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6. Conclusion and Recommendation 

In this chapte r brief conclusion on the base of obj ective and finding of the study presented and 

fin a ll y recommendation towards thi s are suggested. 

6.1. Conclusion 

Fanners a re not in the posi ti on to manage the irrigation water for assurm g a ll and in the 

susta inable way. In fact some interest on construct ion of the new structure has been seen but 

con tinuous construction and maintenance activ ities by some users in the trad itional irri gat ion 

system doesn 't proof their capacity, initiat ions and agreement of the tota l. The ownership of the 

irrigation system also confusing becomes confusing. As the result the kebele adm inistration, 

water user comm ittee and water d ivider act differently. 

Fa rmers participate in the irrigation water utili zat ion and management meetin g. The meeting is 

obviously focused on constructi on and maintenance of the old system. Comparing farmers ' 

participation in the maintenance and construction with structure damage is less. There are a lso 

farmers who not involve at all. The place of participation is main ly in the primary channe l. From 

thi s farmers acti vi ty is not practical in the vic inity of their fie ld . The committees a lso not 

superv ise each of channel s to correct channel w iden ing that result for water wastage. 

The type of support and sk ill transformations to fanners from the responsible organ is fewer. 

There are a lso no conducive and funct iona l agricu ltural extension act ivit ies. Th is might be the 

result of urban thin king towards the town. Agricu ltlll'al techno logy transformation and 

di sseminatio n from Holetta research centre to the kebe le not considered. This a lso might be due 

to the confl icting interest between the town and the research centre about land which is under the 

research centre. Beside th is the community expects that the govern ment has to ho ld up them in 

practi ca l and ski llfulness with ca ll -up acti viti es for enhanced management of the irr igation . 

Fanners a lso have a plan to manage the irrigation by contributing money in acceptable cost to 

promote the competence of the irri gat ion. 
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From the research questions and objectives, crop water requirement has been eva luated. Crops 

persistent to the district were cabbage, tomato, potato in dry and potato, barley and wheat in the 

summer have been used for eva luation. The overal l irrigation requirements of the crops in dry 

period are 384.44, 494.6 and 416.8 mm of depth respect ive ly. The crop sens itivity period to water 

stress are di ffe r 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 rain y seasons and don ' t res ult 

for equ ity pro blems. For further informat ion see appendix four about the three crops in the wet 

season. 

Irrigat ion 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 interva l is approx imately per 

15 days by increas ing the range and finall y end to 47mm . [n the deve lopment stage of to mato 

from 32-55 mm depth of irrigation per 14 days of interval could be applied by increas ing its 

amount. Whereas potato consumes 24 - 34 mm in the deve lopment stage per 9 days with ri s ing 

and 37- 40 mm depth of water in the mid . Finally it needs 47 mm pri or to the end of crop 

growth after 14 days . Potato and cabbage water requirement at init ia l stage are [9 mm and 39 

mm depth of irrigation respect ively. [n this stage both can stay and enter in to the development 

stage after they irrigate onl y once without y ield reduction and to mato requ ire 17- 25 mm depth of 

irri gation per 10 days in the initi a l stage. 

For the who le crop, the tim ing of irrigation to app ly is at critical depletion . [n the appli cation the 

water have to refi ll to the fie ld capacity level. The application depth will bring so il moisture 

content back to field capacity and the depth app li ed will be equa l to the depleted soi l mo isture in 

the root zo ne. Generall y sched uling efficiency is 100 % and in a ll cases the potential and actua l 

use of water by the crop is equa l and also the efficiency of the fi eld is 70 %, but in surface 

irrigation the efficiency is 45 %, which is practicall y need 25 % additiona l net irrigation in the 

case of furrow irrigation. 

In relation to scheme supp ly of Holetta, only farmers cropping pattern and season used. Due to 

this it is onl y represent farmer' s s ide. 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 irrigat ion 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 fanners land size, crop stage and di stance from 

the primary channel. Those who have large land have to get water by giving add itional 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 

on ly focusing crop stage but planting perennial crops to those has large lands and annual crops to 

those who have small lands can be an opt ion. Farmers farming practice direct ly relate with crops 

that have high market return related to its cost of irrigation and other inputs are also essentia l. In 

water app lication 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 thi s responsible organ has to capacitate the community by training and 

technica l support. Government organ has to work close ly 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 responsib le organ for its implications. 

It is poss ib le to higher the effic iency 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 estab li shing of the 

channels with local available materials and concrete has to be used. On the other hand to ensure 

equ ity fanners has to aware with water saving pract ice. Instead of watering their fie ld by 

preparing pond storage and store with it is important and decreases water wastage. 
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Female rol e in the manag ing and ensuring equ ity among users need to be seen. From ex peri ence 

and understanding fema le engage in this activities conflict may be minimized. On the other hand 

females are mostly di scouraged in farmin g practices. So as the main concern the comm ittee 

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

Future studies have to focus both technica l and social aspects concerning a ll users. This present 

study focuses were fa rmers in Madda Gudina kebele. But in the future water demand from 

d ifferent users may come and without go through al l users including institutes in the area and 

others is not poss ible to th in k of equity and management of the ri ver in the susta inable way. 

Sti ll focus on crop water requirement studies in genera l and on small scale or community based 

irrigations is not much addressed in Eth iopia. Less number of research activities was done on 

large sca le irrigations. To so lve water management and improve crop productions future studi es 

has to be re lay on thi s. 

Thi s case study would give insight for w ide country level implications. For successfu l 

management of commun ity based irri gation 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 irrigat ion system are significant. 
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Appendix 1. Sample household questionnaires, WUC and Expertise interview 
guide 

Questionnaire for Equity of River Water to Tradit ional Irri gation Users: Case Study of Holeta 

River, Holetta Town, Ethiopia 

r. Demographics (Conditions) 

I. Gender -------------

2. Age 

3. Nation 

4. Educat ion background -----------------------

5. Fam i Iy responsi bi I ity ------------------------

6. Family no --------------------

7. Income source ----------------------------

8. Capital(assets) birr -----------------------

9. Number of years I ives in this vi II age ------------------

II . Production Status 

I. Land hold ------------------------------

2. Land tenure system ------------------

Crop type grown Product ion/land hold Number of 

Min imum Average Maximum Harvest/year 

Vegetable crops 

Field crops 

Fruit crops 

Other crops 
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III. Irrigation Water Management Practice 

I. How often do yo u get water? 

2. Do you be li eve that the traditional irrigation system are effic ient if yes in what way, if not 

what are the problems? 

3. What are the activities done by the irri gation water users during flood? 

4. Have you ever participate in maintenance of the irrigation canals? (Yes No) 

5. I f no, why not? 

6. If yes, how many times in a year do you participate approximately? 

7. If yes to Q4, is it on yo ur own plot or on the whole scheme? 

8. How frequent ly does the structure get damaged per year? 

9. What is/are the ma in cause/s of structure damage in your scheme? List down in order of 

importance 

10. Have you received any training and/or technical assistance from the town admi nistration 

and other responsible organ ization about river and irrigation utilization and management? 

II. Have you ever participate in irrigation communit ies meeting and orientations? If so what 

idea ra ised, how about your participation? 

12. In general what are the irrigation water management and utili zation practice done by the 

users in wet and dry period? 

13. What do you expect from societ ies and government in manag ing the river sustainably? 

14. Have you ever had a conflict related to irrigat ion water? If yes, how many times in 

irrigation season would it be approximate ly? Please mention al l cases and their causes you 

remember. 

15. What hostile act ivities are there among the community members resul ting from conflict 

over irri gati on water? 
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IV. Irrigation Wa ter Allocation and Distribution 

I. Do you use water for supplementary irrigation (During th e wet season)? (YesfNo) 

2. If not, why? 

3. Are there any water reso urces like ground wate r, spring, etc. for irrigatio n other than the ri ver? 

4. Is the water in th e ri ver suffic ient fo r: Wet season irrigat ion? Dry season irri gati on? Wet and 

Dry season irrigation? If yes what are yOlil' justifi cations? If not, what measures were used to 

ensure equity? 

5. Do you fee l yo u share equal water with every user o f the river? If yes w hat are the responsible 

to ensure equity? I f not, what do you th ink is the reason for the inequa lity? 

6. If there is inequality, whi ch groups of peop le get more? 

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

8. If th ere is inequality, do you get more or less? If you get more, do you be li eve thi s is 

reasonable? Why? If no, what measures do you take in response? 

9. In whi ch time of the year the river water red uced and when fa nners need the river for 

irrigation? 

10. Do yo u use crop water requirement rates for watering your fi elds? If yes, who gives yo u the 

rate? 

II. If yes to Q la , do you always stop watering w hen the rate is met even if the usual time given 

to watering turn is yet to get? 

12. Ifno to Q 10, why don 't you stop at the given rate? 

13. Does fa nners crop se lection has contribution to the problem of equitableness? If yes, in 

what way? I f no, do you think the crops se lected by the farmers require less water? 

14. Are there specia l considerati ons fo r crop-type and stage of growth durin g water a ll ocation? If 

No, what happens when somebody is conv incing ly in higher need of water for hi s/her fie ld? 

IS. Have there been any defaulters of water d istri but ion in the cana l? If yes, what is done in cases 

o f water d istributi on defaults? 

16. Does the community have a system of rul e for contro ll ing water d istri buti on defaul t? 

If yes, what does the rule say? 

17. If yes to Q 16, do you believe the rule is enforced in the way fo rmu lated? 
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18. I f no, what are the weaknesses? Please, li st down in order of importance 

19. Who or what body is responsible for enforcing the rules? 

20. Are there involvements of fema le- headed households in ensuring equ ity among users? If 

Yes what acti vit ies done by them? Ifnot, why they are not involved? 

21. Whom, do you think does the water in the ri ver belong to? 

22. Whom, do you think; does water belong to when it is at the gate of you r plot just gett ing to 

your plot at your watering turn? 

23. Do yo u 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/ IJ1 sharing rivers for irri gation 

and managing it with technical and cost recovery activities? 

V. Unstructured interview for town and kebele irrigation and agronomy expertise 

I. Do you think all households are benefited from the ex isting water sharing principles? If yes 

what implication are, no why? 

2. Does fema le heads and fema les 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 inequa lity in water distribution? (YeslNo) 

5. If Yes to Q4, could you li st the reasons behind according to their importance? 

6. If yes to Q 4, do you th ink sc ientific methods can solve such water sharing problem? If yes 

what are you suggesting? 

VI. Unstructured interview for water user assoc iation representatives 

I. How is water allocated and distributed to users? Is there a problem IJ1 a llocat ion and 

di stribution of water? 

2. Is there any special support to female-headed households that use the irri gation? If yes li st? 

3. Do you think the community be ab le to manage the irrigat ion? If yes in what way? Ifnot, why? 

4. Do you think the traditional irri gat ion methods are efficient? 

5. Do you observe any inequality in water distri bution? (YeslNo) 

6. If Yes to Q4, could yo u li st 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 Evapotransp iration (ETo) represents the potent ia l 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 assum ed crop height of 0 .12 m, a 

fixed surface res istance of 70 s m-I and an a lbedo of 0.23. The reference surface close ly 

resemb les an extens ive surface of green, wel l-watered grass of un iform height, active ly grow ing 

and complete ly shading the grou nd. T he fixed surface resistance of 70 s m-I im pli es a 

moderatel y dry soil surface resu lting from about a week ly irrigat ion frequency (FAO 1998) 

the FAO Penman-Monteith method to est imate ETo can be derived 

ETo = OA08t.(Rn - G) +y 900fT + 273 . U2~' -eJ 
t. + y( I +0.34uz) 

where, 

ETo reference evapotranspirat ion [mm da{I] , 

Rn net radiation at the crop surface [MJ m-2 da{I], 

G soil heat flux density [MJ m'z da{l], 

T mean dai ly air temperature at 2 m height [0C], 

u2 wind speed at 2 m height [m S-I], 

es saturation vapour pressure [kPa], 

ea actual vapour pressure [kPa], 

es-ea saturation vapour pressure defic it [kPa], 

t. slope vapour pressure curve [kPa °C_ I], 

y psychrometric constant [kPa °C_I]. 

Severa l methods exist to determine ETo, the Penman-Monteith Method has been recommended 

as the appropriate combination method I to determ ine ETo from climatic data on: temperature, 

hum id ity, sunsh ine, w ind speed. 
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In order to calculate ETo, the respective climatic data should be collected from the nearest and 

most representative meteorological stat ion. Several institutes and agencies may keep climat ic 

records such as the Irrigation Department, the Meteorological Service or nearby Agricu ltural 

Research Stations and may provide information on climatic stations inside or in the vici nity of 

irri gat ion scheme which shou ld be considered for crop water requirement (CWR) calculat ions. In 

some cases, when the scheme is large, more than one station may be avai lab Ie, but often no 

suitable stations with sufficient cl imati c data are located in the scheme. In such a case a careful 

selection shou ld be made of the data. 

Normally some conversions are required in order to adjust the data into the format accepted by 

CROPWA T 8.0. In particu lar, attention shou ld be given to the units in which the climatic records 

are given. 

Temperature data :- Maximum and Minimum Temperature, [0 C] 

Humid ity data :- Average dai ly Relative Humidity [in percentage] or Vapour Pressure [kPa] 

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

SSP = 0.95- LC1+LC2 + a * ACI +AC2 

2 

where: SSP = sunsh ine rate (fraction) 

LC I = low clouds at sunri se 

LC2 = low clouds at noon 

AC 1 = high clouds at sunri se 

AC2 = low clouds at noon 

1l = empirical parameter ('" 0.3) 

2 

-
f ; 'r 5 . .:o r- . . 

-F"lo4 j" ~ . . 

- --
Wind speed data :- Average Daily Wind speed in km/day or m/sec 
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1.2. Process ing of ra infa ll data 

The rainfall contributes to a greater or lesser extent in satisfying CWR, depending on the 

location. During the rainy season in tropica l and some sem i-trop ical regions, a great part of the 

crop's water needs are covered by rainfall , while d uring the dry season, the major supp ly of water 

shou ld come from irr igation. How much water is coming from rainfall and how much water 

shou ld be covered by irr igation is, unfort unately, difficult to pred ict as rainfall varies greatly from 

season to season ( FAO, 1992) . 

In order to estimate the ra infall deficit for irri gation water requirements, a statistica l ana lys is 

needs to be made from long-term ra infall records. In add ition to the variability of rainfall from 

year to year, not a ll 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 perco lation below the root zone. In 

order to determ ine that part of the ra infall which effectively contributes to cover CWR, a number 

of defin it ions are fi rst given, whi le subsequently it is exp lained how the different rainfall values 

can be ca lcu lated and how they are incorporated in the CWR calculations. 

Rainfa ll Definit ions 

Average monthl y rain fa ll : Mathematically determined average for a series of rainfall records, 

most commonl y avai lable. To be used for CWR calcu lation to represent average cli matic 

conditions. 

Dependab le rainfa ll: The amount of rainfa ll which can be depended upon in l out of 4 or 5 years 

corresponding to a 75 or 80% probabi lity of exceedance and representi ng a dry year. The 

dependable rainfall (80%) is used for the design of the irrigation system capac ity. 

Rainfa ll in wet, norma l and dry years: Defined as the rainfall w ith a respectively 20, 50 and 80% 

probab ility of exceedance, representing a wet, no rmal and dry year. The three values are usefu l 

for the programming of irrigation supply and simul ati on of irrigat ion management cond itions. 

The rainfall in normal years (50% probab ili ty) is, in genera l, well approached by the average 

rainfa ll. 

Historical or actual rainfall data: The actual recorded rainfall used for evaluation purposes. 
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Effective rain fa ll : 

Defined as that part of the rainfall which is effecti ve ly used by the crop after rainfa ll losses due to 

surface run off and deep percolat ion have been accounted for. The effect ive rainfa ll is the rainfa ll 

ultimately used to determine the crop irrigation req uirements. 

Rainfall Data Co ll ection 

The precipitation data required for CROPWA T 8.0 can be dai ly, decade or monthly rai nfall, 

commonl y avai lable from many cli mat ic stations. In add ition , substations may be found with 

single rainfall records. For larger schemes, records of several rainfa ll stations may be avai lab le, 

allowing an ana lys is of the spat ial vari ability. To allow a calculation of rainfa ll probab ilities, 

rain fall records from a range of years (1 5-30) are to be co llected. 

Rainfall Data Processing 

For programming of irrigation water supply and management, rainfall data of normal, wet and 

dry years are used . An est imate of the respective rain fa ll data can be obtained by comput ing and 

plotting probabi lities from the rainfa ll records. The different steps invo lved are: 

i. Tabulate yearl y rainfall total s fo r a given period. 

ii . Arrange data in descend ing order of magnitude. 

iii. Tabu late plott ing position acco rding to: 

Fa = 100* m / (N+ I) 

where: N = number of records 

m = rank number 

Fa = plotting position 

iv. Plot va lues on log-normal scale and obtain the logarithmic regress ion 

equation 

v. Calcu late year va lues at 20, SO and 80% probab il ity: 

vi. Determine monthly values for the dry/normal/wet yea r according to the fo ll owing 

relationship : 

p idry/wetlnormal = P iav * P dry/wet/normal 

Pay 

Effecti ve Rainfall Method 
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To account for the losses due to runoff or percolation, a choi ce can be made of one of the four 

methods given in CROPWA T 8.0 (F ixed percentage, Dependable ra in , Empirical formu la, USDA 

So il Conservation Service). 

In general , the efficiency of ra infall will decrease with increasing rainfall. For most rainfall 

va lues be low 100 mm/month , the effic iency w il l be approximate ly 80%. Unless more detai led 

information is ava ilable for local conditions, it is suggested to select the Option " Fixed 

percentage" and g ive 80% as req uested va lue. In the water balance calculat ions included in the 

irrigation scheduling part of CROPWAT, a possibil ity ex ists to evaluate actual efficiency values 

for d ifferent crops and so il cond itions. 

1.3. Crop and cropping pattern data collection 

A local survey shou ld be carri ed 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 

farme rs and additiona l information from other agencies, for instance a revenue department, an 

assessment can be made of the present cropping pattern. 

Essential inform at ion co ll ected from the field should incl ude: 

I. Crop and crop variety 

2. First and last planting date 

3. First and last harvesting date 

Addit ional information may include: 

4. Indi cati ve yie ld level 

5. Indi cat ive irrigat ion pract ices : 

~ field irrigation methods 

~ irri gation frequencies and interval 

~ irrigati on application depths 

From the Agricultural Research Stat ions, more accurate information may be 

co ll ected on: 

6. C rop characteri stics: 

~ length of individual growth stages 

~ crop factors, relating crop evapotranspiration to reference 
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~ evapotransp iration 

~ root i ng depth 

~ all owable depletion levels 

~ yield response factors. 

The Crop module requi res crop data over the different deve lopment stages, defined 

as follow: 

~ Ini tial stage: it starts from planting date to approximatel y 10% grou nd cover. 

~ Deve lopment stage: it runs fro m 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 age ing, yellowing 

or senescence of leaves, lea f drop, or the browning of fru it to the degree that 

the crop evapotransp iration is redu ced relati ve to the ETo. 

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

senescence. 

Data required differ in case ofa non-rice or a ri ce crop. In case of non-ri ce crop, the fo ll owi ng 

in formation is necessary: 

Crop name 

Plant ing date 

Crop coefficient (Kc) 

Stages length 

Root ing depth 

Critical depletion fract ion (p) 

Yie ld response factor (Ky) 

If ava il ab le, maximum crop height should be provided. 

The cropp ing pattern module is primary data input, req ui ring information on the crops (Up to 20) 

being part of the scheme. With reference to each crop, the fo ll owing data shou ld be provided: 

Crop fil e 
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Planting date 

Area: extension of the area ded icated to each crop, as a percentage of the tota l cropped area. Care 

should be taken that at any g iven moment the sum of the ind ividual crops does not exceed 100 % 

of tota l scheme area. 

1.4. Crop water requirement calculations 

Calculation of the CWR can be carried out by cal ling up successively the appropriate cl imate and 

rainfal l data sets, together with the crop fil es and the corresponding plant ing dates. In case of 

CWR ca lcu lation ofsoi l data are required. 

Soil Data Co ll ection 

The Soi l modu le is essentially data input, requiring the following general so il data: 

Total Ava il able Water (TA W) 

Maximum infiltration rate 

Maximum rooting depth 

Initia l soil moisture depletion 

1.4. Irrigation scheduling 

To develop indicative irrigation schedules: 

~ for the agricultural extension serv ice to promote better irrigation practices 

~ fo r the irrigation serv ice to establish improved rotational delivery schedules; 

~ to eva luate existing irrigation practices on water use efficiency and water stress 

conditions; 

~ to eva luate crop production under rain fed conditions, to assess feasibility of 

supplementary irrigation and to deve lop appropriate irrigation schedu les; 

~ to deve lop alternative water delivery schedules under restricted water supp ly conditions 

The ca lcu lations of the scheduling module are based on a soil water budget, where, on a daily 

basis, the soi l moisture status is determined , accounting for incoming and 

outgoi ng water in the root zone 
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The schedule module essentially includes ca lculati ons, produc ing a so il water ba lance 

on a dail y step. The fo llowing paramete rs are used: 

:;. Effective ra in fall, over dry, normal and/or wet yea rs 

:;. Water st ress coe ffi cient (Ks) 

:;. Crop evapotranspiration under non-standard cond itions (ETc adj) 

:;. Root zone depletion 

:;. Net irrigat ion (IRn) = IRg/E, E = Overa ll project efficiency 

:;. Deficit 

:;. Irrigation losses 

:;. Gross irrigation (IRg) 

:;. Flow 

1.5. Scheme and canal water requirements 

The irri gation suppl y to any irrigat ion scheme or canal command area can be ca lcul ated by 

adding up the req uirements of each cropped area. Any changes in cropping pattern can be 

convenientl y calculated by mod ify ing area size of the di ffere nt crops. 

The scheme modu le includes calculations, producing: 

:;. Irrigation requirement for each crop of the scheme 

:;. Net scheme irrigation requirement 

:;. Irrigated area as a percentage of the total area 

:;. Irrigation req uirement for the actual area 
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Appendix 3. Metrological data of Holetta 

Table 45. Average monthly minimum temperature (0 c) fi'om 1989 - 2009 

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

Average 3.87 5.09 6.78 8.29 7.65 7.77 9.22 8.94 7.45 4.72 2.34 2. 18 

Sou rce :- Ho letta Research center, 20 10 

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

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

Average 23.4 24.2 24.4 23.4 24.8 22.4 20.2 19.6 20.5 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, 20 10 

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

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

Average 3.9 1 4.37 5.43 4.78 4.59 3.21 2.92 2.60 3.07 4.02 4.36 3.88 

Km/day 93.84 104.48 130.32 114.72 110. 16 77.04 70.08 62.40 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 8.53 7.48 6.72 7.04 5.23 2.93 2.34 3.05 5.79 8.89 8.87 

Source :- I-Ioletta research centre, 20 10 
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Table 50. Annual and monthly average rainfall 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Tota l 
1989 7.1 86.9 78 .0 8. 3 74.9 240.7 278.6 11 7.5 3.0 
1990 0.5 162.4 34.9 

69.8 
95.4 
2703 

55.5 13 1.8263.4 338.2 155.5 8.0 
199 1 23.9 
1992 57.4 
1993 18.2 
1994 0.0 
1995 0.0 
1996 62.6 
1997 15.3 
1998 54.6 
1999 77.3 
2000 0.0 
200 1 7.9 
2002 72 .6 
2003 17.5 
2004 12.7 
2005 22.0 
2006 0.0 
2007 0.0 
2008 0.0 
2009 20.4 

Average 22.4 

74.8 11 8.0 
34.8 
83.8 

2.3 
84.6 

8.5 

58.8 95.0 
3.8 127.0 

86.7 45.9 
4 1.9 122.8 
96.1 58.4 

37.2 89.9 24 1.1 229.0 172.6 2.6 
34.6 115.3 190.9 3 12.8 11 2. 1 35. 1 
60.3 103.1 218. 1 276.1 2 14 .8 27.4 
29.8 107 .3 216.4 20903 149.7 0.0 
81.3 86.4 19 1. 9 262.7 82. 1 3.9 
45.4 192.6 249.8 236.4 120.7 5.3 

0.0 2 1.1 77.4 13.5 131.0 233 .5 206.6 42.5 53.5 
42.3 25.7 65.7 80.4 141.5341.6238. 1 168.367.4 

4.6 34.0 16.6 54.6 98.9 272.8 307.7 88.9 65.4 
0.0 12.5 123.8 50.8 89.8 187.1 260.6 120.5 9.5 

10.6 130.7 48.6 101.2 176.5 30 1.6 161.2 103.2 24.2 
25 .7 56.9 38 . 1 49.4 123.2 273.1 194.0 77.4 0.0 
11.3 33 .3 84.2 13.6 11 7. 1 194.0 237.2 107.4 10.0 
0.8 42.5 155. 1 27.0 12 1.4 204 .0 226.6 119.7 3.6 
4.5 6 1.7 49 . 1 
9.0 68.4 99. 1 

14.0 61.2 36.4 
18.5 1.0 31.3 
8.6 4.7 30.9 

32.8 5 1.0 7 1.3 

94.4 81.8 253.9 187.5 130.7 3 1. 5 
98.4 11 3.7 288 .6 250.0 116 . 1 13. 1 
73.5 253.3 159.3 249.5 90.0 18.8 
88.8 99.0 287. 1 220.0 195.7 54.0 
10.6 64 .8 208.8 242.7 75.9 15.6 
52.8 11 9.7 238.9 244.0 122.0 2 1. 5 

Source ;- Holetta research centre,20 I 0 

Table 51. (a and b) . Yearly value of rainfall and its probability of exceedance 

a 
Probab ili ty % Rainfall in mm 

Dry 80 904.4 

Wet 50 967. 8 

Norma l 20 109 1.6 

Own resu1t,20 11 

b 

Average 

Dry 

Jan Feb 

22.4 32 .8 

20.4 29.9 

Mar Apr May Jun Jul Aug Sep Oct 

5 1 71.3 52.8 11 9.7 238 .9 244 122 2 1. 5 

46.6 65. 1 48.2 109.3 2 18. 1 222.8 111 .4 19.6 

Wet 2 1.9 3249.869.75 1.6 116.9233.4 238.4 119.2 2 1 

Normal 24.7 36. 1 56.2 78.6 58 .2 131.9 263 .2 268.9 134.4 23.7 

Own result, 20 I I 

0.3 2 1.6 
0 .0 0 .9 

986.7 
1246.5 

OJ 5.8 1022 .5 
0.6 7.8 1055.2 
0 .0 0.0 11 32 .6 

36 .6 0.0 884.0 
0.0 34.0 991.6 
1.4 2.3 1079.5 

23.6 2.1 820.1 
0.8 0.0 1226.4 
0.0 0.0 1020.8 

38.9 30 .4 923 .9 
0.0 0 .0 1065.7 
0 .0 22. 1 932.5 
0.0 8.4 834.0 
0 .7 0.0 914. 1 
3.8 0.0 920 .9 
0.0 0.6 1057.0 
0.0 0.0 956.0 

NA 3.5 998.9 
6.2 39.4 728.6 
5.7 8.5 990 .6 

Nov Dec Year 

5.7 8.5 990.6 

5.2 7.8 904.4 

5.6 8.3 967.8 

6.3 9.4 109 1.6 
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Appendix 4. Crop water requirement and irrigation scheduling 

Table 52. Monthly reference evapotranspiration (ETo) of Holetta 

Mo nthlyEto Penman-Monteith - Program/CROPWA T/data/c limate/Ho letta.PEM 

Mo nth Min Max Hum id ity Wind Sun Rad ETo 
TemE Temf:' 

°C °C % km/day hours MJ/m'/day mm/day 
January 3.9 23.4 50 94 8.8 20.5 3.65 
February 5. 1 24.2 48 105 8.5 2 1.3 4.04 
March 6 .8 24.4 50 130 7.5 20.8 4 .29 
Apr il 8.3 23.4 55 11 5 6.7 19.8 4 .01 
May 7 .7 24 .8 53 110 7 19.8 4 .1 I 
June 7.8 22.4 67 77 5.2 16.8 3.26 
Ju ly 9.2 20 .2 80 70 2.9 13.5 2.6 
August 8.9 19.6 82 62 2.3 12.8 2.46 
September 7.5 20.5 73 74 0 13 .9 2.74 ,) 

October 4.7 19.6 57 96 5.8 17.5 3.24 
November 2.3 22.6 49 105 8.9 20.8 3.74 
Decem ber 2.2 23.2 49 93 8.9 20. I 3.55 

Average 6.2 22.4 59 94 6.3 18. I 3.47 

Source :- Own result, 20 I I 

Table 53. General clay soil information of Holetta 

Soil name :- Clay 
General soil data 
Total available soi l moisture (FC-WP) 200 mm/meter 
Maximum rain infi ltration rate 40 mm/day 

Maxim um rooti ng depth 60 Centimetre 
Init ial soil mo isture depletion (as % 28 % 
TAM) 
Initial available soi l moisture 144 mm/meter 

So il - C:/ ProgramData/CROPWA T/data/soi ls/FAO/Holetta -Clay.SO I 

Source :- FAO and Ho letta research centre 
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Table 54. Monthly effective rainfall (mm) of Holetta 

Monthly rain ;- C/ProgramData/CROPW A T/datalHo letta DR Y.CRM 
Station;- Holetta Eff.rain method;- FA O/AGLW formula 

Ra in Efr ra in 

mm mm 
January 20.4 2.2 
February 29.9 7.9 
March 46.6 18 
April 65.1 29. 1 
May 48.2 18.9 
June 109 .3 63.4 
July 2 18.1 150.5 
August 222.8 154.2 
September 111 .4 65.1 
October 19.6 1.8 
November 5.2 0 
December 7.8 0 
Total 904.4 511.2 

Source ;- Own result, 20 II 

Table 55. Cropping pattern of Holetta 

Cropping pattern - C;/ProgramData/CROPWA T/data/sessions/Hoietta.PA T 

Croppi ng patter name ;- Ho letta 

No Crop fi le Crop name Planting Harvesting Days Area 

date date (%) . 

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

2 Holetta-Wheat.CRO Wheat 01 /07 27111 150 23 

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

4 Holetta-Potato- W.CRO Potato/winter 26109 02/02 130 20 

5 Holetta-Tomato.CRO Tomato 18/ I I 11104 145 19 

6 Ho letta-Chinese Cabbage 08112 06/04 120 12 

cabbage.CRO 

Source ;- Survey result, 20 I I 
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Table 56. Crop waler requirement of barely 

Crop Water Requirements 
ETo station: - Holetta Crop : - Barley 
Rain station: -Holetta Plant ing date :- 01 /07 
Month Decade Stage Kc Etc Etc Effrain Irr. 

Reg. 
coeff mm/day mm/dec mm/dec mm/dec 

Jul I In it 0.3 0.85 8.5 43. 1 0 
J ul 2 Deve 0.34 0.89 8.9 54.1 0 
Jul 0 Deve 0.6 1.54 16.9 53.2 0 J 

Aug Deve 0.89 2.23 22.3 53.9 0 
Aug 2 Mid 1.1 I 2.73 27.3 55.8 0 
Aug 3 Mid 1. 12 2.87 3 1.6 44.4 0 
Sep I Mid 1. 12 2.98 29.8 30.8 0 
Sep 2 Mid 1. 12 3.08 30.8 20.5 10.3 
Sep 3 Mid 1.1 2 3.27 32.7 13.9 18 .8 
Oct Mid 1.12 3.45 34.5 1.9 32.6 
Oct 2 Late 1.1 2 3.6 1 36. 1 0 36. 1 
Oct 3 Late 0.95 3.23 35.5 0 35.5 
Nov I Late 0.72 2.57 25.7 0.1 25 .5 

l Nov 2 Late 0.5 1.87 18.7 0 18.7 
Nov 3 Late 0.32 1.16 8. 1 0 8.1 

I 367.2 371.8 185.7 

Source :- Own result, 20 II 
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Table 57. irrigation scheduling and supplementary irrigation in barley 

Crop irrigation schedule Crop ;- Barley 

Eto stat ion ;- Holetta So il ;- Clay 
Rain station: - Holetta yie ld red. ;- 0 % 

Table format; - Irrigation schedule 
Timing ;- Irrigate at critical dep letion 

Application ;- Refill soil to field capac ity 
Field eff. 70 % 

Date Day Stage Rain Ks 

111111 fract. 
19 Oct 

27 Nov 
Tota ls 

II I 

End 

End 

End 

Total gross irrigation;- 97.8 111111 

Total net irri gation: - 68.5 111111 
Total irrigation losses ;- 0.0 111m 

0 
0 

Actual water use by the crop ;- 366.0 111111 
Potential water use by the crop; -366.0 111111 
Effic iency irrigation schedule;- 100 % 

Defic iency irri gation schedule;- 0.0 % 

Yield reductions 
Stage label A B 
Reduction in Etc 0 
Yield response factor 0.2 
Yield reduction 0 
CUl11ulative yield reduction 0 

Source;-Own result,20 11 

0 
0.6 

0 
0 

Planting date ;- 0 lI07 

Harvesting date ;- 27/1 1 

Eta Depl Net Irr Deficit 

% % Mm mill 

100 57 68.5 
0 69 

Tota l rainfall ;- 577.2 111111 
Effective rainfall;- 248.6 111111 
Tota l rain loss ;- 328.6 111111 

0 

Loss 

mm 
0 

Moist deficit at harvest ;- 82.6 111m 

Gr. 
I rr 
mm 
97.8 

Actual irrigation requirel11ent ;- 117.5 111111 
Efficiency ;- 43.1 % 

C D Season 
0 0 0 % 

0.5 0.4 % 

0 0 
0 0 0 % 

Flow 

I/s/ha 
0.1 
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Table 58. Crop water requirement of wheat 

Crop Water Requirements 

ETo station: - I-Ioletta Crop: - Wheat 
Ra in stat ion : -I-Ioletta Planti ng date :- 0 1/07 
Month Decade Stage Kc Etc Etc Eff rain I rr. 

Req . 
coeff mm/day mm/dec mm/dec mm/dec 

Ju l Init 0.3 0.85 8.5 43. 1 0 
Jul 2 Deve OJ4 0.89 8.9 54. 1 0 
J ul 

, 
Deve 0.6 1. 54 16.9 53.2 0 J 

Aug Deve 0.89 2.23 22.3 53.9 0 
Aug 2 Mid I. I I 2.73 27.3 55 .8 0 
Aug 3 Mid 1.1 2 2.87 3 1.6 44.4 0 

Sep I Mid 1.1 2 2.98 29. 8 30.8 0 

Sep 2 Mid 1.1 2 3.08 30.8 20.5 10J 

Sep 3 Mid 1.1 2 3.27 32.7 13.9 18.8 

\ 

Oct Mid 1.1 2 3.45 34.5 1.9 32 .6 

Oct 2 Late 1.1 2 3.6 1 36. 1 0 36. 1 

Oct 3 Late 0.96 3.26 35 .9 0 35.8 

\ 

Nov Late 0.74 2.65 26.5 0.1 26.4 

Nov 2 Late 0.54 2 20 0 20 

Nov 3 Late OJ6 1.33 9.3 0 9.3 
370.9 37 1.8 189.4 

Source :- Own result, 201 1 
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Table 59. Irrigation scheduling and supplementary irrigation in wheat 

Crop irri gation schedule Crop :­
Wheat 

Plant ing date :- 01/07 

Eto station :- Holetta 
Rain station: - Holetta 

Soil :- Clay Harvesting date :- 2711 I 
yield red. :- 0 % 

Table format: - Irrigat ion sched ule 
Timing :- Irrigate at critical deplet ion 
Appl icati on :- Refill soi l to field capacity 
Field eff. 70 % 

Date Day Stage Ra in Ks Eta Depl Net Defic it 
[rr 

mm Fract. % % mm mm 

19 Oct I I I End 0 100 57 68 .5 0 

27 Nov End End 0 0 72 
Totals 
Total gross irrigation :- 97,8 mm Total rainfall :- 577,2 mm 
Total net irr igat ion: - 68,5 mm Effective rainfall :- 248,6 mm 
Total irrigation losses :- 0,0 mm Total rain loss :- 328,6 mm 

Loss 

Mm 
0 

Actual water use by the crop :- 369,6 Moist deficit at harvest :- 86,2 mm 
mm 

Gr. 
Irr 
mm 
97,8 

Potential water use by the crop: -369,6 Actual irr igation requirement :- 12 1,0 mm 
111m 

Effi ciency irrigation schedule:- 100 % Efficiency:- 43, I % 

Deficiency irrigation schedu le:- 0,0 % 

Yield reductions 
Stage label A B C D Season 

Reduction in Etc 0 0 0 0 0 

Yield response factor 0.4 0,6 0,8 0.4 1.1 5 

Yield reduction 0 0 0 0 

Cumulative yield 0 0 0 0 0 
reduction 

Source :- Own result, 20 II 

% 

% 

% 

Flow 

IIslha 
0, I 
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Table 60. Crop water requirement of potato in the summer 

Crop Water Requirements 

ETo station: - Holetta Crop : - Potato - summer 
Rain station: -Holetta Plant ing date :- 23/05 

Month Decade Stage Kc Etc Etc Eff ra in I ..... 
Req. 

coeff mm/day mm/dec mm/dec mm/dec 
May 

, 
In it 0.5 1.95 17.5 7.8 8 ~ 

Jun In it 0.5 1.77 17.7 14.9 2.8 
Jun 2 Deve 0.52 1. 7 17 19.1 0 
Jun 

, 
Deve 0.69 2.1 2 1 29.5 0 ~ 

J ul I Deve 0.89 2.52 25.2 43.1 0 
J ul 2 Mid 1.08 2.8 28 54. 1 0 
J ul 3 Mid 1.11 2.83 31.1 53.2 0 
Aug Mid 1.11 2.78 27.8 53.9 0 
Aug 2 Mid 1.1 1 2.73 27.3 55.8 0 
Aug 3 Late 1.11 2.83 31.1 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 

3 15.8 439.7 2 1.4 

Source :- Own result, 20 II 

.. . 
1;,';; . 

t· , • ,. . 
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Table 61. Irri gat ion scheduling and supplementary irr igation in potato in the summer 

Crop irri gation sched ule Crop :- Potato -S Plant ing date :- 23/05 

Eto stat ion :- Holetta Soil :- Clay Harvesting date :- 29109 
Rain station: - Holetta yield red. :- 0 % 

Table fo rmat : - Irrigat ion schedule 
Timi ng :- Irrigate at critical depletion 
App lication :- Refi ll so il to fie ld capacity 
Fie ld eff. 70 % 

Date Day Stage Rain Ks Eta Depl Net Defi cit Loss Gr. 
lIT lIT 

mm fract. % % Mm mm mm mm 
I lun 
29 Sep 
Tota ls 

10 Init 
End End 

o 100 26 18.8 0 0 26.8 

8.8 100 4 

Tota l gross irrigation :- 26 .8 mm 
Total net irrigat ion: - 18.8 mm 
Total irr igation losses :- 0.0 mm 
Actual water use by the crop :- 3 13.5 mm 
Potential water use by the crop: -3 13.5 mm 
Efficiency irr igation schedule :- 100 % 

Deficiency irrigation sched ule:- 0.0 % 

Yield reducti ons 
Stage labe l A 
Reduction in Etc 0 

Yield response factor 0.5 

Yie ld reduction 0 

Cumulative yield reduction 0 

Source :- Own result, 20 I I 

B 

0 

0.8 

0 

0 

Total rainfall :- 68 1.9 mm 
Effective rainfall: - 323 .8. mm 
Tota l rain loss :- 358 .1 mm 
Moist deficit at harvest :- 4.5 mm 
Actua l irrigat ion req uirement:- - 10.3 mm 
Efficiency :- 47.5% 

C D Season 
0 0 0 % 

0.8 0 .3 1.1 % 

0 0 

0 0 0 % 

Flow 

I1slha 
0.3 I 
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