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1.4.4 szvul¥ivh (Water Application System)
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1.6 mInalasamsvadszmu (Irrigation Project Planning)

1.6.1 12AAIHM319IATIMS (Project Planning Concept)
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(1) M3MHUAIATINS (Project Identification)
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(5) msilszdivumalasams (Project Evaluation)
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1.7.2 thagninanaanudusSalumssamsin

(Factors Affecting The Success of Water Management)
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Y
v

a a zf o Y1 12 A zg a o Y zg "o 9
ﬁum;@mmﬂuﬂmuwﬂwm ET, lh]"’lll!ﬂ“]JW‘D’ wazaNnuruluan  hlvm ET,vuagnuvaya

a = ] s [l 1< a A A Ao v 9 A
QiJf]1ﬂ'lf"fLWfNE)fJ'NLﬂEJ'J?JfJNVliﬂﬂ']3J3JWGH‘HQTEJEIfHﬂ‘JJﬁﬂHﬂ!z%ﬁﬂﬂﬂﬂl@ﬂ?'ﬂ]ﬂ’ﬂ Short Green Crop
v Aa s2 & o ) ' A A I A g @
um‘nmmﬁmmmmmmmmmmmﬁLaaﬂwwaz"liuJummgmmmﬂumgmumm Short Green
~ =< 1 N Y ' ] Y . . . a2
Crop 9 HAINNSANE1061993499 1ag FAO Ulﬂﬁ‘g‘ﬂ’ﬂnhm’ﬁﬂl‘lf Potential Evapotranspiration (ET,) 9
] Y
anttipannanuvane lineesanu uaz ldiyajas ImiAe Reference Crop Evapotranspiration U1
[ . ' 2 a & A o A
THunu naz l9iade1 ET, ¥eeeiFoninfSunamslfivesiesieds & FAO a vie 13l
v 3 Ay A A o 1 A a ~
ﬂ?mmmﬂ%uwmwmmam (ETO)?‘IE’J“’E]@]ﬁﬂ"IiiSL‘ViElua$ﬂ18u1ﬂlﬂﬁwsﬁﬁﬂﬂ@]@ﬁﬂﬂﬂ31ﬂq\1
= Y v A %1 1 A A A
0.12 LUNT 1]?ﬂﬂ]11]@]11!1/]’]1!@@&?1@81!%6\1]161“ (Water Vapor Flow) Gl,uﬂﬂ\iﬂ]1ﬂ’g;’(\‘lellﬁ)\ﬂ/‘l°]fﬂ\1ﬂﬂ 70
a = LY} a Q‘{ 9 A LY A Qdy = ~
INeeNAT LazMauUsLanTMIaTNoULEIVBINHNINY 0.23 Lm%‘WﬂfﬁﬂJﬂJﬁuthiJﬂ’]’lllmiﬂﬂ
] 9
Lﬁmi]1ﬂﬂ15"!11@1!1!,!,618‘]1‘511”14ﬂiﬂlmm’iﬂﬂ’m (the rate of evapotranspiration from a hypothetical
reference crop with assumed crop height of 0.12 m, a fixed surface resistance of 70 sec/m and an albedo

of 0.23 and this crop is assumed to be free of water stress and diseases.)”mmwhﬂ“]1uﬁ8mﬂjmﬁ%ﬁ WA

weraseglugilin 3.8

Characteristics of the hypothetical reference crop Simplified representation of the (bulk) surface and aerodynamic resistances for water vapour flow

....................... reference level P reference
A weather measurements ¥

208

r,= ——s/m
a u2
E
o~
aR = 0.23 Ry

L L
NN b
N,

"

aerodynamic
resistance

Py 0.12 m
(bulk) surface
resistance

\\\\\\\\\\

/
—
=
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%
,/—4"
é
—
——l
—
/
/
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=
/-H
%
—
S
<
e
f./‘x
[
ﬁ
/
/
—
—
—
—
_/
d—b
o
]
3

Wi

PATRE re= 70 sim
51 3.8 quaniiAvesiiyd B saunAn eV ET,
DRTNTECREY ET, o I, %30 Bulk Surface Resistance of Water Vapor Flow 9% gy l@anaums

r, -
LAI

active

(3.4

110 r, = Bulk Stomatal Resistance of Well-illiminated Leaf =100 [sec/m]

LAI .. = Active(Sunlit) Leaf Area Index [m od Leaf Area/m’ of Soil Surface]

acnve

= 0.5LAI = 0.5*24*Crop Height[m]

r, = 100/(0.5*¥24*0.12)= 70 sec/m

Y 1 A o 1 a A v o A A Y 3
FAO ulﬂﬁ'?ﬂ?ﬂ ETomﬁﬂﬁTWiﬂﬁﬂTWQMﬂWﬂWﬁ‘ﬂLLﬁﬂ@lNﬂUTﬂUﬂﬁNVI 3.2 L‘Wﬂllﬁﬂﬂalﬁlﬁu

D9dNSwavesgioIneaenl ET,
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M13199 3.2 A1 ET magd miuanmgionianie

Mean daily temperature (°C)

Regions Cool~10°C Moderate20°C Warm> 30°C

Tropics and subtropics

-Humid and sub-humid 2-3 3-5 5-7

-Arid and semi-arid 2-4 4-6 6-8

Temperate region

-Humid and sub-humid 1-2 2-4 4-7

-Arid and semi-arid 1-3 4-7 6-9

a

FAO 11211131075 1995 Penman-Monteith Tunssnmnin1 ET, 9 ndoyagiiend uaz

U £

111oNT 1WA ET 9@ 10150MUIMNT ET 108 BTy, M50 ET, l8aeg11 3.9

climate grass
reference ETO

Radiation

Temperature +
Wind speed

Humidity

well watered
arass

Kc factor

well watered crop
optimal agronomic  conditions

st Kcadjusted ETC adJ

water & environmental
stress
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Factors affecting evapotranspiration with reference to related ET concepts

¥ \
N

\ .""
management \ \

environmental
factors .—-&ETC adj

weather ET.

parameters \ °

crop @ EF
'o)@ characteristics
TP \ ll‘l‘.l""-

d‘ Y v J 1 a PR 9
3UM 3.9 ANNFUNUTITENIN ET,,, ET MAZ ET .y, MOEWMI00TNINITD

PR A ) Ay 1A ~ A A Y A
ﬂ%ll’lﬂ!ﬂ’lfl'zl‘]fu'l"ll@Q‘Wﬂfﬂ’lfﬂ@'ﬁﬂTW1/]vl,llllﬂ')’lllLﬂiﬂﬁluﬂﬂﬂ’lﬂﬂ’lﬁm’lﬂu'lﬂﬂ ET a1

1 Y
ANUIATBAILBI9INNTVIALIAD ET. 40 H30 ET, (Actual Crop Evapotranspiration) 81113071198

1@aneums
ET.=K..ET, (3.5)
ETCadjusted =ET, =K .ET¢ (3.6)
A
$V13}

ET .= Crop Evapotranspiration (mm/day)
ET, = Reference Crop Evapotranspiration (mm/day)
ET¢ ,gjusea = ET, = Actual Crop Evapotranspiration (mm/day)
' v Y
K. = du1l5z @50 (Crop Coefficient)¥auognuriiauaze1gn1sas yay Inuoas
P ' v r X "o Y
K, = duisz@nsanunioaliloaninnsviaiil (Water Stress Coefficient) $aUU0gn Uz AL
X a g o
anuruluauiludinny

2 A o Yy 1 = o
JYaRYALNYINY Kclla$ KsﬂgqﬂﬂaTUﬂﬂiuﬂWﬂﬁaﬂ

3.3.4 MSMMIUMNAT ET, 17835 FAO Penman-Monteith
9 o a . = Y o s a
FAO llmauagmmimmm ETOI@]EJ’J‘H Penman-Monteith®4 |a11eun15AUANYDI Penman
MonteithM THEUAIUIAAYDINYEDIANNA (Hypothetical Reference Crop) M43l 3.8 Funeardioany
9
Aerodynamic Resistance (r,) (8¢ (Bulk) Surface Resistance (r,) uazis ngag #1971 FAO Penman

Monteith@ 3@ 13 (3.7) 1082100AMINANIZATY IA91NM1IIT0 FAO Irrigation and Drainage Paper
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= v A ' dy k) 4
No. 56 (FAO, 1988) @4a11150 Download Wiladatanil 1aa1n1l lwd FAO Water

(http://www.fao.org/nr/water/infores_pubs.html)

0.408A(Rp-G)+vy ($7(2316) U2 (es-ea)

ET 3.7
0 A+y (1+0.34U2) 37)
&
o
ET, = Reference crop evapotranspiration (mm/day)
A = Slope of saturation vapor pressure curve at air temperature  (kPa/ OC)

Y = Psychrometric constant (kPa/ OC)
R, = Net radiation at crop surface (MJ/mz/day)
G = Soil heat flux (MJ/m’/day)
T,... = Maximum air temperature o)

T = Minimum air temperature (°0)

T = Average air temperature =0.5(T,__+T . ) o)

U, =  Windspeed measured at 2 m height (m/s)

e = Saturated vapor pressure at air temperature (kPa)

e, = Actual vapor pressure at air temperature (kPa)

9
Tunmsdam ETO Tagaums (3.7) deansiudeyansae 1l
a a 4 v v d < @ a  d
— iled (gl ANUFUFUNNS ANWIGIAY HazSiTo1Mad)
d‘ 9 o a [ Lg d‘
—  a0UNRDINMIMIUIN (A2AA 1AZTZAUANUGIVOINUN)

A A Y o
= PDUNADINITATUIN

. Slope of Saturation Vapor Pressure (A)

D.

1 [ 2 (Y [ v Jo a [
mmmsﬂu"laaum (Saturation Vapor Pressure, es) ﬁﬂ’ﬂllﬁﬂJWU‘ﬁﬂ‘]Ji’Jmﬂmem?{ﬂﬂgﬂ‘ﬂ

Q u

(.10)Fa I oeudluanns laasaums (3.8)
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N
o

e(fT) saturation vapour pressure (kPa)

temperature (°C)

H o 4 ' @ a
gﬂﬁ 3.10 ANUAUNUTIEHIN Saturation Vapor Pressure NUYUHHUDINIA

p=-_408e, (3.8)
(T +237.3)
es — eo(Tmax) + eo(Tmin) (3.9)
2
17.27T
e°(T) =0.6108Exp| ——— 3.10
(M) p{T+237.3} (310
T: Tmax;_Tmin (311)

®  Actual Vapor Pressure and Vapor Pressure Deficit

Y
mm@u”lamﬁ]iwmmmﬁ (Actual Vapor Preesure, €,) 3@ INITDAIUIU

9 a o ’:91
Tanae3s aail

o

k4 v
- ﬁﬂ!’)mﬁﬂﬂﬂ'ﬂﬂJ‘?ﬂ!ﬁﬂJW‘ﬂ‘ﬁmaﬂ(RH

mean)

{ o 4

- AIUNNANVFUTUNNTFIgARH,, azarga (RH, )

= 3
- MurmngurgingaiA (T,,,)
- fTUIUINPsychrometric Data (Dry and Wet Bulb Temperature, T arys Ler)

AUMT (3.12) — (3.15) LAAINTAIUIUN ¢, 1ABITA1N

RH
100
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RH RH .
eo T. max +eo T min
_ (T 100 (Tra) 100
: 2
ea: eo(Tdew)

€, = eo(Twet) - }\’(Tdry - Twet)

e

1o Y = Psychrometeric Constant F9aznanod lutedaly

e,-e, = Vapor Pressure Deficit, kPa

a ¢ [
" MIW5Ae SNEINUUITENMA (Atmospheric Parameters)

J a A @ { o o . . o
ANITNABTINGINVVITOMANTIAYAD Psychrometric Constant (Y) FINANUTUWNUT

[ a 4 4 @
ﬂ‘UW'IﬁTJJLﬁﬂiﬂiﬁﬂTﬂTﬁau‘]ﬂﬁﬁNﬂTﬁ

_GP
el

=0.665x10°P

Lf;’f)

Y= Psychrometric Constant , kPa/ °c

c,=Specific Heat at Constant Pressure =1 .013x10° MJ/Kg/OC
E=Ratio of Molecular Weight of Water Vapor to Dry Air= 0.622

A~=Latent Heat of Vaporization = 2.45 MJ/Kg

P=Atmospheric Pressure , kPa

o_ (293 ~0.0065z jm
293

Z=Elevation,m(MSL).

(3.13)

(3.14)
(3.15)

v J

(3.16)

(3.17)
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" A21357a8(Wind Speed) 11A213G4 2 (1A

<3 A LA <3 A A A A
ﬂ’J”IﬂJLi’JﬁﬂJVIGlGI;)'Ah!fTﬂJﬂﬁ Penman Montelthﬂﬂﬂ’l13JL5’Jﬁ§J1/Iﬂ313JQ’\1 2 1IAT IHUBNIAU
Y 3 Ao 9 Ax ' Y Y g < A
(uz) DINIITULIIANUNINA Y Anemomter‘l’]iJﬂ’JUJgW]Nﬁﬂﬂ 2 WINS G]’ENL!ﬂﬂ\ﬂ‘ﬁlﬂl&ﬂ’ﬂlll‘i’)ﬁll‘ﬂﬂ'ﬂll

g3 2 103 Tpgauns

u,=u, 4.87 (3.18)
In(67.82'-5.42)

A
Lo

3 { Aa a
u2=ﬂ'.]111!§'ﬁallﬁﬂ3”llqu 2 mmmﬁamﬂu , m/s
< A A a a
u,=ANUEFIAUNANNGN 2” INATIHUDKNIAY , m/s
A [ < A a a
Z’=ﬂ'J111f;Nﬂl@ﬂlﬂﬁf’)\i?ﬂﬂ?ﬁ“i?ﬁﬂ!ﬂﬂﬂN:]ﬂull, m

= ' o Y 3 . = ' <3|
E‘IJVI 3.11 uaaemiFuunanuiian (Conversion Factor) ‘VIﬂﬂiJQ’WING]L‘]Juﬂ’J”IiJQN 2

e
10
E ol )
g \
& g
b=
5 !
ke 7 \
c
5 \
e B \
[=)]
g 5 \
3
© 4
o N
S 3 N\
QL
g =
O
g e
o y
£ 0
0.7 0.8 0.9 1 1.1 1.2 1.3

conversion factor

a 1 @ Y <
3UN 3.1 AnfFuunanuira

" msuandasunnudeussriinee1manuAu (Soil Heat Flux)

d‘ 9 1 v A = 9 d’ =1 (%
ﬂ?il!aﬂlf]Ja‘c’luﬂ’J13Ji’E]'L!i8’H’)N@1ﬂ1ﬁﬂﬂﬂu1uuﬂﬁ%w1$ﬂgﬂilﬂWu’fJEJiﬂﬂLll’f]l,ﬂEJ‘Uﬂ“U

v 9 9
v o 1

v a a & A AA A Yo VA A A A A
5Qﬁ@1ﬂﬁﬂq‘ﬂﬁ (Rn) V]WUV]LW’]gﬂQﬂllﬂﬁﬂ IﬂﬂlﬂW’]gﬂ‘(’J'Nﬂ\jaluwu‘ﬂlw']gﬂgﬂﬂw%ﬂﬂﬂaﬂ ANUUAT

q

Soil Heat Flux(G) 92911 fiied19na1msmuiaunnnit 24 52 Tieasauns
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T -T.
G=cs ——=|AD (3.19)
At
A
¥\)3)

G=Soil Heat Flux, MJ/m’/day

cs=Soil Heat Capacity =2.1 MJ/m’/°C

T, T, =qmwgﬁmmﬁ1u’3’u°ﬁ i uaz i-1 mudauu°c
A=tranalumsaiuia, day

AD=Effective Soil Depth #33IA1 0.1-0.2 A3 1UFIWIA1 1-3 U tazlinl 2 IWATHI©
1 1 I A
mnnnlurnnaniumou

pItimuIMITuYiIe 10 Y

G=0 (3.20)
A o A

NIUATHIUINELNDU

G=0.14(T-T,,) (3.21)

u 51%33@‘}’]% (Net Radiation)

T o

mm%qw @wamwmimmﬂauﬁu (Shortwave) azAaue (Longwave) ‘V]‘W‘L!I’dﬂ

1851 (Incoming) tazgaudel1/a1nTan (Outgoing) Avaunsd 3.22 FeSsdgniozualsiulia

' ~ a dy A A J 1 o ',i’
¥2908110491 azvaazANNAIVEINUN 1N 3.12 uaasoentlsznounsvess \‘1 quaﬂ”lmu

U U U

Various components of radiation

v I ¥
51 3.12 ead)sznoudsvesiediiulan 145y




a 4 d' %[
207211 3ranssuratsemuiiosdu NN 3 ANUABIMTHIVOINY

(3.22)

R,= 599gNT (Net Radiation), MJ/m’/day
R,.= $93AIUTUGNT (Net Shortwave Radiation) %30537017007NT (Net Solar
Radiation), MJ/m’/day

R,=95 q?’fﬂﬁu&nq N5 (Net Longwave Radiation), MJ/m’/day

" SsEnaudugnivisossderindgnE (Net Solar Radiation)

£
a J ?x’;

v A ad [ U v A a R d v A A A A Yo [T}
i\iﬂ'i’)Tﬂ?’lﬂq%ﬁﬂ@ﬂﬁ@Nigﬁ'ﬂ\ﬁ\iﬁ@”l‘l/l@]EJ"]NL‘]JLl3\1’CTLL‘]J‘]Jﬂﬁuﬁuﬂwuiﬁﬂqﬂﬁﬂlmgiﬂﬁ
a P 9 dy R A
N deNouNNU Tan FUMAINANNST
R, =(1-OL)Rq (3.23)
A
N1
R .= Net Solar Radiation, MJ/mz/day
R =Solar Radiation, MJ/m’/day

Ol=Albedo Reflection Coefficient = 0.23
n
RSZ 0.25+N Ra (3.24)

A
4o

o o Ay Yo a Jda .
n=i]11!’31!615’3111\‘11/11@51Juﬁ\1’011/]§]EJi]i\i (Actual Sunshine Hours)

o o ! ) a J . . .
N=3117197 Tuagagainis 15 uee91ind(Maximum Possible Sunshine Hours)

N=22 0, (3.25)
T

11/® = Sunset Hour Angel ¥3aznanneluiidenali
v A A oA Yo . . . 2 2
Rfﬁdﬁmﬂ@]ﬂ‘ﬂ‘]ﬁiEJ”Imﬂiaﬂblﬂi‘U (Extraterrestrial Radiation), MJ/m°/day, %339

aannalidedall

Y a ¢ Y (9]
" Fgernindnussenmalanlasy (Extraterrestrial Radiation)

o A a oA Yo 1 @ o Y
ﬁ\‘lﬁE]TI/I@]EJ“VI‘UﬁﬁEJ"IﬂTﬂIaﬂulﬂi‘]Jﬂlu!Lﬂﬁg’Ju%$ﬁ11113091u3m”1ﬂ§]1ﬂﬁ11ﬂ13
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_ 24(60)

a

R Geod, [ssin(d)sin(8) + cos(d) cos(8)sin(wg)] (3.26)

A
o
G = Solar Constant = 0.082 MJ/mz/day

d, = Inverse Relative Distance between Earth and Sun Faasuaslunaaziu

d, =1+ 0.033cos(2—“J) (3.27)
365

[ = [

v d' a1 o d' A =) [ d‘ [
J=UNe9 TUN 1 A 1 UNTIAN TUN 365 U3 366 ADTUN 31 FUNAN
A o A A o oA A = o v
ATAlAIUIY ETO 51ai@ow J Andui 15 vouneu deegdvialdninaums
J = Integer(30.4M-15) (3.28)
A A ~
M = @9UN M U031l
(I) = Latitude , radians
{ a o ¥ a % { 1
d = yuhuaseriadannsznuNuAl Tan (Solar Declination Angel) Feazi/aon Ty luug

o o Y
agIu ﬁ']il'ﬁﬂﬂ’]u"]mhlﬂ%'lﬂauﬂ'li

8=0.409Siﬂ(%J—l.39] (3.29)
(= Sunset Hour Angel

s =Arccos|tan(¢) tan(s)] (3.30)
3o

ws=g—AfCt3n{W} (3.31)

X=1-[tan(()]"[tan(O) (3.32)

1Az X = 0.00001 81X <0

. %ﬂaﬂauﬂnq N5 (Net Longwave Radiation)

a A a o Y
W@nauengns (R,) wwmuialannauns

Q

4 H 4
Rn,zc{Tmax’K + T min,K }(0.34—0.14@)(1.35:5 —0.35J (3.33)

ane

2 SO
A
13/

R = \‘laﬂauﬂnq N5 (Net Longwave Radiation), MJ/mz/day

nl
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O = Stefan-Boltzman Constant = 4.903x10” MJ/K4/m2/day

Tmax,K = Maximum Absolute Temperature During 24 Hour Period [K=°C+273.16]
Tmin,K = Manimum Absolute Temperature During 24 Hour Period [K=°C+273.16]
e, = Actual Vapor Pressure, kPa
R¢/R¢, = Relative Shortwave Radiation (< 1.0)
R = Measured or Calculated Solar Radiation 9108WN17 ‘I?I 3.24, MJ/m’/day
R, = Calculated Clear Sky Radiation , MJ/mz/day

Reo=(0.75+2x10°2 R, (3.34)

z= Station Elevation, m(MSL)

9 a

J a ) o o : ! o
VOYAWITIUADITHUDIMAT NI UAIUIN ET, %31 P, Y, (1), A, J, Ra, N,O Tk uazaulag

] I~ [ H
AANVIFTION HAAIDYIUAITNMANUINTG 3.1 - 3.9

d )
3.3.5 nuuvlesumsmuIn ET,,
° a . Y vy A
M3MUIU ET,1a835 FAO Penman Monteithauenums 3.7 dodlgvoyanazaunisivon
AMITADSVBITAUMT 3.7 MINDY 23 AUMT (@UMIN 3.8-3.34) 95 unaNzNan 1y Speadsheetidns

EXCEL %20 lumsduim Tassaviuuulesufuin ET, #am15197 3.3
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Y 4 o
15199 3.3 uunesumsauin ET,

< 3
Unn 3 ﬂ31ﬂﬁﬂﬁﬂ1iu1ﬂlﬂﬂﬁ%

Given Data
Tmean(i-1) 29.2|ec Latitude(a) 13.73
Tmax 34.8|=c Day 15
Tmin 25.6°c Month(M) 4
Tmean 30.2|c n 8.5
Alttude(z 2|m
uz'(m/s)= XXX |m/s uy(m/s) 2
RH. .= 64.5(%
Calculation 1 Formula Description
Tmean= 30.2|ec 0.5(Tmax+Tmin)
Saturation vapor
eeo(Tmax)= 5.56|kPa 0.6108Exp[17.27Tmax/(Tmax+237.3)]  |pressure at Tmax
Saturation vapor
e=(Tmin)= 3.28/kPa 0.6108Exp[17.27Tmin/(Tmin+237.3)] pressure at Tmin
= 4,42 kPa 0.5[e(Tmax)+e=(Tmin)] pressure
Slope of saturation
A= 0.25kPa/<c  |4098e,/(Tmean+237.3) Vapor pressure curve
p= 101.28/kPa 101.3[(293-0.00652)/293] Atmosheric pressure
7= 0.07|kPa/-c |0.665%107°P Psychrometric constant
(1+0.34u,)= 1.68
[A(1+0.34u,)]= 0.37
AA=(140.34u,) = 0.69
[A=(1+0.34u,)]= 0.18
[900/(Tmean+273.16)Ju,=| 5.94
e.=(RH, ... /100)%e = 2.85/kPa
Saturation vapor
e-e.= 1.57|kPa pressure deficit
Aerodynamic term= 1.71|mm/day | {ATA+p(1+0.34u,) 900U,/ (T een +273.16)
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< 3
Unn 3 ﬂ?l1ll@%}®\1ﬂ1iu1ﬂlﬁ]ﬂﬁﬁlf

Y 4 o
15199 3.3 (A9) uuuesumsamuIn ET,

Caloulation 2 Formul

= 106 Int(30.42M-15.23) Numnber of days i year

b= 0.2397 Degree*ni()/180 Lattude

i 0.1722 0.409sin(2*P1()1/365-1.39) Solar dedination angle

sin(9)= 0.2374

sin(s)= 0.1714

cos(9)= 0.9714

cos(3)= 0.9852

tan(g)= 0.244

tan(3)= 0.1740

X= 0.9982 1-{tan(¢)tan(3)]*

ws= 1.6133 Acos(-tan(¢ )tan(3)) Sunset hour angle
Inverse refative distance

dr= 0.9917 1+0.033c0s(2%pi()1/365) between Earth-5un

Gsc= 0.0820{MY/m’/min Solar constant

ws*sin(9)*sin(3)= 0.0656:

sin(ws)= 0.9941

cos(9)*cos(a)*sin(ws)= 0.9562

R= 38.0877|M/m*fday |(24%60/pi())*Gsc*dr¥{ws*sin(6 )sin(3)+cos( )cos(8)sin(ws)] Extraterrestrial radiation

N= 12.3249|hrs 24ws/p() Daylght hours

Rs= 22.6557|MJ/m’fday |(0.25+0.5n/N)Ra

o= 0.23 Abedo

Rns= 17,4449 MY/l day |(1-0.23)Rs Net shortwiave radiationb

0= 4.903E-09 Stefan-Bokzman constant

Tmaxk'= 8,094, 504,509 Tmax in kelvin

Tmink'= 7.966,908,018 Trin in kelvin

Tmeank'= 8,480,706,264 Tmean in kelin

Rso= 28.5665|MJ/m’/day |(0.75+2*10°2)Ra Clear-sky radation

Rs/Rso= 0.7931 Relative shortwave radiation

sqrt(e,)= 1.6888

R= 3.1541{MY/m/day |6*0.5%(Tmax K+ Tmin K)(0.349.139qrt(e,)(1.35*R/R.0.35) |Net longwave radiation

R=R.R [ 14.008/MJ/m*/day Net solar radiation

G=0.14[Tmean(i}- Tmean(i-1)]= 0.1400{MJ/m’/day Soi heat flux

Radiation term[1]= 3.99)mm/day

Aerodynamic term[2]= 1.74|mm/day

ETo=[1]+[2] 5.70{mm/day
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3.3.6ﬂ"l§‘l”i"l?h ET, " NOANIINIIIZHEVINDIAIANTIZIHE

P
a A

a ] @ a 4 [ v J I~ a a 1
AMNYNOINA 1B 5IT0MNAI QuNYN ANVFUTVINT uazANUIFTIaN NaNTHadens
a %1 1 % 901 1 [

szennAni lasasusuiReInumsszmonazmsmeivesisnnulasmzlgn  uadaianm
= % % = %)} 1 % %}}
QU IMAKNOUAUTATINTTLMININAIIZUANANIINGATINTTLHOUAZNTAIBTIVDINTIN

A 1 ' a ¥ 1 9y a o ' =
wlaaumizalgn  Wesnnuuanasen I azamnulaamizilgn  1e9INTBIMI93IAINA1I

° 1 o @ 9
FWTANUIUYIA ETHAINDATINTTSINYIINDIAIANITISINY Tﬂﬂi%gﬁﬁ

ET, =Kp.E (3.35)
A
110
K, = dulszanioninmsssive aavuegnuanmgiona yia uazmsaaaioiaiams
FEINEY
E ., = 0A51MITLHENNNATANITTLIHEY
matamssumeniienldl 2 1y Ao 01ATAMIILMEIUY 10 (Class A Pan) HAZDIATANS
@ H % I
seionuuInlasila (Colorado Sunken Pan) f9319 3.13 tag 3.14 91AIAMIvenDY 10 1WunIa
a & 1 A A a Y A o I A A a ¥
nnaudAaasegmilormauuuIase il vuzinwiamsszmeuuulalas Iadlumafvdoudnndlag
A A q ya v y & A 2 Ny A A o ' v
damaasluduie lvamuadeundieiuimizlgnuniu ualiveidenoguasneeInnd uazm
o =
A9z Iy

9 9
mammmmamsszmaﬁﬂﬁ’2 LL‘]J‘]Jﬁ’E] HUY 10 ez LUy U A93UN 3.15 MIAAALILY 10 92

G
k4

[ ¥ 1 @ I { 1 I
N1 10gAIMiloaNUDINIAFUTENIT Green Crop Fetch azaaliifuiuilas (Dry Surface) 1flu
A 1 1 a ¥ S Y A I dy A =]
52ogN TN 50 WATHIPWINAI AIUMTAAAIDIALLY T Arileanvesniaduiiui lae:a

' o g X A g
59N Dry Surface Fetch tagoa liiiuiuiilgnugh (Green Crop) iiluszeznialszum 50 maswso
UINN

M K,dmsumadamsszmouuy o vag unulalasila nsdianimgloinaaiee uazns
9 Y v
AANINIATANTIZIHENDULD (Green Crop Fetch) tag uu1) (Dry Surface Fetch) taadoglunisnam

3.4 1182 3.5 MUAINL
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————— water level
5-7.5cmfromrim

] J
mmmammmﬁ'umg{uﬂﬂmﬂ 120.7 .
0 < o
g 25 Y. ‘VITﬁ}')fllﬁﬁﬂ@T]JﬁQﬂg?TWHT 0.8
a Z/ 9 a 3°l =
. @ﬂﬁQUUIﬂiﬂthQ'Q 15 WU, IUUIIUDN

I2YS 5-7.5 FU. MNUDVUU

stilling well

317 3.13 219333214V 1B (Class A Pan)

stilling well

A A Y
21AgUNTITHaLN N1 92 W x 81292 B, g4
o I~ a 1
46 F.Maeanyiu 3 v, deauliven Tna
A A A o Y a aol = [
MIDAY 5 . MAMAIU ANIIIUDITLA 5-

N 7.5 FU.MNUDVUU

water level
5-7.5cm from rim

517 3.14 madamisszveunualasila (Colorado Sunken Pan)

Case A Case B
wind } wind }
dry green pan green d;y pan
surface crop crop surface
AL TR Q
50 m or more fetch 50 mormore | fetch

Y
ay (%

3.15 I5MITAAAIDIAIANIT TSN 18 (Case A) LA LU 1 (Case B)

=h.

il
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< 3
Unn 3 ﬂ31uﬁjﬂﬁﬂ1iu1ﬂlﬂﬂﬁ%

5190 3.4du1l52anTaIaNIseve (K,) UU 10 (Pan Coefficientsfor Class A Pan) (FAO No.24)

Class A Case A: Case B:
Pan Pan Placed in Short Green Cropped Area Pan Placed in Dry Fallow Area
Windward RH,..(%) RH, ..(%)
Wind Side Windward
Speed Distance of Side Distance
(m/s) Green Low | Medium High of Dry Low | Medium High
Crop(m) (<40) | (40-70) (>70) | Fallow(m) (<40) | (40-70) (>70)
Light 1 0.55 0.65 0.75 1 0.70 0.80 0.85
(<2) 10 0.65 0.75 0.85 10 0.60 0.70 0.80
100 0.70 0.80 0.85 100 0.55 0.65 0.75
1,000 0.75 0.85 0.85 | 1,000 0.50 0.60 0.70
Moderate 1 0.50 0.60 0.65 1 0.65 0.75 0.80
(2-5) 10 0.60 0.70 0.75 10 0.55 0.65 0.70
100 0.65 0.75 0.80 100 0.50 0.60 0.65
1,000 0.70 0.80 0.80 | 1,000 0.45 0.55 0.60
Strong 1 0.45 0.50 0.60 1 0.60 0.65 0.70
(5-8) 10 0.55 0.60 0.65 10 0.50 0.55 0.65
100 0.60 0.65 0.70 100 0.45 0.50 0.60
1,000 0.65 0.70 0.75 | 1,000 0.40 0.45 0.55
Very 1 0.40 0.45 0.50 1 0.50 0.60 0.65
String 10 0.45 0.55 0.60 10 0.45 0.50 0.55
>8) 100 0.50 0.60 0.65| 100 0.40 0.45 0.50
1,000 0.55 0.60 0.65 | 1,000 0.35 0.40 0.45
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< 3
Unn 3 ﬂ31uﬁﬂﬁﬂ1iu1ﬂlﬂﬂﬁ%

' ¢
M319N 3.50u1l5zansoalansseme (K,) uudlalasila (Pan Coefficientsfor Colorado Sunken

Pan) (FAO No.24)
Colorado Case A: Case B:
Sunken Pan Placed in Short Green Cropped Area Pan Placed in Dry Fallow Area
Windward RH,,...(%) Windward RH,...(%)
Wind Side Side
Speed Distance Distance
(m/s) of Green Low Medium | High of Dry Low Medium | High
Crop(m) (<40) | (40-70) (>70) Fallow(m) | (<40) | (40-70) >70)
Light 1 0.75 0.75 0.80 1 1.10 .10 | 1.10
(<2) 10 1.00 1.00 1.00 10 0.85 0.85] 0.85
>100 1.10 1.10 1.10 100 0.75 0.75 ] 0.80
1,000 0.70 0.70 | 0.75
Moderate 1 0.65 0.70 0.70 1 0.95 095 | 0.95
(2-5) 10 0.85 0.85 0.90 10 0.75 0.75 | 0.75
>100 0.95 0.95 0.95 100 0.65 0.65| 0.70
1,000 0.60 0.60 | 0.65
Strong (5- 1 0.55 0.60 0.65 1 0.80 0.80 | 0.80
8) 10 0.75 0.75 0.75 10 0.65 0.65| 0.65
>100 0.80 0.80 0.80 100 0.55 0.60 | 0.65
1,000 0.50 0.55 ] 0.60
Very 1 0.50 0.55 0.60 1 0.70 0.75 | 0.75
String 10 0.65 0.70 0.70 10 0.55 0.60 | 0.65
(>8) >100 0.70 0.75 0.75 100 0.50 0.55 ] 0.60
1,000 0.45 0.50 | 0.55

o (% dy d‘ J A Y ' o v = 9 o 1
HNELYiA: ﬂ'WT‘i'ﬁ‘]JW’L!“VIIﬂ\?VliJiJWGD' Tvaam K; 20% @1 IUNTUDINIAIDULASAUWALIY LasaAN

;4
9 [ a o v d
K,5-10% dmsunsdiay gangiinazanusudunnsihunas

4 o 1 { v o Jdo < {
Lﬁ@lﬂ a1 KPQWﬂGHiNﬁ 3.4 g 3.5 3J1°H1ﬂ')11Jﬂ3JWU‘ﬁﬂ‘Uﬂ'JHJLi'JaﬁJﬁﬂ'JUJ’!;N 2 14975 (u,)

dy % v J d'
ANUFUFUNNTIRAY (RH . ) UaZTSYe

mean

3.35-3.38

Fetch(FET) a2 laanudu

@

WU

J o [ [ o
ﬁﬁW‘iUﬂiiﬁmﬁﬁ] ANTUNIT



a 4 d' %[
207211 3ranssuratsemuiiosdu NN 3 ANUABIMTHIVOINY

(1) aumMsm K, 50010 Iamsssvenuy e AaAIUULIe (Green Fetch)

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

mean

(3.35)

) aumsm K, s msumaiamsssvenuy o aaaauuul (Dry Fetch)

K, =0.61+0.00341 RH,,,—0.000162 u,RH, ... — 0.00000959 u, FET + 0.00327 u,In(FET)

mean mean

—0.00289 u,In(86.4 u,) — 0.0106 In(86.4 u,) In(FET) + 0.00063 [In(FET)'In(86.4 u,)]
(3.36)

3) aumsm K, s wmsvmaiamssuvenunlnlasila AnAauuUe (Green Fetch)

K, = 0.87 + 0.119In(FET) — 0.0157 [In(86.4 u,)]’~ 0.0019 [In(FET)]’In(86.4 u,)

+0.013 In(86.4 u,)In(RH,,,,) — 0.000053In(86.4 u,)In(FET) RH (3.37)

mean mean

@) aumsm K, §m5u01aIamsssvenyy e AaAIUULID (Green Fetch)

K, = 1.145- 0.080 u, + 0.000903 (u,)In(RH,,_,,) -0.0964 In(FET) + 0.0031 u,In(FET)

mean

+0.0015 [In(FET)]In(RH (3.38)

mean)

A
$V3}
4

K, = duilsgansoinlanmsseive (Pan Coefficient)

< ~ R oA [ 1 a =
u, = ﬂ’)'liJLﬁ']ﬁiJVlﬂ')'lm:lf\‘l 2 1UNT G]f\‘]iJﬂ'lﬂgigﬂ'ﬂ\“I 1-8 U./3UMN

&l o v o w A A R A 1 1

RH = ﬂ'J']‘JJGIfuﬁIJW‘VI‘ﬁ‘lJﬁgﬂ"I'JULﬂafJ (%) 130 O.S(RHmax +RH ) GINllﬂTf)gﬁgﬂ'J"N 30-

mean min

84%
9
a o [ <
FET =5¢8¢ FETCH 114mmﬂmmﬂaﬂmiizmﬂmmﬂmmma (Green Crop Fetch)

A < ~ 2 A ' '
iFR ’mmﬂuu‘uuu (Dl’y Surface Fetch) G])’Qllmf]g‘iz‘ﬂ’ﬂﬁ 1-1,000 tu®13

feenah 3.199MuIumA1 K, Taeldauns 3.35-3.38 fnualy Fetch = 1,000 3. , u, = 1.9 3./3U1%

1ag RH,,, = 73% wagt E,,, = 7.9 u./3U 2312 ET,,

mean

¥UADA T sdan K, E,.(W3./31) ET,(W1./74)
G HUVLD 0.83 7.9 6.6
G UV 0.61 7.9 4.8
upulnlasila HUVLD 0.97 7.9 7.7
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uuvIalasiia HuVil 0.69 7.9 5.4

3.4 YSmnamslfivesiy (Crop Evapotranspiration)

as o 9 ¥ A 9
FAO r@ue3smsmuiavfsuams lsihveany (ET.) maimmwmmgm (Standard
v 4
Conditions) 91nA1 ET, Anaaaluiive 3.3 uazamduilse@nsnes (Crop Coefficients, K.) az 18 1%

a o 1 v =2 A g 1A Y
U "o eI g Nvanedamstgnivmiuniladdvg aamuadenveslaumezilgn

4
Aa

dy A A 1 a a = [ g’/ 9 a 1 a A
pazanuuluduimuzauaemsns iy Iavesies aaiuTaslduuiAavesdulseansny oy
aunsamuIun ET. laninaums

ET.=K..ET, (3.39)

A
U9
Y

ET. = YSunamslfiuesies (u./iu)

< x

' o a A é Y a a a A [ d‘
K. = ﬂ"lﬁiJ‘]Jﬁ%ﬁ‘VI‘ﬁW%’“]NﬂZLHJiN‘LlGl"IiJGlfumlﬁgﬂ"IQﬂ"lﬁlﬁliﬂlum‘UIﬂ"’U’fNW‘D’ﬂ\‘]g1J‘VI 3.16-3.18

4
ET, = Ysmamslsiivesiizeneds (ua./5u)

Generalized crop coefficient curve for the single crop coefficient approach

K 14

C 1
1.2 T

17
0.8
061
0.4

% c end
0.2 T

0 L4 el ot | I I N T I T T T T I T T T [ |
————
: time (days)

L mass | - | :
«— initial —; crop development «— mid-season —s:late season:

c; 1 A 1 @ 1 a a A
Eﬂﬂ 3.16 AN K, mgmﬂmaﬂu”lﬂu 4 GI)"Nﬂ”ISL"l]i‘EUUW]’]JI@]ﬂJ’ENW“If
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Extreme ranges expected in K. for full grown crops as climate and weather change

grass
reference _
very humjd 1 ) rﬁjxgr‘e\,\rﬂﬁdy
i d Yy
=5 i w : qugar cane
tall - ——
crops : {;‘L————} maize
! i
: - cotton
|
]
1 i
short - ; | -
crops : amIan
i
I@}J,r&,pabbage
Il Il Il Il 1 Il 1 1 ! 1 1 Il 1 l Il 1 1 Il ] Il Il 1 Il ‘ ik Il 1 Il 1 ik 1 1 1 1 Il 1
1 1 T 1T ‘ —TrT1 | L | 1 T 1 ‘ T T 1 1T 1T

Ks at mid-season

q‘ ] A a [ 1 A A a a 3 A
3UN 3.1771 K veosiisaiiaaie Tuynnaasyan Tadun

Typical ranges expected in K. for the four growth stages

1.0

0.8

2

T ' /. 251 40 160 .

w4 ground cover ’ '
T i crop | :ﬁshortz.
initial | develop- | mid-season | late season
ment i

]
! i

»lg » e »
> % Laia L

(long) ’

imain factors affecting K  in the 4 growth stages

soil  |ground cover crop type eron tne
evapo- plant (humidity) harves:i)ngr:;late
ration |development (wind speed)

317 3.18 ¥29A1909 KC Tu51917010199) Yol yriinn1ae
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=} =

a ¢Qa‘ ax o Y o a Q\{d v A A d‘d 1
maudszansny K ADITNITAIUIUN ETCLL‘]J‘]J%HFH?{N‘]_]iZ?f‘VI‘ﬁWGIfﬁ’JMEJ’JﬂS’E']‘VILSfJﬂ’J"I

Single Corp Coefficient Approach Favangdmsuldaumuuazesnuuuszuusaliznmu mssanms
y ¥ 1 o U % 1
1 nazmamuruams Iunie wazamnsasmiuas ETC 110574 519 10 Junagodnou e daunis
o = & A Y a 54 @ A . ddy
AIUIN ETCammuwmﬂmmuhmﬁuﬂizﬁmww 2 $17%190 Dual Crop Coefficient Approach NI
1 U a QO) U
MFuszansiy 2 @1 Ao K, (Basal Crop Coefficient)itay K, (Soil Water Evaporation Coefficient)
Ke =Ky tK, (3.40)
"4
s Taelddulseansiiy 2 @2 sz ldnmemsmuiun ET. 5105 uazilndez 19
1 v Y 1
nuuIte ez lunanndlunil daulagseazides ldnmisde FAO(S6)
dd‘ 9 A 1 1 1 dy a :, 1 1 i‘
nstiianmadenlumstgnity Tulsaamuasguguanuiuluaudinimanudu
a A a A A 2 A A A a [ A o A
AINYANFILINAANNATEAILDININAITVIAUT (Water Stress) HI0NTUNTymIAUAY HIoAAgNY
A a A a o q YA y 3 a v 3 A
JUNUNFIZINAANUATEA tazlinam Inisaans lHhuaznandaanas Usams lahwe sy
[ 4
meldanunsoaiiosninmsvian ssamnsomuia ldninaums
ET, = ET¢ yjused = Ks-ETe (3.41)
A
1110
DA A A ¥ L. A o
ET, = f5unams lsivesnsnuni (Actual Crop Evapotranspiration) 13 ® ET( gusica(WH./IU)
e A 1 %’ ) X [ 1 1
K, = duilsz@nsanunioailoan1nnsviaiil (Water Stress Coefficient) $a1A10453 1IN 0-
1 [ a 9) [} dy a = 1 d‘ dy a :, 1 1
1 M Kudshugadunuanuduluau (0) uazaziinminni o leanuduluauaadiniim
k4 ] k3 Y v v
ANWFUINGA wazlian 1 loaNuruluALIMINUAIANTUNYARTEUR 10125 (Permanent Wilting Point)
193109 3.19

0 : soil water content

e‘I.I"ufl:’

100
1
;) ——

040 |

020 J-----=m-mmmmmmmeees

0_00“‘::.:} -
0 RAW TAW

q‘ 1" o a £ ~ A %’
gﬂ‘n 3.19 MaulszansanunssalionnmMInai (Kq)
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110307 3.19 wgamnso@euaumsmuinma K laaail
_ [TAw -Dr]
* [TAW - RAW]

A
¥\)3}

(3.42)

. A = ] A ti’ Aa o o
K = Water Stress Coefficient 1ifi1 0-1 ttazaz3ia11n71 0 ieanuruluau (0) aadiniim
Y
ANUFUINGA
2 AaA . .
TAW = 15maniniser 11418 luaasn (Total Available Water in Root Zone) (mm.)
9 v
Dr = YSuaanuyuluanuianad (Soil Moisture Depletion) (mm.)
Y
RAW = 15uaningonldiiamer 111414 (Readily Available Water) (mm)
d
3.4.1 duszansne (Crop Coefficient)
o g ] a a I 1
TumsdnafSnamslfaihesiy FAO Tauismsnsaydu Tnvesiiveonilu 4 $19 Ao
$291501/gn (Initial Stage) H219M 3193 YAV TANINEIAY (Development Stage) FNNAWYANIOFINNY
a a 3 A . ] A 1 A A T3 A A
Li]‘itym‘]ﬂﬁmn% (Mid Season) I,Laz"lf’NﬂmEJi]@'Tii’é)%’N“I/IW%LLﬂLG]iJ‘ﬂ(Late Season¥17® End Season)
FAO 1d57u5mdeyaszoznarvesremsniaay Iaa199 ueiyAe Lini, Ldev, Lmid 11azLlatedq
waa lua15199 3.6(1) — 3.6(5)

a

'd
mdulszansie K azuanannu ldawatiaiy uazseeigmsniydauTa FAO 1859059

a a

1 d‘ ] 1 A 1 A 1
A K NFNMIIYan Taa1ee) Ao 523501lgn (Kg,) 3139081999 (K, 102533001899 (K.,

9

aaranalunisned 3.7(1) - 3.7(5)
o g’/ A Y o 9/901 A a < 1 (D]
AatHBARIMIMUIUYT VN IFveanystiala NE1UITIOIUAISIIIAINT

a a 1 A g’/ A o 9 Y K 1 A 1 ~
mtymﬂmmzm K UDIWBUU INDUINITIN N3 K. (K¢ Curve) 1833391UAT K NP ILIDINNIN

v v
v A

v . o A A v A g X 49 0w
ADINITIFY K318 10 TU ¥30 K 31omeu 1an1nns il K Nad 190 5 deanmsn K dmsuaii
gnlugquds Guilgnlaefounguaman 11nmsed 3.602) uaz 3.6(2) 92 lamrrans

wIADTa taza K. aaaadluaisnem 3.8

F
v Aax 1 A Y

1 H I~ ] 1 1 o [ 1
a1 K uased 3.7 @um Tasdszananiniu 35msma K fgnassiudindnaznannelu
Wavena 11
" 5 K, 0nanuruluaurazensiimssamenasmeii

Y
A o X 1

¥ 1
-i]gﬁ\THiE]G]'IGUuE]EJﬂ’]Jﬂ’)'IiJ%uﬂJENﬂuiH!L“]JE‘NL‘W131]QﬂllagﬁlﬂﬁWﬁeU’fNQ‘JJ’fﬂﬂ1ﬁﬁ

C ini Y 1]

K
s %,’ Aa a Y] 2’, 1 a 1 1 d‘ 1 d' £
UAPMITLHEUININAIAY AU A1 K, 9390 10UANANIINAT ., N9IUINA13190 3.7 Taun
d‘ a A [ (% = d'd'q Yo g a A a d'd 1
1H0991NONTV0ITIVeWAN 4 Yszmsne (1 mmamu”lmum 2 INTNAVNYUDIMANNNANDNIT

{ 3 o & Y 9

= d’ g = a [ 1 a A == d‘
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¥ ¥ ] { ] o 1
anuruludunazdaimaszronazaen sgansodszanun K., Agnaeumiudini Inely

[

a ) A 2
qAUNIIN 3.43 Llazﬂlayamﬂgﬂﬂ 3.20 LAY 3.21A4U

(1-10)
KCini = KCini(Fig.3.17) (40 10) [ Cini(Fig.3.18) B KCini(Fig.3.17):| (3'43)

[

d‘ A d‘ o
109 K irigsin M0 K imgars 10 Ke ;9100331 3.20 wag 3.21 amud1ay
A =2 ¥ A= a A A A ¥ Adq oYY VA ~
[ Aeanuanmimduas I ludunasveanunulasmiavue nsain Iiihuanunlauiies
v Y
VNI A9l 3.23 nsdiliamnsomuumal 1 Idenauns 3.4
[=Iw.fw (3.44)
A
110
Y v
Iw = anuanvouiyadsemunlyd i)
[ [ g d' d' Yo %I
fw = daarununuasn ldsuiih

U Tw = 60 NI, 1AL fw = 50% 1=60*0.5=30 1.

Average K. jnj as related to the level of ET, and the interval between irrigations and/or
significant rain during the initial growth stage for all soil types when wetting events are light to
medium (3-10 mm per event)

y \\\ \\\ small infiltrati0£1 ?gil::

GWNCON] T~

NALN e
\ N <&

04
\

2

KC ini

0.0 &= : : : ; e : : : : }
g 1 2 3 4 5 6 7 & 8 1B T 12
ET, mm/day
low : moderatei high I very high

. . )
51 3.20 A K nsaimidwas ) Tuduides Uszunm 10 ww,

C ini
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Average K. inj as related to the level of ET, and the interval between irrigations greater than or
equal to 40 mm per wetting event, during the initial growth stage for a) coarse textured soils; b)
medium and fine textured soils

1.0 1\\\\\ ﬁ\wﬁ
\\ \ \ 1 day
™~

12

NN [T

0.6

I'<cini

B ;

0.4 ol —
\ \ \ay
02 o B 7%

/

a. coarse textures \L
0.0 =+ : R : : } ¢ : : : :
0 1 2 3 4 5 6 7 8 9 10 11 12
ET, mm/day
low Emoderateg high , very high
1.2 ; T

: : 1d
o \ \\:\;\ Eigiinfntratioidf—oﬁrﬁm;m
0.8 \ \\\ \ 2 day
0.6 \\ ~ T~ ay..
0.4 \\\ \%?L_._

0.2 ~=TTTT20 day

b. fine and medium textures

K(:ini

B e e e e L T . —
2 1 2 3 & &8 & ¥ 84 8 9% 7 12
ET, mm/day
low ' moderateE high | very high

a ' aA Y = a A 1
Eﬂ‘ﬂ 3.21 91 Kcmiﬂiﬂl‘ﬂu'lclfua\‘]hlﬂﬁlu@uiflﬂ ‘]Jﬁgil'lﬂ! 40 HU.I9U1NHIN
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Partial wetting by irrigation
| = average infiltration depth over entire field surface
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Lengths of crop development stages® for various planting periods and climatic regions (days)

< 3
Unn 3 ﬂ31uﬁﬂﬁﬂ1iu1ﬂlﬂﬂﬁ%

Crop Init. Dev. Mid Late Total Plant Date Region

(L (Lgey! (Lpyial! (Ljgee!
a. Small Vegetables
Broccoli 35 45 40 15 135 Sept Calif. Desert, USA
Cabbage 40 60 50 15 165 Sept Calif. Desert, USA
Carrots 20 30 50/30 20 100 Oct/Jan Arid climate

30 40 G0 20 150 Feb/Mar Mediterransan

30 50 90 30 200 Oct Calif. Degert, USA
Cauliflower 35 50 40 15 140 Sept Calif. Desert, USA
Celery 25 40 a5 20 180 Oct {Semi)Arid

25 40 45 15 125 April Mediterranean

30 bb 105 20 210 Jan {Semi) And
Crucifers | 20 30 20 10 a0 April Mediterransan

25 35b 25 10 a5 February Mediterranean

30 356 90 40 195 Oct/Nov Mediterranean
Lettuce 20 30 15 10 75 April Mediterranean

30 40 25 10 105 Mowv/Jan Mediterranean

25 35 30 10 100 Oct/Nov Arid Region

35 50 45 10 140 Feb Mediterransan
Cnion (dry) 15 25 70 40 150 April Mediterranean

20 3b 110 45 210 QOct; Jan. Arid Region; Calif.
Onion (green) 25 30 10 5 70 April/May Mediterransan

20 45 20 10 95 October Arid Region

30 b5 bb 40 180 March Calif., USA
Cnion (seed) 20 45 165 45 275 Sept Calif. Desert, USA
Spinach 20 20 15/25 G60/70 |[Apr; Sep/Oct | Mediterranean

20 30 40 10 100 November Arid Region
Radish 5 10 15 35 Mar/Apr Medit_; Europe

10 10 15 5 40 Winter Arid Region
b. Vegetables — Solanum Family (Solanaceae/
Egg plant 30 40 40 20 130414 | October Arid Region

30 45 40 25 0 May/June Mediterranean
Sweet peppers|25/30 |35 40 20 125 April/June Europe and Medit.
{bell) 30 40 110 30 210 October Arid Region
Tomato 30 40 40 25 135 January Arid Region

35 40 B0 30 155 Apr/iMay Calif., USA

25 40 60 30 155 Jan Calif. Desert, USA

35 45 70 30 180 Oct/Nov Arid Region

30 40 45 30 145 April/May Mediterranean
c. Vegetables - Cucumber Family (Cucurbitaceas)
Cantaloupe 30 45 35 10 120 Jan Calif., USA

10 G0 25 25 120 Aug Calif., USA
Cucumber 20 30 40 15 105 June/Aug Arnd Region

25 35 B0 20 130 Nov; Feb Arid Region
Pumpkin, 20 30 30 20 100 Mar, Aug Mediterransan
Winter squash |25 3b 35 25 120 June Europe
Squash, 25 35 25 15 100 Apr; Dec. Medit.; Arid Reg.
Zucchini 20 30 25 15 a0 May/June Medit.; Europe

* Lengths of crop development stages provided in this table are indicative of general conditions, but
may vary substantially from region to region, with climate and cropping conditions, and with crop

continued...

variety. The user is strongly encouraged to obtain appropriate local information.

1 Crucifers include cabbage, cauliflower, broccoli, and Brussel sprouts.

of seasons is due to varietal and species differences.

The wide range in lengths
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M3197 3.6(2)32 8211019095 1N 5T YAD TAA 19 YD I

< 3
Unn 3 ﬂ31uﬁjﬂﬁﬂ1iu1ﬂlﬂﬂﬁ%

Crop Init. Dev. Mid Late Total Plant Date |Region
{Linj! (Lgev! |(Lmid) |(Liate)
Sweet melons 25 35 40 20 120 May Mediterranean
30 30 50 30 140 March Calif., USA
15 40 65 15 135 Aug Calif. Desert, USA
30 45 65 20 160 Dec/Jan Arid Region
Water melons 20 30 30 30 110 April Italy
10 20 20 30 80 Mat/Aug Mear East (desert)
d. Roots and Tubers
Beets, table 15 25 20 10 70 Apr/May Mediterranean
25 30 25 10 90 Feb/Mar Mediterranean & Arnd
Cassava: year 1 20 40 90 60 210 Rainy Tropical regions
year 2 150 40 110 60 360 season
Potato 25 30 30/45 |30 115/130 | Jan/Nov (Semi)Arid Climate
25 30 45 30 130 May Continental Climate
30 35 50 30 145 April Europe
45 30 70 20 165 ApriMay Idaho, USA
30 35 50 25 140 Dec Calif. Desert, USA
Sweet potato 20 30 60 40 150 April Mediterranean
15 30 50 30 125 Rainy Tropical regions
seas.
Sugarbeet 30 45 90 15 180 March Calif., USA
25 30 90 10 1556 June Calif., USA
25 65 100 65 25h5 Sept Calif. Desert, USA
50 40 50 40 180 April Idaho, USA
25 35 50 hO 160 May Mediterranean
45 7L 80 30 230 Movember |Mediterranean
35 60 70 40 205 Movember |Ard Regions
e. Legumes (leguminosae)
Beans (green) 20 30 30 10 20 Feb/Mar Calif., Mediterranean
15 25 25 10 75 Aug/Sep Calif., Egypt, Lebanon
Beans (dry) 20 30 40 20 110 May/June |Continental Climates
15 25 35 20 95 June Pakistan, Calif.
25 25 30 20 100 June Idaho, USA
Faba bean, 15 25 35 15 90 May Europe
broad bean 20 30 35 15 100 Mar/Apr Mediterranean
- dry 90 45 40 60 235 Mowv Europe
- green 90 45 40 0 175 Nowv Europe
Green gram, 20 30 30 20 110 March Mediterranean
cowpeas
Groundnut 25 35 45 25 130 Dry season | West Africa
35 35 35 35 140 May High Latitudes
35 45 35 25 140 May/June |Mediterranean
Lentil 20 30 60 40 150 April Europe
25 35 70 40 170 Oct/Nov Arid Region
Peas 15 25 35 15 90 May Europe
20 30 35 15 100 Mar/Apr Mediterranean
35 25 30 20 110 April Idaho, USA
Soybeans 15 15 40 15 85 Dec Tropics
20 30/35 |BO 25 140 May Central USA
20 25 75 30 160 June Japan

continued...
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M3197 3.6(3)32 8211019095 1NTT YAD TAA 19 YO I

Crop Init. Dev. Mid Late Total Plant Date Region
(Lini) Ldev! |(Lmid! |(Liate!
f. Perennial Vegetables (with winter dormancy and initially bare or mulched soil)
Artichoke 40 40 250 30 360 Apr {15t yr} | California
20 25 250 30 325 May {2”d (cut in May)
yr)
Asparagus 50 30 100 b0 230 Feb Warm Winter
90 30 200 45 365 Feb Mediterranean
g. Fibre Crops
Cotton 30 50 60 55 1956 Mar-May Egypt; Pakistan; Calif.
45 a0 45 45 225 Mar Calif. Desert, USA
30 b0 80 55 195 Sept Yemen
30 50 55 45 180 April Texas
Flax 25 35 50 40 150 April Europe
30 40 100 50 220 October Arizona
h. Qil Crops
Castor beans 25 40 65 50 180 March (Semi)Arid Climates
20 40 50 25 1356 Now. Indonesia
Safflower 20 35 45 25 125 April California, USA
25 35 55 30 145 Mar High Latitudes
35 ) 60 40 190 Dct/Nov Arid Region
Sesame 20 30 40 20 100 June China
Sunflower 25 35 45 25 130 April/May Medit.; California
i. Cereals
Barley/Oats/ 15 25 50 30 120 November Central India
Wheat 20 25 60 30 136 March/Apr 35-45 OL
15 30 65 40 150 July East Africa
40 30 40 20 130 Apr
40 60 60 40 200 Now
20 RO 60 30 160 Dec Calif. Desert, USA
Winter Wheat 202 | 802 | 70 30 | 180 | December | Calif., USA
30 140 40 30 240 November Mediterranean
160 75 75 25 335 October Idaho, USA
Grains (small) 20 30 60 40 150 April Mediterranean
25 35 65 40 165 Oct/Now Pakistan; Arid Reg.
Maize (grain) 30 50 60 40 180 April East Africa (alt.)
25 40 45 30 140 Dec/Jan Arid Climate
20 35 40 30 125 June Nigeria (humid)
20 35 40 30 125 October India (dry, cool)
30 40 50 30 150 April Spain (spr, sum.); Calif.
30 40 50 50 170 April Idaho, USA
Maize (sweet) 20 20 30 10 80 March Philippines
20 25 25 10 80 May/June Mediterranean
20 30 50/30 10 20 Oct/Dec Arid Climate
30 30 30 103 | 110 April Idaho, USA
20 40 70 10 140 Jan Calif. Desert, USA
Millet 15 25 40 25 105 June Pakistan
20 30 55 35 140 April Central USA

continued...
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< 3
Unn 3 ﬂ31uﬁﬂﬁﬂ1iu1ﬂlﬂﬂﬁ%

Crop Init. Dev. Mid Late Total Plant Date Region
(Lini) | (Lgey) 1Lmig) [ {Lyare)

Sorghum 20 35 40 30 130 May/June USA, Pakis., Med.
20 35 45 30 140 Mar/April Arid Region

Rice 30 30 60 30 150 Dec; May Tropics; Mediterranean
30 30 80 40 180 May Tropics

j- Forages

Alfalfa, total 10 30 var. var. var. last -4°C in spring until

seasonél first -4°C in fall

Alfalfa® 10 20 20 10 60 Jan Calif., USA.

15t cutting cycle |10 30 25 10 75 Apr Idaho, USA.

(last -4° C)

Alfalfa4, other 5 10 10 5 30 Mar Calif., USA.

cutting cycles 5 20 10 10 45 Jun Idaho, USA.

Bermuda for 10 25 35 35 105 March Calif. Desert, USA

seed

Bermuda for hay|10 15 75 35 136 Calif. Desert, USA

(several cuttings)

Grass Pasture® 10 20 - - - 7 days befaore last -4°C in
spring until 7 days after
first -4°C in fall

Sudan, 25 25 15 10 75 Apr Calif. Desert, USA

151 cutting cycle

Sudan, other 3 15 12 7 37 June Calif. Desert, USA

cutting cycles

k. Sugar Cane

Sugarcane, virgin |35 &80 190 120 405 Low Latitudes

50 70 220 140 480 Tropics

75 105 330 210 720 Hawaii, USA
Sugarcane, 25 70 135 50 280 Low Latitudes
ratoon 30 50 180 60 320 Tropics

35 105 210 70 420 Hawaii, USA

I. Tropical Fruits and Trees

Banana, 15t yr 120 |90 120 60 390 Mar Mediterranean

Banana, 2Nd yr 120 |60 180 5 365 Feb Mediterranean

Pineapple 60 120 600 10 790 Hawaii, USA

m. Grapes and Berries

Grapes 20 40 120 60 240 April Low Latitudes

20 50 75 60 205 Mar Calif., USA
20 50 90 20 180 May High Latitudes
30 60 40 80 210 April Mid Latitudes (wine)

Hops 25 40 80 10 1556 April Idaho, USA

n. Fruit Trees

Citrus 60 20 120 95 365 Jan Mediterranean

Deciduous 20 70 90 30 210 March High Latitudes

Orchard 20 70 120 60 270 March Low Latitudes

30 50 130 30 240 March Calif., USA
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< 3
Unn 3 ﬂ?1uﬁﬂﬁﬂ1iu1ﬂlﬂﬂﬁ%

Crop Init. Dev. Mid Late Total Plant Date Region

“—in'll '-Lrlpv} {Lmirl! {Llnhs!
Olives 30 90 60 20 270° March Mediterranean
Pistachios 20 60 30 40 150 Feb Mediterranean
Walnuts 20 10 130 30 | 120 April Utah, USA
o. Wetlands - Temperate Climate
Wetlands 10 30 80 20 140 May Utah, USA; killing frost
(Cattails, 180 60 90 35 365 Movember Florida, USA
Bulrush)
Wetlands (short| 180 60 90 35 365 Mowvember frost-free climate
veq.)

108




a 4 d' %[
207211 3ranssuratsemuiiosdu NN 3 ANUABIMTHIVOINY 109

M99 3.7(1) MAU52aNT KCUoailswHinn199(FAO, 56)

Single (time-averaged] crop coefficients, K, and mean maximum plant heights for non stressed,
well-managed crops in subhumid climates (RHgin = 49%. uz = 2 m/s] for use with the FAO
Penman-Monteith ET .

Maximum
Crop Height
Crop Ke ini1 K¢ mid K¢ end (h)
im)
a. Small Vegetables 0.7 1.05 0.95
Broccoli 1.05 0.95 0.3
Brussel Sprouts 1.05 0.95 0.4
Cabbage 1.05 0.95 0.4
Carrots 1.05 0.95 0.3
Cauliflower 1.05 0.95 0.4
Celery 1.05 1.00 0.6
Garlic 1.00 0.70 0.3
Lettuce 1.00 0.95 0.3
Onions - dry 1.05 0.75 0.4
- green 1.00 1.00 0.3
- seed 1.05 0.80 0.5
Spinach 1.00 0.95 0.3
Radish 0.90 0.85 0.3
b. Vegetables — Solanum Family (Solanaceae) 0.6 1.15 0.80
Egg Plant 1.05 0.90 0.8
Sweet Pepperz (bell) 1.052 0.90 0.7
Tomato 1.15< 0.70-0.90 [0.6
c. Vegetables — Cucumber Family (Cucurbitaceae) 0.5 1.00 0.80
Cantaloupe 0.5 0.85 0.60 0.3
Cucumber — Fresh Market 0.6 1.002 0.75 0.3
— Machine harvest 0.5 1.00 0.90 0.3
Pumpkin, Winter Squash 1.00 0.80 0.4
Squash, Zucchini 0.95 0.75 0.3
Sweet Melons 1.05 0.75 0.4
Watermelon 0.4 1.00 0.75 0.4
d. Roots and Tubers 0.5 1.10 0.95
Beets, table 1.05 0.95 0.4
Cassava — year 1 0.3 0.80° 0.30 1.0
— year 2 0.3 1.10 0.50 1.5
Parsnip 0.5 1.05 0.95 0.4
Potato 1.15 0.76% 0.6
Sweet Potato 1.15 0.65 0.4
Turnip (and Rutabaga) 1.10 0.95 0.6
Sugar Beet 0.35 1.20 0.70° 0.5
continued...

1 These are general values for K; jn; under typical irrigation management and soil wetting. For frequent

wettings such as with high frequency sprinkle irrigation or daily rainfall, these wvalues may increase
substantially and may approach 1.0 to 1.2. Kc i is a function of wetting interval and potential
evaporation rate during the initial and develepment perieds and is more accurately estimated using
Figures 29 and 30, or Equation 7-3 in Annex 7, or using the dual ch e KE.

2 Beans, Peas, Legumes, Tomatoes, Peppers and Cucumbers are sometimes grown on stalks reaching
1.5 to 2 meters in height. In such cases, increased K_ values need to be taken. For green beans,
peppers and cucumbers, 1.15 can be taken, and for tomatoes, dry beans and peas, 1.20. Under these
conditions h should be increased also.

3 The midseason values for cassava assume non-stressed conditions during or following the rainy
season. The Kc end values account for dormancy during the dry season.

4 The KC end value for potatoes is about 0.40 for long season potatoes with vine kill.

5 This Ks eng value is for no irrigation during the last month of the growing season. The K_ ;4 value

for sugar beets is higher, up to 1.0, when irmigation or significant rain occurs during the last month.
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M9 3.72) MaU52aNT KC v09iiswian1ae (FAO, 56)

Maximum
Crop Height
Crop Ke ini1 Ke mid K end thi
{m]}
e. Legumes (Leguminosae) 0.4 1.15 0.55
Beans, green 0.5 1.05 0.90 0.4
Beans, dry and Pulzes 04 1.15< 0.35 04
Chick pea 1.00 0.35 0.4
Fababean (broad bean) — Fresh 0.5 1.15< 1.10 0.8
— Dry/Seed 0.5 1.152 0.30 0.8
Grabanzo 04 1.15 0.35 08
Green Gram and Cowpeas 1.05 0.60-0.35° 0.4
Groundnut {Peanut) 1.15 0.60 0.4
Lentil 1.10 0.30 0.5
Peas - Fresh 0.5 1.15< 1.10 0.5
— Dry/Seed 1.15 0.30 0.5
Soybeans 1.15 0.50 0.5-1.0
f. Perennial Vegetables (with winter dormancy and| g5 1.00 0.80
initially bare or mulched soil)
Artichokes 0.5 1.00 0.95 0.7
Asparagus 0.5 0957 0.30 0.2-0.8
Mint 0.60 1.15 1.10 0.6-0.8
Strawhberries 0.40 (.85 0.75 02
g. Fibre Crops 0.35
Cotton 1.15-1.20 |0.70-0.50 1.2-156
Flax 1.10 0.25 1.2
Sisal® 0.4-0.7 0.4-0.7 1.5
h. OQil Crops 0.35 1.15 0.35
Castorbean (Ricinus) 1.15 0.55 0.3
Rapeseed, Canola 1.0-1.15% |0.35 0.6
Safflower 1.0-1.159 [0.25 0.8
Sesame 1.10 0.25 1.0
Sunflower 1.0-1.15Y |0.35 2.0
i. Cereals 0.3 1.15 0.4
Barley 1.15 0.25 1
Oats 1.15 0.25 1
Spring Wheat 1.15 0.25-0410 |1
Winter Wheat - with frozen soils 0.4 1.15 0.25-0410 |1
- with non-frozen soils 0.7 1.15 0.25-0.410
Maize, Field (grain) (field corn) 1.20 0.60,035"'" [2
Maize, Sweet (sweet cornl 1.15 1.05¢ 156
Millet 1.00 0.30 1.6
Sorghum — grain 1.00-1.10 | 0.55 1-2
— sweet 1.20 1.05 2-4
Rice 1.05 1.20 0.90-0.60 1 |
continued...
? The first Kc end iz for harvested fresh. The second value iz for harvested dry.

The K. for asparagus usually remains at K. ;,; during harvest of the spears, due to sparse ground
cover. The K. .4 value is for following regrowth of plant vegetation following termination of harvest
of spears.

Kc for sisal depends on the planting density and water management (e.g., intentional moisture stress).
The lower values are for rainfed crops having less dense plant populations.

The higher value is for hand-harvested crops.

The first K, ,,q value is for harvest at high grain moisture. The second K. .4 value is for harvest
after complete field drying of the grain (to about 18% moisture, wet mass basis).

If harvested fresh for human consumption. Use K, 4 for field maize if the sweet maize is allowed to
mature and dry in the field.

10
11

12
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M99 3.7(3) MAV5LaNT KC v0eiiswHian1ae (FAO, 56)

Maximum
Crop Height
Crop Kc ini1 Kc rmid Kc end thi
im}
i. Forages
Alfalfa Hay — averaged cutting effects 0.40 0952 |0.90 0.7
- individual cutting periods 04014  |[1.2014  [1.1514 |07
— for seed 0.40 0.50 0.50 0.7
Bermuda hay — averaged cutting effects 0.55 1.00'3 0.85 0.35 |
— Spring crop for seed 0.35 0.90 0.65 0.4
Clover hay, Berseem — averaged cutting effects 0.40 0.901% 0.85 0.6 |
— individual cutting periods 0.4014 1.1514 1.10'% |06
Rye Grass hay — averaged cutting effects .95 1.05 1.00 0.3
Sudan Grass hay (annual) — averaged cutting effects 0.50 0.90'% 0.85 1.2
— individual cutting periods  |0.5014 11514 11014 |12
Grazing Pasture - Rotated Grazing 0.40 0.85-1.05 |0.85 0.15-0.30 |
- Extensive Grazing 0.30 0.75% 0.75 0.10
Turf grass - cool season 1 ° 0.890 0.95 0.95 0.10 |
- warm season | 2 0.80 0.85 0.85 0.10
k. Sugar Cane 0.40 125 0.75 3
I. Tropical Fruits and Trees
Banana — 151 year 0.50 1.10 1.00 3
—ond gy 1.00 1.20 1.10 4
Cacao 1.00 1.05 1.05 3
Coffee — bare ground cover 0.90 0.95 0.95 2-3
— with weeds 1.05 1.10 1.10 2-3
Date Palms 0.90 0.95 0.95 8
Palm Trees 0.95 1.00 1.00 8
Pineapple '® - bare soil 0.50 0.30 0.30 0.6-1.2
— with grass cover 0.50 0.50 0.50 0.6-1.2
Rubber Trees 0.95 1.00 1.00 10
Tea — non-shaded 0.95 1.00 1.00 1.5
— shaded 17 1.10 1.15 1.15 2
m. Grapes and Berries
Berries (bushes) 0.30 1.05 0.50 1.6
Grapes — Table or Raisin 0.30 .85 0.45 2
- Wine 0.30 0.70 0.45 1.5-2
Hops 0.3 1.05 0.85 b
continued. ..

13 This K. mig coefficient for hay crops iz an overall average K. .4 coefficient that averages K_ for both
before and following cuttings. It is applied to the period following the first development period until
the beginning of the last late season period of the growing season.

These K. cosfficients for hay crops represent immediately fellowing cutting; at full cover; and
immediately before cutting, respectively. The growing season is described as a series of individual
cutting periods (Figure 35).

Cool season grass varieties include dense stands of bluegrass, ryegrass, and fescue. Warm season
varieties include bermuda grass and St. Augustine grass. The 0.95 wvalues for cocl season grass
represent a 0.06 to 0.08 m mowing height under general turf conditions. Where careful water
management is practiced and rapid growth is not required, K.'s for turf can be reduced by 0.10.

The pineapple plant has very low transpiration because it closes its stomates during the day and opens
them during the night. Therefore, the majority of ETC from pineapple iz evaporation from the soil. The
K mi = ini Since K. .4 occurs during full ground cover so that soil evaporation is less. Values
given assume that 50% of the ground surface is covered by black plastic mulch and that irrigation is
by sprinkler. For drip irrigation beneath the plastic mulch, K.'s given can be reduced by 0.10.

17 Includes the water requirements of the shade trees.

14

15

16

d=K
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M9 3.7(4) MaU5LaNT KC v09iiswHian19e (FAO, 56)

Maximum
Crop Height
Crop Ke ini'I K¢ mid K¢ end (h)
im)

n. Fruit Trees
Almonds, no ground cover 0.40 0.90 06518 5
Apples, Cherries, Pears |~

- no ground cover, killing frost 0.45 0.95 07018 |4

- no ground cover, no frosts 0.60 0.95 0.7518 4

- active ground cover, killing frost 0.50 1.20 0.95'8 4

- active ground cover, no frosts 0.80 1.20 0.8518 4
Apricots, Peaches, Stone Fruit19- 2V

- no ground cover, killing frost 0.45 0.90 06518 |3

- no ground cover, no frosts 0.55 0.90 0.6518 3

- active ground cover, killing frost 0.50 1.156 0.9018 3

- active ground cover, no frosts 0.80 1.15 0.8518 3
Avocado, no ground cover 0.60 0.85 0.75 3
Citrus, no ground cover? ]

- 70% canopy 0.70 0.65 0.70 4

- B0% canopy 0.65 0.60 0.65 3

- 20% canopy 0.50 0.45 0.55 2
Citrus, with active ground cowver or weads®<

- 70% canopy 0.75 0.70 0.75 4

- B0% canopy 0.80 0.80 0.80 3

- 20% canopy 0.85 0.85 0.85 2
Conifer Trees?? 1.00 1.00 1.00 10
Kiwi 0.40 1.05 1.05 3
Olives {40 to 60% ground coverage by |::a|"n:|[:u,|-r];M 0.65 0.70 0.70 3-b
Pistachios, no ground cover 0.40 1.10 0.45 3-5
Walnut Orchard 19 0.50 1.10 0.6519 4-5

continued...

18 These Ke and values represent K prior to leaf drop. After leaf drop, K. o4 = 0.20 for bare, dry scil

19
20
21

22

23

or dead ground cover and K
11

Refer to Eq. 94, 87 or 98 and footnotes 21 and 22 for estimating K. for immature stands.

Stone fruit category applies to peaches, apricots, pears, plums and pecans.

These K values can be calculated from Eq. 98 for K ;;n = 015 and K 5,y = 0.75, 0.70 and 0.75
for the imitial, mid season and end of season periods, and fc eff = fc where fc = fraction of ground
covered by tree canopy (e.g., the sun is presumed to be directly overheadl. The walues listed
corregpond with those in Doorenbos and Prurtt (1977) and with more recent measurementz. The
midseason value is lower than initial and ending values due to the effects of stomatal closure during
periods of peak ET. For humid and subhumid climates where there is less stomatal control by citrus,
values for K; ini. Ko mid. @nd K; gnd can be increased by 0.1 - 0.2, following Rogers et al. (1983).
These K. values can be calculated as K, = f_ Ko oo + (1 - f2) Ko cqper where K o is the K of
citrus with no active ground cover (calculated as in footnote 21), K. .oyer 18 the K for the active
ground cover (0.85), and f_ is defined in footnote 21. The wvalues listed correspond with those in
Doorenbos and Pruitt {1977) and with more recent measurements. Alternatively, Kc: for citrus with
active ground cover can be estimated directly from Eq. 98 by setting K K For humid

c min =~ "¢ cover
and subhumid climates where there iz lesz stomatal control by critrus, values for Kc i KC it and Kc:

= end = ©-50 to 0.80 for actively growing ground cover {consult Chapter

end can be increased by 0.1 - 0.2, following Rogers et al. (1983).

For mon-active or only moderately active ground cover (active indicates green and growing ground
cover with LAl > about 2 to 3} , K, should be weighted between K. for no ground cover and K. for
active ground cover, with the weighting based on the "greenness" and approximate leaf area of the
ground cover.

Confers exhibit substantial stomatal contrel due to reduced aeredynamic resistance. The K can easily
reduce below the values presented, which represent well-watered conditions for large forests.
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M9 3.7(5) MaU52aNns KC voeiiswiani1ee (FAO, 56)

Maximum
Crop Height

Crop Kc ini Kc mid Kc end th)

im}

o. Wetlands — temperate climate

Cattails, Bulrushes, killing frost 0.30 1.20 0.30 2

Cattails, Bulrushes, no frost 0.60 1.20 0.60 2

Short Veg., no frost 1.05 1.10 1.10 0.3

Reed Swamp, standing water 1.00 1.20 1.00 1-3

Reed Swamp, moist soil 0.90 1.20 0.70 1-3

p. Special

Open Water, < 2 m depth 1.058 1.05

or in subhumid climates or tropics
Open Water, = 5 m depth, clear of turbidity, 0.6522 1.2549
temperate climate

24 These coefficients represent about 40 to 60% ground cover. Refer to Eq. 98 and footnotes 21 and
22 for estimating K. for immature stands. In Spain, Pastor and Orgaz (1994) have found the following
monthly K.'s for olive orchards having 60% ground cover: 0.50, 0.50, 0.65, 0.60, 0.55, 0.50, 0.45,
0.45, 0.55, 0.60, 0.65, 0.50 for months January through December. These coefficients can be
invoked by using KC Rer 0.65, Kc e 0.45, and KC end = 0.65, with stage lengths = 30, 90,
60 and 90 days, respectively for initial, development, midseason and late season periods, and using I(C
during the winter (“off season”) in December to February = 0.50.

25 These K.'s are for deep water in temperate latitudes where large temperature changes in the water
body occur during the year, and initial and peak period evaporation is low as radiation energy is
absorbed into the deep water body. During fall and winter periods (K. o4, heat is released from the
water body that increases the evaporation above that for grass. Therefore, K ;g corresponds to the
period when the water body is gaining thermal energy and K 4 when releasing thermal energy.
These K_'s should be used with caution.

C en

Primary sources: K ;,;: Doorenbos and Kassam (1979])
K¢ mig @nd K gpg: Doorenbos and Pruitt (1977); Pruitt (1986); Wright (1981,
1982), Snyder et al., (1989)

d‘ 1 A 9
M1319% 3.8 A1 K ve301ngnlugguas

Ini. Dev. Mid. Late
¥191781 (FU) INAITN 3.4(2) 25 25 30 20
K 910015199 3.5(2) 0.40 1.15 0.35
K¢, INTAUMNT 0.15 1.19
< 1 d‘ I~ 1 1 3’;
N8R (1) ANNGIV0NI=0.4 1.(2) A1 KC Tua3199 3.5 iua Taetlszunanmniniy

J oA o Y (]
mfmualumamnzilgnaagguds ET esuilgnininy 5.3 wu./Au Thimseduan

u
[ [

[ ?x’; %’ == a = A Y 1 [ g’.: ~
sz 14 3/a59 Ysnanihnguasaumagdscuia 10 YN.MIoUDeN1 (I=10) AIUY 1NFUNITN
3.43

K¢ imi=KC ini(Fig.3.17) =0.15

" sdSum K, 00 Ky
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Tunsaif an g e s Av RHminlif@19910 45% 1oz u,1n130108n71 2 1./3UH

@095 uAA1 KC mid 910915199 3.7 @208um3

h
KCmid = KCmid(TabIeS.S) + |:0-04(U2 - 2) - 0'004(RHmin - 45)(5} 0'3} (3.45)
e etz aunsndSual KC end @reaumsmisuaunis 3.40
h
KCend = KCend(TabIeS.S) + |:OO4(U2 - 2) - 0004(RHm|n - 45)(§J 0.3i| (3.46)

D Y A Y o Y A~ Y o
ﬂimﬂﬁﬂﬂllﬁﬂiuﬂTiNﬂ 3.8 mmwuﬂ"lw RHmm=30% Hae u2=2.2 V.UM ﬁ]%@]i’N‘]Ji‘]J

&1 KC mid Taeldaunms 3.45 gl
Kemia =115+ {0.04(2.2 —2)-0.004(30-— 45)(0—;] 0'3} =1.19

4 { "W ' 1o & [
11199910 K., JUA15199 3.8 11101 0.35 Hieendn 0.45 39 lusuiludestlSum

" msadenav K,

wionhien K. liwdoans il az'ldns v K fagili 3.23 iledeamsmai K gaanaila

15U K519 10 TU %30 K 510180u 92711 14 1ae35 Linear Interpolation A4erung

KCi =K + I_Z:J (KCnext _KCprev) (347)

Cprev
Lstage

HANMIAIUIMNT K 0299189518 10 Tu Tagaums 3.47 1dmasgili 3.23

3.4.2 m3nnamUIinamsl¥ivesiiy (Crop Evapotranspiration)
fa g2 y
meldaninniielaiuaiii (Standard Conditions) 9z @ansomtSunams 1ivesiiy (ET,) 18
Y 1
VINAUMNT 3.39(ET =K .ET,) A1iu {911 K gaiaae ET,v9931ana1iednuag aa1 ET 51 10 T4

YoI02991a9 asaaslugli 3.23
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< 3
Unn 3 mmﬁmmimmmﬁ%

A15197 3.9 MIMUIUNT K 518 10 TU
i(day) |Given Kc |Lstage [(Kc next- Kc prev) |slope=(Kc next - Kc prev)/L stage
0 0.15
25 0.15 25 0 0
50 1.19 25 1.04 0.0416
80 1.19 30 0 0
100 0.35 20 -0.84 -0.042
i(day) | 2(L prev) | slope Kc prev Kci |Kciavgl lavg |
0 0 0 0.15 0.15
10 0.15 0.15 5
20 0.15 0.15 15
25 25 0.042 0.15 0.15 0.15 22.5
30 0.36 0.25 27.5
40 0.77 0.57 35
50 50 0 1.19 1.19 0.98 45
60 1.19 1.19 55
70 1.19 1.19 65
80 80 -0.042 1.19 1.19 1.19 75
90 0.77 0.98 85
100 0.35 0.35 0.56 95

K¢ curve and ten-day values for K. and ET_. derived from the graph for the dry bean crop

crop coefficient

119

May June July August
K, 0.150.15|0.20|0.57| 0.98| 1.19| 1.19(1.19| 0.98 0.56
ET, |[30|34|40 42|45|51|56|6.0|55|52| mm/day
Bif 05|05|08|24(44 |61|67|7.1]|54|29| mm/day

517 3.23 n3 vl K v0an3gguda

3.4.3 m3rmSinamsldihvesiivHvintin(Actual Crop Evapotranspiration)

115
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T Y v Y v
lﬁ@ﬂ’Jqu%uﬁlu@uaﬂa\jﬁqﬂjqﬂqﬂjﬂQQ W%@ﬂj'lu%uclu@uaﬂaqu']ﬂﬂj'] RAW A1 KS i]zﬁhﬂ”ﬂ
A a 2 A 2 = o q ¥ v 3 A '
1.00 WHIZINAAITUIATYALUBDIDTINNITUIAUN !,Lammaﬂﬂﬂﬂ%mmmﬂ%uwmwsﬁaﬂm AU
4 4 a so’ { (%
ﬂ’i]ﬂiza"ﬂ‘ﬁﬂ’)qulﬂ%ﬂﬂlﬁa\ﬁ)qﬂlﬂﬂﬂqimqﬂu’] (Ks)ﬁaﬂm ANTUNIT 3.41 (ETa:ETCadjusted:KS'ETC)
e Ksﬁ”IU’Jm"l@ﬁﬂﬂﬁllmi 342 (KSZ[TAW'Dr]/[TAW'RAW])

] k4 v 1
ArvguMImuIa ET, Woanuauluauanasiiningaingdudaegluaisiai 3.10

A1519N 3.10A7069MIAUIUNT ET,

. ET,
6
= ]
© ]
2 ]
E 44
E ]
= 3
L 3
K
& 1
1=
0-
1
TAW =1 000 (0.32-0.12) 0.8 = 160 mm
RAW = 0.40 (160) = 64 mm
(1) (2) ) (4) (5) (6) (7) (8)
Day ETg Ke ETe Dy Kg ETe adj Dr i
start end
mm/day mm/day mm mm/day mm
start - - - - - - 55.0
1 5.0 1.2 6.0 55:0 1.00 6.0 61.0
2 50 12 6.0 61.0 1.00 6.0 67.0
3 50 12 6.0 67.0 0.97 58 728
4 5.0 1.2 6.0 72.8 0.91 54 78.3
5 5.0 1.2 6.0 78.3 0.85 51 834
6 5.0 1.2 6.0 83.4 0.80 4.8 88.2
T 5:0 1.2 6.0 88.2 0.75 45 92.6
8 5.0 1.2 6.0 92.6 0.70 42 96.9
9 5.0 12 6.0 96.9 0.66 3.9 100.8
10 5.0 1.2 6.0 100.8 0.62 37 104.5

3.5 MINDUAUBIVBINANTITIHDI1NMFUNAY (Yield Response to Water)
A dy a 'o J a a .. . =) a = 9 ’.f a
LlJ’E)ﬂ’JﬁJ“I)’UiUﬂuﬁﬂ@ﬂﬂ’JWﬂﬂ’Jﬂi]ﬁ (Critical Point) W¥ISNANNNATYA Ysuaumsleinesa

(ET,) 3¢anaddnia ET taciinari lvinanaafivanas aaaunsn 3.48

Y ET
1-—2 |=K,|1-—= 48
g o

A
¥\)3)
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Y, = Actual Yield (ton/rai)

Y, =Maximum Yield (ton/rai)

K= Yield Response Factorfi113 N‘ﬁ 3.9
ET,=Actual Crop Evapotranspiration (mm/day)

ET .=Crop Evapotranspiration (mm/day)

13199 3.11 Seasonal Yield Response Factor, FAO Irrigation and Drainage Paper No. 33

Crop Ky Crop Ky
Alfalfa 1.1 Potato 1.1

Banana 1.2-1.35 Safflower 0.8
Beans 1.15 Sorghum 0.9
Cabbage 0.95 Soybean 0.85
Citrus 1.1-1.3 Spring Wheat 1.15
Cotton 0.85 Sugarbeet 1.0

Grape 0.85 Sugarcane 1.2

Groundnet 0.70 Sunflower 0.95
Maize 1.25 Tomato 1.05
Onion i Watermelon 11

Peas 1,15 Winter wheat 1.05
Pepper 1.1

3.6 dNBWAVDIAUANABNIVIAN (Effect of Soil Salinity onWater Stress)

a I = 1 o a £ = A %1 o Y = EZ
ﬂulﬂllEﬂgllNaIﬂﬂﬁﬁﬂ@ﬂﬁﬂﬂﬁgﬁﬂﬁﬂj’lulﬂiﬂﬂlu@ﬁﬂ’lﬂﬂ’liﬂl’lﬂu’l ‘Vl'lgh’i?n K aaad D3uun

;4
anuruluaudiganingaing

Aa A [ 9y < A
ﬂimﬂu‘w"lmﬂu DIANUANINY ISY

a o

f ANT

U

=

A A [ dy a 1 voAa < A ° 1
1 3.24 Lmzmzﬂumm%ﬂuﬂummu AULANITUNT K N1D

' Y
HaRDA1 KWWY
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The effect of soil salinity on the water stress coefficient Kq

0 : soil water content

0
T e
K low
S
0.80 1;
- with soil salinit
0.60 1 i
0.40 % 777777 Jni‘gh 77777777
N
0.00 WHHJ,HH{HH}H

Dr : depletion from root zone (mm)

d‘ a a a 3 1 %}
sun 3.240NTNAVDIAUANADNITUIAUN

U

3.6.1 ANUTUWUETZHINIANMANUILHANAN (Salinity-Yield Relationship)

a 1 3 v W [
NaWammzmmmmuﬁmmauwuﬁ ANTTUNIT

Y b A
. =i (ECE - Ecethreshold )m HJ’E) ECe>Ecethreshold (350)

m
A
[$V13)]
EC, = Mean Electrical Conductivity of Saturation Extract for Root Zone (dS/m)
EC, tresois = Threshold EC, when Crop Yield first Reduces below Ym (dS/m)
b=Reduction in Yield per Increase in EC, (%/dS/m)

A EC, pregoatt@% b 10908 11013197 3.12
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15199 3.12(1) A1 ECe threshold 1Az A1 b M5 UTNAT 3.45

Salt tolerance of common agricultural crops expressed as electrical conductivity of the soil saturation
extract at the threshold when crop yield first reduces below the full yield potential (EC, ¢hrashalg) 2nd
as the slope (b) of reduction in crop yield with increasing salinity beyond ECa thrachald.

Crop' ECe. threshold> b4 . Rating?
(dS m-1}3 (% /dSm™")
a. Small vegetables
Broccoli 2.8 9.2 M3
Brussels sprouts 1.8 9.7 M3
Cabbage 1.0-1.8 98-14.0 MS
Carrots 1.0 14.0 S
Cauliflower 1.8 6.2 MS
Celery 1.8-2.5 6.2-13.0 M3
Lettuce 1.3-17 12.0 MS
Onions 1.2 16.0 S
Spinach 2.0-3.2 7.7-16.0 Ms
Radishes 1.2-2.0 7.6-12.0 MS
b. Vegetables - Solanum Family (Solanaceae)
Egg Plant - - MS
Peppers 1.5-1.7 12.0-14.0 Ms
Tomato 0.9-25 9.0 M3
c. Vegetables Cucumber Family (Cucurbitaceae)
Cucumber 1.1-2.5 7.0-13.0 M3
Melons - - Ms
Pumpkin, winter squash 1.2 13.0 MS
Squash, Zucchini 4.7 10.0 MT
Squash (scallop) 3.2 16.0 MS
Watermelon - - Ms
d. Roots and Tubers
Beets, red 4.0 90 MT
Parsnip - - 5
Potato 15 12.0 Ms
Sweet potato 1.5-2.5 10.0 MS
Turnip 09 9.0 M3
Sugar beet 7.0 5.9 T
e. Legumes (Leguminosae)
Beans 1.0 19.0 S
Broadbean (faba bean) 1.5-1.6 9.6 MS
Cowpea 49 12.0 MT
Groundnut {Peanut) 3.2 29.0 MS
Peas 1.5 14.0 S
Soybeans 5.0 20.0 MT

I The data serve only as a guideline - Tolerance vary depending upon climate, soil conditions and
cultural practices. Crops are often less tolerant during germination and seedling stage.

2 Ece, threshold Means average root zone salinity at which yield starts to decline

3 Root zone salinity 15 measured by electrical conductivity of the saturation extract of the sail,
reported in deciSiemens per metre (dS m'1]' at 26°C

4 bis the percentage reduction in crop yield per 1 dS/m increase in ECg beyond ECy threshold

5 Ratings are: T = Tolerant, MT = Moderately Tolerant, MS = Moderately Sensitive and S =
Sensitive
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15199 3.12(2) A1 ECe threshold 1Az A1 b M5 UANAT 3.45

< 3
Unn 3 ﬂ?l1ll@%}®\1ﬂ1iu1ﬂlﬁ]ﬂﬁﬁlf

Crop EC b Rating
@smh? | ®rasm)
f. Perennial Vegetables (with winter dormancy and
initially bare or mulched soil)
Artichokes - - MT
Asparagus 4.1 2.0 T
Mint - - -
Strawberries 1.0-1.5 11.0-33.0 ]
g. Fibre crops
Cofton [N 52 T
Flax 1.7 12.0 MS
h. Qil crops
Casterbean - - MSs
Safflower - - MT
Sunflower - - S
i. Cereals
Barley 8.0 50 T
Oats - - MT
Maize 1.7 12.0 S
Maize, sweet (sweet com) 1.7 12.0 S
Millet - - Ms
Sorghum 6.8 16.0 MT
Riceb 30 120 5
Wheat (Triticum aestivum) 6.0 7.1 MT
Wheat, semidwarf (T. aestivum) 8.6 3.0 T
Wheat, durum (Trificum turgidum) 5759 38-556 T
Jj- Forages
Alfalfa 20 73 s
Barey (forage) 6.0 7.1 MT
Bermuda 6.9 6.4 T
Clover, Berseem 1.5 5.7 MS
Clover (alsike, ladino, red, strawbermy) 1.5 120 MS
Cowpea (forage) 2.5 11.0 M3
Fescue 39 5.3-6.2 MT
Foxtail 1.5 9.6 s
Hardinggrass 46 76 MT
Lovegrass 2.0 8.4 M3
Maize (forage) 1.8 74 MS
Orchardgrass 1.5 6.2 M3
Rye-grass (perennial) 5.6 76 MT
Seshania 23 7.0 MS
Sphaerophysa 22 7.0 MS
Sudangrass 2.8 4.3 MT
Trefoil, narrowleaf birdsfoot 5.0 10.0 MT
Trefiil, big 23 19.0 s
Vetch, common 3.0 11.0 MS
Wheatgrass. tall 75 4.2 T
VWheatgrass, fairway crested 7.5 6.9 T
Wheatgrass, standard crested 35 4.0 MT
Wildrye, beardless 27 6.0 MT
k. Sugar cane 1.7 59 MS

8 Because paddy rice is grown under flooded conditions, values refer to the electrical conductivity of

the soil water while the plants are submerged

120
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15199 3.12(3) A1 ECe threshold 1Az A1 b M5 UANAT 3.45

< 3
Unn 3 ﬂ?l1ll@%}®\1ﬂ1iu1ﬂlﬁ]ﬂﬁﬁlf

Crop

ECe mres;lwm

b Rating
(% /dS m 1)

|. Tropical Fruits and Trees

Banana

Coffee

Date Palms

Palm trees

Pineapple {(multi-year crop)

Tea

m. Grapes and berries

Blackberry

220

Boysenberry

220

Grapes

Hops

n. Fruit trees

Almonds

Avocado

Citrus (Grapefruit)

Citrus (Orange)

Citrus (Lime)

{

Citrus (Lemon)
(
(

Citrus {(Pummelo)

Citrus (Tangerine)

Conifer trees

Deciduous orchard

- Apples

- Peaches

210

- Cherries

- Pear

- Apricot

240

- Plum, prung

18.0

- Pomegranate

Olives

1
=
Eﬁmmmmmm %"—mmmmmmmm

Primary sources

Ayers and Westcot, 1985. FAO Irrigation and Drainage Paper N° 29. Water quality for agriculture ;
Rhoades, Kandiah and Mashali, 1992. FAO Irrigation and Drainage Paper N° 48. The use of saline
waters for crop productions.

v o d [ S 4 o
3.6.2 ﬂ3mtmwuﬁizﬁ3'Nﬂ3mgﬁwm:auﬂsz?m%mmm%ﬂmﬁmmnm‘ssumm(Salinity-
Water Stress Relationship)
v o J 1 1
INTUNIT 3.48, 3.50 LLASTUNIT 3.41(ET2=KS.ETC) CTIVITONIANUTUNUTICUINAININY
I o a £ ~ Y o
!ﬂmlagﬁuﬂigﬁﬂﬁﬂ’ﬂhmiﬂﬂ Vlﬂﬂﬁﬁllfﬂ‘i

a1 4 A °
ﬂiQ!TlnlNNﬂ’J'mlﬂiﬂﬂl‘lr!ﬂ\ﬁnﬂﬂ1i“lnﬂu1 (D, <RAW)
b

KS =1 K 100 (EC ECethreshold) (35 1)

pIANANANNAIBALIB391ANTNIAN (D,> RAW)

b TAW-D
K.=1- EC,-EC T — 3.52
S K 100 ( ethreshold (TAW _ RAW) ( )

121
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3.6.3 fedamssnnamfBinamslfihvesiisilgnlududa
< a 1 ° v ¥ ' . v ¥
Tumsilgnaruuausutluaznounsie 1ns 1 lusanaegg (Mid Season) Taglani
: I ' v o
yallsynmudalinnuay (EC,) iy 1 dS/m mrualiimssedraunie lasld Leaching Fraction (LF)
N 15% 105NN 3.12(1) A1 EC, .0 402 b EIMTUD 110U 1 dS/m 11 19%/dS/m A ua1a L
1aZIINAII NN 3.11A1 K, 51899Mad msuaumny 1.15
o ~ 1 9 %1 A A g a 1A 1 A
wmanseumeunySuams lHhvesie eanuduluduegnizaunie nansal
a 3 ] a 3
Yaymaway uag hifidymaway
Mruald TAW=110 3. 11az RAW=44 131, (p=0.44)

A o
M

o))

_EC._  EC.  _44s
EC, (5EC,-EC,)

0.15(5EC -EC,) = EC,

0.75EC, - 0.15EC,, = EC,,
0.75EC, = 1.15EC,

ECe=1.15/0.75=1.53 dS/m ..... use 1.5 dS/m

b 19
K.=|1-—EC_, —EC =1-——(1.5-1.0)=0.92
S ( KYX].OO( e ethreshold)} 115X100( )

Ksn‘;ﬁmﬂﬁuzﬂ"'laiﬁﬂagmamﬁu

<. :( TAW-D, jz[no— D, j:no— D,
TAW -RAW 110-44 66

Ksmﬁmmﬁmazﬁﬂtymamﬁu

b TAW -D,
KS = ]__K—(Ece - ECethreshoId) (—j
X100 TAW -RAW

Kszo,gz(llo_—Drj
66

o v 3 A S a <} (=) a < '
wamﬁﬂmmlﬁuwmmﬂ%mmmwwnmmﬂtfgﬂmummmz"lwﬂmﬂmumu uﬁmagﬁlu

A
AT NN 3.13
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a o ' 3 v 3 = A a < A a <3
M99 3.1300819msmulsnams dhvesiensailidymauaunas luldymauay

The effect on crop evapotranspiration for various soil water depletions in the root zone (Dy) are:
il salini with soil salinit
Ks no soil salinit EKS - 4y7 Additional ~ reduction
Dy _ e Ry in potential ET¢ due
(mm) Equation 3.38 (ECg=1.5dSm™) to salinity

0 100 | noreductioninETs | 0-92 | 8% reduction in ETp 8%
35 1.00 | noreductionin ETa | 0-92 | 8% reduction in ET 8%
40 1.00 | no reduction in ETe 092 | 8% reduction 8%
44 1.00 no reduction in ETF 0.92 8% reduction 8%
50 0.91 | 9% reduction 0.83 | 17% reduction 8%
60 0.76 | 24% reduction 0.69 | 31% reduction 7%
70 0.61 | 39% reduction 0.56 | 44% reduction 5%
80 0.45 | 55% reduction 0.42 | 58% reduction 3%
90 0.30 | 70% reduction 0.28 | 72% reduction 2%
100 0.15 | 85% reduction 0.14 | 86% reduction 1%
110 0.00 ETa=0 0.00 ETp=0 -

3.7 19NA1591904

Allen, R.G., Pereira, L.S., Raes, D., and M.Smith(2000), Crop Evapotranspiration-Guidelines for

Computing Crop Water Requirem,ents, FAO Irrigation and Drainage Paper No. 56, 300p.

123
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3.8 nuientia

(1) 99AUIUN Reference Crop Evapotranspiration (ET,) Ta8725 Penman-Monteith iﬂﬂ"lﬂl}’ém”aﬁ WUA
TaeTHiidauaazauhmsguadoyagiomedisumsmuia Taeld@uavgy (Random Number) a1

el 1 Frendedoyagiomeadiuiumsguanivonisauim ET, naasoglumsnei 1

1
f(x) )= e i
RAEIT R Random Number 0110 - 1
— X X, = ?Ihsf:hqﬂmm FC 14:36 PWP
x* X 0= AA1ZAVDI FC 4150 PWP
Random Number= f f(x)dx X* =1 FC 130 PWP figu'ld
Xmin
Random Number= m
Xmax - Xmin
s1ii 1
msafi 1 Fiideteyagiermadmsumsguaniiomsmuim ET,
Random Number =
Data (X) Hig X, in X,ue | Sampling
value(X*)
Month (M) 1 12
Latitude ‘N 13°0" | 15°0'
Altitude (Land elevation) m.(MSL) | 1 50
Average daily maximum temperature(T ) for the month °C 28 35
Average daily minimum temperature(T ;) for the month °C 20 25
Average daily temperature (T,,,) for the previous month | °C 25 30
Average daily relative humidity (RH,,,,) for the month % 60 85
Average daily wind speed (u,) m/s 1.0 2.5
Average sunshine hours (n) for the month hours 7.5 10.5
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a A

Y
) mmmmmmmé’f@qmiuwmﬁﬂs (Crop Water Requirements) iWﬂL@d’I@u mn%’anvannmmﬁuazw

@

A o Y A 1 1A o 9 2 A A o Y
“I/Iﬂ'lﬁl:!ﬂal‘l”iﬁllm"liﬂﬂ 2-6 Lmagﬂijﬂlﬁ’ﬂﬂﬂ?ﬂ’lﬂlﬁ"lﬂ')"mﬁﬂﬂﬂTi‘LH"’U’ENW‘D’ﬁ)'Iﬂ@]'ITI\WIﬂ']ﬁuﬂclﬁ 1

M3 Poyanedny K, 14911na1519A1 K 409 FAO

ms19h 2 dmsungu 1 sesdmualiilgndosignlng (Sugarcane-Virgin) Jui 1 Hunay

Station Name : KamphengSean Province : Nakhon Pathom

Latitude(N) : 14.00 Longitude(E) : 99.9

Altitude(m) : 7.46 Elev. of Wind Vane(m) : 11

Month Mean Temp. Humidity Wind Speed Sunshine Hours
(celcius) (%) (m/s) (hrs)

January 24.6 69 1.2 8.1

February 27.0 67 1.7 8.3

March 29.1 66 2.1 8.4

April 30.6 67 2.0 8.4

May 29.9 71 1.6 7.0

June 29.0 73 1.6 5.1

July 28.7 73 1.8 5.3

August 28.5 75 1.9 4.4

September 28.1 77 1.1 5.2

October 27.1 78 1.2 6.1

November 25.3 76 1.8 7.4

December 23.3 71 1.8 8.1

125
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M4 3 Ansungu 2 %QﬁWWuﬂiﬁ}ﬂgﬂgﬂﬂﬁﬂ (Sugarcane-Ratoon) Tl 1 AUATWUT
Station Name : Lampang Province : Lampang
Latitude(N) : 18.30 Longitude(E) : 99.30
Altitude(m) : 314.95 Elev. of Wind Vane(m) : 11
Month Mean Temp. Humidity Wind Speed | Sunshine Hours
(celcius) (%) (m/s) (hrs)
January 22.6 66 1.3 8.3
February 25.3 60 1.6 8.5
March 28.6 56 1.5 8.3
April 30.5 58 1.4 8.3
May 29.3 68 1.2 7.2
June 28.0 74 1.0 4.9
July 27.7 75 0.9 4.2
August 27.5 76 0.8 43
September 27.2 76 0.8 5.6
October 26.3 75 0.9 6.2
November 243 71 1.0 7.0
December 21.5 68 1.1 8.0
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d' o o 1 2 o Y 9 dy v J . o A
AN 4 'CT"I‘PTTUﬂQlI 3 GHQﬂWWu@GLW‘]JQﬂﬂl"l’JIW@mENﬁ@ﬂ] (Maize) 1UN 1 LUYIBU

Station Name : U Thong Province : Suphanburi
Latitude(N) : 14.30 Longitude(E) : 99.80
Altitude(m) : 5.88 Elev. of Wind Vane(m) : 11
Month Mean Temp. Humidity Wind Speed Sunshine Hours
(celcius) (%) (m/s) (hrs)
January 24.9 67 1.6 7.9
February 27.3 64 1.9 8.0
March 29.5 62 2.7 8.1
April 30.9 64 2.4 8.2
May 30.3 69 2.4 6.9
June 29.5 73 2.9 4.5
July 29.2 72 3.0 4.5
August 28.9 73 2.9 3.8
September 28.3 77 1.6 5.1
October 273 79 1.6 6.3
November 25.7 74 23 7.5
December 241 69 2.3 7.8
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M3 5 dmsungu 4 dasmualiftgnrie 15 (Asparagus) Juft 1 quasiug
Station Name : Tak Fa Province : Nakorn Sawan
Latitude(N) : 15.30 Longitude(E) : 100.50
Altitude(m) : 86.67 Elev. of Wind Vane(m) : 11
Month Mean Temp. Humidity Wind Speed Sunshine Hours
(celcius) (%) (m/s) (hrs)
January 25.7 60 0.7 8.1
February 28.0 61 1.0 8.2
March 30.0 63 1.2 8.0
April 31.1 64 1.2 8.2
May 30.1 69 1.0 7.0
June 29.1 72 0.9 52
July 28.5 73 0.8 5.1
August 28.2 74 0.7 4.5
September 27.8 77 0.4 4.9
October 27.4 74 0.8 6.2
November 26.2 66 1.0 7.5
December 249 61 1.1 8.1
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maii 6 dwsungu s dasmualing11a (Cabbage) Tuii 1 fuwen

Station Name : NongPhlub | Province : Prachuap Khiri Khun

Latitude(N) : 12.60 Longitude(E) : 99.70

Altitude(m) : 106.2 Elev. of Wind Vane(m) : 10.15

Month Mean Temp. Humidity Wind Speed Sunshine Hours
(celcius) (%) (m/s) (hrs)

January 24.5 70 1.6 7.9

February 26.2 69 1.8 8.2

March 27.9 68 2.0 8.3

April 29.2 69 1.8 7.6

May 28.7 74 1.7 55

June 27.9 75 1.7 3.6

July 27.8 74 1.6 4.1

August 27.6 76 1.5 3.2

September 27.3 76 1.2 4.1

October 26.5 79 1.0 4.7

November 25.1 77 1.4 6.0

December 23.7 71 1.6 7.7
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3.9 MANUIN

Meteorological tables

< 3
Unn 3 ﬂ?ﬂll@?@\iﬂﬁiﬂﬂlﬂﬂﬁ“]ﬁ

ATANUIN Annex

A3.1 Atmospheric pressure (P) for different elevations above sea level (z)
A3.2 Psychrometric constant (7y) for different elevations above sea level (z)

A3.3 Saturation vapour pressure (€°(1)) for different temperatures (T)
A3.4 Slope of vapour pressure curve (A) for different temperatures (T)

A3.5 Number of the day in the year (J)
A3.6 Daily extraterrestrial radiation (R,) for different latitudes
A3.7 Mean daylight hours (N) for different latitudes
A3.8 O'TK4 (Stefan-Boltzmann law) at different temperatures (T)

A3.9 Conversion factors to convert wind speed measured at given height to wind speed

measured at standard height of 2 m above ground surface

TABLE A3.1
Atmospheric pressure (P) for different altitudes (z)
5.26
P = 1013 293 — 0.0065 z
293

Z P z P z P z P
(m) (kPa) (m) (kPa) (m) (kPa) (m) (kPaj)
0 101.3 1000 90.0 2000 79.8 3000 70.5
50 100.7 1050 89.5 2050 79.3 3050 70.1
100 100.1 1100 89.0 2100 78.8 3100 69.6
150 99.5 1150 88.4 2150 78.3 3150 69.2
200 99.0 1200 87.9 2200 77.9 3200 68.8
250 98.4 1250 87.4 2250 77.4 3250 68.3
300 97.8 1300 86.8 2300 76.9 3300 67.9
350 97.2 1350 86.3 2350 76.4 3350 67.5
400 96.7 1400 85.8 2400 76.0 3400 67.1
450 96.1 1450 85.3 2450 75.5 3450 66.6
500 95.5 1500 84.8 2500 75.0 3500 66.2
550 95.0 1550 84.3 2550 746 3550 65.8
600 94.4 1600 83.8 2600 74.1 3600 65.4
650 93.8 1650 83.3 2650 737 3650 65.0
700 93.3 1700 82.8 2700 73.2 3700 64.6
750 92.7 1750 82.3 2750 727 3750 64.1
800 92.2 1800 81.8 2800 723 3800 63.7
850 91.6 1850 81.3 2850 71.8 3850 63.3
900 91.1 1900 80.8 2900 71.4 3900 62.9
950 90.6 1950 80.3 2950 71.0 3950 62.5
1000 90.0 2000 79.8 3000 70.5 4000 62.1

Sources: FAO Irrigation and Drainage Papers No.56
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TABLE A3.2
Psychrometric constant (y) for different altitudes (z)

Gy B
y = px = 0.665x107> P

£

z Y z 4 z Y z Y
{m) kPaf°C (m) kPaf°C (m) kPai°C {m) kPaf°C

0 0.067 1000 0.060 2000 0.053 3000 0.047
100 0.067 1100 0.059 2100 0.052 3100 0.046
200 0.066 1200 0.058 2200 0.052 3200 0.046
300 0.065 1300 0.058 2300 0.051 3300 0.045
400 0.064 1400 0.057 2400 0.051 3400 0.045
500 0.064 1500 0.056 2500 0.050 3500 0.044
600 0.063 1600 0.056 2600 0.049 3600 0.043
700 0.062 1700 0.055 2700 0.049 3700 0.043
800 0.061 1800 0.054 2800 0.048 3800 0.042
900 0.061 1900 0.054 2900 0.047 3900 0.042
1000 0.060 2000 0.053 3000 0.047 4000 0.041

Based on A= 2.45 MJ kg™ at 20°C.
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TABLE A3.3

Saturation vapour pressure (e*(T)) for different temperatures (T)

< 3
Unn 3 ﬂ?ﬂll@?@\iﬂﬁiﬂﬂlﬂﬂﬁ“]ﬁ

¢®(T) = 0.6108 exp kil
T+ 2373
T eg T e°(T) T e*(T) T eg
°C kPa °C kPa °C kPa °C kPa
1.0 0.657 13.0 1.498 25.0 3.168 37.0 6.275
1.5 0.681 13.5 1.547 255 3.263 37.5 6.448
2.0 0.706 14.0 1.599 26.0 3.361 38.0 6.625
25 0.731 14.5 1.651 26.5 3.462 38.5 6.806
3.0 0.758 15.0 1.705 27.0 3.565 39.0 6.991
248 0.785 15.5 1.761 27.5 3.671 39.5 7.181
4.0 0.813 16.0 1.818 28.0 3.780 40.0 7.376
4.5 0.842 16.5 1.877 28.5 3.891 40.5 7.574
5.0 0.872 17.0 1.938 29.0 4.006 41.0 7.778
55 0.903 17.5 2.000 29.5 4123 41.5 7.986
6.0 0.935 18.0 2.064 30.0 4.243 42.0 8.199
6.5 0.968 18.5 2130 30.5 4.366 42.5 8.417
7.0 1.002 19.0 2197 31.0 4.493 43.0 8.640
7.5 1.037 19.5 2.267 N5 4622 43.5 8.867
8.0 1.073 20.0 2.338 32.0 4735 44.0 9.101
8.5 1.110 205 2412 32.5 4.891 445 9.339
9.0 1.148 21.0 2.487 33.0 5.030 45.0 9.582
9.5 1.187 215 2.564 33.5 5173 455 9.832
10.0 1.228 220 2.644 34.0 5.319 46.0 10.086
10.5 1.270 225 2.726 34.5 5.469 46.5 10.347
11.0 1.313 23.0 2.808 35.0 5.623 47.0 10.613
11.5 1.357 235 2.896 355 5.780 47.5 10.885
12.0 1.403 24.0 2.984 36.0 5.941 48.0 11.163
12.5 1.449 24.5 3.075 36.5 6.106 48.5 11.447
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TABLE A3.4

Slope of vapour pressure curve {A) for different tem peratures (T)

< 3
Unn 3 ﬂ?ﬂll@?@\iﬂﬁiﬂﬂlﬂﬂﬁ“]ﬁ

1098 [0_6108 p[ﬂﬂ
T3
A=
(T + 237.3)°
T A T A T A T A

°C kPa/°C °C kPa/°C °C kPa/°C °C kPa/°C
1.0 0.047 13.0 0.098 25.0 0.189 37.0 0.342
1.5 0.049 13.5 0.101 25.5 0.194 375 0.350
2.0 0.050 14.0 0.104 26.0 0.199 38.0 0.358
25 0.052 14.5 0.107 26.5 0.204 38.5 0.367
3.0 0.054 15.0 0.110 27.0 0.209 39.0 0.375
3.5 0.055 15.5 0.113 27.5 0.215 395 0.384
4.0 0.057 16.0 0.116 28.0 0.220 40.0 0.393
45 0.059 16.5 0.119 285 0.226 405 0.402
50 0.061 17.0 0.123 29.0 0.231 41.0 0412
55 0.063 17.5 0.126 205 0.237 415 0.421
6.0 0.065 18.0 0.130 30.0 0.243 42.0 0.431
6.5 0.067 18.5 0.133 30.5 0.249 425 0.441
7.0 0.069 19.0 0137 31.0 0.256 43.0 0.451
P 0.071 19.5 0.141 31.5 0.262 435 0.461
8.0 0.073 20.0 0.145 32.0 0.269 440 0.471
85 0.075 20.5 0.149 325 0.275 445 0.482
8.0 0.078 21.0 0.153 33.0 0.282 450 0.493
95 0.080 215 0.157 335 0.289 455 0.504
10.0 0.082 22.0 0.161 34.0 0.296 46.0 0515
10.5 0.085 225 0.165 34.5 0.303 46.5 0526
11.0 0.087 23.0 0.170 35.0 0.311 47.0 0538
11.5 0.090 235 0.174 35.5 0.318 47.5 0.550
12.0 0.092 24.0 0.179 36.0 0.326 48.0 0.562
12.5 0.095 24.5 0.184 36.5 0.334 485 0574
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< 3
Unn 3 ﬂ?ﬂll@?@\iﬂﬁiﬂﬂlﬂﬂﬁ“]ﬁ

TABLE A3.5
Number of the day in the year {J)

Day January February March* April* May* June*
1 1 32 60 91 121 152
2 2 33 61 92 122 153
3 3 34 62 93 123 154
4 4 35 63 94 124 155
5 5 36 64 95 125 156
6 6 37 65 96 126 157
2 7 38 66 97 127 158
. 8 39 67 08 128 159
5 9 40 68 99 129 160

o 10 41 69 100 130 161

11 42 70 101 131 162
" 12 43 71 102 132 163
12 13 44 72 103 133 164
13 14 45 73 104 134 165
14 15 46 74 105 135 166
15 16 47 75 106 136 167
16 -l 48 76 107 137 168
17 18 49 77 108 138 169
18 19 50 78 109 139 170
19 20 51 79 110 140 171

- 21 52 80 111 141 172

21 22 53 81 112 142 173

0o 23 54 82 113 143 174

= 24 55 83 114 144 175

pas 25 56 84 115 145 176

26 57 85 116 146 177

25 07 58 86 117 147 178

26 08 59 87 118 148 179

27 29 (60) 88 119 149 180

28 30 = 89 120 150 181

29 31 = 90 2 151 2

30

31

TABAE 2.0 add 1if leap year

J can be determined for each day (D) of month (M) by

J=INTEGER(275 M/O-30+D) -2

IF (M<3)
also,

THEN J=J+2

IF (leap yearand (M > 2)) THEN J=J + 1
For ten-day calculations, compute J forday D =5, 15 and 25

For monthly calculations, J at the middle of the month is approximately given by
J=INTEGER({30.4 M — 15}
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TABLE A3.5 (continued)
Number of the day in the year (J)

Day July* August® September* October* November* December*
1 182 213 244 274 305 335
2 183 214 245 275 306 336
3 184 215 246 276 307 337
4 185 216 247 277 308 338
5 186 217 248 278 309 339
6 187 218 249 279 310 340
7 188 219 250 280 311 341
8 189 220 251 281 312 342
g 190 221 252 282 313 343

i 191 222 253 283 314 344

192 223 254 284 315 345
" 193 224 255 285 316 346
12 194 225 256 286 317 347
13 195 226 257 287 318 348
14 196 207 258 288 319 349
15 197 228 259 289 320 350

16 198 229 260 290 321 351

17 199 230 261 291 322 352

18 200 231 262 292 323 353

19 201 232 263 293 324 354

= 202 233 264 294 325 355

21 203 234 265 295 326 356

59 204 235 266 206 327 357

p= 205 236 267 297 328 358

o4 206 237 268 298 329 359

207 238 269 209 330 360

25 208 239 270 300 331 261

26 209 240 271 301 332 362

27 210 241 272 302 333 363

28 291 242 273 303 334 364

29 212 243 5 304 2 365

30

31

* add 1 if leap year
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TABLE A3.8
O'TK4 (Stefan-Boltzmann law) at different tem peratures (T)
With o = 4.903 109 MJ K4 m™2 day™’
and Ty = T[°C] + 273.16

T 5 T 5 T 0T|§4
C) (MJ m2 d- 1 Ee) MJ m2 d- 1 (°C) (MJ m2 d- 1
1.0 27.70 17.0 34.75 33.0 43.08
1.5 27.90 1.2.5 34.99 335 43.36
2.0 28.11 18.0 35.24 34.0 43.64
2.5 28.31 18.5 35.48 345 43.93
3.0 28.52 19.0 3572 350 44 21
35 28.72 19.5 35.97 355 44 50
4.0 28.93 20.0 36.21 36.0 4479
4.5 29.14 20.5 36.46 365 45.08
50 29.35 21.0 36.71 37.0 4537
55 29.56 21.5 36.96 375 45,67
6.0 29.78 22.0 37.21 38.0 45,96
6.5 29.99 22.5 37.47 385 46.26
7.0 30.21 23.0 37.72 39.0 46.56
75 30.42 23.5 37.98 395 46.85
8.0 30.64 24.0 38.23 40.0 47 15
8.5 30.86 245 38.49 40.5 47 .46
9.0 31.08 25.0 38.75 41.0 4776
9.5 31.30 255 39.01 41.5 48.06
10.0 31.52 26.0 39.27 42.0 48.37
10.5 31.74 26.5 39.53 425 48.68
11.0 31.97 27.0 39.80 43.0 48.99
11.5 3219 7.5 40.06 435 49.30
12.0 32.42 28.0 40.33 44.0 49.61
12.5 3265 28.5 40.60 44 5 49.92
13.0 32.88 29.0 40.87 450 50.24
13.5 33.11 29.5 41.14 455 50.56
14.0 33.34 30.0 41.41 46.0 50.87
14.5 33.57 30.5 41.69 46.5 51.19
15.0 33.81 31.0 41.96 47.0 51.51
15.5 34.04 315 4224 47 .5 51.84
16.0 34.28 32.0 42 52 48.0 5216
18.5 34 .52 32.5 42 80 48.5 52.49
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TABLE A3.9
Conversion factors to convert wind speed measured at given height {(over grass) to wind speed
measured at standard height of 2 m above ground surface

4.87
In(67.8 z/— 5.42)

conversion factor =

z con- z con- z con- z con-
height version height version height version height version
{m) factor {m) factor {m) factor {m) factor
- - 22 0.980 4.2 0.865 6.0 0812
3 - 2.4 0.963 4.4 0.857 6.5 0.802
- - 26 0.947 4.6 0.851 7.0 0.792
z - 2.8 0.933 4.8 0.844 7.5 0.783
1.0 1.178 3.0 0.921 5.0 0.838 8.0 0775
1.2 1125 3.2 0.910 5.2 0.833 85 0.767
1.4 1.084 3.4 0.899 5.4 0.827 8.0 0.760
1.6 1.051 3.6 0.889 56 0.822 95 0.754
1.8 1.023 3.8 0.881 5.8 0.817 10.0 0.748
2.0 1.000 4.0 0.872 6.0 0.812 10.5 0742
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4.2 gasmsmuiamlIinmnudean1stiiyalszniu (Formula for Calculation of Irrigation

Water Requirements)

=Y %,' . . . o [
‘]J'ill”lmﬂ’ﬂuﬁjﬂﬁﬂﬁu”ﬁﬂa‘ﬂiz‘ﬂ”Iu(Irrlgatlon Water Requirements) %mmmmmm"lﬁ’m

aunNIg

ET.-R,+P+LR

IWR =100 4.1)

i
A
1D
v ¥ o
TWR = 1/531aua09msisalseniu (uu./3u)
Y
ET. = U5namsIsihvesiiy (ua./iu)
R, = YSmnaruldnmg .5
s = 3 1) = ° A o
P = YSuamssaauiin luudasun (u/34) F9921una s mmIzmsAuIn
Y %1 ) v 9 1 g}l
AMNABINTHIaYTEMUFIHT VI INMIUY
Y 3 A Y A . .
LR = ﬂ‘%mmmmmmmimmami%mqmaﬂummm (Leaching Requirements)
E, = Uszansmmmsrallsemu (%)
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IWR = 131121108 09mM31Nsalszmu Wy )

' v
IF = anudlums liihsalsgniu (Gu)

4

A =Wuhmzilgn (19)

IWR, IWRXIFXA

- - (4.3)
3600T 2,250T
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v ! %’ 3A [
Q= onsIMsaavalsemu (0.73UM)

] ) 2 . . ' {
T = 91us2 Iuslunmsaei (Irrigation Period) AosauaANNNMsFalseniu

4315 mamnufeamsrhvesiiy (Crop Water Requirements)
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4.4 YSnamsadaniluuasun (Percolation in Paddy Field)
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4.5 PBnamnudeans1iuNenanssudug(Other Water Requirements)
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(53—35x1.25)x 900 _
100

D4(30-120 cm) = 83mm.

Dy =95+83 =178 mm.

D, =50 mm.

E =4 mm./day x 42 days = 168 mm.
P =2 mm./day x 42 days= 84 mm.

168 + 84
2

LP=178 +50 + = 354 mm.

LP =345 mm./42 day= 8.43 mm/day
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4.5.2 ANNABINIHUNBMI¥LA11nA (Leaching Requirements)
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LF = dacudsunaniniemsvearanaenedSunanisatsemun1d(Leaching Fraction)

Y 4
D, = Y51 NT2U1800n1INATIN (L.

4 [
D, = 5unaniwadsemun )

' A

EC, = A1 EC U9911715211899n00101UA510 (dS/m)

EC, = A1 EC woai1railsemuin 14 (ds/m)

D, =ET.+D, (4.8)
UNUA Diaﬂuﬁumiﬁ 479218

— Dd

ET.+D,

e b

D, LF

LF
LR=D,=ET.| —— 4.9
‘ C( 1- LF) (49

il

y
LR= 1Snatinitemssed19:nae(Leaching Requirement) (M3).)
Y
ET. = Sanamsldihvesives (uu.)
A1 LF azshuna laninauns 4.1iilonsius EC uagan EC,0neums

ECd = SECe threshold — EC (4 1 0)

1

A
o

EC, yreas = A EC gaNGUlNANIZNUAONAHAA NS Aaudadlua1s199 3.10 Una 3

4.6133 a1l ¥M35 (Effective Rainfall)
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4.6.1 Asmsanadulinslulisunsin CROPWAT

1150053 CROPWAT 1ana119935msa 1wt v idulenis 4 35 Ao Fixed Percentage,

1 Y
Dependable Rainfall, Empirical Formula {tag USDA-SCS Falis10aviDeanall

@

2

3

Imruadulimsilu % vesduiian (Fixed Percentage)
R,=aR (4.11)
A
o
R = 5madunan (uu.)
R, = WSunarluldms @)
$ g a a 1 {
a = %ruiitluduldms Undvzinrsaniduianszimsgapdelszum 10-30%
v

oS 1
1Y a vz UAlszuna 0.7-0.9

38 Dependable Rainfall ¥83 FAO/AGLW

asy Y a Y

Y v 4 v
tmngnuglomenuundadeaznsguisu Taodsuadunldlumssunaduldns

@
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I { [ I 1 [y
zludunauU12T VNN I1(Exceedence Probability) (10D 80%1i3 0
P(Rain > R) = 80% (4.12)
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aumsrul¥nanamndusaney

10 o R

R,=0.6R, . - <70 mm. (4.13)
R,=08R,, - 24 o R,,,,> 70 mm. (4.14)
A A A <

We R, AoHuT @AWy ui.

aumsdulFnannamindusgauiu

R, =0.6R, - 10/3 1#lo R, < 70/3 mm. (4.15)

R, =0.8R,, - 24/3 1o R,_> 70/3 mm. (4.16)

A A a o d
e R, AoruswauIwilu ww.

Br1k gA3 Empirical

=\ A
nsaluTIEeneu
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R.=aR__.-b o R, .<zmm. (4.17)

R,=aR ..-b 3o R, o> Z Mm. (4.18)
= a U

nsoiuseauiu

R_=aR,_-b/3 1o R, <2z/3 mm. (4.19)

R, =aR, -b/3 1o R, > z/3 mm. (4.20)

1 % a Q( 1 (%3 1 ¥ H a, =)
AMFu52aNT a, b, ¢, duaz z azuana1anu Tl luuaaznui asamldlagisnaaeuss
Empirical
@) J5ve4 US. Department of Agriculture, Soil Conservation Service (USDA-SCS)

pIaidus AR (R,,,,,)

R=R,,,(125-0.2,,..,)/125 e R, < 250 mm, 4.21)
R,=125+0.IR,, e R, > 250 mm, (4.22)
nsaieluseduIu (R,,)

R, =R, (125 - 0.6,,)/125 e R,,<250/3 mm. (4.23)
R, =125/3+0.1R, e R,>250/3 mm. (4.24)
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80 48 52 55 | 58 | 60 | 63 | 67 | 71 | 77
90 50 57 61 64 67 70 75 79 85
100 63 67 71 74 78 82 87 94
110 68 73 78 80 84 89 95 102
120 73 78 84 86 91 97 102 | 110
130 75 8 | 89 | 92 | 98 | 104 | 110 | 118
140 8 | 95 | 99 | 105 | 112 | 118 | 126
150 94 | 101 | 105 | 110 | 120 | 125 | 134
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A A 9 <3 % Y o ) 9 ~ (Y] 1 g’/
) oaulwvasindunuir 1318 100 uu. AguUSuunnna15199 4.2 92N 1.02A910U
AulHns = 1.02x43 = 44 11l

winamamsmlSunaduldmsdmsuiy linwitveansensrunyasanigomsni(USDA)
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R.=R 1o R<R’ (4.25)
R,=AR+B  1ijo R>R* (4.26)
A
1o

R = USmnaeusiedon (ui.)
Re = 15unaeulFnssiedou (i)

T W a £ * [ H
Mduilszand A, B uag R uaaingluasan 4.3

v g
Maai 4.3ﬂ1ﬁ11ﬂ§$ﬁ'1/]‘ﬁ’d‘hﬂﬁI?Juﬁl%}ﬂ'liiTﬂLﬁﬂuﬁ"lﬁﬁ‘]J‘ﬁ}W?LLﬁ%ﬁ%uli (’5}@‘(’1)

v g o 4 { [ [ S v
dmiulassmsaaiuazihgssnuaesiios Sandagussas(Tvsy. 2537)

dulgmamsudn dulgmamsuinsls Son)
P01 R'(mm) A B R'(mm) A B
Wel.-130. 59 0.55 26.10 29 0.78 6.38
e, 53 0.44 29.68 25 0.63 9.25
1. 55 0.46 29.70 27 0.70 8.10
. 60 0.75 15.00 26 0.65 9.10
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af. 50 0.56 22.00 25 0.64 9.00
ny. 42 0.39 25.62 22 0.42 12.76
ff. 30 0.25 22.50 18 0.27 13.14
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) 3 2 9 @ < { @ {

Consultants, Inc.) lauuziimsaiunadsuaduldnisdmsudrniu % vosduiian degii 4.1

o W 1 1 { 1 Aa I~{ $ a
douuzihainanneduiian lumu 200 uu.adeu dedluduldnig 100%Huiinu 200 . %ruld

NFILAAININAIU A9510821989 1UAI1T19N 4.4

350
300
250
200
150

100

USunarlulems (uudeu)

50

0

0 50 100 150 200 250 300 350 400 450 500 550

WSy (o)

31 4.1 duldmsdmsundnlumanz SueeniBoaniieveilszime lny

(Engineering Consultants, Inc.)



a ¥ ! gol
207211 Aenssuyalszmuiiosdu unh 4 Anudesmsizalszmu 153

d‘ v v ' Y 9 [ 9 @ = A
M319N4.4 ANudunusszrINduazdulsms damsvnvnmlumansiusenoaniloved

Uszinealne
Pnadusienou YSaduldms % ey s tiloruaniA 50w,
(W3./RPU) (U3./RPU) (%) (%)
200 200.0 100.0 75.0
250 237.5 95.5 65.0
300 270.0 90.0 45.0
350 295.5 83.6 35.0
400 310.0 77.5 20.0
450 320.0 71.1 10.0
500 325.0 65.0
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9 o [ 9 = 1 9 %:’ dl 9 dy
winaimgrdulgnsdmivundneniinwinnanudesmsisalsemunndann 1@ vai sz
@ o < [ { o X v A Aa [ 1
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FIMIAY LU (NINU 172.6, 222.6 , 1A 391.00H. AINEIAL

38
115199 4.4 151 U1919984 Engincering Consultants, Inc
1Aou A (u)) M IMUIN luldms )
NINgIAN 176.2 <003, | 100%(176.2) 176.2
Famau 222.6 >200 U3, | 200 + 75%(222.6 - 200) 217.0
Aueneu 391.0 >200 U3, | 292.5 + 35%(391-350) 306.9

dvsunianannvedlszmealneg B3N Acres International Ltd. dtarueuuzmssmiuiasua

dulenis 1y dauaaaluaisian 4.5
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d‘ v v ' o A Y ) v 9
M99 4.5 ANVFUNUSITEHINYTInadulsesuaoutaz s nudulsmsdmsvuivnlunianais

53audus e USunaruldnms )
" =~ = ad
AU, ASAN 1 nSaIN 2 TN 3
A A A A A A
an. | meudY an. | @OUDU | an. ne. an. | LABUDU
0 0 0 0 0 0 0 0 0
25 25 25 25 25 25 25 25 25
50 43 50 50 50 50 50 50 50
100 58 80 92 100 100 100 100 100
150 71 93 95 126 150 140 120 150
200 82 100 100 135 190 165 120 200
250 84 110 100 147 215 180 120 250
300 84 120 100 156 234 189 120 275
400 84 120 100 160 264 212 120 300
500 84 120 100 160 164 215 120 300
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154

4.7 Uszansmwueamsvallsemu (Irrigation Efficiency)
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W, +R,=ET.+P+S (4.33)
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o X Y 9.
S = MIFIFUNNAIUUI(Seepage)
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a A ! %’
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v 9 v
" fSunaru®) Ranluiuiitnzilgn = 100 wu.sdeu
" 353 amsiduluutlasun®s) =2 wu./Au
Aa A 9 so’
" lse@anEmnms IuE,) =55%

a A ' ?,}
" qlszansamuesgdaii(g,) = 80%

A aq Y I A A g 1A
1INA13 199 4.5 auudIdanmasuniiulunsaii 1 vaglulandouaainy
1319 R = 100 My./100u 9214 Re = 80 Ui /1foU
o Y %’ a d'
MuUUTUANNADINTNFUTEMUGNT(W,)NTUNITN 4.34
W, =ET.+PS—R, =170 +2x 30 — 80 = 150 u3/.AQ0U
= 15003./30 U = 5 WU

=(5/54) x 300 13 = 28 an3/ AU

]

srunadiinahyadsemuitesfeadaligdarh 1in
W, = W
(E, /100)(E, /100)

= 28/(0.55 x 0.80) = 63 AN/ AU

4.9 msmilBnamnudesmsinwalssmulaglisunsy CROPWAT
Tisuinsu CROPWAT 8.0 Usznoudie s mwywan 1 s mydmsumstloudoya(Data Input

Menu) #ag 3 (Yd1HFUNIAIUIV(Calculation Menu) Aduanaluzili 4.5
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e
Fie Edt Colculations Cherts Semings Window Language Help

Cimate/ETo

ETo fie Rain file Ciop file Soil file Planting date Ciop pat fle Schedule file

311 4.5 WYNANVYDI CROPWAT 8.0

4.9.1 myd@miumsifoudeya(Data Input Menu)

9 [ 9 Yy
wydwmsumstoudoya laun

'
a =)

(1) Climate/ETodm5utloudoya ET, Hiodoyagiioimaiesiuia ET, 1ag75 Penman-
Monteith
(2) Raindmivffoudoyadu tazdnnuduldnms Taeisnnantaluide 4.6.1
(3) CropdmSutfoutoyaiy wusiwaimsniyayla K uaziunlgnity
(4) Soild 113’ uﬂawﬁ'mgaau 1% Field Capacity, Permanent Wilting Point, Depletion
. o o 9qYo A o Yy oA .. .
Fraction(p) amiﬂﬁnmmmmamwmmﬂwmuﬂww(lmganon Scheduling)

(5) Crop patterndm5utfoudoyaginuumsignive e lslumsduranfnanaw

4
foamsiradszmuvedIlnsams (Scheme Water Supply)
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4.9.2 IIYTMTUMIMUIM(Calculation Menu)

wydmsumsmiun laun

Y

(6) CWRAMTUMIMUIUANNADINTUIVBINYAWANMNT ET,. = K.ET,

o Y] o %’ . . I
(7) SchedulesﬁWiSUmﬁﬂTLJ”JmﬂTi1Qm'i1ﬁu1%aﬂi$ﬂ1u(lmgatlon Schedule) AULNUNN

1 Y
mua 3 luTsunsy gegldeunsadenmadenlumsmuuams i la
o [ o Y g

(8) Schemeﬁ'lﬁﬁ’Ufniﬂ11!'3’0!‘IJ?3J']fl!ﬂ'J'lilﬁE)\‘lﬂWﬁUWGlfﬁ‘]J3$1’nusUfNIﬂﬁ\1ﬂ']ﬁEﬂWﬂgﬂLLUUfﬂﬁ

gnitwndmua 13wy s (Crop pattern)

4.9.3 35m 31511151053 CROPWAT 110361
F
AuuzainlumslFldsiunsy CROPWAT 8.0 tilpdu fp

4 a 4 U d {
" ieidaTisunsuliian Setup titodan1s Folder nudoyauazgiuuudoyanaz 1y
" Click 1 Icon (tWy) MudeiloIu Climate/ETo, Rain, Crop, Soil 921/51nga1519d 131
(Y] { J s 1 d
msnsendoyaluiasgii 4.6 uadill liadeyasgudr liidon luddeya e File +

. 9 9 Y o o {
Open Data Files GllfliJ“aiwgﬂ Load (UM T NNIDULAAINANITATUIN ﬂ\‘igﬂ‘ﬁ 4.7-4.12

[ cropwaT - session:untiicd " T

File Edit Calculations Charts Settings Window Language Help
O ., = . ] =

e Open Cloze Chart  Options

#5) Monthly ETo Penman-Monteith - untitled EI

<4 Country | Station |
thimate/E o Altitude m. Latitude s - Longitude B =

Month Min Temp | Max Temp | Humidity Wind Sun Rad ETo
i e E4 kmday hours ko2 day mm.day

January

o February

March
April
May

Rain

June

July

August

September
October

Crop

November

December

Average
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31 4.6 m3ndmsviloudo

a

U U

HANUDINIAIN

]
=

= Y 3
UNN 4 ANNAINMTUIFaYTTNIY

[2] ]
MU ETollionani Climate/ETo

CROPWAT - Session: untitl

File Edit Calculations Charts Settings Window Language Help
D . & (Wb & | & =
Hew Dpen Save Close Print Chart  Options
L #5 Open &J
P
Chimate/ETo Look in: | . climate j £ v
Mame = Date modified Ty
|| KURNOOL.pen 9/12/254911:44 _PI
4 | [ s
File name: |KUF!NOOL.pen
Files of type:  [All ETa files =l Lmuce]
* b
Crop -
£ Monthly ETo Penman-Monteith - C:\ProgramData\ CROPWAT data\climate\KURNOOL.pen (=M= ==
Country |Location 95239 Station [KURNOOL
Altitude | 281 m. Latitude | 1580 [sn  ~ Longitude | 7206 [sE ~
e Month Min Temp | Max Temp | Humidity | wind | Sun | Rad | ETo
Soil HE | 7C | % | lernAday | hours | M7 day | mm/day
January 3.3 47 104 8.8 18.7 3.99
February 19.3 34.3 a7 1z 9.3 21.2 4.91
March 22.5 375 30 121 9.7 235 5.93
April 2E.0 39.3 34 138 9.2 236 E.EE
a3 May 27.2 40.0 37 225 8.3 22.2 7.93
e June 25.0 356 54 354 5.8 12.3 7.19
July 23.8 325 B4 363 4.4 16.2 5.74
August 23.5 32.1 53 302 4.9 16.9 5.47
September 23.3 319 E5 207 55 17.3 4.83
October 22.4 32.4 &1 95 8.7 20.7 4.58
Movember 19.2 31.0 56 7a 77 17.6 3.73
ecember . e . = R
L D b 166 30.3 51 =] a.4 17.7 3.40
Schedule
Average 221 34.0 50 181 7.5 19.5 5.36

51U 4.7 m3den Idvouan
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a
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o

W IMALAZHANITAIUIU ETo
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 CROPWAT - Session: untit]
File Edit Calculations Charts Settings Window Language Help
[ = [} = f==3
MHew Open Save Close Frint Chart  Options
#5 Open I.é]
s Look: in: J rain - cF EE-
Climate/ETo - _—
Mame Date modified Ty
F KURMN-86 9/12/2549 11:44 Cl
B KURN-AY 9/12/2549 11:44 Cl
# KURN-DRY 30,9,/2558 23:36 Cl
B KURMN-MNOR /12,2549 11:44 Cl
FE KURMN-WET 9/12/2549 11:44 Cl

< |

[0

File name: ]

s

Files of type: |AII rain files LI Cancel
h
l:f:lp @ Monthly rain - C:\ProgramDatat CROPWAT data‘raint KLIRMN-DRY.CRM
Station |K.L|FENDDL EFff. rain method |Fixed percentage
Rain [ EFff rain
rnrn | rrm
e January oo
_ February 3.4 27
Saoil
March 1.4 1.1
April 75 6.0
M ay 336 269
June 542 43 4
July 72T 58.2
“ August F4.8 50.0
CwiR September 878 Fo.z
October =ras=] 543
HNowvember 17.8 14.2
D ecember 1.4 1.1
T otal 422 5 338.0
Lt

Y

51/ 4.8 m3aiden il§doyadunaznamsmuradulinms
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CROPWAT - Session: untitl

File Edit Calculations Charts Settings Window Language Help

O, ., d o | &

Mew Open Save  Cloze Print
#i Open @
:J: Loal in: | | crops j ﬁ( EE-
Climate/ETo - e
Mame Date modified i
J FAD 30/9/2558 22:52 !_
l@ KURN-COTTON 9/12/2549 11:44 i— |
@ KURN-GRONDNUT KHARIF 9/12/254911:44 B
#%) KURN-GRONDNUT RABI 9/12/254911:44
& #5) KURN-RICE 9/12/2549 11:44 +
Rain 1‘_| T 3
e |
Files of type: |Crop files {".cro) j Cancel

-

+ 8 Dry crop - CA\ProgramData\CROPWAT\data'crops\KURN-COTTON.CRO (o= |[=]
Crop
Crop Name |CEITTDN Planting date |30/03 Harvest |27/03
— 120 —o
- ’— / \
— 035 — L.
; Values
% | 0Eo
Soil Stage initial development mid-zeazon late seazon tokal
[days)] | 20 | &0 | =5 | 45 | 120
[ 030
Rooting depth —-‘-_—-"'""'-—-...____‘____ ——
(m] [ 140
“ Critical depletion
Yield response £. | | 0.20 | 080 | 080 | 0z | 085
Cropheight [m] 130 [optidnal)

51/ 4.9 maidonlilddoyaily
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C ROPWAT_—SESS]DH: untitl

File Edit Calculations Charts Settings Window Language Help
h ., =& ., d o | &
Mew Open Save  Cloze Fritt
) Open &J
::,: Look in: | | soils j EF '
Climate/ETo P =3
MName Date medified Ty
J FAD 30,/9/2558 22:52 Fi
@ BLACK CLAY SOIL 9/12/2549 11:44 Cl
l@ RED LOAMY 30/9/2558 23:35 Cl
@ RED SAMDY LOAM 9/12/2549 11:44 Cl
& #RED SANDY 9/12/2549 11:44 a
Rain ' 1 p
Files of type: | Sollfiles (si) | Cancel
Crop 8 Soil - C:\ProgramData\CROPWAT\data\soils\RED LOAMY.SOI (o= | =]
Soil name  |RED LOAMY
General soil data
Total available soil moizture [FC - WF) 180.0 mm/meter
" M aximum rain infiltration rate 30 mm/day
Soil M aximum rooting depth 300 centimeters
Inmitial soil moisture depletion [as % TAM) 0 F4
Initial available soil moisture 180.0 mm/meter

g1 4.10 m3idenTrldoyan



= v 3
UNN 4 ANNAINMTUIFaYTTNIY

a é’
207211 amﬂﬁwaﬂszmummﬁ’u

R . W S B @
Cose | Pt Chat
B Monthiy ETo c y rain - C. ROPWA DRY.CRM S@=
Country |Locaton 9523 Station |KURNOOL EN. 1ain method |Fixed percentage
Climate/ETo Anitade [ 281 m Latitude [1580 [N ~ Longitude [7806 [€ +
Rain | Effrain
Month MinTemp | MaxTemp | Humidity | Wind | Sun | Rad | ETo wn | om
(3 T % [ bvdey | hows [ Mim?/day [ mm/day January a0 [T}
January 33 2 04 88 187 EE] Febiuary 34 27
Fobruary 193 U3 E n2 33 212 48 Match 4 u
March 25 75 E] 7 a7 28 533 Apil 75 60
Apsil %0 13 N 18 a2 26 666 May 16 %3
May 28] 00 7 25 a3 22 783 S 53 a4
June =0 ED 5 £ 58 83 718 Jub JEL e
July T 25 5 ) [ %2 57 s"”"" ;;: ﬁ;
August ns 21 & an 43 163 547 D"’""’"Im b i
E
¥ September 23 ) 5 27 55 73 [y = o e
Crop October 224 24 61 3 a7 a7 458 = 5 &
November 182 30 ] 7 7 76 an = = T
December 1886 a3 51 84 77 30
Aveiage 221 30 50 18 75 195 536
Dry crop - C:\ProgramData)\CROPWAT\data\ crops\KURN-COTTON.CRO [e@]= v e
»  [FORERIES = ® Cep it euremens B
Sail Crop Name |COTTON Planting date |30/09 Harvest |27/ ETostation [FANODL Ciop [COTTON
| = —] Rain station [KURNOGOL Planting date [30/05
Ke [E] _/ \Y‘; Month Decade Stage Ko ETc Elc EN rain Iin. Rea.
Values 060 = niday /dec /e /dec
5 3 It [E3 66 7 22 17
csn Stage || sl *“;""" o ‘*:"“” '::' = 1 Ik 035 18 %3 26 1)
(-5 x L) J Oct 2 init 038 160 160 12 1)
o Oct Deve 03% 152 168 4 24
Rooting depth | 1 Nov Deve (T4 130 130 84 107
(m) Hov Deve 064 23 23 s 24
- - Hov Deve 08 23 22 25 %7
y Citical depletion
G ] [haction) 065 [ (] Dec. 1 Deve [X] EE] ns 12 R2
- Yiold responzo I, [F] 050 050 [E3 (3 Dec 2 Mid 1 In 74 [ 74
Dec 3 Mid 118 A ) [ 58
Canphotit =) 120 (cptenad Jan 1 Mid 118 I s a0 uz
) 50i1 - C:\ProgramData\ CROPWAT\data\soil\RED LOAMY.SO [e@= dan 2 . L1 1l 43 LX) LI,
Jan 3 Mid 118 507 =8 01 57
W ol B JHE0 LOAMY Feb 1 Md 118 543 543 o7 536
Crop Paltem gl sol deix: Feb 2 Late m 550 550 11 540
Total available soil moisture (FC -WP) [ 1600 mm/meter Feb 3 Late 100 527 22 03 a3
Mar 1 Late 083 4% 435 04 492
" . E]
et fn S Son e L Mar 2 Lae (13 w48 us 01 u7
Maximum rooting depth | %00 contimeters Mar 3 Lae 064 334 35 05 07
w Initial s0il maisture depletion fas X TAM) [ 0 % 664.7 758 5984
Scheme Initial available soil moisture | 1500 mm/meter
) S | | HET= [ 8 S SR a]

317 4.1 HaM3A1UIA Crop Water Requirement
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T .
File Edit Calculations Chats Settings Window Language Help
0D ,.@& .8 o | & E &
Hew Open Save Cose | Pt Chat (p
February 193 u3 7 2 93 22 a3 Oct 1 it 035 163 ®3 206 00
March 25 75 0 121 97 235 593 Oct 2 Init 035 160 ®0 182 00
Apiil %0 N3 El 138 92 236 666 Oct 3 Deve 035 152 68 1“4 24
Climate/ETo May 72 400 a7 2 [¥] 22 783 Nov 1 Deve 047 19 10 84 07
June %0 #6 5 E) 58 183 1 Lo 2 L0 (2] = 29 35 24
Ty 1] 25 M = v = ] Nov 3 Deve (L] 2% 22 25 %7
August 25 21 & aw 43 %9 547 = 1 D 02 = gan 12 2
September 73 n9 3 w 55 3 T :“ : ": L ‘: 27; ’;; z'l; Z
s 224 2 8 2 s 2 s J: 1 :d :: a:e :u 00 u
:""’ = ‘9: ;;n :S ;’ ':: ;E Jan 2 Vi 118 an an 00 m
— 2 2 L 2 L Jan 3 M 118 507 558 o1 %7
Average 221 340 50 181 75 195 536 Feb 1 M 118 543 543 07 536
- = Feb 2 Late 12 550 550 1 540
& Monthly rain - C:\ProgramData\ CROPWAT\data\rain\KUR.. [ = || @ Feb 3 5 o e s ] o
¥ Station [FURNOOL Eff. rain method [Fixe Ma 1 Late 089 45 435 04 82
a Mar 2 Late 076 448 448 o1 “7
e [ Fam | Eifwn [ 3 Late 064 as 35 s 07
o e 6647 78 598.4
January 00 00
February 34 27 B Soil - C\ProgramData\CROPWAT\data\scils\RED LOAMY.SOI s®[=
March 14 1 B
" Aot E D Soil name [RED LOAMY
Soil e | x:s %9 Genesal sol data
June 542 a4 Total available soil moisture (FC - WP) 1800 mm/meter
) ;:; ;é Maximum rain infiltration rate: E mm/ day
Seplembor 878 02 Maximum rooling depth | 500 centimeters
R 7.9 43 Initial soil moistute deplotion (as % TAM 0 x
“ Novembei 178 1“2 : )
December 14 1 Initial available soil moistwe | 1800 mm/meter
Total 4225 338.0
T
9 D1y crop - ROPWAT OTTON.CRO (o @ ]| | Cropping pattem - untitied =
= Crop Name [COTTON Planting date [30/08 Harvest [77703 Cropping pattern name [le:{
Schedule i Na. Crop file Ciop name i
ke | 55 | 1. [KURN-COTTON CRO .| [coTTon 009 28703 100
Val |
ahues 2] =] fs [ [
Stage initial 37‘ "J I [30/09
[days) EY
Crop Pattein 4 (=] 30709
5 [ (a2 —_— L s E [30/09
Rooting depth
-~ i s o T (E i
Critical depletion
{Icaction) { o= 7 = T 20709
Yield response I. 050 050 i o= 085 8 [ =T £
|
b Cropheight (m) 130 (optdnal) o[ =) T [0
10! ] 30,09
« 0
kumool.pen kurn-dhy. crm kuan-cotton. cro red loamy. soi 30/09 |

51U 4.12 msfleugiuunmaignites (Crop Pattern)
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A aAaovu J o 9o’ 1 %,‘ ara s 3 14 a 4
AADI NANNNY(2526). msﬂﬂmﬁm“luqimwmﬂﬁzm'f’{llm. Wandsumos NMSWUW.NNW.
a A Jd 1 0o w A 4 a v 4
137175 ';ﬁl'Jill51)'8(2525).ﬂ”|5?J’E)ﬂLL‘U‘UigﬂiJ%ﬁﬂi$ﬂ1u1u15u1. AIUNWUNUWIINYIUNHATAITAT.

a A 4 a A a A ¥
15175 Y0 (2548). Uszaninmmsvalsznuludszmalne. mslszginms Geaiwes
2 4
UszinstInensah 1.22 we. 2548

[ A A g a a 9}%1 1 %’ o 7
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4.11 mnidnyia

Y o ¥ K A P D)
(1) TusiaznguaiannuasImsiiralsenmusemou Iagly Program CROPWAT 8.0 91nU0ya

a 9 = Y] A A 9 = % A
giomalu 1o 1 vewuvdnialuuni 3 tazszuumslgnivylude 2 veauudnaluuny 3 uag
9

doyarulumsn 1

= Y 3
UNN 4 ANNAINMTUIFaYTTNIY

A9 A
MTNN 1 ﬂlﬂyjaﬁllﬁ’lﬂlﬂﬂu

Group 1 Group 2 Group 3 Group 4 Group 5

KamphengSea | Lampang U Thong Tak Fa NongPhlub

n
January 15 30 21 26 32
February 25 50 32 43 56
March 37 65 48 56 69
April 65 86 76 79 89
May 73 95 89 91 97
June 82 105 115 120 135
July 105 128 137 145 165
August 153 186 195 198 201
September 180 201 210 206 225
October 175 196 195 201 215
November 50 65 76 79 89
December 20 35 48 52 62
Total 980 1,242 1,242 1,296 1,435
Effective Fixed Dependabl | Default
rainfall percentage e rainfall Empirical Rainfall not considered
method (80%) (FAO) Formula USDA in irrigation calculation
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= Y 3
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a =)

Y
(2) WAHIUHIANUABINMTHIVOINY (Crop Water Requirements) sePeu MATayanionieaz i

U U

A o Y A 1 A o 9 2 A A o Y
“I/Iﬂ'lﬁi‘!ﬂﬂl‘ﬁﬁlu@'l"liﬂﬂ 1-5 umazﬂaqmaeﬂmmmmmmmqmimmmwmmmswﬂmwuﬂﬁlw 1

M58 Yeyaneny K, THgenm1sea K, vee FAO

d' o o ! 2 o Y Y ' .. o A =
AN 1 ’c’fTPTi'UﬂQil 1 %QﬂWWuﬂiﬁﬂQﬂﬂﬂﬂﬂgﬂiﬂh (Sugarcane-Vlrgm) AUN 1 UUIAY

Station Name : KamphengSean Province : Nakhon Pathom

Latitude(N) : 14.00 Longitude(E) : 99.9

Altitude(m) : 7.46 Elev. of Wind Vane(m) : 11

Month Mean Temp. Humidity Wind Speed Sunshine Hours
(celcius) (%) (m/s) (hrs)

January 24.6 69 1.2 8.1

February 27.0 67 1.7 8.3

March 29.1 66 2.1 8.4

April 30.6 67 2.0 8.4

May 29.9 71 1.6 7.0

June 29.0 73 1.6 5.1

July 28.7 73 1.8 53

August 28.5 75 1.9 4.4

September 28.1 77 1.1 5.2

October 27.1 78 1.2 6.1

November 253 76 1.8 7.4

December 233 71 1.8 8.1
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= Y 3
UNN 4 ANNAINMTUIFaYTTNIY

a o @ 1 2 o 9 Y o A o o
A1319N 2 ﬁTﬂTUﬂQlI 2 “If\iﬂ”lﬁﬂﬂclﬁﬂ@jﬂ@@ﬂﬁ@ (Sugarcane-Ratoon) AUN 1T NUNNUD

Station Name : Lampang Province : Lampang
Latitude(N) : 18.30 Longitude(E) : 99.30
Altitude(m) : 314.95 Elev. of Wind Vane(m) : 11
Month Mean Temp. Humidity Wind Speed Sunshine Hours
(celcius) (%) (m/s) (hrs)
January 22.6 66 1.3 8.3
February 253 60 1.6 8.5
March 28.6 56 1.5 8.3
April 30.5 58 1.4 8.3
May 29.3 68 1.2 7.2
June 28.0 74 1.0 4.9
July 27.7 75 0.9 4.2
August 27.5 76 0.8 4.3
September 27.2 76 0.8 5.6
October 26.3 75 0.9 6.2
November 24.3 71 1.0 7.0
December 21.5 68 1.1 8.0
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M3 3 AMTUNU 3 GT'Nﬁmu@iﬁ’ﬂgﬂ%’niwmgmﬁ’m’f(Maize) Fuii 1 oy
Station Name : U Thong Province : Suphanburi
Latitude(N) : 14.30 Longitude(E) : 99.80
Altitude(m) : 5.88 Elev. of Wind Vane(m) : 11
Month Mean Temp. Humidity Wind Speed Sunshine Hours
(celcius) (%) (m/s) (hrs)
January 24.9 67 1.6 7.9
February 27.3 64 1.9 8.0
March 29.5 62 2.7 8.1
April 30.9 64 2.4 8.2
May 30.3 69 2.4 6.9
June 29.5 73 2.9 4.5
July 29.2 72 3.0 4.5
August 28.9 73 2.9 3.8
September 28.3 77 1.6 5.1
October 27.3 79 1.6 6.3
November 25.7 74 23 7.5
December 24.1 69 2.3 7.8
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M31aH 4 dwsungu 4 dasmualifgavie HT (Asparagus) Tufi 1 quaniug
Station Name : Tak Fa Province : Nakorn Sawan
Latitude(N) : 15.30 Longitude(E) : 100.50
Altitude(m) : 86.67 Elev. of Wind Vane(m) : 11
Month Mean Temp. Humidity Wind Speed Sunshine Hours
(celcius) (%) (m/s) (hrs)
January 25.7 60 0.7 8.1
February 28.0 61 1.0 8.2
March 30.0 63 1.2 8.0
April 31.1 64 1.2 8.2
May 30.1 69 1.0 7.0
June 29.1 72 0.9 52
July 28.5 73 0.8 5.1
August 28.2 74 0.7 4.5
September 27.8 77 0.4 4.9
October 27.4 74 0.8 6.2
November 26.2 66 1.0 7.5
December 24.9 61 1.1 8.1
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M3 5 dwsungu s dasmualing11a (Cabbage) Tuii 1 fuwen

Station Name : | NongPhlub | Province : Prachuap Khiri Khun

Latitude(N) : 12.60 Longitude(E) : 99.70

Altitude(m) : 106.2 Elev. of Wind Vane(m) : 10.15

Month Mean Temp. Humidity Wind Speed Sunshine Hours
(celcius) (%) (m/s) (hrs)

January 24.5 70 1.6 7.9

February 26.2 69 1.8 8.2

March 27.9 68 2.0 8.3

April 29.2 69 1.8 7.6

May 28.7 74 1.7 55

June 27.9 75 1.7 3.6

July 27.8 74 1.6 4.1

August 27.6 76 1.5 3.2

September 27.3 76 1.2 4.1

October 26.5 79 1.0 4.7

November 25.1 77 1.4 6.0

December 23.7 71 1.6 7.7
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msaft 6 doyamsinzilgnuazlsz@ninmmsyalszniu

ey i @) szansnmmssallsznu
(%)

1.8001/gn lnj 30 75

280090 30 75

341 Tna 20 70

4ol 10 85

5.ndla 10 90

Y 19 Yy o ) 1 A A
Huavie: 1. “lwLmazﬂ’quGlﬂﬁu’agam'immmmmwmmmwmwmmﬂquauﬂﬁzﬂ’em
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5.1. ¥ lave9n15vaUse 1 IUsEs UlTU

AmTuiivgaenl141d
(Available Moisture)

sUN 1 anuduiussenieanudulupuiunsivuanisiv

ULANY

o Y Z 1 A
ﬂ13ﬂ1ﬁ1«!ﬂﬂ1'§1ﬂﬂ]!!ﬂwﬁﬂ

(Irrigation Scheduling)

|

>

-/

m’m%u%mlszwm
(Field Capacity)

anutiuiivesliivgaelulIg
(Allowable Depletion)

ANuAUTAIngn
(Critical Point)

ANTUNIYALAYARIAT
(Permanent Wilting Point)

5.2. AnaEuURYeIRUNgITINUNITAUANITIAUILANY
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5.2.1 1Wafu (Soil Texture)lloAuningfnuauiAvoIRun

N Y] & a = a ¥ ® A
LﬂEJ')ﬂ‘ULN@@U"?NﬂUiUﬂqﬁLﬂwﬁiﬂﬁgﬂ@U‘l‘UW]EJLlWW]u

3 UM A
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1) Wians1g (Sand) Jvwadunigugnalsvun
0.05 - 2.00 1.

2) Winngnaumnsie (Silt) Tvusdunigugnalsvuie
0.002 - 0.05 a4.

3) Winfiumile (Clay) Jvwndurgudnalwdnnid

0.002 1.
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ASLENLIARETY 3 ¥ia 99nanduYinlaleelglsnisenIn

Hydrometer Method

o0 0
& z\
&0 CLAY Al

40 y sILTY 3, 00
ﬁ.ﬂ..l'ﬂ?f
== SILTY
SANDY LOARM CLAY
e | CLAY LO LOAM Ll
SANDY SLTY SILT &
LORAR LiAM /.\

0 RVAN S AVAVAVAN .
L0 B0 0 ll:lf . || 0
-
< [ueganD | <

LOAMY

SANMD EANTH

JUT 2 naaluanenisuusenUszinviiiafumudadiuveada
n378 Wnngnaunsy wazlinAumtden a1uunsgu

VBINTENTIUNYATANIFOLUIN

anwauzlazANUIAndulavesiungund Ay dawialuil

1) funse (Sand) Usgnaumiensiguinnin 85 wWesidun
agviasmuazkeniuludn 9 nsguragidn

U
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annsoueaiulazduialilaudne Weldiedunusuis
LAIAAIYDBN N151898T1NNAULLNDDNANNAL a1TUUNA
sleontiu nseezduduiou uiasuanidlodudes
2) AusauUUNI8 (Sandy Loam)Usznaunignsng
11NN 50 Wasidud uilnznaulasiuniienuey
woflazrhlidussududeuldths neusazidings
anunsoupaiuwazdudaly arduliluile Weduazdus
Fudouudwazliunnidleldianaun ¢
3) AU (Loam) UEIUNENVDINTIY AZNDUNTIY LazAY
witleTludnsaruegisazne 9 fu f8nvardoutiuie
TU wineIzdunalad JAUneIUnTEA1NYeInIILeY
{9 Wedsnazwmdondntoy dawiliduluievasd
wisazduteuliuan deldtnawn 9 uagsiliuiu
Tuvasffudonazdutoundslaunn
4) AusuUUnzNauUnsie (Silt Loam) Usenaumunznoy

¢ =

N51811nN31 50 Wasldud Inseazdunluegidu
ffumiervusginuiuaniios

Y

ee

AUIUUIUNAN WA
YN LIDLIRINEUAATUADU URADUALLAENT

aunsaaiiuanladne Weunvdavsansaury wilou
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uite ldnazumaniseun Auiinazdudilduiou 9oy

Julalaglaunniin

1 14
aa

5) fiusudufuwiten (Clay Loam) Wuauniiileaziden

[V
= <

UADUMSOUNY TNz wilowrs weldiitnazidu

Y

=

LAUUNN ) Fauanladne WeRulenazduandunau @
98U 9 Wennagliuandunsiazagnanadunou
NOAFILUY
6) Auwitlen (Clay) \Juauniieazidun Yediuuiniile
Y o LYY ~ 1 = [ < A o | o
WAIN AU TULNUMTONDULTS WV iidunaz Uy
[ [ v v a v = = 9JQ9} dy [
Junauld wazdnaslidnwazinilyd Weldiile sy
LHUEAYEY
5.2.2 ANANIUNITUIINGVBSAU (Appearent specific

gravity)A118 19 NUTINYUBRUY (As) ADTRNIIEIU

LU INUNVDIAULIAIF DU NVBIUINLUS LIRS LI

v 1
v Y =

AU UGN DY DIT19TE RN AR LA

A A
e | Wa 216 V, 1Jsmmzalmﬂiwmmaszmw
WIAAY
\ 4 A\
A
¥ .03 ? Uunasinlutesineszndng
UIUNUI W,, U1 Vi 2 a
WINRY
\ 4 v
H v & a ¥ "~ a
VG T AV VA DAY V. | YSurnsvaadinfudu
= o v a v
(VITDUIMUNAULNY) § v
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JUN 3 mnuduiusseninadedu 1 wazenialuioufu

& W
NFU INTIERTUY As = =

Wa As = AU wizUsng
W = UNAUNVDIRULAS
Vo = USHNPISY09aUaN oY Fannu YSUnnsueaenid

(V) + USuesin (V) + Usunssveasinmy (V.)

= o 1 1

[, = AURUILUUYDIUIIAAUNIAY 1 AU 91D
ANUIANURALIAT 139 62.4 Uaua ma gnuianle

M13197 1 AIAIUENTUNIBUIINGVBIAU (AS)

D A1UA9AUNIZUTING (A,)
Auns1e (Sandy) 1.55 - 1.80 (1a@8 1.65)
AUIIUUUNIIE (Sandy Loam) 1.40 - 1.50 (1ade 1.50)
Augiu(Loam) 1.35 - 1.50 (1ndg 1.40)
AusIUUUAUMTEAClay Loam) 1.30 - 1.40 (1a@8 1.35)
AuuteIlunznaunse(Silty Clay) 1.25 - 1.35 (10@y 1.30)
Auwmilen(Clay) 1.20 - 1.30 (10@8 1.25)
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5.2.3 A3NaN13aluN15auUYasAY (Water holding
capacity of soil)

ANNTUTAUTENUMINER ANUTUAmaegluRuLlaws
AerMuUNglufulAIgIEnINe 1/10 89 1/3 558N
(1/10 UsIEINAEMTUAUNTIY wae 1/3 ussenniadnsusu

LAE7)

ANNTUNYALNERRINNIT ABANUTUTMERBYlUAY We
AUAILTIPIANUTUNNY 15 UTTEINA INTYIUFINA1IL
A1U1IMAIANNTUTAUTEMNULAEANUTUNATIIRY 19

1o l9LAT9LeNANNTUDDNNAU (Soil Moisture Extractor)

A InANAN LT UraYSEY Y LLazmm%uﬁﬁ;mﬁmLm
0175 Awildde 9 lnensiidiegeiuluwlasnyinlibus
o1 udrdeilulumnsiomnusiu (Extractor Chamber)
USuanusulmynau 1/10 wse 1/3 ¥se 15 UsTe1ne 599U
wsaiseuTuresiutuaufuniglundioagluansaunad
Snhiefegsiueonu ALty ArmnuTuluAuin
Ay 1/10 %39 1/3 UsseInA ﬁamm%maﬂsgmu a"au‘ﬁ'

AMUAY 15 UTTEINIARBANUIUNYALALARINTIT LA
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ABINITIANUANNNTNUUIVDIRUNLTIRIANUIUDY

14an91n 1/10 %159 1/3 58 15 USIYINA

Remove all samples from Plate placing each one in a Grasp Plate's rubber skirt and gently remove plate
separate Weighing Boat.

SUM 5 1AT09u8NAUIUIINAY (Soil Moisture Extractor)
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A13199 2 AIANLTUTAUTENURAEANTUNIALAYRID1ITVBIRUTLARAA 9

2 A AT UYAUSENY ﬂfaﬂu%uﬁqﬂl,ﬁaal,aﬂa'\ai

e % Tnguvnauuns | % Tnethwinauuss
AuUNI® (Sandy) 6 — 12 (Ae 9) 2 — 6 (way 4)
AUTIUUUNTE (Sandy Loam) 10 - 18 (10d8 14) 4 - 8 (0@ 6)
AUTIU (Loam) 18 - 26 (1nde 22) 8 — 22 (WAy 10)
AUTIUUUAUMTED (Clay Loam) 23 - 31 (1pdy 27) 11 - 15 (@8 13)
AuteIUunznaunsy (Siltty Clay) 27 - 35 (1aAe 31) 13 — 17 (wAe 15)
AULe (Clay) 31 - 39 (1pdy 35) 15 — 19 (WAg 17)




A197°9% 3 AruTunnvle lUlgUselesilufuwiingng o

192

& a
U

audunnsi lUIgladue uy. dafudn 1 ww.

AULLBEIULIN — AUNSIELLEVEIUNIN

AULLBUYIU — AUNTIYRYIU, AUNTILAZLDUA

LALAUNTIYUUAUTIU

AULLVENIUUIUNEN — AUSIUUUNTIY LaLFAUTIU
JUNI19aLdun

AULLUIUNEN — AUSINUUNTIEALLDEAUNN
AUTIU LAZAUTIUUUNZNOUNTE

a L;?{J = a 1 a =

AULLDAZIRYAUIUNANY — AUSIUUUALLATEN
AUISILUUAULLEIUUAZNBUNSIE LazAusIuUY
AUNEIUUNIY

a cglj = a\ = a =

AULDAZLRYA — AUMLLIVUNTIY, AU IV
AZNDUNIIY LAZAULALEY

a A

AuUNTIBUVIYINgaNN

0.35 - 0.65
0.65 - 1.00
1.0 -1.50
1.20 - 1.90
1.50 - 2.10
1.30 - 2.10
1.70 - 2.50




193

5.2.4 AuAuAgAingm (Critical Point)

93NGA nUedITwIUANNTUINYLe tlUlglanE
WRRag ANl UTEAUNIUIENTENUNTELTIOUADHANER

[~ g

Juruasisndaaznasisnasnnalasuaiulvaidudn

v
12

YaUTENIU INNITANBINUINAITIL AU UL DAINUTUNNY

= 1%

ilUlgleanasuszunn 50 Wasidus vsenaidnuenily o
YNUAINT I MNATIEANUYUN Field capacity Aiuazdl
aurunnsinlUlglaegsendng 50 89 100 Wesidua

RRIIYGE

- Twwnguyuiniiunnylddnlngonauiainiu dadu
nstrddsviduangluranvady wazominaeinisasly
o v = A & VS v & Y
Welulinnnaaiaidunisusendativausenunainazned
dadlIdmsunuineuliuiniiagn dunfe veulvmuaulufu
ananlnadaieagainiazinlalaglinsenunseinay

NONANNG
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5.3 9247NRABNI5VINUIVDINY

177908 U1 LAT LR ULV INFUT BN I
Angs (Critical Period) @aiiaiinn13v1atikalasinliusuna
HANAABARAININTAN NITBVINVIRUNNNAKENAAAT 113N

USUIAULAE AN TNV IHARAN AN

N13910UN L UYINORAEiNasaT19878 91U15ka8 Lay
Seuwsng o memlleuiu aralasuiiegnuieswelusyes

SUAUVDINITITYLAULS AIINGRVDIVIIEERD

1) lefinsenagsauysniuduasSuveedilndu s

palutdavandiununiuariiui winsos
2) $2afiFueennon MIvIALthaTaRTIUILLERFDT
3) TuthaFudueeniuda maviaiuseneufuauiidon

wazlirasazyinlinisliudallfvseiudndy
5.4 23AUSENAUDY & NUNISANMUANIS LALN

H1aNA1500199AUTENOUNNDE1MEIB1ALUINTT

SUANIS AU U

1) Aoan13n1sviiveease Faaglvnandngs

2) ludndudeelminvayass
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1) ngudeansiriivesass Janizvesny fiu gllanie

Y

(%4

LLazﬂwﬁﬁmﬂW5LWﬁzUQﬂmqﬁda
(n) N

1 S5 By warsnsnisusvenss

2. mswasyiulndnlngegluteilafiiy wiovas
ffinssEiveuazAELLIN

3. wanandifean1siiu a1du Tu aen w3e wadn
() P

1 dupui Tnssadewesmulaivinldsnuedvene
sanlulduAuLaziy

2. sasmsauvesindllufud nsszuneiily
Auldf wazdin1saewmeinialin

3. Msadusunmesosniiveglufu

4. fuszunetheonulvielddosiileldusen
AT UA

5. Wufud war/vieraUssuiindeasatsoy
WuuSunaann

6. Ivaglumululsinaunnusedediulvaoglu

-0

7. Auilgaumniigeann wagiulisnau
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(A) Hilo1neA

1. fdnunedivilisannssemenagnsaeiigs
(9) AsIANISINIEUN

1. Ugniiumaununguas

2. ﬁaqmmamamqq AaugazvinlrnasAuLAen
antrlutnefeay

4 v
= U

3. IANVRINANENTUBYNUENMINER NTOUUINYDS

AUNLAULALN

v A A

2) nauitlidndugediinosasain fannyvesin fu

nile1ne LLazmﬁmwszQﬂé’qﬁda
(n)

1. 4571N8N LHNTEINYDYUUILUY LaZHDNIINTT
LNUEEYDITINGS

2. fisfirnudumusenisuiatas

3. msasiulndmlngeglugaru vdeludeid
AMIsEmeLaznIsAnetiies

a av < < A v
4. NaRNAANADINITLUULUAAVTDNA LN
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(V) A

1. Fufiudn Tseasned

2. Shsmsduvenidilulufuneming n1sssune
huaznisaemernelufud

3. fuszueteenuivfivldunilolduseis
AL

4. funasiwaussmuiindoogdes

5. ivaglunuliluninuazuinszargagnasnaiiy
Anvestuiu

6. ‘13’11(51’5‘14@gﬂmzé’uﬁﬁ%mmm@mmﬂﬁﬁlé’ﬁw
(A) HuDINA

1. f8nsnsszmenisaetien

2. firupnluggniamizdagn
(1) A5IANISINIEURN

1. Ugnuaziasapiulalugaru waz/vdeluteid
MssEIELaNsANETTee

2. Ugnuaziasqyulaifudinoudanauds

3. A0 IANANEAWNYERANSUNITIZIIRAINAIAS

Aoin13 Aeinaun LAz USuaazaesnItUnffe e
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5.5 A5AMUANIS WAL

A1SAIMUANTS LAUND1ANATU AN T NWULDINITUDS
fonlgn ANENURTINEITINUIIUIUANUTUVRIAU N1
ANUIUANNANT LU UDINY

5.5.1 NMSANVUAAUILANYLAENITIAAITNTUYDIAULAL

N13991111n (Gravimetric Sampling)

(1) AuBUl AU U SIS UALA U KT NYDIAULIAG T

MLAAINNANNS
W,
R, =100
S
P s 2 ¢ < 4 by a Y
1319 Py = ANUAULTUUDSITUA AUV NUDIAULIAS
Wy = duunvesinlufu
Ws = 1NAUATDIRULAS
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(2) anudulufudulssigudlagusuins azulaann

AunIs
V
R, =100%
V
- X & ¢ & a
LD Py = Anudutlulasiguslaausunng

Viw = USUNes909un LR

Vo = YSUNRSU9aUaNau

(3) anudulunulusuvesauanveaiivaniudnves

5’11/‘1"1mnﬁuéfaasiwﬁuiul,t,ﬂmLﬁugﬂmqmwaﬂ
HURAUENATS 10 WURIAT g9 1 19T NTUINTLENL
sananaubivue wathlumadlunasaunigunseinseuen
YUIALFURIAUINAI 15 wuRIATYTY dleiluasaunia
Wiy 15 wuing azuentdpuiinnudiy 15 wudunsde
ANANYRIAY 2 WS vidoRuilanuTu 1.5 dadns so
uRiuns ANT3Es mMawaismnudulufunuuiifiede o

U I =

unnanafislude (2) Fasigadlmnuaselamesy

KU
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1N5U
U

ANNUANYBIUNNLYNDBNAINAY = d LIRS
- Y 4 - LX)ZX d
Y159 nLenaanaInNau (Vy) = A au.4u.
AUEIVDILIIAIDE1IAU = D NS
1 (V) 1 ﬂ(x)z D
USUNRSUDILNIAUAIDENY (V) =" 4 *Yaual.
—»{ X 1UAT f— —> X LUAT f—
x n [~

A298190 U — DLUAT

- f"!'!' F
A - % o
?-.TET';‘/— ULeN2BNUIIN

! v |==2 dnednedu

sUN 6 Aanuduiussenieanuduluguanudnuasiime

= a v f a
ﬂ']?ﬂJﬁﬂ“U@x‘iﬂUﬂULUE]ﬁL“UUGﬂﬂEJ‘UﬁﬂJ’]Wﬁ
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ANEUNISN 3

> _100V—W
v =TTy
2
7(X) x d
100 x ;4<2
_ 7(X) «D
4
_100E
= D
., 4 R
B pH =100
LLa S Pv = Pwx Asg
.y 4 RxA
UL D = 100
. PW><AS><D
P D) d = 100

Tun1svausgnuseauLUaIun

Usgavanmuenisvalsemuuuwlasmzignidulesidus

USunaua n5azaadiunngy
= 100 X USynauiim siun e deslinn N




202

157 IUIUAIUTUYDIAULA BN TIUT AL YIS LA

gnAedd uifdvatdeniinlulianunsaldlana q lueguane

9874 A

(1)

(2)

(3)

ARILYIAALLIIUNIN NAAD Fasaantuiiu
F108 19U AU LaYADYIURULTITS
awdosldinanetieios 24 4alus Feazldmnoud
AO9N1S

Fpannsiesesilovianetu 1wy ainuanzifiuiiegng
fu nsedeafiufete indestaihminuasianey
3eaiiowantunsduilldianzluremeanayiiu

ANUAZBEAYNABITUBEUNTINTTLUNITIAY

Y

%4 I o

19879 TIUIUMDEN ANELLENavad oAUl

NUMNIzUgn waeAUTIUIYUBIHAURIBE1

552 msﬁmmmﬂﬁﬁﬂLLfiﬁ%Iﬂﬂ@é’ﬂwmzLLazmmiﬁﬂ

FUKAY9AU (Feel and Appearance)
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5.5.3 ANSANNUANIS IAUNLANYS A8 lEATB9H 8N4

WEHIANERNS
wA3esleningimansndenlanui q lUlaun

- Tensiometer
- Electrical Resistance Instrument

- Neutron Moisture Mater

a

1) Tensiometer WuLASoI 0N IALSIAIAINUYTUVDIAUT
agluaniizaunadiuinlunsziizngu Wesanudusiug
SYPINULTIAIANUTUYDIAULALIIUIUANNUTULUA LN

UshugaiiniTensiometer A9gn3TUAITILIUAINTULY

ﬁee =b.

AU Bl ALY

EARPREL

WATER COLUMN

ﬁiﬂ.‘_ POROUS TIP

gﬂﬁ TTensiometer



A5 5 SLAUANUTUVRIRUNAITE U LN LA laNanEs

gegn dmsuivnugnluaunanuasiinisseuiginn

= S ¢
BIIAIAUTU (UIT)

n¥naUa

107

nalael$s

ey

NNNTANBY

g

20Y

Y1INAWINUY

NUH?

oulng (F195uln)
vioNilvg) (F19009n9)
TR

LASTEY

usenlad (@a3uln)
UsOAlAA (TUANLD)
n¥vanen

Nunald

ULU?

&l

linauszianudaly (waulda)
alanla

0.75 - 2.00
0.80 - 0.70
0.30 - 0.50
0.20 - 0.30
0.30 - 1.00
0.40 - 0.60
0.30 - 0.80
0.23 - 0.30
0.80 - 1.00

0.45 - 0.55
0.55 - 0.65
0.30 - 0.50
0.55 - 0.65
0.45 - 0.55
0.60 - 0.70
0.60 - 0.70

0.40
0.20 - 1.00
0.50 - 0.80

0.50




A5 5 SLAUANUTUVRIRUNAITE U LN LA laNanEs

gegn dwsuienugnludundnuasiinisseuieinf(ee)

NY

= S ¢
BIIAIAUTU (UIT)

Bdu (Y2a3uln)

1 1 & A
94U (Fralaniud)
ANTOLUDTI
LAUAIYU
ULLYDLNF
nae
[ =~
Sy
Pne (Fr9unnlu)
v 1 <@ 1
YIINA (FIUWUAALN)
Sy (Fr9unnlu)
Sl (Fraiuanaun)
Nyudnnug
LATON (g9 60 %)
vieN ey (g 7 vu.)
vieulvigy (a9 15 vu.)
Ann1AvieN (F19a5eutAUlALANT)

0.40 - 0.50
1.00
0.20 - 0.30
0.35 -0.40
0.60 - 1.50
0.30 - 1.50
1.50
8.00 - 12.00
0.40 - 0.50
8.00 - 12.00
4.00 - 6.00
4.00 - 6.00
1.50
3.00

* A0l aN NDINANDIAAANITTEMELAENISANEUILIN AL IuAN

1N ANINDINANBIAAANITTEELAZNNSAN8ULDY
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AMUANYDY Tensiometer

3)

USIAIAINNTIY LUURUIS

UINIT AU =

a

=

U7 8 n1srtsunnislsnin Tnedannain Tensiometerdailaly
flszo 30 v, Way 60 vl LleAuil 30 vy, Teilsneg
VUL Wiisey 60 wu. Saulonogfliius
ffon (3-4 Flu9) ileviesey 30 @al. wag 60 Y. Wik
Al gy (7 9Tu) deliudonnaen

ANNAN
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e
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(o
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LS9IR9ANTU (Baduns)

sUN 9 N3 MluanIANFTUETEnINaus IR NTUAY

ANuTUlUAUYEY Tensiometer
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2) Electrical Resistance Instrument Juesosslodn
mm%uiuﬁw,wﬁmLL'ﬁﬁﬂﬂWﬂﬂmaﬁaﬂwqu%aﬁ
dutszneuiiddnfe winsinanudumulnings
aunsoulasmanuiumuduauduluiudondn
Soil Moisture Meter WagnauAINUAIUNIU (Resistance
Block %138 Bouyoucos Block) flauanslugy anuayvas
fFaumudunuazUszneulusedaliih 2 47 ud
VOVUAILIAANTY WU Yunanawmes ludau vise tniues

naa FadaguuldiaIeslion1anuleasiiinazasainnin

g‘lh?i 10Electrical Resistance Instrument
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3) Neutron Moisture Meter 1A3893RAMUTULULIANTUA
n5¥31898980IM 59U Neutron Moisture Meter 1Ju
w3adiafldlunsimuanisldiitssansnmas
mszansainanutulupuldazmnsings e
AdowuazIiusguaTasfloviaiiusznoudedu
ddty 9 3 du Aeanstusunnnded Fuiming WJuda
nszaefansawaiaddlensivduianseudi wazeSesiu
Fruruihmseud Jagtuldinsudneiosdlodnan

UNUNBVAYLUU LLHN1SYINIUYDIAS DB HeYEaN

LR8N

3‘1J17i 11Neutron Moisture Meter
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5.5.4 ANSANUUANIT IAULANSLASNATUIINATS LA

YDINY

=]

nsAIiienssnmauILilelsaeslihuniiy e
nsinuaiaInTshidnilauy Sndudesendedoyat

U 1

RGNS RINTD

v

(1) emanssaduiliialdldvesiin

(2) ANUANYDISINNY

(3) Sasnsliivesiie

1) AnaEnansadutnvesiu faldnanuudrii
Wssuiailoudain wieiAuthlagsssumdliunsnde
Fuusarafinfiauanusaduliieldldunndraty

wosznanwenduaungilg o fe

ey aansadu iyl
Aulieney 1 4y, #9ANANTIN 1 9.
Auteuunan 1.2 U3, $I9ANNANTIN 1 .
Aullioazidn 1.44 131, pANENIIN 1 Y.

2) ANUANYR95INNY L UUEE A lUNIAMUAAINENUDS
Aunagliin wagldmuumusuiattaiuanaAuaginy

Ilvnldlogean
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a AnuEnvasTnlingg | engandulgniedy FarnnsTldi Ui illd
Y. WuLnen 1./ 1.3/s

Y1ILNANINU 60 — 120 10 — 12 &dUan 4.5 510
Sl neiaeedn s 75 — 150 16 dUn9i 6.5 610
Pl 120 - 200 10 - 18 dUan 4-6.9 1,400 - 2,000
funde 60 - 120 14 - 16 dUai 2.4 300 - 600
faa 50 - 100 15 - 16 dUai 3.4 400 - 600
Hne 100 - 150 21 - 26 &Ua N 500 - 800
JeGN 60 - 80 13 - 17 dam - 400 - 600
UL LN A 40 - 100 9 - 11 dUan - 300 - 650
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3) sasnnsldinvasity fvusazsiadmnudeanisldill
WinfunszozvesmnasgiulnlusreLEULINY0INNS
W5y vagliindusnadesuardinnflandiofiesves
ponAen MalAnluEASeRnNa LazdeIniTintos

a
Nen

74 1

Az5lnagnalsanaslviunassazvinle

Y

= o 1

WA vUALIAAILANYTLY LagPEINAEIIN ALY

[

TineSsazwnlatuAaziasan oy 2 wuIan1efe

1) ﬂﬁmmmﬂmmmmmé:mj'maﬁu Iwgesasivann
Hooitesla Undneulvhaveesilimsssadldusyana
50% vasnuaNIsaduTldduTluansndie
Fat USinasiiisnasdosliase axflangeil

Usunausinyt saulvily (uul.
UseaNS nnueanisiiul (%) * 100

USunauiniaeedal =



A15199 7 AENURNIAN1ENINYBIRUNNYIIUAINNYUN

=

NYARNLD

Y
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LUlgla (puanunsaguiivesiiv)

auuniyaalUlgle

ﬂ:ﬂ&l mmﬁ'ﬁu Amm%uﬁa;ﬂ % LRl 3041, fia Q. ANUAN
Lﬁaau 029911 Guaﬂszmuy% L‘VIEI’JLQWm’Jj % e % lag Y91 (W) fanpau
Us1ng) UU.AY LLIAY UW.AY LAY P = FC- U3unsg ANVDIOUY 1 Y.
As FC PW P oW Pv=PwAs | R,-A-D
100
AUNIEY 1.65 9 a 5 8 0.8
(1.55 - 1.80) (6-12) (2-6) 4 -6) (6-10) (0.6 - 1.0)
AuTIUYUNTIY 1.5 14 6 8 12 1.2
(1.40 - 1.60) (10 - 18) (4 - 8) (6 - 10) (9 - 15) (0.9 - 1.5)
AU 1.40 22 10 12 17 1.7
(1.35 - 1.50) (18 - 26) (8-12) (10 - 14) (14 - 20) (1.4 - 2.0)
AuTIUUUAL 1.35 27 13 14 19 1.9
WTED (1.30 - 1.40) (23 - 31) (11 - 15) (12 - 16) (16 - 22) (1.6 — 2.2)
AULRTEIUU 1.30 31 15 16 21 2.1
MZNBUNIE (1.25 - 1.35) (27 - 35) (13-17) (14 — 18) (18 - 23) (1.8 - 2.3)
AULNTEN 1.25 35 17 18 23 2.3
(1.20 - 1.30) (31 -39) (15-19) (16 - 20) (20 - 35) (2.0 - 3.5)
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Aavg19n13imuAn1TIviin
Aaeg191 lumsinuiegsiuiionianug 1T nmglsingresiuiideyadnsaludl

YUY EUIAUENAN 5.5 WURWAT g9 6 1wuRwes Wntinsswnusaznszdaaiy

f79819 40 NSy
YT NAULIINAI9U TN MIN I ULaznsE U AUIDE1 240 NS

7Z'D2

511 USumsaakiau (V) < h

2
79" 6 - 1425 quan.

240 - 40 = 200 N3y

PYIAUNAULIAT (Ws)

AUV ULV (7 W) 1 n3U ¢io av.o.

Wi
rwV

S ANNENIEUTING (As) =

200
1x142.5

1.40

P38 AURUILUUVDIAY (Dp) = 1.40 NSU 7D AU,



aaegneh 2 Tunsmenulufvluuvasmsdgnulamisdadenuduiusm Ingldaiuanzinu

o))
b
=
=)

fegneiu Usinginddeyanwolull

dwinvesnszioafufietis = 17 03y
dhwindudensuniminnsedes = 125 n3u
dvinpuwtasauimtinnsydes = 105 n3u
dveindiuude (W) = 125-17 = 108 n3u
duidnvesiilufiu (Wa) = 125 - 105 = 20 n3u

ANUTUlUAY =20x 100 = 18.5 WWEUINUNUDIAULIA
Pw = 18.5%
INEITIN 1 AUEMTNNE (Ac) VDIAUTIU = 1.40

pnutuduesidudlanesung (Py)
= P\/\/ X A5
=185x1.40

=25.9%

y ~ Y, ~ - d
mmfﬁiﬂ,ugﬂﬁuENmmaﬂsuaﬁmmammaﬂsu@amu (B

100

259
100

0.259

PUNYANUINTUAUAN 1 AT LTANUTU = 0.259 LUnS
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o oA = 5 v Y 1a A va o & A &
f29819% 3 JIMANLANTRIUIN TR lTLARWNE ITRWIANNTUN AN LAY TENUY
(Field Capacity)

ANUTUVDIAUNDUNT LN 8.5 LWasiguslagunniinuaaRuwL

ANAUN Field Capacity 21.0 WosiudlaeiwinAuuis
AUANYDUVATIN =90 LHUALIAS
AIUENTUNIZUTINGUBIAY = 1.20

WY AnurunagaeslrunAuie iR uliANTuAraUsEn U (Field Capacity)

= 21.0 - 8.5 = 11.5 WasudlagunninvaIR LA

St P, = 11.5%
D = 0.90 Lung
As =1.20
P, -A -D
MnauAsd = S =
100
~ 11.5%1.20x0.90
100
=0.1242 99

= 12.42 1 URLUAT

HINY LADIVULNAY 12.42 WURLUAT AUIILANUIUNANUTUTAUTENIUNADAAINANVDIIANTIN
0.90 wwng
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o oA & =~ v P ] | &
MIDYN 4 ﬂ']ﬂﬂ'ﬁ@i'ﬂﬁ]ﬁ@Uﬂ'ﬂ'ﬂJﬁﬁusLUl’ﬁUmiqﬂW'ﬁ“U@ﬂLLUa\TUQﬂ@@U Y3LUDY 100 VLﬁ NUIHAIUYU

AU

1A ¢ @ sg L] a v a fa 1 dy a I3
agiiied 14 Wosiudlagumtinveddiuums waganmsiaszauluilamuinilenuduy
WUUAUIIU BILANANNETUNIZUIINGWINTU 1.45 AMANUAUTAUTENURAZAUTUNYA
Wig107175 WU 20 wae 10 Wasiudlanguinniinvasfuniia L8 sumnuainsIndus e

60 WURLAT ANLTUTIIAINgATiAWINAU 40 Wesdurvasnnuiuiniivgaentulals a1

1%
o

fananfvgdediunivlavseds ddsamdediilauay oud avsesaudiainuaiii
Wedsbitiuuuasigndesmi 100 15 Wunamnuwiladiuseansanlunissadssniuuy
wUaamnzUgniviniu 70% wazdseansamlunisdediviniu 60% wasluddnsinsaudila

200 1.%/%53.

(1) asnaeugdaiazaeditlavedilagiinrsangnanuaulufudeiniu

14Wesidus Tneumiinveafuwivanadtiegaingeviseds drdegeingaiuansinalsliiile

Anuuiiivgaelulgla = 20 - 10 = 10% lagumiinvesfuuLms
ANUTUNAINGY = 40% vesruTuniygatenlulgla
130 ANUTUTYAINGH = 10 + 0.4 (10)% lngtwinvesAuwie

- 1% TaguwiinAuuss
fanafidodiildudunnzanutuluulanigndosanasisgningamed
(2) s fesguivnuddifieddvitusasgndos
arutuiinsdodliundudos = mnudurauseniu
= 6% lnguwiinAuuiia
As = 1.45

D = 60 LHURUAT



= s'oJ all v v (-7 6
ANMUANYDIUNNALADILTLNDDE = mx1.45x60%m.

=522

= 5'25 x 100 x 1600 au.Lupg

YSunanhgnsnazdesmnuilawninilne

8352 au.lung

USinanhiinedesauanui _83%2 | 19885.7 aU.LuAT
? 0.6x0.7
19885.7

AU = 99.4 F1lag

Aoy azfeguinanuitluan 100 Hlue Feegneiuanusisinisvesdesluiui 100 13
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dagnedl 5 maduammindolseslidunie
vegu D21 fufirudidnvardniuapiuiuu fe ieuunan fufivgnidudivies uay
fhefvdesugnls ¢ dUnsiudr dwmiuiheugnldl 6 dami ssnmsuiideliimdsuas
fhediuiiuds dotuil 7 wguniau axdedihaduteludlels

¥ dwsudmesnisiuiunisudunoudiolud

Fuusn frsandnvusiofudiomdoyaniuamnsolunmsdudlifislild dwsuluiiuiiivegu
D 21 Wionudulng)iduiuson
519 Ausuduiliieldld 1.2 s desindn 1 wu.

$uii 2 fsanaudnvesndavies dUani 4 fsndnuseann 50 o

uit 3 Munmeruansaduivesiuluansinvesdauvies
aruanansaduiliiomn = andud (1) x tuii (2)

= 1.2 x50 = 60 uu.
$uit 4 Awaliirlihanfuiguliliimuniiereiaien Qhhmseahls 500% vowuhiliiu

Useloviinanun)
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=b.
—
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N

goulnuaulUlgle
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2

YU 5 MInsINSIEUIRREEEATDININEDY 31NANTIN 1 fi 4 uw./Tu
YU 6 mrirgandesldilaniuidwed dedlluy

Wit (4) = Fudi (5)

e

Fuiunlale =

=757
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4
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ASn1sAuI  dmsule

YuKIn 1NM1579 Ausguinlvigldle 1.2 wu/au.

QU 2

JUN 3

YU 4

AU

HredUnua 6 s1nan 90 @,

(%
v

S (1) x ﬁijguﬁ (2)

GRE PRGNl

=1.2x90 = 108 1.

I
2
=
=b.
S
|
N

goulrnualUldle

I}
I}
Ul
N
2
¥°

Y] v 3 a = o
ﬁ]qﬂﬁqﬁqﬂamﬁqﬂ’]ﬁisﬂu’]Lﬂaﬂqqq@ﬂ@ 3 U/

[ '
a

Wit (4) = Fudi (5)

I}
e

Fuunladnle

=18 W

54
3

Ayt WenUazmntunsivuansiidmsuihe o1vagliinn 9 14 Tu vie

2 duani Toihe3e Wudu feilu azsediiasmeluiui 22 waeniau

fazildegnelsiimaslidiaseaziinla

= o

Wedhtamruaa i nne wageenaes

1AsiinAssasvnlatufazfiansanle

&

W 2 humnefe

1. finsananeuanasaduivesiu Timsesadldundesidiode Unineulsiinag
poulsindosasliszanm 50% vesauannsnduldduiluaanniie asdu Weds
uantsliiusflmiuihdusnuiidmiesady wu doded 1 Aldfunud
Teeulitundeddihanauld 50% Wiy 30 uu. winisAnUTinahilassoadsliiiy
\edouilethifinisgadelithe 1wy atuaafuassniisuaglnaoenluainuuadly
nsgdesansagnstivisfiniiGends UssAvsnmnslii wu Snisgaydedldes
av 35 vesthilnedondulviiu viieguide 35% wrwartulsrdvsnmuesnisliinfey
D 100 - 35 = 65% (Uusiu

-

AU VSN Radliiase asdianadl



USunansesaaln =

Usunauyi seulvily (.

UseaANSnnUeIns it (%)

N9 5 unuAluaunisazle

30

USananinfigesddlsr 5 100 = 46 1.

x 100
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A Yoy a & a I a I3 XA | ° %
13901989N15AALUUYTUIRTIN ﬂ@]ﬂU']ﬂﬂLllmﬁm@WUVl 115 ﬂa']@J'ﬁﬂﬂ']u’lﬁuléﬂ;ﬂﬁJﬂmﬂﬁﬁl 1.6

e
=De

USumsiniineddly = 1.6 x Usunaudniiaeaddle (W)

=1.6x46 = 73.6 1.%/l5

IaLs1AALNEs 70 u.3/1s/dUn

2. fsananUsinanhfiiyldasgandslugieiu widnsldiulafegldannsusadiu

Ageannigly wu welsnuangauas Tduniuas 5 uu. sunisga

YR ) LA

VWEINTU

alsignogeuldinfuasyseuna 5 un. saunnsgadesng 9w Snsimualiiien

=] U v S & @ o Y1 v xS & '
W 7 Ju Tmihase mﬂa'mﬂsammmlmwsmaﬂwmmqazwn”l,s g

USuauinfineeddlyt = 9ns1NShUne9Ne (UL./31) X INUIUIUNLAASINT

Uangauas
Y Y
fauy USunannnavhosdali = 6x 7 = 42 1.

seAnluUSIasalslane

USumsinfigesddlst = 1.6x42 =67.231°/ls

w3old 70 wu.3/ls/dUaei Wudu

dmiunelsnuangay

Usunaninazsesdaln =5x7 = 35 3.

wsaAnduUSIunalsleafe

USimsinigeaddlst = 1.6 x 35 =56 1.%/15

ysald 60 uw.>/ls/dUa Wudu

AU

vy

Ny

1213V



o %3 v v % Z’ d' U
dmiudravanlugauds ldunadeiuas 9 .
Usunansesdaln -9x7

A a I a 1 M YA
ysamndulsunausialsinme
Usumsunnaeadsli = 1.6 x 63
ysald 100 uw./ls/dUa 9t 1udu
dmiudugnluganuinliinedetuay 7.5
US1NautnNAesdaln =75x7
wseAnluuSuusalslafe
Usumsunnaeadsle =1.6x525

w3old 80 wu.3/ls/dUnei Wudu

= 63 Ui.

= 100.8 1.%/15

=525 uu.

=84 1.%/15

naau

Ny

vy

vy
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ad 4 Z
= ’Jﬁﬂ1§ﬂl‘f‘m1‘lfaﬂ‘§$ﬂ1u
UNN o

(Irrigation Methods)

6.1 AMURNYLAZVIULVANISANEI

Fnshihvausenu Wuisnmsaueudeduth
vauszyuiLUasgniiasneisene 4 ielipuilenagedu
AlluUSinuanudnvenififindeanis uasUsinmena
Anveniiinugduliléed asdosdiauaihiauewiniondy

v
(%4

papnisilas laedinsagideihvalsenutloaiign

nsisanluseddsnmsiivausenutued fiunaeii

d1Agy 3 YN Ao

AUNBLNES (Adequacy) UDIUINUNNTADINTT

AUaLENe (Uniformity) U890150HNT2a1810

Uszandnan (Efficiency) aeen1slmtinvausenuilu

FBnshihvaussmulivatesuuuy wasdeuwiseandu

3 Uszianlng A

1. 350159 NYaUsEMULUUUaD gL UURIAY

(Flooding surface irrigation method) Lyu wuulvia
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visJuiueny (Border irrigation), wuutevindiUuen
S (Basin irrigation)

2. "3%ﬂﬂiiﬁ1§ﬂ%aﬂﬁgwmimaiﬁau@m%mmﬂéfﬁ’ﬁu (Sub-
surface irrigation method) LW LuusBaA (Furrow
irrigation)

3. 3annsivaUsymuwmilonnfu (Over-surface
irrigation method) 1 wWuuRaKeY (Sprinkler
irrigation), LL“U‘U‘SWEJ@ (Trickle or Drip irrication) D

1%

M

A5N15 YN UT N T NANUS NBULBINITN AULANYT 9

1 < 1 v Y] =
prauuseanidu 4 wuulne 9 Awiu A

1. A1StAMIaRIAY (Surface irrigation)
2. nMslwmiuudnney (Sprinkler irrigation)
3. nstyduuuiven (Trickle or Drip irrigation)

4. n1slnuuleRIfu (Sub-surface irrigation)
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6.2 N13UINI9HAY (Surface irrigation)

A9 IAUIN9HIAY

(Surface irrigation)

Uiy viauluseas
(Flooding) (Furrow)
—vinuluiiuend —994AAA
(Graded Border) (Graded Furrow)
1 3, = | 1 <, 1 1
—NAUUUNUIIU KIaNULUUDN —999A9U
(Level Border. Basin) (Level Furrow)
1 = a ! Y a
—iauduiiunuuulduvauniiv —IDIAANNULUIIEAUYDULUU
(Contour Levee. Contour Check) (Contour Furrow)
— 719191 ANINLULTUVD UL R BRGIED

(Contour Ditch) (Corrugation)
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Y 1% S| 9/% a A . . .
YaRLazUaLdsuaIn1s HUIN19RIAY (Surface irrigation)

Y
aQ U

mﬂﬁﬁwmqﬂmuﬁi AAUUIUIUAREARITTHLLAD
-] [~ Y

Jagtundaduntenldiuegmlumsznisiiiwuuiiiiven
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- INIINTUY AIUAALN Y 5 e —
YUAAU AIUNI1G 1 4. Nzl A9 817
UL/, % aAnS/2U 313, LIRS LIRS
- 0.2-04 10 - 15 100 12 - 30 60 — 90
AUNTIY
25 0.4-0.6 8 -10 100 9 - 20 60 — 90
(Sand)
0.6 -1.0 5-8 100 6 -9 75
- - . 0.2-04 7 -10 125 12 - 30 75 - 150
AUNTIYUUAUIIU
18 - 25 0.4-0.6 5-8 125 9-12 75 - 150
(Loamy sand)
0.6 -1.0 3-6 125 6-9 75
- . 0.2-04 5-7 150 12 - 30 90 - 250
AUIIUUUNGY
12 - 18 0.4-0.6 4 -6 160 6-12 90 - 180
(Sandy loam)
0.6 -1.0 2-4 160 6 90
- . - - 0.2-04 3-4 175 12 -30 | 180 - 300
AusIUUUAULLYA
6 -8 0.4-0.6 2-3 175 6-12 90 - 180
(Clay loam)
0.6 -1.0 1-2 175 6 90
Auwilea (Clay) 25-6 0.2-03 2-4 200 12 - 30 350
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- . - o 0.6 0.15-0.6 6-8 50 - 100 5-18 90 - 180
AUIIUUUAULAUYD Y o
VUYUAUN 0.6-1.5 4-6 50 - 100 5-6 90 - 180
(Clay loam) .
TUs93n 1.5-4.0 2-4 50 - 100 5-6 90
0.6 0.15-0.6 3-4 100 - 150 5-18 180 - 300
AULtiea (Clay) UUTUAUN 0.6-1.5 2-3 100 - 150 5-6 |180 - 300
TUs9un 1.5-4.0 1-2 100 - 150 5-6 180
- . 0.15 -0.45
AUsIU(Loam) Y . 1.0-4.0 1-4 25 - 75 5-6 90 - 130
YUTUAUAU
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g‘lJ‘ﬁ 1Surface irrigation (Border irrication)
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6.2.2 25 Wiuviduduius1u (Level Border Method)
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6.2.3 331minviauduiiuatunuduvautily (Contour
Levee Method)
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sUf 4 FFbnihvhuanaausuduveultiy (Contour Ditch
Method)

6.2.5 %’%’Lﬁﬁmwém@mﬂ (Graded Furrow Method)
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6.2.6 F5viiuuUI9ATIU (Level Furrow Method)
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gﬂﬁ 8 N13LiiIN19383ALaN (Corrugation Method)

6.2.9 N5 WUIM9TARAAY (Subsurface Irrigation)
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WATER TABLE |
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6.2.10 n1skiuluumen (Drip or Trickle Irrigation)
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mad (Iviantniarsnutal)
1) Calculate the volume of the following blocks, when given:
a. length =75 cm, width =3 m, height=6cm V=...m
b. length = 0.5 cm, width =1 dm, height=20cm V =....m
c. length =15 cm, width =2 dm, height =0.5m V =.... litres
2) Calculate the volume of water (in m3) on a field, when given: the length
= 150 m, the width = 56 m and the water layer = 70 mm.
3) Calculate the minimum depth of a reservoir, which has: a length of 15 m and
a width of 10 m and which has to provide 50 mm water for a field of 175 m
long and 95 m wide.
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Figure 1_ A Cross section of underground drain tile system showing drain
tile location and draw-down of water table._
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(Water Delivery Control)
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5. unaumMImaaNNanh laeansldisniandy assiia gn (Trial & Error)
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a = top width of the canal

a1l = top width of the water level

h = height of the canal

h1 = heigth or depth of the water in the canal
b = bottam width of the canal

h:w = side slope of the canal

f = free board (= h—h1)
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	(4) จงหาความลึกของน้ำที่จะต้องให้แก่ดินเพื่อให้ดินมีความชื้นที่ Field Capacity
	(5) ดินในพื้นที่เพาะปลูกเป็นดินเนื้อปานกลาง มีความสามารถในการอุ้มน้ำหรือมีความชื้นที่พืชดูดไปใช้ได้ 2 มม./ซม. ถ้าข้าวโพดที่ปลูกในแปลงนี้มีระยะเขตรากลึกประมาณ  80 ซม. และความชื้นที่ยอมให้พืชดูดไปใช้ได้ เท่ากับ 60 % อยากทราบว่าค่าความชื้นในดินที่ยอมให้ข...
	(6) ดินในพื้นที่เพาะปลูกแห่งหนึ่งเป็นดินร่วน (Loam) ถ้าพืชที่ปลูกในแปลงนี้มีระยะเขตรากลึกประมาณ 100 ซม. และความชื้นที่ยอมให้พืชดูดไปใช้ได้ เท่ากับ 55 % อยากทราบว่าค่าความชื้นในดินที่ยอมให้พืชดูดไปใช้ตลอดเขตรากซึ่งมีหน่วยเป็นความลึกของน้ำมีค่าเท่าใด
	(7) จากข้อ 5 ถ้ากำหนดว่าจะให้น้ำแก่ข้าวโพกเมื่อความชื้นในดินลดลงถึงจุดวิกฤต (Critical Point) และในการให้น้ำแค่ละครั้งจะให้จนดินมีความชื้นที่ Field Capacity ถ้าประสิทธิภาพการใช้น้ำในแปลงข้าวโพดดังกล่าวเท่ากับ 85% จงคำนวณหาปริมาณน้ำชลประทานที่ให้แต่ละคร...
	ถ้าแปลงข้าวโพดดังกล่าวมีพื้นที่ 20 ไร่ น้ำที่ให้ได้จากการสูบน้ำจากแหล่งน้ำในพื้นที่ กำหนดว่าการให้น้ำแต่ละครั้งจะใช้เวลาในการสูบไม่เกิน 8 ชม. จงคำนวณหาขนาดเครื่องสูบน้ำที่ต้องการ
	(8) ในแปลงข้าวซึ่งเนี้อดินเป็นดินร่วนปนดินเหนียว ก่อนการให้น้ำมีความชื้น 10%โดยน้ำหนักดินแห้ง จงคำนวณหาปริมาณน้ำที่จะทำให้ดินในแปลงอิ่มตัวตลอดความลึก 30 เซนติเมตร ถ้าค่าความถ่วงจำเพาะปรากฏ เท่ากับ 1.35 และค่าความพรุนของดินเท่ากับ 49%
	(9) ในการวัดอัตราการซึมน้ำของดินในแปลงเพาะปลูกแห่งหนึ่งด้วย Double Ring Infiltrometerได้ข้อมูลดังตาราง จงหาสมการการซึมสะสม (Cumulative Infiltration) และสมการอัตราการซึมน้ำ (Infiltration Rate) ของดินในแปลงดังกล่าวพร้อมคำนวณหาว่าถ้าต้องการให้น้ำทางผิวดิ...
	(10) จงตอบคำถามต่อไปนี้
	(10.1) โครงการชลประทานแห่งหนึ่งมีพื้นที่เพาะปลูก 300,000 ไร่ ปริมาณการใช้น้ำของพืชเท่ากับ 5 มม./วัน พืชมีอายุ 120 วัน จงคำนวณหาว่าโครงการจะต้องเตรียมน้ำไว้สำหรับเพาะปลูกเท่าใด ประสิทธิภาพการชลประทาน เท่ากับ 60%
	(10.2) ถ้าปริมาณน้ำชลประทานสุทธิที่จะต้องให้แก่แปลงอ้อย เท่ากับ 100 มม. อ้อยมีอัตราการใช้น้ำ 8 มม./วัน จงหาความถี่ในการให้น้ำ


	00 Chapter 3 Crop consumptive use
	00 Chapter 4 IWR
	05-Irrigation scheduling
	06-Irrigation methods
	07-Irrigation Water Delivery
	08-Drainage
	09-Water Delivery Control
	10-Basic Foundamental for Canal Design


