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Introduction 
 

The ripple effects of climate change on the growing season for farmers are creating 

unprecedented challenges on farmers dependant on the dominant system of agriculture as 

they are at risk of reduced and a lower quality yield. These challenges are experienced 

through unpredictable climatic conditions such as, inconsistent precipitation events and 

increased temperatures regionally, which cause rapid evapotranspiration on the crop level 

(Thevathasan & Gordon, 2004). It is critical that farmers have the tools to adapt to these 

changes and be able to support surrounding and global communities with food and other 

product (Isaac et al., 2018). The start of the industrial revolution in the late 1700s marked 

the dramatic change in concentrations of greenhouse gas (GHG) emissions in the 

atmosphere (United Nations Environment Programme, 2019). In the North American 

context, the arrival and settlement of European colonizers resulted in large scale land-use 

change  from forested to and to monoculture agricultural systems to meet population growth 

and increased demand for prime agricultural land (FAO, 2016). These systems of 

agriculture have cumulated high amounts of greenhouse gas (GHG) emissions, for 

example, 77% of NO2 emissions were produced from this sector in 2016 (Environment and 

Climate Change Canada, 2018). The United Nations Environmental Programme published a 

report in 2019, that compiled urgent findings of current GHG emissions and projections of 

future emissions causing an irreversible global temperature rise by 3.2 degrees Celsius by 

2100. The report discussed the increase of GHGs by 1.5% over the past 10 years and 

recommend the mitigation of future GHG emissions by 25% in the next 10 years to cap the 

global temperature rise at 2 degrees Celsius (United Nations Environment Programme, 

2019). Various international organizations such as the Intergovernmental Panel on Climate 
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Change are suggesting strategies to adapt to these changes and indirectly mitigate 

emissions to avoid irreversible changes to our ecosystems (IPCC, 2017). The greater goal 

of reducing GHG emissions through shifting dominant agriculture towards more sustainable 

outcomes and polyculture systems has been the suggested priority . The FAO (2016) 

highlights dominant agriculture as a sector of the Agriculture, Forestry and Other Land Use 

(AFOLU) industry, to be the principal factor behind deforestation which has devastating 

ripple effects on the surrounding ecosystem. Agroforestry systems (AFS) can effectively 

replace monoculture systems through effective design to provide food security, diversify 

income for landowners, and mitigate GHG emissions. AFS are defined as the deliberate 

integration of perennial shrubs and trees with annual agriculture crops. They are dynamic 

and adaptative systems that are practiced through various intensities of management but a 

common theme of purposeful growing of trees and crops in a range of combinations for 

multiple benefits from one land-use system (Gordon, Newman, & Coleman, 2018; 

Thevathasan, Coleman, Zabek, Ward, & Gordon, 2018). This land use system consists of a 

unique set of practices that have roots in Indigenous and peasant knowledge systems and 

can be implemented by government agencies, NGOs and landowners (large scale and 

smallholders) to replace dominant agriculture, provide adaptions to climate change, support 

and regulate regional ecosystems. 

Furthermore, AFS can create an intersection between food security and climate-

smart agriculture (CSA) (Garrity, Okono, Grayson, & Parrott, 2006; Kaczan, Arslan, & 

Lipper, 2013). Defined by intended outcomes rather than specific practices, CSA has the 

potential to sustainably increase the productivity of the agricultural system and income of 

the landowner, enhance climate change resiliency and indirectly mitigate GHG emissions 
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(FAO, 2013). Agroforestry in temperate systems fulfil the outcomes of CSA and can create 

long term solutions to challenges in dominant agriculture today. Over the decades, the 

implementation of AFS in Canada has transformed from, a poorly understood form of land-

based management with limited supporting literature to, an increasingly recognizable set of 

practices and outcomes supported by international organizations like the FAO  and CGIAR  

as an important pillar to food security and sustainable development (Isaac et al., 2018; 

Newman & Gordon, 2018; Thevathasan et al., 2012) The acknowledgement of AFS as an 

important climate adaption practice is helping to progress the opportunities for CSA (Zomer 

et al. 2009).  

Literature Review 
 

Tree-based Intercropping 
 

Tree-based intercropping (TBI) is classified by annual plants like corn or soybean 

being planted between rows of trees or perennial shrubs that would be managed spatially 

and temporally to minimize competition with the crops between the rows, known as 

intercrops. The rows of trees/ shrubs provide a wide range of benefits such as recycling 

nutrients, a way to diversify yield and income for the landowner and indirectly work as a 

climate change mitigation strategy (Leakey, 2017; Thevathasan & Gordon, 2004). The need 

for external nutrient input is thus minimized in a TBI system as soil fertility is regenerated at 

a more efficient rate. TBI has a unique potential in temperate systems as an alternative to 

the dominant form of monoculture as farmers can establish short and long term investments 

that diversify their economic gain from the land and also improve the environmental 

conditions of their cropland. TBI systems are more efficient at the uptake of nutrient 
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resources and this is explained by the ‘safety-net’ hypothesis, which describes this 

mechanism in integrated tree systems. Tree root systems typically reside much deeper than 

those of a crop, thus they can uptake nutrients without creating competition with the crop 

(Van Noordwijk and Lusiana 1999), resulting in reduced nutrient leaching as well as 

increased tree growth (Dougherty et al., 2009). 

 Furthermore, TBI systems are associated with beneficial tree-influenced 

microclimate modifications (Thevathasan and Gordon, 2004). These modifications change 

as the trees mature and grow in height but generally result in improved crop productivity 

from increased soil moisture retention, soil organic matter and as a result enhance yield 

(Thevathasan and Gordon, 2004; Montagnini and Nair, 2004). Ecologically, the offset in 

atmospheric CO2 and N2O emissions occur through the sequestration of carbon into the tree 

biomass, soil and effective nutrient cycling, mitigates excessive fertilization to crops, 

respectively (Montagnini and Nair, 2004). However, the tree component can also increase 

the competition for photosynthetically active radiation, which can impact crop yields 

(Reynolds et al., 2007). Sunlight reduction on an intercrop is dependent on characteristics of 

the adjacent tree species, specifically crown architecture, tree height and foliage density 

(Xiabang et al., 2015). 

 

The shift away from dominant agriculture 
 

As traditional farming systems are continually refined there is currently a shift to 

move industrial farming to agroforestry systems as a way to maintain and support farmers 

economic well-being and sustainable soil and nutrient conditions (Garrity, Okono, Grayson, 

& Parrott, 2006; Gordon et al., 2018; Louah, Visser, Blaimont, & de Cannière, 2017). 

Ecologically sound food production that can also meet the economic needs of farmers and 
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the society at large is the goal of AFS; such that these practices are used appropriately and 

optimize productivity on the farmland. Economically, the farmer can have a diversified 

income through the provisions of the various tree crops that can be planted (De Linares, 

2018; Garrity et al., 2006). This benefit to landowners can enhance their economic return 

from the land and ensure that at least they can the minimum standard of a living wage on an 

individual scale. With climate change creating more unpredictable and extreme weather 

conditions, farmers need to adapt their practices to ensure that agriculture can still provide a 

viable means of income. The environmental stability that AFS can provide, such as crop 

protection from wind damage to reducing erosion of soil conditions, will provide economic 

stability through diversity and resilience of income (Ashiagbor et al., 2019; Louah et al., 

2017). Increasing the diversity of crops on a parcel of land means there can be staggered 

timing of crops ready for harvest and at different times of the year (Bradley, Olivier, 

Thevathasan, & Whalen, 2008; Wolz et al., 2018). This means the farmer will be able to rely 

on a range of sources of income and be less dependent on one or few types of annual 

crops grown. Furthermore, if weather conditions vary such as a more rainy or dry year, a 

diverse range of crops will be more resilient to unexpected conditions and provide income 

security for the crops available for harvest. Thus, this form of natural resource management 

that integrates trees into agricultural landscapes with the goal of economic diversification 

can provide indirect ecological benefits for the landowner and the larger society. AFS is a 

feasible way forward to transform our dominant agriculture practices to a changing climate 

(Leakey, 2017; Swallow et al., 2006).   
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Microclimatic modifications 
 

The influence of trees on parameters ranging from incoming light radiation to soil 

temperature and moisture and wind speed can be adapted in magnitude in comparison to a 

monoculture system. With the right tree-crop arrangements and intercropping design, these 

microclimatic conditions can be optimized to create sustainable yield for farmers in climate 

extreme scenarios. Tree-crop arrangements consider the height, foliage density and root 

system of the tree for example, with the preferred crop that will be planted, adjacent to the 

tree row (Martin & Isaac, 2018; Nasielski et al., 2015a). Minimizing competition can be 

designed based on species selection as well as crop distance from the tree row. The overall 

productivity of the crop can be maximized such that photosynthesis is consistently efficient 

even in harsh climatic conditions. For example, two common and valuable annual crops in 

Canada are corn (Zea mays L.) and soybean (Glycine max L.). They are respectively C4 

and C3 plants which indicate their photosynthetic efficiency on the cellular level. Ehleringer 

& Monson (1993) discuss that plants need to open their stomates to let in CO2 however C3 

plants are at risk of losing water on hot and dry days so to avoid wilting they close their 

stomates. Once stomates close CO2 intake limits the plant's ability to continue 

photosynthesis. They suggests that C3 plants have thus evolved to favour cool and wet 

climates. For that reason the literature suggests C3 plants have the potential to produce 

comparable yields to monoculture yields in TBI systems as they benefit from the 

complementary factors of trees altering the microclimate and creating shade and increase 

soil moisture (Ehleringer & Monson, 1993; Wolz et al., 2018). In contrast, C4 plants can 

minimize photorespiration so when conditions require stomates to close, they can still carry 

out photosynthesis in the bundle-sheath cell. As C4 plants require near to full sunlight to 



                                          Gharabaghi  
 

9 

become light saturated they are adapted to thrive in hotter and dryer climates. It is 

suggested that in low shade TBI systems, C4 plants can produce comparable yields to 

monoculture systems (Thevathasan et al., 2004).     

Various intercropping studies highlight that light competition can be a limiting factor in 

landowners converting to an AFS in northern latitudes (Dupraz et al., 2018; Reynolds et al., 

2007; Thevathasan & Gordon, 2004). Ensuring that tree row orientation can optimize 

sunlight for the intercrops, rows must be oriented in the northwest to southeast direction. 

With this understanding photorespiration in C3 plants can be minimized as temperature 

increases will be adapted so light-use efficiency is optimized. Additionally in C4 plants, light-

use efficiency can remain constant as temperatures increase, which highlights contrasting 

favourable conditions for each tree-crop arrangement. In terms of water loss, in both C3 and 

C4 plants, rates of water loss are directly proportional to the degree of stomatal opening. 

Thus water-use efficiency is higher in C4 plants than it is in C3 plants. And so a C4 leaf is 

expected to photosynthesize more than an adjacent C3 leaf operating under the same set of 

environmental conditions (Clinch, Thevathasan, Gordon, Volk, & Sidders, 2009; Dupraz et 

al., 2018; Reynolds, Simpson, Thevathasan, & Gordon, 2007; Wilton, 2019). Hence, effects 

of microclimate modifications by trees in an AFS can result in less evapotranspiration for the 

crops and reduced soil temperatures overall enhancing yields in the intercropping system 

during particularly hot dry growing seasons. For the farmer, this can increase long term 

economic profits as their income is diversified and the structure of the agricultural system is 

more robust.  

For this study, two high-value annual crops, corn (Zea mays L.) and soybean 

(Glycine max L.) were planted for one growing season in agroforestry, tree-based 
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intercropping system where the annual plants were intercropped among rows of 30-year-old 

mixed tree species, primarily black walnut (Juglans nigra). Corn and soybean crops were 

also planted in a monoculture system where each plot was exclusively planted with one 

crop (Figure 1). The purpose of this study was to compare how the morphological traits and 

yield of the corn and soybean crops respectively compared between land-use systems and 

to understand the plant growth and yield differences with and without the presence of trees 

and the sub-location between the tree rows (eastern plot, center plot and western plot). The 

daily phenomenon of sunlight being concentrated on different plots respective to their 

proximity to the tree row throughout the day, was understood by dividing the alleyway into 3 

sub plots is to determine the influence that sunlight has on the photosynthetic rate, and thus 

maturity of the crop over the growing season. It is hypothesized that the various 

microclimatic modifications in the agroforestry field will contribute to improved crop growth 

and yield in comparison to the monoculture field. 

 
Figure 1: Image from Google maps displaying the 2 field sites AFS, and Monoculture 
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Methods: 

Field site description and design: 
 

 The University of Guelph’s Agroforestry Research Station was the location where the 

study took place (43°32′28″N, 80°12′32″W). Established in 1987 on 30 ha of agricultural 

land, classified as Class 3-4 and on Albic Luvisol sand with a sandy loam texture (65 % 

sand, 25 % silt, 10 % clay) (Thevathasan and Gordon 1998; Oelbermann 2002). In the 

summer of 2019 the experiment was established and measurements were taken between 

May to October. The field design was a complete randomized block design with four 

treatments, a monoculture field, and within the agroforestry field an east, center and west 

plot. Within each plot were 3 replicate plots. The tree rows of the agroforestry field were 370 

m in length, 2 m in width and 6 m between each tree within the row and planted in a 

northwest to southeast orientation. The tree species planted in the rows was primarily black 

walnut (Juglans nigra), but also included red oak (Quercus rubra) and white 

cedar (Thuja occidentalis). Between the tree rows, was a 15 m alleyway where the intercrop 

of corn (Zea mays L.) and soybean (Glycine max L.) were planted in May 2019. Within the 

15 m alleyway was a 2 m buffer space, known as the competitive zone where no crop was 

planted, leaving 11 m for the divisions of east, center and west, 2.5 m, 5 m and 2.5 m 

respectively (Figure 2). Each plot, per crop, had 3 replications that were sampled throughout 

the season and at the end of the season. Corn row spacing was 0.75 m per crop, with 0.18 

m between the plants in the rows. Soybean crops were 0.18 m rows with 0.03 – 0.05 m 

between plants in the rows. 
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Figure 2: Experimental design of TBI field with sub plots in the alleyway, tree rows are oriented in a northwest to southeast 
direction 

Sampling and measurements 

 
Soil moisture:  

 
From June to September 2019, soil moisture content was measured on a weekly 

basis at two times during the day, early morning (10:00 A.M.) and afternoon (2:00 P.M.) 

using a handheld soil-water sensor, Hydrosense 2 (Campbell Scientific). 

 

Crop growth during the season: 
 

 Corn and soybean growth parameters were measured and sampled 

throughout the growing season on 3 random plants from each plot (TBI east, TBI center, 

TBI west, monoculture system) on each replicate within the plot. The crop height and stem 

diameter were tracked during the growing season on a bi-weekly basis. Random plants 

chosen would be harvested and measured in the lab in, recorded in cm. Additionally, each 

plant, both corn and soybean, would have the number of cobs and pods respectively and 

the number of leaves counted and recorded per plant. Then the dry weight of the plant 
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would be measured weekly by weighting the dried component of each crop, such as the 

cobs and pods, the stems and leaves. The whole plant biomass was calculated using all the 

above ground components (leaf, stem, pod/cob) per unit area and converted to tonnes per 

hectare. The leaf area index (LAI) was measured and calculated with the sampled leaves 

and is defined as the total area of leaf tissue (m2) per unit ground surface area (m2). 

 

Crop yield at the end of the season: 

 
 Corn and soybean yields were estimated by calculating the average values of all 

replications for each plot in the TBI and monoculture fields. The number of cobs and pods 

and the number of corn leaves (the leaves of the soybean plants were senesced so they 

were not measured at the end of the season) were counted per plant and converted to yield 

per 0.75 m2 for corn fields and per 1 m2 for soybean fields. The whole plant dry weight of 

each crop included dry weights of the leaves, stems, roots, cobs and pods respectively. 

These values were calculated as tonnes per hectare. Grain yield was also measured at the 

end of the season in tonnes per hectare for both soybean and corn crops in both fields to 

compare an overall yield between the TBI field and the monoculture field.  

 

Statistical Analysis: 

 
The standard error of the mean was calculated in order to determine an estimation of 

the variation among the samples taken throughout the season. ±SEM is standard deviation 

divided by the square root of the sample size.  
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Results  
 

Soil moisture:  

 

Figure 3: Mean soil moisture content (%) for soybean crops through June to September 2019 growing season; error bars 
represent ± SEM of TBI and monoculture study sites 

 

The soil moisture content for soybean was highest in the center plot of the TBI field (Fig. 3). 

On average in August, the soybean center plot in the TBI field had 14% more soil moisture 

content than the monoculture field. The lowest values measured throughout the season 

were 6.9% and 9.7%  and the highest values were 30.8% and 26.8% for the east plot in the 

TBI field and monoculture field respectively. For the corn crops, the center plot of the TBI 

field also indicated higher soil moisture content throughout the growing season (Fig 4). The 

lowest values measured were 6.5% for the monoculture field and 7% for the west plot of the 

TBI field. The highest values were 29% and 27.5% for the west plot and monoculture field, 

correspondingly. 
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Figure 4: Mean soil moisture content (%) for corn crops through June to September 2019 growing season; error bars 
represent ± SEM of TBI and monoculture study sites 

 

A significant increase in soil moisture was observed in August with 42% and 

September with 52% in the center plot in the TBI field for the corn crop in comparison to the 

monoculture field (Table 1). The soybean crops indicated an increase in soil moisture by 

14% in August and 7% in September in comparison to the monoculture field. 

 
Table 1: Average monthly soil moisture content (%) for the 2019 growing season for each crop treatment in the 

monoculture and TBI fields  
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Crop growth during the season: 

 
Figure 5: Number of soybean pods per m2 measured throughout growing season, between July to October in TBI and 

monoculture fields 

 

The number of soybean pods counded in the monoculture field indicated a higher value per 

unit area of ground cover, with a measured value of 44 pods/m2 recorded in early October 

as the highest value (Fig. 5). The center plot of the TBI field produced 26 pods/ m2 as the 

highest value in mid-August.  

 

 
Figure 6: Number of corn cobs per 0.75 m2 measured throughout growing season, between July to October in TBI and 

monoculture fields 
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For the corn crops, the monoculture field recorded a higher number with 1.44 cobs/0.75 m2. 

The peak of cobs per unit area was reached early-September whereas the center plot of the 

TBI field reached the peak number of cobs around mid-September with around 1.22 

cobs/0.75 m2 as the highest value (Fig 6.). 

 

 
Figure 7: The LAI of soybean crops during the 2019 growing season, from July to October in TBI and monoculture study 

sites 

The LAI of soybeans in the center plot of the TBI system recorded highest values, with an 

index of 1408, throughout the season compared to the other plots in the TBI field and the 

monoculture field (Fig 7). The peak of the center plot curve occurs in mid-August. The 

monoculture field curve reaches a peak around early August, in contrast with the highest 

value measured as 1122.  
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Figure 8: The leaf area index of corn plant during the 2019 growing season in TBI and monoculture study sites 

 

The LAI for corn crops in the monoculture field measured the highest value index of 4466 

(Fig 8). The peak of the monoculture field curve occurs around mid-August. The center plot 

of the TBI field has a lower LAI of 3770 however the peak of the curve occurs later than the 

monoculture field, around early September.  

 

Table 2: Various growth parameters averaged at the end of the 2019 growing season for corn and soybean crops in the 
monoculture and AFS field 
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Crop yield at the end of the season: 

 
Figure 9: Average soybean and corn crop height (cm) at the end of 2019 growing season, error bars represent ± SEM of 

crops planted in TBI and monoculture study sites 

 

Both corn and soybean crops indicated a statistically comparable height in the center plot of 

the TBI field compared to the monoculture field. The soybean crop height for the center plot 

measured 70.7 cm and the monoculture field measured 72.8 cm (Fig 9). The corn crop 

height for the center plot measured 218.7 cm and the monoculture field measured 219.7 cm 

(Table 2). 
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Figure 10: Average soybean and corn grain yield (ton/ha) at the end of 2019 growing season, error bars represent ± SEM 

of crops planted in TBI and monoculture study sites. 

The soybean crops grown in the TBI field produced lower average yield than the 

monoculture field. There was a 58% reduction in yield as the TBI field yielded 1.9 ton/ha 

and the monoculture field yielded 4.5 ton/ha. The corn crops however, indicated a 

comparable yield of 7.7 ton/ha in the TBI field and 10.4 ton/ha in the monoculture field which 

resulted in a 26% reduction of yield in the TBI site (Fig 10). 

Discussion 
 

Global food security is at risk due to the increasing demand for food and a 

decreasing supply of available agricultural land. As climatic conditions become more 

extreme and variable in regard to increasing temperatures and inconsistent precipitation 

annually, agriculture needs to have tools to adapt to these predicted changes. This 
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experiment aimed to demonstrate the variance in morphological traits and end of season 

yield values for both corn and soybean crops in the two contrasting land-use systems, 

monoculture and tree based intercropping. 

 As this growing season was not particularly hot or dry compared to other years, it 

impacted the opportunity for the experiment to demonstrate how microclimatic adaptions 

impact the growth of corn and soybeans. The impact of light competition is a major limiting 

factor and in intercropping systems in northern latitudes, optimizing incoming solar radiation 

means tree rows are orientated in a northwest/ southeast direction. In this case, for our TBI 

study fields, they were divided into east, center and west plots to account for the daily 

phenomenon of where sunlight radiation reaches the crops throughout the day and thus 

each plot having differing rates of photosynthesis. In the morning the west plot receives 

more sunlight, this occurs from sunrise until before noon. Dupraz et al. 2018 suggest that 

the vapour pressure deficit remains low during morning light hours and the plant water is not 

limited. Around 12 P.M. the sunlight will surpass the tree crown and all plots will receive 

generally the same amount of solar radiation. However, from the afternoon onwards, 

the east plot will receive more sunlight than the other plots and VPD is high which results in 

stomatal closure the increase wilting. With an understanding of the impact that the variation 

in hourly light interception has, this highlights the risk in reduced photosynthesis occurring if 

stomatal closure takes place during the afternoon. For both C4 and C3 plants such as corn 

and soybeans, the rate of water loss is proportional to the frequency of stomatal opening. 

As the cellular structure of a C3 plant such as soybean suggests a lower water and light-use 

efficiency, the rate of water loss and photorespiration will increase with higher temperatures. 

Water-use efficiency is defined as the ratio of photosynthesis to transpiration water loss and 
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since a C4 plant is more efficient with photosynthesis, the corn crop is suggested to have 

lower rates of water loss and photorespiration. 

During the growing season, the LAI curve indicates when maximum leaf area is 

achieved and thus photosynthesis can be optimized. The index curve of the monoculture 

field, for the corn crop reaches its peak around mid-August, earlier than the TBI system, 

whereas in comparison the west plot index peak is delayed and with a lower maximum LAI 

value. The delayed peak in the west and center plots is due to the altered microclimatic 

conditions from the TBI system and causing this C4 plant to have delayed maturity in the 

season. For the soybean crop, the center plot of the TBI system had a larger LAI index 

during the season, in addition to a delayed peak in comparison to the monoculture system. 

The implications of the delayed maturity and higher LAI means that if that season’s 

significant rainfall events were observed later in the year, around harvest time, the corn and 

soybean crops in the TBI field can take advantage and potentially have a higher yield. A 

larger leaf area is suggested to optimize the potential for photosynthesis. The limitation of 

this correlation is that the climatic conditions would need to present, such as the increased 

rainfall as previously mentioned to ensure water is not limiting the photosynthetic process. 

The observed decline in the curve after the peak is reached is explained by leaf senesce 

which naturally occurs in the lifecycle of the crop. Other growth observations included the 

number of pods and cobs on each crop per unit area.  For both corn cobs and soybean 

pods the monoculture field produced significantly more compared to the TBI field. The 

delayed crop maturity suggested by the LAI curve is reinforced by the reduced amount of 

cobs and pods. Within the TBI system though, the center plot produced more cobs and 

pods than the east and the west. Irrespective of the crop studied in this experiment, the 
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center plot of the TBI system seemed best suited for the corn and soybean crops in terms of 

favourable environmental conditions for optimal growth, as seen in the high soil moisture 

content. The commentary growth parameters were observed to benefit the crops in the TBI 

field and so the microclimatic conditions did in fact have an influence on the growth and 

yield. 

The grain yield collected at the end of the season is an important indicator of overall 

return from the crop. Based on the results from this research corn was more suited to the 

TBI system as the grain yield of corn in the TBI was comparable to the corn grown in the 

monoculture system. There was a 26% decline in overall yield which is a typical yield 

reduction for an agroforestry system (Nasielski et al., 2015b; Querné, Battie-laclau, Dufour, 

Wery, & Dupraz, 2017; Thevathasan & Gordon, 2004). The delayed maturity of the corn 

crop and high soil moisture in the TBI system potentially created complementary conditions 

to allow the corn crop to have significant grain yield at the end of the season. 

On the other hand, the grain yield for soybeans was significantly less in the 

agroforestry system and the monoculture. The moderating effect of intercropped trees is 

suggested to have inhibited the yield of soybeans in the TBI system which resulted in higher 

yield in the monoculture field, although growth parameters such as crop height and LAI 

were not indicative of competitive factors from the TBI system. As the grain yield is 

measured in weight per unit area, it creates a comparable value for the purpose of 

convincing landowners about which system can be economically feasible. In this case with 

significantly reduced yields from soybeans as the annual crop, the TBI system can 

compensate the land owner and they will be able to combined yields obtained from trees 
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products. This creates resiliency if growing seasons are not suitable and there will be higher 

long-term productivity compared to monoculture systems. 

Future Directions 
 

In conclusion, AFS encourages landowners to incorporate climate-smart agriculture 

and indirectly mitigate the detrimental impacts that monoculture systems have on the 

surrounding ecosystem. These systems can create significant compensation for income 

through adding value from the tree and tree products which make for a feasible economic 

scenario for farmers (Rivest, Cogliastro, Vanasse, & Olivier, 2009; Thevathasan et al., 

2004). In other words, compensating the income lost from reduced yield can be regained 

through revenue by selling the provisions from trees and perennial crops planted for long-

term investment return. The aim of the study was to determine how microclimatic 

modifications created in a TBI system would impact the morphological traits and end of 

season yield for corn and soybean crops in comparison to a monoculture field. This study 

was limited in that only one growing season, 2019, was used and so future research should 

continue to collect and record these parameters to understand how yearly climatic 

conditions can be adapted to on the farm scale with TBI. In particular how TBI can create 

adaptions for growing seasons with dry spells around harvest and infrequent rainfall 

throughout the season.   

Canada has the opportunity to transform the around 100 million hectares of arable 

and agricultural lands into AFS that will provide landowners and the larger communities with 

economic and environmental benefits (Thevathasan et al., 2018; FAO, 2016). The feasibility 

for landowners to adopt AFS practices through TBI is progressing in a positive direction 
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however collaboration from the state with landowners and stakeholders will propel the 

widespread adoption further. The importance of furthering regional studies on economic 

return and environmental benefits of temperate agroforestry systems will help continue the 

progression of sustainable farming practices. With a more interdisciplinary view of 

agriculture and forestry, the challenges facing the widespread adoption of AFS can be 

addressed and polyculture systems can surpass the dominance of monoculture farming. 
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