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Introduction

Root and tuber crops, meluding Enset (Ensete venfricozum), potato (Solanum fubsrosum), sweetpotato (Ipomeea
bararaz Lam), tare (Colecasia esculemta Schott), yam (Dioscorea spp.). anchote {(Coccimia abysinical.
‘Ethnopian dmich’ (Colens eduliz), cassava (Marihor esculanta) and tanma (Xamthsoma spp.) are among the
most important food crops for dvect buman consumphon in Etwopia (Gebremedihn er al , 2008). They are
gZrown 1o drverse agro-ecologies and production systems ranging from densely populated hughland regions to
lowland dner areas prone to droughts or floods.

There are many compelling reasons for encowraging these humble root and tuber crops for sustainable food
production n Ethoopia. They are verzatile staples to address food and nutnton secunty for milhons of people, as
thev produce more food per umt area of land than mewost other food crops. Potato and swreetpotato, shoit cyele
crops with three to fouwr months cropping cvele, are well swted to double cropping particularly m ramm-fed
systems and have sigmficant advantage over gram crops which require relafively longer ime to matuwre. Their
short growmng cvele allows for flexable planting and harvesting times and also perouts quek producthon of foods
to augment “hunger months “of October to December before gram harvests when people lack sufficient food to
meet their basic calone and motntional requrements. Yam, tare and cassava, though with longer cropping
cyvecles, are wifal for anomal cycle of food avalability. Theiwr broader agro-ecological adapianion includmg
ma.rgl.nal epvironments, diverse mahwity penod and swmizbibity for under-ground storage permmt flexable
harvestang peniods which aids sustained food availlability. These crops are alzo capable of efficiently converting
natural resources info 2 more usable product, calonc energy in the srowing season, which 1s the most productive
of all major arable crops. Eoot and tuber crops are cheap but mutntonally nch staple foods that contribute
protem, vitamun O, vitamun &, zine, won efc. towards the dietary demands of the countv’s fast-growing towms
and cites. Another advantage of these crops 15 that they are largely traded locally and nationally, z2= opposed to
mternationally. They are far less suscephible to large-scale market shocks and price speculatons expenenced by
more widsly traded staples, such as grains, dwing mmternational market cnses. As such they contribute to a more
stable food system, mamtam numtional and food secunty, and are a predictable source of income (MNteranya
Sanginga, 2015).

The Ethiopian Agriculoral Research Inshitute (ELAR) ﬂ:l:mugh ifs lmplemﬂnm:lg federal and remional research
centers has been conducting several research actrmities simece its establishment m 1966 under 1ts former name
In=titute of Asmicultural Research (TAR). Since then severzl technologies have been released, demonstrated and
populanzed for the larger farmming commmumity 1o the country. The obhjective of thus paper 1=, therefore, to review
research outputs obtamned in the last four decades.

Historical background and trends in production,
export and import

Historical background
Meost root crops were introduced to Ethiopia. Potato (Solanum. mbsrosem L), onngmating 1 the lnghlands of the
Andes m South Amenca was brought to Ewrope 1o the 15th centoy. It was miroduced to Ethoopia in 15859 by a
German Botamnst called Schimper (Horton 1987 and Pankrust 1964). For many wears since ifs infroducton,
potato production was homted to homesteads as a garden crop. Cassava was miroduced to the Afincan confinent
by Portuguesze traders m the late 16th century. It 1= grown on an estimated 20 mmlbon hectares in 34 Afmican
countmes (AIC, 2002). The Democrane Eepublic of Congo 15 the largest consumer of cassava m Afnca,
followed by Migena. Although 1t was not very well documented when cassava was introduced to Ethioma, some
evidences mdicated that 1t dated back to 100 wvears ago.

The exact date of introduchon of sweetpotate to the confinent of Afiriea 15 wnknown. However, evidence
mdicates that slave fraders brought 1t and since 1ts mtroduction, it has been displacing true vam in tropical Afnca
(Low et al., 2009 given that it has been m the food system for several hundred years.
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Little 1s known about iz exact place of ongmm, production and distnbution, the vam species D, rommndata
and D). cayemensis are native to West Afinca (Cowsey 1976). Yam bad limited eastward movement reaching
only as far as East Afinca including Ethiopia and the repon 15 generally considered as “an 1solated center of vam
cultvation” outside the “vam belt’ of West Afinca (Nomman er al . 1995). It 1= wadely believed that D abyssinica
Hochst. Ex Eunth 15 natrve to Etfhopia (Couwrsey 1967, and 15 cwrently dismbuted in the sawvanna regions of
Afneca. The other species were believed to be miroduced before 1000 AD,

Variows evidences sugzest that fare onginated in South Central Asia, probably m Indiz or the Malay
Peminsula and beheved to amive in the east coast of Afnica around 100 BC (Purseglove, 1972). Conversely
enset, anchote and Ethiopian Dimich are mafive to Ethiopia as evidenced by the presence of wild relatives and
other facts.

Research establishment and Coordination: Fesearch on various root and tuber crops has been
going on since the establishment of TAR in 1966 under horticultural crops research division at different research
centers and higher learming institutions (HLIs) in a frapmented manner In 1997, after realization of the
confribution of the root and tuber crops towards household food securty, local industnes and naturzl resources
base conservation, research on root and tuber crops was reorgamized as a program at the natiopal level with
projects on Enset, potato, sweet potato and other root crops. The projects were coordinated by different regional
and federal research centers: Enset South Aprcultural Research Institute, Hawassa Apriculfural Fesearch
Center, potzto and sweefpotato and other root crops by Areka, Holeta and Hawassa, respectrvely. Later, the
potato project coordination has been transferred from Holetz to Adet smee 2005 (Gebremedhin er al, J008).

Importance

Eoot and tuber crops are msost important m south, scuthwest, eastern and northwest parts of Ethiopaa m termas of
production area, distmbufion and copsumption. They are also grown almost all over the nation. Small-scale
subsistence farmers srow the crops, under resource-poor conditions. In general, root and tuber crops are part of
traditional foods of Etlnopia. Thewr conmbuton to famuly food-selfsufficiency, income generafion and soil-
based resouwrce conservation is indispensable. Currently, most root and fuber crops are grown as secwrity crops
against crop failures and’or to bndege the food deficrt periods, as they are ready for harvest dunng “hunger
months. ™ These crops are also tolerant to termutes, which pught be athibuted to thewr higher moishoe content,
and thrive well on poor soils and under moisture stress condifions. These crops can grow from extreme lowland
to extreme lnghland agro climatic condifions of the country. Potato thrives well at mid to high altitudes whereas
other root crops perform well at low mud alotodes. They are zood sowee of food numents such as carbohydrate,
protem, sitamins and minerals which alleviate the problem of malnufntion m subsistence farming areas. Root
and tuber crops have atiracted attenfion as industnal raw material. Starch extracted from root and tuber crops 1s
used in many applications incloding pre-gummed papers, tapes, labels, stamps and envelopes. They have a
great potential to substitute import 1n the textls, pharmaceutical, soft diink, beer and ethanol/aleohol industies
(Tesfaye eral., 2013).

Area, production and productivity

Eoot crops cover more than 1.42% of the area under all crops and contrnibute 6.15% to the total crop producton
mn the country. Mevertheless, potatoes, sweet potatoes and Taro (Godere™) account for about 29 8%, 25 7% and
19 9%%, respectively of the total area under root crops. The area coverage of these crops showed an mcrease
compared to the 2012 figures of 2845 %%, 23.35 % and 158.87 %, respectwely (CS5A, 2012). Ten year "Meher”
production datz mdicated that the area covered by miajor root and tuber crops i the counby ranges from
11143400 to 17545000 ha with an averape productrity of 7.2 to 298 tha (C5A 2005-2015).

Production syatem

Root crops can be planfed as standalone crops or culfivated along=ide other crops hke maize, wvegetables and
cover crops. Lhey can be mfercropped and rotated wath dufferent crops for different ments such as mmsect pest
and disease management, mainfenance of sol fertility, imcrease mn land productivaty and others. Compatible
crops with root and tuber crops for mtercroppmg and rotation puwpose are pulses, cereals, oul crops, vegetables
and coffee. Coffee 15 majorly mtercropped wath enset for whach the latter provides shade for lugher vield. If 15
noticed that root and tuber crops never follow other root and tuber crops and/or mtercropped wath them as they
have almyost simular nutnent requrements. Potatoes are offten grown in rotation with other crops such as maize,
hnseed, rapeseed, faba beans, or haneot beans followmng the last cultivation of potato m Mav or June. A 1997
suvey of 420 fanmers m the Amhbara remon indicated that about half of the interviewed farmers infercropped
potatoes with other crops. Factors affecting ther decisions mcluded late bhight pressure, poor market cutlets,
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msufficient seed avalability, competbon wath other growers, and penodic food shortages (GebreMledbin or
al. 2001).

Export status of root and tuber crops

Export of root and tuber crops 15 either non-exastent or very neghimble. The potenfial of export markets wathin
east and central Afiican remon 15 not fully exploited. Despite the presence of different opportumfies fo export
row and processed root and fuber crops products to different African, Asia, Furopean and other counties, onkby
Irish potato is bemg exported to the neighboring countnies such as Somalia, Sudan, Umted Arab Emmrates and
the like. Fig 1 shows three years (2009-201 1) export data for potato.
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Achievements

A pumber of technologes have been selected, developed, released, adopted, and populanzed sinece the
establishment of research system m the country. Among which vanety development for different agro ecologies,
crop pest management technologes, crop lmsbandrv, post harvest management and food quality appraisals are
the major ones.

Potato

Ethiopia 15 among the top potato (Solanum rubsrosum L) producers m Afinca, with 70%% of 1ts arable land mn the
high altfude areas above 1500m being smtable for potato production (FAOSTAT, 2008). Cwrently, potato 15
produced mainly in the north western, central and eastern highlands of Ethiopia (Berham er al., 2011}, Iis
production 15 constraimed by a wide range of factors that result in low yelds. These inelude shortage of lugh
vielding vanetes tolerant o late blight, margnal seals, nadequate seeds, deficient culfural prachces, storage
problems, high cost of farm inputs, and insect pests and diseases (Gebremedhin, 2013).

Varieties developed: The local vanieties miroduced earlier may be of the same parentage (Haile-
michael, 1979, This mtensely shows that the genstic base of the local vanefies are narrow; making any progress
m improving the productrvity of the crop unsatisfactory. To make such a progress possible by widening the
genefic base of potato, a selechon program with a large number of seedling populations started m 1973 at the
College of Agnculture in Alemayas mn cooperation with IAR and International Potato Center (CIF). A more
coordinated improvement work on potato started 1 1975, National potato research programs m sub-5Saharan
Afirica have confinnously focused on selection of high-velding vanehes with resistance to late bhght (LB}
disease (El-Bedewy ar al., 2001).

Infroduction and evaluafion of broader germplasm and commercial vanefies, and generation of local
population and recently infroducton of advanced matenals are some of the strategies that have been followed to
develop wvaneties wide adaptalulity, resistant'tolerant to different pests and stresses (Berga er al., 1994a).
Accordingly a number of vanety trials have been conducted in different commers of the country to address
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different agro-ecologies of the potato growmg areas. From these expermments wadely adaptable, late blight
resistant and hagh wielding (25-40 tons'ha) potato vaneties were released and are under production. So-far, about
33 mmproved potato vaneties have been released and recommended by the MNatonal Potato Improvement
Program (MoA, vanety registry, 2014). Maost of the potato genotypes that have been developed and released i
Eastern Afinca before 2008 aither had genes for vertical resistance to LB or honzontal resistance to LB 1m the
presence of unknown resistance (major B) genes, thus named population “A” clones (Landeo er al  1997). A
particular feature of this breeding population 1s that horizontal resistance was mproved in the presence of
undesmed unknewn major () genes for vertical resistance (population A). Their presence made the recogmtion
of true honzontal resistance and effective gene frequency wpgrading more difficult rather than contnbubng to
the owverzll resistance, (Landeo er al, 1997). Althoush the Ethiopian Potato Improvement Program has showm
progress over the vears, finther mmprovemsnt 1= st1ll needed, parficularly 1 accelerating vanetal selechon and
release schemes and mereasing adopton and diffusion rates (Gebremedhin, 2013}, Diffusion of new vanehes
has been slugmish and limoted; thus old potato vanetes are stll produced by a significant number of farmwers in
large land areas. In other words, new vaneties are stuggling to reach larger areas or replace the old omes.
Farmers would hke to replace thenr old vanebes with new ones because of dimmmishing productivity, but thev
w=ually are not aware of the release of new ones and even if they are, hmited availabibity and farmer's access to
sead of such vaneties are prolibitive. Therefore, the lacks of quality seed m sufficient amount and at affordable
prices are the major hmatmg factors for vanetal diffusion

Agmnnmy: The subopiimal agroncmic techmigues practiced by potate growers in Ethiopia are
undoubtedly one of the contmbuting factors to the exnsting low average national wvield. Agronomic studies have
been undertaken by different research centers to develop a package of optimum management practices, for the
improved culfivars.

Therefore, research on planting dates, plantng depth and method of planfing, ferhilizer rate, method and fime
of apphecation, as well as mumber of lulling durmg the zrowing pencd for seed and ware potatoes, plant
population for seed and ware potato productions comprise the major components of the agronomic ressarch.

Time of planting: Plating time vanes with location, variety and the growing season. It influences
meidence of late blight and has sigmficant impact on tuber vield and quality. To secuwre maxivnm wield, potato
should be planted dunmg the time favorable condrons prevail for better growth and development of the crop.
Planting fiom, early June was recommended as optimum plantimg fume for Emdiber (Gurage zone), Holetta
{central Etmopa) apd other simmlar agro-ecological areas (Berga ar al.. 1994). Simlarly, May first to nud May
and from May first to June first are recommended s optimum planting dates for late blight susceptible and
moderately tolerantresistant potato culbvars around Adet and simmlar agro-ecologies. Abdul Wahab and
Semagme (2008) recommended that last week of Mav to nud June as an appropnate plantimg time for ophimum
potato producton 1n the high lands of Ankober (INorth Shewa) and other spmilar agro-ecologes.

Dﬂpth of planting: Even though ophmum planting depth varies with soal mwoisture content, soal
temperature etc., nunder Holetta condiiion plantng at 15cmys depth followed by 10 and 20 cm are best for vueld
and mam mnsect pest attack.

Seed tuber size and plant population: Seed tuber size and population density are
among the most deternviming factors of the production and productivity of potato. A potato tuber may at the end
of dormancy grow one or more sprouts, and after planting vanable proporhon of these sprouts develop into main
stemys. A plant mav have vanable number of stems depending up on the tuber size, number of eves per tuber and
storage condittons of the planted seed tuber. The stem pumbers per tuber in tum affects the mumber of tubers set,
the growth and longevity of the haulm and therefore wield (Gebremedhin or al., 2008). Closer mfra-row spacing
of 10 or Mem 1 rows of 73cm apart would be benefical for seed and larger seed tubers (45-55mm) do better
than the smaller ones. Wider intra-row spacing of 30 or 40cm are better, again on rows 75cm apart, for ware.
Simvlarly, considermg the amount of seed tuwber required type of oufput and symergism with other eulhoral
prachces, seed tuber size of 35-45mm diameter, Slcm infer-row spacing and ndging once at 3-4 weeks after
crop emergence 15 recommended for seed potato production. However, 35-45mom diameter seed tuber, 75cm
mter-row spacing and ndsmge once after 3 -4 weeks from crop emergence 15 found optmum and recommended
for ware potato production at Adet and 1ts surroundmes (Tesfave o al, 2008). Generally, use of 75 cm inter-row
spacing 15 found swmtable for ware potato producton and &0cm inter-row spacmg 15 found 1deal for seed tuber
potato produchon.
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Fertilizer rate: Potato, as a lngh vielding crop 15 a heavy consumer of nuiments. Many factors may
affect the total nument consumphon of the potato crop. FReports mndicate that the effects of season, vanety and
rate and fime of M, P and K ferfibizer applications resulted 1n the remyoval of mineral nufrients in fresh tubers m
the followmg ranges: M, 2.28-3.57; P, 040062 and E 3.70-541 kgt (Gunasena, 1969). However, the
diversity of scal types, moisture and nument regimes, cropping sequences, fertilizer uses and climate conditions
as well as wotic factors such as weeds, pests and diseases all may affect the state of 01l utnent flux and use by
the growmg crop. The extent of use of ferfilizer may also be dictated by factors hke market prices and the
economuce status of a2 farmer (Gebremedhin er al., 2008} Considering these problemys, area specific and
econormucally feasible ferfilizer rates were recommended bv different research centers for different potato
Srowlng areas across the counbry. According to Tesfave and co-workers  2008) ferhlizer rates of 10869 and
51589 kz'ha WNP0. are ecomomically feazible in South Gondar and Gojam areas, respectively. Simmlarky,
110kg'ha nitrogen and 70.5kgha P20 are recommended for optimmm potato tuber vield in nifosol and hght
verfisol i the laghlands of Morth Shewa (Abdul Wahab and Semagne, 2008). Berga and co-workers (1994) also
reported that 16590 XN PoO. recommended as feasible rate for the central Shewsa area and this recomvmendation
15 sfill i use 1 the central and Southermn part of the country as a blanket recommendation. By the same tokemn,
148138 N/ P.O. was recommended for the nghlands of Hararghe. These recommendations mav not work for
the cwrent market, soal ferhlity status and other chmatic variables. Therefore, considermg the vanability of the
mput-cutput market and soil fertlity status, detail soul test based fertilizer rate studies should be cammed out.

Ridging: Ridsmng which refers to the practice of hilling or earthing up the scil around the potato plant, is a
normal practice m potate producton. Fadging 1s practced to obtain sufficient earth or scal around the potato
plant and form a well-shaped ndge that helps to loosen the subsml for good asrzfion and’or to cover the tubers
set wnth sufficient laver of sml On hghter soils ndging presents no difficulty, and it 1= very useful if the soal
depth 15 shallow. However, on heavier szoils, ndgsing may present a problem unless it 15 done under low sodl
moisture condibions. Proper ndging increases tuber yield by creating favorable conditon for tuber imtizhion and
development Poor ndging in potato may expose the tuber to sunhight, high temperature, disease and insect
damage Stodies show that a vield loss as hagh as 8% have been registered due to poor ndzming. The frequency
and optmmm of ndging may depend on varety, soil stucture and workable soil depth (Gebremedhin, 2013

The highest vield was obtained from plots with four and tuwee times ndzmg. G&uerall} Increasing ndging
frequency substanfally reduced green fubers from 53 3% mm no ndgmg to 29 5% at fouwr tmes ndgzing. In a
sumilar study conducted at Adet, ndgng frequency had po sigmificant effects on parameters hke tuber size,

marketable and total vields. The results under Holetta condifions showed that vield and tuber quality can be
affected by ndzming and at least tece ndzming 15 very necessary. Light o1l and heanv raanfall areas reqguire mxore
frequent ndging. Whereas, mn light red soils care has to be taken to reduce insect damage and greeming by
modifving planting distance and increasing frequency of ndaming. In ware potato producton, good cover-up of
soul does substanhally increasze marketable tuber w1eld due to less greeming (Gebremedbin e al, 2008}

lntar::mpplng Intercropping of potato with maize 1= 3 common practice in northwest Ambhara regzion.
Consequently, an expenment was conducted at Adet for two consecufive wears (1997-1998) to 1dentify
econcoucally feasible infercropmng pattern. The result was also statistically analyzed using total monetary value
(THAV) of the system and econoome vield of each component crop. Moreower, the land eqguivalent ratio (LER) of
each infercropping syvstem was calculated From thas work mtercropping of potato with maize m 2:1 and 1:1
(potato: maize) row spabal arangement are found supernor m their order and recommended for potato
producton at Adet and s suwrrowndings (Tesfaye er al, 2008). In addihon, mmtercropping study of potato and
malze was made at Bako for three cropping seasons. Maize and potato were ammanged m 1:1 ratio alternating
within a row {15 = 75em) and between roews (375 x 30 cm) inchading sole plantmg {75 x 30 cm). The yield of
potato 1n an intercropped field was as lngh as sole potato m one of the three study seasons. Intercropping was
found economucally advantageons than sole cropping a= the malze grower could get potato weld as boms m
addihon to maize vield (Gebremedban er af., 2008).

Crop protection

Potato Disease Management: The potato is prone to many diseases caused by etther bacteria, fungi
wruses or mycoplasma. Late blight, caused by Phyrophthora infesrans, remains the most devastaiing disease m
potato resulfing m economic costs that sum up to 5.2 hlbon eurcs, globally. The use of resistant vanethes 15 a
powerful, viable and enviremmentally fnendly alternative or supplement for the cwrent, commonly deploved
chermcal confrol strategies (Haesaert ar al., 2015). Late bhight 15 generally the most important disease wherever
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potatoes are grown m the countrv. Traditionally the crop 15 grown duwing the off-season using the short ram that
falls during February—Apnl and somefimes with supplementary nmigation when avalzble. The main rezson for
not growng potato dunng the long rainy season, despate the hagh vielding potential, 15 the severe threat posed by
late blight The local vanetes do not cope with the disease presswe 1n the main rainy season and often are
wiped out partcularly m the highlands. Vimuses and bactenial wilt are also very mmportant diseases affecting
potate producton (Bekele and Eshetu, 2008). Among these, late blight (LE), followed by bactenal walt (BW),
potate leaf moll virus (FLEV), and potato vimus Y (FVY) were the mwost important diseases. Late blight was
widely distnbuted where the crop 15 growm under ramm fed condihons (Bekele and Yayiou, 1994}, In this report,
BW was detected and found restncted to the owd-and low altfudes. Cumently, however, it has also been
recorded 1n hugh alttades {=2400 masl); vuus diseases were more prevalent at omd and low alotudes than at
higher Studies on host-plant resistance, loss asses=ment, culturzl control measures, and integrated management
have been conducted on many diseases. Prommsing results have been obtamed. The level of economic loss of late
blight has been determmined for some varietes. Furthermore, the use of mnteprated pest management (IPM) in
reducing blight damage has besn emphasized. The result showed that early planfing of moderately late blaght
tolerant vanehes with one or two fimzmicide apphications sigmificantly reduced the dizease, therebw, haghly
mereasing the tuber vield Atternpts have been made to determmne the physiological races of Pingfestans. Fesults
of chemucal control tnals mdicated that a fuinmiade (Fidomml MZE 6£3.5% WP) contammng Mancozeb and
Metalaxyl was very effective in controlling late blight (Bekele and Yayinu, 1994}, In a host resistance study,
potate vanetes that are tolerant to late blight, early blight and bactenzl walt have been 1dentfied (Baye and
CGebremedhon, 201 3).

An integrated bactenal walt control research was conducted mm a farmer parhicipatory approach, where
different ophons were compared. The ophons were {2} an mmproved package (IF) that con=isted of clean sead. a
less susceptible vamety, and mmproved cultural practices, (b} a farmer package (FF), which consisted of a
farmer’s vanety and farmers’ seed, planted under the farmers’ cultural prachces, {3) clean seed of a less
susceptble vanety planted 1 farmers” cultural practices (CSFCP), and (4) farmers seed planted under maproved
cultural practices (FSICP). All the opficns sigmficantly reduced walt meidence and increased potato weld as
compared to FP; with IF performung best. The options were all economically beneficial and resulted in margmal
rates of rehwn of 1034%: for IP, 805% for CSFCF and 634% for FSICE (Berga 2001; Berga er ol 2005).

Potato 15 natwrally infacted by over 38 vireses. About 50% of these viruses are dependent on potato for ther
survival and spread, while others wsually have major hosts apart from potato. Viouses and woas diseases
consfitute a major consiraint to potato production m developing countnes meluding those of SSA. The diseases
are often cverlooked because the symptoms are wsually not as stnking as those meited by funzi and bactena.
The vous dizeases canse reductions in yield quality and quantity (Salazar and Accatine, 1990). Berhanu and co-
workers , (2011} descnbed that, evidence of the occowrence of potato viruses 1 Ethuopia was first reported 1n
studies conducted in central, south and southeast Ethsopa dunng the 1984 and 1985 crop seasons. The results of
these consecutre studies indicated the presence of Poraro virus X (PVI), Poraro virus 5 (PVS), Poraro leqf roll
virus (PLEV), Potare virus ¥ (PVY), Pofato virus 4 (PVA) and Poraro virns M PVB). The effect of vouszes on
potate produecton 1s primearily due fo thelr acoummlation on seeds causing degsneration within short perted of
production cveles. There 1= a need, therefore, to strengthen the fissue culture laboratory m order to supply
disease-free seed to producers and minmmize the effect of vimuses on potate vield. In addihon, the exishng sites
for seed produchon should be strengthensd It 15 also crucial to forge strong linkages between potato seed
producers and the research system The potato plant can become systematically infected with vouses followang
fransmission erther mechamcally or through wvectors. Whereas, nearly all of these vimuses are transouited
vegetatively through seed tubers. FVY and PLEV, the two economically most noportant potato viruses, PLEWV
and PVY are honzontally transmmtted by aphid vectors under patural condittons. Green peach aphad (Afyzus
persicas) 15 the most important vector of these two wimeses worldwide, while other aphids hke potato aphled
(Macrosiphum suphorbag) are less efficient vectors.

Potato Insect Pest Management: Potato is attacked by 2 munber of insect pests. In the past over
two decades, the major msect pests that stay on potate did not shift and have inchnded: cutworms (dgrofis spp.
and Enxea spp.), red ants (Dorplns spp ). potato aphad (Macresiphum enphorbias), green peach aphid (Afyzws
perzicas) and the potato tuber moth, Phihorimasa operculella (Zeller) (Lepidoptera: Gelechndas) (Bayeh and
Tadesse, 1994). Among these insects, potato tuber moth (FTM), cutworms, and aphids are the most important
ones. RE&aIcth been conducted to generate informaton on management ophons aganst these economucally
important msect pests. Many swrvey reports indicated that PTH was known to damage potato only in warmwer
areas, though major producthon areas are mainky m the highland= Momtorning of PTM was conducted nsmg
PTM sex pheromone trap at Holetta. The result showed that the peak months were Japuary, Febmary, and June.
Unlike the field situation, momtoring in the store showed no obvious pezk record (Bayeh and Tadesze, 1994,
Aphds 1n potato, though, were more 1mportant as vectors of vorus diseases than as pests. Momtonng work was
conducted using vellow water traps at Holetta, and duwning the momitoring different aphid species were recorded.
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The peak months were Jamuary, Apnl. and MNovember—December. According to Bayeh and Tadesse, (1994) the
dommnant species were Brassica aplods, green peach aphids, and potato aphids. In thes work an attempt was
made to comrelate the population fluctuation wath some abiotic factors, temperature, (Dumirmum and Dazxmwm),
ramfall, and wind speed. The result showed that rain fall and low temperature had negative effects, whereas the
mfluence of the other two factors was non-sigrificant.

Seed/planting material production: The Ethiopian Potate Improvement Program, with almost 35
vears of CIP"s technological support through s regional office in Kenya and its headguarters in Peru, has been
able to release more than 31 vaneties; however, the rate of adophon and diffusion has been quite houted. Of the
released vaneties, Belete, Jaleme, Gudeme, Guassa, and Gera are the most wndely grown potatoes at present. In
most cazes, the main hnvtmg factor for vanety diffusion was insufficient amount of clean zeed due to lirmited
formal seed system. Cwrently the national mean vield in Ethoopaa 15 low which 15 about 1008 tha (C5A, 2014)
but could eazily be doubled or tipled. Moreover, the adoption and coverage of 25.2% of the total potato area 1n
the country with improved vanetes has partly conimbuted for the witnessed productnity gain (Labarta ef al.,
2012). Potato’s production value 15 estimmated at 403 malhon USD (CS5A4A, 2014). Perhaps the most sigmificant
constramt to increasing productvity and overall produchon 15 the chrome shortage of good quality seed tubers
of the productive vaneties.

A pre-requisite to a successful and sustainable seed scheme 1= a contimous supply and maintenance of
pathogen free early generzfion seed potato. This 1s the respon=ibility of research inshitutions in the country. Te
provide these disease free planfing materials, a pumber of ressarch actiaties have been conducted. Evaluation of
some rapid multipheaton techmgues (stem cuthng and aercpomics) were made under local conditbons. Tuber
vield mmereased with inereasing number of stem cutings per ill from 1 to 3 and with closer spacing. Stem
cuttng results revealed that the rooting abilities of stem cuttings differed with cultrrar and media, where as fine
sand was found to be the best locally availlable medium (Berga er al. 19945}, Cwrenthy, Millions of mim-tubers
are being produced under raped mmultipheation for expenmental and pre-basic seed m owr TC labs and
aeropomes stuctures at Bahirdar and Holetta. The conventional mmltpheation rate of potato (1:3) 15 promoted
to 1:30 by rapid multiphcation techmques (EMT) especially by using aeropomes system (Abebe af al, 2014).

Postharvest Management: In Ethiopia potatoes are basically stoved for two purposes: ware and seed,
but mosthy m mappropriate storage facilimes. Farmers use different traditional potato storage syvstems depending
on the use. However, these storage facilities are not proper to keep the quality of tuber for move than 1-2
months (Endale et al., 2008). Sinece potato fuber 1= a living botamical organ, 1t loses weight and quality durmg
storage. Farmers keep potatoes mn the groumd for a long penod or forced to sell thewrr produce at low prices
during harvesting and buy seed tubers at high prices durmg planting. 4 study on extended harvesting peanod in
Alemaya revealed that yield of marketable tubers was reduced by 60% when tubers were harvested at 210 days
after planting as compared to a harvest at 120 davs (Berga, 1984). Sumlarly Gebremedun (1987) reported that
sigmificant yvield reduction {70-100%:) was obtamed as harvestimg was delayed from about 125 davs to 230 days
at Holetta.

Therefore, the low-cost diffused hght store (DLS) for seed tubers developed by CIF has been evaluated
under the Ethiopian condition. It was found to be very useful and efficient storage techmique. Consequently, 1t
has been adopted by many potato farmeers" 1n many parts of the country. Agape and coworkers |, (2008} reported
that, 87% of the central part and 25%: 1 the north and west are nsing DLS to store their improved vanety ssed
potate. Thus, practical frammng was given to farmers m different parts of the country and they are aware of the
new seed storage technology that 15, DLS. Generally, better quality seed tubers are cbfained wath storage 1n DLS
than 1n traditional dark storage, resulfing m increased produchivity 1o the counfry.

In DLS tubers can be stored 8-9 months without noach loss. Thev also produce 3-4 sprouts, which are green
and strong conseguently srnng hgh vield. If possible seed store should be coversd wnth aphid proof screen to
avord msect entrance.

Scio-economics and research extension: Technology transfer iz both a technical and
nontechmeal process, and it should be camed ouwt 1 collzboration with stakeholders. The man objective of
technology transfer 15 to unprove pecples” welfare steadily gradually and confmucusly. In Ethwopia, there are
still some drawbacks of technology transfer such as mappropnate channels, applicability of the technology, and
lack of infegration. A mumber of potato technologpes were promoted through parficipatory seed mmlaplhcaton
and scahmg-up from production to whlization m different parts of the countrv. Thess promotonal activities
sought to facilitate the diffusion and adophion of potato technologies that wall mprove potato produchon To
transfer these pew technolozes, activities were conducted in two phases.

In the first phase, participatory seed multiplicaton was conducted over the last 10 vears. Dning thes e,
researchers, farmers’ research groups (FRG). development agents (DA), subject matter speciahists (SMS),

[139]



development project workers, nongovernmental ocrgamrzations, and other stzkeholders were mvobred m
plamming, technology disseminafion, awareness creation, momtorning, and evaluation. This was to promote
adoption of new technologies by producers.

In the second phase, before launching the actual achvity, an meeption workshop was held wath all
stakeholders. Researchers plaved a catalytic role. Om the basis of group consensus, the seed, whach 15 maintamed
during the evaluation and seed mulnplicaton phase one, was distnbuted to all members of the FRG, bringing
the productive seed (a technology) closer to farmers. Cwrently, potato farmers are wsing almeost all components
of the potato production package. Throughout the whole process of evaluation, seed multiplication, and scaling-
up of improved technologmes, partcipation of farmers and stakeholders was nseful to promote the diffusion and
adoption of improved technologies, knowledge, and skill of quality seed producton, and postharvest handling.
This established the farmer-to-farmer seed exchange and information disseminafion system In the process, a
mumber of field davs were orgamized to demonstrate the producton, postharvest handling, and whlizaton of
potato. In general, techmeal backstopping and creating good public-private partnership and technology transfer
system are the most mmportant 1ssues that need more attertion.

Sweet potato

Varieties developed: To date, a total of 24 sweet potato vareties have been released in Etluopia,
among which six are crange fleshed. Among the 24 vaneties, Awassa-83 15 the most dominantly grown vanety
m most of the sweet potato growing areas of the countrv. Farmers prefer to grow this vanety due fo s high
vielding potential, high total biomzss and high dry matter content as compared to other vanetes,

Available Germplasm: The major sowce of germplasm for sweet potato improvement has been the
International Potato Center (CIF}). Most of the sweet potato vaneties that have been developed in Ethuiopia are of
CIP ongm. Cwrently, more than one thousand improved seeds wath different characters were troduced from
CIP and are under screening. Crossmng of sweet potato in Ethiopa started m 2013 and cwrrently some clones
with better vield, beta-carotene and dirv matter contents have been developed and are bemg evaliated under
mulfi-location tnals. The released vanetes are maintained at Hawassa Research Center to serve as source of
planfing matenals.

Agronomy: In sweet potatoes, like m all other crops. agrononuc factors/management practices are ameong
the crucial factors that highly influence crop wield and quabty. However, swest potato farmers m Ethiopa
usually use tradifional management prachices. In most cases, farmers’ practices cannot effectively and efficiently
address the different agronomuc challenges and problems faced by growers. The production and productivity of
the crop has thus remained low due to poor management, among other major reasons (Guma erf al., 2008)

The sweet potato 1mprovement research program undertakes different woeks that can belp alleviate the
existmg producton and productvity barmers of the crop through the nse of not onky 1mproved vanetes but alse
appropriate management practices. Good management would enable farmers to exploit the potential of
mmproved or local sweet potato vaneties for higher vield and guality produce.

Seedbed Preparation: Different seedbed preparstion methods are used in sweet potato producton at
different localities based on the soul type, mowsture holding capacity, depth and workabilhity. However, the most
common methods are mounds, ndges and planfing on the flat. Flat planfing 15 recommended for areas like
Hawassa where the soi1l tvpe 15 more of sandy that can easily percolate water. But, generally in moisture stress
areas orf dunng non-rany season, ted ndge 1= the most uwniversally recommended method of growing
sweestpotato (Gumna er al, 2008).

Spacing: Spacing may vary depending on scil condition and crop vanety. In root and tuber crops, spacing
directly affects the root mize grades for domestic use as well as market Spacing experiments at different
locations showed different results and as a result spacing combmations of 60 cm x 30 cm for Hawassa and
Arveka, 100 em x 30 em for Tept and 60 em x 35 em for Jima were recommended The mecommendatons have
considerable difference 1 spacing befween rows varyving from &0 up to 100 cm This difference haz an
mmplication on guantity of planfing material and cost of producton. There mught be a need to further look 1n to
the problem and identify the reasons belind and see the possibility for cost effectrve recommendation (Guma ef
al, 2008

S0il Fertility Management: Soil feulity dechne 15 noted as the principal cause for crop yield
reduction m Ethoopia. This has happened due to confipuous cultvation, removal of crop residue for hvestock
feed and fuel wood, isufficient ferilizer supply, erosion and poor so1l management This aspect may assume
senous dimension in roof and tuber crops produchon, parbcularly sweetpotato as the erop 15 a heavy feeder of
nutrients. Therefore, it 15 essential to replenish sml ferhlity fo sustain crop growth and hugh vield. The nufrent
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requirement of the crop depends on the tvpe of the so1l and expected vield. Efforts have been made mn Bako on
farmn, Hawaszsa, Areka, Loko and Medjo to mitngate low sol fernlity problemys. But the recommendztions from
El.lE'hE‘.!:pEI!'IIEI.EEII" are not 1 uwse cwrently by farmers. Ancther expenment conducted m SHIMNPE at Halaba
special distnet indicated that apphcaton of 456 kg Po0O: and 92 kg Mittogen gave better vield However, thas
result has to be venfied at sumalar locahions before recommendations are grven

Crop protection: The major insect pests of sweetpotato m Ethiopia are sweetpotato weevil {Cylas
puncticollizs L), sweetpotato butterfly {derasa acerata)l. sweetpotato hormmworm (dgrins convelvulil, tortoise
beetles (Aspidomorpha spp..) and virus transmatters such as Aphluds (dphis gosoypi) and white flv (Bemisia
tabacil. Among these insect pests, the most senous ones are the swesipotato weevil and sweetpotato butterfly
which can camse a vield reduchon of 60-80% (Temesgen er al., 2008). The sweeipotato weevil larvae and adults
feed on the roots, causing extensrve damage. both in field and storage, in many parts of the world. Roots may be
mitially attacked duning storage or mav be confamuinated with eggs or larvae from the field. Such contanunations
may not be readily visible to the naked eve and apparently healthy roots may be stored only to be attacked when
egzs hatch and larvae begin to feed. Previously wminfected roots are also exposed fo attack. The weevil may go
through several life cycles dunng a prolonged storage peniod Weevil damage produces quantitative losses and
aesthetically unappealmg roots which mav be discolored and hawe brfter taste. The weevil also stommlates the
pmrdun:ﬁun of phenolic compounds, leading to brown discoloration of the flesh and also phviozlexins such as

ipomearmnarone [ Wweolfe, 1992). In Edhopea, losses due to the mmsect pest range from 20-75% (Emana, 1990) and
'-"'l:l 80% (Temesgen et aj' 2008). Stedies had been made on culturzal control methods such as planting date, ime
of harveshing, crop rofafion, vanety screenmy and miegrated pest management. The second most important
msect pest of sweetpotato 15 the swesipotato butterfly (derea acerata) whuch was reported o cause over 60%
defolizhion (Temesgen or al, 2008). A study was made at Hawassa and Areka to mvestigate the effect of planting
date on the wield of sweetpotato and infestation of sweetpotato weevil. The findings of the study mdicated that
early planting, besides mereasing vield through plant growth wigor, 15 associated with sigmficant reduction m
sweeipotato weewvil infestation (Temesgen er al, 2008).

Among the pathogens, vimuses, fimgi and bactena are responsible for econommc losses of sweetpotato
worldwide. Dhiferent tvpes of wiral, fungal and bactenial diseases have been recorded m Ethiopia. However, the
most devastanng swestpotato disease in Ethiopia 15 the swestpotato vous (Tadesse et al | 2013; Mekonnen at al |
20140, Im east Afnica m general, over 9% sweetpotato wield reduchons have been associated wath viruses
(Cnbson et al., 1998). Smee late 2004 to 2011 fowr types of viruses namely, Sweetpotato feathery mottle vous
(SPEMV), Swestpotato chlorofic stunt vous (SPCSV), Sweetpotato virus (SPVIG) and Sweetpotato wvires 2
(SPVY) were identfied and recorded m the country. ) In 2012 other six viruses, namely, C-6 wims, sweetpotato
canlime-hke vius (SPCalV), Sweetpotato chlorotie flecks vous (SPCEFV, Swestpotato latent wwus (SPLV),
Sweetpotato mild specklmg varus (SPRMSV) and Cocumber Mosaie Vims (CWV) were 1dentified and recorded
(Mekonnen ef al, 20147

Planting material production: Foundation planting matenals of sweetpotato are primarily produced
bv Hawrazsa Research Center. The center has been producing pre-basic and basic planfing matenals of the crop
and selling fo vanous vine mulbophers. Muloplication of the planhng materials starts with cleaning of the
planfing matenals from diseases, especially viruses m a tssue cultuwre laboratory at Arkea Research Center.
Then the cleaned matenials are produced 1n insect proof net tunnels as pre-basic seeds. The vines dermved from
the net tumnels are then nmltphed m open field as basic seeds. The wines from the basic fields are sold to povate
vine mmltiphiers for fimther pmltplicaton m order to meet the huge demands from vanous crganizatons.
Cwrrently, there are registered private commercial sweetpotato vine mmlbphers mn Ethiopia such as Jara Agro-
mdustry, Ezera PLC, Muluneh Bom farm PLC, Mulualem farm, Ayzman PLC, Wamole seed enterpnise and
Hulume seed enterprize. Almost all of these multiphers mainly forns on mulaplication of sweetpotato vines and
sell to govermmental crgamzations (GOs) apd non-govermmental crgamzatons (NG0s). Then the GOs and
NG0s distmbute the vimes to farmers, especially dunng severe and prolonged drought.

In 201415 alope, more than fwo mulhon basic sweetpotato seeds/cuttings have been sold from Hawassa
Ressarch Cenfer to vamous orgamzations such as Ayzman PLC, Agn-Sermnce Ethiopia, Lutheran World
Federation, EOGOVED PLC, Jara Agro mdustry and FAQ. Simmlarly, the mmltiphers were selling mallions of
cuthngs to vanous GOs and NGOs, Through the collaberative project between SARI and CIP, considerable
amount of cutimes were distnbuted to different districts i SNINPE and Oromua regions. Accordingly, 5,135,000
vines in 2011, 6,190,166 vines in 2012, 225 000 vines m 2013, 1,088 000 vines in 2014 and 4 420 000 vines in
2015 were distnbuted to different districts of SHMNPE and Orooua.

Postharvest handlimg: Chwation of harvest is a function of variety, soil fype (mbrient), availability of
other foods, bousehold size, disease and pest mfestaton and weather condifions. Sweetpotato roots are ready for
harvesting from 3 months affer planting Vaneties such as Awaszsa 83, mature in & months after planting,
Guntute 5 myonths and Belela 3 months. If the crop 15 harvested too early the roots wall not be fully developed:
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too late, the roots may be fibrows and possibly pest-infested thus reducing vields. Harvesting can be done on a
piecermneal bazis and whole crop harvesting. The prachice involves harvesting small quantities and normally starts
as early as 2 months after planiing for some vanetes. Vaneties with longer matunty pencd are usuzlly more
swiable for precemeal method than early matunng ones which have zll thewr roots mahmng at almost the same
fimee. Sweetpotatoes should be handled with care after harvesting to prevent cutting, skinning, and vellowing.
The roots mmst al=o not be exposed to the sun for more than an howr or so after digging. To prevent infechon by
disease-producing orgamsmes, the roots should be kept m ventilated area untl wsed or sold. There 15 no storage
facality for sweetpotato in Ethiopia and therefore the shelf-hfe of the crop 15 very short.

Sweetpotato 1= among crops that have short shelf-hife since the roots contam about 70% water. Limted
knowladze about sweetpotato processmg and preservaton, and lack of processing equipment makes swestpotato
postharvest handlimg among the major constraints of sweetpotato as desembed by farmers in the major
sweeipotato growing areas of the commtry (Guwrmu ef al , 2015).

Therefore, there should be a postharvest handling technology to prolong the shelf-life of the crop. In most of
the growing areas, swesipotato roof 15 consumed bolled and there were no postharvest handhng technologzies.
Sweefpotato can be processed 1nfo numercus faditional products by meang its flowr wath cereals and legume
crops. The root can be processed to make bread, enjera, flour, cookies, wot {stew), local beer and puce. Grven
proper trainmg, and access toappmpmmemupmmtﬁrmanmuldmakeanng&nffmd1mfmm
sweatpotato. This would reduce the postharvest losses of the crop and help masamize its uhlizaton.

Scio-economics and research extension: A swvey by Gumm ef al. (2015) showed that the
major pre-harvest produchion constraints of sweetpotato constitute: heat and drought (21.6%), shortage of
planfing matenials (20.1%2), shortage of land (15.7%), diseases (10.0%:), insect-pests (9.4%), a shortage of drafi
power (8.1%%), shortage of money to purchase mputs (7. 9%} a shortage of labour (5.1%) and weeds (2.0%).
S larly, poor access to markets 1:32 6%}, poor market prices (19.1%), low yrelds (14.2%:), low preferences due
to low root div matter content (13.6%), a lack of knowledze on processing (11.7%0). a lack of proces=ing
equpment (11.1%) and fransportaton problem (7.7%) were idennified as the major postharvest constraimnts. The
major farmers’ selection critenia for sweeipotato vaneties were resistance to heat and drought (19.6%), dry
matter content (16.4%), taste (14.3%), root vield (13.6%), resistance to disease and msects (13.3%), earliness
(11.6%) and cooking ability (8.9%). Smmlar results were reported by Tadesse er al. (2006) that farmwers prefar
sweeipotato vaneties based on charactenstics hke resistance to diseases/pests, marketable tuber size and colour,
and ease of intercropping and palatabality.

Smes most farmers (98 4%:) store the roots fn-zite n the soil and practice plece-meal harvest, the roots are
affected by insect pests (mainly weevils), diseases and rodents and the quality deteniorates (Gurmmu er all , 2015).

According o Milhon er af, (2008) the sweetpotato marketing svstem was relatively not well developed
because of varous reasons. Although the sweetpotato markefing channel was wvery long, the volume of
fransaction and the incremental profit margin that traders obtzined was very low. From the total number of
sample traders mterviewed, 36% were retailers and &% wholesalers, wlule the remammg 8% were assemblers.
Except for the wholesalers, almost all retailers and assemblers were operating within production areas. The same
study imdicated that sweetpotato consumpiion increases dunng May and June mainly because dunng these
months, household gram reserves were nsually fimished and the price of cereals mostly tends to nse. Hence,
people consumed more sweetpotatoes. Due to mereased demand dunng thus peniod, farmwers who had mmigabhon
facihittes were encowraged to produce sweetpotato and got better prices. Mevertheless, the major supply of sweet
potato remained to be mmfluenced mamly by price of other crops and its own price, avalabibity of moisture or
ramfzll, and ccowrence of msect pests. Lack of hugh vielding vanehes was also one of the mportant factors
mfluencing the market supply of sweeipotato.

Cassava

Varieties developed: Variety frials for yield and other agronomic frials had been started at Hawassa,
Tima, Bako, and Melka Werer research centers since 1975 on some mtroduced germplazm of cassava. Through
the effort of national and regional research msttutes, more than 80 germplasm were mntroduced as mtegral parts
of caszava vanety development. Some of these were tested at different agroecologeal locanons from 1996-2001
m Etluopia and two most promusing vanetes (Qulle and Kello) were officially released for production. They
aive 27 and 28 t'ha, which 15 by far lngher than the world average 9.4 t’ha (MoA, 2006).

Available Germplasm: Different cassava germplazm were locally collected and introduced from
cassava growing countnes (Uganda, KEenya and Tanzama) i the form of botanical seeds. More than 500/Gve
hundred’ germplazm with different morphological and nutnnional traits are maintained at Hawassa and Tima
agnoultural ressarch centers with the objectives of evaluatng them for higher storage root yield, low hydrogen
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cyamde content, ugh dry matter content, earlimess, biomass weld and adaptabality to local agrochmate
conditions. Among the germplasm crange fleshed clones with higher beta-carotens content, which 1s a precursor
for vitapun A, are found to be mamtained for further evaluation.

Agronomy: Low soil fertility, mitrifional imbalances, soil sahmty, crop field management like weeding are
among the factors that reduce cassava wield i addihon to the mberent penetic potential. Cassava 15 a crop that
exiracts large amounts of nufrnients from the so1l, especally N, P and E. A study showed that cassava required
about 200kg'ha of Mitrogen, 1(Mkg'ha Phosphorus and 1MMkgha potassium fo grve an average fiesh storage root
vield of 23 H'ha (Bermando and Hernan 2012). The presence of weeds duning the first 80 days of the crop cycle
was observed to reduce yields by about 50%% compared with cassava that was free of weeds throughout the
cropping cycle (Bemando and Heman "".'.'ll?":l

In Ethuomia, httle cassava agronomic research has been conducted. Spacing tnials were conducted at Amarc
and Hawasza dunng 2004-2005 cropping seasons. For optinmim cassava produchion a spacing of 80cm X S80cm
was recommended for Amare while a spacing of 100 cm x 80cm was recommended for Hawassa and siomlar
agroecologes (Gobese er al., 20035).

Infercropping cassava with haricot bean, cowpea, sovbean and mung bean, reduced cassava vield by 27, 37,

52 and 30%, respectively. However, intercropping cassava with hanicot bean, cowpea, sovbean and mung bean
resulted m 3"'_ 49 48 and 62% greater land n=e efficiency than for either crop grown alons. (Legeze and Gobeze
, 2013}
The HCM confent as affected by the soil nutnent amount especially that of potassiumiE.0) was stedied and
conchided that at lower doses of potassium application, root HCN confent was relatvely hugh It substantialhy
decrezased at higher rates of potazaum, which indicates the need for finther expenmentafion with more cultmrars
and other sources of potassium. Although potas=zium 15 found important in reducing the HCN content of cassava
roots, other locally available and cheap sources of potassium such as wood ash can alternatively be used by the
mainly sub=sistent farmers who wsually cultrvate the crop (Endns, 5. 1977).

Mitrogen and P ferilbizers effect on storage root yield was conducted mm different agroecologies of the
country (Hawassa, Iinka, Goffa and Bonga) and had shown a sigmficant vield merease as compared to the
unfreated check ';'rn'h some exceptions at Hawassa where no sipmficant difference was among the tested W & P
rates. The hughest storage 31.8 tha was obiained from application of 100 kg'ha wea & 50 kg'ha DAP. The
result 15 by far higher than the control which received no fertilizer (Personal commmmcation).

Crop protection: The mam diseases affecting cassava are cassava mosate vires (CMV), cassava bacterzal
blight, caszava anthracnose, and root rot. Pests and diseases, 1n combmahon with poor agronoome prachees,
combine to cause hgh 3—1&1& losses mn Afinea (ATC, 2002). Although there 1= no tangible evidence on the
ooowmrence of viral diseases, cassava root rot blight and leaf spot were observed m Ethiopia. In the same way,
cassava white fhes (bemizia fabaci), cassava geen muie [meonomychellus fangie) cassava mealy bug
{phenacoccus mamihofil, cassava white scale faomidmytilus albusz), elegant grasshoppers (zomocerns spp).
termutes and vertebrate pests (monkeys, wild pigs, goat’s rats, and birds) are the most important pests.

The most imporiant mmsect pests attacking cassava mn the production areas in Etluopia are cassava scale msect
(domidovriluz albus), Caszava green mite (Mononychelluz tangjoa) and Red spider mite (Terramychuz spp)
{Ermmas efal, 2012). Among these, cassava scale insect was the most senous one. Cassava scale {donidomyailuz
albuz) (Cockerel) (Hem: Dhaspididae) was reporied for the first fume 1 2001 at Amaro. It was affecing the
producition and productmvity of cassava m southern Efhuopia, Amaro especial Wereda (Mesele er al., 2007).

Very few research actmibes have been conducted 1in Ethiopia to manage cassava scale insect damage. To
study the biology., field abundance and seasonal patterns of cassava pesis (scale insect) pot and field
expenments were conducted. But the results have not been released for farmers to apply. Chemweal and
germplazm screemmy for cassava scale msect were also conducted. Accordingly clear vanaton among the
germplazm for the reachon agammst cassava scale imsect was observed. A total of 1] promusing germplaszm were
found and promoted to further evaliaton (Mesele and Ermmas 2014, unpublished).

IMoreover chemueals screemny meluding untreated control were evaluated 1n insect hot spot areas under
natural mfestahon. Two chemcals, dimethoate and Deltanate were found to be very effective. The management
opticns have not been populanized by the researchers to be wihzed by cassava farmers (Mesele and Ermias
2014, unpublished).

Seed/planting material production: One of the most important problems of cassava production 1s
the lack of quahty planting materials and formal seed producton system m the country beyvond breeder and pre-
baszic seed mmloplication by research centers. Two improved varetes are nmltplied on more than 8ha of land at
Hawasza, Dhlla, Arbamanch, Areka, Goffa and Jima for different puwrposes. From these multpheations a number
of cuthngs (more than 4 malhon cuthngs) were dismbuted for firther multiplication, research and producton.
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In the yvear 20142015, Hawassa agricultural research center sold more than 950, 000 cuthings and generated
more than ETH Bur 325,925,

Postharvest management: Upen harvesong, cassava starchy storage root suffers a mpd
detenoration that renders 1t umpalatable and wnmarketzble wathim 24 -72 s depending on the emaronmental
conditons. Except farmers' preservaiion methods of cassava afier harvesting and'or leaving in the ground after
matunty no other postharvest methods have been desizned mm Edvopia despate 1ts sigmuficant and cnfical value.
Farmers preserve cassava roots through extended harvesting after matmity, choppmg and sun diving, comvering
chips mfo flowr and store 1n ordinary jute sack under low temperatures (Tesfave er al., 2013

Though research on postharvest handling of cassava 15 lacking, a number of ant-puinfional and outntonal
analvsis of cassava vaneties were conducted. Mulugeta and Eskindr (1999) studied effect of storage methods
and cooking practices on the total hvdrogen cvanide content of cassava cultivars. Thev obtamed a kgh reduchon
of 98.6-99 3% 1n total hydrogen cvanide in sun dred flouwr compared to roots stored underground trench (19 9-
23_5%), and refngerator (-33_6%). They also tned to show that cooking reduced the total hydrogen cvanids froms
61.0 to 98 2% depending on culfrvar and practce of cooking.

Amn experiment on detoxification of cassava was conducted and inferesting results were obtamed. Procezsmg
methods such as washing, boilmg, drying and fermenting with flouwr of cereals were evaluated to increaze
nuinifional content and reduce cyvamde levels. They concluded that peeling, solar drying and fermentaton were
found to be the best methods to remowing the cvamde content of cassava by 99.7% and blending wath cersal
flowrs mmproved nuitmfional quality of cassava-based foods (Aweke ar al., 2012}

Amnalysis of HCH, moisture and fiber confent of zgam produced from different cassava vanehes were
conducted by Hawaszsa College of Arsnculture. The totzl moishore, cyamde and fiber contents vaned from 26.1-
400 %, 1.5-2 8 mz HCHN/100 z and 1 8- 2 4% respectively. The KEI]oM 72 and MMPE/5280 vanenes with the
lowrest {:'_?anide and comparable fiber contents are most switable (Emdick e @l 2008). From this study it conld
be concluded that meoisture content of cassava roots are mversely related to the total cyamds content.

Scio-economics and research extension: Status, Potentials and challenges of Cassava
production, processing, marketing and uiilizaton assessment of cassava o selected SHINPE was conducted. The
aszessment resulf indicated that cassava stands first 1n both producton and productyity followed by sweetpotato
and maize 1n Belg (short ramy season) while dunng Meher (long rainy season) the reverse was observed (at
Amaro, KEimndo Koisha, Debma Gofa, Konso and Arbamonch) (Tesfave et al., 2013

In the study area, the Area allocated for mproved and lecal culttvar cassava on average 15 0.19 and 0.30 ha,
respectively. Land preparatien for all crops wnder cassava farmmung system was camed out using outdated and
lzbor miensive tools such as hoe (86%:) and oxen plough (33%) of sample farmer’s average for the five distnets.
Caszsava 15 used o generate wncome by selling fresh cassava root from the farm and/or the nearby local markst.
In the same way, processed casszava pri:rduct-, especially cassava chips and flours were consumed and sold in the
study areas. Most of the farmers obtam plantng matenal:s from thewr owmn savings but a few had gotten from
relatives, fmends and other sources. The two mmproved vanefies miroduced to the farmers were kello (44/72 red)
and Chulle (10472 Migenan red). The adophon rate for the mproved vanenes by the sampled fammers mn the
study area on average was only 30%. Major consiramis fo cassava production include msect pat attack . lack of
early matunng vanetes, shurllage of land, low moishoe siress and low market demand and'or price. 'Il:n;l_» 1t was
recommended that labor saving farm mmplements. mana pement of cassava scale msects and exsting post-harvest
processing equipment nesd to be employved to improve cassava production and productrvity. Development of
early matmmng cassava vanetes 15 a pertinent solution to solve problemys related to long matuwng cassava
vanetes { Lesfave et al., 201373,

Demonstration and pre-scaling up: The adaptation of lugh yelding, disease resistant and low
HCH contzimng varienies released 1n Ethooma 15 being practiced at different agreecologpical locanons (Somale,
Gambela, Mytsemn, Asavta, Tepl, Gambella, Pawe and Alamatz). Vanehes Culle and Eello have shown an
E‘.'.:EE]].EI:II performance 1n some of these areas bevond their recorded yields at Hawassz and other centers in the
south. The case m point 15 Pawe, where they vislded 54.6 and 863 tons per ha. In Meorth western Tigray A total
of 10 male and five female farmers parhcipated 1 the demonstration and populanzation of cassava vanehes
released so far. For thus purpose 374 cuthings from Chulle, 319 cuthngs from Eello and 50 cuthings from local
vanehes were distnbuted to the selected farmers. Pre-scaling up of cassava vaneties using two released cassava
vanehes, was camed ouf at Site, Hossana and Bumgi. Totally 220 farmmers pariicipated m the pre-scaling up
actrvity. The farmers found that the improved wvaneties were better than thew own culfvars 1n root yield,
earliness and palatability.
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Enset (Ensete ventricosum)

En=et 1= the backbone of the southern central and south western parts of Ethiopea. Thes perenmial crop mostly
covers the densely populated areas. Had 1t not been for enset, the Imehhood of the mhabitants would have been
greatly threatened 1 the past many decades. The lugh yield per unit area coupled wath its abality to wathstand
drought makes enset an 1deal and strategic crop for the populace (MMesfin er af, 2008).

The enset Improvement Program has focused on vanety improvement, agronomy, crop protection, storage
technolozv, food science (ufihzaton), seed producton fechmiques, socio-economme studies and research-
extension. In the genetic improvement high pricrity was given to the dewvelopment of high vielding bacterial
wilt tolerant vaneties, with wide adaptability and desirable horticultral charactenstics and culinary qualhities.
The agronomic research. on the other hand, emphasized the development of appropniate cultural practces such
as planting dates, plant density, ferfilizer rate and fime of apphication, and depth of planfing.

Variety development: So far six high kocho yrelding enset vanenes with early to late matunty cycle
adapted to low, mud and high alttude areas have been released. Moiphological charactenizafion of enset clones
based on Ph&l:l.u-‘l“'."pll: traits has been done at Areka Apgncultural Research Centre (Tabogie, 1997, Yeshitila and
Do, 2009; Bekele er al., 2008). However, morphological charactenzaton of the clones 15 mdmental and a
well-established taxonomic classification and descriptor hist are lackmg. In addihion, attempts have been made to
document and analveze clonal identity wsing farmers” classification. In these cases, clonal names reported in the
hferature are associated wath only howted phenotypee data provaded by farmers (Shigeta, 1991). Molecular
charactenization of enset clomes was conducted using AFIF (Tsegawve, 2002; Megash, 2001) and EAPD
techouques (Bumeta, 2004). However, enset aceessions considered 1n their studies were from lomited grownng
areas. Efforts were also made to genotype some enset clones using molecular markers developed for AMusa wath
the assistance of Generation Challenge Program (GCF)

Available Germplasm: Smce 1994, ensst clones were collected from ther major growing areas of
SHHNFPR and Oromua regions, and more than 652 enset vernaculars are collected and conserved ex sitw by Areka
Agnicultural Research Center, the Southern A gncultural Fesearch Institute

Multiplication of disease free planting maftenals of enset through tissue culture prowndes opportumty to
manzage the spread of bactenal walt disease, which 15 threatening enset production. A ftempts have been made to
optinmize protocols for m-vifre propagation of enset (Zeweldu and Ludders, 1998; Tesfawe, 2002; Dhro, 2003).
Recently, enset 1n vitro propagzfion protocol has shown the possibilites of obtaming about 50 shoots per shoot
fip explant (Ginma, 2009, Personal commumcation).

Agronomy and Physiology: Aszronomic practices (spacing, fertilizer, propagation methods and
mursery management). MMost of the research on enset has concenbrated on agronomue studies (Bezuneh 1996).
Agronomic research was developed mainly by Areka, among which propagation (seedvegetatre), planfing
fime, spacmg., frequency and rate of crgame and morgame fertibizer application and frequency of transplanfing
are the major opes (Dhre, 15997, Belehn, 1996; Tabome eral 1996, Haile aral., 1996; Dhro er al.,1996).

According to the recommmendations, during sucker production from the comm to propagation, splithng the
corm m to two at egual position and planting the two half corm independently, on 1o x1m spacing on 30-40cm
deep hole at 43" tilted on upright position by covering 10cm deep with top soil provide strong and larze number
of suckers. In addibion to that, dwect transplanfing of suckers in to main field on 1.5m between plant and 3m
betwreen rows spacing give better vield and shorfened matunty tme of the crop; compared wath pwltple
transplantmg. In the main field appheation of 10ks compost or 452 DAP and 117.5g wea per vear per plant also
mereases the vield of the crop and shortens 1fs matanty time.

Crop Protection: Vanous diseases of ensst have been reported. Some of these are leaf damaging fungal
diseases, corm rot, sheath rot and dead heart leaf rot of enset wnth unknown causal agents. oot knot, root lesion
and black leaf streak nematodes are also knowm as enset production constraints (Chnmio and Mesfin, 1996).
There are also viral diseases of enset known as mosaie and chlorotic leaf streak diseases. However, based on the
distmbufion and extent of damage, Enset bactenal walt disease caused by Xanthomomas campestris pv.
musacearum 15 the most destructive and highly myvasive disease that 15 considered a threat fo enset production
systemn

Most of Fungal diseases of enset are not as such threatening to crop production relative to bactenal walt.
Foliar fungal diseases largely affect the crop at the early growth stage by cansmmg leaf spot and blight These
later coalesce and severely affect the photosynthetically active leaf area of the crop. As the crop gets older, it
resists most of the fimgal pathogens. Among the fungal diseases, corm and root-rot diseases were found as
devastating especially on voung seedlings (Mesfin er ol 2008).
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Seed/planting material production: In the last five years, on average 10,000 to 15,000
suckersivear of released enset vaneties and bactenal wnlt tolerant enset clone (maria) have been multiplied and
dismbuted to more than 727 farmeers and to vmiversifies (Wolkite University, Wachemo Umiversity) by Areka
Apgnculiural Fesearch Centre. In collabormiion with different crgamizations, like Concern Ethiopia and FAO
hundreds of thousands”™ of planfing matenials were disinbuted to farmers.

Postharvest handling or management: Little research i done on enset towards improving
postharvest handhng and manzgement. Tradinonal enset fermentahon increases types and numbers of microbs
and conmbutes to the reduchon of numents in Kocho and its spoiage (Tanku, 2012). The tradihional
postharvest managements are also tedious and laghly labor ifensive, unhygieme and associated with great vield
losses, According fo Atnafua and coworkers (2008), the use of whate plastic sheet 15 recommended as good
storage material for kocho. But, the effect of chermicals relsazed from plastic sheet m the process of fermentation
on the buman health needs mveshization

Scio-economics and research extension: Swvey has been done on bulla Value chain and the
result shows that raral retailers, azsemblers, wheole sellers and urban retailers are engazed in bulla fransacthon
and trade. They rarely add value to this pn:rdu.v:t. but make available to consumers mm thew localhity. Moreower,
baselme swrvey on enset production constraint and disease mapping were conducted on major enset producmg
aresas. Enzet bacterial wilt dizease 15 the mumber one constramt to enset producton followed by molsture stress
and mole rat attack.

Demonstration and pre-scaling up: Efforis have been made on promotion and dissemunation of
Enset production technologmes. Hundreds of thousands of mimproved enset suckers, 32 processing devices and
180 serappers are among technologies disserminated 1n the past. On the other hand, attempts have been made by
Awassa and Areka Agnculiuwral Eesearch Centers to infroduce and demonstrate mmproved enset decorticator and
sgueezer and reports showed that the technologies were accepted by the participant farmers.

Recommendations and the way forward

Eoot & tubers crops wall contmue to play a significant role o the Ethhopian food system because: 1) they
confribute to the energy and ouinbon requrements over the next two-three decades; 2) they are produced and
consumed by many of the world's poorest and most food msecure houssholds; 3) thew are an mmportant sowrce
of employvment and income 1n nural, often marginal areas, includmg for women: and 4) thev adapt to a wide
range of specific uses, from food secunty crop to cash crop, from food crop to feed crop, from the latter to raw
matenal for industnal uses, and from fresh food to hgh-end processed product. To reahze the potential of root
and tuber crops, a combination of new techmologies and Improvements m the insttutonal and policy
envronment will be required.

A set of constraints along the B.&T crops value cham has to be considered smmultaneously, to ensure lngher
vields, beffer income and a sigmficant conptmbubion of B&T crops famung to food secunty and mmproved
hvehihoods 1mn the countiy. For example high vielding vaneties have to be released that have good resistance to
the major disease of the crops and low degpeneration rafe as well az good tzble and processing qualifies. Thease
vaneties should have wide adaptability, with a potental to produce well in the different agroecolmes of the
vanoun: regions. If seed of these vaneties 15 made available to growers, nsmg rapid mulaplication technologias
such as asroponics and farmers learn to keep the guahty of thewr seed’planfing matenals for a longer fume
through on farm seed maintenance technolomes and swtable zeed storage. thers 1= 3 great potental to boost B
&T productrty and production, especially if these are coupled wnth best cultural practices hke soal fertility
management and diseaze control measures as well as storage technologies.

To aclieve the required /planned in research and development of root and tuber crops the followmg area should
get more foous:
Working 1n partnership to avoid duplicaton of efforts and promote complementanhes
*  Siengthening the capacity at all levels (Human power, Laboratory and Budget).
*  Empower farmers through contimuous tramming, follow up visits and MEE
* (zve emphasis to Cuality Declared Seeds (Standards for disease and insect pest himits, Packazing,
Prces, Marketing and Seed ceriification).
» Highly decentrahzed seed'planfing material oltplication schemes allow fammers 1n remote areas to
gain access to affordable quality seed.
*  (mahty seed needs to be clearly separated from ware products through branding, labelng, and the
creation of separate seed value chains.
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*  Targeted Fesearch (agroecology based research, drought, chmsate change, nutnfion, industnal use)
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