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Approximately 50% of US alfalfa is produced under western arid conditions and highly dependent upon 

irrigation (Table 1).  Drought and diminished water supplies for irrigation have affected many western states and 

have been especially acute in California during the record drought of 2012-2017.  Strategies are needed to 

improve economic viability and lessen long-term impacts of drought for alfalfa producers. 

Biological Advantages vis’ a vis 

Water. Although often high in annual 

water demand, alfalfa has some 

important advantages when it comes 

to water issues.  It has a high level of 

water productivity (WP) or water use 

efficiency, and is well adapted to 

drought conditions and deficit 

irrigation strategies. Medicago 

species evolved in the Near East 

regions (Iraq, Iran) with long dry 

summers and wet winters.  Thus 

alfalfa exhibits characteristics that make it very useful when a farm is faced water limitations. These include: 

• Deep-Rootedness—alfalfa roots can be >1-3 meters in effective rooting depth, obtaining moisture from 

deep in the soil profile.  

• Perenniality—Alfalfa rapidly grows with warm spring conditions and does not require annual 

establishment which uses a large amount of water inefficiently before a full canopy is developed.  

• High Yields—Alfalfa can yield up to 12 cuttings per year, and under optimum management can obtain 

yields greater than 35 Mt/ha dry matter. 

• High Harvest Index—100% of the above-ground plant material is harvested, unlike seed or fruiting 

crops, where 10-50% of the biomass is harvested. 

• High Water Productivity (WP)—Alfalfa's high yields and high harvest index generate high water 

productivities (kg of yield per unit of water applied).   

• Salt Tolerance—Alfalfa has a high degree of salt tolerance. Increased salinity is common during 

droughts. The crop can also use degraded saline water supplies. 

• Ability to Survive—The crown, root structure and storage nutrients of alfalfa enables the crop to 

recover after months of drought. 
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Region Alfalfa Hay
Alfalfa Forage 

(Hay+Silage+Green)

Alfalfa Forage 

(% of US)

tons per year tons per year %

MidWest 20,132,158           23,215,460                         42.5%

Northeast 2,224,016              3,501,677                           6.4%

South 435,991                 501,753                              0.9%

West 26,677,006           27,348,810                         50.1%

Total US 49,469,171       54,567,699 100%

Table 1.  Alfalfa Hay & Alfalfa Forage (hay+silage+greenchop) production, hay 

equivalent basis (13%DM).  (2012 USDA-NASS Agricultural Ag. Census).
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• Flexibility to Deficit irrigate—Alfalfa will produce economic yields when partially 

irrigated, unlike some crops where complete failure is possible under drought.    

 

What are the Strategies for Low Water Availability on Farm?  There should be a 

range of strategies for dealing with a water-poor future (Putnam, 2012).  The last 

characteristic (flexibility) is a key attribute of 

alfalfa, and somewhat unique among crops.  

The key questions for growers is how to apply 

deficit irrigation strategies when there is 

insufficient water supply  to satisfy the full 

irrigation needs of the crop?  When faced with 

a drought, alfalfa growers have the choice of: 

• Triage/Cease Production.  Complete cessation of irrigation on some fields while other 

fields are fully irrigated.  

• Continual Deficit/Starvation Diet. Deficit irrigating all fields and applying less water than 

the alfalfa needs throughout the crop season.  

• Partial Season Irrigation/Sudden Cutoff.  Irrigated fully for a period of time, and then cease irrigations 

altogether.   

 

Triage (stopping production on some fields) and using water on the best fields makes sense if some fields are in 

late stages of decay with marginal economic returns.  However, deficit strategies, either continual or partial 

season irrigation strategies may be considered to keep forage production (and animal production) viable during 

drought periods, or to facilitate economic water transfers for other users. 

 

Water Transfers and Economics.  In irrigated regions during drought, water can often be transferred for 

other uses, either between farms, between districts, or from agriculture to cities, or from agriculture to 

environmental uses.  Transfers can be regulatory, by legal fiat, or voluntary transfers.  In the Colorado River 

Basin, overdrafts by all users have caused concern about the long-term sustainability of that water sources and 

level of the Powell Reservoir (Cabot et al., 2017).  Economic transfers of water from agriculture to the massive 

cities of Los Angeles and San Diego have occurred over the past 15 years.  Alfalfa is of particular interest since 

the hectares are large and it represents a relatively large water footprint. Economists have long argued in favor 

of a rational approach to water transfers from high availability areas to low-availability areas especially during 

drought (Howitt et al., 2010). These approaches could (or could not) be favorable to alfalfa growers, depending 

upon the compensation for yield losses, long-tern security of water supplies, and risks involved.  Ottman and 

Putnam (2017) described the yield and economic penalties for yield reductions that would be experienced by 

farmers.  However, in some cases yield penalties can be fully mitigated by payments for water conserved.  Such 

discussions begin by understanding yield penalties and risk of deficit-irrigating alfalfa crops.   

 

 

 

 

 

 

Alfalfa has very deep perennial 

root structures, conferring water 

management advantages (Univ. 

MN illustr.) 
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Figure 1. Cumulative seasonal ETc  or crop water requirements (dashed dark orange line) and fully-watered 

irrigation treatment amounts (yellow line) of applied irrigation water for an alfalfa trial, Davis, CA, 2015.  Water 

applied for the three deficit treatments were 75% of full watering (late cutoff, blue line), 75% of full watering 

(continuous deficits after mid-season, green line) and 50% (sudden cutoff mid-season – dark blue line).   

Deficit Irrigation- Evidence from Field Trials. A range of field trials have been conducted over many years 

on the issue of deficit irrigation.  At Davis, California a study was completed in 2017 in a semi-dormant, 6-8 cut 

system.  Fifteen alfalfa cultivars were established in fall 2014 at Davis, CA using a split plot design with four 

replications with four different irrigation regimes utilizing Subsurface Drip Irrigation (SDI).  Irrigation treatments 

(Figure 1) were: 1) 100% of seasonal ETc, applied water, 2) 75% of seasonal ETc with an August cutoff, 3) 75% 

of seasonal ETc, -fully irrigated until mid-season, then 1⁄2 of full ETc supplied for the remainder of the season, 

and 4) 50% of ETc –with a complete July cutoff (Figure 1).  Over three years of data collection (2015-2017), 

yields averaged 80% of fully-irrigated plots when receiving 50% water application and averaged of 96% of the 

fully-watered yields at 75% of water applications to fully match ETc. (Figure 2). We found that the cultivars 

differed significantly in yield potential (P<0.05), but there was no significant interaction between variety and 

deficit irrigation strategies.  There was little consistent excess damage to crop stand resulting from deficits at the 

end of this 3-year trial.   

In a separate research trial in Colorado in high-mountain irrigated environment (3-4 cut system), a total of 6 

established alfalfa fields were subjected to irrigation treatments including normal irrigation (control), irrigation 

stopped later (low-risk), and irrigation stopped early (high-risk) in the growing season for 2 consecutive years 

(Cabot et al., 2017).  All fields then received consistently full irrigation in the third and final year.  Not 

surprisingly, deficit irrigation reduced plant growth and yields relative to the fully irrigated control in the year 

deficits were imposed.  This was more pronounced in the high risk (early season irrigation cutoffs) than in late-

season cutoffs.  Yield penalty ranged from negligible at some sites to severe (e.g. 75% reduction) at other sites.  

At some sites, there was no yield penalty for late-season cutoffs or early season cutoffs, presumably due to 

residual moisture and soil factors (Cabot et al., 2017).   

Quality.  There is considerable evidence that alfalfa under water deficits may exhibit higher quality than fully-

watered alfalfa.  This may be due to more rapid growth under fully-watered conditions, the trade-off between 

yield and quality, and greater leaf-stem ratio when crops are grown under stress.  In the Colorado study, NDF 

values were significantly decreased (6 percentage points NDF) when irrigations ceased after 1st cutting.  

Enhanced quality is likely due to delayed maturity resulting in a greater leaf-to-stem ratio and finer stems 

(Lindenmayer, 2008; Peterson et al., 1992).  However, such increases is not likely to fully mitigate yield losses 

that might occur due to water deficits. 
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Persistence and Recovery. In both the California and Colorado studies, alfalfa was generally able to fully 

recover from water deficits.  Multiple studies conducted in California over a 15 year period have shown that 

alfalfa mostly recovers when deficit irrigated for the later part of the season (Orloff et al., 2005).  Actually, deficit 

irrigated fields may yield more when fully irrigated in the year following deficits than control treatments.   In the 

final year of the Colorado study, the first cut fully irrigated plots yielded 2,279 kg/ha whereas the late and early 

deficit plots yielded 2,524, and 2,869 kg/ha, respectively, showing over-compensation for previous year deficits.  

These results are supported by other researchers (Carter and Sheaffer, 1983; Lindenmayer, 2008) and our 

California study.  However, stand persistence after water deficits has not been universal.  We have observed 

stand decline in late-season deficit irrigated fields in the low desert regions of California and Arizona.  These are 

harsh desert conditions high in salinity with clay soils and very high temperatures, and stand loss is common 

even under full irrigation.  

Partial Season Irrigation vs. Continuous deficits.   In many western US irrigated regions, the best deficit 

strategy is to fully irrigate the early-season cuttings and then cease irrigation partway through the season. There 

are several advantages to this tactic.  Spring and early summer cuttings are typically the highest yielding (Figure 

2), and also the highest quality and highest in Water Productivity (Figure 3).  Depending on the production area, 

approximately 2/3 to 3/4 of the total annual production occurs by mid-summer (Figure 2).  In the Davis, CA 

study, 50% water savings were imposed after about 64% of the seasonal yield was obtained, and the crop 

yielded 80% of full yields over 3 years, while saving about 50% of the irrigation water.   

 

 

 

 

 

 

 

 

Figure 3. Changes in water demand (ETc) and Water Use Efficiency of alfalfa over the season, Sacramento 

Valley, CA 

Figure 2. Seasonal yield patterns for alfalfa under different deficit strategies, Davis, CA, 2015. The 

dotted line = average yield of 15 varieties.  Boxes below provide % of seasonal yield., Water 

deficits have a lower impact when implemented later in the year.  
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Summary. Unlike many other crops, alfalfa offers a high degree of flexibility during droughts due to its ability 

to successfully survive severe deficits and produce some yield—a valuable attribute when deciding how to 

allocate scarce water.  Thus alfalfa may be the best crop to have in a drought.  Deficit irrigation strategies could 

be implemented utilizing either continual deficiencies (starvation diet) or a sudden cutoff after a partial season 

full irrigation.  We recommend ‘sudden cutoff’ strategies, e.g. fully watering the crop early, followed by complete 

cessation of irrigation. These are effective since 1) most yield is obtained during early harvests, and 2) late 

harvests of alfalfa can utilize residual moisture from earlier irrigations and 3) the crop normally recovers from 

this short-term stress.  Although yields are reduced under deficit irrigation, harvest costs and pest management 

costs may also be reduced. Stands have been largely unaffected by short-term deficits, and recovery is 

excellent, but we have found more severe stand losses in very hot desert environments.  Since competition for 

water resources in irrigated regions is likely to intensify in the future, innovative strategies to cope with reduced 

water supplies are likely to be important for alfalfa in the future.   
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