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			Dryland Agronomic Practices for Spring Triticale Production in Alberta

			Triticale is a human-made crop developed by crossing rye (Secale cereale L.) and common wheat (Triticum aestivum L.) or durum (T. turgidum L.). It is an attractive crop for use as a feed grain, cereal silage or a biofuel feedstock due to greater grain yield potential, weed competitiveness and tolerance to drought and pests, more so than its ancestral species.

			Background

			Spring triticale was studied for 3 years in Alberta, from 2008 to 2010, to determine the optimum dryland agronomic practices (seeding rate, seeding date and nitrogen fertilizer rate) for grain and starch productivity of the crop grown in the various agro-ecological regions of Alberta.

			Research conclusions

			Triticale yield and quality benefited from early seeding in years when May temperatures were warm and accumulated Growing Degree Days (GDD) was high. However, the benefits of early seeding were minimal when May temperatures were cool or accumulated GDD was low.

			Site-years with less than 130 mm of precipitation did not derive a yield benefit from seeding rates greater than 100 seeds/m2, while sites years with more than 200 mm of precipitation consistently derived a yield benefit from seeding rates greater than 100 seeds/m2. 

			The seeding rate at maximum yield at site-years with a significant effect of seeding rate ranged from 350 to 480 seeds/m2. Based on yield responses in this study, spring triticale in typically dry regions of Alberta should be seeded at a minimum of 200 to 250 seeds/m2 in case growing season precipitation is above average, while spring triticale in wetter areas should be seeded at a minimum of 350 seeds/m2.

			The results also indicate that N fertilizer rates for triticale should be based solely on the range of expected growing season precipitation as optimum N fertilizer rate did not correlate with pre-seeding extractable soil NO3-N. Increasing rates of N fertilization increased kernel weight and protein concentration and slightly decreased starch concentration.

			Study details

			Research trials were conducted at 7 locations across Alberta from 2008 through 2010 for a total of 21 site-years (Table 1). The locations ranged from Bow Island in southeastern Alberta to Falher in northwestern Alberta, encompassing the Brown soil zone, Dark Brown, Thin Black, Gray and Dark Gray soil zones. All locations were no-till, continuously cropped except Bow Island, which was summerfallowed every third year.

			
				
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Table 1. Precipitation and growing-degree days at 7 locations for triticale experiments in 2008, 2009 and 2010

						
					

					
							
							 

						
							
							 

						
							
							 

						
							
							Precipitation (mm from May 1 to July 31)

						
							
							GDDy from May 1 to Aug. 31

						
					

					
							
							Location

						
							
							Region

						
							
							Soil zone

						
							
							2008

						
							
							2009

						
							
							2010

						
							
							Long termz

						
							
							2008

						
							
							2009

						
							
							2010

						
							
							Long term

						
					

					
							
							Bow Island

						
							
							South

						
							
							Brown

						
							
							191

						
							
							125

						
							
							266

						
							
							147

						
							
							1964

						
							
							1910

						
							
							1835

						
							
							2038

						
					

					
							
							Lethbridge

						
							
							South

						
							
							Dark Brown

						
							
							249

						
							
							163

						
							
							280

						
							
							151

						
							
							1815

						
							
							1767

						
							
							1667

						
							
							1926

						
					

					
							
							High River

						
							
							South

						
							
							Thin Black

						
							
							304

						
							
							127

						
							
							205

						
							
							221

						
							
							1791

						
							
							1737

						
							
							1616

						
							
							1579

						
					

					
							
							Vegreville

						
							
							Northeast

						
							
							Thin Black

						
							
							134

						
							
							65

						
							
							219

						
							
							189

						
							
							1791

						
							
							1623

						
							
							1708

						
							
							1742

						
					

					
							
							Edmonton

						
							
							Central

						
							
							Black

						
							
							155

						
							
							75

						
							
							193

						
							
							237

						
							
							1793

						
							
							1670

						
							
							1654

						
							
							1783

						
					

					
							
							Barrhead

						
							
							Central

						
							
							Gray

						
							
							144

						
							
							100

						
							
							193

						
							
							254

						
							
							1852

						
							
							1699

						
							
							1715

						
							
							1709

						
					

					
							
							Fahler

						
							
							Peace

						
							
							Gray

						
							
							91

						
							
							136

						
							
							119

						
							
							178

						
							
							1770

						
							
							1635

						
							
							1666

						
							
							1695

						
					

					
							
							Average

						
							
							181

						
							
							113

						
							
							211

						
							
							197

						
							
							1827

						
							
							1720

						
							
							1695

						
							
							1747

						
					

					
							
							z Long-term (1971-2000) average from nearest meterological station(s).

							y Growing degree days above base of 0 °C.

						
					

				
			

			

			Two experiments were conducted at each location: 1) seeding date and rate and 2) nitrogen fertilizer.

			Seeding date and rate

			The effect of seeding date and seeding rate on grain and starch yield was determined for the spring triticale variety AC Ultima. Three seeding dates were included in the study, with the first seeding date usually in first week of May and the second and third dates, on average, 12 and 23 days later, but times varied due to weather conditions (Table 2). Only one seeding date was completed at High River in 2008 due to excessively wet weather. At each seeding date, triticale was seeded at 100, 200, 300, 400 and 500 viable seeds/m2.

			Nitrogen fertilizer

			The effect of nitrogen (N) fertilizer rate on grain and starch yield was determined for the spring triticale variety AC Ultima. Urea (46-0-0) was either side or mid-row banded at the time of seeding at rates of 0, 20, 40, 80, 120 and 160 kg N/ha (0, 18, 36, 72 and 145 lb N/ac). The experiment was seeded at the same time as the first seeding date experiment, at a seeding rate of 250 viable seeds/m2.

			Study results

			Growing conditions

			Growing season precipitation (GSP) during the three years of this study was average or above average at most site-years in southern Alberta, but less than average at most site-years in other regions (Table 1). Total Growing Degree Days (GDD) over the growing season was below average at site-years in the Brown soil zone, but average or above average at most other site-years. Thus, the Brown soil zone conditions that are typically drier and warmer than other soil zones were not present during the years the study was conducted.

			
				
					
					
					
					
					
				
				
					
							
							Table 2. Seeding dates at 7 locations for triticale experiments in 2008, 2009 and 2010

						
					

					
							
							 

						
							
							 

						
							
							Seeding date

						
					

					
							
							Location

						
							
							Year

						
							
							First

						
							
							Second

						
							
							Third

						
					

					
							
							Bow Island

						
							
							2008

						
							
							7-May

						
							
							15-May

						
							
							2-Jun

						
					

					
							
							2009

						
							
							6-May

						
							
							19-May

						
							
							28-May

						
					

					
							
							2010

						
							
							27-Apr

						
							
							18-May

						
							
							4-Jun

						
					

					
							
							Lethbridge

						
							
							2008

						
							
							29-Apr

						
							
							13-May

						
							
							29-May

						
					

					
							
							2009

						
							
							11-May

						
							
							19-May

						
							
							28-May

						
					

					
							
							2010

						
							
							13-May

						
							
							21-May

						
							
							8-Jun

						
					

					
							
							High River

						
							
							2008

						
							
							16-May

						
							
							Not determined

						
					

					
							
							2009

						
							
							6-May

						
							
							21-May

						
							
							1-Jun

						
					

					
							
							2010

						
							
							22-Apr

						
							
							11-May

						
							
							20-May

						
					

					
							
							Vegreville

						
							
							2008

						
							
							14-May

						
							
							26-May

						
							
							2-Jun

						
					

					
							
							2009

						
							
							4-May

						
							
							15-May

						
							
							26-May

						
					

					
							
							2010

						
							
							10-May

						
							
							20-May

						
							
							2-Jun

						
					

					
							
							Edmonton

						
							
							2008

						
							
							13-May

						
							
							20-May

						
							
							28-May

						
					

					
							
							2009

						
							
							5-May

						
							
							15-May

						
							
							27-May

						
					

					
							
							2010

						
							
							12-May

						
							
							20-May

						
							
							2-Jun

						
					

					
							
							Barrhead

						
							
							2008

						
							
							15-May

						
							
							27-May

						
							
							3-Jun

						
					

					
							
							2009

						
							
							6-May

						
							
							22-May

						
							
							3-Jun

						
					

					
							
							2010

						
							
							11-May

						
							
							25-May

						
							
							2-Jun

						
					

					
							
							Fahler

							 

						
							
							2008

						
							
							28-May

						
							
							4-Jun

						
							
							13-Jun

						
					

					
							
							2009

						
							
							14-May

						
							
							25-May

						
							
							1-Jun

						
					

					
							
							2010

						
							
							6-May

						
							
							18-May

						
							
							31-May

						
					

				
			

			

			This study encompassed a wider range of growing conditions than previous studies because it was conducted for three years over a wide geographic region.

			Maximum grain yields of spring triticale increased from an average of 60 bu/ac below 125 mm of growing season precipitation to an average of 100 bu/ac with more than 200 mm of growing season precipitation. However, grain yields at Bow Island were less than expected based on this relationship, particularly in 2008, the warmest site-year in this study.

			Seeding rate and date

			Both seeding date and rate significantly affected grain yield, kernel weight and starch yield, but not protein or starch concentration (Table 3). 

			At the third seeding date, average grain yield was 6 per cent less than and starch yield 8 per cent less than at the first or second seeding dates (Table 3). Relative grain yields declined by an average of only 0.1 per cent per day compared to yield declines of 0.8 per cent per day after May 1 under irrigation in southern Alberta. 

			The overall limited effect of delayed seeding in this study was associated with a large variation among site-years, from an increase of 25 bu/ac to a loss of 30 bu/ac. Per cent yield loss per day from each site-year was positively related to cumulative Growing Degree Days in May and June, but not with precipitation. This result indicated that yield losses due to delayed seeding increased with warmer spring temperatures. 

			
				
					
					
					
					
					
					
				
				
					
							
							Table 3. Effect of seeding date and seeding rate on triticale yield and composition grown at 7 locations in Alberta in 2008, 2009 and 2010

						
					

					
							
							Treatment

						
							
							Grain yield

							(Mg/ha)

						
							
							Thousand kernel weight (g)

						
							
							Protein concentration

							(mg/g)

						
							
							Starch concentration (mg/g)

						
							
							Starch yield

							(Mg/ha)

						
					

					
							
							Seeding date

						
					

					
							
							First

						
							
							4.7az

						
							
							42.1b

						
							
							90

						
							
							611

						
							
							2.9a

						
					

					
							
							Second

						
							
							4.7a

						
							
							43.8a

						
							
							90

						
							
							611

						
							
							3.0a

						
					

					
							
							Third

						
							
							4.4b

						
							
							43.4a

						
							
							90

						
							
							612

						
							
							2.7b

						
					

					
							
							P(seeding date)

						
							
							<0.01

						
							
							<0.01

						
							
							0.73

						
							
							0.97

						
							
							<0.01

						
					

					
							
							Standard error

						
							
							0.4

						
							
							1.0

						
							
							2

						
							
							10

						
							
							0.3

						
					

					
							
							Significant SYsy

						
							
							16/20

						
							
							11/17

						
							
							10/20

						
							
							ND

						
							
							ND

						
					

					
							
							Impact rangex

						
							
							-2.0 to 1.7

						
							
							-4.4 to 5.5

						
							
							-14 to 12

						
							
							-44 to 39

						
							
							-1.4 to 1.0

						
					

					
							
							Seeding rate (viable seeds m-2)

						
					

					
							
							100

						
							
							4.3bz

						
							
							44.9a

						
							
							91

						
							
							613

						
							
							2.7b

						
					

					
							
							200

						
							
							4.6a

						
							
							43.9b

						
							
							90

						
							
							614

						
							
							2.9ab

						
					

					
							
							300

						
							
							4.7a

						
							
							43.3c

						
							
							90

						
							
							607

						
							
							2.9ab

						
					

					
							
							400

						
							
							4.7a

						
							
							42.2d

						
							
							90

						
							
							609

						
							
							2.9a

						
					

					
							
							500

						
							
							4.7a

						
							
							41.3e

						
							
							90

						
							
							614

						
							
							3.0a

						
					

					
							
							P(seeding rate)

						
							
							<0.01

						
							
							<0.01

						
							
							0.11

						
							
							0.59

						
							
							<0.01

						
					

					
							
							Standard error

						
							
							0.4

						
							
							1.0

						
							
							2

						
							
							11

						
							
							0.3

						
					

					
							
							Significant SYsy

						
							
							6/20

						
							
							13/17

						
							
							5/20

						
							
							ND

						
							
							ND

						
					

					
							
							Impact rangew

						
							
							-0.5 to 2.5

						
							
							-8.4 to 4.5

						
							
							-10 to 5

						
							
							-40 to 50

						
							
							-0.3 to 2.0

						
					

					
							
							P(interaction)

						
							
							0.07

						
							
							0.01

						
							
							0.09

						
							
							0.75

						
							
							0.69

						
					

				
			

			

			Z	Values followed by the same letter within a column are not significantly different (P≤0.05, Tukey-Kramer test).

			y 	Number of site-years with significant seeding date or rate effect / total number of site-years measured; ND=not determined.

			x	The range in impact of delayed seeding among site-years. Values are the range in maximum differences between first and subsequent seeding dates.

			w	The range in impact of seeding rate among site-years. Values are the range in maximum differences between the lowest and all other seeding rates. 

			The inconsistent and modest effect of seeding date in this study was similar to that reported by other researchers, who found that a two-week delay in seeding did not consistently affect the grain yield of seven triticale cultivars in a two-year study conducted at three Alberta locations. Temperatures were generally cooler in the period covered by the study of Collier et al. (2013) and in this study than in the southern Alberta irrigated studies by McKenzie et al. (2011).

			Average grain yield was 10 per cent greater at 500 seeds/m2 than at 100 seeds/m2, but based on the relationship between grain yield and seeding rate within each site-year, the maximum benefit from higher seeding rates ranged from -7 to +30 bu/ac. Site-years with less than 130 mm of precipitation did not derive a yield benefit from higher seeding rates, while site-years with more than 200 mm of precipitation consistently benefited from higher seeding rates. 

			Most previous studies with triticale in western Canada have been conducted at site-years with more than 250 mm of growing season precipitation and have found optimum seeding rates of 300 to 500 seeds m-2 ( see Larter et al. 1971; McKenzie et al. 2011; Collier et al. 2013 in the Reference section at the end of this factsheet). In this recent study, the seeding rate at maximum yield at site-years with a significant effect of seeding rate ranged from 350 to 480 seeds/m2. Higher seeding rates may provide benefits other than yield, such as improved weed competitive ability and earlier crop maturity. General suggested seeding rate recommendations are provided in Table 4.

			Starch concentration was unaffected by seeding date or seeding rate, and thus, management practices for maximum yield productivity were also suitable for maximum starch productivity.

			
				
					
					
				
				
					
							
							Table 4. Optimum seeding rate range for triticale in each soil zone

						
					

					
							
							Soil region

						
							
							Triticale

						
					

					
							
							

						
							
							Optimum seed rate range (seeds/m2)

						
					

					
							
							Brown

						
							
							200 - 300

						
					

					
							
							Dark Brown

						
							
							250 - 350

						
					

					
							
							Thin Black

						
							
							300 - 425

						
					

					
							
							Black

						
							
							350 - 450

						
					

					
							
							Gray

						
							
							300 - 425

						
					

				
			

			

			Nitrogen (N) fertilizer rate

			The effect of N fertilizer rate on grain yield and the composition of triticale was highly significant when analyzed across all site-years, but the magnitude of N fertilizer benefits varied widely among site-years (Table 5). 

			
				
					
					
					
					
					
					
				
				
					
							
							Table 5. Effect of N fertilizer rate on triticale yield and composition grown at 7 locations in Alberta in 2008, 2009 and 2010

						
					

					
							
							N fertilizer rate

							(kg N/ha)

						
							
							Grain yield

							(Mg/ha)

						
							
							Thousand kernel weight (g)

						
							
							Protein concentration

							(mg/g)

						
							
							Starch concentration (mg/g)

						
							
							Starch yield

							(Mg/ha)

						
					

					
							
							0

						
							
							3.4fz

						
							
							40.3c

						
							
							75d

						
							
							621ab

						
							
							2.2d

						
					

					
							
							20

						
							
							3.9e

						
							
							41.2bc

						
							
							78cd

						
							
							624a

						
							
							2.5cd

						
					

					
							
							40

						
							
							4.2d

						
							
							41.2bc

						
							
							80c

						
							
							611abc

						
							
							2.7bc

						
					

					
							
							60

						
							
							4.5cd

						
							
							41.9ab

						
							
							85b

						
							
							608abc

						
							
							2.8abc

						
					

					
							
							80

						
							
							4.7bc

						
							
							42.4a

						
							
							85b

						
							
							607abc

						
							
							2.9ab

						
					

					
							
							120

						
							
							4.9ab

						
							
							42.7a

						
							
							92a

						
							
							596bc

						
							
							3.0ab

						
					

					
							
							160

						
							
							5.1a

						
							
							42.5a

						
							
							93a

						
							
							589c

						
							
							3.1a

						
					

					
							
							P(N rate)

						
							
							<0.01

						
							
							<0.01

						
							
							<0.01

						
							
							<0.01

						
							
							<0.01

						
					

					
							
							Standard error

						
							
							0.3

						
							
							1.3

						
							
							3

						
							
							7

						
							
							0.3

						
					

					
							
							Significant SYsy

						
							
							15/21

						
							
							11/17

						
							
							11/21

						
							
							ND

						
							
							ND

						
					

					
							
							Benefit rangex

						
							
							0 to 3.8

						
							
							0.8 to 9.5

						
							
							0.3 to 4.9

						
							
							-20 to -120

						
							
							0 to 2.8

						
					

				
			

			

			z	Values followed by the same letter within a column are not significantly different (P≤0.05, Tukey-Kramer test).

			y	Number of site-years with significant N rate effect / total number of site-years measured; ND=not determined.

			x	The range in maximum benefit due to N fertilizer addition among site-years. The maximum benefit over the unfertilized check at each site-year was based on regression equations for grain and starch yield and on least-square means for all other variables. Maximum grain yields ranged from 27 to 125 bu/ac, while unfertilized grain yields ranged from 10 to 90 bu/ac, 16 to 100 per cent of maximum grain yields. The Economically Optimum Nitrogen Rate was 110 kg N/ha (100 lb N/ac) based on the average yield response to N fertilization, but among site-years, this rate ranged from 0 to more than 160 kg N/ha (0 to 145 lb/ac). 

			Pre-seeding soil test nitrate-N was not closely related to unfertilized grain N yield, which was due to appreciable and variable N mineralization at low levels of soil nitrate-N and to appreciable and variable losses. Based on the results from this study, N fertilizer rates for triticale should be based solely on the range of expected growing season precipitation for a given location and year. 

			Nitrogen fertilization increased both kernel weight and protein concentration, and it also decreased starch concentration. However, the decline in starch concentration was small compared to the effect on grain yield, and thus, starch yields in the unfertilized treatment ranged from 18 to 100 per cent of maximum starch yields, similar to the range obtained for grain yield. 

			Nitrogen fertilizer rates suitable for optimal grain production were also suitable for optimal starch production. Suggested nitrogen fertilizer recommendations are provided in Table 6.
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							Table 6. Recommended nitrogen fertilizer rates for all soil zones at 3 soil test N levels and increasing rates of growing season precipitation from 8 to 20 inches, assuming 4 inches of initial stored soil moisture.

						
					

				
				
					
							
							Soil N level rating

						
							
							Expected growing season precipitation

							(inches)

						
					

					
							
							(0-24 inches)

						
							
							8

						
							
							10

						
							
							12

						
							
							14

						
							
							16

						
							
							18

						
							
							20

						
					

					
							
							(lb N /ac)

						
							
							Recommended N fertilizer rate

							(lb N/ac)

						
					

					
							
							Low

							(0-30)

						
							
							60

						
							
							75

						
							
							90

						
							
							105

						
							
							120

						
							
							135

						
							
							150

						
					

					
							
							Moderate

							(30-60)

						
							
							30

						
							
							45

						
							
							60

						
							
							75

						
							
							90

						
							
							105

						
							
							120

						
					

					
							
							High

							(60-90)

						
							
							0

						
							
							15

						
							
							30

						
							
							45

						
							
							60

						
							
							75

						
							
							90
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Dryland Agronomic Practices for Spring
Triticale Production in Alberta

Trmcale is a human-made crop developed by crossing
tye (Secale cereale L.) and common wheat (Triticum
aestivum L.) or durum (T, turgidum L.). Tt is an attractive
crop for use as a feed grain, cereal silage or a biofuel
feedstock due to greater grain yield potential, weed
competitiveness and tolerance to drought and pests, more
so than its ancestral species.

Background

Spring triticale was studied for 3 years in Alberta, from
2008 to 2010, to determine the optimum dryland
agronomic practices (seeding rate, seeding date and
nitrogen fertilizer rate) for grain and starch productivity of
the crop grown in the various agro-ecological regions of
Alberta.

Research conclusions

Triticale yield and quality benefited from early seeding in
years when May temperatures were warm and
accumulated Growing Degree Days (GDD) was high.
However, the benefits of early seeding were minimal
when May temperatures were cool or accumulated

GDD was low.

Site-years with less than 130 mm of precipitation did not
derive a yield benefit from seeding rates greater than

100 seeds/m?, while sites years with more than 200 mm of
precipitation consistently derived a yield benefit from
seeding rates greater than 100 seeds/m’.

The seeding rate at maximum yield at site-years with a
significant effect of seeding rate ranged from 330 to
480 seeds/m>. Based on yield responses in this study,

spring triticale in typically dry regions of Alberta should
be seeded at a minimum of 200 to 250 seeds/m? in case
growing season precipitation is above average, while
spring triticale in wetter areas should be seeded at a
minimum of 350 seeds/m?.

The results also indicate that N fertilizer rates for triticale
should be based solely on the range of expected growing
season precipitation as optimum N fertilizer rate did not
correlate with pre-seeding extractable soil NO,-N.
Increasing rates of N fertilization increased kernel weight
and protein concentration and slightly decreased starch
concentration.

Study details

Research trials were conducted at

7 locations across Alberta from 2008 through 2010 for a
total of 21 site-years (Table 1). The locations ranged from
Bow Island in southeastern Alberta to Falher in
northwestern Alberta, encompassing the Brown soil zone,
Dark Brown, Thin Black, Gray and Dark Gray soil zones.
All locations were no-till, continuously

cropped except Bow Island, which was summerfallowed
every third year.
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