2. Summary of Research Results

2.1 Spring Cereals – Variety Evaluation: 

Specialty Wheat: 
· Two hard red spring wheat varieties (Superb and Sable) were compared with 4 durum wheat varieties, one old wheat (Kamut) and one soft white spring wheat (AC Andrew).

· Hallmark (Ontario durum-4,179 kg/ha), Sable (4,056 kg/ha) and AC Avonlea (Western Canada durum-3,794 kg/ha) were statistically at par with each other in grain yield. 
· AC Avonlea had the highest straw yield (6,784 kg/ha) and had an edge in biomass yield (10,578 kg/ha) over Hallmark (10,242 kg/ha) and Sable (10,103 kg/ha). 
· Grain yield of Kamut was only about 55% of grain yield from Hallmark/or Sable. 

· Kyle, a low grain yielding durum wheat (3,036 kg/ha), had the highest (15.2%) and AC Avonlea (11.6%) the lowest grain protein content.
Organic wheat (with alfalfa green manuring and application of solid dairy manure): 
· Hallmark produced the highest (4,187 kg/ha) and Red Fife the lowest (563 kg/ha) grain yield. Kamut grain yield (865 kg/ha) was only ~30% of that under conventional farming.
· Superb (3,396 kg/ha) could be better suited to organic farming than Sable (2,042 kg/ha).
· Highest biomass yield (10,556 kg/ha) was obtained with AC Avonlea.

· Grain protein content was highest (15.9%) in AC Avonlea and lowest in Kamut (13.0%). Sable (15.0%) equaled Red Fife (15.3%) and was better than Superb (14.4%) and Hallmark (13.9%) in grain protein content
Wheat Performance:

· Megantic, formerly BS00-078, produced the highest grain yield (4,398 kg/ha), amongst the 18 wheat entries, and was followed closely by Sable (4,216 kg/ha) and Quantum (4,022 kg/ha).
· Megantic recorded the highest biomass (11,010 kg/ha) and straw (6,612 kg/ha) yield.
· In this experiment, Hallmark lagged behind Sable in grain yield by 369 kg/ha.

· Sable and Quantum had similar (15.1/15.3%), but higher grain protein contents than Hallmark (13.6%) and Megantic (12.2%).

Barley Performance: 
· Twenty six barley varieties/lines were evaluated.

· OAC Chesley (5,600 kg/ha), OS02-611 (5,474 kg/ha), Synasolis (5,374 kg/ha), Brucefield (5,314 kg/ha), Chapais (5,283 kg/ha) and Cyane (5224 kg/ha) topped in the grain yield.
· Straw yield from Cyane was ~2,000 kg/ha and 1,426 kg/ha higher than that from Brucefield and Chapais, respectively.
· OAC Chesley produced higher biomass (10,652 kg/ha) than Chapais (10,192 kg/ha). However, these two varieties had similar straw yield (~5,000 kg/ha).  
· Grain protein content was in the order of Cyane (13.6%) > Brucefield (11.9%) = OAC Chesley (11.8%) > Chapais (10.9%) > Synasolis (9.8%).
Oats Performance: 

· Twenty varieties/biotypes of oats were compared.

· Amongst known varieties, highest grain yields were obtained with Lois (4,590 kg/ha), Alcyon (4,447 kg/ha), and Manotick (4,434 kg/ha); AC Rigodon was close by at 4,383 kg/ha. 
· P9741A41-4-6-7 that didn’t do better than known varieties last year, topped in grain yield (4,888 kg/ha) this year.

· Highest biomass yield was recorded with OA1063-8 (10617 kg/ha) followed by Alcyon (10,244 kg/ha) and AC Rigodon (10,064 kg/ha).

· OA1063-8 topped in straw yield (6,160 kg/ha) and was followed by Alcyon (5,797 kg/ha).
Phytogene Oats: 
· AC Rigodon produced the highest biomass (10,045 kg/ha) and straw yield (5,607 kg/ha). 
· Lois/SA03257 equaled Manotick in grain yield (4,576 kg/ha) and was only marginally better than AC Rigodon (4,438 kg/ha) in grain yield. 

· Manotick had the highest grain protein content (15.6%) followed by Lois (13.6%). AC Rigodon and Alcyon had similar grain protein contents (12.8-12.9%).

Manitoba Forage Barley and Oats: 
· Binscarth (6,628 kg/ha) and Stockford (5,033 kg/ha) in barley and AC Furlong (5,287 kg/ha) and Pinnacle (4,604 kg/ha) in oats were the top ranking varieties for forage/silage.  
2.2 Spring Cereals –Other Experiments:

Barley Varieties x Seed Rates:

· Brucefield (4,475 kg/ha) produced higher grain yields than other varieties, namely, Chapais (3,826 kg/ha), AC Klinck (3,563 kg/ha) Legacy (3,573 kg/ha) and Conlon (3,499 kg/ha), which were at par with each other. AC Klinck had the highest and Brucefield the lowest biomass and straw yield, though the differences in biomass yield of all 5 varieties were not significant. 
· Reducing or increasing the seed rate by 25% from the recommended seed rate had no significant effect on grain, straw or biomass yield.  
· Interaction between varieties and seed rates wasn’t significant. 
· Grain protein content in Chapais, Conlon and Brucefield exceeded 12%. AC Klinck (10.4%) had the lowest and Legacy (11.1%) the medium protein content.  
· Lowering the seed rate by 25% from the recommended one tended to improve the grain protein content. 
Nutrient Management with Liquid Dairy Manure: 
· Grain yields were in the order of Chapais barley (3,950 kg/ha) > Sable wheat (3,678 kg/ha) >/= AC Rigodon oats (3,630 kg/ha); the straw and biomass yield followed a different trend, with oats producing the highest and barley the lowest straw/biomass yield. 

· Grain yield with manure alone (3,360 kg/ha) was significantly lower than that with manure + NPK fertilizers (4,136 kg/ha) that had the highest biomass yield (9,411 kg/ha). Deducting N or NPK contribution from the manure (in the manure + NPK fertilizer treatment) brought down the grain yield by ~200-500 kg/ha. 

· Grain protein content in wheat, barley and oats was 13.8, 11.0 and 10.5%, respectively.
· Grain protein content was higher (12.3%) with manure + NPK fertilizers than with manure alone/or manure deducting N or NPK contribution from manure (11.5-11.7%). 
Zinc and Manganese Nutrition: 
· Grain yields of Sable wheat (4,265 kg/ha), Chapais barley (3,554 kg/ha) and AC Rigodon oats (4,374 kg/ha) were not significantly affected by Zn/or Zn + Mn.  
· Wheat produced higher total biomass (11,941 kg/ha) than did oats (11,267 kg/ha) and barley (10,715 kg/ha). 
· Grain protein content was highest in wheat (15.8%), medium in oats (13.4%) and lowest in barley (12.1%).
· Application of Zn improved grain protein content by 1.7% point in wheat and by 3% points in oats. Effect of Zn on protein content in barley was not discernible. 
Effect of Tillage on barley after oats-barley- soybean and clover-barley- soybean: 
· Barley grain yield was ~5% higher after clover-barley-soybean than that after oats-barley-soybean.

· Fall ridging after disc harrowing followed by spring harrowing and cultivation before seeding gave the highest grain yield (6,211 kg/ha), which was 901 kg/ha than that with normal tillage (fall plowing, spring disc harrowing and cultivation).

· Other treatments that produced higher yield than normal tillage were those involving either fall chisel plowing or a couple of disc harrowing either in spring or one disc harrowing each in fall and spring followed by cultivation before seeding. Seeding after a couple of disc harrowing and cultivation in spring brought down the fuel consumption by 62% as compared to the normal tillage.

· No till-direct seeding resulted in the lowest grain yield (4,444 kg/ha). 
Comparative performance of urea and polymer coated urea (ESN) @ 40, 80 and 120kgN/ha: 
· Set 1 was on winter wheat (25R47) that had winter kill and was therefore reseeded with spring wheat (Sable). Entire amount of N in ESN treatments was applied in the fall 2006. In the urea treatments, 20kgN/ha was applied in the fall and the rest in spring at seeding. Grain yield ranged from 3,312kg/ha to 3,786kg/ha, but the treatment effects were not significant. 
· Set 2 was on spring wheat (Sable) and the entire amount of N, as per treatments, was applied in spring at seeding. In this set too, treatment effects on grain, straw or biomass yield were non-significant.  
· In both the sets, application of N increased N/protein content in wheat grains, though there was no difference between the rates (40-120kg/ha) or sources of N (urea and ESN).

· In both the sets, wheat was seeded in fallow fields that could have built up N in the soil and the season was relatively dry that could limit yield and response to N. 
· In set 1, urea/or ESN only @120kg/ha left a significant residual nitrate N in 0-30cm soil after harvest; the amounts were almost double in urea plots as compared to ESN plots. 
· In set 2 post harvest soil tests (0-90cm) indicated that residual nitrate N was higher from urea than that from ESN; the reverse was true for ammoniacal N. Total residual N (nitrate + ammoniacal) from the two fertilizers was however the same. 
2.3 Fall vs. Spring Seeding of Wheat and Barley: 
· Grain yields were too low to make a proper evaluation (trial mean 1315kg/ha), even though the indication was that August 25 to September 5 was the optimum period for seeding hard red winter wheat. 
2.4 Winter wheat:

N and Zn on winter wheat (CDC Buteo): 
· Application of entire N at seeding from urea or polymer coated urea (ESN) @110kg N/ha or in early spring through urea or split application of N at that rate partly at seeding (10-40kgN/ha) and partly in early spring (70-100kgN/ha) produced statistically similar grain, straw and biomass yield. Though application of 30kgN/ha at seeding and 80kgN/ha in early spring gave the highest grain yield (3,188 kg/ha).  

· Application of Zn @ 14 kg/ha had no effect on grain, straw and biomass yield. 
Manitoba and Ontario varieties:

· Grain yields in this experiment were too low to make any meaningful comparison (trial mean 1,605kg/ha).

2.5 Soybean: 
Varieties and population:
· In the soybean varieties trial, there was no significant difference in grain yield between the 8 varieties tested, though OAC Prudence (2,638 kg/ha) and 90M01 (2,436 kg/ha) were the top two high yielding varieties. 
· Increase in population from 150,000 to 300,000 seeds/acre in Gaillard, and from 120,000 to 280,000 in 90A01 didn’t improve the soybean grain yield. In 90A01, increase in seed population from 280,000 to 360,000 plants/acre significantly improved the yield.
2.6 Canola: 
Fall Vs. Spring Seeding:

· Winter canola (cultivars Kronos and Californium) seeded on August 15 or September 5 or September 15 didn’t survive the harsh winter of 2006-2007. Hence spring canola wasn’t even tried in this experiment. 
· Our success rate in winter canola so far is two out of three years. 

Winter Hardy Canola:

· In the two experiments on winter hardy canola (22 lines in one experiment and 25 lines in the other), none of the lines survived the harsh winter of 2006-2007.

2. 7 Forages: 

2.7.1 Grasses: Only one cut was taken during 2007, because the regrowth, after first cut, was too poor to take a second cut.
Comparative performance of urea and polymer coated urea (ESN) @ 35, 70 and 105kgN/ha in timothy:
· Timothy yield (one cut only) wasn’t significantly affected by sources (urea and ESN) or rates of N application, though ESN had an edge over urea in yield. 
· In the experiment on blends of urea and ESN, highest timothy yield was obtained with 75% N from urea and 25% from ESN. Except for the anomalous behaviour of 25% N from urea and the rest from ESN, there wasn’t much difference in the yield with different blends of the two fertilizers. 
· Application of N increased N content in timothy, though there was no difference between the rates (35-105kg/ha) or sources of N (urea and ESN). 
· In fall 2006, urea plots had more nitrate N in 0-30 and 30-60cm soil depths than the ESN plots; the reverse was true for ammoniacal N. At 60-90cm depth, urea and ESN plots had similar nitrate N, but ammoniacal N was slightly higher in urea plots than in ESN plots.
· After harvest (fall 2007), urea/or ESN only @105kgN/ha had higher nitrate N in 0-30cm soil than that in check plots (without N). In lower soil depths, there was no significant effect of rates or sources of N on nitrate N (negligible amounts). Ammoniacal N remained unaffected by the sources or rates of N at all soil depths. Blends of the two fertilizers didn’t make any difference either except that the ammoniacal N at 30-60 and 60-90cm was the highest with ESN (without blends with urea). 
2.7.2 Corn for silage: Liquid manure was applied to the plots during fall 2006. 
Maizex/Pioneer silage corn varieties:

· Pioneer 39T67 (a check) produced the highest (11,995 kg/ha) and LF755BT the lowest dry matter yield (7,274 kg/ha). Yield from the other two Maizex varieties, LF755BTRR and LF753, was 9,719 kg/ha and 9,584 kg/ha, respectively. 
· Protein content was highest (13.2%) in LF755BTRR and lowest (8.1-8.2) in LF755BT and Pioneer 39T67. 
Partial substitution of urea with ESN and ammonium sulphate x zinc application in silage corn:

· Maximum dry matter yield (14,318kg/ha) was obtained with partial substitution of urea with N (79kgN/ha from urea + 21kgN/ha from ESN) without any application of Zn. Similar treatment with urea alone @100kg/ha and urea + ammonium sulphate (79:21 on N basis) yielded 12,446kg/ha and 12,233kg/ha, respectively.

· Main effects of sources of N and rates of Zn application were non significant. 
· Partial substitution of urea with ammonium sulphate appeared to improve the protein content in silage corn.
· Application of Zn didn’t increase the protein content in corn.

· Post harvest soil test (0-30cm) showed that ammonium sulphate + urea left the soil richer in N and S as compared to urea or urea + ESN.

Digested manure Vs. Undigested manure Vs. N Fertilizer: 
· Silage corn (cultivar 39T67) yield was in the order of digested manure (11,848 kg/ha) >= undigested manure (11,589 kg/ha) > NPK fertilizer treatment (8,932 kg/ha). N was adjusted to equal amounts (~170 kg/ha) in all these treatments.

2.7.3 Alfalfa Varieties: 
· In OFCC 2006 trial, 4.2 (a new variety from Power Seeds) gave as good yield (4,733 kg/ha) from two cuts as Magnum IV (4,780 kg/ha). These two varieties had an edge over Oneida VR (4,569 kg/ha) and OAC Superior (4,299 kg/ha) in the total yield from two cuts. 
· In Western Forage Trial, in a comparison between 10 entries, a couple of Western varieties, Rangelander (6,557 kg/ha) and AC Blue J (6,122 kg/ha), yielded much better than the other varieties from West/and Ontario’s Forecast (5,339 kg/ha) or a mix of 4 varieties (Forecast, Stealth, 8925 MF and Guardsman) from Ontario (5,527 kg/ha).  
· In another set of alfalfa variety experiments, 

· Macon (6,736 kg/ha from two cuts) gave 3, 11 and 33% higher yield than Guardsman, Stealth and 2065 MF. Protein content, averaged over two cuts, was more or less the same in all the 4 varieties (16.4-16.8%). 
· 2065 MF (5,046 kg/ha from two cuts) produced 11, 19 and 40% higher yield than Forecast 1001, 134 and Geneva. Protein content, averaged over two cuts didn’t vary much with the varieties and ranged from 16.5 % in Forecast 1001 to 17.1% in 2065 MF.  
· 8925 MF (7,198 kg/ha from two cuts) gave 11, 18 and 23% higher yield than OAC Superior, NK 711 MF and 2065 MF. 
· Protein content was in the order of 8925 MF > NK 711 MF >2065 MF > OAC Superior in the first cut and 2065 MF >8925 MF >= NK 711 MF > OAC Superior in the second cut. 
· Considering a yield index of 2065 MF as 100, the yield indices of other varieties were Macon: 133, Guardsman: 130, 8925 MF: 123, Stealth: 120, OAC Superior: 110, NK 711 MF: 104, Forecast 1001: 90, 134: 84 and Geneva: 72. 
2.7.4 Alfalfa Nutrition:

N x B: 
· Unlike previous years, main effects of sources of N (urea, ammonium nitrate and ammonium sulphate) on dry matter yield of alfalfa were not significant this year. However, interactive effect of sources and rates of N and rates of B (boron) was significant.

· Maximum alfalfa yield from two cuts (7,050 kg/ha; 880 kg/ha higher than that from the absolute check) was registered with ammonium sulphate @30kgN/ha + 2.25kgB/ha, which was 960 kg/ha higher than that from similar treatment with ammonium nitrate and 404kg/ha than that from the best treatment with urea (15kgN + 2.25kgB/ha). 

· Increasing rate of B application from 1.125 to 2.25kg/ha significantly improved the alfalfa yield with urea @15kg/ha and ammonium sulphate @30kg/ha.

· Protein content in the first cut was highest with ammonium sulphate (18.3%) and lowest with ammonium nitrate (16.5%). In the second cut, alfalfa protein content with ammonium sulphate (19.8%) was equal to that with ammonium nitrate (19.7%), but 1% point higher than that with urea (18.7%).
· Increasing rate of N application from 15 to 30Kg/ha increased the alfalfa protein content only in the second cut (by 1.4% points). On the contrary, increasing rate of B application from 1.125 to 2.25kg/ha increased the alfalfa protein content only in the first cut (by 1.2% points).

K x S: 
· Application of K2O @70kg/ha + S @30kg/ha produced the maximum yield (7,465kg/ha) and this was 1,570kg/ha higher than that without K or S.  However, the yield differences between the rates of K2O application between 35 to 105kg/ha were not significant. 
· Increasing application rates of S from 10 to 20 and 30 kg/ha significantly/consistently improved the alfalfa yield, though the effect was better marked in the second cut and total yield than in the first cut yield. 
2.7.5 Studies on Galega: 
· Dry matter yield (~4,000kg/ha) from Galega, a forage legume from the Scandinavian countries, was only ~40% of that from alfalfa alone or in alfalfa + Galega (50:50) mixture. Not even a single plant of Galega survived in this mixture (alfalfa toxicity?). 
· Mixed cropping of timothy/orchard grass with Galega, but not with alfalfa, significantly improved forage yield. In pure cropping, orchard grass yield was only two-thirds and that of timothy 75% as compared to pure alfalfa.

· In the first cut, Galega had 3.2% point higher protein content than alfalfa and was also richer than alfalfa in mineral elements except Ca and B. In the second cut, the two legumes had similar protein content. 
2.8 Long Term Experiments:

2.8.1 Lime and Wood ash (Alfalfa): 

· Lime/and wood ash were applied in spring 2004 (seeding year) and again in fall 2006 in the ‘after every two years’ frequency of application treatments. Dry matter yield of alfalfa, from the two cuts, was in the order of lime + wood ash (4,609 kg/ha) > wood ash (4,471 kg/ha) > lime (4,131 kg/ha) > check (3,852 kg/ha). 
· Second application of wood ash/or wood ash + lime, but not lime alone, after a gap of two years, significantly improved the alfalfa yield (by ~3,000 kg/ha from two cuts).
· Unlike previous years, there was no noticeable effect of lime/or wood ash on protein content of alfalfa in either of the two cuts this year. 
· Mid season soil tests indicated that increase in soil pH was more with wood ash (0.8) than that with lime (0.6). With the second application of the amendments in fall 2006, the pH went up to 7.0 with lime and 7.1 with wood ash, as against 5.9 in the control. Both lime and wood ash increased available Ca, but only wood ash increased K availability in the soil. There was hardly any effect of wood ash or lime on available soil S and Cu. Wood ash, but not lime, improved available P, Zn, Mn, and B in the soil. 
2.8.2 Manure, wood ash and fertilizer nutrients: 
· Solid dairy manure was applied in the springs of 2004 and 2007 and wood ash was applied in spring 2004 and in fall 2006, whereas fertilizer nutrients were applied every year. Both wood ash and manure applied alone or in combination with each other did not increase the first cut alfalfa yield as compared to the check. Similar trend was recorded in the second cut and total yield. Manure brought down the number of stems per unit area as compared to the check. 

· First cut, second cut or total dry matter yield of alfalfa remained unaffected by N, P, K and Mn application. It seems that there were enough nutrient residues from the nutrients application during the previous years.  
· Manure/or wood ash alone increased protein content in the first cut alfalfa, by 1.4-1.8 % points and by 2.7 % points when both were applied together as compared to the check. Favourable effect of manure/and wood ash on protein content more or less disappeared in the second cut. 
· Application of N alone improved protein content in first cut alfalfa by 1.5% point; addition of P or both P and K along with N brought only a marginal (further) increase in the protein content. Similar trend in protein content was recorded in the second cut, though the treatment(s) effects weren’t well pronounced.  Application of Mn didn’t improve the protein content in the first cut, but did so in the second cut. 
· Mid season soil tests revealed that wood ash, with or without manure, increased pH (by 1.0-1.2) and available nutrients (P, K, Ca, Zn, Mn, Cu and B). Both wood ash and manure improved the soil organic matter, but not the soil S. K availability was more with manure than that with wood ash; the reverse was true for Ca. Manure, but not wood ash increased the soil Mg. Manure didn’t improve the available Mn, but appeared to improve B content in the soil.

2.8.3 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. Expectedly, the variation in alfalfa yield (5,742-6,450kg//ha), from two cuts, between the 10 plots was non-significant. Year 2008 will have crops other than alfalfa in the rotation. Crop yields and the nutrient(s) additions and removals will be monitored closely over a 10 year period to study the effect of cropping systems on the soil health and its productivity. 
2.8.4 Alfalfa Persistence/Maximum Yield: 
· Maximum dry matter yield of alfalfa (7,777 kg/ha in two cuts; ~2,000kg/ha higher than that from application of only P and K), was recorded when wood ash and all nutrients (N, P, K, S, B, Zn and Mn) were applied together deducting P and K contribution from wood ash. 
· Amongst the secondary and micronutrients, effect of S and B on increasing dry matter yield of alfalfa was the most prominent.

· Highest protein content (18.2-18.6%) in the first cut was obtained with application of wood ash supplemented with N, P, K, S, B, Zn and Mn with or without deducting NPK contribution by wood ash or with N, P, K and S (18.4%). 
· In the second cut, 1.5 times recommended seed rate with combined application of wood ash, manure, and nutrients (N, P, K, S, B, Zn and Mn), without deducting NPK contribution from wood ash/and manure, gave the highest protein content (21.8%). Protein content (21.7%) from nutrients (N, P, K, S, B, Zn and Mn) alone was however equally good.
2.8.5 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.

· White spruce had the best survival (63%) followed by Norway spruce (46%) and Red pine (41%). European Larch found it difficult to survive (5% survival). However, the few Larch trees that survived were large and robust, showing excellent growth.

· Tree species in mixed stands with White Spruce seemed to survive better than their pure stands. 
· Height/growth of all tree species almost doubled every year since initial planting.

2.9: Other Trials: 
Methods of alfalfa seeding:

· Seeding alfalfa in paired rows at 30cm produced 370-400 kg/ha more yield than its unidirectional seeding in 15 or 30cm rows or bi-directional seeding in 30cm rows. 
Medicinal plants: 

· A Medicinal Plants Garden with over 20 species was established in 2005 to study their survival, growth and the quantity and quality of active constituents in the natural environment. The plants survived and grew well during 2005-07. Details may be seen in a report later by Professor Lada Malek.

Industrial hemp variety performance: 

· Ten varieties were evaluated for hemp seed production. The trial suffered from serious bird damage despite our best attempts to protect the crop (covering the plots with a net, but the small birds could still enter from below the net and a number of times, the net was blown away by strong winds). Seed yields realized were too low to make any meaningful comparison. 
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