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Crop Water Requirements(ETc)

Crop evapotranspiration under standard conditions;

disease-free, well-fertilized crops , grown in large
fields, under optimum soil water conditions, and
achieving full production under the given climatic
conditions.
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Crop water requirements for Prachuap Khiri Khan province, Central and Western Thailand
Downloaded from URL: water.rid.go.th/hwm/cropwater/CRWdata/ET
[ Crop | | Growth
No. | Crop name | period Crop water requirements |
| | days | mm./season m?/rai |
| Rice-Rice Department High Yield Variety | 100 699 1,119 |
| Rice-Khao Dok Mali 105 | 100 629 1,006 |
| Rice-Basmati | 100 695 1,112 |
| Wheat | 100 311 498 |
| Maize | 100 351 561 |
| Sweet corn | 75 274 438 |
Sorghum 110 387 619

| Soy bean _' 100 373 596 | An exam ple

| Peanut | 105 371 594 |
Mung b 70 215 344
: s:sr;?-neean : 90 295 471 | Seasonal CrOp
| Tobacco | 90 398 637 |
Sun fl 110 392 627
' \.I'\.lf‘lantero:nvzlron ' 85 418 668 | Wate r
| Cotton | 160 471 753 |
S 300 978 1,564 .
: C:gfgﬁzzn '. 200 745 1,191 | req ireme nt
Taro 170 1,177 1,884
| Asparagus | 365 1,526 2,442 '

| Tomato '. 110 494 791 | pu bIlShed by

| Onion . 100 395 632 |
| Shallots | 85 304 487 | RI D
| Garlic | 110 269 431 |
| Potato . 95 368 588 |
| Bird's eye chilli | 150 483 774 |
| Bitter gourd . 75 326 522 |
| Cauliflowers | 45 197 316 |
| Chinese kale | 55 165 265 |
| Yard long bean . 80 287 459 |
| Graden pea | 85 302 484 |
| Winged bean . 396 634 |
| Chinese cabbage | 60 196 313 |
| Chinese radish | 45 186 297 |
| Baby corn | 65 287 459 |
| Sweet potato | 465 744 |
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climate reference crop ET can be eStImated frOm
o climatic data, crop data,
+ e soil-moisture data.
Humidity (§)Temperature

Wind Speed Radiation well watered grass 3 ET te r'm S
I(acor N ETO 9 ETC 9 ETa
ETO x | 4
well watered crop

optimal agronomic conditions ETo= Reference crop ET depends on
climatic data only.
ETc=Kc.ETo
Kc=Crop coefficient depending types
of crop and stage of growth
ETa=Ks.ETc

e Ks=Water stress coefficient
water & enwronmental stress




grass
reference

ETo = f(climate)

The evapotranspiration rate from a reference surface, not short of
water, is called the reference crop evapotranspiration (ETo)

R p The reference surface is a
p L gl hypothetical grass reference crop
o# with specific characteristics, height

of 0.12 m with a surface resistance
of 70 s/m and an albedo of 0.23.
This crop characteristics is closely
resembling the evapotranspiration
of green grass of uniform height,
actively growing and adequately
watered.

Penman-Monteith is recommended method for ETo calculation.

Average ETo for different agroclimatic regions(mm/day)

Mean daily temperature (°C)

Reg 10NsS Cool Moderate Warm
~10°C 20°C > 30°C

Tropics and subtropics

- humid and sub-humid

- arid and semi-arid

Temperate region

- humid and sub-humid

- arid and semi-arid




FAO Penman-Monteith Formula
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ETo = reference evapotranspiration [mm day-1]

Rn =net radiation at the crop surface [MJ m-2 day-1]
G = soil heat flux density [MJ m-2 day-1]

T = air temperature at 2 m height [-C]

u2 = wind speed at 2 m height [m s-1]

es = saturation vapour pressure [kPa]

ea = actual vapour pressure [kPa]

es - ea = saturation vapour pressure deficit [kPa]

A = slope of vapour pressure curve [kPa -C-1]

v = psychrometric constant [kPa -C-1].

1 mm/day = 2.45 MJ/m?/day ,1bar = 100 kPa

Penman-Monteith Formula
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Reference crop evapotranspiration (mm/day)

Slope of saturation vapor pressure curve (kPa/°C)

Psychrometric constant (kPa/°C)

Net radiation at crop surface (MJ/m?/day)

Soil heat flux (MJ/m?/day)

Maximum air temperature (°C)

Minmum air temperature &)

Average air temperature

Windspeed measured at 2 m height

Saturated vapor pressure

Actual vapor pressure




1.Calculate A, T, e
098¢,

(T+237.3)2
e (Tmax)+€*(Tiin)
Z

1727 T
Vislda5p (Tmm+237.3)

17.27 P it
e (Tmm+237.3)

; [Saturation Vapor Pressure)

Tmax"'Tmin

2
2.Calculate ¢,

RHmean
100 S
3.Calculate U,
487

Uy In(67.82' -542)
4 Calculate y (Psychrometric constant)
0.665x 10° P

(293—0.00652)5'256. (
2

, 2’ =Wind vane elevation (m)

101.3

Atmospheric pressure at altitude z m. MSL, kPa)

5_Calculate R, (Net radiation)
er = Rns'Rnl [10]
R = | (1-a)R=(1-0.23)R; (Net shortwave radiation) [11]
R = (as + by %) R, = (0.25 + 0.5 %) R, : (Solar radiation) [12]
n = | Actual sunshine hours (given data)
N — %ms ; (Daylight hours) [13]
R, — | 24(60
(60 Goed, [ws sin(@) sin(8) + cos(¢p) cos(d)sin(ws] [
vis
(Extraterrestrial radiation, MI/m?/day)
Gec = | 0.0820 ; (Solar constant, MJ/m?/min) [15]
d; =11+ 0.033 cos (%]) : (Inverse relative distance between Earth-Sun) [16]
J — | Integer(30.4M-15) [17]
No. of day in a year (Jan.1 =1, Dec.31=365), M=Month (1, 2, .. ,12)
J = | Integer(275N/9-30+12)-2 ; M=month, D=day for leap year [18]
e = | Cos™[—tan(gh) tan(8)] ; (Sunset hour angle) [19a]
or w = | = _..—tan(¢) tan(&) 19b
X = | 1 — [tan(g)|Z[tan(&)]? [20a]
x = | 0.00001 if X=0 [20b]
i = | Latitude(radians)
& - , 2w . i [21]
0.409sin (ﬁ] = 1.39) ; (Solar declination angle)
Ru = Tmax.k4 + Tmin.k4 R [22]
0'[ 5 (0.34 — 0.14/e,) (1.35 R~ 0.35)
(Net long wave radiation, MI/m?/day)
G = | 4.903x10?® ; (Stefan-Boltzman constant, MI/m?/day) [23]
Tmax.k = | Tmax(=c)+273.16 [24]
Tmin.k — | Tmin(=c)+273.16 [25]
Rg = | Relative shortwave radiation < 1.0
R-:()
R = | (0.75+2x10°2)R, ; ( Clear-sky radiation) [26]
6.Calculate G
G =1 0.14 (T; - Tia ): (Soil heat flux) [27]




ETo calculation

Description

Given Data

Month(M) Saturation vapor pressure at Tmax
Latitude(¢) i Saturation vapor pressure at Tmin
Tmean(i-1) Saturation vapor pressure

Tmax Slope of saturation vapor pressure curve
Tmin Atmosheric pressure

Tmean = Psychrometric constant

Altitude(z) (1+0.34y)=

Uy(M/s) : [Ay(1+0.340)]=

RHiean™ A[A+(1+0.34u,)]=

n : -+ [WyIA(140.34u)))=
[900/(Tmean+273.16)]u,=
8;=(RHpean/100) 6=
B8 Saturation vapor pressure deficit
Aerodynamic term=

Calculation 2

45 sin|Number of days in year
0.4636 0.4471|Latitude
-0.2361 -0.2339|Solar declination angle
0.9855
1.4502 1.4502|Sunset hour angle
1.0236 Inverse relative distance between Earth-Sun
0.0820 MJ/m2/min | Solar constant
ws*sin(¢)*sin(d)= -0.1517
sin(ws)= 0.9927
cos(dp)*cos(d)*sin(ws)= 0.8633
R.= 27.3794 MJ/m2/day |Extraterrestrial radiation
N= 11.0790 hrs Daylight hours
Rs= 17.22 MJ/m2/day

0.23 Albedo
4.903E-09 Stefan-Boltzman constant
Tmax.k’= 8,041,837,275 Tmax in kelvin
Tmin.k*= 6,603,058,170 Tmin in kelvin
Tmean.k*= 7,322,447,722 Tmean in kelvin
Rso= 20.5351 MJ/m2/day [Clear-sky radiation
Rs/Rso= 0.8388 Relative shortwave radiation
sqrt(ey)= 1.2315
R.,= 4.7416 MJ/m2/day [Net longwave radiation
Rn=Rns-Ryl= 8.5210 MJ/m2/day [Net solar radiation
G=0.14[Tmean(i)-Tmean(i-1)]= 0.1540 MJ/m2/day | Soil heat flux
Radiation term[1]= 2.10 mm/day
Aerodynamic term[2]= 0.90 mm/day
ETo=[1]+[2] 3.00 mm/day
84.1 mm/month




CROPWAT

version 8.0

Cwh

Schedule

W

Programme structure = 8 different modules
Data input & basic calculation modules

(1) Climate/ETo: Input the measured ETo data or
climatic data for ETo calculation

(2) Rain: Input the rainfall data and calculation of
effective rainfall

(3) Crop: Input the crop data and planting date for
ETc calculation in (6)

(4)(S<))iI: Input the soil data for irrigation scheduling in

7

(5) Crop pattern: Input the cropping pattern for
scheme supply calculations in (8)

Note that in fact Climate/ETo and Rain modules are
not only for data input but also calculate data,
namely Radiation / ETO and Effective rainfall
respectively.

Calculation modules

(6) CWR - for calculation of Crop Water
Requirements

(7) Schedules - for the calculation of irrigation
schedules

Scheme

-

(8) Scheme - for the calculation of scheme supply
based on a specific cropping pattern

CLIMWAT 2.0

8 climate stations around Bhutan

Local Disk (C:) » My_CLIMWAT Files

68 CLIMWAT 2.0 - Local Station Distribution

Exit Export Newlocaton Stations Display ZoomIn ZoomQut ExportSelected Stations Colors Disdaimer About

with = Burn New folder
Type

0 23PM  CLIFile
L R |] CHA [2018 3:23PM  PENFile

1=PAGRI-CHINA || DARJEELING.cli CLIFile
|| DARJEELING.pen PEN File
2=GAUHUTI-INDIA | DHUBRL CLIFil
3=TEZPUR_INDIA || DHUBRLpen PEN File
|| GAUHATLI CLIFile

4=JALPAIGURI-INDIA | GAUHATLpen PENFile
s || JALPAIGURLCIi CLIFile
5=DHUBRI-INDIA ] JALPAIGURLpen PEN File
6=DARJEELING-INDIA K NG.cl CLIFile
= || KALIMPONG.pen PEN File
7=KALIMPONG-INDIA || PAGRLi CLIFile
8=CHANDRAGADHI-NEPALJ racrper PENil
|| TEZPUR.cli CLIFile

|| TEZPUR.pen PEM File




EXAMPLE - ETo Calculation

@ Monthly ETo Penman-Monteith - 0\ Trainingt00-Bhutan training 21-25 May2018\Bhutan-Data\Climat... — | O |ﬂ

Country |Location Station |CHANDRAGADHI-Hepal

Altitude | 120 m. Latitude |25.55 |§N LJ LungitudelEE.UE |§E ﬂ

Month Min Temp | Max Temp Humidity Wind Rad ETo
T T 4 km/day bl /m?fday | mmAmonth
January 234 BE a6 : 146 0.1
February 26.3 B3 104 : 17.2 2444
March 320 56 121 ; 204 135,85
April 348 37 147 : 223 17760
May 340 B7 147 : 221 16681
June 330 77 130 ; 181 131.34
July 327 a2 121 ; 16.3 119.69
August 32.3 a4 104 : 16.3 1E.06
September a7 2k 35 : 16.E 103.51
October 3.4 74 a6 ; 16.3 109.05
Hovember 298 B3 7a ¢ 152 a7 95
December 247 76 73 : 13.7 EE. 95

Average 30.5 Fil) 17.4 1374.36

«» Monthly ETo Penman-Monteith - G:\00-training\Irrigation project planning-7Mar\Bhu. 3

Country [Location 1 Station |PAGRI-China Country |Location 2 Station |GAUHATI-India
Altitude | 430 m. Latitude | 27.73 |sN = Longitude | 83.03 |sF = Altitude | 54 m. Latitude | 2610 [sH - Longitude | 3158 |sE ~

Month | Min Temp | Max Temp | Humidity Wind Rad ETo Month | Min Temp | Max Temp | Humidity Wind Rad ETo
I I i krn/day b7 iday mméday JC 7C % kern/day ks day mmday

January -7 9 199 141 0.9z January 236 77 52 138 1.97
Febuary B 3.4 53 207 16.0 112 February 26.0 B5 B3 4 16.3 263
March E 12 B3 181 179 147 March 2949 57 95 . 177 a7
April -E. A1) EE 207 194 2.02 April n7 ES 147 . 19.3 4.50
Hay ek 9.4 70 233 206 2.45 Map .0 74 95 . 8.8 414
June 3 1.0 77 259 185 237 June 313 a1 95 . 152 387
July ek 120 a1 225 16.1 219 July 7 a1 1] . 149 346
August 3 1n7 g2 216 168 216 August 321 82 5] . 15.1 349
September A 101 a0 207 151 192 September 34 a1 [5] 3 149 33\
October -8 an B3 130 155 1.84 October 30.2 & E3 153 318
November - 21 57 130 145 14 November 275 a3 B3 A 146 281
December E 5.5 40 147 132 0.56 December 24.4 g3 52 d 13.0 195

Average 9. 46 65 205 3 16.5 1.74 Average 5 292 76 79 B 15.8 322

- ——

€2 Monthly ETo Penman-Monteith - G:\00-training\Irrigation project planning-7Mar\Bhu.... @@@ 4 Monthly ETo Penman-Monteith - G:\D0-training\lrrigation project planning-7Mar\Bhu... g@

Country |—Location4 Station [JALPAIGURHndia Country |Location 3 Station |TEZF‘UH-India
Altitude 83 m. Latitude | 2653 |sMN = Longitude | 2871 |sE = Altitude 79 m Latitude | 2651 |sH ~ Longitude | 9278 |sE -

Month Min Temp | Max Temp | Humidity Wind Rad ETo Month | Min Temp | Max Temp | Humidity Wind Rad ETo
T iC % kmiday WA 2/ day . day I i =4 km/day rJ/m? day mm/day
January mne 234 il 26 14.5 1.89 January 237 100 26 3 15.4 204
February 127 252 E3 26 170 24 February 254 a1 B1 2 16.9 259
March 164 29E 53 826 204 394 March 290 ES 95 202 387
April 204 NE 57 120 220 5.03 April 303 E7 130 216 4 ER
May 229 303 73 147 201 463 May 303 23 95 . 203 412
June 23 306 a1 7| [RLE 404 e 6 = 81 : 185 3%
July 25.0 30.6 12 16.1 366 July 321 90 26 X 179 391
August 24.9 30.8 95 163 365 August 322 91 26 X 17.9 390
September 24.4 30.7 g6 5.4 a4 September Ny 96 26 X 171 3EE
October 21.4 30.0 78 67 342 Dctober 302 94 26 2 170 336
November 16.2 277 35 15.4 2.54 Hovember 278 100 i) 3 16.0 2.B6
December 121 25.0 <] 141 199 December 247 100 i) 2 181 2.08

Average 193 288 &1 3 17.2 3139 Average | 291 83 53 = 17.8 3.40




& Monthly ETo Penman-Monteith - G:\00-training\lrrigation project planning-7Mar\Bhu... [Z |[B][5€ 43 Monthly ETo Penman-Monteith - G:\DO-training\Irrigation praject planning-7Mar\Bhu... [2| 15[

Country |Location 5 Station |DHUBRIHndia Country |Location B Station |DARJEELIMG-India
Alitude | 35 m Latitude | 2601 [sN ~ Longitude | 8993 [sf - Altitude | 2128 m. Latitude | 2705 |sN Longitude | 8826 [sE ¥

Month | Min Temp | Max Temp Humidity Wind Rad ETo Month | Min Temp | Max Temp Humidity Wind Rad ETo
JC i % km/day M Am?Aday mm./day e ?C % kmdday b Am?Aday mm/day

January 233 86 B1 146 2.02 January 9.3 100 26 X 1.4 127
February 255 74 95 17.2 275 February 43 1.1 100 E1 % 127 1.49
March an.n 57 11 201 423 March 7r 148 52 El 3 167 220
April ank El 186 213 496 April a0 100 95 3 17.4 266
May an.n 40 132 14.0 386 May 186 100 4] . 14.9 258
June an.an 96 11 1371 3.0 June 133 100 4] : 1.8 222
July an.n 93 12 187 385 July 138 100 52 | 0.0 2m
August an.an 52 95 178 374 August 138 100 4] : 1.1 214
5eptember 294 k1l 95 17.0 350 September 14943 100 43 105 203
Dctober 29.4 93 95 16.1 33k DOctober 186 100 26 134 226
November 267 95 T8 151 2.54 November £ 153 100 26 3 el 173
December 233 9 E3 146 2.02 December - nsg 93 26 X 1.3 136

Average . 28.2 85 103 3 17.5 337 Average . 16.4 99 50 | 12.7 2.00

&3 Monthly ETo Penman-Monteith - G:\00-training\Irrigation project planning-7Mar\Bhu... g@g| 4% Monthly ETo Penman-Monteith - G:\00-training\Irrigation project planning-7Mar\Bhu. . @@@
Country |Location 7 Station |KALIMPONG-India Country |Location & Station |CHANDRAGADHI-Mepal
Altitude | 1209 m. Latitude | 27.06 |sMN = Longitude | 8346 |sE - Alitude | 120 m. Latitude | 2656 |sM - Longitude | 33.05 |sE -

Month | Min Temp | Max Temp | Humidity Wind Rad ETo Month ‘ Min Temp | Max Temp | Humidity Wind Rad ETo
T iC % km/day tdAm?/day mm/day C 2C % kmn/day M A2 day mrnday

January 15.5 78 164 126 1.81 January 234 BE = 146 2.26
February 9.1 16.7 76 164 151 2.25 February 263 =] 104 17.3 302
HMarch 206 68 164 192 334 March 320 5E 1 20.4 4.38
Apiil 231 72 130 211 399 April M8 7 147 23 7
May 241 g2 164 201 3|2 May 340 67 147 221 538
June 24.4 g7 130 208 387 June 330 hrd 130 181 438
July 241 90 130 180 355 July 322 a2 1 16.3 386
August 243 22 130 6.4 3.20 August 323 B4 104 16.3 374
September 241 90 130 137 2.67 September n7 =11 95 16.6 362
October 233 g2 164 16.2 297 October 34 74 a5 16.3 352
Movember 200 72 164 14.0 236 Hovember 298 =] 7a 15.2 293
December . 17.3 7B 164 A8 196 December 247 76 7a 137 216

Average - 215 a1 155 3 16.7 2.98 Average . 305 70 108 3 17.4 376

Alternative ETo Calculation (ETo = Kp

1207¢cm - . Kp = pan coefficient

water level

: il | Epan = pan evaporation [mm/day]

ABLE 4 Pan coefficients (K;) for Class A pan for different pan siting and
environment and different levels of mean relative humidity and wind speed
FAQ Irrigation and Drainage Paper No. 24)

Case A Fan placed in short green Case B: Pan placed in dry fallow
cropped area area

o | medium | high o = | medium | high
=40 [ 40-70 | =70 40 40-70 | =70
WWindward WWindward

side side
distance distance
of green of dry

crop (mj fallowy {m)

1 1
10 10
100 . . 100
1000 . . . 1000
1 . . . 1
10 . . . 10
100 . . . 100
1000 . . 1000
1 . 1
10 . 10
100 . . . 100
1000 . . . 1000

green dry 1 K . 1
crop surface

QUBIOR RPN ERINI N 5 ; 10 10




Estimation of Kp for class A pan

Class A pan with green fetch

K, = 0.108 - 0.0286 u, + 0.0422 In(FET) +0.1434 In(RH
0.000631 [In(FET)]2 In(RH

Class A pan with dry fetch

K,=0.61+0.00341 RH, . - 0.000162 u, RH,,, - 0.00000959 u, FET +
0.00327 u, In(FET) - 0.00289 u, In(86.4 u,) - 0.0106 In(86.4 u,)In(FET) +

0.00063 [In(FET)]?In(86.4 u,)
Coefficients and parameters

mean) -

mean)

K,=pan coefficient

u, =average daily wind speed at 2 m height (m s-)
RH,.., = average daily relative humidity [%] = (RH,,, + RH,;.)/2

FET= fetch, or distance of short green crop for case A, dry crop or bare soil for

case B upwind of the evaporation pan)

Range for variables
1m<FET<1000m,30%<RH_.,<84%,1ms'<u,<8ms"

ETo Under standard conditions

disease-free, well-fertilized, grown in large fields,
under optimum soil water conditions.

K ¢ factor

ETo % A8 =/ | [SACEA=T

well watered crop
optimal agronomic conditions

ETc = crop evapotranspiration under standard
condition [mm/day]

ETo = reference crop evapotranspiration [mm/day]

Kc = crop factor or crop coefficient varying with the

crop type and growing periods




General Crop coefficient curve
KCinis KCpnigs KCepg

time [days)

«— |nitial =« Development —+«— Mid season—s« séé"é%n >

Initial stage —This stage runs from planting date to approximately 10% ground cover.
Crop development stage-This stage runs from 10% ground cover to effective full cover.

Mid-season stage —This stage runs from effective full cover to the start of maturity.
Late season stage —This stage runs from the start of maturity to harvest.

Typical ranges expected in Kc for the four growth stages

l/ 251 40 160 1% 5
[E—  S— 'I grouna cover ! ' :

L i ecrop i {short)

. initial | develop- | mid-season : late season
: i men E E (long)

ol
.

Ll el .
- Ll o >

‘main factors affecting K . in the 4 growth stages

soil  |ground cover crop type crop type

evapo- plant (humidity) !
ration [development (wind speed) Ralvesing asto




ETc calculation procedure

identifying the crop growth stages, determining
their lengths, and selecting the corresponding
Kc

adjusting the selected Kc coefficients for
frequency of wetting or climatic conditions
during the stage

constructing the crop coefficient curve
calculating ETc = Kc.ETo

Crop growth stages for different types of crops

Crop type L S P late
development season

Annuals A O
"'ﬂ‘ 'y ..!r_':

Perennials
- rangeland

- deciduous
trees & shrubs

- evergreen

Hypothetical

- grass reference | _ :

+«———— growing season —




EXAMPLE - Growth stages and Kc (FAQO)

TABLE 11
Lengths of crop development stages* for various planting periods and climatic regions (days)

Crop Init. Dev. Mid Late Total Plant Date Region
(Lini! (Lgey! (Lmig! (Ljate!

a. Small Vegetables

Calif. Desert, USA
[Cabbage |40 |60 |50 |15  [165 |Sept  |Calif. Desert, USA |
Carrots 20 30 50/30 20 Oct/Jan Arid climate

30 40 60 20 Feb/Mar Mediterranean
( 90 30 Qct Calif. Desert, USA
40 5

40 1 Calif. Desert, USA
o c e e g 1
| TABLE 12

Single (time-averaged) crop coefficients, K,, and mean maximum plant heights for non stressed,
well-managed crops in subhumid climates (RHih = 45%. u2 = 2 m/s) for use with the FAO
Penman-Monteith ET,.
Maximum
Crop Height
(h)

25 35
21 R X
Onion (dry) |15 |25 (m)

Onkdnjgreeni; |28, |40 Broccoli | J1os  Joes  [0.3 |

20 |& Brussel Sprouts | Jhros  Joes  Jo4 |

S | [Cabbage |  |1o0s  [0o95 |04 |

carots 1  Ji1os  Joes o3 |

Cauliflower | ~ J1os 095  [04 |

Celery | ~ f10s  [1.00 o6 |

Galic 0  Ttoo Jo70  [03 |

lettuce |~ f100 Jo.85 o3 |

Onions - dry 1.05 0.75 0.4

- green 1.00 1.00 0.3

- seed 1.05 0.80 0.5
|

Spinach
Radish 0.85

Kc for initial stage

Kc for initial stage varies between 0.1 — 1.15
In general Kc for initial stage can be determined from

Table 12(FAO I&D 56) for typical irrigation water
management.

For more accurate estimate, Kc from Table 12 should be

adjusted according soil moisture and evaporative power.

(1) Time interval between wetting events, the more frequently
wetting the soil is the larger Kc(ini).

(2) Evaporative power of the atmosphere, the higher ETo is the
smaller Kc(ini) due to the lower soil moisture

(3) Magnitude of wetting events, the larger wetting events is the
higher Kc(ini).




. (=10
Cini KCll‘ll(Flg 29) (40 10) [ Cini(Fig.BO)_ KCini(Fig.29)]

,Iarge infiltration depths

| W'{ ?\F' . @Vinﬂltration depths : : Fig- 240 mm

\ ~ \3

\ N '
A - \% __7 day
i 20 da
\ \\ \ : Qo‘arse texlturis)
o 1 2 3 - 5 B br s a8 =] 10 11 12

\ \ \. ET, mmi/day

\ low E moderatei high | wvery high

70\ \ . large inr-|trm%&ﬁ§‘ﬂ>
20 da \-‘ (=]

—— | =\ “

< day.

‘?G"ay

001 2345678911112 ' — o

ET mm/day . Fi an 0 textures

i | i 8 9 10 11 12
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EXAMPLE 25. Interpolation between light and heavy wetting events

Small vegetables cultivated in a dry area on a coarse textured soil receive 20 mm of water twice a
week by means of a sprinkler irrigation system. The average ET, during the initial stage is 5 mm/day.
Determine Kc(ini).

For: twice a week irrigation .5|day
interval
ET, = mm/day

From Fig. 29: Ke ini (Fig. 29) ¥

From Fig. 30. a: Ke ini (Fig. 30a) =

For:

From Eq. 59: Ks mi = Kc ini(Fig29)+(F10)*Kc ini(Fig30)- K

Kc(ini)=0.55+(20-10)*(0.7-0.55)/(40-10) = 0.6

Kc for mid season stage (Kc mid)

Kc mid can be determined from Table 12, [Kc mid(Tab)].

The effect of climate on Kc mid can be determined by the following equation.

h
K ¢ ia = Kemigerae) 1| 0-04(u, —2) - 0.004(RH, ;, —45) B 03

where

Kc mid (rab) Value for K. ,q taken from Table 12,

u, mean value for daily wind speed at 2 m height over grass during the mid-
season growth stage [m 3'1], for1ms’ < u,<6m s,

RH,., mean value for daily minimum relative humidity during the mid-season
growth stage [%], for 20% < RH,, < 80%,

h mean plant height during the mid-season stage [m] forO.1 m<h <10 m.




Kc for late season stage (Kc end)

Kc end can be determined from Table 12, [Kc end(Tab)].

The effect of climate on Kc end is similar to Kc mid which can be determined by the
following equation.

+10.04(u, —2)-0.004RH,_—45) % .

KC end — KC end(Table)

where

K: end (tab) Value for K, g taken from Table 12,

u, mean value for daily wind speed at 2 m height over grass during the late
season growth stage [ms '], forims ' <u,<6ms",

RH.i» mean value for daily minimum relative humidity during the late season
stage [%], for 20% < RH;i, < 80%,

h mean plant height during the late season stage [m], for0.1 m<h <10 m.

Ranges of expected for Kc end

K. coefficient




Kc curve and 10 values for Kc and ETc for dry bean crop

crop coefficient

-K

Cnext

Cprev )

| = day number within the growing season [1..
length of the growing season]

Kci = crop coefficient on day |

Lstage = length of the stage under
consideration [days]

>(Lprev) = sum of the lengths of all previous
stages [days].




Table 7 Numerical determination of K_
Determine K at every 10 day for the dry bean crop

Crop growth Length K
stage (EVE))
initial 25 K. . =0.15

c Ini

crop 25 0.15... 1.19
development

mid-season 30 K

(o3

=1.19

¢ mid

late season 20 1.19 .. K = 0.35

c end

i(day)
o o015 | 000000 00000000000

m_-—-ﬁ
100 | | | 035 | 035056 | 95




Kc curve as calculated in previous table

EXAMPLE

Ke - Tomato
(Pitsanuloke water use experimental station)

Development

16 days Flowering and Yield Formation Harvesting
46 days 38 days
T T T T

T T T T T T T T

T T 1
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Planting date Week Harvesting date

Ke - Asparagus
(Phetchaburi water use experimental station)

Development 120 days Yielding 245 days

T J T
1 2 3

Planting date Harvesting date

— Kc (RID)

K¢ - Banana
(Greater Maeklong water use experimental station)

W

Development Yield Formation
T T T 1
2 i 7 8 10 1 12

Harvesting date

Kc - Sugarcane
(Samchook water use experimental station)

Maturity
20 days
Inital Development Yield Formation
80 days 120 days 100 days
T T T T T T
1 2 3 5 6 7 g

Planting date Month Harvesting date




Available CROPS in CROPWAT 8.0

I@ Open
Look in: | . FAO ~ £k Bl

#5 ALFALFAD.CRO #8 ALFALFAL.CRO #5 ARTICHOK.CRO
#EBANANAL.CRO $BANANAZ.CRO #EBARLEY.CRO

#5 BEANS-DR.CRO f§ BEANS-GR.CRO #55 CABBAGE.CRO
# cITrUs.CRO ) coTTON.CRO # DATEPALM.CRO
# GRAINS.CRO #) GRAPES-T.CRO # GRAPES-W.CRO
#GRASS-C.CRO 8 GRASS-W.CRD #5 GRONDNUT.CRO
#EMAIZE.CRO # MANGOD.CRO #EMILLET.CRO
#PASTURE.CRO 5 PEPPER.CRO #HPoTATO.CRO
fiPULSES.CRO i RICE.CRO #55 SORGHUM.CRO
#8 SOVBEAN.CRO #5) SUGARBET.CRO #5 SUGARCAN.CRO
# SUNFLOWR.CRO #8) SW-MELON.CRO B TOBACCO.CRO
I TOMATO.CRO #§) VEGETABL.CRO #EWHEAT.CRO
#EW-WHEAT.CROD # W-WHEATF.CRO

Files of type: |C41:||:| files (*cro) j Cancel

Kc — Banana1 (CROPWAT)

#%3 Dry crop - D:\Training\00-Bhutan training 21-25 May2018\Bhutan-Data\Crops\FAD\BANANAL... | = || @ [[wia]

Crop Name |Eﬁ.N.&Nﬁ.1styear Planting date |14/05 Harvest |08/0:

[ 110

LT s =

Yalues

Stage iritial developmet mid-zeaszan late zeazon

[daysz] 30 165 | a0
—

EN

Rooting depth i ST
(m)

Cntical depletion
[fraction])

Yield response f.

Cropheight [m]




Kc — Rice (CROPWAT)

5 Rice - L\2018-Bhutan 21-25May\Bhutan-Data\Crops\FAC\RICE.CRO || LS
Crop Name |HiCE Tranzplanting date |'IE.-’EIE | Direct sowing Harvest |12/03

— E
[070. . . ?—W—

NUISETY landprep S growth stage
Stage total  puddling iriitial development | mid-zeazon | late zeazon

(days)|] | 0 | 20 (M 5 | 20 30 |40 a0

Rooting depth ¥ — ]
(m) T
Puddling depth
(m)

Mursery area [¥]

Critical depletion
: : : 0.20
[fraction]

Yield response f. : : : 0.50

Cropheight [m]) : piohal)

Ko dipf—

Kc wet|—| 1.20

Net IWR = ETc - Peff

Radiation Wlnd Speed

Temperature Humidity

Elo X

ramx_)

DI A/

ETC rop - G £ op s ﬂ e

P effective




Effective Rainfall (Peff or Re)

Peff = portion of rainfall that can be utilized by crops
Peff=P - RO -DP

Peff = effective rainfall

P = rainfall

RO = runoff loss

DP = deep percolation loss

5 Effective Rainfall Methods

CROPWAT options

Raintall
Effective rainfall method for CWWR calculations
(" Fixed Percentage: a0

" Dependable rain [FAOfAGLYY formula)
FPeff=06*F-10 {3 for Prnonth <= 70 f3
Feff=08*F-24 3 for Prmonth > 70 f3

® Empirical formula
Feff = 1.0 *pP+ o 13 for F<= 200 3 mm
Feff = 05 b 99 3 for F » 200 43 mm
" USDA soil conservation service
Feff=(FP*(125-02 *3 *Fn /125 for F<=2504#3 mm

Peff=125 13 +01*P forP» 260 13 mm

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

Sawe as default Feseatto FAD defaults




Effective Rainfall Methods

(2) Dependable rainfall (FAO/AGLW formula)

For different arid and sub-humid climates,
For design purposes where 80% probability of exceedance is required.
Monthly step

Peff=0.6 * P -10 for Pmonth < 70 mm
Peff=0.8 * P -24 for Pmonth > 70 mm
Decade step

Peff(dec) = 0.6 * Pdec - (10 / 3) for Pdec < (70 / 3) mm
Peff(dec) = 0.8 * Pdec - (24 / 3) for Pdec > (70 / 3) mm

(3) Empirical formula

Same formula as for Dependable rainfall but the parameters may be
determined from an analysis of local climatic records.

Monthly step

Peff =a * Pmonth - b for Pmonth <z mm
Peff = ¢ * Pmonth - d for Pmonth > z mm
Decade step

Peff(dec) =a * Pdec — (b / 3) for Pdec < (z/3) mm
Peff(dec) = c * Pdec — (d / 3) for Pdec > (z/ 3) mm

Values for a, b, ¢, d and z are the formula coefficients.




(4) USDA Soil Conservation Service
Monthly step

Peff = Pmonth * (125 - 0.2 * Pmonth) / 125

Peff =125 + 0.1 * Pmonth

Decade step
Peff(dec) = Pdec * (125 - 0.2*3* Pdec)) / 125

Peff(dec) = (125/3) + 0.1 * Pdec

Values for a, b, ¢, d and z are the formula coefficients.

for Pmonth<250 mm

for Pmonth>250 mm

for Pdec<(250/3) mm

for Pdec>(250/3) mm

Monthly effective rainfall for rice in Northeast, Thailand

y =-0.0011x? + 1.2119x
R?=0.9976

—

Monthly Effective Rainfall [mm]

50 -

0

Monthly Rainfall [mm]

Monthly
P(mm)

Monthly
Peff(mm)

0

0

50

50

0 50 100 150 200 250 300 350 400 450 500




Modified monthly
effective rainfall
formula for rice in
Northeast, Thailand
for CROPWAT 8

m
w
wu
o

y=0.5075x + 99
R? = 0.8747

Monthly effective rainfall{mm)

wu
o

0
0 50 100 150 200 250 300 350 400 450 500

Meonthly rainfall(mm)
|

P If P<200mm

Pelt=10.5p+99 if P>200mm

Limitation on Peff=a*P+b
Where b must be <100

Reset to FAD defaults

Irrigation Water Requirement

Net IWR = ETc — Peff

* Net IWR = net irrgation water requirement of
the field [mm/day]

« ETc = crop evapotranspiration [mm/day]
» Peff = effective rainfall [mm/day]

Total IWR = 100* Net IWR / Ei
 Ei=lIrrigation efficiency




Irrigation efficiency(%)

Application Efficiency (E,)
Surface irrigation
Sub-surface irrigation
Sprinkler
Paddy field
Field Canal Efficiency (E,)
Conveyance Efficiency (E.)
Irrigation Efficiency (E;=E..E,.E )

*Doorenbos and Pruitt(1977) and llaco/Empire M&T(1979)

Station |:H.-'-‘-.NDFU5-.E.-'-‘«DHI-NE|:|-3I-E Eff. rain method |LI5DA 5.C. Method

Eff rain

i i

January 55
February 18.0 17.5 Monthly step
March 19.0 10,4 Peff=P*(125-0.2*P)/125 P<250
Apiil 21 FF G Peff=125+0.1*P P>250
May 188.0 114
June 390.0 164.0
July 7300 138.0
August 408.0 165.6
September 456.0 170.6
October 111.0 91.3
Hovember 3.0 8.3

December a.0 7.9

Total 2403.0 1035.4




Crop Water Requirements
ETo station |CHANDRAGADHI—Nepf Crop [BAMANA 1styear
Rain station |CHANDRAGADHI—Nepf Planting date |17/05

Month Decade Stage EfF rain Irr. Req.

mm/jdec mm/dec
Init 18.3 0.0
Init 48.8 0.0
Init 51.0 0.0
Init 54.6 0.0
Init 58.4 0.0
Init 64.3 0.0
Init E9.1 0.0
Init E4.5 0.0
Init 57.6 0o

Dierve 53:5 0.0 C a n

Dlesve 54.6 0.0

Dewve : : : 54.0 0.0

E 60,9 00 N et IW R
Dewve 50.7 0.0

Dierve 39:3 0.0
Dewve 305 0.0

Dewve Bl 6.4 Of
Dewve e 16.7
Dlesve 0.0 244
Deve 07 225 B a n a n a 1
Dewe 27 19.1

Dewve 2.6 17.7
Dewve 2.4 21.2
Dierve 1.8 20.8
Diesve 1.4 224
idd 249 P
hidd 4.8 25:2
il 6.3 26.5
[Galls] 6.2 24.0
kil 449 37.8
Late 4.4 42.8
Late 2 47.2
Late 133 431
Late ; b 6.1

930.0 451.1

P =t G | A [t ) Q| POt ) L [ PO et ) Q0 [ PO et | 0 | ot | b f G | Rk | Q| RO b ) G RO ) LA = L0 RS

% Monthly rain - 1\2018-... il B

Station |EH&NDH.¢.EADHI-NepaI-I Eff. rain method |Empilic:al formula

EFff rain

mrm

January .0
February 180 13.0
March 19.0 19.0

L P If Pﬁzoomm :lplil 1?32;?:' 15;?]
il 0.5P+99 if P>200mm e 3900 2340

July Fa0.0 464.0
Auqgust 406.0 3020
September 456.0 3270
October 111.0 m.an
Movember a0 a0
December a0 a.0

Total 2403.0




Crop Water Requirements ‘ = \ o Hﬁ‘
ETo station  [CHANDRAGADH--Nep Crop |Rice

Rain station  |CHANDRAGADHNep: Planting date |16/0%

o [ beie | S | K | E | e [ wn | iwhe

s w w and Net
Deve d g 4 ] 00 I W R

Deve ; 4 b 46,4 0
i 12 0.0
Mid 12 432 43¢ 0.0
Mid 12 4.28 47, 147 2 0.0
Mid 12 423 423 1128 0.0
Late .14 4] .4 914 0o
Late X 42 9 0o
Late 1h 167 11318 0o
Late 152 70 241 70

670.0 1426.4 173.7

Other Irrigation Water Requirements

Land preparation requirements(LP)

LP for paddy

LP = saturation water requirements[Dss] + standing water requirements[Dst]
Dss =(n-Pv)*D/100 (Soil saturation requirements)

Dst =5 -10 cm (Standing water requirement)

LP for paddy in Thailand 200-350 mm/2 weeks

LP for upland crops = 50 mm.

Leaching Requirements (LR)

LR = Dd/Di

LR=ECwW/ECd = ECw/[S5ECe-ECw]

Dd = depth of drainage water [mm]

Dw = depth of irrigation water [mm]

ECw = electrical conductivity of irrigation water [dS/cm]

ECe = electrical conductivity of saturation extract at which no yield loss
occurred. [dS/cm], [1 siemen/cm = 1 mho/cm]

Water applied = Crop water requirements/[1-LR]




ETc under soil water stress conditions

Ks x K¢ adjusted ETc adj)
| " . _.

water & environmental stress

ETa = Ks.ETc

ETa = Actual crop evapotranspiration under soil water stress
[mm/day]

Kc = crop coefficient

ETo = reference crop evapotranspiration [mm/day]

Ks = water stress coefficient

Water Stress Coefficient(Ks)

PWP

soil water diagram

TAW-=total available sol water in root zone
[mm] = (FC-PWP).As.D
As=apparent specific gravity
D=root zone depth [mm]
RAW =readily available water [mm]
Tl | SMD=soil moisture depletion [mm]
PWP © p=fraction of TAW that can be depleted
1if SMD < RAW from the root zone before water stress

S =
ﬁimg&]} if SMD > RAW occurs [0-1]

1if8>CP
KS=19, [0-PWP]

——_ {tg<CP
[CP-PWP]




Table 8 Ranges of maximum effective rooting depth (4},
and soil water depletion fraction for no stress (p), for common crops

Depletion
Maximum Ruut Fraction 2 (for ET
= 5 mmiday)
Crop I S S —

a. Small Vegetables

F adishes

Soil Properties

Soil Properties on Water Holding Capacity
Soil types FC (% dry mass) | PWP (% dry mass) [FPoresity(n; %) | Apparent Specific Gravity(As)

Range | Mean Range Mean [Range | Mean Range Mean

6-12 9 2-6 4 32-42 38 1.55-1.80 16.5
Sand

10-18 14 4-8 6 40-47 | 43 1.40-1.60 1.50
Sandy loam

18-26 22 - 10 43-49 46 1.35-1.50 1.40
Loam

23-31 27 - (K 47-51 49 1.30-1.40 1.35
Clay loam

27-35 31 - 15 49-53 51 1.25-1.35 1.30
Silty clay

31-39 36 - 17 51-55 53 1.20-1.30 1.25

Clay




Table A2. Horton’s Initial Infiltration by Soil Type

(in/hr) (mm/hr)
5.0 127
3.0 76.2
1.0 254
10.0 254
6.0 152
2.0 51
i 7 43
1.0 25
0.3 7.6
3.3 84
2.0 5.1
0.7 18

Soil Type

Dry sandy soils with little or no vegetation
Dry loam soils with little or no vegetation
Dry clay soils with little or no vegetation
Dry sandy soils with dense vegetation

Dry loam soils with dense vegetation

Dry clay soils with dense vegetation

Moist sandy soils with little or no vegetation
Moist loam soils with little or no vegetation
Moist clay soils with little or no vegetation
Moist sandy soils with dense vegetation
Moist loam soils with dense vegetation
Moist clay soils with dense vegetation

Infiltration
Rate

Horton’s Final Infiltration Rate also varies with the types of soil. Table A3 contains final
infiltration rates suggested by Akan (1993), and others:

Akan, A. 0.(1933),

Table A3. Horton’s Final Infiltration Rate by Soil Type Urban Stormwater

Final Infiltration Rate

Soil Type

(in/hr)

(mm/hr)

Clay loam, silty clay loam, sandy clay, silty clay, clay

0.01-0.08

0.25-2.0

Sandy clay loam

0.06 -0.12

1.57 - 3.1

Silt loam, loam

0.15-0.30

38-76

Sandy loam

0.43-0.86

11-22

Loamy sand

1.2-24

30-60

Sand, ,

47-93

119 - 236

Hydrology: A Guide to
Engineering
Calculations. Lancaster.
PA: Technomic
Publishing Co., Inc.

The final infiltration rate is the saturated hydraulic conductivity rate of the soil.

Soil Data for non-rice

@Snil-D:%Training"aﬂl]-Ehutantraining21-25 May2018\Bhutan-Data\Soils\FAC\MEDIUM.SOT | = || [ || X

Soil name ‘Medium (loam)

General sol data

Total available soil moisture [FC - WP) mm/meter

Maximum rain infiltration rate mm/day
Maximum rooting depth centimeters

Initial soil moisture depletion [as % TAM)] 4

Inttial available soil moisture mm/meter




Soil data for Rice

&  Soil - L\2018-Bhutan 21-25May\Bhutan-Data\Soils\FAO\HEAVY.SOI

Soil name |Heav_l,l [clay]

General zoil data

Total available zoil moisture [FC - WP] | 200.0 mmsmeter
M aximum rain infiltration rate | 40 mm/day

M aximum rooting depth | 300 centimeters

Initial zoil moisture depletion [as X TAM] | n X

Initial available zoil moisture | 200.0 mm/meter

Additianal zail data far rice calculations

Drainable porozity [SAT - FC) | E 4

Crtical depletion for puddle cracking | Q.60 fraction
34

M aximum Percolation rate after puddling | mm/day

Water availability at planting 200 |rr|rr| WD ﬂ

M aximum waterdepth | 50 mm

Irrigation Scheduling Simulation

transpiration irrigation

rainfall

T

evaporation @ y

Siiks ﬁ_ el "N runoff -
urface _ __mmmm) RO

SUbSUdéce
flow

SFin
SFout

capillary percolation

| rise DP
Irrigation scheduling can be determined from the soill

moisture balance calculation based on the daily
accounting of all ingoing and outgoing water in the root
zone under the given irrigation scheduling criteria.




Soil moisture balance equation

0(t)=0(t-1)-ETa(t)+P(t)+I(t)-L (1)

0= soil moisture in the root zone[mm)]

ETa = actual ET[mm]

P = rainfall[mm]

| = irrigation water applied[mm]

L = water losses due to runoff and deep percolation

during irrigation water application[mm]
t, t-1=day t and t-1

Note that the terms, sub-surface flow and capillary rise, are
omitted in the above equation, due to small values in most cases.

Alternatively the above equation can be rewritten in term
of soil moisture depletion (SMD) for Ks calculation.

SMD(t)=SMD(t-1)+ETa(t)-P(t)-I(t)+L(t)

1ifSMD < RAW
Ks =

TAW-SMDL .oy > raw

1ife=CP

Ks = { -PW
9PN ife<CP
[CP-PWP]




Water Stress>ETa 2> Yield Response to Water

ETa/ETc Ks

7
an

(1-ETa/ETc) 4

1if SMD < RAW
Ks={

[TAW-SMDI i uup > raw

ETa=Ks.ETc
(1-Ya/Ym)=Ky(1-ETa/ETc)

(1-Ya/Ym)

Scheduling criteria for non-rice crop

B.Irrigation application
(1) User defined application depth [y mm]
(2) Refill soil to FC [100% FC]

(3) Refill soil below or above FC [y% FC]
(4) Fixed application depth [40 mm]




Scheduling options for rice
(1)General settings for Land Preparation (LP)

Normal percolation rates are 1 to 3 mm/day

Maximum percolation rate(puddled soil) = Maximum percolation
rate(non-puddled soils) * 0.33 (FAO default)

(Maximum percolation rate(non-puddled soils) = Maximum infiltration rate)
[CROPWAT sets the maximum percoration rate =3.4 mm/day]

Daily decrease in max. percolation rate during puddling
Nonlinear = [1/days puddling]*LN(max.percolation rate after
puddling/max.percolation rate of non-puddling] ....FAO default

Linear: (Max. percolation rate after puddling — Max.percolation rate of non-
puddling)/days puddling

(2) SCHEDULING PRE PUDDLING OPTIONS - RICE

Soaking requirement on day 1 + [10] cm (default =10)

Irrigation application options

» Fixed application depth [50 mm)]
= Refill to fixed percentage of saturation [100 %]




(3) SCHEDULING PUDDLING OPTIONS - RICE

Irrigation timing options
* |rrigate at fixed mm water depth [0 mm]
* |rrigation at fixed percentage desaturation [20%]

Refill to fixed water depth

Refill to fixed percentage of saturation
Fixed application depth

(4) Schedule options - Rice

IRRIGATION APPLICATION
OPTIONS

= User defined application
depth [Option Table]

» Refill to fixed water depth [10 mm]

= Refill to or below saturation
[100%=Saturation]

= Refill soil to or below field capacity
[100%=Field capacity]

» Refill to fixed WD/saturation/FC
per stage [100 mm]

» Fixed application depth [40 mm]

IRRIGATION EFFICIENCY OPTION [70 %]




Soil water balance
for optimal irrigation of sugar beet in Morocco

CROPWAT irrigation Scheduling Graphics Output

N\, \ \
A\ \\[ "W N ‘P\ \\
8 t.‘\ |

T .q.\\ \f\ \H
e W, | 1 A N, O

Soil water depletion in mm

75 100 125
Days after planting

Soil water balance
with stress during flowering stage of cotton in Turkey

CROPWAT Irrigation Scheduling Graphics Output

A\
Dgg_\w-_lﬁvel
. RAM
—..TAM

Soil water depletion in mm

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
Days after planting




TABLE 24

Seasonal vield response functions

from FAO Irrigation and Drainage Paper No. 33.

Crop

Ky

Crop

Ky

Alfalfa
Banana
Beans
Cabbage
Citrus
Cotton
Grape
Groundnet
Maize
Onion
Peas
Pepper

1.1
1.2-1.35
1.15
0.95
1.1-1.3
0.85
0.85
0.70
1.25
1.1
1,15
&

Potato
Safflower
Sorghum
Soybean
Spring Wheat
Sugarbeet
Sugarcane
Sunflower
Tomato
Watermelon
Winter wheat

Yied Response Factor(Ky)

Vepetalive period (1)

early
{1a)

late total
{1b)

Flowering Yield
period formation
2) (3)

Total
Rrowing
period

Alfalfa
Banana
Rean
Cabbage
Citrus
Cotton
(rrape
Groundnut
Maize
Onion

I'ea

Pepper

0.7-1.1

0.7-1.1
1.2-135

1.15
0.95

0.8-1.1
0.85
0.85

0.7




—

Planting date |17/05

Harvest date |11/04

= &3

Yield red.

25.8 %

Cl’Op |rr|gat|on schedule
ETo station [CHANDRAGADHN=p:

Crop |[BANANA1styear

Rain station |[CHANDRAGADHNep: Soil [Medium (loarm)

Tahle format T =
Timing: Mo irrigation (rainfed)
(" Irrigation schedule

Application:
(® Daily soil moisture balance Field eff

70 %

Date Eta Met Irr D eficit

o
&

Stage

mm/day mm mm

17 May Init 2T 0.0 2.7

18 May Init P 0.0 54

19 May Init 217 0.0 a1

20 May Init 2.7 0.0 10.8

21 May Init 2] 0.0 193

22 May Init 25 0.0 1i548

23 May Init 25 0.0 25

O~ | M O fuf Lof B[ =

24 May Init 2.5 0.0 5.0

25 May Init 25 0.0 7.6

26 May Init 25 0.0 101

27 May 25 0.0 2.5

Init

Totals
2278.7 mm

423.4 mm
1855.3 mm

Total rainfall
Effective rainfall
Total rain loss

Total gross irrigation
Total net irrigation
Total irrigation losses

229.8 mm
457.0 mm

Moist deficit at harvest
Actual irrigation requirement

Actual water use by crop
Potential water use by crop

Efficiency irrigation schedule Efficiency rain 18.6 %

Deficiency irrigation schedule

*ield reductions

S
Stagelabel Al

Reductions in ETc

Yield response factor
Yield reduction
Cumulative yield reduction

25.8
1.00

%

%
25.8 %

EERENREN
scheduling —

Rainfed,

Medium soll,
SCS Peff

Soil water retention in mm

=RAM
—TAM
M Depletion

150 160 170 180 190 200 210 220 230 240

Days after planting

70 80 890 100 110 120 130 140

- . f .
[+ Readily Available Moisture (F 3D

I as Bar [+ Total available moisture 1

250 260 270 280 290 300 310




ETo station |CHAMDRAGADHI-Nep: Crop |Rice Planting date |1?|.-'05 Yield red.
Rain station  |CHANDRAGADHHNep: Soil [Heavy (clay) Harvest date  |13/09 0.0%

Scheduli iteri
St Pre puddling Puddling Growth stages
Timing Irtigate atfixed %% depletion of FC Irrigate at fixed mm waterdepth Mo irrigation (rainfed)

Application Fefill to fixed % saturation Fefill to ficed water depth

Table format
(" Daily soil moisture balance Field efficiency 70 % Soaking depth 0.5 m

Rain Ks Eta Percol. Depl.S5H HNet Gift Loss Depl. SAT

.
mm fract. % mm mm mm mm mm R
16.0 1.00 100 10.7 20.4 0.0 20.4 ICe

0.0 1.00 100 0.0 74.0 0.0 24.0

0.0 1.00 100 15.0 50.9 0.0 0.9 SCh ed u | i n g -

- | Rainfed,
Clay,

Empirical Peff

Total gross irrigation Total rainfall

Total net irrigation Effective rainfall

Total irrigation losses Total rain loss
Total percolation losses

Actual water use by crop Moist deficit at harvest
Potential water use by crop Actual irrigation requirement

Efficiency irrigation schedule Efficiency rain
Deficiency irrigation schedule

Yield reductions

Stagelabel Season

Reductions in ETc 5 2 2 . 0.0
Yield response factor 1.10
Yield reduction 5 2 2 A 0.0
Cumulative yield reduction

Rice irrigation scheduling graph ‘E”E‘@

| | =Depletion SAT|
= Depletion SM

= SAT rootzone

—TAM roatzone
—RAM rootzone
— SAT puddle

— TAM puddle

0 % depletion

Soil water retention in mm

45 50 55 60 65
Days after planting

[v' RAM Rootzone
[~ as Bars [v" TAM Rootzone
[v' SAT Rootzone

[+ Depletion Soil Moisture;
[+ Depletion Saturated water

[* TAM whole puddle
[+ SAT whole puddle




Cropping pattern
Cropping pattern - 1\2018-Bhutan 21-25May\Bhutan-D

Cropping pattern name |Training cropwat

Planti Harvest A
Crop file Crop name ;;t;"g ?;;;ES ;Ea

|-21-25May\BhutanDatal Crops\FADVRICE.CRD. | |Rice 20

. |.ay\Bhutan-Datat Crops FADVBANANAT.CROD | |BANANA Tstyear

., |.a\Bhutan-Data! Crops\FAC\CABBAGE.CRO | |CABBAGE Cruciers

. |.-25hay\Bhutan-Data\ Crops\FAVMAIZECRO | |MAIZE (Grain)

. |\Bhutan-Data CrapsiFAC, SUGARCAN CRO .| |3ugarcane (Ratoon)

Rice
Banana
Cabbage

Maize
Sugarcane




Scheme water supply

SCHEME SUPPLY

ETo station: CHANDRAGADHI-Nepal Cropping pattern: Training cropwat
Rain station: CHANDRAGADHI-Nepal-8

Feb Mar Apr May

Precipitation deficit
. Rice : 0.0 0.0 49.8 196.0
. BENANA 1st year : PH.7 12%.8 45 &8 0.0
. CABBAGE Crucifers ; 0.0 0.0 0.0 0.0
. MAIZE (Grain) ! 0.0 0.0 0.0 0.0
. Sugarcane (Ratoon) i gla6 1218 880 8.8

Net scheme irr.req.
in mm/day

in mm/meonth

in 1/s/h

Irrigated area
(%3 of total area)

Irr.req. for actual area 0.28

(1/s/h)

Scheme Supply

ETo station ‘CHANDRAGADH%Nem

Rain station | CHANDRAGADHHIege

Jan

Precipitation deficit

1. Rice

2. BANANA 1st year
3. CABBAGE Crucifers
4, MAIZE (Grain)

5. Sugarcane (Ratoon)

Net scheme irr.reg.
in mm/day

in mm/month
inl/sth

Irrigated area
(% of total area)

Irr.req. for actual area




Summary
Main Functions of CROPWAT 8

. Calculation of ETo from climatic data.

. Estimation of effective rainfall

. Derivation of crop factor (Kc)

. Calculation of ETc and Net IWR for each crop
. Input soll properties

. Irrigation Scheduling Simulation

. Estimation of scheme water supply from
defined cropping pattern

The end of
Crop Water Requirements &

Irrigation Scheduling
with CROPWAT 8.0

Thank you




Appendix A

Table Al — Length of Crop Development Stages of Selected Field crops
Table A2 — Crop Coefficient (Kc)

Table A3 — Rooting Depth(D)-Depletion Fraction(p)-RAW

Table A4 —Yield Response Factor (Ky)



Table A1l Length of Crop Development Stages of Selected Field Crops

Crop

Init.

Devel

Plant Datc

Region

Artichoke

40

250

30

360

Apr (1 yr)
May (2 yr)

California
(cut in May)

Beans
(green)

20
15

30

10
10

90

Fcb/Mar
Aug/Sep

Calif., Mediterrancan
Calif., Egypt, Lcbanon

Bcans (dry)

20
15

30
25

40
35/50

20
20

110
95

May/June
June

Continental Climates
Pakistan, Calil.

Bcets

Apr/May
Fcb/Mar

Mcditerranean
Mcditcrrancan & Arid

Carrots

Oct/Jan
Feb/Mar

Arid climate
Mediterranean

Castor beans

25

40

65

50

180

March

(Semi)Arid Climates

Cclery

25

40

95

20

180

Oct
April

(Scmi)Arid
Medilcrrancan

Colton

Mar;Apr/May

Egypt: Pakistan

30 50 60 55 195 Sept Yemen

30 50 35 45 180 April Texas
Crucifers 20 30 20 10 80 April Mediterrancan

25 35 25 10 95 February Mediterranean

30 35 90 40 195 Oct/Nov Mediterrancan
Cucumber 20 30 40 15 105 June/August Arid Region

25 35 50 20 130 Nov; Fcb Arid Region
Egg plant 30 40 40 20 130 October Arid Region

30 45 40 25 140 May/June Mediterranean
Flax 25 35 50 40 150 April Europe

30 40 100 50 220 Octaber Arizona
Graing 20 30 60 40 150 April Mediterrancan
(small) 2S5 A5 65 40 165 Oct/Nov Pakistan; Arid Reg.
Groundnut 25 35 45 25 130 Dry season West Africa

35 45 35 25 140 May/June Mcditerrancan
Lentil 20 30 60 40 150 April Europe

25 35 70 40 170 Oct/Nov Arid Region
Leltuce 20 30 15 10 5 April Mediterranean

30 40 25 10 105 Nov/lan Mediterranean

25 3s 30 10 100 Qct/Nov Arid Region
Maize 20 20 30 10 80 March Philippinces
(sweel) 20 25 25 10 80 May/June Mediterranean

20 30 50/30 10 90 Oct/Dec Arid Climate
Maize 30 50 60 40 180 Apnil East Africa (alt.)
(grain) 25 40 45 30 140 Decllan And Climate

20 35 40 30 125 June Nigeria (humid)

20 35 40 30 125 October India (dry, cool)

30 40 50 o 150 April Spain (spring, sum.)
Melons 25 35 40 20 120 May Mediterrancan

30 45 65 2 160 . Dec/Jan Arnd Region
Millet 105 June Pakistan

April

Central USA




Table A1(Cont’) Length of Crop Development Stages of Selected Field Crops

Crup Init. Devel Mid Late Total Plant Date .| Region
Onion (dry) 15 25 70 40 150 April Mediterrancan

20 35 110 45 210 October Arid Region
Onion 25 30 10 5 70 April/May Mcditerrancan
(green) 20 45 20 10 95 October Arid Region
Peas 15 25 a5 15 90 May Europe

20 30 35 15 100 March/April Mecditerrancan
Peppers 25/30 as 40 20 125 April/June Europe and Medit.

30 40 110 30 210 October Arid Region
Potato 25 30 30/45 30 115/130 Jan/Nov (Semi)Arid Climate

25 30 45 30 130 May Continental Climate

30+15 35 50 30 145 April Europe
Radish 10 10 15 5 40 March/April Mcdit.; Europe

10 10 15 5 40 Winter Arid Region
Safflower 20 35 45 25 125 April California, USA

35 55 60 40 190 Oct/Nov And Region
Sorghum 20 35 40 30 130 May/June USA, Pakis., Med.

20 35 45 30 140 March/April And Region
Soybcans 20 30/35 60 25 140 May Central USA

20 25 75 30 150 June Japan
Spinach 20 20 25 5 70 Apr; Sep/Oct Mediterrancan

20 30 40 10 100 November Arid Region
Squash 20 30 30 20 100 March, Aug Meditcrrancan
{pumpkin) 25 35 35 25 120 June Europe
Squash 25 35 25 15 100 April Medit.; Arid Reg.
{zucchini) 20 30 25 15 90 May/Junc Medit.; Europe
Sugarbeet 45 ) 80 30 230 November Mediterrancan

25 35 50 50 160 May Mediterrancan

35 60 70 40 205 November Arid Regions
Sunflower 25 35 45 25 130 Apri/May Medit.; California
Tomato 30 40 40 25 135 January Arid Region

35 45 70 30 180 Oct/Nov Arid Region

30 40 45 30 145 April/May Mediterranean
Wheat/ 15 25 50 30 120 November Central India
Barley 20 25 60 30 135 March/April 35-45°L

15 30 65 40 150 July East Africa
Winter 30 140 40 30 240 November Mediterranean
Wheat

From FAO Irrigation and Drainage Paper 24, Table 22.




Table A2 Crop Coefficients (Kc)

Crop development stages Total
CROP .
growing
Initial Crop Mid- Late At period
develop- season season harvest
ment
Banana
tropical 0.4-0.5 0.7-0.85 1.0-1.1 0.9-1.0 0.75-0.85 0.7-0.8
subtropical 0.5-0.65 0.8-0.9 1.0-1.2 1.0-1.15 1.0-1.15 0.85-0.95
Bean
green 0.3-0.4 0.65-0.75 0.95-1.05 0.9-0.95 0.85-0.95 0.85-0.9
dry 03-0.4 0.7-0.8 1.05-1.2 0.65-0.75 02503 0.7-0.8
Cabbage 0.4-0.5 0.7-0.8 0.95-1.1 0.9-1.0 0.8-0.95 0,7-0.8
Colion 0.4-0.5 0.7-0.8 1.05-1.25 0.8-0.9 0.65-0.7 0.8-0.9
Grape 0.35-0.55 0.6-0.8 0.7-0.9 0.6-0.8 0.55-0.7 0.55-0.78
Groundnut 0.4-0.5 0.7-0.8 0.95-1.1 0.75-0.85 0.55-0.6 0.75-0.8
Maize
sweet 0.3-0.5 0.7-0.9 1.05-1.2 1.0-1.15 0.95-1.1 0.8-0.95
grain 0.3-0.5* 0.7-0.85* 1.05-1.2* 0.8-0.95 0.55-0.6* 0.75-0,9*
Omnion
dry 0.4-0.6 0.7-0.8 0.95-1.1 0.85-0.9 0.75-0.85 0.8-0.9
green 0.4-0.6 0.6-0.75 0.95-1.05 0,95-1.05 0.95-1.05 0.65-0.8
Pea, fresh 0.4-0.5 0.7-0.85 1.05-1.2 1.0-1.15 0.95-1.1 0.8-0.95
Pepper, fresh 0.3-0.4 0.6-0.75 0.95-1.1 0.85-1.0 0.8-0.9 0.7-0.8
I'otato 0.4-0.5 0.7-0.8 1.05-1.2 0.85-0.95 0.7-0.75 0.75-0.9
Rice 1.1-1.15 1.1-1.5 1.1-1.3 0.95-1.05 0.95-1.05 1.05-1.2
Safflower 0.3-0.4 0.7-0.8 1.05-1.2 0.65-0.7 0.2-0.25 0.65-0.7
Sorghum 0.3-0.4 0.7-0.75 1.0-1.15 0.75-0.8 0.5-0.58 0.75-0.85
Soybean 0.3-0.4 0.7-0.8 1.0-1.15 0.7-0.8 0.4-0.5 0.75-0.9
Sugarbeet 0.4-0.5 0.75-0.85 1.05-1.2 0.9-1.0 0.6-0.7 0.8-0.9
Sugarcane 0.4-0.5 0.7-1.0 1.0-1.3 0.75-0.8 0.5-0.6 0.85-1.05
Sunflower 0.3-0.4 0.7-0.8 1.05-1.2 0.7-0.8 0.35-0.45 0.75-0.85
Tobacco 0.3-0.4 0.7-0.8 1.0-1.2 0.9-1.0 0.75-0.85 0.85-0.95
Tomalo 0.4-0.5 0.7-0.8 1.05-1.25 0.8-0.95 0.6-0.65 0.75-0.9
Watermelon 0.4-0.5 0.7-0.8 0.95-1.05 0.8-0.9 0.65-0.75 0.75-0.85
Wheat 0.30.4 0.7-0.8 05-1.2 0.65-0.75 0.2-0.25 0.8-0.9
Alfalfa 0.3-0.4 1.05-1.2 0.85-1.05
Cilrus
clean weeding 0.65-0.75
no weed control 0.85-0.9
Olive 5 I 0.4-0.6
First figure : Uunder high bumidity (REfmin > 70%) and low wind (U < § m/sec).
Second ligure : Under low bumidity (RIImin < 20%) and strong wind (> 5 m/sec).

From FAO Irrigation and Drainage Paper 33. Table 18




Table A3 Depletion Fraction(p) and Readily Available Water(RAW)

GENERALIZED DATA ON ROOTING DEPTII OF FULL GROWN CROPS, FRACTION OF
AVAILABLE SOIL WATER (p) AND READILY AVAILABLE SOIL WATER (p.Sa) FOR
DIFFERENT SOIL TYPES (in mm/m soil depth) WHEN ETcrop is 5-6 mm/day

Rooting depth Fraction (p) of Readily available soil water (p.5a)
Crop (d) available mm/m!
m soil water!

fine medium coarse

Allalfa : 1.0-2.0 0.55 110 75 35
Banana 0.5-0.9 0.35 70 50 20
Barlcy? 1.0-1.5 0.55 110 75 as
Beans? 0.5-0.7 0.45 20 65 30
Beets 0.6-1.0 0.5 100 70 35
Cabbage 0.4-0.5 0.45 90 65 30
Carrols 0.5-1.0 0.35 70 50 20
Celery 0.3-05 0.2 40 25 10
Citrus 1.2-1.5 0.5 100 70 30
Clover 0.6-0.9 0.35 70 50 20
Cacao 0.2 40 30 15
Collon 1.0-1.7 0.65 130 90 40
Cucumber 0.7-1.2 0.5 100 70 30
Dates 1.5-2.5 0.5 100 70 30
Dec. orchards 1.0-2.0 0.5 100 70 k[
Flax? 1.0-1.5 05 100 70 30
Grains small® 0.9-1.5 0.6 120 80 40
winter? 1.5-2.0 0.6 120 80 40
Grapes 1.0-2.0 0.35 70 50 20
Grass 0.5-1.5 0.5 100 70 30
Groundnuts 0.5-1.0 0.4 80 55 25
Leliuce 0.3-0.5 0.3 60 40 20
Maize? 1.0-1.7 0.6 120 80 40
silage 0.5 100 70 30
Meclons 1.0-1.5 0.35 70 50 25
Olives 1.2-1.7 0.65 130 95 45
Onions 0.3-0.5 0.25 50 35 15
Palm trees 0.7-1.1 0.65 130 90 40
Peas 0.6-1.0 0.35 70 50 25
Peppers 0.5-1.0 0.25 50 35 15
Pineapple 0.3-0.6 0.5 100 65 30
Polatoes 0.4-0.6 0.25 50 30 15
Salllower” 1.02.0 0.6 120 80 40
Sisal 0.5-1.0 0.8 155 110 50
Surg,hum2 1.0-2.0 0.55 110 75 35
Soybcans 0.6-1.3 0.5 100 15 s
Spinach 0.3-0.5 0.2 40 30 15
Strawberries 0.2-0.3 0.15 30 20 10
Sugarbeet 0.7-1.2 0.5 100 70 30
Sugarcane? 1.2-2.0 0.65 130 90 40
Sunflower? 0.8-1.5 0.45 50 60 30
Sweet potaloes 1.0-1.5 0.65 130 - 90 40
Tobacco carly 0.5-1.0 0.35 70 50 25
late 0.65 130 90 40
Tomalnes 0.7-1.5 0.4 180 60 25
Vepelables 0.3-0.6 0.2 40 30 15
Wheat 1.0-1.5 0.55 105 70 35
ripening 0.9 180 130 55
" Total available soil water (Sa) 200 140 60

1 When ET,, ., is 3 mm/day or smaller incresse values by some 30%; when ET,,,, is 8 mun/day or more reduce valucs

by some 30%, assuming non-saline conditions (EC, < 2 d5/m).
2 Higher values than those shown apply duzring ripening.

Sources: Taylor (1965), Stuart and Hagan (1972), Salter and Goode (1967), Rijtema (1965) and others.

From FAO Irrigation and Drainage Paper 24, Table 39.




Table A4 Yield Response Factor(Ky)

Vegetative period (1) Flowering Yield Ripening Total
Crop perind formation growing
early late total 2) 3) (4) period
(1a) (1b)
Alfalfla 0.7-1.1 0.7-1.1
Banana 1.2-1.35
Bean 0.2 1.1 0.75 0.2 L.15
Cabbage 0.2 0.45 0.6 0.95
Citrus 0.8-1.1
Cotton 0.2 0.5 0.25 0.85
Grape 0.85
Groundnut 0.2 0.8 0.6 0.2 0.7
Maize 0.4 L5 0.5 0.2 1.25
Onion 0.45 0.8 0.3 1.1
Pea 0.2 0.9 0.7 0.2 1.15
P'epper 1.1
Potato 0.45 0.8 0.7 0.2 1.1
Safflower 03 0.55 0.6 0.8
Sorghum 0.2 0.55 0.45 0.2 0.9
Soybean 0.2 0.8 1.0 0.85
Sugarbeet
beet 0.6-1.0
sugar 0.7-1.1
Sugarcane 0.75 0.5 0.1 1.2
Sunflower 0.25 0.5 1.0 0.8 0.95
Tobacco 0.2 Lo 0. 0.9
Tomato 0.4 1.1 0.8 0.4 1.05
Watermelon 0.45 0.7 0.8 0.8 0.3 1.1
Wheat
winter 0.2 0.6 0.5 1.0
spring 0.2 0.65 0.55 1.15

From FAO Irrigation and Drainage Paper 33, Table 24.
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