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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 AND PURPOSES OF ICDC 

a) to research 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 co-operate with the Ministry in promoting and developing sustainable irrigation in 

Saskatchewan. 

 

CONTACT 

Irrigation Crop Diversification Corporation  

901 McKenzie Street South 

Box 1460 

OUTLOOK, SK S0L 2N0 

Bus: 306-867-5669          Fax: 306-867-2102 

email: admin.icdc@sasktel.net 

Web: http://irrigationsaskatchewan.com/icdc 
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 FIELD CROP VARIETY TRIALS 
 

Irrigated Canola Performance Trial ɀ 

Swathed Varieties  
Funding  

Funded by the Irrigation Crop Diversification Corporation and the Saskatchewan Variety Performance 
Group 

Organizations  

¶ Irrigation Crop Diversification Corporation (ICDC) 

¶ SKCanola 

Principal Investigators  

¶ Garry Hnatowich, PAg, Co-Research Director, ICDC 

¶ Gursahib Singh, PhD, PAg, Co-Research Director, ICDC 

Objectives  

The objectives of this study were to provide relevant, unbiased canola variety data on a selection of 
leading and newly released canola varieties, uǇŘŀǘŜ ǘƘŜ /ŀƴƻƭŀ /ƻǳƴŎƛƭ ƻŦ /ŀƴŀŘŀΩǎ ǾŀǊƛŜǘȅ ǇŜǊŦƻǊƳŀƴŎŜ 
database, uǇŘŀǘŜ ǘƘŜ ah!Ωǎ ŀƴƴǳŀƭ Varieties of Grain Crops, and uǇŘŀǘŜ L/5/Ωǎ ŀƴƴǳŀƭ Crop Varieties 
for Irrigation guide. 
 

Research Plan 

The Swathed Canola Performance Trial (CPT) was seeded at the ICDC Hnatowich field Block 2 (adjacent 
to CSIDC).  Canola varieties were tested for their agronomic performance under irrigation.  Varieties 
entered included three TruFlex, three Roundup and five Liberty Link canola hybrids.  The trial was 
seeded on May 18.  Plot size was 1.5 m x 6.0 m, varieties were blocked into their respective herbicide 
tolerance grouping for purpose of comparison and appropriate post emergent herbicide applications.  
Treatment entries were replicated four times.  All varieties had a seed treatment applied by the trial 
coordinator for seed borne disease and early season flea beetle control.  The trial was established on 
wheat stubble and soil testing indicated available residual N levels of 56 kg N in the top 60 cm.  
Supplemental nitrogen fertilizer was applied at 110 kg N/ha as 46-0-0 and phosphorus at 20 kg P2O5/ha 
as 12-51-0 side-banded at the time of seeding.  The appropriate herbicides were applied on June 17 to 
their respective herbicide tolerant variety.  All herbicides were applied at recommended rates.  A 
fungicide application of Priaxor® (fluxapyroxad + pyraclostrobin; 0.18 L/ac) was applied on July 8.  All 
varieties were swathed at the appropriate time and combined on August 30.  Harvested samples 
cleaned and yields adjusted to a moisture content of 10%.  In-season precipitation from May through 
!ǳƎǳǎǘ ǿŀǎ фсΦр ƳƳ όоΦуέύ ŀƴŘ ƛƴ-ǎŜŀǎƻƴ ƛǊǊƛƎŀǘƛƻƴ ǿŀǎ мсрΦм ƳƳ όсΦрέύΦ 
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Results 

Results are outlined in Table 1.  Median grain yield of all varieties was 5062.2 kg/ha (90.1 bu/ac). The 
Liberty tolerant variety PC 501L was statistically higher yielding than all other varieties.  Median oil 
content was 41.6%, test weight 68.5 kg/hl and 1000 seed weight (TKW) 3.3 grams.  Plant heights ranged 
from 81 to 98 cm.  Maximum difference in maturity between the earliest and latest maturing hybrids 
was 3 days. 
 
The results from this trial will be used to update the irrigation variety database at ICDC and provide 
information to irrigators on the best canola varieties suited to irrigation production practices.   
 
Table 1. Yield and agronomic data for the 2021 Irrigated Canola Performance Trial ς Swathed Varieties. 

 

 
Variety 

 
Yield 

(kg/ha) 
Oil 
(%) 

 
Test 

Weight 

(kg/hl) 

TKW 
(gm/1000 

seed) 
Maturity  

(days) 

Lodge rating 
(1=erect; 

5=flat) 
Liberty Link       
L340PC 5071 39.4 67.9 3.2 88 1 

1 

1 

B3011  4984 39.8 69.4 3.7 88 1 
P501L 5523 39.6 68.6 3.3 89 1 
CP21L3C 5291 40.8 68.8 2.9 88 1 
Roundup Ready       
1028 RR 4886 42.5 69.0 3.3 89 1 

1 45CM39 5466 42.7 67.4 3.3 88 1 
45H42 5005 41.2 68.2 2.7 88 1.3 
TruFlax       
DKTF 98 CR 4815 41.7 68.6 3.7 88 1 
BY 6207TF 4776 41.0 68.6 3.3 89 1 
CS 2600-CR-T 4814 41.9 68.6 3.5 89 1 
LSD (0.05) 

 

843.2 0.8 0.3 1.1 0.8 0.5 

CV (%) 11.5 0.7 22.4 1.9 0.9 9.4 

NS = Not Significant 
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Irrigated Canola Performance Trial ɀ 

Straight Cut Varieties  

 
Funding  

Funded by the Irrigation Crop Diversification Corporation and the Saskatchewan Variety Performance 
Group 

Organizations  

¶ Irrigation Crop Diversification Corporation (ICDC) 

¶ SKCanola 

Principal Investigators  

¶ Garry Hnatowich, PAg, Co-Research Director, ICDC 

¶ Gursahib Singh, PhD, PAg, Co-Research Director, ICDC 

Objectives  

The objectives of this study were to provide relevant, unbiased canola variety data on a selection of 
leading and newly released canola varieties, uǇŘŀǘŜ ǘƘŜ /ŀƴƻƭŀ /ƻǳƴŎƛƭ ƻŦ /ŀƴŀŘŀΩǎ ǾŀǊƛŜǘȅ ǇŜǊŦƻǊƳŀƴŎŜ 
database, uǇŘŀǘŜ ǘƘŜ ah!Ωǎ ŀƴƴǳŀƭ Varieties of Grain Crops, and uǇŘŀǘŜ L/5/Ωǎ ŀƴƴǳŀƭ Crop Varieties 
for Irrigation guide. 
 

Research Plan 

The Straight Cut Canola Performance Trial (CPT) was seeded at at the ICDC Hnatowich field Block 2 
(adjacent to CSIDC).  Canola varieties were tested for their agronomic performance under irrigation.  
Varieties entered included eight TruFlex, two Roundup and 10 Liberty Link canola hybrids.  The trial was 
seeded on May 18.  Plot size was 1.5 m x 6.0 m, varieties were blocked into their respective herbicide 
tolerance grouping for purpose of comparison and appropriate post emergent herbicide applications.  
Treatment entries were replicated four times.  All varieties had a seed treatment applied by the trial 
coordinator for seed borne disease and early season flea beetle control.  The trial was established on 
wheat stubble and soil testing indicated available residual N levels of 56 kg N in the top 60 cm.  
Supplemental nitrogen fertilizer was applied at 110 kg N/ha as 46-0-0 and phosphorus at 20 kg P2O5/ha 
as 12-51-0 side-banded at the time of seeding.  The appropriate herbicides were applied on June 17 to 
their respective herbicide tolerant variety.  All herbicides were applied at recommended rates.  A 
fungicide application of Priaxor® (fluxapyroxad + pyraclostrobin; 0.18 L/ac) was applied on July 8.  All 
varieties were swathed at the appropriate time and combined on August 30.  Harvested samples 
cleaned and yields adjusted to a moisture content of 10%.  In-season precipitation from May through 
!ǳƎǳǎǘ ǿŀǎ фсΦр ƳƳ όоΦуέύ ŀƴŘ ƛƴ-ǎŜŀǎƻƴ ƛǊǊƛƎŀǘƛƻƴ ǿŀǎ мсрΦм ƳƳ όсΦрέύΦ 
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Results 

Results are outlined in Table 1.  Median grain yield of all varieties was 5034 kg/ha (89.6 bu/ac).  The 
Roundup Ready 45CM39 tolerant variety yielded statistically higher than all other varieties  Median oil 
content was 40.14%, test weight 69.7 kg/hl and 1000 seed weight (TKW) 3.3 grams.    Maximum 
difference in maturity between the earliest and latest maturing hybrids was 4 days. 
 
The results from this trial will be used to update the irrigation variety database at ICDC and provide 
information to irrigators on the best canola varieties suited to irrigation production practices.   
 
Table 1. Yield and agronomic data for the 2021 Irrigated Canola Performance Trial ς Swathed Varieties. 

 

 
Variety 

 
Yield 

(kg/ha) 
Oil 
(%) 

 
Test 

Weight 

(kg/hl) 

TKW 
(gm/1000 

seed) 
Maturity  

(days) 

Lodge rating 
(1=erect; 

5=flat) 
Liberty Link       
InVigor L340PC 4945 39.4 68.3 3.2 87 1 

InVigor L345PC 5232 39.9 69.4 3.0 87 1 

InVigor L356PC 4603 39.3 67.8 3.4 88 1 

InVigor L343PC 4542 39.5 67.8 3.2 87 1 

DKLL 82 SC 4539 39.3 68.8 3.2 88 1 

DKTFLL 21 SC 4575 39.7 69.3 3.1 87 1 

CS4000 LL  4162 38.9 69.2 3.5 87 1 

B3010M  4345 40.0 68.1 3.8 89 1 

P506ML 4550 39.0 67.7 3.9 88 1 

P505MSL 5140 38.8 69.0 3.5 88 1 

Roundup Ready       
D3158CM 5457 42.3 69.1 3.0 88 1 

45CM39 5933 
 

43.7 67.6 3.5 88 1 

TruFlax       

DKTF 99 SC 5663 39.8 69.7 3.6 88 1 

DKTF 97 CRSC 5412 40.8 69.2 3.1 88 1 

BY 6211TF 5372 39.4 69.3 3.6 88 1 

CS2600 CR-T  5787 41.7 67.9 3.6 87 1 

CS3100 TF 4630 40.2 68.2 3.4 90 1 

CS3000 TF 5493 40.9 68.9 3.6 88 1 

PV 761 TM  5151 40.4 69.3 3.4 89 1 

CP21T3P 5232 39.5 69.3 3.4 89 1 

LSD (0.05) 

 

5954 0.9 0.2 1.1 1.9 0.3 

CV (%) 8.4 0.8 15.0 1.9 1.0 - 

NS = Not Significant 
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Irrigated Flax Variety Trial  

 
Funding  

Funded by the Irrigation Crop Diversification Corporation and the Saskatchewan Variety Performance 
Group 

Organizations  

¶ Irrigation Crop Diversification Corporation (ICDC) 

¶ Saskatchewan Variety Performance Group (SVPG) 

¶ Saskatchewan Advisory Council on Grain Crops (SACGC) 

Principal Investigators  

¶ Garry Hnatowich, Co-Research Director, ICDC 

¶ Gursahib Singh, Co-Research Director, ICDC 

Objectives  

The objectives of this study were to evaluate registered and experimental flax varieties, assess entries 
for suitability to irrigated production, and uǇŘŀǘŜ L/5/Ωǎ ŀƴƴǳŀƭ Crop Varieties for Irrigation guide. 
 

Research Plan 

The irrigated flax trials were established on ICDC On-station (Field 8). Fourteen flax varieties, seven 
registered and seven experimental entries, were tested for their agronomic performance under 
irrigation.  The ICDC site was seeded May 21.  Plot size was 1.5 m x 4.0 m, treatments were replicated 
three times, and the trials were established in an experimental lattice design.  The ICDC On-station trial 
received supplemental fertilizer applied application rates of 90 kg N/ha (side band), as 46-0-0, and 30 kg 
P2O5/ha (seed placed) as 12-51-0. Weed control consisted of a post-emergence applications of Buctril M 
(bromoxynil +MCPA ester) + Centurion (clethodim) + Amigo adjuvant, supplemented by some hand 
weeding. 
 
Yields were estimated by direct cutting the entire plot with a small plot combine when the plants were 
dry enough to thresh and seed moisture content was < 20%.  Harvested samples were cleaned and 
yields were adjusted to a moisture content of 10%.  In-season precipitation from mid-May through to 
September 26, 2022 was 89 ƳƳ όоΦрέύΣ ǘƻǘŀƭ ƛƴ-season irrigation was 166 ƳƳ όсΦрέύΦ 

 

Results 

Results obtained at the ICDC location are shown in Table 1.  Yield in 2022 were very low, the possible 
reason for abnormal yield results might be high temperatures through 2022 growing season. Test 
weight, TKW, flowering and height of all varieties were in close range. CDC Glas was the earliest 
maturing variety (93 days) and CDC Dorado and experimental line FP2610 was among the late maturing 
(100 days). No difference in lodging between entries was evident. 
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Results from these trials are used to update the irrigation variety database at ICDC and provide 
recommendations to irrigators on the best flax varieties suited to irrigation conditions and will be used 
in the development of the annual publications Crop Varieties for Irrigation and the Saskatchewan 
aƛƴƛǎǘǊȅ ƻŦ !ƎǊƛŎǳƭǘǳǊŜΩǎ Varieties of Grain Crops 2023.   
 

Table 1.  Yield and agronomic data for the Saskatchewan Variety Performance Group Irrigated Flax 
Regional Trial, ICDC On-Station Location (Field 8), 2020. 

Variety Yield 
(kg/ha) 

Yield 
(% of CDC 
Bethune) 

Test 
Weight 
(kg/hl) 

Seed 
Weight 
(g/1000) 

Flower 
(days) 

Maturity  
(days) 

Height 
(cm) 

Lodging 
(1=erect; 
9=flat) 

CDC Glas 2458 106 68.2 5.2 51 93 72.5 1 

AAC Bright 2368 102 69.4 5.5 52 95 71.3 1 

CDC Kernen 2208 95 69.6 5.7 51 96 74.7 1 

CDC Bethune 2326 100 69.6 5.7 50 93 74.7 1 

AAC Prairie 
Sunshine 2307 99 69.4 5.9 

51 
 96 71 1 

CDC Rowland 2927 126 68.8 5.9 50 96 73 1 

CDC Dorado 2118 91 69.1 5.9 45 100 70 1 

Experimental Lines 

FP2600 1701 73 69.1 5.6 52 95 61.2 1 

FP2602 1741 75 69.1 5.2 52 99 76.3 1 

FP2604 2335 100 68.8 5.1 52 96 70.5 1 

FP2606 2112 91 68.1 6.1 51 98 70.8 1 

FP2607 2603 112 68.4 6.4 50 95 69.5 1 

FP2608 2359 101 69.3 5.4 51 96 75.8 1 

FP2609 2299 99 69.1 5.9 50 93 72 1 

FP2610 1795 77 68.7 5.2 53 100 74. 1 

LSD (0.05) 288.6  0.3 0.7 0.7 1.2 4.5 - 

CV (%) 13.9  0.6 7.5 1.6 1.6 7.6 - 
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Irrigated Wheat, Durum, Barley and Oat 

Regional Variety Trials  

 
Funding  

Funded by the Irrigation Crop Diversification Corporation and the Saskatchewan Variety Performance 
Group 

Organizations  

¶ Irrigation Crop Diversification Corporation (ICDC) 

¶ Saskatchewan Variety Performance Group (SVPG) 

¶ Saskatchewan Advisory Council on Grain Crops (SACGC) 

Principal Investigators  

¶ Garry Hnatowich, Co- Research Director, ICDC 

¶ Gursahib Singh, Co-Research Director, ICDC 

Objectives  

The objectives of this study were to evaluate experimental cereal lines pursuant for registration 
requirements, assess entries for suitability to irrigated production, and uǇŘŀǘŜ L/5/Ωǎ ŀƴƴǳŀƭ Crop 
Varieties for Irrigation guide. 
 

Research Plan 

The Saskatchewan Variety Performance Group (SVPG) wheat, durum, barley and oat regional trials were 
seeded May 3.  The spring wheat were divided into two separate trials, the Hex 1 was comprised of 
CWRS class varieties or experimental lines, total entries evaluated was 38.  The Hex 2 was comprised of 
high yielding classes of spring wheat with 9 entries.  The durum trial had 14 entries.  The barley trial was 
exclusively 2-row barleys with 29 entries.  The oat trial comprised a total of 9 entries.  The trial was 
arranged in a randomized complete block design with three replicates.  Plot size was 1.5 m x 6.0 m.  All 
trials were located at the ICDC Hnatowich research site Block 1; however, a 2nd durum trial was also 
established at the Knapiks site (CSIDC station).  At the Hnatowich field nitrogen fertilizer was applied at a 
rate of 130 kg N/ha as 46-0-0 as a sideband application and 25 kg P2O5/ha as 12-51-0 seed placed (this 
trial was conducted on canola stubble that soil testing indicated available soil N of 42 kg/ha).  At Knapiks 
durum location fertilizer was applied at a rate of 150 kg N/ha as 46-0-0 as a sideband application and 30 
kg P2O5/ha as 12-51-0 seed placed (second durum trial).  The soft white spring wheat (CWSWS Coop) is 
not part of the SVPG program but rather a separate evaluation but included here for an inclusive cereal 
report.  The CWSWS trial was replicated four times.   Weed control consisted of post-emergence tank 
mix application of Simplicityϰ (pyroxsulam; 28 g/ac) and Buctril® M (bromoxynil +MCPA ester; 0.4 L/ac) 
to the wheat trials (Hex 1, Hex 2, Durum), while only Buctril® M (bromoxynil +MCPA ester; 0.4 L/ac) was 
applied to the barley and oat trials.  A foliar fungicide application of Priaxor (fluxapyroxad + 
pyraclostrobin) was applied July 8 to all trials.  Yields were estimated by direct cutting the entire plot 
with a small plot combine when the plants were dry enough to thresh and seed moisture content was 
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<20%. Yields were adjusted to 14.5% moisture. %.  In-season precipitation from May through August 
ǿŀǎ фсΦр ƳƳ όоΦуέύ ŀƴŘ ŀƴŘ ƛƴ-ǎŜŀǎƻƴ ƛǊǊƛƎŀǘƛƻƴ ŀǘ IƴŀǘƻǿƛŎƘ ǎƛǘŜ ǿŀǎ мсрΦм ƳƳ όсΦрέύΦ 
 

Results 

Hex 1, Hex 2 and CWSWS are shown in Tables 1, 2 and 3, respectively.  Results of Hnatowich site and 
Knapiks and the Combined Site Analysis for the SVPG Durum trials are shown in Tables 4, 5 and 6 
respectively.  Results of the 2-row barley are shown in Table 7 and oats in Table 8.    
 
Results of these trials are used for registration purposes.  Further, results from these trials are used to 
update the irrigation variety database at ICDC and provide recommendations to irrigators on the best 
wheat and barley varieties suited to irrigation conditions and will be used in the development of the 
annual publications ά/ǊƻǇ ±ŀǊƛŜǘƛŜǎ ŦƻǊ LǊǊƛƎŀǘƛƻƴέ ŀƴŘ ǘƘŜ {ŀǎƪŀǘŎƘŜǿŀƴ aƛƴƛǎǘǊȅ ƻŦ !ƎǊƛŎǳƭǘǳǊŜΩǎ 
ά±ŀǊƛŜǘƛŜǎ ƻŦ DǊŀƛƴ /ǊƻǇǎ нлноΦέ 
 
Table 1.  Saskatchewan Variety Performance Group Irrigated Hex 1 Wheat Regional Variety Trial, ICDC 
Hnatowich research site Block 1, 2022. 

 
Variety 

Yield 

(kg/ha) 

Yield       

(% of      

AAC 

Brandon) 

Protein 

(%) 

Test 

weigh

t 

(kg/hl) 

1K 

Seed 

weigh

t (gm) 

 
Headin

g (days) 

Maturit

y 
(days) 

 
Heigh

t (cm) 

Lodging 
(1=erect

; 
9=flat) 

AAC 
Whitehead 
VB 

6227 117.3 12.2 82.5 39.7 57 101 86.2 1 

AAC 
Brandon 5309 100 14.0 84.5 38.5 58 103 78.0 1 

PT496 5408 101.9 12.8 83.0 36.3 57 101 89 1 

Ellerslie 4750 89.5 12.9 82.6 33.5 58 101 90.7 1 

SY Crossite 6818 116.4 12.5 83.7 38.7 57 102 92.3 1 

AAC 
Redstar 

4798 90.4 13.7 82.9 36.8 57 102 89.2 1 

AAC Russell 
VB 

5656 106.5 13.2 84.8 40.8 57 103 87.7 1 

CDC SKRush 5558 104.7 12.5 84.1 33.5 58 101 90.5 1 

AAC 
Broadacres 
VB 

5759 108.5 13.4 84.0 39.4 56 102 86.7 1 

Daybreak 6066 114.3 12.6 85.4 40.1 57 101 89.7 1 

Rednet 5346 100.7 12.7 85.0 36.5 60 102 98.8 1 

SY Natron 5830 109.8 12.8 84.4 34.7 57 102 93.3 1 

BW1094 5972 112.5 12.6 84.8 36.6 57 102 90.7 1 
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AAC 
Wheatland 
VB 

6266 118.0 12.6 84.9 37.6 57 101 85.5 1 

AAC Leroy 
VB 

5558 104.7 13.2 85.4 38.5 56 102 92.7 1 

AAC Hodge 
VB 

5865 110.5 13.1 84.8 36.2 57 102 87.3 1 

CDC Pilar 
CLPlus 

4685 88.2 12.1 83.8 37.9 56 102 75.7 1 

PT5008 5419 102.1 13.2 83.0 36.9 56 101 69.7 1 

SY Donald 
VB 

4841 91.2 13.7 85.3 35.4 57 103 87 1 

Jake 5801 109.3 14.1 83.2 32.9 57 102 90.5 1 

SY Torach 5817 109.6 14.2 83.8 33.3 55 101 87.8 1 

SY Brawn 
VB 

5483 103.3 13.1 83.7 36.1 57 102 96.7 1 

Tracker 4834 91.1 13.4 82.5 31.5 57 102 84 1 

PT5003 6208 116.9 12.8 82.8 37.8 56 101 89.8 1 

BW5062 5601 105.5 12.9 83.3 35.3 57 101 80.8 1 

AAC 
Warman VB 

5480 103.2 13.6 84.6 35.2 57 101 102.2 1 

AAC 
Magnet 

4972 93.7 13.9 83.8 39.0 56 102 91 1 

CDC Silas 6237 117.5 12.2 84.1 36.7 61 102 90.7 1 

SY Gabbro 5257 99.0 13.6 83.9 38.4 57 102 89.5 1 

CDC Ortona 4661 87.8 13.2 82.8 33.3 59 102 91 1 

AAC 
Tomkins 

4546 85.6 14.2 82.4 37.5 58 102 86 1 

SY Manness 6240 117.5 11.9 84.7 31.6 59 102 85.2 1 

CDC 
SuccessionC
LPlus VB 

4975 93.7 13.0 84.0 42.9 58 103 88 1 

AAC 
Hockley 

5726 107.9 13.1 86.3 35.8 57 103 83 1 

SY Cast 6177 116.4 13.1 83.9 35.2 58 102 84 1 

Bolles 6196 116.7 13.0 83.9 36.6 60 102 82.5 1 
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AAC 
Starbuck VB 

5544 104.4 13.2 85.4 39.0 59 103 86.5 1 

SY Chert VB 5718 107.7 13.3 83.5 36.1 59 103 91 1 

LSD (0.05) 636.6  0.5 0.6 0.7 1.7 15.5 3.8 - 

CV (%) 13.9  5.0 0.8 2.5 18.9 18.9 5.4 - 

 
Table 2.  Saskatchewan Variety Performance Group Irrigated Hex 2 Wheat Regional Variety Trial, ICDC 
Hnatowich research site Block 1, 2022. 

 
Variety 

Yield 

(kg/ha) 

Yield       

(% of      

AAC 

Brandon) 

Protein 

(%) 

Test 

weight 

(kg/hl) 

1K 

Seed 

weight 

(gm) 

 
Heading 

(days) 

Maturity  
(days) 

 
Height 

(cm) 

Lodging 
(1=erect; 
9=flat) 

Canada Western Red Spring (CWRS)  

AAC 

Brandon 
4702 100 12.2 84.0 37.7 57.0 97 86.5 1 

Sheba 3541 75 12.7 83.1 33.1 56.3 97 95.8 1 

Canada Prairie Spring ς Red (CPSR) 

CDC Reign 4409 94 12.2 82.6 35.6 60.3 98 87.0 1 

SY Rorke 4961 106 11.5 82.7 35.1 58.0 98 87.3 1 

AAC 

Perform 
4641 99 10.9 83.2 39.6 60.7 99 88.8 1 

Forefront     3937 84 11.4 82.9 41.4 60.3 97 84.8 1 

AAC 

Westlock 
4918 105 11.1 82.7 41.0 59.0 97 87.7 1 

Accelerate 6212 132 12.0 83.5 33.1 56.0 100 85.8 1 

Canada Western Special Purpose (CWSP) 

WPB 

Whistler 
5515 117 10.9 75.5 40.8 64.0 104 81.0 1 

AAC 

Rimbey VB 
5665 120 11.4 82.6 41.7 57.7 98 84.3 1 

LSD (0.05) 862.7  0.3 0.5 1.2 1.1 0.7 2.3  - 

CV (%) 21.8  2.8 0.8 3.7 2.4 0.9 3.3  - 

 

Table 3. Soft White Spring Wheat Irrigated Coop Variety Trial, ICDC Hnatowich research site Block 1, 
2022. 
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Variety 

Yield 
(kg/ha) 

Yield       
(% of      
AC 
Andrew) 

Protein 
(%) 

Test 
weight 
(kg/hl) 

1K 

Seed 

weight 

(gm) 

 
Heading 
(days) 

Maturity  
(days) 

 
Height 
(cm) 

Lodging 
(1=erect; 
9=flat) 

AC Andrew 

(SWS 241) 6838 100 11.9 79.4 32.1 62 104 92 1 

Sadash 
(SWS 349) 5522 81 11.9 81.9 34.5 61 104 84 1 
SWS512 5707 84 11.7 83.1 38.2 64 103 92 1 
SWS511 6475 95 11.8 82.8 35.5 64 104 93 1 
SWS506 6133 90 11.5 81.9 33.7 61 105 76 1 
SWS514 6042 88 12.5 79.5 31.1 62 104 77 1 
SWS496 6612 97 11.1 81.2 130.8 63 104 89 1 
SWS427 6498 95 11.3 81.1 35.8 63 104 93 1 
SWS513 5808 85 12.3 78.6 33.3 64 105 80 1 
SWS510 5745 84 11.7 81.5 33.0 61 105 87 1 
SWS507 6528 96 11.7 81.9 32.9 60 105 87 1 
SWS509 6666 98 11.3 82.3 32.7 60 105 88 1 
SWS490 6340 93 11.5 82.9 36.0 63 104 88 1 
SWS504 6060 89 11.3 82.5 34.3 61 104 89 1 
SWS488 5916 87 11.5 79.6 38.0 63 105 93 1 
SWS508 5804 85 11.6 82.2 33.1 61 105 88 1 
LSD (0.05) 579.7  0.3 0.6 2.1 0.6 0.6 4.1  

CV (%) 13.2  3.7 1.0 11.2 1.3 0.8 6.6  

    

Table 4.  Saskatchewan Variety Performance Group Irrigated CWAD Wheat Regional Variety Trial, ICDC 
Hnatowich Field-Block 1, 2022. 

 
Variety 

 
Yield 
(kg/ha) 

Yield 
% of 
Strong

field 

Protein 

(%) 

Test 

weight 

(kg/hl) 

1K 

Seed 

weight 

(gm) 

 
Heading 

(days) 

Maturity  
(days) 

 
Height 

(cm) 

Lodging 
1=erect; 
9=flat 

Strongfield    5711 100 12.7 83.7 42.4 62 102 105.7 1 

AAC 

Donlow     
5469 96 12.2 84.3 44.0 62 101 102.5 1 

AAC 

GoldNet    
5994 105 11.9 83.5 42.7 61 102 99.5 1 

AAC 

Grainland  
6129 107 12.5 83.3 43.0 62 102 102.3 1 

AAC 

Schrader   
5525 97 11.8 84.7 45.0 62 101 98.7 1 
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AAC 

Weyburn 

VB 
5690 100 12.0 84.6 46.0 63 103 99.8 1 

CDC Covert     5549 97 12.4 83.9 42.9 61 102 93.5 1 

CDC Defy       6078 106 11.4 85.2 42.6 61 101 103.2 1 

CDC Flare      5304 93 13.1 83.0 41.6 61 102 99.3 1 

CDC 

Precision  
5673 99 12.6 84.7 43.5 61 102 98.5 1 

CDC Vantta     5475 96 12.0 84.9 42.8 65 102 95.2 1 

DT1014         5302 93 13.2 85.0 43.1 63 102 101.3 1 

DT1020         5570 98 12.3 84.9 43.1 63 101 96.2 1 

DT2015         5525 13.2 85.0 42.7 61 101 100.5 5525 1 

LSD (0.05) 560.1  0.9 0.7 1.0 1.0 0.7 6.8 - 

CV (%) 14.9  13.4 1.3 4.7  3.9 6.9 - 

       NS = Not Significant 

 
Table 5.  Saskatchewan Variety Performance Group Irrigated CWAD Wheat Regional Variety Trial, CSIDC 
Knapiks Site, 2022. 

 
Variety 

Yield 

(kg/ha) 

Yield       

(% of    

Strong

field) 

Protein 

(%) 

Test 

weight 

(kg/hl) 

1K 

Seed 

weight 

(gm) 

 
Heading 

(days) 

Maturity  
(days) 

 
Height 

(cm) 

Lodging 
(1=erect; 
9=flat) 

Strongfield 5310 100 10.4 82.3 40.6 62 107 92.7 1 

AAC 

Donlow 
6582 124 10.3 83 39.8 62 108 94.3 1 

AAC 

GoldNet 
6996 131.8 10.5 82.6 40.6 61 107 98.5 2 

AAC 

Grainland 
5787 109 10.5 80.5 38.8 62 111 95.7 1 

AAC 

Schrader 
7495 141.1 10.5 83.3 40.5 62 107 98.8 2 

AAC 

Weyburn 

VB 

5979 112.6 10.7 83.2 42.8 64 111 95 1 

CDC Covert 6540 123.2 10.3 82.5 39.3 62 107 95.7 2 

CDC Defy 5634 106.1 10.5 84.4 42.1 61 107 99.2 1 

CDC Flare 5773 108.7 10.3 81.9 42.1 59 108 92.3 1 

CDC 

Precision 
4974 93.7 10.5 82.9 42.1 61 109 90.7 1 

CDC Vantta 5124 96.5 10.7 83.5 40 66 113 84.8 1 
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DT1014 6351 119.6 10.5 84 41.2 62 109 99.5 2 

DT1020 6744 127 10.7 82.6 42.4 63 110 96.5 2 

DT2015 5927 111.6 10.4 84 39.5 62 107 92 1 

LSD (0.05) 706.9  0.2 0.4 1.2  1.3 2.1 0.5 

CV (%) 13.9  1.8 0.7 3.7  1.5 2.8 9.4 

NS = Not Significant 
NC = Observation not captured 

 
Table 6.  Saskatchewan Variety Performance Group Irrigated CWAD Wheat Regional Variety trial, 
Combined Site Analysis, 2022. 

 

Variety Yield 
(kg/ha) 

Yield       
(% of    
check) 

Protein 
(%) 

Test 
weight 
(kg/hl) 

1K 
Seed 

weight 
(gm) 

 

Heading 
(days) 

Maturity  

(days) 

 

Height 
(cm) 

Lodging 
(1=erect; 

9=flat) 

Hnatowich 
Site 

6087  12.3 84.3 43.2 62 108 99.7 1.0 

Knapiks 5643  10.4 82.2 40.8 62 102 94.6 1.2 

LSD (0.05) 187.1  0.3 0.2 0.4 0.4 0.4 1.4 0.1 

CV (%) 14.6  9.7 1.3 3.9 2.65 1.7 6.5 22.8 

Variety 

Strongfield    5510 100 11.6 83.0 41.5 62 105 99 1.0 

AAC 
Donlow     

6026 109 11.3 83.6 41.9 62 105 98 1.2 

AAC 
GoldNet    

6495 118 11.2 83.1 41.7 61 105 99 1.3 

AAC 
Grainland  

5958 108 11.5 81.9 40.9 62 107 99 1.0 

AAC 
Schrader   

6510 118 11.2 84.0 42.8 62 104 99 1.3 

AAC 
Weyburn 
VB 

5834 106 11.4 83.9 44.4 64 107 97 1.0 

CDC Covert     6045 110 11.4 83.2 41.1 61 104 95 1.3 
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CDC Defy       5856 106 10.9 84.8 42.3 61 104 101 1.0 

CDC Flare      5539 101 11.7 82.4 41.9 60 105 96 1.0 

CDC 
Precision  

5324 97 11.5 83.8 42.8 61 105 95 1.0 

CDC Vantta     5300 96 11.4 84.2 41.4 66 108 90 1.0 

DT1014         5827 106 11.8 84.5 42.1 63 106 100 1.5 

DT1020         6157 112 11.5 83.7 42.8 63 106 96 1.3 

DT2015         5726 104 11.8 84.5 41.1 62 104 96 1.0 

LSD (0.05) 504.6  0.9 0.6 1.1  2.3 3.8 0.2 

Location x Variety Interaction 

LSD (0.05) NS  NS 1.5 1.7 1.2 1.7 7.1 NS 
S = Significant 
NS = Not Significant 
NA = Observation not analysed 

 
Table 7.  Saskatchewan Variety Performance Group Irrigated 2-Row Barley Regional Variety Trial, ICDC 
Hnatowich research site block 1, 2022. 

 
Variety 

 
Yield 
(kg/ha) 

Yield   
% of 
AAC 
Synerg
y 

Protein 

(%) 

Test 
weight 
(kg/hl) 

1K 
Seed 
weight 
(gm) 

Headin
g 

(days) 

Maturit
y 
(days) 

Height 
(cm) 

Lodging 
1=erect
; 
9=flat 

Malt 

AAC 
Synergy 6792.8 100 12.0 67.9 50.8 62 92 92.3 

1 

CDC 
Fraser 7767 114 11.8 66.6 48.6 62 91 84.7 1 

CDC Bow 8678.1 128 11.9 68.5 51.3 62 91 84.8 1 

AAC 
Connect 7739 114 12.0 67.3 51.0 62 89 88.2 1 

CDC 
Copeland 7626.7 112 12.1 66.4 46.4 63 91 89.5 

1 

AC 
Metcalfe 6508.2 96 12.6 67.8 47.7 62 90 89.8 

1 
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CDC 
Churchill 7272.9 107 11.1 67.0 46.0 63 90 80.7 

1 

CDC 
Copper 7626.7 112 12.1 66.4 46.4 63 91 89.5 

1 

Feed-Hulled 

AB 
Advantag
e  7792 115 11.9 64.3 48.9 61 90 91.8 1 

AB 
Cattlelac  7484 110 12.7 63.8 39.4 61 91 94.2 1 

AB Hague      7879 116 11.7 67.9 47.0 61 93 97.2 1 

AB Prime      8148 120 12.2 66.1 46.1 61 92 86.0 1 

AB Tofield    9315 137 10.8 65.4 42.3 61 94 93.7 1 

AB 
Wrangler   7572 111 11.8 66.8 48.2 62 91 80.3 1 

Bighorn       9100 134 12.1 68.1 50.4 61 93 79.8 1 

Cantu         9350 138 11.2 69.3 54.4 61 92 89.5 1 

CDC 
Renegade  7835 115 11.7 66.9 51.7 62 93 95.8 1 

Esma          7615 112 11.8 65.4 50.7 62 92 66.8 1 

Ibex          9043 133 11.6 68.8 52.2 62 92 88.3 1 

KWS 
Kellie    7554 111 10.4 67.2 53.4 63 90 64.8 1 

RGT 
Planet    8735 129 10.7 66.6 52.5 63 92 75.7 1 

Other (malting market may exist) 

AAC 
Prairie   7529 111 12.4 66.9 46.7 62 90 82.0 

1 

AB 
BrewNet    6874 101 12.1 65.4 44.6 63 92 90.8 

1 

RGT 
Asteroid  7683 113 11.2 66.2 45.3 62 92 86.3 

1 

Torbellino    7902 116 10.9 65.9 49.9 63 95 71.2 1 

Experimental Entries 

TR19175       8115 119 12.3 68.8 50.4 63 95 88.2 1 

TR19268       7407 109 12.5 68.1 49.9 63 93 85.7 1 

TR19758       7645 113 11.4 69.7 48.6 61 91 81.5 1 

TR20761       7149 105 11.1 67.9 49.2 61 89 81.8 1 
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Table 8.  Saskatchewan Variety Performance Group Irrigated Oats Regional Variety Trial, ICDC 
Hnatowich research site block 1, 2022. 

  
  
Variety 

  
Yield 
(kg/ha) 

Yield 
% of 
CS 
Camden 

Protein 
(%) 

Test 
weight 
(kg/hl) 

1K 
Seed 
weight 
(gm) 

Heading 
(days) 
  

  
Maturity 
(days) 
  

  
Height 
(cm) 
  

Lodging 
1=erect; 
9=flat 

CDC 
Endure 

3972 83 11.6 53.2 42.8 61 96 109.0 1 

Alka 6484 136 12.0 55.6 40.4 60 97 101.3 1 
AAC 
Douglas 

4035 85 12.3 54.5 41.4 59 97 109.2 1 

ORe 
Level 48 

4590 96 12.1 54.8 41.5 60 97 102.5 1 

ORe 
Level 50 

5390 113 11.9 54.3 45.2 59 97 113.0 1 

CS 
Camden 

4772 100 12.8 54.6 41.6 60 98 106.0 1 

Kalio 4038 85 12.2 55.1 39.8 59 98 99.3 1 

Kyron 5486 115 11.9 53.8 39.1 61 97 107.5 1 

OT2129 5795 121 11.5 52.8 39.3 59 97 104.3 1 
OT3112 3965 83 12.1 53.8 40.9 62 97 93.8 1 
OT7104 4588 96 11.0 50.7 42.5 61 97 109.8 1 
LSD 
(0.05) 

499  0.5 0.4 1.7 0.8 
0.6 

5.9 - 

CV (%) 12.7  2.5 1.0 2.48 1.7 0.9 6.9 - 

  

LSD (0.05) 1657.6  0.8 1.1 3.8 0.8 3.9 13.8 NS 

CV (%) 12.8  4.4 1.1 4.8 1 3 9.6  
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Winter Wheat Variety Evaluation for 

Irrigation vs. Dryland Production  

 
Funding  

Funded by the Saskatchewan Winter Cereal Development Commission and ICDC 

Organizations  

¶ Irrigation Crop Diversification Corporation (ICDC), Outlook 

¶ Agriculture & Agri-food Canada (AAFC), Lethbridge 

Principle Investigators  

¶ Garry Hnatowich, ICDC 

¶ Gursahib Singh, ICDC 

¶ Dr. Robert Graf, AAFC 

Objectives  

¢Ƙƛǎ ǇǊƻƧŜŎǘΩǎ ƻōƧŜŎǘƛǾŜ ƛǎ ǘƻ ƛŘŜƴǘƛŦȅ ǘƘŜ ǘƻǇ ǇǊƻŘǳŎƛƴƎ ƻǊ ōŜǎǘ ŀŘŀǇǘŜŘ ǾŀǊƛŜǘƛŜǎ ƻŦ ǿƛƴǘŜǊ ǿƘŜŀǘ ŦƻǊ 
irrigated production.  Until recently, winter wheat varieties had not been evaluated for their irrigation 
production potential for approximately 25 years.  At that time, no variety suited intensive irrigation 
management.  Genetic improvements to the latest winter wheat varieties warrant a renewed 
assessment for their potential under irrigation management.  Results from these trials will also be used 
to develop a data base on winter wheat varieties for entry into the ά/ǊƻǇ ±ŀǊƛŜǘƛŜǎ ŦƻǊ LǊǊƛƎŀǘƛƻƴέ 
publication. 
 

Research Plan 

Seed of twelve winter wheat varieties were acquired from winter wheat breeder Dr. Robert Graf (AAFC-
Lethbridge).  On September 14, 2021, varieties were direct seeded into canola stubble on ICDC 
Hantowich research site block 1.  Winter wheat varieties were established in a complete randomized 
block design with 3 replicates.  All varieties were evaluated under both irrigated and dryland production 
systems. 
 
At seeding, each trial received 100 kg N/ha as side-banded urea (46-0-0) and 30 kg P2O5/ha as 
seed-placed MAP.  Weed control consisted of an post-emergence application of Buctril® M (bromoxynil 
+ MCPA ester; 0.4 L/ac).  Foliar fungicides were not applied for leaf disease or fusarium head blight. 
Yields were estimated by direct cutting the entire plot with a small plot combine when the plants were 
dry enough to thresh and seed moisture content was < 20%.  The dryland trial was harvested on July 26, 
irrigated on July 30, 2022.  Harvest samples were cleaned and yields were adjusted to a moisture 
content of 14.5%.   
 
Total in-season precipitation was 67.5 ƳƳ όнΦтέύΣ ŀƴŘ ŀƴ ŀŘŘƛǘƛƻƴŀƭ ууΦф ƳƳ όоΦрέύ ƻŦ ƛƴ-season 
irrigation was applied to the irrigated trial.  The season was warmer than historical average and dry. 
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Results 

Dryland Trial 
AAC Vortex yielded the highest and AAC Gateway yielded the lowest.  Yields of the eight varieties ranged 
from 2494 kg/ha to 3862 kg/ha (37.1 bu/ac to 57.4 bu/ac), with a mean yield of 3286 kg/ha (42.8 bu/ac).  
These yields are approximately half the expected yield and reflect the drought conditions of 2022. 
Between varieties, differences in protein, test weight, seed weight, heading, maturity, and height were 
statistically significant (Table 4, ANOVA, P Җ 0.05).  Grain protein content was highest in experimental 
AAC Gateway (11.9%) and the lowest in Radiant (9.3 %), while the average protein content of all 
varieties was 10.4%. For all evaluated varieties, mean test weight was 75.4 kg/hl and mean seed weight 
was 32.4 g/1,000 seeds.  Seed size was very small and higher than typical combine losses were observed.  
Heading occurred over a 5-day period, with W601 being the earliest and AAC Wildfire being the latest.  
Similar to heading, maturity was spread over a narrow 4-day period, with AAC Goldrush being the 
earliest.  CDC Buteo was the tallest variety (94.7 cm) and AAC Gateway was the shortest variety (80.8 
cm), while the mean height of all varieties was 87.9 cm.  There was no incidence of lodging in any plots. 
 
Table 1.  Winter Wheat Variety Evaluation, dryland 2022 

 
Variety 

 
Yield 
(kg/ha) 

Yield   
% of 

CDC 

Buteo 

Protein 

(%) 

Test 

weight 

(kg/hl) 

1K 

Seed 

weight 

(gm) 

Date of 

Heading 

Date of 

Maturity  
Height 
(cm) 

Lodging 
1=erect; 
9=flat 

          

Radiant 3542 95 9.3 76.9 35.8 June 22 August 4 93.7 1 

AAC Wildfire 3333 90 10.0 73.7 33.3 June 25 August 4 92.7 1 

AAC Gateway 2494 67 11.9 74.7 32.6 June 23  August 2 80.8 1 

AAC Network 2960 80 10.7 75.9 30.9 June 23  August 4 76.7 1 

AAC Vortex 3862 104 11.2 74.8 31.4 June 23  August 3  88.5 1 

AAC Goldrush 2614 70 10.9 74.1 31.6 June 24 August 1 91.0 1 

CDC Buteo 3722 100 10.0 77.9 31.7 June 22 August 2 94.7 1 

W601 3766 101 10.0 75.8 32.1 June 21 August 3  85.3 1 

LSD (0.05) 720  1.0 1.3 3.6 1.6 days 1.8 days 3.7 NS 

CV (%) 11.8  5.3 1.4 2.7 0.5 0.5 4.8 - 

NS = not significant 

 
Irrigated Trial 
CDC Buteo yielded the highest and AAC Network yielded the lowest.  Yields of the eight varieties ranged 
from 3403 kg/ha to 4719 kg/ha (50.6 bu/ac to 70.1 bu/ac), with a mean yield of 4181 kg/ha (62.1 bu/ac).  
Grain protein content was highest in AAC Gateway (11.5 %) and the lowest in Radiant and AAC 
Wildfire (10.1%), exhibiting an inverse relationship to yields obtained.  Mean test weight was 78.9 kg/hl, 



Research and Demonstration Program Report 2022                                                                                                       19 

with CDC Buteo the heaviest at 80.7 kg/hl and AAC Wildfire the lightest at 77.4 kg/hl.  For all evaluated 
varieties, mean seed weight was 34.8 g/1,000 seeds.  Heading occurred over a 3-day period, with 
AAC Goldrush and Radiant being the earliest.  By maturity there was only a 4-day difference between 
varieties, likely hastened by an extremely hot July. 
 
CDC Buteo was the tallest variety (91.2 cm) and AAC Network the shortest variety (75.8 cm), while the 
mean height of all varieties was 82.5 cm.  There was no incidence of lodging in any plots. 
 
Table 2.  Winter Wheat Variety Evaluation, irrigated 2022 

 
Variety 

 
Yield 
(kg/ha) 

Yield   
% of 

CDC 

Buteo 

Protein 

(%) 

Test 

weight 

(kg/hl) 

1K 

Seed 

weight 

(gm) 

Date of 

Heading 

Date of 

Maturity  
Height 
(cm) 

Lodging 
1=erect; 
9=flat 

Radiant 4297 91 10.1 80.0 37.9 June 19 July 29 86.8 1.0 

AAC Wildfire 4481 95 10.1 77.4 35.5 June 20 July 31 82.2 1.0 

AAC Gateway 3680 78 11.5 77.8 35.0 June 20 July 29 75.8 1.0 

AAC Network 3403 72 10.3 79.0 32.6 June 20 August 1 75.5 1.0 

AAC Vortex 4534 96 11.3 78.1 35.1 June 21 July 30 82.2 1.0 

AAC Goldrush 3931 83 11.1 79.0 33.9 June 21 July 29 87.0 1.0 

CDC Buteo 4719 100 10.5 80.7 34.9 June 20 July 30 91.2 1.0 

W601 4403 93 10.6 79.2 33.9 June 20 August 1 79.5 1.0 

LSD (0.05) 562  1.1 2.5 2.0 1.6 days 1.4 days 3.4 NS 

CV (%) 10.26  2.3 0.7 4.23 0.5 0.8 3.7 - 

NS = not significant 

 
Irrigated vs. Dryland 
Most measurements were statistically higher under irrigation as compared to dryland systems.  The 
mean yield of all varieties grown under irrigated production were statistically higher yielding than the 
mean yield of those grown under dryland production (Table 5, ANOVA, P Җ 0.05).  On average, the 
irrigated site produced 4181 kg/ha (62.2 bu/ac) more winter wheat grain yield, or greater than the 
production compared to the dryland site.  Protein content was not statistically different between 
irrigated and dryland trials.  Test weight was 3 kg/hl higher and seed size  for irrigated trials was higher.  
Irrigation required 4 days longer to mature and plants were taller. 
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Table 3.  Winter Wheat Variety Evaluation, Irrigated vs Dryland 2022 

 
System / Variety 

 
Yield 
(kg/ha) 

Yield   
% of 

CDC 

Buteo 

Protein 

(%) 

Test 

weight 

(kg/hl) 

1K 

Seed 

weight 

(gm) 

Date of 

Heading 

Date of 

Maturity  
Height 
(cm) 

Lodging 
1=erect; 
9=flat 

Production System 

Irrigated 4181 99 10.7 78.9 34.9 June 23 August 3 87.2 1.0 

Dryland 3251 77 10.5 75.5 32.4 June 20 July 30 82.3 1.0 

LSD (0.05) 783  0.4 0.9 0.7 NS  2.0 NS 

CV (%) 18.2  7.4 1.9 5.4 0.7 0.8 7.8 - 

Variety 

Radiant      3919 93 9.7 78.5 36.8 June 21 August 2 90.3 1.0 

AAC Wildfire 3907 93 10.1 75.6 34.4 June 23 August 2 87.4 1.0 

AAC Gateway  3087 73 11.7 76.3 33.8 June 21 August 1 78.3 1.0 

AAC Network  3181 75 10.5 77.5 31.8 June 21 August 3 76.1 1.0 

AAC Vortex   4227 100 11.3 76.4 33.3 June 22 August 1 85.3 1.0 

AAC Goldrush 3272 78 11.0 76.5 32.7 June 23 July 31 89.0 1.0 

CDC Buteo    4221 100 10.2 79.3 33.3 June 21 August 1 92.9 1.0 

W601         4085 97 10.3 77.5 33.0 June 21 August 3 82.4 1.0 

LSD (0.05) 444  0.7 1.4 2.0 1.1 days 1.0 days 2.4 - 

Production System x Variety Interaction 

LSD (0.05) NS  S S NS S NS NS - 

S = significant at P < 0.05 
NS = not significant 
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Fall Rye Variety Evaluation for Irrigation 

vs. Dryland  

 
Funding  

Funded by the Saskatchewan Winter Cereal Development Commission and ICDC 

Organizations  

¶ Saskatchewan Ministry of Agriculture (SMOA), Outlook 

¶ Irrigation Crop Diversification Corporation (ICDC), Outlook 

¶ Agriculture & Agri-Food Canada (AAFC), Lethbridge 

Principle Investigators  

¶ Project Leads: Garry Hnatowich & Gursahib Singh (ICDC) 

¶ AAFC-Lethbridge Lead: Raja Ragupathy 

Objectives  

This demonstration provided local producers a yield comparison of fall rye production under irrigated 
and dryland conditions in central Saskatchewan.  Producers had the opportunity to compare how new 
hybrid varieties perform compared to conventional varieties. 
 

Research Plan 

Seed of five fall rye (two conventional and three hybrid) varieties were acquired from fall rye breeder 
Dr. Raja Ragupathy (AAFC-Lethbridge).  On September 14, 2021, varieties were direct seeded into canola 
stubble on ICDC Hnatowich field.  Fall rye varieties were established in a complete randomized block 
design with 3 replicates.  All varieties are evaluated under both irrigated and dryland production 
systems.  At seeding, each trial received 200 kg N/ha as side-banded urea (46-0-0), 30 kg P2O5/ha as 
side-banded monoammonium phosphate (MAP; 11-52-0), and an additional 30 kg P2O5/ha as 
seed-placed MAP.   
 
Weed control consisted of a post-emergence application of Buctril® M (bromoxynil + MCPA ester, 
0.4 L/ac) on May 26.  No foliar fungicides were applied for either leaf disease or fusarium head blight.  
Yields were estimated by direct cutting the entire plot with a small plot combine when the plants were 
dry enough to thresh and seed moisture content was < 20%.  Harvest plot size was 4 m x 1.5 m.  The 
dryland trial was harvest on July 29, the irrigated the following day, July 30, 2021.  Harvested samples 
were cleaned and yields were adjusted to a moisture content of 14.5%.   
 
Total in-season precipitation was 67.5 ƳƳ όнΦтέύ ŀƴŘ ŀƴ ŀŘŘƛǘƛƻƴŀƭ нооΦт ƳƳ όфΦнέύ ƻŦ ƛƴ-season 
irrigation was applied to the irrigated trial.  The season was warmer than historic average and very, very 
dry. 
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Results 

Irrigated Trial 
Under irrigated production, varietal differences in yield, seed weight, and days to maturity were 
statistically non-significant (Table 3, ANOVA, P Җ 0.05).  Grain protein and test weight (not shown) were 
statistically significant at P Җ 0.10. The hybrid variety KWS Trebiano yielded the highest and the 
conventional variety Prima yielded the lowest.  Yields of the five varieties ranged from 3355 kg/ha to 
5408 kg/ha (53.4 bu/ac to 86.1 bu/ac), with a mean yield of 4284 kg/ha (68.2 bu/ac).  All hybrid varieties 
were statistically higher yielding than the two open-pollinated conventional varieties. Fall rye irrigated  
yields in 2022 were substantially lower than historic at ICDC.  Hazlet was statistically higher yielding than 
Prima.  On average, the hybrid varieties were approximately 26% higher yielding than the conventional 
varieties.  Grain protein content was highest in KWS Trebiano (9.3 %), the lowest in Prima (10.9 %), and 
averaged 10.8% across all varieties.  Mean test weight was 72.8 kg/hl, with Prima the heaviest at 
74.3 kg/hl and KWS Serafino the lightest at 71.9 kg/hl (data not shown).  For all evaluated varieties, 
mean seed weight was 35.8 g/1,000 seeds.  Maturity was spread over a 2-day period, with Hazlet and 
KWS Trebiano being the earliest.  KWS Serafino was the shortest variety, Prima the tallest.  No plant 
lodging or presence of ergot occurred in 2022. 
 
Table 1.  Fall Rye Variety Evaluation, Irrigation Site, 2022. 

 
Variety 

 
Yield 
(kg/ha) 

Yield 
(bu/ac) 

Protein 

(%) 

Seed 

Weight 

(g) 

Date of 

Maturity  

 

Height 
(cm) 

Lodging 
1=erect; 
9=flat 

Ergot 

(%) 

Open-Pollinated Conventional Varieties 
Hazlet 4292 68.4 11.8 39.0 August 2 125.5 1.0 0 
Prima 3355 53.4 10.9 33.5 August 3 139.0 1.0 0 
Hybrid Varieties 
Bono 3952 63.0 12.7 33.1 August 3 115.0 1.0 0 
KWS Serafino 4413 70.3 9.6 36.5 August 3 112.2 1.0 0 
KWS Trebiano 5408 86.1 9.3 37.2 August 2 118.2 1.0 0 
LSD (0.05) NS NS NS NS 1.2 days 5.3 NS NS 
CV (%) 26.8 26.8 15.0 5.7 0.2 4.7 - - 
NS = not significant 

 
Dryland Trial 
Under dryland production, varietal differences in yield, maturity and plant height were statistically 
significant (Table 4, ANOVA, P Җ 0.05).  KWS Serafino yielded the highest and Prima yielded the lowest.  
Yields of the five varieties ranged from 3966 kg/ha to 5834 kg/ha (63.2 bu/ac to 92.9 bu/ac), with a 
mean yield of 4986 kg/ha (102.2 bu/ac).  On average, the hybrid varieties were approximately 19% 
higher yielding than the conventional varieties.  Grain protein content was highest in Prima (10.3 %), the 
lowest in KWS Serafino (8.4 %), and averaged 9.4 % across all varieties.  Mean test weight was 
71.6 kg/hl, with Hazlet the heaviest at 72.2 kg/hl and KWS Serafino the lightest at 71.1 kg/hl.  For all 
evaluated varieties, mean seed weight was 38.8 g/1,000 seeds.  Maturity was spread over a 5-day 
period, with Prima being the earliest and KWS Trebiano being the latest.  No plant lodging or presence 
of ergot occurred in 2022. 
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Table 2.  Fall Rye Variety Evaluation, Dryland Site, 2022. 

 
Variety 

 
Yield 
(kg/ha) 

Yield 
(bu/ac) 

Protein 

(%) 

Seed 

Weight 

(g) 

Date of 

Maturity  

 

Height 
(cm) 

Lodging 
1=erect; 
9=flat 

Ergot 

(%) 

Open-Pollinated Conventional Varieties 
Hazlet 4500 71.7 9.7 42.6 July 31 116.8 1.0 0 
Prima 3966 63.2 10.3 36.7 July 29 132.0 1.0 0 
Hybrid Varieties 
Bono     5638 89.8 8.9 37.8 August 1 100.7 1.0 0 
KWS 
Serafino 5834 92.9 8.4 37.0 August 1 102.2 

1.0 0 

KWS 
Trebiano 4994 79.5 9.9 40.3 August 2 100.2 1.0 0 

LSD (0.05) 727 11.9 NS NS 3.2 days 5.4 NS NS 
CV (%) 8.5 8.5 4.8 3.6 0.3 3.0 - - 

NS = not significant 
 
Irrigated vs. Dryland 
The CVs of irrigated trials were higher than acceptable limits, so no comparison can be drawn for 
irrigated vs. dryland trials.  
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Saskatchewan Dry Bean Narrow Row 

Regional Variety Trial  
 

Funding  

Funded by the Irrigation Crop Diversification Corporation and the Saskatchewan Variety Performance 
Group 

Organizations  

¶ Irrigation Crop Diversification Corporation (ICDC) 

¶ Crop Development Centre 

Principle Investigators  

¶ Garry Hnatowich, ICDC 

¶ Gursahib Singh, ICDC 

¶ Dr. K. Bett, CDC 

Objectives  

Regional performance trials provide information on the various production regions available in 
Saskatchewan to assess productivity and risk of dry bean.  This information is used by extension 
personnel, pulse growers and researchers across Saskatchewan to become familiar with these new pulse 
crops. 
 

Research Plan 

A Dry Bean Narrow (10 inch) Regional variety trial was conducted in the spring of 2022 at ICDC 
Hnatowich research site Block 2. The trial was seeded May 26.  Eight dry bean varieties consisting of five 
market classes (pinto, black, navy, yellow, and fleur de junio) were evaluate.  Phosphorus fertilizer was 
side-banded at a rate of 20 kg P2O5/ha during the seeding operation. Granular inoculant was 
unavailable, so nitrogen requirements were met by supplemental side banding urea, applied and 
irrigated immediately, for a total application of 40 kg N/ha.  At no time during dry bean growth did 
plants exhibit symptoms of nitrogen deficiencies.  Weed control consisted of a pre-plant soil 
incorporated application of granular Edge (ethalfluralin) and a post-emergent application of Viper ADV 
(imazamox and bentazon) supplemented by periodic in-row hand weeding.   
 
No foliar fungicides were applied for either powdery mildew, mycosphaerella, downy mildew and white 
mold.  Individual plots measured 0.8 m x 4 m with six rows in narrow row spacing.  Yields were 
estimated by harvesting the entire plot.  All rows in each plot were under-cut and windrowed, allowed 
to dry in the windrow and then threshed when seed moisture content was <20%.  The trial was undercut 
on August 30 , and harvested on September 7.  In-season precipitation from May 15 through August was 
88.9 mm and in-ǎŜŀǎƻƴ ƛǊǊƛƎŀǘƛƻƴ ŀǘ tŜŘŜǊǎƻƴ ǿŀǎ мср ƳƳ όсΦрέύ 
 
General observations of the 2022 growing season are warranted.  The 2022 growing season began dry in 
terms of precipitation, however, this was not overly a concern as all three trials were irrigated.  
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However, the daily temperatures were believed to be an issue.  The values shown in Table 1 are 
cumulative growing degrees throughout the season based on 10° C, as dry bean do not develop and 
grow at temperatures less than 10° C.  The optimal growing degree days was well below optimal for dry 
bean development.   
 
Table 1.  Cumulative Growing Degree Days (Base 10°C) vs Long-Term Average, CSIDC Outlook Weather 
Station. 

 Year   
Month 2022 30 Year Average % of Long-Term 
May 50 60 83.3 
June 239 242 98.8 
July 537 510 105.3 
August 862 754 114.3 
September 1040 821 126.7 

 

Results 

Results of the trials are shown in Table 1 for narrow row evaluation.  Seed yields in general were very 
low and are directly related to the abnormal dry bean environmental conditions experienced. The mean 
yield, protein, test weight and seed weight under narrow row production system were statically 
different. 
 
The results from these trials are used to update (if applicable) the irrigation variety database at ICDC and 
provide recommendations to irrigators on the best dry bean varieties suited to irrigation conditions.   
 
Table 1.  Saskatchewan Irrigated Dry Bean Narrow Regional Variety Trial, ICDC Hnatowich site block 2, 
2022. 

Variety   

Yield 

(kg/ha) 

  

Yield 

(lb/ac) 

  

  

Protien 

(%) 

Test 

weight 

(kg/hl) 

Seed 

weight 

(g/1000) 

  

Flower 

(days) 

  

Maturity 

(days) 

Lodge 

rating 

1=upright 

5=flat 

  

Height 

(cm) 

  

Narrow row 

Black 

CDC 

Blackstrap 

2958 2638 29.3 79.2 146.8 49 92 1 51.8 

5501CBB-

3-2    

2519 2246 24.6 79.4 141.7 50 96 1 49.3 

Pinto 

CDC WM-3 2650 2363 20.9 78.8 222.7 45 94 1 51.0 

Yellow 

CDC 

Sunburst 

2873 2563 22.7 84.0 218.0 44 90 1 45.0 

Navy 
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AAC Shock      1932 1723 22.5 84.3 158.7 48 102 1 56.2 

CDC 

Whitetrack 

2506 2235 22.3 83.5 141.8 46 100 1 47.3 

OAC 

Fusion 

2650 2364 22.3 83.7 125.8 51 98 1 48.8 

Flor de Junio 

CDC Ray 2962 2642 22.7 79.6 249.9 51 102 1 48.2 

LSD (0.05) 194.6 122.7 0.8 0.8 0.8 0.2 2.0 NS 3.8 

CV (%) 9.1 9.1 4.4 1.2 14.9 2.5 0.6 
 

9.3 
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Herbicide Tolerant Soybean Regional 

Variety Trial  
 

Funding  

Funded by the Irrigation Crop Diversification Corporation, partial funding the Saskatchewan Pulse 
Growers 

Organizations  

¶ Irrigation Crop Diversification Corporation (ICDC) 

¶ Saskatchewan Pulse Growers (SPG) 

Principle Investigators  

¶ Garry Hnatowich, ICDC 

¶ Gursahib Singh, ICDC 

¶ S. Phelps, SPG 

¶ L. Friesen, SPG 

Objectives  

The objectives of this study are to evaluate the potential of soybean varieties for production in the 
irrigated west-central region of Saskatchewan, to assess the suitability of soybean to irrigation as 
opposed to dry land production, to create a data base on soybean for Crop Varieties for Irrigation. 
 

Research Plan 

ICDC Hnatowich research site block 2 within the South Saskatchewan River Irrigation District (NE17-28-
07-W3) on an Elstow loam previously planted to wheat  
 
Soybean varieties were received through the Saskatchewan Pulse Growers for evaluation under 
irrigation production assessment.  The trialing was divided into two separate trials based on maturity ς a 
short season and a long season evaluation.  Both short season trial and long season trial had 24 entries.  
These trials were established at the ICDC Hnatowich research site Block 2.  Plot size was 1.2 m x 4 m.  All 
plots received 20 kg P2O5/ha as 12-51-0 as a sideband application during the seeding operation.  
Granular inoculant (Cell-Tech) with the appropriate Rhizobium bacteria strain (Bradyrhizobium 
japonicum) specific for soybean was seed placed during the seeding operation at a rate of 11.2 kg/ha.  
Both trials were seeded on May 25, under irrigated production.  Weed control consisted of a pre-plant 
soil incorporated application of granular Edge (ethalfluralin). Weed pressure was low in the research site 
so no post-emergence herbicide was applied but plots were regularly hand weeded. Yields were 
estimated by direct cutting the entire plot with a small plot combine when the plants were dry enough 
to thresh and the seed moisture content was <20%.  Both trials were harvested on September 30.  In-
season precipitation from mid-May through September was 88.1 mm, in-season irrigation was 165 mm. 
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Results 

Short Season Herbicide Tolerant Variety Trial 
Twenty-four Roundup Ready soybean varieties were evaluated.  Seed yield, quality and agronomic data 
collected for the irrigated soybean are shown in Table 1.  Yields were below normal in 2022 due to dry 
and hot season, with range of 2386 kg/ha (35.4 bu/ac) to 3044 kg/ha  (45.2 bu/ac) and the median yield 
of all twenty-four entries of 2637 kg/ha (39.2 bu/ac). Oil content varied among entries with a 1.8% 
content difference between the lowest and highest % oil entries.  Median protein content was 36.8%.  
Protein concentration ranged from 34.7 ς 38.1%.  Seed weight also exhibited a wide variance between 
entries. All varieties reached physical maturity and the plots were harvested on September 30. Average 
maturity for all the thirty variety was 124 days; experimental line S001-D8X and S0009-F2X were the 
earliest maturing (95 days) entry.  Lodging resistance in all entries was very good, with none exhibiting 
lodging scores > 1.0.     
 
The results from this trial is used to update the variety database at ICDC and provide information to 
producers on soybean performance under west central Saskatchewan growing conditions.  Annual 
testing of soybean varieties is essential for this potential crop. 
 
Table 1.  Agronomics of 2022 Soybean Regional Variety Trial - Irrigated Short Season. 

# 

 

 
Variety 

 
Yield 

(kg/ha) 

% 
Oil 

% 
Protein 

Test 

weight 

(kg/hl) 

Seed 

weight 

(g/1000) 

Height 
(cm) 

Maturity  
(days) 

Lodge 
(1-5) 

1 Amirani R2       2635 22.0 35.8 73.9 130.8 NA 124 1 
2 Briggs R2X       2386 20.9 37.6 72.9 103.9 NA 125 1 
3 BY Granite XT    2579 21.2 37.0 73.2 123.9 NA 125 1 
4 BY Morro XT      2667 20.6 37.7 72.6 121.1 NA 124 1 
5 BY Rundle XT     2821 20.6 38.1 74.4 124.7 NA 124 1 
6 CP000621WPRX     2705 21.7 37.6 73.3 113.3 NA 126 1 
7 DKB0009-89       2685 21.8 35.8 73.7 120.2 NA 125 1 
8 EXP001-22        2416 21.1 37.0 72.4 108.3 NA 126 1 
9 Major R2X        2451 21.1 36.8 72.3 102.3 NA 124 1 
10 Mynarski R2X     2526 21.8 37.4 72.6 110.5 NA 125 1 
11 NSC Dauphin RR2X 2499 21.9 37.6 73.1 112.1 NA 126 1 
12 NSC Watson RR2Y  3045 21.9 35.7 73.2 120.3 NA 124 1 
13 PV 22s002 R2X    2661 21.6 35.9 73.8 123.9 NA 126 1 
14 PV 24s0008 R2X   2547 21.7 37.2 73.0 121.5 NA 124 1 
15 PV 27s0005 R2X   2619 21.9 36.6 72.6 115.6 NA 124 1 
16 PV 28s001 R2X    2429 21.1 37.1 73.2 113.5 NA 126 1 
17 S0007-S1X        2899 22.3 36.9 72.1 109.8 NA 124 1 
18 S0009-F2X        2690 22.4 34.7 70.1 95.4 NA 123 1 
19 S001-D8X         2643 21.4 35.7 71.0 95.5 NA 124 1 
20 TH 33003R2Y      2852 21.3 37.0 72.3 111.2 NA 126 1 
21 Wolf R2X         2934 21.4 37.5 74.3 119.1 NA 124 1 
22 Young R2X        2740 21.1 36.9 73.2 114.9 NA 125 1 
LSD (0.05) 179.6 0.2 0.5 0.3 5.9 - 0.7 NS 
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CV (%) 8.3 1.5 2.0 0.5 6.4 - 0.7  
NS = not significant 
NA = Observation not analysed 

 
Long Season Herbicide Tolerant Variety Trial 
Twenty-four Roundup Ready soybean varieties were evaluated. Seed yield, quality and agronomic data 
collected for the irrigated soybean are shown in Table 1.  Yields were below normal due to dry and hot 
season, with a median yield of all thirty-nine entries of 4177 kg/ha (62.1 bu/ac).  Yields ranged from a 
low of 2578 kg/ha (38.3 bu/ac) to a high of 3750 kg/ha (55.7 bu/ac).  Oil content varied among entries 
with a 2.3% content difference between the lowest and highest % oil entries.  Median protein content 
was 28.9%, very low.  Protein concentration ranged from 34.6 ς 38.3%.  Seed weight also exhibited a 
wide variance between entries.  All varieties were able to reach physical maturity and the plots were 
harvested on September 30. Average maturity for all the thirty variety was 127 days; Wolf R2X was the 
earliest maturing (125 days) entry. Lodging resistance in all entries was very good, with none exhibiting 
lodging scores > 1.0.     
 
The result from this trial is used to update the variety database at ICDC and provide information to 
producers on soybean performance under west central Saskatchewan growing conditions.  Annual 
testing of soybean varieties is essential for this potential crop. 
  
Table 2.  Agronomics of 2022 Soybean Regional Variety Trial - Irrigated Long Season. 

# 

 

 
Variety 

 
Yield 
(kg/ha) 

% 
Oil 

% 
Protein 

Test 

weight 

(kg/hl) 

Seed 

weight 

(g/1000) 

Maturity  
(days) 

Height 
(cm) 

Lodge 
(1-5) 

1 TH 33003R2Y 2691 21.7 35.7 73.3 112.3 127 NA 1 
2 BY Rundle XT 3225 20.7 38.3 75.3 184.3 128 NA 1 
3 Mahony R2 3227 22.0 35.7 73.3 126.0 127 NA 1 
4 S001-D8X 3335 21.3 37.0 71.7 108.7 128 NA 1 
5 S003-Z4X 3133 22.0 34.7 72.3 109.7 127 NA 1 
6 003-R5X 3588 22.0 37.3 73.7 112.3 126 NA 1 
7 DKB002-32 2940 21.7 37.0 73.0 109.7 128 NA 1 
8 Akras R2 3408 22.3 38.0 76.3 122.0 127 NA 1 
9 Amirani R2 2846 21.7 35.7 74.3 136.3 126 NA 1 
10 Sunna R2X 2637 21.7 37.3 74.3 113.7 127 NA 1 
11 Wolf R2X 3019 21.0 37.0 73.7 118.0 125 NA 1 
12 Pikas R2X 2632 21.7 36.7 73.0 109.0 126 NA 1 
13 PV 28s001 R2X 2678 21.0 36.0 74.0 113.0 127 NA 1 
14 PV 22s002 R2X 2769 21.3 36.7 74.3 116.3 127 NA 1 
15 CP000621WPRX 2655 22.3 37.7 73.7 109.3 126 NA 1 
16 NSC Watson RR2Y 3734 21.3 36.3 73.3 136.3 127 NA 1 
17 TH89004 R2X 3109 21.7 36.7 73.0 119.0 129 NA 1 
18 S005-C9X 3750 21.7 37.3 73.3 123.7 129 NA 1 
19 BY Granite XT 2578 21.3 36.3 74.0 120.7 126 NA 1 
20 BY Morro XT 3568 21.3 37.3 73.0 115.0 127 NA 1 
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21 EXP001-22 3044 22.0 36.7 73.0 116.0 128 NA 1 
22 NSC Arden RR2X 3178 22.3 35.7 71.3 130.7 127 NA 1 
23 TH 830009X 2920 21.7 35.7 74.7 124.0 127 NA 1 
24 CP00121WPX 3267 20.0 36.3 72.3 119.3 128 NA 1 

LSD (0.05) 345.1 0.3 0.5 0.5 10.3 1.2 - NS 

CV (%) 9.14 2.5 2.2 1.3 14.85 1.6 -  

NS = not significant 
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Conventional Soybean Variety Trial  
 

Funding  

Funded by the Irrigation Crop Diversification Corporation, partial funding provided by the Saskatchewan 
Pulse Growers 

Organizations  

¶ Irrigation Crop Diversification Corporation (ICDC) 

¶ Saskatchewan Pulse Growers (SPG) 

Principle Investigators  

¶ Garry Hnatowich, ICDC 

¶ Gursahib Singh, ICDC 

¶ S. Phelps, SPG 

¶ L. Friesen, SPG 

Objectives  

The objective of this study is to evaluate the potential of conventional soybean varieties for production 
in the irrigated west-central region of Saskatchewan. 
 

Research Plan 

Six conventional soybean varieties were received through the Saskatchewan Pulse Growers for 
evaluation under irrigation production assessment.  Plot size was 1.2 m x 4 m.  All plots received 20 kg 
P2O5/ha as 12-51-0 as a sideband application during the seeding operation.  Granular inoculant (Cell-
Tech) with the appropriate Rhizobium bacteria strain (Bradyrhizobium japonicum) specific for soybean 
was seed placed during the seeding operation at a rate of 11.2 kg/ha.  Both trials were seeded on May 
15.   
 
Weed control consisted of a pre-plant soil incorporated application of granular Edge (ethalfluralin). 
Weed pressure was low in the research site so no post-emergence herbicide was applied but plots were 
regularly hand weeded. The plots were harvested on September 28.  Yields were estimated by direct 
cutting the entire plot with a small plot combine when the plants were dry enough to thresh and the 
seed moisture content was <20%.  In-season precipitation from mid-May through September was 88.1 
mm, in-ǎŜŀǎƻƴ ƛǊǊƛƎŀǘƛƻƴ ǿŀǎ мсрΦм ƳƳ όсΦрέύ 
 

Results 

Results of the conventional soybean irrigated trial is shown in Table 1.  Yields were lower than normal 
due to dry and hot weather in 2022 growing season.  The lowest yielding variety was TH 33003R2Y , the 
highest was NSC Watson RR2Y.  The median yield of all entries was 2607 (38.8 bu/ac).  Median oil 
content was 22.9% and protein was 34.01%. Median Test weight was 75.3 kg/hl and median thousand 
seed weights was 130 g.  Lodging was not an issue in 2022. 
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The result from this trial is used to update the variety database at ICDC and provide information to 
producers on soybean performance under west central Saskatchewan growing conditions.  Annual 
testing of soybean varieties is essential for this potential crop. 
 
Table 1.  Agronomics of 2022 Soybean Regional Variety Trial ς Irrigated conventional season Varieties. 

# 

 

 
Variety 

 
Yield 
(kg/ha) 

% 
Oil 

% 
Protein 

Test 

weight 

(kg/hl) 

Seed 

weight 

(g/1000) 

Height 
(cm) 

Maturity  
(days) 

Lodge 
(1-5) 

1 AAC Halli            2647 23.3 33.8 75.7 132.9 128 NA 1 

2 
NSC Watson 
RR2Y      

2953 22.9 34.0 74.7 126.2 125 NA 1 

3 OAC Prudence         2642 22.6 33.5 76.2 140.8 128 NA 1 
4 TH 33003R2Y          2230 22.9 33.8 74.1 113.2 127 NA 1 

5 
X6029- 6- S1- S1- 
1  

2747 22.7 33.4 75.1 154.5 126 NA 1 

6 X6110-10             2423 23.1 35.6 76.4 111.5 127 NA 1 

LSD (0.05) 116.0 0.4 0.7 0.4 5.3 0.3 - NS 

CV (%) 5.4 2.3 2.7 0.3 5.0 0.3 -  
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Varietal Assessment of Forage Seed 

Production  

 
Funding  

Funding provided by the Saskatchewan Forage Seed Development Commission 

Organizations  

¶ Irrigation Crop Diversification Corporation, (ICDC) 

¶ Saskatchewan Ministry of Agriculture, (SMOA) 

¶ University of Saskatchewan, (U of S) 

¶ Livestock and Forage Centre of Excellence, (LFCE) 

¶ Saskatchewan Forage Seed Development Commission, (SFSDC) 

Principle Investigators  

¶ Dr. Biligetu, LFCE 

¶ Garry Hnatowich, ICDC 

¶ Gursahib Singh, ICDC 

¶ Terry Kowalchuk, SMOA 

Objectives  

The objectives of this multi-year project are to assess seed yield for the forage seed crops commonly 
grown in Saskatchewan, to evaluate forage seed as a possible irrigated cash crop as a means of 
expanding the sector, to explore potential turf grass varieties as a possible diversification opportunity 
for the forage seed sector;, and to enable our SRP chair for forage breeding to evaluate seed 
production of new lines and compare to current commercial varieties. 
 

Research Plan 

Forage seed variety demonstration plots were reestablished at Outlook due to poor establishment 
earlier. Plots were seeded on June 6 (except perennial ryegrass) and July 25 (perennial ryegrass), 2022, 
at the CSIDC field 12 under irrigation. The dryland sites at the Livestock and Forage Centre of Excellence 
near Clavet, SK were established in 2020 (May 19, 2020), and the final year yields were collected in 
2022. At each site, a total of 28 treatments were arranged in a three-replicate split plot design, with 
species as the whole plots and variety as the subplot. Old entries were replaced with new available 
entries for Outlook site field trails but the total number of entries at both sites remained the same. At 
Outlook, a composite soil sample was collected prior to seeding, and fertilizer applications were based 
on soil nutrient determinations (Table A1). At seeding, each plot received 35 kg P2O5/ha as mid-row-
banded mono ammonium phosphate (MAP; 11-52-0). On July 25, 2022, 100 kg N/ha of urea was 
broadcast across the entire trial. 
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No weed control herbicides were able to be used during the growing season. Weeds (grassy and 
broadleaf species) became heavily competitive and appeared to increase with each irrigation 
application. Early after seeding emergence of seeded forage species was apparent (grass species 
appeared to establish better than legume species) but weeds quickly established and competed with 
forages. Hand weeding was attempted but deemed futile and possibly causing more damage than good, 
so discontinued. At the end of August and early September, the trial area was mowed with a pull-type 
rotary mower table set at approximately 25 cm height to clip weed spikes/seed pods and prevent 
developing weed seed maturation. This was done to prevent further weed propagation from established 
weeds and to reduce the weed seed bank. Trails at Outlook were irrigated right after seeding and the 
total irrigation amount was 203.2 mm (8 inches). The growing conditions were favourable in 2022 (Table 
2 and Table 3) but the total rainfall amount was below the long-term average. 
 
At Clavet, wild-oat density was a major concern for all plots, and entire plot areas were mowed multiple 
times during growing season for weed control. No herbicide was applied for weed control. All plots were 
trimmed to uniform height in early October 2020. At Clavet, 75 kg/ha (28:23:0) fertilizer was 
broadcasted on October 16, 2020. Based on a general visual estimation, the grass plots were established 
well in fall 2020, however, some of the legume plots showed sign of stress from weed competition and 
seasonal drought. Stand establishment success will be assessed in spring 2021. The growing conditions 
were favorable until June 2020 (May 42 mm, June 106 mm), but rainfall amount was not adequate from 
July to September 2020. In-season precipitation was 144.0 mm (5.7 inches) and total in-season irrigation 
applied was 213.4 mm (8.4 inches). 
 

Table 1. Treatment list and seed information, Forage Seed Variety Demonstration trial, at Outlook 
(irrigated), Saskatchewan, 2022. 

Entry  Species Variety  Seeding Rate Germination 

1 Hybrid Bromegrass AC Knowles (check) 300 82 
2 Hybrid Bromegrass S9073Q 300 92 
3 Hybrid Bromegrass S9593 300 94 
4 Meadow Brome Fleet (check) 300 90 
5 Meadow Brome CDC Torsion 300 92 
6 Perennial Rye Grass Common seed (turf) 300 90 
7 Perennial Rye Grass Polim 300 90 
8 Perennial Rye Grass Dominator 300 90 
9 Crested wheatgrass Kirk (check) 300 74 
10 Crested wheatgrass Fairway 300 86 
11 Crested wheatgrass S9598 300 80 
12 Hybrid wheatgrass AC Saltlander (Check) 300 82 
13 Hybrid wheatgrass S9615 300 86 
14 Intermediate wheatgrass Chief (check) 300 82 
15 Intermediate wheatgrass S9578 300 90 
16 Intermediate wheatgrass UM2016Syn (Kernza) 300 90 
17 Tall fescue Courtenay (check) 300 86 
18 Tall fescue S9582 300 98 
19 Tall fescue Thor 300 90 
20 Timothy Climax (check) 460 96 
21 Timothy ST1 460 96 
22 Timothy Classic 460 96 
23 Sainfoin Melrose (check) 200 88 
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24 Sainfoin Common 200 90 
25 Sainfoin AC Mountain View 200 90 
26 Red Clover (single cut) Altaswede 400 85 
27 Red Clover SL906RC(2) 400 85 
28 Red Clover (double cut) commercial line 400 85 

 

Mean monthly temperatures and precipitation amounts are listed in Tables 2 and 3. The 2022 season 
was comparable to the long-term average with respect to temperature, but rainfall was below average. 
 
Table 2. Mean monthly temperature from May to August 2022 at the Outlook trial location. 

Location Year 
June July August September Average 

------------ Mean Temperature (°C) ----------- 

Outlook 
2022 16.3 19.7 20.5 16.0 18.1 
Long-term 16.1 18.7 17.8 12.8 16.3 

 

 

Table 3. Precipitation amounts vs. long-term (30 year) means for the 2022 growing season for Outlook. 

Location Year 
June July August September Average 

-------------- Precipitation (mm) -------------- 

Outlook 
2022 75.2 53.2 7 5.2 140.6 
Long-term 63.9 56.1 45.3 32.2 197.5 

 

Results 

This trial is in its first year of the establishment at Outlook; therefore, no results to report for 2022. For 
the next three years (2023-2025), seeds will be harvested, and yield data will be collected. Forage seed 
in all plots was germinating after seeding, but due to high, it was hard to estimate the emergence.  
This trial is in its third year of establishment. The dryland site (Clavet) was a relatively successful trial 
considering the lack of precipitation. Yield data was collected from all plots (Table 4).  
 

Table 4. Forage seed cultivar and line performance under dryland conditions, Clavet, SK 2022 

Entry  Type Cultivar  

Forage 

establishment 

count (0-10) 

Seed Yield                  

(kg/ha) % of             

Check  
2021 2022 

1 Hybrid brome 
AC 

Knowles (Check) 
7.8 497 371 100 

2 Hybrid brome AC Success 6.4 586 600 137 

3 Hybrid brome S9073Q 5.6 533 483 117 

4 Hybrid brome S9570 7.8 529 424 110 

5 Hybrid brome S9593  7.9 462 520 113 

6 Meadow brome Fleet 8.5 498 639 131 

7 Meadow brome CDC Torsion 9.0 527 768 149 

8 Smooth Brome Carleton 7.3 600 705 150 
  LSD      89.7 232.5   

  P-value      0.08 0.04   
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  CV %     8.7 31.0   

9 
Crested 

wheatgrass 
Kirk (Check) 9.0 586 608 100 

10 
Crested 

wheatgrass 
S9598 7.6 685 494 99 

  LSD      106.8 215.2   

 P-value      0.06 0.15   

 CV %     21.2 36.3   

11 
Hybrid 

wheatgrass 
AC Saltlander 
(Check) 

9.9 414 379 100 

12 
Hybrid 

wheatgrass 

S9615 (CDC Salt 

King) 
8.8 419 392 102 

13 
Hybrid 

wheatgrass 
S9600 9.3 360 309 84 

 LSD      71.7 186.8   
 P-value      0.12 0.06   
 CV %     9.3 12.2   

14 
Western 

Wheatgrass 
Walsh (Check) 4.0 99 477 - 

15 
Northern 

wheatgrass 
Elbee 8.5 388 486 - 

 LSD      261.9 385.7   

 P-value      0.04 0.93   

 CV %     70.8 27.7   

16 
Intermediate 

wheatgrass 
Chief (Check) 9.9 1,021 480 100 

17 
Intermediate 

wheatgrass 
S9578 9.8 1,034 355 92 

 LSD      408.8 360.1   

 P-value      0.94 0.35   

 CV %     15.7 31.4   

18 Tall Fescue Courtenay (Check) 8.6 391 221 100 

19 Tall fescue S9582 9.5 382 119 82 
 LSD      196.1 134.9   

 P-value      0.85 0.08   

 CV %     20.7 40.6   

22 
Creeping red 

fescue 
Boreal  7.6 555 524 100 

23 
Perennial 

ryegrass 
Replicator 9.5 196 - 36 

24 Festelolium Lofa - - -   
No statistical analysis done; only one plot of perennial ryegrass survived and all festolium plots were winter killed  

20 Timothy Climax  6.6 185 152 100 

21 Timothy 
ST1 (CDC 

Tiznow) 
9.0 226 182 120 

 LSD      53.8 146.6   

 P-value      0.10 0.61   
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 CV %     15.05 36.0   

25 Galega Common (Check) 3.5 - -   

26 Cicer milkvetch Oxley II  7.6 58 70   

27 Sainfoin 
Melrose 

(common) 
8.8 548 269 100 

28 Sainfoin SF900 8.1 581 225 99 
  LSD      209.7 126.3   

  P-value      0.002 0.020   

  CV %     68.1 56.2   

 

Conclusion  

At Outlook (irrigated site), early after seeding emergence of seeded forage species was apparent. Hand 
weeding was potentially causing more damage than good and was therefore discontinued, and 
mechanical mowing was done to prevent further weed propagation from established weeds. 
 
At the Clavet (dryland site), third-year field trails were successfully harvested. There was no significant 
difference in seed yield between treatments within the test group of crop kinds for Crested wheatgrass, 
western wheatgrass and northern wheatgrass entries, Intermediate wheatgrass, and Timothy, whereas 
a significant difference in forage seed yield was observed in hybrid wheatgrass and Tall Fescue. Forage 
seed yield differences in bromegrass and forage legumes were highly significant. Within the bromegrass 
group cultivar, CDC Torsion (Meadow brome) had the highest yield (768 kg/ha) and was 149% higher 
than the Check (AC Knowles).  
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 Agronomic Trials  
 

 

Growing hybrid and composite mustard 

under irrigation in Saskatchewan  
 

 

 

 

 

 

 

 

 
 



Research and Demonstration Program Report 2022                                                                                                       39 

Funding  

Funded by the Agricultural Demonstration of Practices and Technologies Fund (ADOPT), Saskatchewan 
Mustard Development Commission, and Mustard 21. 

Organizations  

¶ Irrigation Crop Diversification Corporation (ICDC) 

Principal Investigators  

¶ Rick Mitzel, Saskatchewan Mustard Development Commission 

¶ Gursahib Singh, ICDC 

Objectives   

The objectives of the study are to demonstrate growing hybrid and composite mustard under irrigation 
in Saskatchewan. Though mostly grown in the brown soil zone in Saskatchewan and Alberta, we feel 
there is an opportunity for the hybrid and composite mustard to be grown outside of dryland cropping 
under irrigation. The irrigation expansion at Lake Diefenbaker in the province is a great opportunity for 
producers looking to diversify or try a different crop under irrigation, such as hybrid or composite 
mustard.  
 
The yield benefits of the hybrid and composite varieties over the open-pollinated mustard varieties are 
well documented. Strong mustard prices make it a profitable crop worth considering, especially now 
with the long-standing mustard yield ceiling being broken with these new varieties available to 
producers. 
 
Both varieties are registered and available for producers to grow. AAC Brown 18 was registered in 2018 
and available to producers in 2019, and AAC Yellow 80 was registered in 2020 with availability in 2021. 
Producers have provided positive feedback from growing the varieties.  
 
AAC Brown 18, being a hybrid, offers the hybrid vigour that producers enjoy in other crops such as 
canola and hybrid fall rye. Additionally, AAC Brown 18 has consistently yielded 20% higher than 
Centennial brown mustard in adoption and advanced yield trials and from producers who have grown it. 
AAC Yellow 80 is a composite yellow mustard that has shown a consistent 9% yield increase over the 
variety Adante in advanced yield and adoption trials.  
 

Research Plan 

The trial was established on ICDC-leased land (Hnatowich field block-2) within the South Saskatchewan 
River Irrigation District (NE17-28-07-W3) on an Elstow loam previously planted to wheat. Soil samples 
were obtained prior to seeding to determine the soil nutrient levels (by Agvise Labs; results are shown in 
Table 1). 
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Table 1. Soil Test Available Nutrients 

Depth (cm) pH O.M. (%) C.E.C. NO3-N (kg N/ha) P (ppm) K (ppm) 
SO3-N (kg S/ha) 

0 ς 15 7.2 2.7 14.2 13 2 277 20 

15 ς 30    17   45 

30 - 60    40    

 
At the time of seeding, 110 kg/ha of nitrogen fertilizer was side banded, and 20 kg/ha of P fertilizer was 
seed-placed. Soil available sulfur and potassium were not limited at this site. Treatments consisted of a 
popular canola variety, L233P, compared side by side to AAC Brown 18 (hybrid mustard) and AAC Yellow 
80 (composite mustard). The trial was established in a randomized complete block design with four 
replications and seeded plots area was 2m by 6m. Seeding rates for canola, AAC Brown 18 and AAC 
Yellow 80 were 9, 10 and 12 lbs/acre, respectively. Flea beetle pressure was high at the site; all plots 
were sprayed twice with insecticide. At the start of flowering, 30 lbs/acre N and 20 lbs/acre P liquid 
fertilizer were applied to give less vegetative growth and more flowers (this is a common practice with 
seed growers who grow mustard under irrigation.  AAC Brown 18 mustard plots were direct combined, 
whereas canola and AAC Yellow 80 mustard was swathed and combined later. Harvested samples were 
cleaned, and yields were adjusted to a moisture content of 10%.  Dates of various field operations and 
products used for each trial location in 2022 are found in table 2.  
 
Table 2. Dates of field operations and products used in 2022. 

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

Seeding Date  May 21 

Emergence Counts June15 

Early Flowering Fertilizer Application June 24 

Insecticide Application June 7 and June 9 (Matador at 33 ml/acre) 

Fungicide  None 

Lodging Rating June 20 

Swathing August 17 (Yellow mustard and Canola) 

Harvest August 17 (Brown mustard) and August 24 (Yellow 
mustard and Canola) 

 
Total in-ǎŜŀǎƻƴ ǊŀƛƴŦŀƭƭ ŦǊƻƳ aŀȅ ǘƘǊƻǳƎƘ !ǳƎǳǎǘ ǿŀǎ мтмΦм ƳƳ όсΦтέύΦ  ¢ƻǘŀƭ ƛƴ-season irrigation 
ŀǇǇƭƛŜŘ ǿŀǎ мср ƳƳ όсΦрέύΦ   
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Table 3. ICDC growing season temperature and precipitation by month for 2022 and the 30-year average 
(1992-2022). 

Year May June July August September Average 

  ------------------------------Mean Temperature (°C) ------------------- 

2022 11.8 16.3 19.6 20.4 NA  17.1 

Long-term (1992-2022) 11.2 16.1 18.7 17.8 NA  15.9 
 

May June July August September Total 

 
------------------------------Precipitation (mm) ------------------- 

2022 35.7 75.2 53.2   7.0 NA 171.1 

Long-term (1992-2022) 42.0 63.9 56.1 45.3 NA 207.3 

 

Results 

Seed yield and seed quality characteristics obtained are shown in Table 4.  The yield of AAC Brown 18 
(3614 kg/ha or 64.4 bu/acre) and Canola (3599 kg/ha or 64.2 bu/acre) was comparable but higher than 
AAC Yellow 80 (2713 kg/ha or 48.4 bu/acre). Thousand kernel weight and test weight of AAC Yellow 80 
was higher than AAC Yellow 80 and L233P. The plant population (number of plants / m2) differed for 
each variety. Achieved plant population with the target seeding rate (L233P ς 9lbs/acre, AAC Brown 18 ς 
10lbs/acre and AAC Yellow 80 - 12 lbs/acre) was L233P ς 30800 plants /acre, AAC Brown 18 ς 50000 
plants /acre and AAC Yellow 80 - 32000 plants /acre. Measured plant growth characteristics are 
provided in Table 4. AAC Brown 18 matured earlier, whereas the number of days to maturity for AAC 
Yellow was similar to L233P canola variety. There was no difference in % green seed and height for all 
test crops. Canola seed oil content was highest, followed by AAC Brown 18.  
 
Table 4. Mustard Seed Yield & Seed Quality as compared to canola, 2022. Different letters indicate 
ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ǘǊŜŀǘƳŜƴǘǎ ό!bh±!Σ t Җ лΦлрύΦ 

  AAC Brown 18  AAC Yellow 80 L233P         LSD (0.05) 
CV (%) 

Yield (kg/ha) 3614 a 2713 b 3599 a 0.018 
10.7 

Test weight (kg/hl) 70.7 b 74.6 a 67.4 c 0.001 1.1 

TKW (g/1000) 3.1 b 5.7 a 3.2 b 0.001 5.2 

Plants (Per m2) 111 a 71 b 69 b 0.03 18.5 

Green seed (%) 0.8a 0.8 a 1.5 a NS 
8.6 

Height (cm) 131 a 123 a 127 a NS 
5.1 

Maturity (days) 85 c 87 b 89 a <0.001 
1.79 

Oil (%) 33.9 28.2 40 <0.001 
1.27 

NS = not significant at P<0.05 
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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, 2022.  

Revenue Per Acre AAC Brown 18 AAC Yellow 80 L233P 

Yield (bu/ac) (A) 64.5 48.4 64.2 

Price*  (/bu) (B) 50.00 55.00 19.62 

Gross revenue (/ac) (C) 3225.00 2662.00 1259.60 

Expenses Per Acre 
   

Variable Expenses/Acre 
   

Seed**  47.16 62.60 75.73 

Seed Treatments 9.00 9.00 9.00 

Fertilizer***     

Nitrogen 432.77 432.77 432.77 

Phosphorus 153.08 153.08 153.08 

Sulfur 21.05 21.05 21.05 

Plant Protection - Herbicides 46.95 46.86 58.24 

Insecticides 3.28 3.28 2.46 

Fungicides 14.18 14.18 14.18 

Machinery Operating - Fuel 18.92 18.92 16.21 

Repair 8.85 8.85 9.98 

Custom Work and Hired Labour 20.30 20.30 21.05 

Crop Insurance Premium 7.06 11.36 10.51 

Utilities and Miscellaneous 3.23 3.23 4.23 

Interest on Variable Expenses  4.74 4.88 8.46 

Total Variable Expenses (D) 790.57 810.36 836.95 

Other Expenses/Acre 
   

Building Repair 0.52 0.52 0.69 

Property Taxes 4.24 4.24 5.55 

Business Overhead 2.09 2.09 3.19 

Machinery Depreciation 36.41 36.41 41.06 

Building Depreciation 1.10 1.10 1.45 

Machinery Investment 14.04 14.04 15.83 

Building Investment 0.36 0.36 0.48 
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Land Investment 34.16 34.16 39.28 

Total Other Expenses (E) 92.92 92.92 107.53 

Labour and Management (F) 
   

Total Expenses (D+E+F)=(G) 883.49 903.28 944.48 

Return Per Acre 
   

Return Over Variable Expenses (C-D) 2434.43 1851.64 422.65 

Return Over Total Expenses (C-G) 2341.51 1758.72 315.12 

Break Even Yield (bu/ac) 
   

To Cover Variable Expenses 9 11 13 

To Cover Total Expenses 11 14 16 

Break Even Price ($/bu) 
   

To Cover Variable Expenses 19 24 26 

To Cover Total Expenses 26 31 32 

*  Nov 2, 2022 - Government of Saskatchewan grain prices 
** Brown 18 ($7.86) seeded at 6.9 lbs/ac and Yellow 80 ($6.26) at 9 lbs/ac 
***  Using fertilizer prices that have doubled and then upped for target yield and added for liquid fertilizer at 
flowering. So for N, added 25% then doubled to reflect fertilizer price and then added 30 lbs so 30% of 133.16 in 
the crop planning guide then add 25% and doubled. 
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Demonstrating seeding methods to 

improve yield and maturity in camelina  

  
 

 

 

 
 

  

  
Lana Shaw, Research Manager at South East Research Farm  seresearchfarm@gmail.com  
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Funding  

Funded by the Agricultural Demonstration of Practices and Technologies Fund (ADOPT) 

Organizations  

¶ South East Research Farm - SERF (Redvers) 

¶ Northeast Agricultural Research Foundation - NARF (Melfort) 

¶ Irrigation Crop Diversification Center - ICDC (Outlook) 

¶ Western Applied Research Corporation - WARC (Scott) 

¶ East Central Research Foundation ECRF (Yorkton) 

Principal Investigators  

¶ Lana Shaw, Serf  

Objectives  

This project tests the seeding rates and depths for Camelina sativa under no-till seeding conditions in 
Saskatchewan. Camelina is a very small-seeded crop that is sensitive to excessive seeding depth. 
Camelina is a new crop for Saskatchewan, but it has an ancient history in Europe as a cultivated oilseed. 
It is of interest as a Climate-Smart biofuel and food source. Seeding recommendations from camelina 
breeders have emphasized seeding very shallowly into cultivated, level soil but under dry spring 
conditions this resulted in delayed establishment in Redvers in 2021. Since no-till seeding is important to 
conserve moisture for spring emergence, this demonstration shows how camelina can be most 
effectively seeded under no-till conditions. The project will help to determine optimal target plant 
densities for maximizing yield, even establishment, and uniform maturation under no-till conditions. 
Seeding rate and plant density effects on yield and maturity were investigated by Johnson et al in 2010 
as part of an ADF-funded MSc Thesis for Chantal Bauche. In that multi-site trial, seeding rate of 500 
seeds/m2 was sufficient to optimize yield and improve evenness of maturity. That trial and the Urbaniak 
et al. trial did not investigate the effect of seeding depth on resultant establishment or seed mortality. 
This trial will build on their results to determine how to achieve an optimal plant density of >100 
plants/m2 with varying seeding depths. 
 
Urbaniak, S.D., Caldwell, C.D., Zheljazkov, V.D., Lada, R. and Luan, L. 2008. The effect of seeding rate, seeding date and seeder 
type on the performance of Camelina sativa L. in the Maritime Provinces of Canada. Can. J. Plant Sci. 88: 501ς508. 

 

Research Plan 

The project was carried out by seeding at five sites across the dark brown and black soil zones in spring 
2022 (Table 1). Seed of Newgold SES1154HR was contributed by Smart Earth and the recommended rate 
of 6.7 kg/ha (6 lb/ac) was determined by this industry contractor. Newgold SES1154HR from Smart Earth 
contains thifensulfuron-methyl resistance, so some broadleaf weeds can be controlled by Pinnacle SG. 
 
The field trials were set up with small field plots as strip-plot design with four replicates and 12 total 
treatments at Redvers, Scott, Melfort and Outlook. All sites use a narrow-type hoe opener on a small 
plot seeder with side-banding capabilities. The horizontal factor was seeding depth with three levels: 
Shallow, Medium, and Deep. The vertical factor was seeding rate with 0.25x, 0.5x, 1x, and 1.5x with 6 
lb/ac being the X recommended rate.  At ECRF, the same factors were arranged in a split plot design 
with four replicates due to their seeding equipment. In that case seed depth was the main plot and seed 
rate was the sub-plot.  

https://harvest.usask.ca/handle/10388/9123
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Plant density was determined from four linear meter rows per plot after emergence. Uniformity of 
emergence was rated from 1 to 10 with 10 being the most uniform. Plant height was determined by 
measuring three plants per plot (font, middle and back) after completion of flowering. Maturity was 
based on color change in the middle of the main raceme on 75% of plants. After combine harvest, yield 
was calculated and samples were submitted for quality analysis to the Smart Earth laboratory. 
 
Data within each site were compared between treatments using Statistix 10.0 using either the strip-plot 
ƻǊ ǎǇƭƛǘ Ǉƭƻǘ ŀƴŀƭȅǎƛǎΦ ¢ǊŜŀǘƳŜƴǘ ŘƛŦŦŜǊŜƴŎŜǎ ǿŜǊŜ ŎƻƴǎƛŘŜǊŜŘ ǎƛƎƴƛŦƛŎŀƴǘ ŀǘ t Җ лΦлрΦ ¢ƘŜǊŜ ǿŜǊŜ ƳƛƴƛƳŀƭ 
significant depth x  rate interactions and this data is not shown because of the complicated nature of the 
LSDs for a strip-plot or split-plot comparison.  

 

Table 1. Treatment list with approximated depth and seed rates evaluated. 

Treatment # Depth Seeding Rate 

1 

1 
(minimum) 

0.25 x 

2 0.5 x 

3 1 x 

4 1.5 x 

5 

2 
(intermediate) 

0.25 x 

6 0.5 x 

7 1 x 

8 1.5 x 

9 

3 
όоκпέύ 

0.25 x 

10 0.5 x 

11 1 x 

12 1.5 x 

 
Table 2. Soil type and texture at the four sites. 

Site SERF  ICDC ECRF WARC NARF 

Soil texture Loam Elstow loam Clay Loam Loam Clay Loam 

Soil Zone / 
Irrigation 

Thin Black 

Irrigated 
Brown 
6.5 inches 
irrigation 

Moist Black Dark Brown Moist Black 
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Results 

All five sites were successful in producing a crop of camelina in 2022.  
 
Table 3. Means of parameters and results after ANOVA analysis for each site.  

 
Treatment 
Level 

Plant 
Density 

 
Uniformity 
Rating 

 
Days to 
Maturity 

 Yield 
(kg/ha) 

 

  (plants/m2)  1 to 10     

SERF         
 

Depth 1. Shallow 163 A 8.7  91.5 B 2545  

 2. Medium 136 B 7.7  92.2 AB 2475  

 3. Deep 97 C 7.3  93.4 A 2396  

Seed Rate 1. Rate 0.25x 39 D 6.8 B 93.5 A 2227 B 

 2. Rate 0.5x 80 C 7.9 A 92.6 AB 2497 A 

 3. Rate 1x 171 B 8.4 A 91.8 BC 2613 A 

 4. Rate 1.5x 238 A 8.5 A 91.6 C 2551 A 

ICDC          

Depth 1. Shallow 122 A n/a  87  2891  

 2. Medium 118 A n/a  87  2912  

 3. Deep 82 B n/a  87  2728  

Seed Rate 1. Rate 0.25x 17 D n/a  87  2478 B 

 2. Rate 0.5x 66 C n/a  87  2977 A 

 3. Rate 1x 155 B n/a  87  2969 A 

 4. Rate 1.5x 192 A n/a  87  2951 A 

WARC          

Depth 1. Shallow 59 A 4.3 A 96.4 B 1685 A 

 2. Medium 60 A 4.4 A 95.9 B 1759 A 

 3. Deep 24 B 2.4 B 100.1 A 1301 B 

Seed Rate 1. Rate 0.25x 15 C 1.7 D 102.7 C 1174 B 

 2. Rate 0.5x 41 B 3.4 C 97.2 B 1592 A 

 3. Rate 1x 52 B 4.3 B 96.3 B 1720 A 

 4. Rate 1.5x 84 A 5.5 A 93.8 A 1841 A 

ECRF          

Depth 1. Shallow 176 A 5.5  103.8  2404  

 2. Medium 187 A 6.3  102.3  2384  

 3. Deep 191 A 6.1  104.6  2330  

Seed Rate 1. Rate 0.25x 59 D 3.4 D 105.3 A 2360  
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 2. Rate 0.5x 130 C 5.1 C 104.7 A 2477  

 3. Rate 1x 215 B 6.9 B 102.4 B 2355  

 4. Rate 1.5x 336 A 8.3 A 101.8 B 2298  

NARF          

Depth 1. Shallow 176 A 5.5  89.1  2404  

 2. Medium 187 A 6.3  87.6  2384  

 3. Deep 191 A 6.1  89.3  2330  

Seed Rate 1. Rate 0.25x 59 D 3.4 D 90.0  2360  

 2. Rate 0.5x 130 C 5.1 C 89.0  2477  

 3. Rate 1x 215 B 6.9 B 88.0  2355  

 4. Rate 1.5x 

336 

 
 
 

 

A 8.3 A 87.7  2298  

Note: Different letters beside values, where present, indicate statistically significant differences in means for that 
column at 95% confidence level for that site based on Least Significant Difference. Absence of letters indicate no 
statistically significant difference between means for that site. 

 
Table 3 summarizes the agronomic results of the five trials. The medium seeding depth had significantly 
lower plant density than the shallow, recommended depth at only SERF (83% of shallow depth). 
However, the deep seeding depth had a significantly lower plant density (59% of shallow depth) at three 
locations (SERF, WARC and ICDC). The varying seeding rate had significant effects on plant densities in 
line with expectations. The effect of seeding depth on uniformity of emergence rating was only 
statistically significant at WARC, but uniformity increased with seeding rates at all locations where it was 
assessed.  
 
Seeding depth affected days to maturity (DTM) at two locations (SERF and WARC). In both of those 
situations, the deep seeding depth delayed maturity by 1.9 days at SERF and 3.7 days at WARC. Days to 
maturity decreased as seeding rate increased at three locations but at two locations there were no 
differences.    
 
At WARC the deep seeding translated into a yield reduction compared to the medium and shallow 
seeding. This was also the location with the lowest plant densities overall. At the other locations where 
seeding depth reduced plant density, the camelina was able to compensate and maintain yield levels. At 
three locations (SERF, ICDC, WARC), yield was significantly lower for the 0.25x seeding rate compared to 
all other rates. At two locations (NARF and ECRF) there were no significant effects on yield.  
 
There were negligible effects of treatments on plant heights or lodging (data not shown). At the irrigated 
ICDC site, lodging occurred early in the season and was severe for all treatments. The camelina was 
difficult to harvest. This camelina variety may not be suited to irrigated production. At SERF, lodging was 
moderate and happened during heavy July rain events.  
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Yield levels overall were strong considering it was a new crop for most locations and there were few 
herbicide weed control options. WARC particularly had low spring soil moisture and lower than average 
long term moisture throughout the season (Figure 1, Table A1).   
 

 
 

Figure 1. Average site yield and growing season precipitation (+irrigation) at each site. 
 
Table 4. Oil quality analysis (Percent Omega 6, Omega 3, Ratio of 3 to 6), protein content (%) and oil 
content (%).  

 Treatment  Om 3  Om 6  3:6 Ratio  Protein  Oil  

 Level %  %    %  %  

SERF            

Depth 1. Shallow 36.6 A 20.7 C 1.77 A 30.6  39.9 
 

 2. Medium 35.6 B 21.2 B 1.68 B 30.0  40.1 
 

 3. Deep 34.9 B 21.6 A 1.61 C 30.1  39.9 
 

Seed Rate 1. Rate 0.25x 34.9 B 21.6 A 1.61 B 30.2  39.6 
 

 2. Rate 0.5x 35.9 A 21.1 B 1.71 A 30.4  39.7 
 

 3. Rate 1x 36.1 A 20.9 B 1.72 A 30.2  40.3 
 

 4. Rate 1.5x 35.8 A 21.0 B 1.71 A 30.0  40.3 
 

ICDC            

Depth 1. Shallow 36.4  20.3   1.80   31.9   38.6 
 

 2. Medium 36.5  20.3  1.80  32.1  38.6 
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 3. Deep 36.4  20.2  1.80  32.1  38.5 
 

Seed Rate 1. Rate 0.25x 35.8 B 20.8 A 1.72 B 32.8 A 38.0 
B 

 2. Rate 0.5x 36.6 A 20.3 B 1.81 A 32.1 B 38.7 
A 

 3. Rate 1x 36.7 A 20.0 B 1.84 A 31.8 BC 38.8 
A 

 4. Rate 1.5x 36.7 A 20.0 B 1.83 A 31.5 C 39.0 
A 

WARC            

Depth 1. Shallow 33.8  21.7  1.56  29.4  41.4 
 

 2. Medium 34.2  21.7  1.58  29.4  41.4 
 

 3. Deep 34.0  21.9  1.57  29.6  40.9 
 

Seed Rate 1. Rate 0.25x 33.2 B 22.2 A 1.49 C 29.5  40.6 
B 

 2. Rate 0.5x 33.8 AB 21.9 A 1.54 BC 29.7  41 
AB 

 3. Rate 1x 34.5 A 21.4 B 1.63 A 29.3  41.6 
A  

 4. Rate 1.5x 34.5 B 21.4 B 1.60 AB 29.2  41.7 
A  

ECRF            

Depth 1. Shallow 36.6 A 20.73 C 1.77  31.9  38.7 
 

 2. Medium 35.6 B 21.17 B 1.68  32.1  38.6 
 

 3. Deep 34.9 B 21.6 A 1.61  32.1  38.5 
 

Seed Rate 1. Rate 0.25x 34.9 B 21.59 A 1.60 B 32.5 A 38.4 
 

 2. Rate 0.5x 35.9 A 21.13 B 1.71 A 32.3 AB 38.4 
 

 3. Rate 1x 36.1 A 20.88 B 1.72 A 31.9 BC 38.8 
 

 4. Rate 1.5x 35.8 A 21.06 B 1.71 A 31.5 C 38.9 
 

NARF            

Depth 1. Shallow 34.7  22.2 B 1.56 B 31.9  38.6 
 

 2. Medium 34.9  21.8 A 1.60 A 32.1  38.6 
 

 3. Deep 34.4  22.3 B 1.55 B 32.1  38.5 
 

Seed Rate 1. Rate 0.25x 34.9  22  1.59  32.5 A 38.3 
 

 2. Rate 0.5x 34.3  22.2  1.55  32.3 AB 38.4 
 

 3. Rate 1x 34.9  22.2  1.57  31.9 BC 38.8 
 

 4. Rate 1.5x 34.5  22.1  1.56  31.5 C 38.9 
 

Note: Different letters beside values, where present, indicate statistically significant differences in means for that 
column at 95% confidence level for that site based on Least Significant Difference. Absence of letters indicate no 
statistically significant difference between means for that site. 

 
Seeding method had varied effects on oil quality characteristics, which could have an impact on its uses. 
Western diets are deficient in Omega 3 oils, and camelina oil is rich in this oil. Low seeding rate resulted 
in slightly lower ratio of Omega 3 to Omega 6 at four out of five locations. At two locations (ECRF and 
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SERF), shallow seeding depth increased the Omega 3 content. Low seeding rate generally increased 
protein slightly at three locations.     
 

Conclusion  

Where camelina was seeded at a usual depth for field crops (2 cm), there was a significant reduction in 
plant density compared with shallower seeding at three of five locations. At two locations there were no 
differences in plant density due to depth. Maturity was extended in two locations with deep seeding 
compared with shallow seeding and days to maturity decreased with increasing seeding rate at three 
sites. Yields were only affected by seeding depth at WARC with the deep seeding depth reducing yield.  
Seeding rate affected yield at three locations (SERF, WARC, and ICDC) with the 0.25x having a small 
reduction in yield. Camelina showed substantial capacity to compensate for low plant density, but this 
came at the cost of delayed maturity and more risk for shattering losses. There were small but 
significant reductions in oil quality associated with low seeding rate. While seeding at a normal canola 
depth reduced plant density, it had minimal impact on yield at all but one location. Seeding depth 
should be targeted to less than 2 cm for optimal densities, but camelina can compensate when 
conditions result in somewhat deeper seeding. Further breeding of camelina may result in increased 
seed size, which would allow for more resilience to seeding depth. The recommended seeding rate of 6 
lb/ac was sufficient to achieve adequate plant densities.      
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Lentil and camelina intercropping  
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Funding  

Funded by the Agricultural Demonstration of Practices and Technologies Fund (ADOPT) 

Organizations  

¶ Irrigation Crop Diversification Corporation ς ICDC 

¶ South East Research Farm ς SERF (Redvers) 

Principal Investigators  

¶ Garry Hantowich, ICDC 

¶ Gursahib Singh, ICDC 

Objectives  

This study aims to demonstrate if an intercrop can be used to increase the area suitable to produce 
lentils. Specifically, increasing production in higher moisture environments (irrigation, Black soil zone) 
where disease and/or maturity concerns have limited production. This demonstration will compare 
lentils and camelina to lentils + camelina as an intercrop.  
 

Research Plan 

The test plots were established at ICDC and SERF in factorial randomized complete block design with 
four replications Factor 1: Crop ς lentil monocrop, camelina monocrop and lentil + camelina intercrop  
Factor 2: N rate - 3 rates of N (0, 0.5X, 1X) - X will be the recommended rate for camelina. 
 
The trial at ICDC was setup under irrigation, whereas at SERF, under dryland conditions. Monocrop lentil 
and camelina plots were seeded at a recommended seed rate (130 and 500 seeds/m2) whereas, for 
lentil + camelina intercropped plots: both lentil and camelina were seeded at 75% of recommended 
seeding rate (Lentil: target ~100 seeds/m2 and camelina: target ~375 plants/m2). Enhanced efficiency N 
products was be broadcasted and incorporated at seeding; lentils received a recommended rate of 
rhizobia inoculant. Phosphorus fertilizer was seed placed with lentils for monocrop lentil and intercrop 
treatments; for camelina monocrop the phosphorus was below and to the side of the seed (lentil 
seeding position). Lentil was seeded through the fertilizer shanks below and to the side of the camelina. 
All field operations for both sites are listed below (Table 1) 
 
Table 1. Operational dates and inputs used in this demonstration 2022. 

Activity ICDC SERF 

Pre-seed Herbicide  Edge (ethalfluralin) at 6.9 kg/ac in fall 
of 2021  
Glyphosate at 1.33 L/ac on May 4 

Glyphosate 0.7L/ac on June 3 

Variety Lentil - CDC Impulse 
Camelina - SES1154HT 

Lentil - CDC Impulse 
Camelina - SES1154HT 

Seeding May 24 June 4, granular inoculant used 

N-P-S (kg nutrient/ha) 
Fertilizer  

130-30-0 P2O5 ς 22 kg/ha with lentil band 
N ς 1X rate = 79 kg/ha as Super U 
broadcast 

In-crop Insecticide June 12 ς Matador (33 ml/acre)  for None 
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aphid control in lentils  

In-crop Fungicide July 18 ς Priaxor (180ml/acre) for 
control of stemphylium blight 

None 

Desiccant  August 18 ς Reglone None 

Harvest August 24 Sept 29 

 
Total in-season rainfall, temperature and irrigation amount from May through August for each site are 
listed below (Table 2). 
 
Table 2. Mean monthly temperatures at sites for 2022 compared to long-term (30 years) averages, and 
precipitation received and irrigation amounts at sites during 2022 compared to long-term (30 years) 
averages. 

 

Results 

General Observation 
At ICDC, both camelina and lentils lodged severely under irrigation. Stemphylium blight was problematic 
in all monocrop lentil plots (average disease score of 6.8 out of 10). In intercrop plots, lentils yields were 
lower than expected, camelina being a more vigour crop under irrigation chocked lentils, and ultimately 
establishment was poor. At SERF, excessive moisture during July caused root rots and loding in the 
lentils with resultant poor pod set.   
 
Plant populations 
The target plant population for monocrop lentils and camelina was 130 and 500 plants/m2; intercrop 
plots were seeded at 75% of the cropping rate, 100 and 375 plants/m2. Lentil establishment was close 
to the target level at both ICDC and SERF; whereas Camelina establishment was better at ICDC but poor 
at SERF. 
 

Location  Year May June July August Avg. / Total 

   ------------------------------Mean Temperature (°C) ------------------- 

ICDC Outlook 2022 11.8 16.3 19.7     20.5     17.1 

 Long-term 11.2 16.1 18.7 17.8 15.9 

SERF Redvers 2022 10.0 18.7 20.8 17.5 16.8 

 Long-term 11.1 16.2 18.7 18.0 16.0 

   --------------------------------- Precipitation (mm) --------------------- 

ICDC Outlook 2022 35.7 75.2 53.2 7.0 171.1 

 Long-term 42 63.9 56.1 45.3 214.3 

Irrigation  - 35.6 55.9 63.5 155.0 

       

SERF Redvers 2022 121 75 259 25.2 480.2 

     Long-term 60.0 95.2 65.5 46.6 267.0 
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Table 3. Plant Populations 

 
  
Trt# 

  
Crop 

  
Fertility 

ICDC 
 SERF 

Lentil Camelina 
 

Lentil 
Camelina 

1 Lentil 0 N 99 NA  83 NA 

2 Lentil 0.5 N 94 NA  92 NA 

3 Lentil 1x N 90 NA  95 NA 

4 Camelina 0 N NA 277  NA 81 

5 Camelina 0.5 N NA 267  NA 60 

6 Camelina 1x N NA 237  NA 76 

7 
Lentil + 
Camelina 

0 N 74 227 
 

71 65 

8 
Lentil + 
Camelina 

0.5 N 72 216 
 

82 59 

9 
Lentil + 
Camelina 

1x N 65 207 
 

75 60 

P value  NS NS  NS NS 

CV 9.5 17.4  17.1 23 

 
Plant height 
Plant height varied among locations, whereas the height difference between monocrop and intercrop lentil 
and camelina was insignificant.  
 
Table 4. Plant Height 

  
Trt# 

  
Crop 

  
Fertility 

 ICDC 
  SERF 

Lentil Camelina 
 

Lentil 
Camelina 

1 Lentil 0 N 39 NA  56 NA 

2 Lentil 0.5 N 36 NA  54 NA 

3 Lentil 1x N 34 NA  56 NA 

4 Camelina 0 N NA 92 
 NA 83 

5 Camelina 0.5 N NA 94 
 NA 87 

6 Camelina 1x N NA 96 
 NA 87 

7 Lentil + Camelina 0 N 41 97 
 57 84 

8 Lentil + Camelina 0.5 N 40 95 
 58 85 

9 Lentil + Camelina 1x N 36 96 
 57 85 

p-value     NS NS  NS NS 

CV     18.7 3.9  4.4 4.2 
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Lodging  
Lentil and camelina lodged terribly at ICDC, but at SERF, camelina lodging ratings were low to moderate range, 
and the lodging was not affected by either nitrogen rates and intercrop treatments.  
 
Table 5. Lodging 

   
 Lodging (1 to 9) 

Trt# Crop Fertility ICDC 
 SERF 

1 Lentil 0 N 6.8  7.8 

2 Lentil 0.5 N 7.3  8.0 

3 Lentil 1x N 6.8  9.0 

4 Camelina 0 N 7.5  1.8 

5 Camelina 0.5 N 7.0  1.5 

6 Camelina 1x N 7.5  1.8 

7 Lentil + Camelina 0 N 8.5  4.8 

8 Lentil + Camelina 0.5 N 7.5  4.0 

9 Lentil + Camelina 1x N 8.5  4.8 

p-value     NS  NS 

CV     24.2  15.2 

 
Maturity 
For both lentil and camelina, days to maturity were unaffected by either crop treatments (mono vs intercrop) 
and N rates.  
 
Table 6. Maturity 

      ICDC 
  SERF 

Trt# Crop Fertility Lentil Camelina 
 

Lentil 
Camelina 

1 Lentil 0 N 89 NA  86 NA 

2 Lentil 0.5 N 87 NA  86 NA 

3 Lentil 1x N 88 NA  85 NA 

4 Camelina 0 N NA 88 
 NA 87 

5 Camelina 0.5 N NA 88 
 NA 86 

6 Camelina 1x N NA 88 
 NA 86 

7 Lentil + Camelina 0 N 88 88 
 87 86 

8 Lentil + Camelina 0.5 N 88 88 
 86 86 

9 Lentil + Camelina 1x N 88 88 
 87 86 

p-value     NS NS  NS NS 
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CV     0.9  0.9   1.4 0.7 

 
Yield  and Land Equivalency Ratio  
Land Equivalency Ratio (LER) measures the yield of grain for an intercrop. The formula for calculating LER is 
shown below. LERs greater than 1 show improved efficiency of the intercrop relative to the monocrops but 
ǘƘƛǎ ŘƻŜǎƴΩǘ ƳŜŀƴ ǘƘŀǘ ŎƻƳōƛƴŜŘ ƛƴǘŜǊŎǊƻǇ ȅƛŜƭŘ ƛǎ ƴŜŎŜǎǎŀǊƛƭȅ ƘƛƎƘŜǊ ȅƛŜƭŘƛƴƎ ǘƘŀƴ ōƻǘƘ ƳƻƴƻŎǊƻǇǎ ό{Ƙŀǿ Ŝǘ 
al. 2018). LERs are presented for grain yield.   
 

LER 
Ratio: 

YLen in mixed stand (+) YCam in mixed stand 

 
YLen in pure stand 

 
YCam in pure stand 

      
Where      
LER = Land equivalent ratio    
YLen = Yield of Lentil    
YCam = Yield of Camelina    

 
Yield of intercrop plots was lower than monocrop lentil and camelina at both locations. Due to irrigation and 
better plant populations, the yield of lentil and camelina was higher at ICDC than SERF. At ICDC LER ratio for 
monocrop (1 and 1) and intercrop (0.07 + 0.93) were similar. At SERF the LER ratio for intercrop (0.65 + 0.65) 
was higher than the monocrops (1 and 1).  
 
Table 7. Crop - Yield and LER 

Crop 
ICDC 

 SERF 

Yield (Kg/ha) LER 
 

Yield (Kg/ha) 
LER 

Lentil 1493.7 1 
 

630.1 
1 

Lentil + Camelina 105.1 (lentil) 0.07  
406.9 (lentil) 

0.65 

P value <0.001 
  

<0.001 
 

Camelina 3098.9 1 
 

2032.8 
1 

Lentil + Camelina 2868.3 (camelina) 0.93 
 

1329.8 (camelina) 
0.65 

P value 0.01 
 

 
<0.001 

 

LER (Lentil + Camelina)  
1.00 

 
 

1.30 

 
Nitrogen rates at both locations did not affect camelina yield, but lentil yield was affected by N rates.  Lentil 
plots with no nitrogen fertiliser applied at seeding yielded higher than the other two treatments at both 
locations.  
 
 
 
 
 



  
58 

Table 8. N Rate - Yield 

N Rate ICDC  SERF 

Lentil Camelina  Lentil Camelina 

0 965.0 a 2948.4 a  658.9 a 1670.9 a 

0.5X 803.3 ab 3101.8 a  581.7 a 1648.7 a 

1X 630.0 b 2900.7 a  315.0 b 1724.2 a 

P value 0.05 0.13  <0.01 0.81 

 
At ICDC, there was a significant interaction between crops (mono and intercrop) and N rates. Lentil 
highest yield was recorded for the monocrop lentil with no fertilizer, whereas all intercrop plots had 
similar yields but lower than the monocrop treatment. Camelina highest yield was also recorded for the 
monocrop camelina with no fertilizer, whereas the lowest yield was recorded for the intercrop plots 
with no nitrogen fertilizer. There is no noticeable reason for the lower yield in fertilized camelina plot 
except that lodging could have somewhat impacted the yield. LER ratio for intercrop treatment Lentil + 
Camelina with no fertilizer was lower than the monocrop plots, whereas LER ratios for intercrop 
treatment with 0.5 and 1X nitrogen fertilizer were similar to monocrop.  
 
At SERF, there was no significant interaction between crops (mono and intercrop) and N rates. LER ratios 
of all intercrop treatments were higher than the lentil and camelina monocrop.  
 
Table 9. Crop * N Rate - Yield and LER 

  
Trt# 
  

  
Crop 
  

  
N Rate 

ICDC  SERF 

Lentil Camelina LER  Lentil Camelina LER 

Kg/ha Kg/ha 
 

 Kg/ha Kg/ha 
 

1 Lentil 0 N 1773.5 a NA 1.00  858.5 a NA 1.00 

2 Lentil 0.5 N 1517.1 ab NA 1.00  649.7 ab NA 1.00 

3 Lentil 1x N 1190.6 b NA 1.00  382.0 ab NA 1.00 

4 Camelina 0 N NA 3242.3 a 1.00  NA 1975.7 a 1.00 

5 Camelina 0.5 N NA 3130.3 ab 1.00  NA 2021.3 a 1.00 

6 Camelina 1x N NA 2924.3 bc 1.00  NA 2101.4 a 1.00 

7 Lentil + Camelina 0 N 156.5 c 2654.5 c 0.91  459.3 ab 1366.1 b 1.23 

8 Lentil + Camelina 0.5 N 89.4 c 3073.2 ab 1.04  513.6 ab 1276.1 b 1.42 

9 Lentil + Camelina 1x N 69.4 c 2877.2 bc 1.04  247.9 c 1347.0 b 1.29 

P value 0.01 0.02 
 

 NS NS 
 

CV 31.2 6.6 
 

 35.6 14.3 
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Crop Gross Revenue 
Gross revenue is based on $0.40/lb lentil and $14/bu camelina. Overall yields were higher for ICDC, so 
this site's gross revenue was also higher. Gross revenue for camelina was higher than lentil at both 
locations.  
 
At ICDC, monocrop camelina with no fertilizer was the highest-value treatment. Lentil + Camelina with 
0.5X nitrogen fertilizer rate was better among intercrop treatments, and monocrop lentil revenue 
dropped as the fertilizer rates increased.  
 
At SERF, monocrop camelina with 1X nitrogen fertilizer was the highest-value treatment, followed by  
Lentil + Camelina no fertilizer and 0.5X treatment and monocrop lentil revenue dropped as the fertilizer 
rates increased.  
 
 Table 10. Crop Gross Revenue 

  
Trt
# 
  

  
Crop 
  

  
N 
Rate 

ICDC  SERF ICDC  SERF 

Lentil  Camelina   Lentil  Camelina  Gross 
Revenue 
Lentil 
($/acre) 

 Gross 
Revenue 
Camelina 
($/acre) 

1 Lentil 0 N 632.91   NA   306.36   NA  632.91  306.36 

2 Lentil 0.5 N 541.41   NA   231.89   NA  541.41  231.89 

3 Lentil 1x N 424.89   NA   136.34   NA  424.89  136.34 

4 Camelina 0 N  NA   809.96    NA  493.55  809.96  493.55 

5 Camelina 0.5 N  NA   781.98    NA  504.94  781.98  504.94 

6 Camelina 1x N  NA   730.52    NA  524.95  730.52  524.95 

7 Lentil + 
Camelina 

0 N 
55.85   663.12  

 
163.92   341.27  718.97 

 505.19 

8 Lentil + 
Camelina 

0.5 N 
31.90   767.72  

 
183.28  318.78  799.62 

 502.06 

9 Lentil + 
Camelina 

1x N 
24.77  718.75  

 
88.48  336.49  743.52 

 424.97 
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Demonstrating the efficacy of control 

products for Lygus species in flax  

 
Funding  

Funded by the Strategic Field Plan (SFP) 

Organizations  

¶ Irrigation Crop Diversification Corporation (ICDC) 

¶ East Central Research Foundation (ECRF) 

¶ Wheatland Conservation Area Inc. (WCA) 

Principal Investigators  

¶ James Tansey 

¶ Lana Shaw, ECRF 

Objectives  

The objectives of this study were to demonstrate the efficacies of products that are currently registered 
for Lygus spp. control in flax (Decis, Voliam Xpress), and products registered for other pests in flax, and 
proposed for label expansion by members of the Minor Use Committee: one of the dimethoate products 
Cygon or Lagon, and the group 4C, sulfoxaflor; demonstrate the importance of insecticide timing 
(flowering and post-flower); control plots (no insecticide) will allow us to better demonstrate economic 
thresholds; examine the proximity of demonstration plots to these crops to assess its effects; and 
demonstrate the effect of weather on Lygus in flax.. 
 

Research Plan 

The experiment was set up as randomized control block design at each of the 3 sites of SERF (Redvers), 
ICDC (Outlook), and WCA (Swift Current). Flax variety CDC Rowland was used for this trial at all sites. 
Flax seeding rate was 50 lb/ac, 45 lb/ac, and 45 lb/ac for SERF, ICDC, and WCA respectively. Three 
different insecticide products were applied at two times ς At flowering and post flowering. Table 1 
shows the treatment list. Sweep net sampling was done before both insecticide applications and at the 
boll stage to determine Lygus spp. density. Collected bug samples were sent to Dr. James Tansey in 
Regina to be processed. Along with Lygus spp. density, data were collected on yield at all sites. Data on 
plant stand establishment and days to maturity was only collected at WCA and ICDC in 2022. At ICDC, 
uniformity data for each plot was collected instead of plant density/count data as in the case of WCA. 
Sweep net sampling was not conducted at the boll stage at SERF due to very low Lygus pressure and 
after consulting with Dr. James Tansey. Data were analyzed using R Statistical Software. Data for yield, 
plant establishment, and days to maturity were analyzed after fitting a linear model with Treatment as 
fixed variable and Replicate as random variable. Post hoc testing was done using ANOVA with alpha = 
0.05. At the time of writing this report, data for Lygus counts were only available for WCA. These data 
were analyzed after fitting a generalized linear model with Poisson distribution and post hoc testing was 
done using Kruskal-Wallis nonparametric test and adjusting p-values using the Bonferroni method. 
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Table 1. Treatment list for the project. 

Insecticide treatment   Rate Timing 

1 Untreated Control none none 

2 Closer  300 mL/ha Flowering 

3 Cygon  1000 mL/ha Flowering 

4 Decis 100 150 mL/ha Flowering 

5 Voliam Xpress 225 mL/ha Flowering 

6 Closer  300 mL/ha After flowering 

7 Cygon  1000 mL/ha After flowering 

8 Decis 100 150 mL/ha After flowering 

9 Voliam Xpress 225 mL/ha After flowering 

 
Results 

Table 2. Means of parameters and results after ANOVA analysis for each site.  

Site 

Treatment 
Yield 
(kg/ha) 

Emergence 
(plants/m2) 

Days to 
maturity 

Lygus spp. count* 

No. Product Timing 
At 
flowering 

Post 
flowering 

Boll 
stage 

WCA 

1 control n/a 1522 390 91.8 3 4 0a 

2 Closer flowering 1530 395 93.0 2 3 2b 

3 Cygon flowering 1528 407 93.5 1 1 0a 

4 Decis 100 flowering 1669 372 91.5 1 3 1ab 

5 Voliam Xpress flowering 1609 403 93.3 2 2 0a 

6 Closer 
post 
flowering 

1606 405 90.0 3 9 1ab 

7 Cygon 
post 
flowering 

1549 395 90.8 1 2 0a 

8 Decis 100 
post 
flowering 

1511 410 92.3 2 5 0a 

9 Voliam Xpress 
post 
flowering 

1605 429 92.8 1 3 1ab 

Average  1570 401 92.1 2 3 0 

p-value  0.33 0.97 0.14 0.69 0.36 0.008 

ICDC 

1 control n/a 2432 

Missed in 
2022 

96.0 
Sample processing in 
progress. 

2 Closer flowering 2262 96.0 

3 Cygon flowering 2255 96.0 

4 Decis 100 flowering 2472 96.0 
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5 Voliam Xpress flowering 2511 96.0 

6 Closer 
post 
flowering 

2562 96.0 

7 Cygon 
post 
flowering 

2456 96.0 

8 Decis 100 
post 
flowering 

2354 96.0 

9 Voliam Xpress 
post 
flowering 

2355 96.0 

Average  2407  96.0    

p-value  0.94  -    

SERF 

1 control n/a 3027 

Missed in 2022 
Sample processing in 
progress. 

2 Closer flowering 2982 

3 Cygon flowering 2974 

4 Decis 100 flowering 2692 

5 Voliam Xpress flowering 2800 

6 Closer 
post 
flowering 

2857 

7 Cygon 
post 
flowering 

2804 

8 Decis 100 
post 
flowering 

2925 

9 Voliam Xpress 
post 
flowering 

2948 

Average  2890      

p-value  0.83      

*Pairwise comparisons for Lygus spp. counts were done using Kruskal-Wallis nonparametric test and adjusting p-
values using Bonferroni method. 
Note. Different letters beside values, where present, indicate statistically significant differences in means for that 
column at 95% confidence level for that site. Absence of letters indicate no statistically significant difference 
between means for that site. 

 
Yield varied significantly between sites, with ICDC yielding the highest, followed by SERF, and then WCA. 
The effect of treatment on yield was not significant at any of the sites. At ICDC, all plots were rated 
mature on the same day and hence maturity was not affected by treatment. At WCA, plant emergence, 
days to maturity, and Lygus numbers at flowering and post flowering were unaffected by treatments. 
However, Lygus numbers varied significantly at boll stage and were higher in Treatment 2 (Closer 
applied at flowering) compared to treatments 1 (untreated control), Treatment 2 and 5 (Cygon and 
Voliam applied at flowering), and Treatments 7 and 8 (Cygon and Decis applied post flowering). 
 
Figure 1 shows correlation between measured plant agronomic traits and Lygus spp. pressure at WCA. 
Neither yield nor days to maturity were strongly correlated (positively or negatively) with Lygus pressure 
at flowering, post flowering, or at boll stage. Lygus pressure at flowering was moderately negatively 
correlated with yield (Correlation = -0.39). This could be due to insufficient Lygus pressure at WCA to 
influence yield, and might explain why yield did not vary significantly between treatments. Lygus 
pressure at flowering was also moderately positively correlated with Lygus pressure post flowering 
(Correlation = 0.43).  
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Figure 1. Correlation of flax agronomic traits with Lygus spp. counts at WCA (Swift Current) in 2022. 
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Regional Adaptation and Response to 

Nitrogen of Hemp and Quinoa in 

Saskatchewan 
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Funding  

Funded through the Agricultural Demonstration of Practices and Technology (ADOPT) 

Organizations  

¶ Wheatland Conservation Area (WCA) 

¶ Northeast Agriculture Research Foundation (NARF) 

¶ Irrigation Crop Diversification Corporation (ICDC) 

Principal Investigators  

¶ Garry Hantowich, ICDC 

¶ Gursahib Singh, ICDC 

Objectives  

The objectives of this study were to gain experience with and information on the overall productivity 
and adaptation of two specialty crops, hemp (Cannabis sativa) and quinoa (Chenopodium quinoa) across 
a range of soil climatic zones in Saskatchewan; demonstrate the overall yield response of hemp to 
increasing nitrogen (N) fertilizer rates; and demonstrate the overall yield response of quinoa to 
increasing nitrogen (N) fertilizer rates. 

 

Research Plan 

Field trials were established on wheat stubble at the ICDC - Hnatowich field block I for Hemp and ICDC-
Area 51 for quinoa. Both trials were set up under irrigation, and the total amount applied was 6.5 inches 
to hemp and 8 inches to quinoa. For soil available nutrient analysis, two separate composite samples for 
each trail location were submitted to AgVise Laboratories (Table 3). Five N rate treatments 60, 100, 140, 
180, and 220 kg N/ha (soil plus fertilizer) were evaluated for each crop type. The N fertilizer rate 
treatments were arranged in four replicate Randomized Complete Block Designs (RCBD). In-season 
agronomy practices followed for each crop are listed in Table 1. Both crops were hand weeded to 
maintain weed-free plots throughout the season. Harvested plot yield was used to measure treatment 
efficacy.  
 
Table 1. Operational dates and inputs used in Hemp and Quinoa N rate demonstration 2022. 

Activity Hemp Quinoa 

Pre-seed Herbicide  Edge (ethalfluralin) at 6.9 kg/ac in fall 
of 2021 and Glyphosate at 1.33 L/ac 
on May 4 

Glyphosate at 1.33 L/ac on May 4 

Variety Katani NQ Red 

Plot Size 1.5 m X 8m 1.5 m X 8m 

Seeding May 16 May 31 

In-crop Herbicide None None 

In-crop Insecticide None June 30/22 and July 8 ς Cygon @ 0.4L 

In-crop Fungicide None None 

Harvest September 21 October 4 
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Total in-season rainfall, temperature, and irrigation amount from May through September are listed 
below (Table 2). 
 
Table 2. ICDC growing season temperature, precipitation by month for 2022, the 30-year average (1992-
2022), and irrigation amount. 

Year May June July August September Average 

  ------------------------------Mean Temperature (°C) ------------------- 

2022 11.8 16.3 19.6 20.4 15.9  16.8 

Long-term (1992-2022) 11.2 16.1 18.7 17.8 12.8  15.3 
 

------------------------------Precipitation (mm) ------------------- 

2022 35.7 75.2 53.2   7.0 5.2 176.3 

Long-term (1992-2022) 42.0 63.9 56.1 45.3 32.2 239.5 

 
Soil test results for both trail locations are listed below: 
 
Table 3. Soil Test Available Nutrients 

Depth (cm) pH O.M. (%) C.E.C. NO3-N (kg N/ha) P (ppm) K (ppm) 
SO3-N (kg S/ha) 

Hemp        

0 ς 15 7.1 2.8 13 9 3 308 16 

15 ς 30    13   14 

30 - 60    28    

Quinoa        

0 ς 15 7.8 2.3 15.0 10 2 274 28 

15 ς 30    6   32 

30 - 60    8    

 

Results 

Both crops had a decent establishment at ICDC under irrigation. 
 

Hemp 
The results of the N rate effect on measured parameters of hemp are listed below (Table 4). The N rates 
applied in this field study did not affect the hemp yield, test weight, thousand kernel weight, plant 
emergence, plant height, and days to maturity.  
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Table 4. Yield, test weight, TKW, plant count, height, and maturity response of hemp to N rate 
treatments.  

N Rates 
Kg N/ha Yield (lb/ac) Test weight (kg/hl) TKW (g) 

Plants 
Per m2 Height (cm) 

Maturity  (days) 

60 739.8 a 56.3 a 16.3 a 172 a 148 a 
128 a 

100 814.8 a 56.8 a 15.5 a 159 a 152 a 
128 a 

140 774.0 a 56 a 15.5 a 167 a 162 a 
128 a 

180 829.3 a 55.3 a 15.5 a 113 a 158 a 
128 a 

220 901.0 a 55.0 a 15.8 a 118 a 160 a 
128 a 

P (0.05) NS NS NS NS NS 
NS 

CV (%) 12.72 1.51 3.99 33.92 33.92 
 - 

Note: Different letters indicate significant treatment differences (ANOVA, t Җ лΦлр). 

 
Quinoa 
The results of the N rate effect on measured parameters of quinoa are listed below. The N rates in this 
field study did not affect quinoa thousand kernel weight and maturity days. Yield differences were 
observed among N rates, but the coefficient of variation was above the acceptable limits. Yield of quinoa 
increased as the N rate increased and was highest and comparable for 180 and 220 kg N/ha treatments. 
Plant population decreased as the N rate increased from 60 to 100 kg N/ha but did not differ in N rates 
above 100 kg N/ha. Plant height also increased as the N rate increased.  
 
Table 5. Yield, TKW, plant count, height, and maturity response of quinoa to N rate treatments.  

N Rates 
Kg N/ha 

Yield (lb/ac) TKW (g) Plants 
Per m2 Height (cm) 

Maturity  (days) 

60 68.3 b 2.3 a 96 a 62 b 126 a 

100 102.6 b 2.4 a 65 b 76 b 126 a 

140 165.9 b 2.5 a 75 b 99 a 126 a 

180 299.5 a 2.5 a 71 b 113 a 126 a 

220 348.0 a 2.5 a 74 b 114 a 126 a 

P (0.05) 
0.0006 NS 0.02 0.001 NS 

CV (%) 
41.94 12.71 14.55 11.89 - 

Note: Different letters indicate significant treatment differences (ANOVA, t Җ лΦлр). 
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Funding  

Funded through the Strategic Field Plan 

Organizations  

¶ Northeast Agriculture Research Foundation (NARF) 

¶ Indian Head Agricultural Research Foundation (IHARF) 

¶ Irrigation Crop Diversification Corporation (ICDC) 

¶ Western Applied Research Corporation (WARC) 

Principle Investigators  

¶ Sara Ingell, Ministry of Agriculture 

¶ Gursahib Singh, ICDC 

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. Discovering optimum seeding 
dates for this higher value crop will encourage local growth in the conventional hemp industry and help 
ensure new growers have access information that will contribute to their success. Demonstrating the 
wide seeding date window of this crop will also show producers how growing hemp can help with time 
management in spring.  

 

Research Plan 

This project was seeded in a randomized, replicated small plot design including three hemp varieties. 
Outlook was the only irrigated sites, whereas Melfort, Scott, and Indian Head were non-irrigated. The 
three seeding dates were end of May, middle of June and beginning of July.  
The three varieties (Katani, Picolo and X59) selected were high yielding, dwarfs that are suitable for 
Saskatchewan conditions.  
 
Plot size and row spacing varied at the four participating sites depending on the equipment, but the 
target population was set at 100-125 plants/m2. 
Fertilizer was applied in a sideband to reduce the risk of seed injury, and rates were dependent on soil 
test results.  
 
Plant vigor was visually assessed for each treatment 2-3 weeks after planting. Plant heights were 
measured prior to harvest, and days to maturity were evaluated for each variety and seeding date. At all 
sites, plots were harvested when the crop reached physiological maturity (lower grains were hard, and 
ǘƘŜ ǎŜŜŘ ōǊŀŎǘ ŘƛŘƴΩǘ ƘƻƭŘ ǘƘŜ ǎŜŜŘǎ ǎǘŀǊǘŜŘ ǘƻ ǎƘŀǘǘŜǊΣ ōǳǘ ǘƘŜ Ǉƭŀƴǘǎ ǿŜǊŜ ǎǘƛƭƭ ƎǊŜŜƴύΦ tƭƻǘǎ ǿŜǊŜ 
directly combined 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  

Emergence at all four locations was improved in 2022 when compared to 2021.  At Outlook, the 
irrigation amount was 8 inches (table 2). Indian Head and Melfort received normal precipitation. In 
Scott, the majority of the precipitation in June occurred in the middle of the month with 21.2mm of 



  
70 

rainfall. In July, there was a total of 53.2 mm of rainfall which is 25% higher than the long-term average. 
July and August produced poor growing conditions as the daily temperature was above average, with 
very little available soil moisture.  
 
Table 1. Mean monthly temperatures and long-term (1992-2021) normal for the 2022 growing seasons 
at 4 sites in Saskatchewan.   

Location  Year May June July August Avg.  

   -------------------Mean Temperature (°C) ---------------- 

Indian Head 2022 10.9 16.1 18.1 18.3 15.8 

 Long-term 10.8 15.8 18.2 17.4 15.6 

Melfort 2022 9.9 15.2 18.2 18.7 15.5 

 Long-term 10.7 15.9 17.5 16.8 15.2 

Outlook 2022 11.8 16.3 19.8 20.6 17.1 

 Long-term 11.5 16.1 18.9 18 16.1 

Scott 2022 10 15 18.3 18.9 15.6 

 Long-term 10.8 14.8 17.3 16.3 14.8 

 

Table 2. Precipitation amounts along with long-term ((1992-2021)) normal for the 2022 growing seasons 

at 4 sites in Saskatchewan and irrigation amount at Outlook. 

     ---------------------- Precipitation (mm) ------------------- 

Location  Year May June July August Total 

Indian Head 2022 97.7 27.5 114.5 45.9 285.6 

 Long-term 51.7 77.4 63.8 51.2 244.1 

Melfort 2022 90.8 78.1 34.9 36.5 240.3 

 Long-term 42.9 54.3 76.7 52.4 226.3 

Outlook 2022 30.4 69.4 51.4 8 159.2 

 Long-term 43.2 69.3 57.6 44.2 214.3 

Scott 2022 11 57.1 86.5 32.1 186.7 

 Long-term 38.9 69.7 69.4 48.7 226.7 

  ---------------------- Irrigation (mm) ------------------- 

  June July August September Total 

Outlook  35.6 55.9 63.5 48.3 203.3 

 
Data collection for year-two of the trials consisted of yield, height, and maturity (Tables 3 to 9). Seeding 
dates (late May vs. mid June vs. early July) had a significant effect on hemp yield at two (Scott and Indian 
Head) of the four sites. Hemp yield was higher when seeded in late May at both Scott and Indian Head 
(Table 3 and 4). Seeding date effect on hemp yield was not significant at both Outlook and Melfort. Of 
the four test sites Indian Head had the highest yield (grand mean = 1162 kg/ha).  
 
Yield did not vary with hemp varieties except at Indian Head, where Katani yielded higher than Picola 
and X59. The interaction between seeding timing and hemp variety was not significant at all four 
locations (Table 3). 
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Table 3. Analysis of variance (P-values) for seeding dates and varieties effect on yield at four sites in 
Saskatchewan in 2022. 

 Melfort  Outlook Scott Indian Head 

Date NS NS <0.005 0.001 

Variety NS NS NS <0.005 

Date*Variety NS NS NS NS 

Grand Mean 598 864.4 917.6 1162.1 

CV 28.8 - 11.4 3.6 

NS = Not Significant 

 

Table 4. Seeding dates and varieties effect on mean yield (Kg/ha) measured at four sites. 

Seeding dates 

 Melfort Outlook Scott Indian Head 

Late (early-July) 584 a 1240 a 637 c 1093 b 

Mid (Mid-June) 497 a 640 a 890 b 1037 b 

Early (Late-May) 715 a 714 a 1226 a 1356 a 

Varieties 

Katani 585 a 1108 a 941 a 1207 a 

Picola 595 a 539 a 911 a 1156 b 

X59 616 a 947 a 900 a 1123 b 

NS = Interaction is Not Significant 
Note. Different letters indicated significant differences between treatments (ANOVA, P Җ 0.05). 

 
Seeding date significantly affected hemp height at all sites (Table 5). At Outlook, Melfort and Indian 
Head early seeded (late May) hemp plants had a greater height, due to the longer growing season as 
compared to the other two seeding dates. At Scott, the hemp height increased as the seeding date was 
delayed as the late seeding coincided with the precipitation in July.  
Of the three hemp varieties, X59 was taller than Katani and Picola at Outlook, Scott and Indian Head.  
Seeding date and hemp varieties interaction were again non-significant for plant height.  
 
Table 5. Analysis of variance (P-values) for seeding dates and varieties effect on plant height at four sites 
in Saskatchewan in 2021 

  Melfort  Outlook Scott Indian Head 

Date <0.01 0.031 <0.01 <0.01 

Variety NS 0.007 <0.01 <0.01 

Date*Variety NS NS NS NS 

Grand Mean 87.1 128.5 115 123.6 

CV 13.8 11.3 2.8 2.5 

NS = Not Significant 
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Table 6. Seeding dates and varieties effect on plant height at four sites.   

Seeding dates 

 Melfort Outlook Scott Indian Head 

Late (early-July) 75 c 119 b 124 a 106 b 

Mid (Mid-June) 86 b 132 a 114 b 132 a 

Early (Late-May) 101 a 134 a 108 c 132 a 

Varieties 

Katani 89 a 122 b 111 b 123 b 

Picola 85 a 122 b 118 a 121 b 

X59 88 a 141 a 118 a 127 a 

Note. 5ƛŦŦŜǊŜƴǘ ƭŜǘǘŜǊǎ ƛƴŘƛŎŀǘŜŘ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ǘǊŜŀǘƳŜƴǘǎ ό!bh±!Σ t Җ лΦлрύΦ 

Days to maturity were collected at all sites other than Outlook (at seeding dates and varieties were 
harvested simultaneously; Table 7 and Table 8). At IHARF, poor seeding conditions (lack of moisture) at 
first seeding affected seed emergence, which eventually affect crop maturity. Seeding dates effect on 
maturity was significant at all three sites, with early seeding date hemp plants taking longer to mature 
than mid and late seeding. All hemp varieties maturated at the same time at Melfort, whereas at both 
Scott and Indian Head, Hemp variety X59 took longer to mature than Katani and Picola. 
At Scott, plant maturity differed among hemp varieties at the three seeding dates, with variety X59 
taking more days to mature at all three seeding dates. 
 
Table 7. Analysis of variance (P-values) for seeding dates and varieties effect on days to maturity (DAT) 
at four sites in Saskatchewan in 2021 

 Melfort  Outlook Scott Indian Head 

Date <0.01 NC <0.01 <0.01 

Variety NS NC <0.01 <0.01 

Date*Variety NS NC 0.02 NS 

Grand Mean 95 - 91 105 

CV 2.4 - 0.75 0.29 

NS = Not Significant 
NC = Observation Not Captured 
 
Table 8. Seeding dates and varieties effect on hemp days to maturity (DAT) at four sites.   

Seeding dates 

 Melfort Outlook Scott Indian Head 

Late (early-July) 84 c NC 86 c 106 b 

Mid (Mid-June) 96 b NC 88 b 132 a 

Early (Late-May) 106 a NC 101 a 132 a 

Varieties 

Katani 95 b NC 89 b 123 b 

Picola 95 ab NC 90 b 121 b  



Research and Demonstration Program Report 2022                                                                                                       73 

X59 97 a NC 95 a 127 a 

Seeding dates* Varieties 

Late*Katani - - 84 e - 

Late*Picolo - - 84 e - 

Late*X59    - - 90 c - 

Mid*Katani - - 87 d - 

Mid*Picolo - - 85 e - 

Mid*X59    - - 91 c - 

Early*Picolo - - 100 b - 

Early*Katani - - 100 b - 

Early*X59    - - 104 a - 

NC = Observation Not Captured 

Note. 5ƛŦŦŜǊŜƴǘ ƭŜǘǘŜǊǎ ƛƴŘƛŎŀǘŜŘ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ǘǊŜŀǘƳŜƴǘǎ ό!bh±!Σ t Җ лΦлрύΦ 

  

Conclusion  

In general, growing conditions of 2022 improved slightly from 2021 but were still relatively hot and dry.  
In year-two of this project, seeding date significantly affected yield, height, and days to maturity. Yield 
was higher when plots were seeded in late May and hemp variety Katani yielded higher than Picola and 
X59. Hemp plants were also taller when seeded in late May, with X59 taller than the other varieties at all 
locations. Hemp variety X59 took longer to mature at all sites. 
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Influence of Potassium Fertilizer on Yield 

and Seed Quality of Malt Barley and Spring 

Wheat 
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Funding  

This project was funded through Agricultural Demonstration of Practices and Technologies (ADOPT) 

Organizations  

¶ Wheatland Conservation Area (WCA) 

¶ East Central Research Foundation (ECRF) 

¶ South East Research Farm (SERF) 

Principal Investigators  

¶ Garry Hnatowich, ICDC 

¶ Gursahib Singh, ICDC 

Objectives  

The objectives of this project were to evaluate the effects of K fertilizer rate and placement on yield of 
malt barley and spring wheat; evaluate the influence of K fertilization on seed quality characteristics; 
and assess the impact of K fertilization on crop lodging. 
 

Research Plan 

Small plot trials were established at Yorkton (ECRF), Redvers (SERF), Swift Current (WCA) and Outlook 
(ICDC). Seven potassium (K) fertilizer treatments were established in a Randomized Complete Block 
Design with four replications. Both spring wheat and malt barley were evaluated as separate and 
individual trials. Plot size varied in accordance with seeding equipment at each site. Wheat variety 
selection was on a site-by-site preference to a regionally suitable variety. However, AAC Synergy or CDC 
Churchill were specified as preferred, high yielding malt varieties. K fertilizer rates and positional 
placement were: 

1. 0 kg K2O/ha ς seed placed 
2. 10 kg K2O/ha ς seed placed 
3. 20 kg K2O/ha ς seed placed 
4. 30 kg K2O/ha ς seed placed 
5. 10 kg K2O/ha ς side banded 
6. 20 kg K2O/ha ς side banded 
7. 30 kg K2O/ha ς side banded 
8. 20 kg K2O/ha ς seed placed + 40 kg K2O/ha ς side banded  

Prior to seeding, all sites obtained soil samples for nutrient analyses. Samples were submitted to Agvise 
to determine ammonium acetate exchangeable K. As wheat and barley trials were adjacent, a single 
composite soil sample was obtained from the trialing area. Soil test results and recommendations are 
shown in Table 1. Operational dates and inputs applied at each site are shown in Table 2. 
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Table 1. Soil analysis results, 2022 

 
Table 2. Operational dates and inputs used in wheat/barley, 2022. 

Activity 

Location 

ICDC ECRF SERF WCA 

Pre-seed 
Herbicide  

May 4 
glyphosate 

none 
May 27 

glyphosate 
May 2 

R/T 540 +Aim 

Variety 

Wheat ς AAC 
Wheatland VB 
Barley ς AAC 

Synergy 

Wheat ς AAC 
Brandon 

Barley ς AAC 
Synergy 

Wheat ς AAC 
Brandon 

Barley ς CDC 
Copeland 

Wheat -Adamant 
Barley ς AAC Synergy 

Seeding May 10 May 16 June 1 May 17 

N-P-S (kg 
nutrient/ha) 
Fertilizer  

Wheat  
135-40-0 
Barley  

135-40-0 

Wheat  
84-28-0  
Barley  

56-28-0 

Wheat 
83-29-0 
Barley 

83-29-0 

  Wheat 18-28-0 
Barley  

54-28-0 

In-crop 
Herbicide 

June 23 
Buctril M 

/Simplicity 

Wheat ςJune 8 
Akito / June 22 

Axial  
Barley - June 6 

Prestige 
June 8 Axial 

June 19 
Buctril M 

June 8 
Buctril M / 

Achieve/Turbocharge 

In-crop 
Fungicide 

none 

Wheat July 18 
Caramba  

Barley July 6 
Trivepro A+B  

none none 

Harvest Aug 25 
Wheat ς Sept 7  

Barley ς  
Aug 30 

Wheat ς Sept 6 
Barley ς 
Sept 2 

Aug 16 

 

Results 

Growing Season Weather  
Mean monthly temperatures and precipitation amounts for all four locations are listed in Tables 3 and 4. 
The 2022 season was warmer than the long-term average, except at Redvers, where temperatures were 
below long-term average. Rainfall was significantly well below historical averages for Outlook and Swift 
Current sites, whereas Yorkton and Revders sites had above-average rainfall. The Outlook site received 
only 50.4% of historic precipitation but was irrigated. Irrigation applied at Outlook consisted of 30 mm in 

Trial 
Location 
 

Agvise 

Soil K2O kg/ha 
Fertilizer K2O Recommendation 

kg/ha 

ICDC 
180 

Wheat - 17 
Barley - 44 

ECRF 267 11 

SERF 264 Not provided 

WCA 400 11 
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June, 115 mm in July and 62.5 mm in August, total irrigation applied was 207.5 mm. The other three trial 
locations were dryland production.  
 
Table 3. Mean monthly temperatures at sites for 2022 compared to long-term (30 years) averages. 

 
Table 4. Precipitation received at sites during 2022 compared to long-term (30 years) averages. 

 
Wheat Results 
Results gathered for wheat seed yield, quality and other agronomic characteristics from all trial locations 
are shown in Tables 5 through 11. Potassium fertilization significantly affected wheat yield at ICDC 
(Outlook) and ECRF (Yorkton). At ICDC, K fertilizer rates (10, 20, 30 and 20 +40 kg) and fertilizer 
placement (seed placed vs sideband) had higher yields than the control (no fertilizer applied) treatment. 
All side band rates had a similar effect on wheat yield, whereas yield differed within seed-placed rates 
(10 vs 20 vs 30 kg K20/ha) and was highest when potassium was seed placed at the rate of 30 kg K20/ha 
(Table 1). At ECRF, wheat yield was highest (5353 kg/ha) when potassium fertilizer was sideband at the 
rate of 10 kg K20/ha, whereas all other treatments had yield lower than the control (Table1). At WCA 

Location  
Year May June July August 

Avg. / 
Total 

   ------------------------------Mean Temperature (°C) ------------------- 

ICDC Outlook 2022 11.8 16.3 19.7     20.5     17.1 

 Long-term 11.2 16.1 18.7 17.8 15.9 

ECRF Yorkton 2022 10.6 15.7 18.6 18.9 16.0 

 Long-term 10.4 15.5 17.9 17.1 15.2 

SERF Redvers 2022 10.0 18.7 20.8 17.5 16.8 

 Long-term 11.1 16.2 18.7 18.0 16.0 

WCA          2022 10.9 15.9 19.8 20.9 16.9 

Swift Current Long-term 10.9 15.3 18.2 17.6 15.5 

Location  
Year May June July August 

Avg. / 
Total 

   --------------------------------- Precipitation (mm) --------------------- 

ICDC Outlook 2022 35.7 75.2 53.2 7.0 106.3 

 Long-term 42 63.9 56.1 45.3 214.3 

ECRF Yorkton 2022 137.9 57.9 38.4 90.8 325.0 

 Long-term 51 80 78 62 272.0 

SERF Redvers 2022 121 75 259 25.2 480.2 

     Long-term 60.0 95.2 65.5 46.6 267.0 

WCA 2022 51.2 37.7 90.4 7.5 187.0 

Swift Current Long-term 44.1 74.5 51.9 43.2 214 
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(Swift Current) and SERF (Redvers),  K fertilizer rates did not affect wheat yield. The overall yield at WCA 
ǿŀǎ ŀŦŦŜŎǘŜŘ ōȅ ǘƘŜ ŘǊƻǳƎƘǘ ŀƴŘ ǿŀǎ ƭƻǿŜǊ ǘƘŀƴ ƳƛƎƘǘ άƴƻǊƳŀƭƭȅέ ōŜ ŜȄǇŜŎǘŜŘΦ hǘƘŜǊ ǉǳŀƭƛǘȅ ŀƴŘ 
agronomic parameters evaluated in field trials were grain protein, test weight, thousand kernel weight, 
days to maturity, plant height and lodging (Table 6 to Table 11). Potassium fertilizer overall did not 
affect any of the above factors except test weight at ECRF. The overall difference between test weights 
ŀǘ 9/wC ǿŀǎ ǾŜǊȅ ƭƻǿ όŀŎǊƻǎǎ ŜƛƎƘǘ ǘǊŜŀǘƳŜƴǘǎ ǊŀƴƎŜ ǿŀǎ туΦу ǘƻ улΦс ƪƎκƘ[ ύΣ ǎƻ ƛǘΩǎ ƘŀǊŘ ǘƻ ŘŜǘŜǊƳƛƴŜ 
which treatment performed better.  
 
Table 5. Wheat Grain Yield Response to Fertilizer K Applications. 

K Placement &  
Rate (kg/ha) 

Yield kg/ha 

Seed Side band ICDC ECRF SERF 
WCA 

Control - 0 4852 c 5226 ab 5249 a 2866 a 

10  5488 ab 4706 c 4333 a 2720 a 

20  5208 b  5025 b 4537 a 2853 a 

30  5612 a 4989 b 4484 a 2760 a 

 10 5314 ab 5353 a 4384 a 2870 a 

 20 5506 ab 5140 ab 4350 a 2810 a 

 30 5564 ab 5044 b 4387 a 2787 a 

20 40 5394 ab 4953 bc 4383 a 2824 a 

LSD (0.05) 5367 5055 NS NS 

CV (%) 5.1 3.7 4.5 6.4 

NS = not significant 
Note. Different letters indicated significant differences between treatments (ANOVA, P Җ 0.05). 
 

Table 6. Wheat Grain Protein Response to Fertilizer K Applications. 

K Placement &  
Rate (kg/ha) 

Protein % 

Seed Side band ICDC ECRF SERF 
WCA 

Control - 0 11.9 a 14.6 a 13.9 15.6 a 

10  12.0 a 14.3 a 13.9 15.6 a 

20  12.1 a 14.4 a 14.0 15.6 a 

30  12.2 a 14.4 a 14.0 15.8 a 

 10 12.3 a 14.9 a 13.9 15.6 a 

 20 12.1 a 14.5 a 13.9 15.4 a 

 30 12.3 a 14.4 a 14.0 15.7 a 

20 40 11.9 a 14.5 a 13.9 15.7 a 
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LSD (0.05) NS NS NS NS 

CV (%) 3.3 0.4 1.3 1.2 

NS = not significant 
ND = not determined 
Note. Different letters indicated significant differences between treatments (ANOVA, P Җ 0.05). 

 
Table 7. Wheat Grain Test Weight Response to Fertilizer K Applications. 

K Placement &  
Rate (kg/ha) 

Test Weight (kg/hL) 

Seed Side band ICDC ECRF SERF 
WCA 

Control - 0 83.6 a 79.9 ab 80.3 a 81.9 a 

10  83.9 a  78.8 c 80.9 a 82.2 a 

20  83.7 a 80.2 ab 81.1 a 82.2 a 

30  83.8 a 80.6 a 80.6 a 82.4 a 

 10 83.8 a 79.5 bc 80.4 a 82.3 a 

 20 83.7 a 80.7 a 81.0 a 82.4 a 

 30 83.5 a 80.0 ab 81.4 a 82.5 a 

20 40 83.8 a 80.4 ab 80.9 a 81.8 a 

LSD (0.05) NS 80.0 NS NS 

CV (%) 0.36 1.1 0.5 0.6 

NS = not significant 
Note. Different letters indicated significant differences between treatments (ANOVA, P Җ 0.05). 
 

Table 8. Wheat Seed Weight Response to Fertilizer K Applications. 

K Placement &  
Rate (kg/ha) 

Seed Weight (TKW) 

Seed Side band ICDC ECRF SERF 
WCA* 

Control - 0 36.2 a 37.6 a 29.2 a 29.8 a 

10  36.1 a 36.8 a 30.1 a 30.5 a 

20  36.2 a 38.5 a 31.2 a 29.9 a 

30  36.2 a 38.2 a 31.8 a 30.6 a 

 10 36.8 a 38.1 a 29.8 a 30.2 a 

 20 36.0 a 38.2 a 32.2 a 30.5 a 

 30 34.9 a 38.5 a 31.5 a 30.5 a 

20 40 36.4 a 38.2 a 31.9 a 29.6 a 

LSD (0.05) NS NS NS NS 
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CV (%) 4.5 3.3 4.1 1.8 

NS = not significant 
Note. Different letters indicated significant differences between treatments (ANOVA, P Җ 0.05). 

 
Table 9. Wheat Days to Maturity Response to Fertilizer K Applications. 

NS = not significant 
Note. Different letters indicated significant differences between treatments (ANOVA, P Җ 0.05). 

 
Table 10. Wheat Plant Height Response to Fertilizer K Applications. 

K Placement &  
Rate (kg/ha) 

Plant Height (cm) 

Seed Side band ICDC ECRF SERF 
WCA 

Control - 0 86 a 80 a 71.9 a 62 a 

10  86 ab 79 a 75.0 a 64 a 

20  84 ab 82 a 73.3 a 64 a 

30  87 a 79 a 72.9 a 62 a 

 10 86 ab 83 a 73.3 a 65 a 

 20 86 ab 80 a 72.5 a 63 a 

 30 83 b 82 a 71.8 a 63 a 

20 40 83 b 80 a 72.6 a 66 a 

LSD (0.05) NS NS NS NS 

CV (%) 2.8 6.5 2.2 5.4 

NS = not significant 

K Placement &  
Rate (kg/ha) 

Days to Mature 

Seed Side band ICDC ECRF SERF 
WCA 

Control - 0 103 a 100 a 91 a 83 a 

10   103 a 98 a 91 a 83 a 

20   103 a 100 a 91 a 83 a 

30  103 a 99 a 91 a 83 a 

 10 103 a 99 a 91 a 83 a 

 20 103 a 100 a 91 a 83 a 

 30 103 a 100 a 91 a 83 a 

20 40 103 a 100 a 91 a 83 a 

LSD (0.05) NS NS NS NS 

CV (%) - 1.5 - - 
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Note. Different letters indicated significant differences between treatments (ANOVA, P Җ 0.05). 

 
Table 11. Wheat Plant Lodging Response to Fertilizer K Applications. 

K Placement &  
Rate (kg/ha) 

Lodging (Belgian Scale) 

Seed Side band ICDC ECRF SERF 
WCA 

Control - 0 0.2 a 0.2 a 0.2 a 0.2 a 

10  0.2 a 0.2 a 0.2 a 0.2 a 

20  0.2 a 0.2 a 0.2 a 0.2 a 

30  0.2 a 0.2 a 0.2 a 0.2 a 

 10 0.2 a 0.2 a 0.2 a 0.2 a 

 20 0.2 a 0.2 a 0.2 a 0.2 a 

 30 0.2 a 0.2 a 0.2 a 0.2 a 

20 40 0.2 a 0.2 a 0.2 a 0.2 a 

LSD (0.05) NS NS NS NS 

CV (%) - - - - 

NS = not significant 
Note. Different letters indicated significant differences between treatments (ANOVA, P Җ 0.05). 

 
Barley 
Results gathered for barley seed yield, quality and other agronomic characteristics from all trial locations 
are shown in Tables 12 through 20. Like wheat, out of the four participating sites, K fertilization affected 
barley yields at two sites (ICDC and SERF). At ICDC, K fertilizer rates (10, 20, 30 and 20 +40 kg) and 
fertilizer placement (seed placed vs sideband) had higher yields than the control (no fertilizer applied). 
Barley yield was 16.3% higher than the control (5587 kg/ha) when potassium fertilizer was both seed-
placed (20 kg K2O/ha) and side-banded (40 kg K2O/ha). The yield was not affected by fertilizer placement 
(side-band vs seed-placed). At SERF, barley yield was also affected by K fertilizer treatments. Among K 
fertilizer rates, barley yield was lowest when potassium was side-banded at 10 kg K2O/ha and was 
comparable to control. Generally, yield increased as the rate of potassium fertilizer increased, and the 
yield was highest when potassium fertilizer was both seed-placed (20 kg K2O/ha) and side-banded (40 kg 
K2O/ha). At ECRF and WCA barley yields were not affected by potassium fertilization. Usually, the barley 
yield increased with the addition of potassium fertilizer at both ECRF and WCA, but the treatment effect 
was not significant. Like wheat, prevalent drought conditions at WCA also affected barley yield and were 
below the excepted yield for this location. 
 
Grain protein (%) in barley was affected by potassium fertilization only at one site (WCA). Grain protein 
for control was the lowest (12.6%) compared to other treatments. The difference between grain protein 
within potassium fertilizer treatment was low and ranged between 13.1 to 14.4%.  
The barley test weight (kg/hL) was affected by potassium fertilizer rates only at SERF and ranged 
between 63.2 to 65.5 kg/hL. Test weight was highest when potassium fertilizer was seed-placed (20 kg 
K2O/ha) and side-banded (40 kg K2O/ha) and lowest when 10 kg K2O/ha was side-banded.  
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Barley seed weight (TKW, g) was also affected by potassium fertilizer rates but only at SERF and ranged 
between 43.7 to 49.3 g. Seed weight was lowest for control and highest when 10 kg K2O/ha was seed-
placed.  
 
Other parameters evaluated for the effect of potassium fertilization on malt barley quality were plump 
and thin seeds. Generally, plump and thin seed (%) was not affected by potassium fertilization except at 
WCA and SERF, where all potassium fertilization led to a lower number of thin seeds than the control.  
Agronomic traits like days to maturity, plant height and lodging were also not affected by potassium 
fertilization except at WCA, where there was a significant difference in plant height between 
treatments.  
 
Table 12. Barley Grain Yield Response to Fertilizer K Applications. 

K Placement &  
Rate (kg/ha) 

Yield kg/ha 

Seed Side band ICDC* ECRF SERF 
WCA 

Control - 0 5587 d 5601 a 4651 c 2895 a 

10  6075 c 6066 a 4819 abc 3098 a 

20  6130 bc 6194 a 4973 ab 3125 a 

30  6289 b 5805 a 4902 ab 3369 a 

 10 6314 b 5681 a 4686 c 2997 a 

 20 6318 b 5639 a 4801 bc 2997 a 

 30 6380 b 5775 a 4900 ab 3051 a 

20 40 6682 a 6478 a 4981 a 3036 a 

LSD (0.05) 6312 NS 4838 NS 

CV (%) 6.4 7.8 2.4 11.1 

* = significant at P<0.10 
NS = not significant 
Note. Different letters indicated significant differences between treatments (ANOVA, P Җ 0.05). 

 
Table 13. Barley Grain Protein Response to Fertilizer K Applications. 

K Placement &  
Rate (kg/ha) 

Protein % 

Seed Side band ICDC* ECRF SERF 
WCA 

Control - 0 9.2 a 12.2 a 11.2 a 12.6 c 

10  11.0 a 12.2 a 11.2 a 13.2 b 

20  11.1 a 12.1 a 11.2 a 14.4 a 

30  11.0 a 12.0 a 11.3 a 14.0 a 

 10 10.9 a 12.1 a 10.9 a 14.2 a 

 20 11.4 a 12.1 a 11.2 a 14.3 a 
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 30 11.4 a 11.8 a 11.1 a 13.5 a 

20 40 11.1 a 11.8 a 11.1 a 13.1 b 

LSD (0.05) NS NS NS 13.6 

CV (%) 3.6 2.5 1.9 1.1 

* = significant at P<0.10 
NS = not significant 
ND = not determined 
Note. Different letters indicated significant differences between treatments (ANOVA, P Җ 0.05). 

 
Table 14. Barley Grain Test Weight Response to Fertilizer K Applications. 

K Placement &  
Rate (kg/ha) 

Test Weight (kg/hL) 

Seed Side band ICDC ECRF SERF 
WCA 

Control - 0 67.1 a 59.9 a 63.4 b 68.3 a 

10  66.8 a 59.8 a 64.8 a 68.5 a 

20  66.9 a 60.5 a 65.1a 68.3 a 

30  67.3 a 59.9 a 65.2a 68.3 a 

 10 66.9 a 58.7 a 63.2 b 68.6 a 

 20 67.1 a 58.8 a 64.6 a 68.3 a 

 30 67.1 a 60.1 a 64.9 a 68.5 a 

20 40 67.4 a 60.9 a 65.5 a 68.5 a 

LSD (0.05) NS NS 64.6 NS 

CV (%) 1.1 2.5 1.2 0.8 

NS = not significant 
Note. Different letters indicated significant differences between treatments (ANOVA, P Җ 0.05). 

 
Table 15. Barley Seed Weight Response to Fertilizer K Applications. 

K Placement &  
Rate (kg/ha) 

Seed Weight (TKW) 

Seed Side band ICDC ECRF SERF 
WCA 

Control - 0 46.2 a 43.6 a 43.7 d 42.8 a 

10  46.6 a 44.4 a 46.8 c 43.0 a 

20  45.9 a 45.2 a 47.9 bc 42.6 a 

30  46.6 a  45.5 a 49.3 a 43.5 a 

 10 46.8 a 43.5 a 44.7 d 43.2 a 

 20 46.8 a 44.1 a 47.8 bc 42.9 a 

 30 46.1 a 46.1 a 47.7 bc 43.5 a 
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20 40 47.0 a 44.7 a 48.2 ab 43.7 a 

LSD (0.05) NS NS 47.0 NS 

CV (%) 7.5 3.7 2.0 3.5 

* = significant at P<0.10 
NS = not significant 
Note. Different letters indicated significant differences between treatments (ANOVA, P Җ 0.05). 

 
Table 16. Barley Plump Seed Percentage Response to Fertilizer K Applications. 

K Placement &  
Rate (kg/ha) 

% Plump Seed 

Seed Side band ICDC ECRF SERF 
WCA 

Control - 0 97.4 a 95.9 a 96.7 b 80 a 

10  96.6 a 96.0 a 97.6 a 78 a 

20  97.3 a 96.2 a 97.8 a 76 a 

30  97.5 a 96.5 a 97.9 a 80 a 

 10 97.3 a 96.0 a 96.9 a 79 a 

 20 97.4 a 95.3 a 97.7 a 81 a 

 30 97.4 a 97.0 a 97.9 a 79 a 

20 40 97.4 a 97.5 a 98.0 a 80 a 

LSD (0.05) NS NS 97.5 NS 

CV (%) 0.6 1.3 0.5 3.7 

NS = not significant 
ND = not determined 
Note. Different letters indicated significant differences between treatments (ANOVA, P Җ 0.05). 

 
Table 17. Barley Thin Seed Percentage Response to Fertilizer K Applications. 

K Placement &  
Rate (kg/ha) 

% Thin Seed 

Seed Side band ICDC ECRF SERF 
WCA 

Control - 0 2.6 a 4.1 a 3.3 a 0.8 a 

10  3.4 a 4.0 a 2.4 b 0.5 b 

20  2.8 a 3.8 a 2.2 b 0.6 b 

30  2.5 a 3.6 a 2.1 b 0.5 b 

 10 2.8 a 4.1 a 3.1 b 0.6 b 

 20 2.6 a 4.8 a 2.3 b 0.5 b 

 30 2.6 a 3.0 a 2.1 b 0.6 b 

20 40 2.6 a 2.5 a 2.0 b 0.5 b 
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LSD (0.05) NS NS 2.4 0.5 

CV (%) 22.2 32.9 18.3 18.5 

NS = not significant 
ND = not determined 
Note. Different letters indicated significant differences between treatments (ANOVA, P Җ 0.05). 

 
Table 18. Barley Days to Maturity Response to Fertilizer K Applications. 

K Placement &  
Rate (kg/ha) 

Days to Mature 

Seed Side band ICDC ECRF SERF 
WCA 

Control - 0 103 a 98 a 86 a 80 a 

10   103 a 86 a 86 a 82 a 

20   103 a 86 a 86 a 80 a 

30  103 a 86 a 86 a 79 a 

 10 103 a 86 a 86 a 80 a 

 20 103 a 86 a 86 a 80 a 

 30 103 a 86 a 86 a 82 a 

20 40 103 a 86 a 86 a 80 a 

LSD (0.05) NS NS NS NS 

CV (%) - 1.2 - 1.6 

NS = not significant 
ND = not determined 
Note. Different letters indicated significant differences between treatments (ANOVA, P Җ 0.05). 

 
Table 19. Barley Plant Height Response to Fertilizer K Applications. 

K Placement &  
Rate (kg/ha) 

Plant Height (cm) 

Seed Side band ICDC ECRF SERF 
WCA 

Control - 0 72 a  81 a 74 a 55 ab 

10  81 a 82 a 75 a 55 ab 

20  82 a 81 a 75 a 57 a 

30  82 a 81 a 74 a 53 bc 

 10 79 a 82 a 76 a 54 ab 

 20 82 a 79 a 73 a 51 c 

 30 82 a 79 a 76 a 55 ab 

20 40 80 a 77 a 74 a 54 bc 

LSD (0.05) NS NS NS 54 
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CV (%) 7.4 4.38 4.1 3.9 

NS = not significant 
ND = not determined 
Note. Different letters indicated significant differences between treatments (ANOVA, P Җ 0.05). 

 
Table 20. Barley Plant Lodging Response to Fertilizer K Applications. 

K Placement &  
Rate (kg/ha) 

Lodging (Belgian Scale) 

Seed Side band ICDC ECRF SERF 
WCA 

Control - 0 0.2 a 1.0 a 3.8 a 0.2 a 

10  0.2 a 0.5 a 1.6 bc 0.2 a 

20  0.2 a 0.6 a 0.6 d 0.2 a 

30  0.2 a 0.4 a 0.6 d 0.2 a 

 10 0.2 a 0.6 a 1.8 b 0.2 a 

 20 0.2 a 0.9 a 0.7 cd 0.2 a 

 30 0.2 a 0.7 a 1.0 bcd 0.2 a 

20 40 0.2 a 0.8 a 0.5 d 0.2 a 

LSD (0.05) NS NS NS NS 

CV (%) - 51.2 49.9 - 

NS = not significant 
Note. Different letters indicated significant differences between treatments (ANOVA, P Җ 0.05). 
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Managing Drought Risk with Split 

Applications of Nitrogen in Spring Wheat  
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Objectives  

In the spring of 2022, the perceived risk of drought was relatively high across much of Saskatchewan due 
ǘƻ ŘŜǇƭŜǘŜŘ ǊŜǎŜǊǾŜǎ ƻŦ ǎƻƛƭ ƳƻƛǎǘǳǊŜΦ Lƴ ǊŜǎǇƻƴǎŜΣ ǇǊƻŘǳŎŜǊǎ Ƴŀȅ ƘŀǾŜ ŎƻƴǎƛŘŜǊŜŘ άƘƻƭŘƛƴƎ ōŀŎƪέ ƻƴ 
rates of N applied at seeding to save cost. Should adequate and timely precipitation be received, 
producers would then have the option to apply more N post-emergent to support higher yield 
potentials. However, initial application rates and timing of the post-emergent top-up will affect the 
efficacy of this approach. 
 
Across a range of environmental conditions, the objective of this study was to demonstrate the efficacy 
of various rates and timings of split applied N relative to applying all of the N at seeding. Split 
applications of N are anticipated to be more efficacious when applied early and to a higher base rate of 
soil + fertilizer N available at seeding. An irrigation site was included in this study to guarantee one 
ǎŎŜƴŀǊƛƻ ǿƘŜǊŜ ǘƛƳŜƭȅ άǇǊŜŎƛǇƛǘŀǘƛƻƴέ was received to move fertilizer into the soil.  
 

Research Plan 

Trials at each site were setup as a Randomized Complete Block Design (RCBD) with 4 replicates. Sites 
included were Indian Head (thin Black), Swift Current (dry Brown), Outlook (Brown), Scott (Dark Brown), 
Yorkton (Black), and Melfort (moist Black). Plot size varied between sites to accommodate seeding and 
spraying equipment. 
 
Table 1a below lists the treatments that were followed at Indian Head, Outlook, Scott and Swift Current. 
Targeted rates of N at seeding include background soil N (0-нпέύ Ǉƭǳǎ applied fertilizer. Rates were not 
based on N fertilizer alone because background soil N was anticipated to vary greatly, which was the 
case.   
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Treatments 1 to 5 determined the yield and grain protein response to increasing N when applied as 
banded urea at seeding. This is typically considered the most efficient means of applying N. Post-
emergent applications of N were dribble banded UAN mixed with Agrotain where possible to reduce the 
risk of volatilization loss. Application timing was either the 3-5 leaf stage or early flag and the UAN was 
applied to base rates of soil + fertilizer N of either 80 or 110 lb/ac. Assuming a good yield potential of 60 
bu/ac, a wheat crop requires 162 lb N/ac. Thus, 80 and 110 lb/ac of soil + fertilizer N would represent 
approximately 50 and 67% of the total N requirement. 
 
Yield comparisons for treatments 6,7,10, and 11 relative to the treatment 4 check were used to 
determine the N use efficiency of split applications compared to side-banding all of the N at seeding for 
the 140 lb/ac level of N fertility. Similarly, yield comparisons between treatments 8,9,12, and 13 relative 
to the treatment 5 check were used to determine N use efficiencies at the 170 lb N/ac level. Post-
emergent UAN was anticipated to be more efficient at maintaining wheat yield potential when applied 
early at the 3-5 leaf stage and if more N had been applied upfront at seeding. Grain protein was 
anticipated to be greater with higher rates of N and later applications. 
 

Table 1a. Treatment list for Indian Head, Swift Current, Scott, and Outlook 

Trt#  Lb N/ac at 
seeding 
(soil+fert N)a  

Post-emergent 
UANb (30 lb 
N/ac)  

Post-emergent 
UANb  
(60 lb N/ac)  

Post-emergent 
UANb (90 lb N/ac)  

1  Soil N  --  --  --  

2  80  --  --  --  

3  110  --  --  --  

4  140  --  --  --  

5  170  --  --  --  

6  80  --  3-5 lf (ideal)  --  

7  80  --  Early Flag leaf  --  

8  80  --  --  3-5 lf (ideal)  

9  80  --  --  Early Flag leaf  

10  110  3-5 lf (ideal)  --  --  

11  110  Early Flag leaf  --  --  

12  110  --  3-5 lf (ideal)  --  

13  110  --  Early Flag leaf  --  

aSide banded urea + background soil N (0-нпέύΦ  
bAgrotain added to reduce volatilization loss of N. 

 
At Yorkton and Melfort the treatment list needed to be modified to accommodate the very high residual 
levels of soil N which was 104 lb N/ac in the top 24 inches at both locations. At Yorkton base rates for 
comparisons where increased to 140 and 170 lb N/ac resulting in the following treatments listed in 



  
90 

Table 1b.  At Melfort, the treatment list (Table 1c) was not adjusted appropriately to provide meaningful 
checks.  However, a few useful comparisons were still possible.  
 

Table 1b. Treatment list for Yorkton 

Trt#  Lb N/ac at 
seeding 
(soil+fert N)a  

Post-emergent 
UANb (30 lb 
N/ac)  

Post-emergent 
UANb  
(60 lb N/ac)  

Post-emergent 
UANb (90 lb N/ac)  

1  Soil N  --  --  --  

2  110 --  --  --  

3  140 --  --  --  

4  170 --  --  --  

5  200  --  --  --  

6  110  --  3-5 lf (ideal)  --  

7  110 --  Early Flag leaf  --  

8  110 --  --  3-5 lf (ideal)  

9  110 --  --  Early Flag leaf  

10  140  3-5 lf (ideal)  --  --  

11  140 Early Flag leaf  --  --  

12  140 --  3-5 lf (ideal)  --  

13  140 --  Early Flag leaf  --  

aSide banded urea + background soil N (0-нпέύΦ  
bAgrotain added to reduce volatilization loss of N. 

 
Table 1c. Treatment list for Melfort 

Trt#  Lb N/ac at 
seeding 
(soil+fert N)a  

Post-emergent 
UANb (30 lb 
N/ac)  

Post-emergent 
UANb  
(60 lb N/ac)  

Post-emergent 
UANb (90 lb N/ac)  

1  Soil N  --  --  --  

2  Soil N --  --  --  

3  110 --  --  --  

4  119 --  --  --  

5  149 --  --  --  

6  104 --  3-5 lf (ideal)  --  

7  104 --  Early Flag leaf  --  

8  104 --  --  3-5 lf (ideal)  
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9  104 --  --  Early Flag leaf  

10  109 3-5 lf (ideal)  --  --  

11  109 Early Flag leaf  --  --  

12  109 --  3-5 lf (ideal)  --  

13  109 --  Early Flag leaf  --  

aSide banded urea + background soil N (0-нпέύΦ  
bAgrotain added to reduce volatilization loss of N. 

 
Dates of various field operations and products used for each trial location in 2022 are found in table 2.  
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Table 2. Dates of field operations and products used in 2022. 

Operations in 

2020 

Indian Head Melfort  Outlook Scott Swift Current  Yorkton  

Pre-seed/ pr-

emergent 

herbicide 

application 

Roundup 

Weathermax 

(0.67 L/ac) ï 

May 22 

Avadex - May 

12 

Roundup ï 

May 21 

None Glyphosate 540 (1 L/ac) 

+ Aim (35 mL/ac) ï 

May 9 

RT540 (0.67 L/ac) 

ï May 2 

None 

Seeding Date  May 12 May 25 May 5 May 12 May 9 May 12 

Emergence 

Counts 

May 30 June 13 June 2 June 7 June 3 May 27 

3-5 Leaf UAN 

Application  

June 9 June 20 June 8 June 7 June 9 June 6 

In-crop Herbicide 

Application 

Prestige XC 

(0.85 L/ac) + 

Simplicity 

GoDRI (28 

g/ac) ï June 12 

Axial ï June 

22 

Presitge XC ï 

June 28 

Buctril M (0.4 

L/ac)  

Simplicity (0.2 

L/ac) 

Axial Ipak- Axial (0.5 

L/ac) + Infinity (0.33 

L/ac) -June 16 

Buctril M (0.4 L/ac) ï 

June 22 

Buctril M (0.4 

L/ac) 

Akito June 8 

Axial June 22 

Early Flag Leaf 

UAN Application 

June 24 July 8 June 23 June 30 June 27 June 30 

Fungicide and/or 

Insecticide 

Application 

Decis 5 EC (60 

mL/ac) ï July 9 

(Grasshoppers) 

Prosaro XTR ï 

July 11 

? July 18 None Caramba (400 mL/ac) - 

July 14 

None Caramba July 18 

Lodging  Rating September 2 ? August 2 August 31 August 16 August 22 

Desiccation Roundup 

Transorb HC ï 

August 31 

None None Glyphosate 540 ï 

August 23 

None  

Harvest September 11 ? August 16 September 5 October 11 September 7 
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Results 

Growing Season Weather  
Mean monthly temperatures and precipitation amounts with long-term (1981-2010) averages for the 6 
sites are listed in Table 3 and 4. In 2022, the season at all sites was warmer than the long-term historical 
average. Precipitation varied greatly from historical norms between sites. Yorkton, Indian Head, and 
Melfort received above average seasonal precipitation.  In contrast, Swift Current, Scott and Outlook 
received less than average rainfall. The low rainfall at Outlook was inconsequential to yield as the deficit 
was compensated for by irrigation. 
 

Table 3. Mean monthly temperatures and long-term (1981-2010) normals for the 2022 
growing seasons at 6 sites in Saskatchewan.   

Location  
Year May June July August 

Avg. / 
Total 

   -------------------Mean Temperature (°C) ---------------- 

Indian Head 2022 10.9 16.1 18.1 18.3 
15.8 

 Long-term 10.8 15.8 18.2 17.4 
15.6 

Melfort 2022 9.9 15.2 18.2 18.7 
15.5 

 Long-term 10.7 15.9 17.5 16.8 15.2 

Outlook 2022 11.8 16.3 19.8 20.6 17.1 

 Long-term 11.5 16.1 18.9 18 16.1 

Scott 2022 10 15 18.3 18.9 15.6 

 Long-term 10.8 14.8 17.3 16.3 14.8 

Swift Current 2022 10.9 15.9 19.8 20.9 16.9 

 Long-term 10.9 15.3 18.2 17.6 15.5 

Yorkton 2022 10.6 15.7 18.6 18.9 16 

 Long-term 10.4 15.5 17.9 17.1 15.2 

 
 

Table 4. Precipitation amounts along with long-term (1981-2010) normals for the 2022 
growing seasons at 6 sites in Saskatchewan.   

 
   

 ---------------------- Precipitation (mm) ------------------- 

Indian Head 2022 97.7 27.5 114.5 45.9 
285.6 

 Long-term 51.7 77.4 63.8 51.2 244.1 

Melfort 2022 90.8 78.1 34.9 36.5 
240.3 

 Long-term 42.9 54.3 76.7 52.4 226.3 

Outlook 2022 30.4 69.4 51.4 8 159.2 
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 Long-term 43.2 69.3 57.6 44.2 214.3 

Scott 2022 11 57.1 86.5 32.1 186.7 

 Long-term 38.9 69.7 69.4 48.7 226.7 

Swift Current 2022 51.2 37.7 90.4 7.5 187 

 Long-term 44.1 74.5 51.9 43.2 213.7 

Yorkton 2022 137.9 57.9 38.4 90.8 325 

 Long-term 51 80 78 62 272 

 
As expected, the residual levels of soil N varied substantially between locations (Table 5). Background 
levels were particularly high at Melfort and Yorkton with both locations testing 104 lb N/ac. Residual soil 
N was also a little high at Scott (79 lb N/ac).  At these 3 sites, treatments 1 and 2 were the same, as no N 
was added to either treatment. At Yorkton and Melfort the difference between treatments 2 and 3 was 
not great (ie 104 vs 110 lb/ac). 
 

Table 5. {ƻƛƭ ǘŜǎǘ ǊŜǎǳƭǘǎ ŦǊƻƳ нлнн ŦƻǊ ǘƘŜ άManaging Drought Risk with Split Applications of N in 
{ǇǊƛƴƎ ²ƘŜŀǘέ trial. 

Soil N Indian 
Head 

Melfort  Outlook Scott Swift 
Current 

Yorkton 

Lb N/ac (0-
24) 

16 104 37 79 59 104 

 
The results will be discussed by site, due to a strong site by treatment interaction with the yield and 
grain protein data (data not shown).  As each site had different levels of soil N and experienced different 
levels of precipitation, the efficacy of split applied N differed greatly between locations. At high yielding 
sites such as Indian Head and Outlook (irrigation), split applications of N were economical due to 
excellent precipitation.  Split applying N was not economical at Yorkton despite adequate precipitation, 
as soil N reserves were very high and the site received heavy hail damage that likely reduced yield 
potential by 20 to 30 percent.  Drought caused low yields at Swift Current and Scott and split applying N 
proved costly at these locations.  All sites established well with average plant stands ranging from a low 
of 189 plants/m2 at Yorkton to a high of 275 plants/m2 at Melfort (Tables 6 and 7). Plant emergence was 
not significantly affected by increasing rates of side-banded N at all sites except Outlook. At Outlook 
plant populations were significantly decreased with increasing N which will be discussed further below.  
IHARF-Indian Head 
 
At Indian Head, residual levels of N in the top 2 feet of soil were low (16 lb N/ac) and both wheat yield 
and grain protein were very responsive to added N. In response to increasing soil + fertilizer N to 140 
lb/ac, yield was increased from 3013 kg/ha (trt 1) to a maximum of 6134 kg/ha (trt 4) (Table 8). In 
addition, grain protein increased from 12.2% (trt 1) to a high of 15.5% (trt 5) at 170 lb/ac of soil + 
fertilizer N (Table 10).  
 
At the 140 lb N/ac level, side-banding the total N requirement at seeding (trt 4) resulted in significantly 
more yield but significantly lower grain protein compared to split applying 60 lb N/ac of UAN at the 3-5 
leaf stage on a base rate of 80 lb N/ac of side-banded urea (trt 6) (Tables 8 and 10). Split applying 30 lb 
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N/ac of UAN at the 3-5 leaf stage to a higher base rate of 110 lb N/ac (trt 10) resulted in a more similar 
yield and protein level to side-banding all the N at seeding (trt 4). For both split application scenarios (ie: 
60N on 80N base and 30N on 110N base), dribble banding the UAN later in the year at early flag 
produced lower yields as anticipated, but did not increase grain protein as expected (trts 6 vs 7 and 10 
vs 11).  This same pattern of decreasing yield with late application of UAN was also apparent at the 170 
lb/ac level of N fertility (trts 8 vs 9 and 12 vs 13).  
 
The revenues generated or lost for each treatment relative to trt 2 are presented in Table 12. These 
calculations assume $10.56/bu of wheat at 12.5% protein, a generous protein premium of $0.66/%/bu, 
a $1.33/lb N price and an additional application cost of $10/ac for the UAN. At the 140 lb N/ac level, the 
strategy of holding back on N and then applying more N at the 3-5 leaf stage came with an economic 
cost of $15/ac for the 60 N on 80 N base scenario (trt 6 vs 4). Although not anticipated, the economic 
loss was even greater at $41/ac for the 30 N on 110 N base scenario (trt 10 vs 4). In contrast, the split 
applications proved to be somewhat economical at the 170 lb N/ac level of fertility. Compared to side-
banding all N at seeding, applying 90 N to an 80 N base or 60 N to a 110N base resulted in economic 
gains of $14/ac and $6/ac, respectively. It is not understood why split applications proved more 
economical at the 170 lb/ac level of N fertility. However, the approach of split applying N as a means to 
reduce risk showed some potential when applications were made at the 3-5 leaf stage. However, split 
applications at early flag leaf generated considerably less revenue than just side-banding all the N at 
seeding.   
 
ICDC-Outlook 
At Outlook, the residual level of soil N was also relatively low (37 lb N/ac) and yield and grain protein 
were very responsive to added N. Yield increased from 3302 kg/ha to a high of 5093 kg/ha as soil + side-
banded N was increased to 140 lb/ac. In addition, grain protein increased from 10.1% to a high of 13.6% 
at 170 lb/ac of soil + side-banded N (Tables 8 and 10). Yield started to decline at the highest rate of N 
fertility and may be the result of lower plant populations possibly caused by ammonia and salt effects 
from the fertilizer. Crop emergence was significantly reduced from a high 320 plants/m2 to a 158.5 
plants/m2 at the 170 lb/ac level of soil + fertilizer N (Table 6).  
 
At the 140 and 170 lb N/ac levels, split applications of N at the 3-5 leaf stage significantly and 
substantially increased yield compared to side-banding all the N at seeding. While percent grain protein 
was largely unaffected, the large increases in yield greatly increased economic returns anywhere from 
$44/ac to $137/ac depending on the comparison (Table 12). Delaying split applications until the early 
flag leaf stage tended to reduce yield but increase grain protein for both 140 and 170 lb/ac levels of N 
fertility (Tables 8 and 10). However, the economic gains from increased protein were much less than the 
economic loss associated with the reduced yield. Delaying split applications to early flag consistently 
reduced economic returns at the 140 lb/ac level of N fertility (Table 12).  At the 170 lb N/ac level, 
delaying the split application reduced the economic returns for 90 N on a base rate of 80N but increased 
returns for 60 N on a base rate of 110 N. The increased returns were unexpected and were the result of 
a very minor yield loss but substantial protein boost when the split application was delayed.   
 
Split applying N at the 3-5 leaf stage proved to be highly economical at the Outlook irrigation site.  Split 
application of N on wheat is commonly practiced to increase nitrogen use efficiency in high precipitation 
regions (ie England).  Perhaps split applications similarly increased N use efficiency at Outlook because it 
was under irrigation. Alternatively, split applications at the 170 lb N/ac level may have yielded more 
relative to the check because the toxic effects of the fertilizer.  When 170 lb/ac of soil + fertilizer N was 
sided banded, emergence was substantially reduced and this in turn may have reduced yield.  However, 
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ŜƳŜǊƎŜƴŎŜ ǿŀǎƴΩǘ ǊŜŘǳŎŜŘ ǎǳōǎǘŀƴǘƛŀƭƭȅ ŀǘ мпл ƭōκŀŎ ƻŦ ǎƻƛƭ Ҍ ŦŜǊǘƛƭƛȊŜǊ b ŀƴŘ ȅŜǘ ǘƘƛǎ ŎƘŜŎƪ ǎǘƛƭƭ 
performed poorer than the split applications.  
 
ECRF-Yorkton 
Residual levels of soil N in the top 2 feet were very high at the Yorkton site (104 lb N/ac). To maintain 
treatment 4 and 5 as side-banded checks, the rates for all side-banded treatments had to be increased 
by 30 lb N/ac, as well as the base applications for the split applications. Because of the high level of 
residual soil N, wheat yield and grain protein were not very responsive to added N, despite high yields.  
The site also received severe hail damage which may have reduced yield potential by 20 to 30 percent. 
While increases were not statistically significant, yield was increased from a low of 4923 kg/ha to a high 
of 5225 kg/ha at 170 lb/ac of soil + side-banded N (Table 9). Protein was increased from a low of 14.4% 
to a high of 15% at 110 lb/ac of soil + side-banded N (Table 11). Because wheat yield and grain protein 
were largely unresponsive to added N, all split applications and increases in N fertility beyond 110 lb/ac 
resulted in an economic loss (Table 13). Split applying N late, at the early flag leaf stage, consistently 
resulted in greater economic losses.  
 
WCA-Swift Current 
At Swift Current soil reserves of N were 59 lb/ac.  While grain protein significantly increased in response 
to added N, yield increases were modest due to drought. While statistically insignificant, yield increased 
from a low of 2231 kg/ha to a high of 2464 kg/ha at the 140 lb/ac level of N fertility (Table 8). Grain 
protein significantly increased from a low of 14.6% to a high of 16.2% at the 170 lb N/ac level (Table 10).  
As yield was unresponsive to added N, increases beyond 80 lb N/ac resulted in an economic loss (Table 
12). All split applications of N were uneconomical, with late applications at early flag incurring the 
ƎǊŜŀǘŜǎǘ ƭƻǎǎŜǎΦ ¢ƘŜ ŀǇǇǊƻŀŎƘ ƻŦ άƘƻƭŘƛƴƎ ōŀŎƪέ ƻƴ ǎƛŘŜ-banded N at seeding and then not applying any 
further N because of continued drought was the most economical approach for this site. 
 
WARC-Scott 
Soil reserves of N were moderately high at Scott (79 lb N/ac).  Like Swift Current, grain protein 
significantly increased in response to added N but yield increases were modest and statistically 
insignificant. Scott also experienced drought.  Yield increased from a low of 2940 kg/ha to a high of 3227 
kg/ha at the 140 lb N/ac level (Table 8). Protein significantly increased from a low of 14.6% to a high of 
16.2% at the 170 lb N/ac level (Table 10). Similar to Swift Current, increases in N fertility beyond 110 
lb/ac resulted in economic losses (Table 12). Split applications resulted in the greatest economic losses, 
but unlike the other sites, late application at early flag did not consistently increase the loss. However, 
the best approach at this site would have been to provide 110 lb/ac of soil + fertilizer N with no further 
dribble band applications of UAN due to the continuing drought. 
 
NARF-Melfort 
At Melfort, soil reserves of N were very high (104 lb N/ac), but unlike the Yorkton site, wheat yield still 
responded to added N.   Increasing soil + fertilizer N from 104 lb/ac to 149 lb/ac significantly increased 
yield from 3314 kg/ha to 4297 kg/ha (Table 9) but did not significantly affect grain protein (Table 11). 
Unfortunately, treatment rates were not adjusted appropriately at this site to a maintain treatments 4 
and 5 as side-banded checks for comparison against split applications. Nonetheless, some useful 
comparisons were still possible. Dribble banding UAN late, at early flag, consistently reduced yields for 
all split applications (Table 9).  Late applications of UAN also increased grain protein but differences 
were only significant for two of the comparisons (ie trt 6 vs 7; trt 12 vs 13 Table 11). No economic 
analysis was performed as fair comparisons could not be made against the checks. 
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Demonstration of Wireworm Control in 

Spring Wheat  
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Funding  

Funded by the Agricultural Demonstration of Practices and Technologies Fund (ADOPT) initiative. 

Organizations  

¶ Irrigation Crop Diversification (ICDC).   

Principal Investigators  

¶ Garry Hantowich 

¶ Gursahib Singh 

Objectives  

¢ƘŜ ǎǘǳŘȅΩǎ ƻōƧŜŎǘƛǾŜ ƛǎ ǘƻ ŘŜƳƻƴǎǘǊŀǘŜ ŀƴŘ ŜǾŀƭǳŀǘŜ ǘƘŜ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ƻŦ ǎŜŜŘ ǘǊŜŀǘƳŜƴǘǎΣ ǇŀǊǘƛŎǳƭŀǊƭȅ 
Teraxxa F4, on the control of wireworm activity with wheat. 
 

Research Plan 

Field trial was established at CSIDC Field- 7 on irrigated fields identified as having problematic wireworm 
activity in 2021. The trial was seeded in a randomized complete block design with four replications. Plots 
were double wide (4m by 10m) to prevent mitigation of wireworm movement into evaluation/harvest 
areas between treatment plots and composed of 14 rows of spring wheat (CWRS) and separated from 
adjacent treatment plots by two rows of winter wheat. Each plot will be 4m wide and 8m in length. 
Wheat was seeded at 25mm depth (intentionally avoid shallow seeding for the study). All 14 rows per 
plot were harvested to estimate the plot yield. 
 
The trial was established under intensive irrigation management with appropriate fertilizer, weed and 
foliar disease management practices (Table 1).    
  
Treatment List: 
1. Control 
2. Cruiser FSC (thiamethoxam) 
3. Stress Shield 600 (imidacloprid) contact/injection   
4. Lumivia CPL (chlorantraniliprole) ingestion mainly 
5. Teraxxa F4 (broflanilide) contact 
 
Wireworm presence and numbers were evaluated with bait traps buried within each plot. Baits traps 
were positioned at 10 cm depths between the seeded wheat rows. Bait traps comprised small garden 
starter pots with perforated holes layered with vermiculite and cracked wheat/oatmeal (Figure 1). Bait 
traps were set up four times in the growing season.  
 
Bait trap timing: 
1. Seeding 
2. Heading 
3. Soft dough 
4. Maturity.  
 
Four bait traps were positioned at the corner of each plot at the above timings, recovered after 10 days, 
and screened for wireworm larvae. Wireworm numbers were recorded at each time. 
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As some treatment products are duo pesticides, containing both a fungicide and insecticide active 
component, five random plants per plot were evaluated for the seedling disease at the seedling stage 
and flag-leaf stage of wheat development to ascertain if root disease might be impacting final grain 
yield.   
 
Harvested plot yield was used to measure treatment efficacy. Harvested grains were also evaluated for 
protein content, test and seed weights.  
  
Table 1. Operational dates and inputs used in lupin demonstration 2022. 

Activity Location - ICDC 

Pre-seed Herbicide  Glyphosate at 1.33 L/ac on May 4 

Variety AAC Wheatland VB 

Seeding May 24 

N-P-S (kg nutrient/ha) Fertilizer  130-30-0 

Bait traps setup and recovered dates May 24 (seeding) and June 02 
July 04 (heading) and July 12 
July 26 (soft dough) and August 03 
August 18 (maturity) and August 29  

Root disease assessment  June 10 and June 24 

In-crop Herbicide June 9 - 0.4L Buctril M, 0.2L Simplicity 

In-crop Fungicide none 

Harvest September 26 

 

    
Figure 1. Bait trap position and composition.  
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Total in-season rainfall, temperature and irrigation amount from May through September are listed 
below (Table 2) 
 
Table 2. ICDC growing season temperature, precipitation by month for 2022, the 30-year average (1992-
2022), and irrigation amount. 

Year May June July August September Average 

  ------------------------------Mean Temperature (°C) ------------------- 

2022 11.8 16.3 19.6 20.4 15.9  16.8 

Long-term (1992-2022) 11.2 16.1 18.7 17.8 12.8  15.3 
 

May June July August September Total 

 
------------------------------Precipitation (mm) ------------------- 

2022 35.7 75.2 53.2   7.0 5.2 176.3 

Long-term (1992-2022) 42.0 63.9 56.1 45.3 32.2 239.5 

Irrigation  18.0 30.5 6.0 18.0    - 72.5 

 
Results 

Field trials were successfully conducted in 2022; wireworms were recovered at all trap timing. Wireworm 
activity was slow at seeding, but more numbers were recovered as the season warmed up later in the 
summer (Fig. 2A). The seed treatment effect on wireworms in the bait traps was significant at P = 0.07 
(Table 3). Most wireworm numbers were recovered in control (no seed treatment; Fig. 2 B). Between 
seed treatments, wireworm recovery was highest in Cruiser FSC, similar to control and lowest in Teraxxa 
F4. Seed treatment had a significant effect on wheat yield. The wheat yield for Cruiser FSC, Lumivia CPL 
and Stress Shield 600 seed treatment was similar but lower than Teraxxa F4 seed treatment. Seed 
treatment did not affect protein content, test weight, seed weight and plant height. No root disease and 
foliar disease were observed at both rating times (seedling and flag leaf).  
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Figure 2. (A) Wireworm activity in the growing season and (B) wireworm recovered at each baiting time 
in each treatment. 
 
 
Table 3. Seed treatment influence of wireworms, wheat yield and seed characteristics.  

Treatment Wireworm 
Recovered 
(Average four 
traps) * 

Yield 
(kg/ha) 

% 
Protein 

Test weight 
(kg/hl) 

Seed 
weight 
(g/1000) 

Height 
(cm) 

Control 7 a 4882 c 15.0 a 81.7 34.9 a 76 a 

Cruiser FSC 7 a 5295 b 14.8 a 82.2 34.7 a 76 a 

Lumivia CPL 4 b 5344 b 14.7 a 81.5 33.7 a 77 a 

Stress Shield 
600 

2 c 5223 b 14.6 a 81.9 35.1 a 78 a 

Teraxxa F4 1 d 5540 a 14.0 a 82.0 35.0 a 77 a 

P value 0.07 <0.01 NS NS NS NS 

CV (%) 71.9 6.2 3.8 0.8 2.8 5.9 

* = significant at P<0.07 
NS = not significant 
Note. Different letters indicated significant differences between treatments (ANOVA, P Җ 0.05). 
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 Enhanced Barley Variety Trials -Fungicide  
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Funding  

This project was funded through the Agricultural Demonstration of Practices and Technologies (ADOPT) 

Organizations  

¶ East Central Research Foundation (ECRF) 

¶ Indian Head Agricultural Research Foundation (IHARF) 

¶ Irrigation Crop Diversification Corporation (ICDC)  

¶ Northeast Agriculture Research Foundation (NARF) 

¶ Wheatland Conservation Area Inc. (WCAI) 

¶ Conservation Learning Centre (CLC) 

¶ Western Applied Research Corporation (WARC) 

Principal Investigators  

¶ Mike Hall, ECRF  

¶ Heather Sorestad, ECRF 

¶ Chris Holzapfel, IHARF  

¶ Christiane Catellier, IHARF 

¶ Gary Hnatowich, ICDC  

¶ Gursahib Singh, ICDC  

¶ Brianne McInnes, NARF  

¶ Bryan Nybo, WCAI  

¶ Amber Wall, WCAI  

¶ Robin Lokken, CLC  

¶ Jessica Enns, WARC 

Objectives  

The objective of this demonstration is to compare the responsiveness of 3 malt and 3 feed barley 
varieties to fungicide applied at heading (FHB timing). The malt varieties to be screened include AAC 
Synergy, AAC Connect, CDC Fraser, and the feed varieties include CDC Austenson, Claymore, and 
Oreana. These varieties were selected as they are increasing in popularity based on 2021 insured seeded 
acres (Canadian Grain Commission). This demonstration project is part of a series of projects proposed 
by SaskBarley to generate variety specific recommendations for barley management. 
 

Research Plan 

The trials were established at each location as a split-plot design with 4 replicates.  The main plot factor 
compared no fungicide against an application of fungicide at early heading for the control of leaf disease 
and FHB.  The subplot factor was variety.  All individual treatments are listed in table 2 below.  N rates at 
ŜŀŎƘ ǎƛǘŜ ǿŜǊŜ ƳŀǘŎƘŜŘ ǘƻ ǘƘŜ ǎǘŀƴŘŀǊŘ ǊŀǘŜ ǳǎŜŘ ƛƴ ǘƘŜ ά9ƴƘŀƴŎŜŘ .ŀǊƭŜȅ ±ŀǊƛŜǘȅ ¢Ǌƛŀƭǎ-CŜǊǘƛƭƛǘȅέ ǎǘǳŘȅΦ  
This meant target rates of soil N (0-нпέύ Ҍ ŀŘŘŜŘ b ŜǉǳŀƭƭŜŘ млл ƭō bκŀŎ ŀǘ Swift Current (low yielding 
group), 120 lb N/ac at Scott, Indian Head and Prince Albert (mid-range group), and 130 lb N/ac at 
Yorkton, Melfort and Outlook (high yielding group). Every treatment also received equal amounts of P 
and K based on soil test recommendations to be non-limiting. Herbicide and possibly insecticide 
selection were at the discretion of the site manager to ensure pests were non-limiting to yield. All trials 
ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ άǎƳŀƭƭ ǇƭƻǘέΣ ōǳǘ Ǉƭƻǘ ǎƛȊŜ ǾŀǊƛŜŘ ōŜǘǿŜŜƴ ƭƻŎŀǘƛƻƴǎ ōŀǎŜŘ ƻƴ ŀǾŀƛƭŀōle equipment. 
Depending on plot width, either the whole plot or only 4 or 5 centre rows were harvested using a small 
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plot combine. Seeding rates for each variety were based on TKW and germination tests to target 300 live 
seeds/m2. Dates of field operations for each site are listed in Table 2.  
 

Table 1. Treatment list for project (Fungicide by Barley Variety) 

# Variety Type Fungicide1 

1 AAC Synergy Malt None 

2 AAC Connect  Malt None 

3 CDC Fraser Malt None 

4 CDC Austenson  Feed None 

5 Claymore Feed None 

6 Oreana  Feed None 

7 AAC Synergy Malt Yes 

8 AAC Connect Malt Yes 

9 CDC Fraser  Malt Yes 

10 CDC Austenson Feed Yes 

11 Claymore Feed Yes 

12 Oreana Feed Yes 
*Fungicide applied was to be either be Prosaro or Caramba, applied at early heading (FHB timing). 
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Table 2. Dates of field operations and products used in 2022. 

Operations in 
2020 

Indian Head  Melfort  Outlook  Prince Albert  Swift Current  Yorkton  Scott 

Pre-seed/ pr-
emergent 
herbicide 
application 

May 22  
(0.67 l/ac 
Roundup 
Weathermax 
HC) 

May 12 
(Liquid 
Avadex) 
May 21 
(0.67 l/ac 
Roundup 
Transorb 
HC 640) 

May 2  
(1 l/ac 
Glyphosate) 

May 21 
 (1 l/ac Roundup 
Transorb) 

May 4 
(Glyphosate @ 
360 g ai/ac + 
Aim @40 
ml/ac + Merge 
@ 1 l/100l ) 

None May 9  
(1 l/ac 
Glyphosate + 
AIM) 

Seeding Date  May 16 May 16 May 10 June 3 May 17 May 23 May 12 
Emergence 
Counts 

June 1 June 7 May 30 June 22 June 14 June 7 May 25 

In-crop 
Herbicide 
Application 

June 11 
(Pixxaro A + B 
+ Axial) 

June 22 
(Axial)  
June 28 
(Prestige 
XL) 

June 8 
(Buctril M + 
Puma) 

June 28  
(Infinity + Puma 
Advance) 

June 8  
(Liquid 
Achieve + 
Buctril M + 
Carrier Adj.) 

June 8  
(Akito and 
Axial separate 
passes) 

June 16 
(Axial Ipak) 

Fungicide 
Application 

July 9 
 (Decis 5 EC 
for 
grasshoppers) 
July 17 
(Prosaro XTR) 

July 18 
(Caramba) 

July 7 
(Prosaro) 

July 22  
(Caramba) 

July 14 
(Prosaro) 

July 20 
(Caramba) 

July 11 
(Caramba) 

Leaf 
senescence 
ratings 

July 27 July 27 July 18 Aug 3 July 27 Aug 3 July 21 

Lodging Rating August 29 Sept 2 Aug 3 Aug 22 Aug 15 Sept 2 Aug 9 
Desiccation None None None None None None None 
Harvest Sept 1 Sept 14 Aug 17 Sept 6 Aug 16 Sept 2 Aug 18 
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Results 

Growing Season Weather  
Mean monthly temperatures and precipitation amounts with long-term (1981-2010) averages for the 6 
sites are listed in Tables 3 and 4. In 2022, the season at all sites was warmer than the long-term 
historical average. Precipitation varied greatly from historical norms between sites. Yorkton, Indian 
Head, and Melfort received above average seasonal precipitation.  In contrast, Swift Current, Scott and 
Outlook received less than average rainfall. The low rainfall at Outlook was inconsequential to yield as 
the deficit was replaced by irrigation. 
 

Table 3. Mean monthly temperatures and long-term (1981-2010) normals for the  2022 
growing seasons at 6 sites in Saskatchewan.   

Location  
Year May June July August 

Avg. / 
Total 

   -------------------Mean Temperature (°C) ---------------- 
Indian Head 2022 10.9 16.1 18.1 18.3 15.8 
 Long-term 10.8 15.8 18.2 17.4 15.6 
Melfort 2022 9.9 15.2 18.2 18.7 15.5 
 Long-term 10.7 15.9 17.5 16.8 15.2 
Outlook 2022 11.8 16.3 19.8 20.6 17.1 
 Long-term 11.5 16.1 18.9 18 16.1 
Prince Albert 2022 10.5 15.5 18.3 18.5 15.7 
 Long-term 11.4 15.9 18.5 17.1 15.7 
Swift Current 2022 10.9 15.9 19.8 20.9 16.9 
 Long-term 10.9 15.3 18.2 17.6 15.5 
Yorkton 2022 10.6 15.7 18.6 18.9 16 
 Long-term 10.4 15.5 17.9 17.1 15.2 
Scott 2022 10 15 18.3 18.9 15.6 
 Long-term 10.8 14.8 17.3 16.3 14.8 

 
Table 4. Precipitation amounts along with long-term (1981-2010) normals for the 2022 
growing seasons at 6 sites in Saskatchewan.   

 
   

 ---------------------- Precipitation (mm) ------------------- 

Indian Head 2022 97.7 27.5 114.5 45.9 285.6 
 Long-term 51.7 77.4 63.8 51.2 244.1 
Melfort 2022 90.8 78.1 34.9 36.5 240.3 
 Long-term 42.9 54.3 76.7 52.4 226.3 
Outlook 2022 30.4 69.4 51.4 8 159.2 
 Long-term 43.2 69.3 57.6 44.2 214.3 
Prince Albert 2022 17.9 75.7 63.7 37.8 195.1 
 Long-term 40.4 79.6 84.6 42.9 247.5 
Swift Current 2022 51.2 37.7 90.4 7.5 187 
 Long-term 44.1 74.5 51.9 43.2 213.7 
Yorkton 2022 137.9 57.9 38.4 90.8 325 
 Long-term 51 80 78 62 272 
Scott 2022 11 57.1 86.5 32.1 186.7 
 Long-term 38.9 69.7 69.4 48.7 226.7 



Research and Demonstration Program Report 2022                                                                                                       107 

Statistical analysis 
Data were analyzed with the R statistical program, version 4.2.2 (R Core Team 2022), using the lme4 
package (Bates et al. 2015) for fitting mixed-effects models, the lmerTest package (Kuznetsova et al. 
2017) for assessing model fit and treatment differences, and the emmeans package (Length 2023) for 
means separation. Data from all site-years were combined for a multi-site 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 with site, variety and fungicide treatment, all two-way 
interactions, and the three-way interaction as fixed effects, and replicate within site, and fungicide 
(main split-plot) within replicate within site as random effects. If significant site interactions were 
identified, then sites were analyzed separately, with variety, fungicide, and the variety by fungicide 
interaction as fixed effects, and replicate and fungicide within replicate as random effects. Fungicide and 
interactions with fungicide were not included as fixed effects for plant density. Leaf disease and lodging 
were log-transformed to meet the assumptions of normality and homogeneity of variance of the model 
residuals. Estimated marginal means were determined and means were separated using multiple 
pairwise comparisons with the Tukey method for P-value adjustment and the Satterthwaite method for 
determining degrees of freedom. Treatments were considered significantly different at P<0.05.   
 

Table 5. F-test results of mixed-effects model analysis of all crop response variables assessing the 
presence of site interactions with each treatment and combination of treatments.  

 Plant density Leaf Disease Lodging Yield Protein 
Fixed effects ------------------------------------------ Pr(>F) ------------------------------------------- 
  Variety (V) <0.001 <0.001 <0.001 <0.001 <0.001 
  Fungicide (F) - <0.001 0.022 0.150 0.630 
  Site (S) <0.001 <0.001 <0.001 <0.001 <0.001 
  V x F - 0.295 0.168 0.018 0.487 
  V x S <0.001 <0.001 <0.001 <0.001 0.098 
  F x S - 0.031 0.556 0.048 0.227 
  V x F x S - 0.711 0.491 0.007 0.498 

Note. Effects are considered statistically significant if P<0.05 and significant effects are bolded for emphasis.   

 
Plant density 
There was a significant variety by site interaction (Table 5), so sites were analyzed individually (Error! 
Reference source not found.). Four of seven sites had differences in plant density between varieties, 
while three sites had no significant differences between varieties (Error! Reference source not found.6). 
At Melfort and Scott, only the emergence of AAC Synergy was significantly higher than the other 
varieties, which did not significantly differ from each other. There was more variation in emergence 
between varieties at Swift Current and Yorkton which could have had some minor impacts on yield 
potential.   
 
Table 6. Tests of significance and estimated marginal means for the effect of variety on plants/m2 at 
each site individually.  

 Indian 
Head 

Melfort Outlook 
Prince 
Albert 

Scott 
Swift 
Current 

Yorkton 

P(>F)  0.131 0.001 0.657 0.109 <0.001 0.008 0.003 
S.E.  7.94 6.72 13.2 10.7 3.88 6.08 11.9 
Variety ----------------------------------------------- plants/m2 ------------------------------------------ 
  AAC Synergy 222 220 a 100 241 226 a 168 ab 281 a 
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  AAC Connect 207 182 b 112 220 196 b 154 b 270 ab 
  CDC Fraser 194 183 b 124 233 191 b 181 a 220 c 
  CDC Austenson 211 182 b 105 240 202 b 153 b 235 bc 
  Claymore 220 178 b 118 251 198 b 174 ab 241 abc 
  Oreana 204 185 b 109 252 200 b 170 ab 245 abc 

Note. F-ǘŜǎǘ ǊŜǎǳƭǘǎ ŦƻǊ ƛƴŘƛǾƛŘǳŀƭ ǎƛǘŜǎ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ǎƛƎƴƛŦƛŎŀƴǘ ŀǘ tғлΦлрΦ Ψ{Φ9ΦΩ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ǎǘŀƴŘŀǊŘ ŜǊǊƻǊΦ 

Letters indicate the separation of the estimated marginal means within individual sites. 
 
Leaf Disease 
There were significant variety by site and fungicide by site interactions (Error! Reference source not 
found.), so sites were analyzed individually (Error! Reference source not found.). Percent leaf disease 
was log-transformed prior to analysis and transformed values are shown in the figures. 
 
While levels of leaf disease were not high at any location, the main effect of fungicide application 
significantly reduced the presence of leaf disease at all locations except Swift Current. However, there 
was a significant interaction between fungicide and variety at Indian Head. While the level of leaf 
disease was reduced for all varieties with fungicide, the reduction was not significant for CDC Fraser and 
nominally, the reduction was greater for Oreana (Figure 1). Oreana had a higher level of leaf disease 
incidence. Based on regional information Oreana has a poorer disease package.  It is rated as 
ά{ǳǎŎŜǇǘƛōƭŜέ ǘƻ bŜǘǘŜŘ bŜǘ .ƭƻǘŎƘ ǿƘƛŎƘ ƛǎ ŀ ŎƻƳƳƻƴ ƭŜŀŦ ŘƛǎŜŀǎŜ ƛǎǎǳŜ ŦƻǊ ōŀǊƭŜȅΦ ¢ƘŜ ƛƴŎƛŘŜƴŎŜ ƻŦ ƭŜŀŦ 
disease also varied between varieties at the other locations. At Melfort, more leaf disease was 
associated with Claymore and Oreana and less disease was associated with AAC Synergy and Fraser 
(Figure 2). Again, this is in keeping with regional information was shows the leaf disease resistance 
package for Claymore and Oreana is much poorer compared to AAC Synergy and CDC Fraser. Oreana 
was also found to have significantly more leaf disease than the other varieties at Prince Albert and 
Indian Head (Figure 2). At Yorkton, both Oreana and Claymore had significantly more leaf disease than 
the other varieties.  
 
Table 7. The effect of variety and fungicide application on leaf disease at individual sites.  

 
Indian 
Head 

Melfort Outlook 
Prince 
Albert 

Scott 
Swift 
Current 

Yorkton 

Fixed effects  -------------------------------------- Pr(>F) --------------------------------------------- 
  Variety (V) <0.001 <0.001 0.350 <0.001 0.021 0.784 <0.001 
  Fungicide (F) <0.001 <0.001 <0.001 0.016 <0.001 0.173 <0.001 
  V x F 0.032 0.281 0.631 0.471 0.178 0.442 0.881 

Note. F-test results are considered significant at P<0.05.   
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Figure 1. The interactive effect of variety and fungicide application on leaf disease at Indian Head.  
Note. An asterisk shown beside the variety name indicates that the leaf disease was significantly different with and 
without fungicide application. NS indicates that leaf disease did not differ with fungicide application. Error bars 
indicate the standard error.  

 
 
   

 
Figure 2. The effect of variety on leaf disease at Melfort, Prince Albert, Scott, and Yorkton.  
Note. Letters indicate the separation of means within individual sites. Error bars indicate the average standard 
error for all sites.  

 
Lodging 
There was a significant variety by site interaction (Table 5), so sites were analyzed individually (Error! 
Reference source not found.). Lodging was absent or did not differ between treatments at Melfort, 
Scott, Prince Albert and Swift Current. Lodging was log-transformed prior to analysis and transformed 
values are shown in the figures. 
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At Yorkton, lodging for CDC Austenson was significantly more than AAC Connect or AAC Synergy (Figure 
оύΦ .ŀǎŜŘ ƻƴ ǊŜƎƛƻƴŀƭ ƛƴŦƻǊƳŀǘƛƻƴΣ !!/ {ȅƴŜǊƎȅ ǿƛǘƘ ŀ ǊŀǘƛƴƎ ƻŦ άCŀƛǊέ ǊŜǎƛǎǘŀƴŎŜ ǘƻ ƭƻŘƎƛƴƎ ǿƻǳƭŘ ƴƻǘ 
have been expected to perform so well. However, the levels of lodging for all varieties are extremely 
low. At Indian Head there was an interaction between variety and fungicide. The level of lodging was 
numerically reduced by the application of fungicide for Claymore and Oreana compared to the other 
varieties (Figure 4). While Claymore and Oreana are rated as having very good resistance to lodging they 
also have poor resistance to leaf disease.  However, levels of lodging were minor for all treatments at 
Indian Head.  
 
Table 8. The effect of variety and fungicide application on lodging at individual sites.  

 
Indian 
Head 

Outlook 
Prince 
Albert 

Yorkton 

Fixed effects  ------------------ Pr(>F) ----------------- 
  Variety (V) <0.001 0.637 Na 0.027 
  Fungicide (F) 0.066 0.277 Na 0.182 
  V x F 0.008 0.164 Na 0.728 
     

Note. F-test results are considered significant at P<0.05.   
 
 

 
Figure 3. Varietal differences in lodging at Yorkton.  
Note. Letters indicate the separation of means within individual sites. Error bars indicate the average standard 
error for all sites. 
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Figure 4. The interactive effect of variety and fungicide application on lodging at Indian Head. 
Note. P-ǾŀƭǳŜǎ ŀǊŜ ǎƘƻǿƴ ŦƻǊ ǾŀǊƛŜǘƛŜǎ ǿƛǘƘ ƳŀǊƎƛƴŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ŜŦŦŜŎǘ ƻŦ ŦǳƴƎƛŎƛŘŜ ŀǇǇƭƛŎŀǘƛƻƴΦ Ψb{Ω ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ 
lodging did not differ with fungicide application. Error bars indicate the standard error. 

 
Yield 
The three-way interaction of variety and fungicide with sites was significant for yield (Error! Reference 
source not found.), so the sites were analyzed separately (Error! Reference source not found.).  
 
The main effect of fungicide did not significantly affect barley yield at any location other than Swift 
Current, where yield was significantly decreased with fungicide. The reason for the yield reduction is not 
clear but may be related to hot dry conditions (Tables 9, A-3).  A lack of yield response, despite 
reductions in leaf disease, is likely related to low levels of disease.  Variety by fungicide interactions 
were detected at Indian Head and Outlook, suggesting fungicide may have increased the yield of some 
varieties. While not statistically significant, the yield for Oreana, CDC Fraser, and Claymore numerically 
increased in response to fungicide at Indian Head (Figure 5). At Outlook, the yield of Oreana significantly 
increased in response to fungicide, whereas increases for the other varieties were not as great or 
significant.  Greater yield responses for Claymore and Oreana to fungicide may be attributed to their 
greater susceptibility to leaf disease.  For the remaining sites, differences in disease development may 
have had an influence on varietal rankings by yield.  Under dry conditions at Scott and Swift Current, 
Oreana yielded relatively well compared to the other varieties (Figure 6).  Under moister conditions at 
Prince Albert and Yorkton, Oreana had the highest level of leaf disease and the lowest yield potential 
(Figures 2 and 6). Claymore also had a high level of leaf disease and low yield at the Yorkton site.  

 
Table 9. The effect of variety and fungicide application on yield at each site individually.  

 
Indian 
Head 

Melfort Outlook 
Prince 
Albert 

Scott 
Swift 
Current 

Yorkton 

Fixed effects  -------------------------------------- Pr(>F) --------------------------------------------- 
  Variety (V) <0.001 0.191 0.268 0.009 0.002 0.002 0.001 
  Fungicide (F) 0.075 0.522 0.134 0.740 0.128 0.034 0.766 
  V x F 0.043 0.877 0.002 0.103 0.450 0.973 0.401 

Note. F-test results are considered significant at P<0.05.  
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Figure 3. The interactive effect of variety and fungicide application on yield at Indian Head and Outlook.   
Note. An asterisk shown beside the variety name indicates that yield was significantly different with and without 
ŦǳƴƎƛŎƛŘŜ ŀǇǇƭƛŎŀǘƛƻƴΦ Ψb{Ω ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ƭƻŘƎƛƴƎ ŘƛŘ ƴƻǘ ŘƛŦŦŜǊ ǿƛǘƘ ŦǳƴƎƛŎƛŘŜ ŀǇǇƭƛŎŀǘƛƻƴ ŦƻǊ ǘƘŀǘ ǾŀǊƛŜǘȅΦ 9ǊǊƻǊ ōŀǊǎ 
indicate the standard error within each site. 
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Figure 4. Varietal differences in yield at Prince Albert, Scott, Swift Current, and Yorkton.  
Note. Letters indicate the separation of means within individual sites. Error bars indicate the average standard 
error for all sites. 

 
Protein 
Protein level was only assessed on the malt varieties. The protein level varied with variety and with site, 
but there were no site interactions (Table 5), indicating that the varietal difference in protein level was 
similar across sites. AAC Synergy had significantly lower protein than AAC Connect or CDC Fraser, 
regardless of environment or fungicide application (Error! Reference source not found.).  
 

 

 
Figure 5. Varietal differences in protein level, across sites and fungicide treatments.  
Note. Letters indicate the separation of means. Error bars indicate the standard error. 
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DON 
Bulked samples of treated and untreated barley were tested for DON to select sites for further testing. 
Barley grain DON levels nearing 1 ppm are typically unacceptable for malt. Overall, DON levels for the 
untreated checks were very low across sites. However, the untreated controls at Indian Head and Prince 
Alberta contained 0.8 ppm and 0.49 ppm, respectively.  As these levels were considered relatively high, 
a complete analysis was done for each treatment at these locations based on composite samples from 
reps 1&3 and reps 2&4 (Table A-5). The discussion for Prince Albert will focus on the 2nd testing run 
where more statistically significant differences were detected.  Overall, the application of fungicide 
significantly reduced DON levels from 0.36 ppm down to 0.26 ppm.  However, the reduction in DON 
varied between varieties as there was a significant Variety by Fungicide interaction. Fungicide 
significantly reduced DON levels for AAC Synergy and CDC Fraser as these varieties had higher levels of 
DON when untreated.  Oreana also had a high level of DON when untreated, but the application of 
fungicide did not reduce DON enough to be statistically significant. However, higher levels of DON for 
AAC Synergy, CDC Fraser and Oreana would not be unexpected based on their respective FHB resistance 
ratings of Intermediate, Intermediate and Susceptible. Claymore and AAC Connect are rated as 
Moderately Resistant and these varieties had relatively low levels of DON when untreated.  CDC 
Austenson also had a low level of DON despite only having an Intermediate rating.  
 
Levels of DON were higher at Indian Head and treatment separations were very similar between the 
runs. However, the discussion will focus on the 2nd run where DON levels were a little higher.  Untreated 
Claymore and AAC Connect had the lowest level of DON which relates well to these varieties having the 
highest resistance rating to FHB amongst the varieties in this study.  Since the levels of DON for these 
varieties was low when untreated, the application of fungicide did not significantly reduce DON. 
Fungicide did significantly reduce DON for CDC Fraser, CDC Austenson and Oreana which had relatively 
high levels of DON when untreated. The highest level of DON at 1.05 ppm was detected for untreated 
CDC Fraser and CDC Austenson. This is above levels acceptable for malt.  However, the application of 
Fungicide brought DON levels down below 0.3 which would be acceptable for malt.  
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Enhanced Barley Variety Trials -Fertility  
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Funding  

This project was funded through the Agricultural Demonstration of Practices and Technologies (ADOPT) 

Organizations  

¶ East Central Research Foundation (ECRF) 

¶ Indian Head Agricultural Research Foundation (IHARF) 

¶ Irrigation Crop Diversification Corporation (ICDC)  

¶ Northeast Agriculture Research Foundation (NARF) 

¶ Wheatland Conservation Area Inc. (WCAI) 

¶ Conservation Learning Centre (CLC) 

¶ Western Applied Research Corporation (WARC) 

Principal Investigators  

¶ Mike Hall, ECRF  

¶ Heather Sorestad, ECRF 

¶ Chris Holzapfel, IHARF  

¶ Christiane Catellier, IHARF 

¶ Gursahib Singh, ICDC  

¶ Brianne McInnes, NARF  

¶ Bryan Nybo, WCAI  

¶ Amber Wall, WCAI  

¶ Robin Lokken, CLC  

¶ Jessica Enns, WARC 

Objectives  

The objective of this demonstration is to compare the N responsiveness of 3 malt and 3 feed barley 
varieties, which are gaining popularity based on 2021 seeded acres (Canadian Grain Commission).  This 
demonstration project is part of a series of projects proposed by SaskBarley to generate variety specific 
recommendations for barley management.   
 

Research Plan 

The trials were established at each location as a 2-order factorial with 4 replicates.  The first factor 
ŎƻƳǇŀǊŜŘ ŀ ά{ǘŀƴŘŀǊŘέ Ǿǎ ά9ƴƘŀƴŎŜŘέ ǊŀǘŜ ƻŦ ǎƻƛƭ ŀǾŀƛƭŀōƭŜ b όл-нпέύ Ҍ ŦŜǊǘƛƭƛȊŜǊ bΦ ¢ƘŜ ǎŜŎƻƴŘ ŦŀŎǘƻǊ 
was variety. Standard and Enhanced rates of N varied by location group based on historic yield potential 
(SCIC data). The groupings were as follows:  

¶ Group 1 = low yield potential: Swift Current: 100 vs 125 lb N/ac of soil + added N 

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

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

Where soil sampling to 24 inches was not possible, N available in a 12-inch depth was multiplied by 1.5 
to approximate N present in a 24 inch depth. The purpose of these N rates was not to precisely 
determine the most economic rate of N but to determine if response to additional N fertilizer may differ 
between varieties. Unfortunately, soil N was very high at Melfort, Prince Albert and Swift Current (Table 
6). N rate comparisons had to be pushed higher at these locations in order to achieve the desired 
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separations between standard and enhanced rates of N. This resulted in comparisons between standard 
and enhanced rates of 142 lb N/ac vs 174 lb N/ac at Melfort, 139 lb N/ac vs 169 lb N/ac at Prince Albert 
and 159 lb N/ac vs 184 lb N/ac at Swift Current. Three malt and 3 feed varieties, which are increasing in 
popularity were selected based on 2021 crop insurance data compiled by the Canadian Grain 
Commission. A complete listing of the treatments established are presented in Table 1. Phosphorous 
and potassium was applied evenly to all treatments in each trial to be non-limiting even at the highest 
rate of N. All trials were small plot, and plot size varied between locations based on equipment 
available. Seeding rates for each variety were based on TKW and germination tests to target 300 live 
seeds/m2. Pesticides at each location were applied at the discretion of the research manager to limit 
yield reduction from pests. A small plot combine was used to harvest plots.  

   
Table 1. Treatment list for project (N fertility by Barley Variety) 

# Variety Type Nitrogen Fertility1 

1 AAC Synergy Malt Standard 

2 AAC Synergy Malt Enhanced 

3 AAC Connect Malt Standard 

4 AAC Connect Malt Enhanced 

5 CDC Fraser Malt Standard 

6 CDC Fraser Malt Enhanced 

7 CDC Austenson Feed Standard 

8 CDC Austenson Feed Enhanced 

9 Claymore Feed Standard 

10 Claymore Feed Enhanced 

11 Oreana Feed Standard 

12 Oreana Feed Enhanced 

1Standard and Enhanced rates of N Fertility [soil (0-нпέύ Ҍ ŀŘŘŜŘ bϐ ǿƛƭƭ ǾŀǊȅ ōŜǘǿŜŜƴ ƭƻŎŀǘƛƻƴǎ ōŀǎŜŘ ƻƴ 
historic yield potentials obtained from SCIC data.   

Sites will fall into the following groupings:  

¶ Group 1 = low yield potential: Swift Current:  Intended comparison 100 vs 125 lb N/ac of 
soil + added N; Actual comparison 159 vs 184 lb N/ac. 

¶ Group 2 = mid range yield potential: Prince Albert, Indian Head, Scott: Intended 
comparison 120 vs 150 lb  N/ac of soil + added N; actual comparison for Prince Albert 
139 vs 169 lb N/ac.  

¶ Group 3 = high yield potential: Yorkton, Melfort, Outlook: Intended comparison 130 vs 
162 lb N/ac of soil   +  added N; actual comparison for Melfort 142 vs 174 lb N/ac  

All sites were fertilized with P and K levels to be not limiting, even for the high N rate based on soil test 
recommendations.  
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Table 2. Dates of field operations and products used in 2022. 

Operations 

in 2022 

Indian Head Melfort  Outlook Prince 

Albert  

Swift 

Current  

Yorkton  Scott 

Pre-seed/ 

pr-

emergent 

herbicide 

application 

May 22 

(0.67 l/ac 

Roundup 

Weathermax 

Hc) 

May 12 

(Liquid 

Avadex) 

May 21 

(0.67 l/ac 

Roundup 

Transorb) 

May 2 

(1 l/ac 

Glyphosate) 

May 21 

(1 l/ac 

Roundup 

Transorb) 

May 4 

(0.67 

l/ac 

RT540) 

None May 9 (Glyphosate 

540 1 l/ac & Aim) 

Seeding 

Date 

May 16 May 16 May 10 June 3 May 17 May 12 May 13 

Emergence 

Counts 

June 1 June 7 May 30 June 22 June 17 June 2 May 25 

In-crop 

Herbicide 

Application 

June 11 

(Pixxaro A + 

Pixxaro B + 

Axial) 

June 22 

(Axial) 

June 28 

(Prestige 

XL)  

June 8 

(Buctril M 

+ Puma) 

June 28 

(Infinity 

+ Puma 

Advance) 

June 8 

(Liquid 

Achieve 

+ 

Buctril 

M + 

Carrier 

adj) 

June 6 

(Prestige) 

June 8 

(Axial) 

June 22 (Buctril M) 

Fungicide/ 

Insecticide 

Application 

July 1 
(Nexicor) 

July 9 
(Decis for 

grasshoppers) 
July 17 

(Prosaro XTR) 

July 18 

(Caramba) 

None None None July 6 

(Trivapro 

AB) 

July 14 (Caramba) 

Lodging 

Rating 

August 29 Sept 2 Aug 3 Aug 22 Aug 15 Sept 2 Aug 16 

Harvest August 31 Sept 12 Aug 17 Sept 6 Aug 17 Sept 2 Aug 18 

 



Results 

Growing Season Weather  

Mean monthly temperatures and precipitation amounts with long-term (1981-2010) averages for the 7 
sites are listed in Tables 4 and 5. In 2022, the season at all sites was warmer than the long-term 
historical average. Precipitation varied greatly from historical norms between sites. Yorkton, Indian 
Head, and Melfort received above average seasonal precipitation.  In contrast, Swift Current, Prince 
Albert, Scott and Outlook received less than average rainfall. The low rainfall at Outlook was 
inconsequential to yield as the deficit was replaced by irrigation. 

 

Table 3. Mean monthly temperatures and long-term (1981-2010) normals for the  2022 
growing seasons at 6 sites in Saskatchewan.   

Location  Year May June July August Avg. / Total 

   -------------------Mean Temperature (°C) ---------------- 

Indian Head 2022 10.9 16.1 18.1 18.3 15.8 

 Long-term 10.8 15.8 18.2 17.4 15.6 

Melfort 2022 9.9 15.2 18.2 18.7 15.5 

 Long-term 10.7 15.9 17.5 16.8 15.2 

Outlook 2022 11.8 16.3 19.8 20.6 17.1 

 Long-term 11.5 16.1 18.9 18 16.1 

Prince Albert 2022 10.5 15.5 18.3 18.5 15.7 

 Long-term 11.4 15.9 18.5 17.1 15.7 

Swift Current 2022 10.9 15.9 19.8 20.9 16.9 

 Long-term 10.9 15.3 18.2 17.6 15.5 

Yorkton 2022 10.6 15.7 18.6 18.9 16 

 Long-term 10.4 15.5 17.9 17.1 15.2 

Scott 2022 10 15 18.3 18.9 15.6 

 Long-term 10.8 14.8 17.3 16.3 14.8 

 
 

Table 4. Precipitation amounts along with long-term (1981-2010) normals for the 2022 
growing seasons at 6 sites in Saskatchewan.   

     ---------------------- Precipitation (mm) ------------------- 

Indian Head 2022 97.7 27.5 114.5 45.9 285.6 

 Long-term 51.7 77.4 63.8 51.2 244.1 

Melfort 2022 90.8 78.1 34.9 36.5 240.3 

 Long-term 42.9 54.3 76.7 52.4 226.3 

Outlook 2022 30.4 69.4 51.4 8 159.2 
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 Long-term 43.2 69.3 57.6 44.2 214.3 

Prince Albert 2022 17.9 75.7 63.7 37.8 195.1 

 Long-term 40.4 79.6 84.6 42.9 247.5 

Swift Current 2022 51.2 37.7 90.4 7.5 187 

 Long-term 44.1 74.5 51.9 43.2 213.7 

Yorkton 2022 137.9 57.9 38.4 90.8 325 

 Long-term 51 80 78 62 272 

Scott 2022 11 57.1 86.5 32.1 186.7 

 Long-term 38.9 69.7 69.4 48.7 226.7 

 
Levels of soil N in the top 2 feet of soil for each site are listed in table 5.  
 
Table 5. Soil test result from 2022 trials 

Site Soil N (lb N/ac)* Site Soil N (lb N/ac)* 

Indian Head 17 Swift Current 159 

Melfort 142 Yorkton 104 

Outlook 97 Scott 32 

Prince Albert 139   

* Top 24 inches of soil 

 
Statistical analysis 
Data were analyzed with the R statistical program, version 4.2.2 (R Core Team 2022), using the lme4 
package (Bates et al. 2015) for fitting mixed-effects models, the lmerTest package (Kuznetsova et al. 
2017) for assessing model fit and treatment differences, and the emmeans package (Length 2023) for 
means separation. Data from all site-years were combined for a multi-site 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 with site, variety and fertility treatment, all two-way 
interactions, and the three-way interaction as fixed effects, and replicate within site as a random effect. 
If significant site interactions were identified, then sites were analyzed separately, with variety, fertility, 
and the variety by fertility interaction as fixed effects, and replicate as a random effect. Lodging was log-
transformed to meet the assumptions of normality and homogeneity of variance of the model residuals. 
Estimated marginal means were determined and means were separated using multiple pairwise 
comparisons with the Tukey method for P-value adjustment and the Satterthwaite method for 
determining degrees of freedom. Treatments were considered significantly different at P<0.05. 
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Table 6. F-test results of mixed-effects model analysis of all crop response variables assessing the 
presence of site interactions with each treatment and combination of treatments.  

 Plant 
emergence 

Lodging Yield Protein 

Fixed effects -------------------------------- Pr(>F) --------------------------------- 

  Variety (V) 0.000 0.002 0.021 0.110 
  Fertility (F) 0.000 0.000 0.801 0.000 
  Site (S) 0.000 0.000 0.000 0.000 
  V x F 0.474 0.516 0.428 0.327 
  V x S 0.000 0.001 0.000 0.011 
  F x S 0.000 0.000 0.000 0.000 
  V x F x S 0.251 0.948 0.342 0.008 
Note. Effects are considered statistically significant if P<0.05 and significant effects are bolded for emphasis.   

 
Plant emergence 
The variety by fertility interaction was not significant across sites, and the three-way interaction was 
also not significant for the plant emergence data (Table 7). Sites were analyzed individually to examine 
the significant variety by site, and fertility by site interactions (Error! Reference source not found.). 
 
 There was no significant variety by fertility interaction at any of the sites. Plant emergence varied 
significantly with variety at 6 sites, but the effect was different at each site. However, establishment 
differences were not large enough to have a substantial influence on yield between varieties. Plant 
emergence also varied significantly with fertility treatment at 3 sites, but the effect differed between 
sites.  Increasing fertility rate reduced plant stands at Outlook, Scott and Yorkton, indicating seed safety 
issues with added nitrogen.  Reductions in plant stands were not substantial enough to reduce yield 
potential at Scott and Yorkton.  In contrast, the plant stand reduction was very large at Outlook and this 
did have a substantial impact on yield which will be discussed further.  
 
Lodging  
Lodging was log-transformed prior to analysis and transformed values are shown in the tables. The 
variety by fertility interaction was not significant across sites, and the three-way interaction was also not 
significant (Table 6). Sites were analyzed individually to examine the significant variety by site, and 
fertility by site interactions.  
 
Lodging was absent at Scott. There was a significant variety by fertility interaction at Indian Head and 
Prince Albert. At Indian Head, lodging was significantly higher with enhanced fertility compared to 
standard fertility with CDC Austenson but did not differ with fertility treatment for any other variety. It is 
uncertain why increasing fertility only affected the lodging of CDC Austenson.  While CDC Austenson is 
ƻƴƭȅ ǊŀǘŜŘ ŀǎ ƘŀǾƛƴƎ άƎƻƻŘέ ǊŜǎƛǎǘŀƴŎŜ ǘƻ ƭƻŘƎƛƴƎΣ /5/ CǊŀǎŜǊ ŀƴŘ !!/ /ƻƴƴŜŎǘ ŀǊŜ ŀƭǎƻ ǊŀǘŜŘ ŀǎ άƎƻƻŘέ 
ŀƴŘ !!/ {ȅƴŜǊƎȅ ƛǎ ǊŀǘŜŘ ŜǾŜƴ ǇƻƻǊŜǊ ŀǎ άŦŀƛǊέΦ  /ƭŀȅƳƻǊŜ ŀƴŘ hǊŜŀƴŀ ǿƻǳƭŘ ƴƻǘ ōŜ ŜȄǇŜŎǘŜŘ ǘƻ ƭƻŘƎŜ 
ƳƻǊŜ ǘƘŀƴ ǘƘŜ ƻǘƘŜǊ ǾŀǊƛŜǘƛŜǎ ŀǎ ǘƘŜȅ ŀǊŜ ǊŀǘŜŘ ŀǎ ƘŀǾƛƴƎ άǾŜǊȅ ƎƻƻŘέ ǊŜǎƛǎǘŀƴŎŜ ǘƻ ƭƻŘƎƛƴƎΦ !ǘ tǊƛƴŎŜ 
Albert, lodging was significantly higher with enhanced fertility for AAC Synergy, which would be 
anticipated based on its lower rating for lodging resistance compared to the other varieties compared. 
However, there was little variability in lodging at this site overall. At Melfort and Swift Current, lodging 
differed between varieties but was not affected by fertility. Oreana had the best resistance to lodging at 
ōƻǘƘ aŜƭŦƻǊǘ ŀƴŘ {ǿƛŦǘ /ǳǊǊŜƴǘ ǿƘƛŎƘ ǿƻǳƭŘ ōŜ ŀƴǘƛŎƛǇŀǘŜŘ ōŀǎŜŘ ƻƴ hǊŜŀƴŀΩǎ άǾŜǊȅ ƎƻƻŘέ ǊŜǎƛǎǘŀƴŎŜ ǘƻ 
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ƭƻŘƎƛƴƎΦ /ƭŀȅƳƻǊŜ ƛǎ ŀƭǎƻ ǊŀǘŜŘ ŀǎ ƘŀǾƛƴƎ άǾŜǊȅ ƎƻƻŘέ ǊŜǎƛǎǘŀƴŎŜ ǘƻ ƭƻŘƎƛƴƎ ŀƴŘ ƘŀŘ ǘƘŜ ǎŜŎƻƴŘ ƘƛƎƘŜǎǘ 
level of lodging resistance at Melfort.  However, it did not show superior performance at Swift Current. 
At Outlook, lodging was significantly higher with enhanced fertility across all varieties, but there was no 
difference in lodging between varieties. Lodging did not differ between varieties or fertility at Yorkton.   
Overall, levels of lodging were very low in this study.  
 
Yield 
The variety by fertility interaction was not significant across sites, and the three-way interaction was 
also not significant (Table 6). There were significant variety by site and fertilizer by site interactions, so 
sites were analyzed individually.  
 
There was a significant variety by fertility interaction at Scott only. At this site, yield was significantly 
lower with enhanced compared to standard fertility for AAC Synergy only, while the yield of all other 
varieties was not significantly affected by fertility. The reason for this is not clear and maybe due to 
error. There was a significant difference in yield between varieties at five sites, but the highest to 
lowest-yielding varieties varied by site. On average, CDC Fraser was a little lower yielding than the other 
varieties and was statistically the lowest yielding variety at Indian Head, Scott and Swift Current.  There 
was a significant effect of fertility at four sites. At Indian Head, Melfort, and Yorkton, the yield was 
significantly higher with enhanced fertility compared to standard fertility. In contrast, yield was 
significantly higher with the standard rate of N at Outlook. This was likely the result of seed safety issues 
with increasing N, as emergence was reduced substantially from 194 plants/m2 with the standard rate of 
N to 109 plants/m2 with the enhanced rate of N. The lack of a response to increasing N at Scott and Swift 
Current would be due to drought and the very high N rates used for comparison at Swift Current. N 
comparsions also had to be increased at Prince Albert and this too will have decreased the chance of 
detecting a yield difference between the N rates.  
 
Protein 
Protein level was only assessed on the malt varieties. The three-way interaction of variety and fertility 
with site was significant for protein (Error! Reference source not found.6). There was a significant 
variety by fertility interaction at Scott. Protein was significantly lower with standard fertility than 
enhanced fertility for Synergy, but the other varieties did not vary significantly with fertility treatment. 
There was a significant difference in protein between varieties at two sites, Indian Head and Melfort. 
CDC Fraser had lower protein than other varieties at these sites. Protein was also significantly higher 
with enhanced fertility compared to standard fertility at four sites and was not affected by fertility at the 
other three sites. Protein levels were acceptable for malt at all locations except Scott and Swift Current 
where drought greatly reduced yield potential. 
 
Economics 
With only one exception, there were no interactions between variety and fertility for the protein and 
yield data. The one interaction occurred at Scott, where the yield of AAC Synergy was significantly and 
substantially reduced by the enhanced rate of fertility. This does not make much sense and may be the 
result of an error. Barring this exception, the varietal yield response to increasing N from standard to 
enhanced rates of N was the same.  However, it is very difficult to make N rate response comparisons 
between varieties when only two rates of N are being compared. For example, Swift Current, Scott and 
Prince Albert were not responsive to added N and there were no interactions between variety and 
nitrogen.  Drought reduced yield potential at Swift Current and Scott and background soil N was high at 
Prince Albert and Swift Current making N rate comparisons between standard and enhanced higher than 
intended. So there is no evidence to suggest varieties do or do not differ in their response to N, since 
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rates were too high to detect a response for all varieties. If the N rates for standard and enhanced had 
been lower at these locations it may have been possible to detect a variety by N interaction. At Outlook, 
there was a significant decrease in yield as N rate was increased. Again, this makes it impossible to 
determine if the optimum rate of N differed between varieties. 
 
At Yorkton, Indian Head and Melfort there was a significant yield response to increasing N from standard 
to enhanced rates, despite N rate comparisons being higher than desired at Melfort. Since there were 
no interactions between variety and N rate, the optimum N rate would not differ within malt varieties or 
within feed varieties. The price differential between malt and feed makes it impossible for optimum N 
rates to differ between malt and feed varieties.  However, both feed and malt varieties benefitted from 
the enhanced rate of N at Indian Head, Melfort and Yorkton based on the economic scenario obtained 
from the 2021 Saskatchewan Crop Planning Guide. Under less favorable economics taken from the 2023 
guide, only Indian Head and Melfort found net revenues for malt and feed were higher with the 
enhanced rate of N. Economic returns were always higher when considering malt because of its higher 
value and this suggests the optimum rate of N is higher for malt than feed, particularly since protein 
levels acceptable for malt were not exceeded.  
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Enhanced Barley Variety Trials -Plant 

Growth Regulators  

 
Funding  

This project was funded under the Agricultural Demonstration of Practices and Technologies (ADOPT) 
initiative and SaskBarley 

Organizations  

¶ Saskatchewan Barley Development Comission (SBDC) 

¶ Indian Head Agricultural Research Foundation (IHARF) 

¶ Irrigation Crop Diversification Corporation (ICDC)  

¶ Northeast Agriculture Research Foundation (NARF) 

¶ Conservation Learning Centre (CLC) 

¶ Western Applied Research Corporation (WARC) 

Principal Investigators  

¶ Mitchell Japp, SBDC  

¶ Brianne McInnes, NARF  

Objectives  

The objective of this demonstration was to compare the responsiveness of 3 malt and 3 feed barley 
varieties to a plant growth regulator (PGR) applied at early stem elongation (Zadoks 30-32). The malt 
varieties to be screened included AAC Synergy, AAC Connect, CDC Fraser, and the feed varieties included 
CDC Austenson, Claymore, and Oreana.  These varieties were selected as they are increasing in 
popularity based on 2021 insured seeded acres (Canadian Grain Commission). This demonstration 
project is part of a series of project proposed by SaskBarley to generate variety specific 
recommendations for barley management. 
 

Research Plan 

The demonstration was conducted at five locations including Melfort, Indian Head, Prince Albert, 
Outlook and Scott, SK in 2022. Scott and Outlook are in the dark brown soil zone, with the remaining 
sites located in the black soil zone. Within the dark brown soil zone, Scott is northern and Outlook is 
central, and within the black soil zone, Prince Albert and Melfort are northern and Indian Head is 
southern. These locations were chosen to allow us to demonstrate responses to plant growth regulators 
across a wide range of environmental conditions, including under irrigation at Outlook.  
 
The demonstration was set-up as a split-plot with twelve treatments and four replications at all 
locations (Table 1). The main plot of the split-plot was the application of a plant growth regulator, and 
the sub-plot was barley variety. Within barley varieties, there were three malt (AAC Synergy, CDC Fraser 
and AAC Connect) and three feed (Oreana, Claymore and CDC Austenson) varieties. The plant growth 
regulator used was trinexepac-ethyl (Moddus), which was to be applied as GS 30-32 (1st node/early stem 



Research and Demonstration Program Report 2022                                                                                                       125 

elongation) at 0.42L/ac (11.3% trinexepac-ethyl). Furthermore, each site applied a base level of nitrogen 
to the trial area based on their barley yield potential. Melfort and Outlook were considered the high 
yield potential sites and applied total nitrogen at 146 kg/ha (soil & applied) and Prince Albert, Scott, and 
Indian Head were considered mid-range in their yield potential and applied total nitrogen of 135 kg/ha 
(soil & applied). The nitrogen from the soil at each location was based on a 0-to-60-centimeter depth. All 
other fertility was side band at seeding to be non yield limiting. 
 
Table 1. Treatments used in Enhanced Barley Variety Trials-Plant Growth Regulators at multiple 
locations in 2022. 

TRT # Variety  Type  PGR1  

1  AAC Synergy  Malt  None  

2  AAC Connect  Malt  None  

3  CDC Fraser  Malt  None  

4  CDC Austenson  Feed  None  

5  Claymore  Feed  None  

6  Oreana  Feed  None  

7  AAC Synergy  Malt  Yes  

8  AAC Connect  Malt  Yes  

9  CDC Fraser  Malt  Yes  

10  CDC Austenson  Feed  Yes  

11  Claymore  Feed  Yes  

12  Oreana  Feed  Yes  

1PGR applied was Moddus (trinexapac-ethyl) at GS 30-32 (stem elongation) 

 
Seeding equipment and crop management varied by location. All agronomic information and dates of 
operations are included in Table 2. All sites were seeded between May 10th and 16th, except for Prince 
Albert where the demonstration was seeded on June 3rd due to late snow melt and wet spring 
conditions. The demonstration was direct seeded into canola stubble at all sites. Weeds, insects and 
disease were controlled using registered products at each participating site at the discretion of the site 
managers. Desiccants were not used at any of the sites and all plots were harvested between August 
18th and September 6th.  



Table 2. Agronomic information and date of operation for Enhanced Barley Variety Trials-Plant Growth Regulators at all locations in 2022. 
 Melfort  Outlook Prince Albert Indian Head Scott 

Stubble Canola Canola Canola Canola Canola 

Row spacing 0.3048m 0.254m 0.254m 0.3m 0.254m 

Plot size 14.0m2 12m2 14m2 25.6m2 12.2m2 

Fertility (N-P2O5-K2O-
S kg/ha) 

30-49-11-0 134-35-0-0 34-45-0-0 134-35-17.5-17.5 38-17-0-6 

Seeding date May 16 May 10 June 3 May 16 May 12 

Pre-emergent 
herbicide 

Avadex at 1.2L/ac May 
12 
Glyphosate 540 at 
0.67L/ac May 21 

Glyphosate 540 at 
1L/ac May 2 

Glyphosate 540 at 
1L/ac on May 21 

Glyphosate 540 at 
0.67L/ac May 22 

Glyphosate 540 at 
1L/ac and AIM at 
35mL/ac on May 9 

Plant counts June 7 May 30 June 22 June 1 June 2 

Post-emergent 
herbicide 

Axial at 0.5L/ac June 22 
Prestige XL at 
947mL/ac on June 28 

Buctril M at 0.4L/ac 
and Puma Advance at 
0.35L/ac on June 8 

Infinity at 0.33L/ac and 
Puma Advance at 413 
mL/ac on June 28 

Pixarro (125mL/ac A + 
235mL/ac B) and 
0.5L/ac Axial on June 
11 

Axial at 0.5L/ac and 
Infinity at 0.33L/ac on 
June 16 
Buctril M at 0.4L/ac 
June 22 

PGR Application June 22 June 11 July 6 June 16 June 16 

Fungicide None None None Nexicor at 0.2L/ac July 
1 
Prosaro XTR 325mL/ac 
July 17 

Caramba at 160mL/ac 
July 14 

Insecticide None None None Decis 5 EC at 60mL/ac 
July 9 for grasshoppers 

None 

Heights August 8 August 3 August 24 July 25 July 28 

Lodging August 31 August 3 July 22 August 29 August 18 

Harvest 
 

August 31 August 18 September 6 August 31 & September 
1 

August 22 

 



Table 3. Soil information for all sites in Enhanced Barley Variety Trials-Plant Growth Regulators in 2022. 

Depth NO3-N (kg/ha) Olsen-P (ppm) K (ppm) S (kg/ha) pH Organic Matter 
(%) 

Salts 
(mmho/cm) 

 Melfort  

0-15cm 44 13 453 36 5.8 9.5 0.35 

15-60cm 72    6.1 (15-30cm)  0.38 (15-30cm) 

 Scott 

0-15cm 23 20 474 6 6.0 4.6 0.2 

15-60cm 66    7.1  0.36 (15-30cm) 

 Indian Head 

0-15cm 5 3 487 11 8.1 4.5 0.53 

15-60cm 14   67 8.2  0.58 

 Outlook 

0-15cm 15 8 360 22 7.1 2.7 0.25 

15-60cm 40    7.5  0.29 (15-30cm) 

 Prince Albert 

0-15cm 63 5 248 135+ 6.4 5.5 1.3 

15-60cm 110    7.1  1.27 (15-30cm) 

 



Data collection in the demonstration consisted of plant density, plant height, lodging, grain yield, 
protein, test weight, seed size, and plump kernels. Plant density was measured by counting the 
seedlings along two 1-meter sections of crop row per plot after crop emergence. The average of the two 
rows was divided by the crop row spacing to determine the plants/m2. Lodging was determined by 
rating every plot for severity of lodging prior to harvest. A scale of 1 to 9 was used where 1 equated to 
no lodging, and 9 equated to the whole plot laying flat. Plant height was measured at every site by 
measuring the height of plants within six locations per plot to the nearest centimeter. Outlook was the 
only site where plant height was only recorded in two locations per plot. Plant height was recorded once 
the plants were closer to maturity and were no longer growing in height. Height was averaged between 
the six or two locations and reported as an average per plot. 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 for dockage and to a consistent moisture (13.5%). Grain quality analysis, which included 
protein, test weight, seed weight and plump kernels, was completed by the Canadian Malting Barley 
Technical Centre and was completed using standard Canadian Grain Commission practices for each 
measure of grain quality. Protein was reported as a percentage, test weight was reported in grams/0.5L, 
seed weight was reported at grams/1000 seeds, and plump was reported as a percentage of plump 
kernels in a sample. 
 
Data were analyzed with the R statistical program, version 4.2.2 (R Core Team 2022), using the lme4 
package (Bates et al. 2015) for fitting mixed-effects models, the lmerTest package (Kuznetsova et al. 
2017) for assessing model fit and treatment differences, and the emmeans package (Length 2023) for 
means separation. Data from all site-years were combined for a multi-site 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 with site, variety and PGR treatment, all two-way 
interactions, and the three-way interaction as fixed effects, and replicate within site, and PGR within 
replicate within site (PGR was blocked in the split-plot design) as random effects. If significant site 
interactions were identified, then sites were analyzed separately, with variety, PGR, and the variety by 
PGR interaction as fixed effects, and replicate and PGR within replicate (split-plot design) as random 
effects. PGR and interactions with PGR were not included as fixed effects for plant density. Estimated 
marginal means were determined and means were separated using multiple pairwise comparisons with 
the Tukey method for P-value adjustment and the Satterthwaite method for determining degrees of 
freedom. Treatments were considered significantly different at PҖ0.05.   

 
Results 

Environmental Conditions 

The 2022 season was marked by warmer than average temperatures at all sites, with some sites 
experiencing an increase in cumulative precipitation (Melfort and Indian Head), and some sites 
experiencing a deficit of cumulative precipitation (Scott, Outlook and Prince Albert) as compared to the 
long-term average (Table 4). Although Outlook experienced below average precipitation (83% of the 
long-term), the location received 165mm of precipitation in the form of irrigation, which brought the 
cumulative precipitation to 336mm, which was the greatest of all sites. For the remaining sites, Prince 
Albert received 81% of long-term precipitation amount and Scott received 82% of long-term amount, 
while Melfort received 106% of the long-term and Indian Head received 117% of the long-term 
precipitation. For average temperature, Outlook was the warmest of the sites with an average 
temperature from May to August of 17.1°C, and Melfort was the coolest with an average temperature 
from May to August of 15.5°C. Average growing season temperature at the remaining sites was 15.6°C 
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at Scott, 15.7°C at Prince Albert and 15.8°C at Indian Head, all of which were above the long-term 
average. 
 
Table 4. Mean Temperatures and precipitation collected from the nearest weather station at Melfort, 
Indian Head, Scott, Yorkton, and Outlook from May to August of 2022. 

 May June July August Total/Average 

--Temperature (°C)-- 

Melfort 2022 9.9 15.2 18.2 18.7 15.5 

    Long-termx 10.7 15.9 17.5 16.8 15.2 

Indian Head 2022 10.9 16.1 18.1 18.3 15.8 

    Long-termx 10.8 15.8 18.2 17.4 15.6 

Scott 2022 10.0 15.0 18.3 18.9 15.6 

    Long-termx 10.8 14.8 17.3 16.3 14.8 

Prince Albert 2022 10.5 15.5 18.3 18.5 15.7 

    Long-termx 11.3 16.2 17.1 17.1 15.8 

Outlook 2022 11.8 16.3 19.7 20.5 17.1 

    Long-termx 11.2 16.1 18.7 17.8 16.0 

--Precipitation (mm)-- 

Melfort 2022 90.8 78.1 34.9 36.5 240.3 (106%) 

    Long-termx 42.9 54.3 76.7 52.4 226.3 

Indian Head 2022 97.7 27.5 114.5 45.9 285.6 (117%) 

    Long-termx 51.7 77.4 63.8 51.2 244.1 

Scott 2022 11.0 57.1 86.5 32.1 186.7 (82%) 

    Long-termx 38.9 69.7 69.4 48.7 226.7 

Prince Albert 2022 17.9 75.7 63.7 37.8 195.1 (81%) 

    Long-termx 39.4 79.7 77.0 44.6 240.7 

Outlook 2022y 35.7 75.2 53.2 7.0 171.1 (83%) 

    Long-termx 42.0 63.9 56.1 45.3 207.3 

xLong-term average is anywhere from the years 1980-2021, but exact range of years varies by site 
yOutlook also received a total of 6.5-inches (165mm) of cumulative precipitation as irrigation
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The combined multi-site analysis showed significant site interactions for height, lodging, and yield (Table 
5).  
 
Table 5. F-test results of mixed-effects model analysis of crop response variables assessing the presence 
of site interactions with variety and PGR.  

 Plant density Height Lodging Yield 

Fixed effects ------------------------------------ Pr(>F) ------------------------------------- 

  Variety (V) <0.001 <0.001 0.028 0.677 

  PGR (P) - <0.001 <0.001 0.108 

  Site (S) <0.001 <0.001 0.011 <0.001 

  V x P - 0.003 0.110 0.039 

  V x S 0.845 0.017 0.023 <0.001 

  P x S - 0.070 0.004 0.421 

  V x P x S - 0.355 0.180 0.004 

Note. Effects are considered statistically significant if P<0.05 and significant effects are bolded for emphasis.   

 
Plant density 
Plant density differed between varieties and sites overall, but the interaction was not significant, 
indicating the difference between varieties was similar among sites (Table 5). When sites were analyzed 
individually, only two sites had differences in plant density between varieties (Table 6). 
The two sites with significant varietal differences in plant density were Indian Head (p=0.039) and Prince 
Albert (p=0.026). At Indian Head AAC Synergy (230 plants/m2) had significantly greater plant density 
than AAC Connect (206 plants/m2) and CDC Fraser (206 plants/m2), but was comparable to all feed 
varieties (CDC Austenson, Claymore and Oreana). At Prince Albert AAC Synergy (224 plants/m2) and 
Claymore (225 plants/m2) had significantly greater plant density than AAC Connect (190 plants/m2), but 
were comparable to all other varieties. Other sites demonstrated a similar trend where AAC Synergy and 
Claymore had the greatest average plant density in comparison to other varieties; however, the 
difference was not significant at Melfort, Outlook and Scott. 
 
Table 6. Tests of significance and estimated marginal means for the effect of variety on plant density at 
each site individually.  

 Indian Head Melfort Outlook Prince Albert Scott 

P(>F)  0.039 0.409 0.473 0.026 0.118 

S.E.  6.55 7.42 10.5 8.12 8.16 

Variety ----------------------- plants m-2 --------------------- 

  AAC Synergy 230 a 201 150 224 a 207 

  AAC Connect 206 b 190 148 190 b 195 

  CDC Fraser 206 b 180 134 205 ab 185 

  CDC Austenson 216 ab 188 143 220 ab 193 
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  Claymore 226 ab 193 162 225 a 200 

  Oreana 224 ab 197 146 221 ab 193 

Note. F-ǘŜǎǘ ǊŜǎǳƭǘǎ ŦƻǊ ƛƴŘƛǾƛŘǳŀƭ ǎƛǘŜǎ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ǎƛƎƴƛŦƛŎŀƴǘ ŀǘ tғлΦлрΦ Ψ{Φ9ΦΩ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ǎǘŀƴŘŀǊŘ ŜǊǊƻǊΦ 
Letters indicate the separation of the estimated marginal means within individual sites. 

 
Height 
PGR application significantly affected height across locations (Table 5). There was a significant variety by 
site interaction indicating that differences in varietal heights varied by site, as would be expected. 
However, the two- and three-way site interactions with PGR were not significant, indicating the effect of 
PGR and its interaction with variety were similar across sites, and so the response to PGR at individual 
sites will not be discussed. There was, however, a significant overall variety by PGR interaction. When 
combined across sites, the height of all varieties except for Oreana decreased significantly with a PGR 
application (Error! Reference source not found.). Oreana was also significantly shorter than all other 
varieties without a PGR application.  
 
 

 
Figure 6. The interaction of variety with PGR application across all sites.  
Note. Error bars indicate the standard error. Letters indicate the separation of estimated marginal 
means using the Tukey method.  
 
Lodging 
Lodging did not occur or did not differ between treatments at three locations, and these sites were not 
included in the combined analysis. When the remaining two sites were analyzed together, the effects of 
variety and PGR on lodging both varied by site, but there was no interaction of variety with PGR either 
across or within sites (Table 5), indicating that all varieties responded similarly to a PGR application. The 
PGR by site interaction was such that the effect of PGR on lodging was only significant at Outlook (Error! 
Reference source not found.), but when the sites were analyzed individually, the effect of PGR was also 
significant at Indian Head (Error! Reference source not found.).  
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Figure 7. The effect of PGR on lodging at Indian Head and Outlook.  
Note. Error bars indicate the standard error. Letters indicate the separation of estimated marginal means using the 
Tukey method. 

 
Yield 
The three-way interaction of variety and PGR with site was significant for yield (Error! Reference source 
not found.), so the sites were analyzed individually. Responses were quite variable across sites. There 
was no significant difference in yield between varieties or PGR treatment at Scott, while at Indian Head, 
Melfort, and Prince Albert, yield differed significantly between varieties only (Error! Reference source 
not found.). At Outlook, the variety by PGR interaction was significant, indicating that the effect of PGR 
on yield differed between varieties. The effect was such that a PGR application increased yield of 
Austenson only, while the yield of all other varieties was not affected by PGR application. Keeping in 
consideration the variable response across sites, we see that overall, the variety by PGR interaction was 
significant (Error! Reference source not found.), and results were the same as was seen in Outlook, 
where a yield increase with PGR was only significant for Austenson (Error! Reference source not 
found.).  
 

 
Figure 8. The interactive effect of PGR and variety on yield across all sites.  
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Note. Error bars indicate the standard error. Letters indicate the separation of estimated marginal means using the 
Tukey method.  

 
Malt grain quality 
Grain quality was assessed for malt varieties only. Overall, there were no significant variety by PGR 
interactions, indicating that varieties responded similarly to PGR application across locations (Error! 
Reference source not found.).  
 
Table 1. F-test results of mixed-effects model analysis of grain quality of malt varieties assessing the 
presence of site interactions with variety and PGR.  

 Protein Test Weight Seed size Plumps 

Fixed effects ------------------------------------ Pr(>F) ------------------------------------- 

  Variety (V) 0.007 0.013 <0.001 <0.001 

  PGR (P) 0.249 0.010 <0.001 <0.001 

  Site (S) <0.001 <0.001 <0.001 <0.001 

  V x P 0.719 0.303 0.962 0.206 

  V x S 0.486 <0.001 0.029 <0.001 

  P x S 0.413 <0.001 <0.001 <0.001 

  V x P x S 0.850 0.145 0.225 0.396 

Note. Effects are considered statistically significant if P<0.05 and significant effects are bolded for emphasis.   

 
Protein 
Protein varied with location and variety overall, but PGR application did not significantly affect protein, 
regardless of variety or location (Error! Reference source not found.). Protein level was most highly 
influenced by the environment, as even when sites were analyzed individually, protein only differed with 
variety at Indian Head, and there were no other significant effects (Error! Reference source not found.).  
 
Test weight 
PGR application affected test weight equally across varieties, as there were no significant interactions 
between PGR and variety (Error! Reference source not found.). However, the effect of PGR and variety 
varied across sites. When sites were analyzed individually, PGR had a positive effect on test weight at 
Scott, a negative effect on test weight at Melfort and Outlook, and no effect on test weight at Indian 
Head and Prince Albert (Error! Reference source not found.). Test weight also varied with variety at all 
sites but Prince Albert. There was a significant interaction of PGR with variety at Outlook only (Error! 
Reference source not found.). At Outlook, PGR application had a negative effect on test weight for all 
varieties, but AAC Connect was more severely affected than the other two varieties (Error! Reference 
source not found.).   
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Figure 9. The effect of PGR on test weight across malt varieties at all sites.  
Note. Error bars indicate the standard error of the combined analysis. Within individual sites, ns indicates a non-
significant effect of PGR, and * indicates a significant effect of PGR. 
 

 

 
Figure 10. The effect of PGR on test weight of malt varieties at Outlook.  
Note. Error bars indicate the standard error (within site). Letters indicate the separation of estimated marginal 
means using the Tukey method.  

 

Seed size (TKW) 
Similar to test weight, PGR application affected seed size equally across varieties, as there were no 
significant interactions between PGR and variety, but the effect of PGR and varieties on seed size varied 
across sites (Error! Reference source not found.). When sites were analyzed individually, PGR 
application had a negative effect on seed size and also varied with variety at Indian Head and Melfort, 
while at Scott, seed size varied with variety but was not affected by PGR, and at Prince Albert, seed size 
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was not affected by variety or PGR application (Error! Reference source not found., Error! Reference 
source not found.). At Outlook, there was again a significant interaction of PGR with variety (Error! 
Reference source not found.). At Outlook, PGR application had a negative effect on seed size of Synergy 
and Connect but did not significantly affect the seed size of Fraser (Error! Reference source not found.).   
 

 
Figure 11. The effect of PGR on seed size across malt varieties at all sites.  
Note. Error bars indicate the standard error of the combined analysis. Within individual sites, ns indicates a non-
significant effect of PGR, and * indicates a significant effect of PGR. 
 

 
Figure 12. The effect of PGR on seed size of malt varieties at Outlook. 
Note. Error bars indicate the standard error (within site). Letters indicate the separation of estimated marginal 
means using the Tukey method.  
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varieties on percent plumps varied across sites (Error! Reference source not found.). When sites were 
analyzed individually, percent plumps was negatively affected by PGR application and also varied with 
variety at Melfort, while at Indian Head and Scott, plumps varied with variety but was not affected by 
PGR, and at Prince Albert, plumps was not affected by variety or PGR application (Error! Reference 
source not found.). At Outlook, there was again a significant interaction of PGR with variety (Error! 
Reference source not found.). Similar to test weight at Outlook, PGR application had a negative effect 
on percent plumps for all varieties, but AAC Connect was more severely affected than the other two 
varieties (Error! Reference source not found.). 
 

 
Figure 13. The effect of PGR on percent plumps of malt varieties at Outlook. 
Note. Error bars indicate the standard error (within site). Letters indicate the separation of estimated marginal 
means using the Tukey method. 
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Demonstration of Barley Underseeded  

with Ryegrass for Forage Production ɀ 

Irrigated & Dryland Production  
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Funding  

Funded by the Agricultural Demonstration of Practices and Technologies Fund (ADOPT). 

Organizations  

¶ Irrigation Crop Diversification Centre (ICDC) 

¶ Western Applied Research Corporation (WARC) 

Principle Investigators  

¶ Gursahib Singh, ICDC 

¶ Garry Hantowich, ICDC 

¶ Kade KettenBach, WARC 

¶ Jessica Enns, WARC 

Objectives  

¢ƘŜ ǎǘǳŘȅΩǎ ƻōƧŜŎǘƛǾŜǎ ŀǊŜ ǘƻ ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŜ ŦƻǊŀƎŜ ȅƛŜƭŘ ōŜƴŜŦƛǘ ƻŦ ǳƴŘŜǊ-seeding ryegrass with 
spring-seeded forage barley as compared to monocropping of each species. Two forage harvests are 
anticipated, the first in late June or early July, the second in September or October. 
 

Research Plan 

Field trials were established on canola stubble at the ICDC (Hnatowich field block I) and WARC. The trial 
at ICDC was set up under irrigation, whereas at WARC, under dryland conditions. A composite soil 
sample was collected and sent to AgVise Laboratories for analysis (Table 1).  Nitrogen (N) fertilizer at a 
rate of 100kg N/ha was applied as a broadcast and incorporated at seeding. Barley was seeded through 
ǘƘŜ ǎƛŘŜōŀƴŘ ƻǇŜƴŜǊ ŀǘ м ǘƻ мΦрέ ŘŜǇǘƘΣ ŀƴŘ ǊȅŜƎǊŀǎǎ ǿŀǎ ǘƘǊƻǳƎƘ ǘƘŜ ǎŜŜŘ ƻǇŜƴŜǊ ŀǘ мκу ǘƻ мκнέ ŘŜǇǘƘΦ 
Phosphorus fertilizer was sideband with the barley seed placement position. 
 
Table 1. Soil Test Available Nutrients 

Depth (cm) pH O.M. (%) C.E.C. NO3-N (kg N/ha) P (ppm) K (ppm) 
SO3-N (kg S/ha) 

ICDC        

0 ς 15 6.9 2.6 15.0 10 6 341 18 

15 ς 30    10   16 

30 - 60    22    

WARC        

0 ς 15 6.0 4.6 15.8 20 20 474 20 

15 ς 30    31   16 

30 - 60    28    

 
A total of 5 treatments were arranged in a four-replicate randomized complete block design trial (Table 
2), and the individual plot size will be 8.0 x 1.5m. Forage barley variety AB Advantage (6-row), Italian 
ryegrass variety Jeanne and annual ryegrass variety Common Westerworlds were seeded in the field 
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trails. After the first harvest, all plots were top-dressed with an additional 50 kg N/ha. Plots were 
irrigated immediately after application to minimize losses.  
 
Weed control consisted of a burn-off prior to seeding, supplemented with in crop herbicide application 
at WARC, and plots were hand weeded as required. Forage yields were obtained with a Hege small plot 
forage combine at ICDC and Wintersteiger forage combine at WARC. Forage fresh weight per plot was 
obtained, plots were subsampled for moisture, and a bulk sample of each treatment (reps were bulked) 
was submitted to A&L CANADA LABORATORIES INC. (2136 Jetstream Rd, London, ON, N5V 3P5) for feed 
quality analysis after each forage harvest. 
 
Table 2. Detailed treatment list. 

Treatment No. Treatment codes Crop 

1 Barley Monocrop barley @@ 3.0 bu/ac seed rate 

2 Intercrop3 Barley @ 3.0 bu/ac + 5 lb/ac Italian and 5 lb/ac Annual 

3 Intercrop2 Barley @ 2.0 bu/ac + 5 lb/ac Italian and 5 lb/ac Annual 

4 Intercrop1 Barley @ 1.0 bu/ac + 5 lb/ac Italian and 5 lb/ac Annual 

5 Ryegrass Monocrop 10 lb/ac Italian and 10 lb/ac Annual 

 
Dates of various field operations at ICDC and WARC, along with the products used for each trial location 
in 2022, are listed in table 3. 
 
Table 3. Dates of field operations and products used in 2022.  

#Field activities ICDC WARC 

Pre-seed/ pre-emergent 
herbicide application 

May 13 - Glyphosate @1 
L/acre 

May 16 - Glyphosate 540 @ 1L/ac and 
AIM @ 35mL/ac  

Seeding Date  May 21 May 23 

Plot size 1.5 x 8m 1.5 x 8m 

Herbicide - June 22 -2-4D Amine @ 377 ml/ac 

Fungicide - July 11 - Caramba @ 400 ml/ac 

First harvest July 25 August 4 

Second harvest October 4 October 12 

 
Total in-season rainfall from May through September for each site is listed below (Table 4). Both sites 
experienced above-normal temperatures throughout the season and reduced precipitation amounts, 
impacting the yields at WARC. The total in-ǎŜŀǎƻƴ ƛǊǊƛƎŀǘƛƻƴ ŀǇǇƭƛŜŘ ŀǘ L/5/ ǿŀǎ нмрΦф ƳƳ όуΦрέύΦ   
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Table 4. ICDC growing season temperature and precipitation by month for 2022 and the 30-year average 
(1992-2022). 

Year May June July August September Average/ 
Total 

 ICDC ------------------------------Mean Temperature (°C) ------------------- 

2022 11.8 16.3 19.6 20.4 15.9  16.8 

Long-term (1992-2022) 11.2 16.1 18.7 17.8 12.8  15.3 

ICDC ------------------------------Precipitation (mm) ------------------- 

2022 35.7 75.2 53.2   7.0 5.2 176.3 

Long-term (1992-2022) 42.0 63.9 56.1 45.3 32.2 239.5 

 WARC ------------------------------Mean Temperature (°C) ------------------- 

2022 10.0 15.0 18.3 18.9 13.8 12.9 

Long-term (1992-2022) 10.8 14.8 17.3 16.3 11.2 12.4 

WARC ------------------------------Precipitation (mm) ------------------- 

2022 11.0 57.1 86.5 32.1 12.6 211.0 

Long-term (1992-2022) 38.9 69.7 69.4 48.7 26.5 277.6 

 

Results 

General Comments 
At ICDC, wild oats were an issue in monocrop ryegrass plots. Even with continuous hand weeding, we 
lost one of the ryegrass plots (not included in the final yield analysis).  
 
Moisture Content, Yield, & Weed Control 
ICDC - aƻƛǎǘǳǊŜ ŎƻƴǘŜƴǘ ŘƛŘƴΩǘ ǾŀǊȅ ōŜǘǿŜŜƴ ǘǊŜŀǘƳŜƴǘǎ ŀǘ ōƻǘƘ ǘƘŜ ƘŀǊǾŜǎǘ ǘƛƳƛƴƎǎ όŦƛǊǎǘ ƘŀǊǾŜǎǘ ŀƴŘ 
second harvest) and ranged from 73.3 to 78.3 for the first harvest and 71.5 to 78.0 for the second 
harvest (Table 5, ANOVA, First harvest P =0.503 and second harvest P =0.507). 
 
WARC - Moisture content varied between treatments at both harvest timing. Moisture content was 
highest in mono-crop ryegrass plots at the first and lowest at the second harvest. (Table 5). 
 
Total yield (combined first and second harvest) 
Total forage yields were lower at WARC due to a lack of moisture and high temperatures throughout the 
season, which affected ryegrass establishment.   
 
ICDC - Combined forage yields were significantly different (Table 5), and the yield of monocrop ryegrass 
(10 lb/ac Italian and 10 lb/ac Annual) was 33.4 T/ha, and monocrop barley (3.0 bu/ac seed rate) was 
26.5 % higher (42.2 T/ha). Compared to the monocrop ryegrass, the intercrop3 treatment was 77.2% 
higher yielding, and the intercrop2 treatment was 58.1% higher. Yields of intercrop1 treatment and 
monocrop barley were similar but higher than monocrop ryegrass (Table 5).  
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WARC ς Combined yields were significantly different, and all treatments, including barley (monocrop 
and intercrop), had similar yields, whereas the overall yield of monocrop ryegrass was lowest.  
 
Yields - First harvest and Second harvest  
ICDC ς At first harvest, yield of monocrop ryegrass (10 lb/ac Italian and 10 lb/ac Annual) was 20.3 T/ha, 
and monocrop barley (3.0 bu/ac seed rate) was 42.2 T/ha. Compared to the monocrop barley, the 
intercrop3 treatment was 15.2 % higher yielding, and the intercrop2 treatment was 4.5 % higher. The 
yield of intercrop1 treatment was lower than monocrop barley (Table 5).  At second harvest, yield of 
monocrop ryegrass (10 lb/ac Italian and 10 lb/ac Annual) was 13.0 T/ha and higher than all other 
treatments. (Table 5). 
 
WARC- Yield of barley monocrop treatment (19.6 T/ha) was similar to all barley ryegrass intercrop 
treatment at first cut.  Ryegrass had poor establishment later in the season due to lack of moisture  
which affected the yields at second harvest (Table 5)  
 
Dry matter yield  
 A sub-sample was taken from each plot at both harvests to estimate the forage dry matter yield at both 
locations. Combined dry matter yield (first and second harvest) differed between treatments at ICDC 
with the highest dry matter yield for intercrop3 treatment (12.8 T/ha) and lowest for monocrop ryegrass 
treatment (6.8 T/ha). Intercrop2 and Intercrop1 treatment had similar dry matter yield and was higher 
than the monocrop barley treatment. Dry matter yields at WARC were not statistically significant.
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Table 5.  Yield, moisture content, and weed control for each treatment 

Treatment 
codes 

Combined Yield  Yield (First harvest)  Yield (Second harvest)  Moisture 
First harvest 

(%) 

Moisture 
Second harvest 

(%) Wet (T/ha) 
 

Dry (kg/ha) Wet (T/ha) 
 

Dry (kg/ha) Wet (T/ha) 
 

Dry (kg/ha) 

ICDC         
Intercrop3 59.1 a 12.8 a 48.6 a 10.1 a 10.5 ab 2.4 a 78.3 a 78.0 a 

Intercrop2 52.8 b 12.4 ab 44.1 b 10.4 a 8.6 ab 1.8 a 76.1 a 76.7 a 
Intercrop1 45.7 c 11.7 ab 39.5 c 10.6 a 6.2 b 1.6 a 76.0 a 74.0 a 
Barley 42.2 c 10.1 b 42.2 bc 10.1 a - - 73.4 a 72.1 a 
Ryegrass 33.4 d 6.8 c 20.3 d 3.3 b 13.0 a 2.9 a 73.4 a 71.5 a 
LSD (0.05) 46.6 10.7 38.9 8.8 7.6 NS NS NS 
CV (%) 12.2 14.3 10.3 14.9 22.4 33.3 5.9 7.1 
WARC         
Intercrop3 21.3 a 6.3 a 17.0 a 5.1 a 1.2 b 1.2 a 64.4 b 43.1 ab 
Intercrop2 18.3 a 6.0 a 17.1 a 5.1 a 1.4 b 0.9 a 63.4 b 45.5 ab 
Intercrop1 18.5 a 7.7 a 19.6 a 7.1 a 1.7 b 0.6 a 63.8 b 45.9 ab 
Barley 19.8 a 6.8 a 19.6 a 6.0 a 0.3 c 0.8 a 63.0 b 54.0 a 
Ryegrass 11.0 b 5.9 a 7.8 b 5.1 a 3.1 a 0.8 a 78.1 a 41.4 b 
LSD (0.05) 17.7 NS 16.2 NS 1.5 NS 66.5 45.9 
CV (%) 11.9 31.3 11.8 45.9 25.0 77.2 3.6 16.3 
Note. 5ƛŦŦŜǊŜƴǘ ƭŜǘǘŜǊǎ ƛƴŘƛŎŀǘŜ ǎƛƎƴƛŦƛŎŀƴǘ ǘǊŜŀǘƳŜƴǘ ŘƛŦŦŜǊŜƴŎŜǎ ό!bh±!Σ t Җ лΦлрύΦ 
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Forage Quality 
Each site submitted a treatment sample (bulked across reps) at each harvest for the forage 

quality analysis (Table 6). 

Table 6.  Forage quality analysis (as fed) for each treatment.   

Forage 
Mix 

Crude 
Protein 

(%) 

TDN ADF NDF Ca P K Na 

(%) (%) (%) (%) (%) (%) (%) 

ICDC - First harvest 
Intercrop3 1.76 15.29 9.69 14.83 0.09 0.06 0.59 0.02 
Intercrop2 1.99 16.63 8.72 13.65 0.08 0.07 0.63 0.03 
Intercrop1 2.02 17.75 8.27 13.58 0.08 0.07 0.51 0.02 
Barley 1.56 16.72 9.79 15.25 0.1 0.07 0.55 0.02 
Ryegrass 2.11 10.10 5.48 8.94 0.06 0.06 0.53 0.01 

WARC - First harvest 
Intercrop3 7.4 62.6 25.6 43.44 0.21 0.20 1.70 0.04 
Intercrop2 11.4 64.0 24.0 42.6 0.32 0.24 1.99 0.06 
Intercrop1 11.3 64.4 23.5 42.4 0.32 0.24 1.94 0.07 
Barley 11.3 62.2 26.5 46.2 0.3 0.24 1.92 0.05 
Ryegrass 17.2 59.7 28.9 46.2 0.35 0.35 3.19 0.06 

ICDC - Second harvest 
Intercrop3 2.36 22.89 9.48 15.27 0.15 0.07 0.76 0.02 
Intercrop2 2.00 20.75 6.38 10.37 0.12 0.05 0.68 0.01 
Intercrop1 2.13 19.43 6.79 12.13 0.11 0.06 0.77 0.03 
Barley         
Ryegrass 1.75 26.45 7.94 13.92 0.15 0.05 0.74 0.01 

WARC - Second harvest 
Intercrop3 13.7 64.26 27.1 48.2 0.44 0.23 1.79 0.08 
Intercrop2 14.1 65.4 25.4 44.7 0.40 0.20 1.68 0.08 
Intercrop1 13.11 64.14 27.1 45.2 0.40 0.17 1.54 0.03 
Barley         

Ryegrass 12.46 63.93 27.4 47.3 0.41 0.21 1.60 0.04 
TDN = total digestible nutrients; ADF = acid detergent fibre; NDF = neutral detergent fibre; Ca = calcium; 

P = phosphorus; K = potassium; Na = sodium 

 

Conclusion  

We harvested the crop twice at both sites, and drought and higher temperatures impacted the crop 

establishment and yield at the dryland site. Under irrigated conditions, overall yield (wet weight) was 

higher for Intercrop2 and Intercrop3 treatment when compared to monocrop barley and ryegrass 

treatment.  Intercop1 treatment yielded lower than monocrop barley at the first and monocrop ryegrass 

at the second harvest. Ryegrass did not establish well after the first harvest at the dryland site, and 

there was no yield advantage of barley and ryegrass intercrop treatment over monocrop barley.  
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