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Introduction
Introduction

Located at Outlook, Saskatchewan, the Canada-Saskatchewan Irrigation Diversification Center
(CSIDC) is a modern applied research and demonstration facility. It operates as a partnership
between Agriculture and Agri-Food Canada, the Saskatchewan Ministry of Agriculture, the
Irrigation Crop Diversification Corporation, the Saskatchewan Irrigation Projects Association,
and the University of Saskatchewan. The partnership is driven by the challenge and the desire
to meet the needs of its farmer clients and to serve the western Canadian irrigation industry.

CSIDC consists of a 135 hectare land base equipped with a full range of modern irrigation
equipment, including variable rate irrigation systems. Nineteen hectares of subsurface drainage
allow environmental monitoring and treatment comparison. Water is supplied to the Centre by a
computer controlled variable output pressurized pipe system.

CSIDC has a full range of small plot to commercial sized agricultural equipment. It includes a
potato and vegetable storage and handling facility complete with a quality assessment
laboratory. In addition a heated greenhouse, a well-equipped shop, an automated weather
station and a modern office are part of the facilities.

CSIDC has a highly qualified and experienced team of research, technical, extension,
operational, administrative and management staff that effectively address the research,
demonstration and extension needs of the industry. These staff contributions are provided by
Agriculture and Agri-Food Canada, the Saskatchewan Ministry of Agriculture, the Irrigation Crop
Diversification Corporation, the Saskatchewan Irrigation Projects Association, and the University
of Saskatchewan.

The project activity conducted at CSIDC is reviewed, evaluated, rated and approved by an
Executive Management Committee to ensure that research, demonstration and education
activities meet the objectives of the partnership agreement. Project suitability is based on the
potential to increase the economic impact of crops grown under irrigation, to increase on-farm
profitability, and to protect and sustain the environment. Projects include evaluating new and
existing crops and cultivars in a changing environment, developing Beneficial Management
Practices (BMP) for sustainable irrigated crop production and resource protection, evaluating
management practices for improved water use efficiency, and supporting the transfer and
adoption of improved practices and technologies.

Each year the work at the Centre is highlighted at the annual CSIDC Field Day and trade show,
as well as numerous commodity tours and extension events.
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2016 Weather

2016 Weather Summary

May started off hot and dry in 2016, but then more seasonable temperatures, and rains on May
10 and 21-22, allowed for timely planting and good crop stand establishment. Conditions were
becoming moderately dry going into July, but an extreme storm on July 3 produced 73 mm of
rain and caused localized flooding and lodging damage. Four additional heavy rains were
received July 11 through August 3, eliminating need for irrigation for the remainder of the
season for most crops. Conditions for harvest were generally good, as were yields of both
dryland and irrigated crops.

Warm conditions to mid-summer resulted in above-average heat accumulations for the season
(Figs. 3-6) and good yield potentials. September heat units shown (Figure 3) are those
accumulated from May 15 through Sept. 30, or to the first killing frost (defined as -2.0°C),
whichever is earlier. In 2016 the first frost meeting that criterion did not occur until October 7.

Comments on weather effects on trials are also included in the individual project reports.
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Figure 1. CSIDC growing season average daily minimum and maximum temperature by month.
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Table 1. Monthly and total irrigation

2016 Irrigation Summary

depth applied by field and study area

2016 Weather

Irrigation Depth Applied Growing  Total
Season Water
Field Study May  Jun Jul Aug Sep Irrigation Applied
______ mm
1 Wheat fill area 0 15 0 0 0 15 15
2 Onion 0 37.5 0 12.5 0 50 50
2 Lettuce 0 37.5 12.2 12.2 0 62.5 62.5
3 Wheat fill area 0 0 0 0 0 0 0
3 Wheat fill area? 0 15 0 0 0 0 0
4&5 Cereal trials 15 15 0 0 0 40 40
6 Canola GHG 0 30 0 0 0 30 30
6 Horseradish 0 40 0 0 40 40 80
7 Potential irrigated crops 0 30 0 0 0 30 30
7 Corn trial (PAMI) 0 15 0 0 0 15 15
7 Corn trial 0 15 0 0 0 15 15
7 Wheat in rotation? 0 0 0 0 0 0 0
8 Rotation study 0 32.5 0 0 0 32.5 325
8 Potato trials 0 32.5 0 15 0 47.5 47.5
8 Wheat in rotation 0 32.5 0 0 0 32.5 32,5
9 Canola establishment 28.5 0 0 0 0 28.5 28.5
9 Corn trials 0 12.5 0 0 0 12.5 12.5
9 Potato trials 0 12.5 0 15 0 37.5 37.5
9 Soybean trials 0 12.5 0 0 0 12.5 12.5
10 Canola irrigation (sensors) 0 15 0 0 0 15 15
10 Canola irrigation (AIMM) 0 45 0 0 0 45 45
10 Wheat in rotation 0 20 0 0 0 20 20
10 Wheat irrigation study full 0 45 0 0 0 45 45
10 Wheat irrigation study 75% 0 30 0 0 0 30 30
10 Wheat irrigation study 0 60 0 0 0 60 60
sensors
11 Canola trials 0 15 0 0 0 15 15
11 Fababean trials 15 0 15 0 0 30 30
11 (Hynes) 8 0 0 0 0 8 8
12 Pulse crop trials 0 125 0 0 0 12.5 12.5



Irrigation Depth Applied

2016 Weather

Growing Total
Season  Water

Field Study Jun Jul Irrigation  Applied

Demo .

Site NE Canola establishment 0 0 28.5 28.5
Demo .

Site NE Pulse trials 12.5 0 12.5 12.5
Demo . .

Site NW Wheat in rotation 12.5 0 12.5 12.5
Demo . .

Site SE Alfalfa in rotation 35 0 43 43
Demo . .

Site SW Wheat in rotation 12.5 0 12.5 12.5




2016 Field Plot Layout

2016 Plot Layout

Figure 7. CSIDC Main Station plot layout

The plot layout legend follows on page 20.



2016 Field Plot Layout

CSIDC Main station field plot locations

Plot Description

1 (Russ Hynes)

2 Early Generation Canola

3 Crop Development Center Fababean trial

4 Lettuce and Onion Production Demonstration

5 Hybrid Bromegrass

6 Pepper and Cucumber Production Demonstration

7 Strawberry and Raspberry Production Demonstration

8 High Tunnel Vegetable Production Demonstration

9 Saskatoon Berry Production Demonstration
10 Hascap Berry Production Demonstration

11 Sour Cherry Production Demonstration

12 Cereal Variety Trial

13 Cereal Variety Trial

14 Wheat Variety Trial

15 Cereal Variety Trial

16 Cereal Variety Trial

17 Durum Wheat Trial

18 Durum Wheat Variety Trial

19 Winter Wheat Variety Trial

20 Fall Rye Variety Trial

21 Barley Variety Trial

22 Flax Variety Trial

23 Pulse Irrigation Study i Fababean

24 Pulse Irrigation Study i Soybean

25 Horseradish Agronomy Trial

26 Wheat Irrigation Study

27 Dow Elanco Potato Trial

28 Canola Establishment Study

29 Winter Wheat/Fall Rye fill area

30 Durum Wheat Fusarium Fungicide Trial

31 Crop Rotation Study

32 Potato Agronomy Trials

33 Corn Agronomy Trials

34 Corn Agronomy Trials i irrigated vs. dryland
35 Potential Irrigated Crop Study

36 Dry Bean Agronomy Study

37 Pulse Crop Agronomy Trials

38 Forage Agronomy Trials

39 CWRS Wheat fill area

40 Lentil fill area

41 Canola fill area

42 Alfalfa fill area
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CSIDC Off-station field plot locations

2016 Field Plot Layout

Plot Description
1 Cereal Trial
2 Cereal Trial
3 Wheat Fill Area
4 Flax Trial
5 CDC Lentil Breeding Program
6 Variety Trial
7 Variety Trial
8 CDC Dry Bean Breeding Program
9 Variety Trial
10 Variety Trial
11 CDC Dry Bean Breeding Program
12 CDC Dry Bean Breeding Program
13 Canola Establishment Study
14 AC Saltlander Green Wheatgrass Trial
15 Soybean Agronomy Trial
16 Micronutrient Study
17 Alfalfa Fill Area
18 CWRS Wheat Fill Area
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Horticulture and Root Crop Agronomy

Horseradish Production and Quality Assessment

Funded by Saskatchewan Ministry of Agriculture and the Canada-Saskatchewan
Growing Forward 2 bilateral agreement (Agriculture Development Fund)

CSIDC Lead: Dale Tomasiewicz Co-lead: Don David

Growers are always looking at opportunities to diversify, especially if there is potential to capture
significant value added opportunities. Horseradish (Armoracia rusticana) is a perennial plant in
the Brassica family that is grown primarily for its root, which is processed for use as a pungent
spice/condiment. Although native to Europe/Asia, it grows well in Saskatchewan (as shown by
its vigorous growth and persistence gardens) - but it is not known how the yields and quality
compare to other production areas. International buyers have expressed interest in purchasing
horseradish. They perceive the Province to have potential as a supplier of superior quality
horseradish in part because of the clean environment, and perhaps also as a function of the
Northern Vigor phenomenon observed in other crops.

This project was initiated to assess the yield potential and quality of Saskatchewan grown
Horseradish. Specific objectives included determination of the relative yield and quality of
genotypes available to growers, establishment of yield and quality profiles over the course
single and two-year of production cycles, and determination of relative yield and quality under
irrigated versus dryland production.

Horseradish was established from three sources of planting stock in the spring of 2015.
Plantings were duplicated, in one area to be Irrigated and in the other to be Rainfed, and at two
in-row plant spacings in each area (16 and 24"). Portions of each were harvested in October
2015, and the remainder left for 2016 harvest.

Although substantial total root yields (averaging 8000 kg/ha) were obtained in the 2015 harvest
only a small proportion of the roots were larger than the minimum 15 mm diameter indicated to
be required by potential buyers. Rainfed and Irrigated yields were similar - both were irrigated
in May-June to establish the stands, and rainfall from July onward was abundant in 2015.
Yields were lower about 15% lower, and individual plant root weights were higher, in the 24"
spacing treatment as compared to the 16" treatment.

Methods

In 2016 four new replicated horseradish field studies were established - one variety evaluation
and three agronomic stand establishment studies. In October the final harvest was taken from
the non-replicated variety trial established in 2015, and a very limited harvest was also taken
from two of the trials established in 2016. Chemical analysis of some of the roots harvested in
2015 was conducted.

The new studies established in 2016 were located adjacent to those planted in 2015, on a
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calcareous Bradwell fine sandy loam soil at CSIDC (Field #6; SE15-29-8-W3). The field was in
irrigated wheat production in 2015. Based on 2014 testing, the 0-15 cm depth soil had a pH of
7.9, and contained 2.4% organic matter and 74-20-6% sand-silt-clay respectively. It was non-
saline to the 60-cm depth.

Horseradish (Armoracia rusticana) planting stock (root pieces) for the 2016 plantings of the
variety and agronomic studies was obtained from five sources as follows:

1) Broderick - Root sections from 2016 production of the Broderick Garden Centre sourced
stock. Whole harvested roots were stored over winter and ~15 cm long x 5-15 mm
diameter sections were cut out for use as planting stock in May 2016 prior to planting.

2) Richters - Root sections from 2016 production of the Richters sourced stock. Whole
harvested roots were stored over winter and sections approximately 13, 19, and 25 cm
long, and 5-15 mm in diameter, were cut out for use as planting stock in May 2016.

3) Dennis - Root sections cut from early spring 2016 harvest of production from Good
Neighbour Farms Inc. at Delhi, Ontario (marketed as Dennis' Horseradish). Sections as
received were approximately 13-16 cm long and 8-18 mm in diameter.

4) Strawberry Tyme (ST) - Root sections purchased in early May 2016 from Strawberry
Tyme Farms at Simcoe, Ontario. They were ~15 cm long and 5-10 mm in diameter, and
described as Big Top #2 (#2 due to small diameter). Location of production is hot known.

5) Chinese - Root sections of Chinese origin received from Vox Trading Co., Ltd. (Japan).
They were approximately 7-15 mm in diameter, and quite long as received, so were cut to
the lengths required for the studies.

The roots from the CSIDC 2016 production (1 and 2 above) were in poorer condition than those
from other sources (somewhat limper due to moisture loss and having some mould on the
surface) but were considered good enough to plant.

The horseradish roots that had been collected from a dozen locations in Saskatchewan (mostly
current and abandoned farmyards) and planted in 2015 were all harvested in the fall of 2015 to
provide material for analysis and replanting. Roots from nine of those sources were replanted
on 02 June 2016 in a nursery area for increase.

On 26 May 2016 urea (46-0-0), monoammonium phosphate (11-52-0), and potash (0-0-60)
fertilizers to provide 50-100-100 kg/ha of actual N-P,Os-K,0 respectively were broadcast over
the whole study area to be planted in 2016. The area was then cultivated and flat-topped beds
(at 36" spacing, to plant into) were formed with a potato power hiller. The study area planted in
2015 was not fertilized in 2016, as it had received a fertilizer application to provide 60-60-60-15
kg/ha of actual N-P,0s-K,0O-S on 24 August 2015.

Four studies were then laid out (Table 2), with the following objectives, designs, and treatments:

Cultivar Study: to determine suitability of the available planting stock genetics for production in
Saskatchewan in terms of agronomic characteristics (e.g. productivity/yield, root form) and
guality - note the treatment names indicate source of the planting stock, not the cultivar (which
is not known). Sources of planting root stock of specific identified cultivars could again not be
obtained for 2016. Four randomized complete blocks (except for the Chinese variety) were
planted for testing under irrigated production, and one was planted for testing under rainfed
production. Due to limited planting stock available, the Chinese variety was included is a single
irrigated plot only, adjacent to one of the irrigated blocks. Planting stock sources included:
1. Dennis 2. Strawberry Tyme (ST) 3. Broderick 4. Chinese
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Root Orientation Study: to determine effects of planting the root pieces in differing orientations
on root yield and shape. Recommendations state that pieces must be planted top-up, but it is
unclear if this is necessary, especially for or a two-year production cycle. Planting requirements
affect planting root stock preparation and planting equipment options and costs. This study was
laid out using an RCBD with four blocks, and used the Strawberry Tyme planting stock source
only, and the following treatments:

1. Horizontal-H 2. Angled 45° (top-up)-45 3. Vertical (top-up)-V 4. Upside down-UD

Planting Density Study: to determine effect of spacing of root pieces within the row on root
yield, size, and quality. All rows are spaced at 36". The study was laid out using an RCBD with
four blocks, and used the Dennis planting stock source only. Treatments, as within-row spacing
(and plants/ac), were:

1. 30" (17,424) 2.22.5" (23,232) 3. 18" (29,040) 4. 15" (34,848)

Root Length Study: to determine the effects of the length of root pieces planted on the yield,
shape, and size of harvested roots. Larger planting pieces would be more expensive to
produce and possibly more difficult to plant. Both the Richters and Chinese root sources were
used in the study (two complete blocks of each, with the root length treatments described below
randomly arranged within each block). This results in a split plot design with two complete
blocks, with root sources as main plot treatments and lengths as subplots.

1.5.0" 2.7.5" 3.10.0"

Plot length was approximately 20' for the Root Length Study and 25' for the other three studies.
In-row plant spacing was 20" for all above studies except for the Planting Density Study.
Alleyways 5' wide were left between blocks and main plots. Plots were three rows wide, except
for the Cultivar Study, which was five rows wide to accommodate two harvest times. No
additional space was left between plots within each block or main plot. A single guard row was
planted along the side s of each study, using the same treatment as the adjacent plot when
possible. The Cultivar Study was planted on May 27, and the other three studies on June 1.

For increase of the horseradish collected from Saskatchewan sources, the roots harvested in
2015 were planted on 02 June 2016, using a 24" in-row spacing. Roots produced in 2015 from
the following sources were planted (with approximate number of plants indicated for each):

1. Mandzuk (100) 5. Makowsky (43)

2. Kotyk (100) 6. Estuary (28)

3. Saskatoon (100) 7. (Kamsack (15)

4. Star City 1 (75) 8. Yurkiw (6)

The studies were planted into the loosened soil of the hills by hand (Figure 9). Marked strings
were laid out along the tops of the hills for accurate plant spacing. Holes were made in the
centre of the hills at each mark using a long bamboo stick as a dibble. The root pieces were
planted into them by hand so that the tops of the pieces were just below the soil surface, and
the holes were then covered slightly with soil to prevent drying of the tops of the root pieces.
Roots were planted vertically and top-up (the bottom end of the root sections had been cut off at
an angle to allow the roots to all be placed right-side-up), except as otherwise required by
treatment in the Root Orientation Study. Following planting on each day, a moldboard type
potato hiller was then used to cover the root pieces planted that day with about 5 cm of sail.

On June 11 (prior to plant emergence) the 2016-planted studies were sprayed with Round-Up

and Goal 2XL herbicides, each at 1 I/ac but in separate applications. They were also sprayed
on June 24 with Matador insecticide (33 ml/ac) for flea beetle control. Both the 2016-planted
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studies and the 2015-planted trial were sprayed on August 6 with Quadris fungicide and Decis
insecticide. Inter-row tillage was conducted in May 2016 in the trial planted in 2015, and in July
in the trials planted in 2016. Some hoeing of weeds was also conducted periodically.

The stand produced by the Broderick source roots in the Cultivar Study was thin and the plants
were generally poor (Figure 12). On July 26 those plants were removed and planting root stock
from the Dennis source roots was planted to replace them. The new roots were planted midway
between the original planting locations. This would provide a comparison of two planting times,
to determine spring vs. summer planting affects productivity in a two-year production system.

The studies (excepting the nonirrigated portions of the 2015-planted study and the Cultivar
Study) were irrigated a total of six times in June and September with a total of 81 mm of water.
Soil moisture tension was monitored using Watermark sensors installed in-row at the 25 and 75-
cm depths. Readings did not exceed 30 centibars, indicating no substantial drought stress.
Rainfall was high (totalling 9.6") through July and August.

Due to the presence of poorer (smaller and less green) growth in patches in the 2015-planted
study (Figure 13), plant tissue (leaf) samples were taken from the poor and better growth areas
of the study on September 15 and submitted to a laboratory for total nutrient analysis.

All remaining plants from the 2015 planting were harvested on October 19-21 (Figure 14). The
harvesting protocol used in 2015 did not work for the second-year plants in 2016 due to the size
and depth of the roots. Various approaches, implements, and implement modifications were
tried. The method decided upon was a three-step procedure:

1. Mow the tops off the plants with a potato flail topper 5-7 days before harvest, and rake off
the tops prior to harvest.

2. Make two passes over the row with a modified subsoiler. The subsoiler has shanks at
36" spacing (the same as the row widths), and is operated at approximately 20" deep. It
has a broad blade fitted across the bottom of two of the shanks to gently lift and loosen
the soil and loosen soil from the roots.

3. Dig into the loosened soil and roots in the row with a Flexxifinger Model 800 Quicker
Picker rotary rock picker fitted to a skid-steer loader, and scoop up the soil and roots from
several feet of row at a time into the barrel of the picker. Lift barrel and spin it so that
most of the soil is loosened from the root masses and the soil falls out through the bars of
the barrel. Then tip the barrel to dump the roots; collect the roots by hand into bins.

After topping the plants, the number of plants and gaps in each row section to be harvested was
recorded to allow calculation of yield.

All roots were stored in a controlled environment chamber under conditions as close to 0°C and
100% RH as could be achieved - generally 0-3°C and 90-98% RH.

Root processing at CSIDC included (Figure 15):

1. Cutting off remaining shoot material approximately where the stems started to turn green,

2. Removing as much dirt as possible from the root masses by shaking/beating them over a
grate that retained all substantial roots. Solil retained between roots was also picked out.

3. Separating the roots into <15 mm and >15 mm diameter fractions, using a hole guide
and knife.

4. Weighing the total root material <15 mm and >15 mm from each harvested row section.

5. Selecting three typical whole-roots from the >15 mm fraction from each treatment, and
bagging them separately for use in sensory and chemical analysis.

~16 ~



Root and Horticultural Crops

6. Preparing root pieces for planting from the <15 mm roots, by cutting off and discarding
the <5mm diameter portions using a hole guide, and cutting the 5-15 mm portions into 5-
7" pieces. The lower end of each root piece was cut at an angle, and the upper end cut
off squarely, so that they could be planted with the bottom end down.

Harvest (October 23) and processing was also conducted as described above for two of the five
rows of each plot in the Cultivar Study (only) planted in 2016; planting stock was not prepared
from those. Three plants were also dug up by hand from each treatment in the Root
Orientation. They were photographed to observe treatment effects on root morphology.

Root samples from 2015 harvests were analyzed for glucosinolate content by Dr. Rong Zhou
(AAFC- Saskatoon Research and Development Centre). Root material used was taken from
the larger diameter roots near the crown after peeling away the epidermis. A sample of
horseradish root obtained from Japan (likely grown in China) was also included in the analysis.

Samples from 2016 harvests for analysis were sent to the Saskatchewan Food Industry
Development Centre in Saskatoon, and sub-samples forwarded to AAFC Saskatoon Research
and Development Centre for chemical determination of isothiocyanate content and profile.

Results and Discussion

Regrowth from the trial planted in 2015 was early and vigorous for plants from all planting stock
sources (Figure 8). No winterkill was noted.

Emergence and early growth all material planted in 2016 was slow (Figure 10). Plants were
uniformly pale and ragged, and only appeared to recover (start to darken and grow much more
vigorously) approximately mid-July (Figure 11). There was no evidence of specific pest,
disease, or adverse condition to explain the poor growth. Despite this, a good stand was
established in all studies with all planting stock sources, except as noted below. It was
concluded that the most likely cause was damage from the Goal 2XL herbicide (Oxyfluorfen),
despite the fact that the application was made in accordance with recommendations from other
areas where the product is registered for use on horseradish (e.g. lllinois).

The stand established in the Cultivar Study from the Broderick source roots was poor - probably
due to the poorer condition of the planting stock (limp, mouldy). The Dennis source roots
planted in late July (into the plots originally planted to Broderick source roots) emerged quickly
and grew well (Figure 12), but the plants were much still much smaller going into the winter than
those planted on May 27.

All weeds, insects, and diseases appeared to be well-controlled in all trials in 2016.

Total nutrient contents in the plant tissue samples taken on September 15 (due to occurrence of
patches of poor growth (Figure 13) from the 2015-planted trial were as follows:

Sample N P K S Ca Mg 2Zn Fe Mn Cu B
% % % % % % ppm ppm ppm ppm ppm

Good 3.0 017 14 0.7 2.7 0.8 14 94 81 4 43

Poor 1.8 0.15 1.0 0.3 3.3 0.5 10 71 65 2 18

Interpretive criteria specific to horseradish were not available, and the samples were taken
much later than is generally recommend for plant analysis. Considering suggested critical

~17 ~



Root and Horticultural Crops

levels for other cruciferous crops, the late sampling stage, and comparison of values between
the two samples, the results suggest that the poor growth may be due to deficiency of one or
more of N, K or Cu, with symptoms most typical of N stress. More N-K-Cu fertilizer will be
applied to the trials in 2017.

The harvest procedure used appeared quite effective (Figure 14). The amount of root material
(especially of that >15 mm in diameter) not recovered was small, based on roots which could be
found by digging in the rows after harvest. Although the harvest equipment and protocol was
found to be suitable for the project, it should be noted that the approach would be far too
laborious and slow for commercial harvests. Production harvests are usually conducted with
potato diggers that have been heavily modified to dig deeper and more effectively separate the
roots from the soil (and sometimes to also store the harvested roots on-board).

Root yields in 2016 from the 2015-planted trial were good (Table 2). Root total yield increased
approximately 3.3-fold over those determined in the study at the end of the establishment year.
The roots were cleaned of soil quite thoroughly but were not washed before weighing, so still
had some adhering soil - estimated at not more than a few percent of the weight (Figure 15).
The Broderick plants had the most consistent and highest yields of >15 mm roots (a measure
used of "marketable” size for purposes here) - approximately 25 % higher than those of the
other two varieties planted in 2015. According to Ashraf et al. 2009 (Horticultural Reviews 35:
221-261) typical yields of Big Top Western horseradish are 4-8 t/ha in California, 9 t/ha in
Wisconsin, and 6-18 t/ha in Ontario. Those are probably marketable yields by some definition
(not detailed in the paper), but the 11-24 t/ha (aF17.5) yields of >15 mm diameter roots in our
trial compare favourably. For this trial (and the 2016-planted trial discussed below), all yields
reported are from inside rows that had similar rows growing 36" to both sides to provide
competition as would occur in field production. Yields would still be slightly inflated by reduced
competition for the end plants in each harvested row section only. Each harvested row section
(which ranged from approximately 6 to 9 m long) was accurately measured for calculation of
yield. The treatments were not replicated in the trial planted in 2015, so the statistical
significance of differences in Table 2 is not defined.

Even after a second year of growth, the Richters sourced plants had a somewhat higher
proportion of smaller (<15 mm) roots than the other varieties (31% vs. 21 and 28%; Table 1).
Irrigation appeared to have no effect on yields - not unexpected considering the much above
average summer rainfall in both 2015 and 2016. Although the >15 mm root weights of
individual plants averaged 16% higher in the treatment with larger in-row plant spacing (24" vs.
16"), the difference was insufficient to compensate for the smaller number of plants per unit
area, resulting in an average 22% lower >15 mm root yield in the 24" spacing treatment.

Most plants had 2-4 thick long roots extending from a large relatively massive crown (head)
where they join together (Figure 15). A single large thick root would be preferred for some
markets. No significant defects or disease symptoms were noted in the roots.

Most of the yields and weights of plants grown from planting stock collected in Saskatchewan
were in a range similar to those in the larger study (Table 2). However, the figures for those
should be taken as qualitative at best, as very few plants were harvested of most of the varieties
and competition from adjacent plants was variable and less overall. They were grown mostly to
produce samples for quality analysis and root stock for replanting for better agronomic
assessment.

First-year total root yields and sizes from the Cultivar Study planted in 2016 (Table 3) were
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similar to those determined for the first-year harvest of the study planted in 2015, except for the
later-planted Dennis treatment. This was unexpected due to the slow start observed for the
2016 plantings (described above). However, early fall weather was mild in 2016, without
substantial frost until well into October. For the spring-planted treatments in the Cultivar Study,
large (>15 mm diameter) root yields were only about a quarter of those determined for the fall
2016 harvest of trial planted in 2015. Clearly a two-year production cycle will be required for the
crop in Saskatchewan. The irrigated portion of the Cultivar Study planted in 2016 was
replicated (except that the Chinese source material was only included in one block), so
statistical analysis of the results is possible. In addition to the late-planted Dennis treatment
yielding much less than the other treatments, the spring-planted Dennis treatment yielded
significantly (p<.05) more large (>15mm diameter) roots than the Strawberry Tyme treatment.

Based on appearance of the roots from the Root Orientation Study, some of the Horizontal and
Upside down treatments did produce somewhat less well-shaped roots than the more
conventional treatments, but plant and root growth overall did not appear inhibited by any of the
planting orientations (Figure 16).

Glucosinolate concentrations in the roots harvested in October 2015 varied widely among the
samples (Table 4). Allyl glucosinolate accounted for over 80% of the total glucosinolate in all
samples (in agreement with results of other published studies of horseradish). Glucobrassicin
and gluconasturtiin averaged about 2 and 7 % respectively. But treatment effects on levels of
glucosinolates were very inconsistent. For example, average concentrations in the Richters
source plants were much lower than in the other two varieties in the main study, yet the
Richters-Rainfed-Oct. 29 treatment had much higher glucosinolate concentrations than the
same treatment for the other two varieties. Irrigation treatment as a main effect had little effect
on glucosinolate levels. Overall, concentrations were much higher in the roots harvested later,
yet the opposite was true for the Richters source plants. Horseradish quality is generally
expected to improve late in the fall after frost. The coldest temperature reached to 15 October
2015 was 2.2°C (on Oct. 6). The temperature reached 4.6°C on Oct. 26, and 5.2°C on the
morning of the final harvest date (Oct. 29), though the foliage never did freeze down much.

For the roots grown from samples collected in various places in Saskatchewan, extreme
variation in glucosinolate concentrations were found (Table 4). One sample had the highest
levels of all the samples tested, while two others contained almost none.

Some loss of glucosinolates during sample handling and storage may have occurred, as they
undergo biochemical conversion to isothiocyantes after disruption of the tissue.

Acknowledgement: The input and collaboration of staff of the SK Ministry of Agriculture, the SK
Food Centre), and AAFC-Saskatoon) is acknowledged and greatly appreciated.
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Table 2. Horseradish yields and individual plant root weights - 2015 planting, 2016 harvest.

In-row " TTT7C Root yield - - - - - - Mean plant root weight
Source Irrigation spacing <15mm >15mm Total >15 mm Total
(inches) (tha) (tha) (tha) (kg) (kg)
Broderick  Rainfed 16 7.4 23.9 31.2 0.89 1.16
Broderick  Rainfed 24 4.5 17.6 221 0.98 1.23
Broderick  Irrigated 16 5.0 19.9 24.9 0.74 0.92
Broderick  Irrigated 24 5.0 19.8 24.8 1.10 1.38
Early's Rainfed 16 8.4 20.3 28.7 0.76 1.07
Early's Rainfed 24 4.3 11.0 15.3 0.61 0.85
Early's Irrigated 16 6.6 19.3 25.9 0.72 0.96
Early's Irrigated 24 5.5 12.3 17.9 0.69 1.00
Richters Rainfed 16 9.0 20.9 29.9 0.78 1.11
Richters Rainfed 24 5.9 14.1 20.0 0.79 1.12
Richters Irrigated 16 6.4 13.8 20.2 0.51 0.75
Richters Irrigated 24 8.4 17.0 25.4 0.95 141
Means by source of planting stock
Broderick 55 20.3 25.8 0.93 1.18
Early's 6.2 15.7 22.0 0.69 0.97
Richters 7.4 16.4 23.9 0.76 1.10
Means by irrigation
Rainfed 6.6 18.0 24.5 0.80 1.09
Irrigated 6.2 17.0 23.2 0.78 1.07
Means by within-row plant spacing
16" 7.1 19.7 26.8 0.73 1.00
24" 5.6 15.3 20.9 0.85 1.17

Yields and weights of plants grown from planting stock collected in Saskatchewan

Source No. of plants harvested

Estuary 7 6.5 11.3 17.8 0.63 0.99
Kamsack 5 9.0 26.1 35.1 1.46 1.96
Kotyk 8 9.5 17.8 27.2 0.99 1.52
Makowsky 6 4.9 21.1 25.9 1.18 1.45
Mandzuk 18 6.8 17.9 24.7 1.00 1.38
Saskatoon 7 4.7 25.8 30.4 1.44 1.70
Star City 10 3.1 11.3 14.4 0.63 0.81
Yurkiw 2 1.8 6.4 8.2 0.36 0.46
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Table 3. Horseradish yields and individual plant root weights - 2016 Cultivar Study
(first-year harvest).

------- Root yield - - -- - - Mean plant root weight

Source Irrigation <15mm >15mm Total >15 mm Total

(Vha) (tha)  (tha) (kg) (kg)
Dennis Irrigated 52 5.0 10.2 0.23 0.47
Strawberry Tyme Irrigated 3.8 3.6 7.3 0.17 0.34
Dennis - Late Irrigated 0.6 0.5 11 0.03 0.05
Chinese Irrigated 5.0 4.3 9.2 0.20 0.43
Dennis Rainfed 5.0 7.9 12.9 0.37 0.60
Strawberry Tyme Rainfed 24 4.4 6.8 0.20 0.32
Dennis - Late Rainfed 0.7 0.4 11 0.02 0.05
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Table 4. Glucosinolate contents of horseradish roots harvested in October 2015.

Harvest
Source Irrigation date Sinigrin  Glucobrassicin Gluconasturtiin  Total
--------- pmole/g dried tissue - - - - - - - - -
Broderick Rainfed Oct. 15 62.8 1.1 3.6 67.6
Broderick Rainfed Oct. 29 15.6 0.4 1.1 17.0
Broderick Irrigated Oct. 15 87.4 1.4 5.4 94.1
Broderick Irrigated Oct. 29 22.6 0.4 1.4 24.5
Early's Rainfed Oct. 15 124.6 1.6 3.3 129.4
Early's Rainfed Oct. 29 23.9 0.7 2.7 27.3
Early's Irrigated Oct. 15 80.3 11 4.0 85.3
Early's Irrigated Oct. 29 6.9 0.2 0.7 7.8
Richters Rainfed Oct. 15 12.9 0.4 2.0 15.4
Richters Rainfed Oct. 29 46.0 1.2 45 51.7
Richters Irrigated Oct. 15 8.3 0.3 0.6 9.1
Richters Irrigated Oct. 29 12.0 0.3 1.1 13.5
Means by source of planting stock
Broderick 47.1 0.8 2.9 50.8
Early's 58.9 0.9 2.6 62.5
Richters 19.8 0.6 2.1 22.4
Means by irrigation
Rainfed 47.6 0.9 2.9 51.4
Irrigated 36.2 0.6 2.2 39.1
Means by harvest date
Oct. 15 62.7 1.0 3.1 66.8
Oct. 29 21.2 0.5 1.9 23.6

Plants grown from planting stock collected in Saskatchewan

Estuary 117.2 1.8 10.0 128.9
Kamsack 83.9 1.6 6.7 92.2
Kotyk 1.7 0.0 0.0 1.7

Makowsky 98.7 1.8 10.6 111.2
Mandzuk 95.5 1.5 8.5 105.6
Saskatoon 0.8 0.0 0.0 0.8

Star City 8.6 0.4 1.7 10.7
Yurkiw 168.8 2.0 9.7 180.5
Japanese 50.7 0.5 1.5 52.7

*Sinigrin is allyl glucosinolate, glucobrassicin is indole glucosinolate, and
gluconasturtiin is phenolethyl glucosinolate
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Figure 9. Planting root pieces into holes in prepared beds for the Cultivar Trial on 27
May 2016. Inset - prepared root pieces of the four varieties.
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Figure 10. Trials planted in spring 2016, showing good emergence but pale poor growth to
date, July 7, 2016. Inset - close-up of individual plant.

Figure 11. Good growth in 2015-planted trial on 22 July 2016. Trials planted in 2016 in
background at right are beginning to show improved colour and growth.
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Figure 12. Cultivar trial planted in May 2016. Note later growth of treatment re-
planted on July 26. (Photo taken September 1, 2016)

Figure 13. September 15, 2016. Good growth in Cultivar Trial planted in 2015; poor
growth patch in right foreground. Leaves sampled from good and poor areas in
inset. The trials planted in 2016 in background are showing good growth.
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Figure 14. Harvestinghors er adi sh roots with FlexxifingerE r ock
The Bucket digs into soil loosened by two passes with a subsoiler with undercutting blade,
scoops up roots with soil, and spins to tumble soil off the roots and let it fall out.

Figure 15. Processing roots after harvest. Typical roots after
trimming and cleaning shown at top.
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Strawberry Tvme

2 Up5|de Down L

Figure 16. Plants dug from the Root Orientation Study planted in spring 2016 - Nov. 4, 2016.
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Horticulture Research and Development
Dr. Jazeem Wahab and Greg Larson

Potato is a high-value crop. Potato is the largest sector of the horticultural industry in Canada,

generating $4.2 billion in sales with on-farm receipts estimated at $1.2 billion in 2016. Potato is

the leading sector in the horticulture industry in Saskatchewan. Saskatchewan produces

potatoes mainly for the 6Seedd, O0Tabled, 6Small b
of O6Nort h®rn avhidgd wrwer di sease pr es spwdueehigenabl es S
guality, vigorous and disease-free seed-potato.

Presently, consumers are seeking healthier non-fry alternatives to fried or processed potatoes.

6Small & or O6Creamer 6 potato is one such option, w
providing considerable economic benefit to the producer. The demand for small potato is

increasing very rapidly in USA, Europe, and Canada.

Potato is a high input, shallow rooted crop sensitive to water stress. Best management
practices including adequate moisture and fertility are key to optimum productivity. Both deficit
and excess soil moisture can adversely affect potato yield and quality and affect economic
returns. Efficient fertility and water and resource management is essential to optimize yield and
quality, minimize environmental impact, and maximize profitability. This includes: (i) maximizing
productivity per unit water use, (ii) minimizing cost of irrigation, and (iii) minimizing greenhouse
gas emissions and ground water contamination.

Maximizing profitability in potato production depends on the adaptability of cultivars to local soil,
climate and production practices, and to meet the demands of target markets. Potatoes are
harvested at physiological maturity for optimum yield and quality. AAFC has committed
considerable resources in producing superior cultivars and developing cost-effective and
environmentally sustainable agronomic practices for the different potato market classes grown
under diverse agro-climatic regions in Canada.

Studies were conducted at CSIDC during 2016 summer to examine the productivity, culinary

attributes, economic and environmental performance of advanced French fry, Chipping, Fresh

mar ket , and Small potato clones from PrhganMAFCb6s P
comparisons to standard commercial cultivars.

Field studies included:

i. Evaluation of superior potato germplasm developed by AAFC,

ii. Examining the effect of seed-piece type on yield potential and culinary attributes of
French fry, chipping, and Fresh market potato market classes under irrigated and
dryland production,

iii. Evaluating the effect of top-kill timing on yield and tuber size distribution of of small
potatoes grown under dryland and irrigated production, and

iv. Crop rotation and nitrogen dynamics in relation to crop nitrogen utilization and losses
due to leaching and greenhouse gas emission.
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Crop Management

The 2016 potato crop was raised using standard management practices with treatments applied
appropriately according to the different tests. Eptam 8E (6.2 I/ha) was applied as pre-plant

herbicide. Seed pieces were spaced at 91 cm between-row and 30 cm within-row for all trials

except for the 6Small 6 potato seed splantngand st udy.
half at second hilling), phosphorus at 120 kg P,Os/ha and potash at 100 kg K,O/ha (at planting)

were given for the crop. The crop was raised using supplemental irrigation maintaining the soil

moisture status above 65% Field Capacity. A combination of fungicides and insecticides were

used for disease and insect control. The test plots were flailed and desiccated with Reglone

(2.5 I/ha). A second application of Reglone was given to promote die-back and skin set. Tubers

were harvested after adequate skin set.

Commercial potatoes were graded according to tuber diameter based on Canadian Standards.

For commercial potato, tubers between 48 mm and 88 mm diameter were considered

marketable. For small potato, tubers between 20 mmand 40 mmwere consi dered Os mal |
marketable. Tuber specific gravity and culinary characteristics (boiled, baked, chip, and french

fry) were determined using recommended AAFC Variety Testing protocols for the various

market classes.

Potato Breeding Variety Evaluation
Prairie National Replicated Trial
Co-Investigators: Dr. Benoit Bizimungu, Dale Tomasiewicz

A total of 24 Fresh Market and 10 multi-use (Fresh Market/Creamer, Fresh market/Chipping,
Fresh Market/French Fry, and Fresh Market/Fingerling) advanced breeding clones from the
AAFC potato breeding program were evaluated in comparison to commercial cultivars
Adirondak Blue, Cheiftain, Kennebec, Norland, Yukon Gold. Field plots were laid out as a
Randomized Complete Block Design with two replications.

Of the 34 new clones tested, 10 clones produced significantly higher marketable yield than
Norland - the industry Fresh Market standard (Table 5). The yield advantage of these 10 clones
ranged from 42% to 68%. Selections F12041 and F12064 produced the highest and second
highest yields of 61 and 60 t/ha marketable yield respectively compared to 36 t/ha marketable
yield for Norland. These high yielding clones represented a range of market classes, i.e. one
White clone, four Light Russet clones, one Heavy Russet clone, and four Red clones. These
clones also had superior culinary characteristics. For example, tuber flesh was slightly wet or
slightly mealy when baked or boiled. Of the 10 superior clones, five clones did not exhibit any
after-cooking darkening.

Based on these results, F12022, F12067 and WV10532-1 were promising Russet-Yellow flesh
clones, F12020 a Russet-White flesh clone, and F12041 a Red skin-Yellow flesh clone that did
not show after-cooking darkening. F11014 is a Purple skin-Purple flesh clone suited for the
specialty market.
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Table 5. AAFC Potato National Adaptation Replicated Trial: Tuber yield and culinary attribute of advanced AAFC potato lines and standard

cultivars: 2016

Mark. Tuber After
Market Total yield Yield Skin Flesh Specific Bake Boll Cooking

Entry / Cultivar class (t/ha) (t/ha) colour colour Gravity texture texture Disc.
F11014 FM 40.46 29.14 6 0 1.079 1 2 2
F11037 FM 47.15 35.95 2 3 1.083 3 4 3
F11044 FM 47.05 36.69 1 3 1.074 2 2 3
F11047 FM, CR 36.59 28.32 4 1 1.072 2 3 2
F12018 FM 48.20 32.91 1 1 1.088 4 4 3
F12020 FM 60.25 53.33 2 1 1.073 3 2 3
F12022 FM 65.29 56.71 2 3 1.073 2 2 3
F12024 FM 65.45 54.11 4 1 1.086 2 3 2
F12025 FM 60.57 50.27 2 1 1.088 3 4 2
F12026 FM 41.39 29.93 4 2 1.070 2 3 2
F12029 FM 46.98 41.56 5 1 1.087 3 3 3
F12031 FM 58.77 47.16 5 1 1.078 3 3 2
F12035 FM 52.73 44.81 1 2 1.083 2 3 3
F12041 FM, CH 72.91 61.12 4 3 1.091 3 4 3
F12043 FM, CH 40.45 30.33 2 2 1.076 3 4 2
F12044 FM 69.98 54.34 3 2 1.078 2 4 1
F12045 FM 64.32 53.84 4 1 1.076 2 2 2
F12049 FM 45.76 36.36 4 1 1.081 4 3 2
F12051 FM 51.09 42.49 1 3 1.080 4 3 2
F12052 FM 59.16 43.10 4 1 1.078 2 1 3
F12057 FM, CH 61.10 48.67 4 2 1.083 2 3 2
F12059 FM 59.75 51.59 1 1 1.084 3 3 2
F12060 FM, CH 56.33 48.04 4 1 1.083 4 3 2
F12061 FM, CH 44.84 33.64 4 1 1.081 2 3 2
F12062 FM, CR 34.74 26.53 4 1 1.075 2 3 3
F12064 (F:'\H/I FF, 69.75 59.87 4 3 1.093 2 4 2
F12067 FM 64.05 54.05 2 3 1.081 2 3 3
F12076 FM 57.61 43.82 2 1 1.087 3 3 3
F12077 FM 53.85 43.45 4 1 1.083 3 3 2
F12078 FM 59.85 44.06 5 3 1.088 3 3 3
F12094 FM, FL 52.31 15.29 4 0 1.060 1 2 3
FV15920-01 FM 50.27 40.44 1 3 1.079 3 3 3
WV10532-1 FM 61.07 51.68 2 3 1.079 3 2 3
WV5888-2 FM 53.82 39.99 5 2 1.067 2 2 2
Adirondack Blue FM, CH 39.24 27.93 6 0 1.074 2 4 3
Chieftain East FM 49.63 42.42 4 1 1.071 3 2 2
Kennebec FM 51.92 37.46 2 2 1.077 3 3 2
Norland East FM 43.25 36.34 4 1 1.065 2 3 2
Yukon Gold East FM 47.61 39.68 2 3 1.087 3 4 3
Yukon Gold West FM 43.23 31.58 2 3 1.086 3 4 3
LSD (5.0%) 15.1 141 0.7 0.6 0.007 14 1.6 0.9

C.V (%) 14.1 16.6 11.6 18.8 0.32 30.1 29.5 20.1

Market classes : FM = Fresh market, CH = Chipping, FI = Fingerling, FF = French fry, and CR = Creamer; Skin colour : 1, 2, 3, 4, 5, and 6

represent White, Light Russet, Heavy Russet, Red, Deep Red, and Purple respectively; Flesh colour:

White, Off-white, Yellow, and Deep-Yellow respectively; Bake texture & Boil texture:
Mealy, and Mealy respectively; After Cooking Discoloration:
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Prairie Demonstration Trial
Co-Investigators: Dr. Benoit Bizimungu, Dale Tomasiewicz

Six advanced chipping clones and six advanced French fry clones were evaluated in this single
plot study. Snowden (East) and Atlantic (East) were used as check cultivars for the chipping
market class and cultivars Russet Burbank (East and West) and Shepody (East and West) were
used as check cultivars for the French fry market class.

Generally the new clones and the industry standards produced similar yields with comparable
tuber quality attributes within the two market classes (Table 6).

Irrigation an d Seed-type Effects on Tuber Yield, Culinary Attributes, and
Economic Performance of French fry, Chipping, and Fresh Market Potato

Co-Investigators: B. Bizimungu, R. Zhou, and E. Mupondwa

Traditionally in Europe, potatoes are grown using whole-tubers and in North America
predominantly using cut seed-pieces. Generally, whole seed has been found to be more
productive than cut seed-tubers of comparable weight. However, dormant tubers could benefit
from cutting by releasing dormancy leading to early emergence and developing more
mainstems. Variable responses were observed on the effect of seed-piece type on potato
growth and yield: e.g. apical seed portion producing more mainstems and higher yield than
basal portion or both apical and basal portions producing similar yields.

The 2016 study is the second year of a three-year project. Two advanced clones and two
commercial cultivars of French fry (AAC Alta Strong, CV4144-1, CV98112-3, Russet Burbank),
Chipping (Vigor, WV4479-1, Atlantic, Snowden), and Fresh market (FV15597-04, V7148-2,
Chopin, Milva) market classes were grown using three different seed types (whole-seed,
longitudinally cut and transversely cut halves) under irrigated and dryland production.

Field plots were laid out as a Split-Split-Plot Design
with four replications. Irrigation, cultivar, and seed-
type treatments were assigned to Main-plot, Sub-plot,
and Sub-sub-plot respectively. The crop was planted Transvers
on May 26, 2016 at 91 cm between-row spacing and cut

30 cm within-row spacing. For the irrigated treatment, ,

soil moisture status was maintained above 65% Field ‘ e
Capacity. During the growing season, the dryland .

crop received 372mm of rain and the irrigated crop

received an additional 46 mm of supplemental Wherstuber

irrigation. The crop was flailed on September 8, 2016,

desiccated using Reglone on September 9 and September 13 and harvested on September 23,
2015 after adequate skin set.
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Table 6. AAFC Selection Demonstration: Tuber yield and culinary attribute of advanced AAFC
potato lines and standard cultivars: 2016

Total Mark. Tuber Chip Fry
Market yield Yield Specific colour colour Fry colour
Entry / Cultivar class (tha) (tha) Gravity (USDA) (USDA) uniformity
Cv08253-1 FF 47.360 27.505 1.0849 3 3 3
Cv10121-1 FF 35.905 28.420 1.0903 2 4 2
CVv011295-1 FF 60.244 48.532 1.0825 3 4 3
F13008 FF 32.098 23.735 1.0948 3 3 2
Shepody East FFCK 49.849 34.935 1.0831 4 4 4
F13034 CH 44,432 37.204 1.0845 2 4 2
Shepody West FFCK 78.690 69.485 1.0850 4 4 3
F13010 FF 45.750 39.967 1.0883 2 2 2
R.Burbank West FFCK  72.688 61.817 1.0892 3 4 3
F13026 CH 79.605 55.431 1.0773 1 5 2
F13015 FF 62.769 46.043 1.0838 3 3 3
Atlantic East CHCK 73.017 62.202 1.0981 3 4 4
Cv011010-1 FF 53.656 38.448 1.0822 2 3 3
Cv011188-1 FF 62.110 48.038 1.0975 4 3 3
F13039 CH 64.123 56.639 1.0878 3 3 2
F13004 FF 75.908 67.765 1.0889 4 3 4
Snowden East CHCK 53.180 40.681 1.0933 3 3 3
F13033 CH 48.275 41.395 1.0908 1 5 1
F13036 CH 49.410 40.315 1.0838 1 4 2
CVv03366-1 FF 41.724 21.173 1.0940 2 3 4
CVv011286-1 FF 63.757 45.695 1.0920 2 2 3
F13020 FF 51.496 40.571 1.0938 3 4 4
Cv08087-2 FF 37.552 32.647 1.0732 1 5 2
CV10045-2 FF 58.560 52.283 1.0733 4 4 4
F13007 FF 58.487 45.677 1.0808 4 4 4
FV16028-03 FF 33.709 25.437 1.0805 3 4 3
R.Burbank East FFCK 50.654 39.839 1.0874 3 4 2
F13009 FF 55.815 46.592 1.1002 1 5 2

Chip and French fry colour based on USDA Standard: 000, 00, 0, 1, 2, 3, and 4 i Light to Dark
Fry colour Uniformity: 1, 2, 3, 4, and 5 represent Very variable, Variable, Acceptable, Uniform,
and Very Uniform respectively.

French Fry Potato:

Treatment means and analyses of variance data for total and marketable yields for French fry
potato is summarized in Table 7.

AAC Alta Strong produced the highest total and marketable yields and outyielded the industry

standard Russet Burbank by 53% with respect to total yield and 75% with respect to marketable
yield.cThe dryland and irrigated crops produced similar total and marketable yields.
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Table 7. Total and marketable yield for French fry potato cultivars as influenced by
seed-type and water management: 2016

Treatment Total yield (t/ha) Marketable yield (t/ha)
Water management:
Dryland 46.1 37.3
Irrigation 45.5 36.9
Seed type:
Whole seed 46.3 37.3
Longitudinal cut 42.3 34.7
Transverse cut 48.9 39.3
Cultivar:
Cv4144-1 45.5 37.9
Cv98112-3 38.0 31.6
AAC Alta Strong 60.4 50.2
Russet Burbank 39.4 28.6
ANOVA
Source:
Water management (W) ns ns
Seed type (S) **(4.1) ns
Cultivar (C) **%(4.4) **%(4.3)
W xS ns ns
WxC ns ns
SxC ns ns
WxSxC ns ns
C. V. (%) 16.7 20.2

**x ** and ns indicate significance at P <0.001, <0.01 levels of probability and not
significant respectively.
Values within parentheses are LSD estimates at 5.0% significance.

Whole seed and transversely cut seed-pieces produced higher total yield than longitudinally cut
seed pieces. However, whole seed and cut seed pieces (both types) produced similar
marketable yield.

Chipping Potato:

Treatment means and analyses of variance data for total and marketable yields for chipping
potato is summarized in Table 8.

Atlantic potato produced the highest total and marketable yields. For example: (i) Atlantic
produced 8% and 11% higher total yield than Vigor and Snowden respectively, and (ii) Atlantic
produced 16% and 13% higher marketable yield than Vigor and Snowden respectively.

Irrigation produced significantly higher total yield than dryland, whereas irrigation and dryland
produced similar marketable yield.
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Table 8. Total and marketable yield for chipping potato cultivars as
influenced by seed-type and water management: 2016

Treatment Total yield (t/ha) ?{I/?];I;etable yield
Water management:
Dryland 47.6 36.5
Irrigation 51.0 39.8
Seed type:
Whole seed 49.6 38.2
Longitudinal cut 50.3 39.3
Transverse cut 47.9 36.9
Cultivar:
WV4479-1 43.5 32.3
Vigor 50.4 37.7
Atlantic 54.4 43.9
Snowden 48.9 38.7
ANOVA
Source:
Water management (W) *(2.4) ns
Seed type (S) ns ns
Cultivar (C) ***(3.5) ***(3.3)
WxS ns ns
WxC ns ns
SxC ns ns
WxSxC ns ns
C. V. (%) 12.3 15.1

*** * and ns indicate significance at P <0.001, <0.05 levels of probability
and not significant respectively.
Values within parentheses are LSD estimates at 5.0% significance.

Whole seed and cut (Longitudinal and transverse) seed-pieces produced similar total and
marketable yields.

Fresh Market Potato:

Treatment means and analyses of variance data for total and marketable yields for Fresh
market potato is summarized in Table 9.

The AAFC Breeding line V07148-2 produced the highest total and marketable yields. For
example: (i) VO07148-2 produced 5% and 16% higher total yield than Milva and Chopin
respectively, and 14% and 23% higher marketable yield than Milva and Chopin respectively.
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Irrigation produced significantly higher total and marketable yields than dryland production.

Seed-type had no effect on total yield or marketable yield.

Table 9. Total and marketable yield for fresh market potato cultivars
as influenced by seed-type and water management: 2016

Total yield Marketable yield
Treatment (tha) (t/ha)
Water management:
Dryland 57.5 42.9
Irrigation 58.6 445
Seed type:
Whole seed 58.9 44.4
Longitudinal cut 57.0 42.8
Transverse cut 58.2 43.9
Cultivar:
FV15597-04 48.5 38.3
V07148-2 65.2 50.8
Chopin 56.4 41.4
Milva 62.0 44.4
ANOVA
Source:
Water management (W) **(0.4) *(1.5)
Seed type (S) ns ns
Cultivar (C) **%(4.7) ***(4.7)
W xS ns ns
WxC ns ns
SxC ns ns
WxSxC ns ns
C. V. (%) 14.1 18.5

*x o+ * and ns indicate significance at P <0.001, <0.01, <0.05
levels of probability and not significant respectively.
Values within parentheses are LSD estimates at 5.0% significance.
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6Small 6 Potato Production: I #kil Tingrey Effecisn , Seed
on Yield and Economic Performance
Co-Investigators: Dr. Benoit Bizimungu, Dr. Eddie Mupondwa
Highly competitive markets, increasing production costs, substantially reduced profits margins,

and the recent health issues such as acrylamide associated with cancer in traditional fried or
processed potatoes and potato products has compelled the potato industry to search for viable,

healthier alternative s . 6Small &8 potatoes ar e-frpoptenvwitic h heal t h
economic potential. The demand for small potato is increasing very rapidly in the USA, Europe,
and Canada. 6 Smal | 6 f r es h -fyadderigatives ofienah edortorsicalty eiable

alternative to the potato producers. Considerable acreage of small potato is being grown in the
Outlook irrigation area to meet the demand of this expanding market sector.

Small potato markets in North America including Canada target tubers between 20 mm and 40

mm in diameter. Cultivars and agronomic recommendations used for standard (larger) potato

production cannot be directly applied for producing small potato. The crop is top-killed relatively

early, when the plants are still actively growing, to limit tuber sizing. The differences in

production practices and the various challenges in growing small potato, compared to

conventional potato, include the need for suitable cultivars that produce high yields of small

tuber size profile, earlier top-k i | | and harvest to maximize target (
production practices to optimize yields of small tubers.

The 2016 growing season is the second year of a three-year project. The crop was planted on
May 30, 2016, raised using standard management practices under irrigated and dryland
production, and top-killed at 10, 11, and 12 weeks after planting. The growing season of the 10,
11, and 12-week dryland crop received 309 mm, 321 mm, and 330 mm of rain respectively.
The irrigated crops received additional 46 mm of irrigation in three applications. Plots were
flailed according to protocol and desiccated with Reglone. A second application of Reglone
given at a later stage to promote vine kill and skin set. Tubers were harvested at proper skin
set. The harvested tubers were graded according to tuber diameter. The size grades included
20-25 mm, 25-30 mm, 30-35 mm, 35-40 mm, 40-45 mm, 45-50 mm, and >50 mm. Tubers
between 20 mm and 40 mm were considered 'Small' grade and tubers larger than 40 mm were
considered oversize.

Tuber Yield:
The effects of cultivar, seed-piece spacing,top-k i | I ti ming on éSmall 6 and 6
are summarized in Table 10.

Favourable temperatures and well distributed rainfall during the 2016 growing season resulted
in comparable yields between the irrigated and dryland crops. On average, both dryland and
irrigated crops produced 9 t/ha O6Small é grade yie

Under both dryland and irrigation, Operle and AC Peregrine produced highest and the lowest
6Small 6 grade yield respectively. AC Peregrine p
irrigation and dryland.

Under dryland, the closer 15 cm spacing produced higher (17%) small grade than the wider 20
cm spacing, however, seed-piece spacing had no effect on oversize yield. Under irrigation
closer spacing produced 16% higher small grade yield and 22% higher oversize yield than wider
spacing.
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Top-kill timing had no effect on small grade yield under both dryland and irrigation. By contrast,
delaying top-kill produced higher oversize yields. For example, delaying top-kill from 10 to 11
weeks resulted in 48% higher oversize yield under dryland and 100% higher yield under
irrigation. The corresponding vyield increase between 11 and 12 weeks was 31% under dryland
and 20% under irrigation.

For oversize yield under irrigated production, cultivars responded differently to seed-piece
spacing and top-kill timing. For example, yield increase to closer spacing over the wider
spacing were 2% 3%, 4%, and 7% for CV96044-3, Operle, Milva, and AC Peregrine
respectively (Figure 17).

Delaying top-kill affected oversize yields of the different cultivars to varying degree. The yield
increase between the 10" and 11" week flailing were similar to all cultivars (Figure 18).
However between the 11™ and 12" week, the yield increase was relatively higher for AC
Peregrine compared to CV96044-3, Operle, or Milva.

Table 10. Small grade and oversize yields for potato cultivars as influenced by seed-piece spacing and top-kill timing
under dryland and irrigated production: 2016

Dryland Irrigation
Treatment Smallgrad yield  Oversize yield Small grade yield  Oversize yield
(t/ha) (t/ha) (t/ha) (t/ha)
Top-kill (weeks from
planting:
10 weeks 8.59 11.95 9.67 10.21
11 weeks 8.43 17.67 9.30 20.38
12 weeks 8.65 23.08 8.70 24.53
Seed-piece spacing:
15cm 9.23 18.09 9.90 20.22
20 cm 7.88 17.04 8.55 16.52
Cultivar:
Operle 11.05 15.27 14.04 14.95
Milva 11.00 11.23 12.53 16.26
CV96044-3 8.25 19.97 7.80 18.93
AC Peregrine Red 3.94 23.78 2.52 23.34
ANOVA
Source:
Top-kill (T) ns **(4.89) ns **%(4.49)
Seed spacing (S) **(0.77) ns **(0.71) **(2.01)
Cultivar (C) **%(0.93) **%(2.05) **%(1.00) *+%(1.48)
TXxS ns ns ns ns
TxC ns ns ns *(2.57)
SxC ns ns ns **(2.10)
TxSxC ns ns ns ns
C. V. (%) 18.9 20.2 18.8 14.0

** o+ % and ns indicate significance at P <0.001, <0.01, <0.05 levels of probability and not significant respectively.
Values within parentheses are LSD estimates at 5.0% significance.
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Figure 17. Cultivar and seed-piece spacing interaction effects on oversize yields under irrigated
production..
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Figure 18. Cultivar and top-kill timing interaction effects on oversize yields under irrigated
production.
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Nitrogen Effects on Agronomic, Econom ic, Performance and Environmental
Impacts under Irrigated Potato -based Cropping Sequence

Co-Investigators: Dr. Reynald Lemke, Dr. Alison Nelson, Dr. Bobbi Helgason,
Dr. Raju Soolanayanahally, Dr. Richard Farrell (U of S),
Dr. Edmund Mupondwa,and Er nst Verberg (Masterds Stuc

Potato is a high-value, shallow rooted and high nutrient requiring crop sensitive to biotic and
abiotic stresses. Nitrogen (N) is one of the most limiting nutrients. with strong synergistic
interaction with water. N is usually over-applied to obtain high tuber yields. Surplus N together
with excess rainfall or over-irrigation can cause fertilizer to leach below the root zone
contaminating ground water, and elevating greenhouse gas emissions. This is an economic loss
with adverse environmental impacts. Proper irrigation will help retain fertilizer in the root zone.

Appropriate production practices including crop rotations are essential for economically viable
and environmentally sustainable potato production. Key considerations in crop rotation are
managing crop residue, improving soil tilth, soil water and soil aeration; and minimizing the
incidence of weeds, soil borne diseases, and insects. Large amounts of crop residue with high
C:N ratio (e.g. wheat straw) when deeply incorporated can temporarily immobilize N, while
residues with low C:N ratio can release N into the soil complicating N management. Crucifers
including canola have been found to provide bio-fumigant properties and control soil pathogens
in a potato crop. When selecting crops and establishing long-term rotations, advantages of the
entire rotational sequence should be considered, rather than attempting to maximize returns
from individual crops. In a rotation-based approach, the direct economic benefits from individual
crops or cropping sequences should be weighed against potential long-term benefits provided
by improved soil physical, chemical, and biological properties.

This three-year project was initiated in 2016. This study examind a potato-based three crop
sequence (Wheat/Canola/Fababean - Potato - Wheat) under irrigation at the Canada-
Saskatchewan lIrrigation Centre (CSIDC) in Outlook SASK., and the Canada-Manitoba Crop
Diversification Centre (MCDC) in Carberry, MB. Wheat (High-C residue), fababean (high-N
residue) and canola (bio-fumigant residue), were grown in 2016 using standard management
practices. In 2017, Russet Burbank potato will be grown with a range of N rates (sub-optimal to
supra-optimal). In 2018, wheat, will be grown with and without fertilizer.

This project was designed to study (i) the cumulative effects of wheat, canola, and fababean

residue on soil physical, chemical and biological properties over the cropping sequence; (ii)

growth and yield attributes of potato after wheat, canola, or fababean; (iii) the performance of

wheat after potato; (iv) NUE and N budget (N uptake and losses; leaching and GHG emissions),

and (v) quantify direct and indirect economic efficiencies of crop rotation and N management for
rotation-wise and crop-wise cr oppi ng scenari os. The intent of t
targeted at increasing profitability and minimizing environmental impacts in the potato crop by

adopting suitable crop rotations with efficient N management for irrigated Russet Burbank

potato.

A brief summary of the 2016 CSIDC results are discussed:
- Canola produced the highest above ground biomass yield followed by fababean and
wheat (Figure 19).
- Fababean produced the highest below ground biomass yield followed by canol and
wheat (Figure 19).
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- Nitrous oxide emission was highest in the wheat crop followed by canola and fababean
(Figure 20.)
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Figure 19. Biomass production of wheat, canola, and fababean under
irrigated production, CSIDC: 2016.
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Figure 20. Nitrous oxide emission in wheat, canola, and
fababean crops under irrigated production.
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Field Crop Agronomy

Canola Nitrogen Study

Funded by Saskatchewan Ministry of Agriculture and the Canada-Saskatchewan
Growing Forward 2 bilateral agreement (Agriculture Development Fund)

CSIDC Lead: Dale Tomasiewicz Co-lead: Don David
Collaborators: Richard Farrell and Sarah Wilcott, Univ. of Saskatchewan, Saskatoon

Crops grown under irrigation have very high yield potential, and consequently high nutrient
requirements. With canola yield potential exceeding 3500 kg/ha, recommendations for fertilizer
nitrogen (N) can approach 200 kg/ha of actual N. This can represent a cost of over $250/ha for the N
fertilizer, as well as a very large amount of fertilizer to transport, handle, and apply. Other non-legume
crops can also have fertilizer N requirements in the 100 to 200 kg N/ha range. Understandably,
producers need to use it in the most efficient way appropriate for their operations, by considering the
four R's of nutrient stewardship - right source, right rate, right time, and right place.

The objective of the study is to evaluate N fertilizer needs (N rate) and efficacy of selected
management options (N timing and placement) for irrigated canola production in Saskatchewan. The
application treatments were selected in 2012 (the first year of the study) based on input from industry
regarding N fertilization practices used by and of interest to irrigation growers. In addition to effects of
treatments on canola yield and quality, effects on plant tissue N and fall residual ("soil test") soil N are
also determined. ADF funded the trial in 2014, 2015, and 2016 (reported here - the final year of the
study).

In addition to cost to the producer, N fertilization also has a cost to the public - in the form of
greenhouse (GHG) gas emissions. The most important GHG emission associated directly with crop
production is release of nitrous oxide (N,O) gas from the soil, and applied fertilizer can be the source of
much of that N,O. The manufacture of the N fertilizer itself is also a major source of GHG emissions,
so using only the needed rate of N fertilizer is especially important. A separate collaborating project led
by Dr. Richard Farrell (U of SK) closely monitored GHG emissions in selected treatments of this study
in 2014-15-16. In 2015 and 2016 an additional project also collaborated with the study, using samples
from it to examine microbial aspects of N cycling and nitrous oxide production in irrigated sails.
Samples for the purpose were collected before and after fertilizer applications and the first rain/irrigation
event.

Methods

The replicated small-plot study was located on a dominantly calcareous Bradwell sandy loam soil on-
site at CSIDC (Field #6; SW15-29-8-W3). The field was in irrigated spring wheat production in 2015,
and not fall-cultivated. The location was immediately adjacent to where it had been located in 2014.

On 13 October 2015 the soil was sampled to the 1.2 m depth by block, taking six cores in each of the
four blocks, and using the following depth increments: 0-15, 15-30, 30-60, 60-90, and 90-120 cm.
Samples were provided to the University of Saskatchewan for N analyses under a collaborating project
(ADF #20130130, with Dr. R. Farrell as PI). A set of composite samples by depth to the 60-cm depth
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was also prepared using soil from all blocks for site characterization (results below; nutrient levels are
in mg/kg, and for the 0-15 cm depth only except where indicated otherwise; the soil was non-saline at
all depths to 60 cm):

pH (1:1 suspension) 0-15cm-8.0 15-30-8.1  30-60-8.2

Organic C 0-15 cm - 1.5% (2.6% OM) 15-30 - 1.3% (2.2% OM)
Carbonate C 0-15 cm - 1.0% CaCOs-equivalent 15-30 - 1.3% CaCOs-equivalent
Nitrate (as NOs-N) 0-15cm-35 15-30-6.0 30-60-45

Ammonium (as NH;-N) 0-15cm-2.1  15-30-1.8 30-60-2.4

P (Olsen) 14

K (ammonium acetate) 141

Sulphate (as SO4,-S) 0-15cm-8 15-30-30 30-60 ->60

Cu (DTPA-sorbitol) 0.46

Fe (DTPA-sorbitol) 21

Zn (DTPA-sorbitol) 0.79

Mn (DTPA-sorbitol) 2.4

B (DTPA-sorbitol) 0.69

Particle Size Analysis: 70% S, 20% Si, 10% C (0-15 cm; by hydrometer) - Sandy Loam

The following N treatments were used:
1 - Check No N applied
2 -BC-110 110 kg/ha N pre-plant broadcast and incorporated (br&inc)
3-BC-220 220 kg/ha N pre-plant broadcast and incorporated
4 - Band-110 110 kg/ha N sidebanded at planting
5 - Band-220 220 kg/ha N sidebanded at planting
6 - Split-55  27.5 kg/ha N pre-plant br&inc plus 27.5 kg/ha N topdress just prior to bolting
7 - Split-110 55 kg/ha N pre-plant br&inc plus 55 kg/ha N topdress just prior to bolting
8 - Split-165 82.5 kg/ha N pre-plant br&inc plus 82.5 kg/ha N topdress just prior to bolting
9 - Split-220 110 kg/ha N pre-plant br&inc plus 110 kg/ha N topdress just prior to bolting

These represent a factorial combination of three placement/timing options and two N rates, plus a
Check treatment with no applied N and two additional N rates for the Split treatment. The 55 and 165
Split N rates were added to the study to accommodate a greenhouse gas (GHG) study also using the
trial. The study was laid out using a RCBD with four blocks.

All pre-seeding preparations and seeding were conducted on 18 May 2016. A blanket application of
triple superphosphate (0-45-0) fertilizer was made over all plots to provide 50 kg/ha of actual P,Os, and
urea (46-0-0) was applied to only the plots requiring spring broadcast N per the treatment schedule.
These were applied with a plot drill, and the fertilizers were immediately incorporated with two passes
of a cultivator (at cross directions, approximately 3" deep) followed by two passes of a harrow-packer.
The plots were then seeded the same day with a double disc plot drill with 10" row spacing. InVigor
L252 canola seed treated with Prosper Evergol was seeded approximately 1.2 cm deep at 7.5 kg/ha.
Side-banded N applications where required by the treatment schedule were done with the seeding
operation - urea was banded approximately 3 cm to one side of and 4 cm below the seedrow.

The study was sprayed with a tank mix of Liberty 150SN and Centurion herbicides at 1.35 L/ac and
25.5 ml/ac on June 8, and with Lance WDG Fungicide at 140 g/ac on July 4.

All topdress N applications required in the split treatments were hand-broadcast on June 21 (just prior
to the onset of bolting), and watered in with irrigation (15 mm) within a few hours. For accuracy of
application rates over the small chamber areas, the chambers were covered during the broadcast
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applications, and fertilizer falling on the covers was discarded off the plot areas. The small amounts of
fertilizer needed for the chamber areas were then accurately weighed and sprinkled over the soil within
each chamber.

Only one other irrigation was conducted in the study - 15 mm of water was applied on June 8 due to dry
conditions in the top several inches of soil for establishment of the young plants. Further irrigation after
the one on June 21 was not required due to abundant rainfall for the remainder of the season, starting
witha73mmr ain on July 3. Four pairs of Wat ecrMar k
depths) were installed in the study (in plots receiving 110-220 kg/ha of N) and read every two or three
days from June 13 through August 9. Over that time, the median moisture tension level never
exceeded 30 centibars at either depth, indicating moisture conditions that would certainly not be limiting
to growth of irrigated canola.

On June 6 plants in four 1-m row sections (selected prior to crop emergence) in each plot were
counted. On July 10 plots were sampled for tissue analysis (early-mid flowering stage). The youngest
mature whole leaf was taken from at least thirty plants within each plot; samples were oven-dried and
submitted to a commercial laboratory for total N determination. Two of the samples were also analysed
for contents of all other nutrients as well. On June 23 and 30, and July 7, 25, and 29 NDVI (Normalized
Difference Vegetation Index) readings were taken from each plot (two near each end, for a total of four
per plot) with a Trimble hand-h e | d Gr eenSeeker E.

Plots were swathed on August 26 with a plot swather, at approximately 65-75% seed color change in
most plots. Prior to this, plot ends were trimmed back, and rows were separated to allow swathing of
the centre six rows out of the 12-row wide plots. This was done to prevent edge effects from inflating
the measured yields. Harvest areas averaged almost 10 m? within each plot. The study was combined
on September 8 (Figure 21). Harvest samples were dried and cleaned. For each plot, average seed
size, test weight, moisture content, seed oil
Grain Analyser), and green seed count (based on a 300-seed crush for each sample) were determined.

Each plot was sampled on October 3 for soil residual N content, taking three cores per plot to the 120
cm depth and separating into 30-cm depth increments. Samples were air-dried and submitted for
analysis under the collaborating project, which will also report the results.

Results were statistically analysed for all treatments as RCBD by analysis of variance. The 110 and
220 kg N/ha treatments were also analysed separately as a 3 x 2 factorial design, and the ON check
compared to all other treatments by contrast analysis.

Results and Discussion

Average stand density was up to or near the recommended density for irrigated canola of 110 plants/m?
in all treatments that did not include pre-plant broadcast and incorporated N fertilizer (Table 11). For
the other treatments, stand reduction was roughly proportional to the amount of pre-plant broadcast N
applied. The stand reduction that was clearly associated with pre-plant broadcast and incorporated
urea is notable, aside from its possible effect on yield in the study. The plant counts were taken
primarily out of concern that the sidebanded N may be close enough to the seed to cause toxicity under
some conditions. Pre-plant broadcast and incorporated urea is not generally considered to pose a
toxicity risk to establishment of any crops. In the prior five years of this study there was no significant
reduction in stand determined for any of the treatments in any year. Factors that may have contributed
to the toxicity observed in 2016 include coarse soil texture, low soil organic matter content, high soil pH,
relatively low rainfall and warm conditions over the three weeks following seeding (though 15 mm of

~43 ~

E soi

cont e



Field Crop Agronomy

rain did fall 3-4 days after seeding), and the fact that the broadcasting, tillage, and seeding were all
completed over only a few hours on the same day.

Tissue N concentrations were highly correlated with applied N rate, though did not vary over as wide a
range has been observed in some years of the study. NDVI readings at all five dates varied little within
each date, showing only weak non-significant trends toward higher values at higher N rates (Table 12).
Readings were markedly lower on July 7 than on any of the two earlier or two later dates when
readings were taken. This is likely because of the heaviest flowering occurring at that time. Other
studies have shown that the reflectance of the canola canopy is affected by flowering. Tissue samples
analyzed for all nutrients contained sufficient to high levels of all, suggesting that other nutrients were
not deficient (data not presented). Further work toward making the tissue N methods quicker and
easier for field use may be warranted, especially for irrigated conditions where N can effectively be
applied in-season by fertigation.

In two or three of the blocks the ON check plots were usually visually distinguishable from the others for
much of the growing season after approximately mid-June. Growth was not as heavy and the plants
were paler in color in the checks. Yields (~67 bu/ac for treatments with sufficient N) were moderately
good by irrigation standards (Table 11, Figure 22). The small (8%) yield reduction in the ON check
treatment is notable. The economic optimum N rate cannot be accurately quantified in a study of this
type, but it appears to be 100 kg N/ha or less (Figure 22). Current guidelines for irrigated canola
recommend N application at approximately 180-195 kg N/ha for the study conditions (2017 Irrigation
Economics and Agronomics. Irrigation Crop Diversification Corporation. 2017). In most years of this
series of studies optimum N rates have been found to be somewhat or much below generally
recommended rates for irrigated canola. Use of excess N not only represents an unnecessary cost, but
reduces seed oil content and increases emissions of nitrous oxide (a greenhouse gas) as shown in the
collaborating study.

Differing efficiencies of the three differing N application types tested (timing/placement) cannot clearly
be determined when the lowest N rate used for all three applications allows for maximum or near-
maximum yield. The lower stand density at the higher broadcast N rates did not appear to reduce
yields much, though may be responsible the somewhat lower yield for the Broadcast 220 treatment.
According to the Canola Council of Canada canola crops need 50 plants per square metre (the lowest
mean density measured in any treatment in the current study) to maintain yield potential.

Green seed counts were all low, but generally increased with N rate (though the N check had more
green seeds than other treatments with <165 kgN/ha - perhaps indicating some later flowering stems
where the growth was stressed). Seed oil concentrations were high, and declined slightly but quite
consistently with increasing N rate (Table 11). The inverse relationship between concentrations of oil
and protein (and hence N application rate) in canola seed is well recognized, and is an additional
reason to avoid N rates beyond those needed for yield.

The results from the collaborating ADF-funded projects studying greenhouse gas emissions and

microbial aspects of N cycling and nitrous oxide production in irrigated soils will add valuable
information toward development and understanding of N management BMP's for irrigated conditions.
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Table 11. Canola stand, tissue N, and seed yield and quality - Canola N Study 2016.

Thousand
Treatment Stand Tissue N Yield” 0]] Testwt. kernel wt. Green seed
Plants/m? % kg/ha % kg/ha g %
All treatments
1 - Check 112 4.6 3427 49.5 65.3 3.7 0.9
2 -BC-110 74 5.1 3674 48.9 65.3 3.7 0.3
3-BC-220 50 5.3 3657 48.6 65.6 3.7 1.3
4 - Band-110 103 5.3 3835 48.9 65.4 3.7 0.4
5 - Band-220 102 55 3570 46.8 66.1 3.8 1.2
6 - Split-55 96 4.9 3579 48.7 63.9 3.9 0.7
7 - Split-110 87 4.9 3700 49.0 65.4 3.9 0.3
8 - Split-165 100 5.3 3835 47.9 65.2 3.8 1.2
9 - Split-220 73 5.7 3980 47.7 64.5 3.8 0.8
P-value  0.014 0.001 0.044 0.011 0.65 0.71 0.081
LSD (0.05) 32 0.4 296”7 1.3 2.1 0.3 0.8
CV (%) 25 5.7 55 1.9 2.2 5.5 71
Contrast - ON vs. all others
P-value 0.034 0.000 0.010 0.018 0.90 0.36 0.65
As application x N rate factorial (includes 110 and 220 kg/ha N treatments only)
Application placement/timing
Band 103 5.4 3702 47.9 65.7 3.8 0.8
BC 62 5.2 3666 48.7 65.5 3.7 0.8
Split 80 5.3 3840 48.3 65.0 3.8 0.6
P-value 0.018 0.31 0.37 0.24 0.36 0.57 0.65
N rate (kg/ha)
110 88 5.1 3736 48.9 65.4 3.8 0.3
220 75 55 3736 47.7 65.4 3.8 1.1
P-value 0.23 0.000 1.00 0.006 0.91 1.00 0.002
Application x N rate
P-value 0.64 0.020 0.12 0.20 0.31 0.57 0.53
CV (%) 31 3.6 6.3 2.0 1.7 5.7 71

*yields are adjusted to 8.5% moisture basis

Y LSD is 322 for comparisons with the Split 220 treatment, which has a missing value
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Table 12. NDVI readings - Canola N Study 2016.

Treatment ~ ~-"""""-"----- NDVI reading -----------
June 23 June 30 July7 July25 July 29

All treatments

1 - Check 0.80 0.77 0.50 0.78 0.74
2 - BC-110 0.82 0.78 0.55 0.78 0.75
3-BC-220 0.80 0.78 0.58 0.80 0.74
4 -Band-110  0.83 0.79 0.54 0.79 0.74
5-Band-220  0.83 0.79 0.58 0.79 0.75
6 - Split-55 0.83 0.78 0.52 0.80 0.74
7-Split-110  0.82 0.79 0.59 0.80 0.75
8 - Split-165  0.83 0.78 0.56 0.78 0.75
9-Split-220  0.80 0.80 0.62 0.77 0.74

P-value  0.32 0.16 0.41 0.19 0.16
CV (%) 2.8 1.8 13.3 2.6 1.2

Contrast - ON vs. all others
P-value 0.21 0.056 0.086 0.77 0.13

As application x N rate factorial (110 and 220 kg/ha N trtimts. only)

Application placement/timing

BC 0.81 0.78 0.57 0.79 0.74
Band 0.83 0.79 0.56 0.79 0.74
Split 0.81 0.80 0.60 0.78 0.75

P-value 0.31 0.20 0.52 0.87 0.34

N rate (kg/ha)
110 0.82 0.79 0.56 0.79 0.75
220 0.81 0.79 0.60 0.78 0.74

P-value  0.27 0.41 0.27 0.86 0.34
Application x N rate

P-value 0.61 0.27 0.99 0.045 0.082
CV (%) 3.4 15 13.9 2.8 11
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Figure 21. Combining the Canola Nitrogen Study on September 8, 2016.
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Improving Canola Stand Establishment for Irrigated Conditions
Funded by Agriculture and Agri-Food Canada

CSIDC Lead: Dale Tomasiewicz Co-lead: Don David

Canola is by far the most extensively grown individual crop under intensively managed irrigation in
Saskatchewan, accounting for over one-quarter of that irrigated area. The irrigated crop production
environment is distinct. Due to the relatively long, warm growing season and little risk of drought
stress, yields under irrigation are typically higher and more consistent than in other areas. However,
soils and climate are not similar to those in the Black soil zone where the highest yields are normally
produced and most research with canola has been conducted; the Brown/Dark Brown soils and climate
are typically drier at planting and are lower in organic matter, creating different conditions for crop
establishment.

One of the greatest agronomic challenges for canola production is crop stand establishment. Small
canola seeds produce a thin weak stand if seeded too deeply, but dry soil conditions can necessitate
deeper seeding to get the seed "into moisture” so that it can germinate. Crusting of the lower organic
matter irrigated soils can also pose a challenge for canola emergence under moister conditions and in
finer-textured soils. Due to certain special high-value crops in many irrigated rotations, cultivated
productions systems as well as zero-till are involved. Irrigation can provide the surface soil moisture
and soften soil crusts for better crop emergence, but irrigating after seeding can in some situations also
challenge emergence by washing in and packing soil over the seedrow. Irrigation for stand
establishment has been used by some growers to improve crop stand, but the practice has not been
studied and success with it is inconsistent.

The objective of this field project is to determine the effectiveness of the most practicable measures
available to the irrigated canola producer to improve canola stand density and uniformity. This includes
irrigation shortly before planting and irrigation shortly after planting. To broaden applicability of results,
the study is conducted on two differing soils and tillage is also added as a variable at each site.

Methods

In 2016 the replicated small-plot study was located on a Calcareous Bradwell silt loam soil on-site at
CSIDC (Field #9; SW15-29-8-W3), and on a dominantly Orthic Bradwell sandy loam soil at the CSIDC
off-site location (northeast field; NW12-29-8-W3). The 0-15 cm soil at the on-site location had 2.9%
organic matter and a particle size distribution of 25-59-16% S-Si-C, and the off-site location had 1.7%
organic matter and 68-22-10% S-Si-C. Both fields were in irrigated spring wheat production in 2015
and not fall-cultivated afterwards.

Treatments were a factorial combination of two tillage x four irrigation treatments as follows:
Tillage:  A) No tillage (direct-seeded into standing stubble) - No-Till
B) Spring-tilled well before seeding - Till
Irrigation: 1) Irrigated, with a single pre-seeding irrigation for stand establishment - Pre
2) Irrigated, with three post-seeding irrigations for stand establishment - Post
3) Irrigated, with no irrigation for stand establishment - None
4) Rainfed all season; no irrigation at any time - Dry
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The Dry treatment was not randomized in with the other irrigation treatments - it was laid out as a
separate (2 treatment x 4 block) study along one side of each of the irrigated studies to facilitate the
irrigations to be conducted after the establishment. The irrigated study was laid out in a strip-plot
design with four complete blocks, due to the difficulty in applying irrigation and tillage treatments to
individual small plots.

The first tillage in the tilled treatment only at both sites was conducted on April 28 with a field cultivator.
This was repeated at the on-site location on May 19, and off-site on May 18. The Pre irrigation
treatment plots (only) were irrigated (12.7 mm) on May 25 at both sites (Figure 21). On May 27 the on-
site trial was harrow-packed twice and seeded with a double-disc plot drill with 25.4-cm row spacing;
these operations were conducted on May 26 at the off-site trial. L252 canola was planted at 7.5 kg/ha
(~150 seeds/m?) approximately 10 mm deep. Despite the tillage treatments, soil moisture conditions at
seeding depth were quite good in all treatments due to significant rainfall events on May 10-11 and May
21-22. The study sites had been soil-tested and they were fertilized and all pests were managed as
generally recommended for irrigated canola production in Saskatchewan.

The Post irrigation treatment plots at both sites were irrigated with 8 mm of water on each of May 27
and 30. Rain totalling 9 mm was also received on May 28-30. Due to adequate rainfall in June, and
exceptionally high rainfall in July and much of August, no further irrigation was conducted at either site.

Plant counts were made (four 1-m row sections per plot) at both sites on June 2, and again on June 9
after crop emergence appeared to be completed. The exact sections of rows to be counted were
marked prior to plant emergence to avoid bias and improve precision to detect changes. Stem counts
were also taken on September 22 after harvest in the same locations at the on-site trial only. Lodging
in each plot was rated on August 29 at both sites (1= lower stems vertical, to 9= lower stems
horizontal). Various other measurements and observations were made that are not reported here - soll
moisture and temperature, maturity, etc.

Both trials were swathed on August 30 and combined on September 8 (on-site) or September 12 (off-
site), taking about 14 m? from each plot in the on-site trial and 10 m? from each plot in the off-site trial.
The exact areas to be harvested for yield were cut out of the larger plots just prior to swathing, to avoid
inflated yields due to edge effects. Samples were cleaned, and yield and various quality parameters
were determined.

Results were analysed by site using analysis of variance conducted in accordance with the above-
mentioned experimental design (including separate analysis for Dry treatment).

Results and Discussion

Due to the above-mentioned May rains, followed by significant (>5 mm) rains on June 11, 14, and 16,
drought stress for seed germination and plant establishment was not likely or apparent in any
treatments at either site in 2016.

At the on-site trial (SiL soil) plant populations exceeded the 110 plants/m? recommended for irrigated
conditions (2016 Saskatchewan Irrigation Economics and Agronomics, ICDC 2016) in all treatments by
the June 9 count date (Table 13). Counts were lower where irrigation after planting was conducted in
the tilled soil only (especially at the earlier count date) - possibly due to washing in and packing of the
looser soil over the drill row. Stem counts after harvest were 8-19% below June 9 plant counts. Seed
yields are not available for this site, but treatment effects on yield would have been unlikely, considering
the good stands in all treatments and abundant rainfall received for canola production at all growth
stages. The substantially greater lodging and lower seed oil content in the Rainfed area is notable
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(though cannot be confirmed as statistically significant because the irrigated and rainfed areas are
separate studies). A possible cause is higher soil residual N in the rainfed area, as excess N is known
to exacerbate lodging and reduce seed oil content for canola. Although the 2015 crop in the study area
did not appear different in that area, it was later noted that the rainfed portion (only) of the study was
located where a flax study was conducted in 2014 - it may have received much more N than the
surrounding field area and included tilled alleyways.

At the off-site trial, where the soil was coarser (SL) and lower in organic matter, plant counts were
affected by both tillage and irrigation treatments, and their interactions (Table 14). In the no-till
treatments counts were consistently lower than in the tilled treatments, and were below the
recommended 110 plants/m?. The greatest tillage effects on counts occurred where no irrigation water
was applied before or after seeding. Seed stranded too shallow in surface crop residue from the
preceding crop may be a reason, as the intended seeding depth was shallow. Counts were highest
where two irrigations were conducted after seeding - these may have helped the germinating seeds
at/near the surface to establish.

Despite the plant counts at the off-site trial at even the later date still being well below recommended
levels for irrigated production in several treatments, there were no treatment effects on seed yield
(Table 2; yields presented are adjusted to 8.5% seed moisture basis). This occurred also in the study
in 2015. In both years plant densities exceeded the 50 plants/m? suggested by the Canola Council of
Canada to be the minimum density needed to maintain yield potential
(http://www.canolacouncil.org/canola-encyclopedia/crop-establishment/plant-population/). Yields in
2016 were only fair by irrigation standards. At the off-site study lodging was slight and not affected by
treatment. Seed oil content was also unaffected by treatments.

Seed size and green seed was also determined for each plot at both sites (data not presented). Seed
size averaged about 4 mg, and all green seed percentages were low (<2%); there were no significant
treatment effects on either.

In summary, canola germination and stand establishment was not much challenged by dry conditions in
2016; tillage and irrigation treatments did not affect yield. At the finer-textured soil site some reduction
stand was noted where irrigations were conducted after seeding into tilled soil, possibly due to soil
washing in and packing over the seedrows. In contrast, at the sandier site stand densities were higher
in the tilled plots and where post-seeding irrigations were conducted - seed stranded at too-shallow a
depth in crop residue may have been a factor.

The study will be conducted for a final year in 2017.
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Table 13. Stand, yield, and seed oil content - CSIDC on-site trial.

Field Crop Agronomy

Plant count Stem
Treatment June 2 June 9 count Lodging Oil content
plants/m® plants/m* stems/m®  1-9 %

Rainfed

Tillage

No-till 121 142 115 6.2 45.3

Till 114 143 126 5.0 45.4
P-value 0.79 0.95 0.64 0.14 0.88
CV (%) 25 16 25 16 1.9

Irrigated

Tillage

No-till 103 144 127 2.3 49.2

Till 75 133 117 2.7 48.9
P-value 0.15 0.57 0.52 0.42 0.57
CV (%) 40 33 30 35 1.7

[rrigation

None 111 148 128 2.5 49.3

Post 64 134 120 2.8 49.2

Pre 92 134 118 2.2 48.7
P-value 0.010 0.15 0.65 0.34 0.91
CV (%) 23 10 18 25 5.6

Tillage x Irrigation Interaction

No-Till - None 114 148 128 2.2 49.3

Till - None 109 147 128 2.8 49.2

No-Till - Post 96 149 132 2.5 49.4

Till - Post 32 119 109 3.0 48.9

No-Till - Pre 99 136 122 2.2 48.7

Till - Pre 84 131 113 2.2 48.7
P-value 0.008 0.020 0.003 0.58 0.86
CV (%) 15 5.7 3.4 21 2.1
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Table 14. Stand, yield, and seed oil content - off-site trial.

Plant count Qil
Treatment June 2 June 9 Lodging  Seedyield content
plants/m®  plants/m? 1-9 kg/ha %

Rainfed

Tillage

No-till 38 64 1.8 3185 49.8

Till 106 138 15 3290 49.7
P-value 0.038 0.007 0.64 0.66 0.98
CV (%) 38 16 42 9.3 4.2

Irrigated

Tillage

No-till 74 90 1.4 2935 51.6

Till 107 132 1.6 2971 51.8
P-value 0.035 0.004 0.39 0.87 0.52
CV (%) 24 11 27 16 1.1

Irrigation

None 68 104 1.1 2865 52.2

Post 111 128 15 3032 52.0

Pre 92 101 1.9 2963 50.8
P-value 0.004 0.048 0.17 0.46 0.34
CV (%) 17 16 45 8.6 3.8

Tillage x Irrigation Interaction

No-Till - None 55 76 1.0 2897 52.0
Till - None 82 133 1.2 2832 52.4
No-Till - Post 84 102 1.5 3038 51.9
Till - Post 138 152 1.5 3026 52.2
No-Till - Pre 84 93 1.8 2871 50.8
Till - Pre 100 110 2.0 3054 50.7

P-value 0.013 0.010 0.42 0.37 0.79

CV (%) 9.9 8.4 14 5.8 1.6
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Figure 21. Pre-plant irrigation of selected treatments at the off-site trial, showing also tilled (foreground)
and non-tilled treatment areas.

Moisture Management Effects on Soybean and Fababean in Saskatchewan

Funded by the Saskatchewan Pulse Crop Development Board

CSIDC Lead: Dale Tomasiewicz Co-lead: Don David
Collaborators: Evan Derdall, AAFC-Saskatoon Garry Hnatowich , ICDC-Outlook

Soybean and fababean are relatively "new" in Saskatchewan with respect to substantial commercial
production - acreages of both crops remained low in Saskatchewan until the past few years. Both
showed considerable increases in 2012, and then large jumps in each of 2013 and 2014. Provincial
acreages in 2015 reached approximately 270,000 for soybean and 62,000 for fababean. Although
acreages of both declined about 15% in 2016 due to a large increase in lentil plantings, continued
increases are anticipated. Both are long-season crops. Until the past few years, commercially
available cultivars of soybean were not regarded as good risks for production in Saskatchewan.
Fababean, though not quite as great a risk with respect to season length, also requires good moisture
for good production. Increasing acreages of both crops over the coming years will mean expanding
their production into additional areas of the Province where they have not previously been extensively
grown or proven to be "adapted". Adaptability of crops to areas is primarily a function of their
requirements with respect to temperature (including growing season length) and moisture.

Generally, soybean is considered moderately drought-tolerant, though its long growing season results
in relatively high seasonal water requirements. Fababean has a long growing season and high
seasonal moisture requirement, and is more sensitive to drought/heat conditions. Both crops are (at
least anecdotally) among the more tolerant of annual crops to periods of excess moisture ("wet feet").
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Their relative resistance to lodging, and hence to the favourable conditions for disease development
that a lodged crop presents, may be factors.

This project was initiated to better define the moisture needs of the crops, and the effects of drought
and excess moisture stress at various times during the growing season. The objectives are to
determine the effects of selected irrigation treatments on soybean and fababean development, yield,
and quality, and on soil moisture and temperature, for two cultivars of each crop. Irrigation treatments
are structured to provide information useful for irrigation scheduling, and also to be applicable to non-
irrigated conditions, such as to indicate adaptability of the crops to soils and areas where drought
and/or excess moisture are common. 2016 was the second of three years for the study.

Methods

Separate replicated small-plot studies were conducted with each crop (fababean and soybean). The
two studies were located adjacent to each other on a Calcareous Bradwell sandy loam soil on-site at
CSIDC (Field #6; SW15-29-8-W3). The field produced irrigated spring wheat in 2015.

The soil in each study was sampled on 22 October 2015 to the 0.6 m depth with a hydraulic corer,
taking ten cores in each study and dividing them into the following depth increments: 0-15, 15-30, and
30-60 cm. Except for extractable phosphorus, the soil test results were very similar between the two
areas, so the mean test levels are indicated below. Extractable nutrient test levels are in mg/kg
(=ppm), and for the 0-15 cm depth only, except where indicated otherwise. The soil was non-saline at
all sampled depths.

Organic C 1.4% (~2.4% OM)

Carbonate C 0.7% CaCOgs-equivalent

pH 0-15cm - 8.0 15-30cm - 8.2 30-60 cm - 8.4
Electrical Conductivity = Non-saline at all depths

Nitrate (as NO3-N) 0-15 cm - 15 kg/ha 0-60 cm - 79 kg/ha
P (Olsen) 15 (soybean) and 19 (fababean)

K (ammonium acetate) 133

Sulphate 5 (10-59 at deeper depths)

Cu (DTPA-sorbitol) 0.38

Zn (DTPA-sorbitol) 0.70

Mn (DTPA-sorbitol) 1.9

B (DTPA-sorbitol) 0.66

Particle Size Analysis:  61% S, 30% Si, 9% C (by hydrometer) - Sandy Loam

Following soil sampling in fall 2015, the stubble was mowed, and Edge Granular herbicide was
broadcast at 8.9 kg/ac and incorporated by harrow-packing.

Each study used a split-plot design, with four complete blocks. Irrigation treatment (seven for each
crop) was the main-plot variable, and cultivar (two for each crop) was the sub-plot variable. That
design was used for logistical reasons - the irrigation treatments can only be applied to substantial
areas that can each accommodate two plots. Since the two cultivars within each study and water
treatment would be irrigated together, varieties with similar season length requirements (days to
maturity) were selected so that the irrigation regimes would be appropriate for both.

For fababean, the cultivars CDC Snowdrop (a zero tannin variety) and CDC SSNS-1 (normal tannin)
were used. For soybean, the glyphosate-tolerant cultivars 23-10RY and NSC Moosomin RR2Y were
used.
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Irrigation treatments were:

Number. Treatment. Designation.
11 Rainfed (no irrigation at any time) Rainfed

12 Full irrigation Full irrig.

13 Early season drought stress (to flowering) Dry early

14 Late season drought stress (pod-filling) Dry late

15 Early season excess moisture Wet early

16 Late season excess moisture Wet late

I7 Fababean Mid-season drought stress (flowering) Dry mid

I7 Soybean Irrigation at emergence Emerge

The differing 17 irrigation treatments were included to test anecdotal evidence that mid-season drought
stress may be good for fababean pod set, and that very early irrigation of soybean may impede growth
(possibly due to temperature shock).

The specialized hand-set irrigation equipment developed for the first year of the study (2015) was used
again in 2016 to permit best flexibility in locating the trials and control of irrigation applications by
irrigation plot (56 in total). Each irrigation plot was irrigated by a single nozzle in the centre of the plot.
Senninger High Angle Xcel Wobbler nozzles, each with a 20 psi pressure regulator, were used. These
provide uniform coverage (irrigation rate) from approximately 1.5 to 7.0 m from the nozzle, and
relatively low application rates (0.65-0.85 cm/hr) to avoid run-off. The two cultivars were planted on
opposite sides of each nozzle. All harvests and measurements were conducted between
approximately 1.5 and 5.8 m from the nozzle. To avoid effects of irrigation in adjacent plots (especially
in consideration of some effects of wind), the plots were arranged in a square grid pattern at ~15.2-m
spacing in both directions.

On May 2 the area for both studies was pre-worked with a Res-Till cultivator, and Copper 10XL fertilizer
was broadcast applied to supply 6.25 kg/ha of actual Cu as copper sulphate. This was done due to the
low soil test level for Cu. The areas were then harrow-packed.

Both studies were seeded with a six-row double-disc press drill with 25.4-cm row spacing. TagTeam
granular inoculant was applied in the drill row at 5.5 kg/ha. Fifteen kg/ha of actual P,Os and 25 kg/ha of
actual K,O, as ammonium phosphate and potash fertilizers, were side-banded. Harvests at maturity
were conducted with a 1.52-m (6-row) wide plot combine. Ends of the final harvest areas were cut out
in advance and exact lengths of harvest areas were measured. There were seeding misses in several
plots for both crops - wherever that occurred, harvest areas were adjusted such that neither the missed
row sections nor the rows adjacent to them were included in the area harvested for yield. Harvest
areas in each plot averaged about 12m?. Harvested seed was dried before processing. Moisture (as
well as protein and oil for soybean) contents were determined with a Foss Infratec 1241 Grain
Analyzer. Other details of operations are listed below by crop.

Fababean
1 May 4 - seeded at 56 viable seeds/m?, to target a stand of 45 plants/m®. TKW and germination
rates for the seed sources were determined to establish rates for each variety (239 kg/ha for
Snowdrop and 169 kg/ha for SSNS-1). Apron Maxx RTA seed treatment applied at 325 ml per
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100 kg of seed was used for disease control, and Stress Shield 600 seed treatment applied at 104
ml per 100 kg of seed was used for wireworm control.

1 Plants counts in two 1-m row sections within each plot were conducted on May 19 (Standl) and
May 30 (Stand2)

9 June 9 - Odyssey (17.3 g/ac, with Merge at 0.5L/100L solution) herbicide was applied

9 July 15 and July 23- Priaxor fungicide applied at 180 ml/ac for disease control.

9 July 18 - Lodging ratings were made - recording the estimated percentage of the area lodged
within each plot.

1 Aug. 31 - Plant height measurements were taken (of typical standing plants in each plot)

9 Sept. 20 - Lodging ratings made for each plot (using 1= vertical to 5=horizontal scale)

9 Sept. 20 - Desica desiccant applied at 0.69 L/ac

9 Sept. 29 - harvest

Soybean

 May 20 - seeded at 50 viable seeds/m?, to target a stand of 40 plants/m?. Actual TKW and
germination rates for the seed sources used were determined to establish rates for each variety
(92 kg/ha for 23-10RY and 76 kg/ha for Moosomin). The Moosomin seed had been pre-treated
with Cruiser Maxx Vibrance Beans and Nodulator Pro inoculant. Apron Maxx RTA seed treatment
applied at 325 ml per 100 kg of seed for the 23-10RY was used for disease control. Stress Shield
600 seed treatment applied at 104 ml per 100 kg of seed was used for wireworm control for both
cultivars.

1 Plants counts in two 1-m row sections within each plot were conducted on June 3 (Standl) and
June 14 (Stand2)

9 June 20 - Roundup WeatherMax herbicides applied at 0.67 L/ac

9 July 7 - Priaxor fungicide applied at 180 ml/ac, and Parasol WG fungicide applied at 1 kg/ac, for
disease control.

1 Sept. 20 - Plant height measurements were taken (of typical plants in each plot) and lodging
ratings were made for each plot (using 1= vertical to 5=horizontal scale)

9 Sept. 28 - harvest

Soil moisture tension at the 20-cm depth was monitored in each plot with a WaterMark soil moisture
sensor; each pair of plots within each irrigation treatment plot also had one WaterMark sensor installed
at 60 cm. Sensors were installed on May 16 (fababean) and May 26 (soybean), and read until Sept. 8
(fababean) or Sept. 12 (soybean).

All irrigation dates and amounts are listed in Table 15.A groundwater level monitoring well was installed
between the two studies in a central location in early June, and monitored through August.

An assessment of disease severity by-plot was conducted on August 19 by a University of
Saskatchewan plant pathology graduate student. To identify specific pathogens present sample of
diseased leaves were also collected, plated, and incubated. Species were then identified by
microscopic assessment of the resulting mycelial growth and spores.

Results were statistically analysed as a split-plot design by analysis of variance using StatistixTM 10.

The Rainfed treatment was also compared to all other treatments by contrast analysis. The fababean
Dry Early treatment was included with the Rainfed treatment for the contrast, and the soybean Dry Late
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treatment was included with its Rainfed treatment, to increase sensitivity because those two treatments
also received no irrigation at any time.

Table 15. Irrigation dates and amounts (all in cm)
Fababean Study

11 12 13 14 15 16 17

Full Dry Dry Wet Wet
Date Rainfed irrig. early late early late Dry mid
June 1.7 1.7 1.7 1.7 1.7
June 25 2.5 2.5 2.5 2.5
June 6.4
June 6.4
June 1.3 1.3 1.3 1.3 1.3
July 1 1.3 1.3 7.6 1.3 1.3
Aug. 16 6.1
Aug. 17 6.4
Aug. 18 0.4
Aug. 19 6.7
Total: 0.0 6.8 0.0 6.8 25.8 26.3 6.8
Soybean Study

11 12 ] 14 15 16 17

Full Dry Dry Wet Wet
Date Rainfed irrig. early late early late Emerge
June 4 25
July 5 6.4
July 6 2.3
July7 10.4
Aug. 16 6.1
Aug. 17 6.4
Aug. 18 0.4
Aug. 19 6.7
Sept. 1 1.9 1.9 1.9 1.9 1.9
Total: 0.0 1.9 1.9 0.0 21.0 215 4.4

Results and Discussion

Soil moisture conditions and rainfall patterns were normal through May and June, and the stands
established well. On July 3 a severe storm with strong winds and 73 mm of rainfall occurred; four more
heavy rainfall events over the following 32 days brought a total of another 226 m (8.9") of rain, which
precluded any need for irrigation (except as planned in the excess moisture treatments) for the
remainder of the season for the fababean, and until September for the soybean.

Fababean

The abovementioned extreme weather and rain caused severe lodging of many of the fababean plots.
Later assessment of the stand count results (Table 16) revealed that the fababean stand density
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averaged about 50% above the target density. This could only have occurred due to an error or
equipment malfunction. Although fababean is generally regarded as quite resistant to lodging, the
combination of the high stand density with the extreme weather and open exposure of the site to north
winds caused substantial damage. Plant height for both cultivars was much (~40%) higher than it was
in the study in 2015. Almost all of the lodging damage occurred in the two northernmost blocks (I and

1.

Fababean yields were only fair by irrigation standards (Table 16, Figure 24a) - apparently primarily due
to the lodging. Yield was unaffected by irrigation treatments or interactions. Regression analysis
showed a highly significant relationship between lodging ratings made on September 20 and fababean
grain yield (P<0.0001; r>=0.62). Statistical analysis was also conducted using only data from the two
south blocks which had little lodging - average yield was 18% higher than in the lodged blocks, and
variability was much less. However, most other relationships (or lack thereof) with treatments were
similar to those presented in Table 16. One notable exception was that the average yields of the two
varieties did not differ for the blocks with little lodging (both ~5400 kg/ha).

Conditions for development of foliar diseases were favorable throughout the growing season due to
adequate and regular precipitation. The fababean plants were infected with chocolate spots caused by
Botrytis fabae and B. cinerea. The pathogens isolated from the random leaf samples collected from
fababean were B. fabae, B. cinerea, Alternaria spp, Epicoccum spp, Stemphylium spp and Ascochyta
spp. Disease severity was significantly higher for CDC Snowdrop than for SSNS-1, and was somewhat
higher in the more lodged blocks.

Most other significant differences observed between the two cultivars are typical of the two varieties
and were observed in the study in 2015 - higher plant height and test weight for SSNS-1. However,
larger seed size (TKW) for SSNS-1 was a reversal from 2015 results.

Soybean

The soybean plots yielded well (Table 17, Figure 24b), benefitting from the lack of fall frost and high
heat unit accumulation (2481 CHU) to the harvest date. They did not lodge to any degree, so lodging
data is not presented. Stand density was at or near the target for most treatments, and those for which
it was somewhat below did not appear to suffer yield loss. Yield was not significantly affected by
cultivar or irrigation treatment, but the Irrigation x Cultivar interaction effect on yield was highly
significant. This was primarily due to results for the Wet Early treatment, in which 23-10RY yielded
much higher than Moosomin, despite yielding similar to substantially lower than Moosomin in all other
Irrigation treatments. It is unlikely that this effect is real, considering that soil moisture was clearly not
limiting in any of the treatments at the time the excess early water was applied (so applying excess
should definitely not provide an advantage), and no corresponding effect was seen in results from
2015.

Irrigation treatment and Irrigation x Cultivar interaction had no significant effects on any measured crop
parameters. There was a trend (P= 0.08) to lower final stand counts in the excess water treatments,
but this cannot be meaningful because no irrigation water had yet been applied in any treatments
(except the Irrigation at emergence treatment) by the time the stand count was made.

In agreement with results typically found for the two cultivars, and observed in the study in 2015, 23

10RY produced taller plants and larger seeds than Moosomin. As in 2015, 23-10RY produced seed
with slightly lower oil content.
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Soil Moisture

Median soil moisture tensions at the 20-cm depth are shown for both crops and all water treatments in
Figure 23, as well as for the 60-cm depth for fababean only (Figure 25).

For soil in these studies (sandy loam texture), a tension of approximately 35 cbars would correspond to
a moisture content of 50% of the available water holding capacity. This level is often recommended as
a trigger point at which to initiate irrigation, except for crops which are extremely shallow-rooted or
sensitive to drought stress (which the two crops in this study are not considered to be).

For the fababeans, few median tension values for the water treatments exceeded 35 cbars at any time,
regardless of irrigation treatment. Some irrigation was conducted on June 13 because the plants were
still small (so would be shallow-rooted) and the soil was observed to be dry to about 17-18 cm. Water
was also applied on June 22 and June 30-July 1 because tensions were approaching critical levels.
Thereafter rainfall kept tensions below 35 cbars until late August, when the crop should have had good
access to the deeper moisture which the sensors at the 60-cm depth indicated was still present at
adequate levels. Some higher median readings at 20 cm in the Rainfed treatment in June may not be
very reflective of conditions, considering that the Dry early treatment also received no irrigation at any
time yet did not show high moisture tensions in June. It should be noted that even tensions in the 35-
50 cbar range in a sandy loam soil reflect conditions with 35+% of the available moisture still present.
Therefore it is not surprising that no yield-limiting drought stress occurred in the study.

Soil moisture tension was generally lower (i.e. the soil was moister) in the soybean study than in the
fababean study (Figure 23). This would be expected until into July because the crop is much later-
seeded and slower to establish canopy, so would transpire much less. Moisture tension rose gradually
through August and early September, but never reached levels that would likely represent any degree
of drought stress, and crop yields did not suggest any stress. Moisture tension at the 60-cm depth in
the soybean study (not presented) remained below 30 cbars at all times in all treatments.

Another factor likely contributing to the lack of any yield loss due to drought stress is the moderate
growing season temperatures in 2016. There were many warm days and high heat unit accumulation,
but the temperature never exceeded 30°C at any time after May 8 in 2016.

Both excess moisture treatments in both crops were imposed by application of approximately 20 cm of
irrigation water over 3-4 days, which is an increase of several cm over the amounts applied in 2015.
Nonetheless, there was no apparent effect of the over-irrigating on yield or any other crop
measurement. The excess irrigations caused moisture tensions to drop notably for a few to several
days, but not to zero (which would indicate saturated conditions) (Figure 25). Clearly both crops are
tolerant of a few days of excess moisture so long as drainage is adequate to prevent saturation.

The groundwater level was at 2.67-3.38 m below the soil surface during the four June measurements
(June 13-29), and at 2.16-2.53 m during the five August measurements (August 3-31). These depths
are likely great enough to prevent any substantial contribution of the groundwater to crop uptake during
the growing season.

Acknowledgement: NorthStar Genetics provided the NSC Moosomin RR2Y soybean seed.
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Table 16. Fababean stand, yield, and grain characteristics.

Stand Stand Disease Lodging Lodging
Treatment May 19 May 30 Height severity July 18 Sept. 20 Yield Testwt. TKW
#m®>  #m? cm % % 1-9 kg/ha  kg/hl g
Cultivar
CDC Snowdrop 62 75 154 67 18 2.8 4737 80.0 382
CDC SSNS-1 51 64 167 59 9 2.6 5213 83.3 410

P-value: 0.024 0.016 0.000 0.000 0.032 0.49 0.006 0.000 0.000
CV (%): 26.8 219 5.0 8.5 107.7 21.0 11.9 1.0 5.4

Irrigation treatment

Rainfed 64 78 157 60 20 2.7 5014 81.1 417
Full irrig. 51 63 165 69 5 2.2 5340 82.0 380
Dry early 58 71 159 65 14 2.5 5232 82.0 380
Dry late 61 76 160 56 18 3.1 4766 81.6 420
Wet early 50 61 160 65 7 2.4 4809 82.2 385
Wet late 47 62 160 61 10 2.8 4986 81.6 376
Dry mid 60 73 163 63 23 3.2 4677 81.1 412

P-value: 0.16 0.18 0.77 0.19 0.42 0.11 0.57 0.38 0.16
CV (%): 25.2 21.4 6.2 13.9 138.8 26.7 154 1.4 10.5

Contrast - Rainfed + Dry Early vs. all others
P-value: 0.088 0.100 0.26 1.00 0.43 0.51 0.37 0.65 0.74

Cultivar x Irrigation treatment

Snow-Rainfed 73 87 150 64 23 2.8 5040 79.0 397
Snow-Full Irr. 53 68 161 69 4 2.1 5176 80.9 372
Snow-Dry early 66 75 150 71 25 2.5 4906 80.3 353
Snow-Dry late 67 83 150 60 27 3.4 4489 79.8 413
Snow-Wet early 49 61 155 70 10 2.2 4581 80.8 376
Snow-Wet late 52 73 152 65 8 2.6 4914 80.1 368
Snow-Dry mid 64 75 160 70 31 3.6 4049 79.2 393
SSNS-Rainfed 56 70 163 56 18 2.6 4987 83.2 438
SSNS-Full Irr. 49 59 168 68 6 2.2 5503 83.2 388
SSNS-Dry early 50 67 169 60 2 2.5 5558 83.6 407
SSNS-Dry late 55 68 171 52 8 2.9 5042 83.3 426
SSNS-Wet early 51 62 164 60 3 2.6 5038 83.5 393
SSNS-Wet late 41 53 168 58 12 2.9 5058 83.2 384
SSNS-Dry mid 56 70 166 55 16 2.8 5305 82.3 431

P-value (CxI):0.83 0.83 0.37 0.26 0.50 0.34 0.44 0.26 0.36
CV (%):26.8 21.9 5.0 8.5 107.7 21.0 11.9 1.0 54
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Table 17. Soybean stand, yield, and grain characteristics.

Stand Stand
Treatment June 3 June 14 Height Disease Yield Testwt. TKW Protein Qil

#m?>  #/m? cm % kg/ha  kg/hl g % %
Cultivar
23-10RY 22 36 80 35 3713 71.3 209 35.9 15.8
Moosomin 34 42 70 38 3712 71.4 167 36.2 16.0

P-value: 0.001 0.052 0.000 0.018 0.97 0.26 0.000 0.12 0.002
CV (%): 40.1 28.1 4.5 13.4 4.4 0.6 2.7 1.0 14

Irrigation treatment

Rainfed 28 43 75 36 3724 71.4 187 36.1 15.8
Full irrig. 32 42 78 39 3732 71.4 188 36.2 15.7
Dry early 31 41 73 39 3691 71.2 187 35.9 16.0
Dry late 32 44 77 32 3603 71.4 187 36.0 15.8
Wet early 25 33 72 37 3797 715 191 36.3 15.9
Wet late 18 29 75 38 3635 71.4 189 36.2 15.8
Emerge 28 38 75 34 3804 71.3 188 35.8 16.0

P-value: 0.19 0.078 0.26 0.68 0.47 0.97 0.93 0.47 0.28
LSD (0.05): 11.2 11.5 5.1 9.1 229 0.61 7.4 0.25 0.27
CV (%): 38.2 28.3 6.5 23.9 5.9 0.8 3.7 14 1.6

Contrast - Rainfed + Dry Late vs. all others
P-value: 0.30 0.37 0.27 0.19 0.30 0.88 0.56 0.74 0.17

Cultivar x Irrigation treatment

23-10-Rainfed 25 42 80 33 3677 71.2 205 36.0 15.6
23-10-Fullirrig. 26 40 82 36 3697 71.6 208 36.2 15.6
23-10-Dry early 17 30 79 38 3704 70.9 208 36.0 15.8
23-10-Dry late 23 41 82 32 3467 71.6 209 35.9 15.6
23-10-Wet early 21 31 79 34 4119 71.4 213 36.2 15.7
23-10-Wet late 15 27 81 37 3600 71.2 211 35.9 15.8
23-10-Emerge 27 39 78 32 3728 71.2 209 35.8 16.0
Moos.-Rainfed 32 44 70 38 3771 715 169 36.2 16.0
Moos.-Full irrig. 38 45 74 42 3768 71.2 167 36.4 15.9
Moos.-Dry early 45 52 67 39 3678 715 166 35.8 16.0
Moos.-Dry late 41 47 72 32 3739 71.3 165 36.1 15.9
Moos.-Wet early 30 35 66 40 3475 71.6 168 36.3 16.1
Moos.-Wet late 22 30 69 38 3670 71.7 167 36.4 15.8
Moos.-Emerge 29 38 71 37 3880 71.4 166 35.9 16.0

P-value (CxI): 0.31 0.49 0.58 0.77 0.000 0.25 0.66 0.82 0.31
LSD (0.05): 16.1 16.1 6.2 10.4 285 0.76 9.0 0.65 0.36
CV (%): 40.1 28.1 4.5 13.4 4.4 0.6 2.7 1.0 1.4
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Figure 24. Grain yields of a) fababean and b) soybean.
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Minor Nutrient Study

Funded by Saskatchewan Ministry of Agriculture and the Canada-Saskatchewan
Growing Forward 2 bilateral agreement (Agriculture Development Fund)

CSIDC Lead: Dale Tomasiewicz Co-lead: Don David

The need for fertilization with minor nutrients (also called micronutrients, since they are required by
crops in only small amounts) is an emerging question under high-yield irrigated production for a few
reasons. Many irrigated soils are coarse-textured and/or graded with little of the topsoil replaced. The
higher production levels (and hence nutrient off-take) of irrigated soils may be depleting micronutrients
more quickly than is occurring from non-irrigated soils. Crops differ widely in micronutrient uptake and
sensitivity to deficiency, and a wider range of crops are grown under irrigation. The elimination of
requirements to prove product efficacy for registration of fertilizers and soil supplements may also
increase marketing of a wider range of such products - irrigators may specially targeted with claims of
improved yields; they need field research to show what they will really benefit from.

The Minor Nutrient Study surveyed the nutritional status of selected major crops in irrigated areas of
Saskatchewan in 2014 and 2015. In 2016 the minor nutrient work moved to its second phase - the
conduct of in-field micronutrient response trials at locations where deficiencies are potentially most
likely to occur (as determined by the preceding survey and other information).

Methods

Results of the 2014 and 2015 surveys of soil and tissue micronutrient levels were evaluated. Locations
for five studies were selected based on many considerations, but primarily the likelihood of minor
nutrient deficiency for crop production. Four of the locations were selected based on survey results and
one was based on other field micronutrient soil tests taken outside of the project.

All five trials included copper (Cu) and zinc (Zn) applications as variables, one of the sites also included
boron (B) as a treatment. The micronutrient fertilizers were applied by dissolving the following fine
granular soluble fertilizer products in several litres of water and sprinkling it on the marked-out small
plot areas with a watering can shortly before or after planting, to provide the indicated rate of nutrient
(Figure 24):

a) copper sulphate (CuS0O4-5H,0; 26% Cu) to provide 10 kg Cu/ha
b) zinc sulphate (ZnS0O,4-H,0; 36% Zn) to provide 10 kg Zn/ha
¢) borax (Na,B40,-5H,0; 15% B) to provide 1 kg B/ha

The above chemicals (or combinations of them) appeared to form uniform solutions or suspensions
with vigorous mixing in the watering can for a couple of minutes with a rotary paint mixer attached to a
drill.

For the producer-planted sites (E, F, and T in Table 18), granular fertilizers to provide actual N-P,Os-
K,0-S at 50 50-50-17 kg/ha respectively were also broadcast at the time of micronutrient application.
This was to supplement the producers' fertilization because most of the trials were located in poorer-
producing areas of the field which may have been more deficient in the macronutrients.
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Treatments at all sites included a check (no micronutrients applied), Cu only, and Zn only. The F site
included also B only. Each site also included a combined treatment with all micronutrients (Cu+Zn+B
for site F; Cu+Zn for the other sites). A randomized complete block design with six blocks was used.

Soil information for all sites is presented (Table 18). The following crops and experimental/agronomic
practices were used at each:

Site E:

- seeded to CDC Maxim small red lentil (67 kg/ha) on 03 May 2016 with air seeder hoe drill, after
above-mentioned fertilizer applications made earlier the same day

- irrigated wheat produced on the field in 2015; harrowing only prior to seeding the lentils

- individual plots were 2.5 x 5.0 m in size

- plant tissue samples taken on July 6; ~50 youngest mature leaves from each plot (Figure 25)

- plots were direct-harvested with a plot combine on September 6, taking about 6.5 m? out of each
plot

Site F:

- fertilizer applications made on 6 May 2016; producer seeded to small red lentil shortly thereafter
with an air seeder hoe drill

- irrigated canola produced on the field in 2015

- individual plots were 2.5 x 5.0 m in size

- plant tissue samples taken on July 20; ~50 youngest mature leaves from each plot

- extreme wind erosion with sandblasting of the young plants occurred until July; many plants
recovered thereafter, but the stand was thin and yielded very poorly. Soil blowing between plots
may have moved some of the applied micronutrients with it, as they were applied in solution to the
surface and not incorporated.

- plots were cut by hand (4 rows x 3 m in each plot) - bagged and combined later after drying

Sites KB and KW:

- these trials were adjacent to each other at the CSIDC off-site location

- field had been in irrigated alfalfa production for several years; the alfalfa was killed with an
application of CleanStart herbicide on 12 May 2016; topgrowth was mowed off on May 17.

- both trials were seeded with a small-plot disc seeder 24 May 2016 (KB to Coalition barley at 120
kg/ha, and KW to CDC Utmost VB wheat at 120 kg/ha)

- 11-52-0 at 35 kg/ha P,0Os was seed placed; fertilizers to provide 125-30-15 kg/ha of N-K,O-S
respectively were side-banded with the seeding operation

- micronutrient fertilizer applications were made on 31 May 2016, followed by application of 8 mm of
irrigation water the same day

- post-emergent herbicides were applied on June 23, and Prosaro 250EC fungicide July 16

- individual plots were 2.1 x 8.0 m in size

- plant tissue samples taken on July 11; ~50 flag leaves from each plot

- plots were direct-harvested with a plot combine on September 9, taking about 9 m? out of each plot.

Site T:
- fertilizer applications made on 15 June 2016; producer seeded barley with a hoe drill shortly
thereafter
- irrigated potatoes were produced on the field in 2015; it was spring-cultivated to level soil prior to
fertilization

- individual plots were 2.5 x 5.0 m in size
- plant tissue samples taken on July 29; ~50 flag leaves from each plot
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- extreme variability in growth within the plot area, unrelated to treatments; high water table may
have been a factor (Figure 26).

- plots were direct-harvested with a plot combine on September 21, taking about 5.3 m?® out of each
plot. Maturity was highly variable - better growth areas still had some green heads and kernels.
Grain samples were dried before cleaning

Results and Discussion
Site E (Tables 18, 19, and 24)

This site was not in a recognized problem area within the field - the soil was finer (SL vs. L-LS) and had
generally higher micronutrient test levels than the other sites (though still marginal in the case of Cu).
Lentil yields were good. However, the only effect of the treatments on yield was a very slight (just
significant - p=0.040) reduction due to Cu application - probably not meaningful.

The Cu and Zinc applications very significantly raised concentrations of the corresponding nutrients in
the plant tissue (by approximately 15%) and appeared to similarly affect concentrations in the grain.
This indicates that the products, rates, and method of application for the micronutrient fertilizers was
effective in providing Cu and Zn to the plants.

Site F (Tables 18, 20, and 24)

Soil test levels at site F were low for Cu and marginal for B. However, the very poor patchy growth and
poor yield made the trial ineffective for determining yield responses (CV of 35% for yield). Nonetheless,
there was a trend to positive response with copper (p=0.065), and seed size was slightly increased with
Cu (p=0.021). Micronutrient applications substantially raised only the concentrations of B in the
sampled leaf tissue, and had no affect concentrations in the grain. Cu concentration in the tissues were
marginal, while Zn and B appeared sufficient.

Site KB (Tables 18, 21, and 24)

Soil test Cu and Zn levels at the 0-15 cm depth were low, but topsoil buried beneath the aeolian sand
veneer at the site may provide higher levels of micronutrients. Barley yields were good, and there was
a trend to increased yield with Zn (p=0.082). For the flag leaf tissue, only Cu concentrations increased
with nutrient application (levels of both Cu and Zn appeared sufficient), while concentrations in the grain
appeared to increase for both Cu and Zn.

Site KW (Tables 18, 22, and 24)

Soil test Cu and Zn levels at the 0-15 cm depth were very low and marginal, respectively. Topsoil
buried beneath the aeolian sand veneer at the site may provide higher levels of micronutrients. Wheat
yields were only fair for irrigated conditions, and were unaffected by the Cu and Zn treatments.
However, both seed weight and bushel weight were slightly but significantly raised with Zn application.
Flag leaf Cu concentrations were marginal, and increased significantly with Cu application. Zn
concentrations in the flag leaves were not raised with fertilization, but those in the grain appeared to be.

Site T (Tables 18, 23, and 24)
Soil test levels were marginal for Cu only at this site. The highly variable growth and very poor yield of
the barley made the trial ineffective for determining yield responses (CV of 29% for yield). Flag leaf

tissue Cu levels were low, and raised very significantly with Cu application, but Cu also had a slight
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depressing effect on grain protein. Zn application did not affect flag leaf Zn concentrations (which were
sufficient), but both Cu and Zn appeared to increase in the grain where they were applied.

In general, positive yield responses to the micronutrients applied in these studies did not occur despite
some low soil test levels of the nutrients in some cases. Growth in two of them was extremely poor and
variable, due primarily to erosion/sandblasting and likely poor drainage. A few interesting and
unexpected small effects of the applications on grain quality parameters (protein, seed size and bushel
weight) were found. The sources and method used to apply the micronutrients in the trials was found
to be effective, as evidenced by the increase in concentrations of the applied nutrients in the leaf tissue
and in the grain in many cases.

For trials in producer fields, conducting the trial with whatever crop the producer is growing is limiting,
as it may not be the crop of most concern with respect to the micronutrient levels at the site. For
example, it would have been good to have canola grown on a site low in soil B. Also, going specifically
to areas in fields which have produced poorly (on the chance that the poor growth is due to deficiency)
often results in poor trials. Although doing so may increase the chance of getting a response, it may
not provide the most relevant information to the grower, who will more likely decide to apply the nutrient
(or not) at the whole field scale. Other approaches may be considered for future minor nutrient studies
under the project.

Table 18. Soil properties and nutrient test levels at Minor Nutrient Study sites - 2016.

Organic CaCOj; ---- Soil testlevel - - - -

Site  Depth pH Texture matter equivalent Copper Zinc Boron
cm %S-Si-C % % ppm ppm ppm

E 0-15 6.3 55-32-14 SL 2.1 0.0 0.55 0.71 0.42
16-30 6.8 n.d. 1.2 0.0 0.49 0.26 0.34

F 0-15 79 85-114 LS 1.1 1.4 0.24 0.43 0.33
16-30 8.0 n.d. 0.9 2.0 0.33 0.48 0.29

KB 0-15 8.3 90-8-2 S 1.6 0.9 0.14 0.23 0.28
16-30 7.9 66-22-12 SL 1.7 0.7 0.29 0.20 0.41

KW 0-15 8.0 93-5-2 S 1.2 0.8 0.11 0.25 0.25
16-30 8.0 77-17-6 LS 1.2 0.9 0.17 0.27 0.20

T 0-15 8.0 88-8-4 S 1.4 0.8 0.34 0.74 0.42
16-30 7.9 0.9 1.2 0.31 0.40 0.37
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Table 19. Grain yield and quality and tissue nutrient concentrations - Minor Nutrient
Study 2016 Site E (lentil).

------------- Gran------------- -----Tissue - - - -
Treatment Yield* TKW Protein Test wt. Copper Zinc
kg/ha g % ka/hl ppm ppm
Check 2040 27 n.d. 76 6.7 24
Copper 2005 28 n.d. 76 7.8 25
Zinc 2212 27 n.d. 76 6.8 30
Cu+Zn 1951 27 n.d. 75 7.7 28
P-value 0.45 0.90 0.51 0.000 0.000
CV (%) 13.2 4.4 1.3 6.0 4.9
Contrasts (P-values)
+/- Copper  0.040 0.74 0.26 0.000 0.45
+/- Zinc 0.56 0.51 0.71 1.00 0.000

* yield adjusted to 13.0% moisture basis

Table 20. Grain yield and quality and tissue nutrient concentrations - Minor Nutrient Study 2016
Site F (lentil).

------------- Grain------------- ---------Tissue---------
Treatment Yield TKW Protein Test wt. Copper Zinc Boron
kg/ha g % kg/hl ppm ppm ppm
Check 459 33 n.d.* n.d. 5.2 17 40
Copper 507 35 n.d. n.d. 5.2 18 38
Zinc 454 34 n.d. n.d. 4.8 20 40
Boron 388 34 n.d. n.d. 4.5 18 49
Cu+Zn+B 608 35 n.d. n.d. 4.3 17 50
P-value 0.27 0.09 0.33 0.52 0.007
CV (%) 35 3.7 18 19 14
Contrasts (P-values)
+/- Copper 0.065 0.021 0.79 0.46 0.74
+/- Zinc 0.22 0.070 0.26 0.53 0.24
+/- Boron 0.70 0.68 0.055 0.40 0.000

* not determined
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Field Crop Agronomy

Table 21. Grain yield and quality and tissue nutrient concentrations - Minor Nutrient
Study 2016 Site KB (barley).

------------- Gran------------- -----Tissue - - - -

Treatment Yield* TKW Protein Test wt. Copper Zinc

kg/ha g % ka/hl ppm ppm

Check 5728 49 13.1 67 8.3 19.2

Copper 5619 48 13.1 66 10.5 19.0

Zinc 6015 48 13.1 66 8.7 19.5

Cu+Zn 5912 48 12.9 66 10.3 19.5

P-value 0.31 0.36 0.098 0.17 0.000 0.91

CV (%) 6.6 2.0 11 11 3.6 7.6
Contrasts (P-values)

+/- Copper 0.51 0.15 0.23 0.081 0.000 0.89

+/- Zinc 0.082 0.30 0.23 0.16 0.56 0.50

* yield adjusted to 12.5% moisture basis

Table 22. Grain yield and quality and tissue nutrient concentrations - Minor Nutrient
Study 2016 Site KW (wheat).

------------- Grain------------- -----Tissue - - - -

Treatment Yield* TKW Protein Test wt. Copper Zinc

kg/ha g % kag/hl ppm ppm

Check 3065 34 16.1 78.7 4.8 18.2

Copper 3258 35 16.0 79.4 6.0 18.8

Zinc 3174 36 16.0 79.6 4.8 195

Cu+Zn 3123 36 16.0 79.7 6.2 18.3

P-value 0.50 0.023 0.70 0.028 0.003 0.58

CV (%) 6.9 2.3 1.6 0.7 11.9 9.5
Contrasts (P-values)

+/- Copper 0.44 0.62 0.91 0.093 0.000 0.74

+/- Zinc 0.88 0.003 0.41 0.020 0.76 0.56

* yield adjusted to 13.5% moisture basis
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Field Crop Agronomy

Table 23. Grain yield and quality and tissue nutrient concentrations - Minor Nutrient
Study 2016 Site T (barley).

------------- Gran------------- -----Tissue - - - -

Treatment Yield* TKW Protein Test wt. Copper Zinc
kg/ha g % ka/hl ppm ppm
Check 1222 38 12.0 56 2.8 22.5
Copper 1235 37 114 57 3.8 26.3
Zinc 1176 36 11.6 56 2.7 24.8
Cu+Zn 1265 38 11.4 57 4.0 25.5
P-value  0.98 0.55 0.075 0.64 0.000 0.70

CV (%) 29 5.6 3.5 1.9 114 23

Contrasts (P-values)

+/- Copper 0.73 0.50 0.036 0.024 0.000 0.36
+/- Zinc 0.96 0.77 0.29 0.78 1.00 0.76

* yield adjusted to 12.5% moisture basis
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Field Crop Agronomy

Table 24. Grain nutrient concentrations - Minor Nutrient Study 2016.

Site (crop) Treatment  Nitrogen  Copper Zinc Boron
% ppm ppm ppm
E (lentil
Check 3.96 8 34 8
Copper 4.05 9 34 9
Zinc 4.05 8 37 8
Cu+Zn 3.95 9 40 9
F (lentil
Check 3.78 6 25 6
Copper 3.96 5 25 6
Zinc 3.96 5 25 7
Boron 3.86 6 25 6
Cu+Zn+B 3.94 6 24 6
KB (barley)
Check 2.07 4 18 2
Copper 1.96 5 18 2
Zinc 2.00 4 24 2
Cu+Zn 1.99 5 21 2
KW (wheat)
Check 2.96 4 26 2
Copper 2.74 4 25 2
Zinc 2.91 4 29 1
Cu+Zn 2.98 5 28 3
T (barley)
Check 1.84 2 20 1
Copper 1.88 3 20 2
Zinc 1.75 2 25 2
Cu+Zn 1.76 3 21 1
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Field Crop Agronomy

Figure 26. Applying micronutrient fertilizers at Minor Nutrient Study site F on May 6, 2016.

Figure 27. Sampling lentil leaves at Minor Nutrient Study site E on July 6, 2016.

~72 ~



