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VISION

To be the primary source of irrigation research and education for irrigation producers in the
province of Saskatchewan to maximize profitability and sustainability in the irrigation sector.

OBJECTIVES ANBURPOSES AEDC

a) toresearch and demonstrate to producers and irrigation districts profitable agronomic
practices for irrigated crops;

b) to develop or assist in developing varieties of crops suitable for irrigated conditions;

c) to provide land, facilities and technical support to researchers to conduct research into
irrigation technology, cropping systems and soil and water conservation measures
under irrigation and to provide information respecting that research to district
consumers, irrigation districts and the public;

d) to cooperate with the Ministry in promoting and developing sustainable irrigation in
Saskatchewan.

CONTACT

Irrigation Crop Diversification Corporation

901 McKenzie Street South
Box 1460
OUTLOOK, SK SOL 2NO
Bus: 306867-5669 Fax: 306867-2102
email: admin.icdc@sasktel.net
Web: http://irrigationsaskatchewan.cdicdc

BOARD ODIRECTORS
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AGRONOMIC TRIALS

Growing Hybrid and Composite Mustard
Under Irrigation in Saskatchewan
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Funding

Financial support was provided by tA®OPTnitiative under the Canad&askatchewan Canadian
Agricultural PartnershifpCAP) and Mustard 21.

Organizations

1 Saskatchewan Mustard Development Commission
9 Irrigation Crop Diversification Corporation, (ICDC)

Principle Investigators

1 Gursahib Singh
1 Rick Mitzel

Objectives

The objectives of this study are tiemonstrategrowing hybrid and composite mustard under irrigation
in Saskatchewan.

Research Plan

The trial was established on ICI@@sed land (Hnatowich field blogR within the South Saskatchewan
River Irrigation District (NE428-07-W3) on an Elstow loam previously planted to wheat. Before
seeding, soil samples were collected to assess the saifgnt levels (Agvise Labs; results are shown in
Table 1).

Table 1.Soil Test Availabldutrients

Depth (cm) pH O.M. (%) C.E.C. s/%al)\l o P (ppm) K (ppm) SQ-N (kg Sfha)
0¢15 77 28 188 13 10 335 56

15¢ 30 10 120

30- 60 12

At the time of seeding, the application included slalnding 110 kg/ha of nitrogeiertilizer, while 20

kg/ha of phosphorus fertilizer was se@thced. Soil available sulfur and potassium were not limiting
factors at this site. The trial featured three treatments: the popular canola variety, L233P, was compared
side by side with AAC Browl8 (hybrid mustard) and AAC Yellow 80 (composite mustard). The
experiment was established using a randomized complete block design with four replications, and the
seeded plots measured 2m by 6m. Seeding rates for canola (L233 P), AAC Brown 18, afidvA8C Ye
were 9, 10, and 12 Ibs/acre, respectively. As the crops approached the flowering stage, a practice
common among seed growers of mustard under irrigation was implemented. Specifically, at the start of
flowering, 30 Ibs/acre of nitrogen and 20 Ibsfaof phosphorus liquid fertilizer were applied to

promote less vegetative growth and encourage more flower development. All plots were directly
combined, and harvested samples underwent cleaning, with yields adjusted to a moisture content of
10%. Table Provides information on the dates of various field operations and the products used in
2023 and details on temperature, precipitation and irrigation applied is provided in Table 3.

Table 2.Dates of field operations and products used in 2023.




Pre-seed/ preemergent herbicide application incorporated Edge (ethalfluralin) at 6.9 kg/ac

Seeding Date May 16

Emergence Counts June 14

Herbicide (Canola) Hune 5 Liberty

Early Flowering Fertilizer Application June 23 UAN

InsecticideApplication May 30 (Matador at 33 ml/acregrasshoppers)
Fungicide None

Lodging Rating August 15

Desiccation (Reglone) August 26 (Canola)

Harvest August 18 (Brown and Yellow mustard) and

September 7 (Yellow mustard and Canola)

Table 3.Mean monthly temperatures, precipitation amounts, letegm (19932023) normal for the
2023 growing season, and amount of irrigation applied in 2023.

Year April May June  July  August September Average/total
--------------------- Mean Temperature (°G)------------

2023 1.35 15.2 19.45 18.6 18.7 15.45
Longterm 4.35 11.25 16.1 18.85 17.9 13
-------------------- Precipitation (mm)j---------------------
2023 19.7 17.5 153 155 166 16.6 131.2
Longterm 186 415 653 558 439 305 255.6
Irrigation (inches) 4.6 4.7 1.7 11.0
Results

The obtained seed yield and seed quality characteristics are detailed in Table 4. Canola demonstrated the
highest yield at 5277 kg/ha &4.1 bu/acre, followed by AAC Yellow 80 with 2929 kg/ha or 52.2 bu/acre, and
AAC Brown 18 with 2794 kg/ha or 49.8 bu/acre. Notably, the thousand kernel weight and test weight of AAC
Yellow 80 surpassed both AAC Brown 18 and L233P. We also observed shattedmposite mustard,;

however, it was not taken into account for the final yield data presented below.

In the year 2023, we successfully achieved the recommended target plant population for both mustard and
canola. The achieved plant population with the target seeding rate (L238PBs/acre, AAC Brown 1810
Ibs/acre, and AAC Yellow 8Q2 Ibs/acre) wass follows: L233P 41257 plants/acre, AAC Brown %0924
plants/acre, and AAC Yellow 888451 plants/acre. Detailed plant growth characteristics are provided in
Table 4. It is noteworthy that both mustard varieties matured earlier than canola, vatsignificant
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differences observed in the % green seed and height among all test crops. Additionally, Canola seed oil
content was found to be the highest, followed by AAC Brown 18.

Table 4 Mustard Seed Yield & Seed Quality as compared to canola, 2023. Different letters indic.

AAIAYAFAOIYl RAFTFSNBYOSa 06SG6SSy GGNBIFGYSyGa
AAC Brown 18 AAC Yellow 8C L233P  LSD (0.05) CV (%)

Yield (kg/ha) 2794 b 2929 b 5277a  0.001 8.5
Testweight  (kg/l)  70.3b 7292 67.6c  0.001 0.7

TKW (g/1000) 3.2c 6.4a 35b 0.001 25
Plants (Pernf) 113 a 107 a 92 a NS 28.1
Green seed (%) 0.9a 0.8a l2a NS 9.7
Maturity (days) 93b 91b 104 a <0001 22

oil (%) 36.1b 28.5¢ 40 a <0001 13

NS = not significant at P<0.C

Economic Analysis

The most profitable crop under irrigation was AAC Brown followed by AAC Yellow 80 (Table 5).

Table 5.Economic analysis (net profit) of AAC Brown 18 (hybrid mustard), AAC Yellow 80 (composite
mustard) and L233P (canola) yield grown under irrigation at Outlook, SK, 2023.

Revenue Per Acre AAC Brown 18 AAC Yellow 80 L233P
Yield (bu/ac) (A) 49.8 52.2 94.1
Price ($/bu) (B) 35.5 41.5 14.36
Gross revenue ($/ac) (C) 1767.9 2166.3 1351.276
Expenses Per Acre
Variable Expenses/Acre
Seed 47.58 63.50 85.05
Seed Treatments 9.00 9.00 9.00
Fertilizer- Nitrogen 151.04 151.04 151.04
Phosphorus 34.96 34.96 34.96
Sulfur 0 0 0
Plant Protection Herbicides 66.93 66.93 66.93
Insecticides 2.78 2.78 2.78
0.00 0.00 0.00

Fungicides

10



Machinery Operating Fuel 25.25 25.25 25.25

Repair 11.59 11.59 11.59
Custom Work and Hired Labour 21.50 21.50 21.50
Crop Insurance Premium 10.51 10.51 10.51
Utilities and Miscellaneous 4.23 4.23 4.23
Interest on Variable Expenses 1248 12.48 12.48
Total Variable Expenses (D) ~ 397.85 413.77 435.32
Other Expenses/Acre

Building Repair 0.8 0.8 0.8
PropertyTaxes 5.66 5.66 5.66
Business Overhead 3.39 3.39 3.39
Machinery Depreciation 47.68 47.68 47.68
Building Depreciation 1.65 1.65 1.65
Machinery Investment 18.38 18.38 18.38
Building Investment 1.92 1.92 1.92
Land Investment 149.9 149.9 149.9
Total Other Expenses (E) 229.38 229.38 229.38
Labour and Management (F)

Total Expenses (D+E+F)=(G) 627.23 643.15 664.70
Return Per Acre

Return Over Variable Expenses 1370.05 1752.53 915.96
(GD)

Return Over Total Expenses (C 1140.67 1523.15 686.58
G)

Break Even Yield (bu/ac)

To Cover Variable Expenses ~ 11.21 9.97 30.31
To Cover Total Expenses 17.67 15.50 46.29
Break Even Price ($/bu)

To Cover Variable Expenses ~ 7-99 7.93 4.63
To Cover Total Expenses 12.59 12.32 7.06

* Nov 1,2023- Government of Saskatchewan grain prices
** Using fertilizer prices from the 2023 Crop Planning Guide based on actual amounts used in the trial.

Conclusion
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Field trial was successfully conducted at ICDC in 2023. Under irrigation, the yigithohustard varieties

was appropriate. The yield of Canola (5277 kg/ha or 94.1 bu/acre) was highest, followed by AAC Yellow 80
(2929 kg/ha or 52.2 bu/acre) and AAC Brown 18 (2794 kg/ha or 49.8 bu/acre). Economic returns of both
mustard were higher than ¢wla based on the $rice/bushel.
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Hemp Seeding Date Demonstration for
Grain Production
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Funding

This project was funded through the Strategic Field Program (SFP); we acknowledge thedupparg
by the Ministry of Agriculture and the Canadian Agriculture Partnership.

Organizations

Northeast Agricultural Research FoundatigdARIF

Irrigation Crop Diversification Cent€lCDQ

Western Applied Research Corporatigfé¢ ARG

Indian Head Agricultural Research Foundation, (IHARF)
Ministry of Agriculture, Crops and Irrigation Branch, (MoA)
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Principal Investigators

Gursahib SingHCDC
Garry HnatowichlCDC
Brianne MclnnesNARF
Chris HolzapfelHARF
Jessica EnnSVARC
Kayla SlindMoA

Sara IngelIMoA
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Objectives

The project demonstrates different seeding dates for three varieties of conventional hemp to show
producers the ideal time for seeding in various Saskatchewan locations. This demonstration was
intended to provide producers with data for different hemp eties and a wide range of seeding dates
in Saskatchewan. Hemp is a newer crop in Saskatchewan and is higf$@an&$0.90/Ib.)with good
potential yield &verage 666,070 Ibs./acre and up to 2,000 Ibs./acre under irrigati@icovering
optimum seediig dates for this higher value crop will encourage local growth in the conventional hemp
industry and help ensure that new growers have access to information that will contribute to their
success. With increased pathogens associated with major crops dyrggatvn (fusarium in wheat and
clubroot in canola), increasing economic crop options in rotations are becoming more important.
Demonstrating the high potential return of this crop and how the currently registered varieties perform
will help producers dede if they want to include this crop in their rotation. Demonstrating the wide
seeding date window of this crop will also show producers how growing hemp can help with time
management in the spring.

Research Plan

This project waset up as a foureplicate splitplot design Field trials wereestablishecat four locations
in Saskatchewan [ICDC (Outlook), WARC (Scott), NARF (Melfort), and IHARF (India@Wiealt)jvas
the only irrigated site, whereas Melfort, Scott, and Indian Head wereirraated.
The main factor was the seeding date.
1. End of May
2. Middle of June
3. Beginning of July
The target dateintended were May 31, June 15, and July 1, but the actual seeding date varied between
sites (x 5 daygjue to expected inclement weather
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The second factor wahree hemp varieties (X59, Picolo, and Kantani), all of which wereyieddting
dwarfs that are suitable for Saskatchewan conditions.

Plot size and row spacing varied at the four participating sites depending on the equipfeseeded

hemp plots at 30 Ib/ac seed ratedmetimes adjusted fadifferences in germination and thousand

kernel weight)with anestimated target plant densitgf 100-125 plants/ni. Fertilizer was applied in a
sideband to reduce the risk of seedling injury, and rates were dependent on soil test results. Plant vigor
was visually assessed for each treatmer®t @eeks after planting. Plant heights were measured befor
harvest, and days to maturity were evaluated for each variety and seeding date. At all sites, plots were
harvested when the crop had reached physiological maturity (lower grains were hard and the seed bract
RARY Qi K2f R (KS as 3&@antaviete Stll gden).(Pots wekelditeétlpdedbinéddzi
depending upon the maturity of each variety and seeding dates. Yields were determined from cleaned
harvest grain samples and corrected to the required moisture content.

Results

Environmental Conditions

The environmental conditions at all sites in 2021, 2022, and 2023 are presented in Table 1. Across the
board, all sites experienced warmer temperatures than the {wrgn average during these years.

Melfort exhibited exceptionally dry conditions in 2021da2023, while Indian Head experienced below
average precipitation levels in 2022. Throughout the study period, Outlook and Scott sites consistently
received belownormal rainfall.

For each site, data from all years was combined (except for NARF) for statistical analysis, and the
summarized yield and plant characteristics results are presenté&dltes 2, 3, and. Zhe results for

each year/site can be found in the Appendices (Tables 5,6,7,)aRth&t vigor was not assessed at all
sites, and in those where it was evaluated, the differences in vigor across seeding dates and varieties
were negligiblgdata not shown)

ICDC (irrigatediark brown)

Throughout the study period, there was notable variability in plant density, height, maturity days, and
yield.Plant density at ICDC in all three years was in the acceptable range -d2B0flants/n?. Plant

count peaked in 2023 compared to 2021 and 2022. Plant densities varied across seeding dates and were
higher for midJune seedindates Additionally, plant densities differed between varieties, with the X59
variety exhibiting higheplant density (Table 2)

Most industrial hemp varieties exhibit dioecious characteristics, maintaining a roughly 50:50 ratio of
male to female plants. Male plants flower and pollinate female plants, after which the male plants die
off, allowing the female plants to continue growdind seed developmenrowing Hemp in Alberta,
2020.Government of Alberta Agriculture and Forestrypix female plants were measured for height,

and the average was used for statistical analysis. While plant height wasn't recorded in 2021, variations
were observed between 2022 and 2023. Among seeding dates, late May arlding@glant heights

were compaable but taller than early Julyeeded plots. Also, the hemp height for the irrigated sites

was almost double that of the three dryland sit@&ble 2)
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Table 1.Environmental conditions from May to September of 2021 2022 and 2023 at all sites in the

demonstration
May June July Aug Sept Total/Average
—————— Femperature (°G) --
Melfort 2021 9.6 18.2 20.1 16.9 14 15.7
Melfort 2022 9.8 15.2 18.2 18.7 13.7 15.1
Melfort 2023 14.1 19.2 16.9 17.3 14.5 16.4
Longtermx 10.7 15.9 17.5 16.8 11.7 14.5
Indian Head 2021 9 17.7 20.3 17.1 14.5 15.7
Indian Head 2022 10.9 16.1 18.1 18.3 13.7 154
Indian Head 2023 14 19.4 16.7 17.7 14.4 16.4
Longterm X 10.8 15.8 18.2 17.4 11.5 155
Scott 2021 8.9 17.3 19.6 17.2 12.5 15.1
Scott 2022 10 15 18.3 18.9 13.8 15.2
Scott 2023 14.9 17.3 17.1 17.4 13.7 16.1
Longterm 10.8 14.8 17.3 16.3 11.2 14.1
Outlook 2021 10.2 18.6 21.6 17.9 14.4 16.5
Outlook 2022 11.5 16.1 18.9 18 12.3 15.4
Outlook 2023 15.2 19.5 18.5 18.7 15.4 175
Longterm 115 16.1 18.9 18 13.0 15.5
---Rrecipitation (mm)

Melfort 2021 31.4 37.6 0.2 69.3 7.5 146.0
Melfort 2022 90.8 78.1 34.9 37.5 29.6 270.9
Melfort 2023 17.9 26.4 16.4 50 17.5+ 128.2+
Longterm* 42.9 54.3 76.7 52.4 36.0 226.3
Indian Head 2021 81.6 62.9 51.2 994 0.4 295.5
Indian Head 2022 97.7 27.5 114.5 45.9 14.5 300.1
Indian Head 2023 12.9 49.6 15.9 40.8 9.0 128.2
Longterm 51.7 77.4 63.8 51.2 35.3 279.4
Scott 2021 43.9 43.8 104 51.3 6.1 155.5
Scott 2022 38.9 69.7 69.4 48.7 26.5 199.3
Scott 2023 16.6 81.1 29.7 31.7 3.4 162.5
Longterm 38.9 69.7 69.4 48.7 26.5 253.2
Outlook 2021 44.1 131 15 37.7 0.2 96.6
Outlook 2022 35.7 75.2 53.2 7.0 5.2 176.3
Outlook 2023 17.2 15.3 15.5 46.6 16.6 111.2
Longterm * 42.6 63.9 56.1 42.8 30.5 235.9

XLongterm average is anywhere from the years 198IP3, but the exact range of years varies by site
YQutlook also received a total of 218 mm cumulative precipitation as irrigation in 2021, 155 mm in 2022, a

mm in 2023

aThe Environment Canada Weather Station at Melfort is missing weather data from Septentbemnd¢
September 2380th of 2023; therefore, average temperatures and cumulative precipitation from September
do not include these dates.
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Estimating maturity in hemp proved challenging due to its indeterminate growth. Seed maturation starts
from the bottom of the seed heaghrogressing upwards, resulting in mature seeds at the bottom and
immature green seeds at the top. Our trials defined maturity when the lower 2/3 of the seed head was
mature and with occasional observations of shattered seeds on the ground. Maturity dkteted in

2021 and 2023 showed differences in days to maturity between years, seeding dates, and varieties. Late
May-seeded plots took longer to mature within the three seeding dates, whileJuree and early July

seeded plots showed similar maturity tifirees. Variety X59 consistently took longer to mature

compared to the other two varietie@ able 2)

The study coincided with Saskatchewan's driest and warmest conditions in recent decades, as
highlighted in Table 1. Our field trials average yield across three years (Grand; 1686 kg/ha)
demonstrated similarity to the average hemp yield under irrigation (996 kg/ha; ICDC 2024 Economics
and Agronomics guide). Notably, the 2021 yield surpassed those of 2023 and 2022. In 2022, bird
damage, particularly from redinged blackbirds anstarlings, affected the ICDC field trial, contributing

to reduced yieldsAt ICDCunder irrigation, hemp plots seeded in mldne exhibited the highest

followed by late Maywhile delaying seeding until early July led to a substantial decrease in yield. Across
the three varieties, X59 consistently displayed higher yields, as indicated inZJ alllereas Katani and
Picolo showed lower and comparable yields. Statistical analyses revealed a significant interaction
between seeding date and hemp varieties (Tab#nd Figurel). The most pronounced interactions
occurred between theX59 variety and seeding dates. X59 consistently yielded better than the other two
varieties at all seeding dates, especially in late May andJunib.

Seeding Date X Variety
1600
1400
1200
1000

a a
bc b
bc bed cd bcd

800 d
600
400
200

0

May 31 May31l May3l Junel5 Junel5 Junel5 July2 July2 July2 X59
Kantani X59 Picolo Kantani  Picolo X59 Kantani  Picolo

Figure 1Hemp seed yield dsafluenced byseeding date and varieties at ICDC
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Table 2 Analysis of variance {Ralues) for seeding dates and varieties effect on plantgPPMS), days t
maturity (days), plant height (cm), and mean yield (kg/ha) at ICDC, Outlook (combined year 2021, :
and2023)5 AT FSNBY G fSGOUSNB AYRAOFGSR aA3ayAaAFTAOryl

Yield (kg/ha)

ICDC (irrigated) PPMS Height Maturity

Year <0.01 <0.0001 <0.0001 <0.0001
Seeding Date 0.04 0.001 <0.0001 <0.0001
Variety 0.004 0.0002 <0.0002 <0.0001
Seeding Date*Variety NS NS NS 0.03
Grand Mean 1108 134.3 99.6 1002.1
cv 218 9.07 ] 20.81
Year

2021 1152 i 105 a 12352
2022 101 b 127.8 b ] 781¢c
2023 1ira 1408 a 94 b 990 b
Date

Late May 106b 135.8a 104 a 1048b
Mid-June 119a 140.1 a 97 b 11402
Early July 107b 127.1b 98 b 819¢
Variety

Katani 105b 130.1b 99 b 925b
Picolo 104b 129.4 b 98 b 890b
X59 122a 143.5a 103 a 1192a

IHARF (dryland thin-Black soil zone)

Hemp plant characteristics and yield varied across years and treatments (seeding dates and varieties) at
IHARFIndian HeadPlant densities were notablyigher in all years than at other participating sites. In

2021 and 2022, plant densities averaged 114 plant®ot averaged 171 plants/fin 2023. Moreover,
mid-June and early July seeding plots had higher plant densities compared to late May seeding date
treatments. Additionally, plant densities were consistently higher for the X59 variety than for other
varieties(Table 3)

Plant height also differed based on years, seeding dates, and varieties. The highest average plant height
was recorded in 2022, followed by 2021 and 20R3% height differences were related to moisture
conditions with considerably more precipitation in 2022 compared to the other two seasons at this
location.Late May seeding hemp plants were taller than those from the other two seeding dates, and

the X59 varietyas tallerthan Katani and Picolo.
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While plant maturity was not recorded in 2021, hemp plants took more days to mature in 2022 than in
2023 a response that could be explained by the hotter, drier weather in 2088 maturity period

differed between seeding dates, with late Mageded hemp plants requiring more time to mature
compared to midJune and early July seeding dates. Similar to irrigated sites, X59 took longer to mature
than other varietiegTable 3)

The hemp yield at Indian Head stood out as the highest among dryland sites, reaching a yield average of
990 kg/ha, and it was comparable to irrigated sites (Mean@®2 kg/ha). While hemp yield exhibited
variations based on years and seeding dates, there were no significant differences observed among
varieties.Among three yearghe peak yield was recorded in 2022, while the lowgslkdwas noted

when plots were seded in early July. A significant interaction was identified between seeding dates and
hemp varieties(Table 3 and Figure .ZJhe Katartnemp variety demonstrated the highest yields when
seeded in midlune, compared to both early and late seeding dates. Similarly, the Picolo hemp variety
exhibited better yields at midune and early July seeding dates, but the yield declined when Picslo wa
seeded early. In contrast, the X59 variety showcased its highest yield when seeded ealMaggndith

a tendency for decreased yield as the seeding date was delayed.

Seeding Date*Variety
1600
1400
1200 be c a a bc ab bc be
1000 c
800
600
400
200
0
Early Kataritarly Picoldearly X59 Mid  Mid PicoldMid X59 Late Katarliate Picold.ate X59
Katani

Figure 2Hemp seed yield as Influenced by seeding date and varietiebARH
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Table 3.Analysis of variance {Ralues) for seeding dates and varieties effect on plant¢P®MS), days
to maturity (days), plant height (cm), and mean yield (kg/ha) at IHARF, Indian Head (combined yes

2022,and 20236 A FF SNB y (i

f SGGSNE AYyRAOIFUGSR

AAIYATAOI

0.05).

IHARF (dryland) PPMS Height Maturity Yield
vear <0.0001 <0.0001 <0.0001 <0.0001
Seeding Date 0.0001 <0.0001 <0.0001 0.0001
Variety <0.0001 <0.0001 <0.0001 NS
Seeding Date*Variety NS NS NS <0.0001
Grand Mean 132.9 107.2 97.6 990.1
cVv 19.5 3.9 0.3 6.9
Year

2021 114 b 106.4 b - 1077 b
2022 114 b 123.6 a 105 a 1162 a
2023 171 a 91.7c 90 b 731c
Date

Late May 117 b 1152 a 106 a 999 a
Mid-June 146 a 108.5b 97 b 1024 a
Early July 135a 98.1¢c 90c 948 b
Variety

Katani 115b 106.4 b 97 b 1009
Picolo 125 b 105.3 b 97 b 981
X59 158 a 110.0a 99 a 980

WARC (dryland Dark Brown soil zone)

Similar tolCDC and IHARF, the characteristics and yield of hemp plants exhibited variability across
different years and treatments (seeding dates and varieties) at WARC, Scott. Plant densities at WARC
consistently remained low in all years, reaching their lowesfoa 2022 and the highest in 2023.

Seeding dates did not have a significant impact on plant densities. However, plots seeded with the X59
variety consistently displayed higher average densities than Katani and Picolo, a pattern consistent
across all site(Table 4)

Like plant densities, plant height demonstrated variability across years but remained consistent between
varieties. The highest average plant height was observed in 2022, nearly doubling that of 2021, followed
by 2023. Additionally, average plant heightsa@gher for middune and earhjuly seeding dates

compared to the lateMay seeding date.

Days to maturity differed across years, with hemp plants maturing early in 2022, while the three hemp
varieties did not show significant differences in days to maturity. Seeding date treatment significantly

20



affected days to maturity, with late Mageeded hemp taking seven and nine extra days to mature
compared to midJune and early Jueeded plots, respective(yable 4)

Hemp vyield displayed high variability over the three years (Coefficient of variafl@r8), with a lower
average yield than IHARF (meaf85 kg/ha vs 990 kg/ha). Yield differences were observed between
years, peaking in 2022 (despite lower plant cowamtyl remaining comparable in 2021 and 2023. Seeding
date significantly influenced hemp yield, with the highest yield recorded for late May seeding,
comparable to mieddune, but decreasing when the seeding date was delayed to early July. Statistical
analysedailed to identify any significant interaction between seeding date and hemp varieties at WARC,
Scott(Table 4)

Table 4.Analysis of variance {Ralues) for seeding dates and varieties effect on plantgPPMS),
days to maturity (days), plant height (cm), and mean vyield (kg/ha) at WARC, Scott (combined ye¢
2021, 2022, and 2023pifferent letters indicated significant differences between treatments
O!'bht! X t X ndnpovd

WARC (dryland) PPMS Height Maturity Yield
Year <0.0001 <0.0001 <0.0001 <0.0001
Seeding Date NS 0.002 <0.0001 0.0001
Variety 0.001 NS 0.01 NS
Seeding Date*Variety NS NS NS NS
Grand Mean 65.4 81.7 91.3 735
cVv 23.8 8.7 4.1 27.8
Year

2021 70b 59 ¢ 93 a 653 b
2022 44 c 109 a 88Db 989 a
2023 83a 78b 93a 566 b
Date

Late May 70 77.6 b 97 a 846 a
Mid-June 64 83.3a Nb 790 a
Early July 62 84.2 a 88 Db 570 b
Variety

Katani 57b 81.6 90 b 734
Picolo 60 b 82.1 91 ab 724
X59 78a 81.4 93a 749

NARF (drylandBlack soizone)
Melfort site experienced adverse effects from drought conditions in 2021 and 2023, resulting in poor
germination in plots seeded in early Julyboth yeargrefer to Appendix for corresponding photos
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Figure 4. Due to missing data points and the unbalanced nature of the data, a comprehensive analysis
encompassing all three years for the NARF site proved challenging. However, data from individual years
are presented in tabl8. The final interpretation is primarily based on the 2022 data collection, which
represents the most favorable conditions at this site.

In 2022, plant densities averaged 99 plant$/mith no significant impact observed from seeding dates.
Similar to other locations, the hemp variety X59 exhibited a higher plant count. Conversely, while
seeding dates significantly influenced plant height, there was no discernible difference betwagn he
varieties. Notably, at NARF, plant height increased as the seeding date was delayed, with early July
seeded hemp displaying the tallest plants in 2022.

Hemp maturity in 2022 exhibited variation based on seeding dates, with the end et&éaled hemp
maturing earlier than the other two seeding dates. However, there was no significant difference in
maturity between hemp varieties. The hemp yield at NARFth@towest among the three dryland

sites, averaging at 598 kg/ha in 2022. Surprisingly, in that year, the yield was unaffected by both seeding
date and hemp varieties.

In summary, the Melfort site did not emerge as the optimal location for hemp cultivation in 2021 and
2023, primarily attributed to drier conditions throughout the growing season. The assessment of
treatment impacts, particularly seeding dates, is consediby limited data, as only one year of
information is available for analysis.

Conclusion

This project offered valuable insights into theerall effects of anéhteractions betweenseeding dates

and varietiedfor commercial hemp establishment and yield across diverse Saskatchewan conditions.
Optimal weather conditions showed variations among locations and years, emphasizing the importance
of tailored recommendations for each site. Commercial hemp yield and ptenacteristics exhibited
differences between years and sites, including irrigated vs. dryland and among drylanésites) the

three seeding dates investigated, the mldne seeding date consistently delivered the best results,
leading to enhanced yield and plant densitiéghile late May seeding generally performed reasonably
well, late June / early July seeding often resulted in lower yields and, in some cases, the plants failed to
reach maturity when seeded this latéariety X59 consistently outperformed othearieties tested
establishing itself as the preferred choice for achieving higher yields. Prodirmarkiconsider site

specific seeding dates and varieties based on local conditions for optimal hemp cultiieigpite

these successes, challenges persist in accessing maturity and harvesting hemp acrossCahsitieéng

too early often resulted in dirtier grain samples with high moisture dockage, while delayed harvest
tended to result in more issues with straw wrapping and hanging up inside the conNatebly, hemp
remains susceptible to birtelated damage, necessitating vigilant monitoring by farmers as the crop
approaches maturity.
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Effect of Tillage Management and Seeding
Date on Dry Bean Establishment and Yield
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Funding

This project wasundedby the Irrigation Crop Diversification Corporation (ICD@)through the
Strategic Field Program (SFP)

Organizations

9 Irrigation Crop Diversification Corporation (ICDC)
9 Ministry of Agriculture, Crops and Irrigation Branch (MoA)

Principal Investigators

1 Gursahib Singh, ICDC
1 Garry Hnatowich, ICDC
1 Morgan CoteMoA

Objectives

The study aimed to assess the impact of stubble management, soil warming, and seeding date on dry
beans' emergence, plant stand, and subsequent seed vitle experiment employed a factorial design,
incorporating three tillage treatments (Heavy Tillage, Mitlage, and Ndllage) and three seeding

dates (May 10, May 21, and June 1). Agronomic data and plant characteristics datxavded to

evaluate crop response.

Research Plan

The trial was established estation at CSIDC in 2021 and on the ICDC land along the east side of the
station in 2022 and 2023 on a field previously planted to spring wheat. The trial was established in a 3 x
3 level factorial in a randomized complete tlkodesign with 4 replicates. The first factor will contrast
tillage treatments. The three tillage treatments were:
1. Heavy Tillage plots were tilled with a tracteattached rototiller until the soil was blackened
and then harrow packed (Fig. 1)
2. Mid-Tillageg plots were tilled with a cultivator and harrow packed.
3. No-Tillageg plots were undisturbed, and beans were planted into standing stubble.
The second factor was seeding dates. CDC Blackstrap, a Black market class dry bean;seadalid
2y Fff LX203a 2y wp OY omMnéd NRBg aLI OAy3Iao tft20a
1. May 10
2. May 21 (The target date intended was May 21, but the actual seeding date varied due to
expected inclement weather)
3. June1l
Seeded plot size was 1.5 m wide (6 dry bean rows) and 10 m in length, plots were later trimmed to 1.5 m
x 8.0 m harvest dimensions. Dry bean rhizobia inoculant was commercially unavailable, so all plots
received a side band application with urea at segdivith an N rate of 100 kg N/ha (soil available N +
fertilizer), along with 20 kg P205/ha seplhced mono ammonium phosphate.

Weed control involved a spring pseed application of glyphosate peeed burroff at 1.33 L/ac in all

three years of the trial. Forigeason weed control tank mix application of Viper ADV (imazamox &
bentazon) at 400 ml/ac plus Basagran Forte (BentbthB& ml/ac was applied in 2021 and 2022,

whereas in 2023, Centurion (clethodim) at 75 ml/ac was used to control grassy weeds. Plots were also
periodically handveeded as required. Weather was dry in all three years of the trials and disease
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pressure was low. In 2021, a blanket application of Priaxor (fluxapyroxad & pyraclostrobin) at 120 ml/ac
was applied at flowering for disease control or suppression.

Plant height and pod height were determined just prior to harvest. For pod height, five random plants
were collected per plot, and the number of pods with < 5.0 cm of distance from the soil surface to the
pod was recorded for each plant, and the average of five plants was used for the final analysis. This is
deemed the minimum distance required for themabine cutter bar to undercut the pod and minimize
harvest loss. Therefore, a lower value is desirable.

Before harvest, all plots were assessed for sclerotinia (white mold) disease incidence. All seeding dates
were harvested in a straigfttut operation with a Wintersteiger small plot combined at same time in all
three years. The seed was cleaned, and gigldre adjusted to 16% moisture. Dates of various

operations are listed in Table 1.

Table 1.Trail site, seeding and harvest dates for 2021, 2022, and 2023.
2021 2022 2023

Trail site  CSID@ield 8 ICDGHnatowich fieldblock 2 ICDGHnatowich fieldblock 4

Seeding May 10, May 19, and May 10, May 21, and June ( May 10, May 20, and June (
dates June 01

Harvest September 3 September 16 September 6

dates

Results

Growing season precipitation and heat accumulation varied among the three years of the study (Table
2), contributing to the importance of the environment throughout this study (Table 3). Among site years,
from May through September, total growing seasorgipitation varied from 81.5 to 176.3 mm and was
well below the longterm average (237 mm) for Outlook, Saskatchewan. The mean daily temperature
varied over the years and was higher than the lbegn average throughout the growing season in the
three yeas of this study.

Table2. Mean monthly temperature and precipitation for each environment (2021, 2022,
and 2023) at ICDC, Outlook, SK

Year May  June  July August  Sept Total

Mean Temperature (°C)

2021 10.1 18.8 21.6 17.9 144 -
2022 11.8 16.3 19.8 20.6 16 -
2023 15.2 19.5 18.6 18.7 15.5

Longterm (19932022) 11.25 16.1 18.85 17.9 13 i

Precipitation (mm)

2021 445 103 138 377 02 1065
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176.3

2022 37 752 532 7.0 5.2

2023 175 153 155  16.6 166 815
Longterm (19932022) 415 653 558  43.9 305 2370
Irrigation (mm)

2021 : 016 1071 197 : 2184
2022 : 817 1043 17.3 i 2033
2023 : 1168 1194 43.1 i 219.3

Soil temperatures were recorded at the intended seeding depth for each seedingadaltéhe results

are presented in Table 3. The analysis revealed that tillage did not impact soil temperature. However,
variations in soil temperature were observed with different seeding dates due to changing
environmental conditions at time of seedingidtnoteworthy that while tillage did not directly affect soil
temperature, it is essential to consider that temperature measurements were taken at the time of
seeding, representing a single point in a day. Consequently, it is challenging to definitielyeathe
observed soil temperature differences solely to tillage. It is plausible that the soil in tilled plots warmed
up more rapidly than in notilled plots, potentially contributing to improved establishment and yield.
Throughout the three years of the study, spring temperatures remained consistently warm, influencing
soil temperature dynamics. Additionally, there were no recorded instances of frost in May across all
three years. These findings highlight the complexftthe relationship between tillage, soil

temperature, and environmental conditions, emphasizing the need for a huanced interpretation of the
results.

Table 3. Soil Temperatures at different seeding times for each environment (2021, 2022,
2023) at ICDC, Outlook, SK

Year Tillage treatment Soil Temperature at 5 cm

2021 10-May 19-May 01-Jun
Heavy Till 155 10.3 30.1
Mid-Till 15.5 10.2 32.6
No-Till 15.5 10.1 33.3

2022 10-May 21-May 01-Jun
Heavy Till 9.8 11.3 14.8
Mid-Till 12.6 11.2 14.3
No-Till 10.1 12.5 16.8

2023 10-May 20-May 01-Jun
Heavy Till 21.9 14.0 26.0
Mid-Till 20.5 15.3 26.3
No-Till 22.5 16.3 27.0
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For this report, data from all years were combined for statistical analysis, and detailed results for each
year areprovided in the Appendices (Table 5, 6 and 7). The agronomic data and plant characteristics
results are summarized in Table 4.

Across the study period, dry bean yields exhibited variability. Yields were higher in 2021 and 2023
compared to 2022. The tillage treatment had a discernible impact on seed yield, with heavy tillage
resulting in higher yields when compared to medium aneditdreatments. A possible explanation for

this difference in yield may be due to the improved soil contact and enhanced root development
facilitated by the heavy tillage, ultimately resulting in higher yield. While our observations couldn't
guantify, there is a possibility that worked soil imposed less physical resistance during the germination
of dry beans. Consequently, emerging plants might have displayed heightened vigor, potentially
resulting in a higher yield. It is important to note that whilel $emperatures were not affected by

tillage, the timing of temperature measurements at the time of seeding (a singular daily occurrence)
complicates the attribution of temperature variations solely to tillage practices. Nonetheless, it is
possible that sdiin tilled plots warmed up more rapidly than in ntilted plots, potentially contributing

to yield variation. Studies on the effect of tillage on dry bean establishment and yield are scarce, making
it challenging to draw comparisons and provide insights the factors contributing to improved yields

in our trials. It's crucial to note that the three years during which this study was conducted coincided
with the driest and warmest conditions in Saskatchewan over the past few decades, with no occurrences
of spring frost. Farmers typically wait until the soil temperature reaches above 12°C (usually around the
third week of May) before commencing seeding. However, in our trials, we experienced an unusually
warm start to the spring, and the soil temperatur@svalready within optimal seeding conditions at the
early seeding date. These climatic conditions and farming practices should be considered when
interpreting our study's results.

With respect to the seeding date treatments, yields demonstrated an increase with delayed seeding, a
pattern that aligns with expectations and mirrors findings observed in wegason legumes in
Saskatchewan. These results contrast with a study (Endreds 2021) conducted in North Dakota
between 2012 and 2015, where yield (average across the six trials) indicated it was highest with early
planting. Various seeding date treatments tested in the above study were based on spring conditions.
The first seedig dates ranged from May 11 to 17 in dry spring (2012 and 2015), whereas May 23 to 24
was in wet conditions (2013 and 2014). The second seeding dates ranged from May 22 to June 5, and
late seeding dates ranged from June 5 to June 18. It is important tothateveather conditions

between 2012 to 2015 were notably different, characterized by wet years, compared to the dry years
observed in this study (2021 to 2023). Statistical analyses failed to identify any significant interaction
between the year, tillageand seeding date except in 2021, where interaction between tillage and
seeding date was significant (Table 6 and Figure 2). The primary interactions manifest between tillage
practices and seeding dates, particularly evident in the operations conduct&thgri0 and May 19. On
May 10, it is plausible that soils warmed more rapidly from planting to seedling emergence when
employing heavy tillage, potentially resulting in a higher yield. Conversely, as environmental
temperatures decreased during and afteapting on May 19, the undisturbed treatment may have

been shielded from fluctuations in soil temperature by the protective undisturbed stubble and thatch
debris. This protective effect could contribute to the observed vyield.

The test weight of dry bean seeds exhibited variation across the project years and was highest in 2022,

followed by 2021 and 2023. Notably, neither tillage nor seeding date treatments had a discernible
impact on the test weight of harvested seeds.
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Thousand kernel weight (TKW) displayed significant variability across years, with higher values observed
in 2021. The influence of tillage treatment on TKW exhibited a trend at a 91% confidence interval (p =
0.09), indicating that there may be a potentédfect. Specifically, the ntillage treatment demonstrated

a higher TKW compared to the medium and heavy tillage treatments. Seeding date significantly affected
TKW, with plots seeded in early May showing higher values. This observation aligns witlidalke lo
expectation that these plots, having more days for grain filling, produced coarser seeds compared to
those seeded on May 21 and June 01.

Observations on plant characteristics, including days to emergence, plant population, days to maturity,
plant height, and pod clearance, were recorded. The days to emergence exhibited variation across the
years. In 2021 and 2023, soil temperatures weresistently higher at all three seeding dates during

May than in 2022. Consequently, in these warmer years (2021 and 2023), dry beans took fewer days to
emerge in contrast to the cooler conditions observed in 2022. Notably, tillage treatment did not have a
significant impact on the days to emergence.

Seeding date treatment did influence the emergence timeline, with dry beans requiring fewer days to
emerge when seeded on June 1. In contrast, there was no significant difference in the days to
emergence for the May 10 and May 21 seeding dates. Simitietgield results, the interaction

between environmental factor (years), tillage practices, and seeding dates proved insignificant.

The recommended plant population for black beans (CDC Blackstrap) in Saskatchewan is 40 plants/m2;
the seed was adjusted for germination and vigor based on annual seed test reports. However, our
observed plant populations fell below the target rates intlalke years, averaging 33.3 plants/m2 in
2021, 28.2 plants/m2 in 2022, and 30.6 plants/m2 in 2023. Interestingly, the plant stand did not show
improvement with different tillage treatments, consistently ranging from 30.5 to 30.9 plants/m2 across
three tillage treatments. Plant population increased with delayed seeding, reaching its highest in plots
seeded on June 01.

Tillage regimes did not influence the number of days to plant maturity; however, maturity accelerated
with each delay in seeding (data not shown). Pod clearance varied over the project years, with more
pods positioned lower on plants in 2022 than in 2028 2023, potentially leading to direct combined
losses and contributing to the lower yields observed in 2022. Like plant maturity, pod clearance was not
influenced by tillage operations but changed with the seeding date. Delayed seeding resulted in higher
pod placement on the plant.

Similarly, plant height i2022 was shorter, potentially contributing to lower pod sets and yields. While
tillage treatment did not affect plant height, an increase in height was observed with each delay in the
seeding date. This intricate relationship among tillage, seeding datepkant characteristics

underscores the complexity of factors influencing dry bean cultivation outcomes.

Sclerotinia disease pressure was absent in all the three years of the study.
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Table 4 Influence of treatments on dry bean yield, seed, and plant characteristics. Diffe
f SGIGSNE AYRAOIGSR AAIAYATFAOIYG RAFFSNBY (
Pod

Yield \TViiSt - \/sz?dht Days to Clearance Height Plant
Treatment (kg/ha) d g Emergence (number  (cm) Population
(kg/hl)  (g/1000)
of pods)
Year
3640
2021 |a |77.3b|175.0a|8.7c¢c 16a |412b |33323
2715
2022 b 78.4a | 1534hb 16.0 a 18a 36.7 ¢ 28.2b
3541 30.6b
2023 a 74.7c | 146.3 c 123b 1.0b 50.3a
P value 320 <0.001| <0.001 | <0.001 0.0004 <0.001| 0.001
CV(%) |15.8 | 1.1 8.22 3.3 41.4 16.6 |18.1
Tillage
Heavy Till 2478 76.9a | 158.4ab| 12.4 a 1.6a 416a |30.7a
Mid-Till 2@45 76.7a | 154.8b | 12.3a 15a 426a |309a
No-Till 2172 76.7a | 1615a | 1224 14a |438a |305a
Pvalue |0.05 | NS 0.09 NS NS NS ns
Seeding Date
3052 29.8 b
10-May b 76.9a | 163.3a | 13.8a 19a 41.0b :
3272 425 129.10b
21-May | 76.8a | 156.2b | 13.8 a 15a ab
01-Jun 2572 76.7a | 155.2b | 9.3 b 1.0b 44.7a | 33.2a
<0.0 0.004
P value 05 NS 0.02 <0.01 0.0002 0.03 .
Year x Tillage Interaction
NS | NS NS NS NS NS NS
Year x Seeding Date Interaction
NS |NS NS NS NS NS NS
Tillage x Seeding Date Interaction
NS | NS NS NS NS NS NS
Year x Tillage x Seeding Date Interaction
NS NS NS NS NS NS NS
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Conclusion

This project provided valuable insights into the interplay of tillage management and seeding date on dry
bean establishment and yield. Heavy tillage demonstrated a positive influence on seed yield, likely
attributed to enhanced soitonditions and root development. Seeding date emerged as a critical factor,
with delayed seeding positively impacting yields and influencing plant characteristics. Soil temperature
variations were observed across seeding dates, highlighting the dynanuieraitenvironmental

factors. The study's findings contribute to understanding the complexities involved in dry bean
cultivation, emphasizing the need for a nuanced approach to tillage and seeding practices. Despite
observed variations in plant populati@nd other characteristics, the project did not identify significant
interactions between yeatr, tillage, and seeding date, emphasizing the need for continued research and a
tailored approach to dry bean production under varying environmental conditionsteEudts serve as a
foundation for optimizing tillage and seeding practices, ultimately enhancing dry bean cultivation
efficiency in Saskatchewa
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Flax Seeding Dates and Seeding Rates
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Funding
This project was funded through tt&trategic Field Program (SFP
Organizations

7 Irrigation Crop Diversification CorporatiofiCDC)
f Ministry of Agriculture Crops and Irrigation Branch, (MoA)

Principal Investigators

1 Gursahib SingiCDC
1 Sara Ingell, MoA

Objectives

This study aims testablish seeding date and rate recommendations for producers growing flax under
irrigation in Saskatchewan, examine the impact of seeding flax early, mid and late under irrigation,
andcompare the effect of seeding rates (low, medium, and high) under irrigation on plant stand and
yield.

Research Plan

Field trials were seeded under irrigation at ICDC, Outlook. Soil samples were tested for available
nutrients (Tablel)and supplemental fertilizer (110 kg/ha and 20,Kg/Ra) was applied at seeding.

Table 1.Spring Soil Test Available Nutrients (10/05/2023)

SQN (Ib
Depth (cm) PH O.M. (%) C.E.C. NOsN (kg N/ha) P (ppm) K (ppm)  g/ac)
0c15 81 25 214 12 5 101 240
15¢ 30 11 240
30-60 7

This field study included two flax varieties: CDC Rowland (newer variety) and CDC Bethune (standard
check variety). These two varieties were seeded at three different timings the first week of May, mid
May (10 days after), and late May (20 Days afterhwhtee different rates [(low 30 Ib/ac), medium (45
Ib/ac), and high (60 Ib/ac)]. Field experiments were established at ICDC under irrigation in a factorial
randomized complete block design with four replications. Flax varieties were seeded in a 2x10 meter
plot at 25 centimeters (10 inches) row spacing following standard agronomic practices. Data that was
collected included standard operational information (i.e., operation dates, soil test, fertilizer, and
pesticide applications) as well as soil temperatatseeding, days to 90% emergence, plant counts,
flowering time (50% flower), lodging, plant maturity, and yi€&dtes of various operations are listed in
Table 2lIrrigation amount and timing aligned with crop demand and was terminated b tidef

August. Since2023 was drydisease pressur@as very low, and the plots were not sprayed with
fungicides.

Table 2.Dates of operations in 2023.
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Dates

Operation

Preseed herbicide (if needed) none

Seed trial May 05, May 15, and May 29

Emergence counts June 7

In-crop Herbicide June 15Buctril M + Clethodim
none

In-crop Fungicide

In-crop Insecticide June 12 Matador

Lodging (€9) August 30 (1st and 2nd), Sept 21 (3rd)

DesiccatedReglone) August 30 (1st and 2nd) and Oct32d)

Harvest Sept 7 (1st and 2nd) and Oct 10 (3rd)
Results

Outlook was warmer and drién 2023 than the longerm average (Tabl8). The average flax yield of
this trial was above average than the long yield of both varieties under irrigation-(3DES Varieties
for Irrigation: CDC Rowlamg2515kg/haand CDC Bethung2639 kgha.

Table 3.Mean monthly temperatures, precipitation amounts, letegm (19932023) normal
for the 2023 growing season, and amount of irrigation applied.

Year April May June July  August September Average
memmmemmmesee e eeee] Mean Temperature (°G)----

2023 1.35 15.2 19.45 186 18.7 15.45
Longterm 4.35 11.25 16.1 18.85 17.9 13
April May June  July  August September Total

2023 19.7 17.5 153 155 166 16.6 131.2
Longterm 18.6 415 653 558 439 305 255.6
Irrigation (inches) 4.6 3.4 1.7 9.7

The comprehensive results this trial can be found in Table 4.

Soil temperature proved to be a key factor influencing the days to 90% emergence, showcasing a
notable reduction in emergence time at warmer soil temperatures (Maylibdays) compared to
colder conditions (May 0523 days and May 2916 days).
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Flax emergence was particularly impacted by drier soil conditions in early spring, with consistent plant
counts observed across both varieties: CDC Bethune at 289 plants/m2 and CDC Rowland at 262
plants/n?. The choice of seeding dates played a significant role in plant emergence, with the highest
plant count recorded on May 15 (350 plantsincompared to early (255 plantsAnand late seeding

dates (222 plants/rf). Similarly, seeding rates had a discernible effect on plant count, with the highest
count obseved at the 60 Ib/ac seed rate with 316 plants/m

Days to 10% flower and days to maturity exhibited no significant differences between varieties and seed
rates, while seeding date exerted influence on maturity. #idy seed plots matured earlier thagarly

May seeded plots, and maturity was delayed by approximately 20 days in late May seeded plots
compared to midMay seeding.

Yields showed no variance between varieties, but seeding dates and rates significantly influenced yield,
with the highest yield recorded for May 5 seeded plots (3603 kg/ha), demonstrating an increase with
higher seeding rates (3157 kg/ha).

Notably, test weight and thousand kernel weight (TKW) were superior for CDC Rowland compared to
CDC Bethune. Both varieties exhibited minimal lodging, and no treatment effects on lodging were
detected across all treatments.

Conclusion

In conclusion, the results presented in this report reflect the preliminary findings frorfirdtgear of

our trial. We are committed to conducting further field trials next year to gather more comprehensive
data.

During the first year of this trial, the weather in 2023 was characterized by hot and dry conditions, with
temperature fluctuations observed throughout May. The month started with a cool period, followed by
a warm middle, and concluded with a cooling treiNbtably, these temperature variations had a
discernible impact on the emergence of plants from the. soil

Despite the fluctuating conditions, both varieties demonstrated commendable yields, surpassing the
longterm yield expectations under irrigation. It was evident that the seeding dateraedplayed

crucial roles in influencingeld and plant count. Interestingly, the observed plant count for flax at each
seeding rate was lower than anticipated, possibly attributable to dry soil conditions during seeding, as
irrigation was initiated after the second week of June.

Moreover, there was minimal disparity in days to flowering and maturity between the selected varieties
in this trial. However, it's worth noting that the timing of seeding significantly affected the maturity
process. Flax that was seeded later tdmkgerto reach maturity compared to those seeded on the

other two dates.
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P Fertilizer Rate Response in Irrigated
Dry Bean

Research and Demonstration PrograReport 203 35 |




Funding
This study is funded through the Strategic FRtdgram (SFP).

Organizations

9 Irrigation Crop Diversificationo@poration, (ICDC)
1 Saskatchewan Ministry of Agricultyr@vioA)

Principle Investigators

1 Gursahib Singh, ICDC
1 Morgan Cote, MoA

Objectives

Phosphorus (P) fertilizer management is critical for optimizing dry bean crop production, especially in
regions like Saskatchewan with prevalent soil P deficiencies. This study investigates the response of
irrigated widerow dry bean crops to varying phdsprus fertilizer rates and positional placement in
small plot trials established on cereal stubbleidentifyingappropriate phosphorus (P) fertilization

rates for two different market classes of dry beans under wide row production systdrstadying the
effectsof P placement (seed placed vs side band) on dry bean seed safety and yield.

Research Plan

Small plots trials were established under irrigation on cereal stulithiis. project treatment included
two-sized marketlass dry bean varieties.

Pinto beans (large seed: WB), (ii) Black beans (small seed: Blackstrap) a@slrBtes and positional
placement were:

0 kg ROs/ha

15 kg POs/ha - seed placed

30 kg POs/ha - seed placed

45 kg POs/ha - seed placed

15 kg RPOs/ha - side banded

30kg ROs/ha - side banded

45 kg POs/ha - side banded

60 kg RPOs/ha - side banded

©NOOOAWNE

Sixteen treatments were replicated four times in a randomized complete block design (RCBD). Dry beans
were sownin a widerow planting system with a 50 cm row spacing after the May long weekend when

the soil temperature reached 16.5°C. Soil test results can be found in Table 1. Applied nitrogen (N)
fertilizer rates were determined based on the N rate recommendatiorSaskatchewan irrigated dry
beanproduction(ADF# 20180081). A total of 100Mdpa wasapplied consisting of 80 kg N/ha from

fertilizer and24 kg sotavailable N/ha. Plots were cultivated twice during the growing season within the
inter-row spacing. A small plot bean undercutter was employed, and the plots were windrowed. Swaths
were then combined using a Wintersteiger small plot combiPetes of various operations are listed in

Table 2.

¢l oMPS{2Af ¢Sad ! @rAftrofS bdziNASYl(a
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Table 2 Dates of operations in 2023.

Operation Dates

Preseed herbicide (if needed) EDGE MICROACTIV (8.5 kg/ha) on Me
Seed trial May 23

Plot size 15mX8m

Emergenceounts June 14

Inter-row cultivation June 20 and July 6

In-crop Herbicide None (hand weeding as necessary)
In-crop Fungicide none

In-crop Insecticide none

Undercut August 29

Seed Yield: corrected to 13.5% moisture Sept 11

Results

Mean temperatures and total precipitation amount for May through August are provided in Table 3,

along with corresponding lontgrm averages foOutlook, SKNotably, growing season temperatures

exceeded historical expectations in May, June, and August, while July's average temperature was 0.8 °C

lower than the historical average. On average, the mean growing season temperature in 2023 was 2.0

°C, or 12% higdr than the 3Byear average. However, natural precipitation fell significantly below

historical aveages for all months of the growing season. The cumulative precipitation for the growing
aSlLazy g6la 2yté cndd YY OHOPPENIESORFONI GX2y 32 B Kh N
The total rainfall in 2023 was a mere 31% of the lamgn histolical expectancy.

Despite implementing iseason irrigation of 250 mm to compensate for the limitations in natural

precipitation, the prevailing hot and dry conditions in 2023 are believed to have adversely affected the
potential grain yield response to phosphorus (P) fiegr treatments.
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Table3. Mean monthly temperatures, precipitation amounts, and ldegn (19922023) normal for
the 2023 growing season

Year May June July August September Average
---------------------------- Mean Temperature (°G}-------------

2023 15.2 19.45 18.6 18.7 154 MT ®p

Longterm 11.2 16.1 18.8 17.9 13.0 15.5
May June July August September  Total
---------------------------- Precipitation (mm) -------------------

2023 17.2 15.3 15.5 46.6 16.6 111.2

Longterm 42.6 63.9 56.1 42.8 30.5 235.9

Y Outlook also received a total of 245 mm cumulative precipitation as irrigation in 2023

2023 trial results
The response of dry bean plant densities, plant tissue P uptake, and seed yield P fertilizer treatment
(rate and placement) are shown in Table 4.

In the 2023 trial, we encountered an issue with the seed rate. The pinto bean seeds obtained from Rudy
Agro Ltd, Outlook, SK, exhibited higher germination rates than the recommendations provided by the
seed seller. Consequently, this resulted in a highantpdensity than the intended target population of

30 plants/nt. The plant densities of black beans were in the expected raFige placement of
phosphorus (P) had a pronounced impact on plant densities, with higher densities observed when P
fertilizer was sidébanded compared to seeplaced P fertilizer, indicating the presence of salt toxicity
effects. While the P ratsignificantly affecteghlant densities, there was no significant interaction
between the P rate and the dry bean claBsie tothe higher plant count in pinto beans, the average
plant densities (combirg pinto and black beans) remained close to the target plant densities.
Consequently, it is challenging to discern precisely how the varying P rates influenced plant densities
(Table 4)

Plant tissue phosphorus (P) levels exhibited no significant differences between dry bean market classes,
indicating similar P fertilizer demands for both classes regardless of plant and seed size. Additionally, the
placement of fertilizer P did not influee plant tissue P levels. However, varying P rates did have a
significant impact on plant tissue P levels. The most pronounced difference was observed between the
control group and the P fertilizeapplied treatment, with the control group displaying lowsant tissue

P levels compared to the P fertilizer treatment. Within the different P fertilizer rates, the variations in
tissue P levels among treatments wemarginal, differing by only 0.02¢%able 4)

The average grain yields obtained for both mar&ktss dry beans in this trial (Pinto bea2812 kg/ha

and black beaig 1983 kg/ha) is below the average yield of irrigated dry beans in Saskatchewan (3026

kg/ha: ICDdrrigation Economics and Agronomidd22). Yield was adversely influenced, despite

irrigation, by the adverse climatic conditions persisting throughout the growing season. Only 64.9 mm
OHPppPEV 2F YIGdzNF £ LINBOALRKRGIGAZ2Y 61 & NBOSAOBSRI |yl
cropwas still stressed and yields adversely influendettitionally, during the second inteow

cultivation, some plants were lost due to root injury from the harrow (see Appendix RXyurie final
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plot area was adjusted before calculating the yield for each faspite these challenges, the overall
yield obtained for the control treatmen{0 P.Os/ha) was the lowest numerically, suggesting that P
fertilizer applications were beneficialhe highest yield was recorded in 30 k@#ha seedplaced
applications, followed by 15 kg®/ha seedplacedapplications Yield decreased as the seed placed
P.Os/ha rate increased to 45 k§.Os/ha. Sidebanapplicationsollowed a similar trend; yield increased
with each 15 kg #s/ha application to the 30 kg-Ps/ha treatment. The average yield for seqiaced
applications was higher than the sideband application (Table 4).

Table 4 Analysis of variance Ralues) for dry bean market class, P fertilizer rates, and placement
effect on plants/ni (PPMS), tissue P levels (%), and mean yield (kg/ha) at Outlook, SK 2023. Me

GAGKAY | O2fdzyy F2ft26SR o0& GUKS alryS €SadaS

TRT# PPMS P uptake Yield

Class <0.001 NS 0.0007

Rate 0.001 0.027 <0.001

Rate*Class NS NS NS

Placement 0.001 NS 0.002

Grand Mean 371 NS 1848

cv 21.4 16.1 16.8

Class

Black bean 28.7 B 0.28 1983 B

Pinto bean 45.4 A 0.28 2312 A

Rates

15 seed 36.4 B 0.29 AB 2599 A

15 side 44.8 A 0.3 A 1927 B

30 seed 26.3 C 0.3 A 2904 A

30 side 43 AB 0.27 BC 2081 B

45 seed 28.2 C 0.28 B 1989 B

45 side 38.5 AB 0.28 B 1981 B

60 side 41.8 AB 0.27 BC 1931 B

Control 37.6 AB 0.24 C 1880 B

Placement

Side band 42 A 0.287 1953

Seed placed 30.3 B 0.278 2497
Conclusion

Results are preliminanno conclusions can be made.
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Demonstration of Lupin as an Alternative
to Field Pea or Lentil

@]




Funding

This study was funded by the Saskatchewan Pulse Crop Development Board.&ppee@ation goes
to Mark Olson and Lupin Platform INC for donating lupin seed and inoculum and providing lupin
agronomy support.

Organizations

9 Irrigation Crop Diversification Corporation, (ICDC)
Principle Investigators

1 Gursahib Singh, ICDC
Objectives

This demonstration evaluated two lupin varieties as an alternative legume crop to be incorporated into

LINE RdzOSNEQ ONRL) NRUIGA2yad ¢KS 202SOGAGS 2F GKAA
for growing under irrigation in Saskatchewan coratis. This project also looked at ideal seeding rates

for growing lupin locally.

Research Plan

The trial was established under irrigation on ICDC Hnatowich field (block 4) adjacent to CSIDC at Outlook
as a fully randomized spitlot design with four replications. The main factor effects were lupin species

(L. albusandL. angustifoliuy and the subfactor was seeding rates. Weed control involved a spring pre
seed application of granular incorporated Edge (ethalfluralin) at 6.9 kg/ac. Before seeding, a soil sample
was obtained from the test site for nutrient analyses (Table 1).

Table 1.Soil analysis results, 282

NOs-N P K SQ-N
Depth(cm) pH O.M. (%) C.E.C. (kg N/ha) (ppm)  (ppm) (kg S/ha)
0¢15 73 29 19.6 7 7 307 42
15¢ 30 4 120
30- 60 10

No nitrogen fertilizer was applied as the varieties were treated with LEGUMFiX® luplmagedt

inoculant (at a rate of 3g for 833 kg seed). During seeding phosphorous fertilizer was seed placed at 20
kg of BOs/ha. The seeds were planted atdepth of 1.5 inches, and the row spacing was 25cm.

Individual plots were 6.0 x 1.5 m. Due to the lack of registered weed control products, the plots were
manually rogued. At harvest, plots were directly harvested with a small plot combine.

Treatments included:

Varieties

Dieta (vhite lupin)

Boregine Bluelupin)

Seeding rates

Dieta seeding ratessix, eight, ten plants/ft
Boregine seeding ratesight, ten, twelve plant/ft

= =0 =8 =4 -8 -9
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Nodule assessment was done at the start of flowering in therepécation of the trial. three plants
were randomly selected from each plot for nodule assessment. Altliesed operations and dates are
listed in Table 2.

Table 2.0Operational dates and inputs used in lupin demonstration202

Activity Location- ICDC

Preseed Herbicide Edge (ethalfluralin) at 6.9 kg/ac on April 29

Variety Blue lupin- Boregine
White lupin- Dieta

Seeding May 12

N-P-S (kg nutrient/ha) 0-200

Fertilizer

Emergence count June 8

Nodule assessment July 7

In-crop Herbicide none

In-crop Insecticide June 12, June 16nd June 24 Matador @ 33ml/acre for blister
beetles

In-crop Fungicide None

Harvest Boregine- August 18

Dieta- September 22

Results

Mean temperatures and total precipitation amount for Méyough Septemberare provided in Table 3,
along with corresponding longgrm averages for Outlook, SK. Notably, growing season temperatures
exceeded historical expectations in May, Jusag August, while July's average temperature wes°@

lower than the historical average. On average, the mean growing season temperature in 2023 was 2.0
°C, or 12% higher than the -3@ar average. However, natural precipitation fell significantly below
historical averages for all months of the growings®ma The cumulate precipitation for the growing
aSlrazy ot a 2y tMaythroughdugdyconirasting gharply with the 3gear expectation

2F HAc®dp YY O0ydmMoé0d ¢KS G20l t -toh Hisiorical éxpectdngy. H N HO & |
Despite implementing iseason irrigation of 280 mm to compensate for the limitations in natural
precipitation, the prevailing hot and dry conditions in 2023 are believed to have adversely affected the
potential lupin yield.

Table3. Mean monthly temperature from May to August 29at the ICDC trial location.

. v May June July August | sept Average
~ocation R —— Mean Temperature (°G}--------
Outlook 2023 15.2 194 18.6 18.7 15.4 MT ®p
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Longterm

11.2

16.1

18.8

17.9

13.0

155

Table4. Precipitation amounts vs. loAgrm (30 years) means for the 2B8rowing season and
irrigation applied during the season.

May June | July [August |Sept Average
Location vear T Precipitation (mmj}-------------
2023 175 153 |155 |166 |16.6 101.2
Outlook Longterm 41.5 65.3 55.8 43.9 30.5 237.0
Irrigation - 116.8 119.4 | 43.2 279.4

Insect damageBlisterbeetle pressure was higturing the early growth stage of lupin plants, as

illustrated in Figure 1. Thearrowleaf variety(Boreginesuffered more damage than the narrow leaf
variety (Dieta) In some instances, the growing point of the plants was compromised, leading to an

inability to recover from the insedhduced injuries. Notably, three plots were lost in #econd
replication and the data fronthis replication was excluded from the final evaluatiBtots were
sprayedmultiple times tomitigate the insect pressure
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Figure 1 Blister beetle damage in lupin plots at ICDC, Outlook in 2023

Nodule assessment

Evaluation of nodulation wedonein a single replication. Both varieties and all seeding rate treatments
exhibited poor nodulation in 2023. One possible explanation could be the low visibility of the inoculant,
which was shipped in early May. The high temperatures during this period hmgh adversely

affected the survivability of bacteria. Another potential factor is the elevated temperature during the
early growth stage of lupin plants, coupled with dry conditions until the initiation of irrigation in the first
week of June.

|




Figure 2 Nodulation in two lupin varieties tested in 2023 at ICDC, Outlook.

The data was analyzed as a spliit design with low, medium, and high seeding rates as the treatment
was not balanced across varieties (Boregjriés 10 & 12 plants/sq. feet vs. Dieta, 8 & 10 plants/sq.
feet).

Plant emergence counts revealed a significant difference in plant densities among the three seeding
rates tested for each variety. The plant population increased with the seed rate, as illustrated in Figure
3. Before delving into the yield results, itisgortant to note that the plant emergence count was
conducted on June 8, preceding any occurrence of insect damage. Unfortunately, the following week,
plots were damaged by blister beetles, resulting in a substantial decrease in plant density. Each plot's
stubbles (per square meter) were counted after lupin harvesting to estimate the final plant densities.
The stubble count highlighted a marked reduction in final plant densities compared to the early
emergence counts.

The 2023 field trial exhibited a higher coefficient of variation (28.2), well beyond the permissible 15%

cutoff. The average yield of the 2023 trial was notably lothan the 2022 field trials at ICDC (ADOPT:

20211073; Mean yield Borgenie: 3914 kg/ha and mean yield Dieta: 4017 kg/ha). The drastic impact of

insect damage on plant densities resulted in very low yields. Additionally, the poor nodulation in 2023

further contributed to the significantly diminished yield.

Protein (%), seed weight, and test weight were highelDfimta 6 K SNB I & aSSR NI GS GNBI
affectthese parameters.
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Table 4.Influence of Treatments olupin yield andseed characteristicsat Outlook, SK 2023Different

letters indicated significant differences between treatments (ANCRM).05).

. Protein E(I)ag)rl]}lation STl S Te?t Segdh
Treatment Yield 0 (per sq. feet) | weight | weignt
(kgha) | B | (persa. feed (kg/hl) | (/1000)
Varieties
Dieta 2374 a 354a |88a 6.4a 3936a | 214.1a
Boregine 1342 b 27.0b | 76D 42b 381.1b | 119.2b
P value 0.006 <0.01 <0.01 <0.02 0.003 <0.001
CV (%) 28.2 5.7 225 19.7 2.2 17.5
Seeding Rates
Low 1647 30.6 75b 32a 3928 |1724
Medium 1923 31.5 8.1ab 5.8b 382.1 | 161.7
High 2005 31.7 9.1a 7.6¢ 386.5 | 1658
Pvalue NS NS 0.02 <0.01 NS NS
Variety x Seeding Rate Interaction
P value NS NS 0.01 NS NS NS
NS = not significant at P<0.05
Established Plant Population
(plants/sq. ft.)
12
10
8
6
4
2
0
Boregine 12 Boregine 10 Boregine 8 Dieta 10 Dieta 8 Dieta 6

Figure 3 Established plant population vs seeding rate
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Conclusion

The 2023 trials at ICDC faced challenges and were deemed unsuccessful primarily due to elevated blister
beetle damage, adversely impacting the lupin plants and resulting in reduced plant densities. Yields
witnessed a substantial decline compared to thequre year's field trials. Unfavorable weather conditions
further hampered nodulation in both varieties. Given the many factors contributing to the diminished yields
in 2023, drawing a conclusive final recommendation proves challenging.
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Demonstration of Cover Crop Option
Following Row Crop Harvest on Irrigated
Land

Funding

Fundingfor this study provided by the Agriculture Demonstration of Practices and Techno{d@&PT)
program.

Organizations

9 Irrigation Crop Diversification Corporation, (ICDC)
1 Saskatchewan Ministry of Agriculture (MoA)

Principle Investigators
1 Gursahib Singh, ICDC
Objectives

This demonstration will evaluate winter and spring cereals as potential options for cover crops following
the harvest of row crops on irrigated land. Specifically, the establishment and growth of these potential
cover crops will be demonstrated. Stand ataiwill be conducted in the falind biomass accumulation

of cover crops will be measured in the sprivefore pre-seed burnroff. Springseeded crops (wheat and
canola) will be seeded following thermination of the cover crop. Stand counts and yieltadaill be
collected from the following crops to determine if the cover crops had any allopathic effect on the
springseededcrops. The project will also demonstrate an early vs. late seeding date of the winter
cereals.

Research Plan

Field trials were establishdd a splitplot design with the two factors
1. Seeding date
2. Qover crop type
This demonstration had two seeding date treatmermarly Septemberand late September.
The subplot factor had six treatmentagcluding five cover crops and a fallow conti@bver crops
included fall rye, winter wheatwinter triticale, barleyand oats.

There were 12 total treatmenteplicatedthree timeswith 36 plots.Plot sizevas1.5 m x 8.0 m.
The seedingate of the cover crop was based dhed S S R & decdiminén8aNdnsi

The projectwasduplicated to accommodatthe seeding of two spring cropsith a total of72 plots (2
trials X 36 plots eachTwo spring cropgere seeded following cover crop termination. Sprisepded
cropsinclude two commonly grown cropsdnola and spring whegtfollowed by potatoes and dry
beans in SK.

Results
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Cover crop effect on soil erosion

Prior to cover crop seeding, the trial location underwent intensive cultivation to mimic field conditions
post-potato and dry bean harvests. All cover crops exhibited vigorous establishment in the fall of 2022,
suggesting their suitability for cover croptmns. The SCIC recommendation for the seeding date of
winter cereals extends until the end of SeptembEneseeding datesested in this study aligwith this
recommended timeframe, and the plantgere pastthe tillering staggboth seeding dated)efore

freezeup.

Plant count and Normalized Difference Vegetation Index (NDVI) data for each seeding date and cover
crops are provided in Table 2 and Table 3. The two seeding dates assessed did not impact plant count
and NDVI measurements in different cover crops. Howeweanticeable trend indicated that cover

crops seeded in early September demonstrated superior plant count and greater biomass than plots
seeded in late September.

Temperature data from April 1 to May 9 (cover crop termination date) is illustrated in Figure 1. Winter
cereals began emerging with the rising temperatures in April 2023. At Outlook, SK, April 2023 recorded
cooler temperatures than the lontgrm average [fril 2023¢ 1.35 °C, longerm (19922023): 4.4 °C].
Additionally, April 2023 exhibited considerable temperature fluctuations (continuous warming and
cooling) and three days of sutero temperatures (April 19 to 21), resulting in freezing damage to the
new growth. Winter cereals (winter wheat, winter triticale, and fall rye) experienced limited growth
before herbicide termination on May 9. Due to restricted growth, biomass assessment was impractical
before termination (refer to Photos in Figures 2, 3, ahdGiven the limited growth across all plots
(Figures 2 to 5), drawing conclusions on which crop would have been more effective in preventing soil
erosion proves challengingdditionally, the slow snowmelt in the spring of 2023 resulted in prolonged
highsoil moisture levels, minimizing the risk of wind erosion over time.

Allelopathic effect of cover crop

Both wheat and canola were sown on May 17 pestnination of cover crops. The plant count, yielc
and thousand kernel weight data for wheat and canola are presented in Tables 2 and 3, respeci
One project objective was to assess the allelopathic ithp&cover crops on subsequent sprng
seeded crops. In our experiments, the plant count for wheat and canola remained unaffected by
preceding cover crop, indicating an absence of allelopathic effects on either spring crop. During
summer of 2023, @tlook, SK experienced elevated grasshopper pressure. The yield of our whee
plots was diminished compared to the average yield of wheat under irrigation due to the influen
insect pressure [Trial mean yield2 bu/ac vs irrigated mean yietd90 bu/ac (2024 ICDC Irrigation
Economics and Agronomics guide)]. Similar to plant count results, the yield and TKW of both wi
and canola demonstrated no discernible impact from the earlier cover crop.

Table 1. Agronomic information and dates of operatiom2022 and2023.

Operation dates
1.5mX8m%2n?

Barley (Maverick): 250 seed fm

Oats (Haymaker): 250 seed 7m

Winter Wheat (Emerson): 250 seed?m
Fall Rye (Hazlet): 250 seed?m

Winter Triticale (Luoma): 250 seed 7m

Factors#

Plot size

Fall cover crogvariety) and seed rate
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Fall seeding date

Plant emergence count dat€éver Crop

Cover crop termination (herbicide)

Spring seeding date

Seed rate

Plantemergence count date (Spring 2023)

Postemergent herbicide

Fungicide
Insecticide
Desiccant

Harvest

Early: September 8, 2022
Late: September 30, 2022

September 23 and October 17, 2022
May 9, 2023 Glyphosate 540 1L/ac

May 17, 2023 (both whealBAC Wheatland VB
and canola; L340 PC)

Wheatc 300seed /n?
Canolac 200seed /n?

June 12023

Junel0- Buctril M+ Simplicity (wheat) and
Liberty (canola)

none
June 12 Matador for grasshopper
None

September 14 (both wheat arghnola)

Table 2 Statistical analyses and treatment mean falt cover crop seeding dates, cover crops, and
spring seeded wheat yield at Outlook, SK 20B8ans within a column followed by the same letter

R2 y20 aA3IyAFAOIYydfte RAFFSNIOG[{5Z t X nodnp!
Tri#t Yield TKW Plant Plant density NDVI
(kg/ha) (9) density (Spring) (Fall cover crop)
(Fall) Wheat
Covercrop
Fall cover crop seeding
time
Cover crop
Fallow 4140.8 37.8 - 2232 -
Barley 4064.5 38.0 157.5 217.5 0.317
Oats 4223.5 38.1 151.8 2152 0.360
Winter Wheat 4029.8 37.3 164.8 224.8 0.470
4310.6 37.3 167.0 2270 0.348

Fall Rye

50



Seeding date (P > Fr) NS NS NS NS NS

Cover crop (P > Fr) NS NS NS NS NS
Seeding date*Cover cro] NS NS NS NS NS
(P> Fr)

CcV 6.6 1.9 141 9.8 35.7

Table 3.Statistical analyses and treatment mean falt cover crop seeding date, cover crops, and
spring seeded canola yield at Outlook, SK 20R2ans within a column followed by the same letter
R2 y20 aA3IyAFAOIYy(Gfte RAFFSNIOG[ {5 t X nodnp!

Yield dple?unstity (Ps'zrr‘i;‘;‘;”sny NDVI
(kg/ha)  TKW  (Fall) Canola (Fall cover crop)
Tri# (9) Cover crop
Fall cover crop seeding tinr
Early September 43365 774 1384 120.5 0.524
Late September 43948 784 1225 116.8 0.413
Cover crops
Fallow 4508.3 804 - 127.8 -
Barley 42124 751 1295 1112 0.4
Oats 4519.4 806 1397 1182 0.497
Winter Wheat 43719 780 1365 117.5 0.473
Winter Triticale 4317.6 77.0 130.3 1270 0.468
Fall Rye 42643 761  120.2 1102 0.473
Seeding date (P > Fr) NS NS NS NS NS
Cover crop (P > Fr) NS NS NS NS NS
Seeding date*Cover crop ( NS
> Fr NS NS NS NS
cv 8.1 38 203 12.0 32.5
Conclusion

The project showcased the efficacy of winter and spring cereals as cover crops on irrigated land.
However, the limited growth observed in winter cereals poses challenges in drawing definitive
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conclusions regarding the comparative effectiveness of different cover crops, such as summer annuals
versus winter cereals.

The assessment of allelopathic effects revealed that the cover crops had no discernible impact on
subsequent springeeded crops, highlighting their compatibility within rotation systems. This study
yields valuable insights into optimizing cover crop s&@cand management practices in irrigated
agricultural systems. Nevertheless, further research is recommended to delve inttelongffects and
refine recommendations for maximizing the benefits of cover crops across diverse cropping systems
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Fertigation Demonstration on Wheat,
Canola, and Dry Beans

Funding

Funding for this project provided by the Agriculture Demonstration of Practice3 ecithologies
(ADOPT) program.

Organizations

9 Irrigation Crop Diversification Corporation, (ICDC)
1 Saskatchewan Ministry of Agriculture (MoA)

Principle Investigators

1 Gursahib Singh, ICDC
1 Sarangell, MoA

Objectives

This project was intended to demonstrate and compare the benefits of three different fertigation

treatmentson wheat, canola, and dry beans at three different timings. The project idea is to present the

{1 &1F0O0KSélYy ANNRIIG2NAR 6A0GK SIFOK GNBIFGYSyiliQa 2dzi
recommendations

Research Plan

The plot layout for this demonstration wagandomized complete block design with four replications.
Each crop was established as an independent trial. The variety of wheat used in this demonstration was
AAC Wheatland VB, canola was L340 PC, and dry bean was CDC Blackstrap. Targeted rates of N at
sealing included the background soil NOn ¢ 0 LJ dza | LILX ASR b FSNIAf AT SN
banded, phosphorus was seed placed, and the rates of N requirements for eackes®pomparedo

the ICDC Ecamics and Agronomics Guide. To mimic the fertigation process, UAN was dribble banded
and the plots were irrigated immediately afterward AN was applied at 30 Ibs./ac. which is the

standard Nrate for fertigation UANwas applied at two crop stages: the early vegetative growth stage

and the reproductive stagd-ertigation of all plotsvasdone in the morning to ensure the canopy was

cool to reduce the chance of leaf burn. Thable belowrepresents the treatment schedule for each

crop.

Table 1.Fertigation Treatment Schedule

Wheat
Trt# Treatment* Timing
1 170 Ibs N/ac at seeding (Soil+ fert N) Seeding
2 140 Ibs N/ac (Soil+ fert N) + 30 Ibs N/ac (UAN) 3-5 leaf stage
3 140 Ibs N/ac (Soil+ fefdl) + 30 Ibs N/ac (UAN) Flag leaf
Canola
Trt# Treatment Timing
1 160 Ibs N/ac at seeding (Soil+ fert N) Seeding
2 130 Ibs N/ac (Soil+ fert N) + 30 Ibs N/ac (UAN) 3-5 true leaf stage
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3 130 Ibs N/ac (Soil+ fem) + 30 Ibs N/ac (UAN) Flowering

Dry bean
Trt# Treatment Timing
1 90 Ibs N/ac at seeding (Soil+ fert N) Seeding
2 60 Ibs N/ac (Soil+ fert N) + 30 Ibs N/ac (UAN) V3-V4 stage
3 60 Ibs N/ac (Soil+ fert N) + 30 Ibs N/ac (UAN) R1-R2 stage
Results

Trial sites for all three demonstrations were soil sampled in the spring of 2023, and samples were
submitted to Agvise for nutrient analysis. The soil available N was low across all three sites, and the
supplemental fertilizer rates were calculated for Baop based on the treatments.

¢l ovt{SR At ¢Sad ' GFrAtlrotS bdzZiNnASyGda G SFOK

I NB LE 5 § L hda @ bhib 6f {61
60Y0 LI &30 /@9 bkKFO t oLiJyy oLl KKFU
2 KSI (
NCMP 1 - HDPT MT PIn c omMT MC
MO N c G
0 T N v
[+ y2t
NCMP T diH®p WA ®Bip n oom HY
MO N o "
0 T N c
5NE ¢
NCMP - 71O HOP MPD(T T ont NH
Mo n n MHNb
0 T N v
Wheat

The wheat yield exhibited significant variations among the three treatments investigated in this
demonstration. Notably, the fertigation treatment demonstrated higher wheat yields compared to
Treatmentone [L70 Ibs N/ac at seeding (Soil+ fer,Nyhere all the fertilizer wasidebandedat

seeding. Interestingly, there was no significant difference in wheat yield between the two fertigation
timings @40 Ibs N/ac (Soil+ fert N) + 30 Ibs N/ac (UAN}atehf stage vs. 140 Ibs N/ac (Soil+ fert N) +
30 Ibs N/ac (UAN) at flag I§aindicating that wheat responded favorably to split N fertilizer treatments.

The trend observed for grain protein contemas similar tahe yield response to the three treatments,
with the fertigation treatment resulting in a 0.8% higher protein content than Treatment 1. Additionally,
test weight showed a distinct pattermndincrea®d as fertigation was delayed to the flag leaf stage, and
Treatment 1 exhibited the lowest test weight.
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However, thousand kernel weight and plant heigitnained unaffected by the three treatments tested.

Canola

Canola yield demonstrated significant variations among the three treatments tested. The highest yields
were observed in Treatmemne [160 Ibs N/aside bandedat seeding (Soil+ fert Nand Treatment 2

(30 Ibs N/ac (UAN) atBtrue leaf stage), while yield decreased when fertigation was delayed to the
flowering stage. The decline in yield during delayed fertigation may be attributed to leaf injury caused by
the liquid fertilizer, as Hlistrated in Figur&. This leaf injury was particularly evident in tlager

fertigation application treatment for canola.

Notably, leaf injury was also observed in the early fertigation application ti(figgire 1)but it did not
adversely affect the canola yield potential, as the plants were able to overcome this challenge during the
early growth stage. Importantly, none of the other recorded parameters, including oil content, test
weight, thousand kernel weighTKW), and plant height, were influenced by the tested treatments.

Dry bean
In this demonstration, three treatments tested on dry beans had significant variations in yield. The dry

bean yield for treatment onedD Ibs N/ac at seeding (Soil+ ferf Bipd treatment two B0 Ibs N/ac (Soil+

fert N) + 30 Ibs N/ac (UAN) at W3 stagé¢exhibited similarities, but a decline in yield became evident
when the fertigation application was postponed to the reproductive sta&fell)s N/ac (Soil+ fert N) + 30

Ibs N/ac (UAN) at RR2 stagg Similar to canola, leaf injury was observed after thiaged fertigation
application (Figure 3 and 4). It appears that dry beans struggled to recover from this injury, leading to a
subsequent reduction in yield.

None of the quality parameters were found to be influenced by the tested treatments.

Table3. Analysis of variance {\alues) for N fertigation treatments in wheat at Outlook, SK 2023. Me

GAGKAY | O2fdzvyy F2f{t26SR o0& GKS aryS tSGG§SN
Plant
Yield Protein Test TKW  height
Tri# (kg/ha) (%) wt @ €lg
g ° (Kg/hl) 9 (cm)
170 Ibs N/ac at seeding (Soil+ fert N) 6486 B 114 B 8.2 B 407 846

140 Ibs N/ac (Soil+ feN) + 30 Ibs N/ac 7314 A 122 A 806 AB 399 883
(UAN) at & leaf stage ' ' '

140 Ibs N/ac (Soil+ fert N) + 30 lbs N/ac 5379 A 122 A 809 A 407 857
(UAN) at flag leaf ' ' '

Grand Mean 7057 11.9 80.5 405 86.2
Pr>F 0.02 0.01 0.02 NS NS
CV 5.38 2.38 0.33 225 3.33

UAN Urea Ammonium Nitrate
NS nonsignificant
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Table4. Analysis of variance {Ralues) for N fertigation treatments in canola at Outlook, SK 2023. Me

GAOGKAY | O2fdzvy F2fft26SR o0& GKS alyS fSGGSN
Plant

. Yield oil Ivfs’t TKW  peight
[

160 Ibs N/ac at seeding (Soil+ fert N) 3887 A 4338 64.5 35 932

130 Ibs N/ac (Soil+ fert N) + 30 Ibs N/ac  g5g06 A 443 64.6 35 93.7

(UAN) at 35 true leaf stage ' ' '

130 Ibs N/ac (Soil+ feN) + 30 lbs N/ac 3554 B 438 64.8 34 941

(UAN) at flowering ' ' '

Grand Mean 3776 43.9 64.6 34 936

Pr>F 0.04 NS NS Ns NS

cVv 4.43 0.73 0.52 456 2.7

UAN Urea Ammonium Nitrate
NS nonsignificant

Table5. Analysis of variance {Ralues) for N fertigation treatments in dry bean at Outlook, SK 2023.

aSlya 6AGKAY |+ O2fdzyYy T2ft268R o6& G(KS &FYS f
Plant
Yield Protein Test TKW  height
TRT# (ghha) (%) u © (o
g 0 (Kg/hl) 9 (cm)
90 Ibs N/ac at seeding (Soil+ fert N) 3268 A - 400.3 140.8 50.3
60 Ibs N/ac (Soil+ fert N) + 30 Ibs N/ac (U/ 3954 A - 404.4 1403 49.7
at V3V4 stage
60 Ibs N/ac (Soil+ feit) + 30 Ibs N/ac (UAN 2782 B - 404.3 1323 49.2
at R1R2 stage
Grand Mean 3101 403.2 137.8 49.7
Pr>F 0.01 NS Ns NS
cv 4.43 1.53 429 17

UAN Urea Ammonium Nitrate
NS nonsignificant

Conclusion

This project offers valuable insights for Saskatchewan irrigators, showcasing the potential benefits of
split N fertigation treatments for wheat, canola, and dry beans. The findings underscore the critical role
of timing in fertigation applications, higghting its implications for optimizing crop yields and

minimizing adverse effects. While wheat exhibited significant yield variations, favoring fertigation
treatments over conventional sideanding at seeding, it's noteworthy that in the case of canoladmd
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beans, the conventional siedeanding practice proved more effective than fertigation. These results are
based on one year of data, providing the foundation for informed decisiaking. However, for
comprehensive recommendations and enhanced agricultuatties in the region, it is advisable to
conduct longterm field trials.
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Oat N Response
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Funding
Funding for this study provided by ti&askatchewan Oat Development Commisg®askOats)
Organizations
9 East Central Research Foundat{&@CRF)
9 Irrigation Crop Diversification Corporatigi€DC)
1 Northeast Agricultural Research Foundat{iNARF)
1 Conservation Learning Cent{€LC)
Principle Investigators

Mike Hall ECRF
Ahsan RajperfECRF
Gursahib Singh, ICDC
Brianne MclnnesNARF
Robin LokkenCLC

=A =4 =4 -8 -4

Objectives

To determine the yield and test weight response of Oats to 15% and 30% reductions in recommended
rates of N. The specific rates of soil + fertilizer N tested will be 125 Ib/ac, 106 Ib/ac, 88 Ib/ac and no
applied N.

Research Plan

Trials were established at each location as a factorial Design with only 2 replicates. It should be noted
that having only 2 replications instead of the conventional 4 replicates greatly reduces the power to
detect significant differences. The first factmntrasted CS Camden vs CDC Arborg oats and the second
factor compared each of these varieties at 4 rates of soil + applied N (Table 1). Background soil N (0 to
HNeéO0 F2NJ GNBFHGYSyGa m FYyR p @1 NARSR TN atMelforf 2 &
(Table 1). All treatments received 40 WOFac + 15 |b kO/ac + 10 Ib S/ac so that PKS were-tioriting

G2 @AStRo® !'ff OGNRIFIfa&a | NBE O2yaARSNBR davYlff LI 2
equipment. Plots were harvested with small plot combines and yield was adjusted for moisture. Test

27

aé

i

wSAIKGAa 6SNBE RSGSNNYAYSR GAy K2dzaSé G SIFOK €20 (A:z:

was tested for available soil N in the top 24 inches of soil. If only 0 to 12lamths were possible,
values were multiplied by 1.5 to estimate the N level within a 0 to 24 inch depth. Dates of operations are
listed in Table 2.

Table 1. Treatment List for Each Location

Treatment # (Oat Variety Soil + Fertilizer N (Ib/ac)
1 CSCamden Soil N only

2 CS Camden 88

3 CS Camden 106

4 CS Camden 125

5 CDC Arborg Soil N only

6 CDC Arborg 88
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7 CDC Arborg

106

3 CDC Arborg

125

‘Background level of soil N-@0n € 0
N/ac; Outlook 20 Ib N/ac; Melfort 57 Ib N/ac

LINRA 2 NJ G 2

as

SRAYy3Y

2 NJ,

5

Table 2 Dates of operations for each site conducted in 2023.

Operation Yorkton Outlook Melfort Prince Albert
Preseed herbicide  [None Roundup StartUpg May [Transorbg May
Transorb HC (19 12
@0.67L/ha on
May 1
Seed Trial May 17 May 11 May 16 May 31
Emergence June 19 May 31 June 2 June 12
In-crop Herbicide Prestige¢June 5  |Buctril M-June [Prestige Xt,  [None
3 June 7
In-crop Fungicide Trivaprog June 27 [None None None
Yield kg/ha @13.5% |August 18 August 16 August 21 August 25
After harvest soil test |August 27 August 17 September 1  [September ?

for N (if possible @24).
Composite for each
treatment (4 in total)

Results

Weather and vield potential

Tables 3 and 4 list the mean monthly temperatures and precipitation for the 2023 growing season along
with long-term normals for each site in the study. The season was warmer and dryer than normal at all
locations, resulting in lowethan-average yields &dll locations excepting Outlook under irrigation. Oat
yield was lowest at Prince Albert averaging 71 bu/ac. At Melfort and Yorkton oat yields were higher
averaging 113 bu/ac and 120 bu/ac, respectively. At Outlook, yield was high, averaging 171 bufac unde

irrigation.

Table 3.Mean monthly temperatures amounts along with loteym (19812010) normals for
the 2023 growing season at 4 sites in Saskatchewan.

Location Year May June July August  Avg. / Total
--------------------------- Mean Temperature (°G}----------------
Melfort 2023 14.1 19.2 16.9 17.3 16.9
Longterm 10.1 15.2 17.8 16.7 15.0
Outlook 2023 15.2 19.5 18.5 18.7 18.0
Longterm 11.3 16.0 18.6 17.8 15.9
Prince Albert 2023 14.4 18.8 16.6 17.1 16.7
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Longterm 111 16.3 18.6 16.9 15.7
Yorkton 2023 14.1 194 16.8 17.8 17.0
Longterm 104 15.5 17.9 17.1 15.2

Table 4 Precipitation amounts along with lortigrm (19812010) normals for the 2023
growing season at 4 sites in Saskatchewan.

Location Year May June July August  Avg./ Total
----------------------------- Precipitation (mm}-------------------
Melfort 2023 315 26.4 16.4 50.0 124.3
Longterm 33.4 79.5 69.6 45.9 228.4
Outlook 2023 17.2 15.3 155 16.6 64.9
Longterm 41.5 65.3 55.8 43.9 206.5
Prince Albert 2023 22.8 52.8 40.8 51.2 167.6
Longterm 34.1 62.0 67.6 42.9 206.6
Yorkton 2023 20 83.4 17.4 72.6 1934
Longterm 51 80 78 62 272

Table 5 lists the-Eest results for main effects, site, and their interactiof&mergence differed
significantly between sites with Outlook having the highest emergence rate (310 pl&htddigher
seeding rates are typically targeted under irrigation. Emergence at the remaining sites was similar
varying from 241 to 261 plants/m Significant effects of variety, fertility and site were detected for test
weight and yield.A variety by site interaction was also detected for test weigftisese significant
effects will be discussed in greater detail where appropriate within gpent.

Table 5.~test Results for Variety, Fertility, Site and Their Interactions on Measured Parameters
Factor Plant emergence Test weight Yield
Pr>F Pr>F Pr>F
Variety (V) 0.100 <0.001 0.006
Fertility (F) 0.629 <0.001 <0.001
Site (S) 0.002 <0.001 <0.001
V XF 0.886 0.413 0.781
VXS 0.086 0.023 0.114
FxS 0.829 0.402 0.351
VXFxS 0.447 0.146 0.343
Emergence

Plant emergence was adequate to maintain yield potential at all locations. Emergence was similar
between CS Camden and CDC Arborg at all locations, except at Outlook, where CDC Arborg averaged
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346.8 plant/nt compared to 274.0 plants/Afor CS Camden (Table 6). However, this difference likely
had minor agronomic effects. As N rates were increased, plant stands were unaffected at all locations,
indicating good separation between seed and N fertilizer. No interactions between variety fentlity

were detected.

Table 6 Main Effects and Individual Treatment Means for Emergence (plaptatreach
location.
Variety Yorkton | Prince Albert | Outlook | Melfort | All sites
CS Camden 239.5 258.0 274.0 259.4 253.7
CDC Arborg 243.6 253.8 346.8 262.9 253.3
Lsd Ns Ns 46.0 Ns Ns
Soil + Fertilizer N (Ib/ac)
Soil N 236.2 260.0 300.0 262.9 254.8
88 247.7 255.5 325.5 254.3 253.2
106 257.5 259.5 291.3 267.8 261.1
125 224.7 248.5 324.8 259.6 244.8
Lsd Ns Ns Ns Ns Ns
Linear 0.899 0.930 0.814 0.936 0.862
Quadratic 0.820 0.861 0.935 0.832 0.485
VXN
CS Camdeg Soil N 218.2 252.0 265.0 254.3 244.1
CS Camdeq88 Ib N/ac 252.6 256.0 283.0 252.7 254.3
CS Camdeq106 Ib N/ac | 262.5 262.0 295.5 258.4 269.6
CS Camdeq125Ib N/ac | 224.8 262.0 252.5 272.3 252.9
CDC Arborg Soil N 254.2 268.0 335.0 2715 282.2
CDC Arborg 88 Ib N/ac 242.8 255.0 368.0 255.9 280.4
CDC Arborg 106 Ib N/ac | 252.6 257.0 287.0 277.2 268.5
CDC Arborg 125 Ib N/ac | 224.7 235.0 397.0 246.9 274.9
Lsd Ns Ns Ns Ns Ns
V x N interaction Ns Ns Ns Ns Ns
1Background level of soil N-@On ¢ 0 LINA2NJ 42 aSSRAy3AY | 2NJ
N/ac; Outlook 20 Ib N/ac; Melfort 57 Ib N/ac

Test weight

Test weights were low at all locations except Outlook (Table 7). Oats with test weights above 245 g/0.5 |
are accepted for milling at Grain Millers without discount. As test weights fall below 245 g/0.5 |, oats are
progressively discounted for millindg@dow 230 g/0.5 |, oats are rejected for milling. At Prince Albert,
test weights were at rejection levels regardless of treatment. At Yorkton and Melfort, tests weights
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varied with treatment but stayed within the discount range. In contrast, test weights were well above
discount levels at Outlook for all treatments. When sites were combined, the test weight for CDC Arborg
was statistically higher than CS Camdelowever,a site by variety interaction was detected (Table

5). When each site was analyzed individually, Outlook was the only site where CDC Arborg statistically
had a higher test weight than CS Camden. While CDC Arborg numerically had the highest test weight at
all locations, the difference was extremely small at Yorkton. Past work indicates CS Camden has a lower
test weight than most oat varieties. However, this has not proven to be a concern for producers, as
Grain Millers frequently accepts CS Camden formgillvithout discount (pers. Communication). When

sites were analyzed together, increasing rate of N significantly decreased oat test weight linearly.
Decreasing oat test weight in response to increasing soil N is «malin phenomenon but the reason

for its occurrence is not well understood. There were no variety by N rate interactions. However,
assessing the impact of increasing N on each variety still has merit, as this shows the risk of rejection
based on low test weight is greater for CS Camden condpar€DC Arborg.

Table 7.Main Effects and Individual Treatment Means for Oat Test Weight (g/0.5 |) at ez
location.
Variety Yorkton | Prince Albert | Outlook | Melfort | All sites
CS Camden 234.6 201.6 251.> 235.2 230.6
CDC Arborg 235.0 212.5 254.F 237.2 234.9
Lsd Ns Ns 2.4 Ns 2.1
Soil Hertilizer N (Ib/ac)
Soil N only 239.0 211.2 257.2 239.6 236.6
88 234.5 209.9 251.4 238.6 233.60
106 233.5 205.2 253.2 232.5 231.%c
125 232.3 201.9 249.8 234.8v 229.F
Lsd Ns Ns 3.5 4.8 2.99
Linear 0.257 0.108 0.043 0.013 <0.001
Quadratic 0.122 0.232 0.034 0.072 0.477
VXN
CS Camdeg Soil N 240.5 206.6 256.3 237.9 235.3¢
CS Camdeq88 Ib N/ac 234.0 208.2 247.3 238.7 232.0¢
CSCamden; 106 Ib N/ac | 232.0 199.8 250.6 231.6 228.5¢
CS Camdeq125Ib N/ac | 232.0 191.8 250.2 232.7 226.7
CDC Arborg Soil N 237.5 215.9 258.F 240.0 237.9
CDC Arborg 88 Ib N/ac 235.0 2115 255.5 238.6 235.20
CDCArborgg 106 Ib N/ac | 235.0 210.6 255.9 233.3 233.70
CDC Arborg 125 Ib N/ac | 232.5 212.1 249.4 236.9 232.Fc
Lsd Ns Ns 4.9 Ns 4.23
V x N interaction Ns Ns Ns Ns Ns
1Background level of soil N-@On ¢ 0 LINA2NJ 42 aSSRAy3AY | 2NJ
N/ac; Outlook 20 Ib N/ac; Melfort 57 Ib N/ac
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Yield

Averaged across fertility, CDC Arborg was higher yielding than CS Camden at all sites. Differences in yield
were less than 2% and were not statistically significant at Yorkton and Prince Albert (Table 8). Yield
differences of 4% and 16% were statisticdifferent at Outlook and Melfort, respectively. CDC Arborg

also proved to be statistically higher yielding than CS Camden when all sites were analysed together.
Yields increased with increasing N fertility at all locatidgach though a nitrogen by siitgteraction

was not detected, N response results for Outlook have been separated from the other sites to create
figures 1 and 2This was done as the yield response to added N was greatest at Outlook and amount of
residual soil N left over after harvests& much less at this locatiosince there were no V x N

interactions at any site, the yield response of Oats to added N has been averaged over variety within
these figures.

Yields were relatively low and unresponsive to added N due to drought at Prince Albert (71 bu/ac),
Yorkton (121 bu/ac) and Melfort (113 bu/ac). As the rate of spring applied N was increased at these
locations, the amount of pogtarvest soil nitrateN alsoincreased, since much of the applied N was not
going to yield because of the drought (Figure 1). Applying 85 Ib N/ac in spring increased the level of soil
N postharvest by 25 Ib N/aclt is difficult to make many conclusions from this information. Wew25

Ib/ac of the 85 Ib/acwasle® ISNJ Ay GKS az2AiAf a yAGNIrdS odzi 6S R2)
remaining 60 Ib/ac went. A good portion likely went to increasing Oat yield and grain protein. A small
portion may still be in the ammonium form whichnot detected by a conventional soil test. Other

losses to the system include volatilization, denitrification, leaching and immobilization. Determining how
much of the applied N was used by the crop based on-pastest residual N cannot be made

accuratdy.

In contrast, oat yield was much higher and more responsive to added N under irrigation at Outlook
(Figure 2).Moreover, soil nitrate after harvest was not increasing with increasing rate of spring applied
N. In fact, it was low and declining. While mofdtee applied N was going towards yield under

irrigation, more of it was likely lost to denitrification and leaching.

Table 8 Main Effects and Individual Treatment Means for Oat Yield (kg/ha) at each loca
Variety Yorkton | Prince Albert | Outlook | Melfort | All sites
CS Camden 4562.5 2695.8 6390.7 3993.3 | 4410.6
CDC Arborg 4648.8 2730.2 6665.9 4641.% | 4671.%
Lsd Ns Ns 116.9 311.8 199.1
Soil + Fertilizer N (Ib/ac)
Soil N only 4037.8 2526.1 4780.6 3919.1 | 3815.9
88 4882.8 2808.5 6913.8 4133.2 | 4684.6
106 4921.5 2716.5 7185.6 4616.1 | 4859.9
125 4580.5 2801.0 7233.3 4601.7 | 4804.F
Lsd Ns Ns 165.3 441.0 281.6
Linear 0.073 0.150 <0.001 0.017 <0.001
Quadratic 0.046 0.289 <0.001 0.055 <0.001
V x N
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CS Camdeq Soil N 3927.0 2404.9 4689.0 3567.3 | 3647.0
CS Camdeq88 Ib N/ac 4670.0 2738.9 6797.0 3918.8 4531.2
CS Camdeq106 Ib N/ac | 4697.0 2759.4 6993.9 4306.0 | 4689.%
CS Camdeq125 Ib N/ac | 4956.0 2880.1 7082.8 4181.3 | 4775.6°

CDC Arborg Soil N 4148.5 2647.3 4872.2 4271.0 3984.¢F
CDC Arborg 88 Ib N/ac | 5095.5 2878.1 7030.6 4347.6 | 4837.9°
CDC Arborg 106 Ib N/ac | 5146.0 2673.6 7377.3 4926.2 5030.%
CDC Arborg 125 Ib N/ac | 4205.0 2722.0 7383.7 5022.2 | 4833.2°

Lsd Ns Ns 233.8 623.0 398.3
V x N interaction Ns Ns Ns Ns Ns
1Background level of soil N-@On ¢ 0 LINA2NJ 642 aSSRAy3AY | 2NJ
N/ac; Outlook 20 Ib N/ac; Melfort 57 Ib N/ac
Figure 1. Effect of Spring N Fertility on Oat Yield and
Soil Test N Post-Harvest all Sites Excepting Qutlook
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Figure 2. Effect of Spring N Fertility on Oat Yield and
Soil Test N Post-Harvest at Outlook
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Economics

The objective of this study was to determine the impact of reducing levels of recommended N for oats
by 15% and 30% on yield and economic returii®. make this determination, Table 9 lists the economic
impact for each incremental derease in N for Outlaokl for all locations combined excepting

Outlook. Prices of $0.82/ Ib N and $5.25/ bu of oats were used to determine net returns and these
values were obtained from the 2024 Saskatchewan Crop Planning Guide. Table 9 shows net revenue
generated based dily on data point yields vs values calculated from the response curves. While there
are pros and cons to each of these approaches general conclusions were very similar between the
approaches.

Decreasing the fertility rate by 15% from 125 to 106 Ib N/ac increased net revenue for the high yielding
Outlook site and the combined lower yieldiaijes. In other words, increasing N fertility beyond 106 |b
N/ac was costing money at all locatioriReducing the N fertility level by another 15% (106 to 88 Ib

N/ac) reduced net returns at Outlook and either modestly increased or decreased net retuths fo

low yielding sites depending on whether data points or response curve values were used in the
calculation. Said another way, reducing the N fertility from 125 Ib/ac by 15% was saving money at
Outlook but a further reduction by 15% was reducing neétimes by approximately $20/adn contrast,
reducing N fertility by 30% was the most economical for the low yielding sites.

Table 9. Effect of Incremental decreases in N fertility on Net Revenue
Net Revenue ($/ac) Generated Based on Paimts

N Fertility Decrease Outlook All sites Excepting Outlook
125 Ib N/ac to 106 Ib N/ac 9.00 28.02
106 Ib N/ac to 88 Ib N/ac -22.70 -4.97

Net Revenue ($/ac) Generated Based on Response Cur
N Fertility Decrease Outlook | All sites Excepting Outlook
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125 |b N/ac to 106 Ib N/ac 3.86 17.16
106 Ib N/ac to 88 Ib N/ac -16.61 6.47

Net Revenue based on 0.82/Ib N and $5.25¢ad. Values taken from 2024 Saskatchewan Crop Planning Guide.

Conclusion

In conclusion, reducing 125 Ib N/ac of soil + fertilizer N by 15% was economical at all sites under the
conditions of this studyDecreasing total N by 30% to 88 Ib/acsofl + fertilizer N was still economical

for the combined low yielding sites but reduced net returns by about $20/ac at the high yielding Outlook
site.

For the combined low yielding sites, increasing the level of spring N fertility at seeding lead to higher
levels of soil test N after harvest. On average, increasing soil N from 40 to 125 Ib/ac increased
background soil N pogtarvest from 19.3 to 44.4 IN/ac. While at least 25 Ib/ac of the 85 Ib/ac of

applied N were clearly not used by the crop, it is still difficult to speculate on how much N was used by
the crop due to multiple mechanisms of N loss. For the high yielding Outlook site, backgroundflevels
soil N postharvest were very low and did not increase with increasing rate of spring applied N. While
much of the applied N was likely used by the high yielding crop, soil reserves of N may have also been
lost to denitrification and leaching.
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Demonstrating oat seeding rates as a
cultural control method for controlling
wild oats in oats

Funding

Funding for this project provided by the Agriculture Demonstration of Practices and Technologies
(ADOPT) program.

Organizations
1 Northeast Agriculture Research Foundat{iWARF)
9 Irrigation Crop Diversification Corporatigi€DC)
Principle Investigators
i Brianne MclnnesNARF
1 Gursahib Singh, ICDC

Objectives

To demonstrate oat seeding rates as an integrated pest management strategy for controlling wild oat
populations in tame oats

Research Plan

In 2023 a small plot demonstration was conducted at Melfort (NARF) and Outlook (ICDC), SK to
demonstrate oat seeding rates as an integrated pest management strategy for controlling wild oat
populations in tame oats. The demonstration was a ggbt, with manual wild oat control or no wild

oat control, in combination with four different oat seeding rates of 150, 250, 350, and 450 seeds/m2.
Data collection consisted of plant density, wild oat density, wild oat intensity ratings, crop yield, wild oat
dockage and test weight. The environmental conditions were hot and dry at both locations, but the
demonstration was successfully established, and all data was collected.

NARF is a dryland site located in the thick black soil zone with a clay loam, high organic matter soil (7
11%). ICDC is under irrigation and is located in the brown soil zone with a coarser texture soil and lower
organic matter (23%).

The demonstration was small plot with four replications at both sites. The treatment arrangement was a
split-plot with wild oat control as the maiplot and tame oat seeding rate as the splot. These factors

were combined to create eight treatments at both sites (Table 1). Plot were kept wild oat free in
treatments 14 by handing weeding throughout theason.
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Table 1. Treatments used in Demonstrating oat seeding rates as a cultural control method for
controlling wil oats in oats at both locations in 2023.

Treatment # Wild oat control Tame oat seeding rate
1 450 seeds/m2

350 seeds/m2

250 seeds/m2

150 seeds/m2

450 seeds/m2

350 seeds/m2

250 seeds/m2

150 seeds/m2

No Control

Wild Oat Free

0O N O Ok WwiN

The trial was managed at all sites for best management practices. Broadleaf weeds, disease, and insects
were controlled using registered pesticides when needed at the discretion of each site manager. All
dates of operations and agronomic information is yided in Table 2. Soil samples were collected in the

trial area at all sites and results are reported in Table 3. Macronutrients (N,P,K,S) were applied at
seeding based on soil sample results to achieve a high yielding oat crop in each respective location

Table 2. Agronomic information and dates of operation for Demonstrating oat seeding rates as a
cultural control method for controlling wil oats in oats at both locations in 2023.

NARF ICDC

Stubble Canola Canola
Row spacing 0.3048m 0.254m
Plot size 14.0m 30.6m2
Oat variety used CDC Arborg CS Camden
Fertility (N-P205K20S kg/ha) 107-56-17-11 140-30-0-0
Seeding date 17-May 11-May
Seed treatment None Insure Cereal Fx4
Pre-emergent herbicide Glyphosate1340 1L/ac M y2yS
Postemergent herbicide Prestige XL7947mL/ac o Buctril M June 8
Fungicide None y2yS

. Decisbec 60mL/ac June | Matador May 30 for
Insecticide for grasshopper grasshopper
Desiccant None None
Plant counts 05-Jun
\Wild oat counts 13-Jun
\Wild oat ratings 02-Aug
Harvest 21-Aug 16-Aug
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Table 3. Soil sample results for the trial area for Demonstrating oat seeding rates as a cultural control
method for controlling wil oats in oats at both locations in 2023.

Depth (tl;g:) (()FIJZ?)P K (ppm) | S (kg/ha) pH Mgtt[g?r(];/z ) Salts (mmho/cm)
NARF
0-15cm 18 9 401 36 6.4 7.6 0.48
15-60cm 27 61 7.3 0.54
ICDC
0-15cm 4 6 317 18 7.7 2.7 0.26
15-60cm 18 18 7.9 0.2

Toassess treatment differences, data measurements consisted of plant density, wild oat density, wild
oat intensity ratings, crop yield, wild oat dockage, and test weight. Plant density was measured by
counting the seedlings along twerdeter sections of cropow per plot. The average between the two
counted rows was then divided by the row spacing at each respective site to determine the pfants/m
(PPMS). Wild oat density was completed by counting the wild oats present i id.5no locations per

plot at the 23 leaf stage of the tame oat cropVild oat intensity ratings were completed after the tame
oat crop had reached heading by rating the intensity of wild oat populations using a scdie whire

1 equated to no wild oats and 5 equated to 100% of pla being infested with wild oats. Grain yield

was determined at each site by weighing each harvested plot sample and converting the grams per plot
to a kg/ha equivalent, while correcting to consistent moisture. Test weights (TW) were determined by
weighing the grams of seed in a @ife to the nearest hundredth of a gram. Wild oat dockage was
completed by obtaining a 56§ram subsample of the harvested grain for every plot and separating out
the wild oats. Wild oats were then weighed and reported & af the total sample weight. For

treatment comparisons, both sites were analyzed separately using a split plot design in Statistix 10 with
wild oat control as the main plot and seeding rate as the-slab.

Results

Environmental Conditions:

The environmental conditions at both sites were warmer than average temperatures{:69£Q) with
lower-than-average precipitation (489%) as compared to the lostigrm (Table 4). At Melfort and
Outlook, all growing season months had greater average teatpees except for July, where
temperatures were 0.6°C and 0.4°C lower than the {tmrgn average, respectively. At both locations,
cumulative precipitation was significantly reduced from May to July, but precipitation in August was
within a few mm of thdong-term average. Additionally, the site at Outlook was irrigated, which
provided an additional 1216mm in June, 86mm in July and 43mm in August for a total of 245mm as
irrigation. Despite the dry conditions at both locations, the demonstration was egtablisuccessfully,
and all data was collected.

Table 4. Environmental conditions of the 2023 growing season as compared totiemmg conditions at
Outlook and Melfort, SK
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May June | July | August Total/Average
--Temperature (°G)
[Melfort 2023 14.1 19.2 16.9 17.3 16.9 (+1.7)
Longtermx 10.7 15.9 175 16.8 15.2
Outlook 2023 15.2 19.5 18.5 18.7 18.0 (+1.9)
Longtermx 115 16.1 18.9 18.0 16.1
--Precipitation (mmy}-
[Melfort 2023 17.9 26.4 16.4 50.0 111 (49%)
Longtermx 42.9 54.3 76.7 52.4 226
Outlook 2023 17.2 15.3 155 46.6 95 (46%)
Longtermx 42.6 63.9 56.1 42.8 205

“Longterm average is anywhere frothe years 1982021, but exact range of years varies by site
vOutlookalso received a total of 116mm in June, 86mm in July and 43mm in August of cumulative precipit:
irrigation

The results for the analysis of variance (ANOVA) and treatment means for plant density, wild oat
density, wild oat intensity ratings, crop yield, wild oat dockage, and test weight are provided in Table 5
and Table 6 of the appendices.

Plant Density:

Plant density was significantly different for oat seeding rate at both NARF (p<0.0001) and ICDC
(p=0.0019). At NARF, plant density was increased linearly from 150 seeds/m2 up to 450 seeds/m2. Each
increase in seeding rate resulted in a significant incréagdant density, with densities ranging from
138-392 plants/m2. At ICDC plant density also increased linearly as seeding rate increased; however,
plant densities were not significantly increased beyond the seeding rate of 350 seeds/m2. At ICDC plant
densities ranged from 17833 plants/m2. Amongst sites, both ICDC and NARF had similar average plant
stands with NARF at an average of 256 plants/m? and ICDC at and average of 260 plants/m?2. Lastly,
there was no significant effect of wild oat control or ateiraction with oat seeding rate and wild oat

control on tame oat plant density.

Wild oat density:

Wild oat density was not significantly affected by oat seeding rate or wild oat control at either location.
Although both sites have known populations of wild oat, populations were low in 2023 due to dry
conditions. Amongst the two sites, NARF had an ayedensity of 0.3 wild oats/m2 and ICDC had an
average of 1.9 wild oats/m?2.

Wild oat intensity ratings:

Wild oat intensity ratings were significantly different for wild oat control at NARF (p=0.0154), but not at
ICDC. At NARF, wild oat free treatments had significantly reduced wild oat intensity as compared to
treatments with no wild oat control. Treatmentgith no wild oat control had an average intensity rating

of 1.6 and treatments kept wild oat free had an average rating of 1.0. As for oat seeding rate, there was
no significant effect on wild oat intensity ratings at either site. Across sites, NARIR bhadrage wild

oat intensity rating of 1.3 and ICDC had an average of 1.0. Similar to wild oat density, ratings for wild oat
intensity were low at both sites due to low wild oat populations.
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Crop vield:

Crop Yield was significantly affected by wild oat control at NARF (p=0.0191) and oat seeding rate at ICDC
(p=0.0377). At NARF, wild oat control significantly improved oat yield as compared to no wild control by
283kg/ha or 6%. At ICDC, crop yield was mpiiicantly affected by wild oat control; however, crop

yield did significantly increase as seeding rate increased. At ICDC crop yield was significantly greater for
450 seeds/m? as compared to 250 seeds/m2. Average crop Yield was greater at 350 sesxis/m?2

compared to 250 seeds/m?, but the difference was not significant. At NARF, crop yield was not
significantly increased with increasing seeding rate; however, crop yield did numerically increase with
each increase in seeding rate from 150 seeds/m? to 5lis/m2. There were no significant interactions

of wild oat control and seeding rate on crop yield at either site. Lastly, average crop yield was greatest at
ICDC with an average of 6645 kg/ha and lowest at NARF with an average of 5310 kg/ha.

Wild oat dockage:

Wild oat dockage was significant for wild oat control at NARF (p=0.0094) and ICDC (p=0.0001). At NARF,
wild oat dockage was 0.0% for wild oat free treatments and 2.4% when wild oats were not controlled. At
ICDC, wild oat dockage was 0.0% for wild oat tire@tments and 1.2% when wild oats were not

controlled. At ICDC, oat seeding rate also significantly affected wild oat dockage (p=0.0184). Wild oat
dockage was significantly reduced at seeding rates of 350 and 450 seeds/m2 as compared to 150
seeds/m2. Thaverage reduction in dockage was 0.3%. Furthermore, there was a significant interaction
of wild oat control and seeding rate for dockage at ICDC (p=0.0184). In wild oat free treatments there
was no difference in dockage between seeding rates. When thasene wild oat control where there

was significantly reduced dockage as 350 and 450 seeds/m? as compared to 150 seeds/m?. Average
dockage was reduced by 6056%. Across sites, wild oat dockage was low averaging at 0.6% at ICDC and
1.2% at NARF.

Test weight:

Test weightwas significant for seeding rate at NARF (p=0.0084). At NARF, test weight was significantly
increased at 350 and 450 seeds/m2 as compared to 150 seeds/m2. The increase in average test weight
was 3.44.1g/0.5L. There were no significant effects of wild cattrol on test weight at either site, or of
seeding rate at ICDC. There were also no significant interactions of wild oat control and seeding rate at
either site. Across sites, test weight was greatest at ICDC with an average test weight of 265.4g/0.5L a
lowest at NARF with an average test weight of 243.3 g/0.5L.

ExtensionThe results of this project will be posted on each site website, and will be shared at winter
meetings and on social media whenever possible. The project was not presented on, but was passed by
with funder and treatment signage at the NARF & AAFC Jomiahfrield Day on July 26, 2023 with 70
people in attendance.

Conclusion

Despite the dry and hot conditions of 2023 at both locations the demonstration was successfully
established and all data was collected. Wild oat control decreased wild oat intensity and increased crop
yield at Melfort, while also decreasing dockage at bsiths. Oat seeding rate increased plant density at

both sites, while yield was increased, and dockage decreased as seeding rate increased at ICDC only. At
Melfort, increasing seeding rate also increased test weight up to 350 seédEfrare were never any
significant interactions of wild oat control and oat seeding rate, suggesting the oat seeding rate had no
effect on wild oat control in this ongear demonstration. Lastly, as 2023 was a dry year and wild oat
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populations were low at sites that typically have high populations, it would be beneficial to repeat this
demonstration in a year with greater moisture where wild oat populations are more plentiful. The low
densities of wild oat in this demonstration arkdly to have diminished the likelihood of significant
interactions of wild oat control and seeding rate.
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Demonstrating the Efficacy of Foliar -
Applied Nitrogen Fixing Bacteria for
Wheat

Funding:

Funding for this project provided by thggriculture Demonstration of Practices and Technologies
(ADOPT) programnd Saskatchewan Wheat Development Commis$®K Wheat)

Organizations

9 Indian Head Agricultural Research FoundafittARF)
Northeast Agriculture Research Foundat{dRF)
Irrigation Crop Diversification CorporatighCDC)
Conservation Learning Cenf{@€LC)
Southeast Research Fa{®ERF)
Western Applied Research Corporati®ARC)
Wheatland Conservation Area In&VCA)
East Central Research Foundat{BCRF)

=A =4 =4 =4 4 4 -

Principle Investigators

Chris HolzapfelHARF
BrianneMclnnes, NARF
Gursahib Singh, ICDC
Robin LokkenCLC
Lana Shaw, SERF
Jessica Enns, WARC
Amber Wall, WCA

1 Mike Hall, ECRF

=A =4 =4 4 4 4 -

Objectives

The objective of this project was to demonstrate the effects of commeresaityiable, foliarapplied
nitrogen (N) fixing bacteria products on the yield and seed quality of CWRS wheat grown under a range
of N fertility levels and contrasting environmentainditions.
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Research Plan

In 2023, field trials were conducted at eight Saskatchewan locations to evaluate and demonstrate the
potential ability of commercialkavailable, foliatapplied biological products to aid in nitrogen (N)
nutrition and improve yield and quality in wheat. & tocations were Indian Head, Melfort, Outlook
(irrigated), Prince Albert, Redvers, Scott, Swift Current, and Yorkton. The treatments were a factorial
combination of three N fertility levels (50, 100, or 150 kg N/ha) and three foliar treatments (untreated
control, Envita®, or UtrisW&N). The N levels included residual soil nitrate and the foliar treatments
were applied at the 4 leaf stage and label recommended rates. Except for one location, we observed
consistent yield and grain protein concentration responses to increasing Nzgartiates.

Field trials with CWRS wheat were initiated at eight Saskatchewan locations in the spring of 2023. The
locations were representative of a broad range of Saskatchewan growing regions and, in alphabet order,
included Indian Head (thiBlack soil zone), Melfo(Black soil zone), Outlook (Brown soil zone,

irrigated), Prince Albert (Black soil zone), Redvers (Black soil zone), Scott (Dark Brown soil zone), Swift
Current (Brown soil zone), and Yorkton (Black soil zone). The treatments were a factorial comlwhatio
three N fertilizer levels and three foli@pplied, N fixing biological products, arranged in a Randomized
Complete Block Design (RCBD) and replicated four times at each location. The target N levels, adjusted
for residual soil N&N (060 cm), were 50 (low), 100 (medium), and 150 kg N/ha (high). It was our
expectation for N to be limiting at both the low and medium levels while, at the high level, the N rates
would be more typical for CWRS wheat but still not excessive for mastniedrhe foliaappied

biological treatments were either an untreated control (none applied), Envita® (95 ml/ac plus 0.1% Agrol
90), and Utrishe-N (135 g/ac). These treatments were applied at th@ léaf stage, in a minimum

water volume of 93 I/ha (10 US gal/ac), ame used distilled water to minimize any potential negative
impacts of chlorine or other additives on the biological products being demonstrated. We also did our
best to apply the treatments either early in the morning or on relatively cool days. Whilenged

humid conditions may have also been ideal, this was not necessarily possible as we had to hit the target
crop stages and have limited windows that were suitable for the treatment applications. Furthermore,
farmers do not generally have the luxurywediting for ideal conditions to apply crop protection

products or biologicals such as those evaluated in the current project.

Selected agronomic information and dates of operations are provided in Table 5 of the Appendices. Plot
size varied across locations to accommodate the specific seeding and spraying equipment. Weeds were
controlled using registered premergent and ircrop herbicides and preventative fungicide applications
were recommended to ensure that disease would not be a yield limiting factor. Although not all sites
applied a fungicide, the risk of disease was generally low and it is highly unlikely that this hagbacty

on yields or the observed responses. evest herbicides or desiccants were used at the discretion of
individual site managers and, wherever possible, only the centre rows of each plot were harvested to
avoid potentially confounding edge effects.

Various data were collected to evaluate the treatments and help explain the results. Composite soll
samples were collected for the specific study areas and analyzed by Agvise Laboratories for residual
nutrients and other basic properties. To provide infation on the overall establishment at each site

and test for potential N fertilizer rate effects, plant counts were completed after emergence was
complete and the average number of plants/far each plot was calculated. Yields were determined by
weighingthe grain harvested from a known plot area, adjusting the weights for dockage and to a

uniform moisture content of 14.5%, and converting the values to kg/ha. Grain protein concentrations
were determined using NIR grain analyzers. Weather data for eactvsie recorded using either
Environment Canada or privately owned weather stations and are summarized for th&hdanst,

inclusive, period.
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All response data was analyzed using the generalized linear mixed model (GLIMMIX) of SAS. For grain
yield and protein concentrations, the effects of site (S), N fertilizer level (N), foliar treatment (F), and all
possible interactions were considered fixetlile replicate effects (nested within site) were considered
random. For plant density, foliar treatment was excluded from the model since these treatments had
not yet been applied when the measurements were completed. We permitted and tested for
heterogeneity in variance estimates across locations for all response variables; however, the more
complex model was only used when doing so significantly improved convergence. Treatment means
GSNBE ASLI NI GSR dzaAy3d ¢dzl SeQa io&stwhetheftRe ogelaliK 2 32 y I €
rate responses were linear, quadratic, or not significant. All treatment effects and differences between
means were considered significantR¥, n ®np T -KaRies 6f0.68NIEmay diso be acknowledged.
Data from three sis, Prince Albert, Swift Current, and Yorkton were excluded from the combined
analyses due to either there being no response to N whatsoever (Prince Albert), severe hail damage
(Swift Current), or unusually high variability that may have reduced ounatuililetect treatment

effects at other individual sites or when averaged across sites (Yorkton); however, data from these sites
were still analyzed individually using simplified models and are reported on and discussed as
appropriate.

Results

Soil Test Results and Growing Season Weather Conditions

Soil test results for all eight sites are provided in Table 1 below. While our intention was to have initially
low residual N at all sites, this was not always possible with the aatnalints ranging from 82 kg
NQO-N/ha (060 cm). Nitrogen fertilizer rates were adjusted for residual-NQOwith the lowest N level
targeting 50 kg N/ha (soil plus fertilizer); however, this could not be achieved at Melfort, Prince Albert,
Swift Current and Yorkton where the low N level ended up with 59, 76, 56, and 62 kg N/ha, respectively,
after the N fromany phosphorus and sulfur fertilizer products were accounted for. Soil pH, organic
matter, and C.E.C. values ranged widely but were all considepazhtyor their corresponding

locations. Nutrients other than N were intended to be rlimiting and were not specifically of interest

for this project.

Table 1. Selected soil test analyses results for biological N fixation product demonstrations conducted for CWRS wheat at
Indian Head (IH), Melfort (ME), Outlook (OL), Prince Albert (PA), Redvers (PA), Scott (SC), Swift Current (SW), and Y orkton
(YK) in 2@3. Unless otherwise indicated, all measurements are representative of tH@m soil profile.

Parameter IH-23 ME-23  OL-23 PA23 R\W23 SGC23 SW23 Yk23
pH 7.8 6.2 7.7 5.7 7.9 5.7 6.7 6.8
Organic Matter (%) 5.5 8.7 2.7 3.5 3.4 3.8 2.9 7.8
CEC (meq) 45.6 37.0 15.3 n/a 33 14.7 16.7 27.4
NO-N (kg/hay 16 41 24 72 29 21 19 55
OlsenP (ppm) 7 16 8 21 6 17 8 16
K (ppm) 590 619 345 152 199 394 298 353
kg S/ha (kg/ha) 56 87 54 64 484+ 105 49 77

ZValues for residual N&N and S are for the-60 cm soil profile
Y Corresponding values were reported foB0 cm and estimated for the-60 cm depth by multiplying by 1.5

n/a ¢ data not available
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Mean monthly temperatures for each location are presented along with the-terrg (19812010)
averages in Table 2 while precipitation amounts are in Table 3. All locations were considerably warmer
than average, with May and June being particularly hdy \das slightly cooler than average to
approximately average while August temperatures were approximately average to slightly above
average. Over the foumonth period from May through August, growing season temperatures ranged
from 1.41.9 °C above avege. Turning our attention to precipitation, all locations but one were much
drier than average. Swift Current was the exception, with 95% of average precipitation and, with 179
mm in total, this location was also the wettest in absolute terms, despite&jiyibeing the most arid of
the AgrtARM locations. Unfortunately, the plots at Swift Current were also damaged by a hail storm
that resulted in an estimated 50% yield loss. Outlook was the driest of the sites with only 95 mm of
precipitation (46% of avage); however, this location is irrigated and received an additional 246 mm of
irrigation water in June through August. The remaining locations receiv@@®%®of the longerm

average precipitation amounts, or 11179 mm. Excluding Outlook, which wasgatied, Indian Head,
Melfort, and Yorkton were the driest in both absolute terms and as a percentage of thédong

average.

Table 2. Mean monthly temperatures along with lortgrm (LT; 19842010) averages for the 2023 growing season at Indian
Head (IH), Melfort (ME), Outlook (OL), Prince Albert (PA), Redvers (RV), Scott (SC), Swift Current (SW), and Yorkton (YK),
Saskatchewan.

Year May June July August May-Aug
Mean Temperature (°G)

IH23 14.0 19.4 16.7 17.7 17.0 (+1.4)
|IH-LT 10.8 15.8 18.2 17.4 15.6
|ME—23 141 19.2 16.9 17.3 16.9 (+1.7)
MELT 10.7 15.9 17.5 16.8 15.2
OL-23 15.2 19.5 18.5 18.7 18.0 (+1.9)
OLLT 11.5 16.1 18.9 18.0 16.1
PA23 14.4 18.8 16.6 171 16.7 (+1.6)
PALT 104 15.3 18.0 16.7 15.1
RW23 14.5 19.7 17.6 17.9 17.4 (+1.4)
RVALT 111 16.2 18.7 18.0 16.0
SG23 14.9 17.2 17.1 17.4 16.7 (+1.9)
SCLT 10.8 14.8 17.3 16.3 14.8
SW23 14.8 17.7 18.4 18.8 17.4 (1.6)
SWALT 11.0 15.7 18.4 17.9 15.8
YK23 13.8 19.7 16.7 17.8 17.0 (+1.8)
YKLT 10.4 15.5 17.9 17.1 15.2

Table 3. Mean monthly precipitation amounts along with lostgrm (LT; 19842010) averages for the 2023 growing season at
Indian Head (IH), Melfort (ME), Outlook (OL), Prince Albert (PA), Redvers (RV), Scott (SC), Swift Current (SW), and Yorkton
(YK), Saskahewan

Year May June July August May-Aug

Fotal Precipitation (mmy)
[IH-23 12.9 49.6 15.9 40.8 119 (49%)
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LT 51.8 77.4 63.8 51.2 244
|ME-23 17.9 26.4 16.4 50.0 111 (49%)
MELT 42.9 54.3 76.7 52.4 226
OL-23 17.2 15.3 (117) 15.5 (86) 46.6 (43) 95 (46%)
OL-LT 42.6 63.9 56.1 42.8 205
PA23 22.8 52.8 40.8 51.2 168(67%)
PALT 44.7 68.6 76.6 61.6 252
R\23 84.1 33.0 10.8 37.6 166 (62%)
RVLT 60.0 95.2 65.5 46.6 267
SG23 16.6 81.1 29.7 31.7 159 (70%)
SGLT 38.9 69.7 69.4 48.7 227
SW23 41.0 32.9 63.3* 42.1 179 (95%)
SWLT 42.1 66.1 44.0 35.4 188
YK23 16.8 67.9 18.0 33.3 136 (50%)
YKLT 51.3 80.1 78.2 62.2 272

ZValues in parentheses Outlook are irrigation water

Y Hailstorm at Swift Current on July 22/2023 resulted in an estimated 50% seed yield loss

Wheat Establishment, Yield, and Grain Quality

To give a sense of the overall environmem@hditions and productivity at each site, location means for
each response variable are presented in Table 4 below. Again, Prince Albert, Swift Current, and Yorkton

were excluded from the combined analyses so neither letter groupings nor standard eues \zk

provided for these locations. Not unexpectedly given the wide range of environmental conditions, the
site effects were highly significar®® € 0.001) for all response variables (Table 6). Overall differences
between sites will be referred ba¢& where appropriate while discussing treatment effects and

individual response variables.

Table 4. Main effect means for location, or site effects on spring wheat plant density, grain yield, and grain protein
concentration. Values within a column followed by the same letter do not significantly differ (TukeMJ Y S NE t

X nonpo®

Location Plant Density Grain Yield Grain Protein
---------- plants/me kg/ha Y%
Indian Head 326.9 A (8.73) 4494 B (60.2) 9.6 D (0.18)
Melfort 2 243.0 C (8.73) 3418 C (76.2) 9.9 CD (0.18)
Outlook? 224.7 C (8.73 5243 A (66.4) 10.7 BC (0.18)
Prince Albert 189.6 3746 14.7
Redvers 286.3 B (8.73) 4369 B (221.1) 10.8 B (0.19)
Scottz 308.5 AB (8.73) 4480 AB (286) 12.6 A (0.18)
Swift Current 182.1 1333 17.7
Y orktony 275.9 4314 12.4
p-value
Pr>F <0.001 <0.001 <0.001

ZData combined for analyses across sites with SITE (S), Nitrogen (N), and tivee®actibn as fixed effects

YData excluded from the combined analyses and, therefore, cannot be compared to other sites
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Plant densities were primarily measured to provide insights into the overall establishment at each
location in addition to any potential impacts of the N fertility treatments. According to the overall tests
of fixed effects in the combined analysis (Tabjeemergence was affected by sie<0.001) and N rate
(P=0.006) but no S x N interaction was detectiee 0.556). The highest plant populations were
achieved at Indian Head and Scott (®7 plants/n?), followed by Redvers (286 plants)mthen

Melfort and Outlook (22843 plants/n?). Plant populations at Prince Albert and Swift Current were
relatively low (182189 plants/n¥) while those at Yorkton were intermediate (276 plantSjnDetailed
results for N effects on emergence are deferred to the Appendices (Table 8); however, the response may
have been due more to sampling error than actual differences in plant populations. The N effect on
plant density showed populations increagifrom 269 plants/mito 281-284 plants/n? at the higher N

rates. We speculate that the wheat may have been tillering earlier and to a greater extent when N was
less limiting. While we aime distinguish between tillers and plants, doing so can be difficult,
particularly if emergence counts are delayed or with less experienced staff. In any case, plant
populations at all locations, including Prince Albert and Swift Current, were suffidnggiiyhat we did

not expect them to limit yields or impede our ability to detect treatment effects on grain yield or protein
concentrations.

Detailed results for spring wheat grain yields are provided in Taklés® the Appendices and

summarized graphically in Figs3below. Yield was affected by siféeg 0.001) and N levelP& 0.001)

with an S x N interactiorP 0.001) indicating that the yield response to N varied across sites. There was
no effect of foliar treatment on yieldP= 0.793) and the S x F£ 0.995) and S x R£ 0.637)

interactions indicated that this lack of response was consistent, regardless of environment tti2é&fer

rate. Despite the lack of responses to the foliar treatments, all treatment means are presented in the
interest of full transparency and because this was a key objective of the project.

Averaged across treatments, yields ranged from 1333 kg/ha at Swift Current to 5243 kg/ha at Outlook
(Table 4). Again, yields of all eight locations cannot be directly compared since not all were included in
the combined analyses. Of those that were, andraged across them, yields increased with each
incremental addition of N fertilizer, from 3529 kg/ha at 50 kg N/ha to 5189 kg/ha at 150 kg N/ha (Fig. 1;
Table 9). The S x N interaction was due to subtle variation in the response at individual sites. For
example, yields at Melfort were statistically similar at the low and medium N levels but substantially
higher at 150 kg N/ha. At Scott, there was a more typical quadratic response with yields increasing from
the low to medium N rates but no further gainsigg from 100 kg N/ha to 150 kg N/ha. For the other
three sites included in the combined analyses (Indian Head, Outlook, and Redvers), grain yields
increased with each incremental addition of N fertilizer, similar to the averaged results. Of the sites that
were not included in the combined analyses, there was no response to N whatsoever at Prince Albert
and the responses were relatively weak at Swift Current and Yorkton, but still significant and generally
peaking at the medium (100 kg total N/ha) rate.

Averaged across the five sites included in the combined analyses, foliar treatment had no impact on
wheat yields with the overall average yields for the control, Envita®, and Utfisheanging from 4375

4415 kg/ha (Fig. 2). Consistent with the lack of an S x F interaction, there were no trends to suggest that
the yield response to foliar treatment differed at individual sites when averaged across N levels.
Individual treatment meansra presented for individual sites (Table 10) and averaged acrosgfiges

3, Table 10). While some sites had considerable yield variation between foliar treatments at any given N
level, the trends were inconsistent within and across sites and were not indicative of any meaningful
responses to any of the foliar treatmentcross the five sites included in the combined analyses, we

see that the yields for the different foliar treatments were quite similar for any given N rate (Fig. 3, Table
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10) and, again, none of the overaltdsts associated with the foliar treatments were significant (Tables
6-7).
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Figure 1. Nitrogen (N) fertility level effects omheat grain yields for individual sites and averaged across sites. The N fertility

levels were Low (50 kg N/ha), medium (100 kg N/ha), and high (150 kg N/ha), including residual soil N. The locations were

Indian Head (IF23), Melfort (ME23), Outlook (O#23), Redvers (R23), and Scott (SC), while AVG denotes the overatiité
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Figure 2. Foliaapplied nitrogen (N) fixing bacteria treatment effects on wheat grain yields for individual sites and averaged
across sites. The foliar treatments were UTC (untreated check), Prod A (95 ml/ac Envita + 0.1% Agrol 90), and Prod B (135
g/ac Urisha-N), applied at the 46 leaf stage. The locations were Indian Head-@8), Melfort (ME23), Outlook (O23),

Redvers (R\23), and Scott (SC), while AVG denotes the overadiité average. Error bars are S.E.M. and values within a site
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Figure 3. Nitrogen (N) fertility level by foliaapplied N fixing bacteria treatment effects on wheat grain yields, averaged

across 5 sites. The N fertility levels were Low (50 kg N/ha), medium (100 kg N/ha), and high (150 kg N/ha), includinglresidua
soil N. The foliar treatments were UTC (untreated check), Prod A (95 ml/ac Envita + 0.1% Agrol 90), and Prod B (135 g/ac
Utrisha-N), applied at the 46 leaf stage. Error bars are S.E.M. and values within a site denoted by the same letter do not
significantly &k ¥ F S NJ B drif B QEE

Moving on to protein, results from the overall tests of fixed effects in the combined analysis were similar
to those reported for yield with significant site € 0.001), N leveP< 0.001), and S x R€ 0.001)

effects, but no effect of foliar treatmenP(= 0.256), or S x F, S x N, or S X F x N interactions detected
(Table 6P = 0.4560.901). For the sites excluded from the combined analyses, the N effect for protein
was significant at Swift Current and Yorkt®x(0.001) but not Prince Albef® & 0.264) while neither

the F nor N x F interactions were significant at any locatiBrs(.0880.941).

Treatment means for the overall N fertilizer level effects on wheat protein are presented for individual

sites and averaged across sites in Fig. 4 below and Table 11 of the Appendices. Across sites, grain protein
increased significantly with each incremahaddition of N fertilizer; however, the response was

quadratic P< 0.001) with a much larger increase going from 100 kg N/ha to 150 kg N/ha versus from 50

kg N/ha to 100 kg N/ha. This response was as expected since grain protein often begins te immeas

rapidly at the point where yield increases with additional N inputs begin to diminish. The individual site
responses were consistent with this pattern and the significant S x N interaction was due to subtle
variation in whether there was a signifittgprotein increase going from 50 kg N/ha to 100 kg N/ha.

Again, grain protein also increased with N rate at Swift Current and Scott, but not at Prince Albert (Table
11).

Consistent with the lack of significant overall tests of fixed effects, protein concentrations were always
quite similar for the different foliar treatments, regardless of whether we looked at sites individually or
averaged across them (Fig. 5, Table Wii)h respect to individual treatments, the values were quite
similar for different foliar treatments at any given N rate when averaged across sites (Fig. 6; Table 13).
While variability was quite high for some of the sites individually, there were newetrands that were
sufficiently consistent to suggest that the foliar treatments were improving grain protein with any
confidence Table 13).
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Figure 4. Nitrogen (N) fertility level effects on wheat grain protein concentrations for individual sites and averaged across
sites. The N fertility levels were Low (50 kg N/ha), medium (100 kg N/ha), and high (150 kg N/ha), including residual soil N.
Thelocations were Indian Head (Ha3), Melfort (ME23), Outlook (O23), Redvers (R¥Z3), and Yorkton (YK), while AVG

denotes the overall, Ssite average. Error bars are S.E.M. and values within a site denoted by the same letter do not
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Figure 5. Foliaapplied nitrogen (N) fixing bacteria treatment effects on wheat grain protein concentrations for individual

sites and averaged across sites. The foliar treatments were UTC (untreated check), Prod A (95 ml/ac Envita + 0.1% Agrol 90),
and Pod B (135 g/ac UtrishdN), applied at the 46 leaf stage. The locations were Indian Head-@8), Melfort (ME23),

Outlook (OL23), Redvers (R¥3), and Scott (SC), while AVG denotes the overaflité average. Error bars are S.E.M. and
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Figure 6. Nitrogen (N) fertility level by foliaapplied N fixing bacteria treatment effects on spring wheat grain protein
concentrations, averaged across 5 sites. The N fertility levels were Low (50 kg N/ha), medium (100 kg N/ha), and high (150 kg
N/ha), including residual soil N. The foliar treatments were UTC (untreated check), Prod A (95 ml/ac Envita + 0.1% Agrol 90),
and Prod B (135 g/ac Utrishid), applied at the 46 leaf stage. Error bars are S.E.M. and values within a site denoted by the
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Extension Activities

At Indian Head, this project was highlighted by Chris Holzapfel during the 2023 Indian Head Crop
Management Field Day, held on July 18 (160 participants). Kayla Slind showed the trials during the Scott
Field Day on July 12 (120 participants) and Lana &haed the Redvers trial during the SERF Field Day

on July 27 (50 participants). Mike Hall acknowledged the trial during then ECRF farm tour on July 20 (80
participants) and the trial was signed and acknowledged during the during the NARF/AAFC Joiht Annua
Field Day on July 26, 2023 (70 participants) where Dale Leftwich (SCDC) discussed the project in detail at
a complementary canola trial. Carmen Prang (SWDC) discussed the project during the ICDC field day
held on July 13, 2023 and attended by more th@0 participants. Gursahib Singh presented results

from Outlook during the 2023 Irrigation Saskatchewan Conference, held Beo. Saskatoon with
approximately 300 participants. Chris Holzapfel presented results from the project at the IHARF Winter
Meeting and AGM at Balgonie on February 7 (150 participants) and during the 2024 ICAN Conference on
February 8 at Moose Jaw (40 participants). Jessica Enns will be presenting results at both the Crop
Opportunities Meeting in North Battleford on March 7 and thgrisARM Research update on March 19.

This final project report will also be available online at the IHARF website.(harf.cg and the

websites of several other AgARM collaborators.

Conclusion

With the exception of 1/8 sites which wasgcluded from the combined statistical analyses, we observed
the expected increases in both seed yield and protein concentrations with the addition of N fertilizer in
the form of the sidebanded urea. We did not, however, observe any effects on thesahlas that

could indicate improved N status or biologicalfidation associated with the foliar applications of the
biological products demonstrated in this project. This was the case, regardless of the environmental
conditions encountered (i.e., site) owverall N fertility level (i.e., N fertilizer rate). For some sites,
individual treatment means were somewhat variable; however, there were no trends that were
consistent enough to suggest positive responses to the biological treatments with any coefitiéhite

we cannot rule out that positive responses might occur with either different crop types or under
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environmental conditions that were not met in the current project, we did our best to allow the foliar
products to succeed. This included careful storage of the products, using distilled water as a carrier,
ensuring adequate water volumes, attempting toppthe biological products during cooler conditions,
and testing the them under N limiting conditions. These results are generally consistent with a similar
project conducted with canola, fielscale trials funded by SaskWheat and SaskCanola, and
complimentary, ongoing research at the University of Saskatchewan. With all this in mind, we
recommend that farmers avoid reducing their N fertilizer rates when using biological products intended
to improve N nutrition in crop production and utilize untreated ckeatrips (preferably replicated) to
confirm whether or not they are realizing any benefits on their own farms.
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Grasshopper control with cultural
methods

Funding
This project was funded through the Strategic Field Program).(SFP
Organizations
1 Southeast Research Far(BERF)
9 Irrigation Crop Diversification Corporation, (ICDC)
1 Wheatland Conservation Area, (WCA)
1 Saskatchewan Ministry of Agricultyur@vioA)
Principle Investigators
1 James Tansey
1 Lana ShawSERF

Objectives
1 Demonstrate the efficacies of cultural control methods to reduce grasshopper feeding damage

1 Demonstrate differences among specific crop plants. Prior workritisated that there are
substantial differences among the feeding preferences of the four major pest species of
grasshopper in Saskatchewan. Demonstration will include multiple varieties of wheat, and
barley, oats, lentil, and peas.

1 Demonstrate the effectiveness of barrier and trap strips to limit grasshopper feeding. Peas and
oats will be used as barrier strips. Trap strips of susceptible wheat with and without insecticide
application will also be incorporated.

1 Make robust recommendation to the agriculture industry regarding-nbamical or
augmented chemical grasshopper control

Research Plan

The effect of wheat varieties along with other crops (Peas, Barley and Lentil) as a cultural control
method were tested to see the effect of grasshopper damage in Saskatchewan during 2023 season. The
experiment was set up as a sphiot design at three AtARM sites (Outlook, Swift Current and

Redvers) in Saskatchewan. Four wheat varieties, including HY320 or a progeny line with and three
prevalent commercial varieties were seeded, as well as peas and barley in randomized subplots at
Outlook while a susceptible pulse crop (lentil) was also planted at Redvers and Swift Current. Trap strips
of either peas, oats, or wheat (with and without insecticide) were seeded around subpliast the

effect on grasshopper feeding.
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The trial was set up as a sghiiot design with eight subplots at Redvers and Swift Current and seven
subplots at Outlook. These subplots consisted of four wheat varieties, including HY320 or a progeny line
and three prevalent commercial varieties, peasidarley. The wheat varieties were Brandon,

Viewfield, Taber, Penhold. Lentil was included at Redvers and Swift Current. Subplots were randomized
between blocks. Main plots, consisting of different seeded borders around the subplots, were planted
with wheat (with and without coragen), oats and peas.

The plot maps for three sites are attached for reference.
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7 0 1 0 A t3T
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Fig2. Plot Map at ICDC (Outlook, SK)
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2023 SFP Grasshopper control
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Fig3. Plot Map at WCA (Swift Current, SK)

Yield and Foliar damage were assessed at Outlook and Swift Current as percent defoliation of 25
randomly selected plants per plot. At Redvers, the damage rating was not recorded due to lack of

IANF AaaK2LIISNRa ydzYo SNAE Y | Saantl gubeicrop foksyOn thg othBrl Y 3 S
hand, plant count was recorded at Redvers. Insecticide was not applied to either the subplots or border
area at Redvers due to not meeting the threshold for application. WCA (Swift Current) experienced a
hailstorm that ngatively affected yield, for which the percentage (%) damage was attached for the
reference in Table 5.

Results

Yield and foliar damage were assessed at Outlook and Swift Current as percent defoliation of 25
randomly selected plants per plot while damage assessment was not done at Redvers due to less than 1
% damage being observed on any cereals and pulse crop.

Table 1. Data for Yield (kg/ha) at ICDC (Outlook)

Site Treatment no ([Treatment name Yield (kg/ha)
Trap CovdTrap CovdTrap Cro[Trap Cro
(Wheat (Wheat Oats Peas
Brandon) Brandon+
Coragen)
1 \Wheat 1-Brandon 787 1247 419 1650
2 \Wheat 2-Viewfield 2929 3845 3299 4273
3 \Wheat 3-Taber 3361 4150 2407 5613
Outlook |4 \Wheat 4-Penhold 3034 1897 2938 3653
\Wheat 1-
Brandon+Coragen 1711 2019 1755 2495
6 PeaAC Profit 808 921 1046 1589
7 barley 2085 6291 4572 1203
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Table 2. Data for damage rating at |Q@@tlook) (0= no damage, 10 = no leaves left)

Site Treatment no ([Treatment name Average damage Rating (1 to 10)
Trap Cro|Trap Cro|Trap Cro[Trap Cro
(Wheat (Wheat Oats Peas
Brandon) Brandon+
Coragen)
1 \Wheat 1-Brandon 9.280 2.240 0.560 1.240
2 \Wheat 2-Viewfield 5.720 0.320 1.920 0.960
3 \Wheat 3-Taber 2.720 0.760 1.480 1.960
Outlook |4 \Wheat 4-Penhold 3.880 3.560 0.720 3.640
'Wheat 1-
Brandon+Coragen 3.960 6.760 0.600 0.800
6 PeaAC Profit 0.625 1.920 0.960 2.480
barley 1.000 0.880 3.360 0.760

Table 3. Data for damage rating at WCA (Swift Current)

Site [Treatment [Treatment Damaged heads (out of 25)
no name Trap Cover (WheiTrap Cover (Whe{Trap Crop Oats Trap Crop Peas
Brandon) Brandon+ Coragen)
At At At At At At At At
flowering |Dough [flowering [Dough [flowering [Dough [flowering |Dough
Brandon
1 Wheat 4 3 10 10
2 Taber Wheat4d 10 10 7
Viewfield
3 Wheat 16 14 16 10 19 20 17 17
Penhold
4 Wheat 4 4 4 4 9 9 12 12
WCA Brandon
\Wheat .
5 coragen 10 10 10 10 18 18 22 25
Lewchenko
6 peas 2 5 0 0
barley 8 12 10
8 lentils 4 4 A 4 12 12

Table 4. Data fopercentage (%) defoliation at WCA (Swift Current)

Site [Treatment [Treatment % defoliation out of 25
no name Trap Cover (Whe{Trap Cover (Whe{Trap Crop Oats Trap Crop Peas
Brandon) Brandon+ Coragen)
At At At At At At AL At
flowering |Dough [flowering [Dough [flowering [Dough [flowering |Dough
Brandon
WCA|[L \Wheat 10 15 10 15 10 15 10 10
Taber Wheat|10 15 5 5 5 5 10 10
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Viewfield
3 Wheat 10 10 5 5 10 10 10 10
Penhold
A Wheat 5 10 5 10 5 10 10 10
Brandon
\Wheat .
5 coragen 15 15 5 10 10 10 15 15
Lewchenko
6 peas 5 10 10 0 10 10
barley 10 10 10
8 lentils 0 0 0 10
Table 5. Data for yielgkgha) at WCA (Swift Current)
Site Treatment no [Treatment name Yield (kg/ha}
Trap CovdqTrap CovdTrap Cro[Trap Croy
(Wheat Brandon|(Wheat Oats Peas
Brandon+
Coragen)
1 Brandon Wheat 1222 1205 1193 1118
2 Taber Wheat 1699 1356 1541 1409
3 \Viewfield Wheat 1455 1272 884 982
WCA 4 Penhold Wheat 1451 1566 1387 1562
5 Brandon Wheat + coragq1409 1261 1553 1031
6 Lewchenko peas 867 1028 1212 1047
7 barley 1048 1300 1057 1530
3 Simmielentils 515 431 688 243
Table 6. Data for Yield kg/ha at SERF (Redvers)
Site Treatment no ([Treatment name Plant count (plants/m)
Trap CovdTrap CovdTrap Cro[Trap Cro
(Wheat (Wheat Oats Peas
Brandon) Brandon+
Coragen)
1 \Wheat 1 Brandon 80 64 103 97
2 \Wheat 2 Viewfield 56 100 100 121
3 \Wheat 3Taber 111 97 59 100
4 \Wheat 4 Penhold 120 89 146 121
Redvers
5 Lentil Simmie 110 61 103 70
6 Pea Lewochko 107 66 141 93
7 Barley 121 115 82 85
3 Wheat 1 + Coragen 66 146 98 115
Conclusion
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There were negligible numbers of grasshoppers found at Redvers during the 2023 growing season so,
the effect of cultural method to check damage by grasshoppers was not compiled. While the data from
Swift Current and Outlook is recorded for yield and damagieg but that needs more processing to

draw a worthy conclusion.
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Do Barley Varieties Differ in Response N
Fertility, PGR, and Fungicide?

Funding

Funding for this project provided by the Agricultibemonstration of Practices and Technologies
(ADOPT) programnd SaskatchewaBarleyDevelopment CommissiaisK Barley).

Organizations

9 Indian Head Agricultural Research Foundation (IHARF)
Northeast Agriculture Research Foundation (NARF)
Irrigation Crop Diversification CorporatighCDC)
Conservation Learning Cenf{€LC)
Western Applied Research CorporatigdVARC)
Wheatland Conservation Area I&CA)
East Central Resear&loundation(ECRF)

= =4 4 4 4 -

Principle Investigators

Chris Holzapfel, IHARF
BrianneMclnnes, NARF
Gursahib Singh, ICDC
Robin Lokken, CLC
Jessica Enns, WARC
Amber Wall, WCA

1 Mike Hall, ECRF

Objectives

=A =4 =4 4 4 I

The broad objective is to determine if 3 malt and 3 feed barley varieties differ in response to N fertility,
PGR, and fungicideThe malt varieties to be screened include AAC Synergy, AAC Connect, CDC Fraser,
and the feed varieties include CDC Austen&iaymore, and Oreana

Research Plan

This project is a resubmission of the enhanced barley trials which were supported by ADOPT and
SaskBarley last year, with modifications to reduce costs and increase efficiency. This proposal combines
the N fertility, PGR, and Fungicide proposals fromyaat into one study. Efficiencies are gained by not
having to replicate the no fungicide no PGR checks for 3 separate trials. This trial design also allows for a
comparison between the additive effects of PGR and Fungicide that was not possible wifh ladtip &
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study. SaskBarley believes it is important to have more than one year of study on this topic to provide
producers with better information that covers a range of environmental conditions

Table 1lists the treatments established at each location in a gutit design with 4 replications. The

mainlJt 24 FFOG2NI A& a. | NI-ISe2 @l ¥ QbyXiE & yIRNIOKS Hldah
as a check for managements B, C and D which helpeekip the trial size to a manageable level.

Management A has been compared to management B to determine the varietal response to standard vs
enhanced N fertility when all varieties have received fungicide at flag but no PGR. Standard and

Enhanced rates of Maried by location group based on historic yield potential (SCIC data). The groupings

were as follows:

-Group 1 = low yield potential: Swift CurreritO0 vs 125 Ib N/ac of soil + added N

- Group 2 = mid range yield potential: Prince Albert, Indian Head, Scott: 120 vs 150 Ib N/ac of soil +
added N

- Group 3 = high yield potential: Yorkton, Melfort, Outlook: 130 vs 162 Ib N/ac of soil + added N

When soil sampling to 24 inches was not possible, N available in a 12 inch depth was multiplied by 1.5
for an approximation of N present in a 24 inch depth. Phosphorous and potassium were applied evenly
to all treatments in each trial to be ndimiting toyield even at the highest rate of N.

Management A was compared to management C to determine the varietal response to PGR, at a
standard rate of N and with fungicide at flaghe PGR applied was Moddus (trinexapttyl) at GS30
32 (stem elongation). Management A was compared to managemémdBtermine the varietal
response to fungicide applied at flag le&for this comparison, all varieties were compared at the
standard rate of N and with no PGR. The fungicide Trivapro© was applied at flag leaf tinfing. A 4
comparison was also made betee Management C and D to determine the varietal response to a
combination of PGR and fungicide for varieties fertilized at a standard rate of N.

Herbicide and insecticide selection were at the discretion of the site manager to ensure pests were non
fAYAGAYT (2 @AStR® ! ff GNARIFEA 6SNB aqavrff L2035
equipment. Depending on plot width, eitherdhwhole plot or only 4 or 5 centre rows were harvested

using a small plot combine. Seeding rates for each variety were based on TKW and germination tests to

target 300 live seeds/m

Dates of operations and measurement taken at each site are listed in Table 2.
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Table 1. Treatment list for project (Barley Management by Barley Variety)

# Barley Management (AD) Barley Variety

1 A. Standard N Fertility ¢ No PGR; Fungicide AAC Synergy

2 A. Standard N Fertility ¢ No PGR; Fungicide AAC Connect

3 A. Standard N Fertility ¢ No PGR; Fungicide CDC Fraser

4 A. Standard N Fertility ¢ No PGR; Fungicide CDC Austenson
5 A. Standard N Fertility ¢ No PGR; Fungicide Claymore

6 A. Standard N Fertility ¢ No PGR; Fungicide Oreana

7 B. EnhancedN Fertility¢ No PGR; Fungicide AAC Synergy

3 B. EnhancedN Fertility ¢ No PGR; Fungicide AAC Connect

9 B. EnhancedN Fertility ¢ No PGR; Fungicide CDC Fraser

10 B. EnhancedN Fertility¢ No PGR; Fungicide CDC Austenson
11 B. EnhancedN Fertility ¢ No PGR; Fungicide Claymore




12 B. EnhancedN Fertility ¢ No PGR; Fungicide Oreana

13 C. Standard N Fertility ¢ PGR- Fungicide AAC Synergy
14 C. Standard N Fertility ¢ PGR- Fungicide AAC Connect
15 C. Standard N Fertility ¢ PGR- Fungicide CDC Fraser

16 C. Standard N Fertility ¢ PGR- Fungicide CDC Austenson
17 C. Standard N Fertility ¢ PGR- Fungicide Claymore

18 C. Standard N Fertility ¢ PGR- Fungicide Oreana

19 D. Standard N Fertility ¢ No PGR; No Fungicide AAC Synergy
20 D. Standard N Fertility ¢ No PGR; No Fungicide AAC Connect
21 D. Standard N Fertility ¢ No PGR; No Fungicide CDC Fraser

22 D. Standard N Fertility ¢ No PGR; No Fungicide CDC Austenson
23 D. Standard N Fertility ¢ No PGR; No Fungicide Claymore

24 D. Standard N Fertility¢ No PGR; No Fungicide Oreana

1Al sites were fertilized at P and K levels to be not limiting, even for the high N rate based on soil test
recommendations.

’PGR applied will be Moddus (trinexapettiyl) at GS3@2 (stem elongation).
SFungicide applied will either be Trivapro or Nexicor applied at flag leaf.

Dates of operations are listed in Table 2.

Table 2 Dates of operations for locations in 2023
Operation in 2023|Yorkton |Swift CurrentMelfort |Outlook Indian Head [Prince Scott
Albert
Seed May 16 -| May 16 (May 10 May 9 - May 15
Presseed herbicidgNone RT54Q; May |Startup- |None Weathermax;|Prepass, |Glyphosate +
(if needed) 1 May 16 May 11 May 26  |Aimg May
14
Emergence countiMay 30 &May 30 June 1 |May 31 May 29 June 23 [June 14
31
In-crop Herbicide [Prestige |Liquid Prestige |Buctril M Axial + None Axial + Infinit
XL- June |Achieve +  [x|- +Tralkoxydint, |Prestigeg Jung ¢ June 2
5 BuctrilM + 13,06 7 [June 5 7 Buctril M¢
Axial-  [Carmierc Jungyiq). June 13
June 6 |8 June 20
In-crop InsecticidelNone  |None Deciss  [None CoragerMax- [None Decis- July 7
June 23 June 22
Apply Moddus  June 14 |June 16 June 13 [June 7 June 12 June 28  [June 16
(trinexpacethyl) at
GS3032 (stem
elongation)
Trivapro applied ajjune 27 [June 20 June 29 |June 20 June 24 July 7 June 29
flag leaf
Height (cm) July 24 |August 2 July 31 [July 27 July 26 \Was missedAugust 3
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Lodging (69) August |Aygust2  |August  July 27 August 4 September |August 16
15 21 8
Precent leaf Rep 1 to {June 30 July 10 [July 4 July 10 July 18 July 10
disease coverage July 10
penultimate leaf. Rep 4 Jul
Rate 10 leaves pe|; ¢

plot for treatments
1-6 and 1924 at
least 10 days after
fungicide
application.
Seed Yield: August [September [August August 14 August 15 September August 17
corrected to 13.5%15 25 21 12
moisture

Results

Mean monthly temperatures and precipitation for each location are presented along with theidomg
(1981-2010) averages in Tables 3 and 4, respectivgliylocations were considerably warmer than
average, with May and June being particularly hot.gslations but one were much drier than their
historical average. Swift Current was the wettest relative to its average annual

precipitation. Unfortunately, some of its precipitation came in the form of hail resulting in an estimated
yield loss of 50%0utiook was the driest of the sites with only 95 mm of precipitation (46% of average);
however, this location was irrigated. The remaining locations receivetD4® of the longerm average
precipitation amounts with Indian Head, Melfort, and Yorkton beirgdhiest in absolute terms and as

a percentage of their lonterm averages.

Table 3.Mean monthly temperatures amounts along with letegm (198%:2010) normals for the 2023 growing
season at 7 sites in Saskatchewan.

Location Year May June July August Avg. / Total
—————————————————————————— Mean Temperature (°G}----------------
Indian Head 2023 14.0 19.4 16.7 17.7 17.0
Longterm 10.8 15.8 18.2 17.4 15.6
Melfort 2023 14.1 19.2 16.9 17.3 16.9
Longterm 10.7 15.9 17.5 16.8 15.2
Outlook 2023 15.2 19.5 18.5 18.7 18.0
Longterm 11.5 16.1 18.9 18.0 16.1
Prince Albert 2023 14.4 18.8 16.6 171 16.7
Longterm 10.4 15.3 18.0 16.7 15.1
Scott 2023 14.9 17.2 17.1 17.4 16.7
Longterm 10.8 14.8 17.3 16.3 14.8
Swift Current 2023 14.8 17.7 18.4 18.8 17.4
Longterm 11.0 15.7 18.4 17.9 15.8
Yorkton 2023 13.8 19.7 16.7 17.8 17.0
Longterm 10.4 15.5 17.9 171 15.2
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Table 4.Precipitation amounts along with lortgrm (19812010) normaldor the 2023 growing season at 7 sites
Saskatchewan.

Location Year May June July August Avg. / Total
---Rrecipitation (mm}-------------------
Indian Head 2023 12.9 49.6 15.9 40.8 119
Longterm 51.8 77.4 63.8 51.2 244
Melfort 2023 17.9 26.4 16.4 50.0 111
Longterm 42.9 54.3 76.7 52.4 226
Outlook 2023 17.2 15.3 15.5 46.6 95
Longterm 42.6 63.9 56.1 42.8 205
Prince Albert 2023 22.8 52.8 40.8 51.2 168
Longterm 447 68.6 76.6 61.6 252
Scott 2023 16.6 81.8 29.7 317 159
Longterm 38.9 69.7 69.4 48.7 227
Swift Current 2023 41.0 32.9 63.3 42.1 179
Longterm 42.1 66.1 44.0 35.4 188
Yorkton 2023 16.8 67.9 18.0 33.3 136
Longterm 51.3 80.1 78.2 62.2 272

Statistical analysis

Data were analyzed with the R statistical program, version 4.2.2 (R Core Team 2022), usied the
package (Bates et al. 2015) for fitting mixeffects models, thémerTesipackage (Kuznetsova et al.

2017) for assessing model fit and treatment differences, ancetheneangackage (Length 2023) for

means separation. Data from all sigears were combined for a mubite analysis. To assess the overall
response across environments and determine the presence of significant site interactions, mixed effects
models were fitted for each response variable (plant density, disease, height, lodging, yield, and protein)
with fixed effects being Site, Variety and Management, allivay interactions, and the threway

interaction. Random effects were Replicate witBiibe, and Management within Replicate within Site
(Management was blocked in the spghilot design). If a significant thregay interaction was identified,

then sites were analyzed separately, with Variety, Management, and the interaction as fixed, effetts
Replicate and Management within Replicate (spldt design) as random effects. Estimated marginal
means were determined and if significant treatment effects were identified, means were separated
using multiple pairwise comparisons with the Tukeytimoel for Rvalue adjustment and the

Satterthwaite method for determining degrees of freedom. Treatments were considered significantly
different at P<0.05

Study Results

Table 1. Rest results of mixegeffects model analysis of crop response variables assessing the presence
of site interactions with Variety and Management. Effects are considered significant if P<0.05 and
significant effects are bolded for emphasis. S Ehé standard error of the model.

Plant density Disease Height Lodging Yield Protein
Fixed effects = cememememeeeeeeeeee Rr(>F)-----mmmmmmemme e
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Variety (V) <0.001 <0.001 <0.001 0.771 <0.001 <0.001

Management (M) 0.532 0.017 <0.001 0.113 0.312 <0.001
Site (S) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
VXM 0.538 <0.001 <0.001 0.185 0.014 0.195
VXS 0.001 <0.001 <0.001 0.662 <0.001 <0.001
MXxS 0.917 0.081 0.995 0.111 0.385 0.076
VXMxS 0.378 <0.001 0.061 0.116 0.174 0.442
S.E. 20.1 0.71 2.24 0.83 284 0.31

Plant density

There was a significant Variety by Site interaction on plant density, but no difference in plant density
between Management treatments (Table 1). Pairwise comparisons were completed to examine the
Variety by Site interaction and showed that there was mmificant difference in plant density between
varieties at all sites except Prince Albert (Table 2). However, plant density varied by less than 10% at
Prince Albert and would not be expected to differentially influence crop response between varieties at
this site. Individual site analyses for plant density can be found in Table 1a of the Appendix.

Table 2. Estimated marginal means for the effect of variety on plant density at each site. Letters indicate
the separation of estimated marginal means within individual sites using multiple pairwise comparisons
across all varieties and sites. Letters ao¢ shown for sites with no significant difference between

varieties.

Prince Swift Indian
Melfort Yorkton Albert Outlook Scott Current Head
Variety e plants nmg ---------------------
AAC Synergy 234 303 491 b 270 237 198 270
AAC Connect 224 320 533 a 259 243 193 292
CDC Fraser 238 314 540 a 274 254 202 310
CDC Austenson 225 287 545 a 247 231 193 284
Claymore 230 284 525 ab 260 236 210 306
Oreana 229 307 522 ab 255 254 202 302
SE.(VXS) e o

Disease

There was a significant thregay interaction for disease (Table 1), so the sites were analyzed

individually. There was a significant Variety by Management interaction at four sites (Table 3). At all four

sites, means separation indicated that disease gignificantly reduced with a fungicide application

with Oreana, but did not differ with fungicide application on any other varieties (Figure 1). At Outlook,

f ST RAASIAS fS@Sta 6SNB Ffaz2 NBfIGADSE &stektA A K F 2 NJ
leaf disease was significantly reduced by fungicide when Isd wasauseg@arate means (data not

shown).. 240K / flF@Y2NB YR hNBFYlF FNBE NI}GSR & d&{dzaOSLIX
varieties are more resistant. There were also other significant differences in disease level between

varieties, with and without fungide, at these four sites. At Melfort, there was a significant difference in

disease level between varieties, but no effect of management (Table 2a in Appendix), and the@ was
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difference in disease levels between varieties or management at either Prince Albert or Swift Current.
Individual site analyses for leaf disease can be found in Table 2a of the Appendix.

Table 3. Rest results of mixegkffects models of disease levels assessing the presence of Variety and
Management interactions at each site individually. Effects are considered significant if P<0.05 and
significant effects are bolded for emphasis. S.thdsstandard error of the model.

Prince Swift Indian
Melfort  Yorkton Albert Outlook  Scott Current  Head
Fixed effects =~ ------m-mrmmmmmmm Rr(>F)--------mm e
Variety (V) 0.047 <0.001 0.153 0.049 <0.001 0.474 <0.001
Management (M) 0.470 <0.001 0.408 0.001 0.208 0.520 0.011
VXM 0.985 <0.001 0.660 0.033 0.022 0.338 <0.001
S.E. 0.11 0.48 0.26 0.05 1.77 0.11 0.31
g 0.4
. Yorkton Outlook
! .35
mManagement A(Fungicide) 03  WManagement A(Fungicide)
mManagement D (Mo Fungicide) - m Manazement O (Mo Fungicide)
— —0.25 a : . :
[ I b
= 4 g 02
53 ‘%1'[:.15 3
2 1 4 4
FTEEY R T EEE
o i o %
\‘?j\ .eg} v';é r,“? .\'.'.‘-\c' ® 235*3" & _gf“ c,é\ & >
o ¢ \-_,""\\\ ,QC:éb -.,9-"'@0 x‘}'ﬁ\ Q\EQ 5 a . (Pé\ ~<5‘;‘\. e ¢ :}'m@ O\Pé\
LS M & g
30
Scott Indian Head
= m Management A (Fungicide) m Management A (Fungicide)
20 m Management D (Ne Fungicide) m Management D (Mo Fungicide)
2 2
10 2
| 1T i
T IR E i i
IPQ‘J."\ .qz.:’\ 5’;} ...)"3\:\ R & e G QQ-;'.* . {3@ & _\d‘?' 5
& 5 I & § Ly ' & = & 4@
¥ ; & ¥ v &
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Figure 1. The interaction of variety anthnagement at four sites. Error bars indicate the standard error
within sites. Letters indicate the separation of estimated marginal means by pairwise comparisons using
the Tukey method.

Height

There were significant Variety by Management and Variety by Site interactions for height, andiéye 3
interaction between variety, management and site was nearly considered significant with a p value of
0.061 (Table 1)The Variety by Management intettgmn showed that height varied with management

across all sites in all varieties except Oreana (Figure 2). For all varieties other than Oreana, plants were
significantly shorter with Management C (PGR application with standard fertility) than with

Managenent B (no PGR application with enhanced fertility). AAC Synergy and CDC Fraser also showed a
significant decrease in height with PGR application even without added fertility (Management A vs
Management C). The Variety by Site interaction showed that there significant differences in height
between varieties at all six sites (height was not assessed at Prince Albert), but the sites differed in
regards to the shortest and tallest varieties (Figure 3). AAC Synergy and Claymore were often but not
always sigificantly taller than other varieties, while AAC Connect, CDC Austensen, and Oreana were
often but not always significantly shorter than other varieties, depending on site. When sites were
analyzed separately, signficant interactions between managemetvariety were detected at Melfort,
Yorkton and Indian Head (Table 4). At Yorkton and Indian head only the heights of the malt barley
varieties were significantly reduced by PGR (Figure 4). At Melfort, height for each variety was not
statistically reduced @ t Dw ¢ KSy dzaAy3d G(GKS ¢ dHoBeded whedtBeidldss T2 NJ Y S
conservative Isd test was used, only the height of malt varieties were significantly reduced by PGR (data
not shown).
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70 3 @ ; . ; ab @ ab

- b ab 2 a 3 3 ab b b b ns
&0 b b
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40

30
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10

0

AAC Synergy AAC Connect CDC Fraser CDC Austensen Claymore Oreana

Height (cm)

mi mE mC mD
Figure 2. The interactive effect of management and variety on height across all sites. Letters indicate the

separation of estimated marginal means by pairwise compangtmn variety. Error bars indicate the
standard error across all sites.
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Figure 3. The interactive effect of variety and site on height across all management treatments. Letters
indicate the separation of estimated marginal means by pairwise companigbm site. Error bars
indicate the standard error across all sites.

Table 4. Rest results of mixeekffects models of height levels assessing the presence of Variety and
Management interactions at each site individually. Effects are considered significant if P<0.05 and
significant effects are bolded for emphasis. S.Edsstandard error of the model.

Prince Swift Indian
Melfort Yorkton Albert Outlook Scott Current Head
Fixed effects ---Rr(>F}
Variety (V) 0.001 0.003 Na 0.262 0.732 <0.001 0.001
Management (M) <0.001 <0.001 Na <0.001 <0.001 <0.001 <0.001
VXM 0.009 0.053 Na 0.11 0.661 0.482 <0.001
S.E. 1.44 1.94 3.21 3.23 1.56 1.03
80
70 . . .
60 o = e K - o R . v
50
3
540
2
30
20
10
0
Indian Head No PGR Indian Head PGR Yorkton No PGR Yorkton PGR

W AAC Synergy m AAC Connect m CDC Fraser CDC Austenson mClaymore m Oreana

Figure 4. Thanteractive effect of variety and PGR on crop height. Means followed by the same letter are
not significantly different within a location (Tukey test).

Lodging
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Lodging differed between sites but there was no effect of management or diffellegtveeen varieties
(Table 1). Levels of lodging were very low in this study. Individual site analyses for lodging can be found
in Table 4a of the Appendix.

Yield

Similar to height, there were significant Variety by Management and Variety by Site interactions for
yield, but the threeway interaction was not significant (Table The Variety by Management

interaction showed that across sites, yield did not diffigngficantly with management in all varieties
except Oreana (Figure 5). Yield of Oreana was significantly higher with Management B (enhanced
fertility + fungicide) than with management D (standard fertility, no fungicide). The Variety by Site
interactionshowed that there was no significant difference in yield between varieties at any site except
Outlook (Figure 6). At Outlook, the feed varieties tended to be higher yielding than the malt varieties.
Individual site analyses for Yield can be found in Tahlef the Appendix. Although the thregay

interaction was insignificant (p=0.174), individual site analysis found PGR significantly increased yield at
Swift Current which had low yield potentials due to hail. The reason for the increase is unclear as
improvements in lodging were not detected as this location. PGR also significantly reduced yield
potential of AAC Synergy at Indian Head and a trend was observed for all other varieties except
Claymore. PGR applied during drought has often been observed uceadeld potential. Enhancing N
increased yield of AAC Connect and Claymore at Indian Head.

6000
ns ns e b T ab
5000 ns ns D g 30
4000
f:
Z 3000
T
= 2000
1000
0

AAC Bynergy AAC Connect CDC Fraser CDOC Austensen Claymore Oreana
mi mE mC mD
Figure 5. The interactive effect of management and variety on yield across all sites. Letters indicate the

separation of estimated marginal means by pairwise compangtnn variety. Error bars indicate the
standard error across all sites.
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Figure 6. The interactive effect of variety and site on yield across all management treatments. Letters
indicate the separation of estimated marginal means by pairwise companigbm site. Error bars
indicate the standard error across all sites.

Protein

There was a significant effect of management on protein overall, and the Variety by Site interaction was
significant (Table 1). The effect of management on protein was consistent across varieties and sites and
was such that protein was significantly higkth Management B (Enhanced fertility) than with A, C, or

D (standard fertility) (Figure 7). The Variety by Site interaction was such that there was a significant
difference in protein between varieties at all sites except Scott, but varieties with higttelower

protein levels differed from site to site (Figure 8). Individual site analyses for protein can be found in
Table 6a of the Appendix.

A B C D
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Figure 7. The effect of management on protein across varieties and sites. Letters indicate the separation
of estimated marginal means by pairwise comparison. Error bars indicate the standard error.
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Figure 8. The interactive effect of variety and site on protein across all management treatments. Letters
indicate the separation of estimated marginal means by pairwise companigbm site. Error bars
indicate the standard error across all sites.

Conclusion

Weather conditions were dry at all locations, except Outlook under irrigathma result, leaf disease

levels were low, lodging was minimal, and yields were average. At several sites, application of fungicide
only significantly reduced leaf disease @reana, which when untreated had significantly more leaf
disease compared to all other varieties. However, levels of leaf disease would still be considered
minimal for untreated Oreana regardless of location. As a result, applying fungicide did noténcreas

yield and only served to reduce net returns. Assuming a feed barley value of $5.3/bu, a malt value of
$6.45/bu and a cost of applying fungicide of $25/ac, net return was only positive for CDC Fraser ($12/ac)
when considering all sites togetheFor therest of the varieties net returns were reduced between $6

to $38/ac. There were many instances where crop height was reduced by PGR. However, height
reduction from PGR was more apparent for malt versus feed varieties. Regardless of management,
lodging washot an issue for any treatment within this studgpplication of PGR only served to reduce
economic returns when considering all sites together. Assuming a cost of applying PGR of $23/ac, net
returns were reduced between $14 to $42/ac depending on varigtySwift Current, barley yield

averaged across varieties was increased by 5.8 bu/ac, a large increase for a low yielding hailed crop.
Using a crop price averaged between malt and feed ($5.88/bu), the applications of PGR would have
increased net returnsy$11/ac. The reason for this is unclear as lodging was not reported as an issue at
this site despite the hail. Enhancing N by 30 Ib/ac also reduced Net retdisssiming $1.20/Ib N,

enhancing N resulted in reduced net returns varying between $22/ac 8e$3Jor malt varieties and

from $5/ac to $23/ac for feed varieties. However, an argument could be made that enhancing N
increased net returns for AAC Connect ($27/ac) and Claymore ($7/ac) at Indian Head. In summary, there
was not a lot of evidence to sugsf varieties should be managed differentlpreana may be more likely
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to benefit from fungicide than other varieties in this study due to its greater susceptibility to leaf

disease. Feed varieties in this study may be less likely to benefit from PGR application since their heights
were less affected by PGR and they genertalye higher ratings for lodging resistanddowever, yield

benefits from applying of fungicide to Oreana or PGR to malt varieties vs feed were not observed in this
study.
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Demonstrating benefits of seeding date
and rate on canola yield and guality
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Funding

Funding for this project provided by the Agriculture Demonstration of Practices and Technologies
(ADOPT) programnd SaskCanola.

Organizations
1 Saskatchewan Conservation Learning Centre Inc. (CLC)
1 Wheatland Conservation Area (WCA)
1 Northeast Agriculture Research Foundation (NARF)
9 Irrigation Crop Diversification Corporation (ICDC)
Principle Investigators
1 Robin Lokken, CLC

Objectives

1 Demonstrate how different seeding dates and rates can improve canola yield and quality
1 Provide a backdrop to discuss methods of flea beetle control and proper scouting technigues at
Field Days and/or extension activities.

Research Plan

This trial aimed to demonstrate how different seeding dates and rates can improve canola yield and
guality, and to provide a backdrop to discuss methods of flea beetle control and proper scouting
techniques. Small plot trials were established in 2023 at &tlhad Conservation Area (WCA) in Swift
Current, Northeast Agriculture Research Foundation (NARF) in Melfort, Irrigation Crop Diversification
Corporation (ICDC) in Outlook, and Conservation Learning Centre (CLC) in Prince Albert. Five seeding
dates occurrd every 1014 days, at a low and a high seeding rate, to capture an-alirly seeding date

and a late seeding date.

The trial was set up as ardplicate split plot design. Seeding date was seeded in blocks and seeding rate
was randomized within each block. Five seeding dates occurred evety Hays in order to capture an
ultra-early seeding date and a late seediragadthat falls just before the Crop Insurance Seeding deadline
(June 20 for Prince Albert). These dates were adjusted for each site based on spring conditions and local
crop insurance deadlines.

Plots measured approximately 2m x 7m depending on site equipment. The standard seeding rate was 80
seeds/nt and the higher seeding rate was 160 seeds/Assuming 50% mortality, the seeding rates were
used to target final plant stands of 40 and 80 plantd/8eeding rate was increased in Outlook to 200 and
250 seeds/mto achieve 100 and 125 plantsfmue to the site being under irrigation. Weeds and disease
were kept nonlimiting and fertility was applied based on spring soil test results. Site spedaifiocagic
practices used can be found in the appendix (Table Al).

Soil temperature was recorded at time of seeding for three days (day before, of, and after seeding) to
determine general soil temperature. It is recommended that seeding occurs when average soil
temperature is at least-%$ degrees Celsius when measured rotfeee days. All seeding dates across all
sites occurred at temperatures above the5ddegree Celsius recommendation (Table 3). Plant emergence
was recorded as days until approximately 75% of the plot had emerged. Plant density was determined as
count ofplants in four 1 m sections of crop row at two weeks after emergence.
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Flea beetle damage was assessed when the second/ésabisible but not unfolded. Digital photos were
collected at two locations per plot (front, edge, and middle of plot) and rated for damage as an estimate
of % seedling defoliation using the visual rating key provided at:
https://www.canolawatch.org/2011/05/09/estimatindlea-beetle-damagein-canola/  Ratings were
determined as the average damage that occurred of2Q@lants at each of the two locations per plot.

Days to maturity was recorded as the days from seeding to 60% seed color change. Yield was collected
using plot combines, and samples were cleaned and corrected to 10% moisture. Oil content was measured
in house using NIR technology. Weathelated conditons such as precipitation, temperature, hail, spring

and fall frost days were recorded.

Data analysis was completed by ANOVA using Statistix 10 softwardhdeostst used was LSD data at

the p=0.05 level. Cefficient of variation (CV) is reported along with grand mean awdlpes. Box plots

are included for selected results.

Results
Weather

All sites were warmer in 2023 than long term averages (Table 1). Outlook was exceptionally dry, but the
trial site received 4.6, 3.4 and 1.7 inches of irrigation in June, July, and August respectively. Prince Albert
and Melfort were drier than longerm averages. While Swift Current received close to normal

precipitation, the site did experience hail damage on July @bpendix Al).

Table 1.Weather data from four Saskatchewan sites investigating canola seeding dates and rates in
2023.

Location Year May June July August  Sept Oct Avg/Total
--- Total Precipitation (mmj--
Prince Albert 2023 22.8 52.8 40.8 51.2 3.8 26.9 198.3
20152022 34.1 62.0 67.6 42.9 345 203 261.4
Swift Current 2023 488  33.8 76.7 47.5 207
20102023 44.2 73.9 52.4 43.0 214
Outlook 2023 17.5 15.3 15.5 16.6 16.6 81.5
41.5 65.3 55.8 43.9 30.5 237
Melfort 2023 315 26.4 16.4 50 124.3

19972021 334 79.5 69.6 45.9 36.0 284 292.8
--- Mean Temperature (°G)-

Prince Albert 2023 14.4 18.8 16.6 17.1 13.9 35 14.1
20152022 11.1 16.3 18.6 16.9 11.2 3.3 12.9

Swift Current 2023 14.8 17.8 18.5 17.8 17.2
20102023 10.9 15.4 18.7 17.7 15.7

Outlook 2023 15.2  19.45 18.6 18.7 15.45 175
11.25 16.1 18.85 17.9 13 15.4

Melfort 2023 14.1 19.2 16.9 17.3 16.9
1997-2021  10.1 15.2 17.8 16.7 11.7 3.3 125
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Soil Test Results

Soil test results are included for all sites (Table 2). Each site applied fertilizer based on soil test
recommendations (Appendix Al). As to be expected, Melfort and Prince Albert, located in the Black Soil
Zone, had greater organic matter and residual sbi

Table 2.Spring soil test results from the four Saskatchewan sites investigating canola seeding dates and
rates. CLC in Prince Albert, SK.

Prince Albert
Depth (cm) N (Ib/ac) P (ppm) K (ppm) S (Ib/ac) OM (%) pH Salts (mmhadcm)

O0to 15 25 5 262 18 6.1 6.0 0.20
15t0 30 27 22 6.6 0.21
Swift Current

Depth (cm) N {(Ib/ac) P (ppm) K (ppm) S (Ib/ac) OM (%) pH Salts (mmho/cm)
O0to 15 5 14 364 10 2.6 6.4 0.15
15t0 30 6 8 6.8 0.07
Outlook

Depth (cm) N (Ib/ac) P (ppm) K (ppm) S (Ib/ac) OM (%) pH Salts (mmho/cm)
O0to 15 5 5 393 30 3.1 7.9 0.27
15to0 30 4 20 8.3 0.26
Melfort

Depth (cm) N (Ib/ac) P(ppm) K (ppm) S (Ib/ac) OM (%) pH Salts (mmho/cm)
Oto 15 19 14 401 20 7.8 6.6 0.37
15to 60 15 60 7.6 0.58

Table 3 Soil temperature averaged over three days for each seeding date across four Saskatchewan
sites.Emergence dates are also included.

Prince Albert Swift Current Outlook Melfort
Seeding|Soil [EmergencelSeedingSoil |EmergenceSeedindSoil |EmergencelSeedindSoil [Emergence
Date [Temp|Date (Days|Date [Temp|[Date (Days|Date [Temp|Date (Days|Date [Temp|Date (Days

C C C C
May 1116.8 [May 24May 3 |7.1 |May 19May |15.7 [June 3 (22May |14.3 |May 25
(13) (16) 12 12 (13)
May 19(7.8 |May 29May |10.5 [May 2¢May |16.5 [June 4 (13May [13.1 |[June 29)
(10) 13 (13) 22 24
May 31|13.2 June 6 (7)[May |14.6 [June 4 (11June 1{20.2 [June 1iMay [18.9 [June 7 (7)
23 (11) 31
June 1215.2 June 20 (8June 2(17.8 June  2{June [21.1 [June 19 (8June 9|20.2 [June 1
(22) 11 (20)
June 2114  June 28 (7June (18.3 |June 2{June (19.2 [June 29 (8June (19.3 [July 4 (15)
12 (16) 21 19
Spring |May 19 (0.4C) |April 29 (0.7C)
Frost:
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Fall September 20 -
Frost: |0.3C)

Data Analysis

Spring Emergence

Emergence can be delayed if canola is planted into cool soils. All canola was seeded into soils warmer than
the recommended threalay average minimum of8C (Table 3)Days to emergence was high across all

sites for the first seeding date and shorter for the later May seeding dddays to emergence increased

again for Melfort and Swift Current with later seeding dates, but remained shorter for bothrtheeP

Albert and Outlook sites. Soil moisture is likely affecting days to emergence more tharsaiool
temperatures. The Prince Albert site has an onsite SRC climate station that monitors soil moisture. Soil
moisture at the CLC was consistent at323% (by volume at 10 cm depth) from the first seeding date

until May 23", when it increased to 37%. The only substantial precipitation that fell in the month of May
was 19.2 mm from May 2425". June % received an additional 22.5 mm of precipitation. These
precipitation events likely aided with emergence of the first three seeding dates. Soil moisture was as low
as 22.5% in June, but timely precipitation on Jun& &aAd June 19 aided with later seeded canola
emergence. While Outlook was dry, the plots were irrigated in June aiding with emergence. Spring frost
can be detrimental for early seeded canola crops, but was not an issue across sites in 2023. A spring frost
did occur orMay 19" after the fird seeding date in Prince Albert, but crop had yet to emerge.

Seeding Rate

Seeding rate affected plant density across all sites except for the irrigated location in Outlook. Seeding
rate had no affect on the other data collected. The different seeding rates used at Outlook only varied by
25 plants/nt, whereas the other sites had a greater difference between low and high seeding rates. The
irrigation site also would not have been as affected by low soil moisture, but did note dry conditions for
the first seeding date resulted in namiform emergencePlant densities were similat Brince Albert (47

and 82 plants/m) and Melfort (55 and 80 plants/) lowest at Swift Current (25 and 36 plant$jiand
greatest at Outlook (154 and 151 plantgn{Tables 4). Seeding rates were expected to be beneficial

for reducing yield losses associated with flea beetle damage and as insurance for a late spring frost. Late
spring frost and high flea beetle pressure was not present in 2023. Although thersoweesflea beetle
pressure in Melfort, no differences in % defoliation was observed falingeates.

Table 4.Statistical analyses and treatment mean for canola yield and quality response to seeding date
and rate at Prince Albert, SK, in 2023. Means within a column followed by the same letter do not
AAIYATFAOLIYyGfte@ RAFTFSNIOG[{5Z t X ndnpou®

Prince Albert
Plant Flea Beetle| Maturity Grain Yield oil

Density | Defoliation

Plants/nv % Days to Kg/Ha % DMB
Seeding Rate
80 PPMS 47 b 0 96 2054 46.7
160 PPMS 82 a 0 96 2327 49.4
Seeding Date
May 11 51 b 0 99 a 2507 a 49.7 ab
May 19 75 a 0 93¢ 2593 a 50.5a
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[May 31 61 ab 0 94 be 2655 a 50.4 a
June 12 75 a 0 98 ab 1830 b 48.9 bc
June 21 60 ab 0 97 ab 1367 ¢ 483 ¢
Rate * Date

May 11 x 80 PPMS  l6e 0 99 2464 49.5
May 11 x 160 PPMS |57 cde 0 99 2551 49.9
May 19 x 80 PPMS |54 de 0 93 2564 50.7
May 19 x 160 PPMS |95 ab 0 93 2621 50.3
May 31 x 8CPPMS 48 e 0 95 2397 50.1
May 31 x 160 PPMS |74 bcd 0 93 2913 50.7
June 12 x 80 PPMS 4 e 0 99 1549 48.6
June 12 x 160 PPMS 105 a 0 96 2110 49.2
June 21 x 80 PPMS  Jle 0 97 1294 48.2
June 21 x 160 PPMS |79 bc 0 97 1439 48.5
Rate (pvalue) 0.0000%** - 0.0849 0.0741 0.1704
Date (pvalue) 0.0339* - 0.0144* 0.0001%* 0.0015%*
Date * Rate (pvalue) 0.0207* - 0.1273 0.6144 0.4977
Grand Mean 64.3 0 95.9 2187.9 49.6
CV 38.04 -- 3.66 29.7 2.97

zSignificance level of theymlue: *p<0.05, ** p<0.01, *** p<0.001

Table 5.Statistical analyses and treatment mean for canola yield and quality response to seeding date
and rate at Swift Current, SK, in 2023. Means within a column followed by the same letter do not
SAIYATFAOLIYyGte RAFFSNIO[{5Z t X nonpovd

Swift Current
Plant Flea Beetle | Maturity Grain Yield | Adj. Grain o]

Density Defoliation Yield

Plants/nv % Days to Kg/Ha Kg/Ha % DMB
Seeding Rate
80 PPMS 25 b 0.03 86 484.2 1278.0 39.7
160 PPMS 36 a 0.18 86 483.5 1239.3 39.9
Seeding Date
May 3 38 b 0 84b 441.8Db 1767.1ab 399D
May 13 28 ¢ 0.31 82¢ 600.8 ab 20025 a 41.8a
May 23 49 a 0.19 75d 687.7 a 1375.4bc  40.3b
June 2 22 ¢ 0 82¢ 585.1 ab 975.1c 39.7Db
June 12 14 d 0 108 a 103.8 c 173.0d 37.3¢c
Rate * Date
May 3 x 80 PPMS |32 0 85 457.9 1831.4 39.5d
May 3 x 160 PPMS |45 0 84 425.7 1702.9 40.2 cd
May 13 x 80 PPMS |23 0 82 621.2 2070.5 41.5 ab
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May 13 x 160 PPMS [32 0.63 81 580.4 1934.5 42.1a
May 23 x 80 PPMS |41 0.13 76 754.6 1509.2 40.9 bc
May 23 x 160 PPMS |57 0.25 75 620.9 1241.7 39.7d
June 2 x 80 PPMS |19 0 82 510.4 850.6 39.5d
June 2 x 160 PPMS |26 0 82 660.0 1099.7 39.8 cd
June 12 x 80 PPMS |10 0 108 76.9 128.2 37.1e
June 12 x 160 PPMS |19 0 108 130.7 217.8 374e
Rate (pvalue) 0.0007** 0.2577 0.1369 0.9856 0.6154 0.4748
Date (pvalue) 0.0000%** 0.4083 0.0000%*  0.0000***  0.0000***  0,0000***
Date * Rate (pvalue) | 0.8371 0.4864 0.7858 0.2067 0.2550 0.0349*
Grand Mean 30.275 0.10 86.125 483.82 1258.6 39.783
CvV 49.7 411.4 13.4 50.2 57.4 4.4

zSignificancdevel of the pvalue: *p<0.05, ** p<0.01, *** p<0.001

Table 6.Statistical analyses and treatment mean for canola yield and quality response to seeding date
and rate at Outlook, SK, in 2023. Means within a column followed by the same letter do not significantly

RAFTFSNIO[ {52 t X ndnpod
Outlook
Plant Flea Beetle | Maturity | Grain Yield Qil

Density Defoliation

Plants/nv % Days to Kg/Ha % DMB
Seeding Rate
200 PPMS 154 0 - 3438.5 41.2
250 PPMS 151 0.5 - 3540.9 41.5
Seeding Date
May 12 122 ¢ 1.25 109 5193.4 a 428 b
May 22 160 ab 0 99 4937.4 a 43.6 a
June 1 137 bc 0 95 3937.3 b 421b
June 11 169 a 0 93 2704.1 c 39.8¢c
June 21 175a 0 94 676.4d 38.6d
Rate * Date
May 12 x 200 PPMS |124 2.5 - 5244.0 42.9
May 12 x 250 PPMS |121 0 - 5142.8 42.8
May 22 x 200 PPMS 175 0 - 5036.8 43.3
May 22 x 250 PPMS  [145 0 - 4838.0 43.8
June 1 x 200 PPMS 133 0 - 3772.3 42.2
June 1 x 250 PPMS 140 0 - 4102.3 42.1
June 11 x 200 PPMS [165 0 - 2574.3 39.6
June 11 x 250 PPMS [172 0 - 2834.0 40.0
June 21 x 200 PPMS [174 0 - 565.3 38.2
June 21 x 250 PPMS 177 0 - 787.5 39.1
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Rate (pvalue) 0.7857 0.3332 - 0.5556 0.1304
Date (pvalue) 0.0100* 0.4449 - 0.0000%*  0.0000%*
Date * Rate (pvalue) 0.8010 0.4380 - 0.8149 0.4207
Grand Mean 152.5 0.25 98.0 3489.7 41.4
CV 24.9 632.5 6.1 49.9 5.0

zSignificancdevel of the pvalue: *p<0.05, ** p<0.01, *** p<0.001

Table 7 Statistical analyses and treatment mean for canola yield and quality response to seeding date
and rate at Melfort, SK, in 2023. Means within a column followed by the same letter do not significantly
RAFFSNIO[{5Z t X ndnpovo®

Melfort
Plant Flea Beetle | Maturity | Grain Yield Oil
Density Defoliation
Plants/me % Days to Kg/Ha % (10%
moisture)

Seeding Rate
80 PPMS 55 b 10.2 101 2195.2 455
160 PPMS 80 a 10.1 101 2313.3 45.7
Seeding Date
May 12 84 a 19.1a 94 d 2510.2 b 48.9 a
May 24 64 bc 16.4b 96 bc 2994.2 a 48.8 a
May 31 71 ab 10.7 ¢ 97 b 24214 b 476 b
June 9 56 C 2.4d 95 cd 1840.3 ¢ 43.7 ¢
June 19 63 bc 2.1d 122 a 1505.2 d 39.2d
Rate * Date
May 12 x 80 PPMS  [83 195a 94 2504.3 48.8
May 12 x 160 PPMS |85 18.7 a 94 2516.0 49.0
May 24 x 80 PPMS |46 16.6 b 96 2915.7 48.7
May 24 x 160 PPMS [82 16.1b 96 3072.7 48.8
May 31 x 80 PPMS |53 104 ¢ 97 2363.5 47.4
May 31 x 160 PPMS [88 11.0¢ 97 2479.3 47.9
June 9 x 80 PPMS |50 1.5 ef 95 1858.8 43.3
June 9 x 160 PPMS |63 3.3d 95 1821.8 44.0
June 19 x 80 PPMS |45 2.9de 122 1333.7 39.3
June 19 x 160 PPMS [81 1.3f 121 1676.6 39.1
Rate(p-value) 0.0023* 0.6882 0.3332 0.1144 0.3456
Date (pvalue) 0.0110*  0.0000***  0.0000***  0.0000%** 0.0000%**
Date * Rate (pvalue) | 0.3759 0.0128* 0.4380 0.4988 0.8685
Grand Mean 67.4 10.1 100.7 2254.3 45.6
CcVv 33.9 71.5 10.5 28.3 8.4

zSignificance level of the-yalue: *p<0.05, ** p<0.01, *** p<0.001. Rate*date post hoc test p=0.15.
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Seeding Date

Seeding date consistently had an effectglant density, maturity, grain yield, and oil content at all
sites.

Prince Albert; Plant density was lowest for the earliest seeding date, but still above the desired plant
stand of 40 plants/rh The earliest seeding date had the longest daymaburity (DTM), with May 19
and 3F'having the shortest DTM. Yield and oil content decreased for both June seeding dates (Table 4).

Swift Current; Plant stands were lowest at Swift Current, with the #Mdy seeding date having the

greatest plant stand (49 plantsAnand the latest seeding date having the lowest plant stand (14
plants/n¥). The earliest and latest seeding dates, had the longest DTM. In field observations found
losses due to hail damage were greater for earlier seeded canola (Appendix Al). An adjusted grain yield
is also presented, estimating yields had hail damage notroeduCanola yield decreased with June

seeding dees. Oil content also decreased with the latest seeding date (Table 5).

Outlook¢ Plant stands in Outlook were lowest for the first and third seeding dates, but were well above
desired plant stands. The earliest seeding date (M&}) had the greatest DTM. Overall yields were
greatest at Outlook and decreased as the seeding date became later. Oil content also decreased with
delayed seeding (Table 6).

Melfort ¢ Plant stands were greatest for the first and third seeding dates. Flea beetle pressure in Melfort
was highest for the earliest seeding dates, but did not reach the threshold of 25% leaf loss for control.
Cotyledons can withstand up to 50% leafddoefore economic losses occur, but since damage can
progress quickly, the recommendation is to spray at 25% (Canola Council, 2017). The earliest seeding
date had the shortest DTM and the latest seeding date was the longest to mature. Even with higher fle
beetle damage, yield and oil content was still greatest for earlier seeding dates (Table 7).

Overall, there were no consistent interaction effects of seeding rate and date across the sites (Tables 4
7). Prince Albert did have a significant interaction for plant density. The greatest plant stand was
achieved June 12at the high seeding rate and the lowest plant stands occurred at all seeding dates
with the lower seeding rate. Swift Current had an interaction effect on oil content showing highest oil
content was achieved with the May ®3eeding date using a higher seeding rate. Jurfehkzl the

lowest oil content with both seeding rates. Melfort, the only site to have notable flea beetle pressure,
had an interaction on flea beetle defoliation, but the differences between seeding rates were minimal
for each seeding date.

This demonstration was a valuable tool to showcase to producers at extension events the importance of
recommended best agronomic practices when growing canola. In particular, it provided an excellent
opportunity to discuss methods of flea beetle controtgeroper scouting techniques. Below are site
specific extension events where the project was or will be featured:

WCA- Canola Council members toured the demo in Swift Current during various tours in June and July.
¢KS LIN22SO0 ¢l a FSFHGAdINBR 2y 2/1 Q& $SS{ft& NIRAZ LIN
Field Tour July 20, 2023 (~80 attendees).

CLQ; Annual Field Tour July 27, 2023 (68 attendees). Will be featured at Top Notch Farming in
Spiritwood on February 6, 2024 and CropTalk in Prince Albert on March 13, 2024.

NARF Will be featured at Top Notch Farming in Melfort on February 15, 2024.

112



Conclusion

Early seeding dates, when spring conditions are favourable, is a recommended practice that was clearly
demonstrated with the seeding dates used in this project. Across all sites, yields decreased when canola
was seeded in early June and sites experiendald Josses of up to 48% in Prince Albert, 87% in Outlook,
91% in Swift Current, and 50% in Melfort when canola was seeded in mid to late June. Quality of harvested
canola also decreased with seeding date as was evident with decreasing oil content.ddiite skates

had issues with uniform dry down and harvest was delayed as late as Octdbfar 2Be Melfort site.

Seeding rates were included in this study to demonstrate how the practice can compensate for high
seedling mortality during unfavourable growing conditions that can occur particularly for early seeded
canola. While conditions were relatively dry compareddng term averages, early seeded canola did not
face anticipated higher risks like flea beetle pressure, cool soils, and frost damage. Only Melfort had
notable flea beetle pressure that was greater on earlier seeded camtdavever, economic thresholds

were not met and no yield differences were detected for seeding rate. Past research suggests earlier
seeded canola is a better option, so canola seedlings can establish before large numbers of crucifer flea
beetles appear. The earlier damage and field obatons confirm that the flea beetles present in Melfort

were predominantly striped flea beetles and while researchers believe slightly later seeding dates may be
more appropriate than early seeding dates for striped flea beetles (Arnason, 2023), pressunet great
enough in 2023 to capture this.

It is also valuable to note, high seeding rates are necessary to target plant stands of a minimum 40
plants/n?, as seed mortality was often 50% or greater. Canola Council of Canada recommends a target
plant density of 580 plants/nt, as yield potential drops with 340 plants/n? (Canola Council of Canada,
2023). Plant stands were very low at Swift Current, making recovery from hail damage more difficult.
Unadjusted canola yields were very poor.

While it is difficult to predict the likelihood of flea beetle pressure in an upcoming growing season, it would
be valuable to repeat this demonstration with higher flea beetle populations. Selecting an earlier seeding
date could help showcase how less idaisle growing conditions can affect canola yields and how seeding
rates can help compensate and reduce yield losses.
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Response of Canola and Flax to Humic acid
coated P fertilizer (MAP) rates
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Funding

Funding for this project provided by thgriculture Demonstration of Practices and Technologies
(ADOPT) programnd SaskCanola.

Organizations
9 Irrigation Crop Diversification Corp. (ICDC)
1 Indian Head Research Foundation (IHARF)
1 Conservation Learning Center (CLC)
1 East Central Research Foundation (ECRF)
Principle Investigators
1 Gursahib Singh, ICDC

Objectives

This study aimed to demonstrate if humic aciohted MAP (Monoammonium phosphate) fertilizer can
promote phosphorus absorption by plants and enhance fertilizer utilization rates.

Research Plan

Humic acid fertilizers are widely used in agricultural production, soil remediation, and environmental
protection. Humic acid is a readily available and-tmst material that, wherwombined with various
inorganic fertilizers, has been shown to optimize soil structure, stimulate and increase germination
percentage, promote plant establishment, and improve fertilizer utilization, thereby increasing yield and
income 1,2. Humic acid, amganic substance formed through the decomposition and transformation of
animal and plant remains by microorganisms, undergoes a series of geochemical processes.

The effect of humic acid as a nutrient enhancer on macronutrients N, P and K has already been explored
in Europe and Asia on various crops (2,3,4). Compared with the same amount of ordinary fertilizer,
humic acidcoated fertilizer showed a high capacity &abilizing urease. It increased the natural

circulation reduction ability of the nitrogen element by about 1/3, increased the phosphate activities in
the soil and hence reducing the fixed loss of available phosphorus by nearly half, and decreasssl the lo
rate of available potassium by 1/3 (1). In the past few years, humic acid has gained much attention as
fertilizer companies promote this product as a nutrient enhancer in seed placed and foliar fertilizers.
Research on humic acid utilization in Canadigriculture is limited; this is a perfect opportunity to

explore its benefits. Canola is known to respond well to P applications in low P soils but is also relatively
sensitive to seed placement and, as such, is an excellent test crop for this project.

Both SaskCanola and Saskatchewan Flax Development Commissions have expressed interest in
conducting studies on humic acid fertilizer. This attention originated from their producer boards and
members and was suggested to AGRM as a potential ADOPT demimaton. Despite claims from
existing literature and private industry/retailers about the benefits of humic acid for crops and fertilizer
utilization, there is a lack of research trials in Saskatchewan to substantiate these claims.

It has been asserted that humic acid reduces the fixation of available phosphorus in the soil, activates
the insoluble phosphorus, and increases the soluble phosphorus in the soil or directly reacts with the
phosphate fertilizer to promote phosphorus abption by plants. Since Saskatchewan soils have very
low available P levels and given the high cost of fertilizers in the past few years, using humic acid
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blended with various inorganic P fertilizers may help improve fertilizer P recovery and increase
economic returns for Saskatchewan growers.

Small plot trials were established at Indian Head (IHARF), Yorkton (ECRF), Prince Albert (CLC), and
Outlook (ICDC). Five treatments (Table 1) were implemented using a Randomized Complete Block
Design, with four replications for each crop. All P fertilizas placed in the seed row, and nitrogen, in
the form of urea (48-0), was uniformly siddanded across all treatments. Response of Canola and flax
was evaluated in separate and individual trials.

Data collection encompassed various aspects, including soil testing for residual soil nutrients and
gualities in the spring, emergence count, easBason biomass, Tissue P, maturity dates, and yield
estimation at harvest.

For plant biomass and P tissue uptake, all abgraaind plant material from 2 x 0.5 m sections of crop
rows per plot was harvested, dried, and weighed to determine esahson biomass yields. Canola
samples were collected between bud formation and eaditibg, while flax samples were taken from
early bloom to the start of boll initiation. Following the recording of wet and dry weights, individual plot
samples were ground and mixed equally to create bulked treatment samples, which were then
submitted to AyVise for determining percent P.

Table 1.Treatment plan for both canola and flax field trials

Treatment Canola/Flax
1. control
2. 1X (25 kg/ha P20B)AP
3. 1X (25 kg/ha P205) MAP treated with humic acid
4. 2X (50 kg/ha P205) MAP
5. 2X (50 kg/ha P205) MAP treated with humic acid
1. Yanan Li (2020) Research Progress of Humic Acid Fertilizer on the Soil. J. Phys.: Conf. Ser. 1549
022004
2. LiY, Fang F, Wei J et(2D19) Humic Acid Fertilizer Improved Soil Properties and Soil Microbial
Diversity of Continuous Cropping Peanut: A THrear Experiment. Sci Rep 9, 12014.
3. Delfine S, Tognetti R, Desiderio E and Alvino A (2005). Effetiaofipplication of N and humic
acids on growth and yield of durum wheat. Agron. Sustain. Dev. 251983
4. Ahmad T, Khan R and Khattak T N (2018) Effect of humic acid and fulvic acid based liquid and
foliar fertilizers on the yield of wheat crop, Journal of Plant Nutrition, 41:19, -2435.
Results

Mean monthly temperatures for each location, along with the lbegn (30year) averages, are

presented in Table 2, while precipitation amounts can be found in Table 3. All locations experienced
notably warmer temperatures than the average, with May andeJoeing particularly hot. July exhibited

a slight coeldown, ranging from slightly below average to approximately average, while August
temperatures were around average to slightly above. Throughout therfmamth period from May to
August, growing seasdemperatures ranged from 1.4 to 1.9 °C above the average. Precipitation levels
were below normal at all participating locations. Outlook recorded the lowest precipitation with only 95
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mm (46% of the average); however, it is worth noting that this location is irrigated and received an
additional 279 mm of irrigation water between June and August.

Table 2 Weather data from four Saskatchewan sites investigating canola seeding dates and rates in 2023.

Location Year May June  July August  Avg/Total
--- Total Precipitation (mn}--
Prince Albert 2023 22.8 52.8 40.8 51.2 167.6
20152022 34.1 62.0 67.6 42.9 206.6
Yorkton 2023 16.8 67.9 18 33.3 136.0
20102023 51.3 80.1 78.2 62.2 271.8
Outlook 2023 17.5 15.3 155 16.6 64.9
19922023 41.5 65.3 55.8 43.9 206.5
Indian Head 2023 12.9 49.6 15.9 40.8 119.2
19972021  51.7 77.4 63.8 51.2 244.1
---Mean Temperature (°G¥}
Prince Albert 2023 14.4 18.8 16.6 171 16.7
20152022 111 16.3 18.6 16.9 15.7
Yorkton 2023 13.8 19.7 16.7 17.8 17.0
20102023 104 15.5 17.9 171 15.2
hdzif 221 2023 15.2 1945 18.6 18.7 18.0
19932023 11.25 16.1 1885 17.9 16.0
Indian Head 2023 14.0 194 16.7 17.7 17.0
19972021  10.8 15.8 18.2 17.4 15.6

XOutlook site received a total of 117 mm in June, 119 mm in July, and 43mm in August of cumulative
precipitation as irrigation.

The trial was overseen with a focus on implementing best management practices across all sites. Control
measures for broadleaf weeds, diseases, and insects were applied using registered pesticides as
necessary, based on the judgment of each site manageail® regarding all operational dates and
agronomic information can be found in Tables 3 and 4.

Table 3 Dates obperations in Canola trial in 2023.

Operation Prince Albert Indian Head Yorkton Outlook

Preseed herbicide Roundup Transorb 10.67 I/ac Roundunone EDGE MICROAC

(if needed) @0.67L/ha on Weathermax on (8.5 kg/ha) on May :
May 12 May 20

Seed trial May 24 May 18 May 20 May 12

Seed rate 120seeds/m 115 seeds/mn 115 seeds/m 200 seeds/m

Emergence counts June 02 June 13 June 05 June 14

In-crop Herbicide  Poast Ultra @ 1.1L/ILiberty 150SN (1..Liberty 150SN (1.35 l/ac) Liberty 150SN (1.:
on June 08 l/ac) + Centurion (5June 06 l/ac) on June 5

ml/ac) + 0.5% AmicCenturion + Amigo + AD
and 0.2% Valid (drgn June 20
reducer) on June 9
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In-crop Fungicide  none 0.280 I/ac CotegiAcapella on July 05 none
applied on July 5
In-crop Insecticide none none none Matador 120E
(grasshopper) o
May 30
Harvest Aid Reglone loRoundup none Reglone lo
@2.04L/ha on AwWeathermax (0.6 @2.04L/ha on AL
29 I/ac) on August 2 26
Harvest date Sept08 Sept 06 Aug 30 Sept 7
Table 4 Dates of operations in Flax trial in 2023.
Operation Prince Albert Indian Head Yorkton Outlook

Preseed herbicide (Roundup Transorb tAuthority 480 (0.11none

needed) @0.67L/ha on Meél/ac) on May 19 and
12 Roundup
Weathermax (0.6
I/ac) on May 20
Seed trial May 29 May 16 May 24
Seed rate 67.5 kg/ha 50 kg/ha 50 kg/ha
Emergence counts June 02 June 06 June 05

Roundup Transo
HC @0.67L/ha ¢

May 17

May 29
50 kg/ha
June 12

In-crop Herbicide  none 0.405 l/ac Buctril M Curtail M on 07Jun23 Buctrilm+ clethodin
300 mllac  IPCCenturion + Amigo + Abon June 26
Contender (Assure gn June 19
+ 1% IPCO M!
adjuvant on June 1C
In-crop Fungicide  none Dyax (0.16 l/ac) none none
Agrol 90 (0.1259
applied on July 5
In-crop Insecticide none Dyax on 07Jut23
Harvest Aid Reglone loRoundup Reglone lon (2.04L/ha) Reglone lo
(2.04L/ha) on Weathermax (0.67Aug 31 (2.04L/ha) on
Sept 21 I/ac) on Aug 23 Oct 2
Harvest date Oct 16 Sept 8 September 06 Oct 10

Soil test results for both canola and flax sites are presented in Table 5 below. The apditsplorus

nutrient levels at IHARF, CLC, and ICDC sites were within the low range, while at ECRF sites, they ranged
from medium to high. Nitrogen fertilizer application followed soil test recommendations and was

adjusted for the varying phosphorus treatms. Soil pH, organic matter, and C.E.C. values exhibited a

broad range but were deemed typical for their respective locations.

Table 5.Selected soil test analyses result at IHARF (Indian Head), ICDC (Outlook), CLC (Prince Albert
Yorkton) in 2023. Unless otherwise indicated, all measurements representghieches soil profile.

Parameter )LC 41ARF :CRF _DC
Canola site
pH 6.0 7.7 6.5 7.9
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Organic Matter (%)
CEC (meq)

NO:-N (kg/ha)
OlsenP (ppm)

K (ppm)

kg S/ha (kg/ha)
Flax site

pH

Organic Matter (%)
CEC (meq)

NO3N (kg/hay
OlsenP (ppm)

K (ppm)

kg S/ha (kg/ha)

5.7

40.3
5.0
253.0
40.4

6.1
6.6

58.2
4.0
244
62.7

5.9
415
19.1
7.0
650.0
62.7

8.0
51
45.9
14.5
4.0
466
53.7

6.3
21.4
31.6
15.0
385.0
44.8

6.5
6.3
21.4
31.6
15.0
385.0
44.8

2.6
22.2
11.2
5.0
277.0
132.6

7.9
3.1
17.9
10.0
5.0
393.0
56.0

a0-12"

Canola response

Plant density:

Significant impacts on canola emergence were observed in five tested treatments at IHARF, CLC, and
ECRF, while the effect wasnsignificant at ICDC. IHARF control plots exhibited superior plant density
compared to MARapplied plots. No variance in plant densities was observed between humic acid
treated MAP and fertilizer rates (1X vs. 2X). At ECRF, a notable difference bekvaed 2X rates was

evident, with the 1X rate displaying a higher plant count.

Dry Matter:

Irrigated sites (ICDC) consistently demonstrated higher dry matter yield than dryland sites due to the
impact of drier conditions across all locations. Dry matter remained unaffected among the five
treatments tested at ICDC, IHARF, and CLC, except atvii@RFa positive response to the treatment
was noted. However, the actual difference in dry matter between treatments at ECRF was negligible.
Control plots exhibited the lowest dry matter yield, with an increase observed with MAP rates, though
the difference between MAP and humic adigated MAP was not statistically significant.

Plant Maturity:

Days to maturity were unaffected by MAP treatments at IHARF, CLC, and ICDC, with the exception of
ECRF, where control plots matured a day earlier than Jslgytied plots.

Grain Yield:

The overall yield fell below the average yield potential at all sites. Similar to dry matter, grain yield

remained unaffected by the tested treatments at IHARF, CLC, and ICDC, except at ECRF, where a positive

trend for MAP application was observed compatedaontrol plots. At ECRF, yield showed no significant

impact from humic acid application and rates.

Tissue P
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Tissue P samples were bulked across replicates to generate a consolidated sample for each treatment,
rendering statistical analysis impractical and prohibiting the derivation of conclusions from a single data
point. The results for P uptake exhibited agarof 0.16 to 0.55 %, indicating a tendency towards
increased Tissue P with MAP application compared to the control. Detailed results for each site can be
found in Tables-41.

Flax response
Plant density

The seeding rate for flax at each site is provided in Talieyr spring soil conditions influenced flax
emergence at ICDC, resulting in lower plant density (ne28b plants/m2). Overall, plant counts

exhibited no significant variation between treatments (control vs. MAP treatments, MAP vs. Humic acid
MAP, 1X an@X MAP rates) at all sites. However, at ICDC, there was a significant difference in plant
densities between the control and MAP fertilizer treatments. Plant count also varied with fertilizer rates,
with 1X rate treatments exhibiting superior plant densiticompared to 2X (Table 12).

Dry Matter and Plant Maturity

Flax dry matter yield and maturity remained unaffected by the tested treatments at all sites. At CLC, flax
maturity was impacted by untimely August rainfall and a late frost.

Grain Yield:

Flax yield was impacted by adverse conditions across all sites. Additionally, at CLC, flax plots were
affected by wildlife damage (deer) due to delayed harvest, resulting in significantly lower yields. IHARF
recorded a significant impact of tested treatntsron flax yield, with check plots (0 P fertilizer)

displaying the lowest yield and a yield increase with adding P fertilizer. Fertilizer rates (1X vs. 2X) also
influenced flax yield, with higher yields observed for 2X rates. No yield advantage was dliadtse

due to Humic acid treatments. ECRF and ICDC showed no significant treatment effect on flax yield.

Tissue P

Treatment samples were bulked across replicates like canola, making statistical analysis unfeasible.
Tissue P varied across sites and 0.11 to 0.31 %. A general trend towards increased tissue P with MAP
application compared to the control was observed aAR¥F.

Conclusion

Overall, environmental conditions were adverse for canola/flax production due to widespread drought
and heat stress at all trial locations. This study provided valuable insights into the applicability of humic
acid MAP in our current agricultural practicéowever, the bulked nature of tissue P samples impedes
the ability to draw precise conclusions about whether there was an enhanced phosphorus uptake in
canola and flax when utilizing humic acid. The results indicate variability in plant responses across
locations and treatments, emphasizing the complexity of factors influencing crop performance. Based
on oneyear trials, no noticeable plant density and yield improvements were observed by treating MAP
fertilizer with humic acid. Further research with a radargeted approach is recommended to
comprehensively understand the potential benefits of humic amidted MAP fertilizer in Saskatchewan
agriculture.
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Developing Target Yield Nitrogen
Fertilizer Recommendations for Silage
and Grain Corn Under Irrigated and
Dryland Production

Funding
This study is funded through thgriculture Development Fund (ADF).

Organizations
9 Irrigation Crop Diversification Corporation (ICDC)

Principle Investigators
1 Gursahib Singh, ICDC

Objectives

1 Determine nitrogen (N) uptake and N fertilizer use efficiency for silage & grain corn under
irrigated and dryland production.

91 Determine N fertilizer rate recommendations for silage & grain corn under irrigated and dryland
production.

1 Develop corn target yield N fertilizer values based on soil test N levels, N uptake and yield
response taapplied N

Research Plan

The primary objective of this study is to develop specific nitrogen (N) fertilizer recommendations based
on target yield expectations for silage and grain corn, under either irrigation or rainfed production
systems. A total of 36 individual corn trials wesstablished during the thregear period 20222023.

Half the trials were conducted under irrigation, half under dryland production conditions. Likewise, half
of each production system was conducted with grain corn, half with silage corn. Each tsistedmof N
fertilizer application rates of 0, 50, 100, 150, 200 and 250 kg N/ha.

Over three years of trials (2021, 2022,2023) a total of tksikyindividual research trials were

established within the South Saskatchewan River Irrigation District (SSRID). Half of these trials (18) were
established under irrigated production and hélB) established relying on rainfed (dryland) production
conditions. Within each production system, half the trials (9) evaluated silage corn and half (9) assessed
grain corn. Due to limited corn production within Saskatchewan, and within SSRID,jdréynud trials

were established on land with no prior history of corn production. All trials were established in a
randomized complete block design replicated four times.

Research and Demonstration PrograReport 203 121



The silage hybrid planted was P7527AM, considered aplugbse silage or grain hybrid with a 2150
corn heat unit rating. The grain corn hybrid used was P7005AM with a heat unit rating of 2000. The
SSRID region typically accumulates 22800 corn heaunits annually. Irrigated trials were seeded to
target final plant stands of 80,0086,000 plants/ha and dryland 70,00®,000 plants/ha. Plots
consisted of 4 rows of corn at 75 cm row spacing.

Soil samples from each control plot (O fertilizer N, 4 plots for each silage and grain trial) were taken prior
to seeding. Soil samples were obtained for thel®, 15¢ 30, 30¢ 60, 60¢ 90 and 90; 120 cm depths.

Two soil samples were obtained fromakeplot and material composited for nutrient analyses. A

general composite for each site was also obtained frogil8, 15¢ 30, 30¢ 60 cm depths. Samples

were collected using a Giddings hydraulic soil sampler. Soil samples were submitted to Agvise
Laloratories for nitrate (NOJN) analyses.

Nitrogen fertilizer, as urea (46-0), was banded at 25 cm spacings across the width of plots at time of
seeding. Nitrogen fertilizer was applied at the following rates to both silage and grain and irrigated and
dryland trials:

N Treatments:
kg N/ha
0
50
100
150
200
6. 250

All plots also received supplemental additions of monoammonium phosphatB2D) seedplaced at a

rate of 30 kg P205/ha. Sail testing indicated adequate availability of sulphur, potassium, and micro
nutrients at all sites. Weed control was provideddsg-burn and inseason glyphosate applications.
Biomass samples for % N and N Uptake determinations were obtained for both silage and grain corn
trials at approximately the R3 growth stage. Samples were obtained by cutting down whole plants close
to the soil surface. Biomass sample size was 1m length of each of the two center corn rows. Biomass
fresh weights were determined -field upon sampling, all material was processed through a wood

chipper and a representative subsample obtained for moisture mheitgations. Dried material was

ground through a stainlessteel Wiley mill to pass through a 2.0 mm sieve and subsamples submitted to
Agvise Laboratories for N tissue analysis determinations. Final yield harvest was obtained from the
same center 2 cormows and adjusted for the removed biomass area. Silage yield was obtained at
approximately ¥2 milk line stage (target plant moisture@Bx%), grain corn yield was taken when kernels
were hard (<12% moisture). Silage yields were obtained with a Hege $obétirage combine

equipped with a mulching header, grain yields by hand picking all ears within the harvest area, ears were
then dried and thrashed through a stationary Wintersteiger plot combine.

arwONE

All data was statistically analyzed by individual trials in each site year and in combingeasit&rial and
N-rate and all interactions in a mixed model analysis.

z
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Results
Weather

Mean temperatures, corn heat units and precipitation for each of the&rs of trials is provided in
Tables 1, 2 and 3 respectively.

Environmental conditions are considered to have significantly influenced the results obtained
throughout the three years of investigation. Mean seasonal temperatures where hotter by3B6C ,

more importantly, annual precipitation was significantlgdehan historic 3¢ear averages. Above

average temperatures throughout the duration of this trial are also reflected in the cumulative corn heat
units which were greater than loagrm records. Dryland trials were obviously more susceptible to
moisturestress compared to irrigated trials. The South Saskatchewan River Irrigation District in which all
trials were established has been experiencing drought conditions since 2017. In each year of the study
both silage and grain corn were planted at 3 drylaitdssannually, however, only 4 sites of the total of

12 trials planted for each were ultimately harvested. The remaining trials simply did not survive drought
conditions, a picture of the 2021 Larson dryland trial at time of tasselling (and abandonmdreagyn

season 2023 Grunerud site is shown in the appendix (Figure 7a and 7b). The 4 silage and 4 grain trials
harvested under dryland conditions would possibly be lower had half not been established on previously

irrigated fields. Though no irrigationwhsLJLJX A SR G KNR dzZK GKS 3ANB gAYy I &Sl az

benefited from stored soil moisture at depth from preceding irrigation. It is strongly believed that
drought conditions also adversely influenced irrigated trials. Consequently, results etbtaiay not
reflect what would have been obtained under ndrought conditions and all results discussed must be
nuanced by these adverse conditions.

Table 1.Mean monthly temperatures within SSRID Region compared tetkmng (30 years) averages.

Year May June July August Sept Avg. / Total
-mmmmmemmmmmemem———————-TFemperature (°G}--------------------

2021 10.1 18.8 21.6 17.9 14.4 18.6
Longterm 11.3 16.0 18.6 17.8 12.7 15.3

2022 11.8 16.3 19.7 20.5 16.0 16.9
Longterm 11.2 16.0 18.7 17.8 12.8 15.3

2023 15.2 195 18.6 18.7 155 175
Longterm 11.3 16.1 18.9 17.9 13.0 154

Table 2 Mean corn heat units within SSRID Region compared tetéyng (30 years) averages.

Year May June July August Sept
2021 171 794 1530 2148 2597
2022 202 763 1467 2169 2654
2023 311 976 1628 2285 2781
Longterm 211 739 1408 2026 2350

Table 3.Precipitation received within SSRID Region compared tetkrng (30 years) averages.

Year May June July August Sept Avg. / Total
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2021 44.5 10.3 13.8 37.7 0.2 106.5

Longterm  43.2 69.3 57.6 44.2 32.7 247.0
2022 35.7 75.2 53.2 7.0 5.2 176.3
Longterm 43.2 69.0 57.1 44.0 32.2 245.5
2023 17.5 15.3 155 16.6 16.6 81.5

Longterm  41.5 65.3 55.8 43.9 30.5 237.0

General Observations Individual Sites (2021, 2022 and 2023)
Individual results for each agronomic measurement for all trials are provided in the Appendix in Fables 8
40. These tables hawditional agronomic observations obtained but not discussed in this report.

Combined Site Analyses(2021, 2022 and 2023)

Silage Corn Trials

Combined site (n=8) irrigated silage corn yield, moisture, tissue N, midseason biomass dry weights,

N uptake and plant populations are provided in Table 4. Similarly, combined site results for these factors
for irrigated grain (n=7), dryland silage (n=4) and dryland grain (n=4) are shown in Tables 5, 6 and 7
respectively.

Table 4 also demonstrates results obtained for agronomic observations between years. Tiigyear
variability is significant but importantly to note that yields obtained in all years are below normal
expectations. This is problematic with respect tthe project objectives of determining N fertilizer
recommendations as upper yield goals were not obtained.

The combined year analyses indicates that all fertilizer N applications were statistically greater in yield
compared to the unfertilized control treatment. Though results show no statistical difference between N
fertilizer rates there were numerical diffences of interest. Maximum yield was obtained with the
application of 200 kg N/ha with a 28% yield gain above the unfertilized control. However, the first 50 kg
N/ha applied resulted in the largest incremental yield response of 20% above the unfertitizedlc

Each additional 50 kg N/ha fertilizer applications resulted in small incremental % yield gains. Table 4 also
indicates the wet silage yield expressed as metric tonnes/acre adjusted to 65% moisture. It should again
be highlighted that silage yieldsbtained are less than the yield potential possible in comparison to
previous ICDC irrigated trials, some of which have been 25% higher than the mean yields obtained in this
study.

The lack of statistical yield responses to increasing N fertilization applications is problematic in developing
specific N fertilizer recommendations, as is the limited average yield obtained throughout the trial period.
Yield results obtained suggest thaumerically, silage yield maximizes with the application of 200 kg N/ha
and then levels. On this basis, for irrigated silage corn the suggested N fertilizer input of 150 kg N/ha can
be recommended for near optimal yields. To create N fertilizer recomiagmas for specific target yields

we had hoped to find greater yield responses between successive N fertilizer additions, and higher yield
potentials.

Silage moisture content was not influenced by N fertilizer additions. Moisture content was slightly higher
than the desired plant moisture of 65% targetethe 65% moisture content was assumed by harvesting
biomass when the kernel miline was 50%. Histizally, this has worked well with harvest moisture +/
1-3% of the targeted 65%Silage harvest was conducted at the 50% 4til& in all years of the study, the
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higher moistures obtained might be another indication of plant stress and rapid plant maturation.
Generally, N fertilization did not influence plant days to tassel or silk (Appendix Tables 13 & 14).

DSYSNIfttezs GAa&adzS b O2yiadSyid AyONBlI&aSR a G4KS NI GS
kg N/ha were differences statistically significant. Total N uptake was greater in all fertilizer N application
compared to the unfertilized controhowever the high coefficient of variation (CV%) suggests results are
suspect in accuracy. Similar results were obtained with respect to total N uptake. Midseason biomass was
not influence by N fertilizer additionsThis is also problematic as these iésimpact total N uptake and

the relationship between silage yield and N uptake correlations. A strong relationship is required with
these components in developing target yield N fertilizer recommendations. N fertilization decreased plant
population withN fertilizer applications, statistically so at the highest two application rates. While only
33% of the total fertilizer N was banded to the side and below the seed of each corn row, these results
suggest that during the dry germination and emergence peegperienced the fertilizer did damage
seed.

Table 4: Influence of treatments on combined site (n= 8) irrigated silage corn vyield and
characteristics5 A FFSNBy G f SGGSNBR AYyRAOIGSR aA3IyAFAOLYy G F

. . . . N Dry Tissue
Dry WeighWet Weight Silage Tissue . Plant
_ i Uptake Midseason i

Yield (65% HO) Moisture N . Population
Treatment ) (kg/ha) Biomass

(kg/ha)  Yield (T/ac)(%) (%) (plant/ha)

(kg/ha)

.S NJ
2021 18643 21.6 68.1 1.44 175 12382 84829
2022 12032 135 73.0 2.10 146 6880 63484
2023 16254 18.8 72.6 2.19 152 7059 87073
N Fertilizer treatment kg N ha
0 kg N/ha 13360b 15.4b 715a 1.57c 126 b 8420 a 89904 a
50kg N/ha 16041 a 18.5a 705a 1.66c 132 b 8435 a 82246 b
100 kg N/ha 16626a 19.2a 70.1a 1.89b 170 a 9391 a 83036 ab
150 kg N/ha 16942 a 19.6a 709 a 1.98 ab 181 a 9898 a 80151 bc
200 kg N/ha 17153 a 18.9a 712 a 2.09a 173 a 8895 a 72424 cd
250 kg N/ha 16954 a 19.6a 716a 210a 172 a 8945 a 74245 d
P value <0.001 <0.001 NS <0.001 <0.001 NS <0.001
CV (%) 135 135 3.2 12.5 27.9 18.9 17.4
Location x N Fertilizer Interaction P value

0.004 0.004 NS NS NS NS 0.003

NS = not significant at>X n ®n p

Dryland silage corn results are presented in Table 5. Simithetorigated trials dryland yields were, on
average, lowest in 2022, followed by 2023 and highest in 2021. Dryland yields obtained for each N fertilizer
application are low and not statistically different. Again, it is petathy that only 4 of 9 estaldhed
dryland silage trials were carried through to completion over the thyear trialing period. Further, 2 of

the 4 completed dryland silage corn trials likely only survived by being established on previously irrigated
land and believed benefited by isanoisture reserves from the prior growing season. Though the
unfertilized control was the lowest yielding, no statistical differences occurred between fertilizer
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treatments. As such N fertilizer recommendations based on a specific target yield cannot be developed.
Numerical yield in Table 5 maximized at 100 kg N /feerefore, this data suggests that for dryland silage
corn 100 kg N/ha can be applied for optinyald. Yield results indicate the<2owest yield belonged to

the 250 kg N/ha treatment suggesting this high rate of N fertilizer being detrimental in dry, stress growing
conditions. Of agronomic importance, fertilizer N applications did, generally, increase plant tissue N
content. Total Nuptake was statistically greater than the control for the 100 through 200 kg N/ha fertilizer
applications, declining at the 250 kg N/ha application due to lower midseason biomass production.
Midseason biomass was not influenced by N fertilizer rate, ghrgxplained by lower plant populations
obtained at high fertilizer rates. This observation mimics the irrigated silage corn results of plant
populations.

Table 5influence of treatments on combined sifie= 4) dryland silage corn yield and plant characteristiifferent
tSGGSNE AYRAOFGSR AAIYATFAOIY(G RAFTFONBYyOSa 086Gs6S

Wet .
Dry WeighWeight  Silage Tissue N Dr.y Tissue Plant
; . Uptake Midseason )

Treatment Yield (65% I-ZD) Moisture N (ka/ha) Biomass Population

(kg/ha) Yielc(op) (%) (kg/ha) (plant/ha)

(T/ac)

., S NJ
2021 15777 18.2 63.5 1.47 146 10046 77381
2022 8612 10.0 70.2 2.16 118 5555 61258
2023 12474 14.4 75.0 2.44 153 6288 80495
N Fertilizer treatment kg N ha
0 kg N/ha 10007 a 12.8a 69.2 c 1.83¢c 109 c 6645 a 73352 ab
50 kg N/ha  12017a 153 a 67.7 d 1.74c 120 bc 7296 a 77404 a
100 kg N/ha 12240a 15.6a 69.5 bc 2.09b 143 ab 7144 a 76374 a
150 kg N/ha 11713a 149a 70.1abc 221 ab 153 a 7227 a 71360 ab
200 kg N/ha 11732a 149a 70.8 ab 232a 150 a 6663 a 64148 bc
250 kg N/ha 10293a 13.1a 710a 2.17 ab 130 abc 6233 a 57729 c
P value NS NS <0.001 <0.001 0.004 NS <0.001
CV (%) 14.8 14.8 2.8 13.0 24.3 20.2 18.2
Location x N Fertilizénteraction P value

0.01 0.01 NS NS NS NS 0.03

NS = not significant at>X n ®n p

Grain Corn Trials

Combined site irrigated gain corn agronomic information is shown in Table 6. As with silage corn trials the
yield of grain corn was lowest in 2022 but highest in 2023. Average grain yield did not approach yield
obtained in prior ICDC trials, which have iaeled 180 bu/ac under small plot replicated conditions. This
lack of obtaining high yields also again questions the feasibility of developing target yield N fertilizer
recommendationsCombined year and trial location analyses indicated that yetgonse to N fertilizer
applications increased until the 100 kg N/ha fertilizer rate and then declined with subsequent fertilizer N
additions. It appears a luxury of N available at higher fertilizer N rates was detrimental under stressful
growing conditims. All fertilizer N applications statistically increased tissue N content in irrigated grain
corn. Within N fertilizer treatments tissue N content did not statistically differ at N rates > 150 kg/ha.
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Similarly, total N uptake by irrigated grain corn increased with fertilizer N applications. Total N uptake did
not statistically increase with fertilizer N application rates > 100 kg N/ha. N fertilizer applications did not
influence midseason biomass yigflant population was reduced at the two highest N fertilizer rates.

Table 6: Influence of treatments on combined site (n= 7)

irrigated grain corn yield and plant

characteristics5 A F FSNBy G f SGGESNBR AYRAOIGSR aA3ayAFAOFIYd RATFTFSN]
Yield Yield Tissue N ory Tissue _
Midseason Plant Population

Treatment (15% HO) (15% HO) N Uptake Biomass (plant/ha)

(kg/ha) (bu/ac) (%) (kg/ha)
(kg/ha)

.S NJ

2021 7614 121.3 1.42 165 11674 87393

2022 3867 61.6 2.05 97 4665 80563

2023 8635 122.7 2.22 140 6415 87683

N Fertilizer treatment kg N ha | |

0 kg N/ha 5926 ¢ 90.7 c 157d 105c¢c 7205 a 90345 a

50 kg N/ha 6875 b 1045b 174 c 130 b 8084 a 90659 a

100 kg N/ha 7640 a 116.8a 1.84 bc 147 a 8746 a 89835 a

150 kg N/ha 7464 ab 1141 a 1.92 ab 146 ab 8176 a 86264 ab

200 kg N/ha 7250 ab 1109 ab 195a 144 ab 7920 a 80377 bc

250 kg N/ha 7017 b 107.6 ab 196 a 158 a 8723 a 75667 c

P value <0.001 <0.001 <0.001 <0.001 NS <0.001

CV (%) 14.7 14.7 9.6 20.9 20.5 13.9

Location x N Fertilizer Interaction P value
NS NS NS 0.0333 0.0202 0.0167

NS = not significant at>X n ®n p

Combined site dryland gain corn agronomic information is shown in Table 7. Unlike the irrigated dryland
silage corn, grain corn average yields were lowest in 2022 but highest in 2021. Again, as with the dryland
silage corn trials only 4 trials were compdtin the 3years of trialing, and half of the completed likely

only brought to harvest from establishment on previously irrigated land. Fertilizer N applications generally
had no influence on dryland grain corn. Yields, grain and midseason biomass, atestatistically
elevated by N fertilizer additions. However numerically, grain yields increased to the 100 kg N/ha rate and
RSOftAYSR G NrdSa x wnn 13 bkKFE® b2GS GKS KATIK 0O2°¢
dryland grain yield redts, thus, reliability of grain yield results is suspect. N fertilizer applications did
increase tissue N content with each incremental rate of N. This indicates that, despite stressful growing
conditions, N provided by fertilizer did contribute to the tdtais of growing plants. Increased tissue N

also contributed to higher total N uptake of fertilized treatments; however total N uptake did not
statistically increase with rates > 100 kg N/ha. Total N uptake was not statistically influenced with fertilized
N additions. Again, plant populations declined as N fertilizer rates increased.

Table 7: Influence of treatments on combined site (n= 4) dryland grain corn yield and plant
characteristics5 A FFSNByYy i f SGGSNB AYRAOFGSR aA3IyAFAOLYd RAFTFSN
Yield Yield Tissue N Dry Tissue Plant Population

(15% HO) (15% HO) N Uptake Midseason (plant/ha)

Treatment
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(kg/ha) (bu/ac) (%) (kg/ha) Biomass

(kg/ha)

. SN
2021 5160 82.2 1.31 126 9718 77289
2022 2898 46.2 1.89 92 4998 63003
2023 3794 60.4 2.29 163 7113 80174
N Fertilizer treatment kg N ha | |
0 kg N/ha 2907 a 46.3 a 1.36d 80c 6421 a 77198 a
50 kg N/ha 3784 a 60.3 a 1.64c 112 b 6949 a 77541 a
100 kg N/ha 4072 a 64.9 a 1.90b 132 a 7228 a 74863 ab
150 kg N/ha 3950 a 629 a 1.98 b 131 a 6772 a 68269 bc
200 kg N/ha 3646 a 58.1a 2.02 ab 129 ab 6783 a 67376 Cc
250 kg N/ha 3744 a 59.6 a 2.10a 122 ab 6085 a 59959 d
P value NS NS <0.001 <0.001 NS <0.001
CV (%) 17.3 17.3 8.7 20.5 20.4 13.3
Location x N Fertilizénteraction P value

0.0485 0.0485 NS NS NS 0.0463

NS = not significant at>X n ®n p

Soil Test Results vs N Uptake in Corn Biomass

5SGFAft SR az2Aaft alYLEtAy3d LINPOSRdINBEA 6SNBE O2yRdzOGSR
seeding and fertilizer applications. It was intended to obtain soil samples from ¢hHE50 15¢ 30, 30¢

60, 60¢ 90 and 90¢ 120 cm depths. This wast@ampted at all times. Unfortunately, sample acquisition

from the deepest depths was not always obtained. At a number of locations throughout the three years
the lower soil profiles were extremely dry and soil could not be retained within the sampling evba

when equipped with appropriate dry soil tube tips. All trials were conducted in the SSRID region on soils
classed as sandy to sandy loam texture which are challenging to collect under dry soil conditions.
Consequently, only soil from theq015, 15¢ 30 and 30; 60 cm depths were obtained consistently at all

trial locations. Biomass of all corn was conducted at the R3 stage at expected maximum plant growth and
biomass production. Biomass was then analysed for total N uptake.relationship betweenoil test N

levels (660cm) and total plant N uptake is shown in Figure 1. The figure is a compilation of both irrigated
silage and grain corn trials as there were little differences between silage and grain corn N uptake
relationships. There is a high giee of variability above and below the trend line. These deviations are
indicated by the low coefficient of determinationz[RThe relationship provides a guide as to the quantity

of N provided during the growing season and available for plant uptakegtjests that >46 kg N/ha is
available for plant uptake in addition to the soil test available N. This would be obtained from soil N
reserves below the 60 cm sample depth and from N mineralization processes during the growing season.
However, the relatioship is weak and a reason we did attempted to obtain soil samples from deeper
depths.

Corn a very deepooted crop is capable of extracting soil N reserves from below the typical rooting zone

of typical small grain cereals, oilseed and pulse crops. Results suggest a large portion of the total N uptake

was acquired from subsoil depth. Potéitsoil N reserves are a potential weakness within this project. A

concern with the study is the majority of trials conducted were established on land with no prior history

of corn production. Therefore, deep soil N reserves may have masked potentiattiNzer applications
NEalLRyaSad /2yaSldSyidtes GKSasS NBadzZ 6a YlIe& NBFE S
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previously cropped corn ground may have withdrawn deep depth soil N reserves and N suppling potential
would differ from results obtained here. N fertilizer recommendations could differ significantly between
these differing cropping histories.

The model presented in Figure 1 predicts that a soil test of 40 kg N/B8& ¢tn) would provide a total of

106 kg N to corn through the growing season (106 =1.5[40] + 46.264). It is important to stress these results
represent findings obtained from abnorin@nvironmental conditions. It is uncertain these results would
reflect potential findings under historically typical growing season environmental conditions. Additional
research would be required to either refute or support these findings. Additionalidaitacessary for the
development of target yield N fertilizer recommendations.

Figure 1Relationship between unfertilized spring soil test N and irrigated corn N uptake;ZIZAL

300 Combined Irrigated Silage & Grain Corn (2021-2023)
N Uptake.
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Similarly, the results obtained for dryland corn trials is showRigure 2Dryland silage and grain corn
were also combined in Figu The reason for combining is the same rational used in irrigated trials.
Concerns of the usefulness of these results are those expressed for Figiaatibn is again warranted

by these results due to both adverse environmental conditions and the limited number of dryland sites
obtained over the three years of the study. The relationship suggests that a higher amauitisofl N is
available compared to irrigated trials, possibly due to historically less leaching losses.

Figure 2 Relationship between unfertilized spring soil test N and dryland corn N uptake,22231

Research and Demonstration PrograReport 203 129



120

160

140

120

100

20

&0

40

20

Combined Dryland Silage & Grain Corn (2021-2023)

N Uptake
(kg/ha)
L]
o - y=0.3105x + 74.404
° = ° R =ﬂ.ﬂ32?'..\l
° ..'..Ill
o® Sy
° .:...aill
--"'". °
® L |
%o
L
L
L
@
0 20 40 140 160 180

E_li) 80 100 1%[}
501l Test N in 0-60cm Dept

Relationship between Yield and Plant N Uptake

All plots (fertilized and unfertilized treatments) were sampled at the R3 growth stage and subjected to
analysis for total plant N silage conternthe relationship between final dry silage yield and total plant N
uptake for irrigated silage corn is demdraded in Figure 3, irrigated grain is shown in Figure 4. Unlike soil
test vs N uptake, silage and grain are not combined as their respective relationships differed.
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gure 3. Relationship between irrigated silage corn yield and total plant N uptake22@31



Figure 4. Relationship between irrigated grain corn yield and total plant N uptake;220231
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The trendlines and associated equations in Figures 3 & 4 indicate that silage corn yield is predicted to
level prior to obtaining yields of 20000 kg/ha; and grain corn does not obtain 10000 kijikae yields

have been achieved both in this study andpeogis ICDC trials. The reliability of these equations does
not accurately equate to the actual results obtained at lower yield potential environmerds.
example, actual results obtained for the control silage corn treatment was a yield of 13360 kgiha wi
total N uptake of 126 kg N/ha (Table 4). The model predicts only 100 kg N/ha total uptake required to
achieve an equal yield. However, the mean yield obtained for the 200 kg N/ha treatment for irrigated
silage corn was 17153 kg/ha with total N uptake @8 kg N/ha. The model predicts 168 kg N/ha total

uptake to achieve the same yield.

The relationship between final dry silage yield and total plant N uptake for dryland silage corn is
demonstrated in Figure 5, irrigated grain is shown in Figure 6.

Again, the validity of these yield vs N uptake relationships requires further evaluation undesfetess

growing conditions.

Figure 5. Relationship between dryland silage corn yield and total plant N uptake2@231
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Figure 6Relationship between irrigated grain corn yield and total plant N uptake,-2023.
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Fertilizer N Recovery
Fertilizer N recovery or nitrogen fertilizer use efficiency (NUE) was determined by the following
calculation,

% NUE #U., ¢ NUy x 100
Fertilizer N Applied

NU.x = plant N uptake (kg N/ha) of the fertilizer treatment
NUWy = plant N uptake (kg N/ha) of the unfertilized control treatment
Fertilizer N Applied = either 50, 100, 150, 200 or 250 kg N/ha

Fertilizer N recovery was similar for all scenarios being 45% for irrigated silage, 42% for irrigated grain,
41% for dryland silage and 42% for dryland grain corn averaged across the three years of Rizdings

are lower than typically expected forestern Canada N fertilizer recoveriertilizer N recovery in this

study were approximately 10% lower than norms and reflect drought influence on fertilizer efficiency.

Developing a Target Yield N Fertilizer Recommendatiohn Example

The following is an example intended as a guide for future research in developing a corn target yield N
fertilizer recommendation. The principal investigators are not suggesting these tables should be
considered accurate as we have concerns on the valalityesults generated by the study negatively
influenced by environmental conditionghis is strictly an example and not intended for use.

For irrigated trials we have found the relationship between the N suppling power of unfertilized soil and
total N uptake by corn is described by the equation of y = 1.5x + 46.264 where;

y = total N uptake by corn in kg/ha
x = soiltest N (kg/ha) inthe®n ¢ & YLX S RSLIIK®

We can then develop the following chart of the N supplying power during the growing season bases a 0
Hné ALINARY3I &a2Af al YL ST @l tdzSa I NBE NRBdzyRSR ({2

Chart 1. Predicted corn N uptake from soil test available N results

iKS

Soil Test NEN (kg/ha)
O-H N €

N Provided to Irrigated Corn Plants
Total N Uptakdékg/ha)

10

61
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20 76
30 01
40 106
50 121
60 136
70 151

For irrigated silage corn the relationship between silage dry yield and total N uptake is described by the
formulay =2.417% + 112.86x + 4238.9 where;

y = corn silage dry yield in kg/ha

x = total N uptake in silage corn necessary to obtained a desired yield.

The following chart summarizes the relationship of the total N uptake (kg N/ha) required to achieve
specified silage yield.

Chart 2. Predicted total N uptake for target irrigated silage yield.

Total N Uptake Irrigated Silage Corn Dry Yield
(kg/ha) (kg/ha)

57 10000

38 12500

125 15000

177 17500

Model does nopredict 20000

this yield potential

From the previous two charts the following matrix chart 3 can be created which indicates how much
more N is required above soil supply to achieve the desired target yield.

Chart 3. Additional N required in irrigated silage corn plants in addition to soil N to obtain yields.

| N Required for Irrigated Silage Corn in Addition to Soil N Supply
Target Irrigated 10000 12500 15000 17500 20000
Dry Silage Yield
(kg/ha)
Soil Test NO8I
Kg/hain@H n €
10 0 27 64 116
20 0 12 49 101
30 0 0 34 86 Model does not
40 0 0 19 71 predict this yielg
50 0 0 4 56 potential
60 0 0 0 41
70 0 0 0 26
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Lastly the nitrogen fertilizer usefficiency needs to be factored into the Chart 3 obtained valuesr.
irrigated silage corn the NUE determined from the study was 4%%pically, NUE IS 50% or greater,
depending on method of fertilizer application. For this exercise we assume irrigatachas a NUE of
50%. Therefore, the amount of fertilizer N required to obtain specific irrigated silage target yields is shown
in Chart 5.

Chart 5. N Fertilizer Recommendations (kg N/ha) for Irrigated Silage Corn.

| N Required fotrrigated Silage Corn in Addition to Soil N Supply
Target Irrigated 10000 12500 15000 17500 20000
Dry Silage Yieldg
(kg/ha)
Soil Test NOSBI
Kg/hain®H n €
10 0 54 128 232
20 0 24 98 202
30 0 0 68 172 Model does nof
40 0 0 38 142 predict this yielq
50 0 0 8 112 potential
60 0 0 0 82
70 0 0 0 52
Conclusion

Results from the study should be deemed inconclusive and require further investigation. The principal
investigators were concerned through the entirety of the study with the adverse climatic conditions

under which the investigations were conducted. Thiswhaviously more problematic with dryland

trials. However, even under irrigation both silage and grain corn plants often expressed stress responses
(leafcurling, dessicating silks). As such, irrigated corn yields did not statistically respond to 2¢fertili
applications exceeding 100 kg N /ha for grain corn and 50 kg N /ha for silage corn. Dryland trials failed to
respond to fertilizer N applications. Consequently, results obtained during these investigations are
deemed inconclusive.
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Demonstration of Barley Underseeded
with Ryegrass for Forage Production z
Irrigated

Funding

Funding for this project provided by the Agriculture Demonstration of Practices and Technologies
(ADOPT) program.

Organizations

1 Irrigation Crop DiversificatioBorporation(ICDC)

1 Western Applied Research Corporation (WARC)
Principle Investigators

1 Gursahib SingHCDC

Objectives

The study aimed to demonstrate the forage yield benefit of urgkseding ryegrass with sprirsgeded
forage barley compared to monocropping of each species. Two forage harvests are anticipated, the first

in late June or early July, the second in Septenoloé€dctober.

Research Plan

A study was initiated at two AgriARM sites (ICDC and WARC) to assess the effect of seed rate on forage
yields of barley undeseeded with ryegrassThree seeding rate treatment combinations of barley and
ryegrass (Intercrop3Barley @ 3.0 bu/ac + 5 Ib/dialian and 5 Ib/ac Annual, IntercropBarley @ 2.0

bu/ac + 5 Ib/ac Italian and 5 Ib/ac Annual, Intercrearley @ 1.0 bu/ac + 5 Ib/ac Italian and 5 Ib/ac
Annual) were compared to monocrop barley (Barley @ 3.0 bu/ac) and ryegrass (ltalian @ 10 Ib/ac

Italian + Annual @ 10 Ib/ac AnnuaBorage barley variety AB Advantage @), Italian ryegrass variety
Jeanne, and annual ryegrass variety Common Westerworlds were seeded in the field trails. The trial was
established in May of 2023, and field ploterne harvested twice; the first cut, mainly comprising of

barley harvested at the soft dough stage, and the second cut of ryegrass in October. The trial was
established in an RCBD design with four replicates.

Field trials were established on canola stubble at the ICDC (Hnatowich field block 3). The trial was set up
under irrigation. A composite soil sample was collected and sent to AgVise Laboratories for analysis (Table

1). Nitrogen (N) fertilizer at a ratefdl00kg N/ha was broadcast applied and incorporated at seeding.

NI S8 ¢gFa aSSRSR GKNRJAK (KS aARSOFYR 2LISYSNI i
2LISYSNI i mky (2 MkHéE RSLIK® t K2ALIK2NHzZa FSNIAE AT S|

Table 1. Soil Tedvailable Nutrients
Depth(cm) pH O.M. (%) C.E.C. NO:-N (kg N/ha) P (ppm) K (ppm) SQ-N (kg S/ha)
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0¢15 77 2.7 15.3 6 8 345 18
15¢ 30 5 14
30-60 10

A total of 5 treatments were arranged in a feraplicate randomized complete block design trial (Table

2), and the individual plot size was 8.0 x 1.5m. Forage barley variety AB Advantagg, (6lian ryegrass

variety Jeanne, and annual ryegrass vgriébmmon Westerworlds were seeded in the field trails. After

the first harvest, all plots were tegressed with an additional 50 kg N/ha. Plots were irrigated
immediately after application to minimize losses.

Weed control consisted of a buff prior to seeding, and plots were hawwkeded as required. Forage

yields were obtained with a Hege small plot forage combine, plots were subsampled for moisture, and a
bulk sample of each treatment (reps were bulked) wabmitted to A&L CANADA LABORATORIES INC.
(2136 Jetstream Rd, London, ON, N5V 3P5) for feed quality analysis after each forage harvest. The plots
were harvested twice; the first aimed for barley at the soft dough stage, and the second harvest timing
was amed at ryegrass and delayed till as long as the season allowed before freeze up. Forage yield results
[First harvest, second harvest timing, and combined (first + second harvest)] for dry matter and silage
(35% moisture) for each treatment are presentadriable 5.

Table 2: Detailedreatment list with treatment codes and seed rate of treatments.
Treatment No. Treatment codes Crop

1 Barley Monocrop barley @@ 3.0 bu/ac seed rate

2 Intercrop3 Barley @ 3.0 bu/ac + 5 Ib/ac Italian and 5 Ib/ac Annual
3 Intercrop2 Barley @ 2.0 bu/ac + 5 Ib/ac Italian and 5 Ib/ac Annual
4 Intercropl Barley @ 1.0 bu/ac + 5 Ib/ac Italian and 5 Ib/ac Annual
5 Ryegrass Monocrop 10 Ib/ac Italian and 10 Ib/ac Annual

Dates of various field operations and the products usediated in Table 3.

Table 3. Dates of field operations and products used in 2023.
#Field activities
Preseed/ preemergent herbicide application  May 5- Glyphosate @1 L/acre

Seeding Date May 11

N-P-K (kg/ha at seeding) 100150

Plotsize 1.5x8m

Herbicide -

Fungicide -

First harvest July 24

N fertilizer after the first harvest 50 kg N/ha (broadcasteduly 24)
Second harvest October 9

The total inseason rainfall from May through September at Outlook, Sistésl below (Table 4).
Outlook experienced aboveormal temperatures throughout the season and reduced precipitation
amounts. Thetotal k@ S+ a2y ANNAIIFGA2Yy FLIWIKEASR Fd L/5/ g1t a
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Table 4. Growing season temperature and precipitation by month for Outlook, SK in 2023, and th
year average (19922023).

Year May June  July August September Total
L/ 57/ e Mean Temperature (°G}-----------

2023 15.2 194 18.6 18.7 154 -

Longterm (19922023) 11.2 16.1 18.8 17.9 13.0 -

ICDC e Precipitation (mm}------------------

2023 17.5 153 155 16.60 16.6 101.2

Longterm (19922023) 41.5 65.3 55.8 43.9 30.5 237.0

Irrigation 116.8 1194 43.1 25.4 304.7

Results

Moisture Content

The moisture content (%) data for both harvest timings are presented in Table 5 for all treatments.
Moisture content remained consistent between intercrop treatments and monocrop barley at both

harvest times. Howeverkariations in moisture content were observed between ryegrass and other

treatments (monocrop barley and intercrop treatments).

Dry Matter Yield (combined first and second harvest)

Table 5 and Figure 1 illustrate each treatment's combined forage yields in dry matter yields. Significant
differences in treatment yield were observed. Monocrop ryegrass (10 Ib/ac Italian and 10 Ib/ac Annual)
yielded 9.15 T/ha, while monocrop barley (310dx seed rate) yielded 15.63 T/ha. In comparison to
monocrop barley, intercrop3, and intercrop2 showed an approximately 21% higher yield, and the
intercropl treatment yielded 14.5% higher. Yields of intercrop3 and intercrop2 were not significantly
different (Table 5 and Figure 1).

First Harvest:

During the first harvest, ryegrass plots resulted in the lowest yield. Within the barley treatments,
including monocrop and intercrop barley, monocrop barley demonstrated a yield of 15.63 T/ha,
surpassing the yield of the intercropl treatment. Notably, thiercrop3 treatment showcased the
highest yield at the first harvest.

Second Harvest:

In the second harvest, ryegrass achieved the highest yield at 5.72 T/ha across all treatments. Among the
intercrop treatments, an interesting trend emerged: an increase in barley seeding rate led to a decrease
in second harvest yield. This suggests thatltigher barley seeding rate hindered the optimal
establishment of ryegrass, resulting in a lower overalbyiel

Taple 5. Moisture content and yielq [Dry matter and Wet (35% moisturg)] for eagh treatr@@a‘mrent
f SGGSNE AYRAOIFIGS AaAIYATFTAOFYyG GNBFGYSYd RATT

First Harvest Second Harvest Combined yield  Moisture content (%)
Crop Yield (T/ha) Yield (T/ha) Yield (T/ha) First Second
Dry Wet Dry Wet Dry Wet Harvest Harvest
Barley 15.63 ab 24.04 ab - d - d 1563 b 2404 b 556 b -

Intercropl 1445 b 2223 b 345 b 531 b 1790ab 2753 ab 551 b 687 b
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518 b 713 b
514 b 821 a
715 a 667 b

)}

Intercrop2 16.24 ab 24.98 ab 2.80 bc 4.31 bc 19.04 a 29.29
Intercrop3 17.39 a 26.75 a 166 c¢ 255 c¢ 19.05 a 29.30
Ryegrass 3.72 ¢ 572 ¢ 544 a 836 a 9.15 c 14.08

[@ RN

Pvalue <0.001 <0.001 <0.001 <0.001 0.001 0.001 <0.001 0.001
Cv 13.76 13.77 34.38 34.37 11.42 11.41 7.58 5.19

Dry Matter Yield (T/ha)
20 2 a 2
b
15
=
= ¢
= 10
.:_:'
5
0
Barley Intercropl Intercrop2 Intercrop3 Ryegrass

Figure 1 Yield difference between treatments tested at ICDC in 2023.

Forage Quality

Each site submitted a treatment sample (bulked across reps) at each harvest for the forage quality analysis
(Table 6).

¢ I 0 f Forage Quality analysis (DRY) for each treatment.
Moisture crud
. content ru _e TDN ADF NDF Ca P K Na
Forage Mix (%) Protein
— —
(%) (%) ) ) %) ) (%)

First harvest

Barley 68.0 6.46 64.81 3093 51.70 028 0.22 1.90 0.06
Intercropl  62.99 5.58 66.14 29.22 48.23 022 022 134 0.04
Intercrop2  63.27 5.40 66.04 29.35 4774 023 019 1.30 0.04
Intercrop3  63.21 5.67 65.41 30.16 46.34 020 0.20 1.46 0.04
Ryegrass 81.17 8.04 64.77 3097 4549 052 026 324 0.04
Second harvest

Barley - - - - - - - - -
Intercropl  73.48 8.56 64.98 30.71 4959 043 0.18 1.68 0.04
Intercrop2  70.78 11.75 6895 2561 4259 055 0.20 3.19 0.07
Intercrop3  65.39 8.25 67.62 2732 4648 050 0.20 154 0.04
Ryegrass 60.04 6.38 67.21 2784 4450 0.33 0.15 1.87 0.05
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TDN = total digestible nutrients; ADF = acid detergent fibre; NDF = neutral detergent fibre; C
calcium; P = phosphorus; K = potassium; Na = sodium

Conclusion

We harvested the crop twice; under irrigated conditions at ICDC, the combinedatdtgr yield was
higher for Intercrop2 and Intercrop3 treatment when compared to monocrop barley and ryegrass

treatment.
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Optimum Management of Oats Can Vary
Between Varieties
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Funding

Funding for this projegbrovided by the Agriculture Demonstration of Practices and Technologies
(ADOPT) program.

Organizations

1 East Central Research Foundation (ECRF)

9 Irrigation Crop Diversification Corporation (ICDC)
Principle Investigators

1 Mike Hall, ECRF

1 GursahibSingh ICDC
Objectives

The objective of this project was to demonstrate how seeding rate and N fertility may need to be
managed differently between oat varieties to optimize yield, test weight and lodging resistance.

Recent study indicates that oats are more responsive to added N than has been historically applied.
Some producers are hesitant to increase N rates due to increased lodging risk and decreased test
weights. However, these risks differ between varieties ead be managed to some degree with
seeding rate.

Research Plan

Each trial was setup as a 2 X 2 X 3 factorial with 4 replicates. The factors were oat variety, nitrogen rate
and seeding rate. The varieties CS Camden and CDC Arborg were compared at soil + fertilizer N rates of
110 and 140 Ibs N/ac and each rate of N wealuated at seeding rates of 100, 200 and 300 live

seeds/n?. Table 1 shows all treatment comparisons.

Table 1. Proposed Treatment List for Oat Management Trial

tri# Variety Lb N/ac at seeding (soil+fert N) LiveSeeds/m
1 CS Camden 110 100
2 CS Camden 110 200
3 CS Camden 110 300
4 CS Camden 140 100
5 CS Camden 140 200
6 CS Camden 140 300
7 CDC Arborg 110 100
8 CDC Arborg 110 200
9 CDC Arborg 110 300
10 CDArborg 140 100
11 CDC Arborg 140 200
12 CDC Arborg 140 300

A

sSidebanded urea + background soil NHOn ¢ 0 @ b NB adzZ Ga FTNRNE ARSBIHI
GSNBE YdzZf GALX ASR 0& wmodp G2 SaidAYLFLdiS b | @FAtl
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The trials were conducted at Outlook (Irrigated Brown), and Yorkton (Black). Plot size varied between
sites depending on equipment. All other macronutrients were applied at rates to béimdmg to
yield. Dates of various operations are listed in Table

Table 2 Dates of operations in 2023.

Operation Yorkton Outlook
Preseed herbicide (if needed) none none

Seed trial May 17 May 11
Emergence counts June 19 ?

In-crop Herbicide June 5-Prestige June 8-Buctril M
In-crop Fungicide June 28 Caramba none

In-crop Insecticide none May 30- Matador
Lodging (€9) August 17 ?

Seed Yield: corrected to 13.5%  |August 17 & 18 August 16
moisture

Results

Yorkton and Outlook were warmer and drier in 2023 than the {wrgh average (Tables 3 & 4). Oat
yield only averaged 75 bu/ac at Yorkton due to the dry conditions. At Outlook, the average oat yield was
much higher (177 bu/ac) as the site was irrigated.

Table 3.Mean monthly temperatures amounts along with letegm (19812010) normals for the 2023 growing season at 8 sites in
Saskatchewan.

Location Year May June July August Avg. / Total
Mean Temperature (°Gj-----------------
Outlook 2023 15.2 19.5 185 18.7 18.0
Longterm 11.3 16.0 18.6 17.8 15.9
Yorkton 2023 14.1 19.4 16.8 17.8 17.0
Longterm 10.4 155 17.9 17.1 15.2

Table 4.Precipitation amounts along with lortgrm (19812010) normals for the 2023 growing season at 8 sites in Saskatchewan.

Location Year May June July August Avg. / Total
Rrecipitation (mmj}-------------------
Outlook 2023 17.2 15.3 155 46.6 94.6
Longterm 43.2 69.3 57.6 44.2 214.3
Yorkton 2023 20 83.4 17.4 72.6 193.4
Longterm 51 80 78 62 272

Oat emergence was good at both locatioiscreasing seeding rate produced a large range of plant
emergence rates at both locations (Table 5 and 6). Plant emergence was very similar between oat
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varieties at Yorkton (Table 5At Outlook, CS Camden had an average emergence rate of 154.9

plants/m?, whereas CDC Arborg had a statistically higher plant emergence of 183.3 pfqiiiie

6). However, the agronomic impact of this difference is likely modest. At Outlook, there was a

significant N rate by seeding rate interaction as the spread in emergence between seeding rates was
more narrow for the low rate of soil + fertilizer While the reason for this is unclear, the differences

were not substatal and are likely agronomically inconsequentiabdging was minimal at both

locations and no treatment effects on lodging were detected between CS Camden and CDC Arborg as
020K ITNB NI}GSR lFa KIFE@Ay3 G+SNE D22Ré¢ NBaAaul yosS

At Yorkton, CS Camden significantly yielded 20% higher tha'\dDXg (Table 5). Increasing N rate and
seeding rate did not significantly affect yield at Yorkton, which was likely the result of drought. In
contrast, CDC Arborg significantly yielded 5% more than CS Camden at Outlook (Table 6). However,
there was a sigficant variety by seeding rate interaction. While seeding rate did not affect the yield of
CS Camden, increasing seeding rate from 100 to 200 seéslg/nificantly increased the yield of CDC
Arborg from 6626 kg/ha to 7078 kg/ha, an increase of Dispie a lack of statistical significance this
trend was also observed at Yorkon, where the yield of CDC Arborg increased from 2289 kg/ha to 2919
kg/ha (27%) when seeding rate was increased from 100 to 200 seédskreasing seeding rate to 300
seed/n? at either site did not significantly or substantially increase the yield of CDC Arborg any further.

Increasing N rate from 110 to 140 Ib/ac of soil + fertilizer N reduced test weights at both locations. This
phenomenon has been well documented by past research. However, the effect was only statistically
significant at Outlook, where test weight was redddrom 249.0 to 247.9 g/0.5 | (Table 6). Increasing
seeding rate significantly increased test weight at both locations (Tables 5 & 6). However, a significant
variety by seeding rate interaction at Yorkton found the effect was more pronounced for CDC

Arborg. While increasing seeding rate from 100 to 300 seed®@nly increased test weight for CS

Camden from 215.7 to 218.4 g/0.5 1, test weight for CDC Arborg was increased more from 211.1 to 221.8
g/0.5 I. However, regardless of seeding rate, the test weight for both varieties were well below 230 g/0.5
I, the levelbelow which oats are rejected for milling at Grain Millers. At Outlook, no test weight
interactions were detected with variety (Table 6). On average, CS Camden had a significantly lower test
weightthan CDC Arborg at Outlook which supports past research. However, the test weight for both
varieties were above 245 g/0.5 | regardless of managemehis is the level above which oats are not
discounted for milling by Grain Millers.

Economics

The economic evaluation in this discussion uses price values from the Saskatchewan Crop Planning
Guide for 2023.These include $0.32/Ib for oat seed, $1.18/ Ib N, and $5.19/bu for milling oats. While

oat test weights at Yorkton were too low to technicatiake milling standard, $5.19/bu of oat was still

used in the economic analysis, as test weight seems to be more of an issue in our research plots than for
farmers in the field.The reason for this is not clear but it may be the result of producers btpmiore

fine seed out the back of the combine during harvest.

At Yorkton, increasing the level of soil + fertilizer N from 110 to 140 Ib/ac did not increase yield due to
droughted conditions.As a result, the cost of applying additional N only served to reduce the net return
by $36.71 (Table 7). Increasing the segdiate from 100 to 200 seedshAmcreased the net return by
$29.75/ac on average. Despite no interaction detected, most of this increase can be attributed to a yield
increase for CDC Arborgowever, further increasing seeding rate to 300 seedséduced yield and
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reduced the net return by $34.76/ac. Overall, CDC Arborg was 13.4 bu/ac lower yielding than CS
Camden, and generated $69.68/ac less income.

In contrast to Yorkton, increasing the rate of applied N at Outlook increased net return by $15.97/ac
(Table 8). Like Yorkton, increasing seeding rate at Outlook from 100 to 200 ségdstnated an
additional net return ($48.82), but only for CDC Arborg. The yield of CS Camden was unresponsive to
increasing seeding rate and in turn any increase in seeding rate from 100 séegsfreased net

return.

Conclusion

In conclusion, there was little information to suggest CDC Arborg and CS Camden should be managed
differently. Neither N rate, or seeding rate had a significant influence on lodging, as levels of lodging

were very low in this study and the varieties ude@ NJ O2 YL NA a2y 6SNB 020K NI &GS
D22Ré¢ NBaArAadGlryOS G2 t2R3IAy3Id LYONBFraiAy3a GKS tS@St
recommended was only economical at Outlook under irrigation. There was no statistical evidence to

suggest this differed between varietiedUnder droughted conditions at Yorkton, the same increase in N

fertility did not statistically increase yield for either variety and thereby reduced economic net return by
$36.71on average. While increasing N didueeltest weight at both locations it was economically
inconsequential. Regardless of variety or N rate, test weights were too low for milling quality at Yorkton

and were above discount levels at Outlook. It was possible to push test weights higher fArtsorC

with increasing seeding rate but not sufficiently high enough to make milling specifications. At Outlook,

test weights were above discount levels regardless of seeding rate or variety. Increasing seeding rate

from 100 seeds/mto 200 seeds/rincreased yield at Yorkton and Outlook enough to increase net

return for CDC Arborg. However, the effect was only statistically significant at Outlook. Increasing

seeding rate did not affect yield of CS Camden at either site and proved uneconotibath

locations, increasing seeding rate further from 200 to 300 seedséuuced economic returns for both

varieties.

In summary, there was some evidence to suggest increasing seeding rate from 100 to 200 $eeds/m
more economical for CDC Arborg compared to CS Camden in this study. However, the economic effect
of increasing N did not appear to differ between Varieties. It should be noted that low test weight is

more of a concern for CS Camden. Thus, the acceptahCS Camden for milling based on test weight is
more likely to be negatively impacted by increasing N and positively impacted by increasing seeding rate
compared to CDC Arborg depending on environmental conditions.
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Expanding Rotational Options Using New
and Novel Pulse Crops 2.0
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Principle Investigators
1 Amber Wall, WCA
Objectives

The objective of this demonstration was to provide producers with basic economic and agronomic
information on nontraditional pulse crops that may be adapted to the various regions in theAijvi
network, specifically fenugreek and lupin. Introducing reawd novel pulse crops into specific regions is
necessary to maintain, diversify, and extend cropping rotations leading to a more robust integrated pest
management cropping system

Research Plan

Introducing new and novel pulse crops into specific regions is necessary to maintain, diversify, and

extend cropping rotations leading to a more robust integrated pest management cropping system. Each

crop was replicated four times in a split block dedigff R O2 YLJ NBR G2 | LlzZ aS WNBT
peas, or lentils) to ensure a good visual representation and quality data.-gepreherbicide registered

for all crops was applied and weeds were controlled using a combination of registersdguteandn-

crop herbicides. Inoculants were limited for many of these pulse crops, so nitrogen fertilizer was applied
according to a general soil test where inoculant was not available. Many of th&RMfisites featured

this demonstration during their annual fiedays

Field trials were initiated for the 2023 growing season at all 8 SaskatchewaARdrsitesincluding

Swift Current (WCA), Indian Head (IHARF), Prince Albert (CLC), Outlook (ICDC), Melfort (NARF), Scott
(WARC), Redvers (SERF) and Yorkton (ECRF). Running these demonstrations at mAiifié Figs
provides provincial wide coverage across npldtisoil zones and a wide range of growing conditions.
Some crops are likely be better suited to certain regions, therefore having this information gives
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producers and opportunity to select crops and varieties best suited for their particular operation and
environments. Treatments and varietal information are listed in Table 1.

Table 1. Crop, seed rate and variety information.

Crop \Variety TKW Distributor Traits
(grams)
Fenugreek
175 plants/m |CDC Canafel 17.9 E”r;‘iatre"’(‘]:d Seed Products it flowered
250 plants/m
\White Lupin
40 seeds/m Dieta 265  |Lupin Platform Inc. Purple/blueflowered, shown resistance to
Aphanomyces root rot
56 seeds/m
Blue Lupin&
40 seeds/m Boregine 190 |LupinPlatform Inc. \White-flowered, narrow leaved, shown resistanc
to Aphanomyces root rot
56 seeds/m
Small Red Lentil
130 plants/m CDC Impulsq 45 SeCan Clearfield tolerant
190 plants/ni
YellowField pea
. . \White-flowered, semi-leafless, medium seeded
85 plants/nt IAAC Profit 226 |FP Genetics vellow pea
95 plants/mt

*Indian Head, Swift Current, Redvers, Scott and Prince Albert seeded blue lupin at 108 and 129 plants/m

Fenugreek and lupin, as well as a pulse reference crop (either peas, or lentils depending on the site
location) were seeded at the current recommended (standard) seeding rate (based off previous
research), as well as an increased rate. Each crop wasateplifour times in a split block design to

ensure a good visual representation and quality data. Ageed herbicide (glyphosate) was applied. In
crop weed control using a combination of registered-peed and ircrop herbicides for grassy weeds
including Centurion, or Poast Ultra and Assure Il. For broadleaf weed control, Metribuzin is registered
for in-crop applications for lupin. Odyssey is registered for fenugreek. Some hand weeding was
permitted at the discretion of the site manager. Preventativedigide applications were recommended

to ensure that disease would not be a yield limiting factor. Although not all sites applied a fungicide, the
risk of disease was low and it is highly unlikely that this had any impact on yields or the observed
responsesPreharvest herbicides or desiccants were used at the discretion of individual site managers
and, wherever possible, only the center rows of each plot were harvested to avoid potentially
confounding edge effects. Where inoculants were limited, nitrogetilizer was applied according to a
general soil test. Lupin platform supplied peat inoculant for lupins and was seed applied at a rate of 3
grams per kilogram of seed. Plot size varied across locations to accommodate the specific seeding and
spraying eqgipment. Selected agronomic information and dates of operations are provided in Table 6 of
the Appendices.

Various data were collected to evaluate the treatments and help explain the results:
1. A soil sample of the general area in order to note NPKS, as well as soil pH of and OM%.
2. Establishment (1 m row from front, middle and back of plot)
3. Weed Competition (b, 1=excellent weed control)
4. Yield (kg/ha)
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5. Basic economics

Results

Soil Test Results and Growing Season Weather Conditions
Soil test results for all eight sites are provided in Table 2 below. Soil pH, organic matter, and C.E.C. values
ranged widely but were all considered typical for their corresponding locations.

Table 2. Selected soil test analyses result at Indian Head (IH), Melfort (ME), Outlook (OL), Prince Albert
(PA), Redvers (PA), Scott (SC), Swift Current (SW), and Yorkton (YK) in 2023. Unless otherwise
indicated, all measurements are representative of tlel5 cm soil profile.

Parameter IH23 ME23 OL23 PA23 RW23 SG23 SW23 YkK23
pH 7.8 6.2 7.7 5.9 7.9 5.7 6.7 6.8
Organic Matter (%) 5.5 8.7 2.7 5.7 3.4 3.8 2.9 7.8
ICEC (meq) 45.6 37.0 15.3 184 33 14.7 16.7 27.4
NG:-N (kg/hay 16 41 24 57 29 21 19 55Y
OlsenP (ppm) 7 16 8 4 6 17 8 16

K (ppm) 590 619 345 267 199 394 298 353
kg S/ha (kg/haj 56 87 54 54 484+ 105 49 77

Z=012"

Mean monthly temperatures for each location are presented along with the-terg (19812010)

averages in Table 3 while precipitation amounts are in Table 4. All locations were considerably warmer
than average, with May and June being particularly hdy, s slightly cooler than average to
approximately average while August temperatures were approximately average to slightly above
average. Over the foumonth period from May through August, growing season temperatures ranged
from 1.41.9 °C above averagTurning our attention to precipitation, all locations were much drier than
average. Swift Current was the exception, with 95% of average precipitation. However, the soil moisture
reserve has been very low since 2017. Unfortunately, the plots at Swittf@wvere also damaged by a
hailstorm that resulted in an estimated #4D% yield loss. Outlook was the driest of the sites with only

95 mm of precipitation (46% of average); however, this location is irrigated and received an additional
246 mm of irrigatbn water in June through August. The remaining locations received®%®of the

long-term average precipitation amounts. Excluding Outlook, which was irrigated, Indian Head, Melfort,
and Yorkton were the driest in both absolute terms and as a percentatpe ddngterm average.

Table 3. Mean monthly temperatures along with logrm (LT; 19812010) averages for the 2023
growing season at Indian Head (IH), Melfort (ME), Outlook (OL), Prince Albert (PA), Redvers (RV), Scott
(SC), Swift Current (SW), and Yorkton (YK), Saskatchewan.

Year May June July August May-Aug
--------------------------------------- Mean Temperature (°Gy----------=----m-mmmmmmmmmm oo

IH-23 14.0 194 16.7 17.7 17.0 (+1.4)
IHLT 10.8 15.8 18.2 17.4 15.6
ME-23 14.1 19.2 16.9 17.3 16.9 (+1.7)
MELT 10.7 15.9 17.5 16.8 15.2

OL-23 15.2 19.5 18.5 18.7 18.0 (+1.9)
OLLT 11.5 16.1 18.9 18.0 16.1
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PA23 14.4 18.8 16.6 17.1 16.7 (+1.6)
PALT 10.4 15.3 18.0 16.7 15.1
R\23 14.5 19.7 17.6 17.9 17.4 (+1.4)
RVLT 11.1 16.2 18.7 18.0 16.0
SG23 14.9 17.2 17.1 17.4 16.7 (+1.9)
SGLT 10.8 14.8 17.3 16.3 14.8
SW23 14.8 17.7 18.4 18.8 17.4 (1.6)
SWLT 11.0 15.7 18.4 17.9 15.8
YK23 13.8 19.7 16.7 17.8 17.0 (+1.8)
YKLT 10.4 15.5 17.9 17.1 15.2

Table 4. Mean monthly precipitation amounts along with lortgrm (LT; 19812010) averages for the
2023 growing season at Indian Head (IH), Melfort (ME), Outlook (OL), Prince Albert (PA), Redvers (RV),
Scott (SC), Swift Current (SW), and Yorkton (YK), Sciséaan.

Year May June July August May-Aug
oo Ftal Precipitation (mm--------m-mmmmm e

IH-23 12.9 49.6 15.9 40.8 119 (49%)
IHLT 51.8 77.4 63.8 51.2 244
ME-23 17.9 26.4 16.4 50.0 111 (49%)
MELT 42.9 54.3 76.7 52.4 226
OL-23 17.2 15.3 (117) 15.5 (86) 46.6 (43) 95 (46%)
OLLT 42.6 63.9 56.1 42.8 205
PA23 22.8 52.8 40.8 51.2 168 (67%)
PALT 44.7 68.6 76.6 61.6 252
R\Z23 84.1 33.0 10.8 37.6 166 (62%)
RVLT 60.0 95.2 65.5 46.6 267
SC23 16.6 8l.1 29.7 31.7 159 (70%)
SCLT 38.9 69.7 69.4 48.7 227
SW23 41.0 32.9 63.3* 42.1 179 (95%)
SWALT 42.1 66.1 44.0 35.4 188
Y23 16.8 67.9 18.0 33.3 136 (50%)
YKLT 51.3 80.1 78.2 62.2 272

ZValues in parentheses Outlook are irrigation water
Y Hailstorm at Swift Current on July 22, 2088ulted in an estimated 100% seed yield loss

Establishment and Yield

Plant densities were measured to provide insights into the overall establishment of each crop. A pulse
reference crop (either peas, or lentils) was seeded at a standard recommended and increased seeding
rate at each location. Yellow peas were seeded atfdfiglOutlook and Yorkton. While red lentils were
seeded at Indian Head, Swift Current, Redvers, Scott and Prince Albert. It was common among all crops
for increasing mortality at the increased seeding rate.
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Yellow peas were seeded at the recommended (85 plar)sénd increased rate (95 plantsfin
Outlook resulted in a significantly different yellow pea population at the higher seeding rate (79
plants/n?) compared to thestandard seeding rate (73 plantsfnirable 7). Melfort yellow pea
population was the lowest of the sites and did not significantly differ by seeding rate averaging 68
plants/nm? Table 8). At Yorkton, yellow pea densities were intermediate and averaged 71 plaats/m
the recommended rate and 75 plantsfrat the increased seed rate (Table 9).

Yellow peas yielded very well at all 3 locations and well above the provinejalat@veragé At

Outlook (irrigation), yellow peas were the highest yielding crop and averaged 4,104 kg/ha. At Melfort,
yellow peas seeded at the recommended rate was the highest yielding treatment overall (3,969 kg/ha)
and significantly higher than peas seeded atitihereased seed rate (3,475 kg/ha), even though plant
densities did not significantly differ. This treatment yielded 64% higher than the next highest yielding
crop, which was white lupin seeded at the recommended rate (2,419 kg/ha). The highest yielding site for
yellow peas was Yorkton, where the increased seed rate resulted in a yield of 4,185 kg/ha, significantly
different than the yield resulting from the recanended seed rate (3,691 kg/ha). This treatment was

also a 46% vyield increase over the next highest yielding crop, which was fenugreek seeded at the
recommended rate (2,863 kg/ha).

All sites where lentils were seeded resulted in significantly higher plant populations as a result of the
increased seed rate. Red lentils were seeded at a recommended (130 pl@nasichincreased rate (190
plants/nm?). Average lentil populations in the order from highest to lowest site were Redvers (236
plants/n? Table 10), Swift Current (216 plants/rable 11), Indian Head (168 plant$/frable 12),

Prince Albert (140 plants/fTable 13) and Scott (112 plants/ifable 14).

Lentils were the highest yielding crop at Prince Albert and Scott. At Prince Albert, seeding rate had no
effect on lentil yield and lentils yielded 43% higher (2,558 kg/ha) than the next highest yielding crop,
which was fenugreek, seeded at the increasai (1,787 kg/ha). At Scott, the highest yielding

treatment resulted from the increased lentil seeding rate (3,577 kg/ha), significantly different than yield
resulting from the recommended seed rate (3,402 kg/ha). This was 54% higher than the next highest
yielding crop, which was fenugreek seeded at the increased rate (2,319 kg/ha). Seeding rate did not
influence lentil yield at Prince Albert (2,509 kg/ha), Indian Head (2,435 kg/ha), or Swift Current (1,149
kg/ha). Redvers was the lowest yielding lentié sind the increased seed rate resulted in a significantly
different yield (1,248 kg/ha) compared to the recommended rate (1,092 kg/ha).

I
S T = lea: =

N
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Image 1. Lentil plots seeded at 130 plants/m2 (left) and 190 seeds/m2 (right) at Swift Current on July 19,
2023.

White and Blue Lupin (Images9.

White and Blue lupin seeding rate varied by location. Melfort, Outlook and Yorkton seeded both
varieties at a recommended rate of 40 plant$/amd increased rate of 56 plantsfimHowever, Indian

Head, Swift Current, Redvers, Scott and Prince Albert seeded white lupin at 65 and 86 plants/m

blue lupin was seeded at 108 and 129 plants/rhere was an adjustment made to the blue lupin

seeding rate in the protocol after some sites had initiated the trial. Recommended seeding rates for blue
lupin is 40 plats/m?and the increased rate is 56 plantsim

With the exception of Outlook, all sites observed increasing white lupin population with increasing seed
rate. Scott had the lowest establishment rates for white lupin$836), followed by Prince Albert (76

77%). With the exception of Redvers, all sitbserved increasing blue lupin population with increasing
seed rate. Percent establishment varied by location. At Indian Head, Swift Current, Melfort and Yorkton,
blue lupin establishment rates were 100%. However, blue lupin percent establishment wasless t

50% at Redvers and Scott.

White lupin yield from highest to lowest by site was Outlook (2,750 kg/ha), Melfort (2,419 kg/ha),
Yorkton (2,355 kg/ha), Scott (2,270 kg/ha), Redvers (1,709 kg/ha), Indian Head (1,424 kg/ha), Swift
Current (1,128 kg/ha) and Prince Albert (851 kg/ha). ¥hiipin seeded at the increased rate of 86
plants/m? was the highest yielding treatment at Redvers, and was 37% higher yielding than the red lentil
reference crop (1,248 kg/ha). White lupin also yielded well at Swift Current (seeded the recommended
rate ard yielded 1,218 kg/ha), and wasi2b6 higher yielding than the red lentil reference crop (1,172
kg/ha). At Melfort, Indian Head, Redvers, Scott, Swift Current and Yorkton white lupin yielded
significantly higher than blue lupin. At both Melfort and IndiagaH, white lupin yield did not

significantly differ by seed rate (Melfort=2,409 kg/ha, Indian Head=1,373 kg/ha), and blue lupin yielded
less when seeded at the higher rate (Melfort=997 kg/ha, Indian Head=773 kg/ha).

Blue lupin yields highest to lowest by site were Scott (2,170 kg/ha), Yorkton (1,522 kg/ha), Prince Albert
(1,436 kg/ha), Melfort (1,187 kg/ha), Redvers (1,009 kg/ha), Indian Head (884 kg/ha), Swift Current (765
kg/ha) and Outlook (483 kg/haBlue lupin yields at Outlook were very low because of insect damage

and poor nodulation. During a nodulation assessment, very few tiny nodules were observed. This could
be due to the inoculant source being shipped between sites when the temperature easlplabove

25 degrees Celsius, possibly affecting viabiityPrince Albert, white lupin yielded significantly less (805
kg/ha) compared to blue (1,408 kg/ha). At Redvers, both varieties resulted in a significantly higher yield
when seeded at the increased rate (white=1,709 kg/ha, blue=1,009 kg/ha).

Images 2. White lupin at emergence and flowering at various locations. Plots seeded at 65 pFants/m
and 86 plants/m at Swift Current (right).
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