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Lysimeter zur Bestimmung der Evapotranspiration
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Lysimeter zur Bestimmung der Evapotranspiration

Wagung eines Bodenblocks
Messung der Versickerungsverluste
Fakultativ: Bodenfeuchtesensoren
Kontinuierliche Aufzeichnung

-
Ziich Reckenhoiz
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Lysimeter Zurich, Reckenholz




Lysimeter Zurich, Reckenholz
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Wie wird Evapotranspiration bestimmt?

Individuelle Kalibrierung
Bewasserung
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Evapotranspiration ET

m E Evaporation passive Wasserverdunstung einer Bodenoberflache
m T Transpiration aktive Wasserverdunstung einer Pflanze
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K.-Wert im Verlauf der Bestandsentwicklung

K 14 1
c i ET. = K, -ET,
E:
0.8
05}
0.4
T c end
0.2 1
n::ll||||||||||||||||||||||||||||||||||||||
timei[days} |
| | ! | |
:-— initial —-: crop development L— mid-season _.Hflate seasqni
| Initial stage: Aussaat bis 10% Bodenbedeckung
I Development stage: ...bis Ende vegetatives Wachstums (Blute)
I Mid-season stage: ...bis Reife
IV Late season stage: ...bis Ernte (Seneszenz)
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K. Werte fur unterschiedliche Pflanzenarten

ET. = K. - ET,
grass
reference tremel
extremely
very Q;mﬁd — i & windy
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short
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K. at mid-season
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Kulturentwicklung mit AquaCrop

Simulation using growing degree days
GDD = [(Tmax + Tmin)/2] - Tb

Tmax: maximum daily temperature
Tmin: minimum daily temperature
Tb: base temperature

(Cao and Moss, 1989)

advance * to end of simulation (16 June) average
e[ 10 days Strt?s-l.s%s crop cyde
INPUT 16 June soil salinity.........oooesevinnn NONE none ..
/d " todate |16 ﬂl June ﬂl 1902 soil fertlity. oo, noNE L none
ETo mmjday temperature (Biomass)...... none ... 51 %
Rain mm/day OUTPUT Praduction water stresses - .

) a 14.436  to canopy expansion..... X none
Irri mm/day 15 June Biomass iz —stomatal dosure....... nene .udu. none
waber_’_ Yield 6.933 tonfha early senescence ... none
quality ds/m
Climate-Crop-Soil water l Rain ] Soil water profile I Soil salinity ] Climate and Water balance ] Production ] Environment
10 mm/day

Tr
0 Scale |
96 %
0
time (day)
Dr — Flowering
0w — FC
50 ey I
L s
150 ] — i
0 —
— PP

http://www.fao.org/nr/water/aquacrop.html
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Wasserstress

saturation

wilting point X
RAW Readily available water
TAW Total available water
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Sattigung -

Feldkapazitat

Bewasserungsschwelle -

permanenter

TAW

Welkepunkt

RAW stressfrei pflanzenverfigbares Wasser
TAW gesamtes pflanzenverfugbares Wasser

FAO IDP 56



Water stress coefficient K,

Ke 4
1.00 -
. \ ETcaaj = Ko K- BTy
NI <« PAW N
060 }{| o
‘D
§=!
040 H | 8
E < TAW >
0.20 | e
0.00
L P Ofc Othreshold Owp
© Bodenwassergehalt, m3®/m?
Ogat Boden mit Wasser gesattigt, Pflanze leidet an Luftmangel
Oair ausreichend Luft in Poren verfugbar
Orc Field capacity, Bodenwasser bewegt sich nicht mehr durch Schwerkraft nach unten
O Threshold, Pflanze zeigt erste Symptome von Trockenstress
Owp Wilting point, Pflanze stirbt ab

Raes et al, 2006
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Yield response factor K,

T T
6 T ) _ ETC _
_ _%_____E ______________________________________ ETcadj — Ks 'Kc ETO
& "3 ET:
E 4 _:‘______E ___________________________________ adj_____|
E 7
e
"‘é‘L B Ym =Y, —K ET. — ET, adj
- : < water stress D — By’
S ks m— Vm ET,
e e e e
1 2 3 4 5 6 7 8 9 10
day
Yo, maximal erzielbarer Ertrag
Ya tatsachlich erzielter Ertrag
K, yield response factor
http://www.fao.org/3/i2800e/i2800e02.pdf FAO IDP 33
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Yield response factor K,

ET,

crop ET (mm/day)

_________ E::r-___________

C_adj

day

Seasonal yield response functions from FAO Irrigation and Drainage Paper No. 33.

Cro Cro

P H}, P I{},
Alfalfa 1.1 Potato 11
Banana 1.2-1.35 Safflower 0.8
Beans 1.15 Sorghum 09
Cabbage 0.95 Soybean 0.85
Citrus 1.1-13 Spring Wheat 1.15
Cofton 0.85 Sugarbeest 1.0
Grape 0.85 Sugarcane 1.2
Groundnet 0.70 Sunflower 0.95
Maize 1.25 Tomato 1.05
Cnion 11 Watermelon 11
Peas 1,15 Winter wheat 1.05
Pepper 1.1
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Bodenwasserhaushalt im CROPWAT Modell

Irrigation
I+P+CR=ET,q4,+RO+DP Evapotranspiration | Rain
I = ET;4q;j + RO+ DP—-P —CR ‘
v /|Runof
saturation - 2 I ——/———
field capacimf”//tx’f.
'S/ |RAW
threshold ’I - ¥ /
I Irrigation © ity
P Precipitation willing point ¥
CR Capillary rise
ET; ag; Evapotranspiration _
RO Run-off Capillary Deep
DP Deep percolation Rise Percolation

FAO IDP 56
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CLIMWAT

.pptx - PowerPoint

Exit Export MNew Location tations Display ZoomIn Zoom Out Export Selected Stations Colors sclaimer About

Target Location or Country

Choose target coordinates and number of neighbouring stations ...

Location (decimal): Longitude:| [EREE°, Latitude:[ 419

Location (°,',"): Longitude:[ 12°, | 28", [ 58", [E
Latitude:[ an°, | 54", | o", [N_

Number of stations to be selected: 10 Cancel | oK |

... or choose a country from the list.

AFGHANISTAN "
ALBANLA

ALGERIA

AMERICAN SAMDA,

Display all stations within selected country.

ANGUILLA

ANTIGUA AND BARBUDA
ARGENTINA . .
ARMENIA Display all stations within and around selected
AUSTRALIA country.

ALUSTRIA

AZERBAIJAN v
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CLIMWAT

® CLIMWAT 2.0 - Local Station Distribution = =

Exit Export Mew Location Stations Display ZoomlIn Zoom Out  Export Selected Stations Colors  Disclaimer  About

3z 7.2 53,4 0 EMDEN-GERMANY-FED.RE GERMEN A
33 7.2 53,35 1z EMDEN-HRFEN GERMAN
34 7,15 53,71 1& NORDERMNEY GERMAN
35 8,8 53,05 5 BREMEN GERMAN
38 8,7 53,88 1z CUXHRVEN GERMAN
37 3,18 53,5 5 BREMERVOERDE GERMAN
38 3,83 53 78 SOLTAU GERMAN
33 10,18 54,38 3 EKEIEL-WIE GERMAN
40 7,88 54,18 51 HELGOLRND GERMAN
41 8,35 54,351 20 WESTERLAND-SYLT GERMAN
4z 3,38 54,78 43 FLENSBURG-SCHAEFERHRUS GERMAN
43 3,55 54,53 48 SCHLESWIG GERMAN
44 8,41 55,01 25 LIST-S¥LT CERMAN
45 10,28 47,4 281z OBERSTDORF CERMRN
48 10,58 47,41 2838Z ZUESPITIE CERMRN
47 11,08 47,48 720 GRRMISCH-BARTENEIRCHEN GERMAN
43 8,51 47,38 877 DONAUESCHINGEN-VILLINGE GERMAN
43 g 47,88 1433 FELDBERG-SCHWARZWALD GERMAN
50 3,51 47,88 4Z4 FRIEDRICHSHAFEN GERMAN
51 3,18 47,88 447 EONSTANZ GERMAN
52 10,33 48,43 483 ARUGSBURG GERMAN
53 11,7 48,13 528 MUNCHEN-RIEM GERMAN
54 1z,5 48,28 410 MUEHLDORF GERMAN
55 13,48 48,58 408 PRSSRU GERMAN
58 7,85 48 300 FREIBURG GERMAN
57 8,41 48,45 801 FREUDENSTRDT GERMAN
58 2,75 48,1 575 ELIPPENECK GERMAN
53 3,35 48,38 571 ULM GERMAN
&0 9,21 48,68 413 STUTTGART-ECHTERDINGEN CERMAN]
€l 10,51 43,88 242 BAMBERGC CERMAN
&z 10,58 45,32 412 RNSBRCH CERMRN
&3 10,98 43,01 4Z4 WEISSENBURGZ CERMRN
&4 11,08 45,5 31Z HNUERNBEREZ CERMRN

Mumber of stations loaded: 74
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CROPWAT

f8) CROPWAT - Session: untitled
File Edit Calculations Charts Settings Window Language Help
D H N &2 E B

MHew Open Save Close Frint  Chart  Options

TS

Climate/ETo

Rain

¥

Crop

Soil

e

Schedule

W

Crop Pattemn

W

Scheme

CIE L A alal gl c

- [F 10 s 08:44
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CROPWAT

£ CROPWAT - Session: untitled - X
File Edit Calculstions Charts Settings Window Language Help

0D . & . 6\ o8 | &

New Open ~ Save Close | Prnt
42} ===
e Countiy [Location67 Station [STUTTGART-ECHTERDING
Climate/ETo
Altitude | 413 m. Latitude [ 4868 [N < Longitude | 321 [E ~
Month Min Tomp | Max Temp | Humidity [ Wind | Sun | Rad | ETo
T [ T [ % [ kidey [ hows | MUwhidsy | mmidsy
January 5 [ 156 20 ES ()
February 25 44 77 164 27 53 g
March 03 87 &9
April a5 131 e | @ ==
May 8 175 56 Station [STUTTGART-ECHTERDI EFt. rain method [USDA S C. Method
June 108 208 66
July 126 231 66 Ran | Effun
¥ August 122 26 68 p [ p
Crop September EE 137 73 Tanuary &7
Octaber 51 143 7 o 370 28
November 0E 7 80 March 400 374
December 22 S 63 apiil B =
———1 May S
ivetos) 45 132 3 s Crop Name [Fiderraut Planting date [T Harvest [21/08
W Tuly : )
. i
Sail August — T —
September . / i
— us —
Dctobon Values | 0%
November !
December Stage initial development midseason | lete season total
[ Total [days) 5 [E] 50 ! 15 130
— T
owWR [0 _ |
Rooting depth "7
{m) 1 0a
Critical depletion =
(fraction) 050 049 #59 Soil - C:\ProgramData\CROPWA Loess.501
i 100 050 [E
£ T Soil name  [Fider Loess
Schedule Cropheight (m) 04 - General soi data
Total available soil moisture (FC -WP) | 1500 mm/meter
Makimum rain infiluation rate | 30 mm/day
Maximum rooting depth | 500 centimeters
L3 Initial soil moisture depletion fas Z TAM) | 50 %
Crop Pattem
" Initial available soil moisture | 500 mm/meter
Scheme
ETa file Rain file Crop file Soil file Planting date Crop pat file Schedule file
stuttgart-echterdingen.pen stuttgart-echterdingen. oli filderkraut.cro filder loess.soi 15705
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Climate, ET,

Country Il_ncatinn 60

Station |5TUTTGAFIT-EEHTEFIDIHI3

Allitude | 419 m. Latitude | 4868 |'N ~| Longitude | 921 ['E  ~|

Month Min Temp | Max Temp | Humidity Wind Sun Rad ETo
‘C C X m/s hours MJ e/ day mm/day

January 26 a3 18 20 36 0.39
February 2.5 44 77 19 27 S 0.69
March 03 8.7 E9 2.1 34 9.2 1.35
April 35 131 (513 20 41 123 21
May 75 175 B6 18 45 156 2.80
June 10.8 208 B8 1.7 5.4 17.4 3.34
July 126 231 (513 16 6.0 17.8 361
August 12.2 226 E8 15 56 15.4 313
September 9.3 18.7 73 14 5.1 1.9 2.22
October 51 14.3 77 15 38 7.5 1.27
Hovember 0e 7.7 80 18 24 42 0.68
December 2.2 36 a3 19 1.9 3.1 041
Average 45 13.2 73 1.8 39 10.4 1.83
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Effective precipitation (rain), P

¢ Monthly rain - C:\Users\jmueller\Documents\Vorlesungen\WS Bewdsserungstechni... | © || (= | [ue|
Station “S TUTTGART-ECHTERDI Eff. rain method IU S5DA S.C. Method
Rain Eff rain
mm mm
January »7
February 370 348
March 400 374
April 55.0 50.2
May 85.0 734
June 540 79.9
July 61.0 55.0
August 75.0 66.0
September 51.0 46.8
October 40.0 374
November 450 452
December 430 40.0
Total 668.0 601.9
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Crop

P

I@I Dry crop - C\ProgramData\ CROPWAT, data' crops\Filderkraut. CRO | = || (=] ||&|
Crop Name |Filderkraut Planting date |15/05 Harvest |21/09
| 105 ——
Ke / \
— 070 =—
Yalues [ .95
Stage iritial developrment mid-seaszon late seazon tokal
(days) q B0 50 15 130
I | 010
Rooting depth __""""---.---._._________ ——
(m) | 080
Critical depletion
(fraction) 0.50 045 0.en
Yield response [ 1.00 nz0 045 0.Een 095
Cropheight [m] 040  [optidnal)
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Bodenparameter

3 Soil - C:\ProgramData\CROPWAT\data\soils\Filder Loess.SO o[- ||

Soil name  |Filder Loess

General zoil data

Total available soil moisture [FC - WP) 180.0 mm/meter
M aximum rain infiltration rate an mm/day

M aximum rooting depth 300 centimeters

ARRE

Initial s0il moisture depletion [as % TAM] a0 X

Imitial available soil moizsture k0.0 mmsmeter
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Scheduling criteria

l@ CROPWAT - Session: untitled

File Edit Calculations Chart< Settings,Windnw Language Help

. & @O H o =
Mew Open Save Close Frint  Chart  Optiong
3
Ll el CROPWAT options
Climate /ETo R airfall Noreiice crop scheduling Rice scheduling Land Preparation [rice]
— Scheduling criteria far non-ice crops
r— lirigation timing
Rain Irrigate at critical depletion j
Imigation at 100 % critical depletion

* r— lrigation applicatior

Crop Refill zoil to field capacity j
Fefill zoil moisture content ta 100% field capacity
e r— Irigation efficiency
Sail lirigation efficiency: 70 X%
Save az default Rezet to FAD defaults ] 4 Cancel Help

CWH
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Irrigation timing

CROPWAT options

Climate / ETo R airfall Mon-rice crop scheduling Rice zcheduling Land Preparation [rice)

— Scheduling criteria for non-rice crops

— Irrigation timirg

Irrigate at critical depletion ;I

Irrigate at user defined intervals

Irrigate at critical depletion

Irrigate below or above critical depletion
Irrigate at fixed interval per stage

_|lrrigate at fixed depletion

Irrigate at given ETcrop reduction per stage
Irrigate at given yield reduction
No i[lig:‘:lliﬂrl'l |'l_ailnfed;|

Refill zail moizture content to 1005 field capacity

— Imigation efficiency
Irrigation efficiency: 70 X%

Save az default Feszet to FAD defaultz (] Cancel Help
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Irrigation application

CROPWAT options
Clirnate /ETa

— Scheduling criteria for non-lice crops

Faintall Maon-ice crop zcheduling

Rize scheduling

Land Preparation [rice]

— Irrigation timing

Irmigate at critical depletion

=

Irrigation at 100 % crtical depletion

— Irrigation applicatior

Refill zoil to field capacity

Fixed application depth

Uszer defined application depth
Refill zoil to field capacity
Hefill zo0il below / above field capacit

— Irrigation efficiency

Irrigation efficiency: 70

Save as default

Reszet to FAQ defaults

Ok

Cancel

Help
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Depletion

@ CROPWAT - Session: untitled - [Irrigation scheduling graph]
@ File Edit Calculations Charts Settings Window Language Help
=] o &

Save  Close Print

iy
B

Climate/ETo

Soil water retention in mm

[

Schedule

W

Crop Pattern

= RAM
=TAM
[l Depletion

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
Days after planting

W - :
Scheme  Depletion v Readily Available Moisture - 1

v |¥ Total available moisture

ETo file Rain file Crop file Soil file
stuttgart-echterdingen.cli filderkraut.cro filder loess.soi

stuttgart-echterdingen.pen

Planting date
15705

Crop pat file

Schedule file
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Crop irrigation schedule

"T4) Crop irrigation schedule o [ ]
ETo station |Hohenheim 2015 Crop |Filderkraut Planting date |15/05 Yield red.
Rain station |Hohenheim 2015 Soil |Filder Loess Harvest date [21/09 235%

Table format

adls foima Timing: Mo imigation [rainfed)

" lmigation schedule -
Application:

s Daily oil moisture balance Field eff. 70 =

Date | Day | Stage | Rain | Ks \ Eta | Depl \ Net In | Deficit \ Loss | Gr. I | ~
| ] | fract. ‘ mmdday | % ‘ ] | i ‘ mr | mmm |
15 May 1 Init 0o 1.00 15 53 0.0 115 0o 0.0
16 May 2 Init 0.0 0.86 13 63 0.0 137 0o 0.0
17 May 3 Irit 130 1.00 15 14 0.0 a2 0o 0.0
18 May 4 Init 0o 1.00 15 22 0.0 57 0o 0.0
19 May 5 Init 0.0 1.00 15 23 0.0 82 0o 0.0
20 May ] De 0o 1.00 15 36 0.0 106 0o 0.0
21 May 7 Dev 0o 1.00 18 42 0.0 134 0o 0.0
22 May 8 Dew 0.0 1.00 18 43 0.0 162 0o 0.0
23 May 9 De 1.3 1.00 13 20 0.0 71 0o 0.0
24 May 10 Dev 0o 1.00 1.8 26 0.0 9.8 0o 0.0
25 May 1 Dew 0.0 1.00 18 32 0.0 128 0o 0.0
26 May 12 Dev 0o 1.00 13 37 0.0 16.4 0o 0.0
27 May 13 Dev 1.9 1.00 1.8 15 0.0 %] 0o 0.0 "
EYET) ) o 4 4 o
Totals
0.0 mm Total rainfall 175.0 mm
0.0 mm Effective rainfall 175.0 mm
Total urigation losses 0.0 mm Total rain loss 0.0 mm
Actual water use by crop 2249 mm Moist deficit at harvest 122.0 mm
Potential water use by crop 4251 mm Actual irmigation requirement 250.1 mm
Effi ation schedule - 4 Efficiency rain 1000 %

Deficiency irrigation schedule 471 4

*ield reductions

Stagelabel A B [ D Season
Reductions in ETc 28 23.0 70.3 486 471 x

Yield response factor 1.00 0.50 0.50 0.10 0.50
Yield reduction 28 115 351 49 k4
Cumulative yield reduction 28 14.0 442 46.9 235 k4
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Kumulative Ertragsminderung bei Trockenstress

Ym = Yo — K. - ET. — ET,q Yo Ertrag maximal
Y, Y ET, Y, Ertrag tatséchlich
ET. ET maximal
Et, ET tatsachlich
Y, ET. — ET, Ky Yield response factor
ﬁ =1- Ky ) ET, 1. Wachstumsstadien

(Ym_Ya) =1 (Ya,l) . (Ya,2> (Ya,i> —1— Hi (Ya,i)
Yin i Yma Y2 Ym,i 1 Yom,i

Y, =Y ; ET.; — ET,;
(u) =1- 1_[ <1 - K, = a’l> Kumulative Ertragsminderung
Y ; ET.,

(Ya> Hi (1 K, - lei” ETa'i) Kumulativer relativer Ert
— - - ° umuilatver reiativer ra
Y/, . viTET, J
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Effective precipitation (rain), P

CROPWAT options

Climate /ETa Rainfall MNon-rice crop scheduling Rice scheduling Land Preparation [rice)

— Effective rainfall method for CWR calculations

Mote: in red are comection factors that

" Fixed Percentage: 80 = CROPWAT applies to adjust formulas in
the case of del_:ade and daily rain_fall
" Dependable ioin [FADZAGLW Formula) data [for effectirve rainfall calculations

T AR
Peff=06*P-10/3  forPmonth<=70 73 mm aly data are aggregated per decade)

Peff=08=P-24 /3 for Pronth > 70 £3 mm

" Empirical formula
Peff= 05 *P+ 5 73 for P<= 50 /3 mm
Peff= 07 *P+ 20 /3 for P> 50 #3 mm

+ USDA soil conservation service
Peff=[P*[125-0.2 =3 *P /125 for P <=250 /3 mm

Peff=125 /3 +01*P for P> 250 /3 mm

" Rainfall not considered in irrigation calculations [effective rainfall = 0)

.................................

Save as default Reset to FAD defaults oK i Cancel Help

.................................

Hochschule Weihenstephan-Triesdorf | Bewasserungstechnik in der Landwirtschaft - Pflanzenwasserbedarf | 31




Effective precipitation (rain), P
USDA Method

(125 - 0.2 - P,
125

* PtOt; PtOt < 250 mm

Pesr =
Pior = 250 mm

| 125+ 0.1+ Py’

200

-
(O
o

100

U
o

Effective precipitation, P,z mm

o

P  effective precipitation, mm

. . . 0 100 200 300 400 500
Piot total precipitation, mm

Total precipitation, P,,,, mm

USDA Soil Conservation Service . o ,
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