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ABSTRACT 

, .' ..... I.andonc ",hllCroot cas!'I.J\'" ~Cn{ll~rc) 'Acre evaluated in ten environments In 

m;JbllllyandhentablhlyO(lhcuagronomlctratlslndbetaCatOltnCconrenlln 

\ ,J .... IU locntlfy ca. .. SO),-a genotypes thaI combine high rOOI yu:td, high dry maner 

Jflll~'m' .... unll·nl U\ 'l(lfa~( root Such ctiSa\oa genotypeS can be used 10 combat 

. ,l', • .1 \It,lnlmA JClklcncy for children underthe.ge ofr.\-c and forpn:gnant and 

1)11" ,Iudv .... Iarted In 20(),4 al Wench. Agncullural stalioR with. pn:limmar') 

"I I · II~ , 111 1"1-,01 1442; 01,'1610: 01 1663 were ~clcctcd from the: first year c'penmenl 

b"'l·.! \lfl their mol yu:ld and the deer )clloWlsh colour of their rool ncsh . In 1005 two 

," prrHtll'!H,\o\crCl"Unductcdal \\'CIIChllnlhcFo!'t'<;t·Sa\"annahTransltlon.loncandal Bun~ 

Ih' 11\', ,<iU"Il' ,·.Irc,' IllIll' HI a 1,IIIdlinu/cd comrlclc~l~design "lIh the lillie ~l'1I0W rool 

BUlL.,., 10 ~ondud Ihl: ,,1II1~' lid,! nl'l'flm~nt J iI~h c:\penment wa" hat\c~tcd IWO tlll1c.'" (9 and 

12 or 14 momhs alin rtlllllll!!' :\t c;h:h ha":c~t, field data wCTCcollC(led on number of plan I 

11 '1 111 .1 (hflmaahl~r .. ph)' (HPLC) "lih a muh,1e: phase made ofacctonl1f1lc' dIChltllt.ml'th,llll' 

·1),·IIl.lIu.1 In the 1all0 70:20 III at ;1 11n\1 1;,lc or 2!i ml min. Dal:! ~ulle~lc:J Ih'le .III,lh h'd 

I' I\l' ll ;h (KIIo.II' .... ·" , · ,.'·· · .11111\·111 IIIll·I .Klttm Itlr the ilj.!,urU'"ll,· 11.111 ... 'I I~I , 
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,pr\'Ullll~ . numhtr of plants. numberofSlorugc roots per planl, ;I\Cra!!c "CI~hl ,If ~lOrage root, 

tH.",h ,tkl(){ ... elght, mot dry mancr content. rOO( dry yield. han-c,' IIlde~ and mealiness. Only 

thc InIC1""lCuon GxE of runl YI<:ld wa.~ oul ~igruficanl. lbc I(k;al ch~k Wenchl~ was the 

\'\('rall tx-sl genotype rOf dry mailer contcnt and the mealiness. For other agtonoffih; frailS the 

I~~t ~cnut) f.'!:'> ... ere 01 · 1361<. 01 1M.' and 01 / 1412. for the beta carotene chara..:len,lh::- Ihen= 

.lresl~lfiean'dlffercncesbefwecngcnotypcs rorbctaellrotenecontentperrool, bcla..:arolcne 

.;<lnlenl In ~Iorage roOl per plan! ,11ll1 In slor .. ge root per hectare but no dltTercn~c for beta 

•. lr\'I~·IIO: ~.,n.;cnlrauun . The besl !!cnOl)pc for bela carotene comenlr. was 01 11417 (ollow by 

]1-1 ,:and l.lbH The differences between environments were hIghly sigruficant for all h .. :t.L 

• . IIIlI,'m'if.II'" 'n,ellLjl:heSI \alueofbctacarolencconcentration in frcsh roOI was recorded III 

',"1'11,'1\1, I t I· · and I ,. These cn\IrOnmcnl~ wcre all character1/cd by h.lrve,t at 9 

11"1\11i , ,d l~' r planllng. for bela I:aroteoc conCl:ntratlOn, bctacarotene C(lnlellt per storage rooe. 

I ... '\" ,.\1 .. 1\' 11\' ,'\1111\'111 mstorage roocs per plan and heta ,"arotem,',"ontent IR stoBge mag pt.'f 

.h ........ ,' \·n\lmnnk:nh \\l'f'r ~ (9 MAP OIl l'ul.uibC) OInd E, (9 MAP al Wenl'h, In 

"', I ~h mh·l.Idlllfh lienutypc: b~ lnv.ronmcnl du1 nol show an)' dlOcrellce for Ihc beta 

:I.llh PUMI'H' and hIghly significant ,"orrclatlons were found between some 

1':r "IIo'I1II,' \,1tlJ.hlc,antlbcl .. ..:arotcncvaflablesexceptbetacaroteneconcentr.lIlonwhichwa.., 

I',dlh ,podlled \\1111 harvest Index Ha!>Cd on Ihe "hmc results the yellow rOOl cassava 

;·o.:rhll~f'I." III I.lb~ and 0111417 which coml"tmed high fresh storage rOOI )'Icld, high dry root 

,,,I,, \\1111 hl~h tlc:lacarolcncconlcnlm " .. r;l~c root can be proflO,,-"<i rOt UII r:lrm testing and 
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I. INTRODUCTION 

VItamin A deficiency is a nutritionaJ problem among many developing countries_ In Sub· 

Sah.uaa A&ica. tI:ne millwn ch.ildttn UDder the age of five suffer total or partial 

b[LOdneu caused by vitamin A deficiency (Hagenimao8 el al, 1999) 

In Ghana vitamin A deficiency is • problem for children under the age of five and for 

pregnanl &ad lactating women Cunent estimate indicato that about 21'1. of children 

under S }"ears of IF are under"Wt:ight" and the main nUlritiooal problems include 

inadequate intake of energy and protein. iodine deficiency disorders . • ron deficieocy 

(anaemia) and \-iu.min A deficiency (Rikinwu ~I Q/. 1996). Accordiog to studies 

ronducted by the Centre of Social Studies of the Uni\ ersity of Ghana, vitamin A 

deficiency accounts for death of one out of six of aU children between the ages of 6 and 

59 monIbs. Althoup these problems are enormous, their full magnitude is unappre«oiated 

becauae usu.lll)" there are no obvious ligni of the problems, and the vlctimJ themscl .. ,cs 

a.n: not aware As 8 result not enough anentian is peid 10 VItamin A deficient)' (Ta.k:yi 

1999) 

In smcnl. vitamio A imne IS often inadequate because of the seasonality of foods. the 

.,.Iy ab&ndonmcnt of ac:lusive brea.Rfeeding. high morbidity levels, and [he practice of 

not gIVing ... iwtun A rich foods 10 young children (McGuire, 1993). Since the early 19905 

the main strategy for combating vitamin A deficiency in Public Heallh programmes has 

been to distribute capilli" COfltainins massive dOleS of vitamm A (Kennedy and 

Oniana'o, 1993). The resuhs ha~ been impressive· more than 12 million children 

reuivcd ";1&mtn A wpplentent in 1997, and the tOlaJ number of childr~n suffering from 

bhndnes.s reWed to st',.ere vitanrin A deficiency hu dropped (Kapinga ~I aI .• 200 I ) 

"c='o~heleu. many families, panicularfy in rural araa. do DOt ha\'~ access to capSl.des or 
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rortifted foods. so chronic deficiency is widelpreid. However. similar effect could be 

actUeved by an equivalent consumption of pro-vitamin A (bd.a-caroteoe) and vitarrud A 

nch foodstUffs. as the safest and most appropriate lonB-tcrm IPPfOICb to c:ontrollinS 

vitamin A deficiency (Rahmathullah eta/... \990) importantly, the primary source of all 

ootrieots for people comes from asritultural producu. Therefore. plant foods wbidI 

provide conoeatraloo pro-"';tamm A carotc:DOids can contribute to Unproved human 

health. Resea'tb bas demonstrated tbat micronutntnHnnchmcnl traiu are available 

within the Senomes of .some major staple food crops including caSH .. · .. that oould allow 

for substantiaJ increases in the levels of pro-vitamin A carotenoids (u well as other 

nutrients and health-promoting factors) without negatively impaail18 crop yield (Wdch.. 

2001) 

C-va is one of the most Important crops grown in Ghana It is • major staple food In 

Ghana c;ontributina 22% of Agricultural Gross Domestic Product (PPMEO 1991) 

compared 10 5% for nwze, 2% for rice. sorglaun aDd miUet, 14% for cocoa, 11% for 

forestry. 7% for fisheries and 5~. for livestock (AI.Hassan. 1989, Dapaah, 1996) 

c..an. I~ the most Important carbohydrate food crop providin8 various Items of dtec for 

The importance of ClSs.ava in Ghana is confirmed in teons or crop area., total production, 

contribution to AarieWtutaI Gross Domestic Product and the food expendifW'C shares 

(Alderman and Higgens, 1992). L.aod area under cassava cultivatton in Ghana. increased 

nalion-vride from 532,000 hecwes in 1993 to 807,000 1lccta1t'S in 2003 (MOFA, 2()().4) 

SlOfage root production correspondingl) mcreased &om S.97 million Mt in 199) to 1024 

million Mt in 2003 . ACCOfdins to Nwckc, Spencer & Lynam 2002, in the late 19QOs in 

Gtana, rou~hh bO percent of the cassava planted was so&d IS a cub crop This I' 
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probIbIy one of the reuons why the government of Gbana has launched an ambitious 

PresideaI' s Special Initiative (pSI) OD cassava which is designed to develop the casuva 

!!larCh industry to become a key contributor to Ghana' s export revenue as well as a major 

velucle forjobcreation and poverty reduction in rural communities 

To eWe all the improved and released varieties of cassava being used by Ghanaian 

fumeD as plantins materials on large. medium and small scales are white flesh varieties. 

Despite the relea.se of very high beta-carotene rich sweet potato varieties in Ghana such u 

~CRI-Apomudea with up to 12,000 J.lII'IOOg. the limited use of sweet potato and &he 

llrolled processing technologies available and adapled to the Ghanaian situation do oot 

permit the potential benefdl of orange flesh sweet polalo 10 reach the t .... consumen 

HoweYS' the HaI'\-estPlus ChaJlense Programme of the Consuhative Group for , 

lntemitional AgriaJltural lletearch (CGIAR) has bred high-yielding yellow to orange 

flesh cassava genotypes to contribute to the fight against vitamin A deficiency According 

to Rodriguez-Amaya and Kuna,. 2004. beta-arotene is the predominant carotenoid in 

cauava l.arge genetic variation in carotenoid content has been reported after scremin! 

roots from thous.aDdJ of cauava genotypes Studies have been conducted on retention of 

beta-caroteDe of CUl&YI. rootJ tbIt bMI been boiled, oven-dried. sun-dried, shadow-dried, 

or wed for gari preparation. It is alto fwad that oven-drying, shadow drying and bOiling 

retained a hishest le\'Clsofbeta-c.arotene(719"/., S9~/.and 55 ?O/., respectively) and 

~I the lowest (about 34.1-;.) ChavezelQI. 2007 . lncreuing the oonsumptionoforuae-­

ne5hed cassava rDOt$ aad their processed food, product. can provide a significant 

proportionofthc:requiredcfietar'}\ltamm '\lntake 

There is the need. therefore. to evaluate some of these promising senotypeS in different 

agro-ecological zones in Ghana to identify and select yellow I'0OI CUUva varieties IhIl 
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arebijhyieldinglDlmTl5offrelhstorargeroot,dty manercontellta.Ddhigbbeta-carotc:oe 

CuNva and its ... arious preparations including fufu, gan and konkOOle are very popular 

foods drougbout Ghana (Of on el al , 2000) and the per capita annual fresh weight 

COCUlUmption of cas.sa .... in Ghana is 148 kgIhead, the higbe.st of all st.ple crops (Okai d 

01..1995) 

Gcrmplum .... i th IUgh yield. urJy bulkil1& and beta--carotene enriched root quality 

characteristics for specific end-uses is therefore: needed The evaluation of elite cassavi 

1(Cnotypes that comolne good agrononllc perform.nce and high beta-(:arotene oontent 

ICrOii agroccologicalzones would lead 10 release of improved cassava vaneties over the 

C"iRlng ann_ flus will fimher enhance food securiry improve health and could increase • 

Incorni:!;ofresource-poor rural fanners 

The object.ives of the study were 10 

(i) evaluate agronomic performance of yellow root cassav. genotypes in three major 

I8fOCCOIo8ic:alzoncsofGhana. 

(ii) evaluate bet. caroIene COntenl in stOl'1lge r()()(s of yellow cassava genotypes grown 

iDthreemajor.groecologicalz:oaetofGhana, 

(iii) estimate the ,-ariability and heritability of agronomic trailS and beta.-carotene 

CODlell1ofyellowrootcassavagenotypei, 

(i,;) identify for .election yellow root cassava genotypes thI1 combiDe desirable 

l(Vonomic tniu (lUgh fresh root yidd &ad high dry matter contCf1t) with high beu 

,aroteneconteotin storagerooc 
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2. LITERATURE REVIEW 

2.1 Origi. aad Distribution orCusava 

Reocat reVle<.'o!io of accumulated evidences have generally concluded that cassava has 

muhiplc origins (Renvoize. 1973). (Spath. 1973) suggested four separate areas of orisio: 

Gualemala and Mexico. the coastal savannas of nonh-western S<uh America. eastern 

Bolivia and north western ArgrmiDI. and eastern Brazil. Based 00 studiel from southern 

United States to Argentina, (Rogers and Appan 1973) defi ned , within the genus MamhlJl.. 

91 ipCCies widely distributed throughout the lowland tropie:s of the Americas (Nassar 

1978) defined four centc.'1'S of divcnity of the wild species: Central Brazil, Western 

Mt"II:lCO, ~orthcast Brazil and Western Mato Grosso and Eaacern Bolivia. The three 

Brazilian ccmres have some species in common, most notably from the heterophyUI 

section which is closely related to the cultivated specie1l (Rogen and ApPIo, (913) 

('usava .ppear~ In ha\C C'V'Olved under highly locali7.cd biological and physical 

tnfluences. Because of early and wide dispersal of the crop and relatively low level. of 

senetic i,.en:hangc among regions, many distinct and locally adapted gene pool. evolved 

(Henbey, C 1985) Cassa\'a was widely distributed throughout lhe Americas and the 

('anbbean by the time the European colonists arrived in the: ISUI eentwy 

Cauava was introduc:ed to the African continent by Portugune trader!. first into W~t 

AEne. via Gulf of Benin and the river ('ongo during the second half of the .. ilttecnlh 

century Later it spread into &II Africa via the islands of la Reunion. Madagascar and 

Zanzibv at the end of the eighteenth century Following these two couta1 introductions. 

c.us&va cutth'"&tion spread inland from both sides and ~wl~ became ClUbliahcd in the 

twentieth century as the motI important food crop in many areas The crop was taken to 

ASia during the wvenleentb cem.y f,llvah ~/. oJ .• 1994a. Jennings., 1995, Purtegk)ve., 

1 \~8 . Ro~C1 ... I9r61) 
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In the Gold Coast (DOW Ghana). the Portuguese 1!ftW the crop around their tradina pons. 

fons aDd castks and it became a principal food eaten by both Pc:wtugucse .nd sl.ves 

(Ofon d aI. . 2000) The Akan name for cassava " Bankyc" could most probably be • 

conlracbon of"Abao Kye" Gift from the Cast1e Dolcu (1969) reported that cusava hal 

been gro~n in Ghana since 1750 By the second balf of the 18
th 

century. cassava had 

bcx;ome the most widely grown aDd wed aup oftbe people of the coastal. plaiDs in Ghani 

(Adams. 19S7), The sprud ofCISSI.VII from the coast into the hinterland was very slow, 11 

bec.me well established m most areas after the: drought of 1982-1981 when all other 

CfOp' f'lled (Kcnns.A.mo.ko, ct al , 1987). Cassava and its various preparations 

mcluding fufu, ~ari and konkontc are very popular foods throughout Ghana and not only 

In Iht coastal regions. IS was the cae 20 yeus Igo (Ofari el al, 2000) 

2.2 Botaay aad MorpbololD' or Cass.va 

Cassava (MdIIlitt.JI ~M:ltklUO. Crantz), belongs to the family of the f:llphorhwceae, sub 

r.mily of CrrJlont~. tribe of Adnalrae. genus Mamhot (Dukm{r.. 1971). The 

hplrtw".ac~ family has two sections the ArbolY«, which has tree species and IS 

COftSldCfed the: mot'e pnmlll\'e, and.lhc frurl£'o,';c'ue. whlchcompnses shrubs adapted 10 

savannah grassland or desert. CassaVII belongs totbe FrullCO,teoe. It isadicotyledonous 

plant and is ofinteraa because or its edible roots (Jennings. 1995). Cassava is. cu1tisen. 

unknown in the wild stale (RosCfS. 196) . It is • monoecious species with a few larSe 

plsciUate t'Iowcr!i (fem&1c t1owcn) botnc basally and numerous smaller staminate flowers 

(male tIowtn) borne apicall y in the same Inflorescence (Chandraratna and Nanayakku.. 

1948, 
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Kay (1987) BOd Janssens (2001) have provided 8 detailed botanicaJ descriptioD of 

c:aM.va. The crop is • shrubby. semi-woody plant which may grow to • heigbt of 1 &0 3 

... It is a perenniaJ plant but is u5Ullly grown as an anooal or a biennial Like all 

Eupttorbiaceae, the plant parts eontain latex. There are many cukivars or clones under 

cultivatlon_ They can be distinguished by such morphological characteristics as leaf rizc.. 

colour and shape. branching habit, plant height, stem and petiole colour. tuber shape and 

colow. time to matwily and yield. Cassava varieties are often classified according to the 

leH~lsofcyanop:aicpol:entlal in the tuber and leaves 

Propa[UlttOn i. seoenlly from stem cuttins' The number and size of shoots developed 

from the mltiaJ cutting is influenced by ill length, size, moisture conlent. number of buds, 

orieoaatioa during planting. and environmental factors. RootiDs starts &:om the soil-

covered aodes. wit11 calluses formed at the base or the cuttings (Coors.. 1951) and of the 

new shoocs (Coc:k. 1980) The number of bas.al rOOlI formed is dependent on the 

IJCIIOtYpC. bud dewl(lpmcnt., and nutntional and hormonal flCtOfS (Indira and Sinha, 

1910). The root system of cassava is well developed and this gives the crop a good 

drought tolerance Moreover, the effectiveness of its root hair is accentuated by the 

pr{'-.ence of endomycorTbius (symbiotic associations between the roots and lower fungi 

IHO"mg 10 the external root tissues,. The storage roots deve&op u swellings of 

hh~'ntIlIl)UI roob, a short distance from the stem by a process of secondary thlckemng 

hually there are S to 10 storage roou per plant. They arc CIrcular 10 crou-seaion A 

mature c:usava storage root may ranee from 5 &0 100 em in length, ) to IS em across and 

I 1(14 kg In "el)<!ht The internal !lructW"e ofthc storage root consists of three regions u 

folio"!> (II the (lUlermosllayer which is the periderm, is composed mostly ofdad cork 
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cells wbicheffectively sea1 the surface of the tuber, (ii) a thin conex, which is usually 

white, but may be IIRged pink, yellowish or brown., (iii) a core or pith consisting mainly 

ofparenchymtwhicbisrichinstarch 

Cassava plllId grows u a ihrub, with the stem reaching heights of up to 4 m and a 

d1&Jllder of about 2 U) 4 cm in some varieties. The shoot consists of nodal units. each of 

which has an incernode. a DOde. an axillary bud. and a palmate leaf on a petiole (Cock, 

1980) The stem is U5Ua1ly slender and glabrous and for the most part filled with pith and 

bcc:aIJe ofthiJ it i.J VCJ)' fragile untlilignification is completed. The: stem vvies in colour 

and it CUl be silver wttfl. li~ brown, brown or dark brown. The older parts of lhe stem 

consist of prominent knob-like scars which are the nodal positions where leaves were 

onginaUy attached The internodes vary considerably. depending on varieties and 

cmuonmenl (Onwueme. 1982; IITA, 1990) 

Two typeS of branching are observed in the caSilva plant (Hunt etaL. 1977). They are the 

forked branches w1Uch occur at the apel( oftbe stem when the apical meristem changes to 

the rcproduclivc ttale and it is often associated with flowering, and Lateral branches which 

arise &om axillary buds some distance from the apex due to unfavourable conditions such 

as disease The forked type of branching is synchronized with all branching occurring aI 

about the same time (Cocio .. , 1980) 

The hei" oIlbe cassa\a plant varies not only genetically but also with environmental 

conditions suc:h as aJtitude, tC'mperarure, insolation SOli fenility. lodging and whether 

!a\·C's are harvested or not (!\iweke el aL, 1992) "'or instance, cooJ ternpcralures are 

known 10 delay the time for first fork formation (Irikura t!l aI., 1979. UTA., 1990). High 

lemperatures above2rC. on the other hind, reduce forking height IKealmg, l'/H I) Long 

photoperiods ca&Je pus to braac:h lneraJ times within a short lime and the total number 

ofacti~aplces isgreat1y iDCreaJed. TlIDeofplantins also affects the branching height of 
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CUY .... (lIT A 1990). lDtercropping with a more competitive species may alter the 

branching pauem and where there is competition amons cultivated crops for ligbt. 

branching may occur at a higher level tha.n in pure stand. TbcJefore. branching height is 

standardized in reWivetenns 

The leave5 of cassava are spirally arransed according to a pbyJlotaXis of 215. easllva 

leaves have multiple lobes of variable shape. usually 5 to 7 although any number from 3 

to 9 may occur A single plant may have two or three different leaf shapes. This is called 

foliar polymorphiun. The colour of the leaves. sometimes crimson when young. is light to 

dark greco The Luves are borne on petioles which are longer than the leaf blade aad 

measure S to JO em in leap The petioles,. like the leaf veins, are green. red to crimson 

andmorerareJy ..... hjti~ 

2.J _portaace and .tiIi~.lioa of Cassau iu Sub~Saharan Arrie. 

C"'VII (MtJlflhot ~fCV/~nlQ CranIZ,l, is a root crop that onginated from Tropical America. 

II IS cultivated and consumed as • staple in many regions of tbe developing world. Sub-

Saharan AfriCi. is the world's largest producer of cassava. Cassava production in 2005 

was liB 51 million tones of fresh storage roots grown in 12.07 million hectares 

(fAOSTAT.2007) Over qa-/. of production takes place in small farms in rural areas 

(Spencer and AIsociata, 2005). Cassava is Afiica~i second most imponant food crop 

(Nwekc 1'1 tJl. 2002). This is because: cassav. produces exceptional carbohydrate yields, 

much bigher than those ofmaia and rice and second only to yams (de Vries el aI. , 1967) 

Cassava is now the largest single most important source of food energy providing over 

) 7% of'the calories in the diet at 0YeI SOD million people In tropical Africa (H.hn and 

KeyseR, 1915, Horton and faao, 1985). Major producing countries (fAOSTAT. 2007). 

Include Nigeria (41 56 millions lones). Democratic Republic of Cnngo (14.97 million 
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tooes), Mozambique (1146 million tones), Ghloa (9.51 miJlion tones), Angola (861 

million tooes), Tanzania (7.0 million tones), and Upnda (5 .S7 million tones). The leaves 

of.,..... pIut wbi<h conWa S.1 to 6.9% protein (Oomeo and Grubben. 1978; Gomez 

and VaIcIMno 1985) ue abo used as vegelables in Democratic Republic of Coago. 

Sterra Leone, Tanunia and several other African countries to provide protein, vitamins 

and minerals (Almazan and Theberge, 1989; Lutalado and Ezumah, 1981; Osiru el 0/ .• 

1992) 

("a.w.va 15 Africa ' s food insurance becaJse it gi ... es stable yields. even in the facc of 

drougbt. low soil fertility. and low intensity management It can remain in the soil umil 

needed, spreading out the food supply over time. helping families through annual 

'\C&I"cities when seuonaJ harvests run out. and averting the tragic "boom and bU$I" cycle 

of ovonupply followed by shonaae (l};xon., aI., 2003) 

C-.va thus plays an important role in food security in Africa in addition, data collected 

by the Collaborati .... e Study of Cassava in Africa (COSCA) in 563 villages scatteracl 

across II countries (including Ghana), which account for over 80'/. of CHSaVil production 

on the continent of Africa, hI .. ·e shown that CA.SSa .. ·a gcnerates cash incorne fortbe largest 

.... mbcr oKbouseholds in comparison with other staples Nweke d oJ., 2001 , revealed for 

the firsa Lime tbat cassava can be transfonned from being a poor man's crop to an urban 

faod, from being. subsillenl crop to induslnal c:ash crop 

Befi:n rt is utilized as food, the cassava SI~e rOOl is almost invariably peeled The peel 

comprises 10..200,," of the storage root and of this the cork layer repreJeDts 0 5-2% of the 

toW weight. The edible neshy portion makes up 80-900/. of the root. The storage root 

flesh is composed of about 6Z-"" wala-. 3S~. catbobydraae, 1-24'-' protein, O.3~o fat, 1.2". 

fibreandl·;.mineralmatter(llTA.,1982) 
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The depeDdence of (Jbanai.ans c.l cassava as a staple and source of livelihood is 

segnific&nl (Otoo u 01, 1995). The per g,pita consumption of cassava is about 148 kg 

rompated 10 88 kg for all cereals comblncd. Aocon:Iing to the same autbon, casW,V8 

proctuc:::ticx1 in Ghana is market-driven. Fifty-seven per cent of cassava produced in Ghana 

IS markct~ comptred to 430/. for six other countries of the Collabondlve Study for 

CiSS3\ 8 in Africa (COSCA). Gari and fresh storage root are available in large: quantities 

mffi&n)- markN S IhrOUghout the year inGbanI 

In (,hana. c.MllYa lCorage roots ate usually prepared and ellen in the fonn of "fofu "; 

"UlJf/WSl", "agbl"f.a ", "aIrpk ,. "bt:Jnku", and ')oakoyde " , The roots can be roasted and 

tllca and they can also be processed irao dry chips ("knkonle ''J. garl, biscuits., buns and 

douglmuts, "'cod. and cakes (MOF A, 2000b) 

Bued·OQ the utlhl.alJOn of cassava m Ghana, the farmers have vanous preferenc:es of 

cassava variet~ , In vitlagu where gari is the main product. 6()I/. of farmers prefer early 

bulking \ 'IlIC'tIcs.. 20-/. prefer high yielding vartelies. while 10% prefer good cooking 

varieties and another 10% hi8h lcat-yieldina Varlctlc~, In villages where &ah root is the 

Inaln produc:t. 67% of farmers prefer early bulkln~ varieties while 330/. want varieues 

wilh good poundmg qualities Among villages where "townie" (dry cassava chips or 

flout) is the maie product, SO% of fanners prefer varieties which are early bulking, and 

SO'I. Willi varieties whicb have low cyanide potential (Otoo el aI., 1995) 

('8\'\8\'11 rOOl!> arc also used u feed for fum animals usually to IUbltitute for part of the 

Cllillattons of eaaaava described above are predominantly for white flelb CUllva 

\,lne!les meanwhile there are lOme localattnsions whh yellow Oesh ("~ BodM", 

.... hleh are also uxd for food, Such ydlow Oesh cassaVI Kenolypn contain beta carotene 
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2.4 Eovint •• alW Req_ire.eou 

Factorsaffeetinstbe productivity of cassava can be classified into three broad classes 

physical (climatic and edaphic:), biologicaJ and physiological . The major physicaJ factors. 

Include soil moisture availability, temperatw"e. light (photoperiod and intensity), 

!lUmmI. pH. and relative humidity . Pests and diseases constitute the biological factors. 

wbi~tbephysiol{lglcal fattOfi&re inherent in the development processes necessary for 

the anainment of characteristic form and function. This depends 011. a chain of interrelated 

eVCIIlI which ~ sequential in time. gene-rquJated at critical sites and timn and 

modified by environmental influences (Whyte, 1985). 

l. ... ICli ... tic:r.cton 

Cus ... is growa ia a wide:- range of emiuonmenl between latitudes. 30" N and 30- S, 

aJlhough the bulk of it is 1(roWR between 200 N and 200 S (Jones, 1959). Within these 

lalltudes. environmental factors such as temperature, rainfall, solu radiation. and soil 

..:ondllions have strong influence on the physiological processes ofa cassava plant and 

ulumately liS yield (Code.. 1983). CUSlva is cultivated in soils varying from rich loam to 

poor and. at altitudes between .. level and 2000 m. where .,,·craSe UlfIl1Il temperatures 

are between 15~ ad 35OC. aDd antk1a.I. rainfall varies from 500 to SOOO mm In co.staI 

zones and ill some monsoon climates, cassava produces an acceptable crop outside the 

tropiCS This IS illustrated by larse scale C85Slva cultivation in Southern Queensland 

,Australia), the South of Brazil and Natal HI South Africa. The h;shaI _. root 

produaion an be expected Ifl the tropical knvlancb below 1 SOO m allitude (Tindall 

1913) Al ahnudes above 1800 m. it develops only very slowly and it is susceptible to 

&osc (Janssms. 2001. Yanock. ,.,al. , 1988; Hahn and Keysen. I98S) 
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2.4.1.1 TNlpcnla.re 

Sprouting is imp&Jred when soil temperalure are below 17"C However, time lO 

e.ergence decreues with tempeqture up to 10"C, dependiftg oa the variety. Higher 1011 

temperatures also reduce germination (Keating and Evenson. 1919). "The optimum plant 

e'Towth of cusaVl was observed to be at 1O"C soil temperature. Rare of plant grOvM at 6 

werts after uusplantW,g was 0.26,0.97.0.38 and 0.05 em per day, respectively for soil 

lemper~ regimes of 22, 30. 35 and 40 Of; (Lal. 1974). Temperature differentiaUy 

atreas the different phases of root bulking Where temperature mA)' favour storage rOO( 

mitiation. it can reduce root growth ud lor maturity. which tends to be complicated by 

dlyaDd niaht temperatures Low rugh! temperatw""et favour storage root initiation wMe 

high day temperatures (2crc) 5Jightl)" increase PhoIOS)·nthesis with high rate 01 

~'q)iraioo (ClAT, 1976), Higher numbers of stOnlse roots are produced at low night 

temperatures while larger roots are formed 8t higher temperatures (Bodlaender. 1960) 

High temptraturc. combined with &ons days. or 10\\' temperature combined with shon 

Gays, delays sto~e root devdopmcnt (OsiN el, al. , 1995). It it djfficult to separate the 

effect of lOil1CmpetatUre from that of soil moiSiwe !Iottess, since high soil temperature is 

always KCOmpanied by high soil moisture Itre$S 

1.4.1.1 Lit .. , 

Cassava is a sun-Io\lng plant tbal. needs plenty of 5Urtlhine Any mcrc:ue or decreue iD 

;;olar radlation will affect the size of the plant and hence yield OWUl8 (0 the mmlmal 

differences in day lCfl8lh in the tropics. photoperiod may not play • major role In the 

rroductivity of caua\"I Shon·da)) conditK)fU, howt'\('f, promote root bul~lO~ (Bolhius, 

l%b), poulWy btcau.sc: 1t0f'l3e root indUCing substance is fonned under lhiI pbocopcriod 

!'\o~be_ 10118 days promote stem gro\Wlh and as such limit the supply of assimilates 
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10 the storqt I'OOl and then,low down tuberization (Lowe el w.o 1916). Mosa: varieties of 

c.assava initille SlOf"I.8'C f'OOIs only under sbort days (10-12 hours) resuhing ill bigh storage 

root weist- sad SlOQ8C (1)0( number The optimal day leagth for root bulking in cassava 

seems to be 12bours(Bolhius.I966. Otoo, 1983) 

Higher light intensrties favour root bulking (Bodlaender. 1960). Shading has been found 

SO ..-kedly affect rootgrowtb. rate with link: effc:d. 00 top growtb rate (Cock etaL. 1979: 

KumIr ud Hrishi. 1979) Code e/ al (1979) found that shadin8 1095% had little effect 

on ae.va old« than 30 days, while higher shldinS caulCd f1Ipid leaf abscission The 

dechne in pbotosyDlbctic rates with leaf • under higb ligbl intensity seem to be 

genotype specific. s.ince different rates of reductions were observed among the dOMi 

lested by Aslam el a1. (1977) 

2.4.1.3Wa_ 

Although CASU\-" IS tolerant to drought (On..-.ueme. 1978), higher yield levels are 

obtamed with a tonsa- moisture cycle or with c::on5CfVation by mulching (IITA, 1982) 

Despite iu drought-tolerance, rt needs a minimum amount of water of 500 mm per year 

sprad over siK monthJ The optimum annual precipitation requirement for cassava 

pvwtb lacs bctW'CICII 1,000 and 1.500 mm. per year. Cassava can survive dry periods of 

about 6 moatbs or more (Hahn ef aL , 1m). However. an ample supply of moisture is 

euefttiai during the first month or I'M) after plantins (Onwueme and Sinha. 1991). Fresco 

(1986), hasnotedthat yields Ifom cas.sava planted in the late rainy season are Ilkely 10 be 

lower than those planted lithe onset of the rains because: the plaming date mfluences 

yield since photos)nthesis IS likely to slowdown durina thedty It'UOtI. Silvatre (1989) 

hu abo rqIORcd tbIl during dry seuon, cusava lIorage roots Slop growing and 

sometimes dec:reaR in Wf'ighl 0..-.;n8 10 a loss of water while their starch conlent 
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incrc&seI. Ghuman and LaI (1913). found that uTlSauon significantly increases root yield 

and rOO( diameter. with these effects being more pronounced in unmulcbed than in 

mulchedt.ratmenlS 

2.4.1.4 So. 

Cassaw is growa in &1mott aJllOil types provided they are not waJer-logged. 100 shallow 

or too ilOOy, butbeinS. root crop, cassava does best in deep. friable. well-drained sandy~ 

day soils which permit enlargement of the storage roou. Cassava tolerates a wide range 

of soil pH from 4 to 8 0 High yields are obtained in a deep. loose permeable soil with 

hlSh humus contcnl . On account of the: formation of mycortb.izu, C8SSl\'. thrives on 

desaturatedsoils with klw phosphorus content. But soils that are e~cessively fertile and 

especially those with an excess of nitrOgen limilluberization (Janssens, 2001; Vanock d 

g/ 1'lltH) H.igh fenllity may result In excessive \'cSc:tatlOfl gtowtb at tbe expc:a.se of 

!CO,. root aDd starch formation Cassava will produce an economic crop in exhausced 

sotls unsuitable for other productKm and consequently is often the lasl crop taken in the 

rot&hon Ul shifting culliVldion It is nbawtive of pot&uium. lmporuuu soil physical .nd 

cultun.l £acton tbII affect cassava production include soil temperarure. roocing depth. 

mcthod$ of seedbed preparation and soil erosOl which reault in 10. of fertility (Hahn el 

a/.... 1979) AJthouab CU$aVI yields relatively well on poor soils in comparison with many 

otbIr oops. large :wpplies of ootrienU are neces.suy for its production. Casuv. root 

)leldJ are ah.o influenced by I('lil tcmpeTatures, e.pecially lemperature regunel thai 

unfnout-.blc to root growth (WbyIe, 1915) 
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2.4.2 Biologiulraeton 

The biologjcaJ corutninu, especially diseues and pesls. are among the factors thIJ 

contribute k) ~w productivity In West Africa. production risks of CUAva are ~ 

actwne &gronoaDc: cooditions and pesu easily combine to reduce storage root yielcb: by 

about SOo/i. (Herren and Bennett. 1984). Pests and diseases cause severe yield losset ia 

CUIIv .. the exteo! of~u can be u high &S total crop fiUlure, dependins OD the type of 

dlseue or pesI and time ofanack. Pests ofcas.sava are grouped under four main headings 

(UTA. 1990). Venebrates, nematodes, mites and inHCti while the major diseases of 

CUMva are leaf dilCalCS. stan diseases and storage root roC 

2.4.2.1 Cassan Vertebrate Pests 

In Aiica. there au two major "'encbralc pests of cassava They are tbe Afriun buahfow~ 

Frc.tcoIiml$ blCalcararus hu .. :a/caraJu.s and cane rat T/ryonotrty.f nt',ndertantl., Bushfowl 

become pestl only after the storage roots have been formed and after grain crops have 

be. bunsled They peck at the toil Yoith their beak until contact is made with the 

.onge roots upon whICh they fcccl- S~e fOOCs damaged in this way are easily invaded 

by rot~n[i: mlcro-orgarusms, 1eadins to their total lou. In bighly infested areas.. 

storage root lOiS resulting from bushfowl damage may be as high IS 300.4. 

Cane fWlJ at cas.sav. stcmJ and storage roots. They dig at the storage roots, and the 

WOUIId.t lDide 01'1 large Itorap roots during feeding become s.ources of infection for the 

~m.aJ.ler IlOfI.gt r~s. On unprotected farms. yield losses can be u rugh as 40% 

2 .•. 2.2 Cassan IDseet And Artbropod '"Is 
Many species of nematodes are Ir.nown to be assuciAted wilh cass.a\ a. They IOfca lhe 

rocxa _ reMer them more SUsttpllbie to l'Ol-causing orpnisms The root-knot 
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n(malode, Mdmdogyne ntCOR"IlQ, is • particularly serious problem in Africa', cassava­

grOWIng arU:!i The lesion nematode, PmtyIenc/w£s bTachyunlS, the spiral nem&lode, 

He/":ofyk,,,.httserytJurntNand tberenifonnoematode. R«yIenchlllvsrenijomt areal,., 

found on cassava. An attack: by these pests cause!. the plant lO 101e viaour and the 

ruulring yield I.,.... range bct~ftQ 17 and 50'10 (IITA. 1990) 

The cwoomicaUy important anbropods are mostly CXOlic species Notable &mo" theIe 

arr the ca.a't'l. mealybug (PhtlJOCOCOI')' I1ttIIIIhonJ, c:au,ava green mite (MononydttlhlS 

' .. nu/flO), ",hiteflies (AlnuodJ(:MS dlsperl.1ls), and the larger grain borer (Prosupharn4 

IrIIfk'(1f1U) , Duri", the 1970s and 1980s. cusava mealybug and C&SSAva !(rec:n mile 

plagued Ihe ca»lva bell in Africa By the early 19905, however. the mealybug was under 

cfTeaive classte&.l bIologIcal control. mainly by lbe introduced parasiloid Apoanygyrus 

(f.,.,d/IfQCQI"!,IS IUPCl) (Haren and Neuenschwander. 1991), The green mite bas been the 

mllor wnliDeDl-wide pest problem causing 30-10'/. losl in root yield, depending on 

'I<\cntyoftheaaack IITA'ssearch for sustainable solutions to Ihe mite problem focuses 

largely 00 tbeUIC of exotic prcdatory mitcs{phytox:iid.ae) foru.i.u biologicalconarol 

campajp (Yaniaek and Herren. 1988) The ,itUJtion has changed with the introduction 

or fetronydtus anpo in Benin, Cameroon. Ghana and Nigeria In on--farm trW, T, QT/PO 

rtdUQtd the pest f'MnnonycNII ... , 1ana~1Q) populations by an average of two thirds with 

root yields ~ by a third in the wpt areas where the exotic DItutaI enemies wne 

The spinlling ""hitefly, AI,'IIW,b('us dJsperSll\, a nali ... c species in CaribbeaD and Central 

Arnmc.a. has in recent years spread into West and Central Africa (Neuenschwander, 

1994b). The pest wu inuoduoed do Africa sermdipilou.sly with two aphclinld 

JWUitoids. Ena..-~a hutf~tt..m aad Ew::crsta XI,CMkltJuptW, which are aening bio&ogical 

conuoI i.a I*U of Well Amc. (d' Almeida ttl al. . 1997), However, a more effective 
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tontroI woWd appear to require introduction of other naturaJ enemiol. for example the 

pRICIavyoocciaellid ,"epltaspl~sp 

!be larger grain bon:r i5 a neotropical pest droduced ioto Africa In 1981 &om Central 

America (Dunstan, and Magazine. 1981). It is a key pest of stored maize.. but in dry 

processed cusa~ .. Crupi it causes up to 74% loss in biomass after .. mooths of infestation 

(Hodses el oJ . 1915). In pans of West Africa, classical biological CODtroI of the peS! in 

.... maiz.e by the lDtroducod bisterid predatory beetle T~retrlosoma nlJ(Te:;Cfm bas 

been established (Borgemeisler. d oJ .• 1997). The prtdator &Iso appears to be a 

poteDli&Ily efTccti,,~ bioLogical control candidate against the pest In stored dry cassava 

(H,lbigandS<bulz.I996) 

h :onomlwly imponanl indigenous pests of cassava are few and generally polyphagous 

termit:ea are of widespread geogrlphicaJ imponance Early n~ .. mph~ of the grasshopper 

commonly occur as dense aagregates on host plants.. especiall) on the exotic weed 

CJrtomuJi~,.., ~ and reproductive edu.lts r'C--l88J"egale at oviposition sites (Madder, 

lQ94, 

2.4.2.3 Cuuu D~as" aDd Weed Pests 

OISC&.Sel &ad weeds aJso caux varyinJ dc:grecs of awava crop damage and yield lou 

1.4.2.3.1 Ca:ssau Mosaic Oisean 

Among palhogens. the cassava mosaic virus. which causes the cassava mosaic disease., is 

most Impor1&Dt. The diseue causes an estimated annuaJ loss of 28-40'/. of root yield in 

\fnca(Thresb.~ta/. . 1994) The epidtmjology ofthediJeale in\'Olvesa Wide ra.n,eof 

IIneractlngfactonincludingpolYPhaaY iD tbt virus vector (&",wotaboct), genetic: 

University of Ghana http://ugspace.ug.edu.gh



~erogene:.ty in popuJIIioos of B. taboc •• aDd variations within and bctwceo vector 

populations in the abilily to transmit the virus and paruilism of the vector. The whitefly 

JW",iSHI labacl is ~Itan in distribution but It may bave a Mid-Eastern origin 

fGrealbead. 1989). The iuect is the known vector of geminivirus.es that causes cassav. 

mosaic diJt&Se. Studlel of individual varieties have indicated loaes due 10 Africu 

Cutaw Mosaie Virus (ACMV) wteUC rqing from 20 to 9se;o (Beck and Chant, 19S8 ~ 

leMUlJS, 1960, Stif, 1912; Farget1e. ~/. 01. , 1988; Thresh. ~/. al., 1994b) 

The effecu of ACMV disease on the yield of cassava have been assessed at different 

tlmn and in at leut twelve countries including Nigeria. Congo, Kenya, Cote d ' [voire: and 

Togo (FargeUe.. eL ai , IQg8. Thresh el. aI., 1994b). These stuwes were made on naturaJly 

mfCClcd plants in farmers fields or experimental plantings and also in special plots 

atlb&iJhed with ACMV infected and uninfected cutllngs The losses reported were 

variable &lid ranged &om the insignificant to the almost total ~evenheless. the following 

generalizatIons. amoaa others are .... lid (Thresh.. 'I, al., 19(4). (i) Plants grown fr~ 

Inrected OJttings sustain a greater yield loss than tboteoft.besame variety lnfC(;ted laler 

by wbitefliel. and plants infected at a later stage of crop growth are virtuaUy unaffected 

hi) There are .. '&rictal differences in response to infection. (iii) There IS a posit ive 

relationlbip between the ex1t:fU and ICYcrity of symptoms and yield loss (iv) E.ffects on 

)1ddare influeocedby cropduratioo 

A lhorough understanding of these factors will contribute aignifieantly 10 the management 

or caua .... mosaic: d.iteue_ Prt5eOtly. however. the: impact ortbe disease is be~ mltl~ted 

thioughlhePfOPl8llioaofgermplumtbatiJresiSianttothcvirus 
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1.4.2.1.1 euuva Bacterial Blight Disease 

nus is the most widespread bacterial diSease of CUII ... a and second in importance only 10 

ACMV disease in Africa. The cauuJ organism is a bacterium. XontJromonas campestns. 

paJJtovar maruho/IS. The symptom~ include characteristic angular water-soaked leaf spot. 

blight. gum exudation. stem-die back., wih and vascular necrosis. Severe anack: result, in 

rapid defoIiaIioP oftbe plant,leaving bare stems commonly referred to 1$ ' Candlesticks' 

Yield lou varies from 20 to 10(1%. depending upon eultivar, bacterial strain and 

enmonmenl.al conditions (nTA. 1990) 

2.4.1.1.J eauav. FUDgal Uis("ases 

Aboul 20 funpl dUeases have been reported to affect the leaves, stems and rooll> ul 

I...cIffu.Dpl disease is Cercospora teafspot. There are threetypeSofCercospora leaf spot 

The most common one i, brown leaf 5pOt, caused by O!rC'V!.pt.mdlUm MtullltgSII The 

othel" types are leaf blight. caused by ('acospora vrcu.'it:K'" and the while lcafspol CMlsed 

by Cercospora canboe Allhough :)tvue attacks by these micro-organisms have been 

reported in sevcnl Afiiean countries. they are not known to kill cassava plams The 

symptoms arc n::stnc1ed 10 older leaves and set in after tuberizalioa has ocxurred Yield 

Ioues arc minor for white leaf spot and ksf blight but may reach about 2004 for brown 

1cafspot(IITA, 1990) 

The most important cassava stem disease which occurs in all major CUIIVl-growlR~ 

areas in A6iQ is the Cassava Anthncno'>e disease (CAD) II is aused by CoIl(,lOtnchu," 

gkwfJ~3 r. $p. malllhofu. The w.p-suclClng coreid bus. P~elldotherapItU cktlUoSklll.l , 

IS reported 10 be partly responsible for the spread of the disease (UTA, 1990). The fungu:!o 

.tuck.smainlythe stCRl,I"\\;gsand fruits, causing deep wounds (·canlcers·), leafspottllll/: 
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and tip die baclt . The incidence and teYerity of the disease have not been conelated with 

yidel loss in the field but the infected Items produce poor quality plantins materiafs wttich 

do 001 est.1blish well in the following planting scason and thus yields are reduced 

Soil-bome patho~s I1UCk cassava roots, causing damping-off disease at the early stages 

of growth or soft. rot or dry rot in storage root prior to harvest . The most importanl 

diseues are (i' Sclerotium rot, caused by • fungus. SclerotIum roIftil, lhis is the mos! 

(;(IIIIDIOII itOraae root disease and occun on roots and storage toots at aU ltages of 

devtlopmenl It c&a be rewgnized by the appearance of • white mycelial growth OD 

jOfected roots A$ the fungus penetralC$ the storage roots, the plants begin to show mild 

wdting symptoms (u) Soft roc storage root disease· caused by Phytoph,hora dncJulen 

and fusanwm wIam, aDd occurs under wet conditions and cooler temperatures. 11le 

cau.sal orgamsms attack and kill small feeder roots and cause necrotic brown leslons on 

older rOOlS As the rooti decay. they infect the storage roots which then emit pungent 

odours Whrn foots roc. the entire plant witts.. defoliates and dies. (iii) Dry rot storage root 

ditc:ue cau_ by ICvaaI fungi. including Fomes I,gnu.ul.t. A,.""I/ar,dlu ",elka. 

H,~/lImo n~'·QITIX and Borryodiplodia Ilwobrotrt«. The disease uUtally occ:ut5 on land 

thai has recently been cleared of trees and shrubs lnCected storage roots are typic.lly 

toYemI with rhizomoJphs (thread·like network of mycelia) of the fungus The plant wilts, 

bua does DOl shed its leaves Eventuall)" the entire plant dehydratH, turns brown and 

1.4.2J..4 Cassa\.W«ds 

Weeds can (&U~t= as high as 80% produc:tion loues (Akobundu. 19KO), if left unchecked. 

part.cularly dunng the fir« 14 months after p1llllins The common weed speCies in 

cana,"a agroecoS\ stems Include gr&s$eS e 8 spear grastes (Impuuru cylmdruxIJ. 
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bermuda grus fCynodon dactylO#t). guinea grass (POIUnmt ...arjMrUfl). feathery 

penniIdum (penni .. - po/ptacluun); sedges e.8-. purple nutsodse, C)p<rw _s 

and ManMllS allnJfijoliflr, and broad leaf weeds. e_g . Siam weed. (Chromolaena 

adonDa), wild poiMettia (EMphorbia Mlerophylla ) , gianl sensitive weed (MImosa 

ImuG). goat weed (Ageratum ~s) and Tridax. rr,.,dax pt'OCtl",betu} Weed 

control is one of the most important factors in obtaining high root yield in cassava. Most 

farmers grow cuaaVl at a lower plant population than it is necessary to provide effective 

ground cover L:nder these conditions, three weedings are necessary fot good crop yield 

(Hahn ~I al .. 1979). 

1.4.3Physioiogicalractors 

c.....vr. productivity is afTec:tcd by physiological factors among which the cyanide, the 

laar"\WIindexandcarnecnoids incusava 

1.4.3.1 CyaaideiaCassava 

A major problem usocwed with the widespread use of cassava is the presence of 

C)'InogenicgJucosides, Iinamarin (up co 96-;.) and lotaustralin which can be converted to 

toxic bydroaen cyanide (HeN) (Rosling. 1988) An endogenous beta-glucosidase found 

1ft cassava cu hydrolyse linamarin and Iotaustralin 10 cyanohydrins which, in tum, can 

hu:ak down to HCN All tissues of cassava cofllain cyanogenic glucosidea, an 

acyanogeruc cassava genotype is yet to be found (Hokanga elaJ., 1994). Cyanogenic 

ghtco$M1cs,. cyanohydrins and HCS can be found simultaneously in cuu,·a products. The 

'\Um orconuntrations of'these three dements bu been defined II ' cyanogenic potcn.ial ' 

(Bokanga.. 1994) Cyanosenic slueosides are synthesized in the leaves (Kock ~I al. . 

'1'}21. and Iranslocated to all other pans of the plant including the edible storage roots 
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(ltamulujam and Iodira. 1984). StOBge root parenchyma ([enerally has a lower 

cyanopcpot.enrial than Ihc: Slorage root cortex or the leaves (BokaDga. 1994) 

Although cassava is often. described as .. bitter" or "sweet" according co the amount of 

cyanide praent. the sweetness or bitterness is not always associated with HeN (Coursey. 

IQ7)} Consumption of cassava with high cyanogenic 81ycosidel CORlcnt have been 

.Auocaated with a rklmber of cyanide induced disorders including tropical alwc: 

neuropathy (Osuntokwl. 1981). iodine deficiency disorders like goitre and dwarfism 

jErrnans Fl. III . J9I3), acule toxic effects (MJingi el. aL, 1992) and the paraJyt.ic disease.. 

konzo(Tylleskar d . 01 .. 1992) Vines and Rees (1964) have noted that in case of human 

malnutritKwl, where the did-lacks protein aDd todine. under-processed roots oebigh HeN 

cuhivars may resuh in serious health problems and even sudden death 

l~nvu-onmentaJ factors dwin~ the growmg season contribule significantly to variatjoo in 

cyanogenic poeential among genotypes. within a genotype. and in vat1ou.s pans of the 

pw. De Bruijn (1911) noted that different clones do not reACt in the same way to 

ch.angan8 ccok>gjca1 conditions with regard to HCN content Although the glucOiide 

content nlUeases with an increased rate of nitroscn fertillze.- application. potUsium and 

farmyard manure application tend to decrease it Hahn el al. (1977) reported (hat low 

c\'arlldcrontentincas.sa..-aappean;toberegulaledby.,ece~iveminorgenecomple)( 

2.4J.2 Han'estlades 

£be physiological and biochemical prOC05eS occurring during lhe development ofa plant 

are Integrated so that an equilibrium state is established al all times dunng growth, 

differentiatioo. aDd development Changln~ the internal equilibrium alters the final 

product and the exteat of Ihis Illeralion in relationship to yield is dependenc on the degree 

of association between the two (Whyte, 1985). Allhough root yield IS hl~hly correlated 
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willi IIOtII plUII weight within a single 8COOtype at various staBes of plant growth 

(Boerboom. 1978b, de 8ruijn., 1982; Tan 1980). this reJationship docs DOt always bold 

tNC: acrotI genotypes In other words, a large plarC does not ncceuari.Iy promise a bigh 

The Iwvnt index. \\0 hteb is the ratio of root weight over total plant \W'igbt. is therefore a 

paramder which reftcas the dry matter distribution within the plant in favout of rooc 

yield In a aop such as cassava WMft the economic yield eomes from a vegetative pan 

(specifK:ally. the adventitious roots which are modified imo storasc organs) the harvest 

Index is senerally nuch larger than may be expected from a crop whose economic yield 

results &om fruits or seeds, !UGh u grain legumei or cereals (Lian. \985). Also 

structuraUyspeaking.higherharvestindexesarepossibleinrootcropssincetheplantis 

not required to "hold up" a heavy yield (Coursey and Haynes. 1970). Therefore harve51 

indel: bas been found 10 be one oftbe most important parameters in the selection for y;eld 

potential In cassava (Lim. 1985) A genotype with a high harvest index may be assumed 

10 be ph~l)' more efficient. since most ofib dly matter production is channelled 

towards SCclf&!Ce in the rOOls. Howtwr, fOOl stonae lal.;c) I lower priority to top tp'Owth 

wiIban • cassava plant Dry matter storage in the rOOlS n~sulls from any surplus over dry 

matterrequ&remcnts for the produc:tion or new leaves.. maintenanoe of existing leaves, and 

maintenanc:e and weight gain of scems and branches This was experimentally 

dnnoutrIaed by lopping plants to arrest leaf produCtion. res.thing in increased dry matter 
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loU.J CuotNOidli J_ Cassna 

Carotenoid. aR Datable fOf theif wide distribution.. structural diversity. aDd various 

functions More IhIa 600 carotenolds, not including CIS and trans isomen, bave been 

ilOlatedandcharactenz:edfi"omnatucalsourc:es(Pfander, 1981) 

The normal while root cassava genotypes contain ooly small amoullU of beta-carotene 

(Bradbwyand Holioway. 1988) Nil yelLow root caiSl.va contains up to aboUlIOOtimes&s 

much (McDowell aDd Oduro, 1983), Beta-carolene is the predominant carotenoid in 

CUMVa, but u • mixture of the In11U- &Dd as-forms (Rodriguez-Amaya and Ktmura. 

20(4) Howevcr the determination of the trans- and the cis-isomers individually makes 

the analylis I'DOfe expensive and compJica1eci. Because the Cis-isomers of beta-carotene 

are dlfficuh to obu.i.a., their quantification is dooe usins the trans- beta·cuocene curve 

C-... like sweet potato does AOl contain etherified carotenoid, and has Low lipid 

contmt; hence saponification is unnecessary 

Bda-c&mtene, u-c.arccene, and be1a-cryptoxanthlO are provitamin, A. Structurally. 

ntamin A (retinol) is essentially ooo-half of the bcta-arotenc mo1ecule. Consequently, 

bett-arotene is the most potent provitamin A, it is also the most widespread (Rodriguu 

Amaya., 1993). Vitamin A activity ofa carotenoid is the result or an unsubstituted betl-

""8 wilh an ll-Qfbon poIypDC chain 

Carotenoid. hay.e beeD credited witb other beneficial effects on human he.a1th 

cnhanoemeaI of the immune response and reduction of the risk of dcgent.. .... tlVC:: diseases 

sutb as cancer, cardiovascular diseases, cataract and mascuJar degeneration (Astroa. 

1997; Bendich. 1994, Burri, 1997, Guiana and Hennckens., 1993. Krinlky, 1993; Mayne 

1996; Olson, 1999a,Olson and Krinsky, 1995) The acttonofCll'Otenotd.saplR~ dlscues 
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bas been attributed to an anlJoxldard property, specifically, the1r ability to quench singlet 

oxygen and interact with free radk.als (palozza and Krinsky, 19(2). Other benef10el 

include C&lClnosen mee.boIism. inhibition of cdl proliferation. enhancement of cdl 

dilferentiauon, scirmJJ.atioo of cell to ceU communication. and filtering of blue light 

(OI"",'999'and'999'j. 

1 .•. 3.5 Factors arTe('tinR quantity aad composition of carotcae 

Foods vary qualitatively and quantitatively in their carotenoids compoa.ition Green 

~~c:tabIa. lCIIfy and noo-teafy, have lutein, ~tene, violaxanthin, and neonmhio AI 

the principal tar01et1OidJ with defined quantitative patterns The relative proportioOl of 

these carotmoids are fairly constant, but they vary considerably in (heir absolute , 

Carotenes predomirwe in the few carotenogenic root aops (e g caJTol. sweet polato). and 

\Jlnihopnyillpredomlllilcin m&iz.e(seed). QuaJitativeand. quantitativedilTerencescxist 

In a gi'l'tl'l food doc to fKcon aid! u variety ... ofrnaturity. climate/geographic site of 

produdlOft., part of the plant utilized. conditions during agricultural production. ~ 

Mn,'e-sabandling,procnslRgandstOtageoonditions 

Differences in carotenoids among cuhivatS of the same food are well documenled and can 

be either both qualitative and quantitative or only quantitative (Gross, 1987, 1991 

Rodriguu·Amaya. 1993). Mean be~ contenl of sweet powo CUltiVUl, for 

euJTtrle. "&on from 10 to 26,600 J&8IIOOg (A1mcida-Muradian and Penae.do, 1992. 

Hqenim&fta et 01... 1999. Huana el aI .• 1999. K'osambo el oJ. 1998. Takahala" aI., 

1991) 

Stage of I'nAlurny is one factor that affects earotcnoid composruon Matundion in 

\'egeubles and npcning in fruiU are generally accompanied by enhanced carotenogeneslli 
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(Arima and Rodri_-Amaya. 1988, GrOll, 1987, 1991 , Meread"". and Rodripz­

Amaya. 1998, Rodriguez-Amaya. 1993) 

F.-mins pnctic:a may also influence carotenoid composition For example. companson 

ofblc cuhivus at the same stage of maturity from natural aDd convemionai farms u$ing 

agrochemicals. rc\-uled significantly higher concentrations of all constituent carotenoid! 

In samples coUected from the DIIUraI farm (Mercadante and Rodriguez-Amaya, 1991). In 

contrast. a comparison betWeen conventionally produced and bydroponic leafy lenuce 

save no significant difference in the con51ituenl carotenoids (Kimura and Rodripz:-

Amaya. 2OOJ) 

1.4.3.6 Effects ofpl"Oceuiol on carolrooids 

\fany carotc:nogenic foods ICe seasonal and processing at peak harvest minimizes los_ 

and maka the products available all year and permit transpOr1ation to other places 

Proccuina and stlX'l8C of foods should however. be optimized to prevent or reduce 

dcgrad.llon",hliC'.x:entWl!insbioavailability 

Pc:rccnt rdcntion or to. of CItOIcnoidl ~ processins and storase of food has been 

rt'pOrtcd. However, despite some experimeJa.l inadequaCies and discrepancies in the data.. 

wme conclusions can be drawn (Rodriguez-Amaya, 1997) 

Carotenoid biosynlbcsiJ may contirwe., in tiuits, fruit vqctables and root crops even after 

harvest, provided the plant materiaJs are kept intact and the enzymes. responsible for 

carotcoo!!cnc\i, are prc$Cnl Ifowt'\cr In lea\'cs and other ,,·egetables. post harvesa 

dquadaaa of carotenOids may pre ....... I. especiaJly at high storage temperatures and under 

condlhonslhalfa\'OUrwilting 
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CaroteuoidsarellltUJallyprotecteclinplanttisJues,howevercutting. shredding,choppiPs 

and pulpinSofftuits and vegetables increase expo3Ufeto oxygen and caused carotenoid 

Whlteverthe proce~iag method. carotenoid retention decreases with lonaerprocelsins 

time, higher processing temperature. and cutting or pureeing of the food , RapKS 

proc.asing a1 high tcmpcnlure is a good alternative. Current knowledge therefore 

suggests that proceiiing conditions should be optimized 10 minimize losses of carotenoids 

..... hlle~ha.ncing(hcirbioavailabilily 

1 .... 3.7 Geaeral proced.ft for caroteaoid anal)'sis ill cassava 

There is substantial quahtative and quantitative variation In carotenoid composition of • 

foods. ' Even with a particular food. compositional variation occurs duc to such factors as 

varidy/cuJtivar. seographic or climate effects, season, maturity and part of lhe plant 

ullh/ed Thus, conclusive identification of the carocenoids in a food sample should be 

MXOmphshed before quantifical~n is carried OUI In seneraJ. iI is sufftcient. to quantify 

only the principal carotenoid, Quantifying the minor carOlenoids increases analytic .. 

complexity, requiring chromatographic resolution. identification, and standards of the 

different carotenoid,_ These aa introduce more errors besides malanR the analysis 

longer. laborious., and costly Theadditionat resu.Jtsobtained are often of no practical use 

When oomctous samplcs have 10 be analyzed. such as in selecting varieties or breeding 

lines. that meet the des.ired provitamin A level. it is costly and UJlBfICessary to go directly 

10 HPlC quantifiC8l;on. A degr« of accuracy is not needed AI Ihl5 POint Simply 

mexpensive and rapid ICI"eeainS methods thaI verify if a samplc is above or below the 
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Wg« level CUI be used to se]ect tbose that are likely to meet the desired levels The 

ac:ante but Cl(pensh'c HPLC method can then be used only for the chosen samP'es. 

2 .... 3.7.1 S ... ,I'-I 

To obtain meaningful and reliable analytical results., the samples must be representative 

oftheentU"elotUDdCl" investigatIOn and adequ.a1cly prepared roranalysis. Acx:ordinsto 

K.raIochviland Taylor(19l1). the major steps in sampling are 

t t' lden(ification of the population from which the sample i. to be (:()1I~ted ~ 

(ii) Sdeccioo and colIcdioo ofsamplcs.; 

(iii) Reduction of sample to alabol'l1Ory-tize sample suitable for analysis 

Horwttz (1988) defiDed. &n)1hmg sent to the laboratory as a laboratory wnple and 

'::Of\Sldtt~ reduction of the laboratory sample to a test sample for anal>"is as part of the 

u.mp1ma proccu. Pomeranz and Meloan (1994) differemiated sampling and sample 

prc-puatton as follows the aim of sampling is to secure a ponion of the malerial that 

.... 1tsfactonly represcau the whole.. wrule the ptUJ)OtC of aample preparation i. to 

oomogMlU: the luse sample in the laboratory aDd subsequently reduce it in SIU and 

amount for analYSIS 

Once the samptiaa ~e and time of collection are decided, the following questions should 

be add>-eued (KnIodTVil and raylor. 19811 

la, How many samples should be taken" 

(hI IIowloqjcohouldcocbbe? 

(e) From wba'e in the bulk matenal and how ahouJd they be taken" 

(d) Should indl\'idual samples be analyxd, or ahould a composnc be prcpatl"J ' 
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To evaluate c.bangeI ill composition as a function of variables such as time, temperature, 

and kxation,. sysaem.mic sampling should be used and the results should be statistically 

1.4.3.7.1 Sample pftPlrau. 

The purpose of y.rnple prrparation is to homogenize the large sample in the laboratol)' 

and sublequently reduce iI: in size and amount for analysis. Following this rationale. 

sample preparation includes all operations between the receipt of the laboratory samp&e 

and t~ welgh1ng of the sample to be analysed 

The sample thlt i. brought to the laboratory is usually too large. both in bulk and in 

particle size for direct analysis It mulA therefore be transformed into I homogenous. 

small ample for analysis. while maimaining its represeRlati\"ity Homogenization ,nd 

!lib-sampling rRly be done simultaneously or consecutively in either order Physical 

operIIionl, such as chopping, c:uttina imo pieces. mixing. milling, blending. llnd sieving. 

are carried out along with bulk reduClion, such IS quanering or riffling The proceu can 

be pa10nned manually or by using commercially available mills, blenders. grinders, and 

nffiecutters. The food product is usually analysed in the forrn in which it is consumed 

therefore inedible portions (e g. peel teed, shell) are remo\ cd prior to sample 

p«pam .... 

Ac:cor<lia@toPomeranzandMeloan(l994),lheproblemsencounteredbyanalystsinthe 

prcpantion of samples for analysis include 

• dilTlQlky in obtaining reprClleJltatjve ama11 samples from large sample!> 

b Iossofplantmaterial 

C difficulty in removal of extraneous material from plants without removaJ of plana 

COnstlluentslncludinttlheanalylc, 
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d. enzymaticcb.angeibeCoreanddurinsanaJysis, 

e compositiooal changes during grirKhng, 

r cbangct ill U81Ubk components 

2.4.3.7.3 Acetone phase Extraction of beta carotene 

-\ good extraction procedure should release all the carotenoids from the food matrix and 

brins them into solutiOn, without altering them. The solvent chosen should efficieptly 

cxtractaUcarotenoidspresent in the sample 

hlraction. partitioo and open column chromatography (OCC) should be carried out 

under a fUme hood to pn:ua the aualyst tiom inhaling solvent vapour Breathing hexane, 

for example., should be avoided due to neurotoxicity of some of its oxidative metabolites , 

(Schlel.iI and Liaaen-Jensen, 1995). Because the solvents used in extraction or partition 

Will uhimately be removed or at least reduced by evaporation, solvents with low boiling 

pomts should be cm-n to Iv<»d prolonsed beating. Thus the lower boiling fractions of 

petroleum ether (b p ls.w- C) should be used instead of the bigher boiling fraction5. 

When cxtnc.tins c:aroIcnoids from biologic:al sampleJ,. RIch as roods like cassava, which 

contain luge amoUDII oCwater, a water-miscible organic solvent (e g , acetone, methano~ 

edaano~ or mixtures thereof) should be used to allow bener soh'ent penetration Acetone 

has been widely used for carotenoid extraction, however, the advent of high performance 

hquid dvomatography (IfPLC) hM .... tetnhy<lrofuran (THF) become • popuw 

ntractionsolvcm 
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1.'.3.7.40ro •• ,ugraphicstp.,..u.. 

Food sampl('~ typically contain both the apolar carotenes and the more polar 

unthopbylls. WhaleY« the method ulCd., the chromIlognphic process should be able to 

copc Yolththis poll1ity range. 

In open column chromatography (OCe). the column has to be packed fur each analysis A 

definite advantase olHPLC over OCC is that reproducible separations can be performed 

by using a rcuuble column under controUed conditions without undue exposure to air Of 

liJbL The D'1OSt important properties to be considered in selectlllg the mobile phase are 

polarity. vilCOlity, volatility. and toxicity. In addition. it must be inert with respect to the 

CII'OlC!DOids. Many solvent systems have bt-en suggested u mobile phases for carotenoids. 

but the pOm&!)' soh'ems are acetonitrile and methanol \Io,th most s),stems bemg sligN I 

modifications of some basic combinations (Craft. 1992). Acetonitrile has been widely 

uwd because of its tower viscosity and slightly better selectivity for xanthophylls when a 

monomeric ell column is u~d (Khachik rl aJ., 1986), Addition of triethylamine to 

acetoaitrilc-bued IOlYeDb was found to enbance c:arcMenoid r«ovcr)' (Hart and Scott. 

I99S) 

Other solvents used IS modifien are teuahydrofUran (THF). ethyl acetate. hexane. 

autone and water In some cases methanol has been added to an acetonitrile-bued 

mobile phase ('taft (1992) inHstlgatcd nine solvent. modifiers and found THF 10 be 

most beneficial modifier of rMlhJ.nul 

1.'.l.7.S QuantifIcation 

\ltocenOlds In SOlution obe)' the Seer-Limbert law. that is, their absorbance is directly 

propon.Mlnal to the conoentraion. Thus. carotenoids Itt qUlntlfled 

spectrophotometncalh . provided &cc:u.rItl' abtorptjon coefficients in 1he desired solvent 

12 

University of Ghana http://ugspace.ug.edu.gh



are available. Some publlJbed values may conWn aignificant levels of error Of 

unccnaidy(Brit1on.I995) 

In OCC methods. the quantification step is fairly straightforward. The separated 

carotenoid fractions are simply collected and quantified spectropbotometricaJJy usina 

theirtabulalcdabsorpttoncoefficieou. 

In quanlitative anelysis by HPLC the following facts should be considered 

(I) Carotenoids absorb maximally at different \liiavc Icngths and have different 

obsotplionooeffi<ients 

(b) SoI"""'dT ........ btOljlliooar.subsIanbaI 

(c) Obtaining aDd maUUinins carotenoid standards.. which are required for calibration., 

isdiflicult 

llPLC'quardificarion is carried out by means ofintemal Of external calibration, for whicb 

the coocentrations oCtile standards are also determined spectrophotometrically as in oce 

.-\ constant supply of carotenoid standards is needed and the accuracy of the analytical 

rauib dqIeods on bow accurately the concentrations of the standards solutiom are 

known Urtfonurwely. only a few carotenoMl standards (e 8 beta·carotene, Iycopene) are 

8\'adablecommercially 

In the calibl1ltioo process, the analyst has to prepare standard solutions of varying 

concentratioas, inject each oCthcsc solutionl. and COftIttUCtthe standard c:urve. This curve 

should be linear aDd pus through the origin and must braclcet the concentrations of the 

food amples. Khachlk rial. (1992) sugaaed: the following guidelines for the validrty of 

the Ilaodards and instrumentation: (a) the correlation coefficient should be greaaer than 

09 (b) the IRtercept should be very c\ose to zero and (c) tbe reluive staDdard deviation of 

the regression Cstandarderror-ofthe estimll:c divided by avcrage coaoerwratioaof 

standards multiplied by 100) IhouId be lessthaa 5%. lfany of these parlmeten is out of 

}) 
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,.... the Itmd&rds u well u the KPLC instrumentarion .bou1d be carefully examined 

and the standard QltVC taun. Mamoura ~t aL (1997) recommended that the correlation 

coeff.aa. -'Id be BJ'O''' than 0.95 

2 ...... Gedf'tic and Environment lotcrattioll 

Cassava improvement work involves several stages including multilocaIionai trial. of the 

tdected dones. Cassava cuJtiv8f'S have specificity and, (W limited adaptation due to their 

hl!h SClUitivity to genotype-by-cnvironment interaction. According to Smith and Zobel 

11990), cited by Obi et aJ. (I 99S}. such multiiocational trials facc genorype (G) by 

environment (E) interaction. which ariKS when clones are grown in environmentally 

diverse settings. Genotype by en\"tfonment (G x E) inter.ction is • differential Senotypic • 

(",pn:IIioa actOI$ environments The basic cause for differences betwetn genotypes in 

(heir y;dcI stability il. wide occurrence of«, x~) interactions. Genotypes rererto the set 

of~posICSJCIdbyindividualsthatarelmp('rtantfortheexprenionoftra.itsunder 

Inv("~tlgllion . The environmcnt is usually defined as .11 non·gcnctic factors that Influeoce 

expression of traits It may inelude all set of biophyJicai facton like w.ter, nutrition. 

tcrnperatureand diseases that influencethegrowtll.nd development ofindividu.l.and 

thcfd)y Idtluencing exprasion of traits (Basford and Cooper, 19(8) 

1 h(" Imponanoc of G x E interaction in breeding of c ........ in West Africa bu beea 

It'poncd (01:00 etaL, 1991) The genotype by enmonmenl inleractlon is the change in 

~ullivars' relative performance over environments, resulting tram the differential 

response of the lCenotypes to \'arioll~ edaphic. climattc and biotic facton (Dixon et uJ . 

1991). G II F. Interaction is. majur concern In planl breeding for t¥.'O m&ln reasons II 

re1uces prosrt:SI from .&caion and XQ)Qdly it makes cultivar recommendation difficult 
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because il is I&atisltcally impouible to interpret the main effects (Kana and Magan, 

1996). G" E interaction occurs in both short-tenn and long-term crop performance trials 

(Eberhart and Ruuel. 1966) The diverse production/cropping systems and large 

Cftvironme:atal variability of the agroecological zooes wbere the crop is grown, as well as 

its diva. utilizatton forms demand that 8 series of culti\'at'S adapted to specific 

ecologic:at conditions ad tugeted end-uses are developed 

There areoonflicts regardil18 descriptions of stability in the literature, primarily due to (8) 

nrylng conceplS of stability and (b) controversy oonc:eming the statislical tec:hnique Ihat 

hcst explain' G III E inl:cractioo_ Genotypes that show liule interaction with environments 

may be: reprded as stable (Piepho, 1994). EveDIOD.1 aJ (1978) discussed the distinction , 

between genotype stability and adaptability A genotype is stable ifat a given location, its 

vield varies lin Ie from year to year, and is adaptable if its average yield over the years 

varieslittJeacrosslocations 

The analYSIS of variance (ANOVA) is an additi· .. e model that describes only the mam 

etTecr. adequalely (Sncdecor and CochnlO. IQ80; Kempton. 1984; Freeman. 1985), The 

significantofG x E interactioDeouki be tested. but it does not sbowtbeparticular pattern 

of seootypcs or em-ironments thai give rise to such interactions Principal Component 

Analysis (peA). a mubiplicative model does not describe the additive main effects 

Lioear Regression combines both additive and multiplicative components aDd tI:us 

-.lyx main effect and imeraction. il confounds the inleraction with the main effects 

(Wright. 1971), thus reducing its power for significant testing A G x n IDteractton may 

be comidcred not SIgnificant with analysis of variance. yet in reality the interaction may 

be sigruflcant In recent developments, a powerful statistic tool for anaJyzin8 G " E 

lnteraetioo ,multiplicative intcractioa model) has been introduced in the agricultural 
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QOIIteXl as Additive Main Effecu and Mulliplicative interaction (AMMI) (Piepho, 1996: 

Crotla ~t al. , 1990) The AMMI model was termed as a hybrid model since it imegralcs 

and C'1"ICIOnlpI..SS ~ staDstical models ~icd to yield uia1 data including the 

additive aoaIysis of variance (ANOVA), for genotype and environment main effects. the 

multlpliutive components analysis of the G l( E interaction (peA) and FinJay-WilkinlOD 

l,nearregrCS5tOomodels. (o.uch, 1988,ZobeielaJ , 1988) 

According to Becker and Leon (1988) two different concepts of stability exist.. the static 

MId dynamic. With the static concept, stable genotypes possess unchanged or constanl 

performances regardlest of any variation of environmental c:onditions. This means a zero 

vanance among cnvironmenu. The dynamic concept. however, allows a predictable 

respol'lSC: to environmCIQ and a stable FOOtwe has no deviation from its response to , 

enVIfONnCnlS The I{.'flfl stability, thu .. men 10 the character of a crop that withstands 

nuctu&tions of environments.. in other words, the culu\lar is consistent in performanc:e, 

whethttll high or low)',cld levels lCrota a wide range of environments 

Lie" ai, (1986) .dcnllliC'd three concc:pts (types) of stability. Type A stability which 

Becker and Leon (1918) named as !d..lt(: i11naloiOUS to homeostasis where a genotype is 

Slable If ,Is among-envlfonment \lariance is small. It is based on deviations from the 

average QlttiYaJ'" effea (Finlay and W,lklnson. 1963, francis and Kannenberg. 1918) For 

tvpe 8 SlIbility (dyrwnic concept) a genotype it considered to be stable if its respom.e to 

enmonments is parallel tothemclIn res.ponsc of all genotypes in thetriaJ (Plasteid and 

PetCl'lOll. 19S9, Plasleid, 1960; Shukla. 1972) and Iype: C .. ability states lhatl Men04ype is 

stable if' the residual mean square from the regression model on the environmental index 

" ... mail (l:.berhart and Russel, 196b, I..in and Rinn), 1988; Kans and Gorman, 1989~ 

Crossaelal .. IW1) 

l6 
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1.4.5 Goede variuee and beritabitity estdIate 

DudJey and Mol~ (1969) pve the following definitions in relation 10 Senetic variance and 

(a) Broad sense Heritability is the ratio aftotal genettc variance to phenotypic vuiance. 

(b) Narrow sense Heritability is the ratio of additive genetic "&fiance to phenotYPIC -(c) phenotypic: variance is the total variance among phenotypes whea grown over the 

ranee of eavironmeta of interest to the breeder 

(d) The total genetic: variance is the part of the pbenotypic variance whic:h can be 

amibuted to genotypic: differences among the phenotypes 

te) The genotype-em;ronment interac1ion variance is that part of the pbenotypic: , 

""';ance attributable to the failure of differences between genotypes to be the same 

in ditTerent environments 

Estia&atesofgenetlC variance and heritability can be of value It various stages ora plant 

breeding programme Acc:ordins to Dudley and Moll (1969) the various stqes of any 

plant breedmg programme are assembly or creation of a pool of variable germplasm, 

selection of superior individuals from the poo~ and utilization of the selected individuals 

locreatealUpc:riorvuicty 

Asudc and Dixon (2002) ItUd~ three traits. namely: root number. root weight and fr~h 

roo( yield of tome cusavi genotypes. They scored and analyzed for heritability and 

found that the genotypes differed significantly for each of the three traits, Heritability per 

plot ranged between 069 and 0.86 indicating that DOrHddilive effect of the genotypic 

\ana~ was small P'hcoo\ypic: and genmypic variances differed significantly. which 

refleacdancavironmallaliafluenceonthcgcnol},pes 
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In three separate muJti&ocarional trial. comprising of 14. IS and lS newly deveJoped 

c:aaava elones, coaduc:tcd in eeveral loalions between 1983 and 1989 in Nigeria. Mba 

and Dixon (1995) fOUDd OUlln combined analyses over kx:atioo.s. a fllD8e ofh2 estimates 

o£69 to 93 percents for some yield components (Fresh storage root yield, dry yield, root 

rurnber and dr)" malter) The low values of 30 and 41 % of b1 were obtained fOf resistanu 

10 cassava anthracnose di.seaJe (CAD) and to cassava green mite (eM) respectJ\lely 

Using the Additive Main EffeclS and Multiplicative Interaction (AMMI) model to 

evaIuaIe len c&uaVI clones in eighteen ~nvironments (location and year combinations) in 

Ghana. Obi et aL (1995). found out thai the model revealed a higbly significant (P<'O.OI) 

eDVlConmem (E), smotYPe (O) and 0 x E interaction. The highJy significant G J( E 

inleraaion indicated that the ten cassa\""lgc:ootypes responded diffcrently to variations in , 

the: environments TIle variation may have resulted from differ-ent climatic conditions due 

lOanrualseasonalchanges, edaphic,bioticandabioticstresses 
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3 MA TERIALS AND METHODS 

3.1 EIpt:rilH.talaitd 

lbe6eldcJI;perimentationsofthissrudy were conducted ill thethreeagroccolog:Jc::a rones 

of Gb:Ia • three locations namely, Wenchi in the Foreil-Savannah Transition 

agroecoklgK:a1 zone. Polruase in the Coastal Savannah agroecoiogicaJ zone and Bunso in 

lhe Dec:iduous Forest agroeco&ogical zone 

fhc Forett·Savannah TnmitionZODt hutwo rainy seasons with an annual rainfall of 

1,300. I,BOO mID. 'The major rainy season is from April to JUDe and the minor is from 

September to November Soil fertility ii fairly high but the soil is liable to erosIon Major 

crops grown include maize. plantain. cassava, yam, coc:oyam, conon. tobaccc, groundnut. 

lornaIO, pepper. eggplant, cowpea and beans 

The area selected and used as fC'pfesc.-ntltive of the fOfest-$avannah transition 

agroerologic:al zone was the Wenehi Agricuhutal Station of the Ministry of Food and 

"gnculture (MoFA) . The field work staned from the Wenehi station 00 8~ July 2004 on 

an ua of 0.1 ba deared. ploughed and planted with 38 yelLow root cassava genotypes 

togcther with 5 wh.iterootca..u.av.1ocaI materials. In 2005 • land area of about 0 .243 hi 

was cleared and ploughed and ptamed 00 26· July 2005 The following year an area of 

0273 ha was ploo~hed and planted on 28* July 2006. The climatic conditions (rainfall 

andraindays)durinl(20Q4..200181WenchiarepresentedinFigures I and 2 
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"t. 1: Monthly ralnf_U M: WMchl_;ric. station from July 2004 to July 
2001 
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Ml>rle\WI.,.".no_ 

Fig. 2: Monthly ral"~ys at Wenchl aerie:. Stltion from July 2004 to 
JulyZ001 

------
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Aftu the (Ofeti-lft'aOD,Ih (r&fiSillon zone, the field experimentation was eXleDded to the 

Semi-dcciduous FOf'S:. Thi~ zone is distinguished from the rain fo~ by the fact thai 

many of the trees in its upper and middle layers edUbit deciduous characteristics 

(shedding 0( leaves) durill8 tbe Ions dry season, usually from November to March when 

the influence oftbe barmattan is 8fUlly felt . It has 1~"O rainy seasons March to July and 

September to NoYembcr I..Dd the annual rainfall is between 12.50 and 1750 mm (Boateng, 

1960, Dickson and Benneh, 1988). The soil is generally alkaline., containing grater 

quantities ofMrients because tbeyare less leached by rainfall. The soil is suitable for 

cocoa, ootree, oil palm. maize.plantain.c:ocoyam, cassav&,ric:eandvegctabluincludIn8 

e!/.8plant, beaM. pepper and okro (Bo&tens, 1960: Dickson and Benneh, 1988) 

The Plant Genetic Resources Research CeDtre (pGRC) experimental farm located at 

Hunto was the area selected as represemative of tbe dcxaduous famt agroccologica1 zone 

TIlt «petunenl swted in 2005 on a land area of about 0243 ""hich was cleared, 

ploushed and planted on 22'" July 2005 The foIlowins yeaT an area of 0.273 hi was 

ploughed and plamcd on. 4a. May 2006 The monthly ramfall and rain days durina the two 

cropplosyearsareprr:senlcdinFigures3.nd4 
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Fit . 1: Monthly f'lintaK at BURSO ffom J\lly 2006 to JYM 2007 

Fig. 4: MontNy rain days at BuMO from July 2006 to June 2007 
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The third asroecological zone Coastal Savannah forms 7% of the land area of Ghana 

rrustypeof~noccursin'hedryequatoriaJcnma1icregion. Thisist.bezone 

which receives the leal amount of rain in Ghana between 740 and 890 mm annually 

Relative humidity is.. however, high throughout the year and thus compensates for the 

!CIl1ly annual rainfa]l (Boateng, 1960; Dickson and Benneh. 1988) It ha5 two rainy 

SCUOf"I,S The major raiay ~n is &om Match/ApOllo June whilst the minor is from 

September to October Relief is gentle and soils are either heavy clay or light textured and 

underlain by clay The toils are generally acid or mildly acid. Among the crops grown are 

..:assav •• nd maize. VC!tctahlo are grown 00 lighter soils while rice. cotton and sugarcane 

are planted OD the beavier soils Coconut is found on the coutaI frin8e 

The specific area selected as the coastal snannah agroeologie&l zone was the Crops I 

Research institute Statioo 11 Poku.ase where an area of about 0 .273 ba was cleared, 

ploulhed and plansed on 26· April 2006. The characleristics of me rainfall and the rain 

daysduringtbll aoppu1& w.uon arc desaibed b)· thc FigurcsS and 6 

As presented above the number of loullons Increased from one year to another hued on 

a\41lability of planting materials. Combination of locations (Wcnchi. Bunso and 

Pokuut); yean (2005·2006 and 2006-2007) and harvest ages (9, and 12 or 14 months 

after planting). ~avc • lotal of 10 different envir0nment5 in which the experimental 

lNIeriabwue ev,IUlled. Descnplions of the 10 environments arc presented in Table l 
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F~. 6: Monthly raln,.11 at Pokuue durtng the ... son 200;..2007 

Fig. I : Month)' rain days at Pokuue during the cropping season 2006 
2007 
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~: DeKripliH ", tbt 10 ~ranlts ill which nine yellow reot ud OM 

dite root USSJIva genotyprs were eval •• trd 

~ipalio. I N.';-~orlocatiOD-T Yearo(Hperim-eiti-y_etll • .wst -] 
I 1 

~1-

' EnviroruntaI2 1 
. ~En~viromneDI--:-::C::::-'l ---11 Wencbi 

En_6 

IEavironm""7 IIIunIo 
iEnVironmem-S-

I n\-ifonmcnt 10 I Poku&S(-

3.2 PlanliDg mltcriab awl Planting 

: 9 MAP I 

\ 2005,2006 ~ ~ 
9MAP 1 

' 2006-2007 

j---

12006-2007 

I 

\ 2006-2007 

" fiW;P-' . 

I 14 MAP 

h:;,·--i 
' "MAP - - . 

In the first year of the experiment in 2004, fifteen cuttings of each of thirty-eight (38) 

)'C'lIo\lo rOOl cassava genotypeS (Table 2) received from the International Institute of 

Tropical Agriculture (UTA) in !badIn, Nigrria were planted in three replicllions (5 

CUI1Ul8spergenotypeperreplication)withSwhitcrootloca.lca.ssavavarietiesatWeac:hi 

Agncultural Station (Brong Ahafo). At harvest 12 months after planting. these genotypes 

wereevaIuatedfortheirfreshrootyield, drymattertontent, harvest index and yellowish 

colour of their root Nine of the yellow root cassava genotypes were selected hued on 

the yellowish colour of the fresh ston.ge root combined with their fresh root yield and 

lhetr dry mana content These genotypes logcther with one local while root cassava 

variety were c"ld.bhsncd at two locations Wenchi and Bunso. the second year otthe 
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ItXJICrime,. in lilly The experiment was repeated at Wenchi. BunlO and PoIcu.ase In the 

m.rdyal 

The 38 p:ootypes an: shown in Table 2. The selected lO genotypes were II follows 

0111224, 011\235,011\368,01/1371,0111412, 0111417, 0111610, 0111442, 01/1663 and 

WenchiOOO 

I6.I..!&1: ·lllirty eipl ycMow root c:.assava ~t.otypa (rom UTA gUlIIplAsm 

--Ge~n.-ty-p.---SO GeaOfype 

-wliil - '20 " ~-' 
! '~~ 0111368 

~:;:~~~ ·· t=1t=-c 01/1273 
0111551 I 23 01/1335 

l-J Metbods 

3.3.1 Laad p~rat .... 1Id r.cld I.yoel 

The RandornUed Compleu Block Design (RCBD) as described by Gomez and Gomez 

(1984) wu the experirnent.&l de$lgn used for aU the five expenmentattoM At Wenc.hi and 

Pob.auc. the p&ou were cleared and tilled with a disc plough to • depth of approximately 

.10 em In SUMO. no tilJaae was used after spraying htThicidc fC)f" land cleanng In each of 

the ~te the plot area was divided into three bIocb. Each block was then divided into ten 
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smaller plolS The number of location and the plot aize5 varied from year to year 

ac:conIing to tbc availability of planting matenal_ In 2005-2006 the plot size was 7 m by 6 

m j!>I' rowspel'" pkJt..J,7p1ants perrow) ine.ch biock Fortbe 2006-2007 the plot size 

of 10 m by4 m (4 rows of 10 plants each) wuused. In all the experiments lbe cuttings 

were planted at I mx I m(between rows and on the row) 

J.3.2Wtt"doontrol 

From planting 10 harvesting, weeds were controUed using hoes. The flfst weed control 

was generally at two weeks after planting. A minimum of four weedings were done for 

ellChexperiment 

3.J.J t'ield dala collection 

Field data collection begun one month after plantill8_ Data on disease and pests were 

collected every IwO 10 th~ months. Data on ItOfage root yield components, storage roO( 

bet. tIJOIene quantification and it. other mated variable. were collected at nine. twelve 

orfounecnlDOlllhsafterpLanaing 

J.J.J.1 Ui~ea'il' xort RalinR 

Afiican Cusava Mosaic: Virus (ACMV) disease infestattoa was evaluated 10 Uunso and 

Pokuue aI 1.3,6,9 aDd 12 months after planllng. (MAP) by usinS the followlOg scort 

rallA,: 

no symptom up to 20% of the leaf covered by light green symptoms of mosaic 
ZI· o 10 40". of leaf area covered by yellow symptoms of mosaic or apparent 
dcformauon ofthe leaf 

.1 41~'., to 60"/. of the leaf area covered by severe symptDml with di"lonlon and 
reduC110nofleaf$lze 

-J ~e~'!fos:~ S<J-/. covered by severe symptoms of mosaic with reduction up lO 50% of 
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5 -' 810/.10 100% oClel{area c:ovcred with severe symptoms and reduction more thaD 

The c::r=:.= Blight (CBB) severity was evaluated at Bunso and Pokuue when 

the symptoms firs:I appeared and after every two months. The severity of the disease was 

scoredasfoUow 

I nosymptom 
2 10C'l.to2S%oftheleafareadestroyed 
J 250/. to 5CJ1111e oftbe leafareadestroyal with exudation of sum oDtbeSlCmand di ... 

bock 
4" SOIl. to 7~/. of leaf area destroyed. defoliattons, gum on stem, apicaJ defoliation 
5 'fore than 750/. of leaf area destroyed, complete apical defoliation leaving dried 

'l.temwnhoutleaf 

Cassava Anthracnose Diacase (CAD) was evaluated at 3, 6, 9 and 12 months after 

planting at Bunso and Pokuue and the: scoring used was as follows 

1- nosymptoms 
2'" few shallow cankers on woody (lower third) stems. late in the growing season 
). lIIIO)' deep cankers and depressions on woody (lower and middle third) stems 

foUowed by distortion 
4 ~ drunalie willing; accompanied by constriction or many oval 1~lons on the green ...... 
S - many lesions on green Ilems and severe necrosis at leafaxils, followed by wilting 

aadsevcrcdefolilllion 

l.3.J.2 PestsScOR' Rating 

EvaluatIon ofCauava Green Mite (CGM) was done using the followins score ratinS 

I noobviouasyrnptOfnl 
2 '"' moderate damage. no reduction in leaf size, lCIItertd chlorotic spots on youn~ leaves 
j severe ehIorottc symptoms, sliSht reduction in leaf size 
4 severe cbIonxie symptoms and Leaf size and young sOOoe severely reduced 
5 - very aewre ~ and Ii~eam reduction in leaf size and young shoot portion; 

e'C.tenslvedefolialion. candlestIck appearanceofyollD8 shoots 

(USIVI. MeaJybug (eM) wu evaluated by Uling the following selle 

I ~ no obvious symptOms 
2 slight bunch lOpappeatance, and lIight f"Cduction in leaf size and intemode length 
3 moderate buacb lOp symptoms., and serious reduction in leaf sir.e .nd ilCernode 

length 

~:~~I~=:~:ViOUS reduction of internode lenlflh and severe 
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5. caDdlcstiek appevance. internode length reduced. young portion of shoot curved 

and completdydofolialed 

3.3.3.3 Number of planb laarvcsted per Iledllre 

Three rows of seven planu eKb were harvested at nine and fourteen months respectively 

after pIantins for the 2005-2006 uials on a plO1: size of 21 m2 For the 2006-2007 

experiment two rows of ten plams each were harvested at nine and twelve months after 

planling on a plot size of 20 m2. These were convened into number of plants harvested 

3-l.3.4 Perceatageofplant stands at harvnt 

fhe percentage of plant stands at harvest wasohtamed by clCpressing the number of plan 15 

twvesIcd 011. plot U a percC'Iltqe of the total number of plant I on the plot 

l.l..1.S N •• ber or.to ... ~e roots per pia., 

The number of storage roots per plant was obtained by dividing the IWmber of storage 

root harvested per plot by the rea1 number ofplanta uprOOled per plot 

3.3.3.6 Numbn' of sioragl' roob per hectare 

The number of storage rool5 &om the plants harvested in sub·section 2.2.1.4 was cOUI'IIed 

and convated to number of storage roots per hectare 

3-l-l.7 Fresbsto .... root .. eiptperplul 

fresh siorage roots &om lhe plants Iwvesled in sub-section 22 3.4 were weiahed and 

dl\ldcd by Ibe number of stands. This was expressed as fresh storage I'0OI wC'lght per 

plant 
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3.3.3.1 FrH" stora3t root yield per bectare (tJba) 

The fresh storage root yield per bectare was obcained by weighina the &esb storage root 

from ..w-seaion 2 2 J 4 and converted to tonnes per hectare. This was then expressed as 

fresh storage yield per hectare 

3.3.3.'AveragestoraRerootweight(~) 

The avenae storase root weight was obtained by dividing the weight of the fresh storage 

ruo~ from a plot bytbetotal numberofilOfa8C roots counted 

J.J.J.IOFres"slIoolweigblperpla.t(kJ,) 

The tops (leaves. stems and stumps) of the plants har .... csted from a plot was weighed and 

dlvidcdbytbenumberofpLants l'hiiI was then recorded as fresh shoot weight per plant 

3.3.3.11 Frn. .. s .. ootyiddptrhtttarr(tllla) 

The shooc yield per hectare was obWned by weighing the shoot hanrested per plot and 

«lll\crted to tolUlCS per hectare 

3.3.3.12 Hanestindu 

The h ...... est IndeX (HI) was calculated as weight of storage roots divided by total weight 

(If the plant (weight of above-ground pans plus weight of storage roots) (Cock ~L 01., 

l'I'1QI 
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3.3.3.13M_ 

To evaluate for mealiness, a fresh storage root selected at random per plot WU cui in me 

middle portion to obuiD. cylindrical cassava sample. Each sample was taged and put ia 

I small conon sack AU the samples were put in a cooking pot and boiled in water for one 

hoor Each sample was evalualed for its mealiness following the scoring below 

I compIetelysoft 
2-toftlDdSOOd for pounded cassava 
3-hIIfWlysoftorhaftwayhard 
4 hard but can be broken intotwoorthreepaFti 
S-wrybonioft .. cooIOlI8 

3.3.3.14 Slorage root dry ID8tttrCo.teDt (%) 

Une hundred and fifty to three hundred gram weight of fresh storage root cylinder \\a .. CUI 

from the middle portion of the storage root This cylindrical portion was spJiI 

l(ln~lludin.lly into four parts and put into a cotton sack and tagged. The samples were 

o\en-dned at 55 ·C - 65°C for 48 hours The samples were cooled in desiccators and 

then weighed to obtain the dry wciSI:c· The percent dry maller coatcnI was calculated by 

u\ln~the formula.. 

, Sa_m'P/~clryrOOlwelghlxlOO I l)nmclltnCOftlnfl("o) _ 
SoIIIpkfreshrOOlwelghl 

3.3.3.15 Dry root weight pt'r plant (kg) 

Thedryrootweij:hlperplanl .... obtainedbytbeproduc:tof_dry ... ltercontcnt 

Insub--5eCtion2.2.3.13andthefreshstoraset'OOlweightpcrplaminsub-sec6on2.2.36 
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3.3.3.1'Dryroolyiddpl'rbectaft(t./lla) 

Dry Slorage tool: yield per bectare was computed by multiplying the fresh storage rooc 

y1eIdintonnesper~byiUper-ceatdrymattercontent 

3.3.4 Beta carotene data coUKtiN 

Bela carotene anaJysi5 was carried OUi in tbe Laboralol-Y orlbe Department ofNuUition of 

.... NopdU Mcmoriallnsti ...... Leson 

The anaIy.is was carried out followina the method of Rodriguez·Amaya (1989) which 

Involved the followi .. steps. (a) sampling and sample preparation. (b) extraction, 

(c) partihon to a solveal COIIIpatibie witbtbeaablequeol.cbroa.r.owapruc step. 

(d) uponification and washinj. (e) concentration or evaporation of solvent, 

(I) chronwographic separation, (g) identification, and (b) quantification 

The laboratory sample! were prepared under shade in the field aftereac:h har,,·est. Five 

storage roots were taken al random per plot. The Slorage roots chosen were washed, 

peeled. washed apio and dried with absorbent paper. They were slieed into fow 

longltudi.Dally. Two opposite puts &om eIeb of the S storage roots were put together, 

pKkcd ia aluminium foil (laboratory sample). tied ill black. polyethylene sachet and kepi 

on ice in I cooier. In the laboratory all samples of root together were grated and 

h<,mogenWd in a mixer or blender A sample of 100 8 (analytical umple) from the 

homugenate was placed in a tube and kqJt madoepfreezcr 
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3.3.4.2 EIlraclion 

Ten to fifteen grams wa5 weighed from each of the homogenates and sround using • 

tDOI1&rand pestle in SO mlo(cold aceloae(.::eumere&igerated for about 2 hours). About 

3 to 5 g of oelite added to facilitate the grinding The ground extract was then filtered with 

suctJOll through a sintered glass funnel (or Buchner 6J.nnel). The extraction and filtration 

was ~ for the same sample two to four times until the residue was colourless. The 

mortar and pestle were also washed after each extraction with small amount of acetone 

J.3.4.3 PttrolN .. rthrr (Pt:) Phase 

About 20mlofpctroleum ether <40-6O"C)was placed ina SOO mI separaIOryfunnel with 

• Teflon stop-oock, me acetone extract was poured into the petroleum ether Three , 

nundred milliliUel of dillilied water was added slowty, lettill8 it flow along the walls of 

the funnel This was done wlthoul sbaking to avoid formation of emulsion. After 

separation orw 1\1"0 phases. the lower aqueous phase "'"as discarded 

Wishing was done four to S;ll timn witb diltiUed water to remove residual acelone In the 

final washing. the lower phase was discarded as completely 15 possible, without 

discarding any quantity of tke upper pbuc The petroleum ether (PE) phase was later 

coUec&ed by passing the solUlion through a smaJl funnel comaining 109 anhydrous 

\Odium sulfate The separatory funnel was also washed with pctfoleum ether, combining 

the .... awng! with the PE solution of carotenoid! after passing through the runnel with 

.lnh\·drou! sodium sulfite At the end of this operation, the total volume of petroleum 

l'thctUsrowasmcuured 
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3.3.4.4 Conuatrado. or ltV.ponDo. of solv~nl 

T ~o hundred and fifty microldres of tile extract was placed in a vial, The beta-carotene of 

Uftder nitrogen. the beta carotene was immediately dissolved in 400 JlI of High 

Performance Liquid Chromatography (HPLC) mobile phase madc of acetonitrile: 

dicbIoromcthanc methanol in the ratio 7020:10 at a dow rate of 2.5 m1/mia. After 

holTlOlUliullon IR a rotator, 20 JoII ofIM solution was taken and injected through a 0,22 

mm pn'~ s)'nngc fihcr (Milliporc) directly into the Chromatograph. Before the injectioa 

of the sample. the commercial beta-carotene was injected in the same volume for the 

calibralton of the HPLC, After each injection the graph and the concemration ofthc 

J.J.~ Data anlllysi~ 

Ow collected was subjected to swisric.al analyses by using the following statisllcal 

~t\wares ' GenSw Discovery Ednion Rcleax 4 201:. MA TMODEL 1.0, GGE biplot 

(WelkaIYan.2006. 

l"he Fisher' s prolCCted Least signlficam difference (LSD) was used to K'parate means 

whtneva ~ diffcrenctt wc:re dctc:d.ed (Gomez and Gomez, 1984) The 

proportions of the tota! sum of squares contributed by each source of Vlriallon were 

computed 

1.1.5.1 Variaactcomponf'nt. .. 

The folJowins 'anancc components were computed genotypic \-'lriance (d.1); phenotYPIC 

"anance (0/). error "ari.anc:c (0.1) and genotype " environment interaction variance 

lall':' 
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3.3.5.2Broadsuseberitabiliry 

Herilability(broadseme., h2) was estimated as tbe ratio of genotypic variancc(rJ.l)toLbe 

pI>enotyptcmance(a,'): 

h' 

PhenotypiC (oefficierw: of Variation (PCV) was computed using (he formula (Sinah & 

Choudhary.I9I5) 

WhereXistbeme.an 

PCV = -@x 100 
X 

3.3.5.4 Geootypic: Cotmtieat or V.ri.tioll 

Genotyptc cocffacieaf: of \'Vlahon (GCV) was computed by usins the formula (Sinah " 

Ch.udhlry.I985). 

GCV 
g 
;~X 100 

X 
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4. RESliLTS 

4.1 Spraulin,., two weRs after pIIIntilig 

Table 3 shows 1eveIJ of sprouting for .he genotypes two weeks after planting. Genotype 

01/137) pve the lowest percentage sprouting (31 .33%) while genotype 0111368 save the 

highesllCOf'e(98 33%). From combined ana1ysis of variance (Table 4) tbere wua bighly 

\Igmficant differeoce among genotypes. among environments and genotype x 

cn\-ironfMRl interaction (p<0.001). The best genotypes were 0111368, 01/1663 and 

0111442 Envi_ E" (polwose •• 12 MAP ror 2006-2007) gave the IUgIleS! 

sprout'. rate followed by environments e., E. .:I Es of the same cropptl18 year 2006-

2007 at 9 MAP 81 Pokuase, 12 MAP aI Wenchi and 12 MAP at Bunso, respectivety 

'\\(n~ num~ ut plaNs harvested per hectare is shown in Table 5. The lov.,elIt average 

number of plants pcr hcctare(S311) was recorded by genotype OJ/123S. whilc the highest 

was recorded by senorype 01/1368 AnaJysis or variance (Table 6) for the number of 

plants harvested per hectare showed highly significant differences (P< 0001) among 

genotypes and environments. fnptttively . Based on the least !il~mlicant difference (LSD 

S%),theg~cu.begrouped imofi ... ecalesories. environments can be grouped into 

four groups. F.n\'lrontneIUE.o. E.and &,correspondlogto 12 and 9 MAP at Polruaseand 

9 MAP at Wencbi in 2006-2007 were the best. The G x E interaction 'lias .Iso signiflc.nl 

meanina some genotypes are DOl perfonning the same way for this specific variable in all 

enviroruoents Genotype contribution IOlhe total sum of'!qUIFeS (SS) wu 14 ..... 1. while 

the enwonment contribution w." 35.42% and the G x E imeraction ICcounted for 

1921%oflhelolaJ IUm of squares (Table 6) 
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JtauIIs of the AMMI anaIy~s of the number of plants per hectare (Table 7) showed that 

the firsI principal component axis (PCA 1) of the interaction captured 41 590JO of the 

interaction sum ofsquarc=s in 20.98% aftbe intefaCtioa dquees offrccdom Similarly, the 

)CCond prlncipal component axis (PCA 2) explained a fi.uther 1981% of the G x E 

Inleraction sum of squares in 18.52~o of the interaction degrees of fmedorn. The mean 

squares for PeA I was SI~nificanl" P <0.001 

4.3 S.mbforofll:ora~rootsperbectal't 

Table' sho\\ ~ rhe ...... mber of storage: roots per hectare The lowest average rwrnber of 

21.378 Wb obtained (or the loc:aI check Weacbi 009 The highest average number" of 

roots (58 •• 83) was regiaered by genotype' 01/1368. For the environment, the highest , 

number of storage I'00I5 all genotypes combined was obtained at E, (59,133) and E lo 

(57,392) which corresponded to the croppil'l8 season 2006-2007 in Polcuase harvested at 9 

and 12 MAP respecti\tel~ Combined analysis of variance (Table 9) thowed highJy 

signifam (P < 0.0(1) differences among genotypes. amung environments and for tile G 

'It f intenKtioD. The Scnotype, environment and genotype by environment Interaction 

contributed 23 06~ •. 33.960/. and 19 I 10/. respectively tome total sum of squares. 
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L1!!I:&.1: Perc.mtale 'proulia, of nine yt'_lIow root Ind ont' write root nuava genotypes Ie two weeks .fter plIatiB. in 10 
eovitoameots 

- -- r------- - in\'ironments 

Genotypes E. Ez. E, 1. 4" -oJ.} ~- "R; -~"' & E10 "h'aD 

~224 - 5833 5500 66.67 ~fi3346T7 -i8nf-sr67 633l1-no7~ 
OIlI2JS 41.67 4500 5lj3 681.1 <8JJ- 46T7 4ooo~if 8ooolw-oot ~"''''i 
~ 7l.JJ 7833 93.33 98.13 83 .33 5667 7500 95.00 91.67 98 . 3f~i4.33"· 
>omm- 40.00 33.33 90.00 - 86.67 60.00 46.67 6500 6500 8313 88.33' 65.83' I 
. 0/1/412 63.ll 61.67 5667 71.67 7667 55.00 8667 78.33 78.33 8667 1 71.S«fJ 

l 011/417 63.l3 55.00 8lll 95.00 IS 00 ,S33 6167 6833 7l.l3 90.00 7J.J3w 

IIvim 6133 86 67 10 00 9000~ 6OTol-ssoo -it! 131 -8S00~'S.33" 
10/11610 3667 30.00 13.33 88.33 66.67 51.67 1333 86 6iT8JJ3f-om 7o:67"i 
" iiii/663 fssoo " 831~ 81.67 9167 61.67 IJ33 9000 9500 96.67 1 13.33"1 

WchOO9 7167 51.33 63.33 51.33 56.67 40.00 61.67 76.67 , 9167 96.671 69.00": I 
~~II __ ~ S6.1"·~ ~ 81. 17C 72.00" !1.J3c

- 72.00 79.63" 82.50 90.9~ . __ ~J 
Pvalue(GeDotypeorF.nvironrilent) <0.00' 

LSD 5% (Geootypcor Envf..onment) --- ---- 6:456: 

~~~e ~~notyp~ X .:nvifO~m~n') ~ < O.~I ) 
LSD SIV. (Gt-aotype X En\'ironmttlt) 20.417 

CV(%) -- 17,'1 
I ' L F 'II~I.:n..lltl 
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TABLF. of: ProportiOD of Su. or Squares for maio dr«ts aod i.DtenctioD fer 
p«e:eotage sprouting ror nine yellow root .ad ODe write rool cauava 
gC'DOtypaill JOenviro."~I:S. 

Sour('e or"a';alio. ; DF r Meao squam · ~butiOD to S5 

. lAnotype - - - - 9 . -I-~ 0 160 ... • 12.32% 

; i~\'''''''..ellt 

I GHotype by eavirodlDul 
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~: ProporticHI of Sum of Squares ror mai. erfeds and interat~OD ror 
n".bel' of' plants pcr hec:lue (or nl.e yellow root aad oae wnle rool 
ussavacenotypesinIOenvironme.u. 

Sour"Cc--efuriatioa . DF ! Mean"sq •• ITS · ContributioD to SS 

IG .. otyp<---- ·- 9, 2.210 ... 1 

: En.; .. n ... ' --+1-_~~-lJ-""'5.C""C4 10 ... i 
waotype by clwironment 81 I 3310.,l -

:Erro, 1197 . 2.210" 

144% 

35.4% 

19.2,... 

31.0''' 

· : .. . ··· 5187 .. f~.005,..., OOI"aadO.OOI.". 

lli..b.E...l: AMMI Interltlion analysis of \lanance including the fint four 
interaction peA ut's for the number of plants fH'r hectare of nine , 
yclknt root and oae write root cassava gtnotypes lesled In 10 
t'DvinMI.e.tI. 

Source ss MS Probllbilil) 

TOI~ 1408478193.8 4726436.9 

95)9369458 %35726.1 

Genotypes 19S6606636 22013407 I < 0.001 .... 

Environment 489618489.8 54402054.4 < 0.001··· 

GXE 81 2656511925 32197258 0.02 • 

lPCA I 11 1104892943 6499310.2 < 0.001·" 

IPCA2 15 526412121 3509414.1 0.09 
!peA 3 480(24)16 369Q4178 008 

lPCA4 2.'lIUm"'09 2110951.3 0.49 

~ 30554323.6 12221729 0.97 
Enur 199 4545412480 2284126.9 

---------------_ ... ------------------.... 
•.••.••• slgIU6caatIlO.05,"-,O,OI%...sOOOI"/Q 
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..... Averaze numbu or.torallt' roots per plant 

The numba" of storage roots per plant is shown in Table 10 The highest value of 7.107 

was obtained for the genotype 01ll368, while the lowest value of 3 4J9 was recorded by 

Wenchi 009 The number of stonge root per plant differed highly (p<O.OOl) among 

genotypes, CI1"'ironments and for the G x E interaction, respectively For this character the 

trlVUonmcnli were grouped in three categoriC1. Env;ronments E. and EJo(Polruase 2006· 

10t)7 at 9 and 12 MAP) constituted the best group with the hipest average number of 

\Carage roots per plant while EI (Wenchi 2005·2006 at 9 MAP) was the best In I~ 

medium poop and F.J (Wenchi 2()()6..2007 at 9 MAP) the least in the last group. The 

medium and the lut ~oups have in common sill other environments (E2. e... E" Et.. 1:.7 

and E.). The genotype. environment and genotype b)' envIronment interaction contribUlcd 

~2 4r;..2U9%and 23 W/. rC$pCCtively to the total sum of squares (Table II). Table 12 

showed the results of the AMMl analysis of the number of sloraae root per plant The 

("It principal componenl a;l:lr, (peA I) of the intCTaclion captured 28.2~o of the 

1Ulaac1ton IWn of sqlWn PeA 2 exp1aiAed 27.13% of the GEl aun of squarC1 and peA 

) captured )8 :-I~. The mean squares for PCA I. PCA 2 and PeA 3 were significant at 

p.-.o 0). P<O 001 and P<O 05 respectively. cultUJlalively they contribuled 10 74 . 2S~. of the 

IOtaJ GEl In 55 55~. of.he irdcractioa dcgrecsoffrocdom 
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IAIU..L..!: Averal'" number of storage roots harvested per hectare for nine yellow root and ODe write root cassava aenotypes in 
10co'\'ironmentJ. 

~';;ments ---. -

Genotype. £1 -E; - ~ E~ -Ts lE; --E~· -~ t.- £~. MeaD 

, 0111224 34333 iiJi3~ 27"667-13889 t- 14444 35667 29167 ;mr~SIlj 31775" 
; 01/12]5 18500 26000 31500 45000 24722 11944\ 13500 22500 08333-628331 32483' 

, ::~:~~~ ~;!~~:: ~!: :~: ~~; ~:!~, ~:~:~ ~;~~~ :~:. :~ll;J ~:;:~; 
, 01/14/1 - l7'i67 2s8f3 2ii67~383325Ss6 16667-1- 35333 34167' 4800050667- 32830< 
, 01//417 ' l2SOO 26333 408)) 51000 44167 ~oo 26500 56333 60000' 40606': 
, 01//441 42833 41500 38333 44333 49444, 26111 28667 32667 74667 59667' 43s22" 
'0iIi6i0 ' 17667 12167 51667 50167 35833 18056\ 47833 36500 57333. 65333' 39iS6'! 

I~~~: ~~~~ ~= 2:~; ::~ ~~ ~~~ *~ ~~:, I :::: ~:!~> 
~_~ean l~~!33~ 342(HjD·~~t21M72d_34567~~7i 59~~7l'i.::: 37019: 

P value «;enotypt or EuvlronmeDt) <0.001 

'1 ~~~I:~:~~::::~~~:~~netr) ~~~;: 1 
I.SO !w. (Genot)pt X Euvironment) I'B8~.1 

f cv (0/_) - - ji.~ 
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!A!!I&.....!: Proportion of sum of squares for main ~ff«ls and interaction for 
number of stor.le roots per IIrelare for nine yrllow root and one 
writtrOolcassaVa2l'notYI·esinlOeDvironments. 

I Sourceoharialion . . Muo-squlns i Contribution to SS I 

' (~nOllPC' '3.06io'-**· -· + 23.06% 

4.51 10'''' I 3396~. ' [nviroD~nl 

23.88-;0 
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IdIlL&...l!: Averaxe Dumber of storage root, per plant for nine yellow root and one write root cassava genotypt"S in 1ft 
environments. 

Environment! - _ . - - - r 
I Genotypes. EI - Ez - r"EJ.-- £.. Es ~- ' f.. Es t., F-; _I "ta~ 
0iIiiU . 6565 6094 j 511 4233 3583 4622· 4602 4671 -7383 6112 5:1:"''''1 
10// /135 . ; 4642 5786 6052 1725 4~223 3983 1857' 4.166 8561 18~1 5.'41" : 

O/I /3U 1.121 6 256 1635 1033 5687 6.302 8658'/,764 8188 7428 1.101' 
tovi:l7J ... : 4526 3 986 2.765 - 4103 4048 4292 38~l9 6.242 601~' 4.499T! 
!iiiliiii • 5.934 4 549 4.867 3.S!1 l416 4.667 4293 4675 6196 6342 ~s45"' 

0/114/ Y 1 5.283 5090 5.014 5.790 5.228 731 I 5678 4.684 7 728 7.0845.i9s~ i 
0/1/442 . : 6884 4858 4.760 5.280 7.190 4791 1 H91 4286 8784 7 193 ~ I 
0/1/6/0 . 4961 4.389 6202 _ 6.607 5333 4428 L 5766 481 7 6931 8 796 ~.824' 
0/1/663 , 4.569 4300 2 724 2.352 5019 3W ~ 040~376 8987 VOlt S ... 2" · 
WchlJtJ9 . 3 581-, J 895 1280 3.389 4456 4944 ' 2 m 3.034 3560 3.661 3.439'· 
Vlean ~ ~~ 4.920 . 4,4.87' S.062 4.I~~lii ~=4.'i7~ 4.761" ~6'19~S • . ~J4: 

~ P value (Genotype or Environment) < 0.001 _/ 

~b~:~~:e~:;~::-'::.~t) ~ - - . . :~~:~ 
l.sD ~. ;. (;rnotypt" X Fnvironme.1) t l.tOl! 

@:(~ - I' I"fd<:rh' C ' '' ' II . ' r '''''' '''' I- j(1 - ----Z!'.6' 
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IA.IlL.E....ll: Proportioll of sum of squarn for maio efl'ects and interaction ~or 
••• her of stor8,t roots per planl for nine yenow root and oae wn.e 
rootcalSllv.~f'Potypesi.l0uviroo .. eats. 

~: AMMI [attraction analysis of variance including the first four ' 
i.'endioll PCA aus for the Gumber of Itorallf' roots per ptant of nine 
yellow root and one "rite root tauava gCDOtypes tested in 10 
1'D'''iroa.eats. 

55 Probability 

Total IIS4.S14 

Treatment 784865 

Genotype 259.335 28.815 < 0.001 ... 

l :n\' lfonment 27.647 < 0.001 ... 

276.708 3.416 

!peA I 17 78239 4602 

IPCA2 IS 767S4 5JJ7 < 0.001 ... • 

J3 3882 

IPCA4 30.117 2.738 0143 

Re~ldual 2S 1.645 0.62S 

Emx 369649 18S7 

--------._---------------
• . ••• ••• slgrufICMttMOfJS·.,OOI ' '''andOOOI· . 
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4.S Ft't.Shslora~e roouyidd perbecta.re (tlh' 

The higheR .I.vv.!.gl: sa.,... root yield pet hectare (28 3S ton~) was obtained for 

genotype 0111368 and the lowest was recorded by the local check Weochi (849 tIbI) 

(Table 13) The average yield amons the 10 genotypes was 20 55 tIha There were highly 

il~mficant dIfferences (P < 0001) among the gen<XypCs, environments and for genotype 

by environment interaction. Environments E lo and ~ gave the highest fresh storage root 

y)eId (Tlblel3) Environment EJ iCOrcd the lowest aVeJ"I8e fresh storage root )'Itld (S.23 

lonsIha) ~no(rpe. environment and genotype by environment interaction contributed 

,n w,_, 24.86% and 23 52% to the totaJ sum of squares. rnpectiveJy (Table 14) Theie 

Wee main sources of variation acoounted almost equally for the sum of squares Results , 

for the AMMI analysi. of Rorage root yield per hectare are prtsented in Table 15 The 

fitst principal component axi, (peA I) and the second principal component axis (PC 2) of 

the interaction caplured 36.7S- .. and 25.27 "'. sum of squartS in )9,50/. of the interaction 

degrenoffn:cdom,respcctl\'cly 
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IdW...ll:: Average frellb storace root yield per bectare (t/ha) for niDe yellow root aDd one \uiH" root assava cenot)'pes iD 10 
environments. 

~~!'9._ 
Mean 

P;&lui'(GenorypeorF.nvironlhcnl) 
l.SD 5-/0 (Genoty.,e or Enviro ... ea-')-­

~ P value (~e_n~type X r.n~ iro~_l1Ient)= ----: 
LSD 5°/. (Genotype X Environmenl, 

: CV(%) 
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TABU: 14: Pnaportion OfsUIII or","re!I (or main tft'ecu aDd intenclio. (or (rrJb 
-- Itorae:e root yield per "ecUre (or nine yellow root and 0tIe wrile root 

cassavaaeaotypesi.IOeavirotaments. 

For;;ria~-- 1 DF~ ~ean squa;:;S~ Contribution to SS 

r Genoty~ 9 11144··· 23.88"'-

350.1·· 7.50% 
I 

589 f1~ 

tErn,· '121.4 57.25'" 
1 __ .•. -L....~_~~~~= __ ....J 

!'IS OOftslsnlfK.Vlt, · ,",··· slgtuftcanutO.OS" .. O.OI.".andOOOI% 

TARt t· I~: AM~I Interaclion analysis of variaace including the fint four 
interadion PeA ues for the sloragf' roots yidd in tons per ht(tarf' of 
nine yellow root and one write root cassava genoIYI)e~ tested in 10 
e.,,·iroDlDelitI. 

SoUl'tt ss Probability 

-------------_._---------------_._ .... 
Total 42001453 141419 

Tre.lmenl 1795) )69 181.)41 0009" 

Genotypes 10029.561 <0001 ••• 

Envlfonment!. 3150692 3500n 000) •• 

GXE 4773.117 5&.917 0999r..'1 

IPCA 1 1755499 103.265 0.633 

IPCA2 15 1206.226 &0.415 0&19 

IPCA3 115295 55023 0947 

IPCA4 439.889 39.98' 097& 

Reoidual 656207 26.24& 0.999 

Em>r 24048084 121.4SS 

J';S nOI1~I~nlftunt . e. " : ••• · "lrUr~atOO~ •.•. OOl%andOOOI% 
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4.' Frail stonilKe mob .. riabt per plut (Ill) 

T.bie 16 shows tht 1\ crage fresh root weight per planl Genotype Wenchi ()()9 recorded 

the kl'NC:SI value of 1 486 kg. while the highest value of 4 094 k1l was recorded by 

~-pe 0111417 There were highly significant differences among genotypes, 

environmeru and genotype by environment interactioa. respectively (Table 17). Based on 

the acua sigmficant difference at 5%, the genotypes 0111412, 0111235 and 0111368 

bdol'll to the same group of best tlenotypes (tughest fresh rOOl weight per plant) The best 

cm;ronmenu were E] and Ed> <:; "-8 per plant). The poorest environment was El wilh an 

.\~ of 1.121 Its of fresh fOOl per plant Gmotype. environment and G x E irueracl10n 

ac:counted for 14.7JOA. 373CJO/o &ad 17760/. of the total sum of squares respectively. 

(Tablo 11) Resulll of the AMMJ analysis (Table 18) showed thu the first principal 

component axis (PeA 1) and (he second principal c.omponent uis (PCA 2) of the 

inttraction captured 39930/0 and 25.69" ... of the interaction sum of squares, respectively 

funhermore. the meen squares for PCA I and PCA 2 were significant at P <0.001 and 

P<OOSrespcctively 
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TARLE 16: AI.'n,~:!:~ .. toraCt roots w~igbt ptr plant (k&) ror .iM yellow root lad ODt writf root ('uuva f:tnotyprs in 10 

, Gt:o::~t .- E~ - ~ -E-:-: --~~ & - 'F.~ ~ . F.~ ~;;;= :f~a-l 
0iJilli . 4.669 5.226 0.114 1 2.265 U54 -3866 'em 4~ ,-... 'iAs4 i~ 
~ L 3932 1.910 '2.101 5465\627 4155 2051 2814 4.019 3.631 i~u~ 
liim68 J i 196 5.697 1403 i 3461 2998 '7 4jQ~06 '34512884 -TN 3.'8"- I 
Oiiu71 I 2614 3.253 0.151 2634 2226 4254 1541 3095 2643 1172 1~'8.f 
'r-oiiiiir 4432 5.958 I 342 3245 1.161 1.954 1801 3 334 4.615 4 865 3~~ 

01114/7 , 800 5.911 I 561 3.882 3343 7250 2501 '4-719 3 .,< 4.471 4,094' I 
~ 3603 3764 Ilnl 2941 3500 3430 1444 2533 348.,"3238" 2.9U· ' 
~ . 2 867 5552 0.912 4831 2.294 3.948 2183 2i2Ol2i4 jJ:689 3.231'" 

0111663 2.987 4.143 1053 I 1.166 2862 5435 2.583 4809 3420 , 4794 3.JTsW' 
'!:chOO9 _ ' :<24~63 o~~ 1542 3J84 06,1I :_ 1'5~, !'.94~09s3 _ I.~ 
M'~ __ : 3 . .j2~ 5.040" 1.121 .!,~ ,~~ 1.9~0' , 3.311 . 3~2 i~ 3.1/U 
P value (Genotype o";:-Environmtnl) < 0.001 

LSD ~% (Genotype or Environment) 

~V.IUt(~notyPfX t:nviroiim~ 
~SD !% (~~notyPf X [nviron,;;;;t)~ 
CV(~.) __ ._ 

0.66~ 
0~014 

2.10" 
40,81 
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J:A.IH&..!1: Proportioll of'lIm of .quares for maiD efl'tcU and interaction for data 
for fresh .torage root weia:bt fXr plant for nine )'ellow root and oae 
. ·rittrootcassavageootypesi.l0ea"irolllllcaU. 

Forvari~- , Mean squares ; CODtribl,';tio;toSs ~) 

,f-,c."--.---:oty-P-' ----1-;,---- 1826'''1 14.77"/. 

I Eo"irealDtot 46.24 ••• ' 37.39% 

jc;;o'YP< bytnVI:-_.t 81 17.76% 

197 -~ 
I 

30~ 
I 

TAB' f: 18: AM!\t1 latfraction analysu of variaote ineludiag tile first four ' 
ialenc-tioa PeA Uti for tbe' ItoraJl:c root weigbt per plant of aine 
yellow reo! .ad ODe write root cassava ~f'notypes tested in 10 
eavironmenb 

SS Probability 

297 1114732 3.753 

Irealmenl 777 319 7852 

CimoI)'pC'S 163.643 18.183 < 0001 * .. 

EnVironments 46.184 

GXE ~I 2.44S 0022· 

lPCAI 17 79.068 4.651 < 0001·" 

IPCA2 15 50877 3.392 0017· 

lPCAJ 34.441 2649 0.101 

IPeA. 16.029 1457 0585 

ResMlual 1.036 0259 0961 

Error 331412 1.704 

. . .. . ... '1lgrllfll::a ... ODS'-.O.OIIlY .... OOOI% 

University of Ghana http://ugspace.ug.edu.gh



... 7 AnnIe rmll Jtora~ root wright (It) 

Tible 19 shows the 3"erage frcshSioragerool. Wl.'1ght . 1be lowest value was scored by tbe 

genotype Wenchi 009 The bell genotypes were 0111417 and 01/1412 followod by 

genotypel 0111663 and 0111235 . Similarly, the best environments which gave the rughell 

results were El and E6. There were highly significant differences among genotypes, 

environments and genotype by enviroameDl. iDleradion (Table 20). Environment 

contributed 56.63'1. to the tOlal sum of squares oC the weight of individual stonge root. 

whilegenol)-pe and thc senotYPC by environment interaction contributed for 12.050/0 and 

13 7%, rapeaivdy (Table 20) 

4.1 Fre.b top sboot wright prrh«tare (tIb.) 

\'aluc=, for fresh top shoot weight per hectare are presented in Table 21. The lowest value 

of4 30t!bB wuobWned for senot>'J)e 0111311 in environmentE~ while the highest sboot 

weiabt of 38. 25 tIba was scored for 8cnotype 0111663 in en\"ilOnment E. On the 

.'erage. genotypeS 0111368 and 0111663 registered lhehighestvalue and lhe Jocal check 

Wenchi 009 has S(:I(JI"C the lowest value of9.1' tlha The best environment was 4 while 

the_were E, (I03S 1Iha), E, (II SS 1Iha) and E,(119711ha). There were highly 

lignificam differences among genotypes, environments and genotype by environment 

intend ... (Table 22). Genocype. env~ and G x E Inlcradinn contributed 19.43%, 

37 .87'~ lad 19.70'10 to the toW sum of squares. r~ively (Table 22). Environmenla' 

inOuenccwasthemostpredommam 

73 
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I6JlL£..1!: Avtn;r rrub lIoraltt roec wtight (c) for oint ytllow rOOl and ont "ritf' 1"f;Kt1 cassava gtltOrypel ill to t.viro.~.tJ,. 

.--.-- ~---. 
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~: ProporticMI ef JUDI of tqures (or .aia effects and ,interaction for 
uengr w~i~bt of individuJ frn:h storage root for aIDe yellow roet 
loci one "rite root cassau genotypes in 10 t'nvironmeots 

4.9 frtshshoolwtightperplant(kJ) 

Value.t of the shoot weight per plant were presented in Table 23. From fhl' results the # 

throe main sources of variation, genotype, environment and genotype by environment 

Inl~ion revealedt1l8hly5ignificantdifTerences(p<O . OOI)TheFisher'sprotectedleast 

'lgJUflC&lrt dlff(1'cl1(c (LSD) at S~. was 041 kg and fhe average highest ftesh shooc 

,..;po ..... plan! was obuiDed for _)'peS 0111610 (J .S72 k8l ond 0111663 (3 .2091cg) 

The average lowesl value (1 616 kg) w .... registered for the local check Wenchi 009. For 

the environmena. the highest value (4.145 kg) was registered in the location of Wench I at 

the barvesI .. of 12 months after planti,. during tbr CTopptng season 2006-2007 (~). 

The least value was obcainrd in E, (1 .372 Kg) and E, (1675 kg) corresponding to the 

location of BURSO 11 the harvest age of 9 mondll after planting in 2005-2C>06 and 2006-

2007 rtspeetively The genotype, the environment and the G x E interaction for (he &boot 

"elsht per plant conuibuted 15.47"/ •. 31 12'/t and 23 37"/. respectively to the total sum of 

squares 1$ pcr Table 24 

7S 
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~: Proportion of 'UID of squares for main errects and i.teractioD (or 
.venlf fresb ,boot yidd per beet.rt for nine yellow root •• d one 
write root caua"a genotypes i. 10 fll,'ironments 

! s..rceorvan.tion 

~typt 

~ J Me ... squarn r Conlribu-'io. to 55 - \ 

-fg--~ 68480... 1943'1. ---1 

' t:nvironllllent 1334.82···1 )787% 

Gtaotypeby eO\'ironment 77.14··* 1 

[;;., -~ ----mij- ~ - ~::. - - - : . 
··,···$l8ftdi~1l00S" .. O.OI%udO.OOI". 
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~: AvtnllKt- fresh shoot weicht per plant (k&) rOt nine ydJow root and one write root cassn. ~tnofyp" i. 10 fJn'ironm,.u. 

~ ------c==--- ----- : ~n~~~~ts~ =--=-: _ ~ - -~-r-=---' 
: ~'~~68 ;;70 ~~S6 ;~I I ~~71 I ~O . ~~07 ~i20 :'165 :'t62 :e;;~ 

2411 2.91S lOS< S.964 0.122 2101 ISIS ·2124 2612- ! 21~ : 1.701 " ; 
S.19S 1014 : 4171 1915 3203 2107 l221 J.O •• " 

1988 S.tS7 1.:!6s'2.i23 1.407 2 S60 2.895 ~.l69"' : 
2040 l .ISS 06SS lO99 1.14S 2.0SI 2.1J8 11SS 2.0'l2' 

2.080 1921 l130 1:,66 4.110 1.904 l S66 2314 27132.550'" 
r.-:-:::;-;-;----r.-;-;;-;-+2,..0""I_t-l OS2 4884 149S 2.280 1.061 I 816 1~.Jil'" 

_ ::~::~; ~!~! ~!:! ~~: ~: ~: ~ :~~ ~;~! l736. ~ :~~ ~~ 
~Wc;'OO9 1119 13S1 )404 2.970 I t>16 -"- l.bI6r 
. Mr.n-~, 2.251'- 11.711 2.19r ~4.14S· 2.'}~2~"" 1.604 1 

:ffi~~~~ ~i 
~~ ~ 

EWrck~I'IW 
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~: Proportiea of tum tIllQuares (or main effects aad .iDtenctioD for 
avenl8e (rt'S" Iitoot weigllt per p' •• ' (or .ine ydlow root and one wme root cassaVII 

re-otYpesial0f'llvireo~nb 

! SO'II'~e oIVariau. __ -h-_+M_ean-=squar<S=+--_C"","-.."butio=-" "_IO_SS---, 

r G~~OtYPe- 964"' , ]S470'" 

! £DviroOlDut -

~Gftloeyp;byenvironmeot- 81 

[ Error 

.. 1939"· 31.12% 

162···~ 

30.03% 

, · . ·· ; · .. : .... fJalll.O.OS%;O.OI%aDdO.OO1% 

4.tO -!,a"'tstladn 

The ~C'St Index values ~'ere presented in Table 25 The lowest vaJue orO.112 wu 

recorded by genotype Wcnchj 009 in environment EJ. while the highest vaJue of 0 .755 

was recorded by genotype 0111412 in environment El On the average the best genotypes 

lOt haryesl index wert' 0111412 (0631) and 0111417 (0.607). The best environments were 

F, and F.. Vrsy highly significant differences (P<O.OOI) were observed amonll 

sencxypes, O'l\;ronmmtl ud for the 8enotype by envitonmem interaction. Harvest indek 

\'a1ues "'"tTl: mainly inOuerlCt'd by the environment u explained by ils contribution of 

55 51%tothc iUm of squares compared to 16 4tW,due to genotypes, 13.85'1, due 10 (j X 

E Interaction and 14.24';0 due to f:lTor(Table 26) 
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~: Harvest index for nioe)'eIlow root and one write root cassava l!f'notypH in lOt"nvironmentll. 

Genotypes E\ E. 
I!!!'!U I O~ 0618 
01112J5 0618 0.721 
1iiii36i- .- 0640 0.679 

01I'J7-'~0. 598 0.712 

Ol/Un 0.703 0.755 0381 
0117417 0.708 0.742 
0/11442 0599 0.643 0.269 
Ol116iO--+-0479 0.460 0272 

--~ 0.592 0.319 

LSD 5"0 (Genotype or Environment) 
P value (Genotype x EovirOomen-t) - -
-um !W ... (GtDotJIH' X En"i-roD';;;'~-
cV(.,.,-- - - --

E. 

0.616 
o-rn 

0.032 i 

<~ 
1I.li 
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TABU: 26: ProportiH of urn or squues ror main errects •• ~ in(endion ror 
ha",u' iadex ror aio~ yellow rOOI a.d oae "n(e root cassava 
cenofy~dllOen\"iroalDflits 

~-- -
I G<too<yP" 

!F.arinHldlNt 

Lenot))Xby rnvironrnenl 

\ iI!lIe~ lor mcahness are shown In Table '1:1. The be.: genotype across all environments 

was the kM:aJ check Wenchi 009 with an average score of I 228. The best environment 

.... 15 b _ The PUcmt.ase contribution of the genotype to the total sum of squares was 

5786"1. againsr. 7 5~/. for the environment and I~ Jo-I. for the interaction genotype by 

enmonment (Table 28) Genotype contribution was more than seven limes the 

contnbution of the environment to the (otal sum of squares of the meahness score This 

means that mealiness of ,he cassava root was dependant of genotype than the 
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4.11 .en:"ta~ dry .. "~r (ont~nt ... st .... root (%) 

The values of the dry lIIIlter COnleal. of the storage rOOl are shown in Table 29. 1be 

avenge __ of dry IDMter coataJI of the storage root was J 1 S()I'/_ TIle analysis of 

vwiance CANOVA) revaJed hiShJy sipjfJCaJrt difference for storaae I"0OI dry malt. 

c:oated amona Fnotypes, environments and for genotype by en\ironment inleraction 

The hipest dry matter (38.91%) was obtained for the IocaJ check Wencbi 009 followed 

by 01/1224 with 35.70%. The lo~ dry maru:r (27.560/.) was regi5lered by the genotype 

0111371 . For lhe cnvironmenrs, the highest value of dry matter (38 . 8~.) was obtained in 

&foUowtd by E,(35 IS%) and E,(34.J4e;o). TheSeftOtype. theenvironmcnt andtheGx 

E interactlon for lhe IIOn8e root dry matter contributed 29.79-/_, 4000"10 and 1237% 

rapoctivdylO!he ......... of_ (Table lO). Ac:",nli"8lO!he .... 1 .. of,,,. AMMI , 

analysis of percentage slof"a8C root dJy maner (fable 31), only the mean squares of the 

fir. principal component axis (PeA 1) oflhe interaction was significant (P<O.OOl). The 

PCA I captured 55.71% or the intencrioa IUm of Iquarei in less than 21% of the 
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I.A.I!&..l§: ProportiOD of sum of squares for main effects aDd intenctio. for 
lMaIio", K'or~ tor nine yellow root and ont write root c""'" 
Itdotyptti.IOravironmrnts 

E:ariariM 
I ~Dotype 

; DF r Man squarn ; 

I 

C~ntribulioa to ss 1 

. r..viroDmenl 1 <} -4".65 ••• ·1 

_~:~:YP< by <n,;ronm:" I-';=;7,.-'I-! _------~'"':~.-.. -r: _--:~::-~"-v.----.; 
• . .. : .. · · sWTllfH::uuar:OOS~O.OI-t.andO.OOl% 
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TABU: 30: Proportioa ar tum or tq •• res for main effects .ad mteractio. for dry 
.. tur c~tent in storage root (or .ine yellow root and oae write root 
getiOtypesiDIOenvirooraents 

ISo.fteoharialioa 

, Genotypr 

, Of' !, Mean squam :'COn'tributio. to S5 1 
1 

TABI.E 31: AMMI Interaction aaatylis of variance includiag tbe fint rour 
interaction PCA Uet ror the pertentage of Ibr .!Iorage root dry matter 
(or aiM yeUow root alld ODe write root cassava Itenotypts telted in 10 
etI\'iro •• etll! 

Soun'1' SS Probability 

-------------------------------------
r OloJ 14468S26 49.046 

Trutmeots 99 1037)371 104782 <0.001 ••• 

Gcnot""" 2995521 332836 < 0001 ... 

En\'lfonmenta S030.203 558,911 < 0,001'" 

GXE 28 .983 < O,03S' 

lPeAI 17 1308484 76.969 0001 ... 

IPCA2 IS 2s)73 0171 

IPCA3 13 2S1909 19.377 o S2b 

lPeA4 IH.SOI 14.136 0.760 

Rcsi<kJ.a1 206 IS2 8.246 0996 
Lru>f 409~ IS5 20894 

. , •• . ••• slpificaat.OOS"O ,OI·~andO,OOl% 
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•. 13 Storage root dry yield ptrb«tar'e(tlba) 

Tlble)2 abo .... :- values for storqe root dry yield per hectare The general mean of storage 

root dry yteld for the 10 FnotYPC:S across the 10 environments was 6.28 v1la. The highest 

value was registend by genotypes 0111368 (8 78 tIba) while the lowest value 3.26 tIha 

was registered by local check. wencbi 009. Out of the ten environments 5 of them (Et.. 

Eo. E" Eo. and Eo) were grouped (LSD5% • 1.275 1Iha) in the fim caIejjOrY of bigh 

.venae dry yield. The lase catesorY of least average storage root dry yield was composed 

01 t .... o environments whicb were E7 (4.80 tIha) and E. (5 .20 t/ba).The main sources of 

\·arlation. genotype. environment and G x E interaction were highly significant for the 

stor'8"rooI dry yield (fable 33). Fotthestorage_ dry yield, the.enotype.lhe 

Mvironment and the genotype by environment interaction accounted respectively for, 

:: I 1t)"I. , 21 83·A, aad 2561W. of the total sum of squares while the error contributed 

31 18°'010 the same sum ofsqu&fe~ (Table 33) 

4.14 Sloragerooldryweig~tperplant(ka> 

Storage root dry weight mean values are presented in Table 34. The mean values ranged 

from 0.600 kg to 1 184 kg per plant Combined anaJysisofvarianceshowed highly 

significant dilTerenc:e among genotypes, environrnmb but the G x E interaction wu 

significant at O.Oset.1eve1 ofsignificant (Table 35). LSDS% 0(0.228 kg grouped the 

foiklwinggeootypes into one: genetic group 0111224.0111235.0111368,0111412, 

OJ1I417. 0111610 and 0111661; thefoUowing were also grouped into another group' 

Wenchl 009. 0111371 and 01/1442 ThebeaeovironmentwuE6(1964tJha) 

Environment accounted for the larger proponion (42.4t%) ofthc total sumofsqu&fcs 

while genotype and the G x E interacuon contributed for 9.59% and IS 35% sum of 
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TABU: 33: ProportioD or ~um or aquarrs ror main t:fTecU a.d intenc:tioll ror 
Iloraat: root dry yield in tons per bKt.~ ror Blat: yt:Uo .. root and one 
write root us~av. genotypes in to environlDt:nts. 

Environment 92)7"' I ~ 
F()pe""-by-"'-",",~' -.... -t+.,8~1 +-~1~2.2=l'="'-;',- 2S6r/. 

' Error - 197 6.27 I 3128% 

' . .. ; .... "pU ..... -,;-0-01'".0 o,,,,~.~1 ..... ~O.OO;;;;,.,.%-----L--
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~: Average storage root dry wftcbt ptr planl (kg) ror nine yellow rool and oue wrile root ca!isava ICDoCypes in 10 
~nvironments. 

(1/11411 

!~~7_ 0434 1171 10432499 

. :~;~;;! -,--,~+-7~~"+- ~---.;-;;*~+;;.~ 
'011166J 
' W('/t009 

P .... Iue (Genotype X En\lironment) 
LSD ~% (Genotype X En,,"ironment) --

·CV(%) _ __ ----

j<o.ool 
- 0:228 

0.017 

. O~;~!:~~ 
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~: Proportion of sum of .quares for •• i. eff«ts and interaction r.r 
storage root dry weight per plaDt for nine yellow root apd one write 
root UJJ.va genotypes 10 10 tDViroDftlUU 

I ~rte ofnrialio·-,.----,-,j D""'F:--' j =Mt:aD -;q';;-res i CODtribtl'" to SS - : 

Genotype Q ~ '- 1T7". ~-.--~ J 
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".IS Beta-carotror toD«IltrfltiOD" fredl Itorale root (pg/~) 

1be values of the beta-carotene concentration oftbe storage root are shown in Table 36. 

The tnCIUI values oftbe beta carotene concentr'Iboa rarwed "om 1.28 to 9.19 .,.gIg. The 

combiDed analysis of varia.nct showed no significant difference amol'll genotypes and for 

G x E interaction The difference amana environments was significant « 0 001). Based 

00 the LSD 5%, aMronmenls were grouped into (our categories The highest beta 

earotene concentration was registered by • group of four environments E.. EI. E, lind E) 

The towcal valu.e was reponed for throe environments E}. Elo and Et The genotype, the 

environment and the G x f. interaction coDtribuled respectively 3 l7'/., 26.8r~ and 

2307% to the total sum of squares: (Table 37). The residual error contribution to the lotal 

IIUD of squares was 46 WIt this can explain the very high coefficient of vviatton 52.3% , 

Jue probably to too man\' slcps of the beta carotene analysis process., lncludiog the 

selection of five cassava roots., the field sampling, thelaboratoryllJllpling. the extraction, 

thc partitKto.to a solvent, the washing, ett 

The rcsuhs ohlle A..\1..\11 analysis of the beta carotene concentfllion are shown in Table 

38. From theM: resulU the first principal component axis (peA I) of the interaction 

captured 51 21% oftbe interaction sum of squares in 25 .92-/. ofille interaction degrees of 

medom PC" I mean square was significant !II P < 0 .05 
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IAJll&...ji: Avtrage btta-nrott-M toa('t-ntnlion in rresh Sl0rs1t:t root (Jlg/J) (or seUD yellow rOOI UIU". pOlyp" iD 10 
" "iron.cab. 

II-!10nft1'lo envilomneDUl -lO 

:~ I ~;~ I : ~7I- .... i 
4.63 · 

3.21 
m 
0.i7 

< O~OOt 
.. - --NS' 
+- ~ ---.::i6 

:-- 0:43, 
~:~ : 
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LY!I&...11: 'repertto. of lum of sqaan:a ror main effects .. d i.t~nctioa rer 
av~ .... e bdIi carole.e COtIcntn.io. i. fresh '1lanse""'" ror seven 
ydiowroetassnagenorypesialOeoviroalile." 

~.ty:'~~- "' .. o5qum, I C"Irib'tio.,O~ 
fG- r- • 61- O.06SNS ., )17"/0 

I E~.~t - --~--~--'0~)~71T. •• T·-+-I ---'2~6m~~~1 

. Gtnot.vpe by H~iro .... t S4 O.OS)NS 23070/. 

46 _880/ • 

• , •• : ···-~.O~'Yo.O.Ol%_O.OOI'" 

~: "MM] nUysis .r v.riaace iDel.dial tile fint f.ur interactio ... PeA ' 
un for beta caroteot cOl'lcentration (""'.00s) ror tn'eII yell_ root 
c:auava paotypes tested in 10 envirua. ... n:ats 

.. ---_._-_._._._-
So.rte SS MS ProloabUity 

Total liS 12.4)) 0.067 

Trewment MO' 0001 .... 

Geoo!)'P<' 0.)95 0.066 0.2Ss'" 
&vlronmrnl )141 

GXF. 54 2.1161 005) 039S"'~ 

IPf" , 1469 0.105 0017· 
IPCA2 12 0669 0056 0)59 
IPCA3 10 0402 0040 0.628 
IPCA4 021S 0027 0.828 
Residual 0113 0011 0.993 

5829 0.050 
.. . -.: .. ··slpllfiQiW.OOS" .. OOI%..,O.OOI% 
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... 16 Beh-u.rot~ft c:.Mlt~.t per rr~sb stonll.e root (-AJ 

Tbc:a\'a'age\-aluesofbetac:.arotenecontentoflnd,vldual fresh storage root are presented 

In Table 39 There was sipific:aDt differeooe among geootype!l (p="O.036). The difference 

between environmcats was also significant (P< 0.001) but there no signi6cIDt difference 

rOt GXE interaction 'The general mun of beta carotene conteol: per storage root was 

::227 ... roe.ning that each consumer ofoae cassava root jJ taking an average of 

2 2lma of btu carotene into h.islher body. Among the 8enotypes 01 /1)71 and 01 / 1417 

recorded the hishat beta carotene content per tuber. The lower value (1.748 mg) was 

obumed with 01/1610 For the environmc1'JtS, the higheR beta carotene content per 

""'18< root was obtained for Eo (l .787 mal ... (3 .775 1118) and E, (lOlJ 1118)· The , 

lowest beta CI10tene content per storage root was reponed for EJ (0.449 mg) and E.o 

(O.97S IJII). The environment contributed 438 7.""0 to the total sum of squares of the 

averap beta carotene content per root while 8enotype and G ;I( E interaction for 4 .31% 

&ad 21 270/0. respectively (Table 40). Tbe ~n analysis of the beta carotene content per 

storage mot funher sbowtd thai the firsI princi~1 componenl axis (peA I) of the 

mteraction captured 56 12% of the interaction sum of squares in Jess than 26% of the 

IIllmlClioo degrees of freedom (Table ..tl). The mean squares for PCA I wassigniticant II 

P<1l.01 . 
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TABLE 40: Proportio. or lum or sq .. res ror main efferts •• d i.ter.dion ror 
aven,e bttll carottnr conttDt in individua1 'rlt:5h ltoraIC root ror 
In'C'Dydlowroolcass.,ageltOtypesin IOtnvironmtllb 

1 SowuolvariatiN - 1''0,--- ! Me.lnsq .. rcs T co;iributiootoSSl 

. Genotype - --+ - 6 ~- --~ ~ --.-Ji'%--: 
! ;:~7;:'",jro~~;n'~ -~~- -:::: ! 
' ~mr-------~ __ . ___ _ 

•••. ••• !lgnt6canc.O.OS%. O.Ol % mdO.OOI ". 

~: AMMI analysis of variance including fht nnt four interactions PeA 
Uti ror bela carottne coolent per storage root (mg.) ror seven yellow ' 
rool cassava ,enotypu tested in IOeavironments 

Source SS !>IS Prob.bilil~· 

r",&1 577763 3123 

Treatment 371640 5.386 <0.001 ••• 

Gena_, 24913 00)6 • 

En\l"lfonment !> 223.827 < 0001·" 

GXE 122.899 2.276 O.13S sS 

IPCA I 68.977 4.927 0.001 •• 

IPCA2 12 22.818 loo2 0.392 

!PCA3 10 19.399 1.940 0.)7' 

lPCA4 7.116 0.889 0.854 

Residual 4.588 0459 0989 

En.. 116 206123 1.777 

~slg"l(teanI. ·.·· ; ··· : llgnlr)Q,n(atOO1%;OOI'\.andOOOI·o 
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4.17 Br-ta-carotHe coat"1 HI !IIlonp roots per plIOI ( .. C) 

Tbe values of beta carotene content ifl .ange roots per plant were reported In TaMe "2 

Tbr data ofbeu c::an:uae coateat in storage root per plant ranged from 0 .92 mg up to 

29.27 l1li and the aeoeraI mean wu 12.17 mg. Difference antoog genotypes was 

.... fi_ <IF 0.029) ............ ~ for tlUs variabk we .. 0111417 (IUS mg) 

and 0111368 (14.111118) The effect of the intcracbon G x ti was not significant. There 

Wal significant ditrerence (p< 0.001) &mon8 environments and any ofthe folkJwiD8 four 

",,;.-s cao be considered as beot for thd variable E. (20.2Smg). E, (112S mg); Eo 

(18.09 ..... ).nd E, (17.29R181. TheG)( E interaction hascoatributcd 24.14~.lothe tot&! 

wm of squaces The mol" ooDlributioo to the loW sum of squares was (37.0)%) while 

contributions 10 the sum of squares from environment and genotype were respectively I 

J4 '4% ond 4.6"'" (Table 4]). Table'" show> ......... k' of the AMMI anal>,,;' of .... 

beta carotene content in storaae roolS per plant. These results showed that the first 

principii eocapooeot axis (peA I) or lhe inleraction captured 61 .070/. oftht interaction 

.,. of squares in 2S.92% oftbc inleractioa degrees of freedom Among the four PeAs 

only peA 1 praentcd hishly 'ignificant mean squares 
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TABLE 42: AVfra~t beta carottne in (resh storage roots per plant (mg) (or seven yellow root casu". ~tnotypn in 10 Nviroamrau 

[C::Otyp<t ' ~. -·~=t·,~ -·it .. ~;~ :~'Ji I~ ""n 
I01l12u---' 1229 1642 142 835 755 12.63 866 8.92 2f)8 , ~jS" 

f
Oll lUS 21 17 14.06 408 15)7 594 . II 13 .... _.. .• 

iijllJ6B 13.61 22.37 305 13 44 If9iT 38 10 
Oli IJn- 1451 2552 178 10.59 1052~ 2004 
iJl~ 2681 1540 092 1167 9.93 15.00 

~--- ::~~ fH~ I~~: ~~~ ':~~ :~: :::1 ':::1 
~tan--- : t.'~ i9it 18.25-

P value (Genotype) 
Pv~lu~(Environ~t'nt)-

~
.sjj 5'~ (Cuolyp'-) - - -

LSD ~Yiro;m;;tt)" -
P.~a'uf (Gtnoty~ X Enviroament) -

l.sDS-/~XEnviroD .. ent) 

CV~ . _ _ . __ 

0.029 

4.i18 
!i.041 

. I ~~ I 
67:7] 
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TABLE 43: Proportion of Su. of Sq .. res for maill effects aad latnactioa ror 
avcra~c beta c,arot"c co.tenl in (resh .torage root p~r plant or Jeven 
ICAOtypesiDIOcnviro,uae.tsinGh ... 

I SoMruo(variJltie. )DF~~ Co.,ributiontoSS'l 

~---_~: --.J 15826' : - 4.6i% - I 

[o\'ironmcnl I 9 769 38··· )4 . 1"'~ 

FiY~-bY •• riroon.'nit ----"54;-!-----;=....-I1-

i ErTOr 

~: AMMI .nalysis of \'Iri •• l:e iududing the nrst (our interactions PCA 
au! for ~t. carotcne (oaltnt per pIInt (lOg) of sev~n yellow-neshed 
g~nolypes(estedilllOtnvironmtnlsiaGb ••• 

55 M5 Probability 

_._ .--_ •. _-----
115 20280695 109.625 

69 12770.552 185080 

GaIotypes 949.S7S 0.029 ' 

Environmtnt~ 6924.468 769.385 <0.001"'·' 

GXF. 54 4896508 90676 0.067'" 

2Q90285 213.592 < 0001 ... 

!peA2 12 710454 59205 0.535 

lPeA] 10 570795 57079 0.552 

407131 50979 0.615 

Raidu&I 217. 1'" 21714 0.969 

ern. 7510.144 

'<5 _ ... lsn1r.c.., ····slgnlficRl at 0.050/, 001°..- ond 0 .001% 

100 
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4.18 Beta-carOltneCOoleotUlstoraleroollperhec:tare(x) 

The values of beta CMotene contd'lt in $longe roots per hectare are shown in Table 4S 

The overall mean of beta carotene per hectare was 74 7 mg. 1be average values ransed 

ffom 4.2 gIha for the aenotYPe 0111412 al E, (Wencbi at 9 MAP durins the aopplng 

IC:UOP 2006-2(01) up to 221 2 gIha for the same genotype at E, (poluase harvested at 

9MAP duri"8 2006-2007) This IUgh variation (4 .2 to 227.2 gIha) of the bet. carot..,. 

content of the genotype 0111412 harvested at nine month after planting from one location 

to another dunng the same cropping season is one of the f,Clors which can explain the 

VfI'J biab coefficient of variation of this variable. The differen~ arDOf18 genocypcs for the 

bctlcarotenecontrnt in 5lOrage roots perhectarew&S sigmficant (P=>0042). The highest 

beta carOlene content in 5lorqe roots per hectare was obtained for 01 / 1368 (98 .8 g) , 

folktwed by 01/1411 (90.3 8) Thete are the best genot)'pe$ for this variable. The 

difference amorl8 environments was highly 5i,nificant (p<O.OOI) but the G Jt E 

interaction wu not significant (p>O.OS) The overall best en ... ironment for this charlctct 

..... E. (Pokul.\c q MAP In 2006-2007) with 1394 g per hectare and the environment 

given the ~ mean \IOU E, (Wenchi at 9 MAP during 2006-2007) recordina 163 8 10 

this study tile G X E eootribution to the aim ofsquarcs was 2111'1. compared to 25.201'. 

b environment and only 491% for genotypes (T1bJe 46) The error contribution to the 

sum of squares was 42 IS-I, The results of the AMMI analysis of beta carotene content 

per hoctare are shown in Table 47 The first principaJ component axis (PeA I) of the 

WtQI;(ioncarcun:d S9.6O'/eofthc:interactioatumofMjWlfc.in2S.92o/.ofthelnletac:tion 

de:srees of~l)m The lMan squares for the first principal component axis (peA 1) was 

slgnlftCaftluP<OOOI 
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TABLE 46: Proportion ef Slim of Squares for .. hi err~cts and lntendio. for 
8\'~nIIg~ beta uroteoe content i. fre!. Itora&e root pc:r hectart of 
UVfll genotypes In .8 uvirooments in Gb ... 

-s;.lIruoi'nriatio~ I DF ! Meusquaru I COnIrib;ii;Ot"O-ss 1 

, <rt •• typ, ~'~' --:;j"9"i"% 

;[.;;T,.:o~meut 

{doot. by nvironmut , 54 

Error 138 
: _ _ , _" I 

NS. MIl SlgtuflC3l1t. , •• . ••• slgruficanlatOOS%;O.OI%IDdOOOI% 

IAJ!.LI....!1: AMMI analysis of ' .... rianee iDdudinl tbe fint four inleraClioQI PCA 
IUS for bela carotfne ('ontf'nt per hf'ctare (g) ofsf'\l~ Yf'lIow.nf'shed genotypes 
InlfCiilltOenvironmf'nuinGhana 

ss MS Probability 

---_._----------_._------------- _._--... __ .. _-_ .. _- .-
185 837339466 4526159 

Trtalmem 484180454 7017.108 < O.OOI,n 

GenolYPC5 41087276 68<787<> 0.043 ' 

Environments 211057.976 23450886 < 0001 ••• 

GXE 54 232035203 4296948 0063 N1 

IPCA 1 138290853 98n918 -< 0001 ,., 

lPCA2 12 381n.765 3181064 0(1) 

lPeA3 31618084 3161808 0416 

lPCA< 1416507R 1770615 0791 

ReticWI 97R8422 97H 842 0974 

Em" 3531S9011 

. . ...... , flltfllficantaJOOS%"O.OI%and 0 001' ... 
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.... , WinDia~ genotypes and mtJa-t'Dvirouttilt idutitkttioa for bd,-Clroteoe 

(euteRt bued OQ GGE biplot 

A GGF. bipkrt analysis has the ability to usess the genotypeS for their me&n perf()l"'lDlftCe 

and ability 00 the biplot a single-arrowed line. the average .... <mviroomeot coordinate 

(AEC) IIbscissa poiI'Its 10 higher mean across environment A double arrowed line is the 

A££ ordinate and il points to greater variability (poor stability) in eitber dirllction 

A GGE biplot has aho the ability 10 show the which-won·where pattern of. genotype by 

envuontPeOl dataset. On the biplol. some comer or vertex genotypes, which are the most 

r<:~J'I()n$ive ones, can be visually idenaified These are either the best or the poorest 

genotypes at some or aU environments (Weikai tl oJ , 2(06) 

4.19.1 Utla-uroll'nt CODttatratioa" frnb 'tora~ root (""I) 

flgurt 7 ~hows the mean performance and the stabilrty of(he gCrtOtypes for bet. carotene 

~ i.o fresh storage root Genotype 01/1224 had tJ'Ie highest v.lue of beta-

"'"""'" concentnlion. It .... followed by 01/\4\7 and 011\37\ Genotype 011\6\0 had 

the lo~ value or bela carotene concentnlion The most stable genotype was 01/1412. 

Ihc hIghly unstable genotype wasOll123S followed byOll1417, and 0111224 

f-.gure E 8 gives a polygon view of GGE biplot showing which genotypes won in which 

environments for beta-carotene concentration in fresh storage root The PC I .nd PC2 

together, which make up the GGE biplot. explained. total of 76 "I. of the total van.hon 

The \'ertex genotypeS for the bet. carocene concentration wtre OIlI23S. 0111610, 0111224 

and 0111417 The genotype& OllU71. 01/1412. and 01 / 1368 were k>caled within the 

fl'.11~~,," lind Vt"C«: found len responsive (Weikai et al. 2(06). Environments E), EJ• r... 
1-.. . ..... e .. E., and Elo fell in the sector with genotypes 0111224, 0111371 and 0111361 

!-n\lfOnment h fell IR the sector with genotype OIlI23S. Environmenl E, fell in the 
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JCdor wlch gtrII)fVpe 01 / 1417 No environment feU in the seeton with ~notype01/1610 

1.U ... PC2'"21' .... , su.,~,.. ... 
, ....... o ,~.O, CewuoTv·l. M·' 

!:J.1!.l.B.L1: \tua pc-rform.a('fO aad 'labilK)' of 'tnn YfOliow roOI cana"a .:enolypes 
in II taviroamtnts for btl. carottnc concfOntration In fresh .toragt .... 
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"19.2 Bda-urntNt ~tHlt per ,toraJt root (me) 

TIl< Pel and Pe2 -,,",. which make up tile GGE ~Iou (FitIurU 9 and 10). explainod 

• total of '12-/. of the total vwiarion. The mean perfOrmInce and the ltability of the 

geaotypes forbeu. carotene content per iPdividual storage root are shown in Figure 9, The 

highest average value of beta CItOCene content per lIOraac root was registered for 

IJOOOlypo 0 111251 followed by 0111417 and 0111412. Geootype 01/1 JbS bad the low ... 

value ofbm carotene concentration foUowed by 0111610'" 0111371 . The moll stable 

~ for beta ",01 ... """lent pet _ root .... 01/1610 followed by 0111171 

The hisblyllDllable genotype woo 0111412 followed by 0111235. aodOll1417 

Fi..,.e 10 Jives a polygon view of GOB biplot sbowiQl which genotypel won in which 

cfwuorunems for ~ conrad per 1t0f'lr8C root, The vmcx Fnotypa ror the , 

heel cuotc:ne content in 9torase root were 0111235, 0111417, 0111368_ 01/1412. Two 

8motype1 were found less responsive (0 1/ 1610 and01 /137l) and were located within the 

~)'gon indicating thai: aonc of these two genotypes were not Ihe best in any of the test 

enviroameab Tbrce rncp enmonmcnls were cIe:fiud. The r .. st was the 8enotypes 

01/123S l1li1 0111417 winninS·niche made of E1• Bl, &. Ea. and E,.. The second mega 

ttwironment fell in the SCiC10r wilh genotypaOll1412 and 0111224 madeofrnviromMnts 

E~. 1:::, and E. F.nvironments ~ and F .. constituted the third mega environment with 

I_OIlIl68. 0111610 and 0111171 
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H("l H.[ 9: Mean petferwaHc aM stability ohnea )'~UOW root (usava gcaotypu 
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4 •• '.3 ~ta-<.roteH cOIatent ~r plant (mJt) 

FCUre 11 shows the mran pafOf1lW'l(:e and the Slability of the genotypes for beta 

c:aroceue c:ooIent pel" pI&nI Gmotype 01/1224 hAd the lowell value oftbe beta-carotene 

OOftIcnt per plant followed by 0111610, 01/1412 and 01/1371. The highest value wu 

~st.,ed for p>Otype 01/1417 (also the most ~able) followed by 0111368 and 0111235 

The most unstable genotype was 0111368 followed by 0111235. and 01/1412. 

For thil analysis the PC I and Pe2 together explained up to 73 7% of the total vari&lion 

The bfplot of Fiprel2 gives. polygon view of GGE biplot showins which gen0type5 

won in which environments for beta-c:arotme content per plant. The Vene)( genotypes for 

lbe beu.carotene conlent per plant were 0111412. 0111235; 01/1417, 01/1368, 0111610 , 

and 0.,1224 Oae genotype (0111371) located within the polygon wa5 found less 

responsive According to the Figure 12 four mega environments were defined. lbe 6rst 

meat eovirorunent was the geootype 0111417 winning-niche made oCE), E., EJ. E" E •. 

and Elo The second fell in the sector with genotypes 0111412 made of environment F~ 

The third mega environment was the winning niche of genorypc 0111235 and made of 

er\monmenl EI Environments E, and ~ constituted the founh mega environment with 

gCftOlype 0111368. No environment fell in the sectors "'Ih getlOl)1)C 0111224 and with 

genotypes 0111610 and 01/1371 
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4.19.4 Beta-ul'Ote. cOilteDt per "«taft (&) 

Figure 13 IIhows the mean performance .nd the stability of the lenotypH for their beta 

c:arcxeae COI'Ilent ia storage f'OOiIS per bectare. The bi(lhest performIDce value was 

_rdec! Cor geno<ype 0111368 followed by genotype. 0111417 and 0111412. GcnocypC 

01/1235 had the lowest performance \,.Iue of beta carotcne content per hectare followed 

by 0111610 and 0111371. Tbe saotYPc' 0111224 was the reiMi\'cly sbbIe,enotype fur the 

performance or bela carotene conceal per hectare. The highly uMtablc genotype was 

01!1224 followed by 011lJ68, 0111417, and 0111610. 

figure 14 helow 19\'cs a polyp view oCGGE biplol showiOS whicb senotypcs won in 

which environments rOt" beta-carocene coment in stOflse- roots per hect&re. PCI (51%) 

ODd ~ (27 5%) UJIC'Iter. which malt. up the GGE bipl.,., explained. touoI of78.5% of 

thekUlnriatioa.. T'bewrtcx.gcaotypesforthcbctaCU'OleDCoontentinstorlgefOOtsper 

bocwe __ OIIlJOS. 0111412. 0111235 and 0111610. The acnotYPeS 0111)71, 0111417. 

Md 0111224 wcte kK:.aaed within the: poI)'80n and were found leso; ,~~ponsi\lC' Thew: three 

Henotypeswere~thepoore.forbctacarotc:neCOl*ntpcrht:ctatein.mo.orallthe 

environments From the Figure lOa.. three mega environments wcre defined Environments 

f .. F .. E,. 4 E,. E.. and EIO feU in the aeetor with ienotypel OIl1368 and 0111417 

En\ nOf'lJlCllt £1 -.I Et COMtituted the K:CODd mqa arviroament and fell m tbe winning 

niche ofgenot~'PC' 01/1412. Environment E:fell in the MC'lor with aenotypft 01/1610 and 

01 Il71 Soen .. ironment fell in the sectors withacnotype 01l123S uVll'ta genotype 
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4.20 Broadse.~ llteri"bitity~ «enotypi<: ud pbuotypk variances 

Table 48 shows valuc .. for genotypic coefficient of va.riItioo (GCYl, phenotypic 

coefficient of variatiofts (PCV), variance compooeots aDd ~ beritabiHty 

Values for phenOlyplc coefncient of variation ranged from 4 .286 (for beta carotene 

content per hectare) to 292133 (for dry matter). Values for genotypic coefficiem of 

variation ranged from 2 0) (for beta carotene content per hectare) to 1889.89 (for percent 

dtymal1er) 

Environmcrdal variance component rqed from 7.08% «(or beta carotene conlenl per 

hectare) to 849% (for barveIt index). The lowest broadsense heritability of 8% was 

recorded (or beta carotene content pet root. Genotype by environment interaction. 

variances for all the variables studied were the lowes of all the "ariance COmpoaen&:l 

Etlvironme.ntal variances were the highest of all the vanance componenu for all the 

\anables except mealiness wbert genotypic variance component \\as the rughest. 

4.21 Contlation amOR. tbe varilbks 

Tables 49 and SO show the correlations amons the bela carotene and lOme agronomic 

trailS for 7 scootYpes In general correlation between agronomic variables and beta 

C&fOlene variable$ were highly lignificantexcept for beta carotene concentration. There 

wu a tUgbly significant correlation between bet. carotene concentration and lwveit 

lndex (Tablc: 49) CcrreIalioasatrlOn8tbeagronomicvari&b&eswcrcbighlysipificaalaad 

poJItive For instanc.efresh root yield per hectare was highly correJlled wilh all the IJ 

19fonomic variables Sludied in ItUS work.. However conelation with dry maner wu 

negaIM (Table.so) Dry matter had a positive aignificam correlation with only dry root 

weighlperplantanddtyrootyieldper~ 
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Beta carotene conceotration was highly iignifiClllt and positively c:orrelated with harvest 

iodexooly 
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~: GHotypit vari.lact (O'll); UviroDlDCotalvuia.ote(o.%).ceootype byenviroomeot inlrr2IClioo uri.Dce (Cfp
t
); pt.e..lypi<' 

varilDet (a,'). broad tuU btritability (til); pbtaotypic coellkieat orv.,.i.tioD (PCY) .nd 1f110ty'pit coerru::inn or ,".n.fion of 'raits 
10 seven yellow ca".v. ceaotypts tated ia 10 ovi.roalDealia. Gila .. 

1.47 38.50 

1.73 83.7 

!.43 39.21 
1.89 35.84 
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~: PUf'Son produd-momcnt corrdatiodllmolll bel. caroltlu' tnits Ind Igroao.k uriahlt's (or Sf'n"" ytJlow root cassavi 
gcnotypes tuled in to cnvironments iD Gbl.DI 

I . -. -- . ~-- - - '. Beta Carotene -.' Beta Carotene - r' Beta Carotene Beta Carotene . I 
Content per hectare content per plant content per root Concentration 

~acaroteneco!'lentpo,~ro -,.- =-== 1!lOO -=:- -:::-.= -:-:-:-~ I 
BetaC.roten.co'lt~~~ ~- ----.LQQO _ _ ~ _ ; 

~-:::::~::~7L ~.~~: ~::~: --O.7~~ - -----umo i 
~,,! •• _ - --- . Q049NS 0.013 Nsf -O.oo8~S -0061 ~ 
~M~ --.:9.p32i11S-I- 0.C07NS ! ~NS ~~ 
~Y;.'d _ _ ~ 587-• 0.548- 0.342- . 0.093 NS I 
. H.rve~t Indlll _ 9268--. .j. 0.399- 0.444- _ 0.253-

Numborof plant I!'" hoetaro 0.176·t. - 0.165· - 0.261- - 0.048 NS 
Numbe'ofrootperl1oc~ _.~~ _ 0.073NS . . __ _ ~212- ~O~2NS 

_. 0351-1..-. 0.293- ~~S ..:.QJI1~ ~S , 

~ I-- _ _ 0.586~ .. ~420- ~34NS , 

0.211- 0.432":" 0.507- Q,028. NS 

~ 0.396- 0.579- 0.419- ~NS 

T~welghtl!!!hectI ... 0.307- 0.110NS _ _ -0.088NS -0.102 NS 

I To~ weight ~ ~ .. nt 0.227- 0.248- 0.063 NS . " - 0.140 NS j 
I Fres.hro~tXi!.l~ ___ . 0.564- 9500- _.11..0291 - _.~N§ : 
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5. DISCUSSION 

S.l SproutiDg at two weeks .flu plaDtUtg 

Sprouting i. Doe of the mosa important early variables of final yield produaivity of 

cassa .... The average sproutin@ observed in this study ranged from 59.97% to 14.33% 

with. grand mean of72 06% (TableJ). These figures are bet1er than the range ofJ2% 10 

93% with • grand mean of 66 54% reponed by Ntawuruhunsa el a1. (1995) for 11 caJll.VI 

genOI}-pes in a study conducted in Ibadln. Nigeria The best genotypes for early sprouting 

were 0111368 and 01 / 1663 which also gavc the highest a\-erage number ofpllnt (Table 5) 

and the highe51 average st<n.ge root yield (Table 13) at tw-vest SproutinB was highly 

positively correlated with number of plants harvested per hectare (r· 0 .998); oomber of 

roaIperhec:ure(r-O.nl)andfrt:shrootyieldperbeetare(r.O.J3S). Theseresultson ' 

y('l1o~ root ca.s.saVI genocypes were earlier obtc:rved for white-fleshed root ussava 

varieties (Akoroda el oJ" 1997). More variables on CASIIVl! plants in the flfSt month that 

are well combined would be able to shift. the indirect selection close enough to direct 

~ionforrootyie1datthetimeorharvest(AkorodaelaJ .. 1998) 

Sproutins -' two v.oeeIu after planting bid DO lignifieant correlation with mealiness and 

top weight per plant Meanwhile it WIIS negatively correlated with dry matter content., 

ACCQrdingto the resuhs ofthls study, earl)' selectioDofeassavagenotypes based onl)'oo 

sprouting (high environmental variance) will affect negatively other factors such as the 

5.2 Numbtr of planh banested ptr ht'(un: 

Highest numnn (\f " lams Pft' hcct.an was rep~med for the genotype! 0111 )b8 and 

011166) whi(;h also ga""e the hip.. yield for SIOf'38't roots per hectare. From the n$.IlIs 

University of Ghana http://ugspace.ug.edu.gh



oCthis study. &VCiflt8£ number of plantS per bectare aod fresh root yie&d wa-e significantly 

(p<O.OOI) and posil;vdy comIated. This , .... 11 confirm«! Dahniya and loIloh (1992) 

60dine for white root caaava geoorypc that the DUDlIberofpLants per hectare was most 

dominant io determining stonge root yidd. Despite ws uend. there are other yeUow rOOl 

CUSI .... genotypes (0111412 and 01/1417) which were not among the bnI: in terms of 

m.unba· of plants per bectIre but were unoas the bipesI in terms of storage: root yield .s 

per Table 13 

Tlus work has shown • positive and significant corrdltton betwtal the number of plant 

barvelted per hectare, the awnber of root per plant and the numb« of root per hectare_ It 

Iw also oeptive signifK:&nt correlation with the dry matter content, the average root 

~ ... g/1Ipcr,oolandlhe,oocw<iBhlperpl&nl(TableSO) 

S.3 l\umbtr of storaJtf' roots per he-dare aDd ntrale Dumber or stonge roots per 

..... 1 

The number of roots per hectare was significantly correlated wilb all the -sronomic 

,".lublesllAllyzed in tbisstudy ncept with the dry root weight per plant and harvest 

IndeX However it had oeglti\"e com:lltIOn with the dry matter content and the average 

root woght. Number ofS(orage root per hcct.-e was poIitively COfl'datcd (p<O.OOO) with 

beucarotene content per hectare and negatively correlated (P<OOO) with bet. carotene 

conlO'll per roN The fact that the number of roots per hectare had a high and positive 

~1.!tnlflClnt (A)rtciiltion (P<O 000) with tbc aver18C DU.Jnber of root per plaru INS may 

Impl} thai any dirttt selection based on the number of stor.ge roots per plant wouJd 

Cluse on IIlchrCC! effect on the number of roou per hectare 

The 8V'Cfl1!(C numbcrof_Ofa8C roots per plant also had significant (P<O (01) IIId po)llive 

c:orrelauoawithrootyield pn h«1areand most of the variables in the study except dry 

122 
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_weigluperplant. nu,findingcoofirmodtheresuIIlOfMahungu(I983)wboreported 

a high significant condation between st0f'J8c rooc yield and wmber of storage root per 

pIarIl for white root CUSlV' cLones i.D Ibedan. In this work. senotYPe 0111361 recorded the 

fugheSf talmber of SlOllJge rOO1S per plant u well uthe ltighest stonge root yield.! 

harvest This was earlier reponed by MahJngu el aI. (1991) showinS that the indirect 

xlectK>n for number of storage root per pWII: for white rooc cassava geootypeS bas the 

Iughdegreeofmerit(O.82)re1ativetothedirectselectionfor51oragerootyield, Heneethe 

raunberofroot pe:rplant is an important vari.ble to be con.idered for yellow root cauava 

sclcd.MJn (or high root yieW. The avenge results of number of stora!otc fOOlS per plara of 

tlus INdy which ranged from 3.4 to 7 I was lower than the average rangcs wlter' 

reported by Maray. el aJ. (200 I) in a two year study of fi ve while foot cassava genotypes , 

In five loc.aIjons in Guinea (S 610 8 6) and ill tine aocations in Togo (5 4to. 5). ThC'!>e 

Figures were alio lower than the range 0(0.3 to 10.0 roots per plant reponed by Otim-. 

S.pe~' DI (1994) for 13 white root cassava varieties studied in Ihree districts of western 

The differeoce in I'AJmba' of storlge roocs per plant which was highly s.igniflcan1 

(P<OOOI) in thisworkoouldbtattributedtogcnotypedifferenecsas Wholey(1974)haa 

stated that the numbcr of roots per plant in wlbte rootcas58va varieties is influenced by 

genotype.. bud devtlopment. nutritionaI and hormonal factors 

5.4 Frah 'tora~e roots yield per bectan (tlha) 

Fresh storage roots yield is • trait with high G x F. interaction effect (Mbe and Di,;on. 

IQQ~) This was obwrved in the present study since fresh storage yield acrOP aJl 

locations for all ICICe'Ssions was poor. llus emphasizes the imponance of multi 

~V1ronmentat evatualions of newly developed varictae. 10 identify the ones bac MJited 
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i:Jr different agroecologies The avente fresh storage root )'leld recorded in this work 

rused from 8 49 to 28 38 tJha with. pnd meaD 0(20.55 t: 198 tIha. These results are 

comparable to the raoge of 9 9 10 lO . • IIba with • grand mean of 192 tIba reported by 

UTA (1987) for a yield trial of 13 yellow root CU5oAV1I geD0type5 barvc.sted at 12 monlhl 

in Ibadan. ~igeri • . 1'he range of the mean yield ortbis study i, considered sJightly beaer 

when compand to the &esh I'OClt mean y1c:1d ranac of 10.0 to 26.9 tIbI with a grand meaD 

0117.32 t/ha reponed by Ssemakul. and Di:ICon (2007) for 25 yellow cas~va clonCl and 

three white-neshed cassava (cbecks) at five locations in Nigeria for two yean and 

harvested at 12 moaths after planting. 

Tbe flDdioglofthis study iD tetmS of average yields are also sintilarto the range of 11 .47 

1025.14 tIha wilbagrand. mean or 18 .• 7 tJha which were obtained b)' Maray •• nd Dixoa , 

(1992) for 10 white root ca.ava clones evaluated i.o four locations in Benin from 1989 to 

In comparison with an e.v1ier experimem in GbinA, the mean yield range of this study is 

lower than 9.81 to 35.61 tIha with a grand average mean of22 .36t1ha reported byOkai et 

a}, (!995)forIOwhiterootC&SSavaclonesin 18 environments in Gbana. 

There wu a bighly a.ignifitant and positive correlation betWeen root yield per hectare and 

"Uthe renwnlRS twelve: variables. However the correlation witb dry matter was ntgaIive 

TherefOC'e selectl(:.l for high fresh storage roots yield will lead to an indirect teiection for 

high perfonnance of other , .. anables with exception of dry matter 

The Iv~ag~ ran~c o f (tQh yellow rOO( ..... etght per plant in this woric. wu I ~s to 4.09 kg 

(Table I(» .·rbese Figures are relatlvdy higbertban lhereadt'of 1.4 30 kg obtained by 

Terry and H&bD (1980) in Ni,tfll for white root c:.auava clones harvested at 12 months 
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afta" plaoting. 1'be SIIDC resuhs &om this study are rdativc1y low when compared with 

J 17 - 5 17 kg reported OjuIona el oJ. (1995) after studyill8 17 white root cassava dooei 

Mrvated aI 12 months ill 10 enviroameatJ (5 Ioca1ioDJ )[ 2 yean) in Nigaia:. These 

rauJts un be explained by the fld that cauaYa productivity was highly affected by 

location {soil and climatic: OOnditlon.s) and by year (crop duratioo and seasonal variation) 

Cock ~I oJ. (1919) noted that few storage roots per plant, low individual storage root 

~eiaht and low harvest index which indic.ate poor partitioning or ac.cumulation of 

USlmllates ill 510nse orpDS are attributa of a caSIIva plant that may result in low 

ilOrage root yield. This may c)[plain why relatively low fresh .toragc root weights were 

obtained in this expcrlment The foot weight peT plant had • significant correlation with , 

tbtOlhervariablce)[ceplwilhtbcdrymattel"contcnt 

5.' Avengcweicbtpct'rootoffrcJbltorqcroot(g) 

1'bt average weight per root of f"reIh 3tOrage root (Table 16) registered in (his study 

"".ed frOG 0.399 k8 (Wenchi 0(9) 100.803 k& (0111412) with. mean of 0.606 kg The 

ranp of weight per root of fresb storage root of this SNdy i. cons.ldered slightly higher 

when compared to the range of 0.41 kg and 0.59 kg with a grand mean of 0.54 kS 

~cd by MarGy.~' Q/ (2003) for two years on-firm. testing of five white root cassava 

clones with 21 farmers in Benin. Weight per root of fresh ssorage root was highly 

sl~nlticam by COfT'e&ated with all Other agronomic variables exc;:ept with the dry matler 

and lop weight per bectare However the correlation (P<O.OOO) was negative with 

pcrcenllge plant halvested. number of plant per hectare. number of root per hectare and 

number of rOOl per plam Weight per foot of fresh storage root wu positively and 

signjf)(:aJ11ly corTdalcd wnh beta carotene CODtaIl per hcctarc. bela carutrnc contcal pa-
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pI&ot and beta c:aroteDe coateDt per root Amon8 other fadon indirect tetec:tioa for hiab 

leYdi of these beta carocene f-=ton will be possible through direct selection for i''CRgr 

weisbt per root offi'ab.onge rooc 

5.7 "'UShlOpsboolweigbtperbectare(tlha' 

IJ1 thjs study there were highly significant differences among genotypes., en\')ronmentl 

and G " E interaction effects for fresh top ~igbt per hectare. This therefore reduce$ the 

wdUlneII of lelec:tioD baed only on gcootypes means across different agroecological 

zones (ManaRI and Manmana, 1986, Ivory d aJ., 1991), fresh lOp shoot Wtlght rer 

~arc was sipWicantly aDd positively oorrelI:ted with a1l the agronomic variables cltecpt 

witb root weight per storage rOOI However there were significant and negative • 

c:orreJaJions betWeen fresh top shoot weight per hectare and pcfccnl8ge dry matter, 

Therefore ydlow root casava genotypes with low fresb top shoot ~ht per hectare caD 

be t.,~etod for rush percenta,ge dry maner content 

U Han'estlodn 

As II has been explained by Cock el aI (1979) and Hunt (1990), harvest index i.the ratio 

ortlle weight ofltoraae roots (useful part or the marketable component oflhe crop) to the 

total wciabt oftbe crop (:lUm of the above-ground parts and the under ground part ohhe: 

crop) The ~ meaD of harvest index (0 ,53) reported for the yellow root cassava 

(If:OOCypes In lhislludy is similar to what wu recorded by Nweke (1996) ¥tho reported. 

Iwvest index mean of 0,5. 

Harvest Indo can ser.-e as sdeaioo criteria in the searcb (or high-Yield potential in 

cassa\'ageoot)-pe$ Selectlnll rortughbarvest index thererorc msurca thAt genotypes witb 

excessive top SJ'O"'th are avoided Neverthelet.$, ~u.mination of top growth cbta of tome 

University of Ghana http://ugspace.ug.edu.gh



improved new dones showed tbIl while harvest index and yiekh in those clones were 

1Iiaber. their sbooI growth remained virtually unchanged, This seems to emphasize the 

need to maintain a certain &mOUDl of canopy to provide an adequate photosynthetic 

apparatus for dry maner production, In other words. in striving for 8 higher harvest iodex.. 

it is still necessary to ensure enough leaves to produce the dry mana- for storage 1ft the 

_ • . HCO<e in selecting r..- high haNest index (hist> yidd) br=I<n should always verilY 

its c::orrUtioD with top weight per plant and per hectare. In this study the correlations 

betwetG harvest index and lop weight per pJ.a.nt or top weight per hectare were highly 

_iw (P<O.OOI). _ Index wu 0100 highly c:ondated with dry root yidd pa 

boc:we. meaJiness. number of roots per plant. avense root weight per root. fresh roots 

weigbtperpl&ntanddtyroolswcightperplanl 

.~ the 14 agronomic variables analyzed in this study. iwveg index (HI) wu the 

onl\' nne which WU highly signifie&nt (P<O.OOI) and positively cormated (Table 49) 

\loath all the four bet. carotene mated \ian.bles Therefore selection for higher ~'esl 

mdex In yellow Cl.ssava (lenotypcs will &cad 10 indirect selc:<:taon for high concentration of 

beuC&rotenein therooc 

~,9 Me.linns oftaUn'. root 

"1e&lIne~\ of CUSIVA roots is .n imporlatd. vanable in pans of Africa where boiled 

(alo .... v. rooIS are used for ".mpesi", ~fufu" etc ..... here they are not subjected to 1ft)' 

fermentation proceu, This culture of COIIsumption requires Cl.5SlVI varieties which are 

poundable and meaJy when cooked, In this study. the clone Wenchl 009 used IS local 

check "IS mealy almost everywhere, beside the low yield and Its IRrection by 'he CUSlva 

mosaic virus. thiS genotype is popular1y grown in Wenchi because of its good aptitude few 
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uomediate eaten after cooking In this study, the yellow root c.assa .... [l:enotype5 under 

evaluation were not mealy and therefore DOl good for CIlins or pounding after cooking. 

Mea.iinCSl was signi6c::&atJ.y &nd positively c;om:lated with all the olba' cbatacten except 

number of plant per hectare. It was however negatively oorrelated with the dry matter 

Tberelorelelect;onfcxcass.avawilh high mea1iness wiU re5uhimoindirect .election for 

Iowdrym&tterCOOlcnt. 

5.10 Root dry matter coateDt in CAnna 

MabJI91 (1998) reported that there is a shift in Ihe paradigm factor and root yield alone 

is DOt Sllfteiem:tojustify the productioo ofa particular cassava variety Root dry matter 

content among other facton is a critical factor . Perc:c:ntage dry maner content In cassava • 

roots detennines the quantity and quality of the products obtained after the roots are 

processed (Braima cl aL, 2000) These same autbors staled thal cassava varietieJ with 

30% and above are said to have high dry maner content In the present work four of the 

nIne ycUow root cuaVil genotypes (0111224,0111368, 0111610 and 0111663) had high 

dry matter content (Tab&e 29). However the white root CUllVil genotype used as checlc. 

(Wenchi 0(9) bad a dry matter oontent highly (p<O.OOl) superior to tho5eofall the nine 

other yellow root cassava genotypes. This finding confirmed the f,et thlt yello,"" rOO( 

CUSlva seootYPcS were corWdered to be characterized by relltively low dry matter 

(l[TA., 1987). The a~ percentage root dry matter content recorded in this work 

anged from 27.56 to 38.91% with a graod mean of31.5%. ~ rnulu lie hIgher lhan 

the r-.e of'25O% to 34 ?O/, with a gnod mean of 29. 17<',1. reported by Ssemalrula and 

Dillon (2007) after lIUd)'!ng 25 yeUow cassava clones and three white-fleshed caSMva 11 

five iocalloaa in Niseria dUfingtwo years 
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IITA (1987) evUuated thirteen yellow root cuYYa clones and Iq)OI1.ed root dry matter 

....... that <>nged -. 23 .~.and lJ.'''' with agnnd meanof28.82. These roponed 

dry matterCOft:cm: vaklesll'eiowerwbcacomparcd withtbo!eofthe present work 

Kawano 61 aJ. (1987) reponed thIt root dry matter content and root fresh yield are 

compctina componerD aDd a negative correlltioo should arise l>et\wIeD them when the 

usimilationbythecropracbes~ccili.aaaodthevariabiljtyi.Ddrymatter 

yield becomes limited These authors added that if there is no indication of negative 

COfTeWKm bet\l.·een the two parameters, this sugest thIt a yield platc&u has not yet been 

racbcd. lD the Pfl*IDl Rudy, the COrrdatioD between these two variables was neptive 

aDd wgru6c:aat (p<O 000), therefore confinningthe findings of Kawano elaL (1987) 

5.1' Stor •• t dry root yield per hect ... e (tlba) 

Dry rOOf Yield of cassava is a better variable for CI»Ivagenncypt" c:\ialuation than fresl1 

roue yield. III tbts study the yellow root cassava dry yield per heetare ransed from 3.26 to 

a 78 tIhI with • genenJ mean of 6.28 tIha. These values are comparable to the range of 

] I to 8 9 tIba w1t.h. mean of 5 52 tIha reported by Stemakula and Dixon (2001) fot 25 

yellow root C&SSII.\·a genotypes tested in five localiON during two years in Nigeria. 

Similar values of 2.S to 95 t/ha with an average of 5.48 tIba W'tn reponed for lime 

yellow flab root CUSlva variettes by UTA (1978) In this experiment dry root yield 

lignifiuntly and posi1ively correlated with all the agronomic variables s1udled except 

pct'c~t.ge dry matter. Since dry root yield had a positive aDd highly &ipificant 

ronelatlOn wrth total frcsh root yield perbectane(r c 0.923) it is thcrefore a cfltlCIII factor 

In the selection of casaaVl vlrK:ties (Mahungu. 1 998, 

The dry fOOl yield abo b.t positive and highly significant corrdation with beta caro1ene 

c:ont:eot per bectarc, beta carotene content per plant and bctII carotene content per roo( 
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Thil implies thIt direct sdectioo for hish fresh yield or the dry yield may result in 

irw;iircc:t Sldrection for beta carotene oonteot 

Soil Beta caroleae tOlitelltratioa iD fresb storage root and itl reb.ted variables 

There was no difference in carotene concentrations amol\g the seven yeUow root cassaVI 

,eootypes. It can be explained by the fact that <Uins the prelimiDlly visual evaJuatlont 

only highly colow-ed flesh roots were selected. Values for the beta carotene 

c.oncxntrations obtained In this study ranged from 1.28 mgllcg to 9 19 mglkg and were 

Iti~ber than the carotene values 011.0 to I J 3 mg kg! dry weight from Sik eusava 

tultlvars equivalent to about 0) to 3 8 rna kg" fresh weight as reponed by McDowell and 

Oduro (11,183), usill8 the same HPLC metbod. Safo-Karuank.a el al. (1984) estimated beta , 

t&TOtent content of aJhivar UB (llanelli Bedel.) lO be about 1.2 mg pel' kg in Ghana 

SIemakula and DikOD (2007) also reponed an overall mean value of 5.04 ~g/8 for total 

carocenoed conc:entntion for 25 yellow root cassava genotypes. A value of S.07 psis was 

abo reponed by CIAT 2005 for total carotenoid coocentration i.n yellow cassaVI Theae 

values are however comparable to 4 26 pgfg for the present work wlUch was calculated 

for only beta carotene and not tOlal carotenoid. Similar INdies in CIAT in 2005 gave a 

value of 4 rY1pWg fOT beta carotene which was really closed to 4.26 pg/g for this present 

Evaluation of beta carotene: content is very important but it will be bener to analyte the 

biol.vailabilrty of the beta carotow;: OOOlcot oftbe yellow Clssava j'tIkJtypes It it better 10 

know fur each of these yellow root genotypes the pereenlage of beta carotene content 

which can be released and used in metabolism after consumplion. 11 is Ihen suggested that 

a further rcseardlwor\ can be carried out to Rudy bio.vailabilityofthe betacarOlCnt 
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5.13 Broadw.5e "f:ritab~ty. ge.otypic and pr.e.ocypic variances 

10 this study the broeds(1l5e heritability values ranged from 0.01 for beta carotene content 

per root to 0.86 for mealiness (Table 48). Tbese values are in general smaJler than the 

values reported by ~ workers. The small values ofbro&dJeftse beritabiHty of this 

stUdy were relatfld to the very hish environmental variances over the genotypic variances 

fur aU the variables (except for the meaJiness and the oomber of storage root per pl&nl) 

Sagoe uaJ. (1995) in an earlier wtute root cassava genotypes eva1uatkm in Ghana 

eslimlUld a vaJueofO.97 for heritability for number of storage root which is higher than 

048 forlhe: same variable in thit study. 

Broadsense hentability value of 047 estimated in this study for fresh storage root yield 

we va')' tow in comparison with 80.41, 85.17 and 89.9 ror cuSiva unifonn yield trials 

&t 14, ISaad25 months aftcr planting in Nigeria as reported by Mba and Dixon (1995) 

The value of 0 42 estimated for the broadsense heritability of dry matter content in this 

uudy was smaller than 0 80 u reported by UTA (1981). These were both lower than 93% 

and 9~. reported by Tan (1981) and Tan (19&4) mpedivdy in previous srucm, on wrote 

root cassava genotype 

Heritability value of 0 .22 (or harvest index of this study was IO~'er than 0 75 u reponed 

by Tee (1981) and both lowutbln079 and 0.89 as reported by Birader et 01. (1978) and 

T .. (1984) respectively 

The tuahesa ~ heritability h2 value of 0.86 of this Mudy \l,1IS ~imatod for 

mealiness. 1biJimpiinthatthereisarelativelylargecomponentoftbcheritableportion 

orvan.llon which is portlOI1 exploited (COl1lrolled) by the plant breeder. Hence there 15 

high probabilit}· to brC!t(j ror lhi, character in the casaav, genotypes used for this study 
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The ract that therf'was littJediffennce between the GCV (1894) and the PCV (204. I) for 

mealiness means tNt the noll-genetic component (error and interaction effects) is: I.'try 

min..imal. Thisisindcedmostdesirablerortbeplantbreeder 

Tbevaluesofhentabilityobservedinthissrudywerein~lmallerthanthevalue 

wiler publiihed. YeUow root cassava genotypes are very different from the white roO( 

cusava gcnorypes and this is obxrved in this audy with the big diff~s observed in 

broadscnse beritability (genotypic ditTtfences). There is. need to be in\.-e5tigaled more on 

furtbersrudies 

The values of the genotypic (GCV) and phenotypic (PCV) coefficients of variation ofthil 

study wetc in general very high when compaled 10 values reponed by previous workcl"$.. • 

OaJythc genotypieeoefficient of variation of fresh root yield reported inthi,ltUdy was 

comp&rable to 26.11 aDd 18.64 reported by Mba and Dixon (1995) ror while cassava 

uaiformyiddtriallharvatedat 14, IS MAP in Nipria The values 26.67 and 2019 were 

reported for fresh root yieJd phenotypic coefficient ofvafllnon in the same Itudywhieb 

are both smaller than 30.99 as estimated in this study 
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6. CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions 

The sproutiQ@ at two weeks after pLantiDg, number of plants; numb« of roots. fresh 

storage rooI yield, root mc:.aLiness, root dry matter content and harvest index ,bowed in 

flgnificant differences (p< 0.001) among gcnoIypes. environmeotsand GxE mteractton 

WIth relpeCt to high fresh storage root yield per hectare. the overall high yielding yellow 

fOOl CUSlva gCDOtypes were 0111368, 0111417, 01/1663 and 0111412. Three oftbeee 

genotypes namely 01/14J7; 0111412 and OJ/l3bS had the highest perfonnance for &esh 

root weagbJ: per plant These wne genotypes were also among the best (0111368, 

O1l1417; 0111412 and 0111371) for baa CIIOCeoe coateot in frah storq;e pet hectare 

They ,were alto found to be \"crlex genotyp~ for three different beta carotene related 

varilbles 

The highest value for barvcst index was recorded by genotypesOll14J2 and 0111417. The 

highest value beta carotene content per storage root wu recorded by genotypes 0111371 

and 0111417 Wenchi 009 used u check recorded tbe overall highest petcentl8c of dry 

mattcr content. but the lowesl value of dry storage rOO( yield per hectare. The top 

8eno<ype$forc!ry_root yield w=namelyOIlI368,OIl1663 and 01/1411 also bad 

bighfrahrootyield per hectare. Among these genotypes, 01/1417 and OIlIJ68 recorded 

thc: tughest vaJue (or beta carotene content per plant 

For beta carotcDe concentrAiion the difference among environment. was highly 

significantandthebi&beavalueofbetacaroceneconcentrationinfresbrootwasrecorded 

in environments E.. E •. E, aDd E5 All these four environments with hist- baa carOlcne 

tooceNr1IIion wue cbaractaized by harvest at 001)' 9 months after plantina. Genotype 

0111412 was the IDOIt SIble fix beta carotene concentration but the highest .... tue or bela 
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carotene COI'\Untration wu recorded for genotype 0111224 which WU alJo • venex 

aenotype for a ~-¢nwonme~ eompoted of tight environments including El, E), E. 

E1, F.f.o . Ea.~aod E10 The genotype 0111224 which wua low yie1dina material with high 

storagerootbetaC&TOtl!:Dtconc::entrltioncanbeusedas~allineincrossingblocks 

together with other high yielding genotypes in yellow CU5lW breeding programmes 

Significant differences were recorded for beta CU"Otene per stonge root and in. Slorase 

fOOtS per plant between genotypes (p<O OS) and between cnvironmems (P< 0001). The 

IUgheSf value orbela cartJlene per stonge root was recorded for genotypes 01/1171 and 

0111417 but the genotype 0111610 was the most liable for bell caro(cne content per 

Itonge root. The IUghest value of beta CU"otene in storage roots per plant was registered 

acnocypeOll1417 which wu also the most stable for the same The highest value of beta , 

carotene content per stonge root was obtaiDed in environments E1• E. and EI while for 

beta carotene content 1ft storage roots per plant the same environments were found as the 

bea together with e. No significant difference wu deteaed for Genotype by 

f:.nvironment Inter-action (or beta carotene content per fresh JlorBF root and beta carocene 

conlentinstoraserootsperplant 

Slgmficam difl'crmces (P<O.OS) were found &mona genotypes for the beta carolene 

contffltinstoragerootsptthectare GenorypeOl/1368 has registered the highest vaJucof 

beta carotene content in storaae rOOIs per hectart: for which it was also a venexgeoolype 

winning a mcp.--environment made orE,.~, E" r:., E" Et and Ell! 

The genotype 0111368 was followed by 0111417 and the two combined hlJlh fresh and dry 

storasc root yield with high beta cUOIenc content together with 0111412 can be 

inunediately pr-opo.1 as ruSh yieldins bct&-c.at"O(ene enriched CAssava varieties for a 

nutritional progr-ammc to complement food for vitamin A deficiency The seOOlypc 
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COIllem: pes- bectare It is abo the best forcaroteoe concentraooo 

R.eluhoftheseexperirDeDllbonwereiDfluencedbytheenvirorune:ruI variations. This 

was revealed by the higbat values of environmental variances computed for ail the 

yariables of trus itUdy exapI for mealiness where the gcoorypic variance component wu 

the highest However G " E interactton variances were the lowest for all the variables 

lIudied 

Positive aod highly sipificant com:1atioas were found between lOme aaronoQlJC 

variablesaod betacarOlene variables except beta carotene conccnlration whicb wu only 

highly com:lated WIth harvest index Beside the harvest index, the beta carotene 

concentration was not correlated With auy of the twelve other asronomic variables. If this 

restl! is confirmed by anotber study. then the harvest indC'lt will become more useful than 

II) Ictl,laJ we as lodic:aIoroffreab root yield productivily 

6.2 Recommendations 

Conslderul@ the enV'U'OftlMfrtai effect 00 beta carotene related variables i1 was suggcsced 

that all the initial 38 yelLow root cusava geootypes be evaluated in multi location trials 

In &lIthe major cusaVl gro\loing agro-ecoLogjeal zones of Ghana 

On the bases oftbe high agronomic performance characteristics such .. aproutina at two 

wccb, number of p1aot harvested per hectare, fresh root Ylcld per hectare, fresh root 

weight per piant, number of roots per plant. dry storage root yield per hectare etc , 

oombioedwithbetacarotenecontentdwacteriaiQ.,thegetlOtypelOI/1361,OJ/ I<412and 

0111411, shoutd be recommended fOf oo-farm testln~ and if 5lJCOehfUl. should be 

propo$ed for rneased.t lust to be used for beta carOlene auic:hed gari .inc:cthear ffMh 

and dry slorage root yields and beta caroleneconlent were high and stable 
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For small lC&.Ie CUIIV8 produten and cassava c:onIWIMIr!l it was propoted the genotyJ>e 

01/(417 for its high fresh root yield per bcctan: oombined with iu high perfQf'lD&nCe aDd 

stability fOr betacarotclleOODlalt in ftesbrootsper plW, 

For industrial U8e, it was proposed the genotype 0111368 with rugbeR performance in 

tiabrootyield pe:rbec:tareandhishest betaearotene content per hectare 

For bru:ders wbo would like to improved beta CII'OteDe content of the k»caI mealy 

genotypes throush crossing it was proposed to CODIider the senotype.5 0111224, 0111417 

I.JIj 0111368 as parent&llines because of respectively (I) the high performance in beta 

carotene concentralion In a very wide ranse of enVironments, (2) hiah yield and the 

stability in beta carotene content per plant and (3) the highest performance In fresh root 

yieldandcatOlencconlC1llperhectaJ'e 

ConsidcriDs tbeimportanceoflhebcu.carocerc in t.J.man Ofgaoism. it wu suggested thai 

funherresearch works be carried OUi 10 study the genotypic differencesofbioavailability 

of the beta carotene content In yellow cassava and other factors affecting the 

Re"de beta caroIme content it was suggested to initiate research works be carried out to 

Sludy lhe: iroa. and zinc content of tile yellow rOOl C&.Uava genotypeS 

LD t.bis study it was plumed in coUaboration with Gbana Atomic Energy Cea&.re (GABe) 

10 use the facilities for detenninallon of mineral component. of the yellow root casu .... 

genotypes using instrumental neutron activation analysis, At each har.'est samples were 

.... 'nl 10 (jAf.C but for various re:uoos beyond our control includiog unavailability of 

liquid nitrogen and lack of electricity thIr pan of the Jtudy could not be completed It will 

be recommended that miDeraI components of the yelLow rooc cus.ava be studied lO know 

nwnlytbe[lCDOtypic: variMion in iron and zane conleot 
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Because of the imponancc of Cassava in Ghana and the nutritKmal problems cauted by 

vitamin A deficiency in thecountry,itwuSI.Iggestedtblla research task rorce be Sd up 

- the AariwIrunI Rcoean:h hulilwa (CRI. SARI elc. ~ the Uoivcrsibes (Legon, 

Cape: Coast, K.wnasi etc). the centra) nutritional Labs (Noguchi) and tbe Ministry of 

Agrieuhure (MoFA) for SUSl&inable management of the yellow root cusaVI rool reseArch 
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