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Abstract

Potato is the most important food security crophwvéitfast-growing pattern. However, its productisrhighly
affected by potato late blight disease. Field eixpents were carried out at Haramaya Universityda® main
cropping season to assess Yyield losses of selpotatb varieties with different levels of resistario late blight
disease. Combinations of five potato varieties vdifferent levels of resistance and five rates addril
applications were used. The experiment was laidiroat factorial arrangement in randomized compldoek
design with three replications. The combinatiommfderately resistant, moderately susceptible asdepiible
varieties and different rates of Ridomil applicasovaried significantly in yield and yield compotenf potato.

Up to 57,42, 39, 38 and 29% tuber yield losses were recofded the varieties Harchassa, Chiro, Bedassa,
Zemen and Gabissa on untreated plots, respectaglypmpared to losses from plots protected witly Bi&
Ridomil. The highest (23 t H marketable tuber yield was obtained from theatgrGebissa plots treated with
0.75 and 1.5 kg haRidomil applications. The combinations of the etieis Gabissa, Chiro, Harchassa, Bedassa
and Zemen with 0.75 kg HeRidomil application were resulted in up to 28, 28, 16 and 13% marginal rate of
returns, respectively. The best management oflliigat and high marginal rate of return was obtdioa plots
treated with combinations of all tested potato etées and 0.75 kg HaRidomil applications followed by 1.5 kg
ha'® Ridomil. The lowest rate of marginal return wasaitied at combinations of these varieties with3tig) ha

! Ridomil. This study revealed that reduced rateRidbmil resulted in better management of potate kdight
with high tuber yield. However, further researchedifferent agro-ecological zones of the counteyienportant

for preference of potato varieties and specifiesaif Ridomil application.
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1. Introduction

Potato Solanum tuberosum L.) is the most important vegetable crop in ternfisqoantities produced and
consumed worldwide (FAO 2005). Ethiopia has pogsthe highest potential for potato production ofyan
country in Africa (FAO 2008). Potato is prone tomathan a hundred diseases caused either by lzadtergi,
viruses or mycoplasms (Paul 1992). However, latghblis one of the few plant diseases that can latedg
destroy a crop, producing a 100% crop loss (Merd@@8). The potential economic and social impacdhcf
disease is best illustrated by the well-publicizett it played in the Irish Famine in the middle tog 19"
century when it destroyed a large portion of th&afmcrop, either by eliminating foliage prior teetharvest or
by causing massive tuber rot in storage (Bourke3l9Bate blight is the most devastating and destrec
disease of potatoes in areas with frequent coolnamidt weather (Agrios 2005). It caused yield Igssanging
from 31-100% in Ethiopia depending on the variesgdi (HARC 2007). Farmers had stopped using thdir ol
local potato varieties due to the devastation eirtplots by late blight. Most resistant varietee not immune
to late blight but possess varying degrees oftaasig to various races of the pathogen (Popokova)19

The modern approaches in chemical control emphagirereducing fungicide inputs, combined with using
potato cultivars possessing acceptable levels ofraoe specific resistance to late blight (Secoruéi@estad
1999; Kirk et al. 2001). Potato late blight management strategie® lthanged considerably following the
migration of metalaxyl resistant isolatesRfinfestans from Mexico to North America (Fry & Goodwin 1997)
and necessitated utilization of cultural controlasieres and modification of the previous chemicaltrod
practices. According to Fontem & Aighew (1993) rgpapplication of fungicides for late blight maragent
increases potato tuber yield by as much as 60%pifeethe prevalence and seriousness of late btighsing
losses to the potato crop in the field as well tasage in Ethiopia, adequate studies have not bese. In
addition, only the maximum rate of application vfigicides, such as Ridomil, has been used in theagsment
of late blight. Information on integration of patatarieties with different level of resistance aeduced rates of
fungicide application for the management of thisedise is not available. Hence much remains to be do the
management of potato late blight and assessmeits gfeld loss. In this regard, it is imperative develop
suitable integrated management alternatives fornth@agement of the disease for sustainable praafucti
potato and increasing the income of farmers by cieduthe expenses of fungicide sprays in this agunt
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Therefore, the present study was initiated with gpecific objectives to assess yield losses ofcssdepotato
varieties with different levels of resistance ttelalight and its management.

2. Materials and Methods

2.1. Description of the Study Area

The study was conducted at the Haramaya Universdgarch field traditionally known d&arer during the
2010 main cropping season. The experimental sikeceted at 517 kilometers from Addis Ababa, at 3Q°E
longitude, 9° 26N latitude and at an altitude of 1,980 meters abema level. It is situated in the mid-altitude
tropical belt of eastern Ethiopia and charactertzgad sub-humid type of climate with an averageuahrnainfall

of about 790 mm, annual mean temperature of 17ifi€mean minimum and mean maximum temperature is 11
°C and 25 °C, respectively. The soil is alluvidl aad the previous crop was wheat.

2.2. Experimental Design and Materials

This experiment was designed to evaluate tubed yosls of potato varieties with different levelsresistance to
late blight. The varieties were two moderately s&sit (Gabissa and Harchassa), two moderately [stilslee
(Bedassa and Zemen), and susceptible variety (Dvigce used. The recommended rate of Ridomil wieg I3a

! (Syngenta Group Company 2010). In this study, émerth, half, three fourth and full dose of the
recommended rate were used, five rates (0.00, 0.75, 1.50, 2.25 and 3.00 k Hehe experiment was laid out
in a factorial arrangement in randomized complédekbdesign with three replications. There weretaltof 25
treatment combinationgg. five varieties and Ridomil at five rates of applions. Each plot consisted of 3 m x
3 m (9 nf) with four rows and 75 x 30 cm spacing between ramnd plants, respectively. In each plot 40 plants
were grown and each row had 10 plants. The finsgitide application was done right after the appeee of
the disease symptom on Chiro and Zemen at 38 digrspdanting (DAP). Three consecutive sprays wdoee

at 10 days interval and the last spray was don#ay8 after planting.

2.3. Yield Assessment
Yield per hectare (t ha™): was calculated by converting the yield obtainedrfharvested two middle rows in
each plot into hectare.
Average tuber weight (g): was calculated as weight of tubers from two middie/s divided by the total
number of tubers of each plot.
Marketableyield (t ha'): was calculated as all the weight of harvestedrubdich were disease free and with
weight of greater than 50 g.
Unmarketable yield (t ha'): was calculated as the weight of tubers which wdiseased, insect attacked,
deformed tuber or and those having weighs lessahaqual 50 g.
The percent yield increase (PYI) was calculatechgishe following formula suggested by (Lung’aébal.
2003):
tuber vield of a fungicide treated plot — yvield of control plot
F¥I = ¥ 100
vield of control plot
The relative loss in tuber yield was calculatedasafely for each treatment combination with diffarkevels of
disease, using the following formula of Robert daches (1991):
YP-¥T
x 100

RPYL =

Where RPYL = relative percent yield loss, YP = giélom the maximum protected plot (3 kg haRidomil
application and YT =Yield from plots of other tremnts (i.e. with differing level of disease).

2.4. Cost/Benefit Analysis

The cost and benefit of each treatment was analyadally and marginal rate of return (MRR) wasnmputed
by considering the variable cost available in #mpective treatment. Yield and economic data wenegptited to
compare the advantage of different potato varietied different rates of fungicide applications iiffestent
treatment combinations. Economic data included tirqmst that varies; cost for chemical and labourindu
production time. The price of Ridomil MZ-68 WG w&s'S 26.13 kg; of labour cost of $US 1.01 man-days for
applications was taken. As an output, total grobinefit was calculated from tuber yield of the crbpcal
market price of potato tuber was $US 0.20" kiyring the 2010 at harvest and was changed inttatebasis.
Partial budget analysis is a method of organiziatadand information about the cost and benefit asfous
agricultural alternatives (CIMMYT 1988). Partial dgeting is employed to assess profitability of argw
technologies (practices) on to be imposed to thatural business. Marginal analysis is concerndtth the
process of making choice, between alternative fgmtoduct combinations considering small changeatdihal
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rate of return is a criterion which measures ttfectfof additional capital invested on net retuusing new
managements compared with the previous one (CIMNY88). It provides the value of benefit obtainedtbe
amount of additional cost incurred percentage. fohaula is as follows:

DIC

MRR=——

DNI
Where, MRR is marginal rate of returns, DNI, diffiace in net income compared with control, DIC,alihce
in input cost compared with control.

2.5. Data Analysis

Data on potato tuber yield and yield componentevexamined separately. Analysis of variance (ANOVAs
performed using general linear model (GLM) procedof SAS software version 9.2 software (SAS 2009)
except mean separation for significant interacedfects, which was carried out using GenStat verdia.1
Software (GenStat 2009). Least significant diffee(LSD) was used to separate treatment meansel&gon
analysis was performed to determine the associafiatifferent yield and yield components obtaineahi the
interactions of different varieties and rates ohdicide applications. Simple celsenefit analysis of each
combination was reformed to evaluate the economiefits expected using the farm gate price of paathe
time of harvest.

3. Results and Discussion

3.1. Tuber Yield

Analysis of tuber yield data showed highly sigrafi¢t (P < 0.001) differences among the five potatdeties
with different levels of resistance treated withefirates of Ridomil applications (Table 1). Thehagt (30.06
and 29.02 t hd) tuber yields were obtained from the variety Gshiglots treated with 0.75 and 1.5 kg'ha
Ridomil applications, respectively. The next highg8.36 t hd) tuber yield was obtained from the variety
Zemen plots treated with recommended rate of Ritlapplication, which were significantly higher thatots
treated with other combinations. On the other hahd, lowest (9.66 t i3 tuber yield was recorded from
Harchassa plots treated with Ridomil at zero (ontr@ plots), followed by (14.73 and 15.09 t'idrom the
varieties Bedassa and Chiro plots treated with rate of Ridomil, respectively, which were sigréfitly lower
than that of other treatment combinations (TableChmbinations of the moderately susceptible arsdesutible
varieties with higher rates of Ridomil applicatiomsulted in high tuber yield. Even-though the ¢ielas high
on these varieties when combined with higher rafeRidomil applications, they became less profigatlie to
the high cost of the fungicide. Therefore, it seemisisable to use moderately resistant potato tesien
combination with lower rates of Ridomil applicatioather than applying the recommended rate by the
manufacturer. Based on their marginal rate of ret(MRR), it is also effective to use both modenatel
susceptible and susceptible varieties in combinatiwith reduced rates of Ridomil applications (Ea6). The
result of the present study is consistent with réqgort of Namandat al. (2004); the benefits of appropriate
fungicide use strategy were high yield and improvweatginal rate of return (MRR) from the reducedtaufs
fungicide applications as well as increased qualitypotato tubers. Although fungicides have beeeduw®
manage late blight, the appearance of fungicidistead strains, high costs and environmental corepose a
major challenge to their continued use (Katlal. 2001).

3.2. Relative Tuber Yield Losses

Tuber yield losses differed significantly amongtpltreated with different combinations of potateietes and
different rates of Ridomil applications (Table Blighest (56.95%, ) relative tuber yield loss wasorded on
untreated Harchassa plots, followed by plots tceatith combinations of 0.75 kg HaRidomil application on all
varieties except on Gabissa. In this study, up2@%, 39.09, 37.59 and 29.00% relative tuber \ietdes were
recorded from the untreated plots of the varietlaschassa, Chiro, Bedassa, Zemen and Gabissactigspe
as compared to plots protected with combinationthese varieties and the recommended rate (3 Ry dfa
Ridomil. The second highest (42.01%) tuber yielsklovas obtained from the variety Chiro plots treéatéth
Ridomil at zero rates (on control plots) as comgdretreatment with 3 kg HaRidomil application. Generally,
the combinations of potato varieties and Ridomilbath reduced and full rates of applications resulin
reduced tuber yield losses. The highest tuber ylekses were recorded on potato plots that were not
supplemented with recommended rate of the fungiffitidomil) applications. The present study indidateat
the main cropping season in Haramaya was highlgucine for late blight epidemics to cause high tujeld
loss on potato production. The results indicatedittegrating Ridomil with potato varieties witHfdrent levels
of resistance to delay the onset of the diseasd¢mmdnimize its effect on potato production. Tlesults of this
study are consistent with reported range of yieks lestimates due to late blight on susceptiblietes (Bekele
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& Yaynu 1996; Olanyat al. 2001). In Ethiopia, tuber yield losses due te latight ranged from 31-100%,
depending on the variety used (HARC 2007). Theeesame released improved varieties that have hest t
resistance to late blight, but still some are hestolerating late blight when supported by reducates of
fungicide applications (GILB & CIP 2004).

3.3. Percent Yield Increase

The calculated values of percent yield increasdBNowed high difference among potato varietieated with
different rates of Ridomil applications. The high€32.30%) yield increase was obtained from Hasshalots
treated with recommended rate of Ridomil appliggtiwhereas the lowest (25.76%) yield increase vaitned
from the variety Zemen plots treated with 0.75 kaj* lRidopmil application. All five potato varieties dha
significant differences in yield increase when gnged with different rates of Ridomil applicatio®n Gabissa,
which was moderately resistant variety, the highé8t88% ) tuber yield increase was obtained frdotsp
treated with 0.75 kg RaRidomil and the lowest (40.84% ) was at recommdn@kg hd) rate of Ridomil
application. From this, we can conclude that thee 75 kg ha Ridomil was satisfactory on the variety
Gabissa. On Harchassa, highly significant diffeesimcyield increase with 132.30% and 68.12% vyielctéase
was recorded between 0.75 and 3 kg hates of Ridomil applications, respectively (TaB)e In this study, up
to 132.30, 64.02, 60.23 and 72.43% vyield increags® recorded on the varieties Harchassa, Bedaesaen
and Chiro plots treated with 3 kg h&idomil application, respectively (Table 2). lergral, percent yield
increase (PYI) and rate of Ridomil application lve treatment combinations had positive relationshkipas the
rate of Ridomil application in the combinations wasreased, percent tuber yield increase also ase on all
the tested potato varieties except on Gabissa. @nvariety Gabissa, as rate of Ridomil applicatioas
increased in its combination PY| was decreasedl|€T2b Eventhough the tuber yield with increaséuimgicide
rate, it becomes less cost effective due to inegk@sst of input as compared with the lower ratg§&kg ha)
of Ridomil application. This resulted in the lowesarginal rate of return (MRR) of all the combiteus with
reduced rates of Ridomil applications in relationmtanaging late blight (Table 6).

3.4. Average Tuber Weight

Combination of five potato varieties and five rabéfRRidomil applications showed highly significgift < 0.001)
difference among their average tuber weights (Tahl&rom all combinations of these potato vargetiad rates
of Ridomil applications, the highest tuber weightdsarecorded on the potato varieties Gabissa an @hits
treated with Ridomil at both reduced as well asnemended rates of applications. On the other htwedpwest
tuber weight was obtained from the variety Bedgdsts treated with Ridomil at all rates of applioas.
Generally, the results of this study indicated thsggration of potato varieties and Ridomil afeliént rates had
considerable effect on tuber weight. From thiscah be generalized that integrating potato vasgetigh
different rates of fungicide application plays ampbrtant role in improving tuber weight. As the mge tuber
weight increased, the marketable tuber as welbbtas tuber yield increased.

3.5. Marketable Tuber Yield

The data on marketable tuber yield from five potedoieties treated with five rates of Ridomil apations
revealed highly significant (P < 0.001) differen@song their combinations (Table 4). The highe8tq2 and
22.66 t hd) marketable tuber yield was obtained from theetgriGebissa plots treated with 0.75 and 1.5 ki ha
Ridomil applications, respectively, which was sfgraintly higher than from plots that received otheatment
combinations. The second highest (20.42}) mmarketable tuber yield was recorded on the waideimen plots
treated with 3 kg ha Ridomil application, followed by 20.27 t fiaon the varieties Gabissa and Chiro plots
treated with 2.25 and 3 kg h&idomil applications, respectively. On the othand, the lowest (4.06 and 2.55 t
ha') marketable tuber yield was obtained from theetis Gabissa and Bedassa plots treated with atzs of
Ridomil applications. In general, the highest mgak&e tuber yield was obtained from the moderatesjstant
variety (Gabissa) treated with reduced rates obRitlapplication. However, the lowest marketableauyield
was obtained from the variety Bedassa plots treattddall rates of Ridomil applications.

In the present study, the higher marketable tulield ywas obtained by integrating the moderatelystast
variety Gabissa with the lower rates of Ridomil liggdion than from other treatment combinations.t@a other
hand, marketable yield from the varieties (Harchag®men and Chiro) increased with increase insrafe
Ridomil applications. Even-though, the marketabileet yield of these combinations increased, it natscost
effective as the partial cost benefit analysiséatid. This was happened because Ridomil was castijjow
outcome sale of the product that could not compenis input cost. The results of the present stady in
agreement with the report of Mantecon (2009), inchtyield differences obtained from treated andreated
controls were higher in marketable tubers thamtal tyield.
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3.6. Unmarketable Tuber Yield

Analysis of the data of unmarketable tuber yieldesded highly significant (P < 0.001) differencencmg
combinations of the five potato varieties and firates of Ridomil applications (Table 5). The highes
unmarketable tuber yield of all combinations wataoted from the variety Bedassa plots treated ditterent
rates of Ridomil applications. Thus highest (16ah@ 16.14 t hd unmarketable tuber yields were recorded on
the variety Bedassa plots treated with 3 and 1.5algRidomil applications, respectively. The lowesO@and
4.93 t hd) unmarketable tuber yield was recorded from vgrigie Chiro and Gabissa plots treated with
combinations of 1.5 and 2.25 kg hRidomil applications, respectively. The marketadfel unmarketable tuber
yield revealed negative relationship when the Vi@$eGabissa, Zemen and Chiro were integrated different
rates of Ridomil applications,e. as marketable tuber yield increased, unmarketaftlertyield decreased. On
other combinations of the varieties (Bedassa andthdasa) and different rates of Ridomil applicaidrad
positive relation among marketable and unmarketaleer yields. That is, as rates of Ridomil applaa
increased, both marketable and unmarketable tubkt 3lso increased (Table 4 & 5).

The results showed that the highest unmarketalilertyield was on plots treated with combinationsthedf
variety Bedassa and all rates of Ridomil applicatiand these combinations had the lowest markeyéditd of

all the other treatment combinations. These contioina had also the lowest tuber weight but with tighest
number of tubers per hill. From this it can be doded that production of the variety Bedassa in the
combination with botlheduced and full rates of Ridomil applications wexs profitable in the main cropping
season, but as it had the highest number of tubehil production of this variety might be effaai under
irrigation conditions. Irrigation may render thesh@rop more resistant to diseases through itcteéfie plant
vigour, growth rate, and overall crop developméibfiyaet al. 2006). In some situations, diseases such as late
blight and rust have been avoided through the tiseigation during off-seasons (Stakman & Harr@57).

3.7. Cost Benefit Analysis

Cost/benefit analysis was performed using partimldget analysis for integrated potato late blighhagement
by using five potato varieties having different déwvof resistance integrated with five rates of Riilo
applications. This analysis is a very useful tedbgw to determine the costs and benefits of a reshriology
compared to the traditional one (assumes highdd yigth higher rate (recommended) of applicatiohhe
maximum total gross yield benefit (4627.72 $US)hmllowed by (4549.31 $US Hxwas recorded from the
variety Gabissa plots treated with 0.75 and 1.5&4 Ridomil applications, respectively (Table 6). Haee
lower gross yield benefit (3811.53 $UShavas obtained from the combination of this varietth Ridomil at 3

kg ha’, which is a recommended rate by the manufact@er.combinations of the variety Harchassa and
different rates of Ridomil applications, the high¢8057.67 $US hY gross benefit was obtained from plots
treated with 0.75 kg HaRidomil application. The same is true for the gtyriBedassa treated with different rates
of Ridomil applications, with the highest (1646.8WS ha) gross benefit, which was obtained from plots
treated with 2.25 kg HaRidomil application. On the other combinationgthé varieties (Zemen and Chiro) and
different rates of Ridomil applications, the highgsoss benefit was recorded from these varietiested with
the recommended rate (3 kg'ha@f Ridomil application (Table 6).

Variation in net benefit was observed among contlmna of the five potato varieties and five ratéskadonil
applications. Among all combinations, Gabissa aibRil at 0.75 kg ha had the highest (3768.87$USha
net benefit of all other treatment combinationsn tBe other hand, the lowest (-233.75$US)haet benefit was
recorded on untreated plots of the variety Beddssgeneral, the highest net benefit was recordeGabissa
plots that received 0.75 kg h&idomil application,. In this study, the highesinginal rate of return (MRR) was
obtained from all tested potato varieties plotateed with 0.75 kg haRidomil application and the lowest MRR
was recorded from the above varieties treated thighrecommended rate (3 kg™haof Ridomil application.
Generally, by integrating the lower rate (0.75 kij)hof Ridomil application with the varieties (Galis<Chiro,
Harchassa, Bedassa and Zemen) up to 28.15, 200%/,15.69 and 13.47% MRR were obtained, respdytive
(Table 6).

The highest (3637.19 $US Hacalculated value of marginal net benefit (MNB)sagbtained from the variety
Chiro plots treated with recommended rate (3 k@) laf Ridomil application (Fig 1. E). The second gt
(3289.413US h8 MNB was also obtained from the variety Chiro pldteated with 2.25 kg HaRidomil
application (Fig 1. E), followed by 3223.07 $US'tfeom Gabissa treated with 0.75 kg'Haidomil application
(Fig 1. A). However, the lowest MNB was obtainednfr the variety Bedassa plots treated with differatd of
Ridomil applications (Fig 1. C). Generally, the gt MNB was recorded on the variety Chiro ploeatied
with recommended rate of Ridomil application folledvby combinations of the moderately resistantetgari
(Gabissa) and reduced rates of Ridomil applicatiois. possible to conclude from the following résuhat the
highest net profit and MRR were obtained from tbmbinations of the moderately resistant variety i€sband
0.75 kg hd Ridomil application as compared with combinatiofishe moderately susceptible Bedassa and 3 kg
ha' Ridomil application, with additional saving of $ US6.46 of total input cost. The highest net prafitl
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MRR were obtained on combinations of these vasetied 0.75 kg haRidomil application as compared to
combinations of all tested varieties and the recemshed rate of Ridomil application, in addition reihg of
$US 176.46 of total input cost. The highest (1:dndl 1:4.0) cost: benefit ratio (CBR) were obtairfiexin
combinations of the variety Gabissa and Ridom{DaZ5 and 1.5 kg h§ respectively (Table 6). In other words,
for every $US invested, there was a gain of $UBSahd 4.0 from the combination of the variety Gséiand
Ridomil at (0.75 and 1.5 kg Harates of applications, respectively. In this stuthe combination of the
moderately resistant variety Gabissa and reducé® (@ ha) rate of Ridomil application gave high monetary
advantage over the other combinations of diffevanieties and different rates of Ridomil applicasqTable 6).
Based on the results of partial budget analyses fitte potato varieties gave the best outcome whep were
integrated with the minimum rate (0.75 kg'haf Ridomil application. This result was supporteith the report
of Macleod & Sweetingham (1999) that indicated whseessing a crop for risk, it is necessary tosasiséor
the potential to cover the cost of the applicatignich depends on the potential yield. Modern apginea in
chemical disease control emphasize on reducingidig®g inputs, combined with using potato cultivars
possessing acceptable levels of non-race speesistance to late blight (Secord & Gudmestad 18@%; et al.
2001).

4. Conclusions

In this study on untreated plots high tuber yi@lsisks were recorded on the tested varieties asatechfp plots
of the same varieties protected with 3 kg Ridomil application. The yield increments dueriteractions of the
varieties and Ridomil applications were significadntthe present study high yield increases wererded, from
the verities Harchassa, Bedassa, Zemen and Chite q@spectively, treated with 3 kg hRidomil application.
But from the variety Gabissa the highest yield éase was obtained on plots that received 0.75 kdRigomil
application. The highest marketable tuber yield whimined from Gebissa plots treated with Ridorikealuced
rate of applications. The combinations of potatdetaes and reduced rate of Ridomil applicatiosufted in
high marginal rate of return. In general, the meahagement of late blight, and high marginal réteturn was
obtained from potato varieties plots were treatétti @75 kg hd Ridomil application, followed by 1.5 kg Ha
Ridomil applications. The lowest marginal rate efurn was obtained from potato varieties that viezated
with the recommended rate of Ridomil applicatioAgcording to the result of this study, cost effeeti
management of late blight was obtained by integgatpotato varieties with the lowest rate of Ridomil
application. Integration of reduced rate of Ridomnilthe management of potato late blight is imparti
reducing environmental pollution and input costted fungicide and increase in production and pabfiity of
high quality potato tuber yield. This study reveatbat reduced rates of Ridomil application reslite better
management of potato late blight with the higheatgimal rate of return. However, further researarks at
different agro-ecological zones of the country ezquired for specific rates of Ridomil applicatidor its
effective manage of potato late blight.
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Table 1. The effect of potato varieties and différeates of Ridomil application on tuber yield pdtato
varieties evaluated at Haramaya, 2010 main cropg#agon.

Rate of Ridomil (kg hd) Tuber yield (t ha) Mean
Gabissa Harchassa Bedassa Zemen Chiro

0.00 17.80h 9.66j 14.73i 17.70h 15.09i 15.00

0.75 30.06a 16.24hi 21.70fg 22.26efg 21.35g 22.32

1.50 29.02a 20.84g 23.71cdef 25.81bc 21.45g 24.17

2.25 25.19bc  21.10g 22.61defg 24.96 24.50bc 23.67

3.00 25.07bc  22.44defg 24.16bcde 28.36a 26.02b 25.2

Mean 25.43 18.06 21.38 23.82 21.68

LSD (0.05) 2.14

CV (%) 5.91

LSD = Least Significant Difference; CV = Coeffictenf Variation; Values following by the same letteithin
the column or row are not significantly differemt0a05 probability level.
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Table 2. Yield and yield increase of five potatagieties resulting from five rates of Ridomil apgion and
corresponding yield losses due to late blight aiadmya, 2010 cropping season.

Fungicide rate Yield (t A&

Relative yield loss (%)

Percent yield increase (%)

Gabissa R 17.80 29.00 0.00
Ry 30.06 -19.90 68.88
R, 29.02 -15.76 63.03
R 25.19 -0.48 41.52
R4 25.07 0.00 40.84
Harchassa R 9.66 56.95 0.00
Ry 16.24 27.63 68.12
R, 20.84 7.13 115.73
Rs 21.10 5.97 118.43
R, 22.44 0.00 132.30
Bedassa R 14.73 39.03 0.00
Ry 21.70 10.18 47.32
R, 23.71 1.86 60.96
R; 22.61 6.42 53.50
R, 24.16 0.00 64.02
Zemen R 17.70 37.59 0.00
Ry 22.26 21.51 25.76
R, 25.81 8.99 45.82
R; 24.95 12.02 40.96
R4 28.36 0.00 60.23
Chiro Ro 15.09 42.01 0.00
Ry 21.35 17.95 41.48
R, 21.45 17.56 42.15
Rs 24.49 5.88 62.29
26.02 0.00 72.43

Ry
Ro= 0.0 kg h&; R1=0.75kg h

d; R,= 1.5 kg hd; Ry= 2.25 kg hd; R,= 3 kg hd rate of Ridomil application.

Table 3. The effect of potato varieties and différeates of Ridomil application on average tubeigive
evaluated at Haramaya in 2010 main cropping season.

Rate of Ridomil (kg hd)

Average tuber weight (

Mean

Gabissa Harchassa Bedassa Zemen Chiro
0.00 37.35fg 26.28hi 15.86j 39.46efg 31.58gh 30.11
0.75 57.48ab 43.85def 25.93hi  39.29¢fg 54.04abc 44,12
1.50 60.59a 50.02bcd 21.68ij 47.75cde 54.50abc 46.91
2.25 58.61ab 50.45bcd 24.78hij 46.08cdef 54.72abc 46.93
3.00 58.19ab 46.02cdef 25.86hi 58.72ab 59.25ab 49.61
Mean 54.44 43.32 22.82 46.26 50.82
LSD (0.05) 9.6(
CV (%) 13.43

LSD = Least Significant Difference; CV = Coefficteof Variation; Values following by the same letigithin
the column or row are not significantly differemt0a05 probability level.

Table 4. The effect of potato varieties and différeates of Ridomil application on marketable tulyeid
evaluated at Haramaya, 2010 main cropping season.

Rate of Ridomil (kg hd) Marketable tuber yield (t A Mean
Gabiss Harchass Bedass Zemet Chirg

0.00 10.69¢g 4.06j 2.55] 8.55h 5.87i 6.34

0.75 23.02a 10.38g 7.77h 12.51f 14.12e 13.56

1.50 22.66a 13.97ef 7.57h 17.31d 17.44cd 15.79

2.25 20.27b 15.21e 8.19h 17.99cd 18.54cd 16.04

3.00 18.96bc 14.89e 7.98h 20.42b 20.27b 16.50

Mean 19.12 11.70 6.81 15.36 15.25

LSD (0.05) 1.66

CV (%) 6.99

LSD = Least Significant Difference; CV = Coeffictenf Variation; Values following by the same letteithin
the column or row are not significantly differemt0a05 probability level.
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Table 5. The effect of potato varieties and differates of Ridomil applications on unmarketeatoleer yield
evaluated at Haramaya, 2010 main cropping season.

Five rates of Ridomil Unmarketable tuber vield (t ™) Mean
(kg ha) Gabissa Harchassa Bedassa Zemen Chiro

0.00 7.11ghij 5.60lm 12.19c 9.15de 9.22d 8.65
0.75 7.05 ghij 5.85jkIm 13.93b 9.75d 7.24fghi  8.76
1.50 6.39hijkl 6.87 ghijl 16.14a 8.50def 4.00n 8.38
2.25 4.93mn 5.90jkim 14.42b 6.95 ghik  5.95jkim  7.63
3.0C 6.11ijklm 7.55fgt 16.18: 7.95ef¢ 5.75kIn 8.71
Mean 6.32 6.35 14.57 8.46 6.43

LSD (0.05) 1.27

CV (%) 9.16

LSD = Least Significant Difference; CV = Coefficteof Variation; Values following by the same letteithin
the column or row are not significantly differemt0a05 probability level

Table 6. Partial budget analysis of Ridomil apglaa treatments at different rates on five potatwmieties at

Haramaya, 2010 main copping season.

Fungi 1.MT 2P 3.SR(1x2) 4.TIC 5.MC  6.NP (3-4) 7.MNB 8.MRR( CBR(
Variety cide Y(ha ($US  (3US ha ($US ha ($US  ($US ha ($US ha 7/5)(%) 6/4)
rate ) t*) ) ) ha) ) )
Gabissa R 10.69 201.03 2149.01  744.37 0.00 1404.64  0.00 0.00 1.9
Ry 23.02 201.03 4627.72  858.85 114.48  3768.87  3223.028.15 4.4
R, 22.63 201.03 4549.31  918.04 173.67 3631.27  3144.678.11 4.0
Rs 20.27 201.03 4074.88  976.67 232,30 3098.21  2670.241.49 3.2
R, 18.96  201.03 3811.53  1035.31  290.94 2776.23  2406.88.27 2.7
Harchassa R  4.06 201.03 816.18 744.37 0.00 71.81 0.00 0.00 0.1
Ry 10.38  201.03 2086.69  858.85 114.48  1227.85  2014.88.7.60 1.4
R, 13.97 201.03 2808.39  918.04 173.67 1890.35  2736.585.76 2.1
Rs 15.21 201.03 3057.67  976.67 23230 2081.00 273658  12.85 2.1
R, 14.89 201.03 2993.34  1035.31  290.94 1958.03  2921.530.04 1.9
Bedassa g, 255 20103 51062 74437 o099 = 23375  0.00 000 03
201.03  1562.0 858.85
R, 7.77 114.48  703.16 1795.76  15.69 0.8
R, 7.57 201.03 1521.8 918.04 173.67  603.76 175555 1110. 0.7
Rs 8.19 201.03 1646.44  976.67 232.30  669.77 1880.19 09 8. 0.7
R, 7.98 201.03 1604.22  1035.31  290.94 568.92 1837.97.32 6 0.5
Zemen R 8.55 201.03 1718.81  744.37 0.00 974.44 0.00 0.00 3 1.
Ry 12.51  201.03 2514.89  858.85 114.48  1656.04  1542.463.47 1.9
R, 17.31  201.03  3479.83  918.04 173.67 2561.79  2507.404.44 2.8
Rs 17.99  201.03 3616.53  976.67 23230 2639.86  2644.101.38 2.7
R, 20.42 201.03  4105.04 1035.31 290.94 3069.73  3130.60 10.76 3.0
Chiro R 5.87 201.03 1182.06  14811.1  0.00 435.68 0.0 0.00 6 O.
Ry 14.12  201.03 2838.55  744.37 114.48  1979.70  2400.880.97 2.3
R, 17.45 201.03 3507.98  918.04 173.67 2589.94  3070.24.7.70 2.8
Rs 18.54  201.03  3727.1 976.67 23230 2750.43  3289.414.161 2.8
R, 20.27 201.03 4074.88 103531  290.94 3039.58  3637.192.50 2.9

MTY = marketable tuber yield; P = price; SR = Saeenue; TIC = total input cost; MC = marginal ¢d¢P =
net profit; MNB = marginal net benefit; MRR = mangi rate of return: CBR = cost benefit rati;=R0.0 kg ha
L R, = 0.75 kg ha-1; R= 1.5 kg ha-1; R= 2.25 kg ha-1 and /& 3 kg ha-1of Ridomil spray application.

Input cost of fungicide (Ridomil) at different rateFor 0.75 Kg ha= 6.66$US, 1.5 Kg hh= 13.32 $US, 2.25

Kg ha' = 19.98 $US and 3 Kg Ha= 26.64 $US.
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Figure 1. Marginal net benefit (MNB) of differeraites of the systemic fungicide (Ridomil) applioation
potato varieties Gabissa (A), Harchasaa (B), Bed4&), Zemen (D) and Chiro (E) at Haramaya, 2010
main cropping season.

NB: 1Birr = 0.050 US Dollar.
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