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Example: Imm =1m x Im x 0.001m = 0.001m? = 1dm3 = 1Litre/m?
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Large Pore Space Small Pore Space
Gravitational Pull Capillary Action
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(RAW) Readily Available Water
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Water Tension * To =20 kPa To —40 kPa
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RUSIRHNG ISISIRUSHNG
Soil texture Amount of water available (mm/m)
Sand 35 | 35
Sandy loam 45 60
| oam 50 | 70
Light clay 25 45
Medium to heavy 20 | 45
clay
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To—-20 kPa To—40kPa
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Mean Application Rate (MAR)

 MAR Is the average rate (in mm/h)
that water Is applied to your crop

« The MAR should not be faster than
the infiltration rate for the soll

* The MAR tells us the average
amount of water being applied at
any given point in the wetted area
each hour.




Data Collection Method
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Dripper output record sheet (example data)

Elapsed | Volume Dripper
Lateral | Dripper | Timeon | Time off ﬂ:'_:;r;} ED:;SEE" output {Lh)
C _B E - D x 0.06*
A B C ] E F
Drip Record Sheet 1 14 s || i P e 0
18 1147 1132 15 540 52
1C 1420 1136 16 A0 £
10 1124 1139 15 490 20
2 24 114z 1158 16 S 23
2B 1146 FAek i5 S0 23
2C 1249 {204 i 550 28
2C ii53 1208 15 460 18
3 34 151z 1227 15 530 24
3E 215 229 15 450 20
3C 1218 12 34 16 S&0 5
a0 {222 Fiec by 15 5400 2.4
4 44 1244 12 57 H 550 %2
48 1244 1309 i6 570 24
4 1248 1304 16 550 21
40 $2:52 13,07 15 4500 i
I::nugklcjettasl 16 Tctal of outputs 24 K
Average outputrate =  Total Output -  number of buckets
K = Total buckets
34+ 16
= 213Lh L




MAR Calculation for Overlapping Wetted area from emitters

Wet Pattern Sheet: Overlapping Drippers

Average wetted Area of Dripper =

Average Wetted Width (meters) x

Distance between drippers (meters)

A B C D E F
Width of wetting pattern Total wetted widths |Average wetted widths ? viragjr:gszesijcr;ag
el Dripper A | Dripper B | Dripper C | Dripper C A+B+C4+D E+4
meters meters meters meters
1 0.75 0.91 0.82 0.89 3.3/ 0.84 .59
2 0.80 0.92 0.79 0.83 3.34 0.83 0.58
3 0./9 0.90 0.91 0.85 3.45 0.86 0.60
4 0.80 0.92 0.92 0.90 3.54 0.88 0.62
Total 2.39m° G
Average wetted area of all laterals = Total wetted area =+ 4 = G = 4
= 2.39 = 4

0.60 m? H




MAR Calculation

Divide the average output rate [L] by the
estimated wetted area of a dripper [H]

MAR = L = H

Overlapping wetting area
MAR = 2.13L/h = 0.60m? = 3.55mm/h




Exercise

Wet Pattern Sheet: Overlapping Drippers

Average wetted Area of Dripper = Average Wetted Width (meters) x Distance between drippers (meters)
A B C D E F
Average Wetted Area
Width of wetting pattern Total wetted widths |Average wetted widths E X gdripper —
el Dripper A | Dripper B | Dripper C | Dripper C A+B+C+D R |
meters meters meters meters
1
2
3
4
Total 0.00 m* G
Average wetted area of all laterals = Total wetted area =+ 4 = G = 4
= 0.00 = 4

0.00 m? H




Calculating MAR

Divide the average output rate [L] by the
estimated wetted area of a dripper [H]

MAR = L = H

Overlapping wetting area
MAR = 0.00L/h = 0.00m? = 0.00mm/h
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Data Collection Method
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Dripper output record sheet (example data)

|
Calculating DU Elapsed | Volme | Dripper
Lateral | Dripper | Timeon | Time off t":“E toliecled outpek (i)
mies) | L) E - D x 006
A B C D E F
1 14 1343 1128 ig 570 Z1
1B o P2 I3 540 i
1C 1420 1136 ia =¥id 24
Humber of Catch 16 cans A 10 g S s 55 55
cans
2 248 1142 1158 6 &0 2.3
<B 1146 1204 i5 580 23
Divide the numberof | ao =+ 4 20 i7 40 i20d 15 5450 e
catch cans by 4 - T s i i i
(If not a whole number S i _ _ -
round down 3 34 1243 1227 15 530 2
3' 16 + 4 = =
3B 1215 1229 15 450 o
3 1218 1234 i6 380 2
=4 LQ 30 1222 | i2a7 15 5400 24
cans
4 44, Iz 47 1257 ia 580 22
4B IZ.44 309 Ia 570 23
4 1245 F3.04 ia 550 24
40 1252 13.07 i5 480 i9
——————|
Total 16 Total of outputs 24 K
huckets
Average outputrate =  Total Output +  number of buckets
K 2 Total buckets
34 = 16
L
= 213Lh




Elapsed | Volume Dripper
time collected output (Lh)

Calculating DU sl | Dripeer | Tireon |\TRSSY | iy | Y. | £ 5 0 xcuons

A B C D E F
1 14, 1343 1129 6 5 21
On your Catch Can record | -
1B 1317 1332 5 540 g
sheet draw a circle around 1c 1120 | 4536 | 46 €10 ;
the lowest amounts for 18| e | JEs | o 73 @
2 28 1142 1158 16 &0
vour humber of LG cans. :
2B 146 1204 ik 580 23
20 1249 1204 15 550 :
Add the selected amounts D | a3 | 1208 | 45 460
3 34 F L e T 15 SA0
31 | s245 | 1220 | s (20
1.8+ 19+ 20+ 20 | gza8 | sz | 6 | om
30 {222 {237 i3 540 23
4 4.2, 1244 b 16 50 22
= 7.2 mm 4B 1244 1309 i6 570 21
4 1245 1304 16 550
40 {252 1307 1% 450
Total 16 Total of oulputs
buckets
Average outputrate =  Total Output -+ number of buckets
K + Total buckets
34 & 16

= 213Lh




Calculating DU

Average of LQ cans = Total of LQ cans - number of LQ cans

Average of LQ cans /.2 mm =+ 4 cans

=1.8 mm
DU = AverageoflLQcans + Average outputrate
DU = C + L

=1.8 + 2.13
=0.845

Convert DU Iinto a percentage = DU x 100

As a percentage the DU is 0.845 x 100

= 84.5%

“* A DU of 85 % is good.
** Below 85 % tells you that some plants will get less water than others.




Calculating DU From Field data collection

Lateral Dripper

Time On

Time Off

Elapsed Time (mns)
(C - B)

Volume Collected {mL)

Dripper Output (L/h)
E+Dx0.06%

A

D

E

F

1A

1B

i

13
2A

2B

2C

2D

3A

3B

3C

3D

4A

4B

4C

4D

TOTAL

Overage Output Rate = Total Output + Number of Catch cans

K
K

+ Number of Catch cans

16




Calculating DU From Field data collection

Average of LQ cans = Total of LQ cans - number of LQ cans

Average of LQ cans mm cans C
= mm
DU = AverageoflLQcans + Average outputrate

DU

DU x 100

Convert DU into a percentage

As a percentage the DU is x 100

— %7?

“* A DU of 85 % is good.
** Below 85 % tells you that some plants will get less water than others.
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How Long to Irrigate ?

The MAR and DU for your Irrigation Unit will help you
calculate the time it will take your Irrigation Unit to fill the
RAW of your soil.

To find how long it would take your irrigation unit to fill

yvour root zone RAW you divide the RAW for your soil by
the MAR of your Irrigation Unit. Divide this result by the
DU% of your Irrigation Unit.



How Long to Irrigate ?

Example
RAW 30 mm RAW
MAR . 3.6 mm/h MAR
Irrigation time RAW =+ MAR +~ DU%

=30mm <+ J.6mm/h + 84.5%

= 9.8 hours




Exercise

Example

RAW 00.0 mm

MAR 0.0 mm/h

Irrigation time RAW =+ MAR +~ DU%
= 000mm = 00mm/h = 00.0%

0.0 hours
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SN SESHUNRS

Water Budgeting

A Market Gardener grows 0.23 hectares of paddy melons, Paddy melons require 1.2 ML /ha to grow
each season The Paddy melons have a drip system with an estimated. efficiency of 81%.

Crop Water Budget

Crop Area Annual Crop Water require | Estimate Rainfall volume | Total Rain (ML) | lrrigation System Irrigation needed

(ha) Water Use by Crop Rainfall (ML/ha) efficiency
(ML) BxC (mm) (E +100) ExB D-G=H
A B C D E F G H
0. 1.2 02/6 |3 0.03 0.0370.2 | 81% (0.2/6-
23 3=0.69 0.69)/0.81
w3

Total Irrigation Water Required = | 340,000L

* Note: percentages may be written as a decimal, for example 65% may be written as 0.695.
Note: Converting rainfall volume into Megalitres (ML), you divide the Megalitres by 100




SN SESHUNRS

Crop Water Budget
Annual Water require | Estimate Rainfall volume Total Rain (ML) Irrigation Irrigation needed
Crop Water by Crop Rainfall (ML/ha) System
(lﬁ_e) BxC (mm) (E +100) FxB efficiency D-G=H
A G H
Paddy Melon 4.8 85% 6-48+85%=1.4ML
Crap Apples 2.4 65% 6-24+65% =55ML
Total Irrigation Water Required = 6.9 ML
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SHenjasnoignd samesss (Weather Based Methods)

- TUREFUASHAM (ET,)

- WWHNAMIVASEAM (Ke)
ET, x K, = BEIMIGRUHM (ET,,)
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WIS HENM 81 HIfU Ke UaNIgIMuEAMAMUNGRAN I

tuneEan A -2y . - AR & -nameiei (- Ui
(RN 0.45 0.70 0.75
NN AR 0.35 0.70 1.10 0.90
0.90 0.75
0.90 0.75
1.05 0.90
TUHIGS 0.45 0.75 1.15 0.80
tgihi e 0.45 0.60 1.00 0.90

iy 0.45 0.75 1.15 0.80
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SHenjasnoignd samesss (Weather Based Methods)
INDICATIVE VALUES OF ET, (mm/day)

Mean dally temperature

Climatic zone low (less than 15°C)|medium (15-25°C)| high (more than 25°C)
Desert/arid 9-10
Semi arid

(Moist) Sub-humid

Humia




Monthly Eto in Cambodia

Weather Station Oct Nov | Dec Total
Battambang, monthly Eto 122 113 171 1569
Siem Reap, monthly Eto 124 120 124 1648
Stung Chinit, monthly Eto 118 114 124 1545
Krakor, monthly evaporation 105 131 152 89 93 84 381 1133
Pursat monthly evaporation 147 | 159 185 179 127 125 123 1657
Average Daily Eto in Cambodia

Weather Station Jan Feb Mar Apr May | Jun Jul Aug Sep Oct Nov Dec Total
Battambang, monthly Eto 4.00| 4.17 | 5.37| 513]| 5.03| 4.37| 4.6/ 4.13| 3.90| 4.0/ | 3.77| 3.70| 52.30
Siem Reap, monthly Eto 443 4.30| 5.27 4.80| 4.67 400]| 4.13| 4.00| 4.13| 54.93
Stung Chinit, monthly Eto 4.33| 4.20| 5.17 3.93| 3.80| 4.13| 51.50
Krakor, monthly evaporation 3.50| 4.37| 5.07 2.07| 2.30| 2.70| 37.77
Pursat monthly evaporation 490 5.30| 6.1/ 3.03) 2.7/ 337 4.10] 55.23

Information source: TA No. 4756-CAM TONLE SAP LOWLAND STABILIZATION PROJECT CAMBODIA Report
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ET, x K. = Dailycrop water use (ET¢op)

weather station gave him the ETo for January. His crop has a Kc for January of
0.8. Use this information to calculate his ET ¢qp.

ET, X Ke

daily crop water use (ETcop)
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Joe has an irrigation system that has a MAR of 5 mm per heur. His lima beans
have a rootzone RAW of 12 mm. Joe irrigates every day for 3 hours

Table 1: ETo Record sheet

JL) B G D E
A x B E fromtheday before — C + D
Date | ET, | Kc | ETerop | Effective rain Remaining RAW
orirrigation | Rootzone is at field capacity after
(mm) one day of heavy rain
2Dec | 81 |0.8 6.9 12 — 65 +#+ 0 = BH5
SDec | 98 |08 7.6 3 hour
irmgation 55 — 76 + 15 = 129
15 mm
4Dec | 10.2 | 0.8 8.2 3 hour 12 — 82 + 15 = 188
irrigation
15 mm

The rootzone RAW is only 12 mm. We lose 6 mm of water.
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bDec:| 98 |08 7.8 3 hour 12 — 78 +# 15 = 182
irrigation
15 mm
6Dec | 76 | 0.8 6.1 3 hour 12 — 6.1 + 156 = 209
Irrigation
15 mm

7Dec | 103 |08| 82 3 hour 12 - 82 + 15 = 18 .8
Irrigation
19 mm

8Dec | 11.1 | 0.8 8.8 3 hour 12 - 88 + 158 = 182
irrigation
15 mm

In one week Joe applied an extra 33 mm of water. This means that for his two hectares
he could have saved over 6 hours of irrigtion.
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A market gardener has a crop of paddy melons. His soil test
determined the soil has a RAW of 15 mm. His irrigation system has

a MAR of 6 mm/hour. The Effective rainfall for his area is any
rainfall greater than 10 mm.

The local weather station gave him the ET, and K_ information for
paddy melons in his area during January.

This market gardener irrigates 3 hours every 2 days. Complete the
ET, Record Sheet below
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Name Yong Yeng

Month: Jan

MAR:

Date

—
o
U

10

Crop: Melon

Effective Rain or Remaining RAW
Irrigation ( E from the day before-C+ D )
(Carried over 3.2)

O 15-8+0=7

2|l w

6.64

Full irrigation 18mm | 7-6.64+18=18

0.8 7.04 Full irrigation 18mm | 6-7.04+18=17

i

6 Rainfall, 15 mm 15-2.88+15=27
7 8.5 Full irrigation 18mm | 15-6.8+18=26
8 0 15-6.16+0=9

0

0.8 6.4 Full irrigation 18mm | 9-6.4+18=20 5

112

0 15-7.124+0=8




Name: M. Gargened

Answer Sheet

Month: January 2N Crop: Paddy Melons

MAR: ___0..._.. mm per hour RAW 75 mm
B L D E

K. | Elcrop | Efectve @n | Remainng RAW
AxB) O Imgaton { Efrom the daybefore - C + [)

LTl DNEr O

08 | 52 | Fullivigaden 15 (Roocgone RAW iy full)

0.8 g g 15 -8+0 7
05 &b Ful Fripaton - 6t + I8

184

18 mm

|
o,

0.5 3 g Iy - 9+ 4@

a5 % Fuil rrisanon & -7 + 18 = 17
18 noy

@3 29 Rarmiadl, 15 mm Iy - 23 +5 = I71

5 &8 Frd mripagon Iy - &8 + 18 = 2a 2
1§ mm

@5 g2 a 15 - &2 + 0= LB

08 | &4 | Fullivivagen | 88 - 64 + 18= 204

IS mm

i 59 0.5 7.1 g I - 7I+8 = 9
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SEanjasfeigniBe (Soi Based Methods)

QA Gravimetric,
— dig stick
— drying a soil sample in an oven
Q Volumetric,
— calculate the water molecules
present in the soil
d Tension,
— Tension is the eftort a plant
needs to use to extract water
held by the soil
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| provided training to my colleagues at Cambodia HARVEST-USAID in 2016
crop water management and Irrigation operation and maintenances.




	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48
	49
	50
	51
	52
	53
	54
	55
	56
	57
	58
	59
	60
	61
	62
	63
	64
	65
	66
	67
	68
	69
	70
	71
	72
	73
	74
	75
	76
	77
	78

