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ABSTRACT 

 
 
 

EVALUATION OF CULTURAL WEED CONTROL METHODS IN SOYBEAN 
(Glycine max) TO IMPROVE CROP COMPETITIVENESS  

 
 
 

Tasha Valente      :  Advisor 
 
University of Guelph, 2016      Dr. F. Tardif 
          
 
 

 Effects of cultural weed control methods in soybean were examined under 

moderate and high weed populations for their effect on crop canopy closure and canopy closure. 

The reference treatment was a slender soybean cultivar planted at a standard seeding rate 

(400,000 seeds/ha) with no pre-plant nitrogen added. Field studies were conducted in Elora, 

Ontario and Woodstock, Ontario in 2014 and 2015. Treatments included two levels of each: pre-

plant nitrogen, seeding rate, competitive cultivar selection, and weed pressure. Weed emergence, 

above ground weed biomass, canopy light transmittance, and soybean yield were measured. 

Weeds continued to emerge until canopy closure regardless of treatment; there was also little 

difference in canopy closure between treatments. Nitrogen treatment alone (P = 0.0214) and in 

combination with the bushy soybean cultivar (P ≤ 0.0001) were found to reduce above ground 

weed biomass. No one cultural control was consistent in improving soybean yield at either 

location in 2014 or 2015. 
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CHAPTER 1 

 

 

 LITERATURE REVIEW 

 

 

1.1 Problems Caused By Weeds 

Weeds have been problematic since the beginning of agriculture (Ghersa 2000). The high cost 

associated with the frequency and quantity of weed control applications including herbicides and 

tillage is a large portion of cropping system inputs (Chandler et al. 2001, Ghersa 2000, Harker et 

al. 2007).  

Weeds are plants that grow spontaneously in areas where they are not desired causing a 

wide range of damage in agricultural and non-agricultural settings. Weeds are known to interfere 

with crop growth through resource competition and therefore considerably reduce yield (Ghersa 

2000, Chandler et al. 2001). They can slow down the harvest process and decrease crop quality 

impeding with profitability (Chandler et al. 2001). Many weed species can act as alternative 

hosts for insects and disease which can cause indirect damage to crops (Green and Owen 2011, 

Shaner 1995). In addition, many weeds can be harmful, poisonous, or allergenic to livestock or 

humans. Examples include giant hogweed (Heraculeum mantegazzianum Sommier & Levier) 

and wild parsnip (Pastinaca sativa L.) which cause dermatitis, or ragweed (Ambrosia sp.) 

species that have allergenic pollen (Gadermaier et al. 2014). Weeds may be a nuisance by 
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affecting the aesthetics of managed landscapes (Gadermaier et al. 2014). Due to the range of 

impact and extensive damage they cause, weeds have consistently been the target of control 

measures.  

Multiple methods exist to control weeds and negate their impact with each method 

presenting benefits and disadvantages. Mechanical control, using physical forces, has been used 

extensively since the beginning of agriculture (Blackshaw et al. 2008). Examples include hand 

removal, the hoe, and tractor pulled implements such as the cultivator. Mechanical control 

methods are beneficial as they may increase soil temperatures and help regulate soil moisture 

levels (Jha and Norsworthy 2009). However they tend to not control perennial weeds or weeds 

with deep taproots. Excessive utilization of tillage negatively impacts soil structure, and is 

therefore not applicable in no-till or soil conservation systems (Jha and Norsworthy 2009, 

Norsworthy and Oliveira 2007). Biological control using live predators or pathogens has been 

successful on a few species such as prickly pear (Opuntia sp), St.John's wort (Hypericum 

perforatum) and purple loosestrife (Lythrum salicaria) (Blossey et al. 1996, Jupp and Cullen 

1996). Unfortunately, the high specificity of biological control makes it difficult to implement in 

multi-weed cropping systems (McFadyen 1998). Biological control has been successful in closed 

systems such as greenhouses but has yet to be made applicable at the field scale. The difficulties 

and challenges involved with mechanical and biological weed control methods in field crop 

systems has increased reliance on chemical control methods. 

The most common weed control method used in modern agriculture is the use of 

herbicides. From the discovery of synthetic auxin herbicides such as 2,4-D in the 1940s to the 

introduction of glyphosate tolerant cultivars to the market in the 1996, herbicide use has been an 

integral part of weed management (Green and Owen 2011, Heap, 2016). As the use of herbicides 
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as the main management option increased due to the ease of use and high efficacy, the number of 

weed species displaying resistance increased rapidly (Ghersa 2000, Green and Owen 2011, 

Shaner 1995). Herbicide resistant weeds have now become a serious issue for conventional 

agricultural practices (Green and Owen 2011) with herbicide resistance being reported for 22 of 

the 25 herbicide classes, in 249 weed species in over 66 countries worldwide (Heap 2016). 

Herbicide resistance develops as a result of the high selection pressures imposed by herbicides 

and over use of chemistries with similar modes of action (Green and Owen 2011, Shaner 1995). 

Herbicides are a selector on weed populations by eliminating susceptible individuals while the 

resistant individuals survive (Shaner 1995). These individuals reach maturity and reproduce, 

increasing the potential for more resistant plants to be introduced to populations and, as a result, 

reducing the efficacy of the herbicide (Shaner 1995). With the increasing number of herbicide 

resistant weeds, there is an increasing need for alternative, sustainable weed management 

practices.  

1.2 Integrated Weed Management  

With the increasing number of weed species displaying resistance and fewer new modes of 

action being developed, investigation into alternative, additive approaches to weed control are 

needed. Herbicides have provided a “silver bullet” approach to weed control for decades but now 

many countries are implementing more stringent regulations on herbicide use to promote 

preventative weed management strategies (Muller-Scharer and Collins 2012, Walker and 

Buchanan 1982). Integrated Weed Management (IWM) is a branch of Integrated Pest 

Management which takes a systems approach to weed management through the integration of 

concepts from plant breeding, fertility, crop rotation, chemical weed control, mechanical weed 

control, cultivar selection, and cultivar selection (Blackshaw et al. 2008, Chandler et al. 2001, 
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Fisher 2012, Sanyal et al. 2008, Swanton and Murphy 1996). IWM combines knowledge of weed 

and crop biology and physiology into a dynamic method to reduce weed persistence and 

interference while maximizing crop yield (Blackshaw et al. 2008, Chandler et al. 2001, Fisher 

2012, Sanyal et al. 2008, Swanton and Murphy 1996). Sanyal and colleagues (2008) describe 

that to be effective, IWM must include two components: shifting the competition balance in 

favour of the crop and manage the seedbank to reduce future recruitment. One of the overall 

goals of implementing IWM strategies is to ensure sustainable agricultural production and 

prevent herbicide resistance by utilizing a firm understanding of how each of the management 

practices complement each other to attain short and long term weed management (Muller-

Scharer and Collins 2012). By ensuring weed populations remain below threshold levels the 

weed seed bank stock can be depleted, and yield lost to weeds is reduced (Sanyal et al. 2008, 

Swanton and Murphy 1996, Muller-Scharer and Collins 2012). While the basic principles of 

IWM are easy to comprehend, a clear understanding of each of the main components is 

necessary to ensure full effectiveness. 

1.3 Tillage Effects on Weed Management  

Tillage regimes have one of the strongest effects on weed communities and therefore 

management when compared to other operations. Effects in the soil microclimate as a result of 

tillage events have substantial effects including seed bank disturbance and weed seedling 

emergence (Blackshaw et al. 2008, Jha and Norsworthy 2009, Norsworthy and Oliveira 2007). 

Soil disturbances due to tillage affects the position of the seeds in the soil profile providing seeds 

previously buried or seeds closer to the surface the appropriate conditions for germination, 

depending on seed size (Jha and Norsworthy 2009, Norsworthy and Oliveira 2007). Tillage often 

increases soil temperatures and decreases soil moisture levels (Jha and Norsworthy 2009). By 
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selecting the appropriate tillage method and timing, many seedlings can be destroyed early in the 

life cycle reducing competition with the crop for nutrients, light, and water (Blackshaw et al. 

2008, Norsworthy and Oliveira 2007). The type and density of weeds are strongly influenced by 

the tillage regime implemented (Blackshaw et al. 2008, Norsworthy and Oliveira 2007). 

The impact of tillage on weeds is manifested not only as a function of intensity but also 

of timing. Weed seed mortality was found to increase in no till systems when seeds remained on 

the soil surface compared to burying seeds with tillage practices as the crop residues inhibit the 

weed seed germination and growth of some weed species (Blackshaw et al. 2008). The timing of 

tillage operations affects the germination and emergence of many weed species by altering the 

soil microclimate in relation to the seasonal environment in the field (Jha and Norsworthy 2009, 

Norsworthy and Oliveira 2007). Tillage may suppress or increase the number of germinated 

seedlings depending on the season in which it takes place, the weed seed species present in the 

seed bank and the location of those seeds in the seed bank (Blackshaw et al. 2008, Jha and 

Norsworthy 2009, Norsworthy and Oliveira 2007). Spring tillage has been found to increase the 

emergence of common cocklebur (Xanthium strumarium L.) while having little influence on 

Palmer amaranth (Amaranthus palmeri S. Wats) (Norsworthy and Oliveira 2007). Adjusting the 

planting time has also been found to affect the emergence of many weed species as well as 

increase crop-weed competition (Jha and Norsworthy 2009, Norsworthy and Oliveira 2007).  

There is currently a push towards conservational tillage systems in Ontario and North 

America to help conserve soil health. Therefore, finding control options that function in these 

new systems is essential. Advantages to the no-till systems over conventional tillage include soil 

conservation, fuel savings, and less wear and tear on machinery (Jha and Norsworthy 2009, 

Norsworthy and Oliveira 2007). Some disadvantages to adopting a no-till system include 
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increased perennial weed populations and increased dependency on effective systemic herbicides 

(Norsworthy and Oliveira 2007). While mechanical control can help reduce herbicide 

dependency, it is not compatible with the goal of conservation tillage. 

1.4 Multiple Methods Helps Reduce Herbicide Dependency 

 Reduced rates of herbicide combined with between-row cultivation and rotary hoeing 

provided excellent weed control in soybeans for common lambsquarters (Chenopodium album 

L.), pigweeds (Amaranthus spp.), and giant foxtail (Setaria faberii Herrm.) (Buhler et al. 1992). 

Results of this study demonstrate herbicides can be complimented by other methods, as multiple 

approaches help to reduce dependence on herbicides. 

1.5 Accelerating Crop Canopy Closure with Cultural Management 

 The goal of implementing cultural control methods is to reduce the time to crop canopy 

closure (Jha and Norsworthy 2009). Earlier canopy establishment reduces the amount of light 

reaching the soil surface and therefore reducing the light effects on seed germination and weed 

growth (Norsworthy and Oliveira 2007, Sanyal et al. 2008). For canopy closure to be an effective 

tool to reduce weed emergence the apparent parameters required are i) earlier planting dates, ii)  

a narrow row width of 19 cm, and iii) selecting a competitive cultivar with early season vigor for 

early canopy establishment. Cultural management alone does not necessarily equate IWM, it is 

only a component. An earlier soybean planting date was found to increase crop growth prior to 

weed emergence allowing the soybeans to develop a dense canopy (Anderson 2008, Jha and 

Norsworthy 2009, Légère 1989, Wilson et al. 1995). Although there are benefits associated with 

earlier planting the large variability in temperature and weather annually play a major role in 

farmer's ability to implement this method (Jha and Norsworthy 2009, Légère 1989). Early 
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canopy closure could come from earlier planting, helping form a dense crop canopy sooner 

which  reduces the red to far-red ratio at the soil surface, reducing weed seed germination and 

seedling emergence (Harker et al. 2003, Jha and Norsworthy 2009, Norsworthy and Oliveira 

2007).  

Generally, viable seeds will germinate when exposed even for a brief period of time such 

as a flicker of far-red light (Anderson 2008, Légère 1989, Purcell 2000). By reducing the amount 

of biologically active far red light reaching seeds and seedlings at the soil surface by increasing 

the timing of canopy closure and canopy density, weed growth and germination would be 

reduced (Anderson 2008, Légère 1989, Purcell 2000). Quicker canopy closure is beneficial in 

IWM systems so long as the canopy closure occurred before the critical period of weed removal; 

weeds which emerge before canopy closure influence crop-weed competition and may reduce the 

influence of the canopy on weed emergence (Anderson 2008, Jha and Norsworthy 2009, 

Norsworthy and Oliveira 2007, Malik et al. 1993, Sanyal et al. 2008).  

The sooner the crop canopy can close and remain closed in relation to the growth of 

competing weeds the more light available to the crop, and therefore less light is available to the 

weeds below the canopy (Hinson and Hanson 1962, Nordby et al. 2007). Integrating cultural 

methods into weed management systems will improve canopy closure (Swanton et al. 2008, 

Yelverton, Coble 1991). 

1.5.1 Crop Density 

Increasing seeding rate may favourably impact canopy closure, affecting weed population 

germination and establishment (Harker et al. 2003, Wilson et al. 1995, Yelverton and Coble 

1991). There are mixed results in the literature regarding the use of increased planting density of 



8 
 

soybeans as a method to improve weed control (DeWerff et al.2014, Harder et al. 2007, Harker 

et al. 2003, Légère 1989, Nordby et al. 2007, Wilson et al.1995, Yelverton and Coble 1991). 

Some research has shown that increasing soybean seeding rate results in reduced weeds present 

between the rows due to increased crop competition and decreased light transmittance to the soil 

surface (Harder et al. 2007, Harker et al. 2003, Légère 1989, Nordby et al. 2007, Wilson et 

al.1995, Yelverton and Coble 1991). On the other hand, research has also found that increasing 

seeding rate does little to improve weed management, specifically herbicide resistant weed 

management, as the timing of canopy closure in relation to weed emergence affects the level of 

success of this technique (DeWerff et al.2014). The benefits associated with increased crop-weed 

competition as a result of increased seeding rate must be realized in increased yield and or long 

term weed management to justify the increased cost of production due to this adjustment 

(DeWerff et al.2014, Harder et al. 2007, Harker et al. 2003, Légère 1989, Nordby et al. 2007, 

Wilson et al.1995, Yelverton and Coble 1991). 

  There are also concerns that the increased seeding rate introduces intra-specific plant 

competition which in addition to the crop-weed competition, may be contributing to reduced 

yields. The decision to adopt an increased seeding rate should depend on the variety selected for 

planting, the size of the seed, the conditions of the land (i.e. soil moisture, soil type etc.), and the 

level of weed infestation (Walker and Buchanan 1982). 

1.5.2 Competitive Soybean Cultivars 

Cultivars with denser branching patterns should close canopy earlier and therefore be more 

competitive. There are two main approaches to improve crop competitiveness; one to use the 

existing plant morphology and branching, the other is to use breeding to develop a better crop 

canopy. There are inconclusive results in the literature in regards to which soybean varieties have 
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better competitive abilities over weeds. Multiple studies have found a difference in competitive 

ability between early and late maturing soybean cultivars, with the late maturity cultivars being 

better competitors with weeds, and were able to withstand early season weed pressure better than 

the early maturity cultivars (Hinson and Hanson 1962, Nordby et al. 2007, Rose et al. 1984). 

Monks and Oliver (1988) found that soybean competition, depending on cultivar, was able to 

reduce weed biomass 90 to 97 %. Hinson and Hanson (1962) found that soybean genotypes with 

later flowering, increased height, increased number of nodes and branches per plant had better 

competitive ability with weeds due to differences in response to photoperiod and plant spacing. 

Alternatively, Staniforth (1962) found no differences in competitive ability between four 

soybean varieties under varying levels of soil fertility, planting density, and weed infestation. 

1.5.3 Pre-Plant Nitrogen Fertilizer Effects on Canopy, Yield, and Competitiveness 

The use of pre-plant nitrogen fertilizer as a management practice for soybean production has 

been attempted in a variety of different production systems as a component of IWM with varying 

degrees of success. The goals of applying pre-plant nitrogen are to establish and close canopy 

sooner, increase yield potential, and to reduce the amount of herbicides required to attain weed 

control. Cultural management practices, such as pre-plant nitrogen, may be an effective way to 

promote faster canopy closure (Monaco et al. 2002). 

Concerns have been raised on the negative impacts of early season nitrogen application 

on soybean nodule formation, as well as the effects on current weed populations (Owen et al. 

2015, Salvagiotti et al. 2008, Walker and Buchanan 1982). The concept of applying pre-plant 

nitrogen fertilizer has been suggested to help the crop achieve optimal canopy development, 

photosynthetic capacity, and in the end improved yield by increasing the amount of available 

nitrogen in the soil (Owen et al. 2015, Salvagiotti et al. 2008, Walker and Buchanan 1982). The 
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addition of a pre-plant, low rate (16 kg ha-1) nitrogen fertilizer in trials conducted in Minnesota 

and South Dakota was found to increase yield by 6% compared to no nitrogen fertilizer (Osborne 

and Riedell 2006).  

In 2008 Salvagiotti and colleagues analyzed studies from 1966 to 2006 that evaluated the 

effects of nitrogen treatment in soybean production, and found that on average 50-60% of 

soybean nitrogen demand for a single season came from biological N2 fixation (Salvagiotti et al. 

2008). Overall, they found a negative exponential relationship between nitrogen fertilizer rate 

and N2 fixation when the fertilizer was applied at or incorporated within 0-20cm of the soil 

surface (Salvagiotti et al. 2008). There tends to be a reduction in N2 fixation in high yield 

environments as the crop’s nitrogen demand is greater than the amount of biologically derived 

nitrogen available (Salvagiotti et al. 2008). There is also evidence in the literature of the negative 

impact of pre-plant and early season nitrogen fertilizer treatment on soybean nodule formation, 

with no yield benefit (Hungria et al. 2005, Hungria et al. 2006, Salvagiotti et al. 2008). In 

tropical cropping systems, fields are re-inoculated with beneficial rhizobacteria to ensure that the 

nitrogen demand from the plants is met by biological nitrogen fixation (Hungria et al. 2005, 

Hungria et al. 2006). Re-inoculation provides residual nitrogen fixation in the soil environment, 

and the cost of this approach is a fraction of nitrogen fertilizer required for the same production 

area (Hungria et al. 2005, Hungria et al. 2006). 

 There is also evidence of beneficial effects of late season nitrogen fertilizer treatment; 

approximately half of the published studies report positive effects of the method, many of these 

studies took place in areas of high nitrogen demand with high soybean production. In soil 

environments in which the crop demand for nitrogen is greater than the amount of biological 

nitrogen available there is a need for additional nitrogen fertilizer treatment to prevent yield loss. 
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Nitrogen demand is generally highest during the reproductive phases in the soybean lifecycle due 

to the increase in photosynthetic capacity of the plant which is mainly used for grain filling 

which overall, affects yield (Hungria et al. 2005, Hungria et al. 2006, Salvagiotti et al. 2008). 

When nitrogen demand cannot be met by biological N2 fixation, the plant remobilizes nitrogen 

from the leaves to the soybean grain (Hungria et al. 2005, Hungria et al. 2006, Salvagiotti et al. 

2008). By ensuring that nitrogen requirements are met during the reproductive stages when 

demand for the nutrient is highest, yield is conserved in high yielding environments (Hungria et 

al. 2005, Hungria et al. 2006, Salvagiotti et al. 2008).  

 

There are few studies that have investigated the effects of multiple cultural control 

methods for weed control in Ontario produced soybeans. A cropping systems approach to 

understand the interactions of the various IWM components is needed to develop a more 

comprehensive weed management program. There is currently a lack of specific data on cultivars 

designed for our environmental conditions which effectively out-compete weeds. While the 

individual effects of various cultural controls including nitrogen application, seeding rate, and 

cultivar selection have been investigated individually; there are no studies examining their 

interaction and effect on crop canopy development and weed management in Ontario produced 

soybeans. 

1.6 Hypothesis and Objectives 

 The purpose of this research is to identify which cultural management methods 

favourably influence soybean growth habit, and determine their effect on soybean yield and 

annual weed emergence. Currently there is no Ontario data available which investigates the 
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effects of all of these factors collectively to determine their individual and cumulative effects on 

weed population development over a growing season.  

Hypothesis: If soybean management practices are manipulated to include cultural control 

methods, then the crop canopy closure will be improved to better compete against various weed 

species. 

Therefore, the following prediction can be made: An increased seeding rate, pre-plant 

fertilizer treatment, and the planting of a bushy soybean cultivar will increase crop 

competitiveness by accelerating canopy closure and therefore alter weed emergence, reduce 

weed biomass and increase soybean yield.  
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CHAPTER 2 

 

 

 CULTURAL FACTORS AFFECTING CANOPY DEVELOPMENT AND YIELD IN 

SOYBEAN (Glycine max) 

 

 

2.0 Abstract 

 
As herbicide resistance continues to be a major issue in crop production, investigation into 

alternative, effective methods of weed control are essential if modern agriculture is to be 

sustainable. The effects of select cultural controls on weed management in soybeans were 

investigated in this study under moderate and high weed population environments. Field studies 

were conducted at Elora and Woodstock, Ontario in 2014 and 2015. Cultural controls examined 

were: pre-plant nitrogen, soybean seeding rate, and competitive cultivar selection. Weed 

emergence, above ground weed biomass, canopy light transmittance, and soybean yield were 

measured. Weeds continued to emerge throughout the season until canopy closure regardless of 

treatment; there was also little difference in canopy closure between treatments. Nitrogen 

treatment alone (P = 0.0214) and in combination with the bushy soybean cultivar (P ≤ 0.0001) 

were found to reduce total above ground weed biomass. No one cultural control was consistent in 

improving soybean yield at either location in 2014 or 2015. These findings show that apart from 

nitrogen treatment, none of the cultural methods investigated in this study improved crop canopy 

closure. 
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2.1 Introduction 

Herbicide resistance is an increasing global problem affecting sustainable crop production. 

Herbicide resistant weeds have now become a serious issue for conventional agricultural 

practices (Green and Owen 2011) with herbicide resistance being reported in 22 of the 25 

herbicide classes, in 249 weed species and in over 66 countries worldwide (Heap 2016). With the 

increasing number of herbicide resistant weeds, there is an increasing need for alternative, 

sustainable weed management practices that would reduce the dependency on herbicides. 

Herbicides have been proven to be very effective at controlling weed populations but efforts 

need to be made to reduce their use (Green and Owen 2011, Heap 2016). As resistance continues 

to be a major problem, alternative ways to reduce the risk of it occurring must be investigated. 

 Resistance to herbicides is the result of a selection process. There are multiple factors 

involved in the development of herbicide resistance including the potency of the herbicide, over 

reliance, and repeated use (Green and Owen 2011). Potency refers to how effective the herbicide 

is at killing plants and discriminating between resistant and susceptible individuals (Green and 

Owen 2011). A potent herbicide will be a more effective selector as it will eliminate most 

susceptible plants, leaving only resistant individuals. Herbicides are the most common tool used 

globally to control weeds in agriculture and as a result of this over reliance, instances of 

herbicide resistance persists (Heap 2016). The over reliance of herbicides is likely a consequence 

of their effectiveness, making them more appealing to use at the expense of other methods.  

Repeated use includes repeated applications in a growing season as well as repeated use 

of herbicides with similar modes of action over multiple years (Green and Owen 2011, Heap 

2016). The lack of diversity in a rotation is a factor contributing to the repeated use, such as 

planting the same crop year after year, or by rotating crops with the same herbicide tolerance 
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traits (i.e. glyphosate tolerant corn followed by glyphosate tolerant soybeans). Reducing the 

reliance on herbicides and diminishing the instances of repeated use would help curb the 

intensity of selection for resistance. 

Integrated weed management (IWM) has been proposed as a way to reduce the risk of 

herbicide resistance. IWM is a branch of integrated pest management which takes a systems 

approach to weed management through the integration of concepts from plant breeding, as well 

as cultural, biological, mechanical, and chemical weed control (Blackshaw et al. 2008, Chandler 

et al. 2001, Fisher 2012, Sanyal et al. 2008, Swanton and Murphy 1996, Swanton et al. 2008). 

The overall goal of IWM is to ensure sustainable agricultural production by utilizing a firm 

understanding of how each of the management practices complement each other to achieve short, 

and long term weed management (Muller-Scharer and Collins 2012). There are currently no 

biological control options available at the field scale, leaving cultural controls as the main 

alternative to chemical weed control (Blackshaw et al. 2008). For this study we did not look at 

the effects of mechanical control as these control options are not compatible with no till cropping 

systems while cultural, biological, and chemical controls are. By ensuring weed populations 

remain below threshold levels the weed seed bank stock can be depleted, and yield lost to weeds 

is conserved (Sanyal et al. 2008, Swanton and Murphy 1996, Muller-Scharer and Collins 2012). 

While IWM is well defined as a general framework, questions remain as to how to implement 

specific measures. 

Cultural weed management practices are the easiest measures that can be implemented to 

reduce herbicide selection pressure. The goal of cultural control methods is to increase the 

competitive ability of the crop through various interventions including fertility, row width, 

planting density, pre-plant nitrogen, and cultivar selection (Swanton 2008, Sanyal et al. 2008). 
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Success of these methods can be measured by evaluating the crop canopy closure and observing 

if it reduces weed populations. To be adopted, cultural methods need to be easily implemented 

and present little disruption to current practices. Quicker canopy closure is beneficial in IWM 

systems so long as it occurs before the critical period of weed removal; weeds which emerge 

before canopy closure influence crop-weed competition and may reduce the influence of the 

canopy on weed emergence (Anderson 2008, Jha and Norsworthy 2009, Norsworthy and 

Oliveira 2007, Sanyal et al. 2008). An additional constraint would be machinery modifications; 

for example row width is a fixed factor requiring alterations to planting equipment. However, 

other factors such as timing of fertilizing, crop density, and cultivar selection are easier to 

implement, and some cultural methods have been shown to help reduce weed pressure. Specific 

cultural methods need to be evaluated in detail, taking into account the field location, production 

system, field history, and the general context in which they would be implemented. 

Cultural weed control methods increase crop competitiveness by helping close the crop 

canopy. Reducing the amount of biologically active far red light reaching seeds and seedlings at 

the soil surface and by increasing the timing of canopy closure and canopy density, weed growth 

and germination would be reduced (Anderson 2008, Légère 1989, Purcell 2000). An established, 

dense crop canopy also reduces the soil thermal fluctuation by reducing the thermal input from 

the sun, creating a less favorable environment for seed germination (Anderson 2008, Jha and 

Norsworthy 2009, Norsworthy and Oliveira 2007). For canopy closure to be an effective tool to 

reduce weed emergence the apparent parameters required are earlier planting dates, a narrow row 

width of 19 cm, and selecting a competitive cultivar with early season vigor for early canopy 

establishment and closure. The increased shading would slow down and inhibit the emergence 

and growth of weeds. 
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Increasing the crop seeding rate can result in a denser, established crop canopy, therefore 

increasing shading and improving its competitiveness. Some research has shown that increasing 

soybean seeding rate results in a reduction in weed density between the rows as a result of 

increased crop competition and decreased light transmittance to the soil surface (Harder et al. 

2007, Harker et al. 2003, Légère 1989, Nordby et al. 2007, Wilson et al. 1995, Yelverton and 

Coble 1991). There are however contradictory results demonstrating that increased seeding rate 

does little to improve weed management, specifically herbicide resistant weed management, as 

the timing of canopy closure in relation to weed emergence affects the level of success of this 

technique (DeWerff et al.2014). The results of this study showed that by increasing seeding rate, 

intra-specific plant competition increased, and did little to improve IWM overall. In order for 

increased seeding rate to be a realistic and cost effective alternative weed management tool, the 

increase in yield must be great enough to match the cost of additional seed.  

Crop density has a profound effect on weed population germination and establishment 

(Harker et al. 2003, Wilson et al. 1995, Yelverton, Coble 1991). The benefits associated with 

increased crop-weed competition as a result of increased seeding rate must be realized in 

increased yield and or long term weed management to justify the increased cost of production 

due to fertilizer use, increased seed costs, and increased herbicide if herbicide resistant weeds are 

present (DeWerff et al.2014, Harder et al. 2007, Harker et al. 2003, Légère 1989, Nordby et al. 

2007, Wilson et al. 1995, Yelverton and Coble 1991). There are also concerns that the increased 

seeding rate introduces intra-specific plant competition which in addition to the crop-weed 

competition, may be contributing to reduced yields. The decision to adopt an increased seeding 

rate should depend on the variety selected for planting, the size of the seed, the conditions of the 

land (i.e. soil moisture, soil type etc.), and the level of weed infestation (Walker and Buchanan 



18 
 

1982). Despite potential short comings, increased seeding rate is an approach that should be 

examined as a potentially beneficial weed control method. 

Adding nitrogen prior to planting soybeans can accelerate canopy development and 

competitiveness. The use of pre-plant nitrogen fertilizer as a management practice for soybean 

production has been attempted in a variety of different production systems as a component of 

IWM with varying degrees of success. The addition of pre-plant nitrogen fertilizer has been 

found, in some cases, to help the crop achieve optimal canopy development, photosynthetic 

capacity, and improved yield by increasing the amount of available nitrogen in the soil (Owen et 

al. 2015, Salvagiotti et al. 2008, Walker and Buchanan 1982). Concerns have been raised on the 

negative impacts of early season nitrogen application on soybean nodule formation, as well as 

the effects on existing weed populations (Owen et al. 2015, Salvagiotti et al. 2008, Walker and 

Buchanan 1982). The addition of nitrogen benefitting the crop by helping close the canopy 

should be investigated as a component of IWM. 

Soybean cultivars with different branching patterns such that they are bushier are more 

competitive as they can establish a denser crop canopy. Enhancing the competitive ability of 

crops through crop breeding may be an additional effective method of weed management. 

Currently there is minimal work on developing soybean varieties with improved ability to 

compete with or tolerate weeds, and breeding propagation occurs under weed-free conditions 

(Nordby et al. 2007, Owens et al. 2015, Staniforth 1962, Walker and Buchanan 1982). Multiple 

studies have found a difference in competitive ability between early and late maturing soybean 

cultivars, with the late maturity cultivars being better competitors with weeds, as they were able 

to withstand early season weed pressure better than the early maturity cultivars (Hinson and 

Hanson 1962, Monks and Oliver 1988, Nordby et al. 2007, Rose et al. 1984). Alternatively, 
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Staniforth (1962) found no differences in competitive ability between four soybean varieties 

under varying levels of soil fertility, planting density, and weed infestation. The sooner the crop 

canopy can close and remain closed in relation to the growth of competing weeds, the more light 

is available to the crop, and therefore less light is available to the weeds below the canopy 

(Hinson and Hanson 1962, Nordby et al. 2007). If effects of the bushier branching pattern of the 

cultivar are known, it should be helpful in reducing herbicide resistant weed persistence.  

The actual contribution of these factors and their interactions need to be tested for their 

effect on soybean yield and annual weed emergence. We hypothesize that manipulating soybean 

cultural practices will affect the crop’s competitiveness against weeds. Therefore, the following 

prediction can be made: An increased seeding rate, pre-plant fertilizer treatment, and the planting 

of a bushy soybean cultivar will increase crop competitiveness and therefore alter weed 

emergence, reduce weed biomass and increase soybean yield.  

 

2.2 Materials and Methods 

Field experiments were conducted in 2014 and 2015 at the Elora and Woodstock Research 

Stations, Ontario, Canada (Table 1). Pre-plant nitrogen treatment, seeding rate, cultivar selection, 

and weed pressure were evaluated individually and in combination to determine the optimal 

combination to improve the timing of canopy closure and crop competitiveness to reduce weed 

pressure in soybeans. The experiments were organized as a factorial experiment including two 

soybean planting densities, normal at 400,000 and increased at 568,000 seeds ha-1, two pre-plant 

N fertilizer levels 0 and 50 kg ha-1; and two soybean cultivars differing in branching pattern: 

bushy (Dekalb 27-60RY) and slender (Dekalb 27-10RY in 2014 and Dekalb 27-12RY in 2015) 

at two levels of weed infestation, moderate and high (Monsanto Canada Inc., 900-1 Research 
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road, Winnipeg, Manitoba, Canada, R3T 6E3; Dekalb Canada http://www.dekalb.ca/find-a-

rep?type=1). At both sites the seedbeds were prepared using conventional tillage practices using 

a Brillion soil builder cultipacker (Landoll Corporation, 1900 North street, Marysville, Kansas, 

USA 66508; Dealer: Premier Equipment Ltd., 3184 Alps road, Ayr, Ontario, Canada, N0B 1E0). 

Nitrogen fertilizer (34-0-0) was applied at 50 kg ha-1 using a 10 foot gandy drop spreader with 

tow hitch (Gandy Canada dealer: Eastern Farm Machinery, 10 Nicholas Beaver road, RR3, 

Guelph, Ontario, Canada, N1H 6H9); the plots that received the pre-plant nitrogen treatment 

were then cultivated again using the vertical tillage system to incorporate the nitrogen into the 

soil. Soybeans were planted in rows spaced 38 cm using an 8-row Kinze 3000 planter (Kinze 

Manufacturing, 2172 M avenue, Williamsburg, Iowa, 52361,Kinze.dealer:Dey’s Equipement 

Center Inc., 185022 Cornell road, Tillsonburg, Ontario, Canada). Soybean emergence counts for 

each location in 2015 are included in Table 1. Cultivar characteristics are summarized in Table 

A1. 

 Weed infestation level in the moderate weed density treatment was attained by treating 

pre-plant with imazethapyr (73.8 g ai ha-1) and saflufenacil (26.2 g ai ha-1). Dates of seeding, 

herbicide application, weed harvest, and grain harvest are listed in Table 2. Daily rainfall (mm) 

data was collected for each location from the day of planting until the harvest date in 2014 and 

2015 (Tables A2 and A3). 

 Plots were 7 meters length by 3 meters width and were organized in a randomized 

complete block design with 16 treatments and 4 replications. Dates of planting, herbicide 

application, and harvests are listed in Table 2. A 1 meter sampling areas was randomly placed in 

each plot for weed emergence recording. Sampling areas were assessed biweekly for weed 

seedling emergence; weeds were classified as either grasses or broadleaf weeds. In 2014 incident 



21 
 

and transmitted light was measured in each plot, with a quantum light sensor (Licor 1400 191sb) 

and a line quantum light sensor (Licor Li-191R) (LI-COR, 4647 Superior Street, P.O. Box 4425, 

Lincoln, Nebraska USA, 68504-0425) connected to a data logger (Psion Workabout MX 

Standard) (Psionet Pty Ltd., P.O. Box 36233, Glosderry, 7702, Cape Town, South Africa). In 

2015, incident and transmitted light was measured with a line quantum light sensor (SunScan 

SS1) (Delta-T Devices Ltd., 130 Low Road, Burwell, Cambridge, CB25 0EJ, United Kingdom). 

Quantitative light measurements for incident and transmitted light (µmol m-2 second-1) were 

measured perpendicular to the row orientation from crop emergence to canopy closure. Two 

incident and two transmitted light measurements were taken in each plot perpendicular to the 

row orientation, from approximately 1 meter from the front of the plot and 1 meter from the back 

of the plot from crop emergence until canopy closure was achieved. Dates of light measurements 

are included in table A4. Weed biomass samples were taken prior to harvest, 72 days after 

planting, from two 0.5 m2 sampling areas in each plot. Weeds were cut at soil level and placed in 

paper bags. Samples were dried at 80°C for 5 days prior to biomass measurement. Biomass and 

plant number were recorded for each quadrat. Soybean yields are based on yield data for the 

inner rows of each plot. 

  
2.3 Statistical Analysis 

2.3.1 Weed Biomass  

Weed biomass was analyzed using the PROC GLIMMIX procedure in SAS version 9.3 (SAS 

Institute Inc., 100 SAS Campus Drive Cary, NC 27513-2414, USA). Preliminary statistical 

analysis showed no significant difference between locations but significant difference between 

years, therefore data was analyzed with years separate and locations combined (Table 3). A 

normal distribution and identity link function were used. The effects of location, block within 
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location, and location by each study factor were considered to be random while nitrogen, seeding 

rate, cultivar, and weed pressure were considered to be fixed. Error assumptions of the variance 

analysis including a random, homogeneous and normal distribution of error were confirmed. The 

generalized chi-square value normalized by the number of degrees of freedom and log likelihood 

value were used to confirm the benefit of using this model. Significant differences between 

treatments were compared using a Fisher’s Projected LSD Test (P ≤ 0.05). 

 

2.3.2 Quantitative Light Measurements 

Quantitative incident and transmitted light measurements were analyzed using the PROC 

GLIMMIX procedure in SAS version 9.3. Analyses were done with sites and years separate 

(Table 4). A beta distribution and logit link function were used. The effects of block and sample 

date were considered to be random while nitrogen, seeding rate and weed pressure were 

considered to be fixed. The cultivar factor was removed from the analyses as the variance for this 

factor was found to be 0; for convergence criteria to be met cultivar factor effects were removed. 

The Kenward-Roger bias correction for statistics and denominator degrees of freedom was used. 

The ilink option was used to convert the estimates to the data scale. The generalized chi-square 

value normalized by the number of degrees of freedom and log likelihood value were used to 

confirm the benefit of using this model. Significant differences between treatments were 

compared using a Fisher’s Projected LSD Test (P ≤ 0.05). 

 

2.3.3 Soybean Yield 

Soybean yield was analyzed using the PROC GLIMMIX procedure in SAS version 9.3. A 

lognormal distribution and identity link function were used. Analyses were conducted with data 
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separated by location (Table 5). Preliminary statistical analysis showed a significant difference 

between years at the Elora location; therefore data was analyzed separately by year (Table 5). 

Soybean yield data for Woodstock showed no significant differences between years therefore the 

data was analyzed with years combined (Table 5).The block effect was considered to be random, 

while nitrogen, seeding rate, cultivar, and weed pressure were considered to be fixed. Error 

assumptions of the variance analysis including a random, homogeneous and normal distribution 

of error were confirmed. The generalized chi-square value normalized by the number of degrees 

of freedom and log likelihood value were used to confirm the benefit of using this model. 

Treatment effects were considered significant at P ≤ 0.05 level of confidence. 
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2.4 Results and Discussion 

2.4.1 Weed Emergence 

Weeds emerged for 11 weeks from planting, regardless of treatments, until soybean 

canopy closed. At this time, no further emergence was observed (data not shown). The same 

emergence patterns were observed at Woodstock and Elora each year; weed emergence was 

recorded by species. 

 
2.4.2 Weed biomass 

Statistical analysis of weed biomass was performed with sites combined for both 2014 

and 2015. Regardless of the year, weed pressure levels had the strongest effect on weed biomass 

(Table 3). Weed biomass, in the moderate weed pressure environment, was less than in the high 

weed pressure environment by 33.8% in 2014 and 45.6% in 2015. This shows that the 

manipulation of the weed pressure environment through the use of pre-plant herbicides was 

successful. Despite the large differences in weed pressure, however, there was no difference in 

the way different cultural methods affected weed biomass. As a result, each cultural control 

method was averaged between moderate and high weed pressure environments. Cultural 

management factors had varying effects depending on years. Pre-plant N had a significant effect 

on weed biomass in 2015 but not in 2014. There were no differences between increased seeding 

rate and standard seeding rate in 2015 than in 2014 (Table 3). Planting cultivars with different 

growth habits had no effect on weed biomass in both 2014 and 2015 as similar levels of weed 

suppression were observed among cultivars.  
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2.4.3 Quantitative Light Measurements 

Pre-plant nitrogen treatment had no significant effect on canopy closure at Elora in both 

2014 and 2015 as well as Woodstock in 2015 (Table 4). Pre-plant nitrogen treatment at 

Woodstock in 2014 was the only factor that had a significant effect on canopy closure (Table 4). 

Seeding rate and weed pressure environment factors had no significant effect on canopy closure 

at Elora and Woodstock in both 2014 and 2015 (Table 4).  This shows neither pre-plant nitrogen, 

seeding rate, nor weed pressure consistently increased the rate or timing of canopy closure. 

 
2.4.4 Soybean Yield 

Statistical analysis of crop yield data was performed with years separate for Elora and 

years combined for Woodstock based on preliminary statistical analysis. The effects of cultural 

practices on soybean yield varied by year and location (Table 5). The pre-plant N treatment had a 

significant effect on yield in 2014 but not in 2015 which is opposite what was observed with 

weed biomass (Table 5). Increased seeding rate had a significant effect on yields in each year, 

but cultivar type was impactful only in 2014 (Table 5).  

 At Elora in 2014, cultivar selection alone, the weed pressure environments alone, and the 

weed pressure environment in combination with pre-plant nitrogen, and in combination with 

cultivar selection provided insightful results (Table 5). The moderate weed pressure 

environments had higher yields, on average, compared to the high weed pressure environments 

(Table 5). Soybean yields under moderate weed pressure environments, were significantly higher 

than in high weed pressure environments in 2014 regardless of pre-plant N or soybean cultivar 

selection (Table 5). At Elora in 2015, soybean seeding rate had a significant effect on soybean 

yield with the increased seeding rate having higher yields, on average, than the standard seeding 

rate treatments (Table 5). The addition of pre-plant nitrogen with the increased seeding rate was 
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found to significantly increase soybean yield compared to when nitrogen was added in the 

standard seeding rate environments (Table 5).  

 When no pre-plant nitrogen was applied at Woodstock in 2014 and 2015, soybean yield 

was significantly higher than when pre-plant nitrogen was applied (Table 5). When pre-plant 

nitrogen was combined with the high weed pressure environment, soybean yield was reduced 

compared to when no pre-plant nitrogen was applied (Table 5). 



27 
 

3.0 General Discussion and Conclusions 

The goal of this study was to determine whether the use of some cultural practices in soybeans 

could provide a level of weed control such that reliance on herbicides would be reduced. This in 

turn would result in less selection pressure for herbicide resistance and therefore help preserve 

these tools for the future. With the exception of nitrogen treatment, none of the practices were 

able to reduce weed populations. In fact, the addition of nitrogen in the presence of weeds had 

the opposite effect by increasing weed biomass by about 50% in 2015 (Table 3). The effect of 

adding nitrogen on yield depended on other factors as there were significant interactions (Table 

3). For example, at Elora in 2015 when nitrogen was added to the standard seeding rate, soybean 

yield was reduced by 33.6% (Table 5). However, this relation did not hold true at Elora in 2014 

or Woodstock in both 2014 and 2015 (Table 5). The effect of increasing nitrogen rate on soybean 

yield also depends on the level of weed pressure. At Elora in 2014, the nitrogen level by weed 

pressure interaction was significant as under the moderate weed pressure environment, yield 

responded positively to nitrogen while under the high weed pressure environment it responded 

negatively (Table 5). At Woodstock in both 2014 and 2015, adding nitrogen under the high weed 

pressure environment also reduced yield, but not under the moderate weed pressure environment 

(Table 5). 

 The results of this study show that of the cultural control practices implemented, the pre-

plant nitrogen treatment was the only factor that provided weed control. Consistent with our 

findings in the literature, the applied cultural controls provided variable levels of weed control 

dependent on the field location and the growing season. Pre-plant nitrogen treatment, although 

not common practice in a conventional Ontario soybean production system, reduced weed 

biomass and contributed to improved soybean yields. One of the concerns with the pre-plant 
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nitrogen treatment in soybean production is the potential for reduced soybean nodule formation, 

which may reduce soybean yield due to reduced nitrogen fixation in the long term (Owen et al. 

2015, Salvagiotti et al. 2008, Walker and Buchanan 1982). In this study, increased seeding rate 

reduced weed biomass as well as increased soybean yield in the 2015 growing season. The 

concerns around recommending increased seeding rate as a means of cultural weed control in 

soybeans surround the fact that increased plant number per m2 increases the amount of 

competition the crop plant is experiencing (Walker and Buchanan 1982). This increased intra-

specific plant competition may result in the plant producing fewer pods, fewer beans per pod, 

and an increased risk of white mould as a result of overcrowding, therefore increased seeding 

rates may not necessarily equate to increased yields. Seeding rate and cultivar selection are also 

dependent on the field nutrient availability, water drainage, and the growing conditions over the 

season. In high yielding fields, well drained fields with ample available nutrients, increased 

seeding rate along with proper cultivar selection may be more likely to result in increased yield 

as the conditions for optimal growth have been met (DeWerff et al. 2014, Harder et al. 2007, 

Harker et al. 2003, Légère 1989). Cultivar selection varies greatly by geographical location, 

growing season, and field soil quality. Selecting the appropriate cultivar by location based on 

growing degree days, soil type and texture as well as the intended purpose of the crop will all 

dictate which cultivar is appropriate for optimal production.  

Enhancing the competitive ability of crops through crop breeding may be an additional 

effective method of weed management. In the past, the process of crop breeding has favoured 

soybean cultivars have with strong suppressive and tolerance traits to diseases, insect pests, and 

drought (Andrew et al. 2015, Blackshaw et al. 2008, Rose et al. 1984). The selected suppressive 

traits enhance the crop plant’s ability to reduce the fitness of competitive species while the 
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selected tolerance traits enhance the plant’s capacity to reduce impacts of competition from 

neighboring plants (Andrew et al. 2015). Competitive traits often selected for through breeding 

include early season vigor, canopy architecture (i.e. branching), early canopy development, and 

increased plant height relative to competing plants (Andrew et al. 2015, Blackshaw et al. 2008). 

Currently there is minimal work on developing soybean varieties with improved ability to 

compete with or tolerate weeds, and breeding propagation occurs under weed-free conditions 

(Nordby et al. 2007, Owens et al. 2015, Staniforth 1962, Walker and Buchanan 1982). There was 

no visible difference in soybean growth habit between the bushy and the slender soybean 

cultivars in 2014 and 2015 at both locations. The moderate weed pressure environments, which 

were achieved through field rate herbicide treatment, provided significant effects in reducing 

weed biomass as well as preserving yield. As with any weed control practice, the value of the 

applied treatment is truly beneficial if the cost of the implement is returned, and potential profit 

made, from its use.  

 What does this mean for cultural practices as a means to reduce herbicide resistance 

selection pressure? Our study found that for reducing above ground weed biomass, only pre-

plant nitrogen treatment provided some help, with significant reduction in biomass in 2015 while 

no difference found in 2014. Although inconsistent in this study, the addition of pre-plant 

nitrogen may prove beneficial in fields with low soil nitrogen levels, fields with poor crop 

rotations in the recent field history, and in high producing regions where nitrogen demand may 

be higher (Owen et al. 2015, Salvagiotti et al. 2008, Walker and Buchanan 1982). Finding an 

optimal combination of cultural practices to provide preventative weed control in place of 

chemical controls would greatly reduce the selection pressure leading to herbicide resistance 

development in weeds. By reducing the selection pressure placed on the weeds by chemical 
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controls, new cases of herbicide resistance would decrease, and crop production would be more 

sustainable in terms of number of weed control practices available. The result would be custom 

cultural practices that support crop growth and development, while reducing the competitive 

impact of weeds with minimal chemical inputs into the system. 

 

3.1 Study Limitations 

In this study pre-plant nitrogen was applied broadcast at a rate of 50kg ha-1. Previous studies 

have suggested that the pre-plant nitrogen treatment in Ontario produced soybeans may result in 

reduced nodule formation, potentially resulting in reduced yield. As the soybean roots were not 

analyzed for differences in nodule formation between nitrogen and non-nitrogen treatments, no 

definitive conclusions can be made in regards to the impact of pre-plant nitrogen on nodule 

development. As well, previous studies have also indicated that if pre-plant nitrogen is being 

applied, that it be banded so that the crop benefits from the nutrient boost while reducing the 

amount of nutrients lost to the present weed population. If this study were repeated, it may be 

more appropriate to apply the pre-plant nitrogen as a banded application; thus reducing the loss 

of the nutrient to the weeds and reducing the cost of application. 

 In order to quantify the amount of canopy closure as affected by the designated 

treatments, incident and transmitted light measurements were taken for each treatment plot. 

Unfortunately, there is no way to differentiate the shading from the crop canopy and the weed 

canopy. As a result the quantum light data does not compliment the weed biomass data, nor the 

weed data as the transmittance recorded may be from the crop canopy only or the weed canopy. 

In the future other canopy measurements such as leaf area index be taken to better evaluate the 

degree of canopy development over the growing season. As well, comparison of quantum light 
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measurement of treated plots could be compared to a true weed free treatment as reference for 

crop canopy closure. 

 

3.2 Future Research 

Further efforts should be made in the area of crop breeding to produce cultivars with competitive 

traits to provide the crop with the competitive advantage early on in the season against non-crop 

plants, namely weeds. The majority of breeding efforts to date take place under weed free 

conditions which is unrealistic compared to the field situations producers face annually. By 

developing these novel cultivars with competitive traits, the crop will already possess the tools to 

reduce the impact on growth from weeds, and therefore less dependence on other inputs such as 

herbicides for control. 

 Further research into the impact of row orientation on crop canopy development and 

weed emergence may potentially highlight another factor to be considered in current cropping 

systems to provide a competitive advantage to the crop. There may be a significant impact on 

row orientation in relation to crop canopy development which can improve the photosynthetic 

capacity of the plants while also smothering out the weeds below the canopy. 
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Table 1. Soil characteristics for each trial location. 
 

Location Soil Type pH Silt Sand Clay 
Organic 
Matter 

   %   
Elora Tavistock silt loam 7.4 31 50 19 4.2 

Woodstock Guelph loam 7.7 40 43 17 4.8 
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Table 2. Dates of soybean seeding, weed biomass harvest, pre-harvest burndown, and soybean 
harvest at each trial location for 2014 and 2015. 
 

Location Year 
Planting 

Date 
Herbicide 

Application 
Weed Harvest 

Pre-Harvest 
Burndown 

Soybean 
Harvest 

Elora 2014 May 31 May 31 August 12, 15 September 29 
October 

24 

 2015 May 20 May 24 July 31 September 25 
October 

19 

Woodstock 2014 May 30 May 30 August 6, 7 September 29 
October 

29 

 2015 May 19 May 22 July 30 September 25 
October 

22 
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Table 3. Effects of pre-plant nitrogen treatment soybean seeding rate, cultivar selection, and 
weed pressure on weed biomass (g) at Elora and Woodstock, averaged over treatments y. 
 

Factor Level 2014  2015  
High Weed Pressure (HWP) 300.59 

* 
101.49 

* 
Moderate Weed Pressure (MWP) 198.97 55.12 

0 g pre-plant N (N) 238.06 
NS 

64.82 
* 

50 g pre-plant N (N) 261.50 91.79 
High seeding rate (HSR) 239.21 

NS 
70.74 

NS 
Standard seeding rate (SSR) 260.35 85.87 

Bushy (B) 261.53 
NS 

76.55 
NS 

Slender (S) 238.02 80.06 
y factor levels were analyzed separately  
* indicates significance within a factor using Fisher's LSD test at 5% level of confidence 
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Figure 1: Effect of pre-plant nitrogen treatment on timing of canopy closure at Elora and 
Woodstock in 2014 and 2015y. 
y Light transmittance measured for crop canopy and weeds combined. 
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Figure 2: Effect of soybean seeding rate on timing of canopy closure at Elora and Woodstock in 
2014 and 2015y. 
y Light transmittance measured for crop canopy and weeds combined. 
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Figure 3: Effect of soybean cultivar selection on timing of canopy closure at Elora and 
Woodstock in 2014 and 2015. 
y Light transmittance measured for crop canopy and weeds combined. 
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Figure 4: Effect of weed pressure environment on timing of canopy closure at Elora and 
Woodstock in 2014 and 2015. 
y Light transmittance measured for crop canopy and weeds combined. 
 



39 
 

Table 4. Effects of pre-plant nitrogen treatment soybean seeding rate, cultivar selection, and weed pressure on quantitative light 
measurements (µmol m-2 sec-1) at Elora and Woodstock in 2014 and 2015, averaged over treatments y. 
 

Factor Level 
Elora Woodstock 

2014 2015 2014 2015 
High Weed 

Pressure 
(HWP) 

0.44 

NS 

0.85 

NS 

0.20 

* 

0.65 

NS Moderate 
Weed 

Pressure 
(MWP) 

0.48 0.87 0.46 0.77 

0 g pre-plant 
N (N) 

0.49 
NS 

0.87 
NS 

0.33 
NS 

0.74 
NS 

50 g pre-
plant N (N) 

0.43 0.85 0.30 0.69 

High seeding 
rate (HSR) 

0.49 

NS 

0.86 

NS 

0.31 

NS 

0.70 

NS Standard 
seeding rate 

(SSR) 
0.43 0.86 0.322 0.72 

Measurement 
1 (Julian Day 

170, 2014) 
0.98 a - - 0.97 a - - 

Measurement 
2 (Julian Day 

178, 2014) 
0.76 a - - 0.47 b - - 

Measurement 
3 (Julian Day 

187, 2014) 
0.30 a - - 0.31 c - - 

Measurement 
4 (Julian Day 

192, 2014) 
0.13 a - - 0.10 d - - 
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Measurement 
5 (Julian Day 

203, 2014) 
0.03 a - - 0.01 e - - 

Measurement 
1 (Julian Day 

148, 2015) 
- - 0.99 abcde - - 0.99 abcd 

Measurement 
2 (Julian Day 

154, 2015) 
- - 0.99 abcde - - 0.99 abcd 

Measurement 
3 (Julian Day 

161, 2015) 
- - 0.97 a - - 0.91 a 

Measurement 
4 (Julian Day 

177, 2015) 
- - 0.72 b - - 0.50 b 

Measurement 
5 (Julian Day 

184, 2015) 
- - 0.54 bc - - 0.24 c 

Measurement 
6 (Julian Day 

192, 2015) 
- - 0.36 cd - - 0.08 d 

Measurement 
7 (Julian Day 

197, 2015) 
- - 0.18 de - - 0.08 d 

Measurement 
8 (Julian Day 

208, 2015) 
- - 0.10 e - - 0.03 d 

Measurement 
9 (Julian Day 

210, 2015) 
- - 0.08 e - - 0.03 d 

y factor levels were analyzed separately ;  
* indicates significance within a factor using Fisher's LSD test at 5% level of confidence 
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Table 5. Effect of pre-plant nitrogen treatment, seeding rate, cultivar, and weed pressure on soybean yield (MT ha-1) y at Elora and 
Woodstock in 2014 and 2015z. 
 

Factor Level Elora 2014 (MT ha-1)  Elora 2015 (MT ha-1)  
Woodstock 2014/ 2015 

(MT ha-1) 
 

High Weed Pressure (HWP) 3.1 
* 

0.5892 
NS 

4.6493 
NS 

Moderate Weed Pressure (MWP) 1.6 0.7439 4.5722 
0 g pre-plant N (N) 2.5 

NS 
0.5964 

NS 
5.2832 

* 
50 g pre-plant N (N) 2.0 0.7349 4.0236 

High seeding rate (HSR) 2.4 
NS 

0.8861 
* 

4.5182 
NS 

Standard seeding rate (SSR) 2.1 0.4946 4.7048 
Bushy (B) 2.0 

* 
0.5453 

NS 
4.3778 

NS 
Slender (S) 2.6 0.8038 4.8557 
0 g N*HWP 2.2 a - - - - 

50 g N*HWP 1.2 b - - - - 
0 g N*MWP 2.9 a - - - - 
50 g N*MWP 3.4 a - - - - 

B*HWP 1.5 c - - - - 
S*HWP 1.8 bc - - - - 
B*MWP 2.6 ab - - - - 
S*MWP 3.8 a - - - - 

0 g N*HSR - - 0.5976 ab - - 
50 g N*HSR - - 1.3139 a - - 
0 g N*SSR - - 0.5953 ab - - 
50 g N*SSR - - 0.4110 b - - 
0 g N*HWP - - - - 6.0572 a 

50 g N*HWP - - - - 3.5686 b 
0 g N*MWP - - - - 4.6080 ab 
50 g N*MWP - - - - 4.5366 ab 

y yield is based on the inside four soybean rows for each plot at each location. * indicates significance within a factor using Fisher's 
LSD test at 5% level of significance. 
z factor levels were analyzed separately 
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5.0 Appendix 

 
Table A1. Characteristics of the soybean cultivars used in 2014, and 2015. 
 

Characteristic 2710-RY/27-12-RY 2760-RY 
Value Added Trait GENRR2Y GENRR2Y 
Crop Heat Units 2700 2775 

Relative Maturity 0.6 0.9 
Plant Height Tall Tall 

Average Seed Size Large Medium 
Average Seed per KG 5500 5800 

Soil Type All Clay Loam, Clay 
Row Width 18-76 cm 18-76 cm 
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Table A2. Total monthly rainfall (mm) for Elora and Woodstock in 2014. 
 

Location Month Total Rainfall (mm) 
Elora, ON May 109.3 

 June 80.1 
 July 129.7 
 August 40.3 
 September 51.8 

Woodstock, ON May 71 
 June 77.5 
 July 154 
 August 63 
 September 171 
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Table A3. Total monthly rainfall (mm) for Elora and Woodstock in 2015. 
 

Location Month Total Rainfall (mm) 
Elora, ON May 39.5 

 June 205.5 
 July 80 
 August 74 
 September 12 

Woodstock, ON May 55 
 June 143.8 
 July 31 
 August 39.2 
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Table A4. Date and location of light measurements for 2014 and 2015. 
 

Year Location Julian Dates 
2014 ERS/ WRS 170, 178, 187, 192, 203 

2015 ERS/WRS 
148, 154, 161, 177, 184, 192, 

197, 208, 210 
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Table A5. Average soybean emergence counts for both locations by seeding rate 2015. 
 

Location Cultivar 
Seeding Rate 
(seeds ha-1) 

Emergence Counts (plants m-1) 

Elora 27-10-RY/27-12-RY 400,000 12.375 
  568,000 15.94 
 27-60-RY 400,000 13.94 
  568,000 18.25 

Woodstock 27-10-RY/27-12-RY 400,000 6.44 
  568,000 12.25 
 27-60-RY 400,000 8 
  568,000 14.25 

 



54 
 

Table A6. Analysis of variance table for above ground weed biomass (g) samples for Elora and 
Woodstock in 2014; samples were taken from two 0.5m2 sampling areas in each plot. 
 

Covariance Parameters Estimate Standard Error Chi Square 
Pr > Chi 
Square 

Location 7172.26 10442 8.19 0.0042 
Block(Location) -28.9248 596.89 0.17 0.6775 

Location*N*Seeding 
Rate*Cultivar*Weed 

Pressure 
-633.33 1410.58 0.17 0.6775 

Residual 16450 2452.19   
Effects Num DF Den DF F Value Pr > F 

Weed Pressure (WP) 1 15 23.75 0.0002 
N*SR*WP 1 15 3.53 0.6159 
N*Cv*WP 1 15 2.82 0.0799 

SR*Cv 1 15 2.37 0.1443 
SR*WP 1 15 1.56 0.2307 

Cultivar (Cv) 1 15 1.27 0.2773 
Nitrogen (N) 1 15 1.26 0.2786 

N*Cv 1 15 1.15 0.3009 
Seeding Rate (SR) 1 15 1.03 0.3270 

N*SR 1 15 0.99 0.3355 
N*SR*Cv*WP 1 15 0.29 0.5960 

N*SR*Cv 1 15 0.26 0.1135 
Cv*WP 1 15 0.15 0.7039 
N*WP 1 15 0.02 0.8851 

SR*Cv*WP 1 15 0.02 0.8863 
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Table A7. Analysis of variance table for above ground weed biomass (g) samples for Elora and 
Woodstock in 2015; samples were taken from two 0.5m2 sampling areas in each plot. 
 

Covariance Parameters Estimate Standard Error Chi Square  
Pr > Chi 
Square 

Location 26.3365 67.8957 0.78 0.3774 
Block(Location) -38.1022 35.5251 0.65 0.4216 

Location*N*Seeding 
Rate*Cultivar*Weed 

Pressure 
102.89 184.86 1.14 0.2850 

Residual 1510.20 226.27   
Effects Num DF Den DF F Value Pr > F 

Weed Pressure (WP) 1 15 35.55 <0.0001 
Nitrogen (N) 1 15 12.03 0.0034 

Seeding Rate (SR) 1 15 3.78 0.0708 
SR*WP 1 15 2.77 0.1165 

N*SR*WP 1 15 2.59 0.1283 
SR*Cv*WP 1 15 1.67 0.2158 

N*SR*Cv*WP 1 15 1.05 0.3228 
N*SR*Cv 1 15 0.24 0.6283 

Cultivar (Cv) 1 15 0.20 0.6583 
Cv*WP 1 15 0.15 0.7071 
N*Cv 1 15 0.10 0.7604 
N*SR 1 15 0.05 0.8338 
N*WP 1 15 0.04 0.8502 
SR*Cv 1 15 0.02 0.8926 

N*Cv*WP 1 15 0.01 0.9280 
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Table A8. Analysis of variance table for quantitative light measurements (µmol m-2 sec-1) at 
Elora in 2014, averaged over treatments. 
 

Covariance 
Parameters 

Estimate Standard Error Chi2 Pr> Chi2 

Block 0.006    
CS 0.26    

Variance 0.30    
SP(POW) 0.00    

Scale 1.00    
Effects Num DF Den DF F value Pr>F 

Nitrogen (N) 1 1 0.37 0.65 
Seeding Rate 

(SR) 
1 1 0.41 0.63 

N*SR 1 1 0.01 0.94 
Herbicide (H) 1 1 0.15 0.76 

N*H 1 1 0.04 0.86 
SR*H 1 1 0.14 0.76 

N*SR*H 1 1 0.07 0.83 
Measurement 

(Meas) 
4 1 40.08 0.11 

N*Meas 4 1 0.08 0.97 
SR*Meas 4 1 0.05 0.98 

N*SR*Meas 4 1 0.01 0.99 
H*Meas 4 1 0.10 0.96 

N*H*Meas 4 1 0.03 0.99 
SR*H*Meas 4 1 0.07 0.98 

N*SR*H*Meas 4 1 0.19 0.91 
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Table A9. Analysis of variance table for quantitative light measurements (µmol m-2 sec-1) at 
Woodstock in 2014, averaged over treatments. 
 

Covariance 
Parameters 

Estimate Standard Error Chi2 Pr> Chi2 

Block 0.002 0.06   
CS 0.09 0.26   

Variance 0.26 0.06   
SP(POW) 0.9 0.003   

Scale 1.00 0.02   
Effects Num DF Den DF F value Pr>F 

Nitrogen (N) 1 13.77 0.16 0.69 
Seeding Rate 

(SR) 
1 13.77 0.04 0.83 

N*SR 1 13.77 0.19 0.66 
Herbicide (H) 1 13.77 18.47 0.0008 

N*H 1 13.77 0.06 0.81 
SR*H 1 13.77 0.00 0.97 

N*SR*H 1 13.77 0.00 0.97 
Measurement 

(Meas) 
4 45.02 82.54 <0.0001 

N*Meas 4 45.08 0.12 0.97 
SR*Meas 4 45.08 0.10 0.98 

N*SR*Meas 4 45.08 0.16 0.95 
H*Meas 4 45.07 0.82 0.51 

N*H*Meas 4 45.07 0.19 0.94 
SR*H*Meas 4 45.07 0.24 0.91 

N*SR*H*Meas 4 45.07 0.62 0.65 
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Table A10. Analysis of variance table for quantitative light measurements (µmol m-2 sec-1) at 
Elora in 2015, averaged over treatments. 
 

Covariance 
Parameters 

Estimate Standard Error Chi2 Pr> Chi2 

Block 0.04 0.10   
CS 0.26    

Variance 1.00    
SP(POW) 0.00    

Scale 1.00    
Effects Num DF Den DF F value Pr>F 

Nitrogen (N) 1 497 0.00 0.95 
Seeding Rate 

(SR) 
1 497 0.00 0.99 

N*SR 1 497 0.00 0.96 
Herbicide (H) 1 497 0.00 0.96 

N*H 1 497 0.00 0.99 
SR*H 1 497 0.00 0.95 

N*SR*H 1 497 0.00 0.97 
Measurement 

(Meas) 
8 497 22.85 <0.0001 

N*Meas 8 497 0.07 0.99 
SR*Meas 8 497 0.05 1.00 

N*SR*Meas 8 497 0.07 0.99 
H*Meas 8 497 0.10 0.99 

N*H*Meas 8 497 0.08 0.99 
SR*H*Meas 8 497 0.11 0.99 

N*SR*H*Meas 8 497 0.03 1.00 
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Table A11. Analysis of variance table for quantitative light measurements (µmol m-2 sec-1) at 
Woodstock in 2015, averaged over treatments. 
 

Covariance 
Parameters 

Estimate Standard Error Chi2 Pr> Chi2 

Block 0.12 0.26   
CS 0.48 0.18   

SP(POW) 0.90 0.02   
Scale 1.00 0.13   

Effects Num DF Den DF F value Pr>F 
Nitrogen (N) 1 13.68 0.01 0.92 
Seeding Rate 

(SR) 
1 13.68 0.00 0.97 

N*SR 1 13.68 0.00 0.99 
Herbicide (H) 1 13.68 0.06 0.81 

N*H 1 13.68 0.00 0.99 
SR*H 1 13.68 0.00 0.95 

N*SR*H 1 13.68 0.00 0.99 
Measurement 

(Meas) 
8 6.35 41.88 <0.0001 

N*Meas 8 6.35 0.23 0.97 
SR*Meas 8 6.35 0.17 0.98 

N*SR*Meas 8 6.35 0.11 0.99 
H*Meas 8 6.35 1.07 0.47 

N*H*Meas 8 6.35 0.05 0.99 
SR*H*Meas 8 6.35 0.07 0.99 

N*SR*H*Meas 8 6.35 0.09 0.99 
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Table A12. Analysis of variance for soybean yield (MT ha-1)y for Elora in 2014. 
 

Covariance Parameters Estimate 
Standard 

Error 
Chi Square 

Pr > Chi 
Square 

Block -0.0432 0.3355 3.64 0.0565 
Residual 0.7873 0.1660   
Effects Num DF Den Df F value Pr > F 

Weed Pressure (WP) 1 45 46.23 <0.0001 
Cultivar (Cv) 1 45 6.69 0.0130 

N*WP 1 45 6.35 0.0154 
Cv*WP 1 45 3.83 0.0564 
N*SR 1 45 1.94 0.1708 

Seeding Rate (SR) 1 45 1.69 0.2006 
Nitrogen (N) 1 45 1.38 0.2462 

N*SR*Cv 1 45 1.33 0.2541 
SR*Cv 1 45 1.24 0.2716 
SR*WP 1 45 0.86 0.3574 

N*Cv*WP 1 45 0.40 0.5311 
SR*Cv*WP 1 45 0.12 0.7284 

N*Cv 1 45 0.11 0.7390 
N*SR*Cv*WP 1 45 0.07 0.7902 

N*SR*WP 1 45 0.05 0.8205 
yyield is based on the inside four soybean rows for each plot at each location. 
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Table A13. Analysis of variance for soybean yield (MT ha-1)y for Elora in 2015. 
 

Covariance Parameters Estimate 
Standard 

Error 
Chi Square 

Pr > Chi 
Square 

Block 0.7433 0.6658 16.53 <0.0001 
Residual 1.0996 0.2345   
Effects Num DF Den Df F value Pr > F 

Seeding Rate (SR) 1 44 4.84 0.0331 
N*SR 1 44 4.77 0.0343 
SR*Cv 1 44 3.32 0.0753 

Cultivar (Cv) 1 44 2.14 0.1502 
N*WP 1 44 1.64 0.2070 

N*SR*WP 1 44 1.29 0.2622 
Weed Pressure (WP) 1 44 0.77 0.3841 

Nitrogen (N) 1 44 0.62 0.4351 
SR*Cv*WP 1 44 0.59 0.4463 
N*SR*Cv 1 44 0.24 0.6238 

N*SR*Cv*WP 1 44 0.20 0.6544 
N*Cv 1 44 0.14 0.7106 

N*Cv*WP 1 44 0.12 0.7302 
Cv*WP 1 44 0.10 0.7592 
SR*WP 1 44 0.05 0.8202 

yyield is based on the inside four soybean rows for each plot at each location. 
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Table A14. Analysis of variance for soybean yield (MT ha-1)y for Woodstock in 2014 and 2015. 
 

Covariance Parameters Estimate 
Standard 

Error 
Chi Square 

Pr > Chi 
Square 

Block 0.0252 0.0670 0.14 0.7037 
Year 0.0290 0.0513 2.26 0.1325 

Residual 0.4659 0.0830   
Effects Num DF Den Df F value Pr > F 

Nitrogen (N) 1 63 4.60 0.0359 
N*WP 1 63 4.08 0.0475 
SR*WP 1 63 1.60 0.2111 

N*SR*WP 1 63 1.01 0.3176 
Cultivar (Cv) 1 63 0.67 0.4178 

N*SR*Cv*WP 1 63 0.50 0.4805 
Seeding Rate (SR) 1 63 0.10 0.7511 

SR*Cv*WP 1 63 0.04 0.8341 
N*Cv*WP 1 63 0.04 0.8494 

Weed Pressure (WP) 1 63 0.02 0.8957 
N*Cv 1 63 0.01 0.9073 

Cv*WP 1 63 0.01 0.9151 
SR*Cv 1 63 0.01 0.9190 

N*SR*Cv 1 63 0.00 0.9560 
N*SR 1 63 0.00 0.9677 

yyield is based on the inside four soybean rows for each plot at each location. 
 


