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« Use plant status indicators to trigger irrigation M""EJM wlua .
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Sandy loam 9-8 10-5 19-13 24-28 ado, b
Sandy clay loam 10-8 18-14 28-22 28-36 dulo, b auub
Loam 14-12 16-12 30-24 24-28 VPN
Sandy clay 16-12 18-15 34-28 40-33 ulo, asub
Silt loam 20-18 13-9 33-27 40-36 audlw aunb
Silt 21-20 13-6 34-26 44-40 LU W
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Silt clay loam 17-14 23-21 40-35 50-55 auilw aueb auub
Silty clay 16-12 28-26 42-38 55-75 Aulw aunb
Clay 12-10 31-29 43-39 75-90 b
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TAW = 10 x (6FC - 6PWP) x Zr mm If 6FC, OPWP in cm
RAW = px RAW mm
Crops Zr—m P Soil texture OFC OPWP
Tables (18) Tables (20) Table (20) Table (20)
m cm cm
Onion 0.45 0.3 Sand S 5.8 2.3
Tomato 1.1 0.4 Sandy loam SL 14.7 4.5
Maize 1.35 0.55 Silty clay SiC 22.6 14.7
Crops S S SL SL SiC SiC
TAW (mm) = RAW (mm) = TAW RAW TAW RAW
10 x (6FC-6PWP) x Zr px TAW mm mm mm mm
Onion 10x(5.8-2.3)x0.45 = 15.8 | 0.3x15.8 = 4.7 45.9 13.8 36.0 10.8
Tomato 10x(5.8-2.3)x1.1 = 38.5 0.4x38.5 = 15.4 112.2 44.9 88.0 35.2
Maize 10x(5.8-2.3)x1.35 = 47.3 | 0.55x47.3 = 26.0 | 137.7 75.7 108.0 59.4
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H = 1000 mbar = 1 bar = 1 Atm = 76.39 cm Mercury

= 4 pf = 1000 x980 = 980000 Erg/g = 76.39 cm Mercury
pf = Log 1000 = 3

Saturated water content — BSP H=0

Field capacity - BFC H = 346 cm = 0.35 bar = 2.54 pf
Permanent wilting point - BWP H = 15489 cm = 15.5 bar =4.19 pf
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0909 . 20 05 59 Lo,V glhsll M5 o JawY (sdel oo iz Sl slall poesw @5ladl Jase wlisg
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Drnet < RAW : Of ST RAW ¢ Drp cow 8580l oo JB1 (sJWl poull (58 IMpsiwl GgSs 288 « RAW Jguazoll

> s Ll oSl UgSy 189 .0 pgudl (59 SHI o J..a_9| n+1 pgudl (59 Sl LSy 18 Vg, lall 0id =iy
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w1y giod Jgazoll (sdeall (silodl pisodl (o Lpdlo] o (sl sbodl @S oo alowsll olslusYl s
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ray Laadl o ludl Jg.a=oll (0 %10 (sJlg=y
LR = ECiw / (5 x ECe,10 — ECiw) Rhoads, 1972
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. Jgazoll (8 %10 o,l380 Laii 8395 g0 slalb dsinall (o, duxe Lalzwn (s £ MoVl 1S ECe, 10
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MoVl 395 uilss Joleog 0925 - pow /3eaule 8.9 <ulS ECB aslbioll 048 Jsowl (589 £725—pw /300ullo 10.6

ECe

LR

LR

. 0.8 <ulS ashioll 01 (59
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Yield-salinity relationship. s=edodl slo=VI 99, =i Jg.a=oll a= Lol

Ya/Ym = 1 — ( ECe — ECe,threshold) * (b/100)
v B

.-I-.-a . | _
A = 1-|EC.—EC., ..
W L 2 etreshald ] o0

m

Yield-moisture stress relationship wsolodl >L9.>_§J| C99)Jb ) Jg,azo.” Cb.>l.u|

: (Dr < RAW )., silo slp>| &N wlbladl 6,95 pac dls o8

Ks = ETc,adj [/ ETc
Ks =1 — (b/100 * Ky ) * (ECe - ECe,threshold) IF Dr < RAW, ECe > ECe,threshold

: (Dr > RAW ) lo sle=>N olblul 5,95 pac dlls | o8

Ks = [1 — (b/100 Ky) ( ECe,threshold) * (TAW — Dr) / (TAW — RAW)
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Crop Maximum Root Depth1 Depletion Fraction’ (»)
(Zr) in m ETc = 5 mm/day

a. Small Vegetables

Broccoli 0.4-0.6 0.45
Brussel Sprouts 0.4-0.6 0.45
Cabbage 0.5-0.8 0.45
Carrots 0.5-1.0 0.35
Cauliflower 0.4-0.7 0.45
Celery 0.3-0.5 0.2

Garlic 0.3-0.5 0.3
Lettuce 0.3-0.5 0.3
Onions - dry 0.3-0.6 0.30
Onions - green 0.3-0.6 0.30
Onions - seed 0.3-0.6 0.35
Spinach 0.3-0.5 0.20
Radishes 0.3-0.5 0.30

b. Vegetables - Solarium Family (So/anaceae)

Egg Plant 0.7-1.2 0.45
Sweet Peppers (bell) 0.5-1.0 0.30
Tomato 0.7-1.5 0.40

P adj = p (Tableulated) + 0.04 (5 — ETc)

If ETc > 5 mm/day



Crop Maximum Root Depth1 Depletion Fraction” (»))
(Zr) in m ETc = 5 mm/day

c. Vegetables - Cucumber Family (Cucurbitaceae)

Cantaloupe 0.9-1.5 0.45
Cucumber - Fresh Market 0.7-1.2 0.50
Cucumber - Machine harvest 0.7-1.2 0.50
Pumpkin, Winter Squash 1.0-1.5 0.35
Squash, Zucchini 0.6-1.0 0.50
Sweet Melons 0.8-1.5 0.40
Watermelon 0.8-1.5 0.40

d. Roots and Tubers

Beets, table 0.6-1.0 0.50
Cassava - year 1 0.5-0.8 0.35
Cassava - year 2 0.7-1.0 0.40
Parsnip 0.5-1.0 0.40
Potato 0.4-0.6 0.35
Sweet Potato 1.0-1.5 0.65
Turnip (and Rutabaga) 0.5-1.0 0.50
Sugar Beet 0.7-1.2 0.55°




Crop Maximum Root Depth1 Depletion Fraction” (p)
(Zr) in m ETc = 5 mm/day

e. Legumes (Leguminosae

Beans, green 0.5-0.7 0.45
Beans, dry and Pulses 0.6-0.9 0.45
Beans, lima, large vines 0.8-1.2 0.45
Chick pea 0.6-1.0 0.50
Fababean (broad bean) - Fresh 0.5-0.7 0.45
Fababean (broad bean) - Dry/Seed 0.5-0.7 0.45
Grabanzo 0.6-1.0 0.45
Green Gram and Cowpeas 0.6-1.0 0.45
Groundnut (Peanut) 0.5-1.0 0.50
Lentil 0.6-0.8 0.50
Peas - Fresh 0.6-1.0 0.35
Peas - Dry/Seed 0.6-1.0 0.40
Soybeans 0.6-1.3 0.50
f. Perennial Vegetables (with winter dormancy and initially bare or mulched soil)

Artichokes 0.6-0.9 0.45
Asparagus 1.2-1.8 0.45
Mint 0.4-0.8 0.40
Strawberries 0.2-0.3 0.20




Crop Maximum Root Depth1 Depletion Fraction’ (s))
(Zr) in m ETc = 5 mm/day

g. Fibre Crops
Cotton 1.0-1.7 0.65
Flax 1.0-1.5 0.50
Sisal 0.5-1.0 0.80
h. Oil Crops
Castorbean (Ricinus) 1.0-2.0 0.50
Rapeseed, Canola 1.0-1.5 0.60
Safflower 1.0-2.0 0.60
Sesame 1.0-1.5 0.60
Sunflower 0.8-1.5 0.45
i. Cereals
Barley 1.0-1.5 0.55
Oats 1.0-1.5 0.55
Spring Wheat 1.0-1.5 0.55
Winter Wheat 1.5-1.8 0.55
Maize, Field (grain) (field corn) 1.0-1.7 0.55
Maize, Sweet (sweet corn) 0.8-1.2 0.50
Millet 1.0-2.0 0.55
Sorghum - grain 1.0-2.0 0.55
Sorghum - sweet 1.0-2.0 0.50
Rice 0.5-1.0 0.20*




Crop Maximum Root Depth1 Depletion Fraction’ ()
(Zr) in m ETc = 5 mm/day.

j. Forages

Alfalfa - for hay 1.0-2.0 0.55
Alfalfa - for seed 1.0-3.0 0.60
Bermuda - for hay 1.0-1.5 0.55
Bermuda - Spring crop for seed 1.0-1.5 0.60
Clover hay, Berseem 0.6-0.9 0.50
Rye Grass hay 0.6-1.0 0.60
Sudan Grass hay (annual) 1.0-1.5 0.55
Turf grass - cool season ° 0.5-1.0 0.40
Turf grass - warm season > 0.5-1.0 0.50
k. Sugar Cane 1.2-2.0 0.65
|. Tropical Fruits and Trees

Banana - 1* year 0.5-0.9 0.35
Banana - 2™ year 0.5-0.9 0.35
Cacao 0.7-1.0 0.3
Coffee 0.9-1.5 0.4
Date Palms 1.5-2.5 0.5
Palm Trees 0.7-1.1 0.65
Pineapple 0.3-0.6 0.5
Tea - non-shaded 0.9-1.5 0.40
Tea - shaded 0.9-1.5 0.45




Crop Maximum Root Depth1 Depletion Fraction’ (»)
(Zr) in m ETc = 5 mm/day.

m. Grapes and Berries

Berries (bushes) 0.6-1.2 0.50
Grapes - Table or Raisin 1.0-2.0 0.35
Grapes - Wine 1.0-2.0 0.45

Hops 1.0-1.2 0.50

n. Fruit Trees

Almonds 1.0-2.0 0.40
Apples, Cherries, Pears 1.0-2.0 0.50
Apricots, Peaches, Stone Fruit 1.0-2.0 0.50
Avocado 0.5-1.0 0.70
Citrus - 70% canopy 1.2-1.5 0.50
Citrus - 50% canopy 1.1-1.5 0.50
Citrus - 20% canopy 0.8-1.1 0.50
Conifer Trees 1.0-1.5 0.70

Kiwi 0.7-1.3 0.35
Olives (40 to 60% ground coverage by canopy) 1.2-1.7 0.65
Pistachios 1.0-1.5 0.40
Walnut Orchard 1.7-2.4 0.50
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Es the actual evaporation rate [mm d-1]

De the depletion from the surface layer [mm]

REW the readily evaporable water in the surface layer [mm]

TEW the maximum total depth of water that can be evaporated from the surface soil layer
tl the length of time required to complete stage 1 drying ( t1 = REW/Eso )

Eso the potential rate of evaporation [mm d-1]

ETo the the mean ETo during the initial period [mm d-1]

represents increased evaporation potential due to low albedo of wet soil and the possibility of heat stored in
the surface layer during previous dry periods.

Iw the infiltration depth from irrigation for the part of the surface that is wetted [mm]

fw the fraction of surfaced wetted by irrigation or rain [0 - 1], (fw are given in Table 20 of Chapter 7)

KCini(fw=1) the value for KCini for fw = 1

arC soil water content at field capacity [m3 m-3],

awp soil water content at wilting point [m3 m-3], Typical values for OFC and WP are given in Table

19 of Chapter 7.

VA the depth of the soil surface soil layer that is subject to drying by way of evaporation [0.10 to 0.15 m]. If
unknown, a value of Ze = 0.15 m is recommended. Typical values for 6FC and 6WP are given in Table 19 of
Chapter 7.

Lini the length of the initial period [days]

\ the number of wetting events during the initial growth period.

Pmean the average wetting depth or the depth of infiltrated water per wetting event [mm],

Pn the depth of infiltrated precipitation occurring during the initial period, Pn < TEW and Iw < TEW

Wini the equivalent depth of water [mm] in the evaporation layer (of thickness Ze) at the time of

planting (beginning of the initial period). Wini has a maximum value of TEW when the initial soil water
content of the evaporation layer is at field capacity.

TEWcor is the corrected TEW according to Pmean.

REWcor is the corrected REW according to Pmean.

min() a function to select the minimum value of those in braces that are separated by the comma

KCmid(Tab) value for KC mid taken from table 12,

u2 mean value for daily wind speed at 2 m height over grass during the mid-season growth stage [m/s], for 1
m/s £ U2 £ 6 m/s

RHmin mean value for daily minimum relative humidity during the late season stage [%], for 20% £ RHmin £ 80%,

h mean plant height during the late season stage [m], for 0.1 m £ h £ 10 m.



1-fc
fw
min( )

Kr
De, i-1
TEW

=

fc

Kcb

KC min
Kc max

fc

KCb
KCmin
KCmax

De,i-1

De,i
Pi

ROI

Li

Ei
Tew, i
DPe, i

few
Ks
Ks

average exposed soil fraction not covered (or shaded) by vegetation [0.01 - 1],
average fraction of soil surface wetted by irrigation or precipitation [0.01 - 1].

function selects the lowest value of the 'l - fc' and 'fw' values. Figure 39 illustrates the relation
of few to (1 - fc) and fw.

dimensionless evaporation reduction coefficient dependent on the soil water depletion (cumulative depth of
evaporation) from the topsoil layer (Kr = 1 when De, i-1 £ REW),

éum)u[lativci depth of evaporation (depletion) from the soil surface layer at the end of day i-1 (the previous
ay) [mm],

maximum cumulative depth of evaporation (depletion) from the soil surface layer when Kr=0 (TEW = total
evaporable water) [mm],

cumulative depth of evaporation (depletion) at the end of stage 1 (REW = readily evaporable water) [mm].
he effective fraction of soil surface covered by vegetation [0 - 0.99],

the value for the basal crop coefficient for the particular day or period,

the minimum KC for dry bare soil with no ground cover [» 0.15 - 0.20],

the maximum KV immediately following wetting (Equation 72),

mean plant height [m].

the effective fraction of soil surface covered by vegetation [0 - 0.99],

the value for the basal crop coefficient for the particular day or period,

the minimum KC for dry bare soil with no ground cover [» 0.15 - 0.20],

the maximum KC immediately following wetting (Equation 72),

mean plant height [m].

cumulative depth of evaporation following complete wetting from the exposed and wetted fraction of the
topsoil at the end of day i-1 [mm],

cumulative depth of evaporation (depletion) following complete wetting at the end of day i [mm],
precipitation on day i [mm],

precipitation run off from the soil surface on day i [mm],

irrigation depth on day i that infiltrates the soil [mm],

evaporation on day i (i.e., Ei = Ke ETo) [mm],

depth of transpiration from the exposed and wetted fraction of the soil surface layer on day i [mm],

deep percolation loss from the topsoil layer on day i if soil water content exceeds field capacity
[mm], fw fraction of soil surface wetted by irrigation [0.01-1],

exposed and wetted soil fraction [0.01-1]
describes the effect of water stress on crop transpiration, Ks < 1. Where there is no soil water stress
is @ dimensionless transpiration reduction factor dependent on available soil water [0 - 1],



Dr or Rd root zone depletion [mm],

TAW total available soil water in the root zone [mm],

RAW the readily available soil water in the root zone [mm],

p average fraction of Total Available Soil Water (TAW) that can be depleted from the root zone before
moisture stress (reduction in ET) occurs [0-1]

TAW the total available soil water in the root zone [mm],

Zr the rooting depth [m].

Dr,i root zone depletion at the end of day i [mm],

Dr,i-1 water content in the root zone at the end of the previous day, i-1 [mm],

Pi precipitation on day i [mm],

ROi runoff from the soil surface on day i [mm],

Li net irrigation depth on day i that infiltrates the soil [mm],

CRi capillary rise from the groundwater table on day i [mm],

ETc,i crop evapotranspiration on day i [mm],

DPi water loss out of the root zone by deep percolation on day i [mm]

0,i-1 is the average soil water content for the effective root zone Following heavy rain or irrigation, the user can

assume that the root zone is near field capacity, i.e., Dr,i-1 = 0.

Jensen, M.E, R.D. Burman, and R.G. Allen (1989). Evapotranspiration and irrigation water requirements. Am. Soc. Civil
Engineers. (ASCE Manual and reports on Engineering practice, No. 70. FAO, 56
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Most commercially available tensiometer gauges read in centibars (cb) or kiloPascals (kPa) which are equivalent (ie. 1 cb = 1

kPa). A reading of 0 cb indicates saturated conditions.
While some tensiometers can gauge soil suction up to 100 cb, soil suction in excess of 80 cb usually causes the film of water

covering the ceramic tip to break, allowing air to enter the tube.
The gauge reading then drops sharply even though the soil is very dry. When this occurs, the soil must be moistened and the

tensiometer refilled before it can function properly.



Generalized Interpretations of Tensiometer Gauge Readings

Readings

Interpretation

Oto5cb

Nearly saturated soil : Often occurs for one or two days following a rain or irrigation.
Plant roots may suffer from lack of oxygen if readings in this range persist .

5 to 20 cb

Field capacity : Discontinue irrigation in this range to prevent waste of water due to
drainage and to prevent leaching of nutrients below the root zone .

20 to 60 cb

Range at which to start irrigation: Most field plants having root systems 18 inches (45 cm)
deep or more will not suffer until readings reach the 40 to 50 cb range. Starting irrigations
In this range insure maintaining readily available soil water at all times. It also provides a
safety factor to allow for practical problems such as delayed irrigation, or inability to obtain
uniform distribution of water .

> 70 cb

Stress range : Deeper rooted crops in medium textured soils may not show signs of stress
before readings reach 70 cb. At a reading of 70 cb readily available water is below that
required for maximum growth. As well, the seal between the ceramic cup and the soil may
become broken, especially in coarse soils .

(@s)
kPa

centibars
kiloPascals 1cb =1 kPa
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m/m m/m’ m’/m’ REW TEW (Ze = 0.10 m)

Sand S 0.12 0.045 0.08 4.5 9
Loamy sand LS 0.15 0.065 0.09 6 11.5
Sandy loam SL 0.23 0.11 0.13 8 17.5
Loam L 0.25 0.12 0.155 ) 19
Silt loam SL 0.29 0.15 0.16 9.5 21.5
Silt S 0.32 0.17 0.18 9.5 24
Silt clay loam SCL 0.335 0.205 0.155 9.5 24.5
Silty clay SC 0.36 0.23 0.16 10 23
Clay C 0.32 0.22 0.16 10 25.5

0 =V/V=W/N=W/WxBd

TAW = 1000 (6Fc - 6wp) Zr

p = p (Tableulated) + 0.04 (5 - ETc)
LR = ECiw / ( 5 ECe — ECiw )

WW=6/Bd =V/V/ Bd=W/V/ Bd
RAW = p TAW
If ETc > 5 mm/day



