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1.Carrot (Daucus carota L.) Variety Development
Wassu Mohammed Ali
Haramaya University, College of Agriculture and Environmental Sciences, School of Plant-BcignesnBha@yahoo.com

Abstract Haramayé is the common name for the caragcus caraty variety with the original collectionmeaAUA108.

The variety was developed through selection in the eastern highlands of Ethiopia. It was selected from 64 carrot genotypes
collected from Haramaya woreda (district). The genotypes were maintained by farmers for a long period of tinogpémough an
pollinated seed production system. The released carrot variety was found to be superior in marketable and totadl root yields a
other desirable traits to the commerci al Nantes variety,
cultivar, which was wused as a | ocal check. Furthermore, t
pollinated cultivar in terms of producing lower proportions of-sixedl, cracked, forked, and hairy roots. The varietysbad al

margin of seed production potential amounting to 11.81% over the Nantes variety. Moreover, its root yield was foland to be sta
over seasons and locations. Therefore, it could be cultivated sustainably by smallholder farmers in the hightands of easte
Ethiopia and in other places with similar agroecology.

Keywords CoresizeFar mer sd Cul tivar; Commercial Cultivar; Root Yiel

1.Introduction

Carrot Daucus carbtais a widely grown root vegetable of the Apiacedg. faha first certain recorded use of carrot roots as a vegetable was
in the 1@ century in what is today known A&fghanistan. Orange carrots first appeared as a genetic variant in Europé& icghtudy6and

these more refined orange carrots qusgkiyad around the world, and by the eatyc@ttury they became the predominate carrots in most
growing regions of the world (www.seedalliance.org). Carrot is an important sourcentldiptaarotene, the precursors of vitamin A in
human nutribn in many countries worldwide. The carotenoids contained in the edible portion of carrots can range from 6000 to more tt
54,000 pg per 100g §6@0 ppm) (Simon and Wolff, 1987).

Although the exact time of introduction of carrots to Ethiopia ismstrk the crop has been known since the early 1960s in the research
system. Research on carrots in Ethiopia was started at Alemaya College of Agriculture (now Haramaya University)) sesialy iofijpogtet
varieties from Kenya in the early 1960s. Artfangight varieties tested, Nantes and Chantenay were identified as high yieldesuifle
1994; Kidanemariam, 1969). Carrot production has been expanding since then and the total production reached 12322B5tonnes ot
hectares of land (CSA, 2011). On the other hand, vitamin A deficiency is widespread in the ¢blailteleskel, 2011). The prevalence is
2 to 15fold higher than the World Health Organization (WHOffytoint (0.5%) for public significance.

The Nantes carrot has beconopydar in Hararghe Zone of Ethiopia because it produces quality roots as a result of which it obtained nich
market in neighbouring Djibouti and Somalia. Farmers also produce seeds of this carrot variety albeit the poor speityl bé thep is
crosspollinated. Although there is a possibility to produce inbred linashfdirid production to attain plant uniformity, inbreeding results in
severe depression. Therefore, mass selection usimseed production method is preferred to improvecitie. Haramaya University
initiated research on carrots two decades ago with the attempt to improve the locally produced Nantes variety faitypbigmifaid,
good root texture, small core diameter, resistance to cracking, and adaptatiemtagli€fecolgical conditions. Eventually, the university has
come up with the variety namdaramayafiom the locally collected 64 genotypes through successive selections.

2. Materials and Methods

2.1. Description of the Study Area

The field experirmt was conducted for a long period which included all the breeding psostadiimg from screening carrot genotypes to
verification trial which was conducted at 12 locations starting screening carrot genotypes to verification triahgTéuedsengidocation

trials were conducted mainly at Haramaya (Raare), Hirna, KullliedertkaHaramaya University research farm is located at 2022 m.a.s.l.,
9°41'N latitude and 4@3'E longitude. The area has a bimodal rainfall distribution with mean @infalabf 760 mm. The long rainy season
extends from June to October and accounts for about 45% of the total rainfall. The mean maximum tempef&turbiis 2&4mean
minimum annual temperature is 828 ekalign, 2011). The soil of the experimhsiteas a wellrained deep alluvial with a-sofl stratified

with loam and sandy loam. Him#bstationis situated at a distance of about 134 km to the west of Haramaya. The site is lo¢afed at 9
North latitude, 4%4 6 Ea st | o n g ititude dfd870 raeters abave sea levelaThe area receives mean annual rainfall ranging from 9
to 1010 mm. The average temperature of the areati€ Z&dkalign, 2011). The soil of Hirna is vertisol (HURC, 1996). Kulbi is located at
2330 m.a.s.l. witmean annual rainfall of 862 mm, mean annual maximum and minimum temperaturéC ontl9.3.2,
respectively(Tekalign, 2011).
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2.2. Experimental Materials

Sixtyfour carrot genotypes were collected from Haramaya \Worestagenotypesere originallyntroduced into the region by overseas seed
companies. Farmers maintained and used the genotypes for a long period of time through an open pollinated seedeodlintion sys
genotypes were initially evaluated for root yield potential under Haraméign acsidg single rows. Seventeen of the genotypes were
promoted to replicate yield trials. Trials were conducted for evaluation of total and marketable root yields for geausnFénalfy, two
candidate varieties were promoted to a regional trill eval uat ed for two years at three |l oc
local Nantes. Verification trial was conducted at nine locations using the same genotypes and finally one 1@8jetyaAal#proved for
release.

3.Results

3.1. Regional Variety Trial

Analysis of variance conducted for six environments (three locations and for two years) during regional trial fesreaiesighificant
effect of location, growing season (year) and the interaction of location xyseaason both total and marketable root yield of four carrot
genotypes. In addition, significant difference among genotypes was observed for marketable root yield (Table Iod®aidheegthand
root core diameter were influenced by locationgluegional trial (Table 2). The released vhideynayh (AUA-108) showed superiority
for total and marketable root yield as well as for most of the desirable root characters (Table 3 and Table 4). Tin notakgtalnearoot
yield increase dfaramaya (AUA-108) over other three genotypes (other candidate gerdtyp@?2; standard check, Nantes and local
check) was up to 16.23% (Table 5 and Table 6).

3.2. Variety Verification Trial

The released variety ldaramaya (AUA-108) along witlstardard check (commercidbntdsand local check were evaluated during 2013
cropping season. This was a verification trial conducted at three locations but genotypes were grown at nineesifes ¢dcbdaittion).
The analysis of variance was cotatufortotal and marketable root yigildwever, nosignificant difference was observed among genotypes
(Table 7)The released variety exhibited 39.46% total root yield advantagenoleed check (commerdiantésand local check as well as
up t019.53% marketable root yield advantage (Table 8). Similarly, the released variety showed supergidatydarectieck (commercial
Nantgsand local check for all desirable root characters (Table 9).

3.3. Yield Stability Test

The yield stability ahe released variety along with the two checks (the comhentésl a r i ety and t he far mer sdo ¢
one other candidate variety (AQ2) was tested using the two stability models. The AMMI model was used since it combigsistbe anal
variance with the principal component analysis (2baklL988) and joint linear regression model as proposed by Eberhart and Russell (1966)
In addition, AMMI stability value (ASV) was calculated as proposed by Purchase (1997) andt&u(2086¢. The released variety
(Haramay®) had the first lowest ASV values for both total and marketable root yields, and it produced the highest total antobarketable
yields. On the basi s Hafamayithadrithe bbwest itga of devidiian sramethe degrestiadij vehich is near zero

(0.16) and regression coefficient (bi) value (0.98) which is near unity for total root yield. Although the deviatioessioonstebility
parameter values for marketable root yield wegadine and higher for all genotyplesamayhahad relatively lower values of deviation from
regression and regression coefficients (Table 11).

Table 1. Mean squares from combined analysis of variance for total and marketable rod) yiedd ftrba locations (Haramaya, Hirna and
Chelenko) and two years (2010/11 and 2011/12 cropping seasons) of regional carrot variety trial.

Source df Total root yield t ha Marketable root yield t-ha
Replication 2 120.1 88.02
Genotype 3 33.91 86.82*
Locdion 2 4322.25** 3578.3**
Year 1 6835.02** 8244.72**
Genotype x Location 6 38.71 22.92
Genotype x Year 3 120.49 46.74
Location x Year 2 2231.31* 2022.44**
Genotype x Location x Year 6 99.51 72.21
Error 46 37.44 32.74
Grand mean 47.27 38.60

CV (%) 12.94 14.82
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Table 2Mean squares from combined analysis of variance root and leaf characters of four carrot genotypes over three lompdions (Hara
Hirna and Chelenko) and two years (2010/11 and 2011/12 cropping seasons) of regivagetatriat .

Rep (2) Geno (3) Loc (5) Geno x Loc (6) Error (22)
Root length (cm) 16.24 4,928 18.135* 0.912 2.562
Root diameter (cm) 0.04504 0.14802 0.33787* 0.04011 0.07039
Root core diameter (cm) 0.08569 0.19803 0.26652* 0.02469 0.06989
Root weight (g) 2105.4 1006.2 163 530.2 859.6
Leaf length (cm) 8.54 167.34 23.82 6.39 48.64
Leaf weight (g/plant) 864.9 598 373.9 551.4 468.3
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Table 3. Summary of total and marketable root yield of four genotypes in carrot regional variety trichtidrisreedotvo years (2010/11 & 2011/12 cropping season).

Total root yield t ha
Haramaya Hirna Chelenko

Genotype Overall

2011 2012 Mean 2011 2012 Mean 2011 2012 Mean mean
V1 (Commercial Nantes) 46.61 76.39 61.5 37.74 34.22 35.98 26.93 51.22 39.08 45.52
V2 (AUA-108 candidate variety) 45,99 77.17 61.58 34.42 38.89 36.66 29.64 62.89 46.26 48.17
V3 (AUA22) 42.4 86.56 64.48 40.61 35.78 38.19 22.97 57.67 40.32 47.66
V4 (open pollinated famers Nantes) 53.39 68.06 60.72 32.63 33.39 33.01 29.01 5494 41.98 45.24
Mean 47.1 42.47 32.12 38.35 35.57 36.96 27.14 57.68 42.41 47.27
SD 4.59 7.63 1.65 5.99 2.42 2.96 3.01 3.68 2.66 2.3
Genotype Marketable root yield t-ha

Haramaya Hirna Chelenko

Overall

111 2011 2012 Mean 2011 2012 Mean 2011 2012 Mean mean
V1 (Commercial Nantes) 35.42 67.5 51.46 27.8 28.67 28.24 20 42.56 31.28 36.99b
V2 (AUA-108 candidate variety) 39.94 73.78 56.86 29.18 34.89 32.53 24.21 56.11 38.16 42.52a
V3 (AUA22) 34.11 69.55 51.83 33.94 29.83 31.88 15.68 48.78 32.23 38.65ab
V4 (open pollinated famers Nantes) 36.98 60.39 48.68 24.66 28.56 26.61 16.77 44.94 30.86 35.38b
Mean 35.61 68.81 52.21 28.4 30.24 29.31 18.17 47.1 32.63 38.6
SD 1.19 7.97 3.41 3.94 2.5 2.35 2.29 4.21 2.42 1.9
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Table 4.Summary of root characs ofimproved carrot candidate varieties (V3= A2Aand V2=AUA-108)and the standard check (commercial Nantes) and local check (farmers open pollinatec
cultivar) in carrot regional variety trial (201:2Q11/12).

Genotype RL(cm) LL(cm) RW(g) LW(g) RD(cm) CD(cm)
V1 (GmmerciaNantes) 18.36ab 55.7a 108a 39.8a 2.83b 1.38b
V2 (AUA-108 candidate variety) 17.12b 48.4b 107.2a 23a 2.88ab 1.41b
V3 (AU-22candidate variety) 18.89a 58.6a 130a 40.8a 3.12a 1.71a
V4 (farmers open pollinated cultivar) 18.12h 54.3ab 115.1a 34.6a 2.94ab 1.50ab
Mean 18.12 54.3 115.1 34.6 2.95 1.50
SE 0.76 3.29 13.82 10.2 0.13 0.12
LSD (5%) 1.57 6.82 28.66 21.16 0.26 0.26
CV (%) 8.8 12.9 25.5 24.6 9 17.6

RL (cm) =aot lenglRD(cm¥ root diamet€b)(cm) =aot core daeiRW(g) =oot weight,(cm) =éaf length &V (g)= leaf weight.

Table 5Total root yield advantage of improved carrot candidate varieties over the standard check (commercial Nantes) ahd lecal check s 8 o p e n p o lregional satietydrialc u | t
(2010/112011/12).

Total root yield (t/ha) Percent increase over Percent increase over V4
V1
Location Year V3 V1 V2 V4 V3 V2 V3 V2
2010/11 42.4 46.61 45.99 53.39
Haramaya 2011/12 86.56 76.39 77.17 68.06
Mean 64.48 61.5 61.58 60.72 4.85 0.13 6.19 1.42
2010/11 40.61 37.74 34.42 32.63
Hirna 2011/12 35.78 34.22 38.89 33.39
Mean 38.19 35.98 36.66 33.01 6.14 1.89 15.69 11.06
2010/11 22.97 26.93 29.64 29.01
Chelenko 2011/12 57.67 51.2 62.89 54.94
Mean 40.32 39.08 46.26 41.98 3.17 18.37 -3.95 10.20
Overall mean 47.66 45,52 48.17 4524 4.70 5.82 5.35 6.48
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Table 6 Marketable root yield advantage of improved carrot candidate varieties over the standard check (commarcaiatiNahtes)c a | check (far mer srégiomalp/aiaty p o |
trial (2010/112011/12).

Percent increase over

Marketable root yield (t/ha) V1
Location Year Percent increase over V4
V3 Vi V2 V4 V3 V2 V3 V2
y 2010/11 34.11 35.42 39.34 36.98
aramaya 2011/12 69.55 67.5 73.78 60.39
Mean 51.83 51.46 56.86 48.68 0.72 10.49 6.47 16.80
i 2010711 33.94 2738 27.18 24.66
Irna 2011/12 29.83 28.67 33.89 28.56
Mean 31.88 28.24 30.53 26.61 12.91 8.13 19.8 14.73
elenk 2010711 15.68 20 20.21 16.77
Chelenko 2011/12 48.78 42.56 52.11 44.94
Mean 32.23 31.28 36.16 30.86 3.04 15.6 4.44 17.17
Overall mean 20.32 36.99 3951 35.38 5.56 11.41 10.24 16.23

V1= Commercial Nantes as standard check, V4= opemedlndtedfas local check ahdA/22and V2= AUA108 are considered as improved varieties through selection by Haramaya University
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Table 7. Mean squares for total and marketable root yield of three carrot genotypes over three locatiorisi{hedayhaelenko) during 2013 cropping season (verification trial).

Source df Total root yield t ha Marketable root yield t-ha

Replication 2 193 6.5

Genotype 2 220.7 316.9

Genotype x Location 2 350.3 256.5

Error 4 51.3 74.9

Grand mean 16 2901 169

Table 8 Marketable and total root yield advantage of improved carrot Hareipdyd) over the standard check (commerci al Nantes) an

cropping season (verification trial).

Marketable root yield tha Percent increase over
Location Haramayh Local Nantes Nantes Local
Haramaya 30.8 17.5 25.8 19.38 76
Hirna 36.7 23.3 25.8 42.25 57.51
Chelenko 41.7 375 26.7 56.18 11.2
Grand mean 36.4 26.1 26.1 39.46 39.46
LSD (5%) 12.99

Total root yield t ha Percent increase over
Location Haramayh Local Nantes Nantes Local
Haramaya 54.2 47.2 47.9 13.15 14.83
Hirna 63.3 54.6 49.2 28.66 15.93
Chelenko 64.2 67.5 55 16.73 -4.89
Grand mean 60.6 56.4 50.7 19.53 7.45
LSD (5%) 17.02
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Table 9. Summary ajot and leaf characterstdframaya carrot variety, Nantes (standard check) and localaferdkree locations (Haramaya, Hirna and Chelenko) during regional and verification
trial (20112013).

Character Haramyal Local Nantes Mean SE LSD (5%) CV (%)
CD_cm 1.38b 1.71a 1.41b 1.50 0.24 0.51 19.8
LL_cm 55.71a 58.65a 48.39%b 54.3 5.96 12.63 134
LW_g 39.8a 40.83a 23.05a 34.6 9.81 21.99 28.35
RD_cm 2.83a 3.12a 2.88a 2.95 0.24 0.52 10.2
RL_cm 18.89a 18.36a 17.12a 18.12 1.45 3.07 9.8
RW_g 108a 130a 107.2a 115.1 26.49 56.16 28.2
SSR 32.67a 40.78b 67.22c 46.89 4.27 6.29 9.07
Cracked 0.22b 3.22a 1.89ab 1.78 1.22 1.59 68.53
Forked 2.56b 8.56a 6ab 5.7 1.73 2.59 30.43
Hairy 8.33ab 12a 12.67a 11 1.53 6.32 13.91
Twisted 25.22a 24.11a 17.56a 22.3 2.04 8.01 18.56

Means with the same letters in the column not significantly difidbefungt #e0t0&ore diameter, LL (cm)= leaf length, LW (g)= leaf weight, RD (cm)= root diameter, RL (enmporaetitgrigth, RW
SSR=proportion of small size root production
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3.4. Agronomic and Morphological Characteristics

The released variety with local ndfaeamaya can be growmedium to high altitudes of eastern Ethiopia (2600 m.a.s.lgnd similar

areaf the country eithaunder rairfed or irrigation. Ihad aep orange root coldrhe released variety has long roots with small cores and
smaller proportions of smalke roots, cracked roots, forked, and hairy Mutseleased varietys attractiveot size, colour, and shape. In
addition to these, the variety is mainly released for is mtalt yi el d advantage of 11.41 and 16.
farmersd open poll i nat e%82andb.48ovmathbleroat weldadeaotagpevelr y coimmehas abhl g a
and farmers®& open pollinated c Hdramayd was5.87 g/gantand bad iarv aelatage of M81%s e e
increase from the commercial variglte yield and sonagonomic and morphological characteristics of the releasedaragityn in Table

10

Table 10. Agronomic characterslafamayhcarrot variety.

Characteristic Description

Adaptation area Medium to high altitudes of eastern Ethiopia (2600 m.a.1.)
Rainfall 7601010 mm

Planting season All year round both under rdied and irrigation

Planting date At the start of main rainy season and at any time with irrigation
Seeding rate (kg-ha 35t05

Row spacing (cm) 25

Spaaig between plant (cm) 5

Fertilizer rate (kg Ha 46 kg BOs (100 kg DAP) ané4 kg N (D0 kg Urea)

Fertilizer application time All DAP at planting but half N rate at planting and half at active growth stage
Fertilizer application method Drilling inrow

Leaf length (cm) 55.71

Leaf width (cm) 39.8

Root colour Deep orange

Root core diameter (cm) 2.83

Root length (cm) 18.89

Root weight (gm) 108

Proportion of small size roots (%) 32.67

Proportion of cracked roots (%) 0.22

Proportion of forked rats (%) 2.56

Proportion of hairy roots (%) 8.33

Proportion of twisted roots (%) 17.56

Root yield (t h§ at research field 52.65 (total root yield)

Rootyield (th§ at f ar mer s 0 42.52 (marketable root yield) and 4@dtdl root yield)
Seedjield (g/plant) 5.879g per plant

Release year 2014

Breeder/Maintainer Haramaya University
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Table 11. Stability parameters for total and marketable root yield from AMMI analysis (environment and genotypesctP€h A®R2and ASV basedrank)andlfn Eber hart and Russel
coefficient () and deviation from regressi&u{) of four carrot genotypes tested at three locations and two cropping seasons

2011 cropping season 2012 cropping season Pooled AMMI model stability parameters ERGs
Mean & stability
Trait Genotype Rank ASV
Haramaya Hirna Chelenko Haramaya Hirna Chelenko IPCA1 IPCA2 ASV rank b; Sdi
Commercial 46.61 37.74 26.93 76.39 34.22 51.22 4552 (3) -1.06 -2.02 2 0.98 1.76
Total root Yield  Nantes 2.21
Haramaya 45.99 34.42 29.64 77.17 38.89 62.89 48.17 (1) 0.66 2.18 2.16 1 0.98 0.16
AU-22 42.4 40.61 22.97 86.56 35.78 57.67 47.66 (2) -2.58 0.56 5,51 3 1.19 0.47
Local check 53.39 32.63 29.01 68.06 33.39 54.94 4524 (4) 2.97 -0.72 5.99 4 0.82 13.38
Mean 47.10 36.35 27.14 77.05 35.57 56.68 46.65
Environment IPCA1 2.22 -1.53 1.49 -2.72 0.23 0.31
Commercial 35.42 27.8 20 67.5 28.67 42.56 36.99(3) -0.59 1.59 2 0.97 -6.28
Marketable roo Nantes 1.55
yield Haramayh 39.34 27.18 20.21 7378 33.89 52.11 42.52 (1) 1.25 -1.64 1.22 1 0.95 -2.51
AU-22 34.11 33.94 15.68 69.55 29.83 48.78 40.32 (2) -2.75 -0.59 5.97 4 1.21 -2.55
Local check 36.98 24.66 16.77 60.39 28.56 44.94 35.38(4) 2.09 0.64 3.83 3 0.86 -3.26
Mean 36.46 28.40 18.17 67.81 30.24 47.10 38.05
Environment IPCA1 1.31 -1.24 1.16 -2.82 0.99 0.59

Numbers in parenthesis are mean yield rank of genotypes. IPCAL1 and IPCA2 = the first and the seponeémtscaction espaifidebgiviMI stabil t y v al ue, E R 0 § =redeelseon doefficient a
andsdi= deviation from linear regression.

10
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4. Discussion and Recommendation

Carrot Daucus cartty is a widely grown root vegetable in eastern Ethiopia. Carrot is grown as dor asniledhy root, but it is a true

biennial requiring two seasons for flowering and seed production. The eastern Ethiopia farmers produce carrot fremedsdinrdamnger

period of time. This gives the opportunity for breeders/horticulturistiéztcseeds from farmers and select genotypes for uniformity of the

roots and other desirable traits to develop better variety. After a number of yearsiselastmssible to develblaramayhcarrot variety

with deep orange root colour, highetatand marketable root yield thandbmmercial variety Nant@he variety was developed through

mass selection using reotseed production method. The released variety has many desirable traits as comparadrdie variety

Nantesand farmersudtivars.Moreover, this variety has a seed production potential of 5.87g/plant. The carrot seed production spacing in tl

world is in the range between 75 and 95 cm between row and 20 to 30 between plants. Open pollinated carrot cultaaostpBidtced

1000 kg ha&in the temperate regions while about 300 kgnhtae tropical regions. The 1000 grain weight is 0.8g (George, 1999). The releasec

varietyHaramayhhas a seed production potential of 391.33-kgtthe lower spacing of 75 and 2between rows and plants, respectively.
Carrot roots have highest content of carotenes {apHtabetacarotene) which are cleaved in the human body to create Vitamin A

molecules. It is an important source of vitamin A in human nutrition in mamgsontiddwide (www.seedalliance.org). For instance, in the

USA, carrots are the single most important source of dietarjamin A carotenoids accounting for 30% of the total vitamin A

available to consumers (Simon, 1992). In Ethiogiautrition of vitamin A in the country was estimated as high which isfaltbhigher

than the World Health Organization (WHO)-afiitpoint (0.5%) for public health significance (Hadekel, 2011). This might be due to the

low production and ceamption of vegetables rich in Vitamin A content such as carrots. The carrot production has been expanding in east

Ethiopia starting in the early 1960s at the start of carrot research in Alemaya College of Agriculture (now Haratyiaysoweirestise

region is known with high prevalence of vitamin A malnutrition. This indrettéaee potential of the crop to overcome the public health

problem is not well exploited. This might be due ttothg@roductiorand consumption of carrot in the regibhe lower productivity of the

crop might be due to the use of low yielding genotypes grown from farmers saved seed in the region. Therefore,abedneavigtyele

(Haramay® may be as one of the remedy measure to alleviate the problenhaitiotal root yield margins of 11.41 and 16.23% over the

commercial Nantesar i ety and the farmersd® open pollinated cultivar, r
recommended for cultivation in a wider range of enviroament

The varietyHaramayahas been rel eased in 2014 after decades of researc
advantages over the commerci al vari ety and fesdstingeultigats mayubet i var

sufficient to exploit the genetic potential of the variety. The proper seed production and distribution, appropriateregragements
recommendations are required to increase the productivity of the variety. Bytethalgrbspacing to obtain optimum seed vyield, proper
isolation distance from other cultivars to maintain the genetic identity of the variety and other agronomic mandgepedadoon of

higher root yield are not studied. Therefore, the futseand must focus on these areas to make recommendations to exploit the genetic
potential of the variety in the region or elsewhere in the country. Carrot is a cross polfiratdditere is the highest probability of losing

its identity with short ped of time. Therefore, it is necessary to maintain the identity of the variety and improve the variety every time throu
mass selection breeding method usingioeseed production.

5. Conclusion

The results of the long period research have dentedgtrat the released variety Hararhayauperior to the commercial Nantes variety as

we l | as t h-pollifated culgvar ;1 ferms of eoat and seed production potential. The results have also revealed the variety was st
over locations andeasons for root yield, and has desirable root quality attributes and higher seed production potential. The high s
production potential of the variety implies the higher possibility of reducing the purchase of unknown quality impsetst eaitioigh

price from the market since farmers could produce and save seeds easily from this variety. In conclusion, the vexdty relleasedyia

could be cultivated profitably and sustainably in the highlands of Hararghe zones and other platarsagitbesimogies, and could lead to
enhancing income of smallholder farmers.
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2. Collection and Evaluation of Eastern Ethiopia Hot Pepper Capsicum spp.) for Yield and Yield
Components

Wassu Mohammed Ali
Haramaya University, College of Agriculture and Environmental Sciences, School of Plant-BcigmesnBha@yahoo.com

Abstract Seventy dt pepper (Capsicum spp.) collections obtained by single plant selection from eastern Ethiopia and four
improved varieties used as checks were planted at Haramaya University research field during 2013/14 cropping season using
Augmented design with five tks and each block consisted of 14 new entries and five checks. Data were collected for growth,
yield and yield components but the evaluation of accessions were made for major yield and yield components (total and
marketable dry pod yield t/ha, number of pod/plant, number of marketable dry pod/plant and average dry pod weight in
grams). The differences among the tested genotypes were significant (P<0.05) for total and marketable dry podeyield t/ha whil
significant differences were observed betweewstesbntrol, among tests and checks for all traits. The Hararghe hot pepper
collections exhibited up to 3.26 and 2.56 total and marketable dry pod yield t/ha, respectively, while the higletyielding vari
producedl.91and 1.22 t/ha total and marketabtg pod yield, respectively. A total of 22 and 20 accessions exhibited higher
total and marketable dry pod vyield, respectively, over yields of high yielding variety. The high yielding accessions total an
marketable dry pod yield advantages ranged frono0786b and 2.95 to 110.5%, respectively. The new selections showed
superiority over the improved varieties not only for dry pod yields but also for other traits. It was computed adl Gghest (21
genetic advance that could be made through selecti@f of the accessions for marketable dry pod yield t/ha. Genetic
variability among collections and improved varieties was observed and high genetic distances wefa@eangeresd high

genetic distance, advance and highketable dry pod yield in teas Ethiopia hot pepper collections was encouraging to
continue collection and selection to improve the crop for yield and other desirable traits in the region.

Keywords Collections; Genetic Distance; Genetic gain; Genetic variability; Hot pepper

1.Introduction

Hot pepper Capsicuamnuurh.) is a new world crop that belongs toShanacdamily, and the gen@apsicu@apsicums or red peppers are

the berries of capsicum plant and they form an indispensable ingredient of the culinary tiwgirtditt is closely related to tomato,
eggplant, potato and tobacco. The gé&apsicuim the second most important vegetable crop of the family after tomato (Rubatzky and
Yamaguchi, 1997). Hot pepper is produced in all the continents of the eeptddexarctica and historically associated with the voyage of
Columbus (Heiser, 1976). Columbus has been given credit for introducing hot pepper to Europe, and subsequenthAgigAfrica and

Production of pepper is also well known in Ethiopia (Rel2@06). The history of pepper in Ethiopia is perhaps the most ancient than the
history of any other vegetable product (EEPA, 2003). Ethiopians has strong attachment to dark red pepper, whicle s biigéllyfior
its high pungency. The fine p@sed pungent product is an indispensable flavoring and coloring ingredient in the common traditional sau
owot 6 whereas the green pod is consumed as a veget alpdrsenwho t h ¢
frequentlyconsumes hot pepper has resistance to various diseases. It is in the daily diet of most Ethiopians. The averaggastedy consump
hot pepper by Ethiopian adult is estimated 15 gram, which is higher than tomatoes and most other vegetables (Rehima, 2006)

Hararghe is one of the main centers of cultivation (Alkamper, 1972 cited by Jansehete@Bigrsity of the crop is expected. Therefore,
ccollection, evaluation and selection of far@epsicucultivars in eastern Ethiopia may be one of tefenable breeding methods to
improve the crop for the region. Thus collection on plant basis of capsicum plants is necessary in the region. S hesetoah tas
initiated to collect and evaluate Hararghe hot pepper.

2. Materials and Methods
2.1.Experimental Materials and Design
Seeds ofCapsicuspp. cultivars were collected from western Hararghe around Hirna and grown at Haramaya University during 2012/
cropping season. Selection was practiced on the single plant basis at nursery whiere giants very closely and severely competed for
growth resources. Seventy hot pepPapgicuspp.) accessions were selected based on fruit characteristics, plant growth, and reaction
diseases (Powdery and Downey mildew). The seeds of selecteeamtised at nursery and planted at field at Haramaya research field
during 2013/14 cropping season ugiigmented design in five blocks which each block consists of 14 nevarmhtfies varieties as a
check.

Four improved varieties viz. Markm&aMarko Dima, Melka Eshet and (Melka Awaze) were obtained from National Vegetable
Research Project atfte local cultivar from the region were used as checks. The selected 70 accessions and the five checks were planted
unreplicated desigAuygmented) where the checks were replicated five times while the new entries were not replicated. The unreplicated d
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Augmented consisted of five blocks which each block consisted of 14 new entries and five checks. One block consitigebefadd ge
each genotype was planted in one plot with three rows. Twelve plants were planted in one row at spacing of 75 cmabeh38amnrows
between plants.

The accessions were planted at Haramaya University research field. The testing site9s26¢atdatiande, 423' E longitudes and at an
altitude of 2020 m.a.s.l. The mean annual rainfall is 760 mnei(B&l4998). The mean maximum temperature 4C2®Hile the mean
minimum annual temperature is 825 he soil of the experimentéb 3¢ a welllrained deep alluvial with a0l stratified with loam and
sandy loam. Previous work showed it has organic carbon content of 1.15%, total nitrogen content of 0.11%, availabloptesgpdioru
18.2 mg kg sdil exchangeable potassicomtent of 0.65 cmolc kg sb{55 mg K kg soi), pH of 8.0, and percent sand, silt, and clay
contents of 63, 20, and 17, respectively (Simret, 2010).

2.2. Data Collection and Analysis
Data were collected for fruit, growth, yield and yield compdme ke report included major yield and yield compqgnetatisdry pod yield
tons per hectare, marketable dry pod yield tons per hectare, number of dry pod/plant, number of marketable dry padépéaye end
pod weight in grams. Total and marketgiald t/ha were estimated from plants grown in the central row of each plot (10 plants) left the two
plants grown at both end of the row in each block and other yield components were estimated from five randomly séletied qidiat
row of eaclplot.

Data were subjected to analysis of varianéaifpnentediesign using SPAD statistical software. The genetic advance that can be made als
computed along with heritability, genotypic and phenotypic coefficient of variation. The yield efdtrentagy® selection over the checks
was also computed to evaluate the extent of yield advantage of the high yielding accessions.

The phenotypic and genotypic variance and coefficient of variation were estimated according to the methods suggasted by B
Devane (1953). Heritability2fHh broad sense was computed using the formula adopted by Allard (1960) and Falconer {+9P0géas: H

2p] x 100, where, 2g=genotypic varianceZp= phenotypic variance ande= error variance. Genetic advance/gain as percent of the mean
(GA) for each trait Was computed using the formula adopfedhhsgoret al (1955and Allard (1960) asA= (k) (  p)* (H2), and GA (as

% of the mean) 'T 6100, where, k= selection differential (k=2.06 at 5% selection intenpityphenotypic standard deviation=H
heritability in broad sense and grand mean.

Euclidean distance (ED) was computed from the five yield and yield components of 75 hot pepper accessions after stadcrcliration (s
the mean value and dividing it by the standard deviation) as:

EDjk = (Snedt and Sokal, 1973), where EDjk = distance between accessions j and k; xij and xik = yietbamponiedts values

n z
& (xij - xik)[ ]
i=1

of the ith trait for accession j and k, respectively; and n = number of yield and yield component traits used te chidtatate. e
distance matrix from yield and yield components was used to construct dendrograms based on the Unwetmintedefaidd with

Arithmetic means (UPGMA) and the results were presented in the form of dendrogram.

3.Results

3.1. Analysis of Variance ahMean Performance of Accessions

3.1.1. Analysis of variance

The analysis of variance (ANOVA) for dry pod yield (t/ha) and yield components of pepper collections revealed tha tiesigrafeant
(P<0.05) variation among accessions for total arkettatale dry pod yield (t/ha). But msignificant variation was observed for other yield
components viz. number of dry pod/plant, number of marketable dry pod/plant and average dry pod weight (g) (Table 1).

Table 1. Mean squares from analysis of varfAht®VA) for dry pod yield (t/ha) and yield components of pepper collections under
preliminary yield trial (2013/14)

Trait Block(Adj.)(4) Genotype (Adj.) (74) Error (16)
Marketable dry pod yield (t/ha) 0.130 0.256* 0.082
Total dry pod yield (t/ha) 0387 0.375* 0.250
Number of dry pod/plant 59.260 33.49ns 32.985
Number of marketable dry pod/plant 19.840 11.534ns 9.840
Average dry pod weight (g) 1.100 1.282ns 0.575

* & ns, significant at P<0.05 anrsigrficant, respectively.
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Table 2. Adjusteahean yield and yield components of pepper collections and improved varieties.

Block MDPYt/ha TDPYt/ha ADPW (g) NTDP/pl NMDP/plant
Marako Fana 1.22 191 24 16 8
Marako Dima 0.73 111 3 8 4
Checks PBG660 0.91 1.34 14 21 13
Melka Eshet 1.11 1.62 3 11 6
Local cultivar 0.69 1.43 2.2 17 9
Mean check 0.93 1.48 2.40 15 8
HU11 1.43 2.50 3.4 17 8
HU10 1.98 2.29 4.4 14 8
Block | HU12 1.08 1.58 14 20 11
HU9 0.78 1.20 3.4 9 4
HU14 241 2.92 54 14 9
HU4 1.00 1.92 34 13 5
HU8 0.91 1.61 2.4 13 5
HU7 1.26 1.49 2.4 12 8
HU13 0.49 1.03 3.4 8 2
HU1 1.27 1.92 14 19 9
HU2 0.61 1.01 14 11 5
HU5 1.01 1.48 5.4 9 4
HU3 1.75 2.34 6.4 10 5
HU6 0.47 0.94 2.4 9 3
Block Mean 1.17 1.73 3.33 12 6
HU27 0.85 1.53 14 36 1
HU26 0.56 0% 2.4 5 1
HU25 0.59 1.22 2.4 11 3
HU24 1.93 2.92 6.4 7 2
Block II HU23 1.19 1.74 34 10 4
HU22 1.77 2.59 4.4 9 3
HU21 1.27 2.22 2.4 14 5
HU20 0.60 1.35 3.4 1
HU19 1.15 1.88 4.4 1
HU17 0.80 1.63 4.4 5 1
HU18 1.19 1.98 4.4 6 1
HU15 1.0 1.72 14 19 5
HU16 0.91 1.65 2.4 14 4
Eshet01 1.41 2.15 4.4 9 3
Block Mean 1.09 1.82 3.40 11 3
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Table 2. Continued.

Block Acession MDPYt/ha  TDPYtha  ADPW (Q) NTDP/pl NMDP/plant
HU28 0.76 1.34 3.6 11 7
HU29 0.35 0.90 1.6 16 7
HU30 0.25 0.68 1.6 12 6
HU31 0.99 2.09 2.6 18 9
HU32 1.56 2.50 2.6 23 13

Block 111 HU33 2.56 3.26 3.6 21 13
HU34 0.84 1.80 2.6 20 8
HU35 0.33 1.08 1.6 16 6
HU36 1.37 2.10 1.6 24 14
HU37 0.94 1.30 2.6 13 8
HU38 0.41 1.09 1.6 16 7
HU39 1.30 1.95 2.6 21 12
HU40 0.24 0.58 1.6 10 5
HU41 0.79 1.18 2.6 13 9
Block Mean 0.91 1.56 2.31 16 8
HU55 0.87 111 2.2 9 8
HU54 0.34 0.69 2.2 10 4
HU53 1.18 1.56 3.2 11 8
HU52 0.55 0.81 2.2 7 5
HUS51 1.35 1.77 2.2 16 11
HU50 1.08 1.43 2.2 21 13

Block IV HU49 0.61 0.85 2.2 9 5
HU48 1.17 1.62 2.2 17 11
HU47 1.09 1.22 2.2 12 10
HU46 1.29 1.94 3.2 11 6
HU45 111 1.53 4.2 8 7
HU44 0.72 0.96 2.2 10 7
HU43 0.16 0.27 2.2 5 3
HU42 0.52 0.77 3.2 3 3
Block Mean 0.86 1.18 2.56 10 7
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Table 2. Continued.

Block Acession MDPYt/ha TDPYt/ha ADPW (g) NTDP/pl  NMDP/plant
HU57 0.08 0.73 2.4 7 1
HU58 1.20 1.92 3.4 13 7
HU59 0.77 1.19 2.4 11 4
HU60 1.50 2.32 2.4 19 9
HU61 2.32 3.09 4.4 15 9
HU62 0.86 1.77 2.4 15 6
Block V HU63 0.84 1.37 2.4 11 5
HU64 1.12 1.60 34 8 5
HU65 1.36 2.39 3.4 16 6
HU66 0.89 1.47 2.4 11 5
HU67 0.82 1.42 2.4 12 6
HU68 0.46 1.22 14 17 4
HU69 0.66 1.23 3.4 7 3
HU56 1.54 2.74 3.4 16 8
Block Mean 1.030 1.748 2.829 13 6
Grand mean 1.011 1.608 2.886 13 6
Criticaldifference
5% 0.74 0.90 1.10 7.70 5.97
Two Control Treatments 1% 1.02 1.24 1.52 10.61 8.23
5% 1.66 2.01 2.46 17.22 13.35
Two Test Treatments (Same Block) 1% 2.29 2.77 3.39 23.72 18.40
5% 2.35 2.84 3.48 2435 18.89
Two Test Treatments(Different Blocks) 1% 3.24 3.92 4.80 33.55 26.02
5% 1.66 2.01 2.46 17.22 13.35
A Test Treatment and A Control Treatm: 1% 2.29 2.77 3.39 23.72 18.40

3.1.2. Mean performance of accessions
The adjusted mean yield and yield components of pepper collectiompramdd varieties is presented in Table 2. The minimum and
maximum total and marketable dry pod yield (t/ha) were 0.27 & 3.26 and 0.08 & 2.56 with the grand mean of 1.6 aadpkftivélya,
Average dry pod weight was recorded as low as 1.4hagtdas6.4 g with the overall mean of 2.85 g. Number of total dry pods per plant was
ranged from 3 to 36 and number of marketable dry pods/plant recorded as high as 14 and as low as 1 (Table 3). Messinres wisdac
performing higher than the besgelding checks for all the three important yield and yield component (average dry pod weight, total ar
marketable dry pod yield t/ha).

Comparison of accessions on the basis of mean performance with the mean dry pod yield and yield compaveuts/afiétigs and
high performing improved variety was made and presented in Table 4. The mean total and marketable dry pod yielf ghd &% 1.4
respectively. The high yielding variety was Marako Fana which pio@liaed 1.22 t/ha total anharketable dry pod yield, respectively.
Considerable numbers of new selections were performing better than the high yieldidg aade2@ accessions exhibited higher total and
marketable dry pod yield, respectively, over yields of Marako Fanacddssien total and marketable dry pod yield advantages ranged from
0.26 to 70.5 and 2.95 to 110.5%, respectively. The absolute total and marketable dry pod yield advantages weseaad higd ahd,.3
respectively. Similarly, 28 and 3 accessiomsled higher average dry pod weight and number of total dry pods/plant, respectively, over the
high performing improved varieties in the experiment. The accessions average dry pod weight and number of total Gryvpotegelsn
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ranged from 6.67 to3383 and 7 to 72%, respectively. The observed dry pod weight advantage was as high as 3.4 g and the advantage of
6 dry pods per plant.

Table 3. Comparison of accessions with the mean dry pod yield and yield components of pepper collections.

Mean and range of entries Number of accessions
Trait Mean Minimum Maximum SD Above mean Below Mean
Marketable dry pod yield (t/ha) 1.01 0.08 2.56 0.5 32 38
Total dry pod yield (t/ha) 1.60 0.27 3.26 0.62 33 37
Average dry pod weight 2.85 1.4 6.4 1.13 28 42
Number of total dry pods per plant 13 3 36 5 30 40
Number of marketable dry pods/plant 6 1 14 3 29 41

Table 4. Comparison of accessions means with the mean dry pod yield and yield components of improved varieties ramdghigh perfo
improved variety.

No. accessions Above high performing check
Absolute
Mean of Above Below No. of advantage range¢ Percent
Trait Checks checks mean checks mean accessions Advantages range
Marketable dry pod yield (t/ha) 0.93 35 35 20 0.041.34 2.95110.5
Total dy pod yield (t/ha) 1.48 40 30 22 0.011.35 0.2670.5
Average dry pod weight (g) 2.40 34 36 28 0.23.4 6.67133.33
Number of total dry pods/plant 15 24 46 3 5&6 7t072
Number of marketable dry pods/plant 8 23 47 1 1 7.69

3.2. Genetic Advance

Geneticadvance as percent mean that could be made through selection at 5% selection intensity for dry pod yield (t/hapanénteld com
of pepper collections along with heritability estimate, phenotypic (PCV) and genotypic (GCV) coefficient of yagatatedrin Table 5.

The highest genetic advance as per cent mean was recorded for marketable dry pod yield (t/ha) followed by averadpe @yvedd wei
21.16 and 12.48%, respectively. The lowest genetic advance as per cent mean was recobeedofadrymymod/plant followed by
marketable dry pod number/plant with 0.27 and 3.37%, respectively. Similar trend was observed for the heritabhiyeohighies broad
sense heritability was computed for marketable dry pod yield (t/ha) foll@awverhg dry pod weight (g) with 29.76 and 19.74%, respectively.
Higher phenotypic and environmental coefficients of variation than genotypic coefficient of variation were compated for all t

Table 5. Genetic advance through selection of pepjeetioal for dry pod yield (t/ha) and yield components.

Trait GCV PCV ECV H2 GAM
Marketable dry pod yield (t/ha) 18.83 34.52 28.93 29.76 21.16
Total dry pod yield (t/ha) 10.05 33.30 31.75 9.11 6.25
Number of dry pod/plant 2.41 43.65 43.58 0.31 0.27
Marketable dry pod number/plant 8.96 49.12 48.30 3.33 3.37
Average dry pod weight (g) 13.64 30.69 27.50 19.74 12.48

3.3. Clustering of Accessions
The dendrograms from UPGMA cluster analysis based on Euclidean distance (ED) matrixes are presented he Fiystering resulted
in the formation of six clusters of which the first cluster was comprised high yielding varieties MarkoG&han&B@er 17 accessions.
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The second and the third clusters comprised of 20 and 23 accessions includingetldintp variety Marko Dima and processing variety
Melka Eshet, respectively. Cluster 1V, V and VI comprised of 8, 4 and 1 accessions, respectively.

Table 6. List of peeper accessions in six clusters.

Cluster | Cluster Il Cluster lll Cluster IV
Marako Fana Marako Dima Melka Eshet HU5
HU31 HU9 HU53 HU19
HU34 HU69 HU4 HU18
Local cultivar HU13 HU46 HU17
HU1 HU20 HU58 HU22
HU60 HU26 HU23 Eshet01
HU39 HU42 HU64 HU3
HU51 HU43 HU28 HU24
HU48 HU57 HU45 Cluster V
PBG660 HU2 HU8 HU10
HU12 HU30 HU16 HU14
HU50 HU40 HU62 HU61
HU15 HU6 HU63 HU33
HU32 HU54 HUG66 Cluster VI
HU36 HU52 HU67 HU27
HU11 HU49 HU25
HU56 HU29 HU59
HU65 HU38 HU7
HU21 HU35 HU37
HU68 HU41

HU47

HU55

HU44

The first cluster washaracterized by containexgcessions which had higher marketable and total dry pod number/plant more than the mear
pod number of the accessions while majority of the accessions had lower average dry pod weight and majority ofithe aaré&ssidns

and total dry pod yieldl{t)) above the mean yield of accessions. Cluster Il was characterized by producing marketable and total dry pod
than lower than the mean of the accessions also produced lower number of total and marketable dry pod/plant thanstes Heeas Cl
characterized by containing accessions with higher total dry pod yield t/ha but lower marketable dry pod yield t/hef theresséams

except few number of accessions. The member of this cluster had also lower marketable and total dry pod thamberdalarof the
accessions. The member of the Cluster IV except one accessions had higher marketable and total dry pod yield t/hadbessioeran o
higher average dry pod weight but lower marketable and total dry pod number/plant than maeces$itives. Cluster V was characterized

by containing accessions which had highest yield in the experiment and higher mean values for all other traitsicBltegtez3éinidd one
accession characterized with extremely lower mean values foresdtépitextremely highest total dry pod number/plant. The mean of the
accessions in each cluster and the range as well as the list of the members in each cluster are presented in Table 6 and 7.
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Table 7. Range and mean values of the six clusteetdfandi yield components of pepper accessions

Trait Marketable dry Total dry pod Average dry Number of Marketable dn
pod yield (t/ha) vyield (t/ha) pod weight (g) dry pod/plant pod number/plant

Cluste Mean Range Mea Range Mea Range Mean Rang Mean Rarmge

r n n e

Cluste 1.21 0.69 1.96 143 231 1.4 18.63 1424 1.09 5-14

ri 1.56 2.74 3.4

Cluste 0.47 0.08 0.95 0.27 229 1.4 9.95 3-17 4.00 1-7

ril 0.91 1.65 3.4

Cluste 0.93 0.59 143 0.96 271 2.2 11.42 8-15 6.21 3-10

ril 1.29 1.94 4.2

Cluste 1.09 08193 1.63 1.48 351 44 9.86 5-10 4.96 1-5

riv 2.92 6.4

Cluste 2.32 1.98 2.89 2.29 445 3.6 16 1421 9.75 813

rv 2.56 3.26 5.4

Cluste 0.85 1.53 1.4 36 1

rvi

Gran 1.011 1.60 2.88 13 6

d 8 6

mean
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4.Discussion

In this experimenthe Hararghe hot pepper collections exhibited up to 3.26 and 2.56 total and marketable dry pod yield t/ha, respectiv
while the high yielding variety produtediland 1.22 t/ha total and marketable dry pod yield, respectively. A g&araf 20 accessions
exhibited higher total and marketable dry pod yield, respectively, over yields of high yielding variety. Geneyadldjngeabagssions total

and marketable dry pod yield advantages ranged from 0.26 to 70.5 and 2.95 treddéx69e)y. The yields obtained from the new
selections were better than the improved varieties and the national average yields indicating the possibility of pugrgigtgthrough
collection and selection of hot pepper in the reglmnatioal average yields have been reported that 7.6t geeen and 1.6 t féor the

dry pods (CSA, 2006)A0 (2009) reporiisoindicated that the estimated production of peppers in Ethiopia were 220,791 t from 97,712 ha in
green form and 118,514 tdvf pepper from an area of 300,000 ha. This means that the average production of pepper wgse22@ntha

0.395 t hfor dry pepper production in the country. On the other hand, other researchers reported the highest dry pod yielthaf 3000 kg
(Jansen, 1981).

The new selections showed superiority over the improved varieties not only for dry pod yields but also for othet RaitsdABou
accessions recorded higher average dry pod weight and number of total dry pods/plant, respedtieelyigh performing improved
varieties in the experiment. The accessions average dry pod weight and number of total dry pods/plant advantagéstrangEsBiRan
and 7 to 72%, respectivelyhe Hararghe collections showed superiority over pinevied varieties, it is possible to improve hot pepper yields
and other desirable traits through collection and selection. Donald (1968) describes two basic principles for péasst bréedimgt i on f
and 6defect el i mi nparciplesbehind plart reeding progeammetate ¢o dévelap cuttivars with better yield potential anc
to develop cultivars that have genetic resistance against production hazards that can prevent a cultivar from \ealjorgssiegtias
(Acquaah 2007). Based on these principld®e hot pepper breeding programme in eastern Ethiopia relies on improvement of dry pod yield,
improved quality, resistance to frost, drought, disease and pests through collection and selection of local celgiears in the

In this experimentit was computed as high 21.16 and as low as 0.27% for marketable dry pod yield t/ha and number of dry pod/plal
respectivelffor the genetic advance that could be made. Similar trend was also observed for the herd@bilitfiertthigher broad sense
heritability was computed for marketable dry pod yield t/ha. However, higher phenotypic and environmental coeffieiéotstiofrvar
genotypic coefficient of variation were computed for all traits. Heritability is theiqoropf the observed variation in a progeny that is
inherited Acquaah, 200.7Heritability in broad sense is the proportion of the genotypic variability to the total variance (Alldtds H60).
measure of the degree to which a phenotype is dnititeenced and can be modified by selec@icniggel, 201.0n crop improvement,
only the genetic component of variation is important since only this component is transmitted to the next generatothd lobsao/ed
high genetic advance anditability formarketable dry pod yield t/ha is encouraging to continue collection and selection to improve the crof
in the region.

Selection for a particular trait depends largely upon the genetic-gedetimnfactors that affect the expressiohehqtypic differences
among genotypes. Therefore, heritability is an important estimate for the selection of traits in improving crop.s8lagtemplanmuch
effective for a trait that is highly heritable as compared to the trait which iddéds. éagtitability estimates would be reliable if accompanied
by a high estimate genetic advance (Singh and Choudhry, 1985). Though, low genetic advance and heritability wetlereernaittethfor
the present study, genetic advance and heritalgitidyin the combinations of high and moderate for marketable dry pod yield t/ha and
average dry pod weight which was an indication of more additive gene action (Panse, 1957) and suggested thatthesahlaifsrare
selection. Howevehd estimatk phenotypic and environmental coefficients of variations were relatively greater than the genotypic coefficie
of variation in magnitude for all the traits. Tidécates the higher sensitivity of traits to environmental modifications which the iergrovem
of traits through selection may be complicated.

The presence of significant differences among collections and between collections and improved varieties was elyisisriffu@masica

results. It was calculated large genetic distance bewed¢@ollections and between collections and improved varieties and among improved
varieties (results not presented because of its bulkiness). The accessions were grouped into six clusters whenpnooeed ohthedies

were a member of Cluster V gthtomprised collections with highest yield and yield compdnemsver, he overall mean values of local
collections within considerable numbers in each trait were performed greater than the high performing improvedsviadetsed That

the pesence of considerable genetic divergence between local collections and improved varieties which encourage bresziers to con
collection and selection of local materials to improve yield and other desirable traits of hot pepper.

The genetic divergananalysis result was in line with other researcher who reported that Hararghe is one of the main centers of cultiva
(Alkamper, 1972 cited by Jansen, 1981), which diversity of the crop is expected. Variation and/or genetic divergeciweemazthe
difference among individuals due to difference in their genetic composition and/or the environment in which thejfamnaised990;

Allard, 1960Welsh, 1990). If the character expression of two individuals could be measured in an emxaatignéentical for both,
difference in expression would result from genetic control and hence such variation is called genetic variatio®(Qfr-dlcernmeskhce of
variation in the germplasm for the trait of interest is, therefore, very impddanation on the nature and magnitude of genetic variability
greatly helps in formulating sound crop breeding and improvement program (WelsGed880)variability, which is due to genetic
differences among individuals within a population, isdfee of plant breeding because proper management of diversity can produce
permanent gain in the performance of plant and can buffer against seasonal fluctuations (Welsh, 1981). In additafrthestiagtiibude
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of variation within germplasm colleas for important plant attributes will enable breeders to exploit genetic diversity more efficiently.
Therefore, the observed variation among collections was due to genetic factors and showed the higher possibilitgeglisfactllect
accessions irastern Ethiopia that could be used to improve yield and other desirable traits of hot pepper.

5. Summary and Conclusion

This study showed that the presence of considgatséc distance among eastern Ethiopian hot pepper collections and impetiesd var

In both the local collections and improved varjédiege genetic distances were computed. Relatively, large number of local collections showe
superiority over improved varieties for yield and yield components. Moreover, clustering of sttoessidhat the possibility of obtaining
group of local collections with highest yield and yield components which were genetically distinct from improvedi atheetiediections.

This indicates the need to collect, evaluate and characterinenidgyeof local collections to improve yield and other traits of desirable traits
of hot pepper as well as to maintain the genetic resource in eastern Ethiopia.
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3. Impacts of Invasive Plants Lantana camaraand Parthenium hysterophorly on Livestock and Rangeland
Production in Pastoral and Agro Pastoral Areas of Somali Region, Ethiopia
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Abstract This study was conducted to assess the impatasiveplants: Lantana camara and Parthenium hysterogioru
livestock production and feedaeses in Jijiga Zone of Somali National Regional Btage districts Gursum, Jijiga and
Tuluguladevere purposively selected to represent L. camara, P. hysterophoru and none invaded study sites/areas, respectively.
Studies on primary livelihood optiamsre assessethe socieeconomic study revealeldanges in major livelihood means of
pastoralists. Significant difference (P<0.05) were observed in the primary livetiheazfas well am livestock holding per
household across the three study. sttesd diversification was lessei iduguladedistrictwith a Simpson index (SlI) of 0.65,

than that ofGursum andJijiga districterhere the Sl values were 0.49 and 0.40, respeletajetity of the respondents (66.7%)

of Jijiga and all (100%) of Gums districts believed that the rate of P. hysterophoru and L. camara invasion was still increasing in
their respective districtglost of the respondents (94%) in Jijiga district believed that invasion control strategies were partially
effective. Howeve0% of the respondents in Gursum district believed that invasion control strategies wistadete df
therespondents in Gursum (96.7%) antlgulad€100%) districts responded that they had ceased mobility. However, most of
the respondents (93.3% Jijiga district responded that they practice mobility Itvdaaveragless of animalger household

due to consumption &f. camara was found to be O0T®2J. Almost all of the respondents of Gursum and Jijiga districts agreed

on adverse effects thfese invasive plants on the qualiiesimal products as well as their suppressive effect on the growth of
valuable forage plants. camara and P. hysterophpased a serious problem pastoralist livelihood strategies, livestock
production and fekresourceavailability in Jijiga Zone. Therefore, prompt interventions to curb the expansion of these invasive
plants are inevitable.

1. Introduction

Invasive alien species (IAS) are those plants, aminthlmicrobes which are introduced to new regmainly through human activities,
where they establish and spread impacting negatively on biodiversity, agriculture, water resources, and humaredtgakimdtat dir
indirectly affect economic growth and livelihoods of exposed communities. &itmated number of 480,000 alien species that have been
introduced to various ecosystems around the world, majority of them have been contributing significantly to humanevelfaoalyHo

few introduced species actually become problefaiic\Wit, 2004.

Poor rangeland management in Ethiopia has resulted in serious land degradation, reduced biodiversity, and decliig amdoth qua
quantity of feed production, and gradual replacement of important plant species by unpalatable andsn@mmsyehu, 2008yremost
among thesd&?artheniumeed Parthenium hysterophoesjuiteR r 0 s o p)i v&aterjhyatinthig{ahhromia crasgipestusEuphorbia str)cta
and lantana weeld. camajare commonly reported in different parts of the co(EiBy 2012.

The SomalNationalRegional StateN&S), which is the second latgegional state, is found in the south eastern part of Ethiopia, covering
about 281,900 KInThe biodiversity of the region has recently been threatened by encroaching weeds and woody plants (EARO, 20
Increasing deforestation, recurrent droughtso&edgrazing might have caused the deterioration of the rangeland vegetation, thereby
weakening the grazing and browsing capacities of the rangelands (Belaynesh, 2006). At present, most of theNR&gataridsadedl by
noxious weeds/invasive plapecies such darthenium hysteropKanikiunspinosurosopis julifiora, L.caf8&RP, 1995F. hysterophorus
andL.camarhas been threatening the rangeland ecology of the region in general, and that of Jijiga Zone in particular decadesthre
now.However, little attempt has been made so far in terms of research and management of ayeh2@(&|.

Parthenium hysteropAatesaceae), is an annual herb with a deep taproot and an erect stem that becomes woody witfirsge. It was
reported at DirdDawa, ,Eastern Ethiopia in 1988. As an exotic invasive Wekgsterophasigxpected to continue its invasion until all
suitable habitats are occupied, unless suitable measures taken timely. The eRpéwysiemophorugrazing lands has critically endangered
the biodiversity, particularly grass and forb species inBmtitrn Ethiopia (Lisanewakal 2010).

Another case in point is thatlaintana camaaa ornamental shrub, introduced to all parts of thiedrb.camars welknown in Ethiopia
especially as a showy garden plant. Until now, this species had not been perceived as a problem in Ethiopia akagloiesdfrihe
most troublesome weeds in much of the tropics. Studies reported #paictae has the capacityrémsform productive land into lantana
scrub (wastelandyhile it is unpalatable to animals,@egens grass growtfBinggeli and Desale@®03.

All the above mentioned effects of the Alien Invasive Species (AliBut®id increased pressure on grazing land that has been frequently
threatened by recurrent drought, and thereby affect livestock production and productivity in the pastoral and agespasioughethis is
the general fact, so far, only few aadtered reseaeh havebeen done regarding the impacts of these two AIS in some pastoral areas; while
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no research has been undertacefarin the Somali Region particularly on the impact of invasive plants in relation to livestock and rangelan
produdion. Thus, this research aimed to study the impacts of two invasivé plam@randP. hysterophoouslivestock, and rangeland feed
resources in Somali Region with the following specific objectives.

Objectives

The objectives of this study were to

U assess the impactd.ofCamarandP.Hysterophamlivestock managememdherd structure and health in Somali regind
0 assess the impactd.ofCamarandP. hysterophmmurangeland feed resouriteSomali region

2. Materials and Methods
2.1. Description of the Study Area
Jijiga Zone is one of the nine administrative Zones of the Skatiatial RgionalSate (BIRS)It is locatedat 750 km southeast of Addis
Ababa. The Zone is situated in the northern pamiBfSSancheighbors in the eat with the Republic of Somalia, in the west with Oromia
Regional State and Fik Zone of the SRS, and in the south with Degahbour Zone. The Zone is divided into seven aidtnictstriifiga,d
Kebribeyah, Harshin, Babile, Awbare, Tulgulade andn@Gurke total land cover of Jijiga Zone is 40,88 bkwhich the rangeland extends
over 36,629 ki{World Bank, 2001).

The Somali Regional State has a bimodal pattern of rainfall regime (IPS, 2002). According to the National Metemm®I|égieay Serv
(NMSA, 2000), in Jijiga Zone, there is generally low, unreliable and uneven distribution Deaimdalh annual rainfallthis areds 660
ml. The mean minimum and the mean maximum temperature in this aré ane 28C, respectivelfPotenial evapdranspiration (PET)
is always high ranging from 1,800 to 2,500 mm of annual PET (IPS, 2002).

2.2. Data Collection
The survey was conductedtlimee districts of Jigjiga Zone ®6mali Regional Stafde study areas were selected based on segond
information. Purposive sampling technique wasasetecthedistricts with the intention of covering thvssaded areas

2.2.1. Selection of thetsdy sites
Out of the sevendistricts in Jijiga Zone, three districts were selected for the Ttedihree districts selected were Gursum, Jijiga and
Tulgulade representimgcamaravaded,P. hysterophaonyaded and none invaded woredas, respectively. Thus, from Jijiga fidanoris
Gursum woreda kubijaro and from Tulgulade woreda Cingdikebles were selected for the survey.

Haroris kebele is fourad 37 km from the Zone capital Jijig€21 274 N and 0485. 520 E and has an altitude of 1813 m.a.s.l. Kubijaro is
foundat50 km from the Zone capital Jijigdoout 0921 274 N and 0431. 301 E and has an altitude of 1533 m.a.s.|. [(Gyafés foundt
42 km from the Zone capital Jijighout 0932.208 N and 0422.311 E and has an altitude of 2119 m.a.s.l.

2.2.2. Sampling and dataatlection procedure
Questionnaire that considt of a wide range of questiomas preparedth both operended and closndedform. It was divided into
components to cover the following major themes: household characteristics, rangeland resources, livestock manageliwestgutactice
composition] o c a l peopl eds perception towards the impacts of the ir
pastoral livelihood and invasive plants control interventions. The questionnaire was administered by 6 enumeratasvaigehalieuk
the study areas and familiarity with the local language.

Interviews were also conducted with key informants. Participatory rural appraisal (PRA) techniques were used andradrounistered
discussions (group discussions were held \iRingividuals in each kebelés)addition, information relevant for this study were collected
from secondary sources, and used to make comparison RevtleenuiamdL.camaravaded and none invadezbeles.

2.3. Data Analysis

To assess the socioromic characteristics of households and their perceptiBarthrenuiend Lantananvasionjnformation whichwas
gathered through questionndiesed formaturveywas analyzed usiSgatistical Package for Social ScidBEE8S) versidrb. Livestock
compositions (diversity) among the three selected kebelgerf@med using the Simpson Index (Sl)ddleulation of Sl involves first
converting the number of animals into Tropical LivestodkTLU) equivalent§AO, 1987).

Sl = [(TLU cattlé+ (TLU camel$)+ (TLU goats) +(TLU sheeP+(TLU donkey3)/(TLU total)?
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3. Results and Discussion

3.1. SocieEconomic Conditions and Households Characteristics

3.1.1. Family size and age composition

Overal) family size in the study areas was found &b+ 3.8The mean household size in the non invaded kebele was found to be relatively
higher {1.67 than the other twd,.camaravaded (5.8) anBartheniumvaded (7.1). With regard to the mean age categories of family
members in all the study kigdse large numbers of the family members were found to be in the active age ca@ddgmar€)avhereas very

few members of the families were found to be elder (> 65 years) (Appendix Table 1). The presence of large numbemeitberaimil

the &tive age category tells as the available labour in the area to practice the simplest and cheapest (manual cfgantg}ommagive
method. The difference in mean age categories of family members in active age category was significant (P< 0.05).

3.1.2. Livelihood neans
Pastoralism is the most prevalelntelihoodstrategyc o mpr i si ng about 6 0% of(SRAR, €012)Howgeiveo, n d s
information obtained from the formal survéable ) shows the change in livelihood means obnadists in the studgreasFor
instanc@®7% of the pastoralisits L.camaramvaded anénd 93% imone invaded kebelasecrop farmingas a primary livelihood means.
Whereas ifPartheniuimvaded kebele, 100% of the respondents reported that thanydiirelihood means is livestock productibough
they also produce crops.

Livestock production is the second livelihood means in. ttemaravaded kebele (70 %But in none invaded kebglethe second
livelihood means is trading (50%) feéid by work in government (30%). Xheest shows significant differeriPe0.05)in the importance
of livestock as primary livelihood means in the three digippsndix Table)2 This showshe changes in livelihood means of pastoralists,
for which90% of household income was expected to come from livestock production.
Table 1Livelihood means of respondents.

Livelihood means Invasion status
LantangN=30) PartheniufN=30) none (N=30)
Primary fq % fq % fq %
Livestock production 10 33 30 100 1 3
Crop farming 20 67 0 0 28 93
Trading 0 0 0 0 1 3
Secondary Livestock production 21 70 0 0 4 13
Work in government 0 0 0 0 9 30
Crop farming 9 30 30 100 1 3
Trading 0 0 0 0 15 50
Contractor 0 0 0 0 1 3

fq = frequency,

3.2. Land Owneship and Land Use Systems

Unlike other pastoralists/ agpastoralists in Ethiopind is not a clan (common) propéntyhe study area. In the Zoneyery household

has its own private laridfact,there is a little clan interference in decisiommaier land related issues. For example if an individual wants

torenthisland he organi zation or individual who is going to rent th

decision by himself. Land area measured locally 6 KOTI1 86 whi ch i s equivalent to 22 X 22 a
Large area of land was band from cultivation or devoid of grazing due to the seriousness of both invasive planés. dfroavestaye

every household lantanandPartheniuimvaded areas lost 3.4 and 2.3 koti of farming land, respectively (Table 2). This obseegalike fact

a serious threat for the emerging crop farming activityp@sgosalism) in Jijiga Zone.

Table 2. Average land holding and farming land lost du@sion per house hold.

Land use type Farm land* Invaded land*
Lantananvaded Mean 11.6 34

Std. Deviation 8.0 1.6
Partheniuimvaded Mean 19.9 2.3

Std. Deviation 1.0 1.2
None invaded Mean 40.3 -

Std. Deviation 9.6 -
*Area in Koti
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3.3. Livestock Production Constraints

Pastoralists mentioned different factors as constraints to livestock production in their respective areas. Accontfilegtsy irespe
Partheniumvadeddistrict the main livestock production constraints were reporbedwater shortage, subsequent feed shortage, expansion
of crop production, animal diseagestheniumn vasi on and predator s@ Rartheaiuinkyv aBAcoor dioeg ni
a serious problem in livestock production activity eMeryit is the main challenge for crop produddarthe other hand,antananvasion

was mentioned as the second major constraint for livestock productiobhaintaimanvadeddistrict. Predators attack was mentioned as the
main threat for livestockquuction. Animal disease and feed shortage were rérded 8, respectively. In the non invaded kebeles, feed
shortage, animal disease and water shortage weesl1téd and 3, threatrespectivelyTable 3)

Table3. Livestock productioconstraints.

Problem Partheniuimvaded Lantananvaded Non invaded
Rank

Feed shortage 2 4 1

Animal disease 4 3 2

Invasion 5 2 -

Expansion of crop production 3 5 4

Predators 6 1 5

Water shortage 1 6 3

3. 4. Pastoral i st sawanBand Rarhpriuinlovason t owar ds

Pastoralists in the study area suffer from invasive plants. Particularly three invagiaetptamitsin.camarand cactus (in Gursum district)
are the main threats for pastoralists/gmstoralists livelihood in Jijigane. All of the respondents in invaded as well as non invaded area
heard about both invasive plants and they do have information about thedramitedivestock and crop farming activitidest of the
respondenté60% and 83.3% in camarandP.hysterophdnyaded areas, respectiveie the current invasion level in their respective areas
as heavy.

In Jijiga district, Haroris keb@&artheniuwas first seen during Etkismmali war (40 years adrajstoralists in the woreda believedtthiat
invasive planwvas introduced by Cuba solders. In Spthallocal name @&. hysterophorss 6 Shuk Shukdé (which mea
local name indicates how pastoralists suffer because of this invasive plahe Abdusehold respondernn Partheniumvaded areaand
90% ofthe household@n Lantananvaded areagported that invasive plants have been creating serious problem in their livelihood activities
and perceived them totally harmful. However, 10% of the respondents in Worsda) kubijaro kebele said thaamarhas some uses
and should not be seasa harmful plant

Most of the respondents reported thatamarhas been seen in their area four decades ago during #s®midliowar. Locally Somali
pastoralists #d..camara s 0 B eAH df thd respoadents in Gursum woreda said_thamars a harmful plant and since its introduction
into the aredt posed lots of problem on Agricultural adtsit

The main seed dispersion mechanisrhs cdmareepated in descending order were flgs6%) wind(26.7%)and human bein@.0%)
Whereas iartheniuimvaded areanajority of the respondents (63.3%) said that livestock and flood are the main seed dispersios.mechanisi
Only about 36.7% of them put fldasthe main way of the dispersion (Appendix Table 3).

3.4.1Perceived tarmful effects of L. Camaraand P. H ysterophoris

Perceptions towards the harmfulneds. chmarandP. hysterophginvasion do not vary betwelencamarandP.Hysterophsivaded areas.
All of the respondents reported that both invasive péaatsot usel for income generation in one way or in the otdewever, the

respondents pointed out that starved animals often forced to feed on these weeds during periodsitf feesidestc Camaraas been

used as a fuelood, if these could be mentioneduass. Nevertheless, all respondents do not like to nteetiemefits.

In both aread ( camarandP. hysterophginvaded) thenost severproblem caused by isize plants is their impact aop production. In
Partheniumvaded kebele, thenpact of thePartheniuwn livestockwas reported as second problem associated withhysteroplsru
invasior(Affect livestock healthwhereas ih. camaravaded kebelthe second problems was its impact on feed resources through its
suppressive effect on herbaceous plant grBagioralists also reported tRattheniuaffect human heal@ndit causes itching, allergnd
asthmaA study in the same region hais revealed tha&.hysteroptamauses asthma, bronchitis, dermatitis, and high fever (Shashe, 2007).
By and large, the two invasive plantamarandPartheniuhave imposed a serious challenge onpagtorals livelihood by affectingi¢nhe
main actiities (crop and livestock production). The overall harmful efféctsamharandPartheniuom the pastoral livelihood were ranked in
Table 4.
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Table 4. Perceived harmful effectsaftanandParthenium

Problems associated with invasive plants Patheniunmvaded Lantananvaded
rank

Affect livestock health
Affect feed resources
Affect human health
Affect Crop production
Affect Water points

A WN
WkEk N D>

* = not mentioned and ranked in group discussion.

3.4.2.Effectiveness ofLantanaand Parthenium control programs
Most of the respondents (94%) Rartheniumvaded kebele believed that invasion control strategies were partially Effecthe.
effectiveness of the control prograhe nature of the plant has played significdet According to pastoralisBartheniumlantroot is
shallow and iis easy tauprootit from the soil. Therefore, it can be controlled using simple hand tools or even with a bdmveand.
60% of the respondents in lantana invaded area dedieiverasion control strategies were failed.

In addition, majority of the respondents (66.7%) and &0€8¢ respondents frofartheniuamdLantanareas, respectivabelieved that
the rate ofPartheniuamd Lantananvasionis still increasinglhere have been little or no traditional practices used to limit the infestation of
Lantanaand Partheniuin the study districts. Only few respondents practiced to get rid off the weed when it occurs in the farm land ¢
residential area. Most of the magfents (53.3%) expressed that cutting is an effective method to control Lantana infestation. While, fc
Partheniugontrol clearing (hand weeding) and Burning were indicated by most of the respondents (75%) to curb the spread of the v
(Appendix Table)4

3.5.Impact of Lantanaand PartheniumInvasion on Livestock Holding

Livestock holding per household declined over time in the study sites (Appendix Table 5). A comparison made betwekvetteckurre
holding and that of 10 years ago has showificagt difference (P< 0.05) except for donkey and camel (Appendix Table 6)Lantaoth

and Partheniumvaded kebelgthe average livestock holding peuseholdat present has shown a declining trend than before ten years
however, in the non inaded area, the average holding of cattle, sheep and donkey shown an increasing trend. This shewsrhat
invaded are@eople become more agrarians and sedentary than they used to be.ResdantEmesrinvaded area reported that from all
livestock speciethe impact of invasive plant is higher on cattemally attle do not grazRartheniusmnce it is not palatable due to its bad
taste. However, they eat it while they are starved in dry season.

This studyalsorevealed that the numbef camel per house hold is one @&midis below the zonal averaghkich isnine camels per
household. The highest camel holding was founddmaravaded area. Form the restiitan be conclude that the impact of invasive plants
on livestock holdip per household as well as on a particular animal species is @timémédctors like the change in browse species is much
more pronounced. For examplePiartheniumvaded aredhe grazing land has become open grassland, available browse dpecssain t
were eroded through time and the area is no more suitable for camel and goat rearing.

3.5.1. Impact ofLantanaand PartheniumInvasion onlivestock cmomposition / Herd Structure

The computation for the current herd diversification gave S| vadu9pD.40, and 0.65 foantanaPartheniumvadedand non invaded

areas, respectively (Table 5). The lower index values 0.40 andP@dBeitiuamdL. camarevaded areas, respectively implies the greater
species diversity in the household. Tgkeniindex values Sl (0.65) in the non invaded areatsatwesd diversification is low at present.

This implies that herd composition tends to be dominated by a single animal specibe thanirwaded kebedebecause, pastoralists in

these kebet keep higher number of cattle to use them as a source of power to cultivate their land.However, the Sl valueshefmee 10 year
0.58, 0.46 and 0.57 for camarmvaded Partheniumvaded and none invaded areas, respectively. This shows thatstiaebetteast herd
diversification at present than before ten yedrscamarevaded and none invaded areas. However, there was a better herd diversification
before ten years and at present in the non invadebh ayeeral &rd diversification is lowrthe non invaded area than in invaded areas.

Table 5. Livestock diversity of the study area.

Invasion state Current Sl Before 10 years Sl
Lantananvaded 0.49 0.58
Partheniuimvaded 0.40 0.46
None invaded 0.65 0.57

Sl= Simpson index
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Thus, we canonclude that people in the non invaded area are more dependent on cattle and sheep rearing than their forefatihers. Thus,
this result, it can be concludbét herddiversification begin to fade dseadmanagement tool to cope with livestock prioluconstraints
in the non invaded area, but it is still practiced in invaded areas.

3.5.2.Impact of Lantanaand Partheniumon livestockmanagement pactices

Related to the arid nature of the study Zone, water resources both for human beingfasliveitaskwerescarce. Both invaded districts
have been challenged with severe shortage of water reBastoeslists iRartheniuimvaded area obtain water frbirkdpond and ration

during dry seasnwhile in wet seaspthey harvest rain watend use it for livestock for some time. Water shortage is a serious problem in
haroris kebele, particularly during drought season the problem is severe and the regional government distributes\ivatbe lojstnict.

Availability of water is tter inL. camarsvadedand uninvadedreasPastoralists ih. camarmvadedareaobtain water froneldpond/
during dry season and in wet season river and rain water is available. While, pastoralisteaded kebedeobtain water from river,
streams and springs.

Encroachment of invasive plants around water points has direct and indirect consequences. Directly, it causesdossitef drinkin
indirectly itincreasepredators attack on livestock by serving as hideout for predatorsnana\wing paths to water points. It also affects
species composition and the mobility of livestock and people by closing paths, grazing areas and colonizing terappeagasdifiamit,
2010). The same phenomenon has been séemtemanvaded a@ Unlike in thd?artheniumvadedHarorikebele, water sources were
considered to be highly affectedldytananvasion in Kubijaro kebelkafitananvaded). Pastoralists indicated thahystreams such as:
Setaleklgore andBedigudot were lost dugltantananvasion.

Majority of the respondents (63.3%) #addithe average distance livestock travel for watering is less thd8.2%mof the respondents
said it is between 1 and 5;R@% of the respondents said it is between 6 and; Hhdkrh. % said it is greater than 10 km (Appendix Table
7). Majority of the respondents get water for their livestock in 5km radius. THemetaremnd Partheniumvasionseems not that much
pronouncedmpact on increasing livestock trekking distance tatgrtamd on livestock watering frequency.

3.5.3. Livestock injuries and dath in Lantanaand Parthenium invadedareas
Pastoralists in Gursum woreda blamrgananvasion for the increased attack by predators and feed shortage. They put lantaaa theasion
second threat of livestock production in their area. Respondents also said that thecketsmaft only shelter predators in the grazing land
but also allows them to hide around residential areas without being noticed hyaptoplgas ben implicated in poisoning of a number of
animals including cattle, sheep and goats since its leaves and seeds contain toxid regésstiancetthe plant parts can cause pink nose
disease, jaundice and muzzle in cattle. Heavy outbréaksanipoisoning occur during drought times (Sankaran, 2007). Respondents in
Gursum wereda also reported that consumptibarginglant parts cause metabolic disorder, muzzle and nose wound and if it is consumed
as sole feed it causes death to cattle.

Consideaible amount of animalgere alsdost due td_antananvasion directly by the consumptiorttef plantand indirectly by predators
attack.The averagess of animalgerhouseholdiue to consumption afantanavas found to be 0.92.U. Howeverl|oss of aimals inTLU
per householddue to predators attack accounts 1.05 (Table 6). RespondRamtbeniumvaded aredid not report loss of animal due to
Partheniubonsumptionin the contrary, animals consuRertheniuduring dry season and if it is inafinproportion it has no effect on
health of animal However, they said that calves consuraettieniuat young stage will not able to stand (suffer from lameness).

Table 6. Lost animalsliantananvaded area.

Cause of loss Mean animal loss in TLU
Consumption oLantana 0.92
Predators attack 1.05
Total 1.97

3.5.4. Impact ofLantanaand Partheniumlinvasion on livestock products auality
In the study area, the pastoralists expressed their views concerning the quality of animal Products. thecomingumption of.antana
andPartheniuptant parts has adverse effect on livestock products. Respondents alsahatswtigty milk from animals that feantana
andPartheniuptant parts would face a market problem. They indicated thay mafaidd purchase the milk because it tests bitter/bad. Goat
and camel milk frorRartheniufed animal has a bitter taste. They also claim that me&dribreniufed animal has poor quality in terms of
appearance and flav@rounce(1999 reported thameat from animals that grazeRlaetheniumbadly tainted and unfit for the table unless the
animals grazed &artheniufreepaddocks for at least a month prior to slaughter.

Consumptiorof L camaralso gives milthat havea bitter taste and caathe meat to be tasteleBastoralists also said that consumption of
both Lantan@ndPartheniuptant parts reduce milk yield. By and large, these invasive plants are unpalatable to livestock when there is en
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grazing (feedHoweverduring dry sesn or in drought time, feed shortage is inevitable and aamiewdliged toeatthe plantsbut their
productivity will be poor.

3.6.Impact of Lantanaand PartheniumInvasion on Feed Resources

Research has shown that the allelopathic effeahtahaeduces the vigour of native plant species and limits their prod&cthwsterophorus
invasion also causes changes in ajyouad vegetation and belgwound soil nutrient contents, disturbing the entire grassland ecosystem.
Partheniuim1a menace tagriculture because it competes with pastures and reduces carryin@ apastyl 998 ankaran, 200%) this

study, during group discussion, respondents mentioned that shenxabfable browses and gra$sa® been disappearing duédotana

and Partheniumvasion (Table 8jHowever, species that have disappeared in the infested area are still in existence in areas that are nof
infested byLantanand Partheniuggroup discussiongimilarly, Belaynesh (2006) &hdshi€2007 indicatedhat due to invasive plants, in

Jijiga Zone most of the valuable species are disappearing and as a result there is forage scarcity in the area.

Extensive area of land in the study area have been infested and cdvameahBlartheniyroactus an®rosopighus, invasive plants
indiscriminately suppress the growth of grass, forb and legume plants and cause declined in herbaceous cover andfdisappestanc
essential palatable speciggseplantsare basically main feed itearsd their uavailability will influence the livestpc&ductionsystem of
the areaTherefore, if not appropriate grazing management practices are implemented theormpplgtct of invasive plants will greatly
hamper livestock production in the area.Respondesdsviiduable species which were essential for livestock production in the area, but have
already been disappeared due to the continued increastap&ndPartheniuimvasion (Table 7).

Table 7a. Endangered plant species degttoeniumvasion

Grass name Legume name
Somali Scientific Somali Scientific
Ris Harama Anole
Burhan Panicum coloratum Mujili Solanum nigrum
Serdi Chloris gayana Anijil
Derema Chrysopogon plumulosus Kerendo
Beresh
Shufaah
Table 7b. Endangered plapecies due tantananvasion
Grass name Legume name Tree name
Somali Scientific Somali Scientific Somali Scientific
Harfo Aristida adoeHischst. Gerewa Wadi
Serdi Nyla Kobis Tenharir
Burawlet Pennisetum sp. Barti Eswodwd
Gergor Elusine spp. Furelay Ipomea eriocarpa Agemse
Awast Uspodenan Debi
Kelebe Hyparrhenia hirta Methekom
(Qalabe)
Burhan Debobes
Ebetiti Medeyo

Respondentfrom L. camarand Partheniumvaded areas reported that the status of grasdelegume plants shows a decreasing trend.
However, respondents in the non invaded area have different perception on the status of broWsemé&otiy ofthese respondents
(73.4%) believe that there is no change in the browse plants statudiXAfgi#e 8)Others (23.3%) satflatit shows a decreasing trend
whilethe remaining (3.3%) of them said browse plants are increasing in their area.
All of the respondents In camargvadedkebeles said that there were enough feed in their ieebislestock beforé. camarevasion,
however, only 36.7% of the respondenBaitheniuimvaded area sdrtheniumvasion has created feed shortage in their kebele.

4. Summary and Conclusion

The result of this study indicathat pastoralists dve similar perception towaidgasive plants in this study aMast of the respondents

(60% and 83.3%om L.camarandPartheniumvaded areas, respectivedye the current invasion level as heavy. The main seed dispersion
mechanisms ibh.camarard Partheniumvaded areas were flood (56.7%) and (63.3%) livestddlood,
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All of the respondents opted for complete eradication of invasive plants from theiMdigirigt. of the responden&6.7% and 100% for
Partheniuemd Lantanareasrespectively believed that the rat®aftheniuemd Lantananvasionis still increasingOnly few respondents
practiced to get rid off the weed when it occurs in the farm land or residential area. Most of the respondents (S8B#aesprassi
an effective method to conttaintananfestation. While, fdPartheniuocontrol clearing (hand weeding) and burning were indicated by most of
the respondents (75%) to curb the spread of the weed

The computation for the current herd diversificagiave Sl value of 0.49, 0.40, and 0.6hderanaPartheniyrand non invaded areas,
respectively (Table 6). The lower index values 0.40 and ®4A8HeniuandL.camargvaded areas, respectively implies the greater species
diversity in the houseldolThe higher index values Sl (0.65) in the non invaded area shows herd diversification is low at present. Thus, fi
this result, it can be concludbdt herddiversification begirio fade as herdmanagement tool to cope with livestock productiortragmts
in the non invaded akea but it is still practiced in invaded areas.

Majority oftherespondents ihantananvaded and none invaded avea®e96.7% and 100%, respectively said that they had ceased mobility.
The major reasons for abandonirapitity were shortage of grazing lavanly due tinvasive plants and some of them due to the possession
of small numbers of | ivest ock. Patheniemvaded kebaeosslltpraotice mabitity r esponden

Respondents in Gun wereda also reported that consumptidranfanglant parts causenetabolic disorder, muzzle and nose wound
and if it is consumed as sole feed it causes death ta\oatilEs consumartheniuduring dry season and if it is in small proportibast
no effect on health of animal. However, they said that calves coRsuthediuat young stage will not able to stand (suffer lfrmmengss
Considerable amount of animals lost dueatananvasion directly by the consumptiorthef plantand indrectly by predators attadke
averagéoss of animalgerhouseholdlue to consumption afantana was found to be 0T®2J.

In the study area, the pastoralists expressed their views concerning the quality of animal Products. Accordmgstoptiamof
LantanandPartheniuptant parts has adverse effect on livestock products. Respondents alsdhasetiéty milk from animals that fed
LantanandPartheniuptant parts would face a market problem.. Goat and camel milRaftbeniufied animal has a bitter tastewever,
respondetalso clairedthat meat fronfPartheniuied animal has poor quality in terms of appearance and flavor.

Respondents during group discussion mentioned that most of the valuable species are disagpaeringamtd of valuable browses and
grassebave been disappearing dukdntanandPartheniumvasionHowever, species that have disappeared in the infested area are still in
existence in areas that are not yet infesteantgnandPartheniufgraup discussion)

5. Recommendation
Past invasive plants control endeavours need to be revised to achieve better result Bettidesmaw invasive plants control plans need
to be designed not to affect livestock herding and mobility and negetiichgatoryThe exact impact of both invasives on:

A Grasses and browse plants

A Livestock productivitand

A Livestock products quality
need to be investigated in a laboratory/by feeding trials/ under nursery condition (felogathéd! effect) to get empirical evidences and
better explain the impact based on statistical results.
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4. Beekeeping Practices Production, Potential, and Challenges of Beekeeping among Beekeepersin
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Abstract Beekeeping is a les@gnding practice in the rural communities of Ethiopia and appears as ancient history of the
country. Across sectiond study, in which & households were purposively includeas condwcted in Haramaya

district to assess the current beekeeping practices, production potentials and production constraints. Most (99%) of the
beekeepers in the study area have owned only traditional hivesdand boney for home consumption. The beekeeping
practice was dominated by male. A mild stimulate, dé€lulishat), is the main income source for the residents. Lack of adequate
bee forages, poor market, lack of trained development agents and laee thestmajor problems facing the beekeeping sub
sector in the area. The most important constraints of beekeeping in the study area were insecticides, birds arftfhee diseases
Misuse of pesticides'{R Insecticides, birds and pesticides togetHegrR8sts, insecticides and predatdys l@ck of training

(5h), shortage of bee foragé)(6shortage of watert(j7and absconding!{B There are enormous opportunities to boost the
production of honey in the villages. Thus, introducing moddmivdgdimiting the use of pesticides in 'khat' production and
awareness creation and assistance to empower women in the beekeeping activity are needed interventions.

Keywords Beekeeping; Constraints; Pests; Production; Traditional Hives

1.Introduction

In Ethiopia, beekeeping has been practiced for centuries and its potential is well documented. Of all the counttteshim¢benty has
such a long tradition of beekeeping than Ethidfediyu and Messel2000). Despite its long history, bepkey in Ethiopia is still an
undeveloped sector of agriculture. The knowledge and skill of honey production and honey and beeswax extractiofaoh&thiispssit
very traditional (MoARD, 2006).

Most of local beehives are hanged over tall Bestuctivity of the hives is very low and averagekiysof honey per hive per yeahile
from the improved one average of2D5kg even more is possible. Honey and beeswax collected after the rainy season starts in October :
extends until Decembén. the South and Eastern parts, in addition to the main, there is minor harvesting period diwimg MWegording
to CSA, (2001) the major honey and beeswax producing regions in Ethiopia are Oromia (41%), SNNPR (22%), Amharag2158pand Tigr
Howe\er,the country is suffering from the ecological degradation of its natural resources and this means the basis for arctibongy prod
threatened and affectéd.many regions of the country, beekeeping is considered as one of thgenevatimg awities for resourepoor
farmers including women, youthd the unemployed sectors of the community (Gezahegn, 2001).

About 10% of the honey produced in the country is consumed by beekeeping households. The remaining 90% is sold éoatinopme gen
of this amount, it is estimated that 70% is used for breW@nfjocal alcoholic beverage) and the balance is consumed as table honey.
Additionally beeswax is collected and traded. Honey is a vital factor in job creation and maintaining liveliteeds ctitrent honey
production estimate represents only 8.6% of the owwithanayefage pr o
of 56 kg per year, while production from improved hives (including transitionakhislesy 480 kg per yeaNgbiyu and Messel2000;

Paulos, 2011; ARSD, 2000; MoRAD, 2006).

Beekeeping is still operating in the old traditional ways implying the need for modernization. Low productivity aityg pbbegual
products are the majoroeomic impediments for rural beekeepers (Nuru, 1999); however, they face another primary economic concern;
lack of skill to manage their bees and bee products. Most of the rural beekeepers cannot afford to invest in modgrinpgutekeepin
processig, packaging, and transport their products to market to maximize profit. They produce a low quality product thatetep are for
sell locally to wholesale buyers at prices much lower than in domestic commercial markedts AB3@4Y). The majopiestraints that
hinder beekeeping development in Ethiopia can be stringent rules and conditions set by honey importing countries (MeBAD, 2003
limited domestic market, only basic knowledge of honey production and limited access to market anfdrteatiologies, unreliable
transport, poor storage of products, lack of quality monitoring and control plan in place and inadequate laboratand faciitie
institutional setip for assuring qualitjébiyu and Messe2000; Paulos, 2011;. MoRARD03). In line with this, the government of Oromia
region recently identified potential areas for beekeeping. According to Haramaya district bureau of tAgresigltnoewelestablished
study on the potential and challenges of beekeeping in ke diserefore, the objective of this study is to identify the current practices,
production potentialand constraints of beekeeping in Haramaya District, Eastern Ethiopia.

33



32" Annual Research Bulletin , April 2015, Haramaya University

2. Materials and Method

2.1. Study Area

The study was conducted in HaramayaaigEast Oromia National Regional State) which is found at 508 km east of Addis Ababa and 19 kn
to reach Harar on the high way from Addis Ababa to Harar. 90% of the area is classified as midland and 10%heskimtateld animal
population in tharea is about 63,723 cattle, 13,612 sheep, 20,350 goats, 15,978 donkeys, 8303 antetkens aB831 bee colonies

The production system of the district is mixed type. Topographically, it is sitaatdttade of 4200 to 340 m above sea Ewvith the

mean annual temperature and relative humidity of 18°C and 65%, respectively. There are four seasons; a shortmavissehgomtido

May), a short dry season (from end of May to end of June), a long wet season (early July to raitti@ctohgidry season (end of October

to end of FebruaryHaramaya Bureau AfriculturaDevelopment2016personal communication; CSA, 2011)

2.2. StudyDesign and Sampling Procedure

Crosssectional study was conducted to collect data using quéestismnay. Beekeepers in the district represented the study population. The
sampling units were househdtégping honeybee colony. Using a purposive sampling procedure, a total of twelve kebeles (villages) w
selected based on agalogy representati (highland, midand and lowand), honey production potential and accessibility. Information
about the type of hives used, the number of bee colonies owned, the purpose of keeping honey bees, the marketingysgsigotloého

hive products, theate of absconding and swarming and harvesting and processing of hive products and major constraints of beekeeping
collected through interviews using a-stmctured questionnaire.

3. Results and Discussion

3.1. Distribution of the Respondents in Ag-climatic Zones and Gender

Almost all (99%) of the respondents were locategyana dégedland) agralimatic zone. As far as ownership of the beekeeping across
gender was concerned, the activity is dominated by male. This indicates thepgeitgen diwning the beekeeping economic task in the
study area (Table 1). This finding is contradicted with the results oftrakéh004) and Gezahig (2001) that pinpoint beekeeping as one of
the incomegenerating activities for resoypoer farmes including women, youth and the unemployed sectors of the community.

3.2. Placement of Hives and Beekeepers Preference of Hives
Table 1. Agrelimatic zones, gender distribution of respondents, Hive placement and preferences, Haramaya. district, 2014

Frequency (%)

Agro-climatic zone

Weyna Dega (nydnd) 99.0
Dega (higHand) 1.0
Kola (lowland) 0.0
Total 100.0
Ownership in gender

Male 99.00
Female 1.00
Total 100.00
Variables Frequency (%)

Hive placement

Back yard of theduse 51.0

Inside a simple shelter 32.0

Under the eaves of the house 1.6

Trees in forests 10.5

Trees near home stead 4.9

Total 100.00

Preferred hives by the beekeepers

Traditional 75.0

Transitional 20.5

Modern 4.5

Total 100.0
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3.2. Placerent of Hives and Beekeepers Preference of Hives

Most (51%) of the beekeepers in the study area kept the traditional bee hives at the back yard of the house, 32 %rkplet stsdebuilt

for hive placement, 1.6% kept under the eaves of the haG%e k&t on trees in forests and 4.9% kept on trees near home stead (Table 1).
Some of the traditional bee hives placeraggpiresentedin figure 1. According to Kerealem (206%)st beekeepers of Amaro wereda kept

their bee colonies by hanging on treemr homestead and in forest areas. Majority (75%) of the beekeepers of the study area preferr
traditional hives over transitional (20.5%) and modern hives (5.5%). This is mainly because of the high cost oardrmtrabaising of
modern and trami t i on al hives and due to | ack of harvesting and proce
(2007) reported that in east Tigray modern beekeeping require more expensive establishment cost, accessories)dfsikirtesninogy)
thoughtheyyield better quality and quantiffhoney.

A. Hives under shed ' B. hives under tree
Figure 1Placement of traditional hive in Haramaya District, 2014

3.3. Feed Source for Bees and Trend of Colony Population

As the typeand source of feed determines the success of beekeeping, the respondents were asked to indicate the sourcel#dsed for thei
Accordingly, 94% of them indicated foraging as the main source of feed for their bees. As far as the colony paméatied, isntp

45.4% of them indicated a decreasing trend (Table 2). The trend of colony population is decreasing over the yeanslidge laxklodc

using improved bee hives, pests and predators, drought and lack of bee forage. SimilariyordekfyitTressega (2009) in Bure district
indicated that hive products were in a decreasing trend due to shortage of bee forages, drought, pesticides arlitdtéybjdiaekagp

water and poor management in order of importance.

3.4. Harvesting andProcessing of Hive Products

This study pointed out that the only hive product harvested and utilized by beekeepers of the study area was hon@stibgrihgyha
mainly use fire as a smoking material. None of the beekeepers in the study aredatraistéidl crude honey. Their main reasons for not
straining were due to the reduction in the amount of honey after harvesting (55%), lack of knowledge on how to strain (2uéeéoch

and lack of straining materials (24.5%). None of the beekedperstodly area collect crude beeswax. According to the respondents the main
reasons for not collecting beeswax were lack of knowledge on the importance of bees wax as an income generatinglikieehpnaguct
(77.7%), lack of processing skills (1226, of market for wax in their locality (5.3%) and lack of processing material (9.6%) (Table 2). The
finding was similar to that of Wilson (2006) and Tallonitire (2006) that lack of appropriate production technologi&s; aeadlabsznce

of value chin development largely resulted in much lower contribution of the honey produsmiosidnd much lower than its potential.
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Table 2Frequency distribution of feed source colony population and reaswissfaining honey and collecting bees wa

Feed sources Frequency Percent

Foraging 91 93.8

Supplementary feeding 3 3.1

Others 3 3.1

Total 97 100.0

Trend of colony population

Decreasing 44 45.4

Increasing 45 46.4

No difference 8 8.2

Total 97 100.0

Reason for not straining hor{ey97) % Reason for not collecting Beeswax (n=97) %

Amount of honey will be reduced 55.0 Lack of knowledge 77.7

Lack of material 24.5 Lack of processing skills 12.0

Lack of knowledge 20.5 Lack of market 5.3
Lack of processing material 5.0

Total 100.0 100.0

3.5. Economic Dependence and Major Constraints

The result of this study identified beekeeping practices is very traditional in Haramaya district with very lowyhiodugpimalued only

for home consumption. Thus, economicéllg respondents depend mainly on-lbeekeepingctivities (Table 3). Since freductis
insufficient there is no market chain for honey and honey products in the district. According to Tessega (2009) in Bure district of Amh
region the main purposeof keeping bees were for source of income and home consumption. Apart from this, ftatdose(011) stated

that pollination of crops and natural vegetation yields more than honey, both per hive and per hectare. Moreover tleame iélnodria
respondents are having different sources of income, most of them (44.3%) were Khdah@esides, there is no household that indicated
beekeeping as the only income source. Rather, it is used as a supplementary to livestock, vegetahkd podtfyuits;ome sources. Major
constraints in beekeeping were also identified as, insecticide usage and birds constitute the highest share follafipe diicitesusT his

is mainly due to expansion ihat production which uses heavy appticatif pesticides that adversely affect the beekeeping practices.
Therefore, the most important constraints of beekeeping in the study area were insecticides, birds and diseasekgéastigidesy@ad),
insecticides, birds and pesticides togé8nd), pests, insecticides and predators (4th), lack of training (5th), shortage of bee forage (6tr
shortage of water (7th) and absconding (8th) (Table 4). AccordingSat&B/iopia (2006the major constraints in Ethiopia are lack of
beekeepingriowledge, shortage of trained manpower, shortage of beekeeping equipment, pests and predators and inadequate resear
extension services to support apiculture development programmes.

3.6. Opportunities of Beekeeping

Currently Ethiopiangovernment igighly supporting self contained watershed developing program in which beekeeping is parthend parcel
program Low cost modern hives is being produced using locally available materials and efforts are being made to orgagioeifarmers in
and link tem with local carpenters who produce modern bee hive. Finomesglected kebeles tifie study area are currently obtaining
beekeeping training by the community development works of Haramaya Ufliersitis an increasing demand for honey for diomest
consumption and export by different customers and organizations. Though scarce in dry seasons, there are manyidehforagjespec

the year in most part of the study area. Availability of rich culture and tradition of beekeeping, soitaidatamitin different agro ecology,
availability of farmers having indigenous knowledge, skills and keen interest to adopt improved technologies anthd¢ekaepenzles a

way of life are among the few to mention.
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Table 3. Economic dependence a¥dies in the villages, Haramaya district,.2014

Non-beekeeping Economic activities

Kebelesl/villages Crop Crop and livestock Trade Crop and trade All Total
Amuma 4 2 6
Baatee 5 2 1 1 9
Fandisha Leencaa 1 1
Daamota 4 4
Iffa Oromia 18 6 24
T/Gabisaa 19 19
B/Gadaa 9 9
I/Balinaa 7 7
Haaga 1 12 13
A/Baatee 1 1
Kuroo 1 1
Bacaqgee 3 3
Total 53 40 1 1 2 97

Table 4. Major beekeeping problems in the Haramaya district, 2014

Major problems Frequency Percat
Insecticides 9 9.3
Birds 2 2.1
Misuse of pesticides 17 175
Lack of bee forage 6 6.2
OHammadé (honey badger) 1 1.0
Insecticide, birds and diseases 27 27.8
Insecticides and pesticides 3 3.1
Insecticides and lack of bee forage 5 5.2
Insecicides and dry spell 2 2.1
Birds and pesticides 1 1.0
Pesticides and lack of bee forage 9 9.3
Insecticides, birds and pesticides 12 12.4

I nsecticides, birds and oHammaodé (honl 1.0
Insecticides, pesticides and dry spell 2 2.1
Total 97 100.0

4. Conclusion and Recommendations

Majority of the beekeepers in the study district produce honey for home consumption than for the market. The mosttypdedy used
beekeeping in the study area is traditional due to the high cost of theditmpes/and their accessories. From the, stwdys understood

that the colony population is decreasing from time to time due to destruction of forest areas for crop cultivati@ntandndiff@ints
particularly insecticides, predators and beeseksa#ith the expansion and reliance of the househdtatiproduction in the studgrea
insecticide and birds as well as misuse of pesticides are constraining the beekeeping practices. Unless some unegass es @pdiréy

place on type gfesticides to be used fidhatproduction, the continuity of beekeeping remains in challenge. There is a need of intervention ir
introducing modern beehives that can make households produce more for market than home consumption. Awarenesssistation and a
is needed to empower women in the beekeeping activity. Introducing the modern beehives in the study district is pleettd thesup
households® income sources from beekeepi ng. KpRatpragdctioy and prdperr e i
identification of bee diseases and their prevention measures to sustain the beekeeping activity.
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Abstract A study was made on the effects of different rates of nitrogen and maize varieties at Haramaya University main campus,
eastern Ethiopia for two years (2012/13 and 2013/14 croggxsons)The purpose of the study wagletermine the effects

of the application different rates of nitrogen and maize varieties on yield and some yield related traits. The caétiiogen appli

rates were 18, 36, 72, 108 and 144 kg/ha nitrogen andrttetd maturing maize varieties were Jibat, AMH 760Q, BH 660 and

BH 661A. The experiment was laid out 5 x 4 factorial arrangements in randomized complete block design (RCBD) with three
replications. Statistically significant difference for grain ysefdumd between the varieties in their response due to treatment
combinations. Significant and increasing trend of grain yield when the nitrogen dose increased. The interactiongeffiect of nit
rates and maize varieties were also highly significaime #llir varieties included in the study gave relatively similar yield and

over 10000 kg/ha of grain yield when 72 kg/ha of N/ha was applied indicating the already recommended rate nitrogen is still
valid for maize production under similar soil typesranktgya area.

Keywords Nitrogen Application; Rate; Late Maturing; Agronomic ZeaitMays

1. Introduction

According to a 2012 FAO report, Ethiopia is the fourth largest maize producing country in Africa, and first in therBasgfiéiritt islso
significant that Ethiopia produces fgametically modified (GMO) of mainly kernel white maize, the preferred type of maize in neighboring
markets as cited in (CSA, 2014). According to Taded$2011) maize is also most dominant and known ceqgalf in areas such as West
Oromia zones.

Hybrid cultivars have played a vital role in increasing acreage and productivity of maize. In Ethiopia, Maize prooostiohbyes 1%
in 20052013, whereas averages yield t/ha at national levellwassane e d by 4. 8% in the same years.
3.25 metric tons per hectare, 28% above the devel opeiyeldsof@@r | d
MT/ha, with some countries actuallgeseding 10 MT/ha (CSA, 2014).

Maize Zea mays) is one of the three most important cereal crops in the world together with wheat and rice in terms of area of productic
However, maize surpasses both wheat and rice (FAOSTAT, 2012) in terms aintgeaidyrctionThe current productivity of the crop in
developed countries such as in USA is 10.3 t/ha; in Germany 9.7 t/ha; in Canada 8.4 t/ha and South Africa 4.96 Wbddwitetlage
grain yield of 5.1 t/ha (FAOSTAT, 2010).

Hybrid cultivarhave played a vital role in increasing acreage and productivity of maize.Currently, in Ethiopia, Maize production was boc
by 9.1%in2008013, whereas averages yield t/ha at nati onaltiondl maizel wa
yield is 3.25 metric tons per hectare, 28% above t heeawmgeel op
yields of 6.2 MT/ha, with some countries actually exceeding 10 MT/ha (CSA, 2014).

It can be seen that sjBte the large are allocated for maize production in Ethiopia, the productivity is very low contributing to low tota
production due to both biotic stresses (diseases, insect pests and weeds) and abiotic stresses such as droublfiertdiéglipdny soi
agronomic practices, limited use inputs as virediudificient technology generation including nutrient efficient improved varieties.

According to Hefny and Aly (2008), nitrogen along with phosphorus, is one of the most limiting macronutiEntgdmmizld. Nitrogen
availability influences the uptake, not only of itself, but also of other nutrients ((tada?2(@9), as {fertilized plants usually have larger

root systems, which enhances the capture of other nutrients (Masaka, @@ g Ao Abd ELattief (2011), since nitrogen is highly
mobile, its use and demand is continuously increasing as it is subjected to high loss from the soil plant systenth&vsstunder
management practices5 of applied N is lost through diffiet agencies and hence farmers are forced to apply sufficient to meet the
amount of nitrogen to meet demand of the maize crop for increased nitrogen. In high and medium altitude maize gfoitimgmeeas o
where rainfall is high, most of the nitrogernost through leaching and most also probably due to denitrification making the nutrient
unavailable during the critical stages of crop growth.

Different strategies have been used in order to mitigate nutrient leaching and improve the nutrieenaseNaffie). Nitrification
inhibitors, which slow the oxidation of WHand enhance slow and controlled release fertilizers, have been used to reduce N leachir
(Sitthaphaniét al 2010). Furthermore, soil management practices, such as incorporatiith straigh C: N ratio and minimum tillage can
reduce N leaching.
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Currently, more or less similar dose of N is used as a blanket recommendation for most soil types and also faetatiffehemriveniple, it

is advised to determine nutrient rezpuint for different varieties and also revisit the past recommendations in light of the changing climati
conditions. Thus, this experiment was condudatbdhe objective to determine the optimum nitrogen fertilizer for maize varieties Jibat, AMH
760Q, B1 660 and BH 661 and to assess the interaction effects of maize varieties on yield and yield related characters of maize.

2. Materials and Methods

The experiment was conducted at Haramaya University main campus Raare research site, eastern ge204g2id Jlanil 2013/14
cropping seasons. The geographical coordinate of the @'l I8titude, 43'E longitude, and it is situated at an altitude of 1980 meters
above sea level. The weather condition during the cropping seasons was favomblgef@lapment, except during the month of June
where there was dry spell (Appendix table 1). The soil of the experimental sitdrairedalbep alluvial with a-sofi stratified with loam

and sandy loam.

The experiment consisted of a fact@aahbination ofive levels of N (18, 36, 72, 108 and 144y dnadfour maize varieties (Jibat, AMH
760Q, BH 660 and BH 661) arranged in randomized complete block design (RCBD) with three replications. The majomsyaraesaof N
(46% N). Phosphas was applied uniformly to all plots at the rate of 46 kg/ha at planting.

The land was prepared by tractor driven tilling equipment to obtain proper seed bed. There were four rows per plotwligndgiiim
The middle two rows were used for datkection. The distance between rows and plants within the row were 0.75m and 0.30m, respectivel
Plots within a replication were separated by 1.5m space and blocks were spaced 1.5 m apart. Half dose of N appken ahelanti
remaining half was pglied close to flowering stage of the maize crop. All other cultural practices including application of chemic:
(Cypermethrin granule) against stalk were done as required.

Data were collected on plant height, ear height, the ratio between plaftrhg@hd ear height (cm), rust, blight, stand count at harvest,
1000 kernel weight (g) and grain yield (kg@talistical analysis was done for the data using Statistical Analysis System (SAS) Version 9.2 (¢
Inc., 2002) followinthe procedures suggabsty Gomez and Gomez (1984) and mean separation was done using least significant differen
(LSD) at 5% level of significance.

3. Results and Discussion
The analysis of variance indicated that grain yield (kg/ha) was highly significantly (P<0&4d mflike@ combination of variety and
nitrogen fertilizer rates and growing season (year). The interaction of year and combination of treatments (vagetyfenidizgitroates)
had also highly significantly influence on grain yield of maizeljTable

The obtained results showed in general there is increasing trend of grain yield when the rates of nitrogen incregddéthdroon118
kg/ha (Table 2). Variety Jibat produced the lowest (6563.00 kg/ha) at 18 kg N/ha and high at 36 ard Wizhkd/4¥00.00 and 11030.00
kg/ha of grain yield, respectively. Similarly variety AMH 760Q produced the lowest grain yield per hectare (6987.8kgdiiaa and
highest at 72 kg/ha (10440.00 kg/ha). Varieties BH 660 and BH 661 producedaf@®@@&2.08.00 kg/ha, respectively) a bit better yield at 18
kg N/ha level compared to Jibat and AMH 760Q, except that variety BH 660 gave consistently over 10000.00 kg/ha stgmgn36eld
kg N per ha rate indicating that this hybrid may be caetiaemnitrogen se efficient variety. The results obtained by different authors in their
study on different levels of nitrogen in maize was similar to the findings of this studyglT2ad1; Muhammaat a| 2012; FarshadSorkhi;
Tilahunet al 20B and MojtabaFateh, 2014).

Table 1Analysis of Variance for Grain Yield of Nitrogen Fertilizer Trial on Maize (Haramaya, 2012/13 and 2013/14.

Source of variation Degrees of freedom Sum of squares Mean square
Replication 2 55474320.787 27737160.394
Treatments(T) 19 316766810.414 16671937.390**
Year (Y) 1 1752498727.620 1752498727.620**
TXY 19 278260186.079 14645272.952**
Error 78 462552467.471 5930159.839
Total 119 2865552512.371

Coefficient of Variation: 22.99%
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Treatment Treatment Combination Traits

No. Variety N rate (kg/ha) PHT EHT EHT/PHT RUST BLIGHT STH 1000 Kernel Grail yield (kg/h)
weight (g)

1 Jibat 18 kg/ha 202 97.5 0.48 1.5 1.5 43 420.73 6563.00

2 Jibat 36 kg/ha 198 94 0.47 1.5 1.5 48 423.43 11400.00

3 Jibat 72 kg/ha 186 83 0.45 15 15 41 434.80 11030.00

4 Jibat 108 kg/ha 195 87 0.45 1.5 1.5 38 426.07 9424.00

5 Jibat 144 kg/ha 186 92 0.50 1.5 1.5 40 423.40 9714.00

6 AMH 760Q 18 kg/ha 209 119 0.57 1.5 1.5 42 397.23 6987.00

7 AMH 760Q 36 /kg/ha 210 126 0.60 1.5 1.5 40 425.10 9341.00

8 AMH 760Q 72 kg/ha 198 112 0.57 1.5 1.5 36 413.77 10440.00

9 AMH 760Q 108 73 kg/ha 203 114 0.56 15 1.5 37 406.83 9415.00

10 AMH 760Q 144 kg/ha 209 123 0.59 15 1.5 40 394.33 9806.00

11 BH 660 18 kg/ha 222 120 0.54 1.5 1.5 39 458.70 7363.00

12 BH 660 36 kg/ha 241 137 0.57 1.5 1.5 38 466.60 11260.00

13 BH 660 72 kg/ha 239 140 0.59 15 15 42 460.83 11550.00

14 BH 660 108 kg/ha 242 143 0.59 15 1.5 39 501.50 9106.00

15 BH 660 144 kg/ha 230 124 0.54 1.5 1.5 39 447.50 8925.00

16 BH 661 18 kg/ha 228 122 0.54 1.5 1.5 47 433.10 8272.00

17 BH 661 36 kg/ha 227 115 0.51 1.5 1.5 44 418.33 11400.00

18 BH 661 72 kg/ha 221 114 0.52 1.5 1.5 42 456.60 14050.00

19 BH 661 108 kg/ha 230 119 0.52 1.5 1.5 44 453.83 13620.00

20 BH 661 144 kg/ha 220 114 0.52 1.5 1.5 47 457.03 11600.00

CV 8.03 11.40 1.42 NS NS NS 15.39 22.99

LSD (5%) 3491.00
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4. Recommendation
From the results obtained in this stitdyan be concluded that farmers in Haramaya woreda and areas with similar soil type in eastern Ethioj
may apply 72 kg N/ha to get giograin yield from maize, particularly hybrid varieties Jibat, AMH 760Q, BH 660 and BH 661.
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Abstract Since the introduction of potato, it has been considered as a strategic crop aiming at enhanainty fand sec
economic benefits to Ethiopia. Potato improvement program has been started in 1975 and the first variety was released in 1987
Periodic evaluation of improvements in economic importance traits is necessary to assess breeding progressemes| time; h

no study has been attempted in Ethiopia. Therefore, this study was conducted with the objectives of determining the rate and
magnitude of progress in tuber yield and resistant to late blight in historical potato varieties and to deternitingidheo€ontr

|l ate blight disease to tuber yield variation. Si xMreen i mpr
were planted in three environments with randomized complete block design with three replications. The dgsibinEd ana
variance revealed the presence of significant difference among varieties for tuber yield and resistant to latgesimigpdue to

location and genotype x location interaction. Total and marketable tuber yield increased linearly vaitietyesretase at a

rate of 0.14 and 0.18 thaespectively, per year. Late blight severity score reduced at-8.&eoofedr Late blight severity

score explained total tuber yield variations between 31.39 to 80.1% across environmeeptrciilrevesled progressive
improvement of the crop over 25 years in the country for tuber yield and controlling late blight disease througtanse of resis
varieties. However, most of the varieties became susceptible for late blight in favourablenéfeirtdrerpathogen and only

few varieties performed better for tuber yield and late blight resistance across environments. This suggested tigeeneed to cha
the existing potato breeding approach that depends on separate efforts of breeders aeshifietkntanters to develop

varieties for specific ageoologies. This call for the organized and complementary efforts of researchers in the country to
develop high yielding varieties that match the changing market asgredemands, and resistancéhéo new virulent

pathogen races for larger target areas of Ethiopia.

Keywords:Genetic gain; Genotype x Location; Late blight severity; Potato varieties

1. Introduction

Food security is a key priofity ever increasing population in Eastern Africa.need to feed this population puts increasing pressure on the
fixed land for food production. This is further aggravated by the increasingly degraded environment and the undérngifrbes césate

change. This declining and variable environreguires robust crops adapted to a wide range eé@ogies in the region. Potato is the

best crop for food and nutrition security in theregfion because of its plasticity to environmental regimes and higher yield per unit aree
(Kyamanywat al.2011). Potato is considered as cheap source of human diet in many countries, iseaahnigéenergy staple food,
provides high productivity per unit area and time, supply carbohydrates, quality protein (lysine), minerals, andrisexesaltsamins

from group B and large amount of vitamin C (Horton, 1987).

Potato was introduced to Ethiopia in 1858 by the German botanist Schimper (Pankhurst, 1964). Since its introduca®mhepatato h
considered as a strategic crop aiming at enharmihgefurity and economic benefits to the country. Ethiopia is one of the principal potato
producing countries in Africa. Approximat&l$,million farmers (CSA, 2011) grow potato in mid and highlands of Efttiepiauntry has a
potential to grow potatin 70% of the 10 million hectares of arable land of the country (FAO, 2@0&)ed planted with potato increased
from 30,000 to about 164,146 hectares between 2002 amal 2087last 10 years, potato productivity has progressed froml7t ka
1 Nevertheless, the current area cropped with patatohe average yield (< 10 tha f ar bel ow the <country
Gebremedhin, 2013). The low acreage and yield are attributed to many factors, but lack of high quatitg S peat management of
the crop and high yielding varieties are the major factors (GildezhatR€09; Endalet al 2008). Of these, developing crop varieties which
withstand the changing climate is becoming a priority activity for breeders.

In Ethiopia, strategic research for potato variety development and other agronomic managements began in 1975 (G&Bjemedhin, .
Starting the release of the first potato variety (987), more than 27 potato varieties were developed and regjstezathigntiresearch
institutions (MoA, 2013; MoA, 2012). The major focus was developing varieties for high yield and resistant to latiffétit for
agroecologies of the country by separate effort of different research centers and HaramayaHdmeswesif considerable number of
released varieties becomes susceptible to late blight (lost their resistant) due to tHelpaibagéonra infefiéms.) de Baryjas the ability
to rapidly evolve to overcome resistance major genes (8tely2@03, Wastie, 1991).

The major task of the breeders is to develop high yielding varieties, resistance or tolerance to stress and \ahetiiesdkistintaend
use of the crop. Breeders have often been unable to forecast future crompiog atehthe economics of production. Therefore, periodic
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evaluation of potato varieties for yield and disease resistance is necessary to assess breeding progress oveatiah@enketoggaier
information from such experiment helps plant bree¢deksow how much the varieties match the changing cropping scenarios and the
economics of production. However, such research has not been attempted in the country for the last 25 years of ¢miatopraeety
Therefore, this experiment was condud)etb determine the rate and magnitude of progress for tuber yield in historic potato varieties in
Ethiopia; ii) to evaluate varieties resistant to late blight and progress made in selection of resistant vari¢t@s jredne dasl iii) to
determme the contribution of late blight to tuber yield variation..

2. Materials and Methods

2.1. Description of the Study Sites

The field experiment was carried out at three environments namely; Haramaya, Hirna and Arberkete which are corsjnesetas/the
mid and highland potato growing areas of eastern and western Hararghe. The experiment was conducted for one croppit®) season i

Haramaya University, Rare research farm is located at 2020 & latiflude and 4@3'E longitudeThe area has a bimodal rainfall
distribution and is representative of atauinid mid altitude agidimatic zone. The mean annual rainfall is 760 mm. The short rainy season
extends from March to April and constitutes about 25% of the annual rainédbwimelong rainy season extends from June to October and
accounts for about 45% of the total rainfall (Betlay 1998). The mean maximum temperature RC2BHle the mean minimum annual
temperature is 8.%5 (Tekalign, 2011). The soil of the drpemtal site is a weltained deep alluvial with a =il stratified with loam and
sandy loam. Previous work showed that it has organic carbon content of 1.15%, total nitrogen content of 0.11%, favailehtm pteog
of 18.2 mg kg sdil exchangsble potassium content of 0.65 cmolc kg &85 mg K kg sof), pH of 8.0, and percent sand, silt, and clay
contents of 63, 20, and 17, respectively (Simret, 2010).

Hirna researchubstation of Haramaya Universgiyjjocated at9 2 8 Noudd, 44 BaErst | ongi tude, and at
above sea level. The area receives mean annual rainfall of 990 to M@UR@NM996) The mean maximum and minimum annual
temperatures are 21.8@d8.6°CrespectivelyTekalign, 2011). Thmil of Hirna is vertisol type with silty clay in texture, which contain
organic carbon 1.75%, total Nitrogen 0.18%, available Phosphorus 32 mgeaxghsailgeable Potassium 0.68.dmddoifand pH of
7.09 (Nebret, 2011). The third site waerskete, which is located at a distance of about 171 km to the west of Haramaya. The site is locat
at9°1 46 Nort h2bBastubdenghttude, and at an altitude of 2280 meter

2.2 Experimental Materials
A total of 16 potato variies were used. These varieties were released by five research déatansagrddniversity during 1987 to 2011. In
addition, two farmersd cultivars were included. Tddgeendlalsleclr i pt i

2.3. Experimental Design and’rocedures

The experiment was laid out as a Randomized Complete Block Design (RCBD) with three replications in each environtagnt. Each p
genotype was assigned to one plot in each replication and six rowplaitts 12Zhe gross plot size was 18.@ith 75 and 30 cm between

rows and within plant spacing, respectively.peuing of 1.5m and 1m was maintained between plots and replications, respectively

The experimental fields except at Arberekete weurdtivated by a tractor ta depth of 25-30 an andlevelledthen afteridges werenade by

hand. Medium size@3975g)and well sprouted tubers were planted at the sides of ridgesn gttakh200.) Tubers was planted at the end

of June and first week d@ly during the main growing season after the rain commenced and when the soil was moist enough to supg
emergence. Th@antingdepth was maintained at 10 cm.

Fertilizeiwasappliedasthe recommendatiomadeby Haramay&Jniversity at the rate @bkg N and 92 kg Pshal. The source of N and
P,Oswere DAP (18% N, 46%®s), and Wea (46 % N). The entire DA@xtilizer rate was applied at the depth of 10 cm below the seed tuber
at planting, while lda was applied1D cmaway from the plant as twile dressings for subsequent split applic&0f& + 50% in two
installment of 30 and 50 day after plant@idjer agronomic managements were applied as per the recommendation made for the crop.

The haulm was mowed two weeks before harvestingkernthiuber periderm; as yellowing or senescence observed apparent on the lowel
leaves. For yield estimation, tubers were harvested from forty plants from the four middle rows, leaving the plantsegtewibgrider
rows as well as those plants gngwait both ends of each row to avoid edge effects.
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Tablel. Name, accession code, year of release, maintainer center of potato varieties

No.  Variety Accession code Year of release Breeding Center Recommended
Altitude (m.a.s)l.

1 Alemaya 624 Al-624 1987 Haramaya University 1700- 2400

2 Chirro AL-111 1998 Haramaya University 2700- 3200

3 Zemen AL-105 2001 Haramaya University 1700- 2000

4 Bedasa AL-114 2001 Haramaya University 2400- 3350

5 Gorebela CIP-382173.12 2002 Sheno Research Center 1700- 2400

6 Guasa CIP-384321.9 2002 Adet Research Center 2000- 2800

7 Jalenie CIP-377925 2002 Holeta Research Center 1600- 2800

8 Gera KP-90134.2 2003 Sheno Research Center 2700- 3200

9 Chala CIP-387412 2005 Haramaya Univsity 1700- 2000

10 Bulle CIP-387224¢5 2005 Hwassa Research Center 1700- 2700

11 Gabbisa CIP-387096-11 2005 Haramaya University 1700- 2000

12 Mara Charre CIP-3897013 2005 Hwassa Research Center 1700- 2700

13 Gudanie CIP-386423.13 2006 HoletaResearch Center 1600- 2800

14 Araarsaa CIP-90138.12 2006 Sinnana Research Center 2400- 3350

15 Belete CIP-393371.58 2009 Holeta Research Center 1600- 2800

16 Bubu CIP-3843213 2011 Haramaya University 1700- 2000

17 Bete Local cultivar

18 Jarso Local cultivar

** Plant Variety Release, Protection and Seed Quality Control Directorate, Crop Variety Register Issue Attt AMdna, Fih@pia)ne
pp.164164.

2.4, Data Collection

Total tuber yield of each genotype was estinmatadofants counted at harvest in the four middle rows. Tubers were carefully collected after
the hills were hand dug. The collected total tubers in each plot were weighted and converted to yield tons persestdoh Wiarberee

from diseases, irdgests and greater than or equal to 20g in weight were sorted, weighted for each plot and recorded as marketable yield
1),

Disease assessment was conducted starting 30 August 2013 after 46 days of planting as soon as disease synspisreptigppear in
genotypes and then after every 20 days until majority of the genotypes attained physiological maturity. Diseasesa@diéneeceand
assessed following CIP (2006) guideline and other established procedures. Assessment of sgivetibdé&téiddd conditions in percent
was recorded on plot basis taking in account the number of plants developing disease symptoms in a leaf and/or dhplantedres an
from disease Henfing (1987) as described in Table 2. Disease assessnmnbyw#sedsame three evaluators without knowing the value
given at the previous reading.

2.5. Data Analysis

Data were subjected to analysis of variance (ANOVA) for each location and combined over environments following tloeextaneldod p
RCBD give by Gomez and Gomez (1984) using the General Linear Model (GLM) of theo&Afare of version 9.1 (SAB07.
Significant genotypes x environment mean squares were observed for tuber yield and disease severity parametigsshéraotessstyra

of variances were tested using Bartlettds test. H evaseobserged and i t y
analysis was made for each environment.

Linear regression analysis was used to calculate the genetigigidirpotential and disease resistance (disease severity reduction). The
average annual rate of genetic gain for each trait was estimated by regressing of the mean value of each traresgamshthgeco of
release of each variety (Singh anddtaay, 2007). Linear regression analysis was also used to estimate disease severity as cause of genet
in tuber yield. In this regression analysis tuber yield was considered as independent variable while disease Sieleeeity asaepemdent
variables. Correlation of year of release and mean value of each variety for each trait was also calculated toassderatmmdatfweear of
release and the mean performance of varieties. The annual rate of genetic gain achieved overafe dagtoPEo/émprovement was
determined as the ratio of genetic gain to the corresponding mean value of the oldest variety and expressed as percentage.

Annual rate of gain = Cov (X, Y)/Var (X), whetdas the year of variety releasés the mean vad of each trait for each vari€lgyis the
covariance of X and Y aMaris variance of X (year of variety release). Percent genetic gain per year for each variety was calculated as P¢
Genetic Gain Yedr {[(XG -XAL-624)/XAL-624]/YG-YAL-624*100, Wwere, X is the mean value of observations for a given trait and Y is
the year of release of each variety (G) and Alemaya 8242(AL) . The i ncrement over farmers® cul
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Increment of Variety (%) = X@XFC/XFC*100, where, XG is the mean value of each variety for each trait and XFC is the mean value of th
two farmersd cultivars (Jarso and Bete) in east erietysiict ihwasthei a .
first potato wariety released in the country in 1987.

Table 2. Assessment of severity late blight (%) under field conditions Henfing (1987).

Phytophthora infestans (%)

Average Boundaries Symptoms

0 0 P. infestans not observed

25 Trace <5 P. infestans preseMaximum 10 injuries per plant

10 5<15 Plants seem to be healthy, but injuries can be easily observed. There are no more than
leaves

25 15< 35 P. infestans is easily observed on the plants. About 25% of the leaf area is affected by ir

50 35< 65 Plants look green, but each one is affected by the pathogen, lower leaves are necrotic.
of the leaf area is destroyed

75 65< 85 Plants look green with brown spots. About 75% of the leaf area is affected. Leaves in 1
of theplant are destroyed

90 85< 95 Only upper leaves are green. Most of leaves are affected and many stems have externe

97.5 95< 100 Plants look brown, few upper leaves are green and most of the stems are hardly affectec

100 Leaves andeams are destroyed

3. Results

3.1. Analysis of Variance and Mean Performance of Varieties

The analysis of variance for total and marketable tuber yield-&4ad wedl as late blight severity stoeach environment/location revealed
significant dferences (P<0.01) among genotypes (Table 3). The combined analysis across the three environments revealed the prese
significant differences among environments, genotypes and environment x variety interaction for all traits (Tablef dobgsareity of

error variances for these traits leads to conduct the analysis separately for each environment.

Table 3. Mean square from the analyses of variance for tuber yields and late blight severity score of potatceedioetdisred thiring the
2013 cropping season.

Trait
Total tuber Marketable
Location Source of Variation yield t ha tuber yield t h&a Late blight severity (%)
Haramaya Replication (2) 40.35 27.12 267.13
Variety (17) 295.48** 236.63** 2430.94**
Error (34) 8.82 7.61 6223
Hirna Replication (2) 4.95 6.43 15.7
Variety (17) 269.38** 254.36** 1889.3**
Error (34) 7.58 7.43 252
Arberkete Replication (2) 4.06 3.02 162.02
Variety (17) 134.95** 112.86** 1298.1**
Error (34) 2.59 2.39 83.65

* and ** = significant at B80and P<0.01, respectively. Numbers in parenthesis are degrees of freedom.

At Haramaya, all varieties except five (Mara Charre, Gudanie, Bubu, Belete and Gera) produced lower total and mystdttiiza thbe
oldest variety (Alemaya 624). Atekelete, five varieties including Belete (released in 2009) had lower total and marketable tubgr yield (t h
than the oldest variety. On the other hand, all varieties except Gorebela (released in 2002) produced total tubtrayieltehidghend
farmers varieties at Hirna. All improved varieties except two at Haramaya and Arberekete exceeded the mean tuber tyisldof faru | t i
Considering the performance of varieties across environments, most varieties except four exceeded theioldestweirig tuber yield.
Particularly, Mara Charre, Bubu, Gudanie and Gera exceeded the oldest variety by about 6.67 {0 dl8l&'3 thd 6).

Eight out of 16 varieties scored lower late blight severity than the oldest variety at Adreanesiges except one (Chirro) had lower late
blight severity scores than the mean of two farmers cultivars. In this environment, only 4 out of 11 varieties reled998 lztd/2005
scored lower late blight severity than the oldest variety (Al68#y At Hirna all varieties except Gorebela and at Arberkete all varieties
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except Bedasa and Gorebela recorded lower late blight severity scores than the oldest variety (Alemaya 624). iatiésirbat ak var
Arberkete all varieties except BedadaGorebela recorded lower late blight severity scores than mean late blight severity score of the tw
farmers cultivars. The two recently released varieties (Bubu and Belete) consistently recorded lowest late bigs €&Bétixyrsall the
threeenvironments. Other four varieties, Gera, Bulle, Mara Charre and Araarsaa had late blight severity scores not moralithan 30%
environments (Table 7).

Table 4. Mean squares from combined analysis of variance for tuber yield and quality aptotatitesaofeties tested at three locations
during the 2013 cropping season.

Trait
Marketable

Source of Variation Total tuber yield t Ha  tuber yield t h&a Late blight severity (%)
Replication (2) 18.37 16.35 267.7
Variety (17) 444.13** 386.59** 4468.4**
Environment (2) 3965.18** 3281.24* 11460.4**
Variety x Environment (34) 127.85** 108.63** 575.12*
Error (106) 6.68 5.97 130.9

* and ** = significant at P<0.05 and P<0.01, respectively. Numbers in parenthesis are degrees of freedom.
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Table 5Trends of genetic gain in potato varieties released in each ye20 1P8&¥ total tuber yield (tHapercent genetic gain yearer AL-624 (oldest variety) and percent increment over mean of the two
farmersd cultivars.

Year of Haramaya Hirna Arberkete
Variety release Mean TTY PGGY AL-624 PIMFC Mean TTY PGGY AL-624 PIMFC Mean TTY PGGY AL-624 PIMFC Average PGGY Al624
Alemaya 624 1987 27.26¢cd 62.55 33.53hi 14.09 33.6d 19.66
Chirro 1998 17.19hij -3.36 2.50 44 .64de 3.01 51.89 41.96ab 2.26 49.43 0.91
Zemen 2001 16.89ij 2.72 0.72 45.21de 2.49 53.83  34.8d 0.26 2393  0.19
Bedasa 2001 23.12deg -1.08 37.87 38.52fg 1.06 31.06 27.08f -1.39 -3.56 -0.43
Gorebela 2002 19.27ghi -1.95 14.91 21.15k -2.46 -28.04 18.36h -3.02 -34.62 -2.52
Guasa 2002 15.44ij -2.89 -7.93 50.45c 3.36 71.66 40.15bc 1.30 42.98 0.82
Jalenie 2002 16.59ij -2.61 -1.07 42 .93ef 1.87 46.07 34.18d 0.12 21.72 -0.05
Gera 2003 28.47c 0.28 69.77 55.27ab 4.05 88.06 30.67e -0.55 9.22 1.33
Chala 2005 26.07cde -0.24 55.46 51.49bc 2.8 75.20 34.8d 0.20 23.93 1.06
Bulle 2005 25.78cde -0.30 53.73 35.13gh 0.27 19.53 22.73g -1.80 -19.05 -0.63
Gabbisa 2005 21.936h -1.09 30.77 47.64cd 2.34 62.10 37.75¢c 0.69 34.44 0.76
Mara Charre 2005 54.31a 551 223.85 56.52a 3.81 92.31 39.79bc 1.02 41.70 3.31
Gudanie 2006 38.58b 2.19 130.05 43.95de 1.64 49.54 34.09d 0.08 21.40 1.24
Araarsaa 2006 24 .3¢f -0.57 44,90 43.63de 1.59 48.45 37.5¢ 0.61 33.55 0.62
Belete 2009 28.76¢ 0.25 71.50 45.54de 1.63 54.95 30.25e -0.45 7.73 0.49
Bubu 2011 35.56b 127 112.05 46.94cde 1.67 59.71 43.2a 1.19 53.85 1.38
Jarso 13.94j 30.52il 25.32fg
Bete 19.59i 28.26j 30.83e
Mean released varieties 26.22 -0.49 56.35 43.91 1.95 49.40 33.81 0.03 20.39 0.56
Mean farmers cultivars 16.77 29.39 28.08
LSD (5%) 4.93 457 2.67
CV (%) 11.8 6.5 4.8

Means with the same letters are not significantly different at P<0.05. LSD = least significant diffgetm¢end p¥r-hentiaire) REEI4AE percent genetic gaovge#t624, PIMFC = percent increment over mean
of farmers cultivars, CV = coefficient of variation in percent, Avé&2¢je RGGBxgAlpercent genetic @ain AB24 over three locations.
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Table 6. Trends of genetic gain in potateti@sireleased in each year (20817) for marketable tuber yield (})hpercent genetic gain yearer AL-624 (oldest variety) and percent increment over mean of the
two farmers® cultivars

Year of Haramaya Hirna Arberkete
Variety release Mean MTY  PGGY AL-624 PIMFC Mean MTY PGGY AL-624 PIMFC Mean MTY PGGY AL-624 PIMFC  Average BGY AL-624
Alemaya 624 1987 24.59¢cd 68.89  28.69hi 12.33  29.89gh 22.65
Chirro 1998 15.94fgh -3.43 9.48 41.45de 4.04 62.29 37.84ab 2.42 55.27 1.32
Zemen 2001 15.85fgh -2.72 8.86 43.59cd 3.71 70.67 31.71efg 0.43 30.12 0.69
Bedasa 2001 21.33de -1.19 46.50 35.12fg 1.60 37.51 24.6j -1.26 0.94 -0.18
Gorebela 2002 17.78efg -2.03 22.12 18.44j -2.38 -27.80 16.82I -2.92 -30.98 -2.41
Guasa 2002 13.92gh -3.04 -4.40 46.73bc 4,19 82.97 36.33bc 1.44 49.08 1.11
Jalenie 2002 15.66fgh -2.59 7.55 38.43¢f 2.26 50.47 31.02g 0.25 27.29 0.16
Gera 2003 26.59c 0.24 82.62 51.38a 4.94 101.17  27.98hi -0.40 14.81 1.71
Chala 2005 24.52cd -0.23 68.41 47.07abc 3.56 84.30 32.28efg 0.44 32.46 1.38
Bulle 2005 23.63cd -0.43 62.29 32.22gh 0.68 26.16 20.41k -1.76 -16.25 -0.46
Gabbisa 2005 20.14def -1.18 38.32 43.21cd 2.81 69.19 34.06cde 0.78 39.76 0.95
Mara Charre 2005 47.48a 4.75 226.10 50.11ab 4.15 96.20 35.07cd 0.96 43.91 3.31
Gudanie 2006 35.85b 211 146.22 41.41de 2.33 62.14 31.23fg 0.24 28.15 1.60
Araarsaa 2006 22.81cd -0.57 56.66 41.25de 2.30 61.51 33.64def 0.66 38.04 0.92
Belete 2009 27.26¢C 0.30 87.23 41.82de 2.08 63.74 28.16hi -0.26 15.55 0.77
Bubu 2011 33.48b 1.28 129.95 43.91cd 2.21 71.93 39.54a 1.35 62.25 1.69
Jarso 12.07h 26.41i 21.62k
Bete 17.04efg 24.67i 27.11ij
Mean released varieties 24.18 -0.58 66.05 40.30 2.57 57.80 30.66 0.16 25.82 0.84
Mean farmers cultivars 14.56 25.54 24.37
LSD (5%) 11.9 4.52 2.57
CV (%) 4.58 7.1 5.2

Means with the same letters are not significantly different at P<0.05. LSD = least significant diffetdiece,idld ¥orspenkbeaibad, PAR¥ Apercent genetic gaovgeadt624,PIMFC = percent increment over
mean of farmers cultivars, CV = coefficient of variation in percent, A62dagaRBaje Akrcent genetic @asn AB24 over three locations.
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Table 7. Trends of genetic gain in potato varieties releasath year (198010) for late blight severity: percent genetic gaihoyearAl-624 (oldest variety) and percent increment over mean of the two
farmersd cultivars

Year of Haramaya Hirna Arberkete
Variety release Mean Sevdyi  PGGY AL-624 PIMFC Mean Severity PGGY AL-624 PIMFC Mean Severity PGGY AL-624 PIMFC Average PGGY Al624
Alemaya 624 1987 50cd -45.05 32b -48.39  23d -36.11
Chirro 1998 95a 8.18 4.40 12cd -5.68 -80.65 13def -3.95 -63.89 1.30
Zemen 2001 87a 5.29 -4.40 12cd -4.46 -80.65 18def -1.55 -50.00 0.82
Bedasa 2001 68b 2.57 -25.27 23bc -2.01 -62.90 37bc 4.35 2.78 1.56
Gorebela 2002 48d -0.27 -47.25 60a 5.83 -3.23 60a 10.72 66.67 4.00
Guasa 2002 67b 2.27 -26.37 8cd -5.00 -87.10 10ef -3.77 -72.22 -1.27
Jalenie 2002 62bc 1.60 -31.87 17bcd -3.13 -72.58 20def -0.87 -44.44 -0.38
Gera 2003 25fg -3.13 -72.53 5d -5.27 -91.94 23d 0.00 -36.11 -3.10
Chala 2005 70b 2.22 -23.08 8cd -4.17 -87.10 20def -0.72 -44.44 -0.37
Bulle 2005 10h -4.44 -89.01 15cd -2.95 -75.81 22de -0.24 -38.89 -307
Gabbisa 2005 50cd 0.00 -45.05 15cd -2.95 -75.81 20def -0.72 -44.44 -1.06
Mara Charre 2005 30ef -2.22 -67.03 5d -4.69 -91.94 13def -2.42 -63.89 -3.02
Gudanie 2006 40de -1.05 -56.04 12cd -3.29 -80.65 23d 0.00 -36.11 -1.50
Araarsaa 2006 27f -2.42 -70.33 10cd -3.62 -83.87 18def -1.14 -50.00 -2.51
Belete 2009 13gh -3.36 -85.71 8cd -3.41 -87.10 15def -1.58 -58.33 -2.99
Bubu 2011 13gh -3.08 -85.71 4d -3.65 -93.55 8f -2.72 -77.78 -3.17
Jarso 95a 60a 47b
Bete 86.67a 63a 25cd
Mean relesed varieties 47 0.14 -48.15 15 -3.23 -75.20 21 -0.31 -40.45 -0.98
Mean farmers cultivars 91 62 36
LSD (5%) 13.09 15.47 12.46
CV (%) 15.2 454 324

Means with the same letters are not significantly different at P<@ig5iflcabt diia®nce, Mean severity = severity of late blight in gi¢enpe?G@Ygkhetic gaovgeats24, PIMFC = percent increment over
mean of farmers cultivars, CV = coefficient of variation in percent, A62dagevB@AGY pllrcent genetic'gaiery&i®24 over three locations.
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3.2. Estimates of Gain for Tuber Yield
The highest estimates for annual percent genetic gain of total tuber yield was noted at Hirna (Gera= 4.05%) andstf&02%eat wa
Arberkee for Gorebela (released in 2002). Mara Charre and Bubu which were released in 2005 and 2011, respectively, h#d highest
genetic gain over the oldest variety (Alemaya 624) for total tuber yield across the three environments (Table tds alsssextabited
consistently higher percent genetic gain across three environments while Gorebela recorded consistently lower gearéttadpeéntider
yield (t hd). Chirro had lowest3.43%) at Haramaya and Gera (4.94%) at Hirna had higbest genetic gain relative oldest variety for
marketable tuber yield (t-bp(Table 6). The annual rate of gain over the oldest variety (Alemaya 624) irapgecebetweel.62
(Haramaya) and 2.44% (Hirna) for total tuber yield while it was amdlebetweei.77 and 2.68% for marketable tuber yield-t Hze
overall annual rate of gain over the oldest variety in pgecehi79 and 1.86% for total and marketable tuber yield, respectively (Table 8).
Total tuber yield and varieties yeametdase had positive but weak (r = 0.09) association at Arberkete while relatively strong (r = 0.39) fc
total and marketable tuber yield at Hirna. The coefficient of determingtiwagRs low as 0.079 for total tuber yield at Arberkete and high
(R2 = 0.1523) for marketable tuber yield at Hirna (Figure 1 and 2). It was observed the redufdoanof0.02 t ha year of total and
marketable tuber yield, respectively, at Haramaya while the highest increase of 0.46 ahge@58ftthtal and marketable tuber yield,
respectively, at Hirna. The absolute reduction and increase of tuber yleldast Ware computed as absolute reduction and increase of 15
varieties mean yield over Alemaya 624 divided by 25 years (starting 1987atietyfirstease year) to 2011 (the year of recently released
variety, Bubu in the experiment) (Table 8).

Table 8. Estimation of coefficient of determinatic), @erage rate of gain (b), the annual absolute and relative genetic gain (RGG) for
average tudy weight and quality related traits of potato varieties

RAGG

Trait CD (B AAGG-AL-624 AL-624 (%) AGIFC RGIFC (%) Annual rate of gain (b) (%)
HU TTY t hat 10.49 -0.04 -0.16 0.06 0.24 -1.62
Hirna TTY t hat 14.78 0.46 1.38 0.38 2.25 2.44
Arber TTY t ha 7.9 0.01 0.03 0.23 0.68 0.34
Average TTY t ha 11.86 0.14 0.45 0.23 1.06 1.79
HU MTY t hat 10.16 -0.02 -0.07 0.11 0.50 -1.77
Hirna MTY t ha 15.23 0.58 2.11 0.59 231 2.68
Arber MTY t ha 98 0.03 0.11 0.25 0.82 0.38
Average MTY t ha 15.77 0.18 0.64 0.32 1.21 1.86
HULB Severity 25.24 -0.13 -0.25 -1.76 -1.93 -10.40
Hirna LB Severity 7.4 -0.74 -2.31 -1.88 -3.03 -1.00
Arberkete LB Severity 26.94 -0.07 -0.30 -0.60 -2.86 -8.30
Average LB Serity 32.21 -0.31 -0.89 -1.39 -2.22 -5.74

CD (R) = Coefficient of determination,-AlAG24 = absolute annual average genetic gain over Alemaya 624 (oldAst-624ef)) RAGG
relative annual average genetic gain over Alemaya\§2A@GIEEst \abtiute annual average increment over mean of farmers cultivars, RG
relative annual average increment over mean of farmers cultivars

The lowest absolute increase of total tuber yield (0.0§ad® over the mean oftwofarrsed cul ti vars was recor d:

highest (0.38 t Hayeatt) was registered at Hirna. The lowest (0.11 yd&?) and highest (0.59 t-hgearl) absolute increase of marketable
tuber yield over t he nmmrdedfootlie same locatforss ovarahe gt 25¢/eats {Table&)r s wa s
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Figure 1. Linear regression of potato total tuber yield on year of variety release with equafitimeffoestree environments.
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Figure 2. Linear regressiorpofato marketable tuber yield on year of variety release with equatiefit éihbdstr three environments.
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3.3. Estimates of Gain for Late blight Resistance
Late blight severity score was higher than the oldest variety at Haramaya whilesadixeaq¢ Gorebela both at Hirna and Arberkete and
Bedasa at Arberkete had lower percent late blight severity score. Percent genetic gain relative to Alemaya 624eramgreddeoot th
10.72% (Gorebela) at Arberkete to the reduction of 5.68%datesblerity yedl Chi rr o) at Hirna. The t wo
highest percent late blight severity in all environments except Chirro at Haramaya, Bedasa at Arberkete and Goeslitlrbeiiatea
Percent reduction of late blighteséty ranged frorm.4% (Zemen) at Haramaya98.55% (Bubu) at Hirna as compared to mean late blight
severity score of farmersd6 cultivars (Table 8).

The absolute reduction of late blight severity was as high as 0.74% at Hirna aneDa3/ewyast at Arberkete over Alemaya 624 (oldest
variety) with average annual absolute reduction of 5.74%. Improved varieties absolute reduction of late blighthedzstridpfpedrs was
highest{1.88% yed) at Hirna and lowest0.60% yed) at Arbekete as compared to the mean of two farmers cultivars. Annual rate of gain
(b) reduction of late blight severity due to the improved and released varieties for the last 25 yearsWhd%igaektafamaya but it was
lowest {1%) at Hirna with avega Annual rate of reduction of 5.74% (Table 8).

The late blight severity score for varieties showed negative association with release year of varieties and had sssogateyatit
Arberkete (r=0.52) and Haramaya {0-51) and weak assdiin at Hirna (r=0.086). The Rvas as high as 0.2694 and as low as 0.0074 at
Arberkete and at Hirna, respectively (Figurka®9. blight severity scoresplained the observed yield variations by about 31.39, 80.1 and
67.89% at Haramaya, Hirna and Aebie, respectively (Figure 5). Mean total tuber yield variation over environments was also explained
about 43.71% due taté blight severitizateblight severity score and tuber yield had negageeiation ranged from 8024 (Haramaya)
to r =-0.895 (Hirna]Figure 3)

Average Late blight Severity Regressed on Average Total Tuber Yield
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Figure 3. Linear regression of average late blight severity over three locations on average total tuber yieldroegaettasoivbesit
line
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4. Discussion

Potato varieties developed for different agroecologies of the country by separate efforts of breeders at differentersseahibited
significant differences for tuber yield. Relatively, most of the varieties released in 2005 and oreedrtigypheyduber yield across locations
while most of other varieties released before 2005 performing highest yield in one environment but low in other &imnarpenoent.

genetic gain of varieties calculated relative to varieties year of relgdsstaratiety and annual rate of gain in percent for tuber yield also
varied across locations. However, the average annual rate of gain in percent was 1.79 and 1.86 for total and nyseld:teddpeabeely,

which can be consider as highest @aie. of the many potential new cultivars will be best in all environments and selection in one type o
environment has consequences for performances in different types of environment (Falconer and Mackay, 1996). Tkigortight be du
guantitative trastsuch as yield are highly influenced by environment than qualitative traits (Bernardo, 2010). Because, yield depends on
factors which is controlled by many genes and subject to considerable modification by differences in environment {BewdeeZiasand

1990, Briggs and Knowles, 1985). The significant variation of tuber vyields in potato due to Vvariety
environmenandgenotype& environmeninteraction were also reported by other resear(flesst al 2014Mulugeta, and Dessalegn, 2013;
Elfinesh, 2008; Mulensaal 2008; Mateet al 2007).

Potato improvement for late blight resistance seems successful in Ethiopia when the successive released varietdsovire clolegar
variety and far mer sd euwerte imarasusceptible iot late biightsas comphredttchokdestvvariety ie hoi spot area
(Haramaya). On avera@er4% annual rate of gain in percent was computed for late blight severity score, coefficient of determination w
relatively higher and the ation between varieties year of release and severity score was negative and strong in two locations. This sh
that the general trend in the last 25 years potato improvement was in developing more resistaate/atigtieselzerity score expdi he
tuber yield variations as less than 31% and at most 80% across environments with average of 66.1% over locationsighitonte ve
single factor contribution to tuber yield and it suggested the impossibility of aiédtilegprogress tuber yield withouinhcorporating
resistance to late blight in potato varieties. Late blight is the most serious fungal disease, occurs almost eVerywdmreded i losses
may reach 100 percent (Henfling, 1987). In highland areas of Hidtiegight disease cause potato production loss estimated up to 70%
(Mekoneret al 2011). This fact was also observed in this study by the inverse relation of tuber yield and late blight seperigrgcore in

The general trend of potato impement as evaluated from average annual rate of gain in percent for tuber yield and late blight resistal
could be considered as high in the country for a quarter of a century. On the othagtivas@nificant differences waneong varieties for
tuber yield and late blight resistance due to environment/location and genotype x environment/location interaction. dineratesuaf g
varieties and percent annual genetic gain across environment/locations varied for tuber yield and late bégl@niysistanvarieties
developed by three centers consistently performed better for both traits. Majority of varieties (10 out of 16 wdiseties) dtamle >40%
which can be considered as susceptible at disease hot spot area (Haramaya). #rggrestppeéng differentially at different environments,
it is possible to increase genetic gains in yield from narrowing the environment(s) favourable the varieties andnfugehdakimiz
particular areas by exploiting genotype x environmenttinte(@eferi, 2009; Dixoet al.1991). This supported the current potato breeding
approach where each research center is developing varieties for their respectil@ggdiar which they are responsible and located.

But, the susceptibility of tineajority of the varieties for late blight at environment favorable for the pathogen showed either the appearan
of new race of the pathogen (A2 type) bedtisseot restricted to one region (Dreattal 1995, Goodwin and Sujkowski, 1995) and can be
dispersed anywhere in the country. On the other hand, varietielosigigisistance due to the abilityRofinfestatts rapidly evolve to
overcome resistance major genes (Stetnar2003, Wastie, 1991) and the new aggressive race of thengathdmpedistributed throughout
the country. Varieties might also carry varying numbegearid®, but they were all considered as resistant in the absence of the races or whel
the environment was not favored the pathogen (Beukema and Van Der Za&yt]16itBgr the environment is becoming favourable for the
pathogen or the races are introduced in the region, the varieties that showed susceptible reaction to the pathegeonsidienad for
cultivation unless other disease control measurempl@®yed. Demand is in progress for varieties for large scale production, export and
specific processing industries. The evolution of new virulent pathogen races, changing markeeadéraadds with larger target areas
force breeders to consider davirange of production constraints, multiple traits and make heavy investments in breeding. The country cant
afford the required huge investment and skill human power for the existing potato breeding approach (developmefuardiffaresites
agraecologies) to match the changing cropping scenarios and economics of production. This demands a dynamic coopegtiisisamong Sci
in the country for complementary efforts to achieve essential operational sizes; draw sound hypotheses andcsinabedies thated into
breeding objectives. This includes testing of germplasm across a wide range of environments, exchange informatimharsargl resea
develop wide adaptable varieties for all desirable traits.

5. Summary and Conclusion

The undestanding of the changes produced by plant breeding on potato tuber yield and yield determinants (mostly late Iblijat), throug
study of the behaviour of cultivars released at different times is important. Because it is a useful tool to defgtduance sejgetion

criteria and future breeding approach in the country. This research was conducted for the first time in the courraimétiheogenetic
improvement of potato tuber yield and reduction of late blight severity through sumesdspment and release of varieties for the last 25
years. The research revealed progressive improvement of the crop over years in the country for tuber yield andtestligiioseokrity.

Potato improvement achieved highest annual rates of gaicent for tuber yield and late blight resistance (>1.7%), because raising the rate
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of genetic gain from 1% to more than 2% annually for a quarter of a century is a key component of agricultural trafiséocimetigps in

tuber yield was associawith changes in lower late blight severity score with changing of scores across environments in different varieties.
Susceptibility of most of the varieties for late blight in the environment which was favourable for the pathogen eties fearfaagd

better for tuber yield and late blight resistance across environments. This suggested the need to change the leistimg @yiptoach

that depends on separate efforts of breeders to develop varieties for spesifidogigs and local comgation (traditional meals). This call

for the joint and nationally coordinated efforts of researchers to develop wide adaptable varieties that match tlaeketamgirendser

demands, economics of scale and the evolution of new virulent paitegéor farger target areas.
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7. Genetic Variability in Potato (Solanum tuberosum..) Genotypes for Late blight Phytophthora infe§dant.) de
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Abstract Late blight Phytophthorainfes&af®ary) is the most important and destructive disease of Sotatantuberosum

The pathogen has the ability to rapidly evolve and overcome resists)deagiéng commercial potato varieties to succumb to

the disease. Therefore, evaluation of commercial varieties for resistance should not be a one time task, but aagoutine breedi
activity. This study was, therefore, conducted to determine the geabtlityvaf potatosarietiesn terms of resistance to the

late blight and yield potential at Haramaya in 2013/14 cropping season under natural epiphytotic conditions. A tmial of 21 po
genotypes (Alemaya 624, Araarsaa, Belete, Bubu, Bulle, Coa@alR384321/3A, CIPB84321/3B, Gabbisa, Gera, Gorebela,

Guasa, Gudanie, Jalanie, Jarso, Mara Charre, Moti, and Zemen) were evaluated using a randomized complete block design
(RCBD) with three replications. The genotypes showed highly significant (ff&rédes in reaction to the disease (disease
intensity, severity, score and AUDPC) and yield potential. Only three varieties (Bubu, Belete and Bulle) were fstart to be res

to the disease, with the other three varigiesa( Araarsaa and Mara 1@)abeing moderately resistant. High broad sense
heritability (M) (47.78 to 91.02%) and genetic advance in percent mean (GAM) (58.87 to 96.31%) were computed for both
disease and yield parameters. High genotypic and phenotypic variances were tetondethgiitude of differences for all
parameters, and the environmental variance was much lower than the two other variances. Strong and positive genotypic and
phenotypic correlations were observed among the disease score parameters and unmarkgdleviileestrong and

negative correlations were observed between disease score and the two yield parameters (total and marketableiguber yields). T
indicated that the traits are highly heritable with the involvement of more additive gene a&iamandltde for selection. The
dendrogram of the 21 potato genotypes usimwgeighted Pagroup Method with Arithmetic mea$PGMA) analysis and

Euclidean distances separated the genotypes into three clusters anejfoupswihere resistant, modeyatekistant, and

high yielding varieties were grouped into the first cluster while all susceptible and low yielding genotypes werergrouped und
Cluster Ill. The resistant varieties were found to be the most distant from many of the genotypes bat teeeacatosther.

However, genetic similarities were observed among the susceptible genotypes. The presence of genetic variability and the high
heritability, coupled with high genetic gain of the traits, suggest the potential of improving for deecsamndsyseld through

selection. The study also suggests utilization of the identified resistant varieties for producing the crop. Hoableer, sustaib
production of thes varieties is unlikely since the disease rapidly evolves to overcome thgersistainttee plant, impying
thatintegrated management of the diasease is the most practical option.

Keywords AUDPC (Area under Disease Progress Curve); Broad sense heritability; Euclidean distance; Genetic distance; Genetic
variability; Varieties

1. Introduction

Potato §olanum tuberds(ins one of the most widely grown food crops after the three cereals viz., maize, rice and wheat (\#¢@$houwers
2011). In Eastern Africa, potato is the best crop for food and nutrition security where fapdssadwey priority for the over 200 million
people whose number is predicted to double by 2030 (Kyaneamy\2811). Under such increasing pressure on the fixed land, increasingly
degraded environment and uncertainties resulting from climate phashgging crops like potato with high plasticity to environmental
regimes and higher yield per unit area is indispensable. However, existing climate change may also increase the rilkeabepide
development for potato production particularlytefidight of potato which may result in yield reductions (Ba&e2005; Hijmans, 2003).

Late blight Phytophthorainfeétémst.) de Bary] affects all parts of the crop and can destroy a potato field within a few dayst (@&azukas
2008). Lateblight is not only the most serious fungal disease, but it also occurs almost everywhere where potatoes are groiallyand is espe
important in the traditional potato growing areas. If not controlled, losses may reach 100 peregavdRubia®t &, 2005) and even
lower infection levels may make the crop unfit for storage (Henfling, 1987). In the highlands of Ethiopia, late biigiiaandt ba
(Ralstoniasolanacgarenthe most important economic diseases that cause an estimatedyiefdttwZ0% (Mekoneet al 2011).

Host resistance is the best control measure as compared to fungicide spray since the latter is expensive whiladhe doomemisal
and environmentally sustainable. Potato breeding for resistance whtat@dblbeen going on worldwide for several decades. Despite this
effort, the majority of commercially grown potato varieties succumb to to late blight too soon. In the early 1908sdptdatadaessfully
introgressed resistance from wild speSiEs(m demisdunal.) into the cultivated potato. However, this major gene resistance was quickly
overcome by. infestafi&/astie, 1991). Subsequently, a total of 11 major dominant resistanReggass} \(ere identified, but these genes
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have been deated byP. infestarisven sothere is some evidence that they may be useful when combined with other sources of resistan
(Stewaret al.2003).

In Ethiopia, 30 potato varieties have been released by the research system since 1987; havabkr nconbat of varieties have become
susceptible to late blight and, hence, gone out of production (Gebremedhin, 2013).

However, no attempt has yet been made to assess the variability of potato varieties released in the country fdatedsligtandenéo
varieties are merely described as resistant or moderately resistant in the variety registry books (issued byAbdddinistjyasfobserved
at the time of the release. This is because i) the varieties were tested for latestbiiglet aesi released by different research centers at
different times for different agezological areas of the country; ii) the varieties may not show differential resistance for they carry different
genes which confer resistance in the absence ehtviades of the pathogen and environment favourable to the pathogen; iii) each center
maintains a portion of the released varieties for its geographic area; iv) centers are located at diffelagiesgvbich may not equally
favor all races at sammpping season or v) there may be a race change, i.e., the presence of A2 type of the pathogen because this r
dispersed worldwide and not restricted to temperate region (Eraht995, Goodwiat al 1995).

Researchers in Ethiopia obtditke germplasm for selection in the form of advanced clones, tuber families, and true potato seed. Tt
variations were generated by crossing different genotypes and selfing the heterozygotes at International PotatoirC&aer. (CIP)
(Gebremedhiret al 2008). Most of the potato varieties that have been released before 2008 possessgenes for either vertical resistal
horizontal resistance to late blight in the presence of unknown resistance major R genes (Gebremedhin, 2013). Eaaligsegenetic
demonstrated that 11 known R genes introgresse@&&lamumiemissuiBlacket al 1953). The clustering of functional genes for qualitative
and quantitative resistance to various pathogens suggests their evolution from common ancestors by picatigenéolthwed by
functional diversification (Gebhardt and Valkonen, 2001; OberhagtmbhB99; Leistet al 1996; Leonardichippersgt al 1994).

Therefore, varieties released in Ethiopia for different agroecologies at differentcperyiny different genes for resistance and tested at
different environments, are expected to have wide genetic variations. However, genetic variability study has natdézestondtethe
extent of the variations and genetic distance amorgdetheed potato varieties in the country.

In addition, the late blight disease of potato has mutable features so that it can overpass any resistance. Whegithited potaused
for resistance against it, the disease can violate largeydtt@iogroups in different years. As a result, potato cultivars described as resistant
to Phytophtora infestalasy might not be resistant in subsequent seasore{(@rzP03). Therefore, analyzing late blight resistance helps
to determine diérences in disease development not only between various susceptibility potato cultivars, but also to find diffseenees in the
potato cultivar every separate research year (Retzak2908). A group of scientists have opinion that it is nedesappyy few methods
for potato cultivars evaluation for susceptibility to the late blight such as testing of all cultivars in area whenentrg &awours the
pathogen (Leet al 2001).Therfore, it is believed that potatoes meant for breednagngrbgve to be tested not only under field conditions
with the natural late blight infection, but also in the laboratory making artificial infection settings (Asdkalve0te; Razukas and
Jundulas, 2005). This is because, in the case ofrsédectteess conditions, the genotype x environment interaction is of basic importance
and the breeder is greatly challenged. Therefore, for stress conditions, direct selection is more effective in thensatniamelection
for the mean of bothafvorable and unfavorable environments (Kiggaj 2004; Cecaredi al 1998; Calhouet al 1994). Specifically, it is
better to conduct studies on genetic variability of potatoes for late blight resistance in one environment wheraveonditgopathogen.

Potato late blight occurs when meteorological conditions are suitable @Hahs#005). The majority of released potato varieties in the
country were planted at Haramaya in 2013/14 cropping season when the environmental corditimhty weost favourable for the
occurrence of the disease, which created a good opportunity for evaluating the varieties for resistance to late blight.

Therefore, this study was conducted to determine the degree of resistance to late blighvéjefieatealeased in Ethiopia and to
elucidate their genetic variability in terms of resistance to the disease and yield potential.

2. Materials and Methods

2.1. Description of the Study Site

A field experiment was conducted underfeincondition dring the 2013/14 main cropping season at the research field of Haramaya
University on the main campus. The research site is locat2a' at ¢atitude, 423' E longitude and at an altitude of 2022 meters above sea
level. The mean annual rainfall is M&® (Belayet al. 1998). The mean maximum and minimum annual temperatures aren2{B.45°C,
respectively (Tekalign, 2011). The mean relative humidity is 50%, varying from 20 to 81%. The soil of the expearimnemeillrsited

deep alluvial dawith a suksoil stratified with loam and sandy loam (Tamire, 1973). The soil has pH of 8.0, organic carbon, total nitroge
available phosphorus, and exchangeable potassium contents of 1.15%, 0.11%, 182 @ngbkgnselkg soitt, respectivelyfQimret, 2010).

2.2 Experimental Materials and Design

A total of 21 potato genotypes i.e. seven potato varieties, which were released by Haramaya University at diffe@stetiméthiopia,

10 potato varieties, which were released by differseesaiRh Centers for different ageologies of the country, two local cultivars susceptible

to late blight and two potato genotypes which are under yield trial were tsedxperiment Ta bl e 1) . Two far mers
Batte) which are knowto be susceptible to late blight were used as control plants. The oldest or the first releasedb24yiatytiial
country and recently released variety (Moti) were used as having one and more than one resigjeneggnesBctively, whigrewsed
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to compare other varieties with the oldest and most recently released ones. Other varieties are under cultivatitve thoaunghoand
they were evaluated as resistant and moderately resistant to late blight at time of their raleasgdardiffe
The experiment was laid out as a Randomized Complete Block Design (RCBD) where each genotype was replicated thplee times. Each
was 3.60 m x 4.50 m (16.9 oonsisting of six rows, that contained a total of 12 plants per row ands/geplplot The spacing between
plots and adjacent replications were 1.0 and 1.5 m, respectively.
Mediumsized and well sprouted potato tubers were planted at the spacing of 75 cm between rows and 30cm betivagnoplamis.
practices were appliad per the recommendation made by the Haramaya University for the region.

Table 1. Name, accession code, year of release, a ntdinerycentetoff pot ent i
potato varieties and recommended m@altitude.
Variety or Year of Yield (t/ha) Recommended
No. genotype Accession code release RM FM Breeding Center Altitude (m.a.s.l.)
1 Moti KP-9014741 2012 4.277.98 3.356.496  Sinnana Research Center 23503350
2 Bubu CIP-3843213 2011 3942 3539 Haramaya University 17062000
3 Belete CIP-393371.58 2009 47.2 2833.8 Holeta Research Center 16062800
4 Araarsaa CIP-90138.12 2006 2042 37-50 Sinnana Research Center 24003350
5 Gudanie CIP-386423.13 2006 29.0 21 Holeta Research Center 16062800
6 Mara Charre CIP-3897013 2005 33.3 28.4 Hwassa Research Center 17062700
7 Gabbisa CIP-387096-11 2005 40.0 31 Haramaya University 17002000
8 Bulle CIP-3872245 2005 39.3 38.3 Haramaya University 17062000
9 Chala CIP-387412 2005 42.0 35 Haramaya University 17062000
10 Gera KP-90134.2 2003 259 - Sheno Research Center 27003200
11 Jalanie CIP-377925 2002 40.3 29.10 Holeta Research Center 16062800
12 Guasa CIP-384321.9 2002 24.433.0 22-25 Adet Research Center 20002800
13 Gorebela CIP-382173.12 2002 3052 26-30 Sheno Research Center 17062400
14 Badhasa AL-114 2001 406 - Haramaya University 24003350
15 Zemen AL-105 2001 372 - Haramaya University 17002000
16 Chiro AL-111 1998 3240 2535 Haramaya University 27003200
17  Alemaya 624 Al-624 1987 - - Haramaya University 17062400
18 Batte Local cultivar ~ ----- ee- e East Hararghe
19  Jarso Local cultivar ~ ----- eeem e East Hararghe
20 CIP-384321/3A e e e Under yield trial
21 CIP-3843218B e e e Under yield trial

Source: MoA, 2013 and 2012. Varieties with initial AL are the old potato genotypes (before 1987) maimtaiyngedabie titar avithyaitiddicP
are materials introduced from InternationadP@atdePfou after the first release of potato varieties in the country (1987) and varieties with KP initi

introductions other than from CIP.
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Table 2. Assessment of late blight severity under field conditions (%) (Henfling, 1987).

Phytophthora irdstans (%)

Average Boundaries Symptoms

0 0 P. infestanaot observed

25 Trace <5 P. infestanpresent. Maximum 10 injuries per plant

10 5<15 Plants seem to be healthy, but injuries can be easily observed. There are no more than 20 affected

25 15< 35 P. infestanis easily observed on the plants. About 25% of the leaf area is affected.

50 35< 65 Plants look green, but each one is affected by the pathogen, lower leaves are necrotic. About 50'
area is destroyed.

75 65< 85 Plans look green with brown spots. About 75% of the leaf area is affected. Leaves in the middle ¢
are destroyed

90 85< 95 Only upper leaves are green. Most of leaves are affected and many stems have external injuries

97.5 95< 100 Plants look brow; a few upper leaves are green and most of the stems are affected or dead

100 Leaves and stems are destroyed

2.3. Data Collection and Analysis
2.3.1. Diseasassessment andjield datacollection
Disease assessment began on 30 August 2013, i.es,afedplanting as soon as disease symptoms appeared on susceptible genotypes a
then carried every 20 days until the majority of the genotypes attained physiological maturity. Disease incidehcevarel astassied
following CIP (2006) guidelinad other established procedures described below. Area under the Disease Progress Curve (AUDPC) was
calculated from disease intensity recorded at different fixed date intervals. Disease assessment was done by vhkiatore hittezie
knowingthe value given at the previous reading.
The total tuber yield of each genotype was taken from plants in the four middle rows. Tubers were carefully cbkebitsaéer dug
by hand. The collected total tubers in each plot were weighted\artedato tons per hectare. Tubers which were free from diseases, insect
pests, and greater than or equal to 20 g in weight were sorted, and weighed for each plot and converted as matkatpbldeield (
remaining tubers (diseased, inattatkednd smaltized, i.e.< 20 g) were recorded as unmarketable tuber yigld (t ha
Assessment of the severity of late blight under field conditions in percent was recorded on plot basis taking isto@nbaurdfthlants
developing disease symptama leaf and/or many leaves and plants free from disease following the procedures of Henfling (1987).
Disease intensity (percent severity index) was recorded on the basis of the percentage of leaf area affectechtychltellbligtitfar
each tease assessment as follows.

Summation of numerical ratin
g x 100 1

Lateblight intensity % =

No.plants examined xMaximum disease score

The intensity ofdliar blight that was expressed in percent of the infected leaf area was used for the disease rating scale as baggested by
and Thind (1999). Depending on the final record of disease intensity (%), the genotypes were classified as rdsigtesgistanteaad
susceptible as per the scale (Anonymous,1997) (Table 3).

The area under disease progress curve value (AUDPC) was calculated using the following formula (Campbell and Maddems1990) an
interpreted directly without transformatiothashigher the AUDPC, the more susceptible is the genotype (CIP, 2006).

—n-12 ~
AUDPC =3 ay *y +18(t - t)
i=1 G 2 + 2
Where o0tdé is the time of each reading, 0ydé is thgspedTbentvaof
can represent Julian days, days after planting.

Table 3. Disease score and description, intensity (%)iatahce category.

Disease Score Score description in terms of foliage infec Disease intensity (%) Category
(%)
0 No visible symptoms Upto5 Highly Resistant
1 1-10 5-20 Resistant
2 11-25 21-40 Moderately Resistant
3 2650 Above 40 Susceptible
4 5175
5 >75
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2.3.2. Data aalysis

Data forAUDPC, disease score, severity, and intensity and yield parameters were subjected to analysis of variance (AN@\ ANt Least sign
difference (LSD) at 5% probability) was used to compare the meansvalutited genotypes. The phenotypic and genotypic variance and
coefficients of variation were estimated according to the methods suggested by Burton and Devane (1953).3Heritabditysg¢hse was
computed using the formula adopted by Allard (E¥@D}alconer and Mackay (1996) &s: H 29/ 2p] x 100, where, 2g=genotypic

variance, Zp= phenotypic varianceande= error variance. Genetic advance (GA) for each trait was computed using the formula adopted by
Johnsoret al (1955and Allard (196@js:

GA= (k) ( %) * H?, and GA (as % of the mean)—%A— x100 3

Where, k= selection differential (k=2&0@& 1.76 at 5% and 10%, respectively, selection intefgsityghenotypicstandard deviatiort=H
heritability in broad sense andx=grand mean. Phenotypic and genotypic correlations between tuber yield and gemrotygits registanc
estimated usingemethod described by Militral(1958).

Genetic distance of genotypes was estimatectusiidean distance (EBalculatedrom the seven disease score and yield traits of 21 potato
genotypes after standardization (subtracting the mean valuedinglitiby the standard deviatias)established Byneath and Sokal, (1973)

as follows

2
EDk= " 3 (xij - Xik)
i=1 4

Where, EDjk = distance between clones j and k; xij and xik= disease score and yield traits mean values of theitlyehatgmterjfand

k, respectively; and n= number of traits used talatdcthe distance. The distance matrix from disease score and yield traits was used to
construct dendrograms based on the UnweightedrBajr Method with Arithmetic means (UPGMA). The results of the cluster analysis were
presented in the form of dendrag.In addition, mean average distance (ED) was calculated fgpers@tghdy averaging the distance of a
particular potatgenotypever the other 26enotypesThe calculated average distance was used to estimate whigjepotgbes closest

or distant to the others.

3. Results

3.1. Analysis of Variance and Mean Performance of Genotypes

Analysis of variance computed for seven late blight disease score and tuber yield parameters of 21 potato gerntetyjred &f@dsérhe

analysis of variaa indicated highly significant (P<0.01) variation among genotypes for all traits. The disease severity computed for each
evaluation day and the |l ast evalwuation ranged fromtwbdel@ased 100% (T
varieties; Chiro and Zemen (old varieties, released in 1998 and 2001 next to the first released variety) wereeenalsbtseeptible

genotypes with 100% disease severity. The lowest disease severity (14%) was recorded for theaeelariBtibs, Belete and Bulle of

which the former two were released as recently as in 2011 and 2009 while the third variety was released in 200fy. Distesetheve

three varieties, namely, Gera, Mara Charre and Araarsaa was calculat€dids 82% (

Table 4Mean squares from analysis of variance (ANOVA) for yield and late blight as evaluated in 2013/14 cropping seasons at Haramaya

Traits Replication (2) Genotype (20) Error (40) SE CV (%)
Disease severity (%) 213.27 2145.98** 68.32 8.27 16.4
Disease intensity (%) 169.44 2142.90** 73.61 7.01 16.1
Disease score 0.4286 3.83* 0.312 0.56 16.8
AUDPC 135887 2148278** 73263 270.70 20.5
TTY t hat 69.99 212.50%* 23.05 4.80 20.3
MTY t hat 68.06 269.72%* 20.06 4.48 22.5
UNMTY t hat 0.464 9.629** 1.571 1.60 23.2

** =Significant at P<0.01;numbers in parenthesis indicates degrees of freedom; SE= standard erroratiov {foperceetfitidDiRgEvarea
under the disease progress curvé;¥ Tgtdl aber yield tons parehédTY t Ha= marketable tuber yield tons per hectare; UNMTY t ha
unmarketable tuber yield tons per hectare.
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Haramaya.

Disease severil Disease
Genotype (%) score AUDPC TTY t hat MTY t hat UNMTY t hal
Moti 51cd 3bc 1788de 9.48i 5.04k 4.44bcde
Bubu 13hi 2c 225j 35.56ab 33.48ab 2.07ef
Belete 13hi 2c 225j 28.74bcd 27.26bc 1.48f
Araarsaa 27fgh 3bc 507ij 24 .3ef 22.81cde 1.48f
Gudanie 40def 3bc 704ghi 38.52a 35.85a 2.67def
Mara Charre 30efg 2c 736ghi 25.18de 20.15cdefg 5.04abcd
Gabbisa 50cd 3bc 1146fg 21.93defg 14.81fghij 7.11a
Bulle 10i lcd 125j 25.78de 21.63cdef 4.15bcde
Chala 70b 4b 1955cd 26.07de 22.52de 3.56def
Gera 25gh 2c 544hij 28.44bcd 24.59cd 3.85cdef
Jalanie 62bc 4b 1535def 16.59fghi 13.33ghij 3.26def
Guasa 67b 4b 1546def 15.41ghi 9.19jk 6.22abc
Gorebela 48cd 3bc 1133fg 19.26efgh 17.78defgh 1.48f
Badhasa 69b 4b 1445ef 23.11defg 16.59efghi 6.52ab
Zemen 87a 5a 2341bc 16.89fghi 11.85hijk 5.04abcd
Chiro 95a 5a 2761ab 17.19fghi 13.93ghij 3.26def
Alemaya 624 50cd 3bc 957gh 27.26¢d 24.59cd 2.67def
Batte 87a 5a 2553ab 11.26i 5.04k 6.22abc
Jarso 95a 5a 2994a 13.93hi 10.07ijk 3.85cdef
CIP-3843213A 30efg 3bc 993¢g 34.37abc 32.89ab 1.48f
CIP-384321/3B 42de 3bc 1498ef 37.33a 35.26a 2.07ef
LSD (5%) 13.64 0.9216 446.7 7.922 7.392 2.646

Means followed by the same letter with in a column are not significantly different at PP Evarebsigibcanealigedse progress curve;TTY tF
= total tuber yield tons per hectare; MTividrkatable tuber yield tons per hectare; UNMiRivhahetable tuber yield tons per hectare.

The varieties were grouped according to theiroytar r el ease and their disease severity w
cultivars and the variety released for the first time in the cour24Ah 1987), which is the oldest variety. All genotypes except Chiro and
Zemen had reduced diseasever ity varying from 10 to 86% as compared to t he
the oldest variety, only eight genotypes had lower disease severity. Among the varieties released from 2003 onevamis, Mol Hakda
higher disease severity than the oldest variety (Table 6).

Based on the calculated AUDPC, the five varieties, namely, Bulle, Bubu, Belete, Araarsaa and Gera had the lowesg AdBDP2%angin
to 544 while the others had the highest range, i.e., Z8d4toNone of the genotypes had a disease score 1 except Bulle. Only four varieties
(Bubu, Belete, Araarsaa and Gera) had a disease score of 2 and the remaining ones had a score of 3 and above (Table 5).
The mean marketable tuber yield ranged from®m3B85 t hd(Table 5). The highest total tuber yield was recorded for Gudanie (35.85 t ha
1) and CIP384321/3B (35.26 t iawhile the lowest marketable tuber yield (5.04) wees obtained from Moti (released in 2012) and Batte
(farmersd cultivar).

The varieties which scored lower disease severity and AUDPC had also higher marketable tuber yields. The lowestlhemyaeldgable
were registered for Belete, Gorebela, Araarsaa aB8843PL/3A while the highest was recorded for Gabbisat(Rd] followed by Jarso
(6.52 t hd), Badhasa (6.52 thaBatte (6.22 t Ha and Guasa (6.22 tha
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Table 6Disease intensity (%) in four different disease assessments and disease resistant category of potato genotypes.

Genotype Days afteplanting Decrease/increase intensity ( Disease  resistan
over category
46 62 77 92 Farmers First released
Batte 14 38 90 100a Susceptible
Jarso 17 38 100 100a Susceptible
Mean farmers 16 38 95 100
AL-624 1987 3 11 33 56¢ -44 Susceptie
Chiro 1998 14 33 100 100a 0 44 Susceptible
Zemen 2001 4 29 100 100a 0 44 Susceptible
Badhasa 2001 0 14 38 67b -33 44 Susceptible
Mean (2001) 2 215 69 84 -16 44
Gorebela 2002 4 11 38 56¢ -44 0 Susceptible
Guasa 2002 1 14 56 90a -10 34 Susceptikel
Jalenie 2002 4 14 56 61b -39 5 Susceptible
Mean (2002) 3 13 50 69 -31 13
Gera 2003 0 4 17 29%e -71 -27 Moderately resistant
Chala 2004 4 33 61 67b -33 11 Susceptible
Bulle 2005 0 0 1 14f -86 -42 Resistant
Gabbisa 2005 4 11 38 56¢ -44 0 Susceptible
Mara Charre 2005 1 3 29 29%e -71 -27 Moderately resistant
Mean (2005) 2 5 23 33 -67 -23
Gudanie 2006 0 4 17 38d -62 -18 Susceptible
Araarsaa 2006 0 4 14 29%e -71 -27 Moderately resistant
Mean (2006) 0 4 15 34 -66 -22
Belete 2009 0 0 4 14f -86 -42 Resistant
Bubu 2011 0 0 4 14f -86 -42 Resistant
Mean (2010) 0 0 4 14 -86 -42
Moti 2012 4 21 76 90a -10 34 Susceptible
CIP-384321/3 A 1 11 38 42 42cd -58 -14 Susceptible
CIP-384321/3 B 4 14 56 90 90a -10 34 Susceptible
LSD (5%) 14.16

3.2.Genetic Variability Components

Genetic variability estimates including genotypic and phenotypic variances, phenotypic (PCV) and genotypic (GC¢j caséiments
heritability, and genetic advance as percent mean were computed for diseaseyistdrpazacheters (Table 7). The results of the study
revealed the presence of considerable variations among genotypes for the seven parameters considered. The phewatypibighgance
than the genotypic variances for all the traits studied. gtiththe phenotypic coefficients of variation were higher than the genotypic
coefficients of variation, the differences were low in magnitude.
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Table 7Variability components for late blight resistance and tuber yield parameters in 21 potato genatypésdas 2013/14 cropping
season at Haramaya.

GAM
Traits Mean GV PV EV GVC (%) PCV (%) ECV (%) H2(%) (5%)
Disease severit
(%) 60.4 692.55 760.87 68.32 43.57 45.67 13.68 91.02 85.63
Disease intensit
(%) 53.4 689.76 763.37 73.61 49.18 51.74 16.07 90.36 96.31
Disease score 3 1.17 1.48 0.312 36.10 40.62 18.62 78.99 66.09
AUDPC 1980 691671 764934 73263 42.00 44.17 13.67 90.42 82.28
TTY t hat 23.65 63.15 86.20 23.05 33.60 39.26 20.30 73.26 59.25
MTY t hat 19.94 83.22 103.28 20.06 45.75 50.97 22.%6 80.58 84.60
UNMTY t hat 3.71 2.35 4.92 2.571 41.34 59.81 43.22 47.78 58.87

GV = genetic variance; PV = phenotypic variance; EV = environmental variance; GCV = genotypic coeffipieenalf/piaricoieificie /ot
variation; ECV = enviremtal coefficient of variatidmeridability in broad sense in percent; GAM (5%) = genetic advance in percent mean at
intensity; AUDPC= area under the disease progress turtet@lilddnayield tons per hectare; M Ynartkatable tuber yield tons per hectare;
UNMTY t ha = unmarketable tuber yield tons per hectare.

High heritability in broad sense was computeddease severity (91.02%), AUOBEL42%), disease intensity (90.36%), while relatively low
heritability wa estimated founmarketable tuber yield (47.78%) and total tuber yield (73.26%). Similarly, the highest genetic advances
percent mean (96.31%) was recorded for disease intensity while the lowest widsrecondeketable tuber yield (58.87). Agnitie yield
parameters, marketable tuber yield exhibited higtitabHity 80.58%pandgenetic advance as a percent mean (84.6%).

3.3. Phenotypic and Genotypic Correlations

According to the procedures for standard evaluation trials of advancedlpoéstqCIP, 2006), correlation between yield and genotype
resistance can be calculated if yield has been evaluated in addition to the AUDPC. In this study, genotypic cacietgBowereeff
computed in addition to phenotypic correlation coeffictentdbtain better estimates of the associations between tuber yield and disease
resistance (Table 8).

Positive and highly significant (rg=0.96) genetic correlation was observed between late blight intensity and AUDRGwWodiseasd
scores hadegative and highly significant (@y87) correlations with marketable tuber yield. The AUDPC exhibited significant but negative
correlations with total tuber yield (#@66) and marketable tuber yield Qds8), but positive and significant correlatith unmarketable
tuber yield (rg=0.62). In general, total and marketable tuber yield were negatively and highly significantly coisglatedpardmeters,
while unmarketable tuber yield was positively correlated. The two yield parameterbit@doneghtive genotypic correlation with
unmarketable tuber yield.

Disease intensity showed positive and highly significantly phenotypic correlation with other disease parameterstivuAWbiRPESt w
(rp=0.96). Unmarketable tuber yield showed yositid significant phenotypic correlation with disease intensity while total and marketable
tuber yield showed negative correlations. AUDPC also showed negative and highly significantly phenotypic correktiamdwith tot
marketable tuber yield (H8-63.

Table 8Genotypic and phenotypic correlation coefficients above and below diagonal, respectively, for late blight and y&eld parameter
potato genotypes as evaluated in 2013/14 cropping season at Haramaya.

Disease intensit Disease Disease AUDPC TTY MTY UNMTY

Incidence Score t hat t hat t hat
Disease intensity 0.29* 0.43** 0.96** -0.64** -0.97** 0.58**
Disease severity 0.32* 0.31* 0.96** -0.56** -0.55** 0.58**
Disease Score 0.34* 0.32 0.38* -0.54** -0.57** 0.34**
AUDPC 0.96** 0.%** 0.35* -0.66** -0.58** 0.62**
TTY t hat -0.32* -0.66** -0.58** -0.65** 0.89** -0.43**
MTY t hat -0.54** -0.67** -0.57* -0.65** 0.91* -0.66**
UNMTY t hat 0.59** 0.61** 0.48** 0.63** -0.53** -0.81**

* & ** =gignificant at P<0.05 and P<0.§fectvely. AUDPC= area under the disease progress’cutetalTliver lyzeld tons per hectare, MTY t
ha = marketable tuber yield tons per hectare, UNMiRvhaheetable tuber yield tons per hectare.
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3.4. Genetic Distance and Clusteringf Potato Genotypes

Genetic distances among the 21 potato genotypes were estimated using Euclidean distance (Table 9). Euclidean fdistafcélranged
(between Chiro and Jarso) to 7.23 (between Bubu and Batte) with a mean and a standard déSiatnohlof B respectively. Bubu and
Belete were most distant from Zemen, Chiro, Batte and Jarso with Euclidean distance >6.07. Bulle was also mosattis{ara)yitar&o

(6.69), Chiro (6.44) and Zemen (6.1). On the other hand, Belete wasBiibse @era, Bulle, Araarsaa and-83#321/3 A and Bubu
exhibited closeness to Gudanie, Gera ankd&1B21/3 A with Euclidean distance of <2. Based on average Euclidean distance6&iue, AL
(2.67) followed by Jalenie (2.86), Chala (2.87) and G&@&&lddlavére closest to others while Batte (4.32) and Jarso (4.16) followed by Bubu
(3.97), Bulle (3.92), and Chiro (3.92) were the most distant genotypes to others.

The dendrograms from UPGMA cluster analysis based on ED matrixes are presented.iVWFigarthe dendrograms cut at 2, which is
above the standard deviation of the genotypic distance, the tested potato genotypes were separated into threerclusitensd(@)ust
Cluster I, included five released varieties witigrsuip | (Beleteand Bubu) and stdroup Il (Gera, Mara Charre and Bulle) while Cluster Il
comprisedf one released variety (Gudanie) and the two genotyp&843H./3A and CIR384321/3B) which are under yield trial. All the
other genotypes were grouped in Clustevith two big sulgroups viz., sugroup 11l and sulgroup 1V which consists of 5 and 8 genotypes,
respectively. The four out of six old varieties (released by Haramaya University) were grouped in Custeoltgub 1 V. wi t h t he
cultivars. m this sukgroup, the most recently released variety (Moti) was also incluegr@u@ubl consists of the first potato variety
released in the country and varieties released starting in 2002 to 2006. The first Cluster only included relaledgedognilsties (2005
to 2011) except one variety (Gera) which was released in 2003.

Figure 1. Dendrogram generated based on UPGMA clustering method depicting genetic
relationships among 21 potato genotypes based on seven late blight and yield
evaluation pararneters
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Table 9Euclidean distance of 21 potato genotypic clones measured from seven late blight and tuber yield evaluation paransefarslidedmdistance ohkedimy averaging each genotype distance to other
20 clones.

Genotype Bubu Gorebela Gudanie Guasa Gera Jalenie Chala Zemen Chiro Bulle Moti Batte Gabbisa Araarsac Mara Badhase Jarso AL- CIP-A CIP-
624 B

(3.68)
Belete(3.7) 1.09 2.78 2.30 535 155 4.03 4.04 6.07 6.13 187 5.06 6.82 4.24 1.37 2.39 4.69 6.53 240 190 3.47
Bubu(3.97) 3.47 1.73 5.76 1.78 459 423 6.42 6.50 225 570 7.23 4.48 2.13 2.69 4.89 6.94 268 171 3.20
Gorebela(2.91 3.16 328 249 161 218 3.69 361 336 278 4.44 3.18 1.60 259 3.13 3.97 138 254 3.09
Gudanie(3.54) 499 211 393 3.08 5.35 538 3.25 530 6.31 3.96 2.36 2.83 3.96 591 194 1.03 196
Guasa(3.38) 419 196 257 1.69 265 497 169 181 194 4.30 3.58 1.43 2,58 3.38 488 4.62
Gera (3.09) 329 320 5D 537 133 4.14 576 2.80 1.67 0.95 3.42 5,70 1.75 2.06 3.11
Jalenie(2.86) 161 2.26 244 422 195 292 250 2.80 2.99 2.04 2.67 214 356 3.75
Chala(2.87) 2.37 237 442 3.06 3.39 268 3.02 3.09 1.90 284 177 290 264
Zemen(3.69) 117 6.10 2.60 121 3.27 4.90 468 2.22 1.13 3.83 517 4.66
Chiro(3.92) 6.44 3.05 2.06 4.05 4.93 5.09 3.02 0.71 3.90 509 452
Bulle(3.92) 470 6.60 3.46 2.48 153 4.37 6.69 297 3.18 4.29
Moti(3.59) 2.60 2.69 4.04 3.59 272 2.92 344 490 4.80
Batte(4.32) 3.55 5.66 5.18 2.75 158 472 6.13 571
Gabbisa(3.24) 3.57 2.03 1.29 413 277 4.06 4.17
Araarsaa(3.13 221 3.78 533 154 175 3.13
Mara (3.1) 2.87 5.33 2.04 282 361
Badhasa(3.12; 3.17 270 4.06 3.90
Jarso(4.16) 435 560 5.09
AL-624 (2.67) 1.64 212
CIP-A (3.34) 1.80

Numbers in parenthesis indicates mean ED of potateAge @Bp8432Z1F3 A, CIB= CIR384321/3 B and Mara= Mara Charre.

67



32" Annual Research and Extension Review Proceeedings, March 2015, Haramaya University

4. Discussion

Genetic variability was evident in potato genotypesial.(Highhe r el eas
significant differences among theoggpes for late blight resistance and yield were revealed by the analysis of variance. This could be attributed
to the fact that the released varieties carry varying numbeaysrafsRbut were all considered as resistant in the absence of the haces or w

the environment did not favor the pathogen (Beukema and Van Der Zaag, 1979). This suggestion may be strengthenedtpyothe super
recently released varieties over the old ones in terms of resistance to late blight and tuber yield poterit@04) gatato breeders
successfully introgressed resistance from wild si@atasi(n demidsimiii.) into cultivated potato. A total of 11 major dominant resistance
genesK genes) were identified although they were later defeated by the disease, these genes are still useful when combined with

other sources of resistance (Steataal.2003; Wastie, 1991). Most of the potato genotypes that have been released before 2008 were either
with major genes for vertical resistance against lateobligere developed for horizontal resistance against the disease in the presence of
unknown resistance major R genes (Gebremedhin, 2013), and named population A clonesa(lL88dpdiowever, such resistance was
shortlived because of the alilfor the causal organism to overcome it (Laatlap 2000a, 2000b). But, breeding efforts on population A

was stopped at CIP (starting from 1990s), and the emphasis shifted to the formation of a new population where btaimmtal resi
improved m the absence of major resistance (R) genes. The new population was named as population B. The main feature wfishis populatio
that testing and selection were mainly done for horizontal resistance to late blight (unlike those applied for papidatame A)nplified
significantly in the absence of major (R) genes. Because of the elimination of the interference effect of majoldRgenserialezan be

exposed readily to any local isolates in favorable environments and allow effattigeasates=lection for horizontal resistance (Latdeo

al, 1997). Therefore, the recently released varieties may carry eithegenasyaR compared to the old varieties or were improved with
horizontal resistance in the absence of major resistageadR)

Many of the released genotypes have become susceptible to the disease and are known either as resistant or modéiateigydmsta
because: i) the mycelia of different types of the fungus (mating types Al and A2 ) grow togethemanayoform male cells (antheridia)
and the other female cell (oogonidje fertilized oogonium can resist unfavorable conditions such as drought and low temperatures
(Henfling, 1987)This happesbecause thdistribution ofP. infestahgpe A2 is wrldwide not restricted to the temperate region (Fry and
Goodwin, 1997; Drentét al 1995, Goodwiet al 1995), iilPhytophtora infe$i@ves mutable features so that it can overpass any resistance and
potato cultivars which were described as redistidve disease may hardly resist the new late blight racet &ap3).

As suggested by Sivasubramanina and Madhavamenon (1973), genotypic and phenotypic coefficients of variationsezhahbwategoriz
(<10%), medium (1R0%) and high (326). In this study, high genotypic and phenotypic coefficients of variations were calculated for both
late blight resistance and yield param@&tezsestimated phenotypic coefficientaratiorwas relatively greater than the genotypic coefficient
of vaiation for all the traits; however, the differences were low for most of the traits. This showed that the expressigasveithmainly
the function of genetic factors with Issasitivity to environmental factdrkis in turnindicates the presce ofsubstantial genetic variability
among the released potato varieties in the country.

Selection for a particular trait depends largely upon the genetic-gedatanfactors that affect the expression of phenotypic differences
among genotypesh@refore, heritability is an important estimate for the selection of traits in improving crops. Heritability estinf@tes would
reliable if accompanied by a high estimate genetic advance (Singh and Chaudhry, 1985). As demonstratext bi( FRdBiniseritability
can be categorized as lowBQ0%), moderate (#D%) and high (60% and above) and as Jokehshrn(1955) suggested genetic advance as
percent mean can be categorized as 10024), moderate (ZD%) and high (20% and above). In the ptesady, high heritability (78.99 to
91.02%) and genetic advance as percent of mean (GAM) (66.09 to 96.31%) were computed for disease resistance ppaseteters as com
yield parameters {H7.78 to 80.58% and GAM, 58.87 to 84.6%). However, for lpathepars a combination of high heritability with high
genetic advance was observed, which signifies more additive gene action (Panse, 1957), and suggesting that rthersableaitsr are a
selection.

Positive and highly significant correlations wleserved among late blight parameters both at genotypic and phenotypic levels. Late blight
intensity and AUDPC exhibited negative and highly significant correlations with total and marketable tuber yields,amat [pigsily
significant correlationsittv unmarketable tuber yield. These results suggest that high intensity of the disease reduced marketable yield but
favored production of unmarketable tuber yield. If yield has been evaluated in addition to the AUDPC, the correlatyigidbatwieen
gendypic resistance can be calculated as a value close to unity, indicating a very high linear association betwadmrdsistaryieldoathe
disease (CIP, 2006).

The dendrogram efficiently separated the more resistant, higher yielding andiegesr(Craster |, stdgroup 1) than the susceptible and
the low yielding genotypes (Cluster lll-gtdup 1V).This research results are in line with the history of potato improvement in Ethiopia and
in the world at large. Researchers in Ethiopia ebt#ie germplasm for selection in the form of advanced clones, tuber families, and true
potato seed from International Potato Center (CIP) in Peru (Gebremiedhid008). The clones introduced at different time carry varied
number and different resista genes either they were developed for vertical or horizontal resistance.The measured genetic distance was also
capable in grouping the old introduction (population A) in separate clusters different from the recently introductéatclgenstypebat
have been developed and released before 2008 were from population type A (Gebremedhin, 2013). Other researchdrihatsthesuggeste
clustering of functional genes for the resistance to various pathogens indicates they were from common bhageit@nsd(@alkonen,

2001; Oberhagemamn al 1999; Leistest al 1996; Leonaréichipperset al 1994). Most of the varieties released before 2008 lost their
resistance and exhibited genetic divergence from the recently released varieties.bEndumighthe old varieties carry the race specifc
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genes for resistance but this might not be true in the recent varieties. The R genes conferring race specific icdsistanigdarprmsient
resistance to late blight, as new races rapidly overed®ngethenediated resistance (Fry and Goodwin, 1997; Wastie, 1991).

The results of this study are in agreement with the findings reported by different researches both for potato andCoth& stenatpsith
the results of this study, Abdalebetal, (2010) found that potatao cultivars with high, moderate, and low late blight resistance were groupe
in different categories as estimated from RAPD marker. According to this author, the lowest genetic similarity widts thietainsceptible
cultivars.Pattanayalet al.(2002)studied the genetic diversity among resistant and susceptible potato cultivars to late blight using RAP
markersand foundno clear groupings based on late blight resistance and susceptibility. But they found thatesu$cepidtént potato
cultivars showed narrow and wider genetic variations, respectively.

5. Conclusion

The presence of genetic viability was evident in potato genotypes from the analyses of both variance and geneticedistdiyoelddsed
varietes (Bubu and Belete) were more resistant to late blight than the others. They were grouped together and foundtémtoieamost dis
many of the other genotypes, but being close to each other. The identified late blight resistant potato vaBetets; &ubBulle could be

used for potato production as a management option to control late blight in Ethiopia. High yielding and moderatayietstsi{@sra,
Araarsaa and Mara Charre) may be considered for production with less frequentpchgrbéafars the disease symptom observed. The high
yielding variety (Jalenie) and the two genotype8&&321/3A and CH384321/3B) but susceptible to late blight may be recommend for dry
season production wunder i r reéngladnditions are notfalaurablerfay theddiseasedf the twdgenotypesanev
approved to be released. However, it is hardly possible to make recommendation for the use of resistant varietiesionedas be

the pathogen ability to rapidly eeote overcome resistance genes and varieties are not absolutely immune and the observed disease se
was unexpectedhich might be due to the presence of the two races. Therefore, it is better to apply integrated disease control methoc
reductionof primary sources of inoculum and less frequent applications of fungicides on varieties to extend the durabléheesistance.
application of fungicides must depend on the characteristics of chemicals, disease pressure and growth stage bé@otsottisop,
integrated approach increases the efficacy of control, reduces the costs and environmental side effects.
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Abstract: Field studies were conducted at HaramayAraadakate during 2012 and 2@ 3assessffects of integrated climate

change resilience strategies on faba beg/rostyces vitahaein Hararghe highlands, Ethiopidree orfarm basedlimate

change resilience strategies: species mixturergpyparg), compost application and furrow planting alone and in integration

were evaluated using Degaga and -BQlfaba bean varieties and Melkassa IV maize variety. Treatments were factorial arranged

in a randomized complete block design with threeatimhs. Faba bean with maize row intercropping and intercropping
integrated cropping systems significantly reduced disease severity, AUDPC and disease progress rate and incrgased grain yield
unit area. These treatments reduced rust mean sevepitp B%15% (in 2012) and 27.4% (in 2013) at Haramaya, and up to 27%

in 2013 at Arbarakate on both faba bean varieties as compared to sole planting. Compost fertilization also slowed epidemic
progression of faba bean rust and significantly reduced deeasetqrs when integrated with maize row intercropping.
Compost fertilization in row intercropping recorded the lowest (23.1%) final mean disease severity and the highest (36.5%)
percentage reduction in mean disease severity compared to sole crogngt iH&#@maya. The trend was similar in 2013 at

both locations. Degaga had the lowest rust disease parameters studied compar&@ &t Batbdocations over years. The

overall results indicated that integrated climate change resilience stradegffectiver to slow the epidemics of rust and to
maintain and sustainably boost faba bean productivity. iéegmted climate change resilience strategies along with other crop
management systems are recommended in the study areas.

Keywords Climate lbange resilience stratedigmgdemicsRust,Uromyces vifabge/icia faba

1. Introduction

Faba beanvVfcia fab&.) is among the most important pulse crops produced in the world for both human diet and animal feed as source of
protein and carbohydea It is also an excellent complement of crop rotations for fixing atmospheric N and as green manuret(&almeron
2010)China is the largest producer of faba beans which gives Ets ksgest share in world, followed by Egypt and Eth&gitee(onet

al, 2010Akibode and Maredia, 2011). In Africa, Egypt is the dominant producer of faba bean followed by the Sudan, Ethiopia and Morocc
(Akibode and Maredia, 201h) Ethiopia, faba bean production is estimated to account for 4.7% of tigeaiot@iroduction (CSA, 2013).
However, yieldsf faba beans have seen more fluctuations than area harvested in all the top produeemmriahcdultivated area has
decreased in the last 50 years (Rosegrant, 2010). Climate variability, diseasdsptiveegesis are the major constraints of faba bean
production. Diseasdmve always bedime major limiting factors (Agegnedtual 2006) and faba bean is susceptible to spadrayenic

fungi, the major ones include ascochyta bighbthyta faBpeg.), rugtromyces vitabagPers.) J. SchrOt.) and chocolate Kuitytis fabae

Sard.)n Ethiopia (Dereje and Tesfaye, 1993).

Faba bean rust is a major disease of faba bean in almost every area in the world where faba bean isejralW2006Gr8teddaet al
2010) that can cause up to 70% of yield loss in early infection €Tair@806). The disease is severe and influences yield in areas like
Middle East, North Africa and parts of Australia (Stodetaad 2010). Iis also widely distributed in Ethiopia (Berhethal 2003)In
Ethiopia, rust is devastating next to chocolate spot, and depending on severity of infection, it can cause a saegingeioblos? to 15%
in lower altitudes and -P4% for intermeidte altitudes (Dereje and Tesfaye, 1983}l loss could be even higher when in mixed infection
with chocolate spot disease (MacLeod, 2006).

Climate variability due to increased temperature and reduced precipitation over time increase sfi$abathslty and could also favour
disease development. Faba bean production which is seriously affected by diseases and parasitic weeds are alsnat®rseaegeby cl
(Khan et al 2010). Foodegume growers are experiencing frequent drodigitso climate change and variability. Drought predisposes
resistant varieties to be easily attacked by pathogens, which are not problems during normal growing seasons ancayevagiiseases
(Ahmedet al 2011) and could decrease yield grains.climet change and associated changes in disease scenarios will demand changes in
crop and disease management strategies in order to respond to changes in environmental conditions for sustainabé.cByxt produc
research has concentrated on the impactseabratwo of the changing climatic factors on host, pathogen, or the interaction of the two under
controlled conditions. Others are based on modelling of data from controlled experimentei{@pbaRRSY;, Garett al.2006; Newtoet al.

2010) fadifferent from those in the field. Such studies could be more difficult in conditions where historical weather ase daja disea
not available and where available facilities are not enabling to generate sound data.

Hence, climate change effesttalies could be approached through climate change resilience strategies. sttategies that enhance the
capacity of an ecological system to absorb stresses and maintain functioning in the face of external stresses impoketgpcimaitge
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and to adapt to reduce harm or risk of harm to improve the sustainability of the system, leaving it better preparelinfatefuthange
impacts. They are generally designed to reduce climate change and its impacts in order to sustain eacvsggiagrifuttctial crop
production, as it is part of the ecosystem (used in the sense of mitigating/adaptive strategy in this paper). Thannhossiiipost
strategies include enhancing functional crop diversification (Netvetio8010) throughse of species and cultivar mixtures in the form of
intercropping (Fininsa and Yuen, 2001; Taraadb2007; Tilahuat al 2012), effective soil nutrient management (Kattiafj2009), and
efficient soil moisture conservation via furrow plantidgramiching (Wang at, 2008; Zhaet al 2012).

Integrating these earm climate change resilience strategies for the management of crop diseases and sustainable crop production has
role for understanding the effects of climate changeeanaldtof these cropping strategies for mitigation or adaptation. However, despite the
significance of crop diseases in limiting crop productions and food supply, there has been ilmied Behpirical research to assess the
potential effects of clmte change on plant diseases (Coakley and Scherm, 1996etGdr006). The integral role of climate change
resilience strategies for the management of plant diseases and sustaining crop production in the face of climatevehatrdssea
Therefore, the objective of this study was to assess the effects of integrated climate change resilience straiggieonftfi@bepbean
rust in Hararghe highlands, Ethiopia.

2. Materials and Methods

2.1. Experimental Sites

Fieldbased experimes were conducted at two locations in 2012 and 2013. The 2012 field experiment was conducted at Haramaya Unive
main campus experimental field station during the main cropping season (June to September) on loam aluvial sédl.|dd¢eestadion

P26 0N @BOE w2t h an altitude of 1980 m. a.s. |. The highest me ar
maximum temperatures of 14M and 23.4C, respectively. The 2013 field experiment was conducted both at Haramasity @nider
Arbarakate Farmers' Training Center (FTC) on clay vertisol soil during the main cropping season. Arbarakate FT@e&k86thtaddat
40°54.79'E with an altitude of 2274 m.a.s.l. in West Hararghe zone at about 180 km away from HarakatgawAsaharacterized by
extended higher precipitation (estimated to exceed 1300 mm per annum) and rainy days than Haramaya during thewagipimggeriod
daily temperatures ranging between 13.1 am17.5

2.2. Experimental Sites' Weather Dattor 2012 and 2013

Daily maximum and minimum temperatup€y, (relative humidity (%), and total rainfall (mm) were obtained for Haramaya University
experimental site for both seasons from its weather station. The weather data obtained for Arbarh&atedrbynstations were found
unrepresentative. However, the weather trend at Arbarakate was characterized by extended period of rainfall anysnaaualyreddriy elst

mild temperature levels. The daily mean minimum and maximum temperatures efteArbamalderived using the Adiabatic Lapse Rate
Model (Brunt, 2007) from nearby meteorological stations; and the daily minimum temperatures range from 8C3antd th2 4&ily mean
maximum temperatures range from 20.17 to 2261June to Novembei 2013.The monthly total rainfall and the monthly average
temperature in the cropping seasons are presented in Table 1.

Table 1. Monthly mean temperat@@) @nd monthly total rainfall (mm) during faba bean growing periods at Haramaya and Arbarakate
Ethiopia in 2012 and 2013 main cropping seasons.

Cropping month Mean of temperature() Monthly rainfall (mm)

Haramaya Arbarakate Haramaya

2012 2013 2013 2012 2013
June 19.97 19.30 17.52 0.00 15.80
July 18.56 17.63 15.81 214.00 215.40
August 18.90 18.25 16.48 149.50 185.10
September 18.73 18.43 16.62 105.00 142.10
October 15.50 16.82 15.47 4.60 71.60
November 14.68 15.04 13.14 0.50 81.70
Mean 17.72 17.58 15.84 78.93 118.62

2.3. Treatments, Experimental Design and Managenmé

Three oAfarm based climate change resilience strategies and two faba bean varieties (considered as treatments) wereyu3éeyn this stuc
were crop diversification (as speciedgures of faba bean and maize in row intercropping), moisture camséaggplanting in furrow) and

soil nutrient management (as compost application). Thus, the treatments includednfaizebeanintercropping, furrow planting, compost
application and faba bean sole planting. The treatments were applied as sotegaatidn using two varieties of faba bean and one variety

of maize (Table 2).
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Table 2. Treatment combinations used for faba bean field experiments at Haramaya and Arbarakate during 2012 ang@@g3 main cro
seasons and their respective description

S.No. Treatment Treatment combination description

1 SP Sole faba bean planting (control)

2 FP Faba bean furrow planting

3 CA Planting using compost application (compost fertilization)

4 RI Faba beamaize row intercropping

5 FP + CA Faba bean faow planting with compost application

6 FP + RI Faba bean furrow planting in row intercropping

7 CA +RI Faba bean planting using compost application in row intercropping
8 FP + CA+RI Faba bean furrow planting with compost application in row ieirgo

The two faba bean varieties used were Degaga (moderately resistant to faba bean diseas@8) (amsH&uwaltgy susceptible) and their
characteristic features are presented in Table 3. Both faba bean varieties were obtained from HoitateRegdauth Center, Ethiopia.

The maize variety used as a component crop was MBIKESSA-EE-36), which was obtained from Melkassa Agricultural Research Center,
Ethiopia.Melkassa IV was released in 2006 with an agronomic attribute: area ohad&0@it&00m.a.s.l altitude and 5800 mm annual
rainfall), early maturing (105 days) and a production potentiat ¢fa2 The compost used in this studgsmainly made of a pile khat

(Catha eduligsiduals collected from the nearby markeswaday, eastern Ethiopia. A well decomposed and matured compost were
evacuated air dried and sieved. Composite random samples were taken for chemical analysis before applicationsacdnheosed ibfva
organic carbon (8.01%), organic matter (13,8@%l nitrogen (0.69%), available phosphorus (234.80-YngnklgC:N ratio of 11.61.
Compost was applied at a rate of 8'ahd mixed with theoil aweek before maize planting and four weeks before faba bean planting in 2012
and three weeks in 20&®pping seasons. Furrows were prepared by digging about 20 cm deep rows once faba bean was planted and
established to seedling stages in order to harvest rain water.

Table 3. Characteristic features of faba bean varieties used for the field expelanaemayd and Arbarakate, Ethiopia during the 2012 and
2013 main cropping seasons.

Variety Year of Area of adaptation Maturity Seed size (g Yield (kg/ha)
release (days)
Altitude (m) Rainfall (mm) On-station On-farm
Degaga 2002 18003000 8001200 116-135 400450 2550 2045
Bulga70 1994 23003000 8001100 143150 400450 2045 1535

A total of 16 treatments (for both faba bean varieties and maize as a component crop) were laid out in a randomiteckaesgatas a

factorial arrangementtivthree replications. In a gross plot size of 4 m x 3 maizé1 faba bean planting pattern of row intercropping was
maintained by planting maize rows spaced 80 cm apart and planting one row of faba bean between the two maize evarspingoly int

rows of maize were intercropped with 4 rows of faba bean variety each at the center of the two maize rows pemoplosole fatahtbean

was included as experimental treatment, which was planted at 40 x 1@@mantemtraow spacingn case of sole planting, there were 9

faba bean rows per plbt. speciesnixtures, maize was planted three weeks before faba bean planting in 2012 and two weeks before faba bean
planting in 2013. Spacing between blocks was 1.5 m and rows was 1 mf Bavwimgvas done manually by planting two seeds per hill and
later thinned to one plant per hill. Faba bean varieties were also manually planted. Maize was planted on 21 Juder0PREhdt27
Haramaya; and 3 July 2013 at Arbarakate. Faba be#mteasgm 11 July 2012 at Haramaya; and on 12 July 2013 at Haramaya and 16 July
2013 at Arbarakate. The crops were grown without any chemical fertilizer and no artificial pathogen inoculation wasypegfomtad

natural onset of the disease. Wepdnd other agronomic practices were done properly and uniformly as per the recommendations to grow a
successful crop.

2.4. Disease Severity Assessment

Disease severity of faba bean rust was recorded during the disease epidemic period. Diseaseassessitg \8ix times at Haramaya and

four times at Arbarakate on weekly intervals on both varieties starting from the first visible disease symptommenthaépatsehoth in

2012 and 2013. For disease severity assessments, 12 plants wersebrudedfyom central rows of each plot and tagged prior to disease
symptom appearance. Disease severity assessment began on 50 days after planting (DAP) in 2012 and 44 DAP in 20A8 at Haramaya.
Arbarakate, disease severity recording began from 65n@ARI® during 2013. Disease severity was scored udirgralel of ICARDA

(1986); where, 1 = no pustules or very smalsporulating flecks; 3 = few scattered pustules on leaves, few or no pustules on stem; 5 =
pustules common on leaves, some pusinletem; 7 = pustules very common on leaves, many pustules on stem; and 9 = extensive pustules
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on the leaves, petioles and stem, many leaves dead and plant defoliated. Disease severity scores were convegedentripencdaia
(PSI) for analys{§Vheeler, 1969); where,

=1 Sum of numerical ratings x 100

Number of plants scored 3 Maxinin score on scale

1
From disease severity data, area under disease progress curve (AUORYS) webé calculated as used in Campbell addriVa890):

n—|

AUDPC = D> (0.5(X; + X4 ONtis1 — 8)) 2
=

where, x= percentage of disease severity index (PSI) of diseasssdssment;  time of the th assessment idays from the first
assessment date; and n = total number of disease assessments.

AUDPC was calculated separately for disease assessments made on different DAP for each climate change resilidnaedstregegy use
control treatment. Since the epidepegriod of the two locations varied in 2013, AUDPC were standardized by dividing the values by the
epidemic period of the respective locations (Campbell and Madden, 1990). The epidemic periods were 35 days at Halaysagla and 21
Arbarakate; and AUDPlues were standardized accordingly.

2.5. DataAnalysis

Analysis of variance (ANOVA) was run for disease severity data and AUDPC values of faba bean rust on both varigtetr¢atdetatm
effects on disease severity and AUDPC in each yealamatiess using SAS GLM Proced@AS Institute, 2001).ddn separations were

made using LSD at 0.05 probability level. To determine the disease progress rate from the linear regression, avigistiednbdgistic

model, In[(y/1y)] (Van der Pl&n 1963) was used to estimate the disease progression from each separate treatment. The transformed data
regressed over time, DAP to determine the disease progress rate. The slope of the regression line estimated gmsdistesisediffegent
climate change resilience strategies. Regression was computed using Minitab (Release 15% 290®)ndbwswo locations and seasons
were considered as different environments because of heterogeneity of variances tested using Bartlett'and<6(8wnel984) and the

F-test was significant. As a result, data were not combined for analysis.

3. Results

3.1. Rust Severity

Faba bean rust appeared during the flowering growth stage of both faba bean varieties both in 2012 and 2013 atddairsgrnaed and
formation growth stage at Arbarakate in 2013 cropping season. The mean disease severity of faba bean rust in theebgors opasng
significantly differenP€0.05 between climate change resilience strategies and the control, ameraatigeresilience strategies used and
between varieties both at Haramaya and Arbarakate experimental areas (Table 4). In both cropping seasons, megradseaseestyeri
at different DAP showed significant variation between treatments stanirig/ffDAP in 2012 and 51 DAP in 2013 at Haramaya in the
disease epidemic periods. Whereas at Arbarakate, it was started from 65 DAP during 2013. Higher rust severity was o fedeaveebon
varieties in 2013 than in 2012 and it was severe affidlingpdrowth stage at Haramaya.

The lowest final mean disease severity on 85 DAP in 2012 was recorded on both faba bean varieties at Haramaya dtionatetegrated
change resilience strategies trgatdd (referring to the combined use of twmore of the strategies hereafter unless stated) as compared to
sole planting. A similar trend was obtained in 2013 on both varieties at both experimental locations. IntercroppiogEndimégrated
climate change resilience strategies (referfediow planting in row intercropping and/or compost fertilization in row intercropping and/or
furrow planting with compost fertilization in row intercropping or intercroppétgated cropping systems hereafter) had the lowest mean
disease severitycoeds on both varieties and locations over years in comparison to sole planting. On the final disease severity gssessmen
intercroppingintegrated climate change resilience stratieggite] plots recorded up to 23.14% compared to 36.42% of soie2pit? and
32.72% compared to 45.06% of sole plot in 2013 on both faba bean varieties at Haramaya. At Arbarakate, the trend gwasgEs&¥% a
to 22.84% of sole plot on both varieties in 2013.

Thus, intercroppiniptegrated climate change msile strategideated plots were found to highly reduce disease severity of rust compared
to control plots. The highest mean disease severity reductions reached 36.46% (in 2012) and 27.39% (in 2013) ©athdtraracgte
Similarly, the reductiomas up to 27.01% on both varieties studied at Arbarakate. Moreover, although there was no consistent signific
(p>0.05) difference among compost fertilization, furrow planting, furrow planting with compost fertilization and splequtgust
fertilization and furrow planting with compost fertilization had lower faba bean rust severity on both faba bean varieties 2013049
Haramaya. In 2012, compost fertilization and furrow planting along with compost fertilization lowered the fisehseesavdriity of faba
bean rust in the range between 9.31 and 10.16% on both varieties at Haramaya. A similar trend was also indicatstl va#iéfi8soat b
both locations (Table 4). Furthermore, at both locations and seasons, the overalbsearwdisty records showed that the two faba bean
varieties were varied significantly. Degaga variety registered lower mean disease severitié8 Haaiedgalied. The interaction between
faba bean varieties and climate change resiliencéestteted was not significant during both cropping seasons at both locations.
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Table 4. Effects of climate change resilience strategies on faba bemonmyse$¢ vifabaeseverity (%) and standard area under disease
progress curve (days) at Haramayluring 2012 and 2013 and at Arbarakate during 2013 main cropping seasons.

Treatment Haramaya Arbarakate

2012 2013 2013

PSIb rAUDPCc¢ PSIb rAUDPCc¢ PSIb rAUDPCc¢
Variety
Bulga70 31.79a 26.07a 42.67a 24.59a 21.99a 16.20a
Degaga 27.01b 22.18b 34.34b 20.92b 17.60b 14.30b
Mean 29.40 24.13 38.51 22.76 19.80 15.25
LSD (0.05) 1.09 0.76 1.14 0.57 0.46
Resilience strategy
SP 36.42a 29.50a 45.06a 26.48a 22.84a 18.06a
FP 34.57ab 28.30ab 44.45b 25.68a 22.22ab 16.87b
CA 32.72b 27.01b 41.98b 24.54b 21.60b 16.36b
RI 25.00cd 20.37cd 33.95¢c 20.56¢ 17.90c 13.94c
FP + CA 33.03b 27.59b 41.98b 24.35b 21.60b 16.05b
FP +RI 26.55¢ 21.30c 34.57c 20.77c 18.21c 13.99c
CA +RI 23.14d 19.07d 32.72c 19.60d 16.67d 13.1¢
FP + CA +RI 23.77d 19.84cd 33.34c 20.05cd 17.29cd 13.58c
Mean 29.40 24,12 38.51 22.75 19.79 15.25
LSD (0.05) 2.19 1.52 2.27 0.93 1.15 0.91
CV (%) 6.31 5.36 5.00 3.48 4.92 5.07

Means in each column followed by the same lettamdsedifiesgghiiccording to the least significant difference test at 8% potdahilitirigvel.
(control); FP, furrow planting; CA, compost application; RI, row intercropping; FP + CA, furrow platmbingRiith Bdimmwstpdgupticg in row
intercropping; CA + RI, compost application in row intercropping; and FP + CA + RI, furrow plating witrowoimigostogpitiBatioent

severity index on 85 days after planting (DAP) in 2012 and 79 DA&ram2@a3 atd on 86 DAP at Arbarakate during 2013 main cropping season.
rAUDPC, standard area under disease progress curve of faba bean rust.

3.2. Disease Progress Curve

The effects of climate change resilience strategies for the managemerganf falstwere also observed on trends of disease progress curves
on both faba bean varieties where disease progress curves showed differences among treatments (Figure 1). Ondiatidapditezsev
severity progressed increasingly starting fraet 6o the final severity at both locations and seasons. The eight disease progress curves for
each faba bean variety indicated that the rate of disease progress was not similar for each climate change yesjijgieze Blisgage in

sole plots exbited relatively high progressive curves and displayed the highest levels of faba bean rust. The furrow planting, compost
fertilization and furrow planting with compost fertilizattieated plots followed similar curves as sole cropped plots butelistdiate

between sole planting and intercropped and intercrepf@geated climate change resilience stratiesgites] plots with intermediate levels of

faba bean rust severity. Whereas, disease progress curves of plots treated with interciofgricrgpgoidgntegrated climate change
resilience strategies at different levels of integration slowly progressed at both locations on both faba beanyeanetistomarer, plots

with these integrated climate change resilience strategy trefisplapes the lowest levels of faba bean rust at different DAPs.

The disease progress curve in Figure 1 depicted only three of the main treatment categories (sole planting, furitbwc@aptisg w
fertilization and compost fertilization in row iotepping) based on faba bean rust severity levels for the sake of clarity and ease graphic
presentation. Accordingly, furrow planting and compost fertilization treatments were lied in between sole plantinglantniyirmotia

compost fertilization wheas treatments like row intercropping, furrow planting in row intercropping and furrow planting with compost
fertilization in row intercropping were intermediate between furrow planting with compost fertilization and compast fartitiza
intercropping treatments. However, for Bulgh furrow planting with compost fertilization was found intermediate between sole planting and
compost fertilization during 2012 at Haramaya.

76



32" Annual Research and Extension Review Proceeedings, March 2015, Haramaya University

50 57 64 71 78 85

Days after planting

=) iy
S50
E Degaga, Haramaya, 201 Degaga, Haramaya, 201
9 S 50
? 30 240
3 20 % 30
% 10 § 20
% 10
O L L L L L 8 0 . . . . .
50 57 64 71 78 85 A
44 51 58 65 72 79
Days after planting Days after planting
o Bulga70, Haramaya, 201¢
X
© <50
=50 Degaga, Haramaya, 201 >
240 'é 40
[¢D)
égo § 30
o 210
010 [a
D 0 1 1 1 1 1
0 Il Il Il Il Il

44 51 58 65 72 79
Days after planting

77




32" Annual Research and Extension Review Proceeedings, March 2015, Haramaya University

50 Degaga, Arbarakate, 201 5 Bulga70, Arbarakate, 2013
> . N
0T S50 |
>
@0 240 |
3 . 2
gQO - 030 F
[} n
a0 I %20 L

0 ' ; ; 210 }

65 72 79 86 o .
Days after plantin
Y P J 65 Da)7§after plg?\ting 86
-0—-SP - FP+CA =&~ CA+RI

Figur.1. Faba bean rustr¢myces vitabaediseas@rogress curves as affected by different climate change resilience strategies (FP + CA,
furrow planting with compost application and CA + RI, compost application in row intercropping) and SP, sole plantiageond Batga
70 faba bean varieties at Haaga in 2012 and 2013 (A) and at Arbarakate in 2013 (B) main cropping seasons

3.3. AreaUnder Disease Progress Curves (AUDPC)

AUDPC values calculated from disease severity assessed at different DAP on both faba bean varieties for both loppiigrnseasdig
significantly#<0.05 varied between climate change resilience strategies and the control, among climate change resilience strategies used and
between faba bean varieties studied (Table 4). AUDPC values were lower on intercropped andgimigggrafgad climate change
resilience strategigeated plots than on other treatments. In 2012, sole plots had the highest AUDPC values, while the lowest AUDPC values
were calculated from compost fertilization in row intercromgiaged plots. Thealues indicated that intercropping and intercropping
integrated climate change resilience stratiesgited plots showed consistent reduction in AUDPC values. In 2013, a similar trend was also
calculated for the sole cropped and integrated climate @sligyece strategigeated plots for both varieties and locations.

The reduction in AUDPC values, which were caused by intercropping and inteficrteygpiigd climate change resilience strategies
treatments, was also exhibited by compost feiditizend furrow planting along with compost fertilization treatments, even though there was
no significant difference among compost fertilization, furrow planting with compost fertilization and furrow plantjpigtéreamtedole

cropped plots. That ispmpost fertilization and furrow planting with compost fertilization treatments generally lowered the AUDPC values of
rust on both faba bean varieties at both locations in 2012 and 2013.

3.4. Disease Progress Rate

Disease progress rates and paramé¢imatss of faba bean rust are tabulated in TalBleSHe disease progress rates computed from mean
disease severity records showed variations among climate change resilience strategies used in both faba bemmyamnetiseaturet.

Disease pragss rates calculated from severity records of Degaga variety ranged from 0.0182 to 0.0288 units/day in 2012 atml from 0.0340
0.0456 units/day in 2013 (Table 5), whereas for-Blilghe rates ranged from 0.0234 and 0.0331 units/day in 2012 anch@.048848

units/day at Haramaya in 2013 (Table 6). The rates computed were also from 0.0158 to 0.0309 units/day for Degaga(a6d1@.0279 t
unit/day for BulgarO at Arbarakate in 2013 (Table 7). The disease progress rate was relatively highga an Bai@wand relatively fast on

both varieties in 2012 and 2013 at Haramaya than at Arbarakate. G0 Balgdy, at both locations and in both cropping seasons, the
disease progress rate was higher as compared to Degaga. It was also obsezasd fhragdessed relatively at faster rates on sole and non
intercropped and non intercroppingegrated climate change resilience stratesgites] plots across locations and over years for both faba

bean varieties. The results indicated that the nakgchtfaba bean rust progressed was slower when climate change resilience strategies were
applied in integration than the untreated plots to manage the disease.
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Table 5. Mean initial (PSAnd final (P9l severity index and parameter estimates obéamarust{romyces vitahgeon Degaga variety at
Haramaya, Ethiopia during 2012 and 2013 main cropping seasons.

Year Treatment Percent severity Intercepte SE of intercep! Disease progress re SE of R2(%)e
(Logit/day) Rated
PSI; PSl;

SP 14.19 33.33 -3.14 0.2439 0.0288 0.0033 814
FP 15.43 31.48 -2.85 0.2131 0.0244 0.0029 80.4
CA 14.19 29.63 -3.05 0.2036 0.0256 0.0028 83.2
RI 12.34 22.84 -3.03 0.1647 0.0212 0.0022 83.8

2012 FP + CA 13.58 30.25 -3.07 0.2586 0.0265 0.0035 76.6
FP + RI 11.73 24.69 -3.23 0.2213 0.0246 0.0030 79.4
CA +RI 11.73 21.60 -3.03 0.1762 0.0200 0.0024 80.2
FP+CA+RI 12.96 22.22 -2.83 0.1817 0.0182 0.0025 75.8
SP 12.96 39.51 -4.36 0.1477 0.0438 0.0020 96.5
FP 11.73 38.89 -4.54 0.1257 0.0466 0.0017 97.7
CA 11.73 37.04 -4.41 0.0951 0.0431 0.0013 98.5
RI 11.11 30.86 -4.22 0.1193 0.0375 0.0016 96.9

2013 FP + CA 11.73 37.04 -4.42 0.1187 0.0432 0.0016 97.7
FP + RI 11.73 31.48 -4.13 0.1636 0.0365 0.0022 94.0
CA +RI 11.73 29.63 -4.01 0.1684 0.0340 0.0023 92.8
FP+CA+RI 11.11 30.25 -4.15 0.1369 0.0362 0.0019 95.7

@ SP, sole planting (control); FP, furrow planting; CA, compost application; RI, row intercropping; FRh+cGiphstapmpication, WP + RI,
furrow plang in row intercropping; CA + RI, compost application in row intercropping; and FP + CA + RI, furrowlpdating imittowompost
intercropping.

Parameter estimates are from a linear regresgjotisg#dsg/Adverity (PSI) prapdiffierent days after planting (DAP).

®|nitial and final disease severity (PSI) of chocolate spot recorded at 50 DAP and 85 DAP in 2012 and a2@43) Ad3petiVODAP in
Intercept of the regression equation.

dStandard error of paaastimates.

¢ Coefficient of determination of the logistic model.

Table 6. Mean initial (PSind final (P9lseverity index and parameter estimates of faba be&iromstoes vitabheeon Bulgar0 variety at
Haramaya, Ethiopia during 2012 adti32main cropping seasons.

Year Treatment Percent severity Intercepte SE of intercep! Disease progress re SE of R2(%)e
(Logit/day) Rated
PS]; PSl

SP 15.43 39.51 -3.23 0.3264 0.0331 0.0044 76.2
FP 14.81 37.66 -3.18 0.3053 0.034 0.0042 76.8
CA 14.81 35.81 -3.07 0.2959 0.0296 0.0040 75.7
RI 15.43 35.81 -3.01 0.2880 0.0289 0.0039 75.8

2012 FP + CA 12.96 27.16 -3.21 0.1912 0.0261 0.0026 85.4
FP + RI 14.20 28.40 -2.98 0.2199 0.0237 0.0030 78.4
CA+RI 12.34 24.68 -3.09 0.1990 0.0234 0.0027 81.3
FP+CA+RI 11.73 25.31 -3.20 0.2264 0.0251 0.0031 79.4
SP 12.96 50.62 -4.93 0.1512 0.0546 0.0021 97.6
FP 12.96 50.00 -4.92 0.1645 0.0538 0.0022 97.1
CA 12.34 46.92 -4.90 0.1376 0.0527 0.0019 97.9
RI 11.11 37.04 -4.74 0.100 0.0471 0.0023 96.1

2013 FP + CA 12.34 46.91 -4.97 0.1246 0.0534 0.0017 98.3
FP + RI 11.11 37.66 -4.78 0.1443 0.0480 0.0020 97.2
CA+RI 11.11 35.80 -4.72 0.1627 0.0461 0.0022 96.2
FP+CA+RI 11.11 36.42 -4.74 0.1475 0.0467 0.0020 97.0

2 SP, de planting (control); FP, furrow planting; CA, compost application; RI, row intercropping; FP + CApstrappbicatiog wRh+cBin
furrow planting in row intercropping; CA + RI, compost application in row intercroppind; daddwP ptatifg wkh compost application in row
intercropping.
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Parameter estimates are from a linear regresgiodis#dsgyK@verity (PSI) proportions at different days after planting (DAP).

®|nitial and final disease severity (P&i)eo$pbbmorded at 50 DAP and 85 DAP in 2012 and at 44 DAP and 79 DAP in 2013, respectively.
Intercept of the regression equation.

dStandard error of parameter estimates.

¢Coefficient of determination of the logistic model.

Table 7. Mean initi@PS]) and final (PQlseverity index and parameter estimates of faba be&hoostdes vitabgeon Degaga and Bulga
70 varieties at Arbarakate, Ethiopia during 2013 main cropping season.

Variety Treatment Percent severity Interceptc SE of Disease progress re SE of R2(%)e
intercept (Logit/day) Rated
PS|; PSl
SP 12.34 20.37 -3.76 0.2052 0.0276 0.0027 90.6
FP 11.11 19.75 -4.08 0.2319 0.0309 0.0030 90.5
CA 11.11 19.14 -3.98 0.3233 0.0293 0.0042 81.2
RI 11.11 16.05 -344 0.2021 0.0205 0.0026 84.4
Degaga FP + CA 11.11 19.14 -4.06 0.1770 0.0301 0.0023 93.9
FP +RI 11.73 16.05 -3.19 0.2609 0.0172 0.0034 69.3
CA +RI 11.11 14.82 -3.15 0.1490 0.0158 0.0019 85.7
FP+CA+RI 11.11 15.44 -3.26 0.2021 0.0177 0.0026 80.2
SP 12.96 25.31 -4.43 0.2423 0.0391 0.0032 93.3
FP 12.34 24.69 -4.58 0.3533 0.0398 0.0046 87.0
CA 12.34 24.07 -4.51 0.2838 0.0385 0.0037 90.8
RI 11.73 19.75 -3.96 0.2796 0.0286 0.0036 84.7
Bulga FP + CA 11.73 24.07 -4.75 0.2097 0.0412 0.0027 95.4
70 FP + RI 11.11 20.37 -4.33 0.1676 0.0336 0.0022 95.6
CA +RI 11.11 18.52 -3.97 0.2360 0.0279 0.0031 88.2
FP+CA+RI 11.11 19.14 -4.13 0.2865 0.0303 0.0037 85.6

&SP, sole planting (control); FP, furrow planting; CA, comistrappiitetiaiopping; FP + CA, furrow planting with compost application; FP + RI,
furrow planting in row intercropping; CA + RI, compost application in row intercropping; and FP + CAh+cBingostoappla@tigrwin row
intercropping.

Paameter estimates are from a linear regresgipmlistlgg/Eeverity (PSI) proportions at different days after planting (DAP).

®|nitial and final disease severity (PSI) of chocolate spot recorded at 65 DAP and 86 DAP in 2012, respectively.

Intecept of the regression equation.

dStandard error of parameter estimates.

¢ Coefficient of determination of the logistic model.

4. Discussion
The overall results of the study indicated that severity of rust was higher and rapidly increasiegstadbe EHtthe epidemic period at
Haramaya both in 2012 and 2013. However, in both cropping seasons at Haramaya and Arbarakate, rust severity, AUDRQuagskdiseas
rate were reduced and grain yield per unit area was increased by integratelthnljmatesilience strategies compared to sole planting.
Among the climate change resilience strategies, intercrops and intesiotegpited cropping systems had the lowest disease parameters of
faba bean rust and chocolate spot as well (Habtataubmitted) as compared to sole cropping. Such effects could be attributed to effects of
intercropping in reducing plant density of component crops and acting as a physical barrier that might hamper inoaotlcisgasad
progress. In addition, inteops might have also modified the microclimate by modifying the density of host plants thereby changing canopy
microenvironment.

Previous studies indicated that deploying crop diversity is necessary to adapt to climatic changes and to newrpathbgdss that to
changing climates (Fadda, 20ht@r¢ropping is one way of introducing more biodiversity into agroecosystems and results from intercropping
studies showed that increased crop diversity increases the number of ecosystem serdiceligpevigecies richness may be associated
with significant reduction in the negative impacts of diseases (Fininsa, 1996; Bannon and Cooke, 1998) and wedtsl¢kliaetyghard
2001). Increasing the complexity of crop environment through intérgrafgo limits the places where pests can find optimal foraging or
reproductive conditions (Lithourgidisal 2011). Similarly, mixtures play a major role in reducing the efficiency of the pathogen through the
dilution effect (Mundt, 2002) and mixeolpcspecies can also delay the onset of diseases by reducing the spread of disease carrying spores and
by modifying environmental conditions to less favorable to the spread of certain pathogens (Altieri, 1999; dtitid04b)isin addition,
underEthiopian conditions, mixed cropping has also been reported to reduce disease severity of faba bean rust (Adeegemichitural R
Center, 2000).
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In faba beaimaize intercrops and interciiopegrated cropping systems of this study, the populatiaibacbean per plot was reduced by
more than half. The microclimate of the faba bean canopy might be modified in such a way that therecweslfteanalow leaf wetness
and reduced damp sites. Likewise, Biddle and Catline (2007) stated thailatgrdelaba beans encourage humid microclimate within the
canopy, thereby, encouraging infection and spore production in the presence of warm temperatures and light filmrothadessfire o
surface. Thus, Fernand&zaricioet al (2006) noted thamtercropping faba bean with cereals has been proposed as a means to lessen th
incidence of faba bean rust. The cereal favors aeration and prevents the formation of a dense faba bean canopatita disglatsenh
damage. Reddy (2013) also indicatgd/#hnietal mixtures reduce disease epidemics by reducing the spatial density of susceptible plants wt
the deposition probability of released spores on susceptible tissue from a lesion is reduced.

It was also observed that compost fertilizatioreadord in integration with furrow planting and row intercropping in particular highly
reduced faba bean rust and decreased chocolate spot severity and increased grain yield of faba heteal biainitten). In addition to
the roles explained by irtmpping, possibly compost fertilization could enhance the health and vigority of plants that might have increas
plant chances to withstand pathogen attack and to activate the host defense systetral (281 found that compost amended soils
redwced disease severity of ear blight on brassicas compared to the Haggagiland Saber (2007) reported that compost teas significantly
reduced disease incidence and population counts of alternaria blight and significantly increased theotitipétiesaddd®-1,3glucanase
and chitinase that could increase plant resistance both under greenhouse and field planted tomato and onion weireilascesbiterved
by Sanget al (2010) again®hytophthora capsipepper plants by compost water extraclsthe test again activates expression of
pathogenesi®lated genes and peroxide generation in the leaves and lignin accumulation in the stems. donguiatitaxh,paper mill
residuals suppressed leaf spot of field grown cucumber and bacteriaiedparofvin snap bean and anthracnose in greenhouse grown snap
beans likely due to induced systemic resistancedSabra®03)Sanget al(2010) showed the same result on the suppres§iotiedbtrichum
coccodlepepper leaves afid orbiculdrecucumber leaves.

Faba bean rust progressed rapidly from onset to the end of the epidemic period at both locations in 2012 and 2018. W epidem
appeared early and higher at Haramaya than Arbarakate areas. This could be associated wittotititiorataed the altitude differences
of the two locations. Arbarakate was characterized by many rainy days with extended period of rainfall and mild Eeé&pedB16€)(
during the cropping season which might have delayed the onset af isst@idemics. Haramaya was relatively warm (temperature ranging
from 14.7 to 19.8C) with high relative humidity and fair rainfall distribution. Moreover, the results also demonstrated that rust severity w
relatively higher late in the epidemic dediaring 2013 than 2012 at Haramaya. This might be partially explained by early termination ©
rainfall that would in turn reduce leaf wetness and infection in 2012.

Supporting the current study, Hawthoehal (2004) stated that rust infection i@fad by humid and warm temperatures. This infection
can occur following six hours of leaf wetness (so does not require extended wet periods) and humidity plays an impausingrties
epidemic disease-{uanet al 1993). The development othb primary and secondary inoculum sources of faba bean rust are also influenced
by environmental factordoudy weather with high humidity anel2?C favors development of the disease (Stoadad2010). That is,
spore production is encouragedhigh humidity and warm temperatures and once spores are released and deposited on a susceptible |
crop, germination occurs quickly in the presence of a light film of moisture on the leaf surface to cause infeatiiCéBlidele2807Qf
courseDipak et al(2012) also found that rainy days are negatively correlated with disease devdlspmgoeofitabaeyhich could be
the most probably reason for the delayed onset of faba bean rust at Arbarakate in 2013.
Faba bean rust epidemicgimialso be associated with altitude in which Arbarakate recorded lower rust severity than Haramaya since
former location is more highland than the later. In accordance with this study, a survey conducttchl{ &tiiflein Hararghe highlands of
Ethiopia in the 2009 cropping season to determine the incidence and severity of faba bean rust, and its associatiorenti#h fators
and cultural practices found that the incidence and severity of faba bean rust showed higher assotifatien. Witte aesults indicated that
those surveyed locations with an altitude above 2450 m.a.s.| had relatively low incidence and severity than lodatlomsabelow
variation could be partly due to the difference in the relative warmnesatiofdp as faba bean rust epidemic is lower in lower and
intermediate altitudes (<2300m.a.s.l) and usually late in theNigassie( 1991).

5. Conclusions

In conclusion, row intercropping and intercropiitegrated climate change resilience semi@@ highly reduced disease parameters of faba
bean rust and recommended to manage the disease. Similarly, compost fertilization of the soil also plays an immpariageé rfallectdean

rust; and the role of compost fertilization is highly magwified integrated in row intercropping. It is, therefore, promising to grow faba bean
with maize intercropping, compost fertilization in row intercropping in addition to using host resistance to manadm rbstrofir
Hararghe highlands. Further stadi@ integrated control of rust should continue that include host resistance and cultivar mixtures in th
system. Moreover, much more can be done with compost on quality as well as quantity and the effects ontsoitiphlpicperties and

the mechasms through which compost fertilization reduces foliar diseases' severity.
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Abstract: EasternEthiopia highlands are potentials for potaSmlanum tuberokynproduction Potato is the second most

important crop next to khaClata eduli§orsk) in sppor t i ng f ar Tihe predictioh iisvarkeat brierded svith
considerable amounts being exported to the neighboring cobatrieger, the tuber yield is remained low on farfiedas As

one option, the availability of high yielding varietisgiven attention to increase the productivity of the crop in the region.
Therefore, this research was conducted to evaluate the yield and late blight resistance of majority of the improgddspotato va

(15) in the country andwo f ar me rssafhedundert eastem rEthiopia condition to identify high yielding, disease
resistance and wide adaptable varieties. The trial was conducted at three locations which are representative af potato growin
areas in eastern Ethiopia for two consecutive iogpeasons at Hirna and Arberkete and three seasons at Haramaya. The
combined analysis of variance over seasons and locations revealed the presence of significant effects of genotype, environmen
and location and genotype x environment interaction dvlitfiteresistance, total and marketable tuber yield Therefore,

Additive Main Effects and Multiplicative Interaction (AMMI) and Eberhart and Russell models were employed to estimate the
contribution of genotype x environment interaction, genatgperaironment and to identify high yielding and wide adaptable
varieties. However, both models revealed the predominant importance of genotype and environment than genotype x
environment interaction for tuber yields while the significant effect of geaatygenotype x environment interaction for late

blight resistance. This suggested the varieties can be predictable on their genetic potential and the environmegrtsawhere they
except few. Considering all stability parameters of the two modelg|dighdyresistance to late blight, Bubu (38.69 had

highest marketable tuber yield and the lowest late blight score. It was identified as stable but responsive to tteevétivironmen

the tendency of higher performances towards to favourablenerarite. Belete had the second highest marketable tuber yield
(38.26 t h&) and disease severity score while Gera (37:34 tMera Charre (36.95 thaand Gudanie (34.18 tha had the

3d, 4h and % highest marketable tuber yield in thé {flae former variety had <30% disease severity score and stable for all

traits while the two had >30% severity scores. Based on all analyses results, it is possible to recommend Bubu,aBelete and Ge
for potato production in eastern Ethiopia even undggr priessure of late blight, but it is hardly possible to recommend Mara
Charre and Gudanie unless less frequent chemical spray is considered to control the disease late blight.

Keywords:Additive Main effect and Multiplicative Interaction (AMMI); Geerotigperhart and Russell Models;, Environment,
Late blight; Variety

1. Introduction
Potato hadbetterability to provide a high yield & high-quality product perunit input with a shorte crop cycle fnosty <120 days) compared tomgor
cered crops like maze (Hirpaet al.2010) As a resulthe crop is appreciated as a good source of nutritious food and cash by large number of food
insecure smallholder farmers and pastoralists in Ethiopia (Haverkort, 2012). Ethiopia has huge potential to prd@36eoptiatdq million
hectares of arable land) (FAO, 2008). The current area covered with potato is very small about 0.16 million hextaagenikttiéssbelow 10
t hal (Baye and Gebremedhin, 2013). The Central, the Eastern, the NorthwesterrSanthern regions of Ethiopia constitute approximately
83% of the potato farmerBotato is the second most important cropastegnEthiopianext tokhat(Chata edukso r s k) in supporting
livelihoods with 75.9% increase in income over sorfgarghum bic@loy Moench] (Mulatet al 2006)The potato production in this region is
market oriented with considerable amounts being exported to the neighbouring countries Djibouti and Soretlih 28d@nh&espite Eastern
highlands are emnomic potentials for potato production, the tuber yield is remained low on feglchers

In Ethiopia, the low acreage and yield are attributed to many factors, but lack of high quality seed potatoes agd/aighiggehte the major
factors(Gildemacheet al.2009; Endalet al 2008). More than 27 potato varieties were recommended for production in different regions of
Ethiopia. The varieties were developed by different research centers in the country. The total tuber yieliesfrimegedrieom 20 to 47 ttha
(MoA, 2013 and 2012). The differences of varieties for tuber yield might be due to the differences of the variatiestgermiicapso the
adaptability of the varieties in the recommended area of cultiMagionk of geographical location in creating varied genetic material even in the
absence of genome differentiation was reported in potato (HawkesTH®@ference in tuber yield was also recardé&diropean Union
countries which ranged from 10 to 50"t k@liset al 2014). This difference might be due to the genetic potential of the genotypes, environments
and the significant role of genotyperwironmeninteractionThe performance of genotype is determined by its genetic potential, the environment
where it grows and the interaction of genotype and environmeat &/ @907; Prabhakaran and Jain, 1994).

Theagronomic performance thfe recommended potato varieties for different regions of the dmasmtmgt beetestedin eastern Ethiopian|
the absence of genotype x environment interaction, the superior genotype in one environment may be regarded asnibty sipreadr But,
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the presence of genotype x environment interaction complicated the selection of superior genotypenyootengats, since the superior
genotypein one environment may or may not be superior in other or in all environments. Therefore, evaluation of breedingosmterials ac
environments is a must either to select varieties that perform well consistibethyironments or to make specific recommendations of varieties
for each environment (Yah al 2007; Gauch, 2006). The growing of varieties with stable yield is an advantage for farmers to obtain larger har
due to large genotypic effect and lsgeadotype x environment interactiBliset al 2014 This suggested that the high mean yield of the variety is
not the only criterion for selection unless its high performance is established over the different environmental lvevditietisstability test

better to be extended to late bligbitytophthora infegtémst.) de Bary] resistance in eastern Ethiopia in particular and in the country in general.
This is because; the loss of potato production due to this disease is estimateth up highitand areas of Ethiopia (Mekoeeml 2011).
Therefore, the objectives of this research were: (i) to evaluate the performance of improved potato varieties impegsteenchyhto identify

high yielding, resistance to disease and staldtes, and (i) to determine the environment and genotype X environment interaction on the
performance of potato varieties, and iii) to test stability of tuber yield and reaction to late blight across environments.

2. Materials and Methods
2.1. Descuption of the Study Sites
The field experiment has been carried out at three locations namely; Haramaya, Hirna and Arberkete which are aprsskmditiecpotato
growing areas of eastern Ethiopia. The experiment was conducted for two crompin@&Easand 13) in all the three locations while at
Haramaya, potato varieties were additionally evaluated during 2014 cropping season to generate reliable inforenierbbdjututetsistance
of varieties since this location is hot spot arehdatisease. This made the total of seven environments considering one location and one croppir
season as one environment.

Haramaya University research farm is located at 2022 m.a.s.l., 9°41"N latitude and 42°03"E longitude. The aré¢adiizla distrdmdaion
with mean annual rainfall of 760 mm. The long rainy season extends from June to October and accounts for about dbpfaimffatheT tat
mean maximum temperature is 23.40C while the mean minimum annual temperature is &ab@Ct thiehexperimental site is a-dedined
deep alluvial with a sgbil stratified with loam and sandy loam. Hirnsstation is situated at a distance of about 134 km to the west of
Haramaya. The site is | oc attloagitude and & ancaltitBd® of N8¥® rheters latmte isda ledek The drda reoceivé
mean annual rainfall ranging from 990 to 1010 mm. The average temperature of the area is 24.00 C (Tekalign, 20#Himar teveotisol
(HURC, 1996). Arberekete diel e x per i ment was conducted on farmeroés filed, whi
Haramaya. The site is |located at 9 01486 North | ael(CEWAD®,2011H.1 o020E

2.2. Experimental Materials
The experiment included 15 improved potato varieties released for different regions of Ethiopia by five Researchl@antessdddiversity
and two farmersd cultivars. The description of the varieties is

2.3. Experimental Design and Procedures

The experimental was laid out as a Randomized Complete Block Design (RCBD) with three replications in each locatiGtaemgpceaso
genotype was assigned to one plot in each replication and six rowslaiitis.1Phe gross plot size was 16.2 m2 with 75 and 30 cm between rows
and within plant spacing, respectively. The spacing between plots and replications was maintained atl.5m andyl Rrorrgigeestehation,

tubers were harvested from fortyngdafrom the four middle rows, leaving the plants growing in the two border rows as well as those growing
both ends of each row to avoid edge effects.

The experimentéields wereultivated by a tractor to a depth of3®5cm and ridges were madehagd. Medium sized €39 g) and well
sprouted tubers were pl aneta 2073 Planting was atithd end of duhe and ficsignweeek of (Julyudarigghtize main
growing season after the rain commenced and when the soil wasaugist@support emergence. The planting depth was maintained at 10 cm.
The whole recommended rate of Phosphorus fertilizer (92 kg R2D&dwapplied at planting in the form of Diammonium Phosphate. Nitrogen
fertilizer was applied at the rate of 7Blktg-1 in the form of Urea in two splits, half rate after full emergence (two weeks after planting) and hall
rate at the initiation of tubers.

Table 1. Description of potato varieties.

Released/local name of genotype Release year Breeder Center Yield (tha1l) Recommended
at research field  Altitude (m.a.s.l.)
Bubu 2011 Haramaya University 3942 17062000
Belete 2009 Holeta Research Center 47.2 16002800
Araarsaa 2006 Sinnana Research Center 2042 24003350
Gudanie 2006 Holeta Research Center 29 16M-2800
Mara Charre 2005 Hwassa Research Center 33.3 17062700
Gabbisa 2005 Haramaya University 40 17062000
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Bulle 2005 Haramaya University 39.3 17062000
Chala 2005 Haramaya University 42 17062000
Gera 2003 Sheno Research Center 25.9 27003200
Jdenie 2002 Holeta Research Center 40.3 16062800
Guasa 2002 Adet Research Center 24.433 20002800
Gorebela 2002 Sheno Research Center 3052 17002400
Bedasa 2001 Haramaya University 40.6 24003350
Zemen 2001 Haramaya University 37.2 17062000
Chirro 1998 Haramaya University 3240 27003200
Bete (Local cultivar) ~ mememeen ek e Eastern Ethiopia
Jarso (Local cultivar)  ememeeeees e e Eastern Ethiopia

Source: MpR013 and 2012. Varieties recommended for Central Ethiopia was by Holeta Agriculture Research Cemdr StoenNorthern by Adet
Agriculture Research Centers, for Southern by Hwassa Agriculture Research Center, for SouthedRemwainh Siendera aigrifartiestern
Ethiopia by Haramaya University.

2.4. Data Collection
Total tuber yield (t k&) was calculated and recorded at harvest from the total tuber yield of 40 plants per plot. Marketable tukBr yield (t ha
was estimated Isprting tubers in each plot which were free from diseases, insect pests and greater than or equal to 20g in weight.

Disease assessment was started after 46 days of planting as soon as disease symptoms appear in susceptible getetgyes 20d then
days until majority of the genotypes attained physiological maturity. The disease was assessed following CIP (20@botheideline
established procedures. Assessment of severity late blight under field conditions in percent was recormgd t@kipptirb account the
number of plants developing disease symptoms in a leaf and/or many leaves and plants free from disease (Henfing, 1987).

2.5. Data Analysis

Total and marketable tuber yields data were subjected to unbalanced generalamepsis odnsidering the three seasons and locations.
Additive Main Effects and Multiplicative Interaction (AMMI) (Zebal 1988) and Eberhart and Russell (1966) models analyses of variances
were conducted for seven environments considering edinlaca one season as one environment. Late blight disease severity data was
subjected only for AMMI and Eberhart and Russell analyses of variance for four environments.

Stability parameters of Eberhart and Russell (1966) i.e. regression coeffamdndédlintion from linear regression (S2di) were computed
using the established procedure for the model. The interaction principal component axes (IPCA) scores of andgemotype
environment were computed in the AMMI analysis. In AMMI bipeotnain effects i.e. genotype and environment means were plotted on
the abscissa and the IPCA 1 scores for the same genotypes and environments on the ordinate. In additiony AMO& Ga&ijtwas
calculated as proposed by Purchase)(@88Purchast al(2000) as follows:

ASy=  _IPOAISS (IPCA]scoré 2

2
+ IPCA2score
IPCA2SS

Where, ASV = AMI stability value; SS = sum squares of IPCA1 and IPCA 2 (the firstssodnd interaction principal component axes,
respectively), and thus genotypes with lower ASV was considered more stable than those with higher ASV values.

3. Results

3.1. General Analysis of Variance and Mean Performance of Genotypes

The general atysis of variance results revealed highly significant (P<0.01) effects of the three main factors (genotype, Iscafi@ndnd sea

all the possible interactions (genotype x location, location x season and genotype X location x season) on tatzdbantengikll (Table

2a). The combined analysis of variance results from AMMI model revealed the significant effect of all sourcesobfgesrigyipe, (

environment and genotype x environment interaction) on all traits except nonsignifesare offlenvironment on late blight severity (Table

3a and 3b). Similar results were obtained from analenotygesandf vari a
genotype x environment (linear) were highly significant (P<0.8M }le traits. Pooled deviation mean square was also significant for all traits

except for late blight severity. On the other hand, the mean squares were nonsignificant for all traits and gentiypesakzoept

marketable tuber yields of Gorelend late blight severity score of Bete (Table 4a and 4b).

The treatment sum of squares had the highest contribution for total sum squares ranged from 78.48 (late blights@y@sity) to 9
(marketable tuber yield) while error sum squares conttiésged the range between 7.98 (total tuber yield) and 12.39% (late blight severity).
Genotype sum squares accounted the highest proportion of treatment sum squares for disease severity (71.86%). Ersgu@issent sum
contributed the highest share featment sum squares of total tuber yield (45.5%) while genotype x environment sum squares had the lowest
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share of treatment sum squares for all traits. The first principal component axis (IPCA 1) sum square contributstidhe foigheabtype
X envionment sum squares for all traits in the range between 37.04 (total tuber yield) and 66.16% (disease severitBh{Table 3a and
On the basis of pooled mean over locations and seasons showed the wide range of performance of potato genatyees/feldt(4l.15
to 41.96 t hd) with overall mean of 33.18 tthhaMarketable tuber yield was in the range between 16.7 and 38.&ith ganotypes overall
mean of 29.81 t Hha. Eight and seven genotypes i ramcé lasd thanghe &varagm perfandance af | t
genotypes for total and marketable tuber yield, respectively (Table 5a). The four varieties, Bubu, Belete, Mara réHzark raglde&te
mean total (>40 t hA) and marketable tuber yield (>36-Lharhese vaaties also had lowest disease severity score where the former two
varieties with <20% while the later two varieties <35% (Table 5b).

Growing of the first four AMMI selections in seven environments for total tuber yi¢ltharan advantage of 6.hé&1 than growing all
genotypes in eastern Ethiopia. Bubu, Belete, Mara Charre and Gera were selected as the first selections by AMBHvinodeleintsill
and growing of these three varieties had the advantage of 1illfbtah&uber yield thanmayving of all genotypes and all selected four
AMMI selections (Table 6).

Table 2. Mean squares from unbalanced analysis of variance for average tuber weight and tuber yields of 17 potatvajeatdgpas a
seven environments.

Source of variation DF TTY t hal MTY t hal
Replication 2 21.92 23.10
Genotype (G) 16 751.53** 875.96**
Location (L) 2 7035.52** 7218.94**
Season (S) 2 787.85** 1578.74**
Genotype x Location 32 156.80** 197.70**
Genotype x Season 32 92.89** 81.21**
Location x Season 2 1211.55** 1205.15**
GxLxS 32 50.94** 62.40**
Error 236 16.99 18.85
SE 4,122 4.341
1.1.2
CV (%) 12.42 14.56

** significant at P < 0.01. DF = degree of freedom, ATW (g) = average tuberlweigitgl Tulyet hield tons per hectare atdIMFY t
marketable tuber yield tons per hectare.

Table 3a. AMMI analysis of variance for total and marketable tuber yield of 17 potato genotypes tested at seven environments.

Total tuber yield t ha

Marketable tuber yield t-fha

Sum of squart Sum of squart
Sum of Mean explained Sum of Mean explained
squares squares % total % G x squares squares % total % G X E
Sources of variation DF E
Treatment 118 39714 336.6** 90.74 44943 380.9** 90.91
Genotype 16 12025 751.5% 30.28 14015 876** 31.18
Environment 6 18070 3011.6** 45.50 20006 3334.3** 4451
Rep within E 14 563 40.2 1.42 517 36.9 1.15
GxE 96 9620 100.2** 24.22 10922 113.8* 24.30
IPCA1 21 3563 169.6** 37.04 4740 225.7** 43.40
IPCA 2 19 2902 152.7** 30.17 3014 158.6* 27.60
Residuals 56 3155 56.3 32.80 3169 56.6 29.01
Error 224 3491 15.6 7.98 3977 17.8 8.04
Total 356 43768 122.9 49437 138.9
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Table 3b. AMMI analysis of variance for late blight disease severity score of 17 potato genotypas testewatfents.

Sum of square explained

Sources of variation DF Sum of squares Mean sguares % total % GXE
Treatment 67 157794 2355** 78.48

Genotype 16 113385 7087** 71.86

Environment 3 15512 5171 9.83

Rep within E 8 18363 2295 11.64

G xE 48 28897 602** 18.31

IPCA 1 18 19117 1062** 66.16
IPCA 2 16 8954 560** 30.99
Residuals 14 827 59 2.86
Error 128 24903 195 12.39

Total 203 201060 990

** significant at P < 0.01. DF = degree of freedom, Rep within E = replicatnemsth@® ek =
genotype by environment interaction, IPCA 1 and 2, interaction principal component axis one and two, respectively.

Table 4a. Analyses of wvariance from Eberhart and emetypssstestedbas Mo d el
seven environments.

Source of variation DF TTY (t hal) MTY (t hal)
Genotypes 16 250.51** 291.99**
Environment + (Geno x Env.) 102 90.49** 101.07**
Environment ( linear ) 1 6023.28 6668.57
Genotypes x Env. (linear) 16 61.55%* 8225**
Pooled Deviation 85 26.14** 27.35**
Bubu 5 7.63 5.68
Belete 5 44.18 42.6
Chala 5 12.83 16.93
Gudanie 5 17.9 16.31
Bulle 5 17 21.09
Chirro 5 28.27 20.86
Araarsaa 5 19.03 17.55
Zemen 5 3.6 6.34
Jalenie 5 2.53 6.43
Jarso 5 27.89 27.45
Gabbisa 5 8.25 8.27
Gorebela 5 75.44** 80.61*
Mara Charre 5 35.79 34.97
Bete 5 35.38 43.45
Bedasa 5 29.83 28.49
Gera 5 50.74 51.34
Guasa 5 28.12 36.61
Pooled Error 238 5.68 6.29

* and **, significant at P < 0.05 and P < 0.01, respectivehl) Fltgtéll haber yield tons per hectare, M} ¥ fnheketable tuber yield tons per
hectare and ATW (g) = average tuber weigh in gram.
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Table 4b. Analyses of variance from Eber hart an dtypEsuestedeat fous Mo
environments.

Source of variation DF Mean square
Genotypes 16 2362.18**
Environment + (Geno x Env.) 51 290.26
Environment ( linear) 1 5170.8**
Genotypes x Env. ( linear) 16 379.95**
Pooled Deviation 34 104.51
Bubu 2 8.24
Bdete 2 223.18
Chala 2 44.30
Gudanie 2 56.84
Bulle 2 14.19
Chirro 2 18.89
Araarsaa 2 311.58
Zemen 2 40.85
Jalenie 2 132.84
Jarso 2 4.54
Gabbisa 2 52.25
Gorebela 2 2.66
Mara Charre 2 132.93
Bete 2 352.29*
Bedasa 2 50.91
Gera 2 47.39
Guasa 2 282.78
Pooled Error 136 106.04
*and **, significant at P<0.05 and P<0.01, respectively.

3.3. Stability Analyses from AMMI and Eberhart and Russel ds N

The stability parameters estimated for 17 potato genotypes of total and marketable tubgurgisdadent in Table 5a. According to the ASV
ranking, Gera, Bete and Mara Charre for total tuber yield; Bedasa, Araarsaa and Bete for marketable tuber yield.Hddiewvest Beie

and Bedasa had the lowest tuber yields but Gera and Mara Chameongithe four high yielding varieties. The high yielding varieties (Bubu
and Belete) had also relatively lower ASV for total and marketable tuber yield. Regression coefficient (bi) wasl sigrifiiant feom
regression (S2di) was nonsignificaralf genotypes except the two varieties for both total and marketable tuber yields.

In the AMMI biplot, genotype and environment means were plotted on the abscissa and the IPCA 1 scores fanttgpesuaredg
environments on the ordieatThe dotted vertical line shows the grand means of all genotypes whereas the dotted horizontal line shows
zero point for the IPCA scores. Bubu, Chirro and Gudanie distributed in top right quadrant for both total and markgielie tuinite
MaraCharre, Gera, Belete and Gabbisa plotted in bottom right quadrant of both biplots (total and marketable tuber ylelis) fHiguse
2). Other three varieties viz. Chala, Araarsaa and Zemen also distributed in the right quadrant eithernfarkieti@blertuber yield.
Arbrekete in both seasons (2012 and 2013), Hirna in 2013 distributed in top right while Hirna and Haramaya in 2@a2amqupttedsn
bottom right in both biplots. Haramaya in 2013 and 2014 cropping seasons distrileuleid quédrants of the two biplots.

The two varieties (Bubu and Bulle) that scored lowest disease severity had relatively higher ASV while sevenwakigtigshatbfo
late blight severity. Among the seven varieties, Belete had scoredédoiye(<20%) while Mara Charre, Gudanie and Araarsaa had disease
severity scores in the range between 30 and 35%. All genotypes deviation from regression (S2di) did not shofesegodidaorhdiéro
while nine genotypes had regression coeff(bi¢rsignificantly different from unity (Table 5b). Most of the genotypes with higher and lower
disease severity scores were distributed in the right and left side of the biplot, respectively. Bubu and Bulessdbdmeestiti scores
were plottedn the left bottom while Belete located in the left top quadrant (Figure 3).
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Table 5a. Stability parameters for total and mar k epotatb deeotypes tbsted at threeddcationd archtypingAskbddns. anal ysi s
Total tuber yield t ha Marketable tuber yield t-tha
Genotype Pooled mean AMMI model stability ERds Model Pooled mean AMMI model stability ERds Model
IPCA 1 IPCA 2 ASV bi S2di IPCA 1 IPCA 2 ASV bi S2di
Bubu 40.55 (3) 0.67 0.92 0.57 (7) 0.54** 1.96 38.61(1) 1.06 0.32 1.92 (9) 0.5** -0.61
Belete 40.53 (4) 1.35 2.1 1.09 (9) 1.00%* 38.5 38.26 (2) 0.86 -2.15 0.54 (6) 0.95** 36.3
Chala 34.96 (7) -0.89 0.1 2.60 (11) 1.33* 7.15 33.29 (6) -1.56 -0.67 2.37 (11) 1.45%* 10.64
Gudanie 36.28 (5) 1.53 1.17 1.76 (10) 0.43* 12.22 34.18 (5) 1.63 0.33 3.62 (15) 0.42* 10.01
Bulle 27.36 (14) 2.22 1.3 2.89 (12) 0.28* 11.32 23.37 (15) 2.71 0.78 5.04 (17) 0.19 14.8
Chirro 33.41 (8) -2.18 0.26 6.27 (17) 1.55** 22.59 30.159) -1.81 0.82 2.7 (13) 1.48** 14.56
Araarsaa 32.62 (10) -0.57 1.26 0.38 (5) 0.89** 13.35 30.64 (8) 0.03 0.92 0.01 (2 0.8** 11.25
Zemen 32.83 (9) -1.74 -0.38 3.70 (14) 1.61** -2.07 30.12 (10) -1.95 0.31 4.86 (16) 1.68** 0.05
Jalenie 31.1(13) -0.99 -0.8 3.26 (13) 1.29** -3.15 27.15 (12) -0.59 0.83 0.5(5) 1.15* 0.13
Jarso 21.15(17) 0.59 2.38 0.29 (4) 0.58* 22.21 16.7 (17) 1.73 2 1.62 (8) 0.45* 21.15
Gabbisa 36.02 (6) -0.76 -0.85 0.72 (8) 1.3** 2.57 31.67 (7) -1.29 -0.5 2.08 (10) 1.45** 1.98
Gorebeh 26.2 (16) 2.7 -0.98 4.49 (16) 0.58* 69.76* 23.89 (14) 2.53 -1.46 3.32 (14) 0.55 74.32*
Mara Charre 41.96 (1) -0.51 -1.7 0.28 (3) 1.19** 30.11 36.95 (4) -1 -1.51 0.81 (7) 1.22%* 28.67
Bete 24.64 (15) 0.36 1.84 0.16 (2) 0.72* 29.71 19.37 (16) 0.58 2.01 0.31 (3) 0.86** 37.16
Bedasa 31.2 (12) 0.65 -1.68 0.40 (6) 1.02%+ 24.16 26.92 (13) -0.02 -1.62 0.00 (1) 1.09%* 22.19
Gera 40.72 (2) 0.01 -1.99 0.01 (1) 1.17% 45.06 37.34 (3) -0.62 -2.21 0.33 (4) 1.16%* 45.04
Guasa 32.54 (11) -2.45 0.75 4.44 (15) 1.51* 22.44 28.19 (11) -2.29 1.8 2.58 (12) 1.59** 30.32
Mean 33.18 29.81

a

* and **, significant at P<0.05 and P<0.01, respectively. Numbers in parenthesis represent the meariradds&Erdiaglaotigestappery cidely.ré3pa 1 and IPCA 1 = interaction principal component axis one
stability
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Table 5b. Stabilt y parameters for l ate blight di sease severity score
genotypes.

Late blight disease severity score (%)
Genotype Pooled mean ~ AMMI model stability ERds Model st al

IPCA 1 IPCA 2 ASV bi S2di
Bubu 10 (16) -1.84 -0.51 3.49 (11) 0.05 -97.8
Belete 18 (14) 0.11 2.85 0.02 (1) 1.04 117.14
Chala 54 (5) 3.33 -0.25 12.29 (16) 2.63** -61.74
Gudanie 30 (12) -0.51 -1.39 0.31 (3) 0.7 -49.2
Bulle 11 (15) -2.4 -0.6 4.79 (13) -0.29 -91.85
Chirro 79 (2) 3.2 0.04 27.72 (17) 2.60** -87.15
Araarsaa 35 (10) -1.46 3.29 0.98 (7) 0.3 205.54
Zemen 71 (3) 3.55 1.18 6.16 (15) 2.84** -65.2
Jalenie 37 (9) 2.18 -2.22 2.16 (9) 2.14% 26.8
Jarso 95 (1) -1.41 0.42 2.57 (10) 0.26* -101.5
Gabbisa 41 (8) -1.08 -1.37 0.96 (6) 0.44 -53.8
Gorebela 43 (6) -0.5 0.24 0.72 (5) 0.76** -103.38
Mara Charre 32 (11) 0.6 2.11 0.32 (4) 1.25* 26.89
Bete 71 (3) -3.48 -2.84 3.85(12) -0.61 246.24
Bedasa 64 (4) 0.28 1.32 0.13 (2) 1.18** -55.14
Gera 28 (13) -2.88 0.83 5.36 14) -0.42 -58.66
Guasa 42 (7) 2.31 -3.1 1.99 (8) 2.13* 176.74
Mean 45

*and **, significant at P<0.05 and P<0.01, respectively. Numbers in parenthesis represent the meanimuoi g8\ diagkanidgesodypéasy order,
i nteraction

respectively | P C A
mmodel, bi and S2di, regression coefficient and deviation from regression, respectively.

1 and

I PCA 1 =

91

principal

c o rhpaa rnt e mtn da xRid



Table 6. The first fatAMMI selections in seven environments for total and marketable tuber yield t ha

HU12 HU13 HU14 HIR12 HIR13 AR12 AR13 Advantage t ha
Environment 1
Mean 33.95 22.83 23.89 40.94 43.11 34.41 33.14 33.18
Total tuber yield t ha 1st Be (48.31) Bu (33.58) Be (33.56) Mar (56.75) Mar (53.39) Bu (43.7) Bu (41.28) 11.17
2nd Ge (46.1) Gu (32.01) Bu (32.79) Ge (55.78) Ge (50.51) Gud (40.48) Gu (41.1) 9.50
3rd Mar (45.83) Be (31.03) Mar (31.3) Be (53.98) Gua (50.12) Mar (40.2) Chir (39.9) 8.59
4th Bu (4028) Mar (27.68) Ge (31.06) Gab (48.07) Chir (50.12) Be (39.64) Mar (38.54) 6.16
Advantage t ha 11.18 8.2125 8.2875 12.705 7.925 6.595 7.065 8.85
Mean 31.73 18.88 19.41 38.54 38.74 31.99 29.4 29.81
1st Be (45.62) Bu (31.1 Be (31.39) Ge (54.84) Mar (47.98) Bu (42.71) Ara (37.74) 11.82
Marketable tuber yield t-ha  2nd Ge (43.77) Be (29.94) Bu (30.61) Mar (53.29) Cha (46.84) Gu (39.03) Bu (37.66) 10.35
3rd Mar (41.55) Gud (28.52) Gud (27.58) Be (51.48) Ge (46.58) Be (37.83) Chir (35.47) 8.62
4th Bu (40.56) Ge (24.27) Ge (26.87) Cha (48.53) Gua (46.07) Mar (35.24) Ze (33.89) 6.68
Advantage t ha 11.15 9.58 9.70 13.50 8.13 6.71 6.79 9.37

Numbers in parenthesis indicated total and marketableltubgetygsldnt biarespective growlog2siHUL13 & HU14 = Haramaya site in 2012, 2013 and 2014, respectively, HIR12 and HIR 13 = Hirna site in 2
2013, respectively, AR12 and AR13 = Arberkete in 2012 and 2013, respectively. Be = Belete, Bu = Bubu, Maera Mauia=Chiarie, Ghir= Chirro, Gab = Gabbisa, Ara = Araarsaa, Cha = Chala, Gua = Gua

and Ze = Zemen.
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Figure 1. AMMI biplot of 17 potato genotypes evaluated for total tuber yield athaever
environments in eastern Ethiopia.
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4. Discussion

Highly significant differences among genotypes for tuber yields and late blight resistance showed the presenc@n$ witdengtiad
varieties for all traits. Environment and genotype x environment interaction had higldptsifieificon all traits except late blight resistance
was not significantly affected by environment. This indicated the unstable expression of traits across environargntariigmgé@mong
genotypes due to environment and genotype X enviroimtegattions for tuber yields and late blight resistance were also reported by other
authors (Fliet al 2014; Mulugeta, and Dessalegn, 2013; Meti@in2008; Mateet al 2007).

The higher contribution of genotype and environment sum squaregetiotype x environment interaction to treatment sum squares for
total and marketable tuber yields suggested the two components were more important for the observed variations asn@hg, ghaotype
higher contribution of genotype sum square (71.86%¢atment sum square for late blight severity score as compared to genotype X
environment interaction (18.3%) and insignificant mean square of environment in both models indicating the more ithpoesistanck
gene(s) the genotypes carry. \Mais also supported by the large share of IPCA 1 sum square (66.16%) to genotype x environment interaction
sum square. The significant effect of genotype x environment interaction on yield is a common phenomenon that had beerangport
species of cpplants including potato (Fés al 2014; Tatarowskd al.2012; Blanchet al 2009; Mulema et al., 2008; Mallory and Porter
2007).

The mean square deviation from regression (S2di) was nonsignificant from zero for each genotype oeptldregtsagiety, Gorebela
for total and marketable tuber yields indicating the genotypes were not sensitive/stable in the changing environmentsstHafvihee
genotypes regression coefficient (bi) for all traits was significantly differenttfrauggeisted most of genotypes were responsive for the
changing environments. According to the Eberhart and Russell (1966) regression coefficient (bi) approximating brdgvatog fstm
regression (S2di) near zero indicated the average efaiglitgtypes. The absolute ASV combines IPCAL and IPCA2 and the genotypes with
lower ASV indicate the more stable (Purchase, 1997). Accordingly, Gera followed by Bete Mara Charre for total tuBedageld and
followed by Araarsaa and Bete for marletabkr yield were the most stable genotypes. Belete followed by Bedasa and Gudanie for late blight
disease severity was most stable. However, Bedasa and Bete had the lower tuber yield than average yield of tteeRpetptesdvthe
higher late Iht severity score indicating poorly adaptability of the genotypes for the traits which performed low.

Relatively, more number of genotypes had lower IPCA scores (<1) for total and marketable tuber yield (10 and pecti{)thas
only 5out of 17 genotypes for late blight severity. The genotypes that had lower IPCA scores closer to zero are considstalehe more
across testing environments (Tarakanovas and Ruzgas, 2006). Accordingly, Gera followed by Bete and Mara Chatr¢R@a Hoerdewe
(<0.5) for total tuber yield while Bedasa, Araarsaa, Zemen and Gudanie had the lowest score (<0.35) for markethlBelatbeandel
Bedasa had lowest scores (<0.3) for late blight severity. Though these genotypes IPCA scoresowtreynocarz be considered as stable
because they had the scores approaching to zero. However, Bedasa had high severity score (>40%) indicating thiseiidtyauasss
the environments. The more the IPCA scores approximate to zero, the ablerehst genotypes are over Il environments sampled
(Tarakanovas and Ruzgas, 2006; Gauch and Zobel, 1988).

Bubu, Gudanie and Chirro were distributed in top right quadrant of both in total and marketable tuber yield bippthésaicatireties
were high yielding in favourable environment while Belete, Mara Charre, Gera and Gabbisa were plotted in bottom righbajbadrant o
biplots suggested the varieties were producing tuber more than the favorable environment mean yield. Araarsaataial Hdraeiébad
and Chala for marketable tuber yield plotted in top right quadrant, but distributed for marketable tuber either int iGtiata)riy left of
the biplot indicating the varieties response to environments were different for totakatabla tuber yield. Bubu was plotted at distant top
and Mara Charre was at distant bottom right quadrant indicating these varieties were producing highest total andenasikeédatiere
than the mean of favorable environments. On the other @hald and Jalenie for total tuber yield and Zemen for marketable yield plotted
close to the centers of biplots indicating the varieties were stable to the respective yields they placed to centfariefibfphming nearest
to the origin showed nesensitivity t the environmental and interactive forces. The stable genotypes are those that are placed near the origin of
the axes or score near to zero (Carbenall 2004).

Chirro Zemen and Bedasa were distributed in top right and Chala, J&ste andottom right quadrants of the biplot indicating the
former varieties were highly affected by late blight in an environment with high disease incidence. All these geitbgmesalerdtivars
or old varieties released before 2001 excefdGhirro) in 2005. This might be due to the genetic structure of the genotypes with low levels of
heterogeneity for resistance (Shagol and Tadawan, 2008; Becker and Leon, 1988) or they may not carry as manysresistent R gene
resistance gene weremome by the pathogen (Beukema and Van Der Zaag, 1979). All the other genotypes (11 out of 17) were distributed in
the left side of the biplot indicating the genotypes had lower disease severity scores. Belete plotted at distartdratdpalediBu and
Bule distributed at distant in bottom left quadrant of the biplot indicating the former variety had high diseasee®we gyveomments
with high late blight incidence. But the latter two varieties had the lowest severity scoreoimadirgsvPotato genotypes differing in their
interaction effects for late blight incidence were also reported (Shagotamadnl 2008).

Arberkete and Hirna in both seasons (2012 and 2013 and Haramaya in 2012 distributed in right sideasfthothri@ttzble yield biplots
indicating the environments were good in producing high tuber yields. The tuber yields (both total and marketabéesevetigiseas
score/incidence had inverse relationship. For instance, the lowest tuber yields wededunady @013 and 2014 seasons at Haramaya, but
the disease incidence was high in both seasons (2013 and 2014) at Haramaya. This showed that Haramaya had fa\enirdyléhenvironm
pathogen and exerted high pressure on the crop. Yield is controikaylyenes and a product of many factors (Beukema and Vander Zaag,
1990). Characters controlled by many genes with small effects are subject to considerable modification by diffeyermeasnBnggs
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and Knowles, 1985). In this research, enveatsywith high disease incidence also produced low tuber yields. This research suggested tt
tuber yields were most probably affected by late blight more than other environmental factors. Late blight causephtidres iRtegtans
(Mont.) de Bary ihie most important disease of potatoes worldwide (Fry and Goodwin, 1997) which cause up to total loss of yield.

5. Summary and Conclusion

In this trial, the contribution of genotype and environment was much higher than genotype x environmentéffecaébiototal and
marketable tuber yield. This suggested obtaining higher yield is possible through selection of high performingepotdtweasetithe

larger effect of environment and the presence of genotype x environment interactied sugdmgortance of selecting stable varieties or
suitable environment and management for the production of higher yield rather than depending on the overall meanggetigpitie t
difference alone. The late blight resistance of varieties wasistynifffected by the genotype and genotype x environment interaction not by
environment (AMMI model analysis of variance). The genotype x environment interaction sum square (18.31%) had mulchtiomer cont
to the treatment sum square as compart iargest contribution of genotype (71.86%) sum square. This suggested that late blight resistan
of varieties was mainly a function of genetic factor than environment but some of the varieties resistant to the ipdtticgan var
environment to enviroment. This suggested that it is possible to select genotypes for late blight resistance at one environment with |
disease incidence/favourable environment for the pathogen. The genotypes selected as high resistant to the dideasedntthsdan

higher chance of being resistant in all environments.

Several models for evaluating stability have been proposed, however, no single model is adequately explains gemeyaergesforma
environments. The stability statistics must be combittegherformance to be informative and useful in selection. Considering all stability
parameters of the two models and the performance of the varieties, Bubu was identified as high performing varedly siablediatiall
the traits measured. Buptoduced the highest marketable tuber yield in the trial and the estimate of stability parameters indicated that it \
stable and responsive to environments with the tendency of higher performance in favourable environments. Thisvarikg Hiso r
lowest severity score for late blight and stable across environments or this variety reaction to late blight wasosst eavieshanents.

Belete had the second highest marketable tuber yield and disease severity score but responsive tioepialdiuienot late blight. Mara
Charre, Gera and Gudanie were among the varieties that had highest total and marketable tuber yields. Gera hadev808 stisease s
while Mara Charre and Gudanie had >30% disease severity scores. Therptmsbie ito recommend Bubu, Belete and Gera for potato
production in eastern Ethiopia even under high pressure of late blight, but it is hardly possible to recommend Mdr& (lzariee fan
cultivation in environments that favour late blight unlesgdgsient chemical spray is also considered.
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Abstract: Haramaya University maintained 116 sweet potato accessions of which 24, 37and 52 were obtained from Local
collections, Nigeria and Asia Vegetable Centgysctigsly, The accessions were also maintained for two years (213 and 214)
knowing the potential of accessions to be used in improving the ceagtéarEthiopia, used as germplasm deposithier

Nation and used for a number of scientific researchesefdre, the objectives of the project ienmmaintaincharacterize
evaluateanddocumentccessions for future use. The sweet potato accessions were evaluated for phenology, growth, yield, yield
components and quality attributes of the crop usigméunted design with 19 replications (blocks) in 2012/13 cropping season.

The evaluation revealed significant variations among accessions for most of, thdidhaitan be exploited for the
improvement of the crops. Moreover, 13,ah?l 20 accessionshibited superiority over the mean of improved varieties for

total storage root yield (t/ha), marketable storage root yield &fthyry matter content (%), respectively. The total and
marketable storage root yield advantages of accessions weresa®7tighaad 75.58, respectively. imbisatedthe need to

study promising accessions in replicated trials and maintaining the rest of accessions for future use.

Keywords:Accessions; Augmented Design; Marketable and Total Storage Root Yield

1. Introduction

Sweet potato is cultivated in Ethiopia mostly for human consumption and as animal feed. It ranks third after Ensptriossitiele)
Cheesman] and Potat®o{anum tuberosymhich is one of the most important root crops produced inotingrg. The total area under
production reaches 33,070 hectares and the production is estimated to be over 2,628(83RAq@aAG83. According to FAO (2000) and
CSA( 2003 and 2006 ), the Ethiopian national average storage root yield of sweahgethtdween 8 to 10 t AiaUnder experimental
field, storage root yieldangedetween 30 to 73 thgHall and Harmon, 1989; Bhansari and Ashley, 1990).

Current knowledge of the distribution of sweet potato genetic resources indicates thiat dinzexisity of sweet potaito northwestern
and southern America and Africa. In the same trend as in other major crop plant, the sweet potato genetic resayirzdsgdreisaoih
losing significant amount of variation. (Zosimo, 987). Haramayasitynéraphasises afie importance of intensive collection of sweet
potato germplasnThe University maintained 116 sweet potato germplasm from International and National collections for number of yea
The germplasm collections not only used by the Bitywbut also by the National reseanshitutes Therefore, it is necessary to maintain
these valuable materials for future use.

There are many reasons for the establishment of a germplasm collection. In many cases a germplasm collectiorthis cregded fo
improvement programme. Plant breeders require genetically diverse material to develop improved crop varieties. Saahaaendiver
pool, the higher is the probability that it would contain desirable genes. Germplasm collection &ldtisaoesxtve endangered species.
Moreover, it is needed to conserve for future requirerDengilyeet al. 1995)Conservation of germplasm has many components including
collection, documentation, characterization, evaluation, and maintenanceticSgstesaavation of germplasm depends on proper
documentation with passport and characterization data. Morphological characterization along with molecular markdestifielps to i
duplicates. The number of accessions for maintenance can be drasticetdlybse@liminating duplicates (Huaman, 1992). Since genetic
variability is a prerequisite for the improvement of the cimpeitessaty maintairsweet potato accessions for long peridde success of
the crop improvement. Therefore, this reseaashinitiated with the objectives of maintaining sweet potato genotypes collected by Haramay
University and enhancing through evaluation, characterization and documenting of agronomic and physicochemictileattcibesemns.

2. Materials andMethods

2.1. General Description of the Research

The research activity consisted of twoastivitiesi.e. i) maintaining of sweet potato collections and accessions introduced from different

International Centers and ii) characterizations and evahfatiocessions for further breeding progi@me hundred sixteghl16)sweet

potato accessions including the two released vaviseglanted in a ngaplicated trial at Haramaya University for two years to maintain the

accessions. The accessions war@hknted in separate field using Augmented design to characterize, and evaluate for yield and quality.
One hundred fourteen (114) sweet potato accessions and two released varieties (Adu and Berkome) are listed ineBalnasl ilére acc

collectedrom eastern Ethiopia, other regions of the country and International ResearchTBartigcsvarietiefdu and Berkomeere

released for eastern Ethiopia by Haramaya University in 2007 after fulfilling the requirements set by the Natioteals¥ dTietynititee.

The accessions were planted at Haramaya University research field using augmented design in 2012/13 main growigld sedson for y

quality evaluation.
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