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Forage vs Grain Crops
• Unlike grain crops, generally obtain some 

level of production (i.e., economic return)
• Can be hayed or grazed

o Grazing further reduces input costs



Alfalfa Background
• Thought to have originated in Iran and surrounding 

countries, the Caucasus mountains, and other 
areas in Asia Minor
o Remains of alfalfa found in Iran more than

6000 yrs old

• Significance:
o Evolved in a dry part of the world
o Actually, very drought tolerant
o Reason for autotoxicity trait

• Produces toxin that does not allow seedlings of alfalfa 
to establish and survive/be productive when seeded 
into an existing or recently terminated stand

• Gives established plants priority for limited resources, 
especially water



But gets a bad name for 
its high-water use!

In Colorado, can be over 36 inches/yr depending on location



Alfalfa Consumptive Water Use

Location
------- Consumptive Use ------

Grass Alfalfa Silage
---------- inches of water --------

Cortez 24.7 30.0 18.0
Fruita 31.4 36.2 23.0
Greeley 26.6 31.5 21.7
Meeker 21.4 24.6 17.3
Monte Vista 20.6 23.7 --
Rocky Ford 33.0 37.7 24.2
Sterling 28.0 35.0 20.0
Walden 13.6 15.7 --



Alfalfa Yield vs ET



Alfalfa Yield Response to ET by Cutting

(Adapted from Undersander, 1987)
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				Undersander, 1987

		Year		1985

		Cutting		1				2				3				4

		Regression Eqn.		Y = 26.4(ET) + 55				Y = 9.3(ET) + 573				Y = 12.7(ET) + 88				Y = 33.2*(ET) - 585

				ET (mm)		Yield (kg/ha)		ET (mm)		Yield (kg/ha)		ET (mm)		Yield (kg/ha)		ET (mm)		Yield (kg/ha)

				0		55		0		573		0		88		0		-585

				10		319		10		666		10		215		10		-253

				20		583		20		759		20		342		20		79

				30		847		30		852		30		469		30		411

				40		1111		40		945		40		596		40		743

				50		1375		50		1038		50		723		50		1075

				60		1639		60		1131		60		850		60		1407

				70		1903		70		1224		70		977		70		1739

				80		2167		80		1317		80		1104		80		2071

				90		2431		90		1410		90		1231		90		2403

				100		2695		100		1503		100		1358		100		2735

				110		2959		110		1596		110		1485		110		3067

				120		3223		120		1689		120		1612		120		3399

				130		3487		130		1782		130		1739		130		3731

				140		3751		140		1875		140		1866		140		4063

				150		4015		150		1968		150		1993		150		4395

				160		4279		160		2061		160		2120		160		4727

				170		4543		170		2154		170		2247		170		5059

				180		4807		180		2247		180		2374		180		5391

				190		5071		190		2340		190		2501		190		5723

				200		5335		200		2433		200		2628		200		6055

				0		0.055		0		0.573		0		0.088		0		-0.585

				35		9.295		35		3.828		35		4.533		35		11.035

				0		0.024535389		0		0.2556141431		0		0.0392566223		0		-0.2609673189

				13.7795275591		4.146480733		13.7795275591		1.7076630711		13.7795275591		2.0221621477		13.7795275591		4.9226912199
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• Limited or Deficit Irrigation
– Applying less irrigation water than required for full 

ET/yield 
• Seasonal-Deficit or Partial-Season Irrigation

– Concentrate irrigation during the spring and limiting or 
withholding water during hotter periods of the growing 
season 

– Improves water use efficiency (WUE) more than limiting 
irrigation uniformly through-out the growing season

– Can be done with few long-term impacts to alfalfa stand
– Can allow for significant water savings while maintaining 

partial crop

Strategies for Reducing Water Use by 
Alfalfa
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1st Cutting 2nd Cutting 3rd Cutting 4th Cutting

Irrigation 24.0” 12.0” 11.5” 3.6”

Total Yield 8.2 tons/ac 6.4 tons/ac 5.9 tons/ac 3.6 tons/ac

2006 Average Alfalfa Yields by 
Cutting – Berthoud, CO

Generally, need 0.5 tons/ac or greater for 
it to be economically feasible to harvest


Chart2

		Full Irrigation		Full Irrigation		Full Irrigation		Full Irrigation

		Stop Irr. After 2nd		Stop Irr. After 2nd		Stop Irr. After 2nd		Stop Irr. After 2nd

		Spring and Fall Irr.		Spring and Fall Irr.		Spring and Fall Irr.		Spring and Fall Irr.

		Stop Irr. After 1st		Stop Irr. After 1st		Stop Irr. After 1st		Stop Irr. After 1st



1st Cutting

2nd Cutting

3rd Cutting

4th Cutting

Dry Matter Yield (tons/ac)

2.2868323808

2.7247866526

2.0054833014

1.2109288029

1.8857380424

2.4856405054

1.5043410494

0.5387355387

1.8158406266

1.85139517

0.90059584

1.3302145426

1.8391954694

1.2773497745

0.3471137114

0.1790880602



NCWCD 2006

		NCWCD Soil Moisture 2006

		Date		Plot		Rep		Treatment		Depth		(cm)				Profile (cm)

		5/12/06		B1		1		Stop Irr. After 2nd		1		9.09				20.36

		5/12/06		B1		1		Stop Irr. After 2nd		2		4.46

		5/12/06		B1		1		Stop Irr. After 2nd		3		5.49

		5/12/06		B1		1		Stop Irr. After 2nd		4		1.32

		5/12/06		B2		1		Full Irrigation		1		9.04				20.22

		5/12/06		B2		1		Full Irrigation		2		4.82

		5/12/06		B2		1		Full Irrigation		3		5.49

		5/12/06		B2		1		Full Irrigation		4		0.87

		5/12/06		B3		1		Spring and Fall Irr.		1		9.63				24.63

		5/12/06		B3		1		Spring and Fall Irr.		2		8.66

		5/12/06		B3		1		Spring and Fall Irr.		3		5.49

		5/12/06		B3		1		Spring and Fall Irr.		4		0.85

		5/12/06		B4		1		Stop Irr. After 1st		1		7.19				18.24

		5/12/06		B4		1		Stop Irr. After 1st		2		4.50

		5/12/06		B4		1		Stop Irr. After 1st		3		5.49

		5/12/06		B4		1		Stop Irr. After 1st		4		1.06

		5/31/06		B1		1		Stop Irr. After 2nd		1		4.45				27.59

		5/31/06		B1		1		Stop Irr. After 2nd		2		8.27

		5/31/06		B1		1		Stop Irr. After 2nd		3		7.95

		5/31/06		B1		1		Stop Irr. After 2nd		4		6.92

		5/31/06		B2		1		Full Irrigation		1		1.53				18.83

		5/31/06		B2		1		Full Irrigation		2		5.40

		5/31/06		B2		1		Full Irrigation		3		7.17

		5/31/06		B2		1		Full Irrigation		4		4.73

		5/31/06		B3		1		Spring and Fall Irr.		1		6.71				27.66

		5/31/06		B3		1		Spring and Fall Irr.		2		9.73

		5/31/06		B3		1		Spring and Fall Irr.		3		5.57

		5/31/06		B3		1		Spring and Fall Irr.		4		5.65

		5/31/06		B4		1		Stop Irr. After 1st		1		5.87				20.83

		5/31/06		B4		1		Stop Irr. After 1st		2		6.84

		5/31/06		B4		1		Stop Irr. After 1st		3		4.31

		5/31/06		B4		1		Stop Irr. After 1st		4		3.81

		7/17/06		B1		1		Stop Irr. After 2nd		1		6.46				25.39

		7/17/06		B1		1		Stop Irr. After 2nd		2		7.51

		7/17/06		B1		1		Stop Irr. After 2nd		3		8.58

		7/17/06		B1		1		Stop Irr. After 2nd		4		2.84

		7/17/06		B2		1		Full Irrigation		1		7.46				27.15

		7/17/06		B2		1		Full Irrigation		2		6.69

		7/17/06		B2		1		Full Irrigation		3		7.42

		7/17/06		B2		1		Full Irrigation		4		5.58

		7/17/06		B3		1		Spring and Fall Irr.		1		6.12				23.77

		7/17/06		B3		1		Spring and Fall Irr.		2		8.82

		7/17/06		B3		1		Spring and Fall Irr.		3		4.36

		7/17/06		B3		1		Spring and Fall Irr.		4		4.47

		7/17/06		B4		1		Stop Irr. After 1st		1		5.63				13.88

		7/17/06		B4		1		Stop Irr. After 1st		2		1.97

		7/17/06		B4		1		Stop Irr. After 1st		3		2.55

		7/17/06		B4		1		Stop Irr. After 1st		4		3.73

		8/15/06		B1		1		Stop Irr. After 2nd		1		5.49				22.68

		8/15/06		B1		1		Stop Irr. After 2nd		2		5.74

		8/15/06		B1		1		Stop Irr. After 2nd		3		6.89

		8/15/06		B1		1		Stop Irr. After 2nd		4		4.56

		8/15/06		B2		1		Full Irrigation		1		8.38				26.25

		8/15/06		B2		1		Full Irrigation		2		7.13

		8/15/06		B2		1		Full Irrigation		3		7.21

		8/15/06		B2		1		Full Irrigation		4		3.53

		8/15/06		B3		1		Spring and Fall Irr.		1		4.87				22.27

		8/15/06		B3		1		Spring and Fall Irr.		2		8.75

		8/15/06		B3		1		Spring and Fall Irr.		3		4.38

		8/15/06		B3		1		Spring and Fall Irr.		4		4.27

		8/15/06		B4		1		Stop Irr. After 1st		1		4.86				12.97

		8/15/06		B4		1		Stop Irr. After 1st		2		2.09

		8/15/06		B4		1		Stop Irr. After 1st		3		2.30

		8/15/06		B4		1		Stop Irr. After 1st		4		3.72

		9/27/06		B1		1		Stop Irr. After 2nd		1		5.69				20.73

		9/27/06		B1		1		Stop Irr. After 2nd		2		5.18

		9/27/06		B1		1		Stop Irr. After 2nd		3		6.33

		9/27/06		B1		1		Stop Irr. After 2nd		4		3.53

		9/27/06		B2		1		Full Irrigation		1		5.76				22.96

		9/27/06		B2		1		Full Irrigation		2		5.91

		9/27/06		B2		1		Full Irrigation		3		6.78

		9/27/06		B2		1		Full Irrigation		4		4.51

		9/27/06		B3		1		Spring and Fall Irr.		1		4.62				24.94

		9/27/06		B3		1		Spring and Fall Irr.		2		9.19

		9/27/06		B3		1		Spring and Fall Irr.		3		4.77

		9/27/06		B3		1		Spring and Fall Irr.		4		6.36

		9/27/06		B4		1		Stop Irr. After 1st		1		4.56				11.49

		9/27/06		B4		1		Stop Irr. After 1st		2		1.64

		9/27/06		B4		1		Stop Irr. After 1st		3		1.89

		9/27/06		B4		1		Stop Irr. After 1st		4		3.40

		Water Balance

		Cutting		Plot		Rep		Treatment		Depth		ΔΘ		ΔΘ		Precip		Precip		Irrig		Irrig		ET		ET		Yield		Adj. Yield		Adj. Yield		WUE		Adj. WUE		Adj. WUE				1		Full		5.13		2.2868323808		0.445		0.505

												(cm)		(in)		(cm)		(in)		(cm)		(in)		(cm)		(in)		(Mg/ha)		(Mg/ha)		(tons/ac)		(Mg/ha/cm)		(Mg/ha/cm)		(tons/ac/in)				1		S2		4.23		1.8857380424		1.4634528441		1.6582221318

		1st		A1		1		Stop Irr. After 1st		all		-2.59		-1.02		0.97		0.38		9.15		3.60		7.53		2.96		3.27		3.27		1.46		0.43		0.434		0.492				1		SF		4.07		1.8158406266		0.5742395851		0.6506644835

		1st		A2		1		Stop Irr. After 2nd		all		-7.23		-2.85		0.97		0.38		9.15		3.60		2.89		1.14		4.08		4.52		2.02		1.41		1.566		1.774				1		S1		4.12		1.8391954694		0.5476324521		0.6205162373

		1st		A3		1		Full Irrigation		all		1.39		0.55		0.97		0.38		9.15		3.60		11.51		4.53		4.43		4.92		2.20		0.38		0.428		0.485				2		Full		6.11		2.7247866526		0.3737407604		0.4234814965

		1st		A4		1		Spring and Fall Irr.		all		-3.03		-1.19		0.97		0.38		9.15		3.60		7.09		2.79		4.37		3.76		1.68		0.62		0.531		0.601				2		S2		5.57		2.4856405054		0.2074213936		0.2350268728

		1st		B1		2		Stop Irr. After 2nd		all		-7.23		-2.85		0.97		0.38		9.15		3.60		2.89		1.14		3.90		3.90		1.74		1.35		1.350		1.530				2		SF		4.15		1.85139517		0.4776657072		0.5412376972

		1st		B2		2		Full Irrigation		all		1.39		0.55		0.97		0.38		9.15		3.60		11.51		4.53		4.90		4.90		2.18		0.43		0.426		0.482				2		S1		2.86		1.2773497745		0.2807239113		0.3180851399

		1st		B3		2		Spring and Fall Irr.		all		-3.03		-1.19		0.97		0.38		9.15		3.60		7.09		2.79		3.60		3.60		1.60		0.51		0.507		0.575				3		Full		4.50		2.0054833014		0.2186953858		0.2478013079

		1st		B4		2		Stop Irr. After 1st		all		-2.59		-1.02		0.97		0.38		9.15		3.60		7.53		2.96		4.54		4.12		1.84		0.60		0.547		0.620				3		S2		3.37		1.5043410494		0.6485040686		0.7348127433

		1st		C1		3		Full Irrigation		all		1.39		0.55		0.97		0.38		9.15		3.60		11.51		4.53		4.86		5.56		2.48		0.42		0.483		0.547				3		SF		2.02		0.90059584		0.5059723485		0.5733116375

		1st		C2		3		Spring and Fall Irr.		all		-3.03		-1.19		0.97		0.38		9.15		3.60		7.09		2.79		4.85		4.85		2.17		0.68		0.685		0.776				3		S1		0.78		0.3471137114		0.2244150069		0.254282147

		1st		C3		3		Stop Irr. After 1st		all		-2.59		-1.02		0.97		0.38		9.15		3.60		7.53		2.96		4.98		4.98		2.22		0.66		0.662		0.750				4		Full		2.71		1.2109288029		0.1411804516		0.1599699986

		1st		C4		3		Stop Irr. After 2nd		all		-7.23		-2.85		0.97		0.38		9.15		3.60		2.89		1.14		4.26		4.26		1.90		1.47		1.475		1.671				4		S2		1.21		0.5387355387		0.258456086		0.2928537149

		2nd		A1		1		Stop Irr. After 1st		all		6.95		2.74		3.25		1.28		0.00		0.00		10.20		4.02		3.62		3.62		1.62		0.36		0.355		0.403				4		SF		2.98		1.3302145426		0.2247581409		0.2546709483

		2nd		A2		1		Stop Irr. After 2nd		all		2.20		0.87		3.25		1.28		21.41		8.43		26.86		10.58		6.30		5.79		2.58		0.23		0.216		0.244				4		S1		0.40		0.1790880602		0.0955252798		0.1082386315

		2nd		A3		1		Full Irrigation		all		-8.32		-3.28		3.25		1.28		21.41		8.43		16.34		6.43		6.38		6.38		2.85		0.39		0.390		0.442

		2nd		A4		1		Spring and Fall Irr.		all		3.89		1.53		3.25		1.28		1.55		0.61		8.69		3.42		3.79		3.79		1.69		0.44		0.437		0.495

		2nd		B1		2		Stop Irr. After 2nd		all		2.20		0.87		3.25		1.28		21.41		8.43		26.86		10.58		5.20		5.20		2.32		0.19		0.194		0.219

		2nd		B2		2		Full Irrigation		all		-8.32		-3.28		3.25		1.28		21.41		8.43		16.34		6.43		5.71		6.08		2.71		0.35		0.372		0.422

		2nd		B3		2		Spring and Fall Irr.		all		3.89		1.53		3.25		1.28		1.55		0.61		8.69		3.42		4.62		4.62		2.06		0.53		0.532		0.603

		2nd		B4		2		Stop Irr. After 1st		all		6.95		2.74		3.25		1.28		0.00		0.00		10.20		4.02		2.25		2.25		1.00		0.22		0.220		0.250

		2nd		C1		3		Full Irrigation		all		-8.32		-3.28		3.25		1.28		21.41		8.43		16.34		6.43		5.27		5.86		2.61		0.32		0.359		0.406

		2nd		C2		3		Spring and Fall Irr.		all		3.89		1.53		3.25		1.28		1.55		0.61		8.69		3.42		4.03		4.03		1.80		0.46		0.464		0.526

		2nd		C3		3		Stop Irr. After 1st		all		6.95		2.74		3.25		1.28		0.00		0.00		10.20		4.02		2.72		2.72		1.21		0.27		0.267		0.302

		2nd		C4		3		Stop Irr. After 2nd		all		2.20		0.87		3.25		1.28		21.41		8.43		26.86		10.58		5.72		5.72		2.55		0.21		0.213		0.241

		3rd		A1		1		Stop Irr. After 1st		all		0.91		0.36		2.49		0.98		0.00		0.00		3.40		1.34		1.25		1.25		0.56		0.37		0.368		0.417

		3rd		A2		1		Stop Irr. After 2nd		all		2.71		1.07		2.49		0.98		0.00		0.00		5.20		2.05		4.03		4.03		1.80		0.77		0.775		0.878

		3rd		A3		1		Full Irrigation		all		0.90		0.35		2.49		0.98		17.17		6.76		20.56		8.09		3.93		4.36		1.95		0.19		0.212		0.240

		3rd		A4		1		Spring and Fall Irr.		all		1.50		0.59		2.49		0.98		0.00		0.00		3.99		1.57		2.36		2.36		1.05		0.59		0.591		0.670

		3rd		B1		2		Stop Irr. After 2nd		all		2.71		1.07		2.49		0.98		0.00		0.00		5.20		2.05		3.35		3.35		1.49		0.64		0.644		0.730

		3rd		B2		2		Full Irrigation		all		0.90		0.35		2.49		0.98		17.17		6.76		20.56		8.09		4.58		4.58		2.04		0.22		0.223		0.253

		3rd		B3		2		Spring and Fall Irr.		all		1.50		0.59		2.49		0.98		0.00		0.00		3.99		1.57		2.38		2.03		0.91		0.60		0.510		0.577

		3rd		B4		2		Stop Irr. After 1st		all		0.91		0.36		2.49		0.98		0.00		0.00		3.40		1.34		0.93		0.85		0.38		0.27		0.249		0.282

		3rd		C1		3		Full Irrigation		all		0.90		0.35		2.49		0.98		17.17		6.76		20.56		8.09		3.90		4.54		2.03		0.19		0.221		0.250

		3rd		C2		3		Spring and Fall Irr.		all		1.50		0.59		2.49		0.98		0.00		0.00		3.99		1.57		1.67		1.67		0.74		0.42		0.417		0.473

		3rd		C3		3		Stop Irr. After 1st		all		0.91		0.36		2.49		0.98		0.00		0.00		3.40		1.34		2.07		2.07		0.92		0.61		0.608		0.689

		3rd		C4		3		Stop Irr. After 2nd		all		2.71		1.07		2.49		0.98		0.00		0.00		5.20		2.05		2.74		2.74		1.22		0.53		0.526		0.596

		4th		A1		1		Stop Irr. After 1st		all		1.48		0.58		2.72		1.07		0.00		0.00		4.20		1.65		0.24		0.24		0.11		0.06		0.056		0.064

		4th		A2		1		Stop Irr. After 2nd		all		1.95		0.77		2.72		1.07		0.00		0.00		4.67		1.84		1.25		1.25		0.56		0.27		0.268		0.304

		4th		A3		1		Full Irrigation		all		3.29		1.30		2.72		1.07		13.21		5.20		19.23		7.57		2.67		2.67		1.19		0.14		0.139		0.157

		4th		A4		1		Spring and Fall Irr.		all		-2.67		-1.05		2.72		1.07		13.21		5.20		13.27		5.22		3.04		3.75		1.67		0.23		0.283		0.321

		4th		B1		2		Stop Irr. After 2nd		all		1.95		0.77		2.72		1.07		0.00		0.00		4.67		1.84		1.24		1.24		0.55		0.26		0.265		0.300

		4th		B2		2		Full Irrigation		all		3.29		1.30		2.72		1.07		13.21		5.20		19.23		7.57		2.59		2.59		1.16		0.13		0.135		0.153

		4th		B3		2		Spring and Fall Irr.		all		-2.67		-1.05		2.72		1.07		13.21		5.20		13.27		5.22		2.32		2.32		1.03		0.17		0.175		0.198

		4th		B4		2		Stop Irr. After 1st		all		1.48		0.58		2.72		1.07		0.00		0.00		4.20		1.65		0.38		0.38		0.17		0.09		0.091		0.103

		4th		C1		3		Full Irrigation		all		3.29		1.30		2.72		1.07		13.21		5.20		19.23		7.57		2.37		2.89		1.29		0.12		0.150		0.170

		4th		C2		3		Spring and Fall Irr.		all		-2.67		-1.05		2.72		1.07		13.21		5.20		13.27		5.22		2.87		2.87		1.28		0.22		0.216		0.245

		4th		C3		3		Stop Irr. After 1st		all		1.48		0.58		2.72		1.07		0.00		0.00		4.20		1.65		0.74		0.59		0.26		0.18		0.139		0.158

		4th		C4		3		Stop Irr. After 2nd		all		1.95		0.77		2.72		1.07		0.00		0.00		4.67		1.84		1.13		1.13		0.51		0.24		0.242		0.275

		Total		A1		1		Stop Irr. After 1st		all		6.75		2.66		9.43		3.71		9.15		3.60		25.33		9.97		8.38		8.38		3.74		0.33		0.331		0.375

		Total		A2		1		Stop Irr. After 2nd		all		-0.37		-0.15		9.43		3.71		30.56		12.03		39.62		15.60		15.66		15.60		6.96		0.40		0.394		0.446

		Total		A3		1		Full Irrigation		all		-2.74		-1.08		9.43		3.71		60.94		23.99		67.64		26.63		17.40		18.33		8.18		0.26		0.271		0.307

		Total		A4		1		Spring and Fall Irr.		all		-0.31		-0.12		9.43		3.71		23.91		9.41		33.03		13.01		13.56		13.67		6.10		0.41		0.414		0.469

		Total		B1		2		Stop Irr. After 2nd		all		-0.37		-0.15		9.43		3.71		30.56		12.03		39.62		15.60		13.69		13.69		6.11		0.35		0.346		0.392

		Total		B2		2		Full Irrigation		all		-2.74		-1.08		9.43		3.71		60.94		23.99		67.64		26.63		17.79		18.15		8.10		0.26		0.268		0.304

		Total		B3		2		Spring and Fall Irr.		all		-0.31		-0.12		9.43		3.71		23.91		9.41		33.03		13.01		12.92		12.57		5.61		0.39		0.381		0.431

		Total		B4		2		Stop Irr. After 1st		all		6.75		2.66		9.43		3.71		9.15		3.60		25.33		9.97		8.10		7.59		3.39		0.32		0.300		0.340

		Total		C1		3		Full Irrigation		all		-2.74		-1.08		9.43		3.71		60.94		23.99		67.64		26.63		16.41		18.85		8.41		0.24		0.279		0.316

		Total		C2		3		Spring and Fall Irr.		all		-0.31		-0.12		9.43		3.71		29.15		11.48		38.27		15.07		13.42		13.42		5.99		0.35		0.351		0.397

		Total		C3		3		Stop Irr. After 1st		all		6.75		2.66		9.43		3.71		9.15		3.60		25.33		9.97		10.51		10.36		4.62		0.42		0.409		0.463

		Total		C4		3		Stop Irr. After 2nd		all		-0.37		-0.15		9.43		3.71		30.56		12.03		39.62		15.60		13.85		13.85		6.18		0.35		0.349		0.396

		Summary

								Treatment				ΔΘ				Precip				Irrig				Avg. ET				Avg. Yield (Mg/ha)		Adj. Avg Yield				Avg. WUE		Adj Avg WUE

												(cm)		(in)		(cm)		(in)		(cm)		(in)		(cm)		(in)				(Mg/ha)		(tons/ac)				(Mg/ha/cm)		(tons/ac/in)

								Stop Irr. After 1st				6.75		2.66		9.43		3.71		9.15		3.60		25.33		9.97		9.00		8.78		3.92		0.36		0.346		0.393		346.4605871566

								Stop Irr. After 2nd				-0.37		-0.15		9.43		3.71		30.56		12.03		39.62		15.60		14.40		14.38		6.41		0.36		0.363		0.411		362.8859078111

								Full Irrigation				-2.74		-1.08		9.43		3.71		60.94		23.99		67.64		26.63		17.20		18.44		8.23		0.25		0.273		0.309		272.7052710797

								Spring and Fall Irr.				-0.31		-0.12		9.43		3.71		29.15		11.48		38.27		15.07		13.30		13.22		5.90		0.35		0.345		0.391		345.4402376011





Graphs

				Treatment		Cutting		Avg. Yield		ΔΘ		Precip		Irrig		Avg. ET		Avg. WUE

				Full Irrigation		1st Cutting		5.13		1.39		0.97		9.15		11.51		0.45

				Full Irrigation		2nd Cutting		6.11		-8.32		3.25		21.41		16.34		0.37

				Full Irrigation		3rd Cutting		4.50		0.90		2.49		17.17		20.56		0.22

				Full Irrigation		4th Cutting		2.54		3.29		2.72		13.21		19.23		0.13

				Stop Irr. After 2nd		1st		4.08		-7.23		0.97		9.15		2.89		1.41

				Stop Irr. After 2nd		2nd		5.01		2.20		3.25		21.41		26.86		0.19

				Stop Irr. After 2nd		3rd		3.37		2.71		2.49		0.00		5.20		0.65

				Stop Irr. After 2nd		4th		1.21		1.95		2.72		0.00		4.67		0.26

				Spring and Fall Irr.		1st		4.07		-3.03		0.97		9.15		7.09		0.57

				Spring and Fall Irr.		2nd		4.15		3.89		3.25		1.55		8.69		0.48

				Spring and Fall Irr.		3rd		2.02		1.50		2.49		0.00		3.99		0.51

				Spring and Fall Irr.		4th		2.98		-2.67		2.72		13.21		13.27		0.22

				Stop Irr. After 1st		1st		4.12		-2.59		0.97		9.15		7.53		0.55

				Stop Irr. After 1st		2nd		2.86		6.95		3.25		0.00		10.20		0.28

				Stop Irr. After 1st		3rd		1.39		0.91		2.49		0.00		3.40		0.41

				Stop Irr. After 1st		4th		0.40		1.48		2.72		0.00		4.20		0.10

				Full Irrigation		all		18.27		-2.74		9.43		60.94		67.64		0.27

				Stop Irr. After 2nd		all		13.67		-0.37		9.43		30.56		39.62		0.34

				Spring and Fall Irr.		all		13.22		-0.31		9.43		23.91		33.03		0.40

				Stop Irr. After 1st		all		8.78		6.75		9.43		9.15		25.33		0.35
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2007 Relative Feed Value (RFV) 
by Cutting – Berthoud, CO


Chart2
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2007

		NCWCD Limited Irrigation Alfalfa Quality Analysis

		1st Cutting																		2nd Cutting																		3rd Cutting																		4th Cutting

		Plot		Protein		ADF		NDF		N2		DDM		DMI		RFV				Plot		Protein		ADF		NDF		N2		DDM		DMI		RFV				Plot		Protien		ADF		NDF		N2		DDM		DMI		RFV				Plot		Protien		ADF		NDF		N2		DDM		DMI		RFV

				(% of DM)		(% of DM)		(% of DM)		(% of DM)		(% of DM)										(% of DM)		(% of DM)		(% of DM)		(% of DM)		(% of DM)										(%DM)		(%DM)		(%DM)		(%DM)		(%DM)										(%DM)		(%DM)		(%DM)		(%DM)		(%DM)

		A1		11.29		38.74		45.50		1.81		58.72		2.64		120.05				A1		16.93		30.06		40.60		2.71		65.48		2.96		150.04				A1		24.07		28.99		38.03		3.86		66.32		3.16		162.21				A1		21.31		27.67		34.01		3.41		67.35		3.53		184.20

		A2		11.23		34.61		38.80		1.80		61.94		3.09		148.50				A2		16.64		39.49		47.71		2.66		58.14		2.52		113.35				A2		21.91		33.25		38.68		3.51		63.00		3.10		151.51				A2		21.41		24.56		32.25		3.43		69.77		3.72		201.24

		A3		10.74		35.85		43.12		1.72		60.97		2.78		131.54				A3		16.62		36.58		43.26		2.66		60.40		2.77		129.89				A3		17.66		38.66		43.75		2.83		58.78		2.74		124.99				A3		17.95		36.44		41.32		2.87		60.51		2.90		136.23

		A4		8.28		36.49		42.86		1.33		60.47		2.80		131.25				A4		16.53		31.10		37.85		2.64		64.67		3.17		158.95				A4		23.10		30.11		37.35		3.70		65.44		3.21		162.99				A4		17.36		30.45		36.84		2.78		65.18		3.26		164.58

		B1		9.74		35.96		41.28		1.56		60.89		2.91		137.21				B1		14.24		41.85		48.54		2.28		56.30		2.47		107.89				B1		23.20		30.40		35.80		3.71		65.22		3.35		169.46				B1		22.16		27.20		32.36		3.55		67.71		3.71		194.65

		B2		11.18		33.22		40.50		1.79		63.02		2.96		144.75				B2		11.63		42.90		51.79		1.86		55.48		2.32		99.65				B2		21.06		36.02		43.17		3.37		60.84		2.78		131.10				B2		18.56		25.48		39.54		2.97		69.05		3.03		162.45

		B3		10.52		32.79		37.54		2.07		63.36		3.20		157.00				B3		15.62		37.29		45.08		2.50		59.85		2.66		123.50				B3		23.33		32.91		41.66		3.73		63.26		2.88		141.26				B3		18.92		32.26		39.37		3.03		63.77		3.05		150.67

		B4		12.94		33.39		40.41		1.68		62.89		2.97		144.77				B4		18.47		30.46		37.10		2.96		65.17		3.23		163.41				B4		24.94		28.88		35.40		3.99		66.40		3.39		174.49				B4		22.45		23.13		26.50		3.60		70.88		4.53		248.82

		C1		9.80		31.72		38.95		1.57		64.19		3.08		153.30				C1		17.50		40.31		45.32		2.80		57.50		2.65		118.02				C1										88.90		0.00		0.00				C1		17.14		36.32		41.36		2.74		60.61		2.90		136.31

		C2		12.25		33.12		37.03		1.96		63.10		3.24		158.51				C2		14.99		40.48		48.78		2.40		57.37		2.46		109.40				C2		21.50		32.71		39.33		3.45		63.42		3.05		150.00				C2		20.56		34.66		37.88		3.29		61.90		3.17		152.01

		C3		11.08		34.49		42.62		1.78		62.03		2.82		135.39				C3		16.64		37.26		45.18		2.66		59.87		2.66		123.28				C3		18.89		31.61		44.38		3.03		64.28		2.70		134.73				C3		22.31		27.28		29.38		3.57		67.65		4.08		214.19

		C4		9.11		37.80		44.04		1.46		59.45		2.72		125.58				C4		17.77		37.99		45.69		2.84		59.31		2.63		120.74				C4		21.58		33.84		40.64		3.45		62.54		2.95		143.15				C4		22.47		27.03		37.86		3.60		67.84		3.17		166.69

		1st Cutting Summary of Averages by Irrigation Treatment																		2nd Cutting Summary of Averages by Irrigation Treatment																		3rd Cutting Summary of Averages by Irrigation Treatment																		4th Cutting Summary of Averages by Irrigation Treatment

		Irrigation Treatment				Protien		ADF		NDF		N2		RFV						Irrigation Treatment				Protien		ADF		NDF		N2		RFV						Irrigation Treatment				Protien		ADF		NDF		N2		RFV						Irrigation Treatment				Protien		ADF		NDF		N2		RFV

						(% of DM)		(% of DM)		(% of DM)		(% of DM)												(% of DM)		(% of DM)		(% of DM)		(% of DM)												(% of DM)		(% of DM)		(% of DM)		(% of DM)												(% of DM)		(% of DM)		(% of DM)		(% of DM)

		Full Irrigation				10.57		33.60		40.86		1.69		143.20						Full Irrigation				15.25		39.93		46.79		2.44		115.85						Full Irrigation				19.36		37.34		43.46		3.10		128.04						Full Irrigation				17.88		32.75		40.74		2.86		145.00

		Stop Irr. After 1st				11.77		35.54		42.84		1.76		133.41						Stop Irr. After 1st				17.35		32.59		40.96		2.78		145.57						Stop Irr. After 1st				22.63		29.83		39.27		3.63		157.14						Stop Irr. After 1st				22.02		26.03		29.96		3.53		215.74

		Stop Irr. After 2nd				10.03		36.12		41.37		1.61		137.10						Stop Irr. After 2nd				16.22		39.78		47.31		2.59		114.00						Stop Irr. After 2nd				22.23		32.50		38.37		3.56		154.71						Stop Irr. After 2nd				22.01		26.26		34.16		3.53		187.53

		Spring and Fall Irr.				10.35		34.13		39.14		1.79		148.92						Spring and Fall Irr.				15.71		36.29		43.90		2.51		130.62						Spring and Fall Irr.				22.64		31.91		39.45		3.63		151.42						Spring and Fall Irr.				18.95		32.46		38.03		3.03		155.76





2007

		Full Irrigation		Full Irrigation		Full Irrigation		Full Irrigation

		Stop Irr. After 2nd		Stop Irr. After 2nd		Stop Irr. After 2nd		Stop Irr. After 2nd

		Spring and Fall Irr.		Spring and Fall Irr.		Spring and Fall Irr.		Spring and Fall Irr.

		Stop Irr. After 1st		Stop Irr. After 1st		Stop Irr. After 1st		Stop Irr. After 1st



1st Cutting

2nd Cutting

3rd Cutting

4th Cutting

Relative Feed Value (RFV)



2006

		Relative Feed Values

		Irrigation Treatment		1st Cutting		2nd Cutting		3rd Cutting		4th Cutting

		Full Irrigation		160		130		150		170

		Stop Irr. After 2nd		160		110		170		280

		Spring and Fall Irr.		160		160		180		200

		Stop Irr. After 1st		160		160		200		240





2006
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Potential Management Strategies to 
Reduce Alfalfa Water Use

• Do not water after second cutting
– 60% total yield in first 2 cuttings in 4-cut system
– 75% total yield in first 2 cuttings in 3-cut system
– Forego third cutting, graze any regrowth

• Do not water after first cutting
– Capitalize on higher first harvest yields
– Highest water use efficiency (WUE)
– Potential for small second cutting or graze regrowth

• Quality incentives



Grass Consumptive Water Use

Location
------- Consumptive Use ------

Grass Alfalfa Silage
---------- inches of water --------

Cortez 24.7 30.0 18.0
Fruita 31.4 36.2 23.0
Greeley 26.6 31.5 21.7
Meeker 21.4 24.6 17.3
Monte Vista 20.6 23.7 --
Rocky Ford 33.0 37.7 24.2
Sterling 28.0 35.0 20.0
Walden 13.6 15.7 --
Perennial pasture grass uses between 10 and 15% less water compared to alfalfa



Monthly Pasture Grass Water Use 
Requirements – Monte Vista
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Differences in Yield Response to Applied 
Water for Different Grass Species

Smeal et al. (2005) – Farmington, NM at 5640 ft elevation

California – good responses from 
tall fescue, int. wheatgrass, smooth 
brome, and hybrid wheatgrass



Grass Hayfield Fallowing Trial
– Hayden, CO (Carpenter Ranch)

• Upper Yampa
– Steamboat Lake, CO (Fetcher Ranch)

• Upper Yampa
– Kremmling, CO (Blue Valley Ranch)

• Upper Colorado
– Gunnison, CO (Trampe Ranch)

• Upper Gunnison
– Cimarron, CO

• Gunnison
– Doyleville, CO (Razor Creek Ranch)

• Upper Gunnison

http://water.state.co.us/DivisionsOffices/Pages/default.aspx
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Treatment CP (%) NDF (%)

Year 1
Irrigated 7.6 54.9
Non-irrigated 10.8 51.9

Year 2
Irrigated 8.6 58.0
Non-irrigated (yr 1) 8.0 53.3

Average Grass Forage Quality



Summary of Grass Responses

• Yield
– Reductions averaged 70% (range 24% to 93%) during 

the year of complete fallow
– Yields still 51% (range 13% to 83%) below fully 

irrigated after one year of recovery
– For the fields with 2 yrs of recovery data, yields were 

only 7% (range 0% to 13%) lower than the control



Summary of Grass Responses

• Forage Quality
– In year 1, neutral detergent fiber (NDF) in fallowed 

plots was 5.5% lower (54.9 vs 51.9%) while crude 
protein (CP) content was 42% greater (7.6 vs 10.8%) 
than the control, both indicating higher quality

– In year 2, NDF in fallowed plots was still 8% lower 
(58.0 vs 53.3%) while CP did not differ significantly 
(8.6 vs 8.0%) from the control



Management Implications
• Grass Hayfields

– Although there was variability among sites and 
years, producers can expect significant yield 
reductions in both the fallow year and 1st year of 
recovery

– Based on the data collected to date, it appears that 
most grass hayfields will recover to near normal 
productivity following 2 yrs of full irrigation

– Although producers can expect an increase in 
forage quality (lower fiber, higher CP) which is a 
positive outcome from an animal nutrition 
standpoint, it does not come close to offsetting the 
loss in production



Estimated Seasonal Water 
Requirement (CU) - Cortez
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Considerations When Growing Annual 
Forages

• Warm-season species like millet, sudangrass, 
and sorghum-sudangrass are more water use 
efficient, but growth often does not coincide 
with availability of soil or irrigation water

• Cool-season species are often better choices to 
take advantage of winter and early spring 
stored soil moisture as well as early spring 
runoff water for irrigation
– Fall planted species like cereal rye and triticale
– Spring planted species like barley and oats



Summary 
• Partial-season irrigation of alfalfa offers 

potential to conserve water while maintaining 
a partial hay crop
– In previous trials, stopping irrigation after the 

2nd harvest was lower risk, but recovery and 
stand health were excellent when irrigation 
was stopped after the 1st harvest

• Perennial grasses do not recover as quickly as 
alfalfa when subjected to no or reduced 
irrigation
– Average of 50% reduction when returned to full 

irrigation in year 2
– Close to full production after 2 years of recovery 

(i.e., full irrigation)



Summary 
• Plant drought tolerant perennial grasses like 

int/pub wheatgrass, hybrid wheatgrass, 
smooth brome, and tall fescue
– Irrigate only through first harvest, then let go 

dormant
• Annual forages offer flexibility

– Rotate between forage and grain crop
– Option to totally fallow if conditions are not 

conducive for planting
– For hay, cool-season annuals may offer better 

opportunities than warm-season species
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