T Aula 4
' Balangco Hidrico e
[Amina de (rrigagdo

LEB 1571 Irrigacao ESALQ/USP

Disponibilidade Real de Agua do Solo (DRA)

ETc | Chuva Irrigacao DRA DRA

mm mm mm inicio final
5,0 0 0 39,0 34,0
6.0 0 0 34,0 28,0
5.0 0 0 28,0 23,0
40 0 0 23,0 19,0
45 0 0 19,0 14,5
6,0 0 0 14,5 85
55 0 30,5 39 335
55 0 0 335 28,0
5.5 45 0 39,0 335
6.0 0 0 33,5 275

Célculo da Evapotranspiracdo das Culturas

Evapotranspiragdo Maxima da Cultura (ETm) — Estagdo Meteorolégica

ETm = ETo. Kc

Kc - Coeficiente de cultura

Evapotranspiragdo Maxima da Cultura (ETm) - Tanque Classe A
ETm = ECA.Kp.Kc

Kp - Coeficiente de Tanque
Kc - Coeficiente de Cultura

4/7/2022



Doorenbos & Pruitt (1977)

TabelaD Coeficientes kp, de um tanque Classe A, para diferentes conberturas
vegetais, nfveis de umidade relativa média e ventos durante 24 horas

Tanque Classe A Caso A Caso B™
Tanque circundado com coberta verde baixa Tanque circundado com alqueire de sequeiro,
RH média Baixa Média Alta Baixa Média Al
<40 40-70  >70 <40 40-70  >70
Ventos em kmvdi Distancia a barlavento da Distancia a barlavento do
cobertura verde (em m) alqueire de sequeiro (em m)
Fracos [] 055 0,65 0.75 4] 07 08 0.85
>175 10 065 075 085 10 08 07 0.8
100 07 08 085 100 055 085 0,75
1000 0,75 0,85 0,85 1000 05 06 0.7
Moderados o 05 06 0,65 0 0,65 0,75 0,8
175-425 10 06 07 0,75 10 055  0,85° 0.7
100 0,65 075 08 100 05 0,6 0,65
1000 07 08 0.8 1000 045 055 0.6
Fortes 0 045 05 0,60 0 06 065 07
425-700 10 0,55 06 0,65 10 05 0,55 0.85
100 0.6 0,65 0.7 100 045 05 0.6
1000 0,65 07 0,75 1000 04 045 055
Muito fortes [} 04 0,45 0.5 0 0.5 06 0.65
>700 10 0,45 055 0.6 10 045 05 055
100 05 06 0,65 100 04 0,45 05
1000 0,55 0 ] 0,65 1000 035 04 0,45
™ No caso de extensas superficies de al desccbertos e com um lvimento agricola nulo,

devem-se reduzir os valores de kp em 20% nas condigdes de muito calor ¢ ventos fortes ¢ em 5-10%.
quando se tratar de temperatura, umidade e ventos

Equacées para Estimativa da ETo

1) Blaney & Criddle (BLANEY & CRIDDLE, 1950)

2) Blaney & Criddle modificado (CAMARGO, 1062)

3) Camargo (CAMARGO, 1971)

4) Hargreaves 74 (HARGREAVES, 1974)

5) Hargreaves 76 (HARGREAVES, 1976)

6) Hargreaves modificado (SENTELHAS & CAMARGO, 1096)
7) Ivanov (CASTRO NETO & SOARES, 1989)

8) Jensen & Haise (JENSEN & HAISE, 1963)

9) Linacre (LINACRE, 1977)

10) Makking (MAKKING. 1957)

11) Penman (PENMAN, 1948)

12) Penman-Monteith (MONTEITH, 1965)

13) Penman-VNova&Ometto (VILLA NOVA & OMETTO, 1981)
14) Penman-Frére (FRERE, 1972)

15) Priestley & Taylor (PRIESTLEY & TAYLOR. 1972)
16) Radiagio Solar (DOORENBOS & PRUITT, 1977)
17) Tanner & Pelton (TANNER & PELTON, 1960)

18) Thomthwaite (THORNTHWAITE, 1948)

19) Thomthwaite indice T (CAMARGO, 1962)
20) Turk (TURK. 1955)
21) Ivanov (TIVANOV, 1957)

REF-ET

Reference Evapotranspiration
Calculator

For Support of ASCE Manual 70 {1990} and 2006 ASCE Standardizations
and
FAQ Irrigation and Drainage Paper No. 56: CROP EVAPOTRANSPIRATION
Dr. Richard G. Allen  University of Idaho
Research and Extension Center
Kimberly, Idaho 83341

COPYRIGHT 1980.1994.1899, 2000. 2004. 2008, 2012
Version 3.1.07

This is an Ofiicial. Regisiered Copy. /i nol the original regisirant FPlease Register
&y Obtaining a Registration Form fom Alp iwaww. kimberly. videho. edyirel-el and
submiting $49. payment plus costs for shipping and handiing.
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Data file Name is: ~ asce.dat
Definition File Name: FAO56x18 def

[Parameter Identifiers for the Data
{Double Click on ltem below to Insert ltem

[ [beg [end [The following lists Z] _intathe Lie hghighlsd i the Box to th Let)
No. [ID_|col |col [Selected Items in the Data File: T e e D
1 |s8 Month, 1-12 2 Line Feed (go to next line) =
2 [s9 Day, 1-31 3. Max Air Temp, C (daily or hourly)
- ~ 4 MinAir Temp, C (daily or hourly)
33 Max Air Temp, C (daily or hourly 5 MaxAir Temp, F (daily or hourly)
4 |4 Min Air Temp, C (daily or hourly) 6. MinAir Temp, F (danly or hourly)
i 5 7. MeanAir Temp, C
S |20 M.ux. Rel. Hum'ldvltb', % [da}ly ork 8 Meanr Temp. F
6 |19 Min. Rel. % (daily or h 9 Solar Radiation, Wim2
7 |31 Ave. Wind Speed, km/hr 10: Solar Radiation, MY/m2/d
B : 1. Solar Radiation, calicm2/d
Lad STRHiTE HAEE (ALY 111: Solar Radiation, kJ/m2/d b
9 Invthe table sbove, units of "/’ are shways for ‘et howr.'
« » ik bl ok sl

Note: You can leave column numbers blank or use *** (default) when the data are separated by blanks, commas of tabs

The table below displays several lines of the data file for your reference. A "bar" symbol indicates a tab

1 2 3 u 5 6 7 8 -
123456789 01234567890 | 12345678901234567890 | 12345678901234567890 | 12345678901234567890 | 12345671

Exanple Data Set: Ch ap. 6, Evapotranspir ation & Irr. Mat. Re g., Hanual 70

noda Tmax Tmin Tmea n Tdew UP Wind Ra Rso Rs Rn n/N 6 DNR  Pan Lys

F F F F mb kn/d < =1y/ => % 1ly/d nn/d mn/d
0415 57.3 32.5 L] 29.3 o 359 0 628 W73 237 0 1 1.72 5.5 4.1
0515 67.4 40.8 L] 87.2 L} 312 B 727 571 298 @ 16 1.72 7.8 5.99 =
Ll | _'I_I
Data Delimiters

Seier:llhe characters {besldes a space) used to delimit data columns (i.e.. tabs. commas. slashes. efc )
¥ Comma (.) I Decimal(.) I Slash(/) [ Verlslush(“ T~ Colon(:)

Treat Mo back-to-back delimeters as one? 1 Yes  No  (mutple
Are data in the European system where the comma is the decimal?™ Yes M No

Insert New ID Line  Delete ID Line Back ‘ Exit | Cancel I Continue

(e e )
OUTPUT STYLE AND EQUATIONS

Select equations
ETr ETo

UNITS for Results

= sl narakonal s I ¥ ASCE Penman-Montcith (ol (grass or alfalfa, rs=tmestep)  (see 1)
€ English Units I I ASCE Penman-Monteith (fal) (grass or alfalfa w/ user spec. 1s)  (sse12)
DUTPUT [T ASCE Penman-Monteith Standardized Form (ETr and ETo)
 Screen Only o~ FAO 56 Penman-Monteith (0.12 m grass reference)
@ File and Screen ™ ¥ 1982,96 Kimberly Penman (var. wind func.) (ETr and ETo)
€ Printer and Screen ™ oI 1972 Kimberly Penman (fixed wind function) (for ETr only)
INTERMEDIATE FILES e[" I 1948/1963 Penman (original wind function)
¥ asce.inl (echo of data) e~ " FAO 24 Comected Penman
 asce.in2 (intermed. Param) o[~ ™ FAO Plant Protection Paper 17 Penman
REFERENCE CHARACTERIST i L C S eanen Glowiy sl B EAGLSC R iCE0)

Alfalta/Grass Ref. Ratio: [1.25  (.15t01.5) || °T ; ;ﬁggj BRadim.C'
(ASCE full PM: Al Reef. Hu: ") |— (05m=sid) laney-Criddle

[~ ™ FAO 24 Pan Evaporation R
] i f£T
ASCE full PM: Grass Ht: x,, 012misSid) o~ ¥ 1985 Hargreaves (Hargreaves and Samani) ‘5

o I Priestley-Taylor (1972)

ASCE-PM Surface Resistance (s/m) o~ [~ Makkink (1957)

@ o I Turc (1961)

™ ET from the data file (reported, meas. etc)

*NOTE: Check Boxes preceded by a« will use the specified
Reference Ratio to Convert for Reference Type

unxi{ur—‘layh4.i
24hour  Deytime Nightime —_—

At [+5 @@5) [0 @0) [200 ooy
Gisfio o) [s0 50y [200 200y

I™ Skip Printing 'Header’ Information in The Result File

Sem

Specify How to Handle Missing Data |

Save Definition File | | Back | Exit Continue ]

[ET Description of the Weather Station and Data File = @ =/

Data File is: asce dat
Definition File is: FAOB6x18 def

The anemometer heiaht is: o meters (3280
The temperature/RH heiahtis: 2~ meters (65#

The weather station elevationis: [100  meters (32800)&
The weather station latitude is:  [s08  dearees (- for Southemn)

arameters within this box are Rex uimd anly for Hourly or shorter time period date)
The weather station longitude is: degrees™E  (E or W™)

Center of time zone longitude is: [o degrees™|w (EorW"‘) — i [0E )

(The time zone i must be in

The default DayiNight windratiois - 2~ (2if unknown®) il
The weather site vegetation height : ||z_ m (0if same as ref. or as ht. specified in the data file)
The green fetch on the Class A Pan 1000 m (1000 if unknown*)

Initial Lines of the Data file to be skipped ,S_ Code for missing data (e.g. -QQQ)W

FAO-56 Example 18. Belgium, Daily time step

How "hourly” lime stamps are defined
¢ Time represents time ol the end of the period ~ Time represenis tie ol the startof the period -~ Time represents time at the
(st commen and the detau) (uncormmon) centet of the period [uncommon)
¥ For "hourly” datain U.S A, Daylight Savings Time is Observed in Data Set (check iftrue)

Neta: For dailtime steps, REISET presumes that the. bt
Hourly* data applies to any timestep shorter than 24 hovrs.

Note: Data marked with * are required only for FAO-24 Eqns. “*Req. only for “hourly data.

Back Cancel Exit Confinue
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Evapotranspiragio PMS6 (mm/dia)
. i

I

a

=
=
£
2

Piracicaba - SP

Probabilidades Didrias - Evapotranspiraciio de Referéncia (mm/dia)
Série Histdrica 1980 - 2016

—Miximo
Minimo

P =

~— Probabilidade 30 %

I R N T
FEES8dnsTSLErRaR6807anSRs
B R R R I R R R R R R R R R

Dia Juliano
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Evapotranspiragio de Referéncia (mmydia)

6.00

-
2
8

Piracicaba - SP

Probabilidades Decendiais - ETo (mm/dia) - Série Historica 1980 - 2016

—Miximo

Minimo

Probabilidade 50%
——Probabilidade 80% z 64
~——Probabilidade 30 %

45
dhanad 43 g
f 42 42

Min 10 20 30 40 50 60 70 80 90 100 Max
JAN 1D 1.60 2.40 2.80 3.10 3.50 3.90 4.30 4.70 5.00 5.40 6.30 6.30
JAN 2D 1.60 2.59 3.00 3.37 3.70 4.00 4.30 4.70 5.10 5.41 6.60 6.60
JAN 3D 1.80 2.50 2.90 3.30 3.60 3.90 4.30 4.60 4.90 5.30 5.90 5.90
FEV 1D 2.00 2.59 3.10 3.50 3.80 4.10 4.50 4.80 5.12 5.50 6.50 6.50
FEV 2D 2.10 2.70 3.20 3.57 3.90 4.20 4.50 4.80 5.00 5.30 5.90 5.90
FEV 3D 1.90 2.70 3.10 3.50 3.80 4.10 4.40 4.60 4.80 5.20 6.00 6.00
MAR 1D 1.60 2.40 2.90 3.40 3.70 4.00 4.30 4.60 4.80 5.10 5.70 5.70
MAR 2D 1.40 2.49 2.90 3.20 3.50 3.70 3.90 4.10 4.32 4.60 520 5.20
MAR 3D 1.50 2.30 2.80 3.10 3.40 3.60 3.80 4.00 4.20 4.40 5.00 5.00
ABR 1D 1.50 2.40 2.80 3.10 3.36 3.50 3.70 3.80 4.00 4.10 4.80 4.80
ABR 2D 1.20 2.20 2.50 2.90 3.10 3.30 3.50 3.60 3.80 3.90 4.40 4.40
ABR 3D 0.90 2.00 2.50 2.80 2.90 3.10 3.20 3.30 3.40 3.60 4.40 4.40
MAI 1D 0.90 1.90 2.20 2.50 2.60 2.80 2.80 2.90 3.10 3.30 3.90 3.90
MAI 2D 1.00 1.60 2.00 2.20 2.40 2.50 2.60 2.70 2.80 3.00 3.70 3.70
MAI 3D 0.70 1.50 1.80 1.90 2.10 2.20 2.30 2.40 2.60 2.80 3.50 3.50
JUN 1D 0.80 1.50 1.70 1.90 2.00 2.20 2.30 2.40 2.50 2.61 3.40 3.40
JUN 2D 0.80 1.59 1.80 1.90 2.00 2.10 2.20 233 2.50 2.70 3.20 3.20
JUN 3D 0.80 1.50 170 1.90 2.00 2.10 2.20 2.30 2.50 2.70 3.40 3.40
JuL1D 110 1.70 1.90 2.00 2.10 2.30 2.40 2.50 2.62 3.00 4.10 4.10
JuL2D 0.90 1.60 1.90 2.10 2.20 2.30 2.40 2.60 270 3.00 4.20 4.20
JuL3D 0.80 1.80 2.10 2.30 2.40 2.50 2.60 2.80 2.98 3.30 4.10 4.10
AGO 1D 1.00 1.99 2.38 2.50 2.70 2.80 3.00 3.10 3.30 3.70 4.50 4.50
AGO 2D 1.20 2.20 2.60 2.87 3.00 3.10 3.30 3.50 3.70 3.80 4.90 4.90
AGO 3D 110 2.20 2.70 3.00 3.20 3.40 3.56 3.70 4.00 4.30 5.30 5.30
SET 1D 1.40 2.00 2.58 2.90 3.30 3.60 3.90 4.10 4.30 4.50 5.80 5.80
SET 2D 110 2.19 2.70 3.10 3.50 3.70 4.00 4.20 4.60 4.90 5.70 5.70
SET 3D 110 2.10 2.60 3.07 3.46 3.70 4.00 4.30 4.60 5.00 5.90 5.90
OouT 1D 1.20 2.40 2.80 3.30 3.80 4.00 4.30 4.50 4.80 5.20 6.90 6.90
OouT 2D 1.20 2.40 3.00 3.40 3.80 4.10 4.40 4.60 4.90 5.20 6.20 6.20
OuT 3D 1.20 2.70 312 3.70 4.10 4.40 4.60 4.92 5.30 5.60 6.40 6.40
NOV 1D 1.50 2.59 3.10 3.60 3.90 435 4.70 5.00 5.20 5.60 6.50 6.50
NOV 2D 1.90 2.60 3.10 3.70 4.10 4.40 4.70 5.00 5.30 5.60 7.00 7.00
NOV 3D 1.90 2.90 3.40 3.80 4.20 4.50 4.70 5.00 520 5.70 6.80 6.80
DEZ 1D 1.90 2.70 3.20 3.60 3.90 4.30 4.60 4.90 5.12 5.60 6.70 6.70
DEZ2D 1.70 2.60 3.00 3.40 3.80 4.20 4.50 4.70 5.10 5.60 6.80 6.80
DEZ 3D 2.10 2.80 3.20 3.50 3.90 4.20 4.50 4.80 518 5.54 6.40 6.40
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Valores de Kc para uma cultura Valores de Kc para uma cultura
anual perene
1
Crescimento
[\ 08 '
i
06 :
£ 2 | Maturidade
04 '
'
'
02 :
0+ .
- © w ~ @ - © - © w ~ @ - ©
Decéndio Anos
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Coeficientes de cultura (Kc¢) em fungdo do estadio de desenvolvimento

CULTURA ESTADIO DE DESENVOLVIMENTO DA CULTURA CICLO
1 ] mn v v Total

Algodao 0,.40-0,50 & 0,70-0,80 & 1,05-1,25 & 0,80-0,90 @ 0,65-0,70 0,80-0,90
Arroz 1,1041,15 | 1,10-1,50 | 1,10-1,30 | 095,05 = 0,95-1,05 1,0541,2
Banana 0,40-0,50 & 0,70-0,85 | 1,00-1,10 | 090-1,00  0,75-0,85 0,70-0,80
Batata 0,40-0,50  0,70-0,80 & 1,051,20 | 085095 0,70-0,75 0,75-0,90
Cana-de-agticar | 0,40-0,50 @ 0,70-1,00 & 1,00-1,30 & 0,75-0.80  0,50-0,60 0,85-1,05
Citros 0,65-0,75
Feijao* 0,30-0,40 = 0,70-0,80 = 1,051,20 | 065075 @ 0,25-0,30 0,70-0,80
Melancia 0,40-0,50 & 0,70-0,80 & 0,95-1,05 @ 080-0,90  0,65-0,75 0,75-0,85
Milho 0,30-0,50 & 0,80-0,85 1,05-1,20 @ 0,80-0,95 @ 0,55-0,60 0,75-0,90
Soja 0,30-0,40 & 0,70-0,80 & 1,00-1,15 | 0,70-0,80 = 0,40-0,50 0,75-0,90
Tomate 0,40-0,50 & 0,70-0,80 & 1,051,25  0,80-0,95 @ 0,60-0,65 0,75-0,90

16
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¥om soto (emea) =

Curva de retengao de agua no solo

— T3 0-20em
—a—1320.400m
—a—T3 40 80em
—o-1380.800m
—a—T380-000m
—a—TUALTOE 0-Den
—a—TuALTOE 20 Sem
——TRALTOS 4O-cm
—8-TRAADOE &0 N
s TRALTUE 80 Dicm
& TIAB 0 Dem
TI4.820-40em
1748 40-80¢m
1788 60.80cm
*T78.880 Doem

10000

Potencisl Mitrico (- cmea)

0 5 0 - 2 = £ » %@ 45 £
Unidade volumirics (cmer)

. 03424
Eq. de Van Genuchten 8=0,0509+

[1+ 00407076 | w |y =]

R I o
aturade ~ Opesidua _ -
) : Osote = Opesidual + i Besiual)

Sole — YResidual

ichal
ll +| alfa _r-.rmmo({“a)“rnl =)

Qaifa
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17
Disponibilidade Real de Agua do Solo (DRA)
Tomate Petrolina - ETo 7 mm/dia
- Disponibilidade Real de Agua (DRA)
*DTA = (Occ— Opyp ) - Z . F Fao
*DTA = (Ugc— U pyp ) 7s- Z-F Fao
Exemplo PETROLINA :
Calcular a lamina de agua disponivel em 300 mm de solo sendo :
Occ=25,96 % , Opyp=21,24 % , Z=300mme F rao =0,325
DRA = ( 0,2596 — 0,2124 ) . 300 mm . 0,325 = 4,60 mm
14.1 mm
19

FATOR DE CORREGAO - Fro

PARA QUALQUER CULTURA EM QUALQUER CLIMA

TABELA 3. Fator de disponibilidade de dgua no solo (f) de acordo com grupos de culturas e
evapotranspiragiio da cultura (Etc).

Grupo Culturas
1 cebola, pimenta, batata
2 banana, repolho, uva, ervilha, tomate
3 alfafa, feijdo, citricas, doim, abacaxi, gi 1, melancia, trigo(_arroz)
4 algodio, milho, azeitona, acafrdo, sorgo, soja, beterraba, cana-de-acticar;
Grupo da Etc (mm/dia)
Cultura 2 3 4 5 6 7 8 9 10
1 0,500 [ 0425 | 0350 [ 0300 | 0250 | 0.225 | 0200 [ 0.200 | 0.175
2 0.675 | 0535——6473 | 0400 | 0350 | 0325 | 0275 | 0250 | 0.225
3 0,800 [0.700 [ 0.600)] 0,500 | 0.450 [ 0.425 | 0375 | 0350 | 0300
4 0,875 | 08000700 | 0.600 | 0.550 | 0500 | 0,450 | 0425 | 0.400

20
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Calculo da DRA - Experimento Estufa (LEB) 2022 Arroz

Ponto Profundidade Camada Umidade Umidade Di: ibilidade Total DI ibil Total
Amostrada c.c. PMP de Agua no Solo de Agua no Solo
(em) (em) (em3/em3) (cm3iem3) (DTA) (mm)y (DTA) (mm)
A 10 00 - 20 0.2635 0.1530 (0.2635 - 0.1530) . 200 2210
B 30 20 -40 0.2529 0.1548 (0.2529 - 0.1548) . 200 19.62
c 50 40 - 60 0.2498 0.1573 (0.2498 - 0.1573) . 200 18.49
60.21 602 m3/ha

(mm)
Admitindo-se Frac =0.6  DRA=60.21x 0.6 = 36.12mm

DRA - Disponibilidade Real de[Agua
para 60 cm de profundigade radicular

CURVA DE RETENGAO - Potencial Matrico {cmea) x Umidade {cm3 H20/cm3solo)

1 10 20 50 100 200 333 500 700 15400

Saturado  cmca cmca cmca cmca cmca cmca cmca cmca cmca
MEDIA 20 46.73 40.21 37.39 26.35 21.29 19.24 1827 17.80 16.81 15.30
GERAL 40 46.40 39.61 36.58 25.29 21.41 19.68 1873 18.13 1717 15.48
80 48.07 41.03 3779 2498 2175 19.88 18.96 18.25 17.26 15.73
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