2. Summary of Research Results 2015 
2.1 Screening of crop varieties: 

2.1.1 Spring Cereals:

√New western wheat varieties (2013-`15):

· Ten newly registered varieties were compared with Sable and WR859CL as checks.
· Highest grain yields were obtained with AAC Innova (6,285 kg/ha), HY1312 (5,764 kg/ha) and AAC Proclaim (5,323 kg/ha). Grain yields of Sable and WR859CL were 4,370 kg/ha and 5,300 kg/ha, respectively.
· AAC Innova produced the highest straw (6,812 kg/ha; 643 kg/ha more than that from Sable) and biomass (13,100 kg/ha) yields; same trend as last year! AAC Proclaim and WR859CL were the next best varieties for straw (6,500 kg/ha or more) and biomass (11,800 kg/ha or more) production. 
· Averaged over 2013-’15, grain yields were in the order of AAC Innova (5,507 kg/ha) ≥ HY1312 (5,472 kg/ha) > AAC Proclaim (5,131 kg/ha). Sable grain yield was 4,618 kg/ha. AAC Innova produced the highest straw (7,543 kg/ha; 1 MT/ha higher than that from Sable) and biomass yields (13,050 kg/ha; ~2 MT/ha higher than that from Sable).
· Producers may consider adding these three new varieties, especially AAC Innova, to their cropping systems. 
√Wheat Varieties Demonstration (single replication):

· Out of 8 varieties, Minnedosa gave the highest grain (5,588 kg/ha) yield that was ~1,000 kg/ha higher than the next best Megantic, which produced the highest straw (7,280 kg/ha) and biomass (11,881 kg/ha).
· Amber equaled Megantic in grain yield. 
· Grain yield from Blue Tinge Ethiopian Emmer wheat (a specialty wheat whose whole grains are eaten like rice grains) was poor (1,682 kg/ha).  
√Malting Barley Varieties (2014-’15):

· CDC Copeland gave the highest grain yield (6,842 kg/ha) this year. The next best varieties in grain yield were AAC Synergy (~5,900 kg/ha) and Bentley (5,726 kg/ha), which were the two highest grain yielding varieties last year. Grain yield of Newdale, one of the check varieties, was 5,374 kg/ha.
· Straw yield was also highest (6,300 kg/ha) with CDC Copeland followed by AAC Synergy (~5,930 kg/ha) and Bentley (5,740 kg/ha).
· Averaged over two years, three top grain yielding varieties were AAC Synergy (6,438 kg/ha), Bentley (6,406 kg/ha) and CDC Copeland (6,248 kg/ha). Straw yields were in the order of CDC Copeland (6,300 kg/ha) > Bentley (5,934 kg/ha) = AAC Synergy (5,930 kg/ha). Biomass yields in these 3 varieties were 12,973, 12,120 and 11,660 kg/ha, respectively.
· Plumpness of grains ranged from 91.5 % (AC Metcalfe) to 96.2 % (AAC Synergy). Sprouted grains were highest (20 %) in CDC Meredith, none in CDC Coalition and only 1.2/1.4 % in Quench/Bentley. Grain moisture was below 13 % in all but CDC Copeland. 
√Black (Hulless) Barley Seed Rates:

· Grain yield was poor and ranged from 1,245-1,473 kg/ha. 

· Increasing the seed rate from 50 % to 75 % or 100 % of the recommended seed rate didn’t increase the grain yield of Black (Hulless) Barley. 

√Barley Varieties Demonstration (single replication only):

· Eight high yielding barley varieties were demonstrated. Oceanic produced the highest grain yield (7,363 kg/ha) followed by Synasolis (6,263 kg/ha). Cyane, Amberly and Encore had similar grain yields (5,600-5,800 kg/ha). 
· Millhouse (hulless) grain yield (1,746 kg/ha) was very poor.
· Straw (8,433 kg/ha) and biomass (14,051 kg/ha) yields were highest with Encore.
2.1.2 Winter Cereals:

√Ontario Winter Wheat Varieties:

· Six Ontario winter wheat varieties were evaluated along with CDC Falcon.
· Winter survival this year was poor and patchy; hence data with high CVs.
· Highest grain yield this year (6,108 kg/ha) as well as in the averages over three years (2013-’15; 6,016 kg/ha) was recorded with Keldin. 
· AC Morley (5,552 kg/ha) this year and Stanford in the average over three years (5,315 kg/ha) was the second best variety in grain yield.
· Highest straw (7,020 kg/ha) and biomass (12,572 kg/ha) yields this year were obtained with AC Morley. Averaged over three years, AC Morley maintained its top position in straw yield (6,386 kg/ha; though Keldin was equally good at 6,325 kg/ha). 
· Keldin had the highest average biomass yield (12,341 kg/ha) over the three years.
· Averaged over three years, Whitebear, a hard white winter wheat, recorded the lowest grain (3,628 kg/ha), straw (3,920 kg/ha) and biomass (7,548 kg/ha) yields.
√Manitoba Winter Wheat Varieties:

· Twelve varieties were evaluated.

· AAC Gateway (7,512 kg/ha) produced the highest grain yield this year, followed by CDC Buteo (6.678 kg/ha) and Moats (6.670 kg/ha).  Highest straw (10,280 kg/ha) and biomass (~17,800 kg/ha) yields were produced by AAC Gateway, followed closely by CDC Buteo (straw 10,120 kg/ha and biomass 16,800 kg/ha).  CDC Falcon in this trial had an extremely poor winter survival this year.
· Averaged over three years, 3 top grain yielding varieties were Swainson (7,584 kg/ha), Moats (6,759 kg/ha) and AAC Gateway (6,572 kg/ha). Straw yield (9,152 kg/ha) was highest with AAC Gateway and biomass yield (16,380 kg/ha) was highest with Swainson. Straw yields of Swainson and Moats were 8,795 and 8,754 kg/ha, respectively.
√Winter Rye Varieties:

· Sixteen winter rye varieties (including 12 hybrids) were compared.

· Grain yields of Hazlet, Guttino and Brasetto were around 9 MT/ha, and at least 1 MT/ha higher than that from Prima. Among the hybrids, grain yields ranged from 8,437 kg/ha (KWS-H128) to 10,580 kg/ha (KWS-H151).
· Straw yield ranged from 7,731 kg/ha (Guttino) to 9,838 kg/ha (Prima) in standard varieties and from 7,041 kg/ha (KWS-H128) to 10,440 kg/ha (KWS-H10102).

· Biomass yields in the 16 entries ranged from 15.5 MT/ha (KWS-H128) to 20.8 MT/ha (KWS-H151).
· Four varieties and 3 hybrids were common during all the 3 years. Averaged over 3 years, Guttino (8,973 kg/ha), KWS H-119 (8,950 kg/ha) and Hazlet (8,809 kg/ha) produced higher grain yields than the rest. Straw yields were greater with Hazlet (9,300 kg/ha), Prima (9,140 kg/ha) and Guttino (8,973 kg/ha) than other varieties.
· Winter rye could be a good option for grain (feed or malt)/and straw production!  
2.1.3 Grain Legumes and Oil Seeds Varieties: 
√Flax Varieties 2014-`15: 

· Six varieties were evaluated for their production potential.
· In 2015, seed yield ranged from 2,853 kg/ha (CDC Bethune) to 3,640 kg/ha (Lightning). Straw yield with Lightning was 5,800 kg/ha. Straw (8,221 kg/ha) and total biomass (11,250 kg/ha) yields were highest with CDC Sorrel. 
· Averaged over 2014 and 2015, seed yield in all varieties was ~3,000 kg/ha or more. CDC Glas (last year’s top yielder) and Lightning recorded the highest seed yield (3,450 kg/ha) as also the highest nutrients utilization efficiency. CDC Sorrel registered the highest straw (7,712 kg/ha) and biomass (~10,700 kg/ha) yields.  
√New Flax Varieties (Brown Seeds) 2015:

· Forty four new lines were compared with 5 standard varieties.
· Seed yield in the 5 standard varieties was in the order of CDC Bethune (3,600 kg/ha) > Prairie Thunder (3,572 kg/ha) ≥ NorLin (3,314 kg/ha)/and Flanders (3,303 kg/ha) ≥ CDC Plava (3,571 kg/ha).

· In the new lines, seed yield varied from 2,057 kg/ha (HYF13039) to 4,280 kg/ha (HYF 13016).
· Overall trial mean seed yield was 3,450 kg/ha.
√New Flax Varieties (Yellow Seeds) 2015:
· Twenty new lines were compared with 5 standard varieties.
· Seed yield in the 5 varieties ranged from 2,260 kg/ha in CDC Gold to ~3,850 kg/ha in CDC Bethune and in 20 new lines from 2,325 kg/ha in FY14020 to 3,922 kg/ha in FY14010. The trial mean seed yield was 3080 kg/ha.
· Days to mature ranged from 109 (CDC Bethune) to 112 (CDC Gold) in the standard varieties and from 111 days (FY14017, FY14027 and FY14052) to 119 days (FY14004 and FY14043) in the new lines.
2.1.4 Forage Crops Varieties: 
√Alfalfa Varieties OFCC 2013:

· GS-13-06 M recorded the highest dry matter yield (4,647 kg/ha) from the two cuts. However, its yield was not significantly better than those from the other varieties (GS-13-08 SC, 55V48 and OAC Superior).
· Totaled over 2014 and 2015, GS-13-06 M recorded the highest dry matter yield (11,264 kg/ha), which was 883 kg/ha more than the dry matter yield from the second best variety GS-13-08 SC. 
√Alfalfa Varieties OFCC 2014:

· There was no significant difference in the dry matter yield of 6 alfalfa varieties from two cuts, which ranged from 5,455 kg/ha in 55Q27 to 6,069 kg/ha in 55V48.  
√Red Clover Varieties OFCC 2012 (Reseeded in 2013; second harvest year 2015):

· Highest dry matter yield was obtained from Belle (5,558 kg/ha) followed by GS-11-02 (4,682 kg/ha). 
· Totaled over 2014 and 2015, Belle gave ~1 MT/ha higher dry matter yield than GS-11-02. Dry matter yields from AC Endure (7,559 kg/ha) and Tempus; (7,997 kg/ha) were similar.

√Sainfoin Varieties 2014:
· Nova proved to be the most winter hardy among 6 sainfoin varieties and consequently produced the highest dry matter yield (5,154 kg/ha) from two cuts.

· Dry matter yield of Nova was 90 % of the alfalfa yield and it had only half as much protein as alfalfa. However, Nova had 10.3 % higher RFV than alfalfa!
· We need to try Mountainview, which is considered to be the best sainfoin variety and we may need to work on the harvest management for best quality sainfoin production.

√Tall Fescue Varieties OFCC 2014:
· Courtenay (6,020 kg/ha), and Yukon (5,801 kg/ha) had the maximum winter survival and dry matter yields from the two cuts. Winter survival and consequently the dry matter yield (2,024-3,275 kg/ha) from other 5 varieties, including Carnival the top yielder during the previous years, was poor.
√Orchardgrass Varieties OFCC 2014:

· There was significant winter kill in this trial. Dividend VL, which has done well in the previous years, produced the highest dry matter yield (4,244 kg/ha) from two cuts. Okay was the next best variety for hay production (3,530 kg/ha).   
2.2 Evaluation of Pulses:

2.2.1: Spring pulses:

√Field Pea Varieties:

· Three green, one saffron and one yellow pea varieties were compared with Sorrento (yellow) as a check. Grain yields this year were somewhat lower than previous years.

· Three top grain yielding varieties were CDC Limerick (green; 4,154 kg/ha), CDC Raezer (green; 3,866 kg/ha) and CDC Amarillo (3,538 kg/ha). 

· Sorrento (a top yielder in the previous years) had a low grain yield (2,857 kg/ha).

· Grain yield of Gold Harvest Bush Pea, a specialty pea with chestnut like flavour, was 2,826 kg/ha.
Spring peas/pulses could be an integral part of the cropping systems in northwestern Ontario!
2.2.2: Winter Pulses (peas and lentils): 

· Winter peas and lentils (seeding dates in peas/lentils and pea varieties) were winter killed.
2.3 Fertilizer Management Practices (Grain/seed crops):

2.3.1 Spring Cereals:

√Fall vs. spring application of N fertilizers (urea and ESN) for spring wheat production:

· Fall application of N, as per treatments, was made on October 1, 2014. The experiment was conceived in the late fall 2013 and the fall application of N in 2013 was made at the end of the fall (almost winter time). 
· Application of N (@ 80 kg N/ha as urea or ESN or their blends applied in fall/or spring) significantly improved the straw and grain yield and protein content. In 2015, grain yields from fall (4,512 kg/ha) or spring (4,603 kg/ha) application of urea @ 80 kg N/ha were similar. Whereas spring application of ESN @ 80 kg N/ha seemed to give lower yield (3,714 kg/ha) than its fall application (4,356 kg/ha) at the same rate of N (80 kg/ha). Grain yields from blends of urea and ESN (1:1 or 3:1 on N basis) were no better than urea alone.
· Grain protein varied from 16.6 % (urea + ESN in 3:1 proportion spring applied) to 17.8 % in urea alone applied in spring.

· Straw (5,709 kg/ha) and biomass (10,312 kg/ha) yields were highest with spring applied urea @ 80 kg N/ha. This was true for the average straw and biomass yields over the two years (2014 and 2015).
· Grain yield, averaged over 2014 and 2015, was highest (4,813 kg/ha) when urea and ESN were applied in the fall each @ 40 kg N/ha (80 kg N/ha in total). This was ~450 kg/ha higher than fall application of urea @ 80 kg N/ha and 105 kg/ha higher than the spring applied urea @ 80 kg N/ha.
· Averaged over two years ESN seemed to increase the grain protein content and the highest grain protein content (15.8 %) was obtained with spring applied ESN @ 80 kg N/ha/and a blend of urea and ESN (in 1:1 proportion on N basis) @ 80 kg N/ha.
2.3.2 Grain Legumes and Oil Seeds:

√Effect of N and liquid zinc (sprayed @ 4.5 l/ha at 50 % flowering) on canola yield:

· Increasing the rate of N application from zero to 80, and from 80 to 120 kg/ha increased the seed yield significantly. Seed yield at 120 kg N/ha was 4,755 kg/ha in 2015 and ~4,900 kg/ha when averaged over 3 years.

· On the contrary, liquid zinc spray reduced the seed yield in 2015. However, averaged over three years the seed yields were equal with or without zinc spray. 
√Effect of sources of lime and wood ash on soybean grain yield:

· Sources of lime (Garden Treat Grow Lime and Spanish River Carbonatite) and wood ash didn’t have any significant effect on soybean yield. May be because the yields were too low (1,773-1, 943 kg/ha) to express the treatment effects.
2.3.3 Forages:

Grasses:
√Effect of urea and its blends with ESN and ammonium sulphate on forage grasses mixture - Timothy (Itasca) 50 %, Bromegrass (Peak) 42.5 %, and Orchard grass (Dividend VL) 7.5 %:

· Application of N as urea @ 105 and 140 kg N/ha significantly increased the grasses dry matter yield by over 1,200 and ~2,100 kg/ha, respectively, as compared to the check (No N/or S).
· Averaged over three years (2013-‘15), application of N as urea @ 105 and 140 kg N/ha improved the grasses dry matter yield by over 1,600 and ~2,200 kg/ha, respectively, as compared to the check (No N/or S).

· Application of N @ 105 kg/ha from a blend of urea (58.25 kg N/ha), ESN (26.25 kg N/ha) and ammonium sulphate (20.5 kg N/ha) exceeded dry matter yield by urea (alone) @ 105 kg/ha by over 1,500 kg/ha and by urea (alone) @ 140 kg N/ha by 701 kg/ha. Increasing the rate of N from the blend of three N fertilizers from 105 to 140 kg/ha didn’t increase the yield further.

· Averaged over three years, highest dry matter yield was obtained with the blend of urea, ESN and ammonium sulphate @ 140 kg N/ha, which was 1,420 kg/ha higher than that with urea @ 105 kg/ha and 860 kg/ha more than that from urea @ 140 kg N/ha.
· ESN/and ammonium sulphate in the fertilizers blend didn’t improve the protein content as compared to urea at either of the N rates. However, averaged over three years, highest protein content (18 %) in the first cut was recorded with urea @ 105 kg/ha + ESN @ 35 kg/ha.
· Blends with ESN had the highest N removal by the grasses, which is a pointer to increased N use efficiency by ESN.
· Highest RFV was registered without application of N in 2015 as also in the average over three years. 
· The yield gain (1,420 kg/ha) from additional 35 kg N/ha  from the blends of the three N fertilizers (over the recommended 105 kg N/ha from urea only) will return two dollars for each dollar invested in (extra cost of N from) ammonium sulphate and ESN in the blend!
√Effect of potassium (K) and sulphur (S) on forage grasses mixture - Timothy (Itasca) 50 %, Bromegrass (Peak) 42.5 %, and Orchard grass (Dividend VL) 7.5 %:

· Without S, application of K @ 70 kg K2O/ha significantly increased the first cut and consequently the total dry matter yield as compared to no K. This treatment produced the highest dry matter yield (6,293 kg/ha). Increasing rates of K application from 70 to 140 or 210 kg K2O/ha didn`t improve the yield further.
· There was no response to application of S @ 24 kg S/ha this year.
· Averaged over two years, neither K nor S made any impact on the dry matter yield.
· A small improvement in protein content, as compared to the check (no K or S) was noticed only with K @ 140 kg K2O/ha (with or without S).
Alfalfa:

√Evaluation of NK21 as a source of N and K for alfalfa:

· NK21 was compared at two rates of N (21 and 31.5 kg/ha) and K2O (87.7 and 98.2 kg/ha) with equal amounts of N and K from ammonium sulphate supplemented with muriate of potash. In NK21 treatments, S to equal amounts of ammonium sulphate in the other treatments was applied as potassium sulphate. K levels were adjusted to equal in both the fertilizers (ammonium sulphate and NK21).
· Even though ammonium sulphate and muriate of potash combination appeared to give somewhat better yield than NK21 and potassium sulphate combinations, the yield differences fell short of the level of significance. 
· Averaged over the two rates of N and K2O application, NK21 gave 0.6 % point higher protein content than ammonium sulphate. 
· The experiment needs to be repeated for proper evaluation of NK21.
Spring and Winter Cereals:

√Comparative efficiency of urea and ESN for barley forage production:

· Application of 70 kg N/ha through urea/or ESN without supplementing part N (10 kg/ha) with ammonium sulphate didn’t significantly increase the barley forage yield; probably because of reasonably good levels of nitrate N (25 ppm) at seeding.
· Urea @ 60 kg N/ha + ammonium sulphate @ 10 kg N/ha increased forage barley dry matter yield by 1,834 kg/ha as compared to the check (No N) and by 1,125 kg/ha as compared to urea alone @ 70 kg  N/ha. Corresponding increases with ESN @ 60 kg N/ha + ammonium sulphate @ 10 kg N/ha were ~2,250 kg/ha and 1,540 kg/ha, respectively.
· Maximum forage barley dry matter yield (~7,500 kg/ha) was recorded with a blend of all the three fertilizers; urea @ 40 kg N/ha, ESN @ 20 kg N/ha and ammonium sulphate @ 10 kg N/ha. This was also true when the results were averaged over three years (2013-‘15).
· Forage protein content was highest this year with ESN @ 60 kg N/ha + ammonium sulphate @ 10 kg N/ha. However over the three years (2013-‘15), Urea @ 60 kg N/ha + ammonium sulphate @ 10 kg N/ha resulted in the highest protein content (11.6 %). 
√Nitrogen requirements of winter cereals (wheat, rye and triticale) for silage:

· Winter cereals (wheat, rye and triticale) were harvested for forage at flag leaf stage. Averaged over crops and N rates (0, 50, 100 and 150 kg/ha), replacing 25 % N from urea with ESN appeared to improve forage yields of winter wheat and triticale, but not of rye. However, comparison of individual treatments showed that only a blend of urea and ESN (3:1 on N basis) @ 100 or 150 kg N/ha produced dry matter yields of ~4,000 kg/ha or more in wheat and rye, but not in triticale. N @ 150 kg/ha proved better than 100 kg/ha only in wheat.
· Averaged over N rates, dry matter yields were in the order of wheat ≥ rye > triticale. Triticale yield was 70 % of rye yield and 68 % of wheat yield.
· Averaged over the winter cereals/and N sources, application of N increased the dry matter yield with each increment of 50 kg N/ha up to 150 kg N/ha. However, the yield increase by 150 kg N/ha over 100 kg N/ha fell short of the level of significance. 
· Unlike last year, partial substitution of urea N with N from ESN lowered the forage protein content up to 1-2 % points. The protein content increased consistently with the increase in N from 0 to 100 kg/ha and leveled off thereafter at 15.2 %. However, highest protein content (18.2 %) was recorded in triticale with N @ 100 kg/ha, followed by 16.7 % in wheat (with N at the same rate) and rye (with N @ 150 kg/ha).
· RFV was in the order of wheat = triticale (105) ≥ rye (102). 

· Averaged over three years (2013-`15), there was no significant difference between the dry matter yields of the 3 winter cereals. Replacing 25 % N from urea with ESN appeared to improve forage yields of winter wheat and triticale, but not of rye. Averaged over crops, dry matter yield registered a linear increase with increasing rates of N from 0 to 100 kg/ha and exhibited a diminishing trend thereafter. The protein content however continued to increase from 0 (13.0 %) to 150 kg N/ha (16.3 %).
· Cultivation of winter cereals will cover and protect the soils in fall/winter, help to cover risk of forage shortage in the event of winter kill of perennial forage crops and vacate the fields in time for another forage crop; such as sorghum Sudangrass, MasterGraze corn barley/oats, barley/or oats + peas mixture. Producers may wish to add winter cereals, to their cropping systems!
Silage Corn/Sorghum Sudangrass:  
√Effect of sources and rates of N on MasterGraze corn and sorghum Sudangrass: MasterGraze is a forage corn variety that produces tillers and is harvested at tasseling stage (before silking)! 
· Application of urea @ 50 kg N/ha increased the dry matter yield of MasterGraze corn to ~9,000 kg/ha from 6,112 kg/ha in the check (No N). Further increments of N up to 150 kg N/ha didn’t increase the yield further. Increasing N application from 150 to 200 kg/ha exhibited a significant decline in the yield.  Substituting 25 % of N from urea with ESN didn’t change the response pattern; except that the yields @ 150 kg N/ha (9,247 kg/ha) and @ 200 kg N/ha (9,216 kg/ha) were similar.
· Averaged over N rates, urea + ESN (3:1 on N basis) produced ~800 kg/ha more dry matter yield than urea alone.
· Application of N @ 200 kg/ha didn’t improve the sorghum Sudangrass yield over its lower rate (150 kg/ha) neither with urea nor with urea + ESN (3:1 on N basis) blend. 
· At the same rates of N, dry matter yield from MasterGraze corn (9,215 kg/ha) was lower than that from sorghum Sudangrass (10,456 kg/ha). Same was true for N removal (172 kg N/ha by corn and 270 kg N/ha by the sorghum Sudangrass).
· Protein content in sorghum Sudangrass (17.3-19.7 % in the first cut and 12.7-16.9 % in the second cut) was higher than that in MasterGraze corn (11.7 % - 14.0 %). Protein content in MasterGraze corn was highest at 200 kg N/ha (14.0 %).
· Averaged over N rates, RFV in MasterGraze corn (117) equaled that in sorghum Sudangrass (115).
· Pooled analysis of the data from this experiment for three years (2013-‘15) was also done; main findings are that (i) 150 kg N/ha was optimum for MasterGraze corn, (ii) Sorghum Sudangrass gave 500 kg/ha higher dry matter yield than corn and (iii) urea + ESN (3:1 on N basis) had ~500 kg/ha yield advantage as compared to urea alone.
2.4 Extension and Outreach:

A proactive approach to extension and outreach activities was adopted by TBARS for dissemination of Technology to the end users (farmers, extension scientists and researchers not only in northwestern Ontario, but also in the other parts of the province, and the country/other countries). There is hardly any farm magazine/journal in Ontario in which TBARS wasn’t mentioned at least once. Impact of our Extension and Outreach activities could be seen in the form of favourable changes on farms. High yields in wheat, barley and canola were especially noteworthy. Increasing number of canola growers/and acreage under canola in Thunder Bay attracted media attention. Concern for continuity of TBARS was amply expressed by the media. Demonstration plots were maintained to demonstrate high yielding varieties of different crops. For details, refer to the section on Extension and Outreach in the main report.
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