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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% vyield at 50% ET.

DEVELOPING IRRIGATOR INFO. TO SUSTAIN YIELD DURING
DROUGHTS.



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

newsletters, notices of field days with barbecue
Funded by Regenesis - Also Regenesis teaming with CO Water Innovation
Management Group -- Cluster (Ft. Collins) on the Lake Canal Project (CWCB
$1.5M to date for all Alt Ag Transfer Grant) for proof of concept on SWIIM
activities (started Fall Planner/Manager/Monitor software/hardware Systems.
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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/
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Augmented Deficit Irrigation Research, NE of Greele

USDA-ARS LIRF (Limited Irrigation Research Farm)
and Regenesis-SWIIM corn plots (2010, 2011 and on)
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Tom Trout , USDA-ARS Water Management Research Leader and Project Leader




Deficit Irrigation Research Plots funded by Regenesis:
2010, 2011, 2012 and hopefully more years
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Deficit Irrigation Research Plot Flow Measurements
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Deficit Irrigation Research

ARE INSTALLED IM A SPIRAL PATTERN AROUND THE CENTER LINE OF THE ROW OF CORM

2. LYSBMETER ASSEMBLIES ON THE NMORTH EMD OF THE PLOTS ARE €2-INCHES IN IMAMETER.
LYSIMETERS OM THE SOUTH END ARE 34—INCHES N DIAMETER.
3. WATER EXTRACTION TUBES AND WIRES ARE ROUTED 50 THAT THEY TERMINATE ABOVE

THE S0IL SURFACE.




Deficit Irrigation Research below ground surface




Deficit Irrigation Research of plant canopy




Deficit Irrigation Research Instruments




More Deflc:lt Irrigation Research Instruments
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Deficit Irrigation Research via Airplane

: ) USU Airborne image
Colorado State University August 31, 2011
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Deficit Irrigation Research via Satellite
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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 (15t
irrig on July 20); leaf
temp=93F; TCmax=60"
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CU/ET at noon in deficit Trt 2 is 1% of fully irrigated Trt 1
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Deficit Irrigation; August 29, 2011 photos

Deficit Irrigation Trt 2; 1
irrig + 6” rain



Deficit Irrigation Research Analysis
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Deficit Irrigation Research Corn Yield Sampling

g
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Trt 2 (deficit of 2x): 146 Bu/Ac (71% of
Trt 1 (full irrig of 6x): 206 Bu/Ac full); 55% yield loss in vegetative, 45%

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

(90" 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
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More variability in SWIIM 2011 plots probably due to soil water profile not full to start
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%Yield vs %ET (each pt % of Full YId & Full ET)
From Various S. Platte, Colorado Projects and Years (2006-2010)
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A LIRFO8-drip
B CSUARDEC-spk 3 yrs of data (06-'08)
O "TARGET" (80% Yid / 50% ET)

® LIRFO9-drip
x CSU/Parker lliff08-spk
X Regenl0 Trt2 & 3 WB-ETc flood limited

1:1 Linear
¢ LIRF10-drip
% RegenlO Trt2 Bulkk Yid & Avg ET

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 Trtl. Note that the ratio of %Yield / % ET is the same as the ratio of Bu/inchET Trt 2 deficit

/ BUu/inchET Trt 1 full.



Water Balance (mm)

600 i Regenesis Corn 2010
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Irrigation Treatment

Graph from Tom Trout, ARS. Above O 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 ¥4, Y2, and % 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)



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

TNAU AGRITECH PORTAL

TamilNadu Agricultural University, Coimbatore

Research R T T
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Stress Management 3
Drought
Mitigatian of Water Siress

The ndverse effects of waler stress on crap growth can be mitigaed by the
applicadion of chemicals such as nuinients, anb-ranspirants and Plard Growth
Requigtors (PGRE), which nduce the plants b become adapive 10 waber
siress situaions for a specified penod and the waler requiement for such
péritdls &0 be marimized of gvaed

1. Nuritianal Management

Foliar spraying of AgroFresh
Invinsa (MCP ethylene inhibitor)
at LIRF in 2011




Augmented Deficit Irrigation Economics

Net Profit on Lease of Net Profit for

Farm with + | savedCUby | = fully irrigated

deficit irrig. M&I iIncreased 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% YId 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% YId at 76% ET (Linear); Lease rate at $351/af for $4 corn ($900/af for
$6.50 corn)

80% YId 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



i m for Grain Sinc-t Lonse Rate results in Coll B49= $234  v10-10-11 jaOret

Calculations for ANNUAL Lease S/af rate and ac-fi, net profit, fees and Returnfiows (RFs)

Evapotranspiration (ET) is Crop Consumptive Use (CU)
Data Entry in red; Calculations at blue

Earm Historic (Hist) info
Acres of com for Salici ngation 100
Yiakd historic for Tull g, fou'ac) 180 DPISAD skt of mon-CU
NET ET; Histoelc IWR for Rull irig. atac (1) 150 % Deep Purc_ |, Surt RO=1-09 (88 Jaincnes of ettective raintal {summees winlor)
% On-Fam Appication EMcency (SUMace granity=40 10 70%, Sprnir8%) s 67.0 w0 Fmin. o S o\ e
Nt Profe (SOu); anmer your value of use vae rom SWINIM Costs page 3 (cel B3S) $1.60 200 =Tosal Gross ET, atac (M)

25 =% minimam of Hist. ET on-famm after lease
icause EN. Ran stays ondam

Emer *s not secamal
mmwmrwﬂwmmmmum)

Water Productivity Goal (% Yield vs % ET) Enier same values for % Yiekd and %ET for bnear relatonshg
%% of Historic Yield desired on faem with ADI Prog. 756 Sew page 4 bor msanples of Yokl vn el )
% of Histenc Total ET desieed on farm wah ADI Prog 638 D64 % it Tomd ET naducton dus 10 walel sbess
Computed Waler Productviey 1.9 189 . o Worr | 1rom beeas
info 10 set % net profit increase, fees and AFs = SRN0 % s
% Increase in net profit desired above historic for farmer| 15 *The Incentive” per KF
%nmu.mwommaawumy{ 20
% for Consuftant lees and oher costs for ADI program development, management | 20
retum on nvestment, Water Court costs (% of payment o tarmer)
*s of Mst retumiows (RFS) mantaned from ofher sou ° 50 st for this supply.  From a dich wade gr ler recharge and'or bynsss plan, Gty
I reusable suppbes. el
_SALCULATIONS — at/ac (f1) at
Hisione NET ET (IWH) .50 150
Histonc Farm Headgat Delvary 273 273 ceat SHO M
Hiwton ke Heturedlows (16 w) 123 123 L ar
Fhmbork Fawen HIF Aor wmaso cause FIFE g imel hom otfer soaee m u ‘
Total for loase ord | 73
AFa to be maintaned theu Mis farm . 123
$ac Total §S
Festoncal Net Proft foe fully ngated $258 $28,800
Desired new total net prodt for tarmer (Lease « Def Corn Yid net$) $331 $33,120
Nat Proit rom defct rrigated com s218 $21,773  |Costsiacre assumed the same for 08cil com as tully engated
Payments by City Soeclatofiotlloasel  IctalSs .
Payment 1o Fanmer $1559 $11.347 $33.720] Total New Net Proft Farmer: Ck on cakcs
Paymeet 1o Dich Co. sz 2,208
Payment © Consultant 63 $3.404
Payment 1or othée source of RF mantanance 28 50
Total Loase Rate by City| $234 | siro2y




Augmented Deficit Irrigation Economics

WIIM Planner Detail -Irri r in Corn
SWIIM, Sustainable Water & Innovative Irngation Management, TM-copyrt SWIIM System LLC

Weid Coul'l Sampl. Economic Data for 2006-2009 (USDA-ARS)
Default listed below or enter your own

| | | | | Surface Gravity

Imigated | Dryland | Faliow | Irrigated  Dryland |
| Colla | Collp | | Col2a = Col2b | Lol
Seed | 9000 | 1835 | Fuel . 534 = 594 |Labor . 16.00
Fenllizer | 15500 | 3500 | Repair | 465 477 |Repair | 150
Herbicide | 2358 | 3000 | 3000 |Labor . 154 = 135 |PowerSource @ 000
CropInsurance { 4135 = 1444 | |Hauling | 3349 = 1003 |Augmentation = 0.00
Fuel | 1500 | 517 | Misc Harvest Costs | 000 000 |Other | 000
Repair L, 696 | 25 | Other | 0.00 0.00 . 000
Labor 781 | 182 | | 000 | 000 . 000
isc Other Costs (land, rent.etc) . P00 | 000 | | 000 | 000 . 000
Sum  339.70 107.34 30.00 Sum  45.02 22.09 Sum  17.50

!
Calculation of Gr. and Net Profit for full irrigated grain corn |
Acres of com for defict imigation| 100~ [ [ | |
Yield historic for full irrig. (bu/ac) | 180 | |
CU/ET- NET historic for full irrig. al/ac (m 1.50
% On-Farm Application Efﬁccency 55 | | ] |
Hist Farm Headgate Delivery at/ac (ft)] 274 773 = Ac-tt To(al Farm Headgate Delivery | 1 (Enter Red
Cales for Drviand grain corn

ENTER Grass profit S'bu—m links below | ‘ Acre of dryland com| 100

Best Yield for aryland com (bwac) 60
Probability (decimal) of this yield (funct of rain) 075

Gross Profit| $72,000 | [ — [ Gross Profit| $18,000

Total Costs (ProductionsYield+Water) 543245 | | To!al Costs (ProouctionsYield) 512943
Net Profit| $28,755 | ' | Net Proft,  $5,057
Net Profit ($/bu)[__$1.60_|Can use in Cell B13 on page 2 1 j Net Profit (Sbu)[__s0.84
Expected dryland Yield as % of il irng yield|  250%

Following web link Tor current grain prices (ihen on webpage click on Colorado)

< A . ! ! : !

Following web Tink Toe corn price trend charls

- 5




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 soll
water profile and one irrigation before pollination/silking (and a 2"9 irrigation late
during senescence to maintain returnflows); maximum saved CU and maintain yield
with modified agronomic practices —strive for target of 80% vyield 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.



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

QUESTIONS/ COMMENTS

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

for more information and field research plot visits

THANK YOU
jaltenhofen@ncwcd.org
970-622-2236

Regenesis website: www.regenmg.com



