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Abstract 

Martin, Steven G. M.Sc., The University of Manitoba, February, 2000. The cntical 
period of weed control in canola (Br~rssica ~apus  L.) in Manitoba. Major Professor; 
Rene Van Acker. 

The critical period of weed control is the time during the lifecycle of a crop during 

which it  must be kept weed-free to prevent yield loss from weed interference. The advent 

or soil-applied herbicides aiid herbicide-iolzrani cüiiola variriies in wasteni Canada lias 

increased interest in research to find the proper timing for weed control in canola. A 

critical period expenment was performed at three sites in southem Manitoba in 1998 and 

1999 and consisted of two sets of treatments. In the first set of treatments the crop was 

kept wced-free for increasing lengths of time to find the minimum weed-free period 

required to niaintain maximum yield. In the second set of treatments, weeds werc 

permitted to grow in the crop for increasing lengths of time to find the maximum 

tolerable weed-infested period. It was found that canola must be kept weed-free until the 

tjth leaf stage (20-39 DAE) to consistently prevent greater than 10% yield loss. In 

addition. the crop required the removal of weeds by the 41h leaf stage (14-32 DAE) to 

prevent greater than 5% yield reduction from interference. It was also found that aner the 

4'h leaf stage not many weeds emerged. and those which did emerge did not accumulate 

significant biomass to compete with the crop. Comparative gowth analysis of weed-free 

and weed-infested plots revealed that total dry weight, crop growth rate, leaf area index 

of the canola crop was reduced by weed interference. The stem weight ratio was 

increased, while the leaf weight ratio was reduced by weed interference. The presence of 

weeds also decreased the amount of branching observed in the crop and increased the 

proportion of biomass allocated to reproductive parts. This information will be useful for 



making weed control recommendations to canola producers, in developing weed-crop 

interference rnodels, and for breeding more cornpetitive canola vmieties. 



Chapter 1 

General ln traduction 

in the western Canadian prairies, canola is primarily grown as a spring-seeded. annual 

crop. The advent of soil-residual herbicides and the increased use of herbicide-tolerant 

varieties has increased the reliance on herbicides for the control of weeds in this crop 

(Manitoba Ag., 1999). These herbicides permit the controi of a wide spectrum o i  werds 

over a broad range of application timings. Through the implementation of integrated 

weed management (IWM) systems. the objective of reducing the reliance on herbicides 

may be achieved by increasing their effectiveness through proper timing of application 

and the use of cornpetitive cultivars (Swanton and Weise, 1991). IWM is a holistic 

approach to weed control and incorporates knowledge of how the crop interacts with 

weeds. The critical penod of weed conirol is one of the pillars of IWM as i t  can 

determine when there is no need for weed control dunng the lifecycle of a crop (Hall et 

al., 1992; Van Acker et al.. 1993a). Comparative growth analysis of a crop under weed- 

infested and weed-free conditions cm help explain how the duration of weed cornpetition 

affects the growth and morphology of crop plants (Van Acker et al., 1993b). These will 

help to optimize the use of herbicides and provide the basis for developing integrated 

alternatives for weed management strategies (Swanton and Weise, 1 99 1 ). 

To find the critical period of weed control, two sets of treatments must be used (Van 

Acker et al., 1993). in the first, the crop is kept weed-fiee for increasing lengths of time 

to find the period that the crop must be kept weed-fiee to maintain maximum yield. in 

the second, weeds are allowed to grow with the crop for increasing lengths of time to fmd 

the maximum period that weed infestation c m  be tolerated by the crop before yield i s  



reduced (Weaver et al., 1992). The cntical period of weed control is the combination of 

these two periods, and weed presence before and aAer this period will not cause 

significant yield reductions (Dawson. 1986; Weaver and Tan, 1983). 

Critical period studies are ideal for making weed control recommendations as they 

indicate the optimum time for iniplementing and maintaining weed control (Hall et ai., 

1992; Van Acker et c d . ,  1993). The criticai wed-Trea period can be uscd to idcntify thc 

length of residual activity required for preemergence herbicides, the proper time for cover 

crop planting, timing for in-crop cultivation, and the timing of additional postemergence 

weed control. In canola, the cntical time of weed removal has become important for 

detertnining the length of time thnt weeds can be left in the crop. especially with the 

increased use of herbicide-tolerant canola (HTC) varieties (Manitoba Agriculture, 1 999). 

Identifying the critical period of weed control may help to reduce the use of herbicides if 

it is found that a single, well-timed postemergence application cm provide adequate 

weed control. inaking cropping practices more cost effective for producen and reducinp 

the introduction of unneeded herbicide into the environment. 

Previous research on the effect of timing of weed interference in canola has shown 

that yield reduction h m  volunteer barley (Hordeum wlgare L.) intetference diminishes 

the later that it ernerges relative to the crop (O'Donovan, 1992), implying that the critical 

weed-free period may be very short in some cases. Wall (1994) found that with wild 

mustard (Brassica kaber (D.C.) L. C. Wheeler),the critical weed- free penod occurred 

before the fint leaf stage. McMullan et al. (1994) showed that early introp removal of 

wild mustard from canola prevented yield loss, while Wall (1994) similarly found that 



wild mustard could grow with canola until the 41h or dh leaf stage of development without 

causing yield reductions. 

Although the preceding analyses were useful, they were not a complete examination 

of the cntical period of weed control in canola. The studies by Wall (1994) and 

McMullan et ai. (1994) examined only the critical time of weed removal with accuracy. 

A h ,  only one weed species wüs included in iliesc: siudies, ancl this sprcies was sowii iiiio 

the experimental plots. In a field situation there is a great range of species and 

emergence patterns (Baldwin and Santelmann, 1980; Stoller and Wax, 1973). These 

factors can greatly affect the cntical period of weed control (Van Acker et rd. ,  1993a). 

Relatively little work has been perfomed on the gowth analysis of canola under 

weed competition, compared to other crops. Van Acker et al. (1993b) showed that in a 

soybean crop, the total dry weight (TDW), crop growth rate (CGR), and leaf area index 

(LAI) of soybean were significantly reduced by weed competition. The soybean crop 

also compensated for competition by increasing the proportion of reproductive weight 

produced in the plant and decreasing the amount of branching. Wilson (1966) showed 

that net assimilation rate (?VAR) in rapeseed was strongly affected by light availability. 

Therefore, competition frorn mutual shading and weed interference will greatly affect the 

rate of plant dry matter produced per unit of leaf area. However, it is still unknown if the 

NAR of canola in a field situation will increase with reduced weed interference, or if 

increased branching of canola in a weed-fiee environment will maintain an optimum rate 

of dry matter production. The understanding of these growth analysis relationships and 

others described by Hunt (1978) in response to weed competition are still unknown for 

canola. 



Growth analysis information may become useful in the design of weed-crop 

interference models and in explaining the critical period of weed control in ternis of the 

physiology of the crop. it may also aid in the deveiopment of methods for determining 

the competitiveness of varieties for breeders through a better understanding of the 

cornponents of canola that are affected by weed cornpetition. Studying the critical period 

of weed control for canola will provide irnrnediateiy useful information For making wrad 

control recommendations to canola producers. 



Chapter 2 

Literature Review 

2.1. Critical Period of Weed Control 

2.1.1 General Definition and Purpose 

2.1.1.1 Theoretical and Practical 

The criiiçül period or weèd coiitrol is the primary analysis mcthod for studqing thc 

magnitude of yield loss associated with the length of time that weeds affect a crop 

(Weaver et (il.. 1992). It helps optimize herbicide use and provides a logical basis for 

developing integrated alternatives for managing weeds (Swanton and Weise, 199 1 ). To 

do this, the critical period is predictive towards when, as opposed to if, weeds should be 

removed to prevent yield losses (Dawson, 1986). Some researchers believe that this 

study is more descriptive than predictive in nature, but regardless. it is very useful to 

detemine the proper timing of weed control strategies and to better undentand the nature 

of weed-crop cornpetition (Weaver and Tan. 1987). 

The critical period of weed control is the optimum time for weed control and should 

not be confused with periods of intense weed interference (Hall et oi., 1992). Within this 

period, weed control measures should be maintained to prevent loss by later emerging 

weeds. 

Two sets of treatments must be used to establish the critical period of weed control 

(Van Acker et al., 19938). in the first set, the crop is kept weed-fiee for increasing 

lengths of time to find the minimum weed-free penod required to maintain maximum 

potential yield. As the period of weed-free maintenance is increased, yield increases until 

the maximum is reached (Dawson, 1986). This is also known as the late-season period 



threshold, where further weeding does not affect yield. It illustratcs when the minimum 

duration that weed control must be maintained in order to prevent yield losses (Swanton 

and Weise, 1991). 

In the second set of treatments, weeds are le ft in the crop for increasing lengths of 

time to And the maximum tolerable length of weed-infestation (Weaver et (if., 1992). 

Aliliougli weed populatioiis may reduce yields, they c m  oRcn grow with thc crop for a 

certain period before they cause permanent damage (Dawson, 1986). This duration is 

also known as the early season period threshold and is most important in defining when 

post-emergent controls must be applied to prevent yield losscs due to competition. When 

these two pet-iods are placed together, we get the cri tical period of weed control (Dawson. 

1986; Weaver and Tan, 1983). 

Weeds present before and after this time interval will not significantly reduce yields 

(Weaver and Tan, 1987; Kropff and Spitters, 1991 ). because their reduced gowth rate 

does not allow them to attain sufticient size to effectively compete with the crop. 

However, they may need to be removed for harvesting efficiency or to prevent losses 

during harvesting operations (Weaver and Tan, 1983). Harvesting losses due to weed 

interference are usually not considered in critical period studies (Weaver and Tan, 1987). 

The cntical period of weed control also does not account for retum of weed seeds to the 

soil, but weeds can be very prolific in producing seed. Tlie critical period is concemed 

with only the loss of yield and not loss of quality by contamination with weed seeds, such 

as wild mustard (Sinapis arvensis L.) that reduce the quality of canola oil and meal for 

prwessing (McMullan et al., 1994). 



Roberts ( 1976) descnbed three relationships that exist with critical period studies. 

The first type occurs when the length of the weed-infested period is longer than the 

minimum weed-fke period (Figure 2.la). In this scenario, a critical period of weed 

control exists in the sense that there is a definite time when the crop must be kept weed- 

free. Some studies required up to two or three weed removal practices to prevent weed 

growth and crop yeld loss during this penod (Weaver and Tan, 1987). 

In the second relationship. there is no definite critical "pcriod" because the two curves 

meet at full yield potential (Figure 2.lb). Weeds could be left in the crop, or the crop 

could be kept weed-free for the sarne mount of tirne. It was proposed that a single 

weeding at the nght time should be sufficient to prevent yield loss. in this scenano. 

However, finding this optimum time for removal is difficult with critical periods based on 

days after emergence or some other location-year dependent parameter. If  the cntical 

period is based on the phenological development of the crop, then finding the optimum 

time for weed removal would be much easier. 

The third relationship exists where the length of time that a crop must be kept weed- 

free i s  significantly shoner than the duration that a weed infestation c m  be tolerated 

(Figure 2. lc). This often exists with a cornpetitive annual crop. and iheoretically a single 

removal between these two crop stages should provide sufficient weed suppression to 

prevent yield losses (Roberts, 1976; Weaver and Tan, 1987). 

Ln some situations, permanent crop damage may occur very early (even before 

emergence) due to occupation of biological space or rllelopathy (Dawson, 1986). Under 

such situations, the maximum weed-infested p e n d  would not exist and postemergence 

control would likely not be sufficient to prevent yield loss. 



Figure 2.1 The three relationships describe by Roberts (1976) that may exist for the 
critical period of weed control. The dashed yield curve i s  the critical weed-free penod 
and the solid yield curve is the critical timing of weed removal. The lower graphs 
represent the time during which weed growth can be tolerated by the crop. 

Cousens (1988) suggests that fitted response curves are a more appropnate and useful 

method of analysis for critical pet-iod of weed control studies. because the curves are 

continuous and can be used to detect smaller changes in yield than cornparhg the means 

of the treatments. The mode1 can be set with a maximum allowable level of yield loss to 

determine the endpoints of the critical penod. The parameten for these curves will 

depend on the crop species. weed species, weed density, planting date, tirne of emergence 

of weeâs relative to the crop, and environmental conditions (Weaver et al., 1992; 

Dawson, 1986). Analysis has been performed on how some of these factors affect the 

critical pcriod (Weaver et al., 1992). 



Research must be perfomed utilizing experirnental designs under various 

environmental conditions since they affect the outcome of weed-crop competition studies 

(Vanpssel and Renner, 1990) 

2.1.1.2 Physiology and Pheootogy and the Critical Period of Weed Control 

'The beneiit that cornes from siudying critical pends is a b e k r  undrrstaiidiiig o l  llie 

physiological basis for crop-weed competition and how it cm be applied to aid in 

controiling weeds (Hall et al., 1992). 

The relative cornpetitive ability and relative growth rates of the crop and weed 

populations affect the length and timing of the critical period (Weaver and Tan, 1987). 

Earlier shading and cornpetition by the weeds for nutrients and water will reduce the 

length of time that the crop can tolerate weed infestation. The minimum length of time 

that the crop must be kept weed-free will depend on the abiiity of the crop to shade the 

weeds and the emergence pattern of the weed cornplex. 

A shorter weed-free period generally leads to an earlier reduction in the dry weight 

and yield of the crop (Weaver and Tan, 1983). The earlier that weeds interfere with 

growth of the crop. the greater they can affect dry matter accumulation. 

The point where the aboveground biomass of the weeds exceeded that of tomatoes 

(Lycopersicon esnilentum L.), for exarnple, in the weed-infested plots was indicative of 

the ability of the weeds to compete with the crop (Weaver and Tan, 1983). This shows 

that the relative growth rate of the weeds is crucial. because a higher rate allows the 

weeds to grow faster and capture resoutces. The length of iime that causes a difference 

in the total biomass accumulation of plants kept weed-fiee and weeày al1 year is 



important for describing the impacts from the duration of weed infestation (Weaver and 

Tan, 1983). 

In tomatoes, crop and weed dry weights had negative correlation and converged at 

what appeared to be the point of maximum weed and minimum tomato biomass (Weaver 

and Tan, 1983). It was suggested that weed biomass can be used as a predictor of tomato 

crop biomass approximately 6 weeks aner transplanliiiy. 

Weather dnven models which are based on physiological processes are genenll y 

more applicable for explaining biological relationships than empirical models that have 

parameter values tied to particular experimental circumstances ( Weaver et (ri., 1992). In 

other words, by relating the critical penod to leaf stages of the crop rather than sinctly 

using days aRer emergence, the variability due to the environment and location can be 

somewhat reduced. 

Research needs to be performed on the effects of single and multiple weed population 

levels over varying lengths of time as related to the developmental stages of the crop on 

the yield of the crop (Baldwin and Santelmann, 1980). 

2. 1.2 Factors Affecting Critical Period 

2.1.2.1 Weed Specks 

It is known that weeds and crop compete for the same resources, and this occurs as a 

result of the overlapping of their biological niche. This cornpetition often suppresses 

crop dry matter production and yield (Bhaskar and Vyas, 1988). Weeds can compete for 

light, water, nutrients, and space; they hinder growth and harvesting, have objectionable 

appearance, and can act as a reservoir for other pests (Baldwin and Santelmann, 1980). 



Species Spectrum 

The relative competitive ability of weeds for obtaining resources will depend on the 

species of the weed and the crop tliat is grown. The degree of interference on the crop is 

affected by the relative competitive ability of the weeds. Therefore, the critical period 

will be affected. 

One of the meihods of determinhg the relative competitive ability of different species 

of plants is to compare the parameters for the models of the weed density and crop yield 

interaction (O'Donovan et al., 1989). A larger change in yield from smaller changes in 

weed density (i.e. high slope) is indicative of a more competitive species. The regession 

coefficients from the negative hyperbolic response curve were 4.43, 3.2.4.9, and 10.4 for 

densities of volunteer wheat (Triticitm oesrivtm L.). wild oats (Aveiia faticir L.) (Dew and 

Kcys, 1976). volunteer barley (Horcieiîm wlgure L.) (O'Donovan et ai., 1988), and 

Canada thistle (Cirsium arveme (L.) Scop.) (O'Sullivan et al., 1985) in canola, 

respectively. This sugpsts that volunteer wheat and barley are similar in 

cornpetitivcness, but are less competitive than Canada thistle, and more competitive than 

wild oat. 

A second method of measuring the relative competitive ability of plant species is to 

analyze the effect of selected densities of different weed species on the yield and growth 

of the crop. Blackshaw et al. (1 987) found that wild mustard was more competitive in 

reducing the dry weight of rapeseed than lambsquarters (Chenopodium album L.) This 

may be due to the similarity in growth habits of wild mustard and rapeseed (Mulligan and 

Bailey, 1975), which would cause them to compete for the same resources ai the sarne 



time of the season. This would increase the effect of weed interference on the growth of 

the crop. 

Barnyardgrass (Ecl~i~rocl~loa cnrs-galli (L.) Beauv.) was found to be more 

competitive than redroot pigweed (Amaratithtcs retro/e.ws L. ) except when moisture was 

lirnited (Vangessel and Renner, 1990). High moisture, deep seeding, and a low 

bamyardgrass to redroot pigweed ratio favoured barnyardgrass. 

The third method of measuring relative competitive ability is through replacement 

series experiments (Bhaskar and Yvas, 1988). The total densiiy of plants is kept 

constant, but the proportion of weeds to crop plants is varied. The data can be used to 

calculate a relative crowding coefficient for each species, which is an indicator of relative 

competitive abili ty. 

Competitioa for light 

The growth and ability of different weed species to compete for light will determine 

the timing and duration of the cntical period. The maximum length that weed 

infestations can be tolerated in a crop will depend on the ability of the weeds to shade the 

crop and cornpete for nutrients and water (Weaver and Tan, 1987). Conversely, the 

minimum critical weed-fiee penod will depend on the ability of the crop to shade weeds 

and develop a closed canopy; late emerging weeds will have a reduced growth rate due to 

shading fiom the crop. 

The net assimilation rate of canola responds strongly to light availability (Wilson, 

1966). Therefore, the rate of dry matter increase for each unit of leaf area will be 

afiected by weed interference, and this will affect the critical period. 



Weaver and Tan (1987) showed that the height of the weeds and amount of 

photosynthetic active radiation (PAR) reaching a tornato crop were negatively correlated. 

By delaying the emergence of weeds until at least 8 weeks after seeding, the weed height 

would not surpass the crop and significani reductions in PAR did iiot occur. Increased 

wced interference was also noted to reduce the arnount of PAR reaching the lower leaves 

in corn (Zed nia-vs L.) (Hall er d.. 1992). 

In transplanted tomatoes, reduced light levels from shading were directly related to 

the critical penod of weed control (Weaver and Tan, 1983). With incrensed height of 

weeds, the crop would need to be kept weed-free for a lonser penod to prevent yield 

losses (Weaver et al.. 1992). Thus, competition for light is more important later in the 

season and the relative gowth rates of the crop and weeds will affect the length of the 

critical period. The height of infesting weeds was found to have little effect on the ability 

of the crop to tolerate weeds. suggesting that competition for light was not as important 

as that for soi1 moisture and nutrients dunng early gowth stages. 

It was also noted, in field-seeded tornatoes, that yield lossrs occurred in the absence 

of shading (Weaver and Tan, 1987). Therefore, competition for other resources must be 

important, as well. 

Fitness 

The competitiveness of weeds that survive an unevenl y applied herbicide treatment. 

or tolerate a low dosage that does not effectively kill them, may differ fiom untreated 

weeds (Adcock and Banks, 1991). This is especially evident early in the growing season, 

after pre-emergence herbicides are applied. Generally, the treated weeds will have 

reduced competitiveness. This should be considered when modeling the density- 



dependent effects of weed cornpetition. Higher crop yields resulted when weeds were 

treated with low dosages of herbicide compared to where no herbicide had been applied 

(Adcock and Banks, 199 1 ). 

Mixed vs. Monoculture Weed Populations 

Each weed species diffen in its ability to compete with crops under rach type of 

climatic and soil condition. However. most fieids have a complex or different sprcies, 

with each differins in cornpetitive ability (Baldwin and Santelmann, 1980). In fact. each 

year from 10 to 50 different weeds may infest a given field. More information is needed 

on the effects on yield and growth of single and multiple weed population levels over 

varying lengths of time as related to the growth stage of the crop (Van Acker et al., 

1993a). 

Many studies have been performed on single weed species interactions with canola 

yield (O'Donovan et al., 1989. O'Donovan a al., 1988, O'Sullivan et al.. 1985, and Dew 

and Keys, 1976) to tind the effect of specific weeds. However, little work has been 

performed on multiple species populations in canola. 

in a study by Blackshaw et al. (1987), the yield loss in canola from the presence of 

Chenopodium albirni and Sinapis arvettsis was less than or equal to the sum o f  losses 

fiom each individual species. For example, with 20 weeds m-1 the yield loss was 36% 

with S. arvensis, 25% with C. album, and 39% with a mixed population of weeds in 

canola. Therefore, yield loss Rom multiple species weed populations rnay not have an 

additive effect. 



2.1.2.2 Weed Density. Distribution, and Location 

The damage to a crop from weeds tends to increase as the density of infesting weeds 

increases, until a point where further increases do not cause further reductions to the crop 

yield (Dawson, 1986). Such a saturating population of weeds often occurs in annual 

crops, where weeds must be controlled in order to prevent yield losses. 

Current studies have I'ocused on using weed densities to make decisions on herbicide 

use through finding the lowest density at which control is economically feasible (Brain 

and Cousens, IWO). Equations relating crop yeld to weed density are easily fitted using 

non-linear regession. The importance of using suc h regressions was shown by Cousens 

et al. (1988). In particular, the rectangular hyperbola has the best fit and is the most 

biologically realistic relationship for canola yield and weed densities (O'Donovan et (11.. 

1988). Linear modcls olten represent some yield loss with no weeds present and 

infinitely high loss with high weed densities. Models with parameters that reflect high 

and low density behaviors have a clear advantage for interpreting biological relationships. 

Such relaiionships have been exarnined in canola with densities of sevenl different weed 

species (O'Donovan et al.. 1988; O'Donovan et al., 1989; Dew and Keys. 1976). 

However, O'Sullivan et al. (1  985) proposed that a linear equation defined the relationship 

between rapeseed yield loss and density of Canada thistle shoots with the greatest 

accurac y. 

With certain perennial weeds, such as quackgrass (Elytrigia repens (L.) Nevski.), and 

highly branching weeds, such as wild oats, shoots per unit area are often used as a 

measurement of infestation level because it is simpler than determining weed density 

(O'Donovui, 199 1 ; Dew and Keys, 1976). 



The relationship of weed density to crop yield varies depending on the weeds present 

and the crop species. Weaver and Tan (1987) found that weed dry weights and tomato 

yield were inversely correlated. 

Since weed density affects the level of interference on the crop. the critical penod 

will also be affected by weed density. increased weed density resulted in increased 

length of time that tomatoes must be kept wed-frrr to prwziiî yield loss (Wravrr ri ' i l . ,  

1992). The length of time that weed infestation could be tolerated by the crop was also 

reduced, but the weed density had a greater effcct on the minimum weed-free penod than 

the maximum weed-infested pcnod. 

Usually, changes in soil moisture are correlated with changes in weed density. 

means that increased weed density will deplete the moisture in the soil more quick 

to higher demand for it. 

This 

ly due 

The level of yield reduction in canola by specific weeds has been the subject of 

several studies. As few as 1 volunteer wheat plant m-2 c m  reduce canola yield by 1% 

(O'Donovan er al., 1989); 100 wild oat shoots m-2 could decrease canola yield 32% (Dew 

and Keys, 1976). Quackgrass at 50- 100 shoots m-2 reduced canola yields by 18-32% 

(O'Donovan, 1991), howcver, the shoots of the weeds ernerged 3 to 7 days before the 

canola, and this could explain the severe effects on yields. Blackshaw et of. (1987) found 

that 20 plants m-2 of lamb's quarters, wild mustard, and a mixed population of these two 

species decreased yield of canola by 36,25, and 39%, respectively. 

It was shown in the results fiom Forcella (1987) that even with weed removal at the 2 

to 3 leaf stage of wild oat, 128 plants m-2 appeared to reduce the yield of canola. At 

densities below this, yield was not affected. This implies that a high density early in the 



growth of the crop may reduce yield, but a low density may not cause a yield reduction. 

O'Donovan et al. (1992) also showed that the effect of barley density on yield tended to 

diminish. the later that it emerged relative to the canola crop. 

Distribution 

Ln some experiments, weed populations are usually sown as evenly as possible to 

üchirvt: drsirtrd daiisitirs. However, Iioniogenous weed populations arc uncornmon in 

natural field situations. Yield loss models are developed for average densities across a 

field, but the aggregated nature of weeds will result in errors in these predictions, usually 

in the form of underestimation (Brain and Cousens, 1990). A factor for different dcgrees 

of aggregation was calculated by Brain and Cousens (1990), assurning a negative 

binomial distribution of weeds. This could improve the predictions for yield loss models 

based on weed density. This dernonstrates that distribution has an effect on cornpetition, 

and therefore, will affect the critical period of weed control. 

Expenments can account for the natural distribution of weeds through using natural 

weed populations and integrating their patchiness into the measurements made for the 

experiment. This oRen makes the results more realistic and representative of the actual 

situations, but it also increases the variability within the trials. 

Location 

Ln potato (Soianum tuberosum L.) weed interference experiments, it was found that 

redroot pigweed and barnyardgrass emerging fiom between the rows did not reduce 

yields, but weeds emerging in the row did cause reductions in yield (Vangessel and 

Renner, 1990). This occurred because the proximity and number of neighboring plants 



will determine a plant's ability to capture and utilize resources (Ross and Harper, 1972); 

thus it will affect the critical period of weed control. 

2.1.2.3 Wced Emergeace PatternlPeriodicity 

The length of the critical weed-free period will largely depend on the germination 

pattern of the wrrd speçies prrselil (Weavrr ~ i i d  Tüii. 1987). Many species of weeds 

emerge ddung distinct penods of the year (Stoller and Wax, 1973). This periodicity can 

be used for deteminhg the time necessary to maintain lethal dosage of preemergence 

herbicides in the soil and to plan other efficient weed control strategies. There is no need 

to maintain herbicide dose levels in the soil when weeds are no longer serminating 

(Egley and Willinnis. 199 1 ; Stoller and Wax, 1973). 

In temperate regions, early season rising soil temperature is rnainly responsible for 

emergence flushes of weeds. Rainfail is the major cause for emergence of remaining 

flushes that occur in late spring (Stoller and Wax, 1973). Tillape type and depth of tillage 

did not significantly affect the emergence periodicity or the number of weeds that 

emerged (Egley and Williams, 1991 ). However. if the soil is undisturbed, seed banks are 

depleted, soi1 temperatures are hi&, or water deficits are hi&, weed seed germination 

and emergence may decline (Weaver and Tan, 1987). 

The density of seedlings that are already present is the most important factor affecting 

the growth rate of an emerging seedling (Ross and Harper, 1972). Earlier emerging 

seedlings increase their ability to utilize resources at the expense of the later emerging 

plants. Emerging seedlings will exert less influence than individuals that are already 

established. Redroot pigweed emerged before barnyardgrass but this did not lead to 



geater competitiveness, because bamyardgrass had a higher relative cornpetitive ability, 

except in low moisture conditions (Vangessel and Renner, 1990). 

Dite of weed emergence relative to the crop can describe a large amount of 

variability in yield loss prediction models (Lotz et al., 1990). With winter wheat, for 

example. weeds emerging in fall had a much greater effect on yeld than those that 

emerged in spring into a neariy ciosed cmopy. Thus, lak eiiwpiiip wzeds lack 

competitiveness to reduce crop yield. 

Kropff and Spitters (1991) developed a method of incorporating early season relative 

leaf area of the weeds into yield loss prediction models. This was shown successful in 

predicting yield losses over a wide range of relative emergence times and weed densities. 

In the future, studies should be performed utilizing weed populations that are not 

manipulated. Then a true measure cm be made of the critical period based on natural 

relationships and emergence patterns between crop and weeds. 

2.1.2.4 The Effect of Water and Temperature (Climatic) 

In field-seeded tomatoes, yield losses fiom weed interference occurred even in the 

absence of shading, showing that some aspects of interference are Iikely due to 

competition for water (Weaver and Tan, 1987). The stornatal conductance of tomato 

plants was reduced significantly when they were kept weed-fige less than 8 weeks or 

weed-infested longer than 6 weeks after seeding. This pattern was similar to that for 

yield reduction, and again, significant reductions occurred where shading did not occur. 

This implies that competition for water could play an important role in the timing of the 

critical period. 



The critical penod will likely be longer in years with adequate water, because weeds 

are otlen able to use resources more efficiently than the crop (Weaver and Tan, 1987). 

Therefore, the crop would only toleratc short weed infestations early in the growing 

season, and it would need to be kept weed-free for a longer period to conserve soi1 

moisture and prevent yield losses (Weaver et al.. 1992). in corn, the amount of water 

avaiiable io plants was rrduced by w r d  iiitrrfereiice (Hall rr ri!., 1992). This increased 

the interference from weeds and ultimately reduced the number of leaves produced. 

Soil moisture c m  also have a different effect on a given wecd species. Clre~iopodirtni 

albunr was less cornpetitive with rapeseed under low rainfall conditions than Siriopis 

a n w i s  (Blackshaw et al., 1987). On some occasions, vanability in cünola density 

between sites may be a result of variable soi1 moisture (O'Donovan et al., 1989). 

Physiological processes should be used in the design of mechanistic models to take 

into account the effects of environmental factors, such as available water and 

temperature, on yield (Swanton and Weise, 1991). This will reduce the variability in 

model parameters due to these factors, and it will make crop-weed interference more 

predictable over a wider range of conditions (Spitters and Aens, 1983). 

in studies with canola, yield was strongly correlated to both precipitation and 

temperature in July (O'Donovan et al., 1989). Higb precipitation and lower temperatures 

dunng this time favoured yield, because flowering and pod development normally occur 

at this time in Western Canada. Ample moisture is necessary during flowenng and pod 

developrnent in canola (Krogman and Hobbs, 1975). Maintaining adequate moisturc in 

this petiod should increase the oil and seed yield, as well a s  increase the response of 

canola growth and yield to applieâ fertilizer. Adequate moisture will also result in 



increased photosynthetic surface area due to pod growth and a reduced rate of lower leaf 

senescence. 

Cool temperatures dunng flowering also favour canola growth and development 

(Wilson. 1966). At lower temperatures (IO0C), the net assimilation rate of canola is not 

greatly reduced. but higher temperatures (34-35OC) will cause abnomal plant growth. 

The optimum temperature range For rape growth is within 12-30°C. Vigil et ( i f .  ( 1997) 

found the base temperature for canola emergence was between 0.4 and I .Z°C, and 

emergence began atter the accumulation of 1560 to 1940 growing-degree-hours. Also. if 

early season soil temperatures are sustained for a long duration below 8 degrees Celsius, 

severe stand reductions may occur. 

2 . l  .T.S Nutrients and Soil Factors (Edapbic) 

For optimum yield, canola requires approximately 100 kg ha-1 NO3-N. 10 ppm of 

NaHC03-extractable P, and 35 ppm NH40Ac-extractable K (Soper. 1971). Wecd 

interference may change these nutrient requirements. 

The amount of available soil nitrogen was reduced by weed interference in corn (Hall 

et al., 1992). Competitive intrrference for phosphorus and nitrogen also plays a 

significant role in reducing the growth of wheat plants in cornpetition with Clietropodiztnr 

album (Bhaskar and Vyas, 1988). Potassium was restricted from being utilized by the 

weeds From non-cornpetitive interference exhibited by wheat. 

Canola has relatively high requirements for nitrogen and phosphorus for maximum 

growth and yield (Scott et al., 1973; Anderson and Kusch, 1968). Larger yield increases 

oAen occur for canola compared to wheat and flax (Linum usitatissimum L.) from the 



application of inorganic ferîilizen (Racz et al., 1965). Responses in growth and yield to 

phosphorus and nitrogen fertilizen also increased with adequate soi1 moisture (Krogman 

and Hobbs, 1975) 

2.1 J.6 Cultural Practices 

Crop Density 

Incorporating the densiiy of the canola crop improved the fit of the non-linear 

regession of weed density on crop yield, indicating that it has an effect on yield loss 

(O' Donovan el ai ., 1 981)). tncreased w heat density decreased canola yield, and decreased 

canola densi ty, decreased canola yield. The same trend occurred with volunteer barley; 

at densities of 50 and 200 canola plants m-2, 19 and 10 percent yield losses occurred, 

respectively, with 20 barley plant m-2 (O' Donovan et al., 1 988). Generally, volunteer 

wheat and barley densities were higher at low canola densities (O' Donovan et (il., 1988, 

1989). 

Seeding rate is the cultural practice that has the greatest influence on the crop density. 

increasing the seeding rate will usually lead to a higher crop density; this will cause the 

crop to gain cornpetitive advantage over weeds present and thus reduce overall weed 

interference. Therefore, the cntical period of weed control should be shorter at higher 

crop densities because the crop will tolerate longer weed infestations and should not 

require weed-free maintenance for as long a period. 

IWM 

Integrated weed management is a component of integrated Pest management; it 

incorporates more than one procedure (either of biological, mechanical, or cultural 



means) as a neccssary means to manage a weed complex (Baldwin and Santelmann, 

1980). Alternative weed control tactics must be involved with IPM to prevent and 

control herbicide resistance problems. 

Tillage System 

The results of a number of studies performed on weed interference as affected by 

tillage system are contradictory. Swanton and Weise ( 199 1 ) stated ihat the presence of 

residue in zem-tillage Fields causes weed suppression and did not result in requiremenis 

for increases in herbicide dosage or number of herbicide applications to control weeds. 

They stated that it has good potential for herbicide use reduction. Arshad et ul. (1995) 

showed that neither tillage nor herbicide alone provided sufficient weed control, but a 

combination may be agronomically and environmentally desirable rather than depending 

on intensive use of either. They concluded based on their research that zero-tillage 

systems resul t in reduced weed control. 

lt is pnerally accepted that zero-tillage systems cause a shif? in the species 

composition. for example, to more perennial weeds such as dandelion (Tmuucum 

oflcinule Web.) and wild rose (ROM spp.). The use of conventional tillage in canola 

results in increased infestation of annual weeds such as wild buckwheat, but it onen 

results in lower weed dry matter production by mid-season. 

Reduced tillage is characterized by changing the intensity of tillage operations. For 

exarnple, Arshad et al. (1995) compared conventional tillage (3 tillage operations) and 

zero-tillage to reduced tillage (one tillage operation per season). They found that reduced 

tillage did not have negative effects on soi1 properties or weed populations compared to 



conventional and zero-tillage. However, it did have a greater likelihood of yield 

improvement cornpared to zero til lage. 

Cover Crop 

The end of the critical pcnod of weed control cm be used for managing cover crops. 

This couid be especially useful for row crops, such as corn, in conservation tillage 

systrms (Swariton aiid Weisa, 1991). Tlie mulcli produced by a covcr crop should idcally 

suppress weeds during the critical period to avoid yield losses. 

Cultivation 

Initial flushes of annual weeds can be killed by shallow cultivation (Swanton and 

Weise, 19% ). Tillage can be responsible for the degradation and erosion of soi1 over 

timr. However, the benefits of weed destruction are noticed immediately, making it one 

of the most common cultural practices for weed control. 

Biocon trol 

Biological control of weeds, using insects and pathogens, can cause significant 

reductions in weed interference. Therefore, it can have an effect on the timing of when 

weeds shouid be removed. These can have a different effect on the cropping system (han 

herbicides by promoting the growth of beneficial organisms. 

Cultivar Selection 

The cornpetitive qualities of certain crops and varieties should be exploited for 

suppressing weed growth. Early emergence, high seedling vigour. fast rate of leaf 

expansion, rapid canopy development, rapid height development, early root growth, and 

increased root size should al1 be considered, because they can increase crop 

competitiveness. Therefore, the length of the critical period of weed control will 



decrease. Later maturing varieties of canola may be more susceptible to cornpetition 

from weeds because weed interference may affect the crop for a longer period 

(O'Donovan et al., 1989). 

Planting Pattern 

A uniform and dense plant distribution is desired to promote better use of resourcrs 

(liglit water nutrients) and grcatcr crop compctitivc ability. Planting in narrowcr rows 

can also suppress weed growth better. This was shown to occur in soybeans because of 

more rapid canopy closure (Légère and Schreiber, 1989). 

Nutrient Placement 

The availability of nutrients to the crop and weeds can affect the level of interference, 

and thus affect the critical period of weed control. It has been shown that weeds oflen 

use resources more rapidly and efficiently with added iiutrients, which results in geater 

cornpeti tive ability (Walker and Buchanan, 1982). 

The application of nutrients. such as nitrogen, can stimulate the germination of 

dormant weed seeds (Cavers and Benoit, 1989). Placement of the limiting nutrieni close 

to the crop will greatly enhance their utilization of resources and competitiveness over 

the weeds, especially to those growing between the crop rows. 

If the moisture content of the soi1 is low, canola emergence cm be seriously reduced 

by nitrogen fertilizer placed with the seed ai a rate of 1 1 to 22 kgha (Nyborg, 1961). The 

resulting poor emergence would give a cornpetitive advantage to the weeds. 



Crop Rotation 

The composition and density of weed seed banks are oAen reflected by the rotation 

practices of the producer (Swanton and Weise, 1991) and thus can affect the level of 

weed interference in a given field. 

Planting Date 

In the Northem Plains. canola should be planted in eariy to rnid-May to achievt. 

optimum yield (Johnson el al., 1995). IF it is planted later, in late May to rnidJune. 

reduced yield otten occurs due to fewer pods produced per plant and a lower harvest 

index. Vigil et rd .  (1997) recommended planting be perfonned only when soi1 

temperature is sustained above 8 degrees Celsius. At lower temperatures, certain cool 

season weeds. such as wild oats. may have a growth advantage over canola. 

Weeds emerge during speci fic periods of the growing season (Stoller and Wax. 1973). 

Therefore, by delaying seeding, the peak emergence penod of early emerging weeds may 

be avoided. These can be easily controlled by pre-seeding tillage, which will reduce the 

earl y season competi tive stress on the crop. 

Planting Deptb 

if small seeded crops, such as canola. are planted too deep, the emergence pattern will 

be uneven or sparse. This can lead to reduced yield and oil quality and increased 

cornpetitive advantage for weed infestations. Therefore, it can affect the critical period, 

as well. 



2.1.3 Practical Use o l  the Critical Period of Weed Control 

The critical period of weed control is the optimum time to implement and maintain 

weed control in order to prevent yield losses (Hall et al., 1992). Studies of the critical 

period provide useful information on which one cm base weed control recommendations. 

Fanners rely heavily on herbicides for weed control. Any reduction in herbicide use will 

have beneficiai effects by reducing their impact on non-target spwies. Jecreüsiiig 

selection pressures for weed resistance, decreasing ground water contamination. creating 

cost effective cropping systems, and ensuring safe food supplies. 

The critical length of the weed-free period is the minimum length of time that a crop 

rnust be maintained weed-free to prevent yield losses. One of its applications is  to 

describe the length of residual activity required for pre-emergence herbicides (Weaver 

and Tan, 1987; Van Acker et al., 1993a). If such herbicides rernain effective for the 

duration of this period. therc should not be any losses in yield due to cornpetition from 

weeds. If the minimum weed-free pet-iod is relatively short in length, tefiance on highly 

residual herbicides will be reduced. The dosage recommended to ac hieve su fficient 

control with these herbicides in a given crop may be decreased accordingly (Hall et ul., 

1992; Swanton and Weise, 1991). With a rather long duration of the critical weed-fiee 

period, it may be wise to rely more heavily on the use of well-timed post-emergence 

herbicides (Weaver and Tan, 1983; Van Acker et al., 1993a). 

Another application of the critical weed-free period concept is in timing the planting 

of cover crops and implementing in-crop cultivation practices (Hall et al., 1992). It can 

also illustrate when the timing of pst-emergence weed control may be too early, because 

later emerging weeds may be able to cause a decrease in yields. 



The second component of the critical period is the maximum length of timc that 

emerging weeds c m  grow with the crop before they cause yield loss (Weaver and Tan. 

1987). This is also known as the early season period threshold and is most important for 

defining when post-emergent controls must be applied to prevent yield losses due to 

interference. The critical timins of weed removal may also be useful to illustrate if late 

applications to a crop stand, which is undrr severc: wred iiifeeia[ioii, iiiay have any value 

(Van Acker, personal comm.). M e r  this weed-infested period, if weeds are allowed to 

remain in the crop. yields will decline due to interference. 

Quantitative losses caused by weed interference at different stages of crop 

development are useful for making recommendations on the minimum control 

requirements, and they can be used to create a maximum effect when controls are limited 

(Roberts, 1976). Critical pet-iod studies also provide a guide for future studies in crop- 

weed interference and alternative methods of weed control. 

2.2. Critical Period of Wecd Control in Brassica napus L. 

2.2.1 Background 

In the past, few chemical herbicides have been available for weed control in canola. 

Trifluralin was iniroduced in 1970 as a pre-emergence herbicide for green foxtail (Setaria 

viridis) and broadleaf weeds. ~ o e ~ r a s s '  (diclofop) was introduced in 1976, and PoastB 

(sethoxydim) in 1983, for grassy weed control. Triazinc tolerant canola varieties became 

available in the early 19803, which offered good weed control but poor yield relative to 

conventional varieties. Consistent reductions in yield and biomass from 10 to 20 percent 

I AgrEvo Cana& Inc., 295 Hendersan Drive, Regina, Saskatchewan, SQN 6C2, Canada 



could oRen be noticed in tnazine tolerant varieties (Forcella, 1987). Other, post- 

emegence su1 fonylurea herbicides suc h as Mustem (ethamet su l furon) were introduced 

in the late 1980's. Sevenl additional grassy herbicides were introduced in the early 

t 990's. 

In the mid- l98O's, the promotion of integrated Pest management increased the 

populanty of a reduced reliance on pesticides, and it encouraged alternative methods of 

pest control. This helped to create a declining trend in herbicide use (Thill et ni., 199 1); 

other factors. which led to reduced actual use, included increasing herbicide costs and 

fewer available herbicides. 

With the recent introduction of high yielding varieties of herbicide tolerant canola. 

the trends of herbicide application have shifted to an increase in post-emergence usage. 

This. dong with wide windows of application for tolerant canola varieties, has developed 

interest in studies on the timing of herbicide application in canola. 

To address public concem on reducing herbicidal impacts from crop prodiiction, 

studies are needed to evaluate the minimum number of applications and length of residual 

activity required for maintenance of maximum crop yield potential. 

Manitoba canola production comprises about 23% of the total volume and 19.1% of 

the total area produced in Canada (Manitoba Agriculture, 1998b). Global rapeseed 

production increased 6.5% in 1998199 relative to the 1997198 season (Manitoba 

Agriculture, 1998a). In the past decade, the general trend has been toward a shiR fiom 

decreasing production acreage of wheat to increasing production of canola (Dave 

Donaghy, personal cornrn.). The reason for recent interest in a cntical period study in 

canola has been dnven fiom these recent changes in crop production in western Canada. 



2.2.2 Time of Weed Control in Brassica napus L. 

Crop yield is affected by the phenological stage of development at which weeds are 

removed (Swanton and Chandler. 1989). When herbicide was applied at the 1" to tith leaf 

stage of wild mustard, canola yields were similar to that of the weed-free treatment. 

However, when removai occurred at the eariy flower s tap ,  yields wrrr significüntiy 

reduced, indicating the need for early removal to prevent yield losses. 

Early removal of wild mustard can minimize the negative effects of reduced yield 

from cornpetition and quality reduction from seed contamination (McMullan et d., 

1994). When wild mustard and canola emerged at the same time, removal at the 41h to 8Ih 

leaf s t a p  of the wild mustard plants resulted in significantly reduced yield compared to 

the yield of the weed-free treatment. However, the yield of the treatment with removal ai 

the znd to 4Ih leaf stage of the wild mustard in the study by McMullan et al. (1994) was 

not signi ficantly di fferent fiom the weed-free treatment. Blackshaw et <if. (1987) also 

found that significant reductions in the dry weight of rapeseed occurred rather early in the 

season, at 38 to 39 days after emergence, from infestation of 20 weeds m-'. 

It was occasionally noticed, in the study performed by McMullan et ul. (1994) that 

yield increases from 2.2 to 8.9% over the treatment kept weed-fiee by herbicides 

occurred for treatments that were sprayed at the early (2nd to 4Ih leaf) stage. This 

occurred in al1 types of canola (B. napus, B. rapa, TTC) in 4 out of the 9 site-years. It 

may be a result of increased vigour of the plants from early stress placed on them by 

herbicide metabolism or a result of too much stress placed on the weed-free checks. The 



remaining five site-years were 3 to 17% below the yield of the weed-free treatment for 

the early removal(2-4 leaf) treatmenis. 

The removal of wild mustard plants at the 2% 3rd leaf stage ccreated increases in 

canola yeld of 25, 139, and 86% (Kirkland, 1995). Weeds removed at the 5Ih leaf stage 

of canola development showed yield improveinents of 55% to 180% over the weedy 

check (Chow and Dorreii, 1979). Oil çotitent was ülso siyi~ificantly Iiiglier than the 

check. however, fatty acid composition and protein content of the meal were unaffected. 

Canola yields decreased when volunteer barley emergeed eadier relative to canola 

(O'Donovan. 1992). For exarnple, when barley emerpd 8 days, before the canola yield 

was 90 g m-2; when i t  emerged 8 ciays afler the canola, yield was 156 g m-2. The effect 

of density tended to diminish the later that barley emerged relative to canola. Even hi& 

densities of weeds rnay have a minimal impact on canola yield when emerging late. This 

implies that the minimum length of the weed-free period for canola may not be very long. 

O' Donovan (1992) suggested that the control of early emerging weeds may be more 

critical to canola yields than those that ernerge later. Forcella (1987) implied that 128 

wild oat plants m-2 could reduce the growth and yield of canola, even with removal at the 

2" to 3rd leaf stage of the wild oat plants. Therefore. high densities of weeds early in the 

growing season may reduce canola yicld, where low densities may not. 

Blackshaw (1989) noted that weed control was always greatest at the earlier growth 

stages, and this sometimes could be correlated to greater canola yields. It was suggested 

that the stage of application might not be very important. However, a possibility existed 

for receiving higher yields and achieving better inhibition of weed growth and seed 

production by earlier removal (the 2" leaf stage of the crop). 



Wall (1994) performed a study on the critical period of weed control for wild mustard 

in canola from 1994 to 1995 using glufosinate tolerant canola. Treflan was applied at 1 .1  

kg/ha for control of other weeds. The wild mustard was broadcasted on the soi1 before 

the cmola was seeded, which may have been partially responsible for resultant early 

emergence pattern of the wild mustard. Almost al1 weeds emerged beforc the 1" leaf 

stage OC the cünolü. 9 düys aller the tiiiargence of canola. Thus, it was found that thc 

minimum duration of  weed-free period that was required was only up to the 1" leaf stage 

of canola. It was shown that weed infestations could be tolerated up to the J ' ~  leaf stage 

in 1994 and the 61h leaf stage in 1995 and 1996 before there were significant reductions in 

canola yield (Kelner, 1997). Oil content was not significantly affected by the penod of 

weed infestation (Wall, 1994). 

The results correspond with experiments conducted by the Canola Council of Canada 

(1998) on the timing of weed removal. These reported a yield increase from early 

rernoval (1" to 3rd leaf), as opposed to late removal (41h to 5'h Iran. The results from 

Bowren (1974) show a sirnila relationship for rapeseed response to wild oats. With 

earlier weed removal. yields are generally better than the yields from the late removal of 

weeds. 

2.3. Crowth Aoalysis in Bnissica nupus L. 

2.3.1 Generd 

Harper and Berkenkamp (1975) designed a descriptive and illustrative key for 

identifjmg the development stages of canola. This method divides development into 

preemergence, seedling, rosette (several leaf stages), bud (inflorescence visible to 



yellowing), flowering (flowers opening to completely opened), and ripening (lower pods 

full to plant senescing). 

The greatest increases in leaf area and dry weight occurred at low levels of applied 

nitrogen, larger application rates resulted in lower rates of increase (Scott et al., 1973). 

Leaf area increased and peaked to about 4-5 weeks after emergence, and steadi ly declincd 

alter this period (Ailen et tri., 197 1). 

The relative growth rate of canola (weight/weight) and relative growth rate of leaf 

area (areahrea) were very similar (Wilson, 1966), and their response to temperature was 

greater than that for the net assimilation rate (weightkea). This difference was greatest 

at lower temperatures. This was mainly due to the increase in leaf area ratio (areaiweight 

of plant) and specific lraf area (aredweight of leaf) with increased temperature. 

Net assimilation rate responds strongly to light availability (Wilson, 1 966). Narrowly 

spaced plants cause mutuül shading that cm decrease the net assimilation rate, which is 

the rate of dry matter iiicrease that each unit of leaf area produces. Therefore, this will be 

a ffec ted b y weed inter ference. 

The need for information on the physiological processes that detennine the yeld of 

the plant is important to undentand how to maxirnize yield in a given crop. Allen et al. 

(1  971) found that when canola pods fonned and developed, a large increase in dry weight 

occurred with a lower leaf area index compared to earlier development stages. A 

decrease in LAI occuning late in the season is compensated by an increase in the surface 

area of the pods. It is likely that pods produce much of the photosynthate for pod and 

seed growth (Allen et al., 1971; Hozyo et al.. 1973). Freyman et al. (1973) used 

defoliation and WO2 labeling to show that the leaves contribute to the dry matter 



accumulation of the seeds, and the photosynthate from the leaves moves selectively into 

the filling pods. 

III canola, higher nitrogen levels have been shown to lead to more pods developed per 

plant and greater pod growth rates and yield (Allen et al., 1971). Where moisture was 

adequate. the pods increased the total photosynthetic surface area of the plant and the 

senescing leaf area decreased this area more slowly (Krogman and Hobbs. 1975). Thus, 

yield increases under adequate moisture were li kely due to increase the photosynthetic 

activity and area, giving a possibly better cornpetitive advantage. In addition, the daily 

evapotranspiration and surface area of green tissue were closely related. 

Johnson et ul. (1995) showed that reduced yield from laie planting of canola may 

result from fewer pods developed per plant and a decreased harvest index. Canola 

flowers over an extended period, so the decision of when to harvest must be a 

compromise between obtaining maximum oil yield and losing seed due to early pods 

shattering (Scott et al., 1973). 

2 J.2 Under Competition 

Competition for light is more important later in the season and the lcngth of the 

critical weed-free period will depend on the relative growth rates of the weeds and crop 

(Weaver et al., 1992). 

In corn, weed interference decreased the maximum predicted leaf area per leaf, total 

leaf area produced, and leaf area index (Hall et al., 1992). It also reduced the number of 

expanded and emerged leaves and increased the number of senescent leaves 



The net assimilation rate of canola is strongly affected by light availability, so weed 

interference will decrease the rate of dry rnatter incrrase per unit of leaf area (Wilson, 

1966). Variations in net assimilation rate caused by temperature fluctuations will not be 

as large as the variations in light, due to the competition from mutual shading and weeds. 

2.40 Crop Tolerance and Herbicide Eftïcacy 

Generall y, suscept ibili ty of weeds to post-emergence herbicides dec 

leaf stage, showing that herbicidal activity is affected by weed growtl 

lines aRer the 61h 

1 stage (Swanton 

and Chandler, 1989). The dry weight of wild mustard was not affected by applying 

herbicide at the early flower stage, but this may be because the maximum dry weight was 

already achieved by the plants. Lack to reduced biomass from herbicide application does 

not necessarily mean that the weeds were not controlled. Crop injiiry increased with 

increased dosage of imazamethabenz and declined with increased growth stage (Swanton 

and Chandler, 1989). With glufosinate herbicide on Innovator canola. it was found that 

repeated application did not have an effect on the yield of the canola crop (see Appendix 

7.3). 

2.5 Objectives 

The objective of this thesis project was to determine the critical period of weed 

control in canola grown in Manitoba. It has already been shown that weed control is 

required by the 4'h or 61h leaf stage and that the crop requires a weed-free period up to the 

1'' leaf stage in an artificially produced wild mustard populatiori (Wall, 1994). However, 

it was mt known if these responses to weed competition occur with a natural weed 



population. Our study should help to ascertain the yield response to a natural weed 

infestation and will be broadly applicable through the use of three distinct locations and 

by relating the critical period of weed control to the growth stages of the crop. 

Quantitative measurements of gtowth of the crop will also be made to compare the 

physiological response of the crop to weed interference. This will isolate growth 

characteristics of the specirs t hai contribute io coiiiprtitivr abiliiy witli weeds and 

contribute to the knowledge req uired to breed superior canola varieties in the future. 



Chapter 3 

The critical period of weed control in canola (Brassica napus L.) in ~Manitoba 

Introduction 

The critical period of weed control is the primary analysis method for studying the 

magnitude OS yeld loss associated with the length of tirne that weeds affect a crop 

(Weaver and Tan, 1987). Within this penod, weed control measures should be 

maintained to prevent yield losses due to weed interference. 

Two sets of treatments must be used to find the critical pcriod of weed control (Van 

Acker er d.. 1993a). In the fint set, the crop is kept weed-free for increasing lengths of 

time to find the period tliat the crop must be kept weed-free to maintain maximrim yield. 

In the second set of treatments, weeds are allowed to grow with the crop for increasins 

lengths of time to fnd the maximum period that weed infestation c m  be tolerated by the 

crop before yield is reduced (Weaver et al., 19%). The critical pcriod of weed control is 

is combination of these two pe rds ,  and weed presence before and aRer this penod will 

not cause sigificant yield reductions (Dawson, 1986; Weaver and Tan, 1983). 

Critical period studies are ideal for making weed control recommendations as they 

reveal the optimum time for implementing and maintaining weed control (Hall et al., 

1992; Van Acker et al., 1993a). The critical length of the weed-free period can be used 

to identify the length of residual activity required for preemergence herbicides to be 

effective, the proper time for cover crop planting, timing for in-crop cultivation. and the 

timing of multiple postemergence weed control evenis. In canola, cntical p e n d  research 

has becorne important for detemining the length of time that weeds cm be lefi in the 



crop, especially with the increased use of herbicide-tolerant canola (HTC) varieties. in 

Manitoba, the proportion of canola planted as HTC varieties increased h m  14% in 1996 

to 64% in 1999 (Manitoba Agriculture, 1999). Identifying the cntical peziod of weed 

control may help to reduce the use of herbicides if if is found that a single, well-timed 

postemergence application can provide adequate weed control. This will make cropping 

practices more cos( effective for producers and reduce the amount of unneeded herbicide 

that is introduced into the environment. 

Previous research on the effkct of timing of weed interference in canola has shown 

that yield reduction from volunteer barley (Hordeum vidgare L.) cornpetition diminishes 

the later that it emerges relative to the crop (O'Donovan, 1992). This implies that the 

critical weed-free penod may be very short in some cases. Wall (1994) for example, 

found that with wild mustard (Brassica kaber (D.C.) L. C. Wheeler), the weed-free 

period required to prevent yield losses in canola ended before the tint leaf stage. 

McMullan et al. (1 994) showed that early in-crop removal of wild mustard from canola 

prevented yield loss, while Wall (1994) found that wild mustard could grow with canola 

until the 4'h or 6'h leaf stage of development without causing yield reductions. 

Although the preceding analyses were usefbl, they were not a complete examination 

of the critical period of weed control in canola. The studies by Wall (1994) and 

McMullan et al. (1 994) examinai only the cntical time of weed nrnoval with accuracy. 

Also, only one wced species was included in these studies, and ih is  species was sown into 

the experimental plots. in a commercial field situation then is a geat range of species 

and emergence patterns (Baldwin and Santelmann, 1980; Stoller and Wax, 1973). These 

factors can greatly a f k t  the critical period of weed control (Van Acker et al., 1993a). 



The objective of this study was to define the critical penod of weed control for canola 

in Manitoba. To ensure the greatest applicability of the results, a natural weed population 

was used, and the weed control timing was related to the crop growth stages as well as 

days after canola emergence. 

Materiais and Methods 

Site Seleetion and Experimeatal Design 

Trials were conducted at three distinct locations in 1998 and 1999. The first site was 

located at the University of Manitoba research station in Carman, Manitoba and will be 

referred to as Carman. This was located on a Winkler Senes soil comprised of 60% sand, 

15% silt, and 25% clay with a mean pH of 5.8 and soil organic matter content of 6.5%. 

Plots at this site were 1.9m by 8m in 1998 and 1.9m by 7m in 1999; plot sizes varied in 

the experiment due to spatial constraints and the equipment available for the seeding and 

harvesting operations at each site and year. 

The second site was located at Kelbum  ami' near Winnipeg, Manitoba and will be 

referred to as Winnipeg. The soil was classified as onhic. dark gray, St. Norbert Clay, 

having a composition of 7% sand, 27% silt, and 66% clay with a pH of 7.4 and organic 

matter content of 3%. Plots were 3.05m by Sm in 1998 and 1.8m by 8m in 1999. In each 

plot, only the center 1.22m was harvested for yield. 

The third site was located at the Cyanarnid Research F m ,  near Homewood, 

Manitoba and will be refemd to as H o m e w d .  The soil at this site was a gleyed. black, 

Rignold Senes soil with a texture of 68% sand, 19% silt, and 13% clay, pH of 8.4, and 

' l m  Richardson Intcmtionil Ltd., 2800 Lombud Place, Winnipeg, Manitoba, R3B 0x8, Canada 



organic matter content of 2.3%. The plots at this site were 1.85m by 8m, but only the 

center 1.22 m of the plots were harvested for yield. 

The plots were cultivated in the spring, and in some instances sprayed, shortly before 

the cmp was seeded at a rate of 6 kg ha". At Carman, cultivation was perfonned with a 

field cultivator, while at Homewood a tandem-disc plow was used. Fall chisel plow and 

spring sprayng were used at the Winnipeg site to prevent fominy an uosuiiiibiy iumpy 

seedbed in the heavy clay soil. Terbufos (Counter 5 ~ ~ )  granular insecticide was applied 

along with the seed at al1 sites ai a rate of 6 kg ha'' as a preventative measure against 

insects. 

At Carman, 200 kg ha" of 23- 10-5-5 was applied and incorporated on Apnl 28, 1998 

and April 22, 1999; the crop was seeded at this site on May 5, 1998, April26, 1999, and 

May 14, 1999. in 1999 and the early and late-seeded experiments at Cannan were 
' 

situated next to each other. The Homewood site received 127.8 kg ha*' of 8.9-33.0-6.7- 

0.25 prior to seeding and 55 kg ha*' of 11-51 -0 with the seeding operation on May 28, 

1999. The Winnipeg site received no fertilizer application, and it was seeded on May 23, 

1998 and May 27,1999. 

Rainfall and temperature data for each site i s  show in Appendix 7.1. 

The timing of removal of weeds was based on the growth stage of the canola crop 

(Harper and Berkenkamp, 1975). This made the nsults biologically based rather than 

site-year specific. The critical ptriod of weed control was determinal by using two sets 

of tnatments in a randomized compld block design with four reps. Ln the first set, the 

crop was kept weed-fkee up until the cotyledon, 2" leaf, 4h leaf, tjLh leaf, 8-10lh leaf, and 

-. - - -- - - 
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early flower growth stages of the canola. In the second set of treatments weeds were 

allowed to interfere with the crop for increasing durations up until the cotyledon, 2" leaf, 

4'h leaf, 6Ih leaf, 8-1oth leaf, and early flower growth stages of the canola. In both sets of 

treatments, mid-flower was used as the last growth stage if 8-loth leaf and early flower 

occurred at the sarne time. 

The variety of canola used was ~movato& which is tolerant to glufosinate 

ammonium. Weed control for the different treatments was accomplished using the 

herbicide, glufosinate ( ~ i b e r t ~ ~ ) .  The herbicide was applied via a backpack sprayer with 

a 1.5 rn boom, held 0.5 rn above the crop canopy. Some hand weeding of the larger and 

more difficult to control weeds was required at times. The rate of Liberty used in 1998 

was 2 L ac-' (741 -29 g a.i. ha-') at a water volume of 45 L ac". The sprayer was equipped 

with Teejet 80015 nozzles a'nd was regulated to a pressure of 30 psi. in 1999, the rate of 

Liberty was reduced to 1.3 L ac" (593 g a.i. ha") because it was thought that control was 

sufficient at the recommended rate. Due to their significantly non-uniform distribution 

across trials, p e r e ~ i a l  weeds were controlled at al1 locations using 1.1 L ac" (967 g a.i. 

ha*') glyphosate ( ~ o u n d u ~ ' )  herbicide pnor to seeding. To prevent sclerotinia infection, 

iprodione (Rovral ~ 1 0 ~ )  fungicide was applied at the 25% bloom stage of the crop for the 

Carman and Winnipeg locations. 

A natural, rnixed weed species population was present at each site, which meant that 

the experirnents tested for general weed interference. In 1998, the weed population at 

Winnipeg was augmented with seeds of wild oat (Avena fatua L.), green foxtail (Setaria 

viridis (L.) Beauv.), redroot pigweed (Amoranthus retruflextcs L.), wild mustard, and 

- --  
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volunteet barley at rates of 1.82, 0.133, 0.04, 0.3, and 1.12 g m-2, respectively applied 

prior to seeding. At the Winnipeg site in 1999, barley, green foxtail, and redroot pigweed 

were applied at rates of 1.1 2, 0.266, and 0.08 g mS2, respectively. At the Carman site in 

1999, wheat (Triricurn aestiwm L.) seeds were added at a rate of 0.672 g m'*. 

Measu remen ts 

To track the emergence periodicity of weeds at each site, the densities of plants (weed 

and crop) were counted throughout the growing season from fixed 0.25 m2 quadrats in 

the plots kept weedy al1 year. in 1998, measurements were made at each canola growth 

stage, but more samples were taken earlier in the season in 1999 to accurately 

characterize the emergence periodicity of weeds before the cotyledon stage and between 

crop growth stages. 

To monitor the amount of weed regrowth that occurred afkr each duration of weed- 

fiee period, a 0.25 m2 sample of weedy material was rernoved from the back of the plots 

that were kept weed-fiee for increasing petiods. Sarnpling was done at the late flowenng 

stage of the canola. The samples were separated by species, counted, dried at 80°C for 24 

houn, and weighed. The weed dry biomass, densities, and species for the weedy control 

at each site are listed in Table 3.3. 

Meihod of harvesting was dependent on the availability of  equipment at each 

location. At Carman, entire plots were swathed on August 7, 1998 and on August 10 and 

August 17, 1999 for the early and late-seeded trials, respectively. These plots were then 

harvested using a wintenteiger7 combine on August 17, 1998 and on August 24 and 

August 25, 1999 for the early and late-seeded trials, respectively. At Homewood, plots 

6 Rhom Poulenc, Winnipeg, MB 
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were desiccated with 544 g a.i. ha" of diquat (Reglone pro8 herbicide) on August 30, 

1999. and the center 1.22 m of each plot was harvested directly on September 16, 1999 

with a Iiegeg combine. At Winnipeg, the plots were desiccated with 544 g a.i. ha-' of 

diquat on August 17, 1998 (no desiccation was applied in 1999) and the center 1.22 rn 

was harvested directly with a Hege combine on August 3 1, 1998 and September 1, 1999. 

Non-crop dockage was rernoved from the yield saiiiples using a carter'' dockagc 

tester and the method outlined by the Canadian Grain Commission (1991). The yield 

afler dockage was expressed as a percentage of the yield of the weed-free control. 

Statistical Analysis 

Nonlinear regression functions were fitted to the yield data using SAS" statistical 

software. This was performed separately for each site and each year. The Gompertz 

equation (1) (Ratkowsky, 1990) was used to descnbe the effect of length of weed-free 

period on yield. 

Where Y is the yield as a percentage of the weed-free control, A is the yield 

asymptote, B and k are constants, and T is time in days afier emergence of the crop. The 

logistic equation (2) (Ratkowsky, 1990) was used to describe the effcct of increasing 

duration of weed infestation on the yield of canola. 

' Zcneca Agro. Suite 250.3 1 15 -12 Strcct NE, Calgary, Alk-, T2E 712. Canada 
' Hege Maschinen GmbH, Dondine Hohcbuch, D-74638. Waldcnburg, Germany 
'O Caner Day Intemtional lac., 500-73* Ave. NE, Minneapolis. Yi~~sota 55432. USA 
" SAS Infinite IN., SAS Campus Drive, Cary, NC 275 13-24 14, USA 



Where Y is the yield of the crop expressed as a percentage of the weed-free control, 

A and B are constants. C is the lower yield asymptote, D is the difference between the 

upper and lower yield asymptotes. and T is tirne in days after ernergence. The critical 

period of weed control was detemined in daya afier emergence Tor ihe praleterniined 

yield loss levels of 2.5, 5, and 10% using these equations. The parameters of the 

equations for each site are shown in Tables 3.1 and 3.2. The same regression procedure 

was implemented for fitting trends to the density and dry biomass of weed regrowth as a 

function of length of the weed-fiee period (Figure 3.2). The logistic and exponential 

decay functions were chosen for the density and dry biornass of weed regrowth 

relationships, based on their bi'ologically realistic fits to the data. Standard error of the 

mean for each of the sample timings was calculated for the emergence periodicity of total 

weeds at each site (Figure 3.3). 

Table 3.1. Parameter estimates and standard emrs  for the Gompertz equation describing 
the critical weed-free penod. 

Parameter Estimates 
Location Year k A B 
Carman 1998 O. 1 O (0.28) 98.1 1 (1.37) 0.02 (0.03) 
Winnipeg 1998 0.03 (0.00) 99.60 (9.13) 0.20 (0.1 O) 
Carman (early-sccded) 1 999 0.06 (0.0 1 ) 100.05 (4.91) 1.25 (0. J 8) 
C a m  (late-seeded) 1999 0.60 (0.86) 1 12.73 (4.97) 0.82 (0.24) 
Winnipeg 1999 0.16 (0.19) 97.34 (2.02) 0.08 (0.04) 
Homcwood 1999 0.50 (0.59) 94.71 (3.75) 0.4 1 (O. 14) 



Table 3.2. Parameter estimates and standard errors for the logistic equation describing 
the critical timing of weed removal. 

Parameter Estirnates 
Location Year A B C D 
Cannan 1998 47.66(105.92) l.lO(2.47) 95.13 (2.13) 9.63 (2.53) 
Winnipeg 1998 20.99 (9.42) 0.06 (0.28) 79.39 (1.6 1 )  18 .0  (1 3 7 )  
Carman (early-seeded) 1999 60.01 (42.08) 1.52 (1 -08) 34.39 (3 -53 )  66.75 (4.67) 
Carman (late-seeded) 1999 9.39 (6.53) 0.4 1 (0.28) 44.50 (8.16) 54.34 (10.2 1 )  
Winnipeg i 999 2 1 .O6 (34.68) 0.63 ( 1  .08) 91 .ûû (2.69) 9.52 (2.95) 
Homewod 1999 2.90 (8.98) 0.05 (0.37) 48.9 1 (284.68) 58.17 (332.66) 

Results and Discussion 

The Criticai Period of Weed Control 

The critical period of weed control is ofen thought of as the single discrete period 

descnbed by Nieto et al. (1968). Howcver, in our study the critical penod varied 

considerably in tenns of the days aAer emergence and the growth stages of the crop 

between locations. Other studies have shown this phenornenon for other crop species 

(Hall et al, 1992; Van Acker et a[., 1993a). The factors most greatly aflecting the cntical 

period of weed control are the relative cornpetitive abilities and growth rates of the crop 

and weeds (Weaver and Tan, 1987), but the critical period of weed control is also 

influenced by factors that afict  weed interference (Hall et al., 1992). Therefore, 

differences in the divenity of weed species, weed density, distribution, and emergence 

periodicity, the nutrient status of the soil, weather, and cultural practices can cause 

variation in the critical period of weed contml between locations (Swanton and Weise, 

1 99 1 ). Di fierences in the species composition and densi t ies of weed populations between 

sites are shown in Table 3.3. 

As a mult of these differences between sites, the six site-years were analyzed 

separately (Figure 3.1 ). The Winnipeg site in 1998 and early-seeded Carman site in 1999 



Table 3.3. Species spectrun, mean weed dry biomass, and density in unweeded 

treatments, measured at late flowering. 

Location Wccd specics Total Total Spccies Specics 
wced dry weed dry density 

- biortuss dcnsity biomass 
g rn-2 plants rn-2 g m.2 pianis m.* 

C a m n  Grcm fortail 277.13 68 4.34 13 
1998 Rcdmoi pigwced 17.16 3 3 

Wild oat 10.32 8 
Lambsquancrs (Cl~cnop~ditcni nlliirttt L) 6 1.99 9 
Ycllow foxioil (Scrnrici ginrrcn (L. ) Beauv. ) 116.12 2 
Barnyard Gmss (Ec/ttnochlon crus-gnllt (L). Ueauv.) 0.20 2 
Wild must~rd 67.00 I 

Winnipeg G m  foxuil 99.29 138 13.17 65 
1998 Rtdroot pigwccd 1.47 29 

Wild aat 20.54 t 5 
bmbsquarlcrs 1.36 2 
Barnyard Gmss 0.22 I 
Wild musurd 51 .O5 7 
Vduntccr wha t  9.82 28 
Volunim borley 0.20 1 
Khndtl ion ( Tnrmnc~rnt oflcinnlc W c k r  in Wiggers ) 1.46 4 

C a m n  Grtcn foxtail, Ycllow faxwil, Bamy;irdgnss 180.12 831 65.95 22 1 
(mrly- Rcdmc pigwetd 28.49 13 1 
seedcd) Wild buckwhctt {Pol~.gon~trtt corrvolrstlirs L. ) 90.79 3 84 
1999 Smartwd (Pol~gonutn perrccnrin L ) 39.91 3 5 

Wild mi 121.20 20 
Cornmon Iambsqu~ncn 7.34 I l  
Voluntcer flax (Linum rrsitarissr~n~~ni L.) 16.87 2 7 
Voluniccr whmt 15.57 2 

C r m n  Wild buckwhat 387.19 406 63.89 127 
(Iatc- Redrmi pi-d 96.65 113 
&cd) G m n  foxuil, Yellow foxui l  , Bamprdgrars 137.30 136 
1999 Cornmon lambsquanm 4.8 1 4 

SN- 31.81 8 
Voluntecr flax 10.55 10 
Dandelion 4.05 2 
Clov« (Tri/oIiun spp. ) 0.13 1 
Volunicm w k t  3 8 . 0  5 
Wild ai 93.87 10 
Quack- (Eipigict repens (L.) Nevski) 9.54 4 
Round-luvcd mallow (Mdvn pctrvflorn L) 0.94 I 

Homwood Red- p i p e d  47.28 70 43.33 49  
1 999 Gmn foiruil, Yellow foxroil, Bamyardpass 2.03 12 

C o r n  punlanc (Portu im~ olemcen L.) 0.2 1 2 
Common lambsquanm 0.36 3 
Wild -1 1.24 2 
WiM buckwhcit 0.06 1 
Wiid muscrd 0.05 1 

Winnipq Volunicer h r k y  27.97 80 25.20 16 
1 999 Green foxîail, Ycllow foxuil, B a r n y r r d ~  2.26 44 

Cowmn hmbsquartm 0.06 3 
[kndeiiori 0.02 4 
R c d m o l p i ~  0.23 8 
Siinkmed (?'hiaspi anrnse L.) 0.0 1 I 
Wild m u r b  0.09 1 
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Days after emergence of canola 

Figure 3.1. Canola yield rcsponse to increasing length of weed-fke pend ( ) or 
duration of weed infestation ( ) in days after emergence of the crop at three 
locations in 1998 and 1999 as calculated h m  the parameters in Tables 3.2 and 
3.3. The development stages of the crop, indicated by the anows, were cotyledon 
(c), 2nd leaf (2). 4' leaf (4), 6th kaf (6), 8- 10Ih leaf (8). and early flowering (ef). 



were the only locations in which the Gompertz and logistic curves ovedapped in a 

manner that produced a critical period of weed control. Ln al1 other instances, the citical 

timing of weed removal was longer than the cntical weed-free period. 

Roberts (1976) described three relationships that can exist within cntical period 

studies. In the first, the weed-infested period is longer than the minimum weed-free 

period, and the crop m u t  bc kcpt free of weeds between these timings to prevent yield 

loss. In the second, weeds can remain in the crop for the sarne duration that a weed 

infestation c m  be tolerated. In this situation, yield loss prevention will be successful if 

weed control is maintained at this one critical point in time. in the third, the critical 

timing of weed removal is longer than the critical weed-free period. In this case, yeld 

loss will not occur if weeds are controlled at any point between these cntical times. 

Thetefore, we will discuss the critical penod of weed control for canola in ternis of the 

critical weed-free period and the critical timing of weed removal. 

The Critical Weed-Free Period 

The critical weed-free penod was variable at the lower levels of acceptable yield 

loss (Table 3.4). At the 2.5% yield loss level, this penod ranged frorn cotyledon to 

harvest stage (3 to 75 DAE). At the 5% yield loss level, the weed-Cree penod ranged 

from seeding to hawest (O to 73 DAE). However, if the acceptable level of yield loss 

was increased to 10%, the crop required a weed-fiee period ranghg only from seeding to 

the 61h leaf stage (O to 39 DAE). 

The stability in yield when canola was kept weed-fiee up to the 6'h leaf stage can be 

related to a sharp decline in the regrowth of weeds as the weed-fiee period increased 

(Figure 3.2). AAer the 4Ih leaf stage, the density of weeds emerging into the crop was 



reduced to less than 15% of the plots kept weedy al1 year (Figure 3.2a). in addition, the 

weeds that emerged after the 4'h leaf stage produced less biomass compared to earlier 

emerging weeds (Figure 3.2b). Arnong sites, the weed biornass and density was variable 

for weeds emerging up to the 4Ih leaf stage, whic h helps to explain the variability in yield 

loss between sites that existed for short weed-fret penods (Figure 3.1 ). 

Table 3.4. The critical weed-free pariod for can~la  in days after cmcrgcncc and grorvth 
stage of the crop, calculated from the Gompew equation for 2.5, 5, and 10% yield loss 
levels (dashes denote where yield loss. less than that specified, was never achieved). 

Length and stage of weed-free penod required 
2.5% 5% 1 0% 

Location YearDAE Stase DAE Stage DAE Stage 
Carrnan 1998 13 znd O seed O seed 
Winnipeg 1998 65 late 11. 42 early fi. 20 4'h 
Carman (early-seeded) 1999 62 early tl. 5 1 8- 1 oth 39 61h 
Carman (late-seeded) 1999 3 cotyleden 3 cotyledon 2 cotyledon 
Winnipeg 1999 75 harvesr 8 2"d 1 cotyledon 
Hon~ewood 1999 73 harves: 73 Iiarvest 4 - Y'd 

Canopy closure by the crop may have prm ented some weeds from emerging aRer 

the 4'h leaf stage (Ross and Harper, 1972). O'Donovan (1992) found that the effect of 

weed density on crop yield tended to dirninish die later that volunteer barley emerged 

relative to canola. Therefore, even high densities of weeds may have a minimal impact 

on canola if they emerge after the crop. 

According to our data, rnany weeds did nor typically emerge beyond the timing of 

4" leaf stage of canola. Previous studies have shown that the critical weed-lree period 

depends largely on the germination pattern of the weed species present (Weaver and Tan, 

1987). After the 4Ih leaf stage (approximately 32 DAE), the emergence of weeds had 

ceased at al1 sites (Figure 3.3). The considerable differences between sites in density and 

characteristics (texture, drainage), climate 2nd weather (rainfall, temperature) 



Weed dry biomass (Y0 of weedy ail year) Weed density (% of weedy al1 year) 
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Days after emergence of csnola 

Figure 3.3. The emergence penodicity of the total weed population at each site. The 
sites were Carman 1998, Winnipeg 1998, O Carman (early-seeded) 1999, 

Carman (late-seeded) 1999, Homewood 1999, and A Winnipeg 1999 at the canola 
development stages of cotyledon (c), 2"d leaf (2), 4'h leaf (4), and 6Ih leaf (6) .  



composition of species of weeds emerging were most likely caused by differences in soi1 

(see appendix 7.1 ), and cropping systems (rotational differences, herbicide histories) 

implemented at each site. 

The plots were cultivated or sprayed just pnor to seeding to create a clean seedbed. 

Therefore. planting dates would have affected the species composition and density of 

weeds ai each siie. Iii 1999, at the 5% yield loss Icvcl, the critical weed-frec period for 

the early-seeded Carman site ended at the 8-10'~ leaf stage (51 DAE) (Table 3.4). 

However, at the late-seeded Carman siie. which was seeded adjacent to the early-seeded 

site, the cntical weed-free period ended at the cotyledon stage (3 DAE). The large 

difference in the critical period between these sites suggests that it is highly dependent on 

the planting date of the crop. In contrast, the critical time of weed rernoval at the 5% 

yield loss level was consistent between the two experiments (at the 4Ih leaf stage. 38 and 

17 DAE for the early and late-seeded Carman locations) (Table 3.5) suggesting that the 

critical tirne of weed removal is not dependent upon seeding date. 

In addition to differences in the length of the critical weed-frce penod, the 

expenments at the Carman site in 1999 resulted in different weed species spectnims. The 

early-seeded experirnent had higher densities of w ild buckwheat and smartweed, whereas 

the late-seeded expenment was dominated by green foxtail, yel low foxtai 1. 

barnyardgrass, and redroot pigweed (see appendix 7.2). For the late-seeded experiment, 

much of the wild buckwheat and smartweed population that emerged between the early 

and late seeding dates was removed by the pre-seeding cultivation. 



Critical Timing of Weed Removal 

Weeds c m  often grow with the crop for a certain period before they cause yield loss 

(Dawson, 1986). Ideally, when postemergence herbicides are used, control should be 

delayed for as long as possible to capture most weed flushes. The timing of weed 

rernoval required to prevent yield loss will depend on the biology of the crop and its 

ability to tolerate weed competition. If removal was performed when the crop was 

established, the shade produced by the crop might prevent the growth of weeds emerging 

aAer this point, or the plants might be able to tolerate the reduced interference from the 

late-emerging weeds (O'Donovan, 1 992). 

Previous studies have shown that canola may not tolerate weed infestation early in its 

lifecycle (Canola Council of Canada, 1998; McMullan et al.. 1994). Our yield results 

suggest that canola is quite cornpetitive and can tolerate weed infestation during the early 

portion of its lifecycle. At the 2.5% yield loss level, for example, the critical time of 

weed removal ranged fiom seeding to 8-10lh leaf (O to 44 DAE) (Table 3.5). However, 

this range was narrower, extending only from the 4Ih leaf stage to harvest at the 5% (17 to 

89 DAE) and 10% (19 to 89 DAE) yield loss levels. 

Table 3.5. The critical tirne of weed removal for canola in days after emergence and crop 
growth stages, calculated from the logistic equations for 2.5, 5, and 10% yield loss levels. 

L e n d  and staae of weed infestation tolerated 

Location Year DAE Stage DAE Stage DAE Stage 
C m a n  1998 44 8-10" 89 harvest 89 harvest 
Winnipeg 1998 O Seed 30 41h 33 4" 
Carman (early-seeded) 1999 38 4" 38 41h 38 4th 
Carman (late-seeded) 1999 14 41h 17 41h 19 41h 
Winnipeg 1999 32 6th 34 8-10Ih 75 harvest 
Homewwd 1999 24 61h 29 8-ldh 37 early fl. 



These results indicate that if producers are willing to accept relatively minor yield 

losses, weeds cm remain in canola at least up to the 4Ih leaf stage (17-89 DM), even 

under high levels of weed cornpetition. Yield loss temied to Vary considerably among 

sites as the length of weed-infested period increased beyond the 4Ih leaf stage (Table 3.5). 

When weed densities were low, weeds could be leR in the crop longer or without causing 

more than 10% yield loss and ai some sites, no w e d  control was required at all. For 

example, at C m a n  in 1998 and Winnipeg in 1999 yield loss did not exceed 1 1% if 

weeds were ailowed to grow for the entire growing season. 

Application of the Critical Period of Weed Control 

Currently, in western Canada there are two major options for herbicidal weed control 

in canola. The fint option is to use preemergence herbicides. However, the duration of 

the weed-free period created by using these chernicals rnust be long enough to prevent 

yield loss from later emerging weeds. Our study shows that to prevent yield loss greater 

than IO%, crop must be maintained weed-free up to the 6'h leaf stage of the canola (20-39 

DAE). To obtain a consistently lower yield loss, greater variability occurred in the 

required length of control to a point where maintaining a weed-ftee period did not exist 

and the crop needed to be kept weed-free for the entire season. The cntical weed-free 

period was largely dependent on weed population present (species composition, densities, 

and emergence periodicity) and the crop seeding date relative to the emergence 

periodicity of the weed population. Delayed seeding reûuced the length of the critical 

weed-fm p e n d  by removing much of the weed population with pre-seeding weed 

control. 



The second option for herbicidal weed control in canola is to use post-emergence 

herbicides. This has become increasingly popular in western Canada with the advent of 

herbicide-tolerant canola (HTC) varieties. in 1999, HTC varieties comprised 64% of the 

acres planted to canola in Manitoba (Manitoba Agriculture, 1999). With this option, the 

crop must be able to tolerate weed infestation for a period that allows herbicides to be 

applied when most of the weeds have emargiid. By usiny wzll-timed herbicide 

applications the costs to the producer and impact on the environment from unneeded 

chernical use may be reduced. When weeds were leR in the crop until the 41h leaf stage 

(14-32 DAE) yield loss did not exceed 5%. However, in early seeded canola with 

subsequent weed flushes up to the 6Ih leaf stage (20-39 DAE), a second application rnay 

be required to prevent yield loss. Weeds emerging afier the 6Ih leaf stage of canola did 

not affect yield. In most cases, the majority of weeds present in the field had already 

emerged by 4'h leaf stage, and those that did emerge afer this stage did not accumulate 

considerable biomass. 



Chapter 4 

Comparative growth analysis of canola (Brassica napus L.) grown under weed 

in ter ference 

Introduction 

Canola is primarily grown as a spnng-seeded, annuai crop in the western Canadian 

prairies. Herbicides have become increasingly important for the control of weeds in this 

crop due to the advent of soil-residual herbicides and the increased use OF herbicide- 

tolerant varieties (Manitoba Ag., 1999). These chemicals permit the control of a wide 

spectrum of weeds over a broad range of application timings. Through the 

implementation of integrated weed management (IWM) systems, the objective of 

reducing the reliance on herbicides may be achieved by increasing their effectiveness 

through proper timing of application and the use of cornpetitive cultivars (Swanton and 

Weise, 1991). IWM is a holistic approach to weed control and incorporates knowledge 

of how the crop interacts with weeds. Comparative growth analysis of a crop under 

weed-infested and weed-fiee conditions can help explain how the duration of weed 

cornpetition affects the growth and rnoiphology of crop plants (Van Acker et al., 1993 b). 

Weeds can be tolerated in di fTerent crops for di fferent durations (Roberts, 1976). In 

addition, a naturally occumng weed complex will be composeci of several different weed 

species that differ in relative cornpetitive ability (Blackshaw et al., 1987). Therefore, a 

comparative p w t h  analysis study on weed intederence must utilize naturally occuning, 

mixcd weed populations and meastue responses in relation to the development stages of 

the crop in order for it to be more agronomically practical (Baldwin and Santelmann, 



1980). Incorporating development stages will allow a better explanation of the crop 

response to weed interference, because the models will be based on physiologically 

linked processes rather than parameters tied to particular expetimental elements (Weaver 

et al., 1992). 

Growth analysis information rnay become useful in the design of weed-crop 

interference models and in explaining the critical penod of weed control in ieniis or the 

physiology of the crop. It may also aid breeden in the development of competitive 

varieties through a better understanding of the components of canola that are affected by 

weed competi tion. 

Relatively little work has been performed on the growth analysis of canola under 

weed competition, cornpared to other crops. Van Acker et al. (1993b) showed that in a 

soybean crop, the total dry weight (TDW), crop growth rate (CGR), and leaf area index 

(LN) of soybean were significantly reduced by weed competition. The soybean crop 

also compensated for weed interference by increasing the proportion of reproductive 

weight produced in the plant and decreasing the amount of branching. Wilson (1966) 

showed that net assimilation rate (NAR) in rapeseed was strongly affected by light 

availability. Thereforc, competition fiom mutual shading and weed interference will 

greatly affect the rate of plant dry matter produced per unit of leaf area. However, it is 

still unknown if NAR of canola in a field situation will increase with reduced weed 

interference, or if increased branching of canola in a weed-fiee environment will 

maintain an optimum rate of dry matter production. The understanding of these growth 

analysis relationships and othen descriùed by Hunt (1978) in mponse to woed 

competition are still unknown for canola. 



The objective of this project was to study the morphological responses of canola to 

cornpetition h m  a naturally occumng weed population, using growth analysis 

techniques. 

Materials and MetLod 

l'rials were conducted at three distinct locations in southem Manitoba in 1999. The 

fint site was at the University of Manitoba research station in Carman, Manitoba. This 

was located on a Winkler Senes soil compnsed of 60% sand, 15% silt, and 25% clay with 

a mean pH of 5.8 and soil organic matter content of 6.5%. Plots at this site were 1.9m by 

7m; plot size at each site was dependeni on the equipment available for seeding and 

harvest at each location. 

The second site was located at the Kelbum ~ a r r n ' ~  near Winnipeg, Manitoba. The 

soil was classified as orthic, dark gray, St. Norbert Clay, having a composition of 7% 

sand, 27% silt, and 66% clay with a pH of 7.4 and organic matter content of 3%. Plots 

were 1.8 x 8 m, but only the center 1.22m of the plots were harvested for yield. 

The third site was located at the Cyanamid Research Farm near Homewood, 

Manitoba. The soil at the site was gleyed, black, Rignold Senes soil texture of 68% sand, 

19% silt, and 13% clay with a pH of 8.4 and organic matter content oF2.3%. Plots at this 

location were 1.85 x 8m, however only the center 1.22 m of each plot was harvested for 

yield. 

The plots wen cultivateci with a field cultivator prior to seeding at Carman and 

Homewood. while pnseeding spraying was used at Winnipeg instead of tillage to prevent 

creation of an uneven seedbed in the heavy clay soil. Seeding was pcrfonned at a rate of 



6 kg ha-', with panular terbufos (Counter 5 ~ " )  applied at a rate of 6 kg ha" along with 

the seed for insect control. Fertilizer was applied at suitable rates for each site. Cannan 

received 200 kg ha" of 23-10-5-5 incorporated on April 22, 1999, pior to seeding on 

May 14, 1999. Homewood received 127.8 kg ha" of 8.9-33.0-6.7-0.25 pnor to seeding 

and 55 kg ha" of 1 1-5 1-0 with the seeding operation on May 28, 1999. Winnipeg 

received no fertilizer application, and it was seeded on May 27, 1999. 

innovator. a glufosinate-tolerant canola variety was used for the experirnents. Weed 

control for the different treatments was accomplished using the herbicide, glufosinate 

(~ibert~"). This was applied via a backpack sprayer at a rate of 1.3L ac" (482g a.i. ha-') 

with a 1.5m boom, camed 0.5m above the crop canopy with a water volume of 

approximatel y 1 04 L a d  . To prevent sclerotinia infection. iprodione (Rovral ~ l o '  ') 

fungicidal treatment was applied at the 25% bloom stage of the crop ai the Carman and 

Winnipeg locations, and pe re~ ia l  weeds were controlled at Carman and Homewood with 

0.97 kg a.i. ha-1 of glyphosate ( ~ o u n d u ~ l ~ )  on April 22 and June 2, 1999 applied pre- 

seeding . 

A natural weed population was used in the expenment, with sorne weed augmentation 

at the W i ~ i p e g  and Carnian sites. At Winnipeg, barley (Hordeunr vulgure L.), green 

foxtail (Setariu viridis L.), and redmt pigweed (Amaranthus mrofllexus L.) seed were 

applied at rates of 1.12, 0.266, and 0.08 g m-2, respectively. The Carman site was 

augmentai with 0.672 g m-2 of wheat seeâ (Triticuni arstiwm L.) to simulate a volunteer 

infestation. 

" James Richardson lntcrmtional Ltd., 2800 Lombard Place, Winnipeg, Manitoba, R3B 0x8, Canada 
" Cyuwiid Crop Protection, 88 McNabb Street, Markban, Oiitarîo, U R  6E6, Canada 
I I  AgrEvo Clnnda inc., 295 Hedemon Drive, Regina, Saskatchewan, S4N 6C2, Canada 
l5 Rhone Poulenc C a ~ â a  Inc., Winnipeg, Manitoba, Canada 



At the mid-fiower stage of the crop, weeds were removed from 0.25m2 quadrats at 

the back of the plots that were kept weed-infested all year. Weed samples were separated 

by species, counted, dried at 80°C for 24 hours, and weighed. 

The design of the experiment was part of a study perfomed on the cntical period of 

weed control, where plots were kept weed-free or weed-infested for increasing lengths of 

time. The growth stages of canola used for these times were determined using an index 

developed by Harper and Berkenkarnp (1 975); these included cotyledon, 2, 4, 6, 8 to 10- 

leaf. and early flowering treatment stages (see Chapier 3). 

At each canola development stage, seven canola plants were removed as a sample 

from within the back Im of the plots that were maintained weed-infested and weed-free 

to that particular development stage. These plots represented the weed-infested and 

weed-free treatments, respectively. The treatments ihat were kept weedy and weed-free 

al1 year were sampled at late flowering to prevent shaitering and loss of canola siliques. 

Pnor to final crop grain yield determination, the rear meter of each plot was removed to 

compensate for the yield effects that may have resulted from plants being removed for 

growth analysis. 

The plants fkom each sample were separated into leaf, main stem, branch stem, and 

reproductive psrts. The leaf area was measured using a LICOR Li3 100" area meter. 

The plant parts were dried at 8 0 " ~  for 24 hours and weighed. LAI, CGR, NAR, the leaf 

area ratio (LM) and the specific leaf area (SLA) and plant component weight ratios were 

calculated using fomulae as descnbed by Hunt (1978). Significant differences between 

the treaûnents for the growth analysis ratios were detemined by means of ANOVA 

'' Monsanto. 8 0  North LUdktgh, St. Louis, Missouri 63 167, USA 
" LI-COR Inc.. Lincoln, NE 68501, USA 



calculated for each growth stage at the 95% confidence level using  SAS'^ statistical 

software. 

The ratio of the branch stem weight to total stem weight (BSW:TSW) was used to 

explain how weed cornpetition affected branching in canola. Although there is no formal 

method to distinguish main stems from branches in canola, the longest stem was given 

the designation of the main stem and al1 others were dcsignated as branch stems. 

At Carman, the plots were swathed on August 17, 1999 and harvested on August 25, 

1999 with a ~ i n t e n t e i ~ e r ' ~  plot combine for yield analysis. Winnipeg and Homewood 

were harvested without swathing on August 27, 1999 and September 16, 1999 with 

~ e ~ e ~ ~  harvesters. Homewood received 544g ha-1 of diquat (Reglone pro2' herbicide) on 

August 30. 1999 to desiccate the weed population in preparation for harvesting. Dockage 

was removed from yield samples using a carie+* dockage tester via the rnethod outlined 

by the Canadian Grain Commission (1991). The resulting yield with dockage removed 

for each treatment was reported as a percentage of the treatments kept weed-free al1 year. 

Results and Discussion 

The yield data from each site shows that yield reduction was greatest at the C m a n  

site (Table 4.1). McMullan et al. (1994) and Wall (1994) showed that early removal of 

wild mustard fiom canola could prevent yield reductions fiom weed interference. The 

relatively greater reduction in canola yield at Carman, as compared to other sites, was due 

to a greater level of weed interference (Table 4.2). The diversity of weed specieq weed 

- . - - - - - -- - - 

l8 SAS Instiîute Inc., SAS Campus Drive, Cary, NC 275 13-24 14, USA 
'' Wintmteiger, 964 Bergar, Laval, Quebec, H7L SA I ,  Cuisda 

Hegc Maschen GmbH, Downe Hohenbuch, DJ4638. Waldenburg, Gamuiy 
'' Zencn Agro, Suitc 250,3 1 15- 12 S e t  NE, Calgary, Alkrîa, T2E 712, Canada 



density, and weed dry biomass at the Carman site was much greater than that at both the 

Winnipeg and Homewood sites (Table 4.2). As a result, the effects of weed interference 

on the different growth indices were most noticeable at this location. 

Table 4.1. Mean canola yield in weed-infested and weed-free (with dockage removed) at 
each location. 

Wcedy yield as 
Percent of 

Weed-free yield Weedy yield Wecd-free yield 
(kp/1a) (kfla) (%) 

Cannan 1 763.93 879.8 1 49.9 
Winnipeg 2073.1 5 1807.97 87.2 
Homewood 1350.84 846.64 62.7 

The total dry weight (TDW) of canola was reduced when weed infestation persisted 

in the crop longer than the 8-10'~ leaf stage (25-33 DAE) (Figure 4.1 ). Similady, 

Blackshaw et ai. (1987) found significant reductions in rapeseed dry biomass afler 38 to 

39 DAE due to interference from 20 plants m-' of either common lambsquarters or wild 

mustard. The differences in TDW between weed-infested and weed-free treatments at 

Homewood and Winnipeg were not as large as those at the Carman site. Di fferences in 

TDW were statistically significant at the 6Lh leaf stage at Carman and at the 2" and 6'h 

leaf stages at Winnipeg. In these cases, the TDW ofcanola was greater in weed-infested 

plots than in the weed-fiee plots. These differences in TDW were likely a result of 

mechanical darnage fiorn herbicide application and the response of the plants to injury 

from the herbicide applied to the weed-free plots, however these differences were not 

apparent in the yield of the crop (Appendix 7.3). 

- - p. - pp - - - 
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The presence o f  weeds in canola caused a reduction in the crop growth rate (CGR) 

afier the 8-loth leaf stage at al1 locations (Figure 4.1). This was likely caused by the 

reduction in total dry weight. Earlier in the season, canola plants in the weedy plots 

accumulated biomass at a greater rate than those in the weed-free plots. but aiter the 8- 

1 Cfh leaf stage weed interference caused reductions in CGR. 

Table 4.2. Species spectrum, mean weed dry biomass and density in unweeded 

treatments, measured at late flowenng. 

Total Toial Spccics 
w c d  dry wccd dry Spcçies 

Wctd spcrcics biomss Jmsiiy biomass dcnsity 

g m.* plants g rn-2 plants rn-2 

C a m n  Wild buckwheai (Polygonum convolvulus L )  387.19 406 63.89 127 
Rcdrooi pigwccd (Amannihus rcrroflcxus L.) 96 65 1 13 
Green foxwil (Scurir vindis (L*) Bauv.) 137 30 136 

Ycllow Foxtail (Sewria glaucn (L) 8e;iuv.) 
Bnrnprdgnss (Ech~nochlm crus-galli (L). Bmuv ) 

Cornmon Inmbsquaricrs (Chenopodium album L) 4.81 4 
Smnwecd (Pofygonurn pcnccario L) 31.81 8 
Voluniccr flrx (Linum usitaiissimurn L.) 10.55 1 O 
hndelion (Tnnxacum ollicindc W c k  in Wiggcrs) 4.05 2 
Clovcr (Tri foliurn pnlcnse L.) 0.13 I 
Volunicct w k a t  (Ttiticum acriivum L) 38.00 5 
Wild oat (Avcna Tatua L.) 93.87 1 O 
Quackgrass (Elytrigia repens (L )  Ncvskt) 9.54 4 
Little m l l o w  (Malva pawiflon L) 0.94 I 

Homtwod Rcûmot pigwccd 47.28 70 43.33 49 
Gmn roxtiiil 2.03 12 

Ycllow foxtîil 
Barn yardgnss 

Cornmon punlanc (Ponulacr olcnca L.) 0.2 1 2 
Cornmon lambsquaricrs 0.36 3 
Wild cm1 1.24 2 
Wild buckwheat 0.06 1 
Wild mustard (Bnssica kabct (DC.) LC-Whalcr) 0.05 1 

Winnipeg Voluntacr barlty (Hordcum v u l p n  L) 27.97 80 25.28 IO 
Gmn foxuil 2.26 44 

Ycllow foxîail 
Barn yardgras 

C o m m  hmbrquaflm 0.06 3 
Iirndclian 0.02 4 
o i k r  0.03 3 
Rrdroatpigwccd 0.23 8 
Siinlnwecd (Plucha cimphomîa (L) K.) 0.0 1 1 
Wild musurd 0.09 1 



Homewood Winnipeg 

# 

Days ARer Emergence of Canola 

Figure 4.1. Growth response of canola crop growth rate (CGR), leaf area index (LAI), 
net assimilation rate (NAR), and total dry weight (TDW) to weed-infcsted (0) and 
weed-fiee conditions ( ). The mows indicate develo ment stages of the canola for R cotyledon (c), 2" leaf (2). 4'h leaf (4), 6" leaf (6), 8-10' leaf (B), early flowering (ef), 
and late flowering (If). 



Cannan Momewood Winnipeg 

Days After Emergence of Canola 

Figure 4.2. Growth response of canola stem weight ratio (S WR), leaf weight ratio 
(LWR), branch stem to total stem ratio (BSW:TSW), and reproductive weight ratio 
(RpWR) to weed-infested (0) and weed-fiee conditions ( 0 ). The arrows indicate 
development stages of the canola for cotyledon (c), 2"d leaf (2), 4th leaf (4), 6" led(6), 
8- 1 oth leaf'(8), early flowenng (ef), and late flowenng (If). 



Differences between the weed-infested and weed-free treatments in canola leaf area 

index (LAI) were apparent after the 8-ldh leaf stage at the Caxman location (Figure 4.1). 

LAI was greater in the weed-infested plots at the 4''' and leaf stages, but by late 

flowering LAI was greatly reduced in the weed-infested plots versus the weed-free plots 

due to weed interference. At the Homewood and Winnipeg locations, the LAI of the 

canola crop exhibited great plasticity in response io weed iotrrfereiice, as no noticeablc 

reductions occurred in weed infested versus weed-free plots, even when weed 

interference continued to the early flower growth stage. The canola may have 

compensated for competition for light by shifts to a canopy architecture that intercepts a 

greater fraction of incoming photosynthetic photon flux (Jordan, 1993). More growth 

analysis research should be performed on the effect of weed competition on the vertical 

distribution of leaf area within the crop canopy. 

Wilson (1966) showed thût the net assimilation raie (NAR) of rapeseed decreased 

with a decrease in the availability of light for an individual plant. Therefore, increased 

dry matter production per unit of leaf area might occur in the weed-free treatments until 

mutual shading by the crop plants resulted in a reduction in NAR. However, there was 

no consistent increase or decrease in NAR of canola as a result of weed interference 

(Figure 4.1). Perhaps the canola grown under weed-fiee conditions occupied the 

additional space by increasing branching and LAI without increasing NAR. 

The stem weight ratio (SWR) of the canola crop incrrased significantly in weed- 

infcsted versus weed-fice plots by the 8- 1 oLh and early flowering stages at Carman, and 

by the eariy Bowering stage at Hornewood (Figure 4.2), implying Chat the weed 

infestation caused a greater parti tioning of assimi lates tot the stem biomass. Di fferences 



between treatments were not apparent at Winnipeg, which ha.  the lowest weed density of 

the three sites. 

Greater branching of the canola occurred in the weed-free versus the weed-infested 

plots as is shown by the increase in branch stem to total stem weight ratio (BSW:TSW) 

due to weed interference (Figure 4.2). Less branching in weed-infested plots may 

suggest a plant straiegy to keep LAI on the main stem, and perhaps, al a greater heiglil in 

the canopy. 

The leaf weight ratio (LWR) responded to weed interference in a manner opposite to 

that found for the stem weight ratio. Signifiant reductions in the LWR occurred at the 8- 

I oth leaf and early flower stages for the Carman site due to u-eed interference, atid at the 

early flower stage at Winnipeg (Figure 4.2). The LWR c m  be considered a function of 

the interaction between the LAI and TDW, so the larger difkrences noticed ai the 8-10'~ 

leaf and early flowenng stages could be attnbuted to différences in LAI and TDW 

between the weed-infested and weed-fiee treatrnents. Under the influence of weed 

interference the proportional leaf biomass production in canola decreased possibly permit 

the increased proportional stem biomass production as weed interference persisted 

beyond the 8- I oth lea f stages. 

At Carman, the weed-infested plants increased their reproductive weight ratio 

(RpWR) after the 8-ldh leaf stage (Figure 4.2), suggesting that due to weed interference, 

canola plants will partition more of their relative biomass to reproductive structures. 

These observations were only based on pre-seed filling measurements, and even though a 

greater proportion of assimilates were used for the development of reproductive 



smictures, the plants were not able to adequately compensate for the reduced growth due 

to weed interference and yield loss still occurred (Table 4.1). 

More experiments will be required to ascertain the stat istical signi ficance of the 

effects of weed cornpetition duration on canola growth and morphology. Our results 

showed trends in motphological growth response to weeâ interference, but canola is a 

variable crop in tems of plant stand, plant six, and leaf area production. As a result, WC 

were unable to find signi ficant di fferences between the weed-in fested and weed- fiee 

treatments for many of the growth analysis measurements. Great variability in canola 

yield studies has also been shown, where the crop has been exposed to weed interference 

for only a short penod of time, and causing yields to increase (McMullan et al., 1994). 

To ensure the vrlidity of conclusions from future growth analysis studies, greater sample 

sizes should be used and great attention should be paid to achieving homogenous plant 

stands in experiments in ordcr to decrease the arnount of overall variation, and improve 

the confidence in discriminating differences between treatments when perfoming growth 

analysis experiments on canola. 

Comparative growth analysis of canola under cornpetition fiom the weeds showed 

that the crop is tolerant of low levels of weed interference. Reductions fiom weed 

interference in the crop growth rate, total dry weight, leaf a m  index, branch stem to total 

stem weight ratio, and reproductive weight ratio did not become apparent until later in the 

lifccycle of the canola crop (at the 8-10'~ leaf stage of the canola). However, due to the 

great variability in plant size and cmp dmsity, many of these reductions were statistically 

non-significant. The leaf weight ratio was greater in the weed-free treatment, while the 

stem weight ratio was greater in the weed-infested treatment, showing that production of 



leaf area was greater in a weed-fkee environment. Di fferences in the net assimilation rate 

were not consistent and implied that the crop compensated for space unoccupied by 

weeds with increased branching. 



Cbapter 5 

Ceneral Discussion 

The Findings 

Our study has shown that the cntical penod of weed control in canola grown under 

Manitoba conditions does noi exist as a discreie, single period. By analyzing thc 

differences between each site, we were able to develop an estimate of the cntical period 

of weed control for different levels of acceptable yield loss. 

It was found that the canola crop needed to be kept weed-free at most up to the 6'h 

leaf stage (20-39 DAE) to prevent greater than 10% yield loss. Wceds in the crop needed 

to be removed by at least the 4'h leaf stage (14-32 DAE) to prevent greater than 5% yield 

loss. These results imply that soil-applied herbicides must rernain active up to the 6Ih leaf 

stage and that post-emergence herbicides should be applied by the 4'h leaf stage in order 

to prevent yield losses of 10% or greater. 

Many factors affect the cntical period of weed control. The level of weed emergence 

declined sharply after the 4Ih leaf stage of the canola. This greatly affected the critical 

weed-fiee period because after this time weeds would not emerge in great n u m h  and 

would not accumulate significant biomass to compete with the crop. Examination of the 

emergence periodicity of weeds showed that the species present at each location did not 

typically emerge aAer this 4h leaf stage of the canola, showing that the emergence 

penoâicity may be responsible for the critical weed-free period cnding at the 6" leaf 

stage. 



Comparative growth analysis of canola under competition fiom the weeds showed 

that the crop is tolerant of low levels of weed interference. It was surprising to see that 

leaf area index was not greatly affected by low levels of weed interference. Reductions 

fiom weed interference in the crop growth rate, total dry weight, leaf area index, branch 

stem to total stem weight ratio, and reproductive weight ratio did not become apparent 

until later in the lifecycie of the canola crop (at the 8-10'~ leaf stage of the canola). 

However, due to the great variability in plant size and crop density, many of these 

reductions were statistically non-significant. The leaf weight ratio was greater in the 

weed-fke treatment, while the stem weight ratio was greater in the weed-infested 

treatment, showing that production of leaf area was greater in a weed-free environment. 

Differenccs in the net assimilation rate were not consistent and implied that the crop 

compensated for space unoccupied by weeds wit h increased branchi ng. 

The ideotype for canola breeden, as defined by our study, is a variety that will have 

rapid ground cover and rapid production of leaves. This will reduce the amount of 

photosynthetically active radiation reaching the weeds that emerge aRer the crop and 

might reduce the critical weed-free period. Therefore, the crop would not need to be kept 

weed-fke as long and with post-emergence herbicides, only one application may be 

required under al1 conditions. Other irnprovements in tolerance for weed competition 

duration may be noticed through increasing the amount of assimilate partitionhg to the 

reproductive structures. However, this shifl to increased reprductive biomass may also 

result in decreaseâ competitiveness, allowing the weeds to compete with greater intensity 

with the crop for resources. 



The Options 

Wi th the advent of effective soi 1-residual herbicides and herbicide-tolerant varieties 

of canola, the options for chemical weed control in canola have increased. In my 

opinion, either choice has unique benefits and utility. 

With soil residual herbicides, the producer can benefit from a shorter critical weed- 

free period with delayed seeding with spring appiication. Faii application w i l l  likely 

require higher residual activity. This form of chemical weed control may require a later 

postemergence application of herbicide for later flushing weeds, if herbicide activity is 

not maintained up to the 6Lh leaf stage of the canola or if ~.eeds escape control. However. 

a great benefit may be noticed from the use of soil residual herbicides if weed control is 

maintained up to the 6Ih leaf stage and where significant weed infestations do not 

accumulate in the crop. In this latter case, post-emergence weed control would not be 

required. 

For the use of herbicide-tolerant crop varieties and postemergence herbicides, the 

crop will likely require seeding into a clean seedbed. Therefore, spring cultivation or 

chemical bum-off will be required to prevent a large, in-crop weed infestation. In my 

opinion, the use of chemical bum-off may be best for canola production because moisture 

in the upper soil layer is conserved. This application should not be performed until just 

before the crop is seeded, which should be late in spring when the soil is wann, allowing 

for germination of the canola and providing the crop with a cornpetitive advantage over 

weeds. If substantial weed pressure is present at the mid to late 4th leaf stage, ps t -  

emergence chemical weed control should be implementeci. If early weed control is 

successfùl beyond 4' leaf stage, the majority of weeds present in the field would have 



already emerged and would not obtain enough biomass to interfere with the crop. 

However, with early seeded canola, subsequent flushes up to the 6'h leaf may require a 

second application. 

The Problems 

The preceding recommendations are based upon the knowledge of weed control 

timing gained from these few experirnents, which tesied for only a liniited number of 

scenanos. It is not known how a zero-till systern would affect the cntical timing of weed 

control in canola since only a conventional tillage system was used in our experiments. 

One might assume that the results would be similar to that in a conventional tillage 

system. Previous studies have been contradictory, showing that zero-tilled fields required 

or did not require increases in dosage or numbers of herbicide applications (Swanton and 

Weise, 1991 ; Anhad er al., 1995). Zero-till systems also promote a shiR in the species 

composition of the weed population to more peremial and winter annuai species. One 

cannot conclude how the critical period of weed control will be affected by Mage until 

further experimen ts are performed. 

In this study we used natural weed populations with some minor augmentation. Most 

fields contain a complex of different species, with each species diffenng in cornpetitive 

ability (Baldwin and Santelmm. 1980). The degree of interference imposed by different 

species can have a gnat influence on the cntical perd  of weed control. In Our 

experiments, perennial weeds were controllad before seeding because of their highly 

aggngated distribution in the field, so it could not be determined if the influence of 

perennial species would cause a difference in the timing of the critical penod of weed 

control. These species are generally much more aggressive in competitiveness than 



annual species as they oAen emerge much earlier in the season fiom vegetative, over- 

wintenng structures. It is likely that the presence of perennial weed species would 

decrease the critical time of weed removal because of their higher relative competitive 

ability compared to annual species. If the control method implemented only caused 

suppression of these weeds, the critical weed-free penod may also be increased because 

of their resurgeiice. 

Winter amuals and less common annuals were not present at any site as such their 

effect on the critical period of weed control could not be examined. One could speculate, 

however, that because winter annuals, if not controlled in fa11 or early spring, can be very 

competitive, weed populations which had a high proportion of winter annuals would 

cause a shorter cntical timing of weed removal. If tliey were controlled in pre-seeding or 

in-crop, their presence should not affect the length of the weed-fiee period because winter 

annuals tend not to emerge in late spring or early summer. 

The use to fall-seeded canola, compared to the spring-seeded system that was used in 

the expenment, would likely have an effect on the timing of the critical penod of weed 

control. A longer critical weed-free period would be required due to the slow growth and 

poor germination of canola under cool temperatures in early spring. Therefore, the cool- 

season species of weeds would have a competitive advantage over the crop. Also, the 

crop would be exposed to a broader emergence penod of the weeds. A reduced cntical 

timing of weed removal may also wcur because of the advantage that cool-season weed 

species would have over the crop, however it was found h m  our experiment that the 

critical timing of weed removal would be less likely affected by the seeding date of the 

crop. 



Innovator, a canola variety tolerant to glufosinate, was the only variety used in the 

experiment. Although this strategy was effective in eliminating the effect of different 

varieties fiom our Andings, it did not allow us to observe how other varieties would have 

affected the critical period of weed contml in canola. For example, hybnd varieties are 

considered to be more competitive due to a heterosis effect. This increased vigor might 

cause a reduction in the critical wccd-frcc penod since the hybrid varieties rnight be more 

cornpetitive with later emerging weeds. The critical tinie of weed removal might be 

increased because the hybrid varieties could tolerate weed infestation for a longer 

duration. in addition, there may be differences for conventional (compared to transgenic) 

varieties and difference between different HTC varieties. O'Donovan et al. (1989) 

showed, for example, that later maturing varieties of canola may be more susceptible to 

interference fiom weeds because weed interference can affect the crop for a longer period 

of tirne. Also, hovator  is a less competitive, open-pollinated variety which allowed us 

to assume a conservative approach for determining the cntical penod of weed control, as 

it allows a better measurement of the efffccts of weed cornpetition on yield and growth, 

the maximum required weed-fiee period, and minimum tolerable duration of weed 

infestation, 

Weeds were removed by the use of a chemical herbicide, glufosinate. Although 

hovator  can tolerate this product at rates up to 5 times the recommended dosage (Ron 

Kelhet, pers. comrn.), it was noticed that a bronzing effect occumd on the leaves of the 

crop after application. We conducted an experiment on the effscts of repeated 

application of glufosinate on hovator  (Appendix 7.3) which showed no significant 

effect of repeated application on crop yield in the absence of weed interference. 



The Future 

in the future, 1 would like to see the testing of other scenarios that would be useful for 

canola production. For exarnple, we should explore what effect not controlling weeds 

prior to planting and only spraying at the 41h leaf stage would have on canola yield. This 

treatrnent should be compared to treatments where weeds are controlled at seeding and at 

the 4"' leafstage. We should also coiisider if tliere is a diffcrcnce in thc critical pcriod of 

weed control of canola when weeds are controlled prior to seeding versus when they are 

not. This will show us the value of achieving good weed control ptior to seeding. 

Canola is a variable crop in tenns of plant stand density, plant sizes, stages, and 

various growth measurements in a field situation and we must take great care to provide 

the greatest homogeneity in the plant stand within expenments. In addition, sample sizes 

should be large to increase the accuracy of measurements and to improve the level of 

confidence when compating treatmenis. 

ln the end, the information gained from the experiments in this project will be useful 

for the development of a complete model for the control of weeds in canola. Future 

models would include many possible options for weed control in canola and would 

produce predictions of yield loss and the probabilities for these predictions. The goal of 

such integrated models of weed management would not only assist canola producers in 

achieving the most effective control of weeds, but it would also facilitate the most 

ef'ficient use of the availabfe weed control methods. 
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Chapter 7 

Appendices 

Appendix 7.1 

RainfaII and Temperature Data 

Temperature data frorn Carman was used to calculate the themal time for the Caman 

and Homewood locations due to their relative proximity. 

Temperature data from the weather station at the University of Manitoba in Winnipeg, 

Manitoba was used to calculate thermal time for the Winnipeg site. 

The formula used for calculation of themal time in accumulated growing degree days 

(GDD) is show below (the base temperature used was 5°C). 

GDD=rnean daily temperature-base temperature 



1998 Ca- Weather Mean Data and T o t a l  Precipitation 



1998 Carman Weather Mean Data and Total Precipitation 

Date T h e  Year Max T Min T M e a n  T TBRG 
CST C C C nm 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - -  

5 1 O 1998 9 . 9 3 . 4  6.7 0.0 
5 2 O 1998 17 . 4  0.7 9.0 0.0 
5 3 O 1998 23.0 1.2 12 . 1 0.0 
5 4 O 1998 17.3 5.6 11.5 O . O 
5 5 O 1998 18.5 2 . 5  10.5 0.0 
5 6 O 1998 6.7 1.8 4.3 2.4 
5 7 O 1998 13-9 3.1 8.5 0.8 
5 8 O 1998 21.3 4.4 12 9 0.0 
5 9 O 1998 23.3 6 . 6  14.9 0.0 

5 10 O 1998 24.0 9.6 16 . 8 6.2 
5 11 O 1998 20.0 6.4 13.2 2.6 
5 12 O 1998 14.0 3.2 8.6 0.0 
5 13 O 1998 22 . 4  3.1 12.7 8.8 
5 14 O 1998 17.8 9.7 13.8 1.0 
5 15 O 1998 21.4 12 . 1 16.7 0.0 
5 16 O 1998 19.9 7.8 13.8 1.4 
5 17 O 1998 24.5 4.7 14.6 5.2 
5 18 O 1998 24.5 10.0 17.3 0.0 
5 19 O 1998 19.7 8.6 14.2 0.0 
5 20 O 1998 23.0 6.0 14.5 0.0 
5 21 O 1998 22.1 5.2 13.7 0.0 
5 22 O 1998 23 .O 5.1 14.1 0-0 
5 23 O 1998 23.7 5 . 4 14 . 6 0.0 
5 24 O 1998 25.8 6.0 15.9 0.0 
5 25 O 1998 24.7 9.9 17.3 0.0 
5 26 O 1998 28.2 7.8 18.0 O 0 
5 27 O 1998 25.4 11.1 18.2 6.4 
5 28 O 1998 19.1 2.7 10.9 3.4 
5 29 O 1998 13.2 -0.2 6 . 5  0.0 
5 30 O 1998 23.6 2.8 13.2 0.0 
5 31 O 1998 19.7 3.2 11.5 0.0 



1998 Carman Weather Mean Data and Total Precipitation 



1998 Carman Weather M e a n  Data and Total Precipitation 

Date T h e  Year  Max T M i n  T M e a n  T TBRG 
CST C C C am 

--.-------..---.----.-..-"---"----------------------------- 
7 1 O 1998 27.8 12.1 20.0 0.0 
7 2 O 1998 24.6 14.0 19.3 1.2 
7 3 O 1998 22.1 10.8 16.5 0.2 
7 4 O 1998 24.3 8.5 16 4 1.8 
7 5 O 1998 22.9 1 5 J  19. O 1.4 
7 6 O 1998 19.6 14.1 16.9 4.8 
7 7 O 1998 25.6 15.8 20.7 0.4 
7 8 O 1998 27.8 14.7 21.2 0.2 
7 9 O 1998 28,9 14.9 21.9 0,O 
7 10 O 1998 30.5 15.5 23.0 0.2 

7 11 O 1998 3 1 2  17.6 24.4 0.0 
7 12 O 1998 28.6 16.8 22.7 0.0 
7 13 O 1998 27.3 14.9 21.1 0,O 
7 14 O 1998 29.0 13.2 21.1 0.2 

7 15 O 1998 18.8 7.4 13.1 0.0 
7 16 O 1998 22.9 4.9 13.9 0.0 
7 17 O 1998 26.3 10.6 18.4 0.0 
7 18 O 1998 27.4 15.7 21.5 5.8 
7 19 O 1998 25.6 13.9 19.8 0,O 
7 20 O 1998 26.3 11.0 18.7 14.6 
7 21 O 1998 20.5 12.1 16 . 3 0.0 
7 22 O 1998 20.9 10.0 15.5 0.0 
7 23 O 1998 21.5 9. O 15.3 0.0 
7 24 O 1998 23.7 6.4 15.1 0,O 

7 25 O 1998 27.3 7.8 17.6 0.0 

7 26 O 1998 27.1 15.6 21.3 2.6 
7 27 O 1998 27,3 11.4 19.3 0.0 
7 28 O 1998 24.5 13.3 18.9 0.0 
7 29 O 1998 22.3 9.7 16.0 0.0 
7 30 O 1998 22.8 9.4 16.1 0.0 
7 31 O 1998 25.9 6.5 16.2 0.0 



1998 Carman Weather Mean Data and Total Precipitation 



1998 Carman Weather Mean Data and Total Precipitation 

D a t e  T h e  Year Max T Min T Mean T TBRG 
CST C C C mm - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

9 1 O 1998 22.2 6.6 14.4 O. O 
9 2 O 1998 19.4 6.1 12.8 0.8 
9 3 O 1998 28.6 7.9 18.2 0.0 
9 4 O 1998 3 1 . 4  10.0 20.7 0.0 
9 5 O 1998 26.2 9.4 17.8 0.0 
9 6 O 1998 23.2 8.4 15.8 0.0 
9 7 O 1998 21.1 5.6 13.3 0.0 
9 8 O 1998 23.2 2.1 12.7 0.0 
9 9 O 1998 28.4 13.7 21 O O. 0 

9 10 O 1998 34.0 14.6 24.3 0.0 
9 11 O 1998 24.1 8.3 16.2 0.0 
9 12 O 1998 24.3 6.0 15.1 0.0 
9 13 O 1998 25.7 10.4 18.0 0.0 
9 14 O 1998 22.6 7.7 15.1 O. O 
9 15 O 1998 25.3 3.4 14.3 0.0 
9 16 O 1998 25, G 13 .2 19.4 0.0 
9 17 O 1998 25.3 9.4 17.4 0.0 
9 18 O 1998 18.2 8.7 13.4 0.0 
9 19 O 1998 13.1 8.2 10.6 3.4 
9 20 O 1998 13.5 6.5 10.0 1. O 
9 21 O 1998 15.6 0.8 8.2 0.0 
9 22 O 1998 20.0 1.9 10.9 0.0 
9 23 O 1998 18.3 5.0 11.7 0.0 
9 24 O 1998 20.2 1.4 10.8 0.2 
9 25 0 1998 16.5 10.1 13.3 0.8 
9 26 O 1998 15.7 8.3 12.0 5.8 
9 27 O 1998 20.6 5.6 13.1 0.0 
9 28 O 1998 24.9 2.9 13.9 0.0 
9 29 O 1998 15.1 5.7 10.4 0.0 
9 30 O 1998 10. O -0.2 4.9 0.0 
10 1 O 1998 11.8 -2.2 4 . 8  0.0 
10 2 O 1998 13.2 -6.4 3.4 0.0 
10 3 O 1998 15.3 -2.5 6.4 0.0 
10 4 O 1998 13.3 4.2 8.8 4.0 
10 5 O 1998 10.5 7 . 2  8.9 23.6 



1998 Winnipeg Weather Data and Total Precipitation 

JDATE MMDD 

4 1  4 

51 5 

6 1  6 

TEMPl TEMPl TIME TEMPl TIME TEMP P P T l  SOLAR 
MEAN MIN MIN MAX MAX SOIL mm cal/cm2 

-17.33 -25.13 103 -10.7 1427 -13.75 O 71.9 

-14.89 -18.37 239 -11.51 2347 -11.25 O 18.04 

-12.97 -15.67 1710 -9.57 1506 -7.03 O 55.74 

-10.4 -13.08 1 -7.81 2006 -5.727 O 17.82 

-8.48 -12.6 O -4.033 1853 -4.805 O 13.81 

-18 -19.13 735 -12.61 2 -5.414 O 37.77 

-16.68 -18.66 2249 -13.59 1231 -5.212 O 41.01 

-19.57 -25.32 O -16.71 1226 -5.648 O 35.28 

-27.67 -30.65 851 -24.14 1433 -6.326 O 42 

-25.91 -30.05 543 -20.04 1223 -6.998 O 59.6 

-15.89 -21.95 1 -11.43 1351 -5.957 O 16.86 

-12.02 -14.63 837 -9.05 2332 -4.967 O 22.3 

-8.73 -12.1 O -6.779 1347 -4.151 O 14.99 

-14.13 -15.39 1002 -12.1 1 -3.97 O 37.95 

-16.3 -20.52 O -12.51231 -4.044 O 84 

-18.56 -22.7 441 -7.17 1404 -4.582 O 80 

-17.23 -22.76 702 -8.96 1451 -5.015 O 104 

-13.31 -21.55 523 -7.14 1945 -4.917 O 59.21 

-6.672 -10.81 12 -4.226 1441 -3.673 O 41.59 

-8.27 -12.89 1918 -3.094 1252 -3.139 O 20.96 

-10.83 -13.99 944 -7.96 2319 -3.265 O 15.47 

-10.51 -11.85 916 -7.97 9 -3.05 O 63.85 

-8.23 -11.76 141 -5.158 1507 -2.943 O 46.7 

-5.25 -8.99 O -3.558 1503 -2.572 O 25.04 

-6.311 -9.26 126 -4.674 1445 -2.508 O 38.86 

-6.105 -9.2 538 -3.2562139 -2.343 O 35.92 

-4.32 -7 .O3 2024 -1.245 1353 -2 .O47 O . 2 5 4  109.2 

-5.756 -10.1 512 -2.802 1245 -2.167 O 18.95 

-9.97 -18.04 O -5.25 1 -2.165 O 54.51 

-18.15 -22.66 804 -8.96 1421 -3.115 O 143.9 

-16.01 -23.78 325 -9.43 1541 -3.813 O 150.1 

-8.39 -12.14 1 -6.273 1941 -3.158 O 49.66 

-6 .696  -8.32 408 - 5 . 1 2 4  1520 -2.612 O 27.6 

-6.113 -7.42 O -4 - 8 6 7  1558 -2.323 O 5 9 . 6 8  
-6.711 -11.11 753 -1.292 1547 -2.48 O 91.5 















98 
28010 7 8.99 3.842242 15.671524 9.89 O 263.3 

28110 8 12.69 4.868 1 19.62 1601 10.27 O 257.1 

28210 9 12.98 8.1 703 22.96 1410 11.84 O 213.6 

28310 10 6.727 4.846 624 9.51 1 9.77 O 56.36 

28410 11 8.37 5.577 327 11.54 2348 9.02 16.26 3.483 

28510 12 4.046 1.8911952 11.53 1 7.49 0.762 59.59 
1999 Carman Weather M e a n  Data and T o t a l  Precipitation 

D a t e  T i m e  Year M a x T  M i n T  M e a n T  TBRG WOP 
CST C C C m mm 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 1  O 1999 -18.8 -27.6 -23.2 0.0 4.4 
1 2  O 1999 -19.3 -23.2 -21.3 0.0 2.5 
1 3  O 1999 -21.6 -27.6 -24.6 0. O 0.0 
1 4  O 1999 -20.0 -32.3 -26.2 O. O 0.0 
1 5  O 1999 -16.9 -23.4 -20.2 0.0 0.6 
1 6  O 1999 -21.6 -27.8 -24.7 0.0 0.0 
1 7  O 1999 -18.7 -25.9 -22.3 O .  O 0.0 
1 8  O 1999 -21.7 -29.0 -25.4 0.0 0.0 
1 9  O 1999 -19.1 -30.0 -24.6 0.0 0.0 
1 10 O 1999 -21.9 -30.3 -26.1 0.0 0.6 
1 11 O 1999 -22.3 -29.3 -25.8 0.0 1.4 
1 12 O 1999 -26.3 -36.5 -31.4 0.0 8.3 
1 13 O 1999 -18.6 -35.9 -27.3 0.0 1.9 
1 14 O 1999 -13.2 -29.2 -21.2 0.0 0.6 
1 15 O 1999 3.7 -13.2 -4.7 3.6 2.6 
1 16 O 1999 0.5 -8.0 -3.7 0.0 5.3 
1 17 O 1999 -3.8 -10.9 -7.4 O. O 0.0 
1 18 O 1999 -9.8 -19.4 -14.6 0.0 0.0 
1 19 O 1999 -16.1 -18.9 -17.5 O. O 1.6 
1 20 O 1999 -16.7 -28.3 -22.5 0.4 4.2" 
1 21 O 1999 -7.2 -24.6 -15.9 0. O 2.2 
1 22 O 1999 -7.1 -9.1 -8.1 O. O 0.7 
1 23 O 1999 -9.1 -10.8 -9.9 0.0 0. O 
1 24 O 1999 -10.5 -20.9 -15.7 0.0 0.0 
1 25 O 1999 -8.5 -23.5 -16.0 0.0 0.7 
1 26 O 1999 -8.4 -18.3 -13.3 O. 0 0.0 
1 27 O 1999 -9.2 -11.8 -10.5 0.0 0.0 
1 28 O 1999 -6.1 -18.3 -12.2 0.0 0.0 
1 29 O 1999 -1.8 -12.9 -7.3 0.0 0.0 
1 30 O 1999 -2.3 -12.8 -7.6 0.0 0.0 
1 31 O 1999 -2.1 -13.2 -7.6 0.0 0.9 
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1999 Carman Weather Mean Data and T o t a l  Precipitation 

Date T h e  Year Max T Min T Mean T TBRG WQP 
CST C C C mm nm 

-----------11--------------------"I)------.------------.--------- 

2 1 O 1999 2.9 -8.1 -2.6 0.0 20.1* 
2 2 O 1999 -2.9 -9.7 -6.3 0.0 2SO.6* 
2 3 O 1999 -6.8 -21.1 -14.0 0.0 30.3* 
2 4 O 1999 -16.5 -25.3 -20.9 0.0 470.8* 
2 5 O 1999 -9.1 -21.4 -15.2 0.0 0.0 
2 6 O 1999 -12.4 -21.3 -16.9 0.0 17.1* 
2 7 O 1999 -1.5 -17.1 -9.3 0. O 0.7 

2 8 O 1999 4.4 -9.1 -2.3 2.2 20.2* 
2 9 O 1999 -5.0 -15.5 -10.3 0.0 0.8 

2 10 O 1999 2.3 -9.1 -3 . 4  0.0 O. 6 

2 11 O 1999 -6.7 -12.6 -9.6 0.0 0.6 

2 12 O 1999 -9.4 -19.4 -14.4 O. 0 2.4 

2 13 O 1999 -1.3 -19.5 -10.4 0.0 0.0 

2 14 O 1999 1.5 -6.6 -2.6 0. O o. 0 

2 15 O 1999 -5.4 -11.7 -8.6 0. O 0.0 

2 16 O 1999 -10.7 -15.4 -13 .O 0. O 0.0 

2 17 O 1999 -11.5 -21.2 -16.3 0.0 0.0 

2 18 O 1999 -9.8 -22.1 -16.0 o. 0 0.0 

2 19 O 1999 -7.1 -18.5 -12.8 0.0 0.0 

2 20 O 1999 -3.7 -14.0 -8.8 0.0 0.0 

2 21 O 1999 -1.0 -9.3 -5.2 o. O 0.0 

2 22 O 1999 -2.5 -9.5 -6. O 0.0 0.8 
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1999 Carman Weather M e a n  Data and Total Precipitation 

Date T h e  Year 
CST 

~ ~ C I ~ I I I I I I " I I I - - - - - - - - - -  

3 1 O 1999 
3 2 O 1999 
3 3 O 1999 
3 4 O 1999 
3 5 O 1999 
3 6 O 1999 
3 7 O 1999 
3 8 O 1999 
3 9 O 1999 

3 10 O 1999 
3 11 O 1999 
3 12 O 1999 
3 13 O 1999 
3 14 O 1999 
3 15 O 1999 
3 16 O 1999 
3 17 O 1999 
3 18 O 1999 
3 19 O 1999 
3 20 O 1999 
3 21 O 1999 
3 22 O 1999 
3 23 O 1999 
3 24 O 1999 
3 25 O 1999 
3 26 O 1999 
3 27 O 1999 
3 28 O 1999 
3 29 O 1999 
3 30 O 1999 
3 31 O 1999 

Max T Min T Mean T TBRG WGP 
C C C Im um 

~ ~ ~ L I I I I I I I ~ - - ~ - ~ - - - - " . ) - - - - - L - - - - - - - - - œ  

-2.2 -5.7 -4.0 0.0 0.0 
-3.5 -15.1 -9.3 0.0 4.6 
-8.2 -20.1 -14.1 0.0 0.7 
-5.5 -12.8 -9.2 O. 0 0.0 
-7.7 -36.4 -12.1 0.0 O ,  O 
-6.1 -18.5 -12.3 0.0 0.0 
-2.6 -10.7 -6.7 0.0 0.0 
-3.3 -6.6 -4.9 0.0 5.2 
-1.6 -10.1 -5.8 0.6 1.2 
-2.5 -10.2 -6.4 O. 6 0.7 
-2.7 -11.8 -7.3 0.0 0.0 

-1.6 -12.4 -7.0 0.0 0.0 
-0.5 -11.0 -5.7 0.0 0.0 
O . 4  -5.7 -2.6 0.0 O. O 
8.2 -4.8 1.7 O ,  O 0.6 
3.0 -1.7 0.6 0.0 0.0 
0.5 -6.4 -3.0 0. O 6.8 
0.8 -8.6 -3.9 0.0 0.0 
4.7 -3.8 0.5 0.0 0.6 
3.1 -2.4 0.4 0.0 0.0 
4.3 -5.5 -0.6 O .  0 O. O 
7.8 -3.5 2.2 0.2 0.0 
1.4 -4.3 -1.4 0 . 0  1 4 . 3  
1.8 -7.1 -2.7 O. 0 0.0 
6.1 -3.1 1.5 0.0 144.7 

10.0 -0.4 4.8 0.0 46.9 
10.8 0.8 5.8 0.0 83.8 
11.3 -0.2 5.6 0.6 188.1 
12.1 -0.8 5.6 0.0 165.5 
10.8 -2.0 4.4 0.0 11.8 
6.9 -0.5 3.2 0.0 117.7 



1999 Carman Weather Mean Data and Total Precipitation 

Date T h e  Year Max T Min T M e a n  T TBRO WGP 
CST C C C nun nm 

*Note: There was an hourly anomaly in the  hourly weather data. 
In one hour on Dec. 4lSh it said  we had 5 0 . 5  mm of precipitation. 
Checked with environment Canada and they ignored t h e  reading as 
an error because it occurred within one hour.  



1999 Ca- Weather Mean Data and Total Precipitation 

Date Time Year Max T Min T Mean T TBRG WGP 
CST C C C nm lllpn 

- - - - - - - - - - - - - - * - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

5 1 O 1999 26.4 4.1 15.3 0.0 0.7 
5 2 O 1999 25.2 8.0 16.6 0.0 0.7 
5 3 O 1999 21.3 12.3 16.8 6.6 6.1 
5 4 O 1999 23.2 12.6 17.9 3.0 2.9 
5 5 O 1999 17.4 12.4 14.9 12.0 12.6 
5 6 O 1999 12.4 5.3 8 .8  8.2 8.4 
5 7 O 1999 7.7 0.3 4.0 0.0 0.0 
5 8 O 1999 10.0 -1.2 4.4 0.0 0.0 
5 9 O 1999 11.8 -1.4 5.2 0.0 0.0 

5 10 O 1999 6.3 2.9 4.6 25.0 25.0 
5 11 O 1999 13.0 3.6 8.3 1.6 1.5 
5 12 O 1999 12.1 2.5 7.3 0.0 0. O 
5 13 O 1999 12.4 7.5 10. O 0.0 0.0 
5 14 O 1999 13.4 7.6 10.5 10.8 11.3 
5 15 O 1999 20.2 9.1 14 -6 3.6 4.3 
5 16 O 1999 19.2 7.9 13.6 1.4 0.7 
5 17 O 1999 13.1 6.6 9.8 0.0 0.0 
5 18 O 1999 15.9 3.1 9.5 0.0 0.0 
S 19 O 1999 21.8 9.5 15.6 2.2 2.0 
5 20 O 1999 15.5 8.4 11.9 26.4 26.7 
5 21 O 1999 11.7 6.6 9.1 6.2 6.3 
5 22 O 1999 9.7 7.3 8.5 25.8 27.2 
5 23 O 1999 14.0 6.4 10.2 0.6 0.7 
5 24 O 1999 16.6 5.2 10.9 0.2 0.0 
5 25 O 1999 20.5 6.3 13.4 0.0 0.6 
5 26 O 1999 26.9 6.9 16.9 0.6 0.0 
5 27 O 1999 24.3 10.9 17.6 0.0 0.6 
5 28 O 1999 31.9 10.6 21.2 0.0 0.0 
5 29 O 1999 23.8 13.2 18.5 0.0 0. O 
5 30 O 1999 13.2 6.9 10.0 7.8 7.0 
5 31 O 1999 15.8 3.6 9.7 0.0 0.6 

Total Precipitation for the month of May 

Laet year for  the month of May w e  received 38.2 mm of 
precipitation. 



1 O3 
1999 Carman Weather Mean D a t a  and Total Precipitation 

D a t e  T h e  Y e a r  Max T Min T Mean T TBRG WGP 
CST C C C nm nm 

~-------..-~-I----~--II-------.--.----------------------------- 

6 1 O 1999 12.2 8.0 10.1 0.6 0.7 
6 2 O 1999 21.1 8.0 14.5 0.0 0.6 
6 3 O 1999 22.2 9.5 15.9 0.0 0.0 
6 4 O 1999 26.0 14.5 2 0 . 3  7.0 7.2 
6 5 O 1999 25.7 11.2 18.5 0.0 0.0 
6 6 O 1999 26.6 9.9 18.3 7.6 6.8 
6 7 O 1999 26.5 11.1 18.8 0.2 0.7 
6 8 O 1999 28.3 14.6 21.4 0.0 0.0 
6 9 O 1999 22.5 12.8 17.6 16.8 17.8 

6 10 O 1999 21.6 8.7 15.2 0.0 0.0 
6 11 O 1999 22.5 9.8 16.2 0.0 0.0 
6 12 O 1999 21.1 10.7 15.9 0.2 0.0 
6 13 O 1999 15.3 5. O 10.2 0.0 0.0 
6 14 O 1999 15.8 4.2 10.0 1.4 1.5 
6 15 O 1999 18.3 5.3 11.8 0.0 0.0 
6 16 O 1999 20. O 3.1 11.6 0.0 0.0 
6 17 O 1999 22.9 6.2 14.6 0.0 0.0 
6 18 O 1999 25.0 8.3 16.6 0.0 0.0 
6 19 O 1999 20.9 9.6 15.2 0.0 0.0 
6 20 O 1999 23.1 14.5 18.8 0.2 0.0 
6 21 O 1999 27.6 15.3 21.5 0.0 0.6 
6 22 O 1999 31.0 17.3 24.2 1.8 1.7 
6 23 O 1999 25.7 14. O 19.9 0.8 1.3 
6 24 O 1999 24.0 9.2 16.6 0.0 0.0 
6 25 O 1999 16 5 8.2 12.3 2.4 2.5 
6 26 O 1999 21.4 11.7 16.5 12.0 12.1 
6 27 O 1999 17.6 10.6 14.1 0.0 0.0 
6 28 O 1999 20.8 10.7 15.8 0.0 0.0 
6 29 O 1999 20.0 8.1 14.1 22.0 23.8 

6 30 O 1999 20.3 9.3 14.8 1.0 1.1 



1999 Carman Weather M e a n  D a t a  and Total Precipitation 

Date T h e  Year Max T Min T Mean T TBRG WGP 
CST C C C ~ m n  nmi 

-----------..-------------------------------------------------- 
7 1 O 1999 18.4 9.6 14.0 0.0 0.0 
7 2 O 1999 19.7 7.1 13.4 2.2 2.2 
7 3 O 1999 23.0 1 3 . 4  18.2 2.6 2.8 
7 4 O 1999 22.2 14.6 18.4 0.2 0.0 
7 5 O 1999 2 2 . 5  10.7 18.6 9 . 2  9.7 

7 6 O 1999 26.2 13.9 20.1 0.0 0.0 
7 7 O 1999 22.0 9.3 15.6 0.0 0.0 
7 8 O 1999 20.6 12.5 16.6 20.8 20.9 
7 9 O 1999 22.3 12.5 17.4 2.6 3.2 

7 10 O 1999 25.4 10.8 18.1 0.0 O . O 
7 11 O 1999 26.2 12.1 19.2 0.0 0.0 
7 12 O 1999 26.0 15.2 20.6 1.8 1.5 
7 13 O 1999 26 - 2  12.8 19.5 19.0 20.0 

7 14 O 1999 25.1 14.9 20. O 0.2 0.6 
7 15 O 1999 19.1 14.5 16.8 17.6 17.1 

7 16 O 1999 19.9 9.8 14.8 0.2 0.0 
7 17 O 1999 19.2 7.0 13.1 0.0 0.0 
7 18 O 1999 22.3 11.5 16.9 0.0 0.0 
7 19 O 1999 25.5 15.3 20.4 0.2 0.0 
7 20 O 1999 28.1 15.5 21.8 0.0 0.6 
7 21 O 1999 29.2 18.5 23.8 0.0 0.0 
7 22 O 1999 29.3 18.5 23.9 3.8 3.5 
7 23 O 1999 29.7 16. O 22.9 0.0 0.0 
7 24 O 1999 29.4 14.1 21.8 0.0 0.0 
7 25 O 1999 27.3 13.5 20.4 2.6 2 . 4  
7 26 O 1999 23.2 11.4 17.3 0.2 0.0 
7 27 O 1999 27.3 8.9 18.1 0.0 0.0 
7 28 O 1999 30.4 12.3 21.3 0.0 0.0 
7 29 O 1999 32.4 14.2 23.3 0.0 0.6 
7 30 O 1999 26.9 15.2 21.1 0.0 0.0 
7 31 O 1999 19.2 10.1 14.7 0.0 0.0 



1999 Cannan Weather Mean Data and Total Precipitation 

Date T h e  Year M a x T  MFnT MeanT TBRG WGP 
CST C C C ram ~ r r m  
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1999 Carman Weather M e a n  D a t a  and Total Precipitation 

D a t e  T h e  Year M a x T  M i n T  M e a n T  TBRG WGP 
CST C C C x n  nm 

- - - - - I - - - - - - - - - - - - - - " " - - - - - - * œ - - - I - - . . - - - - - - - œ - - - . . - - - - - - - - - - - - - -  

9 1 O 1999 21.0 10.1 15.5 0.0 0.0 
9 2 O 1999 15.8 8.6 12.2 0.0 0.0 
9 3 O 1999 17.8 10.2 14.0 0.0 0.0 
9 4 O 1999 12.7 10.7 11.7 14 - 6  31.3 
9 5 O 1999 15. O 5.1 10.1 5 . 2  11.1 
9 6 O 1999 26.6 4.0 15.3 0.2 0.6 
9 7 O 1999 21.7 10.5 16.1 3.2 3.0 
9 8 O 1999 12.6 7.8 10.2 2.4 2.0 
9 9 O 1999 15.3 6.8 11.1 0.2 0.7 
9 10 O 1999 14.2 4.3 9.2 0.0 0.0 
9 11 O 1999 13.6 2.5 8.1 4.8 5.2 
9 12 O 1999 15.1 5.3 10.2 1.2 1.4 
9 13 O 1999 11.8 8.6 10.2 0.6 0.8 
9 14 O 1999 14.7 7.3 11.0 0.2 0.0 
9 15 O 1999 19.1 2.1 10.6 0.0 O. O 
9 16 O 1999 22.6 1.8 12.2 0.0 O. O 
9 17 O 1999 28.1 5.8 17.0 0.0 0.6 
9 18 O 1999 20.3 9.3 14.8 0.0 O. O 
9 19 O 1999 10.3 -0.6 4.9 1.2 0.8 
9 20 O 1999 15.4 -3.4 6.0 O. O 0.6 
9 21 O 1999 27.4 6.5 16.9 0.0 0.7 
9 22 O 1999 24.7 6.3 15.5 0.0 0.6 
9 23 O 1999 18.5 5.1 11.8 O. 0 O. 0 
9 24 O 1999 26.1 5.1 15.6 O. O 0.7 

9 25 O 1999 18.6 3.6 11.1 O. O 0.0 
9 26 O 1999 13.9 7.2 10.6 2.2 1.9 
9 27 O 1999 13.8 4.6 9.2 0.4 0.0 
9 28 O 1999 14.4 0.5 7.5 0.2 O. 6 
9 29 O 1999 14.5 -3.2 5.7 0.0 0.6 
9 30 O 1999 9.8 2.0 5.9 0.0 0.0 
10 1 O 1999 5.2 0.1 2.6 O. O 0.0 
10 2 O 1999 6.8 -5.2 0.8 0.0 0.0 
10 3 O 1999 10.3 -3.9 3.2 0.0 0.0 
10 4 O 1999 13.7 -3.0 5.4 0.6 0.6 
10 5 O 1999 6.7 -2.6 2.0 0.0 0.0 
10 6 O 1999 7.8 -7.1 0.4 0.0 0.0 
10 7 O 1999 11.2 -0.7 5.3 0 . 0 0.0 
10 8 O 1999 13.7 0.7 7.2 0.4 0.7 
10 9 O 1999 15.6 2.7 9.1 0.0 0 . 0  

10 10 O 1999 16.2 -0.4 7.9 0.0 0.0 
10 Il O 1999 11.1 -1.8 4.7 1.8 1.1 
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1999 Cannan Weather Data and T o t a l  Precipitation 

JDATE MMDD 
14.01 14 

15.01 15 

16.01 16 

TEMPl TEMPl 

MEAN MIN 

TIME TEMPl TIME TEMP PPTl SOLAR 
MIN 
1746.0 

10.0 

0.0 

335. O 
2359.0 

451.0 

809.0 

139.0 

2210.0 

2352. O 

2157.0 

712.0 

741.0 

2334. O 

817.0 

822. O 

828.0 

357.0 

0.0 

304.0 

0.0 

645. O 

833.0 

618.0 

505. O 

0.0 

820.0 

2353. O 

2241 .O 
2357.0 

205.0 

732 . O  

0.0 

813. O 
711.0 

MAX 

-11.9 

1.6 

0 - 4  

-4.6 

-9. O 

-15.6 

-11.6 

-6.1 

-6.5 

-7.8 

-9.2 

-10.3 

-5.4 

-5.9 

- S .  6 

0.3 

-0.8 

1.3 

1.1 

-1.5 

-5.6 

-13.2 

-6.6 

-8.9 

1.1 

3.7 

-3.8 

5.7 
-7.4 

-9.2 

-3.7 

1.7 

-4.7 

-8. O 

-10. O 

MAX SOIL 

2340.0 -8.7 

2154.0 -7.7 

1.0 -6.2 

1622.0 -5.9 

1.0 -6.1 

1429.0 -6.8 

1327.0 -6.9 

1558.0 -6.7 

1416.0 -5.5 

1221.0 -5.1 

1.0 -4.9 

1356.0 -5.2 

1354.0 -5.2 

1407.0 -4.9 

1315.0 -5.0 

1306.0 -4.7 

1350.0 -4.3 

1441.0 -4.0 

1848.0 -3.5 

1347.0 -3.5 

11.0 -4.5 

1443.0 -5.1 

1230.0 -4.9 

1507.0 -4.7 

1610.0 -4.4 

1151.0 -3.6 

1635.0 -3.5 

1322.0 -3.2 

1406.0 -4.4 

1633.0 -5.4 

1422.0 -4.8 

1349.0 -4.0 
111.0 -3.9 

1606.0 -4.5 

1628.0 -5.3 



















Appendix 7.2 

Emergence Periodicity of Each Species at Each Site 

-+- Canda 1 Winnipeg 1998 
. - - . . - - - - - - - 

Days after emergence of canola 

Figure 7.2.1. Emergence periodicity of each species at Carman and 
Winnipeg sites in 1998, measured h m  fixed quadrats of 0.25 m2 in 
the weed-infésted controis. 
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Figure 7.2.2. Emergence periodicity of each species at Carman early 
and late seeded sites in 1999, mcasured h m  fixed quadrats of 0.25 m2 
in the weed-infested controls. 
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Figure 7.2.3. Emergence periodicity of each species ai Hornewood 
and Winnipeg in 1999, rneasureâ fiom fixed quadrats of 0.25 m2 in 
the weed-infested controts. 
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Appendix 7.3 

The effects of repeated treatment 01 glufosinate on Innovator canola 

ln troduction 

A small side experiment was perfonned in 1999 to assess if there was any effect from the 

repeated treatment of glufosinate herbicide on Innovator canola variety used in our 

preceding experiments. 

Materials and Metbods 

The same seed source was used for this experiment as the previous expenments. 

Plots were seeded at the University of Manitoba's Carman Research Fam on May 25. 

1999 at 3 kg ha" in double-spaced rows (40 cm). This was to facilitate hand weeding 

that was perfomed frequently throughout the season. at the 2"d, 4'h, and 6th leaf stages to 

keep al1 plots free from weeds. Because of poor emergence of the crop, the plots were 

tilled and reseeded on June 4, 1999 at the increase rate of 4.5 kg ha-', and terbufos 

insecticide was placed with the seed at the same rate as previously stated. Also, a soil- 

applied, ethafluralin ( ~ d ~ e = ~ )  herbicide was applied at 1.1 kg ai. ha-' on May 25. 1999 to 

prevmt the growth of earlier weeds. Plots were 5.4m2, but only 2.5 m2 of the plots were 

harvested for yield. These areas were swathed by hand on August 20, 1999 and threshed 

in a stationary harvester October 1 3, 1999. 

The applications with glufosinate herbicide were perfonned at 1.3 L ac" (593 g a.i. 

ha") at the 2* leaf, 6th leaf, and early flowenng stages of the cmla  for the given 

treatments. 



Results 

Table 7.3.1. The effect of repeated treatments of glufosinate on the yield of Innovator 

canola. 

Treatmen t Timing Y ield 
(Canola development stage) (g/2.5rn2) 
None 329.7 1 
2" leaf 284.73 
6Ih leaf 3 16.58 
early fl. 329.68 
2nd and 6Ih leaf 257.60 
2nd leaf and early fl. 325.62 
6'h leaf and early fl. 35 1.56 
2" leaf, 6" leaf. and early fl. 23 1.76 
LSD (0.05) 107.13 

noiie 2 6 ef 2,6 2. ef 6. ef 2.6, 
Timing of harbicida application e f 

Figure 7.3.1. The effect of repeated treatments of glufosinate on the yield of Innovator 
canola. 

Conclusion 

Repeated treatrnent of glufosinate on Innovator did not significantly affect the yield of 

the crop. 

Dow AgroScicaîer, 9330 Zionsvillc R~Iid*napolis,  M 46268-1054 




