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Why Schedule Irrigations ?

¢ The population of New Mexico is
rapidly increasing:

1,000,000 people i 1960
2:10)0)0)710)010)" e)=le) o) [ [a) Z0)0)S

o MUChH off this Increase hiash oceclred in
urban areas:




Population Figures for Some NM
Urban Areas: 1980 & 2003

City or State

Population

0% Increase

1980

2005

Alamogorde

24,024

35,551

45.0

Albuguergue

331,767

471,856

42.2

Farmington

S, 222

41,420

32.7

Las Cruces

45,086

76,990

70.8

Rio Rancho

9,985

58),9811

490.7

Roswell

39,676

44,228

1155

Santa Fe

48,953

66,476

556

State

1,302,894

1,874,614

43.9




Meanwhile

¢ Surface water supplies have remained
relatively constant at 1,000,000 acre feet
and they are fully: appropriated.

» Conseguently;, demand for NM water will
S0N exceed the available stupply-:

9 Eventually, the amoeunt e water available
fOr nen-essential tses (e, lanedscape
IFrigation) wWillslikelyv 19e redUced.




Actions now being taken to decrease
landscape water-use include...

¢ Restrictions on outdoor use
— Albuguergue
— Santa Fe

& Rate INCreases
— Santa Fe

¢ Incentives (Incllding cashr Or relates) il
elimination: oif tUrgrass)

— Albtiguerque
— =g gstaiiph AZ
—Tas Vedgeas, NV,




Why target turfgrass?

¢ [ he average homeowner uses about 72 gallons
annually to water each sguare fioot of grass,
according to the BOR [U.S. Bureau of

Reclamation]” (quoted firrom AP article in FEarmington Daily: Times,
August 10, 2005)

— Jihis Is equal te 116 inches (0.62 gallens = 1
INEh/sa.it.)

¢ Studies in Farmingten and elsewhere indicate
thiat Iessi thian 25 gallons) off Water/square oot (40

INCRES)I ael reqUired e acceptabler guality: el con)
Season| tur: Whlle:..

o \Warml season! tuFf requires lessi thian 17: gals./sdL.
it (28T INChES) ol acceptalsl e quality:




Implications

¢ [he volume off water used to irrigate

landscapes could be reduced by
more thamn 50%) with no detriment to

tur: guality, I irrigations are
scheduled appropriatelN...

— Provided the irrgation; system Is
PrOPErIV  designed andimaintainead!




Goal of Turf Irrgation

¢ Provide the minimum amount of
supplemental water required to
maintain acceptable; landscape
guality: while minimizing water lost:
through runoff, deeps percolation,
aNdl EXCESSIVE! EVAPOration..




Benetfits

¢ Reduced fertilizer use

— |Less loss off N and K through leaching and P through
FURnofif

¢ Reduced disease and weed problems

» Enhanced environmental guality
— Reduced use of pesticides
— Reduced! pollttion: off ground and suUriace Water

¢ Reduced operating) costs

— [Cower Water pumpingel costs, decreased mewing
freguency,, etc.

¢ Increased Bottom Line $%$%
9 [MproVved pulic pPELCEPLION




Turf water-use or evapotranspiration
(ET) Is a function of...

o Weather
— Solar Radiation
— Al llemperature
— Humidity,
—\Wind
¢ Grass Lype or Species
¢ Gliass Helghit or Ieal area

¢ Secondany factors) (Curgliality,
MICFO-ERVIRGRAIMERL, ELEE)




Climate-Based Irrigation Scheduling

¢ Irrigation depths and freguencies are
based on estimates of crop ET using
daily: weather datal (reference; or
potential EI), correction fiactors: (Crop
COElcCIeEnts) tor account fier plant
Lype, grewthn stage; lFrigation
efficiencies;, andl sollf chalracteristics.




Data availability for estimating turf ET

o Weather data for calculation of reference ET
(ETo) or potential ET (PET) are available from a
AUumMber off weather stations throughout the state.

— These data are available from the New Mexico Climate
Center web-site:

P/ /Weathernmsu.edu

¢ Crop coefficients! (Ke) have been fiormulated for
Various turfgrasses throughi research at the
Farmingten Agriculturals Science; Center.

¢ [hese Kes, withrlocall calibration), canl be Usead to
estimater the water-use; (i) oif coplFseasen anad
Warm SEason’ turgrassest througheui INews Mexco:




Purpose

¢ I he following slides serve as a guide on
how to obtain locally-calibrated estimates
of turfgrass water-use (ETl) from the New
Mexico: Climate Center web-site:
httpE//Weather.nmsu.ed.

¢ [hese estimates, along with knewledge; of
lecall sellrconditions: and irrigation: system
ElfficIenCcIes, caml be; USed torsechedule
IFfigations R tUFErass:

¢ Refer to) appeEndICes at the endl e the
gulce o more detalled niermation:




Step 1

¢ Enter hitp://weather.nmsu.edu in
WED Drowser.

¢ Follow directions shown in next
several slides...




NMCC Home Page
http://weather.nmsu.edu

new mexico climate center

Ahout Us Contact Us Search

NMCC Climate Station Daia <l O | [o @ g [T
Other WM Climate Station Data

Crop Information

Water Resources

Climate Links

Agricultural Models and Tools

CoCoRaH5
( Coreruraty Collaboratree Far, Hail, and Snoowr Metwork)

If you cannot find certain data or need help, e-mail webmaster@weather nmsu.edu. For a
mirror of this wehsite, o to weather2 nmsu.edu. For a conplete list of all weh pages click
here.

weather tunau ech Statistics




Climate Data Retrieval Page

New Mexico Climate Center

Climate Data Fetriewal Pages

Climate Data Graphs Climate Data Printouts Wind Direction/Speed Graphs
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Retrieve Data Page

1. For irrigation scheduling, click Note: If you just want to view
on ‘AutoDate’ weather data, enter any date
Eetrieve Data  [MESIREOLSH

*##+Tf wou haven't used this service before, please follow the instructions here***

01: Adolf Sancher Fatm

Auto Date WL oo YYVY 34550000 106 S8EHET

St | | | | » ® EvoLIsH % (O AZSCHED

End: | | | | | | ? (O ENGLISH (Fxcel) % (O IRRSCH 03: Albing Canyron BA TS Station

) ) 36978944 107 428333 Info

? O Single Sine DD-C # O METRIC 04: Albuguergue Bosgue Station
? O Single Jine DD.F % (O METRIC (Excel) 35 047778 106 fh4444
? O ENG. withSoil Temp Deptt:|  |om
Must Calculate One Vear 15
First Few Dlays of Albedo: |-
Caleulation Wil Be 3kewed

Pleaze click on a station name in the list on the rigth 0%: Albummercue Portable RAWS  Station

MName: | 24250556 108173611 Info
_ 09: Albuguergue Porfable BAWSE  Btation
ID: | | [ Retriene Weather Data ] #2735 526320 107321111 Info
10: Alcalde &z Sei Centet Station
26083333 106.050000 Info
[] Generate Crop Coefficient and ET 11: Anzostura 35375278 Station

| 1111ty 106 502772 Info

2. Enter ID number of desired quality 12: Astesia Ag Sci Center Station
. . . . 32753611 104 383533
site from list at right in box

above or select by clicking on it. 14 Bartley RAWS 35393330 Station

_ 105 461544 it
Lreset Defaults: 15: Batdraw RAWS 32178611 et

Page down for complete list & map of sites. 104440556 lfo S0

Note on reference evapotranspiration.
e DD-F, Single Site

ratio bust be adpasted for

tetretitial crone




Map of Weather Stations Linked te NMCC

Oa: Albuc

0&: A lkhuc
FATATY T
09: &Thuc
BEA&TAE #
107 32111

14: Bartle
105 4619
15: Batrs
104 44055
16: Batein
106 316665
17: Bear %
33 455000

22-Bosm
33 270000
23:Bosm
106.71111




Retrieve Data Page

Eetrieve Data

*##4Tf wou haven't used this service before, please follow the mstractions here***

Auto Date  TwITWI DD YYYY
Start: |

7 (O &Z3CHED
¥ O IRRSCH

| 7 (3 ENGLISH

End: |7 O ENGLISH (Exeel
7 O Single Sine DD-C 7 O METRIC

? O single Sine DD-F ¥ O METRIC (Exeel)
7 (O ENG. with Soil Temp Depth:

3. Check box (‘Generate Crop
Coeff|C|ent and ET’).

| [ Retriewe YWeathil Data

Mote on reference evap
For English, Single 3ine DD-F, Single Sine
DD-¢, or M etric format, provide the following
information
(nits are °F for English and Single Hine DO-

| Generate Crop Coefficient and ET

GO=good quality
MD=tme cham quality
=1owr quality

Freset Defaults:
| Chile

Fatio I'u'Iust be adjusted for

01: Adolf Sanchez Farm
34 550000 106 Gaa6HaT

03: Albino Canyon BA WS
36976944 107 628333

04: Albuguergque Bosgue
35.047T7E 106 A

0Z: Albuguergque Portable FAWS
34 850550 108 173601 1

0%: Albuguergque Portable BATWE
g2 35 526320 107 321111

10: Alcalde &z S Center
36083333 106 050000

11: Angoatura 35 37527

106 502778

12: Artesia & g 3ol Center
32.753A11 104 383533

14: Bartlesy BAWE 35 503559
105461944

15: Batdraw BAWS 32172611
104 440556




Obtaining ET Data for Turf

[ b 1 —Elrewe vy ediner Lata I

10: &lc

. . . . . a6 083
For English, Single Sine DD-F, Single Sine Crenerate Crop Coefficient and ET 11' &An

DD-c, or Mettic format, provide the following G0=good guality 106 503

Mote on reference evapotranspiration.

_ iﬂfﬂi’_mﬂtiﬂﬂ _ _ LI =medum quality 12: At
(Ttits ate °F for English and Single Sine DD- — - )
. . . L=1lowr cpaality 327536

F, °C for Metric and Single Sme DDA

5. When list appears 14|

g ‘ tation Coefficient. |- g =
select either ‘Cool 105 26
Season Grass - _ . S 15: Bat
Acceptable Quality’ or 001 SBas0n Larass - Acceptanie LIUaly 104440
‘Warm Season Grass - Eatio Iust be adjusted for

Ly eretitiial crofps.

Acceptable Quality . P 3 17 Bes

Intercept
(Uppet Threshold): P ?g.ﬂEjj

Grass classifications are shown in the appendices. 5.7be-4 102 10(

Avveraging Method): m -1.42he-¢

Crop coefficients are shown here 1 040&-11
Heat Units Base Temperature :

(Lower Threshold): 40 Baze Offset for GDD I




Obtaining ET Data for Turf

1): aql —Elrewe vy ediner Lata

Mote on reference evapotranspiration.

For English, Si.ﬂgl& Site DD_'F= Single Siﬂ_ﬁ Crenerate Crop Coefficient and ET
DD-e, ot Mletric format, provide the following GQ=good quality

: . ﬁfnmaﬂnn _ _ LIO=tmedum quality
(Ttuts ate °F for Enghsh a.a.tld Smgle Site DL- Li=low cuality
F, °C for Metric and Single Sme DDA

6. Adjust this ratio to
apply to your location.
Refer to next slide. (Ratio [REsEaesiDaics

ratioty Coefficient: |-

will be less than 1 for Cool Season Grass - Accepiabie Cluality

locations warmer than Fatio Iust be adjusted for

Farmington and greater EetiaRayEs

than 1 for sites colder I Intercept

than Farmington). 1 5 7564

Heat Tnits Mirnmuam Cutoff (for

o2 -1.42he-¢

Averaging Method): | 40

C3 1.040e-11

Heat Units Base Temperature

(Lower Threshold): 40 Baze Offset for GDD I

Ha 355
10: Ale
a6 083

11: An
106 503
12: At
EEN K

14: B
10546
15: Bat
104,440

17: Bes
A3 4550
1%5: Bes
108,100




Ratio Adjustments for Sites

City Cool Turf WarmTurf

Clayton, Farmington, Bloomfield, 190 1.0
AZtec

Albuguerque 0.85 0.75

Artesia, Deming, Las Cruces, 0.70 0.60
Roswelll, Alamoegoerdo

Clovis, Portales 0.80 0.80
Carispad), Hebbs 0)56)5 0.5
Flletignles)q] 075 0),6)5

Santar Fer GalltprGrants) 1520 1560
[FasiVegias), RUIGOS6




Retrieve Data Page

Eetrieve Data

*##4Tf wou haven't used this service before, please follow the mstractions here***

Stast QAP After enterlng dates,

o selecting site, selecting
crop, and adjusting ratio,
click on ‘Retrieve
Weather Data’ button

Calculation Wile Skewed

7 (O AZSCHED

¥ O IRRSCH

¥ O METRIC

% (O METRIC (Excel)

Depth: I:Icm

Albedo:

Please click on a station name in

|
Ll

Mote on reference evapotranspiration.

For English, Shgle Sire DD-F, Single Sjn.e [] Generate Crop Coefficient and ET
DD-¢, or M etric format, provide the following (0=good quality

. . information _ IO =me dum quality
(nits are °F for English and Single Hine DO- LO=low quality

F, °C for Metric and Single S3ine DD

ET Calibration Coefficient:

Freset Defaults:

e list on the rigth

Fetriense Weather Data ]

Chile

Fatio I'u'Iust be adjusted for

01: Adolf Sanchez Farm
34 550000 106 Gaa6HaT

03: Albino Canyon BA WS
36976944 107 628333

04: Albuguergque Bosgue
35.047T7E 106 A

0Z: Albuguergque Portable FAWS
34 850550 108 173601 1

0%: Albuguergque Portable BATWE
g2 35 526320 107 321111

10: Alcalde &z S Center
36083333 106 050000

11: Angoatura 35 37527

106 502778

12: Artesia & g 3ol Center
32.753A11 104 383533

14: Bartlesy BAWE 35 503559
105461944

15: Batdraw BAWS 32172611
104 440556




Data File Example (pg. 1)

NMaT Weather Data

Beginning Date: 0170172005 —~——

Ending Date: 1zZ/31/2005

. . | Check dates, site, and
Location: Farmington &g Sci Cente r — i ——

Format: ENG ratio for accuracy
Bario: 1 ——
n ?zi:r:ﬁ; E Note: Crop can be verified by checking coefficients.

l.040e-11

lEnefficients: S5.75e-4, -1.425e-7,

“““““““““““ Check for CompleteneSS and aCcuracy of temperature data.

Elevation: 1700.

Fel |%30il| Wind PET |3amani |

{In) |

[
(In] | (Short | (Tall

Date | Air Temp | [Solar|Rain| F-H ET | P-M ET]

I I F) | Humid |Temp| Speed | Rad | (In)|

I

I [ %) | (Fil| (MPH) | | (In] | I | Ref.]) | Ref.)
MMADD Y | Max Min i L Awyg | Tot | | | | Day Cum | Day Cum | in | in
————————————— B s s e e e e e e e e s e e S
0ls01¢/05|050 027 038083 035 03715 4.9|218.9|0.00]1 0.08] 0.12 | 5.3 5.310.0030(0.0002 0.0002] 0.08 | 0.11
0ls0=2¢405|047 029 037|092 035 03617 7.9|121.0(0.04] O0.0&8] 0.10 | 3.5 g.4]0.0051(0.0003 0.0005] 0.07 | 0.10
0ls03¢/05|044 034 035094 075 03824 5.6|110.1010.101 0.02] 0.05 | 2.2 11.0l0.00635|0.0001 0.0007] oO.04 | 0.05
0ls04/05|049 030 040(094 0da| 03927 11.10135.210.15] O.07) 0.11 | 4.5 15.9[0.0081|0.0006 0.0013] O.08 | 0.12
01/05¢/05|037 025 032090 055 03822 7.9|1558.910.010 O0.05] O0.06 | 0.0 15.9(0.0081|0.0004 0.0017] oO0.05 | 0.0%
0ls06405|036 021 030(059 039 037|092 4.0(0121.9(0.01)1 O.03 0.07 | 0.0 15.9[0.0081|0.0003 0.00201 0O.05 | 0.06
Ols07¢/05|036 017 027094 O0da| 036|113 5.7(192.0(0.00]1 O.05 0.07 | 0.0 15.9(0.0081|0.0004 0.0024] 0.05 | 0.07%
0ls08¢/05|043 025 034095 064 03614 7.2| 74.a6(0.07] 0.02] 0.0%9 | 1.6 17.50.0100|0.0002 0.0027] 0.05 | 0.06
Ols09¢/05|0458 037 042|086 056 038(1e 7.7([12%.2(0.00] 0.05] 0.0%9 | 4.4 Zl.9|0.0125|0.0006 0.0033] oO0.07 | 0.0%9
0ls10¢/05|056 035 044095 044 040|115 o.2|144.0(0.20]1 0.068] 0.12 | &.:2 30.1l0.01%2|0.0011 0.0043] oO0.08 | 0.11
i (511 045|097 045|014 ] i1s i i i (20| (] ] I I




Data File Example (pg. 2)

HM3T Weather Data
Beginning Date: 0170172005
Ending Date: 12/31/2005
Location: Farmingto

S If air temperature, humidity, wind speed, and solar
Ratio: radiation data appear to be complete and accurate for

Base GDD: .
¥ Interept: dates of interest...

oefficients: - . np=1u1=
1 ...then estimated daily and

Elevation: 1700.000000 cumulative ET is shown here!

Date | &ir Temp | ERel |30il| Wind |3o0lar|Rain| PET |Zamani | | P-MET | P-M E

[ (Fi | Hamid [Temp| Speed | Rad | (In)| (In)| FET | | [Short | (Tall

I [ (%1 | (Fil (MPH) | (L) | I [ (In) | Bef.] | Ref.]
MM/DDAYY | Max Min Awvg|Max Min| Avg|Mx dwy | Tot | | I ' I i

ol/s01l/05]050 027 0381083 035] 037115
QlA0Z2/051047 029 0371092 0381 03617
0l/03/051044 034 0385|094 075 03524
Ql/s04/051049 030 040|094 046 039027 1
0l/05/051037 028 032|090 055] 035|222
Ql/06/051036 021 03000859 0391 037109
0l/07/051036 017 027|094 04a] 036]13
Qls08/051043 028 0341095 064 036]14
ol/s09/05]045 037 042|086 056] 035]la
Ql/l0/051056 0358 044|035 04015

LH1215.9(0.
LH11EL. 000,
.B]110.1]0.
L11135.210.
LH1155.9(0.
LOT1EL. 900,
LT118Z.0(0.
L2 7460,
LTI1ET 20,

05|
06|
02|
LO7
.05
L0353
.05
02|
.05
Y

.Oo30]0.
Lgosliao,
L0030,
.gosl1|o,
.oosl1|o.
.goa1|ao,
.oosl1|o.
Laloojgao,
LO125]10.
LO17Z10,

O -1 -1 A s -1 R -1 s
e T e O e O e O e O e e O e e e i
e T e TR e SO e SO e O e O e O e e O e

[ T O S e T e e N O U P R

L3 = O O O O WD tn L
e T e O e SO e O e O e e e e e Rl
o T e TR e SO e SO e SO e O e O e e O e
e T e SO e SO e O e O e e O e e e Rl




Another Example: Warm Season Turfi ET

In Las Cruces, NMiin 2005 (data input)

Auto Date

Htart R&” ? (5 ENGLISH

End: ? (O ENGLIZH (Excel)
7 (O Zingle Jine DD-C ¥ (O METERIC
? O Single Jine DO-F ¥ (O METRIC (Excel)

? O ENG. with Soil Temp  Depth: o
Must Caloulate One Vear 15

7 (O AZICHED
% (O IRR3CH

Site and Grass Selection

First Few Diays of Caleulation Albedo:
Wil Be Skewed
Fleaze click on a station name in the lst on the rgth
MName:

NYEN Gmf urse

ID: 104 || F’iet\r@ve ‘Weather Data |

Mote on referehce evapotranspiration.

For English, Single Sine DD-F, Single Sine LD- Generate Crop Coefficient and ET
&, ot hMetric format, provide the following (30=good quality
. II'.IfI.:IIm&tlI:Iﬂ _ _ MO=me dum quality
(Units ate °F for English and 3ingle Sine DD-F, © Li=low quality
© for Metric and Single Jine DDA

alibiation Coefiee cales the Sathand Pet ¢ ion- |16
Ratio Changed IOMONSM Freset Defaults:

WwWarm Season Grass - Acceptable Cluality

for Las Cruces

Ratio Must be adusted for ———»

peretitial crops.

0.6

01: A dolf Sanche

03: Alhino Cansyo
30976044 107 A2

04: &lhuguerdue
35.0477FE 106 A6

0&: Alhuguergue

BATE 34250556
0% Albuguergue

BANTS #2335 536

10: Alcalde A g S
36.090717 106.056
11: Ancostura 35
106 502778

12: Artesia & g Sc
32753085 104383

14: Battley B
105 461944

15: Batdraw B
104440556




Another Example: Warm Season Turfi ET
In Las Cruces, NMiin 2005 (data output)

MM Weather Daks
Begéﬁn' : 0l/01/2005
ndipg Date: 05/03/2005
ion: NMAU Golf Course
: ENG
0.6
]
¥ Interept: 0

Coefficients: 0.00127, -5.39%e-7, 1l.6l4e-10

Elevation: 1Z65.000000 m

Date | Air Temp | ERel
| (F) | Humid |Temp |
I [ (%1 | (F)I (MPH) | (L) |
MMADD AT | Max Min Avg|Max Min| Avg|M< Awvg | Tot |

[Z30il]| Wind

0a/1ls051091
0a/1Z/05]089
06/13/051094
06/14/05]100
0&a/15/05| 100
na/le/05| 102
0a/17/051098
0&/13/051098
067197051102
067204051103
D6/21/05]096
06/22/05|095
06/23/051098

074|045
0761032
0761053
0a31l|o37
056|033
0sa|o5e
0z01037
07a103l
ngljosl
0341055
033|046
0531049
0g4| 044

n1o|
015]
n1ll]
oosE |
o1o|
oG |
nosg |
ao7 |
ao7 |
o1o|
aLi|
o1o|
ao9 |

ooofla
ooofla
ooofas
ooopLy
noolzl
noo|la
ooofzs
ooofZs
ooojl4
ooof 3o
Qoojzo
ooofls
ooof17

-1

—

~
[ Qe VI e T S T s T e Y SIS TN

.0l
210
500,
110,
LG10.
110,
L5l0.
910,
.0la.
010,
L300,
L7100,
L7100,

[Folar|Rain|
Speed | Rad | (In)|

ool
ool
ool
ool
a0
00|
ool
ool
ool
ool
ool
a0
ool

Note: Data set began on January 1 but
only a small subset is shown !

PET |Samani | I

i In) |

o oo oo oo oo oo oo o oo

Input information check? - OK

Data check? - OK

Warm season turf ET estimate

P-M ET |
PET | | (Short |
(In) | | Ref.)

| Day Cum | in I
LE12a]0.
L5led|0.
LE20210.
L5247 0.
L5306 0.
535410,
L539010.
L5250,
L546310.
L5503 0.
L 55430,
LEET75|0.
L5607 10.
LE63710.
Lhe6E6(0.

o oo oo oo oo oo oo o oo

P-M E

{Tall

| Ref.)

1

o o o o oo o o000 oo ooo




Notes

¢ If temperature data are incomplete or
Inaccurate at your location, refer to the
map and enter a site near youl that has
reasonaply: similar climatic conditions.

¢ [ hitmiaity, wind, and/er selar radiation
datal are missing, Elf estimates, based on
temperature data omly;, may: still- e
provided bt they willsnot beras; accllirate
astWihenallraataranreravallaisle:




Using ET to Schedule Irrigations

¢ Irrigations should be scheduled to replace
total ET for a given time period.

¢ For example, referring to page 27 (column
1L7)r warm season tur Elf between June 11
and June 13/ 1R Lasf Cruces) totaled 0.65
nEh (0:2195+0:2259+0.2049).

¢ Assumingl 100% irrigation: efficiency=, the
IFFigation  reguirement (TR Woeuld e 0,65
INEh and the systemi shoulid be rumR Unir
065N nchreitWaterisiapplied terthertuiE:

— ¥*Refer to next 2 slides.




Corrections to ET

¢ Ihe ET estimates provided by this
technigue serve as a baseline only.

» Many micro-climatic factors (shading,
slope, reflected radiation, Wind! SCreens,
etc.) can cause actuall ET te be higher or
lower than the estimate.

¢ \Variapility: can e detected by, Using a soilF
Sampiling prowe o othEer steel rod to
evaltiaterseil meisturenn these areas.




Corrections to Irrigation
Reguirement (IR)

¢ Generally, sprinkler system water application
efficiencies are less than 100%.

¢ [0 compensate and avoid dry spots in the lawn,
the IR must be increased above ET.

¢ [For example: assumingl an irrigation: efficiency: of
30%0 (0.80), the IR for an El of 0.65 inch would
pe; 0,81 inch (0.65/0.80)

¢ Refer tor the appendices, for more; detailed
IRfermaten INcItaing links on ReW: to: determine
IFFigation: system output (Slide 65).




Appendices

o Appendix 1: Terminology.

o Appendix 2: Farmington Turfigrass
IrFigation Study: - Sumimary.

» Appendix 3 Additional Infermation
anal Links




Appendix 1

¢ llerminology.
— Evapotranspiration; (EIr)
— Crop (or Turf) ET (ETc)
= Reference (or Potential) Eilr (Elig or PEIF)
= Crop Coefficient (Kes)
—Growing Degree-pays (Gbb)
—Irrigation Eficiency  (TE)
—Irrigation Reqguirement (1R




Evapotranspiration

» Crop Water-Use or Consumptive-Use

¢ Consists of two components:

— Evaporation — loss of water frrom plant
and sollf surfaces directly: te the
atmesphere (noet usually: beneficial te
plant growtn)

—iranspiiration — I0ss! ot Water firom the
sejl thirotgh plant tissues: (reets, stems,
[EaVves)Inte: thier atmosphere thireltgh
IEQIF POrES (SteMmates)




Reference or Potential ET
(ET, or PET)

¢ ET is directly related to atmospheric
conditions (temperature, humidity, wind,
selar radiation)).

¢ Using healthy, fiully’ transpiring reference
crops (4= tallfgrass, 10 tall ali@li@, etc.),
scientists) have developed empirical
rejationshipst BEtWEER WEather and Eilr

9 Ellig iStarniatheniaticaliyscalcliated Wates
voltmertsingreniyA these palaliELess.

—SAlGREPWIEHNaPPropHate ConreCheRNaICtorRSs, It
Can BEFUSEC tOrEStImatEractiaircropHEl (ET ).

35




Example of one method used to

compute ETo (PET)

The Penman-Monteith form of the combination equation is:

‘ﬂ‘liHn_Gj'FpaEp (EE _Eaj IIH:I

ra
-
At ':.r[‘l + i]
r-.EI

where R is the net radiation, 5 is the soil heat flux, (e_ - e, ) represents the vapour pressure deficit

AET=

af the air, p  Is the mean air density at constant pressure, Ch s the specific heat of the air, &

represents the slope of the saturation vapour pressure temperature relationship, v is the
psychrometric constant, and rg and r, are the (bulk) surface and aerodynamic resistances. The

parameters of the equation are defined in Chapter 3.

For practical irrigation scheduling, the above parameters are
extrapolated from daily measurements of air temperature,

relative humidity, wind speed, and incoming solar radiation




Factors (other than weather) that
affect actual turfgrass ET

¢ Growth Factors

— Turfgrass Type (Cool season vs. Warm
season), Species (KBG vs. Fescue), Variety
(Adelphil vs. Coventry)

— Height or leaii area
— Planitt health (soil fiertility, disease, pests, etc.)

¢ Envirenmeéentall factors

¢ Soll meisture
¢ lrrigation| ifeqUERCY,

o Micreclimatic COnEItioNS
= Slepe;, shading, reflected radiation), etc.




Crop coefficient (K:)

¢ A correction factor to account fior
differences between El; and actual
crop EIF (ETc).

¢ [ff you' know! the; refierence EN (Elig)

aidl thie: croprcoefficient (1K), you
can Calcllates thhercroprElr (Eis)

*ETC — ETO X KC




Example

¢ In turf, summer K- values off about
0.8 (80%) for cool season grass and
0.6 (60%) for warm Season grass
alfé COMIMon.

¢ S0, iiFdaily: PETF equals 0.32 IRches:

— Kentucky: bituegrass ElF = 0,26 in.
+(0.8 x 0.32) = 0.26

—Bermudagrass Eilr=r 0 1SNR:
+(0.6 x 0.32) = 0.19




Growing Degree-Days (GDD)

¢

Since plant development depends on temperature, GDD (or
heat units) are used (rather than calendar days) to more
accurately define growth stages of crops (ie. spring
dormancy break, maturity, growth rate, initiation of winter
dormancy,, etc.)

Cooll Season Tur: Calculation
o GDD = ((Tmax # Tmin)/2 — 40 °F
— (between| 40rand! 105 °F)
+» Optimum growth temperatures: 60 — 75 °F

Warm Season it Calculation
o GDDI = (Tmax + Tmin)/2 — 60/ °E
— ([@loove 601°E)
¢ Optimum! teEmpEeratures: 80— 95 °F



Irrigation Efficiency (1E)

¢ IE refers to the percentage of applied
Irrigation water that actually’ contributes
to plant growth and transpiration.

o Water lost through runoff, deep
percolation bElow: the o0k ZONE, Or
ExXcessive evapoeration represents d
decrease in EfficIency.

— EXampless:

o \Water is applied unifiormiy: and it s allf transpired
thretgh the desired crop: 1E = 100%0.

s Applicationr UniiermItyAS pooR andl S0 o Watel
applied sHost 6 deep: diiainader DEIOW, the ree ZONE:
e =705 (1100 - 35056):




lrrgation Requirement (IR)

¢ IR is the amount of water that must be
applied to satisty ET.

¢ If irrigation efficiency is high (ie. irrigation
Uuniformity. is good and! water Iosses) are

minimal) then [R will-Bbe nearly: egual to
=

¢ [ff application Uniifermity, s lew! andt ary,
SPOLS ale evident, then IREwWill-ber greater
CRan EilE

=SS WillFrestiltRreVer-Irrgation Ol SOME areas:




Appendix 2

¢ [he Farmington Turfgrass Irrigation
Study (1998-2000 & 2005-2005)

— PUrpoese

¢ Evaluate; the water requirements (EI) of
several turigrasses

s Develop cropr coeficientts (Ka) fior USE I
IFFigation; sceauling off tAESE GraSSES
— Ko =1 ET/PET




Site Description

o NMSU's Agricultural Science Center
at Farmington (about 8 mi. SW: of
city: oni Navajoe Indian Irrigation
Project)

¢ Elevation: 5640 feet

¢ Viean AnntalrPrecipitations 852 1.

% SoIINNVPE: KinREar VER/AineErsanay.
le)z)np!




Materials and Methods

¢ A single line-source design (refer to next
slide) was used to proevide irrigation
treatments to various turigrass Vvarieties.

» Applied water (Using catch cans) Was
Measured arter each irrigation.

¢ Chianges! inr sell moisture were measured
CRrougheUt the growing Season.

¥ e grasses Were rated fior acceptamle
quality at aliNrrgationtlevelss




Sprinkler line-source (SLS) Design (Hanks, 1976)

Variety 1

/ Catch cans (applied water)

0 o0 0o O 0o 0O O O
e 6 6 6 o o o o

“\Neutron Prabe Access Tubes

Variety 6

(soil moisture)

Variety 7

AN

Sprinkler (Rainbird 30H, 3/16 x 3/32
In. nozzles) — 20 ft. spacing, 45-50 psi.




The soil water balance method was used to
define ET for each grass at each Irrigation level.

¢ET =1+ P +/- ASW - D, where;
o [ = irrigation (in.)
o P'=ipriecipitation (in.)

o ASWW' = chiange in soilf water (in.)
o DI =1 deep drainade; (n.)




Turfgrasses Evaluated

¢ Cool Season; Grasses
— Kentucky Bluegrass (7)
— [alll Fescue (1)
— Fine; or' Hardl Fescue (2)
— Perenniall Ryegrass (1)
—Prairie Junegrassi (1)
—Alkalirgrass: (1)
N\ heatarass (2)




Turfgrasses Evaluated

o Warm Season Grasses
— Bermudagrass (5)
— Buffalegrass (5)
— Blue Grama (2)
—Z0oysia (1)
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Summary of Results

¢ [otal Seasonal ET for Acceptable Quality:

— Cool Season Grasses 35-40 inches (Marech —
November)

— Warm| season grasses: 25-30i inches (May: —
mid-October)

¢ Peak Daily: Summer ElF at Acceptablie

QUaAlIEY,
— @oplFSeason Grasses: 0L25-0.28F/day.
—\WarmrSeason Grassess: 0L 17-0. 22/ day.




¢ Ihe next three graphs show the average
daily water-use (consumptive-use curves)
of cool season and warm Season
turfgrasses at Farmington.

¢ [hese average curves’ can be used to
successiully: schedule irrigations in

Farmington anad ether Iecations; having
similai climatic conditions (1e, Santa Fe)
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Average Daily ET of Warm Season Turf (5 years)
ET =-0.608 + 0.00825d - 0.0000209d° r* = 0.87
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¢ [he next few graphs show the crop
coefficients (K¢) of the two types ofi
grasses.

¢ The K is simply the ratio off measured turf
ET to the reference ET (ETy) calculatea
using local weather data.

¢ lemperature-based! growing degree-days

(gdd)r are used as) the time scale; (rather
than days) te provide a moxre acculate
Indication: o tUi: develepment.




ET/PET (Kc)
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Cool Season Turf Crop Coefficient (Kc), 5 years
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ET/PET (Kc)
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Warm Season Turf Crop Coefficient (Kc), 5 years
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¢ [0 increase the transferability of the
crop: coefficient from place to place,
the next graph shows the
relationshipr between; Ke and “relative"

growing degree-days (RGDD).

» RGPS the ratio) off the cumulative
GDDonrar givenr day: (firem Jantary.
Drtoerthe totaltaverage Gpprat the
leEation:




Turfgrass Crop Coefficients (Kc) vs. Relative Cumulative GDD
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¢ [he RGDD functions formulated
during the Farmington study serve
as the basis for the turfgrass ET
estimates found on the NMCC web-
site for various sites.




Appendix 3

¢ Additional Information
— Prerequisites for irrigation scheduling
— [rrigation system auditing
— Soil fermation
— Example




Prerequisites for lrrigation
Scheduling

¢ Must know the output and efficiency (application
uniformity) of the irrigation; system!

» Knowledge of soil characteristics
— \Water helding capacity.
— \Water intake rate
» Maximumi Allewable Depletion; (MAD)
— 50% 1io)r; COOl SEaSOn gliass
— 60Y%6 for Warm SEaSON giass
¢ ROOL (O sellwater-management) depth
— FOr CUrR, BEtWEER! 18 and 24 INCRES




Determining lrrigation System Output

¢ Gross output can be determined by this formula:

— Precipitation Rate (in/hr) = (flow rate in gallons per
mihute x 96.3)/area irrigated in square fieet

¢ llo determine Irrigation system uniformity: an
audit is required:
» See

— plEto); //zlclelle
ploreletfutire el gt /elgdannotisa/noriczlfaans /e
onsanveitiogn/zlel2nitelennloil oal

— pucgd LLwsLaiewee e s /s lafo/rasvonsiodf

—Irrigation  Audic MantaiN(@ty et AlbUgUerque)
WL ezleel cloy /A WEitErcorsaryeEltion




Approximate Available Water Holding
Capacities of Different Solls

Soil Texture Inches per Foot
Coearse sand and gravel 0.5
Sanas 0.8
Ceamy/ sanaes 104
Sandy leams 1.5
Eine saney’ lleams (3
[Ceamisiana siileams 24!
Clay leanis: & sl clay eams 2.1
SIIi/AClaySranerclays 150




Approximate Water Intake Rates of
Different Solls

Basic Intake Rates*

Coarse sand 0.75 — 1.00 1In/Ar
Fine sands 0.5 — 0.75 In/Ar
Elne sandy: loams 0.35 — 0.50 1In/Ar
St loamis 0:25 = 0. 40NR/Ar
Clayieams 0,10 — 0,30 /A

*Water intake rates of soils can vary substantially from the
basic rates due to compaction, tillage or aeration, thatch, etc.
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Scenario (Irrigation Freqguency)

Soil Type = Sandy loam

Available soil water = 1.6 inches/foot

Intake rate = 0.6 Inches/hour

Root (or management) depth = 18"

Total available water = 2.40" (1.6 x 1.5)

MAD = 50% or 1.20"

ET = 0.30 inches/day.

IrFigation Frequency: = 4: days™"
¢1.207/0.30" =4

¢
¢
¢
¢
4
¢
¢
¢

SASsUmMIMg 1006 rridatien: EficCIEncy:

Followine) thistmanagemeEnt technigue, is 2= oiirrgationweuld
e appPIIEareEVER 4 aays at a rater NOE tor EXCEEEN0:6
INChES/ MBI




Other Valuable lrrigation Links

nttp://wWww.jessstryker.com/index. html
(Trrigation Tutorials)

ttpL//addie=

hortictltire  tamu. edu/arecnhouse/hortgardens/ c
OnSErVation/adentdemoidrpdi(TrrigaticnrAuditing
Worksheet)

PR/ /AWWIWEa UEICONSERVE. CoMY/FESOURCES)/ altic el
DRBNETD
JtEREY//tEXaSeintamtredtyAWiNabisrppNexashElD
INEEWOIrK)

plaged LAWN Welta elelnie arel/ ((EIF Tt rizlls)

plugps //eziel estirasale. eeltl/aln/reseinelesd nitnn)
(CEnterorirricaticRamECARNGIoEY)




lrrigation Links (pg. 2)

¢

¢

hitpi//ag.arizona.eduy/pubs/garden/mga/irrigation/
Index. hitml (Arizena Master Gardener's -
Irrigation))

RtERE//AWWWE OWUENWA tEN . Ca. dOV/ O CS/WHEoIS00:pd
i (Californial - Irrigation off Landscapes)

RtERE//EXtEnsion. Ustsed U/ droudht/lanescape ciim
(Utah - Landscape: Irrigation)

picto)s /LenlMnnl. o7 /clgle) Irglelzition). pitan (Pigle
Irrigation: - Landscapes)

plutes L yLisrlelziglgnore LSWAIR/L (Terlefzltion!
ASspelation— Smart Water Application
llechnelogy,)







