99 
Leader 0.86 0.79 0.82 0.82 
Neepawa 0.97 0.81 0.84 0.92 

LSD (0.05) for treatments within a cultivar= 0.18 
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Appendix 2.1 Environmental data at Saskatoon for 1985 and 1986. 

Month Mean temperature (oC) Precipitation (rom) Bright sunshine (hr) 

May 
June 
July 
August 
September 

1985 
12.9 
13.0 
17.8 
15.1 
8.6 

1986 
12.7 
15.7 
17.1 
17.1 
9.2 

1985 
67.3 
13.0 
59.5 
19.3 
40.0 

1986 
56.0 
52.7 

115.8 
27.7 
65.0 

1985 
270 
266 
378 
297 
142 

1986 
243 
287 
264 
295 
115 

Total 
~ ... 

199.1 317.2 1353 1204 
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