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Michael J. Ottman 

 
 

Summary 
 

Alfalfa has the highest water requirement of any crop grown in Arizona, and any strategies that 
conserve water growing this crop could have a large impact on water availability in the state.  
The purpose of this study is to determine yield and profitability of sub-optimal irrigation strategies 
in alfalfa.  An irrigation study was conducted at the University of Arizona Maricopa Agricultural 
Center on a sandy clay loam soil.  The following irrigation treatments are included in this study:  
1) One irrigation per cutting, 2) Two irrigations per cutting, 3) Summer (August) irrigation 
termination, 4) Winter (December, January, February) irrigation termination, and 5) Summer and 
Winter irrigation termination.  The Winter irrigation termination treatments were initiated in 
December 2009 and data is not available yet for these treatments.  The amount of water applied 
from January through November 2009 was 69.7 inches (one irrigation per cut), 80.5 inches (two 
irrigations per cut), and 78.6 (Summer irrigation termination).  The annual hay yields were 12.5 
tons/acre (one irrigation per cut), 13.7 tons/acre (two irrigations per cut), and 12.9 tons/acre 
(Summer irrigation termination).   Sub-optimal irrigation increased the forage quality by 
decreasing fiber (ADF and NDF) and increasing protein content.  Sub-optimal irrigation did not 
reduce stand density.  The water use efficiency of applied water (plus rainfall) was not affected by 
irrigation treatment.    

 
Introduction 

 
More water is applied to alfalfa than any other crop in Arizona due to the acreage planted and the water 
requirements of the crop.  Alfalfa is the major field crop in the state with 250,000 acres in 2006, followed by cotton 
(188,000 acres), and wheat (79,000 acres) [NASS, 2008].  The annual water requirement or consumptive use of 
alfalfa is 74 inches, higher than the water requirement of cotton (41 inches) and wheat (23 inches) [Erie et al., 1965].  
The water requirement of alfalfa is higher than most crops since it is a perennial and grows most of the year in 
Arizona in contrast to the 6-7 month growing season of cotton and the 4-5 month growing season of wheat. 
 
Alfalfa is in high demand by the dairy and horse industries.  There really is no substitute for alfalfa in the diet of 
these animals since alfalfa is such a highly nutritious feed.  Since 1993, alfalfa acreage has increased from 150,000 
to 250,000 acres (NASS, 2008).  This increase in alfalfa acres has been spurred by the expansion of the dairy 
industry and an increase in the number of horses in the state.  The demand for alfalfa in Arizona will continue in the 
foreseeable future since dairies are generally located near population centers to lower transportation cost of milk and 
the number of horses is correlated with human population.  Also, alfalfa acreage is declining in the Imperial and 
Palo Verde Valleys of California near the Arizona border due to limited water supplies and transfer of water to 
urban areas.   
 
Water supplies can be variable due to drought or reduced by demands from municipalities.  So, how will this steady 
or perhaps increased water demand for alfalfa be met?  One way is through suboptimal irrigation, or irrigating 
alfalfa with less water than it needs for optimum growth.  Some research has been conducted on strategies to apply 
less water to alfalfa, but it is difficult to directly apply the results of most of these studies to the Phoenix region.  
Reduced irrigation has been investigated in the Imperial Valley of California (Robinson et al., 1994), but this study 
was conducted on a soil with high water holding capacity and a shallow water table.  Studies in the Fresno, CA 
(Frate et al., 1991), Davis, CA (Hanson et al., 2007), New Mexico (Wilson et al., 1983), Nevada (Guitjens and 
Jensen, 1988), and Cyprus (Metochis and Orphanos, 1981) are not directly applicable since the water demand by 
alfalfa in those locations is much less than that in Phoenix.  Research on reduced irrigation of alfalfa in the summer 
conducted in regions with little or no summer rainfall, such as in California or Cyprus, is not applicable to the 
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Phoenix region which does have a summer rainy season.  Summer rain may rescue the crop from imminent failure 
from irrigation termination.  Irrigation studies applicable to the Phoenix region have been conducted in Mesa 
(Schonhorst et al., 1963) and Tucson (Schneiter, 1973) where it was shown that stands and subsequent yields were 
not damaged by irrigation termination in the summer, but other irrigation strategies were not investigated.  An 
irrigation termination study conducted at Maricopa (Ottman et al., 1996) demonstrated the adverse effects of 
withholding irrigation water for several months, but strategies that have a less severe affect on yield were not 
investigated.  The purpose of this and many of the other irrigation termination studies has generally been to 
demonstrate the effects of withholding irrigation water for a long period of time due to critical water shortages or 
transfers to municipalities.  Many of these studies have shown that prolonged irrigation termination can have a 
temporary or permanent affect on yield depending on soil and climatic conditions.   
 
Most farmers would be reluctant to reduce irrigation to the degree where forage yield and stands are permanently 
reduced.  Less drastic reductions in irrigation water applications may be more palatable to alfalfa producers.  Several 
strategies are:  1) Irrigation termination in August during the “summer slump” when alfalfa growth is much reduced 
due to heat.  During this time period, the grower is battling weeds and insects, the cost of producing this cutting is 
high, and the hay produced during this time is of reduced quality and receives a lower price, 2)  Irrigation 
termination during the winter after the last cutting in fall until the first cutting in spring.  Similar to the August 
cutting, the alfalfa producer is battling weeds and insects such as the Egyptian alfalfa weevil during this time period 
and the cost of production for this cutting can be high.  It is difficult to make hay during the winter due to cool 
weather, rainfall, and generally poor drying conditions.  Although prices for quality hay are usually high during the 
winter, most hay produced during this time is not of high quality due to frost damage, rain damage, or bleaching 
from prolonged field exposure during the drying process. Up to half of the annual precipitation (~3.5 inches) may be 
received during this period in the Phoenix region, so some alfalfa production may be possible without irrigation, 3) 
Irrigating once instead of twice per cutting could maintain alfalfa production throughout the year without 
significantly reducing yields.  Alfalfa is a deep-rooted crop and its effective rooting depth is 6 to 8 feet.  It may be 
possible to meet the water requirements of alfalfa each cutting with a single irrigation using less water than two 
irrigations.  This strategy may be particularly effective with the shorter cutting cycles more common in recent years 
employed as an effort to improve hay quality.   
 
The objective of this study is to determine the yield and profitability of sub-optimal irrigation strategies in alfalfa.  
 

Materials and Methods 
 
A field study of suboptimal irrigation strategies for alfalfa was established at the University of Arizona Maricopa 
Agricultural Center.  CUF 101 alfalfa was seeded with a Brillion seeder on 29 Oct 2008 at a rate of 25 lbs seed/acre 
on a sandy clay loam soil.  The preplant phosphate level in the soil was 5.0 ppm PO4-P, which is considered low, 
and 200 lbs/acre of ammonium phosphate fertilizer (11-52-0) was applied on 27 Jan 2009.  The experimental area 
was flood irrigated as necessary to establish a stand before irrigation treatments are initiated.  Once a stand was 
established, the experimental area was divided into basins 30 ft x 60 ft in size which were surrounded by earthen 
berms that allowed each basin to be watered individually.  Water was delivered to each basin or plot using by 
tapping into the pressurized water system with 8 inch polypipe fitted with slide gates that could be opened to deliver 
water as required.  The following irrigation treatments were replicated four times in a randomized complete block 
experimental design: 1) One irrigation per cutting, 2) Two irrigations per cutting, 3) Summer (August) irrigation 
termination, 4) Winter (December, January, February) irrigation termination, and 5) Summer and Winter irrigation 
termination.   (Table 1).  The irrigation termination treatments were irrigated twice per cutting.  The amount of 
irrigation water applied was based on soil water measurements to a depth of 10 ft using a neutron probe (Table 2).  
The forage was harvested with a Carter forage harvester by taking two 40-inch passes through the crop.  A sample of 
forage was obtained each harvest to adjust yield for moisture content and to perform quality analysis on the forage.   
Stand was evaluated on 31 July 2009 and 4 Dec 2009 by counting crowns in two 2 ft x 4 ft areas. 
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Results and Discussion 
 

The irrigation strategy that resulted in the greatest hay yield was, as expected, two irrigations per cutting with no 
irrigation termination (Table 3).  Irrigating once per cutting decreased hay yields by about 9% on an annual basis 
compared to irrigating twice per cutting.  The decrease in yield by irrigating only once instead of twice per cutting 
was 14% if the cuttings on 4/2 and 7/1 are excluded from the calculation since more than one irrigation was applied 
for these cuttings.  The alfalfa irrigated only once per cutting was shorter than that irrigated twice per cutting and 
was water stressed in appearance at harvest.  The moisture content of forage from this irrigation strategy was less 
than forage grown with other strategies (data not presented).   
 
The annual forage yield for the summer irrigation termination strategy was about 6% lower than irrigating twice per 
cut for all cuttings.  The yield for the forage irrigated twice during this summer termination time (August) was about 
half of what was obtained in previous cuttings.  Therefore, this is a good time to termination irrigation since 
productivity is so low.  Hay yields were limited after the 8/27 cutting by a severe infestation of potato leaf hopper.  
Hay yields were only about half a ton per acre on 10/2, and recovered somewhat by the next cutting on 12/4.  So, the 
ability of the summer termination  treatment to recover after irrigation water was withheld could not be established 
with certainty since leafhoppers reduced yield of all treatments.  The winter termination strategy was initiated in 
December, and yields from this treatment will not be harvested until next March, so there is no data available at this 
time to report on the effectiveness of this strategy. 
 
Sub-optimal irrigation increased the nutritional quality of the hay (Tables 4-6).  Irrigating once per cutting reduced 
fiber content as measured by acid detergent fiber (ADF) and neutral detergent fiber (NDF) and increased crude 
protein content.  This may have occurred because the crop was at a less advanced stage.  The soil was drier at 
harvest for the treatment irrigated once per cutting, and re-growth was delayed compared to the crop grown with two 
irrigations per cutting.  The plants grown with one irrigation per cutting were shorter at harvest which also indicates 
they might have been at an earlier stage of growth.  The protein content of the treatment irrigated once per cutting 
was greater than that of the treatment irrigated twice per cutting perhaps because the plant may have been less 
mature.  However, I suspect that the protein content of this treatment may have been reduced using a commercial 
swather due to increased leaf loss because of  the lower moisture content of this forage.  The small plot forage 
harvester we used recovered most of the leaves.  Forage quality for the summer irrigation termination strategy was 
also high since the crop grew very slowly and was immature at harvest due to lack of water and achieved a yield of 
only 1/3 ton/acre in contrast to the 1 ton/acre achieved by the fully irrigated treatments at the 8/27 cutting.  
 
In the first year of this study, sub-optimal irrigation strategies did not reduce stand as is commonly feared (Table 7).  
However, these irrigation treatments may be relying on moisture in the subsoil for survival, and over time as this 
source of water is depleted, stand  may be adversely affected.   
 
The efficiency that hay is produced per unit of irrigation and rainfall  (WUEirr) was not affected by the irrigation 
strategies in this study so far (Table 7).  We are able to apply small amount of water with the irrigation system we 
used in this study and the amount of water applied each irrigation is close to the amount of water used by the crop.  
This is not the case with most surface flood systems in commercial practice where the minimum water application is 
4 to 6 inches.  In our study, we applied 2 to 4 inches of water on several occasions.  So, under commercial 
conditions, the efficiency of irrigating once per cutting may be greater than irrigating twice per cutting due to less 
loss of water to drainage compared to more frequent irrigation.  Also, in our study we re-irrigated the summer 
termination treatments at the end of summer with enough water to refill the soil profile, which reduced the WUEirr of 
this treatment. 
 
In summary, we have not shown improvements in the efficiency of water use by sub-optimal irrigation strategies in 
this study.   I am considering changes in the protocol of this study for the following year that either mimicks or gives 
insight into how sub-optimal irrigation strategies would behave under commercial conditions.  
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Table 1.  Alfalfa irrigation schedule based on irrigating 7 days after previous cutting and 9 days before subsequent 
cutting.  An “X” in the table denotes that an irrigation was applied for a treatment on a particular date.  The cuttings 
were scheduled starting about 5 months after planting and then 5, 4, 4, 4, 4, 5, and 9 weeks thereafter for cuttings 2 
through 8. 

  Treatment Code 
Cutting Irrigation 1 2 3 4 5 

       
02 Apr 09 09 Apr 09 X X X X X 

  23 Apr 09  X X X X 
06 May 09 14 May 09 X X X X X 

  26 May 09  X X X X 
04 Jun 09 11 Jun 09 X X X X X 

  23 Jun 09  X X X X 
01 Jul 09 09 Jul 09 X X X X X 

  21 Jul 09  X X X X 
30 Jul 09 06 Aug 09 X X  X  

  18 Aug 09  X  X  
27 Aug 09 03 Sep 09 X X X X X 

  17 Sep 09  X X X X 
02 Oct 09 08 Oct 09 X X X X X 

  30 Oct 09  X X X X 
03 Dec 09 10 Dec 09 X X X   

 ???  X X   
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Table 2.  Water applied to the various irrigation treatments.  The rainfall amount for 2008 from planting to the end 
of the year was 1.31 inches and for 2009 was 3.83 inches. 

  Irrigation Strategy 

Cutting 
Date 

Irrigation 
Date 

One 
irrigation 

per cutting 

Two 
irrigations  
per cutting 

Summer 
 termination 

Winter 
termination 

Summer and 
Winter 

termination 
  ------------------------------------------ inches ------------------------------------------ 
  

       29 Oct 08 5.13 5.13 5.13 5.13 5.13 
  06 Nov 08 1.71 1.71 1.71 1.71 1.71 
  15 Dec 08 2.74 2.74 2.74 2.74 2.74 
    

       29 Jan 09 3.21 3.21 3.21 3.21 3.21 
  27 Feb 09 4.64 4.64 4.64 4.64 4.64 

 02 Apr 09 19 Mar 09 4.53 4.53 4.53 4.53 4.53 
   

      09 Apr 09 5.05 5.05 5.05 5.05 5.05 
 06 May 09 23 Apr 09 0.00 5.48 5.48 5.48 5.48 

   
      14 May 09 9.00 6.36 6.36 6.36 6.36 

 04 Jun 09  26 May 09 0.00 2.33 2.33 2.33 2.33 
   

       11 Jun 09 6.57 4.69 4.69 4.69 4.69 
 01 Jul 09 23 Jun 09 3.24 9.44 9.44 9.44 9.44 

   
       09 Jul 09 6.25 2.52 2.52 2.52 2.52 

31 Jul 09  21 Jul 09 0.00 6.05 6.05 6.05 6.05 
   

       06 Aug 09 9.89 3.99 0.00 4.06 0.00 
 27 Aug 09 18 Aug 09 0.00 2.94 0.00 2.57 0.00 

   
       03 Sep 09 10.75 6.44 11.47 6.44 11.47 

 02 Oct 09 17 Sep 09 0.00 5.08 5.08 5.08 5.08 
   

       08 Oct 09 6.56 4.10 4.10 4.10 4.10 
 03 Dec 09 30 Oct 09 

 
3.65 3.65 3.65 3.65 

   
      10 Dec 09 7.40 4.56 4.56 0.00 0.00 

  
     

 
SUM Jan-
Nov, 2009 69.69 80.50 78.60 80.20 78.60 
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Table 3.  Alfalfa hay yield as affected by irrigation strategy in a trial conducted at Maricopa, AZ in 2009. 
 

 Hay Yield 
Irrigation Strategy 4/2 5/6 6/4 7/1 7/30 8/27 10/2 12/4 Sum 

 ------------------------------- Tons/acre ------------------------------- 

          One irrigation per cut 2.64 2.23 1.77 1.90 1.72 0.89 0.39 0.93 12.5 
Two irrigations per cut 2.57 2.61 2.11 1.91 1.73 1.11 0.55 1.15 13.7 

Summer irrigation termination 2.73 2.56 1.99 1.92 1.63 0.34 0.63 1.13 12.9 
Winter irrigation termination 2.70 2.56 2.14 1.91 1.69 1.04 0.51 1.03 13.6 

Summer and winter termination 2.65 2.54 2.03 1.89 1.69 0.28 0.67 1.11 12.9 

          Average 2.66 2.50 2.01 1.91 1.69 0.73 0.55 1.07 13.1 
CV (%) 6 7 8 5 11 9 18 7 10 
LSD.05 ns 0.25 0.24 ns ns 0.10 0.15 0.12 0.8 

 
 
Table 4.  Acid detergent fiber (ADF) of alfalfa as affected by irrigation strategy in a trial conducted at Maricopa, AZ 
in 2009. 

 
Acid Detergent Fiber (ADF) 

Irrigation Strategy 4/2 5/6 6/4 7/1 7/30 8/27 Average 

 ------------------------------------ % ------------------------------------- 

        
One irrigation per cut 28.8 33.1 30.2 34.9 34.5 28.9 31.6 

Two irrigations per cut 29.5 37.6 34.4 34.0 34.1 30.5 33.4 
Summer irrigation termination 30.2 37.2 34.4 34.7 32.3 24.7 32.2 
Winter irrigation termination 30.0 34.4 33.4 35.2 33.8 31.6 32.9 

Summer and winter termination 29.8 35.3 33.2 33.7 33.6 25.1 31.8 

        
Average 29.6 35.5 33.1 34.5 33.7 28.2 32.4 
CV (%) 4 5 4 5 11 6 7 
LSD.05 ns 2.5 1.8 ns ns 2.2 1.3 

 
 
Table 5.  Neutral detergent fiber (NDF) of alfalfa as affected by irrigation strategy in a trial conducted at Maricopa, 
AZ in 2009. 

 
Neutral Detergent Fiber (ADF) 

Irrigation Strategy 4/2 5/6 6/4 7/1 7/30 8/27 Average 

 ------------------------------------ % ------------------------------------- 

        One irrigation per cut 36.1 39.9 35.7 40.1 42.3 35.5 38.2 
Two irrigations per cut 35.9 44.5 40.4 40.1 41.7 38.2 40.1 

Summer irrigation termination 36.8 43.8 40.3 40.6 40.6 31.4 38.8 
Winter irrigation termination 36.3 40.9 38.9 40.9 40.7 38.1 39.1 

Summer and winter termination 37.0 42.0 37.7 39.9 42.2 31.1 38.3 

        Average 36.4 42.2 38.6 40.3 41.5 34.8 38.9 
CV (%) 2 4 3 4 9 4 6 
LSD.05 ns 2.6 1.8 ns ns 1.9 1.3 
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Table 6.  Protein content of alfalfa as affected by irrigation strategy in a trial conducted at Maricopa, AZ in 2009. 
 

 
Protein 

Irrigation Strategy 4/2 5/6 6/4 7/1 7/30 8/27 Average 

 ------------------------------------ % ------------------------------------- 

        One irrigation per cut 23.1 20.6 25.2 23.2 17.0 21.2 21.5 
Two irrigations per cut 21.4 20.4 22.3 23.5 17.7 20.3 20.7 

Summer irrigation termination 22.9 20.7 22.3 23.0 18.3 21.1 21.2 
Winter irrigation termination 22.3 21.1 22.1 22.5 17.3 19.2 20.7 

Summer and winter termination 22.2 22.3 22.8 24.6 18.0 22.0 21.6 

        Average 22.4 21.0 22.9 23.3 17.7 20.8 21.2 
CV (%) 6 6 7 5 5 5 6 
LSD.05 ns 1.8 ns ns ns 1.4 0.8 

 
 
Table 7.  Plant stand density measured on 7/31 and 12/4 and water use efficiency of irrigation plus rainfall (WUEirr) 
as affected by irrigation strategy in a trial conducted at Maricopa, AZ in 2009. 
 

 
Plant stand density Irrigation plus rainfall 

Irrigation Strategy 7/31 12/4 Water use efficiency 

 ------------------- plants/ft2 ------------------- Tons hay/acre/ft of water 

    One irrigation per cut 21.9 15.4 2.03 
Two irrigations per cut 20.0 14.1 1.95 

Summer irrigation termination 18.4 17.2 1.88 
Winter irrigation termination 18.9 15.2 1.93 

Summer and winter termination 19.2 15.0 1.87 

    Average 19.7 15.4 1.94 
CV (%) 10 12 19 
LSD.05 ns ns ns 
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