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1. Hypothetical scenario conclude that soil pathway is less
important than air but night and rain conditions must be
elucidated. It is always true?
We are interested in HTO and OBT in edible plat part and
NOT detailed soil tritium
root dynamics
potential and actual transpiration
water uptake from soil layers
HTO profile in soil
contamination of leaf water from soil

D

N Ww

Plants of interest include pasture, lucerne, rice, wheat, corn, vegetables (leafy and root
vegetables), tomatoes, potatoes, apples and citrus fruits, grapes + sunflower and sugar
beet

Pasture have roots until 30 cm- permanent pasture

Leafy vegetables also 30 cm but growing from 10. We are interested mostly on few
weeks before harvest

Other plants can have deeper roots

Plant characteristics AQUACROP
Maize

1.4 Development of root zone

Zn Minimum effective rooting depth (m) Management (3) 0.30

Zx Maximum effective rooting depth (m) Management (3) Up to 2.80

Shape factor describing root zone expansion Conservative (1) 1.3

Time from sowing to maximum rooting depth (growing degree day) Cultivar (4)
Environment (3)

Function of root expansion rate:

1.5 - 2.5 cm/day

Data base for:
Maize potato rice, soybean sugar beet sunflower tomato wheat

SWAP & WOFOST



Faba bean

%
RDI = 10.00 ! Initial rooting depth, [0..1000 cm, R]
RRI = 0.80 ! Maximum daily increase in rooting depth,
[0..100 cm/d, R]

RDC = 100.00 ! Maximum rooting depth crop/cultivar,
[0..1000 cm, R]
%

Data base for
Faba bean potato sugar beet sun flower winter wheat grain maize
spring barley soy bean winter oilseed rape grass

Establishment (0] Vegetative (1) Flowaering (2] Yield Formation Ripening (4]
13
earky |1al late { 1h] ) ~ )
20 days 30 days 25 days 30 days 25 days 15 days

ROOTING ZONE MUST EXTEND MORE THAT 1.5 m !!!

WE NEED apples and citrus fruits, grapes
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Figure 3.6b

Soil horizons and soil compartments
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Figure 3.5a
Development of the effective rooting depth (shaded area)
from sowing till the maximum effective rooting depth (Zy) is reached



Wr: stored soil water
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The root zone as a reservoir
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Figure 3.8k
Default extraction pattern in the root zone

POTENTIAL AND ACTUAL TRANSPIRATION

Potential

Companzon of the increasing complexity of the models in terms of number of parametes eguired

Parameter Symbal Units PT MB Penman i W
Rate of change of vapor pressure with tempe rat ure A kPa K-' I It I It
Tatal availahle energy A Wom? L I L o
Psychrometric constant 5 kPa K™ % 15 I % I
Ajir tem peratune T i I It It I It
Specific heat at constant pressure & Tk "K' o v -
Air density p kg m™ o - - -
Vapar pressure deficit o kPa L L L= I
Bulk stomatal msistance of the canopy Fe sm” It I It
Wind apead i ms" i I -
Acrodynamic msitance above the canapy Faa sm! % I
Bulk boundary layer resistance of the vegtation T sm™' 1
Aerodynamic msitance for substrate and canopy Fia sm! I
Surface resistance of the substrate T sm™" I
Availabk acil energy Ay Wom? =

PT, Priecstky—Taylor, MB, McMNaughton—Black; PM, Penman—Monteith; SW, Shuttlewarth—Wallace.



The Penman—Monteith model (Monteith, 1963)
expanded upon the Penman model:

AE = [ﬂ.,ri+r]1pﬂ,r'ru},r'[ﬂ-+‘!’ Y Faa))

where r_, 18 the aerodynamic resistance above the
canopy, and rg, 18 stomatal resistance of the canopy.

SW
AE; = (AAs+pepDhofra) /(A +v(14 rafra))

Al = (AlA — A+ prpﬂ.;.lr'ru}l.-'[ﬂ+ v(l4rg/ra))

where A, 15 available soil energy, and [J; 1s vapor pressure
deficit in the canopy; r, 15 the acrodynamic resistance
between the substrate and canopy source height, ro, 1s the
boundary layer resistance of the vegetation, and r.; is s0il
resistance. The aerodynamic resistance above the canopy
(raa) and the aerodynamic resistance between the sub-
strate and canopy source height (rg) are functions of leaf
area index, eddy diffusivity decay constant, roughness
length of the vegetation (function of vegetation height),
zero plane displacement (function of vegetation height),
a reference height above the canopy where meteorolog-
ical measurements are available, wind speed, von Kar-
man's constant, and roughness length of the substrate.
Dy is derived from the Ohm's law electrical analog for
the vapor pressure and temperature difference between
the canopy and the reference height above the canopy
where fluxes out of the vegetation are measured. [y is
a function of the measurable vapor pressure deficit at
the reference height, D:

Dy = D+ (A4 = rAE(&+v) )/ poy



The ETo Calculator

ETo

Evapotranspiration

from a reference surface

Reference Manual
Version 3.1
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3.8.7 Actual crop transpiration (Tr)

= Thresholds for stomatal closure

The actual rate of crop transpiration depends on the amount of water available in the root
zone (Figure 3.8¢g). Crop transpiration is reduced below its maximum value as soon as the
soil water content in the root zone (Wr) drops below the upper threshold for stomatal
closure:

Wi smer = B — P (B — B )]1000 Z (Eq. 3.8p)
or the root zone depletion (Dr) exceeds:
“"U.J__-.f.,x-. = P TAW (Eq.3.8q)
where W upper upper threshold expressed as an equivalent depth [mm]:
Dt upper upper threshold expressed as root zone depletion [mm]:
Pito fraction of TAW at which stomata start to close:
Brc soil water content at field capacity [m (water)y/m (soil)];
. 2 ; 1 3 o
Bpwp s0il water content at permanent wilting point [m (water)'m (soil}]:
Z effective rooting depth [m]:
TAW total available soil water in the root zone [mm].
high ETo stomatal closure
| low ETo

no stress — 1.0

0.8

0.6

KSsto
water stress coefficient

0.4

0.2

full stress — (0.0 | | | |

p(sto) p(low er)
field capacity TAW permanent w ilting pgint
Figure 3.8h

The water stress coefficient for stomatal closure (Ksg,)
for various degrees of root zone depletion (Dr)
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Figure 17.5: Actual over potential transpiration as a fimchon of plant available water and daily
PET.

The maxinmm possible root water exiraction rate, integrated over the rooting depth. 13
equal to T, (cm d%), which is governed by atmospheric conditions and plant
charactenistes. Taking mto account the root length density distmbuton (Bouten,
1992). the potential root wafer extrachon rate at a certamn depth Syz) (dY is
calculated by:

5 ()=t o .
[, teale)dz

L

where D), is the root layer thickness {cm).
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Crop Ha fiy Crop T iy
Vegeramve crops Decidoons fust -504 -B{H)
Alfalfa -1500 -1500 Avocadoss 5040 500
Beans (snap and lima) =750 -2000 Grapes
Cabbage 600 -T040 Eariy season -4 -3
Camning peas -300 508 during marny -1000 -10:040
Calery -0 30 Strawhermies 204 -3040)
Crass ~30M -1000 Cantaloups =350 430
Lathucs —4 -G00 Toraatoss -B00 -1500
Tobacco -300 -800 Bananas -0 -1300
Sugar cane

tensinmeter -150 =508 Grain crops

bilecks S LE] -2 Com
Swest com -5 =100 vegemive penod 5040 -5
Turizrass -240 -360 furing npemins -3000 -120040
Eoot crops vegeiative period -400 -300
Cmions during npening -B000 -12000

parly growth 450 =550

balbing fime =550 -5 Seed crops
Supar beats 400 500 Altalfa
Portatoes 300 -500 priar to bloom i 3000
Camrots =550 -G510 durinz bloom 40D -B00
Broccoli during ripening -2000 -13000

garly 450 =550 Carrots

after ladding 5 =T at &0 om depth -2000 ~5000
Canlifiower — -7 Croioms

ar 7 cm depeh -2000 -6000

Fruir crops ar 15 om depth -1500 -1300
Lemon: 400 -400 Lestace
Oranges i) -10400 during productive phase 3004 -3040
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Measured valuves of canopy cover [C) and estimated root depth (RD. depth at which 80% of weekly
soil-watar depletion ocowrad) dunng the growing season of onions and green peppers.
Root depth recommendsd by Green (1885h) is also presanted for onions

MAXIMUM ROOT DEPTH (RD) AHEACB;CEPEHEGHT (He,, ). AND 30% OF
MAXIMUM CANOPY COVER [C) FOR 8 WINTER AND 13 SUMMER
VEGETABLECULTIWARS
Crop Maximum RD He S0%af
{m) [mi} maximum

Cmioms n0s 0s 060
Cabbage 03 o3 050
Carrots 08 03 050
Beemoot 08 04 ERC]
Letmuce 0.5 0.3 (.28
Swisschard ns 04 0.o0
Sweet-com {cv. Cabared) 1.0 .7 0Bl
Swest-com {ov. Tubiles) 0.4 21 033
Sweet-com (ov. Paradise) {111 11 080
Sweet-com (ov. Dorade) k) 1.7 061
Bush beans {cv. Provider) 04 0s 074
Bush beans (v, Broocoo) 08 05 0.71
Fammner beans R-] 13 081
Pumgpkin (cv. Mmniboer) 0s 0.4 0TS
Pumngpkin (ov. Mmetis) 0E 0.7 075
Mamow (cv, President) 1.0 oG 061
Marmow (v, Long White Bush) 0s 0.65 074
Sruash (cv. Table Crueen) BE 04 047
Squash {ov. Waltham) 0.8 03 055
Tomato (ov. Zeal) R-] oG 048
Tomata (cv. PT4T) 08 0G5 068
Tomate (cv. HTX14) 03 045 b33
Eggplant 0.5 [EN:} B35
(Green peppers 0.6 05 031
Chilli peppers 0.6 0§ 029
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