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Augmented Deficit Irrigation (ADI) Principles 

• Alternative to Buy & Dry and complimentary to 

annual/rotational Fallowing 

 

• Need to maintain food production while providing CU 

(consumptive use) credits for future secure M&I use 

 

• Augmented meaning first priority of ADI is the 

maintenance of historical return flows 

 

• Deficit meaning saved CU is due to crop water stress on 

ADI farms that historically were water adequate 

 

• Issues: Technical (research focus) , economic, legal, 

political, institutional 

 



Augmented Deficit Irrigation Research Goals 

• How much historic return flows can be maintained while 
deficit irrigating a given field?                                            
The need for additional recharge sites on-farm.  

 

• How much CU / ET is saved from corn crop water 
stress?  Develop a monitoring system for CU and Deep Perc. 

 

• Can water productivity (more bushels per inch) be 
increased with deficit irrigation?   Irrigate only at critical 
growth stages and start with a full soil water profile, drought 
conditioning, other agronomic practices (fertility, twin-row 
planting, corn varieties, etc). Targeting 80% yield at 50% ET.  

  

    DEVELOPING IRRIGATOR INFO. TO SUSTAIN YIELD DURING 
DROUGHTS. 

 

 



Funded by Regenesis 

Management Group -- 

$1.5M to date for all 

activities (started Fall 

2009) 

DISARM Advisory Committee (Deficit Irrigation Strategies 

and Returnflow Maintenance): Regenesis, USDA-ARS, CSU 

(Natural Resources-Geosciences, Civil Engineering, 

Horticulture, Crop Sciences), Northern Water 

http://www.regenmg.com   logon & sign up for 

newsletters, notices of field days with barbecue 
-----Also Regenesis teaming with CO Water Innovation 

Cluster (Ft. Collins) on the Lake Canal Project  (CWCB 

Alt Ag Transfer Grant) for proof of concept on SWIIM 

Planner/Manager/Monitor software/hardware Systems. 

http://www.regenmg.com/
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Trt 1: Full irrigation (6x at 

24hr); Hist. DP RetFlow 

 

Trt 2: Infrequent deficit 

irrigation with large 

irrigation amounts (2x at 

48+ hrs); 75% of Hist. DP 

RetFlow 

 

Trt 3: Frequent deficit 

irrigation with reduced 

irrigation amounts (6x at 12 

hrs); Min RetFlow 

 

 



Augmented Deficit Irrigation Research, NE of Greeley 

USDA-ARS LIRF (Limited Irrigation Research Farm) 

and Regenesis-SWIIM corn plots (2010, 2011 and on) 

Tom Trout , USDA-ARS Water Management Research Leader and Project Leader 

LIRF; drip 

irrigation 

SWIIM plots 

’10,’11,’12 

7/15/11 photo 

2012 twin-row plot 

Rd 45 

 

Rd 64 



 
Deficit Irrigation Research Plots funded by Regenesis; 

2010, 2011, 2012 and hopefully more years 

Also work in 

USDA-ARS 

greenhouse  

with CSU 



Deficit Irrigation Research Plot Flow Measurements 



Deficit Irrigation Research 

  



 
Deficit Irrigation Research below ground surface 

 



Deficit Irrigation Research of plant canopy 



Deficit Irrigation Research Instruments 



More Deficit Irrigation Research Instruments  



Deficit Irrigation Research via Airplane 



Deficit Irrigation Research via Satellite 

30 meters per pixel 



Deficit Irrigation Research; July 19, 2011 photos at noon 

Severe leaf curl from water stress 

Trt 1: 77% ground cover; 

conductance of 1650; 2 

irrigations, July 1 and 14; 

leaf temp=83F; TCmax=90” 

 

Trt 2: 21% ground cover; 

conductance of 50; NO 

IRRIGATIONS - 6” rain (1st 

irrig on July 20); leaf 

temp=93F; TCmax=60” 

  

 

CU/ET at noon in deficit Trt 2 is 1% of fully irrigated Trt 1 



VNIR 

07/19/2011 PM photo from airplane (30 cm per pixel) 

TIR CWSI ETa 
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VNIR 

08/12/2011 AM 

TIR CWSI ETa 



VNIR 

08/31/2011 PM 

TIR CWSI ETa 



Deficit Irrigation; August 29, 2011 photos 

Full Irrigation Trt 1; 5 irrig. 

Deficit Irrigation Trt 2; 1 

irrig + 6” rain 

Early senescence; leaf curl and breakover 



Deficit Irrigation Research Analysis 
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Deficit Irrigation Research Corn Yield Sampling 

Trt 1 (full irrig of 6x): 206 Bu/Ac 

(90” canopy ht) 

Trt 2 (deficit of 2x): 146 Bu/Ac (71% of 

full); 55% yield loss in vegetative, 45% 

yield loss in grain fill (55-60” canopy ht)  

NOTE: Ear length variability 



Deficit Irrigation Plot Corn Harvest 



Deficit Irrigation Research Corn Yield Results 
Multiply Mg/ha x 16 to get Bu/ac 

LIRF Corn 2008 - 2011
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More variability in SWIIM 2011 plots probably due to soil water profile not full to start  
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at 24” ET; 

Full Irrig. 



Data Points above the 1:1 Linear line represent an increase in Water Productivity; more BU per inch of ET under deficit irrigation.  

The Regenesis 2010 deficit Trt 2 with bulk yield data increased water productivity 19%; 76% Yield / 64% 

ET or 9.7 Bu/inch Trt 2 / 8.2 Bu/inch Trt1.  Note that the ratio of %Yield / % ET is the same as the ratio of Bu/inchET Trt  2 deficit 

/ Bu/inchET Trt 1 full. 

%Yield vs %ET (each pt % of Full Yld & Full ET)

From Various S. Platte, Colorado Projects and Years (2006-2010)
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Regenesis Corn 2010
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Graph from Tom Trout, ARS.  Above 0 line is ETc. Trt 1 (1-) is full ET with 6 irrigations.  Trt 2 (2-) 

and 3 (3-) are deficit irrigation where Trt 2 with 2 irrigations (infrequent with large application 

amounts) and Trt 3 with 4 irrigations (frequent with reduced application amounts).  “-1, -2, -3” 

represent ¼, ½, and ¾ distance down each treatment over 1300 ft  long furrow irrigated field.   

Trt 2 (deficit irrigation) maintained 75% on average of the deep percolation of Trt 1 (full 

historic irrigation) 



http://www.twin-row.com 

Research in 2012 on twin-row planting of corn for 

increased water productivity under deficit irrigation 

http://www.twin-row.com/
http://www.twin-row.com/
http://www.twin-row.com/


Foliar spraying of AgroFresh 

Invinsa (MCP ethylene inhibitor) 

at LIRF in 2011 

Research 

from India 

on 

mitigating 

drought 

stress 



Augmented Deficit Irrigation Economics 

Net Profit on 

Farm with 

deficit irrig. 

Lease of 

saved CU by 

M&I 

Net Profit for 

fully irrigated 

increased by 

X% 

+ = 

----Increases in water productivity (more Bu/ET”) on farm with 

deficit means more affordable to M&I 

EXAMPLES FOR 15% INCREASE IN NET PROFIT; Lease rates $/af of CU 

76% Yld at 64% ET (2010 research results); Lease rate at $234/af for $4 corn 

($600/af for $6.50 corn) : Lease indexed to the price of corn 

76% Yld at 76% ET (Linear); Lease rate at $351/af for $4 corn ($900/af for 

$6.50 corn) 

80% Yld at 50% ET (Target); Lease rate at $151/af for $4 corn ($387/af for 

$6.50 corn) 

----M&I gets the certainty/security for a firm future supply because 

always farmer interest due to X% increase in net profits 





Augmented Deficit Irrigation Economics 

 



Augmented Deficit Irrigation (ADI) DRAFT Concluding 

Thoughts 

• Historical on-farm water balance considering all supplies to determine farm was 
water adequate.  With an ADI Program limits on all farm supplies will be imposed to 
prevent expanded use. 

 

• Monitoring program for fields/farm would involve measurements of water on and off 
(surface runoff-maybe) and monitoring for crop water use (CU/ET)---saved CU.   
Deep percolation return flows monitored through water balance (water on minus 
runoff minus ET).  Role for water and crop consultants and ditch companies. 

 

• Priority for a Corn ADI Program is farms with heavy soils where start with full soil 
water profile and one irrigation before pollination/silking (and a 2nd irrigation late 
during senescence to maintain returnflows); maximum saved CU and maintain yield 
with modified agronomic practices  —strive for target of 80% yield at 50% ET.  

 

• Maybe “Rules and Regs” to establish fundamentals (analysis/monitoring) for entity to 
then apply to their specific project in an IWSA / Augmentation Plan. 

 



THANK YOU 

jaltenhofen@ncwcd.org 

970-622-2236 

Regenesis website:  www.regenmg.com 

QUESTIONS/ COMMENTS 

If ADI interests you, please keep in touch with ideas,  

for more information and field research plot visits 

WHY DEFICIT ---Prevent ‘Buy & Dry’ so maintain food production 

(irrigation is the insurance policy on climate variability) while 

meeting future M&I demands with certainty 


