








































































































































































































From the research questions and objectives, crop water requirement has been evaluated. Crops
persistent to the district were cabbage, tomato, potato in dry and potato, barley and wheat in the
summer have been used for evaluation. The overall irrigation requirements of the crops in dry
period are 384.44, 494.6 and 416.8 mm of depth respectively. The crop sensitivity period to water
stress are differ on three crops based on their nature but they need more water in the mid stage.
The other crops are cultivated with supplementary irrigation in the rainy seasons and don’t result
for equity problems. For further information see appendix four about the three crops in the wet

scason.

[rrigation scheduling of the three crops is not uniform. Cabbage needs 40-49 mm depth of
irrigation in the development stage up to ahead of harvesting. The interval is approximately per
15 days by increasing the range and finally end to 47mm. In the development stage of tomato
from 32-55mm depth of irrigation per 14 days of interval could be applied by increasing its
amount. Whereas potato consumes 24 — 34 mm in the development stage per 9 days with rising
and 37- 40 mm depth of water in the mid. Finally it needs 47 mm prior to the end of crop
growth after 14 days. Potato and cabbage water requirement at initial stage are 19 mm and 39
mm depth of irrigation respectively. In this stage both can stay and enter in to the development
stage after they irrigate only once without yield reduction and tomato require 17- 25 mm depth of

irrigation per 10 days in the initial stage.

For the whole crop, the timing of irrigation to apply is at critical depletion. In the application the
water have to refill to the field capacity level. The application depth will bring soil moisture
content back to field capacity and the depth applied will be equal to the depleted soil moisture in
the root zone. Generally scheduling efficiency is 100 % and in all cases the potential and actual
use of water by the crop is equal and also the efficiency of the field is 70 %, but in surface
irrigation the efficiency is 45 %, which is practically need 25 % additional net irrigation in the

case of furrow irrigation.

In relation to scheme supply of Holetta, only farmers cropping pattern and season used. Due to
this it is only represent farmer’s side. Highest irrigated area per percentage is at November to

February. Percentage of irrigated area is less in March-May including September. During
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summer there is no irrigation activity since the rain fall is enough. Precipitation deficit is high

both in cabbage and tomato. Also barley, wheat and potato in the winter face precipitation deficit.

6.2. Recommendation

The Water sharing principle has to be fixed with farmers land size, crop stage and distance from
the primary channel. Those who have large land have to get water by giving additional cost for
the management and utilization of the river. Also farmers with small lands their interest has to be
fulfilled. In the water sharing the committee should include programs that go with crop stage. Not
only focusing crop stage but planting perennial crops to those has large lands and annual crops to
those who have small lands can be an option. Farmers farming practice directly relate with crops
that have high market return related to its cost of irrigation and other inputs are also essential. In
water application and timing should be correlated with the crop water demand. To ensure water

to farmers that found far from the primary channel should get enough time as compared to others.

The participation of all users is important to improve the management of the river and the
irrigation. To overcome this responsible organ has to capacitate the community by training and
technical support. Government organ has to work closely with the farmers to increase their
production by new technology innovations with integration of farmer prior knowledge of water
management. Government should take part in empowering activity rather involve in the decisions
for the success of community fully take over the irrigation system. But farmers’ decision has to

see from government and responsible organ for its implications.

It is possible to higher the efficiency of the irrigation system. Primarily good diversion structure
has to be prepared. Also it is important to transform from open channel to close to improve water
productivity. Provision of close channel may be expensive but at least establishing of the
channels with local available materials and concrete has to be used. On the other hand to ensure
equity farmers has to aware with water saving practice. Instead of watering their field by

preparing pond storage and store with it is important and decreases water wastage.
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Female role in the managing and ensuring equity among users need to be seen. From experience
and understanding female engage in this activities conflict may be minimized. On the other hand
females are mostly discouraged in farming practices. So as the main concern the committee

should take this as an advantage which female to participate and encouraged.

Future studies have to focus both technical and social aspects concerning all users. This present
study focuses were farmers in Madda Gudina kebele. But in the future water demand from
different users may come and without go through all users including institutes in the area and

others is not possible to think of equity and management of the river in the sustainable way.

Still focus on crop water requirement studies in general and on small scale or community based
irrigations is not much addressed in Ethiopia. Less number of research activities was done on
large scale irrigations. To solve water management and improve crop productions future studies

has to be relay on this.

This case study would give insight for wide country level implications. For successful
management of community based irrigation system the government interventions on enabling the
community to capture the whole aspects of the irrigations are important. General policies and

strategies for creating better environment for community based irrigation system are significant.

1998, ADBIS AbLeS ¢
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Appendix 1. Sample household questionnaires, WUC and Expertise interview
guide

Questionnaire for Equity of River Water to Traditional Irrigation Users: Case Study of Holeta

River, Holetta Town, Ethiopia

I.  Demographics (Conditions)

1. Gender =e=s=e=e=ee=a=

. Nation  =~——=—=m=msm===

. Education background ——

. Family responsibility ==--=--=esmememmemmmnn--

. Income source -----====mmmmmmmm e

2
3
4
5
6. Family no -=-=-=mmmmmmmmmmee-
)
8. Capital(assets) birr -- e
9

. Number of years lives in this village -------==--=-==---
Il.  Production Status

|. Land hold ===mmmmemmmm e

2. Land tenure system =-===sms==memmean

Crop type grown Production/land hold Number of

Minimum Average Maximum | Harvest/year

Vegetable crops

Field crops

Fruit crops

Other crops
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I Irrigation Water Management Practice

L.

How often do you get water?

2. Do you believe that the traditional irrigation system are efficient if yes in what way, if not

0 po TR gv A g o

13,
14.

what are the problems?
What are the activities done by the irrigation water users during flood?
Have you ever participate in maintenance of the irrigation canals? (Yes No)
If no, why not?
If yes, how many times in a year do you participate approximately?
If yes to Q4, is it on your own plot or on the whole scheme?
How frequently does the structure get damaged per year?
What is/are the main cause/s of structure damage in your scheme? List down in order of

importance

. Have you received any training and/or technical assistance from the town administration

and other responsible organization about river and irrigation utilization and management?

. Have you ever participate in irrigation communities meeting and orientations? If so what

idea raised, how about your participation?

. In general what are the irrigation water management and utilization practice done by the

users in wet and dry period?

What do you expect from societies and government in managing the river sustainably?
Have you ever had a conflict related to irrigation water? If yes, how many times in
irrigation season would it be approximately? Please mention all cases and their causes you

remember,

. What hostile activities are there among the community members resulting from conflict

over irrigation water?
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I'V. Irrigation Water Allocation and Distribution

1. Do you use water for supplementary irrigation (During the wet season)? (Yes/No)

2. If not, why?

3. Are there any water resources like ground water, spring, etc. for irrigation other than the river?
4. Is the water in the river sufficient for: Wet season irrigation? Dry season irrigation? Wet and
Dry season irrigation? If yes what are your justifications? If not, what measures were used to
ensure equity?

5. Do you feel you share equal water with every user of the river? If yes what are the responsible
to ensure equity? If not, what do you think is the reason for the inequality?

6. If there is inequality, which groups of people get more?

7. If there is inequality, which groups of people get less?

8. If there is inequality, do you get more or less? If you get more, do you believe this is
reasonable? Why? If no, what measures do you take in response?

9. In which time of the year the river water reduced and when farmers need the river for
irrigation?

10. Do you use crop water requirement rates for watering your fields? If yes, who gives you the
rate?

I1. If yes to Q 10, do you always stop watering when the rate is met even if the usual time given
to watering turn is yet to get?

12. If no to Q 10, why don’t you stop at the given rate?

13.  Does farmers crop selection has contribution to the problem of equitableness? If yes, in
what way? If no, do you think the crops selected by the farmers require less water?

14. Are there special considerations for crop-type and stage of growth during water allocation? If
No, what happens when somebody is convincingly in higher need of water for his/her field?

15. Have there been any defaulters of water distribution in the canal? If yes, what is done in cases
of water distribution defaults?

16. Does the community have a system of rule for controlling water distribution default?

If yes, what does the rule say?

17. If yes to Q16, do you believe the rule is enforced in the way formulated?
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18. If no, what are the weaknesses? Please, list down in order of importance
19. Who or what body is responsible for enforcing the rules?
20. Are there involvements of female- headed households in ensuring equity among users? If
Yes what activities done by them? If not, why they are not involved?
21. Whom, do you think does the water in the river belong to?
22. Whom, do you think; does water belong to when it is at the gate of your plot just getting to
your plot at your watering turn?
23. Do you pay any water use fees? If yes, what kind?
24. Are there other irrigations user that use the river other than Meda gudina kebele households,
if yes, what consequences comes towards yours?
25. Is there an agreement with other users/out of households/ in sharing rivers for irrigation
and managing it with technical and cost recovery activities?
V. Unstructured interview for town and kebele irrigation and agronomy expertise
1. Do you think all households are benefited from the existing water sharing principles? If yes
what implication are, no why?
2. Does female heads and females benefited from the traditional irrigation? If yes how? If not,
why not?
3. Do you think the traditional irrigation methods are adequate for the sustenance of household’s
economic wellbeing?
4. Do you observe any inequality in water distribution? (Yes/No)
5.1f Yes to Q4, could you list the reasons behind according to their importance?
6. If yes to Q 4, do you think scientific methods can solve such water sharing problem? If yes
what are you suggesting?
VI. Unstructured interview for water user association representatives
. How is water allocated and distributed to users? Is there a problem in allocation and
distribution of water?
2. Is there any special support to female-headed households that use the irrigation? If yes list?
3. Do you think the community be able to manage the irrigation? If yes in what way? If not, why?
4. Do you think the traditional irrigation methods are efficient?
5. Do you observe any inequality in water distribution? (Yes/No)

6. If Yes to Q4, could you list the reasons behind according to their importance?
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Appendix. 2. Crop water requirement calculation

1.1.  Calculation of reference evapotranspiration

The Reference Evapotranspiration (ETo) represents the potential evaporation of a well-watered
grass crop. The water needs of other crops are directly linked to this climatic parameter. The
reference surface is a hypothetical grass reference crop with an assumed crop height of 0.12 m, a
fixed surface resistance of 70 s m-1 and an albedo of 0.23. The reference surface closely
resembles an extensive surface of green,well-watered grass of uniform height, actively growing
and completely shading the ground. The fixed surface resistance of 70 s m-1 implies a

moderately dry soil surface resulting from about a weekly irrigation frequency (FAO 1998)

the FAO Penman-Monteith method to estimate ETo can be derived

ETo = 0.408A(Rn —G) +y 900/T + 273 . us(es -e,)
A +y(1+0.34uy)

where ,

ETo reference evapotranspiration [mm day™'],

Rn net radiation at the crop surface [MJ m™ day™],
G soil heat flux density [MJ m™ day"],

£y mean daily air temperature at 2 m height [°C],
u2 wind speed at 2 m height [m s],

es saturation vapour pressure [kPa],

ea actual vapour pressure [kPa],

es-ea saturation vapour pressure deficit [kPa],

A slope vapour pressure curve [kPa °C-1],

Y psychrometric constant [kPa °C-1].

Several methods exist to determine ETo, the Penman-Monteith Method has been recommended
as the appropriate combination methodl to determine ETo from climatic data on: temperature,

humidity, sunshine, wind speed.
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In order to calculate ETo, the respective climatic data should be collected from the nearest and
most representative meteorological station. Several institutes and agencies may keep climatic
records such as the Irrigation Department, the Meteorological Service or nearby Agricultural
Research Stations and may provide information on climatic stations inside or in the vicinity of
irrigation scheme which should be considered for crop water requirement (CWR) calculations. In
some cases, when the scheme is large, more than one station may be available, but often no
suitable stations with sufficient climatic data are located in the scheme. In such a case a careful

selection should be made of the data.

Normally some conversions are required in order to adjust the data into the format accepted by
CROPWAT 8.0. In particular, attention should be given to the units in which the climatic records
are given.

Temperature data :- Maximum and Minimum Temperature, [® C]

Humidity data :- Average daily Relative Humidity [in percentage] or Vapour Pressure [kPa]

Sunshine data :- Sunshine hours (heliograph) or sunshine percentage

SSP = 0.95- LCIH.C2 +a * ACI +AC2
2 2
where: SSP = sunshine rate (fraction)
LC1 = low clouds at sunrise - .
LC2 = low clouds at noon e
AC1 = high clouds at sunrise =
AC2 = low clouds at noon \, -—F?;fﬂ:.r.”
o = empirical parameter (~ 0.3)

Wind speed data :- Average Daily Wind speed in km/day or m/sec
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1.2. Processing of rainfall data

The rainfall contributes to a greater or lesser extent in satisfying CWR, depending on the
location. During the rainy season in tropical and some semi-tropical regions, a great part of the
crop's water needs are covered by rainfall, while during the dry season, the major supply of water
should come from irrigation. How much water is coming from rainfall and how much water
should be covered by irrigation is, unfortunately, difficult to predict as rainfall varies greatly from

season to season ( FAO,1992).

In order to estimate the rainfall deficit for irrigation water requirements, a statistical analysis
needs to be made from long-term rainfall records. In addition to the variability of rainfall from
year to year, not all rain which falls is used by the crop. The intensity of rain may be such that
part of the rainfall is lost due to surface runoff or due to deep percolation below the root zone. In
order to determine that part of the rainfall which effectively contributes to cover CWR, a number
of definitions are first given, while subsequently it is explained how the different rainfall values
can be calculated and how they are incorporated in the CWR calculations.

Rainfall Definitions

Average monthly rainfall: Mathematically determined average for a series of rainfall records,
most commonly available. To be used for CWR calculation to represent average climatic
conditions.

Dependable rainfall: The amount of rainfall which can be depended upon in 1 out of 4 or 5 years
corresponding to a 75 or 8§0% probability of exceedance and representing a dry year. The
dependable rainfall (80%) is used for the design of the irrigation system capacity.

Rainfall in wet, normal and dry years: Defined as the rainfall with a respectively 20, 50 and 80%
probability of exceedance, representing a wet, normal and dry year. The three values are useful
for the programming of irrigation supply and simulation of irrigation management conditions.
The rainfall in normal years (50% probability) is, in general, well approached by the average
rainfall.

Historical or actual rainfall data: The actual recorded rainfall used for evaluation purposes.
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Effective rainfall:
Defined as that part of the rainfall which is effectively used by the crop after rainfall losses due to
surface run off and deep percolation have been accounted for. The effective rainfall is the rainfall
ultimately used to determine the crop irrigation requirements.
Rainfall Data Collection
The precipitation data required for CROPWAT 8.0 can be daily, decade or monthly rainfall,
commonly available from many climatic stations. In addition, substations may be found with
single rainfall records. For larger schemes, records of several rainfall stations may be available,
allowing an analysis of the spatial variability. To allow a calculation of rainfall probabilities,
rainfall records from a range of years (15-30) are to be collected.
Rainfall Data Processing
For programming of irrigation water supply and management, rainfall data of normal, wet and
dry years are used. An estimate of the respective rainfall data can be obtained by computing and
plotting probabilities from the rainfall records. The different steps involved are:
i. Tabulate yearly rainfall totals for a given period.
ii. Arrange data in descending order of magnitude.
iii. Tabulate plotting position according to:

Fa=100*m /(N +1)
where: N = number of records

m = rank number

Fa = plotting position
iv. Plot values on log-normal scale and obtain the logarithmic regression
equation
v. Calculate year values at 20, 50 and 80% probability:
vi. Determine monthly values for the dry/normal/wet year according to the following

relationship:
P idry/wet/normal = P iay ¥ P_dry/wcu’ncrmal
Pav

Effective Rainfall Method
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To account for the losses due to runoff or percolation, a choice can be made of one of the four
methods given in CROPWAT 8.0 (Fixed percentage, Dependable rain, Empirical formula, USDA

Soil Conservation Service).

In general, the efficiency of rainfall will decrease with increasing rainfall. For most rainfall
values below 100 mm/month, the efficiency will be approximately 80%. Unless more detailed
information is available for local conditions, it is suggested to select the Option “Fixed
percentage” and give 80% as requested value. In the water balance calculations included in the
irrigation scheduling part of CROPWAT, a possibility exists to evaluate actual efficiency values

for different crops and soil conditions.

1.3. Crop and cropping pattern data collection

A local survey should be carried out in the irrigation scheme to assess the crops grown rain fed as
well as under irrigation. Through field observations, interviews with extension agents and
farmers and additional information from other agencies, for instance a revenue department, an

assessment can be made of the present cropping pattern.

Essential information collected from the field should include:
1. Crop and crop variety
2. First and last planting date
3. First and last harvesting date
Additional information may include:
4. Indicative yield level
5. Indicative irrigation practices:
» field irrigation methods
» irrigation frequencies and interval
» irrigation application depths
From the Agricultural Research Stations, more accurate information may be
collected on:
6. Crop characteristics:
» length of individual growth stages

» crop factors, relating crop evapotranspiration to reference
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evapotranspiration

Y

rooting depth

allowable depletion levels

Y V Y

yield response factors.

The Crop module requires crop data over the different development stages, defined

as follow:

» Initial stage: it starts from planting date to approximately 10% ground cover.
» Development stage: it runs from 10% ground cover to effective full cover.
Effective full cover for many crops occurs at the initiation of flowering.

» Mid-season stage: it runs from effective full cover to the start of maturity. The
start of maturity is often indicated by the beginning of the ageing, yellowing
or senescence of leaves, leaf drop, or the browning of fruit to the degree that
the crop evapotranspiration is reduced relative to the ETo.

» Late season stage: it runs from the start of maturity to harvest or full

senescence.

Data required differ in case of a non-rice or a rice crop. In case of non-rice crop, the following
information is necessary:

Crop name

Planting date

Crop coefficient (Kc)

Stages length

Rooting depth

Critical depletion fraction (p)

Yield response factor (Ky)

If available, maximum crop height should be provided.

The cropping pattern module is primary data input, requiring information on the crops (Up to 20)
being part of the scheme. With reference to each crop, the following data should be provided:

Crop file
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Planting date
Area: extension of the area dedicated to each crop, as a percentage of the total cropped area. Care
should be taken that at any given moment the sum of the individual crops does not exceed 100 %

of total scheme area.

1.4. Crop water requirement calculations

Calculation of the CWR can be carried out by calling up successively the appropriate climate and
rainfall data sets, together with the crop files and the corresponding planting dates. In case of

CWR calculation of soil data are required.

Soil Data Collection

The Soil module is essentially data input, requiring the following general soil data:
Total Available Water (TAW)

Maximum infiltration rate

Maximum rooting depth

Initial soil moisture depletion

1.4. Irrigation scheduling

To develop indicative irrigation schedules:

» for the agricultural extension service to promote better irrigation practices

» for the irrigation service to establish improved rotational delivery schedules;

» to evaluate existing irrigation practices on water use efficiency and water stress
conditions;

» to evaluate crop production under rain fed conditions, to assess feasibility of
supplementary irrigation and to develop appropriate irrigation schedules:

» to develop alternative water delivery schedules under restricted water supply conditions

The calculations of the scheduling module are based on a soil water budget, where, on a daily
basis, the soil moisture status is determined, accounting for incoming and

outgoing water in the root zone
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The schedule module essentially includes calculations, producing a soil water balance

on a daily step. The following parameters are used:

Effective rainfall, over dry, normal and/or wet years

Water stress coefficient (Ks)

Crop evapotranspiration under non-standard conditions (ETc adj)
Root zone depletion

Net irrigation (IRn) = IRg/E, E = Overall project efficiency
Deficit

[rrigation losses

Gross irrigation (IRg)

YV V. ¥V V ¥V ¥V V¥V V¥V VY

Flow
1.5. Scheme and canal water requirements

The irrigation supply to any irrigation scheme or canal command area can be calculated by
adding up the requirements of each cropped area. Any changes in cropping pattern can be
conveniently calculated by modifying area size of the different crops.
The scheme module includes calculations, producing:

Irrigation requirement for each crop of the scheme

>

» Net scheme irrigation requirement

» lrrigated area as a percentage of the total area
>

[rrigation requirement for the actual area
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Appendix 3. Metrological data of Holetta

Table 45. Average monthly minimum temperature (° ¢ ) from 1989 - 2009

Jan Feb  Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Average 387 509 678 829 765 777 922 894 745 472 234 218

Source :- Holetta Research center, 2010

Table 46. Average monthly maximum temperature (°c) from 1989 - 2009

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Average 234 242 244 234 248 224 202 19.6 205 19.6 22.6 23.2

Source :- Holetta Research centre, 2010

Table 47. Average monthly relative humidity (%) from 1989- 2009

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Average 50 48 50 55 53 67 80 82 73 57 49 49

Source :- Holetta Research centre, 2010

Table 48. Average monthly wind speed in km/hr (2m) from 1989-2009

Jan  Feb Mar  Apr May Jun Jul Aug Sep Oct Nov Dec

Average 3.91] 4.37 543 4.78 459 321 292 260 3.07 4.02 436 3.88
Km/day 93.84 10448 130.32 114.72 110.16 77.04 70.08 6240 73.68 96.48 104.64 93.12

Source :- Holetta Research centre, 2010

Table 49. Average monthly sunshine hours(hours per day ) from 1989 -2009

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Average 8.75 853 748 6.72 7.04 523 293 234 305 579 889 8.87

Source :- Holetta research centre, 2010
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Table 50. Annual and monthly average rain fall

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
1989 7.1 869 78.0 69.8 83 749 240.7 2786 1175 3.0 0.3 21.6 986.7
1990 05 1624 349 954 555 131.8 2634 3382 1555 8.0 0.0 09 1246.5
1991 239 748 118.0 273 372 899 241.1 229.0 1726 2.6 03 5.8 10225
1992 574 348 588 950 346 1153 1909 312.8 112.1 35.1 0.6 7.8 1055.2
1993 182 83.8 3.8 127.0 603 103.1 218.1 276.1 2148 274 0.0 0.0 1132.6
1994 0.0 23 86.7 459 29.8 1073 2164 209.3 149.7 0.0 36.6 0.0 884.0
1995 00 846 419 1228 813 864 1919 2627 82.1 3.9 0.0 340 991.6
1996 62.6 85 96.1 584 454 1926 249.8 2364 120.7 5.3 1.4 23 1079.5
1997 153 0.0 21.1 774 135 131.0 233.5 2066 42.5 53.5 236 2.1 820.1
1998 546 423 257 657 804 1415 341.6 238.1 1683 674 0.8 0.0 12264
1999 77.3 46 340 166 546 989 2728 3077 889 654 0.0 0.0 1020.8
2000 0.0 0.0 125 123.8 508 89.8 187.1 2606 1205 9.5 389 304 9239
2001 79 10.6 130.7 48.6 101.2 176.5 301.6 161.2 103.2 242 0.0 0.0 1065.7
2002 72,6 257 569 38.1 494 1232 273.1 1940 774 0.0 0.0 22.1 9325
2003 175 113 333 842 13.6 117.1 1940 237.2 1074 10.0 0.0 84 834.0
2004 127 0.8 425 155.1 27.0 1214 204.0 226.6 119.7 3.6 0.7 0.0 914.1
2005 22.0 45 61.7 49.1 944 81.8 2539 1875 130.7 31.5 3.8 0.0 9209
2006 0.0 90 684 99.1 984 113.7 288.6 250.0 116.1 13.1 0.0 0.6 1057.0
2007 0.0 140 612 364 73.5 2533 159.3 249.5 90.0 18.8 0.0 0.0 956.0
2008 0.0 185 1.0 31.3 88.8 99.0 287.1 220.0 195.7 54.0 NA 3.5 998.9
2009 204 8.6 47 309 10.6 648 208.8 242.7 759 156 6.2 394 728.6

Average 224 328 51.0 71.3 528 119.7 2389 2440 122.0 21.5 57 83 5906

Source :- Holetta research centre,2010
Table 51. (a and b) . Yearly value of rainfall and its probability of exceedance
a

Probability %  Rainfall in mm
Dry 80 904.4
Wet 50 967.8
Normal 20 1091.6
Own result,2011
b

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Average 224 328 51 713 528 119.7 2389 244 122 215 5.7 85 9986
Dry 204 29.9 46.6 65.1 48.2 1093 218.1 2228 1114 19.6 52 7.8 9044
Wet 219 32 498 69.7 51.6 1169 2334 2384 1192 21 56 83 9678
Normal 24.7 36.1 56.2 78.6 582 1319 2632 2689 1344 237 63 94 1091.6
Own result, 2011
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Appendix 4. Crop water requirement and irrigation scheduling

Table 52. Monthly reference evapotranspiration (ETo) of Holetta

MonthlyEtoPenman-Monteith - Program/CROPW A T/data/climate/Holetta. PEM

Month Min Max Humidity Wind Sun Rad ETo
Temp Temp

. o & % km/day hours  Ml/m*day mm/day
January 3.9 234 50 94 8.8 20.5 3.65
February 5.1 242 48 105 8.5 21.3 4.04
March 6.8 24.4 50 130 15 20.8 4.29
April 8.3 234 55 115 6.7 19.8 4.01
May 7.7 24.8 33 110 7 19.8 4.11
June 7.8 224 67 77 52 16.8 3.26
July 9.2 20.2 80 70 29 13.5 2.6
August 8.9 19.6 82 62 23 12.8 2.46
September 7.5 20.5 73 74 3 13.9 2.74
October 4.7 19.6 37 96 5.8 17.5 3.24
November 2.3 22.6 49 105 8.9 20.8 3.74
December 2.2 43.2 49 93 8.9 20.1 3.3
Average 6.2 224 §9 94 6.3 18.1 3.47

Source :- Own result, 2011

Table 53. General clay soil information of Holetta

Soil name :- Clay
General soil data

Total available soil moisture (FC-WP) 200 mm/meter
Maximum rain infiltration rate 40  mm/day
Maximum rooting depth 60 Centimetre
Initial soil moisture depletion (as % 28 %

TAM)

Initial available soil moisture 144 mm/meter

Soil - C:/ProgramData/CROPWAT/data/soils/FAO/Holetta -Clay.SOI

Source :- FAO and Holetta research centre
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Table 54. Monthly effective rain fall (mm) of Holetta

Monthly rain :- C/ProgramData/CROPWAT/data/Holetta DRY.CRM
Eff.rain method :- FAO/AGLW formula

Station :- Holetta

Rain Eff rain

mm mm
January 20.4 2.2
February 299 7.9
March 46.6 18
April 65.1 28.1
May 48.2 18.9
June 109.3 63.4
July 218.1 150.5
August 222.8 154.2
September 111.4 65.1
October 19.6 1.8
November 52 0
December 7.8 0
Total 904.4 511.2

Source :- Own result, 2011

Table 55. Cropping pattern of Holetta

Cropping pattern - C:/ProgramData/CROPWAT/data/sessions/Holetta.PAT

Cropping patter name :- Holetta

No Crop file Crop name Planting Harvesting Days Area
date date (%).

1 Holetta-Barley.CRO Barley 01/07 27/11 150 16

2 Holetta-Wheat.CRO Wheat 01/07 27/11 150 23

3 Holetta-Potato- S.CRO  Potato/summer 23/05 29/09 130 10

- Holetta-Potato-W.CRO  Potato/winter ~ 26/09 02/02 130 20

5 Holetta-Tomato.CRO Tomato 18/11 11/04 145 19

6 Holetta-Chinese Cabbage 08/12 06/04 120 12

cabbage.CRO

Source :- Survey result, 201 1
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Table 56. Crop water requirement of barely

Crop Water Requirements

ETo station : - Holetta
Rain station : -Holetta

Month

Jul
Jul
Jul
Aug
Aug
Aug
Sep
Sep
Sep
Oct
Oct
Oct
Nov
Nov
Nov

Decade

LW N = W N — LN — W= W N -

Stage

Init
Deve
Deve
Deve
Mid
Mid
Mid
Mid
Mid
Mid
Late
Late
Late
Late
Late

Kc

coefTl

0.3
0.34

0.6
0.89
.11
112
1.12
1.12
1.12
1.12
1.12
0.95
0.72

0.5
0.32

Etc

mm/day
0.85
0.89
1.54
2.23
2.73
2.87
2.98
3.08
3.27
345
3.6l
3.23
2.57
1.87
1.16

Crop : - Barley
Planting date :- 01/07
Etc Effrain  Irr.
Req.
mm/dec mm/dec mm/dec
8.5 431 0
8.9 54.1 0
16.9 532 0
223 539 0
27.3 55.8 0
31.6 44.4 0
29.8 30.8 0
30.8 20.5 10.3
32.7 13.9 18.8
34.5 1:9 32.6
36.1 0 36.1
355 0 35.5
25.7 0.1 255
18.7 0 18.7
8.1 0 8.1

367.2 371.8 185.7

Source :- Own result, 2011
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Table 57. Irrigation scheduling and supplementary irrigation in barley

Crop irrigation schedule Crop :- Barley

Planting date :- 01/07

Eto station :- Holetta
Rain station: - Holetta

Soil :- Clay
yield red. :- 0 %
Table format : - Irrigation schedule

Timing :-  Irrigate at critical depletion
Application :- Refill soil to field capacity
Field eff. 70 %

Date Day Stage Rain Ks

mm fract.
19 Oct 111 End 0 1
27 Nov End End 0 1
Totals

Total gross irrigation :- 97.8 mm

Total net irrigation : - 68.5 mm

Total irrigation losses :- 0.0 mm

Actual water use by the crop :- 366.0 mm
Potential water use by the crop: -366.0 mm
Efficiency irrigation schedule :- 100 %
Deficiency irrigation schedule :- 0.0 %
Yield reductions

Stage label A B

Reduction in Etc 0 0
Yield response factor p2 06
Yield reduction 0 0
Cumulative yield reduction 0 0

Harvesting date :- 27/11

Eta  Depl NetlIrr Deficit Loss Gr.
Lrr
% % Mm mm mm  mm
100 57 68.5 0 0 97.8
0 69

Total rainfall :- 577.2 mm

Effective rainfall:- 248.6 mm

Total rain loss :- 328.6 mm

Moist deficit at harvest :- 82.6 mm

Actual irrigation requirement :- 117.5 mm
Efficiency :- 43.1 %

& D Season
0 0 0 %
0.5 04 1 %
0 0
0 0 0 %

Flow

I/s/ha
0.1

Source:-Own result,2011
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Table 58. Crop water requirement of wheat

Crop Water Requirements

ETo station : - Holetta
Rain station : -Holetta

Month  Decade

Jul
Jul
Jul
Aug
Aug
Aug
Sep
Sep
Sep
Oct
Oct
Oct
Nov
Nov
Nov

L N = W N — N — W N — W N —

Stage

Init
Deve
Deve
Deve
Mid
Mid
Mid
Mid
Mid
Mid
Late
Late
Late
Late
Late

Kec

coeff

0.3
0.34

0.6
0.89
.11
1.12
1.12
.12
1.12
1.12
1.12
0.96
0.74
0.54
0.36

Etc

mm/day
0.85
0.89
1.54
223
2.73
2.87
2.98
3.08
3.27
3.45
3.61
3.26
2.65
2
JE)

Crop : - Wheat

Planting date :- 01/07
Eff rain

Etc

Irr.

Req.

mm/dec mm/dec mm/dec

8.5
8.9
16.9
223
213
31.6
29.8
30.8
32.7
345
6.0
35.9
26.5
20
9.3
370.9

43.1
54.1
33.2
33,9
55.8
44.4
30.8
20.5
13.9
1.9
0

0
0.1
0

0
371.8

oo o D 9O o

10.3
18.8
32.6
36.1
35.8
26.4
20
9.3
189.4

Source :- Own result, 2011
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Table 59. Irrigation scheduling and supplementary irrigation in wheat

Crop irrigation schedule  Crop :- Planting date :- 01/07
Wheat
Eto station :- Holetta Soil :- Clay  Harvesting date :- 27/11

Rain station: - Holetta
Table format : - Irrigation schedule
Timing :-

Field eff. 70 %

Date Day Stage Rain Ks

mm  fract.
19 Oct 111 End 0 |
27 Nov End End 0 1
Totals

Total gross irrigation :- 97.8 mm
Total net irrigation : - 68.5 mm
Total irrigation losses :- 0.0 mm

Actual water use by the crop :- 369.6
mm

Potential water use by the crop: -369.6
mm

Efficiency irrigation schedule :- 100 %
Deficiency irrigation schedule :- 0.0 %

Yield reductions

Stage label A B
Reduction in Etc 0 0
Yield response factor 04 06
Yield reduction 0 0
Cumulative yield 0 0
reduction

[rrigate at critical depletion
Application :- Refill soil to field capacity

yield red. :- 0 %

Eta Depl Net Deficit Loss Gr.
Irr Irr
% % mm mm Mm mm
100 57 68.5 0 0 97.8
0 T2

Total rainfall :- 577.2 mm
Effective rainfall:- 248.6 mm
Total rain loss :- 328.6 mm

Moist deficit at harvest :- 86.2 mm

Actual irrigation requirement :- 121.0 mm

Efficiency :- 43.1 %

C D Season
0 0 0 %

08 04 115 %
0 0

0 0 0 %

Flow

1/s/ha
0.1

Source :- Own result, 2011
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Table 60. Crop water requirement of potato in the summer

Crop Water Requirements

ETo station : - Holetta
Rain station : -Holetta

Crop : - Potato - summer
Planting date :- 23/05

Month  Decade  Stage Kc Ete Etc Eff rain  TIrr.
Req.
coeff mm/day mm/dec mm/dec mm/dec
May 3 Init 0.5 1.95 17,5 7.8 8
Jun I Init 0.5 1.77 17.7 14.9 2.8
Jun 2 Deve 0.52 17 17 19.1 0
Jun 3 Deve 0.69 w0 | 21 29.5 0
Jul I Deve 0.89 2.52 25.2 43.1 0
Jul 2 Mid 1.08 2.8 28 54.1 0
Jul 3 Mid 1.11 2.83 3.1 53.2 0
Aug 1 Mid 1.11 2.78 27.8 53.9 0
Aug 2 Mid 111 2.73 27.3 55.8 0
Aug 3 Late .11 2.83 21 44.4 0
Sep I Late 1.02 2.72 27.2 30.8 0
Sep 2 Late 0.9 2.46 24.6 20.5 4.1
Sep 3 Late 0.78 2.26 20.3 12.5 6.5
315.8 439.7 21.4
Source :- Own result, 2011
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Table 61. Irrigation scheduling and supplementary irrigation in potato in the summer

Crop irrigation schedule Crop :- Potato -S

Planting date :- 23/05

Eto station :- Holetta Soil :- Clay
Rain station: - Holetta yield red. :- 0 %
Table format : - Irrigation schedule

Timing :- Irrigate at critical depletion
Application :- Refill soil to field capacity

Field eff. 70 %

Date Day Stage Rain Ks
mm fract.

1 Jun 10 Init 0 1

29 Sep End End 8.8 1

Totals

Total gross irrigation :- 26.8 mm

Total net irrigation : - 18.8 mm

Total irrigation losses :- 0.0 mm

Actual water use by the crop :- 313.5 mm

Potential water use by the crop: -313.5 mm

Efficiency irrigation schedule :- 100 %

Deficiency irrigation schedule :- 0.0 %

Yield reductions

Stage label A B

Reduction in Etc 0 0

Yield response factor 05 08

Yield reduction 0 0

Cumulative yield reduction 0 0

Harvesting date :- 29/09

Eta Depl Net Deficit Loss Gr.

[rr [rr
% % Mm mm mm mm
100 26 18.8 0 0 26.8
100 4

Total rainfall :- 681.9 mm

Effective rainfall:- 323.8. mm

Total rain loss :- 358.1 mm

Moist deficit at harvest :- 4.5 mm

Actual irrigation requirement :- - 10. 3 mm
Efficiency :- 47.5%

& D Season
0 0 0 %
0.8 03 1.1 %
0 0
0 0 0 %

Flow

I/s/ha
0.31

Source :- Own result, 2011
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