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ABSTRACT 

 

 

Corn is the largest cereal crop in the world. An effective way of demonstrating the potential of corn 

(or any crop) is to illustrate the potential economic gains from growing it. The top five crops by 

seeded area in southern Manitoba are canola, soybeans, spring wheat, grain corn and oats. The 

economic returns from these crops grown in rotation are the focus of this study. This study uses 

relative yield response values which are a measure of the impact that one crop has on the yield of 

next seeded crop. All of the possible rotations from the 5 top crops are analyzed to see what the 

average returns are at the end of the rotation. Returns using 5 year average yields, adjusted by the 

estimated impacts of previous crops, from all of the possible crop sequences of the top five crops in 

southern Manitoba are calculated and ranked to determine the top 10 performing rotations. Corn is 

observed to be present in all of the top 10 rotations. After identifying these optimal rotations, 

historical prices are applied to the budgets to see if the rotation ranks survived over time as prices 

varied.  The top rotation, corn and soybeans in a two year rotation, remains optimal for all but three 

years in the 13 examined. Continuous cropping, even with corn, is significantly less profitable than 

crops grown in rotation. The data used in this study is generally available and therefore the 

economic model can be developed into user friendly extension tool that could be used by farmers.  
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INTRODUCTION 

 

   Corn is the largest cereal crop in the world (USDA, 2015a). Around the world it was planted on 184 

million hectares in 2016. Total production was over one billion metric tonnes (USDA). Higher corn 

prices since 2008, have provided an increase in the incentive for firms to develop and improve 

hybrid corn varieties. New varieties that better suit northern climates have led to increased 

production in the Northern U.S. and Southern Canadian prairies (Inforum, 2013). Corn therefore has 

the potential to become a major crop in Manitoba in the future as long as the potential for high 

yields and high profits remains. 

 

The potential increase of corn area could shift rotations for Canadian farmers.  Crops are grown in 

rotation for a number of agronomic reasons that affect overall yields.  The Manitoba Agricultural 

Services Corporation (MASC) provides crop rotation information in Manitoba as far back as 1994. 

According to these crop rotation tables, growing the same crop two years in a row reduces yield 

significantly (Kubinec, 2014). The yield for canola grown on canola stubble is 85 percent of the 

average yield for canola versus 102% of average yield if planted into spring wheat stubble. The 

yield for corn grown on corn stubble is 87 percent of the average yield for corn. In the period 

between 2008 and 2012, corn for grain was primarily grown after canola, spring wheat and 

soybeans (Kubinec, 2014). 

 

The benefits of field rotation management could include cost savings and increases in yield in 

following crops. Considerations therefore have to be made on the future yield impacts and costs of 



7 
 

breaking a rotation system when faced with exogenous shocks such as price changes. Crop rotation 

information helps producers make such choices for profit maximization. Some sequences 

consistently outperform others and rotation yield and cost information is extremely valuable. The 

farmer will choose the optimal crop, at any point in time, by balancing the returns from current 

period profits with the predicted flow of future profits as reflected in things like the stock value of 

fertility in the ground, future yields and crop choice options.  

 

Other than commodity price considerations when making rotation choices, producers are faced with 

disease and soil issues. For instance, planting canola after canola raises blackleg and sclerotinia 

disease concerns (Canola Council, 2013).  A canola on wheat rotation has less risk for disease as the 

two crops have fewer diseases in common. This is also the case for canola grown after other 

common cereals such as barley, rye, and oats (Canola Council). In addition, some herbicide 

residuals may be harmless to one crop grown after the current crop and inhibiting to another crop.  

 

Spring wheat, canola and barley have been the major crops grown in the Manitoba over the last 25 

years, but corn has started to be an important crop and some stakeholders want to assess whether to 

expand its area. One strategy is to encourage and assist the development of corn as an economic 

alternative to other crops as part of a rotation. An effective way of demonstrating the potential of 

corn (or any crop) for the province is to illustrate the potential economic gains of growing it.  

 

The goal of this thesis is to explore the most profitable rotation options for farmers in Southern 

Manitoba and then identify, amongst the most profitable rotations, the ones that incorporate corn. In 

doing this it will determine the best strategies for corn when grown in rotation with other major 



8 
 

crops grown in Manitoba such as canola and spring wheat. The paper will also illustrate an 

economic model of rotation optimization for Manitoba farmers that can be adapted to a user friendly 

extension tool that can be used by farmers.   

 

Background 

 

Corn for grain is the third highest produced crop in Canada. 91.9% of Canadian corn is grown in the 

provinces of Ontario and Quebec. Manitoba accounts for 6.4% of corn grown in Canada (2011 

Canadian Census of Agriculture as quoted by Hamel and Dorff, 2014). One of the biggest 

determinants of successful corn production is a long and warm growing season. Therefore, the 

greatest corn production occurs in the warmer regions of the country in eastern and central Ontario 

and southern Quebec. According to the 2011 Canadian Census of Agriculture, the most prevalent 

crop rotation that included corn for grain was ‘corn for grain-soybeans-wheat’.  Almost 20% of all 

corn for grain seeded area was reported by growers who had these three crops. The second most 

prevalent cropping pattern that included corn for grain in Canada was ‘corn for grain-soybeans’. In 

third place was ‘corn for grain-hay-soybeans-wheat’. Overall, 95.0% of all corn for grain seeded 

area was grown in a rotation with hay, a cereal or a legume (Hamel and Dorff, 2014).  

Table 1: Canada Seeded Area and Production of Principal Field Crops (2016) 

Crop Production in Metric Tonnes Seeded Area Hectares 

Spring Wheat 20,453,800  6,233,800 

Canola 18,423,600 8,242,300 

Corn for grain 13,193,100 1,345,400 

Barley 8,783,600 2,586,100 

Soybeans 6,235,000 2,212,500 

Durum Wheat 7,761,800 2,505,000 

Oats 3,146,800 1,147,000 

Lentils 3,248,200 2,371,500 

Winter Wheat 3,513,000 654,600 
Source: Statistics Canada, 2016 
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The two major corn producing provinces of Ontario and Quebec have more or less had steady corn 

production over the last 17 years. However, over the same period, the province of Manitoba, the 

third largest producer of corn in Canada, has steadily increased its corn production from 58,000 

seeded hectares in the year 2000 to 139,600 hectares in 2016 as seen in  Figure 1. 

 

Figure 1: Corn Production and Seeded Area Manitoba 2000 – 2016 
Source: Statistics Canada, 2016 
 

The increase in corn production in Manitoba is primarily due to better prices for corn and the 

development of better northern corn varieties.  Price changes have been linked to an increase non-

traditional demand for corn such as ethanol fuel and a multitude of processed corn products, other 
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than the traditional use of corn production for silage and fodder  (MAFRD, 2015). The development 

of corn hybrids and varieties that perform well in Manitoba’s climate has also increased corn 

production and yield in recent years (MAFRD, 2015). Producers are aware that hybrid seed costs 

are relatively high and may further increase as more favourable varieties emerge to cover costly 

developmental costs but such costs are offset by the resulting increase in yields which can net better 

returns (Hofstrand, 2014). Seeding and environmental conditions (which affect yield) as well as the 

prices of corn (which affect seeding decisions) are some of the reasons that can be attributed to the 

increases and decreases of seeding areas over the period between 2000 and 2014. For instance, the 

drop in corn area in 2014 can be attributed to unfavourable corn prices relative to other crops in 

Manitoba (Manitoba Corn Growers, 2014). 
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LITERATURE REVIEW 

 

Kubinec (2014) presents key agronomic management information in the form of the relative yield 

response values of several crops. The values are useful when deciding how to sequence crops or 

deciding which new crops to add into an existing crop rotation. Kubinec’s results are provided in 

charts that looked at the yields after planting for the period between 2000 and 2012 and then for a 

shorter time period between the years of 2008 and 2012. The chart for 2008 to 2012 is shown in 

Table 2. The table shows the relative impact on the average yield (average of 2008 to 2012) from 

the previous crop. The reason that two time periods were analyzed is because there was a change in 

the cropping patterns that occurred after 2008 when considerably more soybeans and corn started to 

be seeded. Only data from fields over 120 acres were included in the data. Kubinec noted that crop 

seeded into the stubble of the same crop resulted in yield losses of between 10 to 15 percent.  

 

Table 2: Relative Yield Response (per cent of 2008-2012 average) of Manitoba Crops Sown on 

Previous Crops (stubble >120 acre) 

 

 
Source: Kubinec, 2014 

MASC crop data is obtained from producers province wide who are covered by the various 

insurance programs as well as lending and consultation services. The main insurance program, 

AgriInsurance provides coverage for over 70 crops grown in Manitoba. Information such as seeded 
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acreage and estimated yield are collected at sign up. Actual yield information is noted at the end of 

the growing season. The data collected annually determines the year to year premium and coverage 

rates for every crop grown in the province in the different risk areas. This data is obtained from 

producers directly.  There is a strong incentive for producers to provide accurate information as it 

will impact premiums for subsequent years. Recently, the yield response values have been updated 

to provide the values for the years between 2010 and 2015. 

 

Kubinec observed that crop on same crop sequences resulted in in ten to fifteen percent yield losses. 

Some of the possible reasons for this are overwintering diseases on crop stubble which then makes 

the next crop a perfect host for the diseases. This has been observed in cases of blackleg on canola, 

fusarium head blight on wheat, barley, oat and corn and wheat streak mosaic observed when winter 

or spring wheat is seeded after winter wheat. An exception to the yield losses was observed in 

soybean on soybean stubble in the 2000 to 2012 dataset where positive yields were observed. In the 

2008 to 2012 dataset, yield losses were observed. During that initial period, soybeans were a new 

crop in many areas and the disease effect of overwintering was not yet widely observed. Also, the 

benefits of black soil used in a second soybeans crop and the high population of rhizobium after the 

first crop may have outweighed any yield losses due to disease.  

 

The presence of arbuscular mycorrhizal fungi (AMF) resulted in observed two to twelve percent 

yield losses. AMF assists crops like flax and corn with early season phosphorus uptake. AMF assists 

cereals too but not to the same extent as flax and corn. Canola does not need the fungi and during a 

canola crop year the AMF population declines. If the AMF numbers decrease, they are not present 

early in the beginning of the next crop if needed. This results in yield loss, delayed maturity and 
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higher moisture grain at harvest time. This could significantly impact the farmer in the form of 

forgone net returns and increased fall drying costs.  

 

There was a four percent loss to a ten percent gain observed in oilseed-pulse on cereal and cereal on 

oilseed-pulse rotations. Broadleaf crops and grasses are two different plant types with different 

diseases and pests. This limits yield losses. However, herbicide residues, excess stubble trash and 

previous crop infertility could all inhibit the establishment of the next crop. 

 

Economics of rotations 

McEwan and Howitt (2011) estimated a dynamic programming model of crop rotation incorporating 

yield, salinity, soil quality and cost intermporal effects. The study was conducted in Kern County 

California, located at the southern end of the San Joaquin Valley. They used an optimal Matching 

algorithm to determine empirically observed rotations using a dataset of 14,000 fields (over a 

million acres) over 13 years and to estimate the production parameters which satisfy the field level 

rotation problem.  The farmer field level rotation problem was set up and the model was solved 

using dynamic programming. The parameters (yield, soil effects, salinity effects, cost carry over 

effects) of the rotation problem were estimated for a four crop, seven year alfalfa-alfalfa-alfalfa-

alfalfa-cotton-small grains-fallow rotation. The farmer will choose the optimal crop, at any point in 

time, by balancing the returns from current period profits with the anticipated future flow of profits 

as reflected in the stock value of fertility in the ground. 

 

Planting crop c in period t is denoted by ct. Pt (c) is the price of a unit of output (yield in tonnes) of 

crop c in period t which yields ȳ (c) average yield in tonne per acre. The ȳ (c) average yield is 
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assumed to be constant over time. The variable costs of production are constant over time and 

denoted A (c). There are no fixed costs in this version of the model. Therefore, the average profits 

generated from the field, in the absence of rotational effects, are defined by πt= Pt(c) ȳ(c) – A(c). 

Rotational effects are introduced as the effect of crop rotation on the state of the field in terms of 

adjustments to average costs and yields. St is the state variable to represents the fertility of the field 

which is dependent on a function of the crop planted in the previous period. A function is introduced 

that adjusts the average yield by crop as a function of the previous crop choice. Г(ct,st) denotes the 

yield adjustment function for crop c in period t given state st. Input savings are denoted by Ψ(ct,st). 

Two coefficients are introduced that capture the marginal effect that salt and soil have on yields. 

These are denoted by β1(c) and β2(c) respectively. These coefficients are assumed to be stationary 

and not affected directly by crop rotation. Future prices are allowed to follow a first order Markov 

process, with five states per crop, to represent farmer future price expectations. With discount factor 

δ the farmers’ optimal rotation problem is shown below:  

 

 

The alfalfa-cotton-grain-fallow rotation is simulated with an assumption of a one year lag. Initially, 

the model defined 106 parameters. After restrictions were imposed on second, third and fourth year 

alfalfa, the model reduced to 61 parameters as follows: 
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Where β1 and β2 are 4 by 1 vectors of crop specific soil and salinity yield adjustment parameters, 

respectively. The parameters ψ and γ represent cost and yield carryover effects due to crop rotation, 

respectively. The i,j entry of each matrix represents the yield or cost adjustment from planting crop i 

today given crop j was planted in the previous year. The parameters can take either positive or 

negative signs, representing both the positive and negative agronomic effects from rotating crops.  

Assuming farmers are profit maximizing agents, a set of 42 dynamic first-order conditions must be held 

in order for the base alfalfa-cotton-small grains-fallow rotation to be observed. For example, if alfalfa is 

observed on a field in the current year then the field will rotate into cotton in the subsequent period and 

was fallowed in the previous period (prior to year 1 alfalfa). This implies six conditions that must be 

satisfied for each year of the alfalfa crop (four years). The problem is however undetermined because 

there are 42 first order conditions and 61 parameters. Generalized Maximum Entropy (GME) is used to 

estimate the probability weights over each parameter support value subject to the data constraints. The 

data constraints include the 42 first order conditions, and the requirement that each of the probability 

supports sum to one, as well as the typical non-negativity restrictions. The GME program is solved in 

the General Algebraic Modeling Software (GAMS) using the conopt3 non-linear solver. 

 
 As relative prices changed, the rotations were observed to deviate from the alfalfa-cotton-grain-

fallow rotation. It was shown that the model results in a dynamic cycle that responds to price shocks 

and other disruptions. To demonstrate this a price shock due to a policy change was simulated. The 

time horizon for the study was 30 years. The grain price shock lasted 10 years with the initial spike 

in year 15. The price went up from $195/ton to $295/ton. It was shown how supply response may 

differ from aggregate models depending on where fields are in the rotation cycle. Fields in the exact 

same rotation, but at different points in the cycle, will respond differently to price shocks. Also, a 

grain price shock of a shorter duration may not trigger a change in the rotation because it may be 
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profitable to grow a grain during this period but it does not immediately outweigh the cost of the 

switch. However, a high enough grain price spike, even for a short duration can cause a rotation into 

that grain. After the spike, the farmer shifts back to the beginning of the rotation. This study 

concluded that farmers therefore respond to both profitability and cost of breaking a rotation system 

when faced with exogenous shocks such as price changes. 

 

Detlefsen and Jensen (2001) considered the problem of finding an optimal crop rotation for a given 

selection of crops on a given piece of land. Crop rotations over the years have generally been 

optimized by using linear programming based on sequences of crops that can follow each other. In 

this study, for a given piece of land, for which a number of different crops can be grown, different 

crops were allocated different crop sequences and then a max-flow network problem was used to 

determine a cropping plan for one year. A flow network is a type of optimization model. The goal of 

a flow network is to push as much flow, which in this case is profit, from the source to the sink 

(end). The network flow is depicted in a graph with nodes where each edge receives a flow and has 

a capacity. The amount of flow on an edge can’t exceed the edge capacity. Maximum flow networks 

are used to determine the maximum feasible flow through a network (Detlefsen and Jensen (2001).  

 

In Detlefsen and Jensen (2001), it is assumed that farmers want to discover the economically 

optimal crop sequence that will give the highest expected profit. The model can take previous 

seasons into account to predict the optimal distribution of crops for this and a number of future 

production years. Detlefsen and Jensen illustrate this model using a farm that has 35 ha. of fields. To 

optimize gross margin, every year 20 ha. of spring barley, 5 ha. of winter rape and 10 ha. of clover 

grass should be grown. Yield, nitrogen fertilization requirements and disease treatment needs 
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depend on the combination of previous crop and current crop. These are tabulated for the different 

combinations of the relevant crops and previous crops. Gross margin is calculated by subtracting the 

nitrogen costs from the yield value for every combination. 

 

This crop rotation problem in Detlefsen and Jensen (2001),  is modeled as a transportation model 

would, which is a network where the nodes are separated into two disjoint sets, a supply set and a 

demand set with arcs from supply nodes to demand nodes. In the problem analyzed by Detlefsen 

and Jensen (2001), the labels on the arcs indicate the gross margin from using the arc, i.e. the gross 

margin from growing the corresponding previous crop-crop sequence according to the tabulated 

data set of various combinations of previous crop and crop mentioned above. Every arc in the 

network corresponds to a previous crop–crop combination. If the combination of previous crop 

`1and crop is not possible from an agronomic perspective, the arc is removed. The crop succession 

problem is analyzed in a node-arc incidence matrix and can be solved using a standard algorithm for 

solving networks or transportation problems. The solution to the problem is the recommended area 

of each crop and previous crop-crop combination, such that the area restrictions of each year are 

respected. Techniques from network modelling can therefore be used to model the optimal crop 

rotation problem.  However, as with linear programming, the number of constraints and decision 

variables explode with the number of crops and the number of previous crops taken into account.   

 

Detlefsen and Jensen (2001) have implemented this model in a web based system called 

FarmNTool. The operational version of FarmNTool takes eight years into consideration, and three 

crop years are used to optimize the rotation for the current and four future production years. 

 



18 
 

Most literature and studies on crop rotations have explicitly been modeled using predetermined 

rotations. El-Nazer and Bruce (1986) attempted to relax this requirement and allowed the model to 

freely determine the optimal long-run rotation. If one is modeling a farm on which N crops are 

grown and suppose that the yield of a crop depends upon the crops grown on the same land in the 

three previous years.  

 

In El-Nazer and Bruce (1986), the objective function sums the returns to the planting of all possible 

four year crop sequences. The first constraint allows no more than the total acreage available to be 

planted. The second set of constraints imposes the rotational linkages. They are defined for all the 

possible predecessor sequences and require that the sum of the acreage previously planted to j, k and 

r over all possible ways these predecessors could have been grown. It is this formulation that allows 

multiple year rotations. El-Nazer and Bruce considered a farm, growing corn (C) and potatoes (P) 

where the yield of either crop depends upon the three previous crops. This case leads to sixteen 

activities and constraints. This model structure permits a variety of rotations without having to fully 

specify the nature of the rotations. It was noted that the reality of the farming situation may prohibit 

some of the sequences. For example, continuous potatoes are not a viable option in the Northeastern 

Oregon area farm that their approach was tested.  

 

The model above was used on an Oregon farm. Four crops were grown: potatoes, corn, wheat (W) 

and alfalfa (A). In this case, the four crops with a three year precedence would require 256 cropping 

possibilities. Data on 256 cropping possibilities was not available. There was however a significant 

number of rotation possibilities records from a large farm. The data enabled the authors to utilize a 

pooled cross section and time series ordinary least squares regression to estimate the consequences 

of preceding crops and management practices on crop yield. The dependent variable is crop yield, 
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and the independent variables are crop variety, planting year, planting date and preceding crops. The 

model was estimated for corn, wheat and potatoes and involved dummy variables. The gross 

margins in the model were specified using the regression equations from the regression results. 

 

Results from the profit maximizing model indicated that the best plan involved a continuous five 

year rotation of wheat, preceded by potatoes, wheat, potatoes and corn, respectively and then 

starting with wheat again. This is the rotation particularly used in the study area in Northeastern 

Oregon. At the time of this study, corn was a relatively new and still minor crop in that region. Less 

than 10% of the acreage planted was corn. 

 

Two notable crop rotation software options are ROTAT and CropSyst. ROTAT is a method 

developed by Dogliotti et al. (2003) to systematically generate all possible crop rotations from a 

given number if crops are satisfying a given set of criteria. CropSyst is a suite of programs that are 

linked that provides users with a set of tools to analyze the productivity and the environmental 

impact of crop rotations at various temporal and spatial scales. In this system, the crop rotations are 

given as input by the users. The model used in this thesis delivers similar optimal rotations but was 

driven at the start from Kubinec’s findings.  We do not have access to all of the data required by the 

ROTAT and CropsSyst programs to estimate optimal rotation for southern Manitoba.  
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THE MODEL 

 

Using a model similar to McEwan and Howitt (2011), this paper assumes the farmer seeks to 

maximize a stream of yearly returns by choosing the sequence of crops planted every season. We 

know that the crop planted in the current season will have different effects on the pests, disease, 

fertility, and other field characteristics in subsequent years. All these considerations need to be made 

when selecting rotations, as profit maximizing rotations may not necessarily result in the highest 

yields or best performing agronomically.  But this thesis does not model every consideration. The 

way future crops are affected by current crops was assessed in aggregate by Kubinec (2014).  That 

yield impact was the central focus of the Kubinec tables. 

 

The assumption that a farmer seeks to maximize a stream of yearly returns is reasonable. The goal 

for most business owners is to make a profit. A simple revenue equation deducts the costs from 

sales to determine the returns. Farmers can therefore optimize returns by increasing their yield, 

thereby selling more crop and reducing their costs. This model looks at the ways that corn can be 

incorporated into a rotation so that yields can be increased to increase returns. It focuses on the 

positive yield impacts that corn has on several identified crops and already existing rotations. This 

corn optimization study uses the relative yield responses of several crops in Manitoba presented in 

Kubinec’s tables. My study uses those relative yield responses to determine the yield impacts that 

different crops have on one another. In identifying the crops that respond most positively to corn, 

farmers can determine at what point in the rotation corn can and should be incorporated to increase 

yields and therefore average returns.  
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The model considers a farm can choose to grow five different crops and considering the 

incorporation of corn into their rotation. The farmer has to determine a sequence of crops, which 

may include corn, and which factors in the impact a previous crop is having on the yield of the 

subsequent crop and therefore impacting average returns at the end of the rotation. If a rotation does 

not include these impacts, the farmer could suffer from reduced yields and therefore lost income. 

Other considerations to be made by a farmer that are not directly addressed in this study are costs 

related to the pest and diseases that certain crops have on future cropscosts. Although some of these 

impacts are part of the average yield impacts.  

 

The variables in the model are; average yield per acre (Yct), this is the average number of bushels 

per acre are produced for a particular crop. The average yield is based on 5 year provincial averages. 

The market price per in dollars per bushel (Pct), the total operating costs per acre (Cct) which is 

assumed fixed regardless previous crop and the relative yield response index (Ick), which does 

depend on the previous crop. The yield response index is based on the 5 year provincial average 

yields. 

Equation (1):  Net Returns (R) = (Yct  *   (Ick) *    Pct )     – Cct                                                                                                                

 

Where: Yct     is the average yield for crop C 

               Pct is the price of crop C 

                      Ick is the relative yield response index for crop K grown on crop C stubble 

              Cct  is the operating cost of producing crop C 

 

The variables in the model are readily and reliably available data that can be obtained by a farmer. 

The average yields and operating costs are unique to an individual farm or farmer. For the purpose 
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of this study, the operating costs obtained from Manitoba Agriculture, Food and Rural Development 

took into consideration, labor, land taxes, hauling, fuel, crop insurance, storage and drying costs in 

the case of corn for grain (). The price is the prevailing market price for the crop in question. The 

relative yield response indices are obtained from Kubinec (2016). 

 

Each of the five crops grown on the farm is assigned a unique number i.e.;  

1 - Spring Wheat  

2 - Oats 

3 - Canola 

4 - Soybeans 

5 - Corn for grain 

 

All the possible five sequence combinations of the five crops (5*5*5*5*5) were generated in 

Microsoft Excel. For example; 1 - 1 - 1 – 1 – 2; 1 - 2 - 1 – 1 – 2; 4 – 5 – 4 – 5; 1 – 3 – 1 – 4 – 1; 

etc. This generated 3125 possible combinations of spring wheat, canola, soybeans, oats and corn for 

grain. In this study, these 3125 combinations of the five crops are the possible five sequence 

rotations that can be done with the five crops.  

 

To allow for 4, 3 and 2 sequence rotations, other generations were done for all the possible 4 

sequence and then for all the possible 3 sequence combinations of the five crops. There was no 

generation of all the possible 2 sequence rotations because these would be contained in the 4 

sequence rotations. In total, with the 5, 4 and 3 sequence generations, there were 3875 sequences. 

As noted above, each sequence is a rotation of crops. Each rotation from #1 to #3875 is assigned a 
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rotation number. Using equation 1, net returns are calculated for each rotation. An excerpt of what 

the 5*5*5*5*5 output looks like in the spreadsheet is shown in Figure 2 below: 

 

Rotation # Year 1 Year 2 Year 3 Year 4 Year 5  

1 1 1 1 1 1 

2 1 1 1 1 2 

3 1 1 1 1 3 

4 1 1 1 1 4 

5 1 1 1 1 5 

6 1 1 1 2 1 

7 1 1 1 2 2 

8 1 1 1 2 3 

9 1 1 1 2 4 

10 1 1 1 2 5 

11 1 1 1 3 1 

12 1 1 1 3 2 

13 1 1 1 3 3 

14 1 1 1 3 4 

. . . . . . 

. . . . . . 

. . . . . . 

Figure 2: Excerpt of 5*5*5*5*5 Microsoft Excel Output 

Source: Author output in Microsoft Excel 

 

The net returns for the top 5 crops if grown in a field with no previous crop is calculated and shown 

in Table 3. Since the first assumption is that there is no previous crop, the yield response index has 

no impact.  

 

Table 3: Net Returns for Top 5 Crops 
 

 

Source: MAFRD (2016) and MASC –(2016) (Market Price). 

1-Spring Wheat, 2-Oats, 3-Canola, 4-Soybeans, 5-Corn for grain 

 

SPRING 

WHEAT OATS CANOLA SOYBEAN CORN 

Total Operating Costs ($ per acre) $201.36 $161.53 $256.98 $196.66 $315.88 

Market Price ($ per bu.) $6.40 $2.98 $10.89 $10.48 $4.85 

Average yield (bu. per acre) 55 100 40 35 115 

Net returns ($ per acre) $150.64 $136.47 $178.62 $170.14 $241.87 
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The net returns equation in this study only differs from a standard revenue equation in that the yield 

impacts of the previous crop are incorporated. Usually, economic models would use Net Present 

Value (NPV) to compare the present value of money to some future value. This thesis does not use 

NPV because, for instance, a corn – soybean - corn – soybean rotation and a soybean – corn – 

soybean – corn rotation essentially look the same except a different crop starts the sequence but they 

are not in equal, in terms of the NPV, because the crop in the starting year and discounting can alter 

the NPV. This result is not desired for the purpose of this study. When corn is grown in year one, 

soybeans is assumed to have been grown before corn and when soybeans is grown in year one, corn 

is assumed to have been grown before soybeans. The relative yield impact that soybeans has on corn 

(103) is not the same as the relative yield impact that corn has on soybeans (107). The NPV 

calculation would not take these differences into consideration. It is for this reason that net and 

average returns are used to compare rotations in this thesis.  

 

To expand the discussion of the calculations made, consider a Spring Wheat – Soybeans – Oats – 

Canola rotation sequence. Spring Wheat is grown in year 1 of the sequence and we assume that it is 

seeded on canola stubble because canola is the last crop in this four year rotation. The variables 

required to determine the net returns in year one are the price of spring wheat (P1 ), the average yield 

of spring wheat (Y1 ) , the operating costs of spring wheat (C1) and the relative yield response index 

of spring wheat grown on canola (I31). The relative yield responses are from the Kubinec 2014 tables 

in Table 2.  The year 1 net return calculation is shown below:  

 

R = (Y1  *   (I31) *    P1 ) – C1 
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The net returns of soybeans in year two in is calculated the same way by taking into account the 

yield response value from Table 1 of soybeans grown after spring wheat. Consider the same 

rotation, Spring Wheat – Soybeans – Oats – Canola. Soybeans is grown in year two so the impact of 

the spring wheat stubble on the soybean yield is incorporated. The year 2 equation is shown below: 

 

R = (Y4  *   (I14) *    P4 ) – C4 

 

Similarly, in year three, the net returns of oats will be calculated by taking into account the yield 

response value of the oats grown on soybeans stubble. The same is done for canola in year four. 

Only the impact of the crop grown in the immediate year prior is considered when calculating the 

yield impacts and base profits in the rotation. 

 

In Microsoft Excel, this is executed by using the IF function. The IF function allows to make logical 

comparisons between a value and what you expect. In its simplest form, the IF function says: 

IF(Something is True, then do something, otherwise do something else)  

 

In this study, the IF statements incorporate the crops and the relative yield impact responses that 

they have on each other. A simplest form example would be as follows for spring wheat in year one 

on canola stubble:  

 

IF(previous crop is canola and current crop is spring wheat, yield response is 102, otherwise if 

previous crop is oats, yield response is 90, otherwise if previous crop is soybeans, yield response is 



26 
 

106, otherwise if previous crop is corn, yield response is 100, otherwise if previous crop is spring 

wheat, yield response is 85) 

 

An example of one of the IF statements in the author spreadsheet below:  

=IF(C28=1,(($C$22*D28)-$C$19),IF(C28=2,(($D$22*D28)-$D$19),IF(C28=3,$E$22*D28-

$E$19,IF(C28=4,$F$22*D28-$F$19,$G$22*D28-$G$19)))) 

 

The same formula is applied to years 2, 3, 4 and 5 for rotations 1 to 3875. The sum of all returns 

from year 1 to 5 is obtained and averaged for each rotation. Once the results of all rotations are 

obtained, a sort is applied to the average returns data from highest to lowest average returns. This is 

how the top 20 performing rotations are identified.  
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DATA 

 

Data on agricultural production is observed in terms of prices, yields and costs of production. For 

the purpose of this Manitoba based research, such information for crops is was obtained from 

Manitoba sources. The average yield per acre  and total operating costs in dollars per acre are 

obtained from Manitoba Agriculture, Food and Rural Development (MAFRD) which produces an 

annual publication that provides average crop production costs of various crops to Manitoban 

farmers. Market prices per bushel are from the average MASC insured values and where not 

available, from Statistics Canada. The relative yield response indices are obtained from MASC 

(Kubinec 2014). The relative response yield index is the yield response when one crop is grown on 

the stubble of another specified crop. The indices are based on information that MASC contract 

holders have provided back to MASC on the annual yields of crops and previous crops planted. 

 

Table 4: Impact of Previous Crop on Yield of Various Crops Planted (2008-2012) 

 
Crop Planted 

Previous Crop Spring Wheat Oats Canola Soybeans Corn for grain 

Spring Wheat 0.85 1.01 1.04 1.03 1 

Oats 0.9 0.82 0.92 0.99 0.93 

Canola 1.02 1.04 0.85 1.01 0.95 

Soybeans 1.06 1.05 0.98 0.95 1.03 

Corn for grain 0 1.06 1.04 1.07 0.87 
Source:  Kubinec, 2014 

 

 

Table 4 is a modification of the Kubinec (2014) tables in Table 2 showing the 5 crops in this study 

and the relative yield impacts that they have on each other. The values are indexed (divided by 100) 

for easier calculations. Table 4 illustrates how rotations of different crops outperform crop on crop 

sequences. For example, canola grown on canola stubble has an 85% yield response versus canola 
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grown on spring wheat stubble with 102% yield response. Corn also has positive yield impacts on 

spring wheat and soybeans.  

 

 

For this study, the top five crops by seeded area in southern Manitoba are identified from 2011 

Census of Agriculture data. These top five crops are canola, soybeans, spring wheat, grain corn and 

oats and are shown in Table 5. 

 

Table 5: Top 5 Crops by Seeded Area in Southern Manitoba 

CROP TOTAL ACRES 
AVERAGE FARM 

SIZE (ACRES) 

TOTAL 

OPERATING 

COSTS $ PER 

ACRE 

MARKET 

PRICE $ 

PER 

BUSHEL 

AVERAGE YIELD 

PER ACRE (bu) 

Canola 50,540 481 256.98 10.89 40 

Soybeans 33,691 374 196.66 10.48 35 

Spring Wheat 31,554 385 201.36 6.40 55 

Corn  20,383 377 315.88 4.85 115 

Oats 17,681 218 161.53 2.98 100 
Source: 2011 Census of Agriculture, Statistics Canada (Total Acres and Average Farm Size), Guidelines for Estimating Crop Production Costs 2016, 

MAFRD (2016) for (Total Operating Costs Per Acre and Average Yield Per Acre) and MASC Insured Values 2012-2016 average (Market Price). 
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RESULTS 

Rotation Simulation  

Using the method described in the model section, several rotations will be analyzed in the 

optimization model by calculating the average dollar returns per acre of each rotation at the end of 

the rotation. The sum of returns from year 1 to 5 for all rotations is obtained and averaged. An 

excerpt of the resulting table before the sort is performed is in Figure 3.  

 

Figure 3: Excerpt of Average Returns of Rotations 

 

The analysis begins with five rotations of interest. The Spring Wheat – Canola – Spring Wheat – 

Canola rotation is one of the most commonly observed rotations in Canada. We will also analyze 

continuous crop options of Canola – Canola – Canola – Canola, Spring Wheat – Spring Wheat – 

Spring Wheat – Spring Wheat and Corn – Corn – Corn – Corn to show the weak returns of crop on 

crop sequences and the benefits of crop rotations.  The Corn – Soy beans – Corn – Soybeans 

Year 1 Year 2 Year 3 
Year 

4 
Year 5  

Net 

Returns 

Y 1 

Net 

Returns 

Y 2 

Net 

Returns 

Y 3 

Net 

Returns 

Y 4 

Net 

Returns 

Y 5 

Total 

Returns 

over 

period 

Average 

Return  

1 1 1 1 1 97.84 97.84 97.84 97.84 97.84 489.2 97.84 

1 1 1 1 2 115.44 97.84 97.84 97.84 139.45 548.41 109.682 

1 1 1 1 3 157.68 97.84 97.84 97.84 196.04 647.244 129.4488 

1 1 1 1 4 171.76 97.84 97.84 97.84 181.14 646.424 129.2848 

1 1 1 1 5 150.64 97.84 97.84 97.84 241.87 686.03 137.206 

1 1 1 2 1 97.84 97.84 97.84 139.45 115.44 548.41 109.682 

1 1 1 2 2 115.44 97.84 97.84 139.45 82.83 533.4 106.68 

1 1 1 2 3 157.68 97.84 97.84 139.45 143.77 636.582 127.3164 

1 1 1 2 4 171.76 97.84 97.84 139.45 166.47 673.362 134.6724 

1 1 1 2 5 150.64 97.84 97.84 139.45 202.83 688.5975 137.7195 

1 1 1 3 1 97.84 97.84 97.84 196.04 157.68 647.244 129.4488 

1 1 1 3 2 115.44 97.84 97.84 196.04 148.39 655.554 131.1108 

1 1 1 3 3 157.68 97.84 97.84 196.04 113.28 662.684 132.5368 

1 1 1 3 4 171.76 97.84 97.84 196.04 173.81 737.292 147.4584 

1 1 2 1 2 115.44 97.84 139.45 115.44 139.45 607.62 121.524 
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rotation, a common rotation in the U.S. will be analyzed to determine if there are any positive yield 

and return opportunities. In summary, the rotations of interest are: 

           

          i)   Spring Wheat - Spring Wheat - Spring Wheat - Spring Wheat 

          ii)  Canola – Canola – Canola – Canola 

          iii) Spring Wheat – Canola – Spring Wheat – Canola 

          iv)  Corn – Soybeans – Corn – Soybeans 

          v) Corn- Corn – Corn – Corn  

 

Table 6 shows how the five rotations of interest ranked out of the 3875 rotations. 

 

Table 6: Ranking of Five Rotations of Interest 

Year 1 Year 2 Year 3 Year 4 Average Return $ per acre 

1 1 1 1 $97.84 

3 3 3 3 $113.28 

1 3 1 3 $176.86 

2 4 2 4 $158.92 

5 4 5 4 $227.21 

5 5 5 5 $169.36 
Source: Author Calculations 

1-Spring Wheat, 2-Oats, 3-Canola, 4-Soybeans, 5-Corn for grain 

 

The corn – soybeans rotation performed the best out of the five with an average return of $227.21. 

Hamel and Dorff (2014) note that the most seeded observed corn rotation is a corn-soybeans-wheat 

rotation with 263,836 hectares seeded in Canada in 2011. A corn-soybeans rotation is second with 

239,074 hectares seeded in the same year 2011.   

 

The spring wheat – canola rotation came in second with an average return of $176.86. This was 

expected as this rotation is the most commonly observed rotation in Canada (Hamel and Dorff, 

2014).   
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The crop on crop sequences of corn, canola and then spring wheat followed with net returns of 

$169.36, $113.28 and $97.84 respectively. It is interesting to note that even though crop on crop 

sequences are discouraged as they result in same crop disease transfer, the corn on corn rotation 

performed quite well. It is only $7.50 less net returns than most commonly observed spring wheat – 

canola rotation and it was the best of the three crop on crop sequences under analysis.  

 

The results are in line with observations made in previous rotation studies, mixed rotations 

outperform crop on crop rotation sequences. When all the rotation sequences are ranked from 

highest to lowest average returns, crop on crop rotations ranked low. Spring Wheat was only four 

spots away from the worst performing rotation (ranked 3871 out of 3875 rotations).   

 

Going back to the original results of average returns of 3877 rotations as seen partially in Figure 3, 

the sort function in Excel is used to sort the data from the highest average returns to the lowest 

average returns. The top performing 10 sequences are selected from the 3875 rotations. The top 10 

rotations are shown in Table 6. The rotation number (rotation #) is unique to the rotation regardless 

of how it ranks after the data is sorted or manipulated. The top 10 crops are a mix of four and five 

year rotations. The soybeans – corn –soybeans – corn rotation which ranks highest is actually a two 

year rotation with just two crops rotating each year.  The canola – soybeans – corn rotation that 

came in ninth, is the highest 3 year rotation out of the 3877 possible rotations.  All the top rotations 

that include corn rotations have soybeans either following or seeded the year before. In the yield 

impact Table 4 the highest relative yield impact noted is 107, this is the impact value when corn is 

seeded after soybeans.  
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Table 7: Simulation Top 10 Rotations 

 
1-Spring Wheat, 2-Oats, 3-Canola, 4-Soybeans, 5-Corn for grain 

 

Year 1 

Rotation 3620 is a soybeans - corn – soybeans – corn rotation. In year 1, Soybeans is seeded. The 

model assumes that the crop that is seeded in the last year of the rotation, in this case, corn, was 

seeded before the year one crop was seeded.  Soybeans have total operating costs of $196.66 per 

acre, a market price of $10.48 and an average yield per acre of 35. On an average Manitoban field, 

the realized net returns of soybeans would be $170.14. This study takes into account the impact that 

the previously seeded crop has on the current crop as noted in Table 4. Corn was grown prior to the 

soybeans. The relative yield response index for soybeans grown on a field previously seeded with 

corn is 107 (or 107% of average). Net returns for soybeans in that rotation are $195.81. This is a 

significant improvement from $170.14 net returns of average soybean production. 

 

Equation (1):  Net Returns (R) = (Yct  *   (Ic1c2) *    Pct )     – Cct                                                                                                                

R = (Y4  *   (I54) *    P4 ) – C4 

R = (10.48 * (1.07) * 35 )  - 196.66 

R = $195.81 

 

Rotation # Year 1 Year 2 Year 3 Year 4 Year 5 Returns Y1  Returns Y2 Returns Y3 Returns  4 Returns Y5

Average Return 

per acre

1 3620 4 5 4 5 $195.82 $258.60 $195.82 $258.60 $227.21

2 1745 3 4 5 4 5 $196.04 $173.81 $258.60 $195.82 $258.60 $216.57

3 3495 3 5 4 5 $196.04 $213.98 $195.82 $258.60 $216.11

4 2995 5 4 5 4 5 $169.36 $195.82 $258.60 $195.82 $258.60 $215.64

5 599 1 5 4 5 4 $171.76 $241.87 $195.82 $258.60 $195.82 $212.77

6 2370 4 4 5 4 5 $195.82 $151.80 $258.60 $195.82 $258.60 $212.13

7 3245 1 5 4 5 $150.64 $241.87 $195.82 $258.60 $211.73

8 2430 4 5 3 1 5 $195.82 $258.60 $196.04 $157.68 $241.87 $210.00

9 3820 3 4 5 $196.04 $173.81 $258.60 $209.48

10 2599 5 1 4 5 4 $258.60 $150.64 $181.14 $258.60 $195.82 $208.96
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Year 2 

In year 2 of rotation 3620, corn is seeded with soybeans seeded the year before in year 1. Corn has 

total operating costs of $315.88 per acre, a market price of $4.85 and an average yield per acre of 

115. On an average Manitoba field, the realized net returns of corn would be $241.87. The relative 

yield response index for corn grown on a field previously seeded with soybeans is 103. Net returns 

are $258.60. This too is an improvement from $241.87 net returns if corn is grown on an average 

field. 

Equation (1):  Net Returns (R) = (Yct  *   (Ic1c2) *    Pct )     – Cct                                                                                                                

R = (Y5  *   (R45) *    P5 ) – C5 

R = (4.85 * (1.03 * 115) - 315.88 

R = $258.60 

 

Year 3 

In year 3 of rotation 3620 once again, soybeans is seeded. Corn was seeded in year 2. At this point 

in the rotation, the net returns are what was obtained in year one when soybeans were seeded after 

corn, $195.81.  

Equation (1):  Net Returns (NR) = (Yct  *   (Ic1c2) *    Pct )     – Cct                                                                                                                

R = (Y4  *   (R54) *    P4 ) – C4 

R = (10.48 * (1.07) * 35)  - 196.66 

R = $195.81 

 

Year 4 

In year 4 of rotation 3620 corn is seeded after soybeans in year 3. The net returns are what was 

obtained in year two when corn was seeded after soybeans, $258.60. 
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Equation (1):  Net Returns (R) = (Yct  *   (Ic1c2) *    Pct )     – Cct                                                                                                                

R = (Y5  *   (I45) *    P5 ) – C5 

R = (4.85 * (1.03) * 115) - 315.88 

R = $258.60 

 

The Year 1 to Year 4 returns are then totaled to $908.84 and averaged over the four years to get 

$227.21 as seen in Table 7. This was the highest average return obtained out of all 3875 rotations. 

To fairly compare rotations of different lengths, the net return totals are averaged for each rotation. 

 

No crop on crop sequences were observed in the top 10. The first crop on crop sequence observed 

after the results are sorted from highest to lowest returns is the corn on corn sequence which ranked 

1791 out of 3875 rotations. Only one rotation, Corn – Soybeans – Corn – Soybeans, out of the five 

rotations that were identified to analyze showed up in the top 10 rotations in this study. The second 

best preforming rotation was canola – soybeans – corn – soybeans – corn rotation. Very similar to 

the top rotation but with canola in year one. Corn being the last crop in this rotation is assumed to 

have been seeded before the rotation restarts at year one with canola. The relative yield response of 

canola grown on corn is 104. Rotations #599, #3245 and #2599 in Table 7 are different 

combinations of a corn-soybeans-wheat rotation which is the most observed corn for grain rotation 

in Canada (Hamel and Dorff, 2014).  It is also interesting to note that corn appears in every single 

one of the top ten average returns rotations. Corn has the highest production costs of the five crops 

but it also has the highest yield per acre. Spring wheat, which has been observed over the years to 

consistently be part of rotations chosen by Canadian farmers appears in only four of the top ten 

average returns rotations in this study and only in one year of each of the rotations unlike corn and 
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soybeans that time appear more than once in the rotations with at least four sequences highlighting 

the positive impacts on yield that each crop has on the other and their high starting returns.  

 

Price Shock Simulation 

Price plays a big role in the decision making process when deciding what crop or crops to grow. A 

desired outcome of this model is that it can be generalized into a program that farmers can use for 

their own unique crop, market and rotation data. Producers will then be able to choose optimal 

rotations, not only for the identified top five crops in Manitoba as illustrated in this study but for any 

others as long as the same data used in the model is available for other crops i.e. prices, costs, yields 

and relative yield impact values. 

 

Table 8: Year 1 to Year 13 Market Prices in Dollars Per Bushel  

Year  Spring Wheat Oats Canola Soybeans Corn for grain 

1 $3.66 $1.80 $6.30 $6.85 $2.70 

2 $3.94 $1.95 $5.76 $5.77 $2.80 

3 $4.48 $2.95 $7.67 $6.60 $4.01 

4 $8.71 $3.34 $13.51 $11.03 $5.07 

5 $6.66 $2.14 $9.63 $10.93 $4.59 

6 $4.90 $1.96 $8.35 $8.90 $3.27 

7 $7.50 $3.43 $12.57 $11.64 $6.19 

8 $7.21 $3.10 $14.21 $12.80 $6.25 

9 $7.60 $3.75 $14.48 $12.80 $6.37 

10 $5.79 $3.12 $10.06 $11.98 $3.93 

11 $5.85 $2.94 $10.02 $9.69 $4.16 

12 $6.25 $2.67 $10.79 $10.44 $4.34 

13 $6.27 $3.01 $11.27 $10.53 $3.97 
Source: MASC (2017)  

 

A price shock simulation is run to see what changes in price do to the average return of each 

rotation each year over 13 years. The April market prices of grains and oilseeds in Manitoba 

(MASC 2017 and StatsCan 2017) between the years from 2005 to 2017 are used with 2005 as year 1 

and 2017 as year 13. For years that there was no historical Manitoba price available, I used the 
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Ontario (corn for grain) and Canada (spring wheat) prices. The historical prices are shown in Table 

8. 

 

Keeping the operating costs, yields and relative impact yields the same, the year 1 market prices are 

used instead of the original market prices used at the beginning of this study and in Table 5. These 

year 1 market prices are input into equation 1 and the average returns at the end of the rotation are 

calculated. These year one prices are used in place of the original prices where applicable for all of 

the top 10 rotations. The results of this are noted and the same is done for all the years up to year 13. 

The results of the average returns for each year of new market prices are shown in Table 9. It should 

be noted that the end of year 1, the net return is the return at the end of the 4 or 5 year rotation. For 

example, rotation #3620 is a Soy Bean – Corn – Soy Bean – Corn rotation. The net return of $31.90 

shown in Table 9 is the net return at the end of the four crop Soy Bean – Corn – Soy Bean – Corn 

rotation. 

 

 

The purpose of Table 9 is to illustrate the effects that changing prices can have on the top 10 ranked 

group of rotations given everything else remains constant. In the real world, the variables are not 

likely to remain constant. Prices can change drastically due to changes in consumer preferences, 

new alternative crops and changes in political climate. Weather can both positively and negatively 

impact yield and the relative yield impacts of crops on other crops. Advancements in technologies 

can initially increase operating costs and then eventually decrease them. There are several moving 

parts that are not covered in this section of the study. It focuses on price change with everything else 

remaining constant.  
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Table 9: Price Shock Simulation Average Returns Year 1 to Year 13 of Top 10 Rotations in Terms 

of Average Return and Standard Deviation 

 

 

 

 
Spring W

heat – W
, Canola – C, Soybeans – S, O

ats – O
 and Corn for grain - Cn 

Source: Author Calculations 

Rotation
Year 1

Year 2
Year 3

Year 4
Year 5

Year 6
Year 7

Year 8
Year 9

Year 10
Year 11

Year 12
Year 13

AVERAGE 

RETURNS 

(per acre)
STDEV

RANGE

SCnSCn
$31.90

$17.60
$104.81

$250.54
$220.24

$104.05
$328.29

$353.57
$360.67

$200.81
$171.55

$196.26
$176.03

$193.56
111.6072

$343.07

CSCnSCn
$22.42

$6.90
$91.65

$254.47
$198.21

$96.07
$308.08

$341.43
$349.31

$186.11
$163.23

$189.00
$176.94

$183.37
110.6478

$342.41

CCnSCn
$12.00

$1.97
$98.48

$261.03
$192.42

$84.96
$320.72

$352.06
$361.69

$169.15
$160.39

$185.67
$170.44

$182.38
117.3632

$359.73

CnSCnSCn
$16.37

$6.93
$100.91

$238.70
$204.86

$85.50
$323.32

$344.74
$352.83

$176.11
$157.31

$180.67
$157.09

$180.41
113.4966

$345.89

WCnSCnS
$22.71

$14.99
$89.81

$252.81
$205.05

$93.48
$299.84

$316.07
$326.22

$179.31
$157.56

$181.50
$165.76

$177.32
103.4353

$311.22

SSCnSCn
$23.67

$4.75
$76.41

$219.29
$195.82

$93.31
$282.20

$309.95
$315.28

$189.23
$149.91

$174.12
$159.64

$168.74
100.2556

$310.53

WCnSCn 
$14.59

$14.17
$99.98

$261.48
$204.35

$84.10
$315.92

$326.30
$338.66

$163.69
$156.50

$179.53
$159.05

$178.33
109.5315

$324.50

SCnCWCn
$8.53

$3.58
$86.01

$262.78
$185.22

$80.42
$296.19

$317.96
$329.96

$157.30
$150.81

$175.39
$163.69

$170.60
108.6599

$326.38

CSCn 
$18.17

$1.91
$85.95

$260.98
$187.05

$93.26
$299.36

$338.14
$346.62

$179.33
$160.87

$187.49
$180.60

$179.98
111.1751

$344.71

CnWSCnS
$16.88

$9.88
$84.54

$242.07
$195.41

$85.65
$290.20

$305.76
$315.74

$168.97
$149.11

$172.33
$156.25

$168.68
101.6813

$305.86

MAX
$31.90

$17.60
$104.81

$262.78
$220.24

$104.05
$328.29

$353.57
$361.69

$200.81
$171.55

$196.26
$180.60

MIN
$8.53

$1.91
$76.41

$219.29
$185.22

$80.42
$282.20

$305.76
$315.28

$157.30
$149.11

$172.33
$156.25
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To see which rotations perform the best and worst over the 13 year period, the maximum and 

minimum average return for each year are highlighted in Table 9. The soybean – corn – soybean – 

corn rotation had the highest average return in 10 out of the 13 years. The rotations with the lowest 

average returns were spread out among the rotations that rank between 5 and 10. 

 

Table 9 also introduces the calculation of standard deviation and the range of the returns of each of 

the top ten average returns rotations over the 13 year price shock simulation to determine if there are 

any rotations that are riskier than others. Excel formula =stdev(…) and =range(…) are used to 

calculate this.  

 

Year 2 had the lowest returns for all rotations over the 13 year period while year 9 had the highest 

returns. This is simply due to those years having the lowest and highest prices over the period 

respectively. The results of the standard deviation and range of the returns over 13 years are not 

significantly different. It does not appear that any of the top 10 rotations are significantly more risky 

than another.  The rotations however may significantly differ in terms of agronomy concerns.  
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CONCLUSION 

 

Limitations 

Some of the limitations of this study are that only price changes were addressed. Realistically, there 

are many other factors that could impact the profitability of one rotation sequence over another. In 

addition to changes in price over the years, there could be variation in yields and variation in 

operating costs. Better disease resistant crop varieties could positively impact yields and therefore 

average returns. Linkages between impacts of one crop on another could lead to solutions to 

mitigate these and result in improved yield impact responses. Exceptionally good weather or 

adverse weather could positively and negatively impact yields and therefore average returns. In the 

same vein, increased operating costs will result in lower average returns if prices remain the same. 

There is a need for more research to address some of these limitations. There are ongoing studies on 

optimum residue management and fertilizing strategies for corn that will improve the ways that corn 

can be incorporated in rotations in Manitoba to increase its seeded area provincially.  

 

Another limitation of this model is that the crops in the study, which make up the top five crops 

grown in southern Manitoba do not comprise of any perennial crops, which are crops that live for 

more than two years.  Other studies, particularly McEwan and Howitt contained perennial forage 

crops. The existence of such crops in the model in this study could have complicated the average 

returns and yield impacts.  
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Findings 

 

The aim of this study was to demonstrate the potential economic gains of growing corn in Manitoba 

by providing scenarios where corn can be incorporated into existing rotations and noting the 

potential return gains and positive impacts on other crops in rotation. The results show that corn 

appears in every one of the top performing 10 rotations out of more than 3800 sequences generated. 

Corn grown in rotation with soybeans came out on top consistently as the best performing sequence. 

In addition to the positive yield impacts that one has on the other, soybeans has the second highest 

market price and corn has the highest average yield per acre and those are contributing factors as 

well.  

 

The question remains, if the average returns of rotations that incorporate corn for grain are 

consistently at the top, why isn’t it widely grown in Manitoba? The study explored the impact of 

changes in price and corn remained a profitable choice for most of the last 13 years. Yield risk is 

likely reason that corn is not widely grown in Manitoba. Weather and climate is the most decisive 

factor in determining the areas that corn can be viable. Corn requires a long warm growing season to 

yield the best harvest and even though varieties can be developed that adapt to local climates, corn’s 

highest yields are observed in warmer climates. In Canada this is in southern, central and eastern 

Ontario and southern Quebec. These regions have high Corn Heat Units, a measure of the average 

number of summer days that exceed specific temperatures (Hamel and Dorff, 2014).  

 

Another possible reason for less corn than suggested here is that corn requires specialized 

equipment for production which raises operating costs. Although the operating cost of producing 
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each crop is included in the model, the initial investment of new technology and equipment is very 

likely a deterrent for many producers who would rather incorporate a new crop that can utilize 

already owned equipment without incurring new debt. Although corn has the highest yield per acre 

among the 5 crops in this study, the factors that have inhibited its expansion in Manitoba directly 

relate to less than desired yields. This study has shown that corn is a highly profitable crop and has 

positive yield impacts on soybeans in particular when grown in rotation. As more varieties suited to 

Manitoba get developed, and producers are able to obtain yields close to those observed in central 

Canada, producers will likely seed more corn.   There already has been a noted significant increase 

in seeded acres in Manitoba of corn for grain from 205,071 acres in 2015 to 304,675 acres in 2017. 

(Yield Manitoba, 2017). Table 10 shows the yield per acre of the best performing corn for grain, 

variety 39D97 (PIONEER) (BT)(RIB) in the southern Manitoba RM of Dufferin and Risk Area 10 

(of which Dufferin is a part) between 2011 and 2016. It shows that the potential yield per acre is 

increasing. 

 

Table 10: Dufferin and Risk Area 10 Yield (in bushel per acre) of Corn for Grain  

 
2012 2013 2014 2015 2016 

Dufferin 144.6 141.5 120.4 143.5 161.1 

Risk Area 10 124 135 102 140 135 
Source: Yield Manitoba,, (2017),and  MMPP , (2017) 

 

To conclude, the main take away from this study is that incorporating corn into existing rotations is 

beneficial for a producer in southern Manitoba. The study showed that this is particularly true if that 

existing rotation already has soybeans in it.  In addition to higher returns, soybeans were shown to 

improve the yield of corn flowing them in rotation. Even as prices changed over a 13 year period in 

the price shock simulation, the soybean – corn – soybean – corn rotation outperformed the other 
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rotations in terms of average return in 10 out of the 13 years. It indicates that the positive yield 

impacts that corn has on soybean and their higher returns survive fluctuations in price.  

 

 

Next Steps 

 

This study could be refined further by using more granular data from a survey such as Kubinec 

2014. Such data would allow us to address concerns such as a provincial average yields or yield 

impacts not being necessarily accurate to a region that does not have an “average” mix of crops or 

differs from the majority of the province. Incorporating other crops such as perennials would also be 

an interesting extension of the study, to see how that would impact the ranking of the top 

performing rotations.  Monte Carlo or other forms of stochastic simulation applied to a reasonable 

distribution of prices, yields and yield impacts would be a worthy extension of these results.  
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