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HBorage Production
Why would anyone auReduced \Water
come up with such a

hair-brained idea?

(CalifornaIsinot
pUIcinGIMOore dams.
NMEEtngINCreases
Weateridemandis going
10 Come througn
CONServation anc
SiftingWatersuppIy Lo
“higher value - uses:



RS ) Total Irrigation (MACc): 8.7 9.6
» | Increase of 10 : Gravity| 72 51
&0 | million In 30 years SRAOKISE £3 &
B, _ Micro 0.0 1
e | ERENE Ag demand (MAF): 260  25.0
:'-', % ater Cost ($/ac-ft): $18 $85
s Population: 25.1 35.4
Municipal demand (MAF): 5.0 6.4
SR Ag Demand/Total:| 84%  80%
R R Ag Demand (ac-ft/ac):| 3.00 2.60

4 AR Ag Savings (%): —~

Irrigated Acreage
& Water Demand

In California
1970 to 2000
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Korage Productioniwiith Redticed V\ater

This Is your forage
on reduced water.




Korage Productioniwiith Redticed V\ater

I’m
screwed!

ALY
CUESHIONS?




ENECTRON MICROGRAPH OF S] STO MATAr@N

‘Trsuﬂnggfl DE @‘ﬁ‘A.LEAF

WHY YOU AREQGREWED: "% .} /-7

Reduced, e*flcmrrlgat{ eY~5..,gx1/3(a,s'Ie"?‘[urge’r |
W Méducé‘éth mzﬂvﬁnmatal By

Bﬁeﬁm 5; thus decreasing thé uptakd of carbon dioxide
and reducing vegetative-growth== AN T

g



'4CO, ASSIMILATION

(mg/dm2/hr)
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0 0.2 0.4 0.6 0.8

STOMATAL CONDUCTANCE (cm/sec)



GEOGIE (IMAGES):
SStatewide altalia water d cmand:
[Here's what youl come

Up) WITtHR — the thirstiest
guy. on the planet!

At least he fou nd hIS boat
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Potato
Fresh Tomato i
Safflower '
Sugar Beet
Dry Bean |
Cucurbit ‘
Onion/Garlic I
Processing Tomato '
Grain
Cotton
Other Truck Crops |
Subtropical Trees
Vineyard | :
Other Field Crops * s W
Corn | :
Other Decidious Trees
Rice
Pasture
Almond/Pistachio
Alfalfa |

Water Use (million acre-feet)

Annualialfalfaiwater,demands 410 5.5 MAE
(Sources California bepartment:of\Water, ReESOUrCES;
aboVvehigurefrom RPacificinstitute 2012)




e rngation metnoay/ Ssystemis tie
“HSSENTTAIZ Integrating factor for
(California farming.

California crops sit
most firmly on a

LIFE CYCLE & WATER USE (ET)
ROOTING CHARACTERISTICS
DESIRED STRUCTURE / SPACING
HARVEST REQUIREMENTS
FIELD TRAFFIC

SOURCE / SUPPLY % 4 I '3% % 2 L I IRRIGATION METHOD
SALTS / QUALITY U RO A SR GUAIN Y e DISTRIBUTION PATTERN
REQUIRED AMENDMENTS it ST Lt IRRIGATION FREQUENCY
COST A MONITORING
MAINTENANCE / REPAIR
OPERATING COST
CAPITAL COST

TOPOGRAPHY
TEXTURE
INFILTRATION RATE
DRAINAGE
SALTS/ QUALITY
AMENDMENTS / COST




Korage Productionwith Redticed\Aater:

2 S-[POINL SERMON:

o [Unaerstanaing senwaternolding
ClhialiaClerIsues
o Crop Water reguirements (EM), CIMIS

o ViGnitoering sentmersture & Irrgation
unIfermity



(ChEck VourREIn!

SOIL PROFILE
SOIEMNEXNMURE

Analysis:

SP 48 -- saturation %
pH 7.8

EC, 2.0dS/m

Texture Silty Clay Loam

SOIL SURVEY

BACKHOE PITS
AUGER, PUSH PROBE

dark yellowish brown (10YR 4/6) moist,

8, nonsticky and nonplastic; many very fine
fine roots; common very fine and few fine
pores and many very fine interstitial pores;
ilral; clear wavy boundary,
=48 10 56 inches; white (10YR 8/1) siit loam, gray
5/1) moist; common medium prominent
ish yellow (10YR 6/8) mottles, dark yellowish
g (10YR 4/6) moist; moderate medium
ingular blocky structure; slightly hard, friable,
ghtly sticky and nonplastic; many very fine and
on fine roots; many very fine and common fine
af pores and common very fine interstitial
neutral; clear wavy boundary.
0 85 inches; very pale brown (10YR 8/3)
ind, grayish brown (10YR 5/2) moist; few fine
pminent brownish yeliow (10YR 6/8) mottles, dark
1sh brown (10YR 4/6) moist; single grain;
J nonshicky and nonplastic; many very fine
sfitial pores; neutral

80il is noneffervescent below a depth of 11 to 20

W A hortzon has dry color of 10YR 6/2, 5/3, 6/2, or
#nd moist color of 10YR 4/2, 4/3, or 5/3, Clay
gnt is 10 10 18 percent.

1 C horizon has dry color of 10YR 6/2, 6/3, 6/8,
1173, B/1, or 8/3 or 2.5Y /2 and moist color of
[B3/2, 3/3, 4/2, 4/6, 5/1, 5/2, or 5/3 or 2.5Y 4/2 or
; ties have dry color of 10YR 5/86, 6/6, 6/8, or
g0 7.5YR 5/4 and moist color of 10YR 3/6, 4/8, or
bor 7.5YR 5/4. Texture is stratified sand, loamy sand,
by fine sand, sandy loam, fine sandy loam, loam, or
pam, Clay content is 10 1o 18 percant. Reaction is

acid 1o moderataly alkaline.

Serles

¢ Exeter senes consists of moderately deep, well
Wwd soifs on broad alluvial terraces. These soils

8 In ailuvium derived dominantly from granitic rock,
pe 15 0 to 9 percent.

0is of the Exater serles are fine-loamy, mixed,

Typic Durixeralfs.
jpical pedon of Exeter sandy loam, 0 1o 2 percent
88 {fig. 4); on an alluvial terrace where siopes are 1
foent, about 3 miles west of Highway 65 on Highway
B, 150 feet nocth &nd 200 foet west of the southeast
or of sec. 7, 7. 25 S, A. 27 E.; Richgrove

hedrangie
p—0 10 4 inches; pale brown ($0YR 6/3) sandy loam,

* dark brown (10YR 3/3) molst; waak very coarse
platy structure; very hard, friable, nonsticky and
nonplastic; common very fine roots; many very fine
nterstitial pores and fow very fine tubular pores;

ure 4.—Profile of Exeter sandy loam, 0 1o 2 percent slopes, A
neutral; clear smooth boundary, o 0 Los o

duripan is at a depth of about 24 nches.
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dihe Sdict2is che thing. Know: your:soil!

Avg Drip
Subbing
Field Available Diameter *Moisture
Capacity Wilting Point Soil Moisture from 1to 4' Reserve
Soil Texture (in/ft) (in/ft) (in/ft) Depth (ft) (gals)

Sand 1.2 0.5 0.7 2 4
Loamy Sand 1.9 0.8 1.1 16
Sandy Loam 2.5 1.1 1.4 35
Loam 3.2 1.4 1.8 70
Silt Loam 3.6 1.8 1.8 102
Sandy Clay Loam 3.5 2.2 1.3 100
Sandy Clay 3.4 1.8 1.6 123
Clay Loam 3.8 2.2 1.7 170
Silty Clay Loam 4.3 2.4 1.9 241
Silty Clay 4.8 2.4 2.4 305
Clay 4.8 2.6 2.2 345
*This is the maximum gallons of water stored to a 4' depth beneath a single drip emitter. In fine
textured soils, the wetted wolume of one emitter merges with another on the same hose and final
gallons of moisture reserve per emitter will be less than the number shown in the table. Plant
stress will usually be seen when about 50% of this reserve has been used.

Ref. Ratliff LF, Ritchie JT, Cassel DK. 1983. Field-measured limits of soil water availability as related
to laboratory-measured properties. Soil Sci Soc Am. 47:770-5.
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COMBINED
CRUSTING AND
DISPERSION
AFTER LAYBY
IN COTTON

After layby
cultivation
Infiltration over a
12 hour set went
from 4.3 to 0.4”
from 6/16 to
7/20/96. Water run
gypsum on 8/4
Improved
infiltration to 1.3”.
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\\ESCO  Sanay coam
(ShafterzFieldiStation)

8/4-Gypsum

12 15 18 21 24
Time (hrs)




Korage Productionwith Redticed\Aater:

S-PoINt SERMGN:

o [Understanding seriwaterhoelding
chiaracteristes

s (CropWater recuirements (&),
CINIS

o Vienitering: seil moisture, & Irrgaon
UnIfermity



Cropwaterusens made up eiREVARORANNONV(E)
fromithewetsenfandleaves and
NRANSEIRANONN A HERCEEA:

weather .\____, ET

parameters \
crop

O

®  *ET
charactens{nés

\ \
\\

management \ \

environmental &
~ factors @———E




CALIFORNIA IRRIGATION
MANAGEMENT INFORMATION
SERVICE

.. Courtesy.of Mark Anderson, DWR &



Courtesy of Mark Anderson, DWR

A INACTIVE STATIONS (56)
® ACTIVE STATIONS (121)

CIMIS station
locations around



Reference EvapoTranspiration (ETo) Zones
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<.'____;_ B A

Se BUT TE ».._ PN oW ) Monthly Average Reference Evapotranspiration by ETo Zene (inches/month)
L E NN 12 N ; Zone| Jan | Feb | Mar | Apr | May | Jun | Jul | Aug [ Sep | Oct | Nov | Dec | Total
s - B A,u"&"'m)r-.\?-tu,_SlERRA 0.93| 140 | 248 [3.30 | 4.03 | 450 [ 465 |4.03 [ 330 248 | 1.20 |0.62 | 33.0
| iess e =0 g 2 | 124|168 310 [390]|465]510)|496/465|350|273|180[1.24] 2390
e e (4 R NEVADA 3 | 186|224 372480527 |570 558|527 | 420|341 |240|186| 463
ms;_,“'““"""' e L R 4 | 186|224 341 [a50]| 527|570 589|558 450|341 [240[1.86] 466
“hrumay 1owiorsiis e ‘ 5 | 003|168 2.79 |420| 556 630 | 651 | 589 | 4,50 | 3.90 | 150 | 093 | 439
?co Ly SA" o 3? W PLACER 186|224 [ 341 480|558 | 6.30 [ 651|620 [480[372 [ 240|186 497
,.,\ ,‘Wf..,,\j-" A 0.62]| 140 [ 2.48 | 3.90 [ 5.27 | 6.30 [ 744 | 651 [ 480 | 2.79 | 1.20 | 062 | 434
:ﬁ,‘_'_-_m ,{/““',,-"7 el ) A 124|168 | 341 (480 | 6.20 | 690 | 744 | 651 | 510 [ 3.41 | 180|023 | 494
RS TN f =2 WWEL ] \\ 317|280 | 403 [5.10| 5,89 | 6.60 | 7.44 | 6.82 | 5.70 | 403 | 2.70 | 1.86 | 55.1
Jif “’\ i ‘ A {“ ' e 093|168 3.10 |450 (589|720 (8068713 [510]3.30[ 150093 49.1
SN O s e o e 155|224 | 3.10 (450 | 586 | 7.20 | 8.06 | 7.44 | 570 | 3.72 | 210 | 155 | 53.0
i, (Y O L0 oens £ DOR MY s . 1.24] 1.6 | 3.41 | 5.10 | 6.82 | 7.80 | 8.06 | 7.13 | 5.40 | 3.72 | 1.80 | 0.93 | 533
CNAPR Lo 1 Q0 Lt =7 .rALPlNE‘ N 124|196 3.10 [4.80| 6,51 | 7.80 [8.99 | 7.75 [ 570 | 3.72 | 1.80 | 0.93 | 543
NN N 14 ‘&&\f_‘: lAMADOR.IH ""L, J 155|224 | 372|510 682|780|868|775|570]4.03]|210[155]| 570
s T 1 7 R . e \\jr 124|224 | 372 |570| 744|810 (868|775 | 570|403 | 270124 579
A s J E T 155 | 252 | 4.03 | 570 | 7.75 | 8.70 | 9.30 | 8.37 | 6.30 | 4.34 | 240 | 1.55| 625
e 11 i e 1.86 | 2.80 | 4.65 | 6.00 | 8.06 | 9.00 | 9.02 | 6.68 | 6.60 | 4.04 | 2.70 | 1.86 | 66,5
\CALAVERAﬁ/ ""w.~7,_. - — | 2481336527 [pon[ 868 | 960|961 (868 [690[496[300[217] 716
32 WITCRION S { \. % = ‘ .\._ Variablity between stations within single zones is as high as 0.02 inches per day for
SAN RN T U oL u MIN E' 7 ’--.,' \\ zone 1 and during winter months in zone 13, The average standard deviation of the
JJOAQL“N :— ! ' ’;‘? 7o -; "‘-__ ; MONO - ETo between estimation siteswithinazoneforgll months is about 0.01 inches per
. g i e ¥ s S X SN day for all 200 sites.
: T GMoveso MARlPOSA‘ 5 i N e
| 2 ~ "\ L o ,,i'\'-_ <5 \\'4_
9 STANISLAus. i - ...’ A SV SR e §
<& : )1 mmen, /' A

fMEM}E[L:]-21\/1.«13&‘1”‘),, , .14 . The WhOIe Central
o g \/alley Covers Zones
e 12 to 16: foran

WADERN ¢
Sy R
YRBALS,
-

e “normal year” ETo

v

SRS 0f 53.3 10 62.5 in/yr;
BT 4 B With most area
SRR (@ 53 to 58 inches.

s TR

L Information System (CIMIS)



Calcuiating E e Cros:
RIP = R e

Crop C

=y = reference crop (talligrass)Ed

K& = CrOp CoeTTiCIENt e a giVen Stage ofigrowii
asia ratie elfigrass\Wateruse, May 0e 016 153,
standardValles are geed startingport:

Ee=anenvironmental factor that cantaccount
e Immature permanent erops and/errmpact 6f
salinity. Viay 0e X ter 1 determineatiny site;




UNormalfyYeariigrasspotential evapotranspiratoni(Ed o), forage

Crop coericientsiandrEdror thelsoutnermsanidoagunValley,

Pasture lCrop Coefficient Values (Kc) “Normal Year Crop ET (inches)

*ETo Silage Silage Winter  Triple Silage Silage Winter  Triple

DATE (inch) | %Alfalfa 4/1-8/25 6/15-10/15 3Sudan Forage Crop Alfalfa  4/1-8/25 6/15-10/15 >Sudan Forage 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 3.60 355 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
ITOTALS 57.90 55.01 34.18 28.12 41.47 15.68 44,45




Forage Production with Reduced \Water:

NormalbYear Alralia By (dipsindicate cutting schedtle)

= = = Pasture (ETo): 57.91in
Weekly Alfalfa ET: 55.1in

=
(6)
1

g
N—r’
l_
Ll
2>
=~
o)
)
=

1.0 A

Weekly Normal Year ETo & Alfalfa ET
for the Southern San Joaquin Valley
(Non-dormant, cut every 28 days.)

0.0 I I I I I I I I I I
12/31 1/28 2/25 3/24 4/21 5/19 6/16 7/14 8/11 9/8 10/6 11/3 12/1
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EGrage ProductionwithrReduced \Water

Alralia Yaeld/Edy Produchion
EURCHORSITOR \Varous REJIONS

San Joaquin San Joaquin Valley Alfalfa Tonnage & ET

Valley

Avg Annual t/ac =0.2 (Inches ET) - 0.6

/ North Dakota
/ Nebraska

"~ New Mexico

—
o

Yleld (t/ac)
oo

e * Imperial Valley

Loy
2
0
]

]
0
=
0

<

2

2

-

£

<

q

~ o

30 40 50 60
Crop Evapotranspiration (inches) Alfalfa ET (in)




Forage Production with Reduced Water

Production RUunctions for ...

ReCOraYuma; AZ: dypical olelake:
24N t/ac @ LSANInCIes G Lo ProaUCHON

Record Yuma Alfalfa Tonnage & Applied Water

Annual t/ac = -0.0000511(Irrig)3 + Tulelake Alfalfa Tonnage & Applied Water

0.0155024(Irrig)2 - 1.275(Irrig) + 37.96
R2 =0.989

N
(oe]

N
N

N
o

=
»

Yleld (t/ac)

w b

=
N

Yleld (t/ac)

# Annual t/ac = -0.00034(Irrig)® + 0.00941(Irrig)?

¢ Mesa Sirsa .
+0.178(Irrig) + 1.203

B lew T
10 20 30

175 Applied Water (in)

100 125 150
Applied Water (in)

Yumas 140)//23 = 6.1mch/ton Julelake: 25162 =4.0 mch/ton




Chiangesin MicEwestAlialia\ WU ESprng torEall
. First Cutting

4 e

Yield (kg/ha)
. 8888%¢

2.8 in/ton

T T T E &
= io0 156 200 250 300

ET (mm)

{ = Third Cutting

WUE =
6.7 infton _ . :

—¥

_ Yield (ko/ho)
o & § g 5 § :

¥

Yield (kg/ho)

Yield (kg/ha)

i888%

: 8

>, Second Cutting

1 6.7 in/ton

i d88¢

" "

IS TS B TS
50 100 150 200 250 300

ET (mm)

Fourth Cutting

Uncdersander; 1967 Courtesy B R LLindenmayer;, €O State Univ:



EGrage ProductionwithrReduced \Water

\Water Use EffIcIEncY, (\WUE):
— VeterBeneticially Usea
Tetal Water Applied

- Yield . Croep
-~ Applied Ereacing, DO

WUE can vary by season, variety, field
fertility level and % available moisture.
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Forage RProductionwitirReduced \AAter:
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AlfaltaiDailly Ed cifor:Fulli& Deficitrrigation

—e— West (Full Irrig) Daily ETc (mm) Total ETc 5/23 to 10/29

—=— East (Aug Deficit) Daily ETo (mm) Full irrigation = 941mm (37.04 inches)
Irrig 6/22 Deficit =863mm (34.01 inches)
Irrig 5/2 Irrig 6/6 Irrig 7/15] Belridge ETo =849mm (33.40 inches)

Irrig 8/11 Irrig 9/6
(Full only) (A

}‘ Irrig 9/19

(Deficit 12 hrs)

Al
J

N
o

6th cut 10/8/06
ET
West @ 7.22"

j a |t | East @ 6.85"
gL

i

Clouay 2nd cut 5/30/06 3rd cut 7/6/06 4th cut 8/3/06| “ 5th cut 8/30/06

ET ET ET ET

1st Cut 4/25 West missing data West @ 10.8" West @ 7.64" West @ 6.79"
‘ East @ 8.73" East @ 10.2" East @ 7.31" East @ 5.39"

00 v v T ' T T * T T * T v

4/16 4/30 5/14 5/28 6/11 6/25 719 7123 8/6 9/3 9/17 101 10/15 10/29
Day of year

>
@
kS|
£
E
o 6.0
|_
(iT}
>
T
a]

o1
o

0.2" rain
10/13




Alfalta Full'Edc & CIMIS Potential Grass Ed O

—e&— Alfalf Full Irrig Daily ETc (mm)

FULL IRRIGATION

12.0 CIMIS Daily Grass ETo (mm)
11.0 h d
10.0 ‘
9.0 I ‘ K
= 8.0
=
s 7.0
£
< 6.0
i
B 5.0
8 4.0 I _
2.0
1.0 1
0.0 T T T T T T T T T T T T
4/16 4/30 5/14 5/28 6/11 6/25 7/9 7/23 8/6 8/20 9/3 9/17 10/1 10/15 10/29
Total ETc & CIMIS -- 5/23 to 10/29
2.5 FULL IRRIGATION Full irrigation = 941mm (37.04 inches)
Irrig 6/22 ; — : f
53 I@ J Belridge ETo 849mm (33.40 inches) -
Season Average Kc = 1.10 0.2" rain
1013
2.0 1
ey Irrig 9/19
<18 Irr|g 7/15 Irrig 9/6 (Deficit 12 hrs)
= Irrig 8/11 (All)
5 1.5 | (Full only)
8_1 0 L ‘A ”A
G - A 4
E b %
‘s 0.8 1
a
0.5 17 2nd cut 5/30/06 3rd cut 7/6/06 4th cut 8/3/06 5th cut 8/30/06 6th cut 10/8/06
ET ET ET ET ET .
0.3 7|1stCut 4/25 West missing data West @ 10.8" West @ 7.64" West @ 6.79" West @ 7'22"
East @ 8.73" East @ 10.2" L East @ 7.31" East @ 5.39" East @ 6.85
0.0 T v T T T T T T T v v T T
4/16 4/30 5/14 5/28 6/11 6/25 7/9 7/23 8/6 8/20 9/3 9/17 10/1 10/15 10/29

Day of year
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EGrage ProductionwithrReduced \Water

Tor Kern
(County
Alfalta

. - ' ' 2006 t/ac = 0.171(inches ET)
DefICIt 6 cuttings (R® = 0.984)
707 A
| 0 10 20 30 40 50 6

daal

Cumulative ET (inches)

20065 Sretmnchnes Edviontalialia
20005 SrzZancnes Edviontalialia
lncreased\MUE ol SY6 over: 20006



EGrage ProductionwithrReduced \Water

S-PoINt SERMGN:

o [Understanding seniwaterhoelding
Chiaracteristes

o/ Crop Water reguirements (E1); CIMIS

o NOMITORING SO MOISTUNRE; &
R gationtumtoRTiLy
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EgUIpment o checking soyVioisture
*\Most: Common Method
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Eerage ProductionwithrReduced Water
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SOIL TEXTURE DETERMINES
AVAILABLE WATER HOLDING
CAPACITY

SOIL TEXTURE
“FEEL METHOD”

Inch depth of water
AWHC = %WVolume =

1 foot depth of soll



Guide for Estimating Actual Available Field Soil Moisture by the ""Feel' Method.
SOIL TEXTURE CLASSIFICATION

Coarse
(loamy sand)

Sandy

(sandy loam)

Medium
(loam)

Fine
(clay loam, silty clay loam)

Available Water (AW) in the Soil by Appearance (inches/foot soil)

0.6-1.2 in/ft *AW@FC

1.2-1.8 in/ft AW@FC

1.4-2.2 in/ft AW@FC

1.7-2.4 in/ft AW@FC

AW AW AW AW Deficit
Leaves wet outline Appears very dark Appears very dark Appears very dark, leaves 0
On hand when 1.0 | leaves wet outline 1.6 | leaves wet outline 1.9 | slight moisture 2.2
squeezed. on hand, makes a on hand , will ribbon on hand when squeezed, will
short ribbon (0.5- about 1 — 2 inches. ribbon > 2 inches. 0.2
Appears moist, 0.7 | 0.75inch) 1.7
Makes a weak ball. Quite dark color Dark color, forms a
makes a hard ball. 1.2 | plastic pall, slicks Dark color will feel slick 1.8 0.5
Appears slightly when rubbed. 1.4 | And ribbons easily
moist, sticks together 04
slightly. Fairly dark color, Quite dark, forms a 0.7
makes a good ball 1.0 | hard ball 1.2 | Quite dark, will make
Dry, loose, flows thru thick ribbon may slick when 14
fingers. (wilting point) 0 | Slightly dark color rubbed. 1.0
makes a weak ball 0.7 | Fairly dark, forms a 1.0
a good ball
Lightly colored by Fairly dark, makes a good 1.2
moisture, will not 0.4 ball. 1.1
ball. Slightly dark, forms 0.6
weak ball Will ball, small clods will 1.4
Very slight color 0 flatten out rather 0.7
due to moisture.
(wilting point) Lightly Colored, 1.7
small clods crumble 0.2 | Slightly dark, clods 04
Fairly easily. Crumble.
1.9
Slight color due to Some darkness due to
moisture, small colds 0 | unavailable moisture, clods 0 29

hard (wilting point).

are hard, cracked (wilting pt)

* AW@FC: Available Water @ Field Capacity = the available water a soil can store against gravity after irrigation and drainage.
Adapted from: Merriam, J.L. 1960. Field method of approximating soil moisture for irrigation. Am. Soc. Agri. Engr. Vol. 3. No.1
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|
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1280° >(
800’ »{
7. 7 Bog FALLLL. SIS

18
mn Probe Access Tube

(2”x 6° Class 125 PVC) 36

i 60”

Fig. 1. Typical field Iaygut of monitoring sites with surface irrigation. gpacing
of Watermark sensor groups varied according to irrigation system, but
usually set @ 18, 36 and 60 inch depths. (Not to scale.)




Watermark Readings: “Full Irrigation” Sandy Loam Alfalfa
2 rigatiGNs PER CULING PEAKISEAS O]

4/29 5/27 6/24 7122 8/19 9/16 10/14 11/11

Wadel Alfalfa - Full Irrigation
Wasco Sandy Loam. Season Total 9.72 t/ac
Border Flood Last Cut 10/10/07
150' from HEAD

Soil Moisture Tension (ch)

5/27 6/24 7122 8/19 9/16 10/14 11/11

Wadel Alfalfa - Full Irrigation
Wasco Sandy Loam.
Border Flood

Soil Moisture Tension (cb)

750" from HEAD (T AIL END)




Soil Moisture Tension

Soil Moisture Tension

Watermark Readings: “Deficit Irrigation” Sandy Loam Alfalfa
INrgatentenlyiaerduly ancdrAUgUSHCUtiing's
9/16 10/14 11/11

Wadel Deficit - 1 Irrigation

in Jul and Aug
Wasco Sandy Loam. Season Total 9.79 t/ac

Border Flood Last Cut 10/10/07
150' from HEAD

9/16 10/14 11/11

'(’55?5:=5E§5===§§E=:5§555,5-==:: :"::':'--‘.

R PP

Malfunction of 12"

Wadel Deficit - 1 Irrigation sensor

in Jul and Aug
Wasco Sandy Loam.
Border Flood

750" from HEAD (T AIL END)




EGrage ProductionwithrReduced \Water

[ragatienrdistipihen umiermit/ (IDJ)
determined by senfinfiltratienrate; flew aewin
[Recheckeand set auration.

“low quarter” infiltration

DU (%) =100 * — .
Average field infiltration

| Possible stress 5’ Stressed plant growth
Nleaching water loggin Too little water ,
L 'tls ¥

~|Tail - no leaching

Rootzone Depth (m)

Infiltration @ 24 hrs P Deep percolation - lost water & N fertilizer




~Uniform stahdswith high irrigation
effrcrency require large/fast heads
- of water-and usually=a tail ' water
. f return SySIemn.

' Forage Productionwith#Reduced\\Water:
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EGrage ProductionwithrReduced \Water

IMpact eRTIgatienRidistabuteRIURITerRRIL (D)

enfieldtappliedywaterranatalfalizayiela

Field Qtr Qtr Irrig by Avg Depth (in) Qtr Yield by Avg Depth (t/ac)
70%DU | 42 48 54 60 | 42 48 54 60
Wettest | 55 62 70 78 | 85 76 6.0 5.0 9.0
Wet 4 53 59 66 | 82 86 81 6.7 o —a
Drier 38 43 49 54 | 66 78 85 85 8.5
Dy | 29 34 38 42 | 36 53 66 16 / \
Field Average Yield (t/ac): 67 73 73 70 |l 8.0 /
©
80%DU | 42 48 54 60 | 42 48 54 60 ||[&7O .
Wettest | 50 58 65 72 | 85 83 70 59 g . /
Wet 45 51 58 64 | 81 86 83 72 ||>"
Drier 39 45 50 56 | 70 81 85 84 % 65 / Yield (t/ac) = -0.0096x2 +
Dry 34 38 43 48 5.3 6.8 7.8 8.4 “<_E / 1.0004x - 17.491
Field Average Yield (t/ac): 7.2 7.9 7.9 7.5 6.0 R2 =0.9789
90%DU | 42 48 54 60 | 42 48 54 60 -
Wettest | 46 53 59 66 | 82 86 81 6.7 '
Wet 43 50 56 62 | 78 85 84 16 - | |
Drier 41 4 52 58 | 73 83 86 82
Dry 38 43 49 54 | 66 78 85 85 35 A 4Eiie ; Wate‘?ﬁn 65
Field Average Yield (t/ac): 7.5 8.3 8.4 7.8 PP (in)




eziero)f P QUGG C DUNG
Aprlea to e Freld anc Al AlITalTa YAell

Field Qtr Qtr Irrig by Avg Depth (in) Qtr Yield by Avg Depth (t/ac)

70% DU 42 48 54 60 42 48 54 60

Wettest 55 62 70 /8 8.5 7.6 6.0 5.0

Wet 46 53 59 66 8.2 8.6 8.1 6.7
Drier 38 43 49 54 6.6 7.8 8.5 8.5
Dry 29 34 38 42 3.6 5.3 6.6 7.6

Field Average Yield (t/ac): 6.7 7.3 7.3 7.0

80% DU 42 48 54 60 42 54 60
Wettest 50 58 65 72 8.3 7.0 5.9
Wet 45 51 58 64 8.1 8.3 7.2
Drier 39 45 50 56 7.0 8.5 8.4
Dry 34 38 43 48 5.3 7.8 8.4
Field Average Yield (t/ac): 7.2 7.9 7.5

90% DU 42 48 54 60 42 54 60
Wettest 46 53 59 66 8.2 8.1 6.7
Wet 43 50 56 62 7.8 8.4 7.6
Drier 41 46 52 58 7.3 8.6 8.2
Dry 38 43 49 54 6.6 8.5 8.5
Field Average Yield (t/ac): 7.5 8.4 7.8




Net:Revenue forrAverage SIV AITfalta Yaelds for:
$80}, $601and $90/ac-ft:\Water: Costs and Different
FieldilrngatoniUniformities

Assumptions:

All base costs without water ($/ac):

Cost of cut and rake ($/ac/cutting):

$300.00
No. of cuttings: 8
$12.00
$10.25

$4.00

$120.00

Custom bale ($/ton):
Harrow bed ($/ton):

Hay price ($/ton):

|mproving: DU rom70680%

INCreases NetIncome by $S63/ @48
inches appliediwatersandiSe0/ac=t:

e $30/ac-ft ™ ® ™=3$60/ac-ft —&—— $90/ac-ft

e $30/ac-ft™ ® ™=3$60/ac-ft —&—— $90/ac-ft

400

350 -
300 -

N
a
o

200 A
150 A
100 A
50 A
0

Net Income (9)

Yield (t/ac)

e e e e e o

o
g
2 0
~
o

~
w

~

w

|}

¢
1
xxxxxx:?
|
&
4

;

i

e e e e o e e e e o

i

-50 A

/0% DU

e e e e o

1180% DU

e e e e o

35

40 45 50 95 60

Average Applied Water (inches)

35

40 45 50 55 60

Average Applied Water (inches)




EGrage ProductionwithrReduced \Water

Assess “Water Productivity” In terms

ohimost S/ac=Ttreturnmwhen water
SUPPRIVAIS the mostimiting factor:

Water Water

ET Yield Price Gross Productivity ~ Value
(inches) (tonfac) ($fton)  (3) ($/in) ($/ac-ft)

Alfalfa (7 cuts)| 55 9 $180 $1,620  $29.45 $353
Silage 4/1-8/25| 34 30 $28  $840 $24.57 $295
Silage 6/15-10/15] 28 25 $28  $700 $24.89 $299
Sudan (3 cuts)| 41 10 $120 $1200  $28.93 $347
Winter Forage| 16 17 $24  $408 $26.02
Wheat grain| 21 $220  $704 $33.52




EGrage ProductionwithrReduced \\Water.

COJNE EUS [G)NS):

sUse “Normal Year?Z El schedules torestimate
forage cropWater:consumption

sUnderstanadl/ANDICHIECKete deptinof
niranomdurRngarngationevents

slkmowing this depthrand =normal= 15 check:
headiand el sey imoisture toyPESESCIedUIe tiie
nexvirrgations..



EGrage ProductionwithrReduced \\Water.

CONCIEUSIONS(Contimued):

s ncreasimng DU e 0rto)80% canreturna
SUVLgrower$60/ac @ hay Prices ofiS120/ton:
Increasimng DUrom: 70iter 9006 wallfrettrnis0
t0)$1410/ac

sAlfalar Binitie’ SIVAUSES abou 55 HICHES/LO:
Summer: fallow ofiay Will\CosGEYourZ o s
LOnS/ac to)save a oot orwater; Ut the stanad
wWilltoe finenty/ourrewaterfor: afalllcutnng;
1rhisiis not the case {ox:...



Imperial Valley

(Excessive heat
scorches crowns
and hurts stand
when cover and
ET decrease)
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