2. Summary of Research Results 2012 
2.1 Screening of crop varieties: 
2.1.1 Spring cereals:

√Specialty Wheat: 
· Sixteen varieties of different types of wheat (mostly hard red) from the east and west of Canada were compared.

· WR859CL (5,072 kg/ha), Waskada (5,002 kg/ha) and Minnedosa (4,896 kg/ha) topped in grain yield and nutrient use efficiency. Grain yield of Sable was only 4,107 kg/ha.
· CDC Bison produced the highest straw yield (~6,600 kg/ha) and Waskada produced the greatest biomass (over 11,000 kg/ha).
· Grain protein content ranged from 17.1 % in Minnedosa to 18.9 % in Cardale. Varieties that had 18 % or more protein content in their grains were Sable, Shaw, Muchmore, WR859CL, Stettler, Cardale and BW90.
√Older Wheats: 
· It was a single replication demonstration that compared older wheat varieties (Pembino, Saunders, Thatcher, Marquis, AC Michael, Red Fife and Kamut) with Sable. 
· Under conventional farming, Red Fife (3,908 kg/ha) and Thatcher (3,842 kg/ha) equaled Sable (~4,000 kg/ha) in grain yield. Highest straw (6,223 kg/ha) and biomass yields (10,131 kg/ha) were recorded in Red Fife.
· Under organic farming system, no variety equaled Sable in grain, straw or biomass yield.

√Durum wheat:
· Ontario’s Hallmark (3,371 kg grains/ha), was no better than western CDC Verona (3,325 kg/ha) and Enterprise (3,248 kg/ha), which had 2.4-2.5 % point higher grain protein content (than Hallmark). Grain yield of Sable (check) was 3,175 kg/ha.
· CDC Verona recorded the highest straw (5,857 kg/ha) and biomass yields (9,182 kg/ha).

√Ontario Wheat Varieties: 
· In grain yield, AW687 (4,382 kg/ha), Major (4,381 kg/ha), Tokson (4,209 kg/ha), and Griffon (4,111 kg/ha) were the three top yielding varieties amongst the 29 wheat entries. Grain yield from Sable was only 3,740 kg/ha. It appears that Sable didn’t like the excessive heat towards maturity! Griffon Had the highest grain protein content (20.1 %).
· Major had a top rank in straw (7,879 kg/ha) and biomass (12,260 kg/ha) production.
√US HRS Wheat Varieties:

· There was no significant difference in grain yield of four varieties tested; though Prosper (3,951 kg/ha) and WR859CL (3,804 kg/ha) gave higher grain yield than Barlow/Sable (3,430/3,422 kg/ha). Yields weren’t too bad despite late seeding on June 5, 2012!

· It appears that Sable couldn’t tolerate excessive heat as well as WR859CL and Prosper.
· Prosper gave the highest straw (~6,000 kg/ha) and biomass yields (9,925 kg/ha).

· Grain protein content in WR859CL was 16 % and 20-21 % in other varieties.
√Ontario Barley Varieties: 
· Thirty four barley varieties/lines were evaluated. 
· Amberly (5,128 kg/ha), Synasolis (3,390 kg/ha) and Synabelle (2,097 kg/ha) produced the highest grain yields. Last year’s top yielding varieties (Encore, Oceanik and Cyane) didn’t do well this year (lack of excessive heat tolerance?). Grain yield of Cyane this year was only 2,808 kg/ha.

· Synabelle (4,079 kg/ha)/and Amberly (4,078 kg/ha) recorded the highest straw yield.  Amberly produced the highest biomass yields (8,009 kg/ha).
√Specialty Barley:
· In the grain yield, HB 122, a new hulless barley, out yielded Millhouse, earlier hulless barley, by ~1,700 kg/ha. 

· CDC Austenson (3,334 kg/ha), CDC Troy (3,113 kg/ha) and Quest (2,891 kg/ha) were the three top grain yielding varieties. 

· CDC Austenson produced the highest straw (6,148 kg/ha) and biomass (9,482 kg/ha) yields. 
· Millhouse had the highest grain protein content (16.1 %) followed by HB122 (15.0 %).
√Barley Demonstration:

· AC Klinck (~3,800 kg/ha) and Chapais (~3,700 kg/ha) appeared to beat Cyane (3,474 kg/ha), Brucefield (3,258 kg/ha) and Binscarth (2,431 kg/ha) in grain yield.

· Binscarth gave the highest straw (4,750 kg/ha) and Cyane the highest biomass yield (~8,200 kg/ha).
√Barley Varieties for Silage and Grain: 
· Four six row and eight two row barley varieties from the east and the west of Canada were compared with a new forage oats variety (CDC Haymaker).
· CDC Haymaker produced the greatest forage dry matter yield (5,203 kg/ha). Amongst 6 row barley varieties, Oceanic (3,200 kg/ha) and Encore (~3,000 kg/ha) gave higher forage dry matter yields than Cyane and Sundre (2,415 kg/ha in both).
· In the 2 row barley varieties, highest forage dry matter yield was registered by Major (3,900 kg/ha) followed by CDC Maverick (3,573 kg/ha). Conlon, which could do well in a cool year, gave the lowest forage dry matter yield (2,112 kg/ha). 
· Forage feed quality of CDC Maverick was comparable with CDC Coalition except for the low protein content in CDC Maverick.
· Highest grain yield (3,450 kg/ha) too was obtained with CDC Haymaker. The next best varieties, Oceanic-6 row barley (2,272 kg/ha) and TR 06294-2 row barley (2,288 kg/ha) gave only ~two-third of the grain yield from CDC Haymaker.
· Straw (5,004 kg/ha) and biomass (8,454 kg/ha) yields were highest with CDC Haymaker!

· Grain protein content ranged from 10.1 % in TR 06294 to 13 % in Norman; 10.6 % in CDC Haymaker.
· It may be advisable that our producers add CDC Haymaker to their forage/and feed production systems!
√Ontario Oat Varieties: 
· Twenty five varieties/biotypes of oats were compared with each other.

· Amongst registered varieties, highest grain yields were obtained with Avatar (3,538 kg/ha), Nice (3,526 kg/ha) and Dieter (3,130 kg/ha). 

· Idaho (hulless) produced 8.8 % higher grain yield than Navaro, another hulless variety.
· Nice recorded the highest straw (5,866 kg/ha) and biomass yields (9,392 kg/ha). 

√Western Oat varieties: 
· Grain yields from AC Rigodon (3,985 kg/ha), AC Jordan (3,881 kg/ha) and Summit (3,664 kg/ha) were statistically similar and higher than other varieties. Last year too, Summit was one of the three top yielding varieties.
· Straw yield (4,500 kg/ha) was highest with Bradley and biomass yield (8,157 kg/ha) was highest with AC Jordan.

·  Two hulless varieties, Gehl and Navaro, had similar grain yields. However, Navaro gave higher straw and biomass yields than Gehl.
· Grain protein content in two hulless oat varieties (Navaro-16.6 % and Gehl-18.8 %) was higher as compared to the other varieties (12.3-16.5 %).

√Triticale Varieties: 

· Grain yields were in the order of Bumper (4,035 kg/ha) ≥ Taza (3,982 kg/ha) > T-200 (3,634 kg/ha). 
· Taza had the highest grain protein content (15.9 %) and straw (5,123 kg/ha) and biomass yields (9,105 kg/ha).
2.1.2 Winter cereals:

√Ontario Winter Wheat Varieties:

· Keldin (4,888 kg/ha) and Priesley (4,853 kg/ha) produced the highest grain yield, CDC Falcon the highest straw yield (8,201 kg/ha) and Priesley the highest biomass yield (12,959 kg/ha). Whitebear, a new hard white wheat variety, had the lowest grain yield (3,276 kg/ha), but the highest grain protein content (16.6 %).

· Grain protein content in all varieties was above an acceptable level.
√Manitoba Winter Wheat Varieties:
· Thirteen varieties were evaluated.

· Amongst the registered varieties, Peregrine recorded the highest grain (4,669 kg/ha; 1425 kg/ha higher than CDC Falcon), straw (~9,500 kg/ha) and biomass (14,160 kg/ha) yields.

· Grain protein content ranged from 14.5 % in Peregrine to 17.3 % in CDC Falcon.
√Winter Cereals for Silage and Grain:

· Forage dry matter yields were in the order of Common # 1 rye (9,595 kg/ha) ≥ Luoma triticale (9,395 kg/ha) > CDC Falcon wheat (8,688 kg/ha) > CDC Buteo wheat (7,844 kg/ha) > Cyane spring barley (~5,200 kg/ha) > McGregor winter barley (4,231 kg/ha).
· Forage obtained from winter barley seeded on September 5 and winter rye seeded on September 25 had higher Relative Feed Value (RFV; 144 and 119 respectively) than forage from spring barley (103) seeded on May 5, whereas forage from winter triticale seeded on September 25 had as much RFV as the spring barley. Why not grow winter cereals for forage then?
· Grain yields were in the order of Luoma triticale (4,485 kg/ha) ≥ Common # 1 rye (4,280 kg/ha) ≥ CDC Falcon wheat (3,914 kg/ha) ≥ CDC Buteo wheat (3,767 kg/ha) > Cyane spring barley (2,957) ≥ McGregor winter barley (2,626 kg/ha).

· Grain protein content in triticale (14.4 %)/or rye (13.8 %) was equal/or higher than wheat (13.1-13.6 %)/or barley (13.8).

· Luoma triticale produced the highest straw (10,555 kg/ha) and biomass (14,835 kg/ha) yields. Producers may wish to add Luoma triticale to their cropping systems!
√2.1.3 Soybean/Camelina Varieties: 
√Soybean Varieties: 
· Nineteen RR soybean varieties were evaluated. Grain yields were highest with TH32004R2Y (4,794 kg/ha), SC2375R2 (4,540 kg/ha), and HX007RY32 (4,476 kg/ha).
√Camelina Varieties:

· Fifteen varieties of camelina were evaluated, but the seed yield was too low (134-289 kg/ha), most likely due to ‘Yellow Ester’, to make any meaningful comparison. 
√2.1.4 Forage Crops Varieties: 
√Alfalfa Varieties and Cutting Management:
· In OFCC 2010 seeded Alfalfa variety trial (3 cuts), CLF 1001 (8,843 kg/ha), 54Q32 (8,614 kg/ha), and SF 2101 (8,440 kg/ha), were the three top (high) yielding varieties. 
· In an experiment on cutting management in 32 alfalfa varieties, WL 343HQ (6,278 kg/ha), Approved (6,230 kg/ha), Valiant (6,161 kg/ha) and QS4010 (6,115 kg/ha), were the best varieties for two cuts. For three cuts, QS44031 (8,141 kg/ha), Survivor (8, 082 kg/ha), Supernova (7,997 kg/ha), and 54Q32 (7,819 kg/ha) were the best in 2012. 
· In another experiment, out of four varieties tested, 55V50 had the highest yield both under two (~4,000 kg/ha) and three cut (6,237 kg/ha) managements!

√Late Timothy Varieties: 
· Express (6,704 kg/ha), Itasca (5,936 kg/ha)/and Normax (5,928 kg/ha) were the three top yielding varieties out of ten varieties tested.

2.2 Evaluation of Pulses:

2.2.1: Spring pulses:
√Chickpeas: 

· With a trial mean grain yield of 5,153 kg/ha from 6 varieties, chickpeas did exceptionally well and showed good potential as a new crop for our producers!

· Orion (6,006 kg/ha) and Luna (5,727 kg/ha) were the two top yielding Kabuli varieties.

· Grain yield from two Desi chickpea varieties (Vanguard-5,175 kg/ha and Corinne-4,975 kg/ha) was similar.

· Grain protein content in all varieties except Vanguard was more than 16 %.

√Lentils:

· Five lentil varieties were tested for their production potential.

· Grain yield ranged from 2,503 kg/ha (Plato) to 4,165 kg/ha (Viceroy); with a trial mean yield of 3,344 kg/ha, which is a very good yield for lentils.

· Rosetown (3,767 kg grains/ha) and Meteor (3,543 kg grains/ha) too did well.

· Grain protein content ranged from 27 % (Plato) to 32 % (Viceroy); with a trial mean grain protein content of 29 %. 
· Lentils offer a protein rich alternate food to vegetarians!

√Field peas:

· Eleven field pea varieties were tested for their production potential.

· Sorrento (4,168 kg/ha), CDC Patrick (3,884 kg/ha), and CDC Meadow (3,830 kg/ha) topped in grain yield; trial mean grain yield was 3,436 kg/ha.

· Except Fushion, grain protein content ranged from 20 % (CDC Truesure) to 25.7 % (CDC Tucker); with a trial mean grain protein content of 21.7 %.

√Edible beans: 

· Grain yield ranged from 2,627 kg/ha in Portage to ~4,200 kg/ha in Pintoba (with highest grain protein content of 21.8 %). Last year too, Pintoba had recorded highest grain protein content!

· No other variety was even near Pintoba in grain yield.

Pulses could be an integral part of the cropping systems in northwestern Ontario!!
√2.2.1: Winter Pulses (peas and lentils): 

Three experiments on winter pulses (seeding dates in peas and lentils and pea varieties) were severely damaged by geese. We were caught unaware, because geese damage in winter pulses never happened before.
2.3 Introduction of New Cover Crops:

√Cover crops in/after spring wheat for grains:

· Wheat @ 75 % population with co seeding of winter rye @ 85 % population gave only ~ 50 % of the grain yield as compared to the crop seeded at normal population without winter rye.

· Crops seeded after wheat didn’t make any significant growth due to limited moisture and excessive heat.
· Effect of these cover crops will be studied next year most likely on sorghum Sudangrass.
√Cover crops in/after spring barley for silage:

· Barley @ 75 % population with co seeding of winter rye @ 85 % population gave 84 % of the forage dry matter yield as compared to the crop seeded at normal population without winter rye (5,135 kg/ha).

· Protein content was similar, but RFV was higher with co seeding of barley and winter rye (120) than with barley alone at normal population (112).
· Forage pea (2.4 % N) and buckwheat seeded after harvesting barley produced 1,435 and 3,094 kg dry matter/ha. This amounted to 34 kg N addition by peas.
· Other cover crops, including tillage reddish and turnips didn’t make any significant above ground growth and were therefore not harvested.

√Interseeding cover crops in spring wheat (Collaborative trial with University of Manitoba):

· Cover crops mixture interseeded in spring wheat at different times included ground hog reddish (2.24 kg/ha), purple top turnip (2.24 kg/ha), black lentil (11.21 kg/ha), and red clover (2.24 kg/ha)

· Cover crops didn’t make enough growth for recording dry matter accumulated by them, and therefore the cover crops didn’t affect wheat grain yield significantly.
√Optimizing population for spring barley + winter wheat for silage; seeded in spring 2012:

· In Set 1, seeded on may 23, highest forage dry matter yield (3,437 kg/ha) was obtained by co seeding spring barley at 70 % and winter wheat at 80 % of the recommended seed rate. The crops combination was only marginally better than sole barley (3,338 kg/ha), which had the highest protein content (17.3 %; 1.5 % point higher than the best crops combination).
· RFV was highest (176; 17-59 more than the spring barley + winter wheat combinations) with spring barley seeded alone at 100 % recommended seed rate.
· In Set 2, seeded late on June 26, barley seeded alone at 100 % recommended seed rate, recorded the highest forage dry matter yield (7,870 kg/ha). The yield from the best spring barley + winter wheat (75 %:75 % seed rate) combination was only ~5,700 kg/ha. 
· Forage protein content was highest (17 %) with co seeding of spring barley (75 % seed rate) and winter wheat (85 % seed rate), which was 3.2 % point higher than sole barley at 100 % seed rate.
· RFV was highest (120) with winter wheat at 90 % seed rate and spring barley at 60 % seed rate; RFV with sole barley was 110.
√Relay cropping (under seeding) of winter wheat in soybean:

· Grain yield (4,491 kg/ha) with under seeding winter wheat in soybean, when lower couple of leaves turned yellow, produced 84.3 % of the grain yield obtained by seeding winter wheat on the same date in soybean plots after harvesting the immature crop.

· Increasing seed rate of under seeded winter wheat didn’t help in increasing the grain yield. Relay cropping of soybean-winter wheat could act as a cover crop and save time, energy, and cost of land preparation (for seeding).

Winter wheat co seeded with barley/or under seeded in soybean, after barley/soybean harvest could serve as a good cover crop and could be left for fall grazing/or for forage/grain production in the next spring.

2.4 Fertilizer Management Practices:
2.4.1 Spring Cereals:

√Comparative performance of urea and polymer coated urea (ESN) @ 40, 80 and 120 kg N/ha in spring wheat; urea broadcast at seeding and ESN drilled with the seed: 
· Application of N either as urea or ESN significantly increased the grain, straw and biomass yields as compared to the check (No N), though increasing the rate of N from 80 to 120 kg/ha didn’t bring any significant improvement in the yields.

· Grain, straw and biomass yields were similar with the two fertilizers. However, urea resulted in 2.2 % point higher grain protein content as compared to ESN. 

· Higher rates of N (80 and 120 kg N/ha) lowered the grain protein content as compared to its lower rate (40 kg N/ha).

· N removal (grain, straw and total) was higher with urea than with ESN. Consequently, residual N after crop harvest was 28 kg/ha (83 % in 0-60 cm soil) more with ESN as compared to urea. This could be utilized by the proceeding crop (s) in rotation.

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

· Application of 70 kg N/ha through urea/or ESN with or without supplementing part N (10 kg/ha) with ammonium sulphate increased the barley grain yield as compared to no N.

· Maximum grain (2,028 kg/ha), straw (2,844 kg/ha) and biomass (4,872 kg/ha) yields were recorded with 60 kg N/ha from urea and 10 kg N/ha from ammonium sulphate.

· However, the yields were too low to make a critical appraisal of the fertilizers/nutrients.

· Application of N @ 70 kg/ha increased the forage dry matter yield more than the grain yield. Forage dry matter yield (3,883) with ESN alone equaled that with 60 kg N/ha from urea supplemented with 10 kg N/ha from ammonium sulphate (~3,800 kg/ha).

· Highest forage dry matter yield (4,222 kg/ha) and crude protein content (13 %) was, however, obtained with 40 kg N/ha from urea, 20 kg N/ha from ESN and 10 kg N/ha from ammonium sulphate. 

· RFV was highest (161) with ESN @ 60 kg N/ha plus ammonium sulphate @ 10 kg N/ha.

√Effect of nitrogen, fungicides and growth regulators on wheat: 

· Application of N @ 90 kg/ha increased the grain yield by ~800 kg/ha, straw yield by 700 kg/ha and biomass yield by ~1,500 kg/ha as compared to the check (No N). Increasing the rate of N application to 120 or 150 kg/ha didn’t improve the yields further.

· Fungicides (Stratego, Quilt, Prosaro and Cramba) or growth regulators (Cycocel and Ethrel) had no significant effect on grain, straw or biomass yields.

√Effect of nitrogen, fungicides and growth regulators on barley: 
· Application of N @ 70 kg/ha improved the grain, straw and biomass yields. However, increasing N application rates above 70 kg N/ha, to 100/or 130 kg/ha, didn’t significantly increase the grain, straw and biomass yields further. 

· Fungicides (Stratego + Prosaro and Headline)/or growth inhibitors (Cycocel and Ethrel) didn’t significantly increase barley grain, straw or biomass yields.

√Effect of nitrogen, fungicides and growth regulators on oats: 
· Application of N @ 50 kg/ha improved the grain, straw and biomass yields as compared to no N application. However, increasing rates of N from 50 to 80/or 110 kg N/ha didn’t bring any additional yield advantage. 

· Fungicides (Headline/or Headline + Stratego)/and growth regulators (Cycocel and Ethrel) sprays didn’t help in increasing grain yields significantly.

√Response of organic and conventional wheat varieties to phosphorus (P) application:

· Application of P2O5 @ 20 kg/ha didn’t increase grain, straw or total biomass yields in Unity VB (a midge resistant variety), decreased grain, straw and total biomass yields of Kamut (an ancient wheat variety), and lowered grain yield, but not the straw or biomass yields of Spelt.

· Red Fife and Goodeve benefited significantly from application of P in terms of grain, straw/and biomass yields. Such a benefit in Stettler was only marginal.

· Maximum grain (nearly 4,000 kg/ha), straw (over 4,800 kg/ha) and biomass (~8,750 kg/ha) yields were registered by Unity VB.

· Averaged over all varieties, application of P appeared to lower K content, and increase iron content in the grains.

√Fertilizer requirements of winter wheat + spring barley (75 %:75% population) seeded in spring 2011-winter wheat forage production 2012 and total production from the system (2011 & 2012):

· The crop mixture was seeded in 2011 with different fertilizer combinations. Spring barley was harvested last year and winter wheat in 2012.

· Highest forage dry matter yield (6,261 kg/ha; 12.6 % higher than the normal NPK rates) was obtained with normal N (70 kg N/ha) and 1.5 times normal P and K rates of application (amounting to 30 kg P2O5 and 30 kg K2O/ha). 

· Check plots (barley after barley; normal seed rate/and NPK rates) yielded only 2,726 kg forage dry matter yield/ha.

· Protein content was highest (12.3) with 1.5 times normal NPK and the RFV was highest (117) with normal N and 1.25 times normal PK.

· Highest total forage dry matter yields (2011 + 2012) from barley and winter wheat (11,312 kg/ha) was recorded with normal NPK rates to barley and normal N, but no PK application to winter wheat. Growing the two crops together could save cost on P and K!
√Fertilizers requirements of spring barley + winter wheat seeded together in spring 2012; each @ 75 % of the recommended seed rate:

· In Set 1, seeded on May 23, higher yields appeared to be registered by normal N and 1.25 times PK (4,014 kg/ha) or 1.25 times N and normal PK (3,943 kg/ha; highest RFV of 112) or 1.25 times N and 1.5 times PK (4,019 kg/ha) than the other fertilizer combinations (3,067-3,609 kg/ha).
· Highest protein content of 15 % was obtained with 1.25 times normal NPK rates.
· In Set 2, seeded on June 25, incremental fertilizer rates (N/or PK) improved the forage dry matter yield of the crops combination; higher yields were recorded with 1.25 times normal N and 1.5 times normal NPK rates (5,001 kg/ha; highest protein content of 15 %)/ or with 1.5 times normal NPK rates (5,107 kg/ha) than the other nutrient combinations. The dry matter yield with sole barley @ 100 % seed rate (5,473 kg/ha) was not significantly better than the two crops’ combinations.
· RFV peaked (137) at 1.25 times N with normal PK rates.
2.4.2 Winter Wheat:

√Effect of sources and methods of N application on winter wheat:

· Application of N @ 120 kg/ha significantly improved the grain, straw and biomass yields of winter wheat as compared to the check (no N).

· None of the treatments gave higher grain, straw or biomass yields than the treatment of applying urea @ 10 kg N/ha at seeding and 110 kg N/ha in early spring.

· Grain yield from ESN, broadcast at seeding, @ 120 kg N/ha (4,417 kg/ha) was not significantly lower than that from urea @ 120 kg N/ha applied in two splits at seeding and in early spring (4,662 kg/ha). 

· Drilling of N with the seed/or its band application at seeding appeared to lower yields as compared to broadcast application of N at seeding; most likely because, the pre seeding N test indicated high soil N (28 ppm = 112 kg N/ha). However, side banding or drilling of N with the seed at seeding improved the grain protein content by ~1 % point as compared to its broadcast application, especially with combinations of ESN and urea.

√Comparative performance of urea, ESN and their blends on winter wheat:

· Grain yield from urea applied @ 120 kg/ha at seeding was only ~85 % of the grain yield from ESN applied at the same time/and rate of N (4,220 kg/ha). ESN thus applied, out yielded OMAFRA recommended practice of applying 10 kg N/ha at seeding and 110 kg N/ha in early spring by ~36 %!
· None of the blends of urea and ESN gave higher grain yield than ESN alone.

· Grain protein content (14.4 %) and N removal by grains (97 kg N/ha) was also highest with ESN applied at seeding @ 120 kg N/ha.
√Response of winter wheat and winter barley to sulphur (S):

· Grain yield from winter wheat (3,563 kg/ha) was significantly higher than that from winter barley (1,903 kg/ha; poor stand in a couple of replications).

· Neither winter wheat nor winter barley responded to S application.

2.4.3 Grain Legumes and Oil Seeds:
√Maximizing economic yield in soybean:

· Seed treatment with Vitaflow 280/or Rhizobium inoculant, application of N, S and B or P and K at rates higher than recommended or fungicide (Stratego) spray, did not increase soybean grain yield as compared to the check treatment (only application of P and K at recommended rates).
√Lime and Wood ash (soybean after 3 harvest years of alfalfa-3 years barley-soybean): 
· Lime/and wood ash were applied in spring 2004 (seeding year) and in fall 2006, 2008 and 2010 in the ‘after every two years’ frequency of application treatments. In fall 2008, wood ash/and lime were applied in the ‘after every four years’ frequency of application treatments as well. Treatments with lime/and wood ash ‘after every six years’ received first application of the amendments in fall 2010. Soybean was the test crop in 2012.

· Wood ash/or wood ash + lime after every six years produced the highest grain yield (~3,200 kg/ha). Though this treatment was not better than wood ash application after every 2 or 4 years in terms of grain yield (3,213 or 3,139 kg/ha) or grain protein content. 

· Averaged over frequencies of application of lime and wood ash, wood ash gave higher grain yield, but not higher grain protein content than lime.

· Mid season soil analysis indicated that both lime and wood ash brought the soil pH to near neutral; availability of K, Mg, Zn and Mn was more with wood ash than that with lime. Reverse was true for soil Ca.

√Manure, wood ash and fertilizer nutrients (3 harvest years of alfalfa-3 years’ barley-soybean): 
· Solid dairy manure was applied in the springs of 2004 and 2007, and falls 2008 and 2010; wood ash was applied in spring 2004 and in falls of 2006, 2008 and 2010, whereas fertilizer nutrients were applied every year. 

· Both manure and wood ash increased soybean grain yield by ~800 kg/ha and ~500 kg/ha, respectively. 
· Maximum grain yield (4,004 kg/ha; ~1,100 kg/ha higher than the check) was obtained with the combined application of manure and wood ash. 
· N + P, but not N alone significantly improved the soybean grain yield. Addition of K and S, and not K alone to N + P further increased the grain yield significantly.

· At the highest grain yield, soybean removed 242 kg N/ha from the soil.

· Grain protein content appeared to be unaffected by the manure, wood ash or fertilizer nutrients.

· Mid season soil tests revealed that the availability of K, S and Na was more with manure than that with wood ash. The reverse was true for soil pH, organic matter (1.6 % point higher than the check!) and available Ca, P, Mn and B. 
· Application of fertilizer nutrients (N, P, K and S) increased availability of almost all nutrients except iron and boron.
√Seed placement of P and sulphur (S) forms and rates in spring canola: 
· Application of S alone @ 9 kg/ha, without P, increased the canola seed yield by >1,200 kg/ha. Addition of P2O5 @ 40 kg/ha as coated MAP, but not @ 20 kg/ha, along with 9 kg S/ha resulted in some increase in seed yield (by ~300 kg/ha).
· Increasing the rate of S application from 9 to 18 kg S/ha didn’t add to the seed yield.
· Rapid release sulphur and Microessentials proved to be inferior sources of S as compared to ammonium sulphate.
· Coated MAP had no yield advantage over conventional MAP.
√Preceding crops (canola, flax and wheat) yields (first year; direct effect):

· Grain/or seed yields were in the order of wheat (3,467 kg/ha) > flax (1,155 kg/ha) > canola (1,037 kg/ha). 
· Wheat produced the highest straw (~3,500 kg/ha) and biomass (~7,000 kg/ha) yields.
√Effect of preceding crops (canola, flax and wheat) on N and S response to canola (2nd year):

· Canola seed yields after canola were the lowest (1163 kg/ha); 1,963 kg/ha after flax and 2,017 kg/ha after spring wheat.

· Application of N without S didn’t increase canola seed yield; it had a rather depressing effect on the seed yield at rates higher than 50 kg N/ha (without S). In fact, without S, canola after canola didn’t respond to N application at all.

· Highest canola seed yield (2,415 kg/ha) was obtained when both N and S were applied at the highest rates (150 kg N/ha and 30 kg S/ha).

· Increasing rate of S application from 15 to 30 kg/ha improved the canola seed yield. The margin of response to S was highest in canola after flax (up to ~700 kg/ha).

2.4.4 Forages:

Alfalfa:

√Fertilizing for persistence and maximum yield of alfalfa:

· The trial was infested badly with plant hoppers and hence the yield was poor as compared to the previous years (trial mean 3,634 kg/ha), despite protective measures.

· Without manure or wood ash, maximum dry matter yield (3,834 kg/ha) was obtained with combined application of N, P, K, S, B and Zn.

· With manure/or wood ash the yield went up marginally to/or above 4,000 kg/ha.

· Deduction of nutrients supplied by wood ash from the fertilizer nutrients tended to reduce the dry matter yield. No such effect was noticed with manure.

· First or second cut protein content didn’t seem to be affected by the nutrient treatments, though nutrients from commercial fertilizers without manure/wood ash gave higher protein content than with manure/wood ash.

· Highest RFV values (155 in the first and 215 in the second cut) were recorded in the treatments including S, Zn, and B. 
√Optimizing rates and timing of ammonium sulphate application in older stands of alfalfa:

· Application of ammonium sulphate @ 150 kg/ha (=36 kg S/ha) in early spring gave the maximum dry matter yield of alfalfa (4,560 kg/ha). The dry matter yield with the same amount of S applied as ammonium sulphate in two splits (100 kg/ha in early spring and 50 kg/ha after first cut; 3,655 kg/ha) or as potassium sulphate @ 36 kg S/ha half applied after first cut/fall and half applied in early spring (3,380 kg/ha) was significantly lower than 36 kg S/ha all applied in early spring as ammonium sulphate @ 150 kg/ha in early spring.

· Protein content in both the cuts (23 % in each cut) was highest with application of potassium sulphate @ 18 kg S/ha in the fall and @ 18 kg S/ha in the spring. 

· RFV both in the first (184) and the second cut (182), too was highest with potassium sulphate.  

Grasses:
√Residual effect of urea and ammonium sulphate blends in timothy (only one cut could be taken): 

· In the past 4 years, urea, ammonium sulphate and their blends were evaluated for yield and quality of timothy. This year, except the check (no N), urea @ 105 kg N/ha was applied to all treatments; thus yield difference in N treatments this year could be due to S applied in the previous years.

· Timothy dry matter yield (5,050 kg/ha) was highest with urea (alone), but protein content (13.7 %) and N removal (99 kg/ha) was highest where urea @ 84 kg N/ha + ammonium sulphate @ 21 kg N/ha was applied in the previous years.

· N use efficiency was 73 % with urea without any ammonium sulphate and 94 % if part N was used as ammonium sulphate (in the previous years).
√Fall vs. spring application of N to grasses (timothy and bromegrass): 
· Application of N significantly increased dry matter yield of bromegrass and timothy; bromegrass gave ~1,300 kg/ha more yield than timothy in two cuts. First cut yield was 64 % and 68 % of the total yield in bromegrass and timothy, respectively.
· This is the first year (out of 4 years) when spring applied urea @ 70 kg N/ha (supplemented with urea @ 35 kg N/ha) after the first cut produced higher dry matter yield (5,560 kg/ha) of bromegrass and timothy than the fall (September 25) applied ESN @ 105 kg/ha (4,686 kg/ha) or urea @ 70 kg N/ha (supplemented with urea @ 35 kg N/ha) after the first cut (4,320 kg/ha). This year snow was gone by mid March and N in spring could be applied early on April 5.

· Timothy had 1 % point higher protein content than bromegrass in the first cut, but in the second cut, protein content was the same (11 %) in both the grasses.

· Bromegrass removed 20 kg more N/ha than timothy.
· In the first cut, fall (September 25) applied ESN @ 105 kg/ha resulted in the same protein content (13 %) as the spring applied urea @ 70 kg N/ha (supplemented with urea @ 35 kg N/ha) after the first cut, but gave 3 % point higher protein content than urea @ 70 kg N/ha (supplemented with urea @ 35 kg N/ha after the first cut).

· In the second cut, fall (September 25) applied ESN @ 105 kg/ha gave 1-2 % point higher protein content than the spring or fall applied urea @ 70 kg N/ha (supplemented with urea @ 35 kg N/ha after the first cut). 

· RFV was highest (118) without N. Amongst N treatments, fall (September 25) applied ESN @ 105 kg/ha exhibited the highest RFV (104).

· Soil mineral N content in early spring was higher in bromegrass plots than in timothy plots and also higher with urea than with ESN. 

Application of entire N to perennial forage grasses from ESN in the fall could save one operation and widen the window of N application with extra protein content as a bonus! 
√Silage Corn/Spring Cereal Forages:  
√Evaluation of ESN, urea and their blends (all @ 150 kg N/ha) for silage corn:   
· Dry matter yield of corn for silage was highest (23,041 kg/ha) with ESN; ~4,000 kg/ha higher than that from urea. 

· Blends of ESN with urea didn’t help in increasing the corn dry matter yield as compared to urea alone. 

· Protein content wasn’t affected by the treatments, though RFV was highest (154) with the blend of urea and ESN @ 37.5 kg N/ha and 112.5 kg N/ha, respectively.
√Effect of ESN, urea and their blends (150 kg N/ha) applied to corn in 2011 on forage oats (2012):

· Residual effect of ESN, urea and their blends applied to corn on dry matter yield or feed quality of forage oats was not significant.

· Application of N @ 35 kg N/ha increased the forage dry matter yield of oats significantly (by ~500 kg/ha) and protein content by 1 % point. Increasing the rate of N application from 35 to 70 or 105 kg N/ha resulted in a diminishing trend in the dry matter yield.

· RFV and mineral content of forage oats peaked at 35 kg N/ha.

√Effect of N fertilizers (ESN, urea and ammonium sulphate) and their blends (@ 120 kg N/ha) applied to winter wheat in 2010-‘11 on forage oats (2012):

· There was a considerable residual effect of N fertilizers/or their blends on dry matter yield of forage oats (440-1252 kg/ha).

· However, significant residual effect was recorded only with urea and ESN applied together each @ 60 kg N/ha. 

√2.5 Other Experiments:

Efficient Cropping Systems: 
· An experiment with 10 potential cropping systems, including forage and grain legumes, other forages and cereals, spread over 10 years, was initiated during 2004 with alfalfa as the first crop. Alfalfa crop cycle ended in 2007 and it followed different crops thereafter. 
· Barley for silage was the test crop in 2012 in all treatments. Barley forage dry matter was higher with rotations that included corn for silage/or soybean for grain production than other crops (primarily spring cereals). 

· Feed quality and nutrient removal appeared to be better with corn for silage and soybean in the rotation than with other crops; see details in the main (data) section of the report. 
√Tillage in soybean (after Oat-Barley-Soybean-Barley-Soybean-Barley-Soybean-Barley):  

· Lowest soybean grain yield (~2,500 kg/ha) was obtained with the conventional (fall plowing, spring disking and cultivation) and the highest grain yield with zero tillage/or two disking in the fall and cultivation in spring/or fall ridging and disking and cultivation in spring (~2,900 kg/ha).

· Amongst tillage treatments, lowest time (3.9 hours/ha) and fuel consumption (11.8 l/ha) was with a disking in fall and one cultivation in the spring. Time and fuel consumption with two disking and one cultivation in spring was 10.1 hours/ha and 24.3 l/ha, respectively. In large fields it could be much less; especially the time.
√Alternate Forages: 

√Winter rye seeded in spring 2011: 

· Winter rye (Common # 1) gave 6,633 kg/ha forage dry matter yield with 5.4 % protein and a RFV of 88. 

· The grain straw and biomass yields from winter rye were 3,505, 7,202 and 10,708 kg/ha, respectively.

√Optimizing population for spring barley + winter wheat seeded together in spring 2011; winter wheat forage yield (2012):

· Highest winter wheat forage dry matter yield (4,723 kg/ha) was obtained by co seeding spring barley and winter wheat each @ 75 % of recommended seed rate. Though, this was only 70.6 % of the dry matter yield of sole barley seeded at the recommended rate.

· Increasing the winter wheat seed rate from 75 to 85/or 90 % in the crops mixture, didn’t improve the forage protein content significantly; though protein content in wheat (9.6-10.1 %) appeared to be more than that in barley (9.6 %). 

· RFV was highest (115) with spring barley at 75 % seed rate and winter wheat at 85 % seed rate. RFV of sole barley at 100 % seed rate was somewhat lower (107).

· The total forage dry matter yield from the system (2011 + 2012) was highest (11,420 kg/ha) when winter wheat was seeded at 85 % and spring barley at 75 % of the recommended seed rate.
√Sorghum Sudangrass:

· Sorghum Sudangrass seeded on June 8 produced 8,133 kg dry matter yield/ha (60 % in the first cut and 40 % in the second cut) with a protein content of 18 % in the first cut and 17 % in the second cut. Cows would love to eat such a forage!
√Berseem clover, oats and teff: 
· This wasn’t a good yield for teff or berseem clover. Teff didn’t even emerge after seeding! Forage dry matter yield from berseem (3,178 kg/ha) was only about half of that from oat (~6,200 kg/ha). 
· Oat and berseem mixtures didn’t produce higher forage yield than oat alone (unlike previous years). However, berseem/or berseem + oat mixture @ 50 % oats gave 1 % point higher protein than the oats alone. 
· Highest RFV (133) was recorded in pure stands of berseem!   

· May 10 seeding gave higher yield of both berseem and oats than May 20 seeding.
√Comparative Performance of Annual and Perennial Forage Legumes: 

· Galega, a perennial forage legume from the Scandinavian countries, produced over 1.7 t/ha higher dry matter yield than alfalfa.

· Increasing seed rate of galega from 25 to 45 kg/ha didn’t help in increasing its yield.

· Berseem, with only 2,059 kg dry matter/ha, performed poorly in this experiment as well. 
· Fenugreek failed to emerge after seeding.
· Mixed cultivation of galega and berseem or alfalfa and berseem/or red clover didn’t help in improving the forage yield.
· In the first cut, galega had 4-6 % point higher protein content than alfalfa and 1-3 % point higher protein content than berseem. In the second cut, alfalfa exhibited ~4 % point higher protein content than galega, but 4 % point lower protein content than berseem.
· RFV in the first cut was highest in galega (156), but in the second cut, highest RFV (181) was recorded with alfalfa and berseem seeded in the alternate rows.
· In total yields from 2011 and 2012, galega + berseem (full seed rate)/and alfalfa and berseem in alternate rows recorded the highest dry matter production of ~8,000 kg/ha.

√Biomass/bioenergy production:

√Switchgrass varieties for biomass/bioenergy production:

· Five switchgrass varieties were evaluated for biomass/bioenergy production. 

· Sunburst produced the greatest biomass (7,858 kg/ha on dry weight basis with an ash content of 5.36 %) and calorific value (140 Gigajoules/ha).

· The ash content was lowest in the biomass produced by Cave in Rock. 

√Temperate grasses varieties for biomass/bioenergy production:

· High yielding varieties of temperate grasses (Tall Fescue, Orchardgrass, Reed Canary grass, Timothy and Bromegrass) were compared with two switchgrass varieties (Dacotah and Sunburst) for biomass/bioenergy production.

· Reed Canary grass (Rival), Tall Fescue (Kokanee), and Orchardgrass (Okay) produced significantly higher biomass/bioenergy as compared to switchgrass. However, the ash content in the biomass from these grasses (7-9 %) was also higher than that in switchgrass (4.4-6-1 %).

· Lowest ash content (3.6 %) was found in the Timothy’s biomass. Blending of biomass from Timothy with biomass from other temperate grasses could give higher yield of quality biomass as compared to switchgrass.

· Harvesting in spring, rather than in fall, on an average, helped to increase the calorific value (heat energy) of the biomass from 73 to 90 gigajoules and lower the ash content from 7.9 % to 5.4 %. Timothy harvested in spring had the lowest ash content (2.76 %); though ash content came down to 3.46-3.82 % in switchgrass with spring harvesting.

√Comparative heat (calorific) value and ash content in the winter and spring cereals and oil seeds straw, and biomass from switchgrass and forage grasses: 

· Winter rye (Common # 1)/and winter triticale (Luoma) produced the highest heat energy (167/164 Gigajoules/ha; 44-47 Gigajoules/ha higher than that from switchgrass) followed by winter wheat (CDC Falcon; 159 Gigajoules/ha).

· Ash content was lower in winter cereals (4.8-6.1 %) than in spring cereals (6.3-9.8 %).

· Spring harvested Timothy had the lowest ash content (2.76 %); 0.7-1.06 % point lower than switchgrass (Dacota/Sunburst).

· Biomass from canola had low ash content (3.86 %) and moderate heat energy (78 Gigajoules/ha).

√Forest Tree Research: 
· Experiments to optimize afforestation of fast growing conifer tree species (Norway Spruce, White Spruce, Red Pine and European Larch) were initiated during spring 2005.

· Since the trees growth rate is too small, it was decided to record growth observations after every 2-3 years. No data were recorded this year.

√Wild Blueberries: 

· Wild blueberry plants, collected from different places, were planted at TBARS in the fall 2010. Fruit maturity in V. myrtilloides collected from Black Sturgeon Lake/or Nipigon was about a week earlier than the ones from Escape Lake/or the other species collected from Black Sturgeon Lake (V. augustifolium/ V. augustifolium var nigram)/and Nipigon.

· Fresh fruit yield this year was much lower than last year and varied from 5-118 kg/ha (0.5-11.7 g/plant) with a mean value of 68 kg/ha (6.7 g/plant).

√2.6 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 no 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. For details, refer to the section on Extension and Outreach in the main report.
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