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Before we 

continue,  public 

service reminder 

#1é 



Declining UC budget 

and funds:  New ways 

to supplement the 

forage research? 





Danôs new 

job to help 

pay for 

ñhands-onò 

alfalfa 

research. 



ÅOptimal 

photosynthesis 

ÅMaximum 

carbon dioxide 

uptake 

Whatôs the critical process 

that keeps the crop growing? 

The reason we irrigateé 



ELECTRON MICROGRAPH OF STOMATA ON 

THE UNDERSIDE OF A LEAF.   

 

 

 

 

 

 

 

Reduced water, deficit irrigation, causes less turgor 

pressure in the plant, reduces the size of stomatal 

openings; thus decreasing the uptake of carbon 

dioxide and reducing vegetative growth. 





San Joaquin Valley Alfalfa Tonnage & ET

Avg Annual t/ac = 0.2 (Inches ET) - 0.6
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Alfalfa Yield/ET Production 
Functions for Various Regions 



This leads us to  

public service 

reminder #2é 



This is your forage. 

Forage Production with Reduced Water 



This is your forage 

on reduced water. 

Forage Production with Reduced Water 



Iôm 

screwed! 

Forage Production with Reduced Water 

Any 
questions? 



4 ways to respond to increasing 

water & production costs 

Å1) Go broke. 

Å2) Become more efficient and produce the same 

tonnage for less cost. 

Å3) Get more price for your crop. 

Å4) Produce more tonnage for only a slight 

increase in production costs.   

ÅCombine (3) and (4) with new technology 

(chemical and/or mechanical) and varieties that 

drive the productivity & quality increases.  



The irrigation method / system is the 

ñESSENTIALò integrating factor for 

California farming.  
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California crops sit 

most firmly on a 

chair with 4 legs!

California crops sit 

most firmly on a 

chair with 4 legs!



What do we know about alfalfa water use? 

Normal Year SJV Alfalfa ET (dips indicate cutting dates) 

 

Weekly Normal Year ETo & Alfalfa ET 

for the Southern San Joaquin Valley

(Non-dormant, cut every 28 days.)
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  Pasture (ETo):      57.9 in

Weekly Alfalfa ET:  57.6 in



Courtesy of Mark Anderson, DWR

CALIFORNIA IRRIGATION 

MANAGEMENT INFORMATION 

SERVICE 



CIMIS 

Map of 

California 

Climate 

Zones and 

Monthly 

ETo 
 

http://cimis. 

water.ca.gov 



The whole Central 

Valley covers Zones 

12 to 16: for an 

ñnormal yearò ETo 

of 53.3 to 62.5 in/yr, 

with most area  

@ 53 to 58 inches. 



Calculating ET for crops: 

ETcrop =  ETo * K c * E f 
 

 

ETo = reference crop (tall grass) ET  

 

  Kc = crop coefficient for a given stage of growth 

as a ratio of grass water use.  May be 0 to 1.3, 

standard values are good starting point. 

 

   Ef = an ñenvironmental factorò that can account 

for immature permanent crops and/or impact of 

salinity.  May be 0.1 to 1.1, determined by site. 

 



"Normal Year" grass potential evapotranspiration (ETo), forage 

crop coefficients and ET for the southern San Joaquin Valley 

 

Pasture

DATE

*ETo

(inch)
2
Alfalfa

Silage 

4/1-8/25

Silage 

6/15-10/15
3
Sudan

Winter 

Forage

Triple 

Crop
2
Alfalfa

Silage 

4/1-8/25

Silage 

6/15-10/15
3
Sudan

Winter 

Forage

Triple 

Crop

1/15 0.54 0.95 0.62 0.62 0.51 0.33 0.33

2/1 0.70 0.95 0.80 0.80 0.67 0.56 0.56

2/15 0.98 0.95 0.95 0.95 0.93 0.93 0.93

3/1 1.26 0.95 1.15 1.15 1.20 1.45 1.45

3/15 1.64 0.95 1.15 1.15 1.56 1.89 1.89

4/1 2.08 0.95 Plant 1.20 1.20 1.98 1.04 2.50 2.50

4/15 2.55 0.95 0.14 1.20 Silage90 2.42 0.35 3.06 1.28

5/1 3.15 0.95 0.18 Plant 1.15 0.14 2.99 0.55 1.58 3.62 0.44

5/15 3.50 0.95 0.31 0.58 0.22 3.33 1.09 2.03 0.77

6/1 3.79 0.95 0.94 Plant 0.80 0.45 3.60 3.55 1.90 3.03 1.71

6/15 4.00 0.95 1.14 0.14 0.95 1.00 3.80 4.55 0.55 3.80 4.00

7/1 4.25 0.95 1.18 0.25 1.05 1.10 4.04 5.02 1.06 4.46 4.68

7/15 4.35 0.95 1.18 0.56 1.10 1.20 4.13 5.13 2.45 4.79 5.22

8/1 4.33 0.95 1.15 1.00 1.10 Sudan 4.11 4.98 4.33 4.76 2.17

8/15 4.11 0.95 1.06 1.15 0.60 0.60 3.90 4.36 4.72 2.46 2.46

9/1 3.64 0.95 0.98 1.20 1.10 0.90 3.46 3.55 4.37 4.01 3.28

9/15 3.10 0.95 1.20 1.10 1.05 2.95 3.72 3.41 3.26

10/1 2.70 0.95 1.06 0.60 1.10 2.57 2.87 1.62 2.97

10/15 2.20 0.95 0.98 1.10 0.60 2.09 2.16 2.42 1.32

11/1 1.73 0.95 1.10 1.10 1.65 1.91 1.91

11/15 1.20 0.95 1.00 Plant TriGrain 1.14 1.20 0.60 0.60

12/1 0.88 0.95 0.25 0.25 0.84 0.22 0.22

12/15 0.70 0.95 0.36 0.36 0.67 0.25 0.25

12/31 0.52 0.95 0.52 0.52 0.49 0.27 0.27

TOTALS 57.90 55.01 34.18 28.12 41.47 15.68 44.45

2
Kc of 0.95 takes into account reduced ET during cuttings over season.

3
Total of 3 cuttings.  ET reduced for 1 to 2 weeks after cutting 7/15 and 9/1.

4
ET numbers in italics are evaporation losses from water at planting.

4
Normal Year Crop ET (inches)

1
Adapted from Pruitt, W.O., E. Fereres, K. Kaita, and R.L. Snyder.  1987.  "Reference Evapotranspiration (ETo) for California."  UC Bull. 1922. Pp. 

12-13.

1
Crop Coefficient Values (Kc)

*Jones, D.W., R.L. Snyder, S. Eching and H. Gomez-McPherson.  1999.  California Irrigation Management Information System (CIMIS) Reference 

Evapotranspiration. Climate zone map, Dept. of Water Resources, Sacramento, CA.



Creating the efficient field water balance ï  

          your soil moisture checking account! 

ÅHow big is the cup (soil AWHC)? 

ÅHow thirsty is the crop (ET)? 

ÅHow often/much do you fill the cup? 



Alfalfa Daily ETc for Full & Deficit Irrigation  
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Irrig 5/2

Total ETc 5/23 to 10/29 

        Full irrigation = 941mm (37.04 inches)

        Deficit             = 863mm (34.01 inches)

        Belridge ETo  = 849mm (33.40 inches)

Cloudy

Irrig 8/11

(Full only)

Irrig 7/15

Irrig 6/22

Irrig 6/6

Irrig 9/6

(All)

1st Cut 4/25

5th cut 8/30/06

ET

West @ 6.79"

East @ 5.39" 

4th cut 8/3/06

ET

West @ 7.64"

East @ 7.31" 

3rd cut 7/6/06

ET

West @ 10.8"

East @ 10.2" 

2nd cut 5/30/06

ET

West missing data

East @ 8.73" 

Irrig 9/19

(Deficit 12 hrs)

6th cut 10/8/06

ET

West @ 7.22"

East @ 6.85" 

0.2" rain

10/13



SOIL TEXTURE DETERMINES 

AVAILABLE WATER 

HOLDING CAPACITY 

SOIL TEXTURE  

ñFEEL METHODò  

  

AWHC  = %Volume  =   
inch depth of water 

  

1 foot depth of soil   



Forage Production with Reduced Water 

8/24/06:  condition of 

deficit treatment (irriga -

tion 7/18) compared to 

no stress (irrigation 7/18 

and again 8/11) 



Many Class I sandy loam soils 

planted to almonds in Kern 

County have water penetration 

problems due to low aggregate 

stability from loss of clays at 

the surface and irrigation with 

extremely low salinity water. 

Soil ñsealingò, 

textural differences 

and water ñon-timeò 

across a field are the 

biggest problems for 

uniform irrigation.  
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After layby 
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infiltration over a 

12 hour set went 

from 4.3ò to 0.4ò 
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7/20/96.  Water run 

gypsum on 8/4 

improved 

infiltration to 1.3ò. 

Wasco Sandy Loam 
(Shafter Field Station) 



Irrigation non-uniformity can have 
severe impacts on water use and yields 



Irrigation distribution uniformity (DU) 
determined by soil infiltration rate, flow rate 

down the check and set duration. 

 

DU (%)  = 100 * 

ñlow quarterò infiltration 

Average field infiltration  
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So just install a pivot or micro 

/ drip system and I donôt have 

to worry about soil variabili-

ty, infiltration problems and 

non-uniformity é right? 



Average field DU measured by Kern County Mo-
bile Irrigation Lab evaluations from 1988 to 2005 

 Avg DU Avg DU

SYSTEM -1 S.D. +1 S.D.

Border Strip 66 96

Furrow 68 93

Drip 67 96

Micro

Sprinkler
71 92

Orchard

Sprinkler
78 95

Solid-set

Sprinkler
57 76

Hand-move

Sprinker
54 77

Linear Move 66 88

*Side Roll 60 85

*Center Pivot 75 95

*Sub-surface 

Drip
75 95
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Fig.4.  Average and +/- 1 standard deviation field distribution uniformity for 1351 various 

         irrigation systems in Kern County from 1988-2005.  (*These systems not evaluated. 

         Low/High effiiciency numbers from Howell, 2003)



Impact of irrigation DU on applied water and 

alfalfa yield for a theoretical 12 t/ac SJV field 

 36 6

Field Qtr 42 48 54 60 42 48 54 60 42 8

Wettest 55 62 70 78 11.2 10.0 6.8 1.5 46 9.0

Wet 46 53 59 66 10.1 11.1 10.7 8.8 48 10.5

Drier 38 43 49 54 6.6 9.1 10.6 11.2 52 12

Dry 29 34 38 42 0.7 3.9 6.6 8.6 55 11.700
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There are so 

many factors to 

consider.  How 

do I get to the 

bottom of which 

irrigation 

system will give 

me optimal 

efficiency & 

profitability?  



Check your 
field, probe 

the soil, check 
your DU. 

 
(Tulelake 

farm advisor 
with with 

early model 
soil probe.) 



3 foot push or slide 

hammer probe ($150-$250) 
 



Hand-powered twist augers 

($150 - $300) 
 


