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Irrigation in many
countries is an old
art - as old as
civilization - but for
the whole world i1t Is
a modern science-

the scie_nce of
survival.
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Top U S states for rice yield per harvested acre

from 2014 to 2017 (in pounds) Chil]a sets new World I'eCOI'd for I'ice Yield

Source: Xinhua | 2017-10-16 19:00:11 | Editor: Song Lifang

_r}rJ

SHIJIAZHUANG, Oct. 16 (Xinhua) - Yuan Longping, renowned developer of hybrid rice, /

has set a new world record

A hybrid rice project headed by Yuan has achieved a yield of 1,149.02 kg of rice per mu

(about 0.07 hectares), or|17.2 tonnes per hectare, |in north China's Hebei Province, local

WG J0TEP. E W 90h® autherities said Monday




The Guardian

i
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India's rice revolution

umant Kumar was overjoyed when he harvested his rice last year. There had been

good rains in his village of Darveshpura in north-east India and he knew he could

improve on the four or five tonnes per hectare that he usually managed. But every

stalk he cuf on his paddy held near the bank of the Sakririver seemed to weigh

heavier than usual, every grain of rice was bigger and when his crop was weighed on
the old village scales, even Kumar was shocked.

This was not six or even 10 or 20 tonnes. Kwmar, a shy young farmer in Nalanda distriet of
India's poorest state Bihar, had - using only farmyard manure and without any herbicides -
grown an astonishing 22.4 tonnes of rice on one hectare of land. This was a world record and

/ »
WIKIPEDIA Rice production in Thailand - Wikipedia
“Rice production in Thailand )

Rice production in Thailand represents a

significant portion of the Thai economy and

labor force."! Forty percent of Thais work in ” » ’ qu. recorded rice Yield

agriculture, 16 million of them as rice farmers

by one estimate. 2]

| Thailand 0.5 ton/rai
USA 1.6 ton/rai x3
China 2.8 ton/rai x5
India 3.6 ton/rai x7

Thailand has a strong tradition of rice
production. It has the fifth-largest amount of
land under rice cultivation in the world and is
the world's second largest exporter of rice.l!
Thailand has plans to further increase the land
available for rice production, with a goal of
adding 500,000 hectares to its already ﬁ
million hectares of rice-growing areasllsl[s] Fally
half of Thailand's cultivated land is devoted to

rice.[7]

.
Rice plantation in Thailand

The Thai Ministry of Agriculture expects rice production to vield around 25 million tonnes of paddy rice in the 2016-
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IRRIGATED [
40% of crop production worldwide... ‘3
C RO PS on 20 % of the world’s cultivated area only! 5% J

340 miionna of imigated cropswere harvested in 2011 on (] millon ha actualy imigated resutngin 2 cropping mtensty ot | 3(7) o6

Africa == 14 138
Americas 44 107
Asla 271 141
Europe == 15 17}
Oceania ¢ 2 100
Irigated crops harvested by continent in million hectares Irrigated cropping intensity by continent in %

Imigated cropping intensity is the ratio of harvested imigated crops area over actually irrigated area

Irrigation and a year-round favourable climate for
Asia o ©f the world's crop growth make it possible to cultivate the same
harvests irrigated crops area area more then once a year

(i.e. cropping intensity > 100%) J

/ %

Ares(%) Yild(%)

N Irrigated 20 40
Rainfed 80 60
Total 100 100

Irrigated yield/Rainfed yield=(40/60)*(80/20) = 8/3=2.7
ﬂszmﬁ"lwﬂﬁﬁyuﬁmwﬂ@n dszanme 149 auls SluRuitgatszniu 30 a1uls vida 20%

nanAnteae = 0.5 fu/ls
inensuidu (80%) lananan = X suw/ls
inunsaalszniu (20%) lanandan = 2.7X au/ls
80%(X) + 20%(2.7X) = uandnd1a 0.5 au/ls
1.34X =0.5
X =0.37
nanannuasiidy (X)=0.37 sw/ls
nanannensaalszu (2.7 X)=2.7*+0.37 =1.00 Au/ls
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ABISUANNITTALTETNIY
(IRRIGATION PRINCIPLE)
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PANNITTAUTZNIU

) = o p o a o o
ANVTULN AT NT — nann1stalssniu Aa KanBINLNLINUNIG

Avuanisldinunifia: iidalsazliin(WHEN) 15 Slulsunaniinle
(HOW MUCH) uazlsiagingls (HOW) wnalvinglsinanans
(WHEN-HOW MUCH-HOW)

{Anuiiaana anuginana Usz@ndnn}

ﬂ’]%ﬁﬂiﬂﬁﬁﬂ’]i"ﬁﬂﬂi%ﬁﬂ'}u - UANNISTTAUSZTNIU AB KANITIN
WeanunIsden: azdsuagelsivalugldunlasuinlulEunun
ARINITHAL LULIRNNIADINNS

(FREQUENCY, RATE, DURATION)
{asniigana anndandy anwtlusssn dszs@nanin}
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A nanmsvatlszmu
ﬁa‘lsﬂﬂﬁﬁ(WHEN) THiuiSnanmla (HOW MUCH) uaglvieshsls (HOW)
- [1] IRRIGATION SCHEDULING ( WHEN, HOW MUCH)

E [2] IRRIGATION METHOD (HOW)

H Management Physical
SO'I Wdi'er Line VW wwe Meaning
Tension Sand Clay z
—T Saturation =y

—

-10¢ch 15%

Excess Water | Gravitational
Water

Field Capacity[FC] 7‘—1

Readily Available Water

[RAM]
Total Available
Water [TAW]
Critical Point [CP] =&
STRESS 5
- ermanent Wilting
- Foint [PWP]  —f—

f Hygroscopic
Unavailble Water Water

Gravitational

Oven Dry —m87 — Fx—

Ef;;“,;';;‘;',_, o ;mmw RAM = Allowable Depletion
| Avalable waterfor plantgrowth RAW /TAW = Depletion Fraction (p)< 1.00 duagiuiix

Optimal irrigation scheduling ﬁ’amemuQumw%u"luﬁu"lﬁaﬁluﬁw CP uaz FC
[1] azdalviniiannadulupuanasis CP = WHEN TO IRRIGATE
[2] Bl dasdaadinanuduludunadlilagdi FC = HOW MUCH WATER SHOULD BE APPLIED

r_

/ SOIL MOISTURE CALCULATION
Volume Mass Soil moisture properties |
T AT AsEM /(v
v Dg=M./V
V T n(%)=100*V,/V
vV M, As=Apparent specific gravity(-)
v M DB=Bulk density(g/cc)
1 n=Porosity(%)
M, yw=Unit weight of water=1g/cc.
YL A/ Soil moisture calculation
V=V+V+\ M=M+M#M, |0,(%)=T100M /M,
0(%)=% soil moisture by d O(%6)=1 00N
0)="7/0 soll moisture by dry mass o
9:\:\(%)=% soil moisture by volume e‘/_(%)_o GQ(%)*AS .
d=Depth of soil moisture(mm) d= eV( /o) D/] 00 -/

D=Depth of root zone(mm) B\,
A




EFFECTIVE ROOT ZCNE

: Soil Texture
I' | Classification
Clay Loam

Sand  $>0.05 mm.

Silt $=0.002—-0.05 mm.
Clay  ¢<0.002 mm.

TABLE 1 SOIL PROPERTIES
AND WATER HOLDING CAPACITY

PWP Porosity(n) Apparent Specific
(% dry mass) (% dry mass) (%) Gravity(As)
Range | Mean | Range | Mean [Range| Mean Range Mean

6-12 9 2-6 4 32-421 38 | 1.55-1.80 16.5
10-18 14 4-8 6 40-47| 43 1.40-1.60 1.50

18-26 | 22 8-12 10 |43-49| 46 1.35-1.50 1.40
23-31 27 11-15 13 |47-51| 49 1.30-1.40 1.35
27-35| 31 13-17 15 |49-53| 51 1.25-1.35 1.30
31-39 | 36 15-19 17 |51-55| 53 1.20-1.30 1.25

/

AR ENINITATUIN

Example 1 - 291 TAW uay RAW dvsuimiwavidganludusiu (Loam) Suaasindn
(D) 80 cm. («fiaznTwatasauidiutaLdiug ) was Depletion Fraction(p) 22923 Twa=0.6

>> 215197 1: FC=22% by dry mass, PWP=10% by dry mass, As=1.4
05 d= 0,,(%)*As*D/100
TAW=(22-10)*1.4*80/100=13.44 cm = 134.4 mm.
RAW=p*TAW=0.6*134.4=80.6 mm.

Example 2 A AN AIMUANIT N TNA Tudat 197 1 draundIinausadInisin
22921 nwa (ETc) = 8 mm/day

>> Irrigation Frequency= RAW(mm)/ETc(mm/day)
=80.6/8 =10 days/irrigation
>> Net Irrigation Water Requirement (NIR) = ETc*Irrigation Frequency

=8*10=80 mm for every 10 days. (If no rain)
!
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Example 3 nne&dé drfisluanluiiuilaninine wazdadluduldnis
| (Effective Rainfall, Re) Uszunar 2 mm/day aaanivn1sdananiine 29

Aamlsuaausasnsintadsemugna (NIR) neasluinninine

>> NIR = (ETc-Re)*Irrigation Frequency
= (8-2)*10=60 mm for every 10 days.

f1229'luu fluunn auduldnis(Re) > Aranusasn1situasiz(ETc)

(ETc-RE) < 0 »aafiAfnau

Aseidl NIR = 0 uanv3nlusiagliin

Example 4 a1néatineii 3 drdse@niaiwnisliiin (Application Efficiency,
Ea)=70% smidsunaanusasnisunuadsznmunvuua (Gross Irrigation
Water Requirement, GIR) visiadluiitAt1I e

>> Ea (%) = 100 * NIR/GIR

>> GIR = 100*60/70 = 85.7 mm for every 10 days.

>> IRRIGATION WATER LOSS = GIR — NIR = 85.7-60 =25.7 mm/irrigation
- =z

/. HéIGATION SCHEDULING INSTRUMENT
" Management Physic Soil Moisture Meter
Line w Meaning Soil Moisture Scheduler
" <<WHEN TO IRRIGATE>>
Excess Water | Gravitational
Water
Ful

i Field Capacity[FC] 7L1

Readily Available Water
[RAN]

Total Available

Water [TAW]

|

Crtical Point [CP] =

Permanent Wilting

Point [PWP] 7Hu |
. ygroscopic
Unavailble Water Water

-

Oven Dy sy
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#91lunisaruuansliia (Irrigation scheduling) 3nflusassiAaafu

[1] anuduludu (FC, PWP, CP, As)

va A

[2] asusuiGwaa (D, p)
[3] ausiavn1svituasiial(ETc)

[4] Wulains (Re)

v adad

[5] Wszd@ndarnn1siiin (Ea) dediuatfuisnisliiiia (Irrigation
Method)

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

Depletion
e Maximum Root | Fraction? (for ET
Depth s 5 mmiday)
Crop (m) p

a. Small Vegetables
Broccoli 04-0.6 045
Brussel Sprouts 04-06 045
Cabbage 0508 045
Carrots 05-1.0 0.35
Cauliflower 04-07 045
Celary 0305 0.2
Garlic 0305 0.3
Lettuce 0305 0.3
Onions

- dry 03086 0.30

- green 03-06 030

- 5eed 0306 0.35
Spinach 03-05 020
Radishes 0305 0.30

FAO Irrigation and Drainage Paper No.56 — Guideline ?or &nﬁpuﬁng crop water requirements

A




—mstnuanislitidmiudnauaz R ilaladns V)

Rice Non-rice

Optimal irrigation
scheduling

g .
=PALANAIINTWIZUIN

FC w:=CP

Deficit irrigation
-tielfipansiestinandt CP

Soil
Moisture SMD

FC,— 0
-‘

w &
FUALUIAIUAN

Awusunismunidng

o & o a
SEALUIAILANAIUTUNIT
Musuutlena AU

CP p

Crop Water Requirement

Rain + Irrigation
O

o0
0

Evaporation +
- Transpiration

AN

Surface Runoff 5

ET=Evaporation+Transpiration
=Evapotranspiration
3 terms of ET = ETo, ETc, ETa

climate grass reference crop

Humidity o \Temperature

Wind Speed Radiation well watered grass

K ¢ factor

ETo %

well watered crop
optimal agronomic condltlons

Ks

- A
- &
A

LETC 4 x —

water & environmental stress

ETo= Reference crop ET depends on
climatic data only.

ETc=Kc.Eto (ET under standard conditions)
Kc=Crop coefficient depending types of
crop and stage of growth

ETa=Ks.Etc (Actual ET)

Ks=Woater stress coefficient

10
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cllmate grass reference crop ETo

Humidity Temperature .

Wind Speed Radiation well watered grass

ET, =
f(CLIMATE)

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

i reference level
weather measurements

Reference surface is a hﬂootical
grass reference crop with specific
characteristics, height of 0.12 m with a

surface resistance of 70 s/m and an

_ dnnslirhaesitsinsstanidusunuaes green
T o2 grass of uniform height, actively growing

| w ‘and adequately watered.
21

Penman-Monteith is recommended method for ETo calculation.

— , )=

Penman-Monteith Formula

0A08MRY-6) 7 Gy U2 (o5me0)

= T2,
ETo ) Avy (140340,
ET, | = | Reference crop evapotranspiration (mm/day)
A = | Slope of saturation vapor pressure curve (kPa/C)
v = | Psychrometric constant (kPa/C)
Ry = | Net radiation at crop surface (MJ/m?/day)
G = | Soil heat flux (MIm?/day)
T | = | Maximum air temperature (°C)
T | = | Minimum air temperature (°C)
T = | Average air temperature (°C)
U, = | Windspeed measured at 2 m height (mfs)
B = | Saturated vapor pressure (kPa)
A = | Actual vapor pressure (kPa)
e = T




Average ETo for different agroclimatic regions(mm/day)

Mean daily temperature (-C)

&/
J Crop Evapotranspiration (ETc)

or Crop Water Requirements
ETc=Crop evapotranspiration under standard conditions

([1]disease-free, [2]well-fertilized crops , [3]grown in

Reg ions Cool Moderate Warm
~10-C 20-C > 30-C
Tropics and subtropics
- humid and sub-humid 2 _ 3 3 - 5 5 - 7
- arid and semi-arid _ 4 = 6 6 5 8
Temperate region
- humid and sub-humid 1 K 2 2 i 4 4 = 7
- arid and semi-arid 1 - 3 4 -7 6 - 9
2

—

large fields, [4Junder optimum soil water conditions, and

[5]achieving full production under the given climatic

conditions).
K factor

well watered crop
optimal agronomic conditions

ETc=Kc.ETo

Kc = crop factor varying with the crop type

and growing periods

When the standard conditions are not met, ETa < ETc.
~—’

12
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/ GENERAL Ke (Ke;y;, Ker Keopa)

K 471 Maturity
g s 1

E

ini’/

14
aal
0.6 §
0.4 £

0.2

time [days)

«— |nitial =« Development —+— Mid season—s« S'égé%n >

Initial stage —This stage runs from planting date to approximately 10% ground cover.
Crop development stage-This stage runs from 10% ground cover to effective full cover.
Mid-season stage —This stage runs from effective full cover to the start of maturity.

Late season stage —This stage runs from the start of maturity to harvest.

bl B
» % »

02" 1/ 255.30 160 .. 1% .
fin 'I grouna cover i ! :
= Top (short)
. initial | develop- | mid-season | late season
§ i ment |
N

‘e
™

i (ong)

main factors affecting K, in the 4 growth stages

soil  |ground cover crop type cr e
evapo- plant (humidity) harve‘s)ﬁnzzate
ration |development (wind speed)

AR 13
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\}ﬁOP GROWTH STAGES FOR DIFFERENT TYPES OF CROPS

Crop type - crop g late
\ initial evelopment RSN season
sz =l sl !
2ok SPERSER SF AR
Perennials
- rangeland
- deciduous

trees & shrubs

. -evergreen

Hypothetical

- grass reference

A

-+

Woviasiviuninsaidroniiivy g i 8 O AL

growing season

UL L S O b Lo

>

BN
4

J ‘-‘KXAMPLE — Growth stages and Kc (FAO)

TABLE 11
Lengths of crop development stages* for various planting periods and climatic regions (days) \./
Crop Init. Dev. Mid Late Total |Plant Date Region
(Lini) (Lgey! (Lmig! (Liate!
a. Small Vegetables
| Broccali 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 60 20 150 Feb/Mar Mediterranean
30 50
Cauliflower___|35___ |50 TABLE 12
Celery 25 40 Single (time-averaged) crop coefficients, KC' and mean maximum plant heights for non stressed,
;g gg well-managed crops in subhumid climates (RHpin = 45%. up = 2 m/s) for use with the FAO
Crotitera] 20 20 Penman-Monteith ET,.
25 35 Maximum
30 35 Crop Height
Lettuce 20 30 Crop Ke ini.I Ke mid Ke end (h)
30 40 (m)
e o a. Small Vegetables 0.7 1.05 0.95
Onion (dry) 15 25 Broccoli 1.05 0.95 0.3
20 35 Brussel Sprouts 1.05 0.95 0.4
Onion (green) |25 30 Cabbage 1.05 0.95 0.4
i 22 22 Carrots 1.05 0.95 0.3
o0 |se 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 g I 1.00
- seed 1. 0.80
Spinach i 0.95
Radish 0.85

Paper No.56 — Guideline?or

14




Crop water réquifements tor Prachuap Khin Khan province, Central and Western Thailand
Downloaded from URL: water.rid.go.th/hwm/cropwater/CRWdata/ET

Crop Growth
No. Crop name period Crop water requirements
days | mm./season m’/rai ‘ \./
1 Rice-Rice Department High Yield Variety 100 699 1,119
2 Rice-Khao Dok Mali 105 100 629 1,006
3 Rice-Basmati 100 695 1,112
4 Wheat 100 311 498
5 Maize 100 351 561
6 | Sweet corn ! 75 | 274 | 438
7 Sorghum 110 387 619
8 Soy bean 100 373 596
s e = An example
10 | Mung bean 70 215 344
11 | Sesame 90 295 471 I p
12 | Tobacco i 90 | 398 | 637 Seasona Cro
13 | Sun flower 110 392 627
14 | water melon 85 418 668 Wa te r
15 | Cotton 160 471 753 ]
16 | Sugarcane 300 978 1,564
17 | Castor bean 200 745 1,191 req u I rement
18 | Taro 170 1,177 1,884 .
19| Asparagus 365 1,526 2,442 pu bl |Shed by
20 | Tomato 110 494 791
21 | Onion 100 395 632 RI D
22 | Shallots 85 304 487
23 Garlic 110 269 431
24 | Potato 95 368 588
25 | Bird's eye chilli | 150 483 | 774
26 | Bitter gourd 75 326 522
27 | cauliflowers 45 197 316
28 | Chinese kale 55 165 265
29 | Yard long bean 80 287 459
30 | Graden pea 85 302 484
31 Winged bean 135 396 634
32 | Chinese cabbage 60 196 313
Chinese radish

water & environmental stress

ETa = Ks.ETc

ETa = Actual crop evapotranspiration under soil water stress [mm/day]
ETc = Crop evapotranspiration under standard conditions [mm/day]

Ks = Water stress coefficient

15




——
o = T Water Stress Coefficient(Ks)
CE T“ TAW=(FC-PWP).As.D [mm]

FC = Field Capacity (% dry mass)
PWP = Permanent Wilting Point (% dry mass)
CP = Critical Point (%dry mass)
1 PWP As=Apparent Specific Gravity
D=Root Zone Depth [mm]
RAW = Readily Available Water [mm]

TAW

soil water diagram

Ks 0 = Soil Moisture (%dry mass)

1 : SMD= Soil Moisture Depletion (0-1) [mm]

0.7 ' p= Depleted Fraction before water stress
I occurs [<1]
i

0 'RAW svmbD1 TAW <MD

| 0 |p |1 Depletion Fraction

lFC lcp o1 'pwp ©

1if SMD < RAW
Ks={

[TAW-SMD] ;ccmp > RAW

TAW-RAW
.[ ] 31 J
1ife=CP
= BTV rarene
[CP-PWP] '/
~— /
V4 __/

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

Depletion
- Maximum Root | Fraction? (for ET
Depth1 = 5 mmiday)
Crop {m) P

a. Small Vegetables
Eroccoli 04-06 045
Brussel Sprouts 04-06 045
Cabbage 0508 045
Carrots 0510 0.35
Cauliflower 04-07 045
Celery 03-05 0.2
Garlic 03-05 0.3
Lettuce 0305 0.3
nions

- dry 03-06 0.30

- green 0306 (.30

- seed 03-06 0.35
=pinach 0305 .20
Radishes 03-05 030 -/

FAO Irrigation and Drainage Paper No.56 — Guideline ?or éot%puﬁng\gop water requirement/s

16




~/ SOIL MOISTURE BALANCE EQUATION

(t)=6(t-1 )-ETa(t)+R(t)+I1(t)-L(t)

0= soil moisture in the root zone[mm]
ETa = actual ET[mm]
R = rainfall[mm]

| = irrigation water applied[mm]
L = water losses due to runoff and deep percolation

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

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

| caid

-~

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

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

Ks
1 ]
0.7 ;
[ |
1
1
1
o "RAW | sMpD1 TAW _ sMmD
(o) I P I 1 Depletion Fraction
FC lcp o1 'PWP ©
1 ifSMD <= RAW
Ks =

{i:g:ﬂa,]] if SMD > RAW

1ife=CP

Ks = { [e-PWP] . /
fcppwpy 0T CP
A ‘ = /
H ~ \ 17




Crop Yield Response
| Water Stress(0<CP or SMD>RAW)=> ETa > Yield Reduction

ETa/ETc Ks
1 1
|
0.7 i
|
1
1
|
03 Jo 0 'RAW|smD1 TAW
(1-ETa/ETc) 1 0 0 |p |1 Depletic?nnggction
FC icp o1 'Pwp 6
0
N / 0.15 1if SMD < RAW
y=u. 0.3 Ks = {
0.5 [TAW-SMD] .
oA i ~ [TAW-RAW] I SMP > RAW
' ETa=Ks.ETc
Ky: 2 1

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

Ya=Actual yield _/

Ym=Maximum yield
Ky=Yield response factor

bt | /

4 nt
/nsrudrnd STRESS uaz YIELD RESPONSE
"%qﬂﬁq'aémﬁ 1: TAW=134.4 mm, p= 0.6, _

- anmiagned 2: ETe=2 mm/day

Avuals SMD1 = 0.8TAW>RAW
Ks=(TAW-SMD1)/(TAW-RAW)

oo —i oot =(1-0.8)/(1-0.6)=0.5

ks = { ;Ti‘;:"gjb"]“";mn . ETa/ETc=Ks=0.5

IPRL e (1-ETa/ETc)=1-0.5=0.5

[

a1 Yield Response Factor (Ky)=1.5
(1-Ya/Ym)=Ky(1-ETa/ETc)=1.5*%0.5)=0.75
Ya/Ym=1-0.75

Ya=0.25Ym

18




~ Soil water balance
for optimal irrigation of sugar beet in Morocco
CROPWAT Irrigation Scheduling Graphics Output
B 4. . |
. 04w .
& " w I\ D \\
= ;g J‘WJ\ J‘ \\ \\[I J\.* I‘P\J\ \ \‘ \ \ \ \\
% SRR N TNAYAYR \
30 ... W \r ". L) \‘ 1'1
b a2\ | TRIEB R \\ \
%40 e AL AL N Dl
2 50 T RAM
- 60
£ 70
= 80+
& 90
o R A e S S TR
0 25 75 100 125 150 175 200
Days after planting N |/
' \/ J, |
7/ /;
TABLE 24
Seasonal vield response functions
— from FAO Irrigation and Drainage Paper No. 33.
Cro Cro
P Ky P Ky
Alfalfa 1.1 Potato 12
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 125 Tomato 105
Onion g M Watermelon 1.1
Peas 1,15 Winter wheat 105
Pepper 1.1 A
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Yied Response Factor(Ky)
Vegetative period (1) Flowering Yield Ripening Total

Crop period formation growing

early lute total 2) 3) ) period

{1a) {1b)
Allalfa 0.7-1.1 0.7-1.1
Banana 1.2-1.35
Benn 0.2 1.1 0.75 0.2 1.15
Cabbage 0.2 0.45 0.6 0.95
Citrus 0.8-1.1
Cotton 0.2 0.8 0.25 0.85
Grape 0.85
Groundnut 0.2 0.8 0.6 0.2 0.7
Maize 0.4 1.5 0.5 0.2 1.25
Onion 0.45 0.8 0.3 1.1
Pea 0.2 0.9 0.7 0.2 1.15
Pepper 1.1

FAQ Irrigation and Drainage Paper No.56 — Guideline for @puﬁng crop water @quirements
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Soil water balance
with stress during flowering stage of cotton in Turkey

A CROPWAT Irrigation Scheduling Graphics Output
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Soil water balance
for optimal irrigation of sugar beet in Morocco

CROPWAT Irrigation Scheduling Graphics Output
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DEAD PLANT WSTRESSEDPLA W HEALTHY PLANT

The ratio between the
reflectance of the NIR and

DV == NIR - Red
™ NIR+Red

The higher the ratio, the
higher the amount of NIR
reflected, therefore the

Chlorophyll molecules in
plants absorb visible light

Optical cameras on
satellites, aircraft or

drones are used to
capture light reflected
back from plants on the
ground.

for photosynthesis. Cell
structures which make
up plant biomass reflect
large amounts of near-
infra-red (NIR).

visible light bands isan
indicator of plant health.
This is the NDVI value.

healthier the plant.
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R effecatlve wa'te?%””;eg g
NIR = ETc-Re

Re = Effective Rainfall = ¢ulyms
= vlumﬂaflmn]mmwﬂgn HAZNYAINITO
W liNd sz Tt
Re=R-RO-DP
R= Rainfall

RO = Runoff
DP = Deep Percolation

.Neﬁrrigation Water Requirement (NIRT

N

EFFECTIVE RAINFALL METHODS

(1) Fixed percentage
Re= Fixed percentage * R

(2) Dependable rainfall (FAO/AGLW formula)

For different arid and sub-humid climates,

For design purposes where 80% probability of exceedance is required.

Monthly step

Re=0.6"*R-10 for Rmonth < 70 mm
Re=0.8*R-24 for Rmonth > 70 mm
Decade step

Re(dec) = 0.6 * R(dec) - (10 / 3) for Rdec < (70 / 3) mm
Re(dec) = 0.8 * Rdec - (24 / 3) for Rdec > (70 / 3) mm

44
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(3) Empirical formula

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

Monthly step
Re =a * Rmonth -b for Rmonth <z mm
Re = ¢ * Rmonth - d for Rmonth >z mm

Decade step
Re(dec) =a * Rdec— (b / 3)
Re(dec) = c * Rdec — (d / 3)

for Rdec < (z/3) mm

for Rdec > (z/ 3) mm

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

45

(4) USDA Soil Conservation Service

Monthly step

Re = Rmonth * (125 - 0.2 * Rmonth) / 125

for Rmonth<250 mm

Re= 125 + 0.1 * Rmonth

for Rmonth>250 mm

Decade step

Re(dec) = Rdec * (125 - 0.2*3* Rdec)) / 125

for Rdec<(250/3) mm

Re(dec) = (125/3) + 0.1 * Rdec

for Rdec>(250/3) mm

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

46
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MONTHLY EFFECTIVE RAINFALL FOR RICE IN NORTHEAST,

o THAILAND =
500 Monthly | Monthly
450 | R(mm) Re(mm)
0 0

300

250

200

Monthly Effective Rainfall [

400 -

350 -

y =-0.0011x> + 1.2119x
R?=0.9976 50 50

P 100 100

/'/ 150 150

/’/ 200 200

150 -

100 -

250 237.5
300 270

>

350 292.5
50 |
400 310
0 T T T T T
0 50 100 150 200 250 300 350 400 450 500 450 320
Monthly Rainfall [mm] 500 325 /
! \/ o
P, >

—

-

11301 UAMNARINITUNTRUSENIUNINNA
(Gross Irrigation Water Requirement, GIR)

TP GReNR=tosses |

Irrigation efficiency, Ei(%)

Application Efficiency (E,)

Surface irrigation

Sub-surface irrigation

Sprinkler

Paddy field
Field Canal Efficiency (E,)
Conveyance Efficiency (E,)

Irrigation Efficiency (E,=E.E,.E,)

*Doorenbos and Pruitt(1977) and IlécofEhpire\yl&T(197-9)
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e — Program structure = 8 different modules

About CROPWAT | Copyright | Disclaimer |

Data input & basic calculation modules

) CROPWAT . /
& version 8.0 (1) Climate/ETo: Input the measured ETo data or climatic
data for ETo calculation

CROI

Pu/AT 8.0 has been developed by Joss Swennenhuis for the \Water Resources A
evelopment and Management Service of FAO0. CROPWAT B.0 s based on the DOS —
ns CROPWAT 5.7 of 1992 and CROPWAT 7.0 of 1333,

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

and documentati

nistion were developed and/or tested by Martin
Isema, Florert Maraus, Giabiiela |z, Robina'w/ahai and

rainfall
Wi Y et 1
L (3) Crop: Input the crop data and planting date for ETc
calculation in (6)
B conwer @ (4) Soil: Input the soil data for irrigation scheduling in (7)
e Edt Calculations Graphs Setfings Window Help
D.g.E 8 8 ES wwi|| (5) Crop pattern: Input the cropping pattern for scheme

supply calculations in (8)

it
Climate/ETo

Q Note that in fact Climate /ETo and Rain modules are not
““ only for data input but also calculate data, namely
oo Radiation / ETO and Effective rainfall respectively.
%
s Calculation modules
W

“’““:;"”" (6) CWR - for calculation of Crop Water Requirements

OWR
5

Schedule

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

———

[ /

(7) Schedules - for the calculation of irrigation schedules

- \/ ! J, |
| = \ /_

h/’i HOW TO APPLY WATER
g (IRRIGATION METHODYS) =

Surface irrigation | Micro-irrigation

Furrow Drip or trickle

Border Micro spray

Basin Micro sprinkler
Sprinkler Sub-surface
irrigation irrigation

Fixed system Open ditch

Big gun Buried pipe

Center pivot
Lateral move

Modern Techniques:
Greenhouse, Hydroponics, Aeroponics, Aquaponics, Plant Factory,

Nano Farm




localized imigation sprinkler irigation surface imrigation
Variable Mame

SURFACE IRRIGATION

BORDER-FURROW-BASIN

== fiow direion fied thanol

permanent bund

Water movement vertically dowmvard
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Preciéion Irrigation Technology
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4

* A1AINY AT lEAe
* :@anszuu SPRINKLER uwazailnsmaquan T4
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/' SUB-SURFACE IRRIGATION

- Precipitation l T Transpiration
Evaporation

) I Surface runoff

Groundwater level
D wage flux ',/

Saturated zone ater flux

- dw
Regional groun
$ /’—’—;_31’

] l High flow resistance

Top soil
Sub soil

Second aquifer

4

-
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asduinguunsintasoa CAPILARY ACTION
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Surface Irrigation Sprinkler Irrigation Micro-Irrigation
(E, = 50-70%) (E, = 70-80%) (E, = 80-95%)
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~ OTHER MODERN TECHNOLOGY

\/ Green Houses, Hydroponics, Aeroponics,
Aqquonlcs Plant Factory, Nano Farm

Nanofarm

https://www.kickstarter.com/projects/993426736/
nanofarm-the-first-appliance-that-grows-food-for-y

-/
A N /
J i
U nénmsval
_ a3l HanNIIVaUITNIU
9 ] O WHEN TO IRRIGATE I
o HOW MUCH WATER SHOULD BE APPLIED |
|
I0 HOW TO APPLY WATER EFFICIENTLY !
—_— L] —_— _— —_— —_— L] —_— L] —_— L] —_— _— _— _— J
- - Crop & IWR Yield Response Irrigation Methods
Soil-Water Relation Water | =========
. . [
________ . | -Depletion Fraction(p) N,
1 | Requirements [
| - Field Capacity(FC) | ======= | -Water Stress I _Surface Irrigation |
| . Permanent Wilting l_ETo 1 CcfefﬁCiems(Ks) I I -Sprinkler Irrigation I
I Point(PWP) I I ETc = KcETo I 'ife:j iesponse chto.r(Ky) I ! -Micro-Irrigation |
| -Apparent Specific | | ETa = Ks.ETc || -Yie espons_e unction: : | —-Sub-surface |
I ) 1 11 (1-Ya/Ymax) =Ky(1- . sl |
I Gravity(As) Iy Net IWR, Gross | ETa/ETe) | , Irrigation |
S Woater Holding 1, IWR, Efficiency I i crtimni ST r -Hydroponics I
I Capacity (TAW, Iy Scheme Water r (Optimum irrigation, L—Greenhouse |
I RAW) | LSUPPIY I Deficit Irrigation) 1 e
L Infiltration | T T T S — J
3 \/ ~
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JEOUFCES= i tand

@ Lirrigation from reservoir

WATER
_SUPPLY g

/' DELIVERY
. SYSTEM

WATER USE i
SYSTEM DIVISION BOX

3 g TAIL WATER DITCH
WATER REMOVAL SYSTEM
—
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CONSOLIDATION
PROJECT

Google
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/ | msdsziumamslii-seauulas
J mmmjnﬁm(UNlFORMITY) szansmw(EFFICIENCY) anuniasno(ADEQUACY)

-/
. 0 10 20 30 40 50 60 70 80 90100

E PERCENT OF FIELD ARI:A

x1 2 Xi

STRESS

ACTUAL DEPTH APPLIED

Xi = Application depth at pointi

Unifc;rmity Efficiency Adequacy = Usable
Z‘X, -X =100*Usable depth/Actual depth/Desired depth
(G I R R (I depth applied = (Desired depth-
N-X (Usable = Desired-Stress) | Stress)/Desired depth
MY (Full adequacy= No stress)
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-4 (Paeieane anudavgy aiusssy dszansom)
(ADEQUACY, FLEXIBILITY, EQUITY, EFFICIENCY)

‘ ADEQUACY = Area received desired
amount /Total area
Al, X1

'

Ql
— FLEXIBILITY = ability to change frequency, rate
and duration of water delivery
Q2 A2, X2 -Frequency = once/week
—r— -Rate = Q cms
-Duration = 24 hours
Ai, Xi —
; 4 Y(x1-x)
Ry EQUITY = 100 * (1 — =)
Qn AnXn Efficiency=100*NIR /GIR
—r NIR=ETc-Re+Others
T | J |
et \
|\ —
J C
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