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Irrigation Water Requirement
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Evapotranspiration
gl Al
* Terminology<lallaadll
Evaporation _all

* Process of water movement, in the vapor form, into the atmosphere
from soil, water, or plant surfaces

Transpiration il

* Evaporation of water from plant stomata into the atmosphere
Evapotranspiration @& - Al

* Sum of evaporation and transpiration (abbreviated “ET”)
 Consumptive use (Sl ABiuy)

* Sum of ET and the water taken up the plant and retained in the plant
tissue (magnitude approximately equal to ET, and often used
interchangeably)
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Magnitude of ET =i - Al aaa

* Generally tenths of an inch per day, or tens of inches per growing season
* Varies with type of plant, growth stage, weather, soil water content, etc.

* Transpiration ratio

» Ratio of the mass of water transpired to the mass of plant dry matter produced
(g H,0/g dry matter)

* Typical values: 250 for sorghum 500 for wheat 900 for alfalfa
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Plant Water Use Patterns
Glull slaal) Jlardia) o gl

Daily Water Use: peaks late in afternoon; very little water use at night

DAILY CROP WATER USE PATTERN
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DAILY WATER USE, inches/day
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Plant Water Use Patterns
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Evapotranspiration Modeling

il g Al dada

Estimation based on: e My padill
climate Flal
crop Jseanal
: 4 il Jal e
soil factors
ETc =Kc ETo ETc = Kc ETo
_ o ETc = Jsanall Jladl) il 5 aill Joes
ETc = actual crop evapotranspiration rate ETo = wrs e il il o

ETo = the evapotranspiration rate for a reference crop Ke = J sanall Jelae
Kc = the crop coefficient
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Evapotranspiration Modeling
Reference Crop ET (ETo)

ET rate of actively growing, well-watered, “reference” crop

Grass or alfalfa used as the reference crop (alfalfa is higher)

A measure of the amount of energy available for ET

Many weather-based methods available for estimating ETo
(FAO Blaney-Criddle; Jensen-Haise; Modified Penman; Penman-Montieth)

Crop Coefficient (Kc)

Empirical coefficient which incorporates type of crop & stage of
growth (Kcb); and soil water status-- a dry soil (Ka) can limit ET; a wet
soil surface (Ks) can increase soil evaporation

Kc = (Kcb x Ka) + Ks
Kc values generally less than 1.0, but not always
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Penman-Montieth) ¢Modified Penman ¢Jensen-Haise ¢FAO Blaney-Criddle)
Kc)) J panal Jalzs

Ka) ) &lall i 5l (Say - &y il ola Alla 5 ¢Keh)) poll dla s Jsacndll & Jelas
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Kc = (Kcb x Ka) + Ks
il ud oS0 cale IS0 1.0 e JBIKC o8



Efficiencies and Uniformities
* Application efficiency (E,)

Cn |
Ea=— Fa)) Gkl 5,
g . ,

* d, = netirrigation depth uall sl Baedn =

* d, = gross irrigation depth eVl 5l Seedg =

. 4 siall Al ol sl
* fraction or percentage
* Water losses s
. ol 23) 49
* Evaporation LAl
* Runoff Lé.i_m\‘ uujj:

* Deep percolation
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APPLICATION DEPTH

Water Losses
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Application Uniformity

* Distribution uniformity (DU)

E d - DU)) aisidl g sill dgalalis
LQ

s

* d,q = average low-quarter depth of water received

DU =100

* d, = average depth applied Aelivsall olsall miaiall ol GGue Lanssi dLQ =

. . . . Caadll Baal) Jau siadz =
* Popular parameter for surface irrigation systems in o e ol s ) A B i

particular L g
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Application Uniformity Cont’d...

* Christiansen’s Coefficient of Uniformity (CU)

\dz_d.\

CU =100| 1 Z

* n =number of observations (each representing the same

Size area)
* d, = average depth for all observations
* d. = depth for observation i

* Popular parameter for sprinkler and microirrigation
systems in particular

* For relatively high uniformities (CU > 70%),
Eq. 5.4 and 5.5 relate CU to DU

J).'.‘} g,ﬁ)e—‘&.‘i— )JM-'\-A“ )A.a\_uru.a\.:; R~

(Aaloal) uss Jiay Leia JS) cilaalinl) dxe
Calaaliall paead (Beall Jass sie

saliall e

Gl 5l 5 il dadail i Jalas
pasadlldag o

«CU > 70%)) Luwsd 4llall dpallatiBl Apailly

DUSCU o2 5.555.4 pulaled) Loy 5












Adequacy 4l

* Because of nonuniformity, there is a Grard) ) G dayliae @llia ¢ puiladl) ade Cau
tradeoff between excessive deep L) ) sleal s L jial
percolation and plant water stress §

» Adequacy: the percent of the irrigated Gandl (AL ) 4y 5yl dalaiall 4 giall dpudl) ;A L)

area that receives the desired depth of ST el e gl
water or more
. JSid)
* Figure 5.3 e Bl 8 AL el 03
* Plotting the percentage of area in the field @L"‘ L“.,d\ Jaal) 8 > f‘v’ﬁ"‘j\ o] - LSUJ
that receives a given depth of irrigation water 4l Jsie Al S ) gl ol (3 Lisma laae
or more gives a distribution uniformity curve sl
* Irrigating for a longer or shorter time moves iniall @l s ) el ol Jghal 5 sl 5 50 g0
the curve up or down Jady o ey
. difications may be required to 7
System modificati y q iniall JSG el 4 sllaa 2Uail) cDaes () 5S5 8

change the shape of the curve
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Figure 5.3a
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< Depth

Fig 5.3b
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Figure 5.3c
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Figure 5.3d
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Same adequacy but different uniformities and Ea’s




Same uniformity but different adequacies and Ea’s




Conveyance Losses  Jaill 28I 48

New TYPE OF MATERIAL
IN CONVEYANCE SYSTEM

Concrete Ditch and Above Ground Pipe

Dateriorated

\ Loam, Sandy Loam

\_ ___________________

N Sand, Gravelly Sandy Loam

N~

Gravelly Sand

Gravel

1 2 3 7 4 S 133 7
SEEPAGE LOSS, it st / day



Application Efficiency of The Low Quarter
(AELQ) oaddiall g, il 42L&Y) 3elis

* Ratio of the average low-quarter depth of water

that infiltrates and is stored in the crop root zone relative D Ailate (g8 (5355 el (I aloall aiiiall o M) (Bac dans s dns
to the average depth of water applied (x 100 for %) (%-x 100 ) d8lcaall slsall (Bac daws sia () Aailly J socall
 AELQ = DU when all applied water infiltrates (Uaidie CAaiAELH ( Wl ddliaall olaall JS i Laxie AELQ = DU
* Also AELH (low-half) 4883 dale ac) 58
* Accurate rules of thumb JAELQ (/(sthall Glall Gall) = Maa) (eo dilal 48 (990 4
» for 90% adequacy, apply a gross depth = (desired (e dadll @ld Jualadll
zre(;cpds?pth)/AELQ (acceptable for higher-valued AELH /(s sl iloall anl) = ilanl Ghee Sl 5 <% 80 i
* For 80% adequacy, apply a gross depth = (desired (Y Al 1 Jaalaall J gaia
net depth)/AELH (acceptable for lower-valued
crops)

s g pbi- il jaliaale o



System Capacity allll da.

* Net system capacity (Q,)

* Function of plant needs (keep soil water Qn)) laall plaill A

balance above some specified level) s sia (358 4 5l (8 el ()] 58 e Bliall) clall Glalial 44k
* The rate at which water must be stored in (e
the root zone Ddall dihie b4y eladl (A0 Cang (53 Jandll

* Peak ET method:
* Provide enough capacity to meet peak ET il 55 )3 L

over a given time period

: dma A0 )3 48 JOIA Al 3 g 5d Anli] 48K dan 8 58
* Less conservative method: e e 0 8 il 35,04 LY

 Recognize that rainfall and/or soil water can [Uadss (8] 44,
allow a reduced capacity diaide dry sy () Sy Ay i olaa S5 eyl Jshaa o &l )
* Water stored in the soil can provide a buffer s i o e 13ala 4 1l 33558 oluall i o cSa
over short time periods PO
* Also, over longer time periods, concept of an il seia ¢ ghal Aty il i s2e e (Lal
allowable depletion (AD) -- amount of water &, il (e Walisial (Sar ) sliall 2uSAD) - ) 4 = sansall
that can be depleted from the soil before ) Ll dea) & gaa

plant stress occurs



System Capacity aUaill da

* Gross system capacity (Q,)

* The rate at which water must be supplied
by the water source

* A function of: le Al

* the net system capacity, Q, Qn ¢plaill Ldlall dau)
* the efficiency of the irrigation system
* the system downtime

Qg)) Uill Allaay) dasd

sliall s (g sluall b g5 4y oy (o sy (531 Jaxall
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System Capacity aUalll da

* Definition

Required system capacity is the water supply rate
that must be provided to prevent plant water stress
(may or may not = actual system capacity)

Units could be inches per day or gpm per acre or
gpm over a given area (Q,, & Q, must be in
consistent units)

— Qn
AELQ(, Dt
100 "~ 100

Q, = gross system capacity, in/day or gpm/A

Q, = net system capacity, in/day or gpm/A
AELQ = application efficiency of low quarter, (%)
D, = irrigation system downtime (%)

Qo

iy el
el o b o8 gy (6l olall dlaa) Jama (& 4y sl aUail) A

(el AUl A = Y 5f ) il L) algaY)

JSAgdal) L oslla ) a ) 8 Cila sy claa 1) 5SS
Qn sS85 O en) A Al e d3dall ol glad

& oslla ) asfla s ddleay) Qi) dauQg =

40 glasf/Aagal)

L) shulfAzgall 8 o ol agfiaa s dgilall QUaill auQn =
(%) ¢ addiall @)ﬂ Gukaill 3. WSAELQ =

(%) @l alkas i 53Dt =



Operational Terminology  4xladill clalhadll

* Set or zone:
* Smallest portion of the total area that ;Adhial) gl de gasall
can be irrigated separately Dt (S5 41 5 (S AdlenY) dalosall (30 ¢ 3 st

* Application time :

-48L2Y) < g
* Length of time that water is applied to

a set/zone dahiefic gana o clall (Bulaiad 24 o3 Ca ) Joha

* Set time : rAdlay) Cag
* Time between starting successive sets Jiall 8 40l Cile gama £y (g )

in a field e gl yprl Uatll Caliy) a3y o) 13) il 5 = ALY

* Application time = set time if system is not ) o o
stopped to change sets (automated vs. (4o sl dalas¥) Jilaa 4a1Y) dadasyY)
manual systems



Operational Terminology  4xladill clalhadll

* Cycle time or irrigation interval: V558 555530 Cye

* Length of time between successive irrigations L dlaiall il ) e 558 oo
* |dle time: . seall i
* Time during the irrigation interval that the system is nom\ L a8 iy ¥ sl sl 8 8 JDA i)
operated T
* Duration: ¥
* Time that water is provided to the farm by an irrigation :
district N Ashaia Ji (e de ) Jall laall 1 5 48 oy (g2l) 2 )
* Rotation:
* Time between times when the water is provided by the gl

district Zalaiall Uy olsall b 53 L oy ) B Y1 (s )



