Evaluation of Subsurface Drip Irrigation (SDI) and Subsurface Drip Fertigation (SDF) on
Grain Corn (Zea mays L.) in Southern Alberta

by
Gary Csöff

A Thesis
Presented to
The University of Guelph

In partial fulfillment of the requirements
for the degree of
Master of Science
in
Plant Agriculture

Guelph, Ontario, Canada
ã Gary Csöff, December, 2018

ABSTRACT
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Advisor:
Dr. Rene Van Acker

Corn (Zea mays L.) yield in Brooks, Alberta (AB) is highly dependent on water and nitrogen (N)
availability. Four experiments were initiated in 2016 to evaluate the use of subsurface drip irrigation
(SDI) and fertigation (SDF) on grain corn in Brooks, AB. The objectives of the studies were to (i)
determine if SDF is possible in AB, (ii) explore the benefits of N application via SDF, (iii) explore the
benefits of irrigation via SDI in the region and (iv) investigate yield response to varying N amounts with
SDI corn production in this region. N was applied to the crop via two separate methods: Preplant
incorporated (PPI) UAN 28% or Urea, or UAN 28% injected via the SDF system. Expected corn yields
were used for determining the surface applied PPI Urea N rates of 0, 28, 56, 112, 224 kg N/ha. The
experiments were arranged in a four replicate, 12 treatment randomized complete block design. N
fertilizer applied via the SDF system at a rate of 112 kg N/ha yielded an average of 31% better (p<0.05)
across both previous crops, compared to surface applied N. Planting corn after soybeans had a yield
advantage of 6% which is significant at p<0.05.
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Chapter 1 - Introduction
Water is one of the most valuable resources we have on the planet. It not only provides the
means for the foods we are thankful for today, but water also enables much of the infrastructure
we have in the world today. Water has always played an integral role in agriculture and moving
forward it will play an even bigger role. Though almost 70% of the earth’s surface is covered in
water, only 2.5% of that is available for plants and human to use without processing (National
Geographic, 2017). Of this 2.5% available, irrigation accounts for 70% of the total withdrawal of
water from surface and groundwater (Wisser et al., 2008). In 2016, there was a total of 311 million
hectares (ha) of irrigated land globally, though only 84% of those hectares where irrigated (Renner,
2012). As of 2010, Canada had just over 528,000 ha of irrigated land, representing 0.8% of total
Canadian farmland, of which roughly 67% of which resides in Alberta (Stats Can, 2011). The main
type of irrigation in the Southern Alberta region is a center pivot system (~74%), although some
farmers choose to use flood irrigation and wheel lines (McKenzie, 2018). One novel advancement
in irrigation is to irrigate through subsurface drip irrigation (SDI) which Adamsen (1989,1992)
describes as irrigating the crop below the soil surface.
Next to irrigation, it can be argued that nitrogen (N) is at the top of the list with manageable
factors affecting corn yields. Growers around the globe apply both organic and inorganic forms of
N to their crops to help increase the yield and quality of their crops. Some crops, such as legumes,
have the ability to fix their own N. Advancements are being made to increase the number of crops
able to fix their own N (Van Deynze et al., 2018). Incorrect application of N increases the risk of
N loss into natural resources, which can have an adverse effect on the environment (Rouse et al.,
1999). Only recently has the agriculture industry started to promote the proper placement, rate,
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source and timing of crop nutrients. A relatively new way to apply N to a cropping system is via
the SDI system in a process called sub surface drip fertigation (SDF). With this system, liquid Nusually UAN- is measured and delivered with water to cropping systems at any point in the
growing season. SDF allows a producer to apply precise amounts of water and nitrogen directly
into the root zone.
This study aims to examine grain corn production in Brooks, Alberta using a SDF system.
The objectives of the studies were to (i) explore the yield benefits of N application via SDF, (ii)
explore the yield benefits of irrigation via SDI in the region and (iii) investigate yield response to
varying N amounts with SDI corn production in this region.
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Chapter 2: Literature Review
2.1 History of Subsurface Drip Irrigation
Subsurface drip irrigation (SDI) has been used in agriculture research dating back to its
first inception in Germany in the 1860’s (Lamm and Camp, 2007). The researchers used short clay
pipes to act as both a source and a sink for water irrigation. In North America, SDI made its debut
in 1913 at Colorado State University where Dr. House concluded that the technology was
economically unfeasible (House, 1918). In the early 1920’s more SDI research appeared in the
literature, for a similar use as in Germany. In California, Charles Lee applied for a US patent on a
tile that allowed him to wet the soil around an agricultural tile through a raised ridge inside the
pipe (Camp, 1998). The use of SDI didn’t become commercially feasible until after World War II
(WWII) when the advancing plastics industry allowed the development of SDI technologies to be
made with plastic. This was especially true in Great Britain (J.E Ayers et al., 1999). Drip irrigation
development in the US began around 1959 in California (Davis, 1967), later expanding to Hawaii
(Vaziri and Gibson, 1972). Around the same time, Blass (1964) reported some experiences with
SDI in Israel and its ability to reduce water consumption and improve yields.
As the technology for SDI gained traction in other geographies, different materials were
used to deliver water through the pipes. By the 1960’s, polyethylene or PVC pipes replaced the
original clay lateral supply lines, with holes and/or slits punched into the pipes to allow water to
exit into the soil (Braud, 1970; Zetzsche and Newman, 1966). It wasn’t until the late 1960’s that
plastic emitter inserts were installed into the PVC pipes (Whitney, 1970). Whitney and Lo (1969)
investigated several emitter types, evaluating them on both performance and plugging incidence,
and found that plastic insert emitters worked best overall. As the emitters and plastic drip tape

3

designs continued to improve, the adoption of SDI increased. By the 1980’s, SDI was reported
both in commercial fields as well as in research (Camp et al., 2000).
Netafim USA (2014) estimates that over 30 billion feet of drip tape have been installed in
row crops in the USA alone from the years 1995-2014. With the growth of SDI globally, there
have been numerous research efforts to optimize the operation and longevity of these systems. SDI
can be used to successfully reduce the environmental foot print of irrigated agriculture land,
improve crop quality and yield, as well as improve agricultural input efficiencies (Ayars et al.,
1999, Donk and Shaver, 2016). With so many benefits, the use of SDI in the United States
increased 59% from 163,000 ha in 2003 to 260,000 ha in 2008 (USDA-NASS, 2009). In Canada,
however, SDI has been primarily used on high value crops such as orchard and vegetable crops,
with some corn production tested in 2012 (Pearce, 2017). In Western Canada, SDI is a new
technology with several barriers to adoption. The lack of water supply in many areas of the prairies
makes it difficult to use SDI irrigation. Even where there is water available, the cost of SDI is still
high relative to a centre pivot irrigation system.

2.2 Yield Response to Irrigation
Water availability is critical to any crop, and corn is no exception. Corn requires
more than 500mm of rainfall to produce an optimal crop (Gabruch and Gietz, 2014). Though some
areas of the world receive this much rainfall regularly throughout the growing season, other areas
are forced to use supplemental irrigation to optimize yield. Globally, there are 311 million hectares
(ha) of irrigated land, but only 84% of those farms irrigate annually (Renner, 2013). India has the
most irrigated land of any country, at 39 million ha, followed by China and the United States of
America with 19 million ha and 17 million ha, respectively (Renner, 2013). As of 2010, Canada
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had just over 528,000 ha of irrigated land representing just 0.8% of farmland, roughly 67% of
which are in Alberta alone (Stats Can, 2011). The main crops under irrigation in Alberta include:
corn, alfalfa, barley, canola, dry beans, sugar beets, and wheat (Woods and Winter, 2010).
Grain corn requires the most amount of water during the reproductive stage of growth, and
water stress during this stage has the greatest impact on yield loss (Jurgens et al., 1978; Bryant et
al., 1992; Jama and Ottman, 1993). Figure 2.1 outlines the typical moisture uptake curve of a grain
corn crop. Ensuring water availability during the peak water uptake is critical to obtaining high
yields (Kelley, 2016).

Figure 2.1: Corn Daily Water Use as Influenced by Stage of Development. (Evans et al.,
1996)
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2.3 Timing of Irrigation
Timing of irrigation plays a critical role in crop development and therefore the yield of a
crop (Payero et al., 2009). Targeted irrigation applications at critical stages of growth can not only
conserve water, but also optimize yields and water use efficiency (WUE) (Ko and Piccinni, 2009).
Corn is most susceptible to yield loss when moisture stress occurs at tasseling and pollination. In
terms of impact on grain yield, stress during grain fill is worse than stress during the vegetative
growth stage (Musick and Dusek, 1980). To reduce the risk of yield loss, producers have
implemented irrigation strategies which include timing their irrigations with critical stages in corn
growth. Irrigation scheduling has become more reliable and efficient as instruments, such as soil
moisture probes and remote communication devices, are brought into the agriculture industry
(Riley, 2005). Methods of increasing WUE have been narrowed down to three key points: increase
the water use efficiency of plants in a crop, improve the water delivery system efficiency and
timings, and lastly, improve crop genetics to tolerate drought stress (Stewart and Nielsen, 1990;
Taylor et al., 1983).
Historically, farmers have irrigated a crop based on seasonal timing, environmental factors,
or a soil “feel test” as outlined by the United States Department of Agriculture (USDA) extension
service (USDA, 1998). Now, irrigation decisions are based on either qualitative or quantitative
data. Quantitative approaches to irrigation have been developed using technology that measure
soil moisture levels (tensiometers, dielectric probes, evapotranspiration-based controllers) and
improved crop models pertaining to the evapotranspiration curves of crops. These quantitative
approaches have drastically improved WUE in irrigation (Riley, 2005). The Florida Department
of Environmental Protection (2002) suggests that implementing proper irrigation management
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techniques and technologies could result in an increased irrigation WUE and water savings of up
to 50% in some regions.
Previous research has shown that irrigating based on evapotranspiration (ET) controllers
can reduce the amount of water applied by up to 42% compared to a time-based, qualitative
approach (Davis and Dukes, 2010). Lamm et al. (1995) found corn yields to be similar in SDI
environments when irrigation was supplied to replace 75% of crop evapotranspiration (Etc) as
compared to >75% (Etc). Adamsen (1989, 1992) found yields were not different between
subsurface drip irrigation and overhead irrigation, but the SDI required 30% less water to maintain
between -10 kPa and -30 kPa in the upper 300mm of the soil profile.
The frequency of applications has not had a significant effect on corn yields, provided that
the soil zone is managed within an acceptable crop stress level (Caldwell et al., 1994; Camp et al.,
1989; Howell et al., 1997). A study by Freeman et al., 1976 found that by increasing the irrigation
frequencies of both trickle and furrow irrigation, tomato yields decreased. Additionally, they found
that the highest yield is achieved when irrigation is applied to match the potential
evapotranspiration rate. This suggests that a soil moisture management plan is more critical than
frequently applying irrigation to a crop with an SDI system.
Placement of water is also a leading factor as to why SDI can be more efficient versus other
types of irrigation. Adamsen 1989,1992 found corn yields to be the same between SDI and other
types of irrigation, but SDI required 30% less water. These results are consistent with Lamm et al.
(1995) who found that SDI can reduce water use by 25% while maintaining high yields. The
reduction in water requirements with SDI compared to other irrigation systems was attributed to a
“reduction of deep percolation losses, elimination of runoff from irrigation, and reduction in
evaporation of water from the soil” (vanDonk and Shaver, 2016). In addition to water savings,
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Lamm (2011) found an increase in infiltration of precipitation due to the drier soils and less soil
crusting. Shrestha et al. (2008) found a 90% decrease in weed biomass for SDI plots compared to
furrow irrigation. These positive findings suggest an potential for SDI to not only decrease water
usage, but also increase precipitation absorption and assist with weed control.

2.4 Yield Response to Nitrogen
After water, Nitrogen remains one of the limiting nutrients needed to maximize corn crop
yields (Davis and Westfall 2009). Following WWII, most of the globe has access to nitrogen
because of the Haber-Bosch process (Ashraf, 2014) and relatively cheap fossil fuel energy. When
it comes to corn crop production, N consumption per kg of harvestable grain varies between 0.0114
kg (Bender et al., 2013) and 0.0161 kg (Silva, 2017) depending on geographic location and crop
end use. The amount of crop uptake of N will vary according to plant health and overall agronomic
conditions. One important factor to consider is N losses throughout the growing season. A review
by Kundler (1970) reports “first-year recoveries [of N] in the crop of 30-70%, with 10-40%
retained in the soil, 5-10% removed by leaching, and 10-30% unaccounted for and presumed lost.”
Yield response to N in a cropping system will depend on a number of factors including but
not limited to: source of N, crop rotations, and application methods. A study by Brown (1986)
showed that applying additional N to rain fed corn only increased the yield in two of five years.
Yield was decreased in one year, and no yield difference was shown in the remaining two years.
These results indicate that yield response to N applications vary based on environmental
conditions. However, in an irrigated corn environment, adding additional nitrogen has been
reported to increase crop yield when soil moisture is properly managed (Carlson et al., 1959; Eck
1984). These studies highlight the importance of properly managing fertility levels to yield targets
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and management strategies. Adding excess nitrogen fertilizer to a cropping system can be not only
costly to the producer, but can also have adverse effects on the surrounding environment
(Majumdar, 2003).

2.5 Approaches to N Fertilization
The type of N applied can have implications on its composition in the soil. Plants can
absorb two types of inorganic N; ammonium (NH4+-N) and nitrate (NO3--N) (Lamb et al., 2014).
All N sources for the plant in the soil (organic matter, crop residue, fertilizers, manures, etc.) are
converted through the N cycle to either ammonium or nitrate (Lamb et al., 2014). The speed of
conversion through the N cycle will depend on the source of N, the soil and environmental
conditions, and soil characteristics (USDA, 2017). An additional source of N that is relatively new
to cropping systems is ESN (Environmentally Safe Nitrogen) or enhanced efficiency fertilizers
(EEF). The ESN/EEF pellets are coated with a polymer coating containing a urease inhibitor that
inhibits N release until a certain threshold is met. Depending on the coating, the threshold is either
moisture amounts or temperature duration (Timilsena et al., 2014, 2015). The cost of ESN is higher
than traditional forms of N, but the technology allows producers to make a one pass N program
relatively easily while having similar benefits as a split application (Timilsena et al., 2014). Thus,
when producers consider their N sources for the season, it is important for them to use technology
and practices that coordinate N release and uptake from the soil with crop uptake in the field.
Crop rotations have had a large impact on yields historically, and that continues to be the
case even today (Munkholm et al., 2012). Depending on the previous crop, and the corresponding
carbon: nitrogen ratio, crop residue may be a net absorber or source of N for the following crop
(Ziauddin et al., 1973). If corn is grown continuously, it increases the amount of residue left for
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the following planting season, depending on residue management. This increase in crop residue
can immobilize N in the soil, thus tying up nitrogen availability for the subsequent crop (Green
and Blackmer, 1994). Though this may be good from a weed control and water conservation point
of view, it can increase the risk for insects and diseases in subsequent crops (Donk et al., 2010,
2012). It can also limit seedling emergence in the following crop if there is excess residue on the
surface. Even with these risks, approximately 33% of corn in intense corn production areas in Iowa
are seeded to continuous corn (Duffy, 2011).
The application method(s) of N to a cropping system can impact the amount and source of
N applied. Globally, over 50% of the total N applied comes from three countries: India, the US
and China (FAOSTAT, 2015). Though the crops grown in these countries range in N use and
uptake; application methods are relatively similar. Regardless of how producers apply the majority
of their N, it is standard practise to apply a small amount of nitrogen at planting, either with the
seed or banded close to the seed (Kelley, 2017). This provides emerging seeds with the nutrients
needed to optimize early season growth and maximize yield potential. One method widely adopted
by farmers is applying the N with a dry fertilizer broadcast spreader ahead of planting a crop.
While this method can provide sufficient N, the spread pattern of the applicator and the potential
for N loss to the environment are of concern (Cutts, 2017). In recent decades, newer technologies
have allowed producers to apply N with sprayers. This can be an application pass all in itself or N
can be added with an herbicide application.
It is not uncommon for farmers to split their applications of N fertilizer if they are not
employing ESN. This is done by applying a portion of the N ahead of the crop, and the rest later
on in the growing season. For example, a second application of N would be applied at the 4-8 leaf
stage in corn. This allows producers to adjust N rates based on yield and environmental conditions.
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A typical split of N, depending on the soil characteristics, can range from 40-75% of N pre-plant,
and the remainder with a side dress/in-season application (Kelley, 2017). If poor environmental
conditions have led to nitrogen loss after the initial application, the subsequent in crop application
can “top up” N to optimal levels.
The newest type of fertilizer application comes by means of injecting fertilizer into
irrigation water, referred to as fertigation. Frequent applications of N throughout the growing
season has the potential to limit losses to the environment and may lower the overall requirements
for N fertilizer (Camp, 1998). Fertigation also allows the producer to cater fertilizer requirements
to the crop. It also allows farmers to make fewer passes over the crop, saving on fuel and labour
costs. Fertigation technology not only allows producers to precisely apply all nutrients to the crop,
saving application costs and time, but also allows for daily adjustments to nutrient applications.

2.6 Advantages and Challenges of SDI
With any new technology introduced into the marketplace, there will always be
early adopters followed by broader producer adoption. SDI is no exception in this regard and
depending on the geographical location some issues may be more prevalent than others. One major
drawback with any new technology is lack of knowledge and support for adoption. This can lead
to negative perceptions of the new technology within the industry. Ensuring proactive
communication between retailers and growers is imperative to the success of new technologies
(Lamm et al., 2010). With several growers now using SDI in their cropping systems in Canada,
the knowledge transfer, research, and information available is growing. Installation costs, product
knowledge and installation specifications, operation of system, crop rotations and maintenance are
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all considerations in regard to the challenges and potential benefits of farmers adopting the use of
SDI.
The first, and likely one of the biggest deterrents to adopting SDI on more farm land, is the
initial cost. Producers are conscious of decisions that will cost them money, and they need to
calculate a return to implement any new technology. Currently, SDI will likely not be an attractive
option to replace an existing functioning irrigation system based on cost. A typical SDI system,
supplied and installed, will cost a producer in the range of $2960-$3500 per ha (Stalcup, 2013).
Typical costs of a centre pivot range from $2000- $2500 per ha. However, when considering
installing a new irrigation system, SDI is worth investigating. Under certain conditions, SDI has
an economic advantage over other types of irrigation systems for corn production (O’Brien et al.,
1998). The initial installation labour costs can be offset by the reduced future operating costs with
new sensor and automation technologies that are being widely integrated. Irrigation systems can
now be monitored and controlled from a mobile device, anywhere in the world. The introduction
of artificial intelligence and machine learning has the potential to fully automate the irrigation
process. The long-term benefits of the system can outweigh the high initial investment; however
proper maintenance is crucial to the longevity of the system (Trooien et al., 2015).
Knowledge transfer is part of any successful adoption plan for new technology. Though
SDI has been used in various forms for more than a century, the requirements for installation will
vary depending on the application. Drip line depth and lateral spacing of drip lines is a major
consideration before beginning the installation (Clark and Smajstrla, 1996). For row crops, drip
lines are installed to a depth of 0.25 m-0.35 m (Ayarsa, 1999). Heavy soil types (e.g. clay soils)
will limit the depth of the drip lines, as the most important factor to consider is water movement
through the soil. If the drip line is too deep relative to the soil type, water may not be able to reach
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the root zone (Hanson et al., 2000). In addition to the depth of the drip line, it is also important to
consider the spacing between laterals. Crop row spacing must be calculated, as the SDI line spacing
should be a multiple of the crop row spacing (Camp, 1998). Camp (1998) also refers to a guideline
for intraline spacing of emitters, which needs to take into account the spacing of plants in a row.
The use of real-time kinematic global positioning systems (RTK-GPS) allows producers to
precisely install SDI systems relative to the crop row position, increasing success rates for use of
the technology (Lamm et al., 2010).
The goal of every SDI system is to provide the crop with an adequate and consistent supply
of water and/or nutrients (Lamm et al., 2010). If this is not achieved it raises the risk of salinity
problems, mechanical damage or crop stress (Ayars et al., 1999). To overcome salinity issues, a
“large irrigation would be required every 2-3 years for leaching and salinity control” (Ayars et al.,
1999). Mechanical damage and crop stress can be managed by proper installation based on soil
and cropping characteristics. The SDI system should be installed to match the crop in rotation on
the targeted field that has the narrowest row spacing. This will allow a consistent application
pattern for all crops in the rotation. Lamm et al. (2010) states that it is critical to keep the soil
structure moist throughout the growing season. Properly matching row spacing, with soil types
and drip line spacing and depth is critical to success.
A particular challenge with an SDI system is that it operates completely out of sight, below
the ground (Burt, 1995). Even with new measurement technologies like flow sensors, moisture
monitors, pressure gauges and other sensors, there can be a lack of trust in the system from farmers
(Lamm et al, 2010). Additionally, the fear of adopting and understanding a new technology can be
a hurdle for some farmers. Learning new management strategies and irrigation scheduling
techniques can be difficult when farmers cannot physically see the water being applied to the crop.
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Further, if irrigation is required for crop stand establishment and germination, another type of
irrigation may be required (Camp, 1998). This is due to the fact that irrigation applied sub surface
to row crops is not likely to reach the soil surface (Badr and Abuarab, 2011). However, the lack of
surface moisture in the seedbed can lead to a reduction in weed and disease pressure (Grattan et
al., 1990). One option to help with a dry seedbed is to leave crop stubble in place after harvest,
which has the ability to absorb the snow as it melts to replenish water levels in the spring (Caprio
et al., 1989).
Proper use of SDI irrigation can improve both water and time use efficiency. SDI systems
can reduce the amount of irrigation needed by 25% (Payero et al., 2014), reducing not only the
amount of water applied, but also the cost to distribute that water through the crop. SDI systems
run at 30 ‘pounds per square inch’ (PSI), compared to most conventional irrigation systems that
run in the 80-160 PSI range (Netafim USA, 2012). This decrease in pressure can lead to a longer
system life potential, as well as reduced power consumption and lower piping costs (Lamm, 2002).
Managing an irrigation system well is critical to its longevity. With SDI systems, managing
issues can be a simple fix, like a broken fuse of plugged filter or it can be a larger issue like a
plugged drip line or broken main line. The main struggle with maintaining most parts in the system,
is that they are buried under the soil surface; and finding the exact location of the issue may be
difficult. Though leaks and breaks are easily noticed by large puddles in the field, diagnosing the
issue and location can be challenging. With proper installation and annual maintenance, though,
most of these are found in the first season of operation.
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2.7 Thesis Objectives
There has been research on the optimal rates of N to add to corn, the optimal amount of irrigationand the timing of each of those inputs. However, the majority of research looking at the interaction
of N and irrigated systems has been conducted in other world geographies, namely the Mid-West
US. Corn grown around Brooks, AB requires the use of irrigation to produce a profitable crop, and
SDI is being considered by local producers as an option. With corn production expanding into
Western Canada, a gap exists on the application and installation of SDI and SDF. Corn yield in
Brooks, Alberta (AB) is highly dependent on water and nitrogen (N) availability. N applications
typically occur early in the spring in AB, posing greater risks for loss. An experiment was initiated
in 2015 and 2016 to evaluate the use of subsurface drip irrigation (SDI) and fertigation (SDF) on
grain corn in Brooks, AB. The objectives of the studies were to (i) explore the yield benefits of N
application via SDF, (ii) explore the yield benefits of irrigation via SDI in the region and (iii)
investigate yield response to varying N amounts and two previous crops with SDI corn production
in this region. For objective (i) we hypothesize that applying N with the SDI system (SDF) will
increase yields compared to surface applied N. For objective (ii) we hypothesize that irrigation
will increase yield in the region compared to unirrigated treatments. For objective (iii) we
hypothesize that as N rate increases, yield will increase.
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Chapter 3 – INVESTIGATING THE USE OF SUB SURFACE DRIP
FERTIGATION ON GRAIN CORN IN SOUTHERN ALBERTA
3.1 INTRODUCTION
Water is one of the most valuable resource we have on the planet. Almost 70% of the
earth’s surface is covered in water, and only 2.5% of that is available for plants and human to use
without processing (National Geographic, 2017). Of this 2.5% available, irrigation accounts for
70% of the total withdrawal of water from surface and groundwater (Wisser et al., 2008). In 2016,
there was a total of 311 million hectares (ha) of irrigated land globally, although only 84% of them
actually irrigated (Renner, 2012). As of 2010, Canada had just over 528,000 ha of irrigated land,
representing just 0.8% of total Canadian farmland, of which, roughly 67% of which resides in
Alberta (Stats Can, 2011). The major type of irrigation in the Southern Alberta region is primarily
center pivot systems (~74%), though some farmers still use flood irrigation and wheel lines
(McKenzie, 2018). Irrigating with a center pivot presents its own set of challenges. Namely, the
limitation of irrigating an ~54-hectare circle inside of a 65-hectare square field. One way that
farmers and researchers have approached this problem is by watering the crop from below the root
surface with the use of sub surface drip irrigation (SDI) (Adamsen 1989, Adamsen, 1992).
SDI made its introduction into agricultural research back in the 1860’s in Germany, where
researchers used short clay pipes to both supply water to the soil, but also drain away excess
moisture (Howell et al., 1983, Keller and Bliesner, 2000). It would be another 50 years before
North America began conducting research with SDI at Colorado State University (House, 1918).
In 1920, the first patent was submitted for SDI by Charles Lee in California, who discovered that
a tile with water orifices as water outlets would irrigate the soil (Lee, 1920). After WWII, new SDI
innovations were introduced which are more economical and scalable: the production polyethylene
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pipes and plastic emitters (Braud, 1970; Zetzsche and Newman, 1966). By the mid 1980’s, SDI
was reported in both commercial and research fields, which was a pivotal step towards adoption
(Camp et al., 2000). Similarly, researchers started to investigate the application of chemicals and
fertilizers with the SDI system (Phene and Beale, 1979). This innovative approach to supplying
water to the crop limits the amount of moisture lost to environment and can improve water use
efficiency by 25-30% over other types of irrigation (Adamsen, 1989; Adamsen, 1992; Lamm et
al., 1995). The increased efficiency comes from reduced evaporation, elimination of runoff from
irrigation and reduction in deep percolation loss (Lamm et al., 2011). This reduction in
evaporation, runoff, and deep percolation is attributed to applying less irrigation at once and
applying it more frequently. Lamm et al., (1995) found that irrigation amounts can be reduced by
74% compared to full irrigation, which resulted in a 93% decrease in deep percolation loses. In
addition to this, Lamm et al. (2011) also found that SDI, with a drier soil surface compared to
overhead irrigation, improved the infiltration of rainwater into the soil structure.
Correct drip line depth and emitter spacing also contribute to the efficiency and uniformity
of SDI applications. Lamm and Trooien, 2005 investigated several depths of installation and found
that a range from 0.2 to 0.6 m had minimal impact on yield. Installing lines any deeper than 0.6 m
increases the risk of water not making it into the rooting zone and instead leaving via deep
percolation (Philip, 1991). Emitter spacing can vary greatly depending on the crops being irrigated
and the amount of water required (Arbit et al., 2010). With increased spacing between emitters
growers can install higher quality emitters, have longer runs, and have a lower chance of having a
clogged emitter (Lamm and Camp, 2007). Typically, SDI line drip tape spacing is a multiple of
the row spacing of the crop being planted, with dripline spacing of 60 inches for 30-inch corn. This
ensures that every row is fed similar nutrients, and also that there is even distribution of water and
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nutrients in the soil profile. Spacing lines too far apart or burying the lines too deep can lead to
uneven distribution of water and nutrients (Lamm et al., 2003). Soil type and crops in rotation are
two major factors to consider when determining the depth and spacing of driplines.
Yield response to added nitrogen rates through the SDI system have been mixed for
various crops. Bracey et al. (1995) found no yield response to nitrogen fertilizer rate for fertigated
tomatoes, while Camp et al. (1997) reported equal yields for reduced nitrogen rates in cotton.
When it comes to fertigation of grain corn, Lamm and Manges (1991) suggested that nitrogen rates
could be reduced, while still maintaining economical yields. Similarly, Lamm et al., 2001 and
Tarkalson et al., 2008 found no differences in grain corn yield when comparing N applied preplant
versus N applied throughout the season in a continuous corn rotation; indicating there is flexibility
and uncertainty with N application timing using SDI. Touchton and Hargrove (1982) and Fox et
al. (1986) found inconsistent results across multiple years using SDF. The majority of these
experiments were conducted in the Midwest US, where the Corn Growing Degree Days (GDD)
are 4000+, compared to Brooks, Alberta which receives an average 2890 GDD annually
(FarmWest, 2018). These same regions receive an average annual rainfall of 80-130cm of rainfall,
compared to Brooks, Alberta which averages 33cm per year (Climate FieldView, 2018). Though
none of these experiments have a similar climate to that of Brooks, Alberta, the increase in
efficiency and potential to decrease N inputs- while maintaining high yields prompted the need for
further research. It is expected that SDI and SDF will result in a positive yield response compared
to non-irrigated treatments.
Utilizing SDF technology, producers have the ability to apply precise amounts of fertilizer
and water below the surface. One challenge of the technology is that if the roots of the crop don’t
reach the solution of water and fertilizer, then it cannot be effectively used. Lamm (2009) outlines
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this challenge and also mentions that it is critical to give the crop a sufficient amount of nutrients
in order for the roots to grow into the irrigated area. Depending on the crop being grown, the roots
can also cause clogging problems around the emitters, which is worse under dry conditions
(Schwankl et al., 1993; Hanson et al., 1997). Coelho and Or (1999) found root mass of corn
increased around the drip emitters which lead to increased nutrient absorption. There have not been
any reported issues with roots clogging the emitters with corn. Drew et al. (1973) and Bar-Tal et
al. (1990) reported that increasing Phosphorus (P) levels in the soil via SDF increases root
development. By applying P through the SDF, relatively higher concentrations of P can be found
in the soil around the emitters for up to several weeks, increasing root growth and absorption of
the nutrients (Bar-Tal et al., 1990). These findings outline the benefits of using a SDF system
longer term in a diverse cropping system.
One of the main deterrents to widespread adoption of SDI is initial installation cost.
Installation costs can vary depending on lateral spacing, pump requirements, water quality, and
field shapes (Lamm and Trooien, 2003). Some systems have been documented to last longer than
20 years with proper care and maintenance (Lamm et al., 2010). Though SDI does have a high
initial installation cost, O’Brien et al. (1998) showed that when used properly, SDI may have an
economic advantage over other irrigation systems if used for more than 15 years. O’Brien et al.,
(1998) reported installation costs of US $806-$2417/ha for centre pivot and US $1331-$1641/ha
for SDI, depending on the size and shape of the field. Stalcup (2013) reported an SDI system,
supplied and installed, will cost a producer in the range of US $2960-$3500 per ha. One thing to
note is the SDI irrigated 64.8 ha of the possible 65 ha in the field, compared to only 50.6 ha with
the centre pivot, adding the ability to irrigate more of a field using SDI. Given that water and
fertilizer can be the two most expensive inputs to a corn crop, efficient management of these
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resources will ensure continued success for growers (Ibendahl et al., 2015). Even though SDI is
the most expensive irrigation system, it is the most efficient way to deliver liquid nutrients and
water to the cropping system (Aubert et al. 2016). Jacques et al., (2018) reported that a drip
irrigation system in Ontario needs to operate for 17 years, improving yields an average of 33% in
order to be profitable. SDI systems in other studies reported yield increases of up to 35% (Safontas
and di Paola, 1985) and water savings of 25% (Lamm et al. 1995).
The rise in concerns globally around water use in agriculture, and the ability to preserve
water while also applying nutrients has led to the following research studies. The objectives of the
research were to (i) explore the yield benefits of N application via SDF, (ii) explore the yield
benefits of irrigation via SDI in the region and (iii) investigate yield response to varying N amounts
with SDI corn production in this region.

3.2 MATERIALS AND METHODS
3.2.0 Overview
Four field trials were conducted at the Crop Diversification Centre South, in Brooks,
Alberta, Canada (lat. 50053’N, -111083’W) (Figure 3.1) in 2016. The soil at the site in Brooks,
Alberta is a Chin soil series, Orthic Brown Chernozem, developed on Glacio-lacustrine parent
material (Harms, 2018). Additional Soil characteristics can be found in Table 3.1.
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Horizon

Upper
Depth
(cm)

Lower
Depth
(cm)

Sand
(%)

Silt
(%)

Clay
(%)

Ah

0

33

35

44

Bm

33

51

43

Cca 1

51

142

Cca 2

142

Ck

206

pH

CEC
Cmol/kg

Field
Capacity
(%)

3.3

7.5

24

26

15

1.3

1.7

7.6

21

19

13

1.4

0

8

11

19

8

1.3

0

8.3

16

24

12

1.3

0

7.7

16

24

12

1.4

Texture

OM
(%)

21

Loam

35

22

26

55

19

206

10

62

28

406

14

58

28

Loam
Silt
Loam
Silty
Clay
Loam
Silty
Clay
Loam

Wilting
Point
(%)

Bulk
Density
(g/cm3)

Table 3.1 Soil characteristics from the research site in Brooks, Alberta (Harms, 2018).

Figure 3.1: Map of Southern Alberta, highlighting the research location in Brooks,
Alberta.
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The SDI system was installed on the site in early May, 2015. Driplines were spaced at 1.01
m, and a depth of 35 cm to allow a number of different crops to be used on the research site. Each
plot was 6.1 m wide by 20 m long, and only the middle two corn rows were harvested for data.

3.2.1 Comparing application method of UAN
The first experiment was arranged to compare the application method of UAN. UAN was
applied at a rate of 112 kg N/ha on the surface, pre-plant incorporated (PPI) or via the SDF system.
This experiment was conducted on two different previous crops; corn and soybean. Treatments 3
& 8 had UAN applied via SDF and treatments 4 & 9 had UAN applied PPI. Treatments are shown
in Table 3.2.

Treatment
3
4
8
9

Previous Crop
CORN
CORN
SOYBEAN
SOYBEAN

N Rate (kg/ha)
112
112
112
112

Application Method
SDF
PPI
SDF
PPI

Table 3.2 Treatments list and associated N rate and application method.
3.2.2 Yield response to seven N rates and two previous crops
The second experiment investigated the difference in N (Urea) treatment response to
differing previous crops; either corn or soybeans. To establish the difference, seven different N
rates were applied. The rates were 0, 28, 56, 112, 168, 280 224, 280 kg/ha N, and for corn included
treatments: 1, 12, 13, 14, 15, 16, 17. Soybean treatments used in the analysis were: 18, 19, 20, 21,
22, 23, 24. Treatments can be found in Table 3.3.
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Treatment
1
12
13
14
15
16
17
18
19
20
21
22
23
24

Previous
Crop
CORN
CORN
CORN
CORN
CORN
CORN
CORN
SOYBEAN
SOYBEAN
SOYBEAN
SOYBEAN
SOYBEAN
SOYBEAN
SOYBEAN

N Rate (kg/ha)
0
28
56
112
168
224
280
0
28
56
112
168
224
280

Application Method
Urea PPI
Urea PPI
Urea PPI
Urea PPI
Urea PPI
Urea PPI
Urea PPI
Urea PPI
Urea PPI
Urea PPI
Urea PPI
Urea PPI
Urea PPI
Urea PPI

Table 3.3 – Treatment list and associated N rate used when determining N
response to seven different N rates and two previous crops.
4.2.3 – Yield Benefit of Irrigation
To determine the value of irrigation, four treatments were randomly arranged in an
experiment. A treatment with 224 kg/ha N and irrigation was implemented to each background
crop (treatments 5 & 10). The other treatments also had 224 kg/ha N applied but did not receive
any irrigation throughout the season (treatments 6 & 11). Treatments can be found in Table 3.4.
Treatment
5
6
10
11

Previous
Crop
CORN
CORN
SOYBEAN
SOYBEAN

N Rate (kg/ha)
224
224
224
224

Irrigated
Yes
No
Yes
No

Table 3.4 – Treatment list and associated N rate used when determining yield benefit of
irrigation.
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3.2.4 – SDF UAN compared to PPI Urea
The final experiment compared 112 kg N/ha & 224 kg N/ha applied via SDF to 112 kg
N/ha & 224 kg N/ha applied via Urea PPI. These treatments were also applied to both corn and
soybean previous crops. SDF UAN treatments were 2 & 7 while Urea treatments were 16 & 23 for
corn and soybeans, respectively. 224 kg N/ha was chosen as the industry standard and the 112 kg
N/ha was chosen as a suboptimal rate, which should show more variation in yield response between
treatments. The goal was to see if higher yields could be achieved using SDF to apply the N,
compared to surface applied N. Treatments can be found in Table 3.5.

Treatment
2
7
16
23

Previous
Crop
CORN
SOYBEAN
CORN
SOYBEAN

N Rate (kg/ha)
224
224
224
224

Application
Method
UAN SDF
UAN SDF
Urea PPI
Urea PPI

Table 3.5 – Treatment list for SDF UAN compared to PPI Urea.

3.2.3 Agronomy
Following the installation of the SDI system, PPI fertilizers (N, P, S) were applied to the
appropriate treatments and the entire area was disc-tilled perpendicular to corn rows at a depth of
10 cm. The whole site was then rototilled at a 10 cm depth to ensure a good seed bed, and to level
out the field from the installation. In 2015, there were two crops planted: corn and soybeans. The
plots of corn and soybean alternated every treatment zone, which were 6.1 m wide. Crops were
planted using a precision 4 row Seed Research Manufacturing Company (SRES) Step 4 planter
(Kansas, USA) at a population of 87,480 seeds/ha for corn and 457,100 seeds/ha for soybeans.
Corn was planted in 76 cm rows, while soybeans were planted at 38 cm row spacing. The soybean
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variety used was DEKALB 22-10 (Monsanto Company, St. Louis, Missouri), and the corn hybrid
was DEKALB 23-21 (Monsanto Company, St. Louis, Missouri). These were chosen as they were
Monsanto’s earliest maturing products. In 2016, DEKALB 23-17 RIB corn was planted across all
four experiments. 21 days after planting, the area received an early post-emergent herbicide
application including, 2.5 L/ha RoundUp WeatherMAX (Monsanto Company, St. Louis,
Missouri) and 2.5 L/ha Aatrex (Syngenta Canada, Guelph, Ontario), which provided season long
control of weeds. Phosphorus, potassium, and sulphur were applied to ensure they were nonlimiting across the plot area based on soil testing. Soil samples were taken at a 0-15 cm depth from
the site on May 15th, 2016 and sent to A & L Labs (London, ON) for analysis. These samples were
used as a baseline for the entire site. Nitrogen analysis for the sample was done via the combustion
method and analyzed using thermal conductivity. Nitrate levels were extracted by mixing 20mL
of 0.05M K2SO4 with 5 grams of air dried soil for 20 minutes. Upon completion, they were put
into test tubes and analyzed using the colorimetry technique. Phosphorus levels at the site were
determined to be “16+” ppm using the Bray 1-P Extractant method (Bray & Kurtz, 1945). Sulphur
was analyzed and reported at 42 ppm using the Turbidimetric test, using NCR-13 MCP (500 ppm
P) (Fox et al., 1964). As a result of these tests, the recommendations from A&L Labs were to apply
75 kg/ha of P2O5 and 20 kg/ha of Sulphur. No Potassium was applied to the site as per the
recommendation. At planting, 35 L/ha of 10-34-0 was applied in furrow.

3.2.4 Data Collection
Prior to seeding, the temperature of the soil was 10 degrees Celsius at the seed depth. Seeds
were planted into moisture, approximately 5 cm deep. Whole plant samples were also sent into A
& L for nutrient analysis at V5 (June 16th), VT (August 2nd) and maturity (October 15th). 10 plants
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were randomly chosen from plots and chopped off right at the soil surface for all timings. The
samples were broken out into stalk, cob and leaves (if applicable) for shipping and analysis. A
representative subsample of each plot was placed in a Ziploc freezer bag, placed in a cooler, frozen,
and shipped to A & L for tissue analysis via the combustion and Cadmium Reduction Method
(Huffman and Barbarick, 1981). At black layer, the plots were evaluated for their average height
by taking the average of 10 randomly selected plants per plot. The populations of each plot were
counted at harvest for the inside two harvest rows. Harvest length for each plot was 20m in length.
Just before combining, corn cobs from each plot were documented for the number of rows, number
of kernels per row, and length of the cob. All yields reported have been standardized to 15.5%
moisture.
3.2.5 Weather Data
Daily rainfall and accumulated rainfall for the one-year study, as well as the 30-year
average rainfall have been collected and stored within the Climate FieldView Platform. Higher
than average rainfall amounts contributed to the non-irrigated treatments in 2016 yielding similar
to the irrigated treatments, and delayed harvest activities (Figure 3.2).
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a
Precipitation
(mm)

b
Precipitation
(mm)

Figure 3.2: 2016 Cumulative (a) and daily (b) growing season precipitation Compared
to the 30-year average. Graph (a) shows the total accumulated rainfall in blue compared to the
30-year average in yellow, while the bottom graph (b) outlines each individual event (in yellow)
compared to the averages (in blue). Source: www.climatefieldview.ca

3.2.6 Irrigation
Irrigation was applied in accordance to the Alberta Irrigation Management Model (AIMM)
which was developed in Brooks, Alberta by Agriculture, Food and Rural Development (AARD)
Irrigation Branch. The model uses the American Society of Civil Engineers (ASCE) standardized
evapotranspiration equation for calculating the reference evapotranspiration. The program itself
requires: cropping parameters, planting date, irrigation type, root zone, soils information,
application efficiency, management allowed depletion and uses locally available weather data to
provide irrigation recommendations. For this research, the acceptable amount of allowed depletion
was 35%, according to the user manual. Irrigation dates and amounts are below in Table 3.3.
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Date
June 2nd
June 7th
June 12th
June 16th
July 1st
July 22nd
August 5th
August 10th
August 17th
August 25th
September 1st
September 8th

Irrigation Amount (mm)
15
15
12
20
14
20
11
10
14
10
15
10

Table 3.6 - Irrigation amounts (mm) and date for 2016

3.2.7 Harvest
Harvest was completed with a 2014 Wintersteiger Delta combine (Saskatoon,
Saskatchewan) equipped with a Harvest Master Classic GrainGage scale system (Juniper Systems,
Utah, USA). The inside two rows were harvested for data to ensure limited edge effect from mobile
N or overlapping irrigation amounts. The entire length of the plot (20m) was harvested. At
combining, the grain moisture, test weight (lbs/bu) and yield (mT/ha) were measured. Test weight
and grain moisture were analyzed right on the combine using the GrainGage scale system. To
calibrate the GrainGage, three samples with known moisture amounts were initially tested using a
self-calibrating Dickey John Mini GAC 2500 (Dickey-John, Auburn, Illinois, USA). Those
samples were then cycled through the GrainGage unit; one sample of 28%, one at 24% and the
third at 18% moisture. The GrainGage moisture sensor could then be adjusted based on actual
readings.
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3.3 STATISTICAL ANALYSIS
To assess differences among treatments in the four experiments’, a generalized linear
mixed model (GLMM) analysis was executed on the individual subsets of data using the PROC
GLIMMIX procedure in SAS University Edition (SAS Institute Inc., 100 SAS Campus Drive
Cary, North Carolina, USA 27513-2414). The models consisted of the random variable rep, and
treatment was considered the fixed effect. A Tukey’s adjusted least square means was then
calculated. In addition to this an estimate statement was used to estimate differences between
specific combinations of treatments. For the experiment investigating seven different N rates with
two different previous crops, the data was fit to a non-linear curve.

3.4 RESULTS
3.4.1 Application Method
Subsurface UAN application had a greater yield (p<0.05) than surface applied UAN N
treatments (Table 3.4). UAN applied at 112 kg N/ha via SDF to the corn-corn rotation had a 0.94
t/ha yield advantage over surface PPI applied UAN, which represents a significant (p>0.05) 9.9%
yield increase. UAN applied at 112 kg N/ha via SDF on the soybean-corn rotation saw a yield
increase of 1.24 t/ha, which represents a 13.2% increase which is significant at p<0.05. SDF UAN
had 5.4 cm taller plants for the corn-corn treatments which was significant at p<0.05. SDF UAN
for the soybean-corn treatments had 6 cm taller plants, which was significant at p<0.05.
When comparing N applied via UREA PPI and UAN SDF, significant yield responses
(p<0.05) were realized at both the 112 kg N/ha and 224 kg N/ha rates. At 112 kg N/ha treatment,
UAN applied SDF on the corn-corn rotation yielded 2.39 t/ha (29%) more than Urea applied PPI
and is significant at p<0.05 (Table 3.5). Plant in this treatment were also significantly taller at
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p<0.05. Soybean-corn rotation with 112 kg N/ha yielded 2.64 t/ha higher, which represents a 33%
significant yield increase (p<0.05). At 224 kg N/ha, the soybean-corn rotation yielded .73 t/ha
more, which represents a 7% yield increase which is significant at p<0.05. There were no
significant yield differences between UAN SDF and urea PPI at 224 kg N/ha for the corn-corn
rotation. These results can be visualized in Table 3.5.

3.4.2 Yield Benefit of Irrigation
Rainfall in 2016 was significantly higher than the 30-year average (Figure 3.2). There were
only significant differences (p<0.05) in irrigation treatments for the corn-soybean rotation.
Irrigation increased yields by 0.56 t/ha representing a 7% increase, which is significant at p< 0.05.
Plant height in these irrigated treatments were 16.3 cm taller, which represents a 7% increase,
which is significant at p< 0.05.

3.4.3 Rotation Effect on N rate response for Yield
There were significant differences in yield for treatments that had soybeans as a previous crop,
instead of corn (Figure 3.5). Soybeans as the previous crop increased yields 0.5 t/ha (5%) averaged
across all treatments (p<0.05). Previous crop did not have a significant difference on the yields of
plots with zero N applied. At N rates of 28 kg N/ha the soy-corn rotation yielded 2.7 t/ha more
which was significant at (p<0.05) (Table 3.6). Corn-corn rates of 56 kg N/ha yielded 1.58 t/ha
(24%) more than soybean-corn plots, which is significant at p<0.05. At rates of 112 kg N/ha, the
corn-corn rotation also out yielded the soybean-corn rotation by 0.71 t/ha (4.9%) which is
significant at p<0.05. At 112 kg N/ha applied, the soy-corn rotation saw a significant (p<0.05)
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yield lag compared to corn-corn treatments. An additional Figure (Figure 3.6) is also included,
which removes treatment 1, which is zero N corn-corn as well as treatment 21 which is 112 kg

N/ha. Removing these provides a more predictable curve for the corn-corn equation, and the
soybean-corn equation is also better fit to the data.
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Previous
Crop
Corn

Soybean

Application
Method

Yield
(t/ha)

Moisture

Test Weight
(lb/bu)

Plant Height
(cm)

SDF

10.76 a

19.5

60.9

218 a

PPI

9.75 bc

18.9

60.1

213 b

SDF

10.56 ab

19.8

60.5

209 bc

PPI

9.35 c

21.3

59.8

207 c

Table 3.7- Comparison of two UAN application types: SDF or pre-plant incorporated (PPI) on
two different previous crops (corn and soybeans). Means of each measure followed by the same,
or no letter are not significantly different according to a Tukey’s multiple range test (α=0.05)
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Table 3.8 – Corn Yield (t/ha), Moisture, Test Weight (lb/bu), and Plant Height (cm) comparison
of two different N rate (112 & 224 kg N/ha), two different background crops (corn or soybeans)
and two different N sources (UAN & Urea). Means of each measure followed by the same letter
are not significantly different according to a Tukey’s multiple range test (α=0.05).
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Figure 3.5 – Corn yield (t/ha) comparing various N rates and two background crops.
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Figure 3.6 - Corn yield (t/ha) comparing various N rates and two previous crops with
two treatments removed for abnormalities.
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300

Test
Previous N Rate Yield
Moisture
Weight
Crop
(kg/ha) (t/ha)
(%)
(lb/bu)
Corn
0
7.4
ef
22.31
bc
58.28
d
Corn
28
5.6
g
19.55
cd
59.09
bcd
Corn
56
7.1
f
21.26
c
59.1
bcd
Corn
112
8.3
de
17.23
d
60.62
abc
Corn
168
10.2 ab
21.1
c
59.9
abcd
Corn
224
10.8
a
20.43
cd
61.27
a
Corn
280
11.0
a
20.27
cd
60.92
ab
Soybeans
0
7.4
ef
20.7
c
58.5
dc
Soybeans
28
8.3
de
25.7
a
58.3
d
Soybeans
56
8.7
cd
21.4
c
59.3
abcd
Soybeans
112
7.9 def
21.1
c
60.4
abcd
Soybeans
168
9.6
bc
22.4
abc
60.2
abcd
Soybeans
224
10.8 ab
21.8
bc
59.7
abcd
Soybeans
280
11.2
a
24.8
ab
58
dc

Plant
Height
(cm)
203.5
212
209.5
224
212.8
230.5
227.5
200
209
218.3
213.5
212.5
217
224.3

ef
cd
de
ab
bc
a
a
f
de
bc
cd
cd
bcd
ab

Table 3.9 – Impact of previous crop and nitrogen application rate on corn grain yield, moisture
content, test weight and plant height. Treatments with deferring letters within a column are
consider statistically different at p<0.05
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3.5 DISCUSSION
The objectives of the experiments were to (i) explore the yield benefits of N application
via SDF, (ii) explore the yield benefits of irrigation via SDI in the region and (iii) investigate yield
response to varying N amounts with SDI corn production in this region.
After the installation and successful operation of the SDI system for two seasons, SDI and
SDF are possible in Alberta, Canada. Results showed that injecting a suboptimal rate of N (112 kg
N/ha) as UAN with water, via SDF compared to surface applied PPI UAN increased yields an
average of 1.1 t/ha (11.6%). This aligned with Tarkalson and Payero (2008) who reported a 9.9%
increase in yields with SDF compared to surface applied N. Lamm and Manges (1991) also found
that by using SDF technology, N rates can be decreased while still maintaining high yields. The
1l2 kg N/ha treatment in this study yielded similar to the highest Urea N rates, with no statistical
differences at p <0 .05. This could lead to a >50% reduction in N use in corn crops, while having
the potential to still produce high yielding crops. This would not only reduce the amount of N put
into the soils but could also reduce the application costs and time required to apply N. Additionally,
applying N via the SDF system produced a yield benefit of 2.39 t/ha and 2.64 t/ha which represents
a 29% and 33% increase for the corn-corn and soybean-corn rotations, respectively.
Though rainfall in 2016 was higher than normal, the irrigation was deemed required at the
various times based on the AIMM model (Table 3.3). The greater than normal amount of rainfall
during the growing season however, may have resulted in less of a benefit than what may occur in
a normal year. Without irrigation, corn crops don’t typically produce an economical yield in
Brooks, AB as the area receives an average of 330mm of rainfall (Climate, 2018). In the case of
2016, yields were very high with no irrigation. In fact, only the soybean-corn rotation showed
significant differences in response to irrigation. The corn- corn rotation showed no significant yield
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response to irrigation. This could be due to the additional crop residue in the soil from the previous
corn crop, as reported by (Cassel et al., 1995; Karlen et al., 1984).
Corn grown in rotation with soybeans saw a significant yield increase across most
treatments (p<0.05). The 0.5 t/ha (6%) yield increase for the soybean-corn rotation averaged
across all treatments aligned with the findings of Morrison et al. (2017) who reported an 8%
increase with crop rotation. The 112 kg N/ha surface N treatment in the soybean-corn rotation saw
a significant decrease in yield compared to the corn-corn rotation.
Zero nitrogen treatments, regardless of previous crop saw no significant differences. The
reported yields for these treatments appear to be abnormally high. Yields of 6.73 t/ha with zero N
are not typical in Brooks, AB.

3.6 CONCLUSIONS
The objectives of this research were to (i) determine if SDF is possible in AB, (ii) explore
the yield benefits of N application via SDF, (iii) explore the yield benefits of irrigation via SDI in
the region and (iv) investigate yield response to varying N amounts with SDI corn production in
this region. UAN applied via SDF, compared to urea applied PPI at 112kg N/ha increased yields
by 29% for the corn-corn rotation and 33% for the soybean-corn rotation. UAN applied SDF vs
UAN applied PPI showed a 9.9% yield gain for the corn-corn rotation, and a 13.2% increase for
the soybean-corn rotation which is significant at p<0.05. Irrigation increased yields in the soybeancorn rotation by 0.56 t/ha which represents a 7% increase, which is significant at p<0.05. Crop
rotation had a significant impact on corn yields, increasing the yield by 6%.
Due to the nature of agricultural field research, this research received above average
rainfall in the 2016 growing season. This led to higher than expected yields for the non-irrigated
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treatments and did not demonstrate the expected yield increase from SDI. Additionally, one site
year on one soil type is a limitation- future research should consider multi-year, multiple site
experiments. Lastly, applying nitrogen all at once with the SDF system, instead of splitting up
applications was a limitation.
To gain a better understanding of the benefits of SDF, more experiments examining various
nutrients applied via the SDF system should be established. This would allow researchers to
determine what the yield limiting factors are, beyond nitrogen. Longer term experiments across
multiple crops would also help with adoption of the technology not only in Southern Alberta, but
throughout Canada and the rest of the world. Timing of nutrient application, particularly with
regards to corn yield should be investigated.
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Chapter 4: General Discussion
Agriculture and the production of fiber, fuel and food is not something new to us, and it is
not going away anytime soon. Change seems to be the only constant we have to work with in
today’s fast paced environment. As there are less and less farmers around the globe, it is becoming
more apparent that there is a growing gap between the farmers that produce our food to the kitchen
tables we enjoy our food on. Having trust in the technologies and practices that farmers implement
and use on a daily basis needs to be part of the foundation of society. Though implementing new
technologies in any industry is rarely a quick process, it is particularly challenging in agriculture.
The seasonality of farming typically allows for a farmer to have somewhere around 40 crop
harvests in their career. With the promises of precision and digital agriculture upon us, the
application of any crop input will likely come with a traceable prescription to ensure sustainability.
This fits in very nicely with SDF, as producers are able to apply not only water, but also crop
nutrients on demand right into the root zone ahead of the crop needing it.
While SDF has the potential to reduce water use and improve yield , it does come with
certain risks. The cost in install the system can be relatively high initially when compared to other
irrigation systems. Technology exists that helps to manage systems like SDF, but with their infancy
the price and support often are not in a spot for commercialization. Moisture sensors, cellular
connected pump houses, and drones/unmanned aerial vehicles (UAV) are a few technologies that
will enable new functionality moving forward. The decision on whether or not to install an SDF
system on a farm needs to be well thought out. Cropping rotation, equipment available, water
availability, and tillage practices are a few big decisions to make prior to installing. Additionally,
as the population continues to grow, a spotlight could be placed on agriculture with a call to action
to reduce water use.
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These trials showed interesting results, particularly with regards to yield when the N was
applied via the SDF system. Previous research had indicated the possibility of reducing N rates
while maintaining high yields if the N is applied via SDF. This was also the case in this research,
and those findings open the door to new possibilities. New research, investigating other nutrients
and crop inputs has the potential to unlock another yield step in performance. There are several
water-soluble nutrients available, and their interactions with SDF need to be studied. In addition
to applying various crop nutrients via the SDF system, the timing of applications could have a
significant impact on the yield and/or quality. Though with this research all the N was applied at
once, micro dosing N along with other nutrients could lead to a demand generated nutrient
application curve. Implementing this perfect balance of crop demand and root supply of nutrients
will undoubtedly change how growers operate their SDI systems.
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Appendix 1 - Installation of a sub-surface drip irrigation system

A.1 Introduction
SDI is a relatively new irrigation method that is gaining traction globally. SDI has the
ability to irrigate an entire field, leaving minimal amount of the land unirrigated. With limited
knowledge of SDI in Southern Alberta, this explanation of installation for the SDI system used in
this experiment aims to fill the gap of how an installation takes place. Though the size and fittings
used in a commercial field will be bigger than what was used in this study, the same concept can
be used for future installations. The system described here is for specific research purposes, and a
commercial design is not likely to have as many treatments or zones.

A.2 Site considerations
The first step in installing any irrigation system is to survey the topography of the land it
will be installed on and note/map any abnormalities. In the case of our research site, we installed
the system on dedicated crop research land in Brooks, AB and the site was flat and therefore well
positioned for SDI. For farms with irregular hills and steep slopes, drainage and application
consistency measures need to be taken into account (E.g. which end to put the drain, where to
pump the water, etc.) There are some fields which are not well suited for SDI, and for these fields
other means of irrigation should be considered. Examples of fields not well suited for an SDI
system could include: fields with large hills, fields with varying soil types, or fields with drainage
issues.
Our setup had 12 individually controlled zones, on 4 replicates with 2 previous crops- corn
and soybeans per zone for a total of 96 plots (Figure A.0). In a commercial installation, a grower
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is not likely to have so many different zones, but rather split the field into manageable sections
after consultation with a professional.

Figure A.0: Plot design for SDI installation near Brooks, Alberta.

A.3. Water source considerations
Water source, quantity and quality also need to be considered prior to installing an SDI
system. SDI, like most other types of irrigation systems, requires a constant supply of water to
operate efficiently. Most of Southern Alberta is connected through a canal system which supplies
much of the farmland with irrigation water through the growing season. A best management
practice for any irrigation system is to perform a water test to ensure the irrigation water being
applied is free of any toxic properties including excess salts, herbicides, or pathogens. If the pH
needs to be adjusted, there are monitors and automated systems that allow growers the ability to
adjust the irrigation water before distribution. If pH is not managed properly, it can lead to
decreased nutrient availability and clogging of the SDI system which will cause uneven application
of both water and nutrients (Schultheis, 2016)
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A.4. Set up considerations
The spacing of the drip tape laterals is one major item to consider when initially planning
the SDI system. Crops grown, soil type, yield goals and application of SDI are some of the key
items that need to be considered before installing. For our SDI system, 102 cm lateral spacing was
chosen to ensure application consistency. This also allows for various crops to be grown that are
typical to the Southern Alberta region at average row spacing’s. There are examples of installations
throughout various research and commercial settings that are on 150 cm centres to accommodate
75 cm corn row spacing, with corn being the primary crop in those settings (Camp et al., 2000). In
addition to lateral spacing, the length of each drip line needs to be considered to ensure that proper
pressure and water distribution can be maintained through the irrigation system. The length of each
run is determined by emitter spacing, drip tape diameter, flow rates and topographical changes.
Drip lines are normally no longer than 800m in length (Payero et al., 2014).
The depth of which the drip tape is installed also has to be considered. For our system we
installed it to a depth of 33 cm to allow for tillage. The installation depth of the mainlines should
be a minimum of 100 cm to protect against frost shifts in the soil. Depths will vary for SDI,
depending on whether the system remains permanently installed, as is the case with our
installation. Some systems are installed temporarily at much shallower depths so that the drip tape
can be removed at the end of each season. Shallow installation ensures water is available to the
growing crop, including germination. Shallow installation also enables the opportunity to remove
the SDI system after its use. Figure A.2 shows the installation of driptape to a depth of 33 cm. The
machine in the photo installs 3 rows at a time at an operating speed of about 2 miles per hour
(MPH). Each shank, depending on soil texture and moisture, will require 50 Horsepower (HP) to
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overcome draft, so sizing a tractor to the installation needs and equipment is critical. For our install,
the tractor was a John Deere 8000R series tractor delivering 250+ HP (Cervus Equipment John
Deere in Brooks, Alberta).

Figure A.1: Drip tape is installed at 101 cm intervals, to a depth of 33 cm. Shown in photograph
is the application implement, installing three individual drip lines using RTK GPS guidance.

After all of the drip tape was installed we mapped out the site and created zones. The first
step was to determine where the drip tape lines would connect to the risers, which were then
fastened to the header. Due to the plastic material of the drip tape, it is important to cut the drip
tape in each trench, to prevent it from stretching. Stretching the driptape makes it difficult to attach
it to the riser. A chainsaw was used for this and pushed in at each lateral drip line at a trench
location to cut through the drip tape. This worked but I do not recommend it because it is not only
dangerous but also causes severe wear and tear to the chainsaw. After cutting the lines, a backhoe
53

dug a trench approximately 100 cm deep and 120 cm wide to which allowed us space to maneuver
within the trench. Figure A.2 shows the ideal width (1.2m) of the trench to allow movement and
easier installation of all applicable parts. A wide chain trencher could also work for this process,
which would also break up the soil to make filling the trench back in easier.
Zones, enabled by headers, in the field were a way to control not only the irrigation, but
also the fertilizer amount given to each treatment. A header connects the driptape to the water
supply lines, via a hard-plastic riser (Figure A.4). Risers connect into the header with a plastic
coupler, which are then connected to the driptape and sealed with a clamp. Headers were
constructed using 5cm PVC pipe. Most commercial operations will install 10+cm PVC pipe.

Figure A.2: 100 cm deep trench dug to allow installation of the header’s and supply lines. Two
main-supply trenches were installed, and three cap-trench’s (at end of drip tape) which allowed
for the sealing of each drip line.
Each zone consisted of six drip lines attached to a single 5 cm polyvinyl chloride (PVC)
header, which were supplied using a 2.5 cm PVC line. Due to the low pressure and volume output
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of the system, this setup provided ample pressure and volume for the setup. In a commercial set
up, there would be no need for headers, as drip tape would connect directly into a single supply
line, likely 10 cm+ in diameter. Due to the nature of our experiment with 12 zones, we had to
create a system with 48 headers to enable us the zone control we required with the system. Figure
A.3 shows construction of the headers prior to installation. The pipe is standard 5 cm PVC piping,
the connectors into the pipe are specific to Netafim irrigation systems, and the riser tubes are 1.9
cm hardened plastic.

Figure A.3: Header production. Headers (white pipes) with six black risers were constructed to
allow for individual zone control in the SDI setup. Shown here are four headers awaiting
installation in the trenches.
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As the headers were being installed, the 2.5 cm PVC supply lines were also being
manufactured. Figure A.4 L & R show the trench when supply lines and header lines are installed.
After the headers are placed in the trench, the drip lines are connected to the black plastic risers.
This connection was made using a small clamp to ensure no leakage in the trench. A clean cut
must be made where the riser connects into the drip tape to allow for a seamless connection. This
is best done by carving out an opening where the drip tape goes into the soil from the trench, to
allow for the best possible connection.

L

R

Figure A.4 L & R: Mainline piping as well as manifolds were installed to accompany the 12
different treatment zones, across four replicates. Two trenches’ similar to these connect the
whole system, allowing water and nutrients to flow through the plots.
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When all drip tape lines are connected to the supply lines, the pump house construction can
begin. For this project, the pumphouse was a garden shed purchased from a local home hardware
store, but any enclosed shed will work. Figure A.5 shows how the supply lines are connected into
the pumphouse.

Figure A.5: Connecting the supply lines into the pumphouse. Attention is required to ensure
lines are connected properly throughout this process.
Within the pumphouse, each supply lines connects into an individually controlled zone.
Each zone has an individual fertilizer injection pump, as well as an electronic and manual valve.
The electronic valves allow for automated irrigation scheduling, and the manual valves were
installed in case of power outages or system malfunctions. Figure A.6 shows the completed
pumphouse with all the supply lines and automated control valves.
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Electric Valves

Fertilizer Pumps

FiIter
Figure A.6: The completed Pumphouse. Each zone is individually controlled with electric
valves. Each verticle pipe is connected to a zone, which is then distributed to the headers
throughout the plots.

Many pumphouse designs are possible, and I designed this one as it met the specific needs
of the trial design. Once the supply lines are connected through to the field, we began installing
the filter and electronics of the SDI system. For this SDI installation, we used a dual Netafim autoflush disc filters, shown in Figure A.6. If there is ever a pressure difference before and after the
filter, the filters will automatically flush themsleves for optimal operation. The system is controlled
using an NMC-40 (Netafim, California, USA) controller which allows for multi-operation, multizone control. The controller was programmed to irrigate at specific rates, while also supplying
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nitrogen at specific rates. In a commercial set-up, advancements in remote sensing and remote
controlling technologies would enable growers to precisely apply irrigation amounts based on infield conditions.
A.5 Operational considerations
One key benefit of SDI compared to many other irrigation systems is that it can operate at
low water pressure. The required operating pressure range is only 12-18 PSI, whereas for many
other systems required operating pressure is more than 150 PSI. The low-pressure requirement of
SDI systems allows a smaller pump to be used, or a pump operating at lower power, thus saving
on energy costs and reducing risk of high pressure injuries and system blow outs.
After the pumphouse was completely installed and checked, we opened the valve to slowly
start filling the system. A mainline flush valve should have been installed on our systems to allow
for more frequent flushing of the system, and also easier winter maintenace. For this installation,
we opened the water to each zone indivually and waited for water to exit each drip line before
sealing the dripline laterals. This not only ensured each line was functioning properly, but also
flushed out any plastic pieces or soil particles that may have entered the pipe during the installation
process. After each zone was quality checked, each drip line was sealed in the trench and the
system was turned back on, brought to operating pressure, and problems were addressed.
When all zones had been pressure checked, the trenchs could then be filled back in. Caution
needs to be taken when filling in trenches to limit the amount of risers that are bent, or
disconnected. To help in this regard, two 2” x 10” planks laid overtop of the risers as a loader
dumped buckets of soil in the trench were used. This process is displayed in Figure A.7. We kept
the system operating during this time to allow us to see if any problems such as disconnection of
lines occurred while the trenches were being backfilled. During this process we learned that it
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would have been good practice to place pure sand in the trench as backfill. It would pack nicely
around the drip tape and allow for easy access if problems arose in the future. This is also where a
chain trencher could work nicely as the soil would come out finely ground and free of large
aggregates.

Figure A.7 - After connection and a testing flush run, the trenches were carefully filled, and the
field was prepped for planting and fertilization.
A.6 Key Learnings and Future Considerations
- Consider installing in the fall, or grow a cover crop after the installation year
- Take your time when filling in the trenches, and inquire about a more durable riser hose
- Consider building a fertigation storage area for liquid fertilizers
- Patience. Take the time to do it right the first time
- Consider planting/seeding the crop in opposite direction of drip lines
- Install quick-connects to the system for easy winter maintenance
- Install pressure relief and drainage valves at the low and high areas of the field
- Fill in the drip line trench’s immediately to limit rodent exposure
A.7 Conclusions
The consistency of application and ease of application are unmatched when it comes to
SDI. The consistency and accuracy of the system can be a challenge to visualize because it is all
underground, but as Figure A.8 shows, the accuracy of application is spot on. When installation is
done correctly, the SDI system is easy to operate. When I do it again, I will be using all
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technologies available to me including moisture sensors, UAV’s and remote controls. I look
forward to installing my next system.

Figure A.8- Aerial image of Brooks, Alberta showing the variance in chlorophyll content
from varying amounts of nitrogen application.
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