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What to do when you don’t have enough….
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Key Takeaways….
 It’s not easy

– Triage, water most valuable crops
– Deficit Irrigation of alfalfa

 Start Early!  Early irrigations count when 
water is limited

 Monitor soil moisture-what is going on below 
ground? 

 Lengthen harvest schedules to maximize 
yield (ignore quality this year)
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On your calendar?
• Western Alfalfa Symposium (2021) Reno

• November 16-17-18, 2021
• 11 Western States, Reno, NV

• World Alfalfa Congress 
• (Nov. 2022), San Diego

• Alfalfa/Forages Blog:  (google ‘alfalfa blog’) 
(https://ucanr.edu/blogs/Alfalfa/) 
• “Drought Coming – start irrigation early!”  
• “Organic hay cost study” 
• “Pre-plant weed control”
• “Aphid Pest Management”

https://ucanr.edu/blogs/Alfalfa/
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Irrigated Alfalfa
 45%-52 of US alfalfa is produced in irrigated 

regions

 Alfalfa is the 
#3 economic 
crop in the US

 Alfalfa is often 
the #1 water 
user in 
western states
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Current Situation (May, 2021)

Source: USGS

Exceptional 

Extreme

Severe 

Ok, so really bad
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Can We Produce…

 Alfalfa with about ½ the water?
 Sustainable forage production under highly 

variable water supplies?
 Alfalfa under increasingly saline conditions?
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Today’s discussion: premise

 No magic solutions
 Focus on alfalfa and possible strategies
 Likely a combination of actions may be helpful 
 But not completely satisfactory
 Focus on the biology, not the politics
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What about the Demand Side?
Hay Quality July 23, 2021 Year Ago
Tulare/Hanford Dairies (delivered)
Supreme $295-$352 $265-$285
Premium $272-$290 $246-$265
Good $260-$275 $215-$238
Fair $245-$265 $185-$205
Idaho-(FOB Stack)
Supreme $240 $165-$180
Premium $225-$240 $150-$170
Good $210-$235 $130-$150
Fair $190-$210 $120-$138

Hoyt Report – July 
23/ 2021
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Quality is less important in a high price year!
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Influence of Hay Price on Quality Price Premium 
(California Marketplace)

Data are average of 13 CA market 
reporting districts, ave. of individual 
years, 1996-2011. Approximate 
volume of 5 million short tons per 
year.
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Common Hypothetical Return Curve


TDN-PriceFresno
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#REF!

#REF!

Days

Returns/Acre ($/A)

1

1



FresnoCut4

		Median		Yield (t/a)		ADF

		-8.0		0.4156815385		23.56

		-8.0		0.406033913		23.14

		-8.0		0.439474404		23.69

		-8.0		0.40096375		23.71

		-6.0		0.5847969314		25.19

		-6.0		0.56265		25.45

		-6.0		0.5248640351		25.56

		-6.0		0.5535015357		25.72

		-4.0		0.8339166221		25.77

		-4.0		0.8319451449

		-4.0		0.881485		24.47

		-4.0		0.8134668153		26.06

		-1.0		1.2182145161		28.49

		-1.0		1.2468205814		28.91

		-1.0		1.0963790164		28.08

		-1.0		1.2182943548		28.08

		1.0		1.3265129167		29.55

		1.0		1.4150484615		31.63

		1.0		1.2301901163		28.41

		1.0		1.3743852222		33.43

		3.0		1.5926646154		31.76

		3.0		1.5005180488		32.29

		3.0		1.4405336658		29.24

		3.0		1.5436097368		31.94

		6.0		1.5932643599		33.84

		6.0		1.768981383		33.84

		6.0		1.6409278613		34.05

		6.0		1.7866882067		31.36

		8.0		1.8133385075		35.31

		8.0		1.6257619753		35.78

		8.0		1.8437217234		34.59

		8.0		1.8920726786		32.2





FresnoCut1

		Median		Yield(t/a)		ADF(100% DM)

		-17.5		0.505296		22

		-17.5		0.7395828431

		-17.5		0.3684007317		22.32

		-17.5		0.3993626943		21.74

		-15.5		0.4153557692		21.35

		-15.5		0.5931142295		22.7

		-15.5		1.0057422222		21.04

		-15.5		1.0551922388		21.14

		-11.5		1.0763074365		21.69

		-11.5		1.1279388945		23.6

		-11.5		1.0231921718		20.49

		-11.5		1.2525668208		20.71

		-5.5		1.2600216495

		-5.5		1.3789722791		22.82

		-5.5		1.5278761406		23

		-5.5		1.3521441955		23.64

		-3.5		1.1738982943		24.59

		-3.5		1.4504884195		25.36

		-3.5		1.7172608955		25.44

		-3.5		1.5192258194		23.26

		-1.5		1.5052889258		26.06

		-1.5		1.3895861942		25.04

		-1.5		1.6638545836		25.45

		-1.5		1.6620170854		25.02

		1.5				26.85

		1.5		1.7775665823

		1.5		1.8428235294

		1.5		1.6983729825		27.39

		3.5		1.45350477		27.82

		3.5		1.616859544		27.7

		3.5		1.9391610727		29.12

		3.5		1.6930928522		27.98

		5.5		1.7264836256		30.82

		5.5		1.588953587		28.22

		5.5		1.6708371429		30.5

		5.5		1.7781464052		27.77

		10.5		1.8514768462		29.93

		10.5		1.8727239237		29.85

		10.5		1.9532065672		30.21

		10.5		1.761123641		29.16

		12.5		1.8354288513		30.36

		12.5		1.9474330709		29.59

		12.5		1.8568110414		31.03

		12.5				28.58

		15.5		1.9304557968		32.35

		15.5		1.8042444444		30.15

		15.5				29.7

		15.5		1.8942066		33.39

		17.5		2.2421021548		33.95

		17.5		2.2823647407		31.14

		17.5		2.2636567442		32.66

		17.5		2.286165253
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Price premium for very high quality too small to compensate for low yield

Extremely Early Harvest

'Dairy Quality' Harvest

Just Short of 'Dairy Quality' Harvest

Maximum Yield Harvest

High returns at dairy premium price

High yield compensates for price of lower quality hay

Just missed 'dairy quality'; yield does not yet compensate for large price drop

Returns/A

Days

Gross Returns ($/A)

100.0958

124.7251

159.8178

185.206

185.9625

152.433

155.7754

176.51475

196.39825
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High-Price Example (1997)

Low-Price Example (1999)

Returns/A

Returns/A

Days

Gross Returns ($/A)

68.7425

58.9855

94.7112

81.6261

132.09

111.5625

149.0219

109.3542

163.9727

100.136

177.4812

105.9162

193.308

112.763

207.698

118.173

224.5914

126.0864



New Numbers-Fresno

																		DO NOT MODIFY:--->						N. California 1st Cut										Cut4

		Modify within box if needed																						1997		1999		1997		1999				1997		1999		1997		1999

		ADF		TDN		1997		1999														Days		Price/ton		Price/ton		Returns/A		Returns/A		Days		Price/ton		Price/ton		Returns/A		Returns/A

						Fresno																3		155		142		109.2595		100.0958		9		155		133		68.7425		58.9855

						price/ton																6		152		131		144.7192		124.7251		11		152		131		94.7112		81.6261

																						11		155		138		179.5055		159.8178		14		148		125		132.09		111.5625

		23.8663413913		58		155		133														15		152		140		201.0808		185.206		16		139		102		149.0219		109.3542

		25.3448658239		57		152		131														19		148		125		220.1796		185.9625		18		131		80		163.9727		100.136

		26.8233902565		56		148		125														24		139		90		235.4243		152.433		20		124		74		177.4812		105.9162

		28.3019146891		55		139		102														29		131		82		248.8607		155.7754		22		120		70		193.308		112.763

		29.7804391218		54		131		80														33		124		85.5		255.998		176.51475		24		116		66		207.698		118.173

		31.2589635544		53		124		74														38		120		86.5		272.46		196.39825		26		114		64		224.5914		126.0864

		32.737487987		52		120		70

		34.2160124196		51		116		66

		35.6945368522		50		114		64

																		Cut1								Cut4

																		1997		1999		1997		1999		1997		1999		1997		1999

				Days		Cut1Yld		Cut4yld		ADF1		ADF4		TDN1		TDN2		Price/ton		Price/ton		Returns/A		Returns/A		Price/ton		Price/ton		Returns/A		Returns/A

		3		-18		0.7049				20.2538				60.44334237				155		142		109.2595		100.0958						0		0

		1		-17		0.7461				20.5847				60.219538155								0		0						0		0

		2		-16		0.7873				20.9156				59.99573394								0		0						0		0

		3		-15		0.8285				21.2465				59.771929725								0		0						0		0

		4		-14		0.8697				21.5774				59.54812551								0		0						0		0

		5		-13		0.9109				21.9083				59.324321295								0		0						0		0

		6		-12		0.9521				22.2392				59.10051708				152		131		144.7192		124.7251						0		0

		7		-11		0.9933				22.5701				58.876712865								0		0						0		0

		8		-10		1.0345		0.3537		22.901		22.898		58.65290865		58.6549377						0		0						0		0

		9		-9		1.0757		0.4435		23.2319		23.5971		58.429104435		58.182101415						0		0		155		133		68.7425		58.9855

		10		-8		1.1169		0.5333		23.5628		24.2962		58.20530022		57.70926513						0		0						0		0

		11		-7		1.1581		0.6231		23.8937		24.9953		57.981496005		57.236428845		155		138		179.5055		159.8178		152		131		94.7112		81.6261

		12		-6		1.1993		0.7129		24.2246		25.6944		57.75769179		56.76359256						0		0						0		0

		13		-5		1.2405		0.8027		24.5555		26.3935		57.533887575		56.290756275						0		0						0		0

		14		-4		1.2817		0.8925		24.8864		27.0926		57.31008336		55.81791999						0		0		148		125		132.09		111.5625

		15		-3		1.3229		0.9823		25.2173		27.7917		57.086279145		55.345083705		152		140		201.0808		185.206						0		0

		16		-2		1.3641		1.0721		25.5482		28.4908		56.86247493		54.87224742						0		0		139		102		149.0219		109.3542

		17		-1		1.4053		1.1619		25.8791		29.1899		56.638670715		54.399411135						0		0						0		0

		18		0		1.4465		1.2517		26.21		29.889		56.4148665		53.92657485						0		0		131		80		163.9727		100.136

		19		1		1.4877		1.3415		26.5409		30.5881		56.191062285		53.453738565		148		125		220.1796		185.9625						0		0

		20		2		1.5289		1.4313		26.8718		31.2872		55.96725807		52.98090228						0		0		124		74		177.4812		105.9162

		21		3		1.5701		1.5211		27.2027		31.9863		55.743453855		52.508065995						0		0						0		0

		22		4		1.6113		1.6109		27.5336		32.6854		55.51964964		52.03522971						0		0		120		70		193.308		112.763

		23		5		1.6525		1.7007		27.8645		33.3845		55.295845425		51.562393425						0		0						0		0

		24		6		1.6937		1.7905		28.1954		34.0836		55.07204121		51.08955714		139		90		235.4243		152.433		116		66		207.698		118.173

		25		7		1.7349		1.8803		28.5263		34.7827		54.848236995		50.616720855						0		0						0		0

		26		8		1.7761		1.9701		28.8572		35.4818		54.62443278		50.14388457						0		0		114		64		224.5914		126.0864

		27		9		1.8173		2.0599		29.1881		36.1809		54.400628565		49.671048285						0		0						0		0

		28		10		1.8585				29.519				54.17682435								0		0						0		0

		29		11		1.8997				29.8499				53.953020135				131		82		248.8607		155.7754						0		0

		30		12		1.9409				30.1808				53.72921592								0		0						0		0

		31		13		1.9821				30.5117				53.505411705								0		0						0		0

		32		14		2.0233				30.8426				53.28160749								0		0						0		0

		33		15		2.0645				31.1735				53.057803275				124		85.5		255.998		176.51475						0		0

		34		16		2.1057				31.5044				52.83399906								0		0						0		0

		35		17		2.1469				31.8353				52.610194845								0		0						0		0

		36		18		2.1881				32.1662				52.38639063								0		0						0		0

		37		19		2.2293				32.4971				52.162586415								0		0						0		0

		38		20		2.2705				32.828				51.9387822				120		86.5		272.46		196.39825						0		0

		39		21		2.3117				33.1589				51.714977985								0		0						0		0





Old Numbers

				Table 1 Manipulate this table Only for different scenarios																														Price/Ton						Gross/a/cut2												Price/Ton						Gross/a/cut

		ADF		TDN		1997		1999								Cutcode				Days		Cut1Yld		Cut2yld		ADF1		ADF2		TDN1		TDN2		GoodYr1		BadYr1		This Yr1		GoodYr1		BadYr1		Thisyear1								GoodYr1		BadYr1		This Yr1		GoodYr1		BadYr1		Thisyear1

						N. California								Cut1		0		0		-18		1.443		1.1108		23.409		23.998		58.30932285		57.9109527		138.36642905		112.27738175		140.4109527		153.6974293887		124.7177156479		155.9684862592						59		0		0		0		0		0		0

														Cut2		1		1		-17		1.483		1.1668		23.736		24.394		58.0881564		57.6431181								0		0		0														0		0		0

																		2		-16		1.523		1.2228		24.063		24.79		57.86698995		57.3752835								0		0		0														0		0		0

		23.8663413913		58		155		133										3		-15		1.563		1.2788		24.39		25.186		57.6458235		57.1074489		137.16117335		112.27738175		140.4109527		175.40170848		143.5803157819		179.5575263128														0		0		0

		25.3448658239		57		152		131										4		-14		1.603		1.3348		24.717		25.582		57.42465705		56.8396143								0		0		0														0		0		0

		26.8233902565		56		148		125										5		-13		1.643		1.3908		25.044		25.978		57.2034906		56.5717797		135.7153391		108.7153391		138.00122895		188.7528936203		151.2012936203		191.9321092237														0		0		0

		28.3019146891		55		139		102										6		-12		1.683		1.4468		25.371		26.374		56.98232415		56.3039451								0		0		0						57		152		131		0		255.816		220.473		0

		29.7804391218		54		131		80										7		-11		1.723		1.5028		25.698		26.77		56.7611577		56.0361105		134.1083315		107.1083315		136.12638675		201.5380005782		160.9624005782		204.5707340079														0		0		0

		31.2589635544		53		124		74										8		-10		1.763		1.5588		26.025		27.166		56.53999125		55.7682759								0		0		0														0		0		0

		32.737487987		52		120		70										9		-9		1.803		1.6148		26.352		27.562		56.3188248		55.5004413		132.0017652		103.5030891		132.5030891		213.156450445		167.1367882787		213.9659882787														0		0		0

		34.2160124196		51		116		66										10		-8		1.843		1.6708		26.679		27.958		56.09765835		55.2326067								0		0		0						56		148		125		0		272.764		230.375		0

		35.6945368522		50		114		64										11		-7		1.883		1.7268		27.006		28.354		55.8764919		54.9647721		129.647721		99.295442		128.4011257		223.8756846228		171.4633692456		221.7230638588														0		0		0

																		12		-6		1.923		1.7828		27.333		28.75		55.65532545		54.6969375								0		0		0														0		0		0

																		13		-5		1.963		1.8388		27.66		29.146		55.434159		54.4291029		124.291029		88.582058		119.2947493		228.5463441252		162.8846882504		219.3591850128														0		0		0

				Objective:  Gross income/day														14		-4		2.003		1.8948		27.987		29.542		55.21299255		54.1612683								0		0		0														0		0		0

				Or:  for that cutting, gross return is optimized at a given yield/quality														15		-3		2.043		1.9508		28.314		29.938		54.9918261		53.8934337		119.4671685		79.4671685		110.1883729		233.0565523098		155.0245523098		214.9554778533						55		139		102		0		283.977		208.386		0

																		16		-2		2.083		2.0068		28.641		30.334		54.77065965		53.6255991								0		0		0														0		0		0

				Yield=2.163+(.04*a)-(.0442*b)+(.016*a*b)														17		-1		2.123		2.0628		28.968		30.73		54.5494932		53.3577645		116.7888225		76.7888225		101.0819965		240.911983053		158.399983053		208.5119423802														0		0		0

				a=days (scaled -18 to +18)														18		0		2.163		2.1188		29.295		31.126		54.32832675		53.0899299								0		0		0														0		0		0

				b=cut (0,1)  0=1, 1=2														19		1		2.203		2.1748		29.622		31.522		54.1071603		52.8220953								0		0		0						54		131		80		0		288.593		176.24		0

																		20		2		2.243		2.2308		29.949		31.918		53.88599385		52.5542607		114.1085214		74.1085214		88.3139105		254.5532895391		165.3212895391		197.0106715434														0		0		0

				ADF=29.295+(1.831*b)+(.327*a)+(.069*a*b)														21		3		2.283		2.2868		30.276		32.314		53.6648274		52.2864261								0		0		0														0		0		0

																		22		4		2.323		2.3428		30.603		32.71		53.44366095		52.0185915		113.037183		73.037183		80.2788725		264.8235123324		171.1115123324		188.077342493														0		0		0

																		23		5		2.363		2.3988		30.93		33.106		53.2224945		51.7507569								0		0		0														0		0		0

																		24		6		2.403		2.4548		31.257		33.502		53.00132805		51.4829223		112.4829223		72.4829223		73.2779899		276.123077662		177.931077662		179.8828096065						53		124		74		0		297.972		177.822		0

																		25		7		2.443		2.5108		31.584		33.898		52.7801616		51.2150877								0		0		0														0		0		0

																		26		8		2.483		2.5668		31.911		34.294		52.55899515		50.9472531		112		71.8945062		66.6307717		287.4816		184.5388185142		171.0278647996														0		0		0

																		27		9		2.523		2.6228		32.238		34.69		52.3378287		50.6794185								0		0		0														0		0		0

																		28		10		2.563		2.6788		32.565		35.086		52.11666225		50.4115839								0		0		0						52		120		70		0		307.56		179.41		0

																		29		11		2.603		2.7348		32.892		35.482		51.8954958		50.1437493		112		70.2874986		61.0062451		306.2976		192.2222511713		166.8398790995														0		0		0

				Difference		-114		-64		0								30		12		2.643		2.7908		33.219		35.878		51.67432935		49.8759147																										0		0		0

																		31		13		2.683		2.8468		33.546		36.274		51.4531629		49.6080801																										0		0		0

																		32		14		2.723		2.9028		33.873		36.67		51.23199645		49.3402455																										0		0		0

																		33		15		2.763		2.9588		34.2		37.066		51.01083		49.0724109																		51		116		66		0		320.508		182.358		0

																		34		16		2.803		3.0148		34.527		37.462		50.78966355		48.8045763																										0		0		0

																		35		17		2.843		3.0708		34.854		37.858		50.5684971		48.5367417																										0		0		0

																		36		18		2.883		3.1268		35.181		38.254		50.34733065		48.2689071																		50		114		64		0		328.662		184.512		0
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		DATA for Cut 2 only:

		Days		Days		GoodYr1		BadYr1		This Yr1

		3		-15		175.40170848		143.5803157819		179.5575263128

		5		-13		188.7528936203		151.2012936203		191.9321092237

		7		-11		201.5380005782		160.9624005782		204.5707340079

		9		-9		213.156450445		167.1367882787		213.9659882787

		11		-7		223.8756846228		171.4633692456		221.7230638588

		13		-5		228.5463441252		162.8846882504		219.3591850128

		15		-3		233.0565523098		155.0245523098		214.9554778533

		17		-1		240.911983053		158.399983053		208.5119423802

		20		2		254.5532895391		165.3212895391		197.0106715434

		22		4		264.8235123324		171.1115123324		188.077342493

		24		6		276.123077662		177.931077662		179.8828096065

		26		8		287.4816		184.5388185142		171.0278647996

		29		11		306.2976		192.2222511713		166.8398790995

		Gross/a/cut		0		0

		GoodYr1		BadYr1		Thisyear1

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		255.816		220.473		0

		0		0		0

		0		0		0

		0		0		0

		272.764		230.375		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		283.977		208.386		0

		0		0		0

		0		0		0

		0		0		0

		288.593		176.24		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		297.972		177.822		0

		0		0		0

		0		0		0

		0		0		0

		307.56		179.41		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		320.508		182.358		0

		0		0		0

		0		0		0

		328.662		184.512		0
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Days

Gross Return ($acre)



Sheet3

		TDN		Good Yr		Poor Yr		This Year								TDN		Good Yr		Poor Yr		This Year

																57.1074489		137.16117335		112.27738175		140.4109527

		60		140		115		142								56.8396143

		59		140		114.5		142								56.5717797		135.7153391		108.7153391		138.00122895

		58		138.5		112.5		140.5								56.3039451

		57		137		110		139.5								56.0361105		134.1083315		107.1083315		136.12638675

		56		134		107		136								55.7682759

		55		130		100		129								55.5004413		132.0017652		103.5030891		132.5030891

		54		120		80		112								55.2326067

		53		115		75		95								54.9647721		129.647721		99.295442		128.4011257

		52		113		73		80								54.6969375

		51		112		72		67								54.4291029		124.291029		88.582058		119.2947493

		50		112		70		60								54.1612683

																53.8934337		119.4671685		79.4671685		110.1883729

																53.6255991

		53		75		52.5542607		0.5542607		2		74.1085214				53.3577645		116.7888225		76.7888225		101.0819965

		52		73												53.0899299

																52.8220953

																52.5542607		114.1085214		74.1085214		88.3139105

																52.2864261

																52.0185915		113.037183		73.037183		80.2788725

																51.7507569

																51.4829223		112.4829223		72.4829223		73.2779899

																51.2150877

																50.9472531		112		71.8945062		66.6307717

																50.6794185

																50.4115839

																50.1437493		112		70.2874986		61.0062451
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Alfalfa – the Best Crop for a 
Drought

 Very high “Water Productivity” – DM produced for 
each unit of water

 Deep roots – recovery of residual soil moisture 
 Perennial (starts early)
 Can successfully ‘dry down’ alfalfa and still have 

economic returns (usually recovers)
 Consistent demand for hay (esp. in drought)
 Can accept degraded water (saline, waste)
 High flexibility
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Tulelake, July 2021 
 Two harvests without irrigation
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Tulalake Yields (2 cuts, 2021) non-irrigated
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What is happening below ground?
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Nodulation at 34”
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Five-year old alfalfa 
variety trial after 

two years of 
season-long 

drought conditions 
under high salinity  

2013 and 2014 
(Western Fresno 

County, CA).

Photo taken Nov. 2014 after a 
single irrigation – plants mostly 

recovered
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Alfalfa’s Ability to..
 Exhibit high early productivity
 Go Summer Dormant (in most cases)
 Extract moisture deep in profile
 Re-grow after extended drought (in most 

cases) 
Important characteristics for a  drought 
resistant crop.

Key is deep moisture
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Caveats:
 Not all soils are as forgiving as Tulelake soils
 Mineral soils/sandy soils/soil impediments 
 Depends upon subsoil moisture
 Understand your deep moisture
 Remember – soil profile will need to be 

refilled next year.
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Principle: More crop per drop.
Or 

As much crop Per Drop as possible
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Strategies for a drought year
1. Selective Fallowing  
2. Technology Strategies (improvements)
3. Partial Season Irrigation strategies
4. Use of degraded (saline) water
5. Modify Harvest Schedules
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Technology Strategies (long term)
 Application improvements (pivots)

 Closer spacings on drop hoses (DU)
 Nozzle solutions appropriate for soil and stage
 LESA-LEPA, dragging drip lines 

 Goal is to more carefully match ET, reduce losses 
 Push moisture deep into root zone

– Other options?  Subsoil Drip Irrigation?
 Major limitations have been cost, gopher control
 On certain soils, have proved to be viable

– Flood irrigation? (light soils with limited 
surface water, doesn’t make sense)
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Overhead Improvements:
23

Linear Overhead Irrigation
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Improvements 
Configurations:

LESA
Low Elevation 

Spray Applicators

MDI
Mobile Drip 
Irrigation

A-LESA

B-MDI

25

• Push water deep in profile?
• Follow ET?
• Minimize losses?
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The Problem: 
What’s REALLY Happening Below-ground?
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Soil Impediments…
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Even on sands – layers occur
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Soil Moisture Monitoring
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Deficit Irrigation Strategies
 Alfalfa can be deficit irrigated, but partial yields 

should be expected.
 Start early!

– Fill Profile in early spring
– “Cold turkey” not “starvation diet”
– Water fully per cutting if possible
– Curtail irrigation mid-late summer/fall
– Re-fill profile in early spring
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Water Productivity & ET
y = 0.0008x2 - 0.0169x + 0.1863

R2 = 0.9029

y = -0.1912x2 + 3.1543x + 3.9386
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Alfalfa Yield Patterns

60%

62%
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Tulare

Year
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Dry 
Skip 
Terminate 

1986 1987 1988

Standard: 2 irrigations /cut
Dry: 1 irrigation/cut
Skip: No irrigation July/Aug
Terminate: July Termination
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Water Savings
Table 1. Water applications (1986) Kearney 
Agricultural Center, Fresno Co. (Sandy Loam soil)
Treatment Irrigation Water Irrigation + Rain
Normal 37 51
Dry 23 37
Skip 19 33
Terminate 15 29
See: Frate & Roberts, 1992. California Alfalfa Symposium 
Proceedings (http://alfalfa.ucdavis.edu )

http://alfalfa.ucdavis.edu/
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Studies in grower’s fields (2005-2012)
Hanson et al.

Fully irrigated

Deficit irrigated (no irrigation since the end of June)

Sacramento Valley – September 19, 2008

 Yields were reduced, but not to the same 
degree as water savings.

 Crop mostly recovered in following year
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Impact of 2 Years of Treatment 
and 1 Year of Recovery on Alfalfa 

Yield – Eckert, CO

All trts fully 
irrigatedAll trts fully 

irrigated

J. Brummer, 2017



2021-Tulelake Field Day

Kearney Trials (sandy loam)
 Previous year 

deficits vs. fully 
irrigated

 Recharge with 
excess winter 
flooding >12 
AF/acre flood

 Advantage: 
Contribution to 
aquifer, filling root 
profile

Figure 7. Effect of winter flood irrigation on 2020 alfalfa yields that were either 
fully irrigated or deficit irrigated in 2019. 

Khaled Bali, data



2021-Tulelake Field Day

Value of Refilling the Profile Early (2021 trial)

 Davis, CA
 Previous years (2020) Deficit Treatments 

were imposed vs. fully irrigated plots
 Sprinkler System (LESA) and Mobile Drip 

Irrigation (MDI).
 In 2021, divided into 

– 1) Early season (pre-harvest) irrigation 
using flood irrigation

– 2) No early irrigation
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Effects of early irrigation:

Rain
Contribution
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 Early growth: access to subsoil moisture
 Important later when one cannot ‘keep up’
 Subsoil helps with ‘cutting drought’ stress 

during harvest periods

Importance of Early Irrigations:



2021-Tulelake Field Day

February

March

April

May

Harvest 1

Irrigation

Irrigation
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February Flood Irrigation (Buttonwillow, CA) 
Subsurface Drip (SDI) during remainder of season
“Filling the Profile Early”
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Strategies for water short 
years:

 Water early – fill profile
 Monitor soil moisture – how deep?
 Produce high yield crops early
 Lengthen early harvest schedules (maximize 

yield
 Late summer/fall dry-downs
 Save on late-season costs
 Accept reduced yields
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Many thanks!

Wagner farm, WA state, photo

dhputnam@ucdavis.edu
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