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Abslrqct

fossoro (Monihol esculenlo Crontz) provides lhe cheopest
V source of food colories in Afrlco ond forms lhe moior slople
for roughly 40%o ol Africons. More lhon 20O million people in
sub-Sohoron Africo derive over 50%o of their corbohvdrote
rnloke from cossovo. llhos been recognisedos o powerful povedy
fighler with lhe potentiol to help olleviote poverly both through
f ood securily ond commerciolizqlion,

Ihe low overoge yields rn eoslern Africo ore caused by mony
foclors including susceplibility of commonly grown vorielies lo
mofor diseoses ond pesls rncluding cossovo mosoic diseose
(CMD) ond cossovo brown sleok drseose (CBSD). Ihe most
effeclive ond reolislic opprooch lo reducing losses lo CMD ond
C85D is the use of hosl-plonl resislonce or deploymenl of /ess-
susceofiSle cullivors

Severol CBSD loleronl locol cullivors hove been identified ond
recommended for cultivolion in Kenyo (Kolesq Guzo, Gushe,
Kibiriti Mweusi, Ambori ond Kohoteli), Mozombique (Nrkwoho,
Chigomo Mofio, Nochinyoyo, Xino Nn goe, Likonde, Muloleio
ond Bodge) ond Tonzonio (Nomrkongo, Klroho, Nochinyoyo,
Kigomo Mofio (Kigomo Red), Kilumbuo, Kolulu, Mforonso,
Muzege, Kikombe, Gezoulole qnd Kibongameno). Ihese ore lhe
moin sources of resistonce used rn breeding for CBSD resisfonce,

ln efforls to improve breeding efficiency, some reseqrchers hove
invesligoled the correlotion belween morphologicol morkers ond
resislonce to C85D bul in voin. All the CBSD loleronl cullivors
mentioned obove in Tonzqnio ond Mozombique ore geneficolly
helerozygous (Zz) lor the slem hobit troil. ll hos been reporled
lhol resislonce or loleronce of cossovo to CBSD wos ossocroled
with the "2" ollele conlrolling slem growth h<tbil. This sludy
confirms lhe reporled ossociolion. The zigzog sfem hobif con
therefore be used os o morphologicol morker in breeding for
CBSD resrstonce. Furthermore, it will be possible for breeders lo
use lhe morker in pre-emplive breeding where lhe diseose is nol
presenf. fhis is the firsl repod of using o morphologicol morker in
indirecl seleclion for on dconomic impodont troit in cossovo.

lntroduclion

Cossovo (A,lonihot esculenlo Crontz) provides lhe cheqpest
source of food cqlories in Africq qnd forms the moior slople for
roughly 400% of Africons. More 'hon 200 mill ion people in sub-
Sohorqn Africo derive over 50o% of their corbohydrote intoke
from cqssqvq, lt hos been recognised os o powerful poverfy
fiqhler with the potenfiql to help qlleviqfe poverly both through
f ood securiiy ond commerciolizotion.

In Africq cqssqvq productivity is on overoge neorly t 0 t/ho

_(8.1 t/ho in DRC, 9.8 t/ho in Tonzonio, 10.6 r/ho in Kenyo ond
12 t/ha in Ugondo). However yields in some South Asiqn
countries qre much higher: Chino ('16.2 f/ho). Indonesio (16.6
t/ho), Thoilond (22.9 t /hol ond lndio (32.9 t/ho) (FAO, 2009).
The low bveroge yields in Eqstern Africo ore coqped by mony

foctors including susceptibil i ty of commonly grown vorieties to
moior diseoses ond pests including cossovo mosoic {CMD) ond
cqssqvq brown sfeok diseose (CBSD). CBSD which historicolly
wqs confined fo the cooslol lowlonds of Kenyo, Tonzonio ond
Norlhern Mozqmbique, is now considered ihe greotesi threqt
lo food security in fhe Greot Lokes region.

The most effecfive qnd reqlisfic opprooch lo reducing losses to
CMD ond CBSD is fhe use of hosl-olont resisfonce or
deployment of less-susceptible cultivors. Cossovo breeding
storfed in 1935 of Amoni in Tqnzqniq to develoo cultivqrs
resislqnl fo bofh CMD qnd CBSD. CBSD wos considered
sufficiently importoni for resistqnce breeding fo be included in
the cossqvq improvement progromme supported by lhe Brit ish
Goyernmenf during the 1940s ond 50s under the ouspices of
the Eost Africqn qnd Foresl Reseorch Orgonizorion (EA,AFRO).
The mosf resisfont voriety developed from this progromme wos
46106/27 ond wos o third bqckcross derivqtive from M.
esculentq x M. gloziovii, This clone which hqs survived qnd
remqined populqr lo dqle is sfi l l  one of the most CBSD toleront
clones now grown in Kenyo under the locql nome Koleso.
Recenfly using moleculor 'echniques (over 500 single
nucleotide polymorphism (SNP) morkers), we hove shown thqt
Koleso is geneticolly idenficql to cultivor Nomikongo which is
grown in Tonzonio.

Nomikongo is populor in Mlwqrq qnd Lindi regions, Severol
CBSD lolerqnl locol cuhivors hove been identif ied qnd
recommended for cultivqlion in Kenyo (Koleso. Guzo, Gushe,
Kibiri l i  Mweusi,,A.mbori ond Kohoteli), Mozombique (Nikwoho,
Chigomo Mofio, Nochinyoyo, Xino Nn'goe, Likonde, Muloleio
ond Bodge) qnd Tonzonio (Nomikongo, Kirobo, Nochinyoyo,
Kigomo Mofio (Kigomo Red), Kifumbuo, Kolulu, Mforonso,
Muzege, Kikombe, Gezoulole qnd Kibqngqmeno). These ore
the mqin sources of resisfonce used in breedinq for CBSD
resislonce.

In efforfs lo improve breeding efficiency, some reseqrchers
hqve inyestigqled lhe correlotion befween morphologicol
mqrkers qnd resislqnce fo CBSD but in voin (Nichols, 1947,
Mohungu et ol., I 999). Morker genes confrol the expression of
lrqils which con be eosily clqssified into distinct sfqfes. eqch
confrolled by o different ollele, ond whose expression is l i t l le
influenced by the environmenl. They con'be o tool for studying
linkoge groups ond mofing syslems, qnd somelimes fhey ore
directly imporlqnf os delerminqnls of economicqlly importqnt
chqrqcters. The zigzog sfem growth hqbit is one of the morker
genes identif ied in cqssqvq. There is strong evidence to suggest
fhql the zigzog siem is conlrolled by o single recessive gene
(Hershey ond Ocompo 1989).

All the CBSD toleront cultivqrs mentioned qbove in Tonzonio
ond Mozombique ore geneticolly heterozygous (Zz) for the
stem hqbit trqil. For Kenyo, Koleso ond Kohoteli ore qlso
heterozygotes whereos, Guzo. Gushe. Kibiri l i 'Mweusi ond
Ambori ore of unknown genelic constitulion (they hove iust
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recenrly been reported by Mungo, 2008 ro be CBSD toleronf).
There is q need to find out the genelic bosis of their stem hqbit
chorocleristic.

Kqniu ef o1,.2007 reported lhqt resislqnce or loleronce of
cqssqvo fo CBSD wos ossociqted with the "z" qllele confroll ing
slem growth hqbit. This sludy wos corried out fo estimqte some
geneiic pqrqmelers omong CBSD foleronl cuhivqrs. Howeyer,
fhe doto were used to find out whether there is stqtisticql
evidence lo supporf lhe oforementioned hypolhesis.

Melhodology:

Open poll inoted seeds obtoined from seven CBSD tolerqnl
pqrenfs (NDL 9Q/34, Kigomo Mofio/Red, Nomikongo,
Nochinyoyo, Kirobo, Kitumbuo ond Kolulu) planted in o
polycross block eslqblished qf ARI Noliendele during the
2004/05 seoson were used to rqise Fl seedling ctones for use
in lhe genefic onolysis of CBSD qnd €MD foleronce or
resistqnce, fresh roof yield ond dry mqtter content. All the
seedlings which estqblished were cloned qt hqrvest wifhouf
selection fo estqblish the Clonql Evqluotion Triol (CET) during
fie 2005/06 seoson. The CET wos orronged in o check plot
design with NDL 90/34 (improved check) plonted ofter every
I O clones. Eoch clone wqs represenfed by five plqnis in q plol
spoced oi lm x lm. Hqrvesting wos done 12 months qffer
plqnting (MAP), Af horvest CBSD rool necrosis wqs scored from

eoch plqnl using q scole of I - 5 where I indicqted no visible
symploms ond 5 indicqled very severe domoge. The highest
score wos used to distinguish between resistont/tolerqnt (score
I - 2) from susceptible clones (score 3 - 5).

Since qllthe porenls used in this study were CBSD tolerqnf ond
heterozygous for stem hobit (Zz). we expecf thqt mqting qmong
lhem (including selfing) wil l resuhinq3:l (resisfont^olerqnf fo
susceptible) segregolion rqtio if the qbove menlioned
hypolhesis is true, The Chi:Squqre lesl wqs used lo fesl fhis
hypothesis, Chi-Squore is o stofisticql tesi commonly used fo
compore observed dolq wilh dofo we would expect to obtqin
occording lo q specific hypolhesis. h wos eslimqted by using the
GrophPod Softwore Inc., 2005 os follows, X' = : [(O - E)'/ E]
where O = number of observed resistonf/tolerqnt or
suscepf ib le  c lones  ond E =  number  o f  expec ted
resislqnl^oleront or susceplible clones.

Resulls cnd Discussion

The reqction of the clones from lhe seven fomilies to CBSD (rool
necrosis) is summqrized in Tqble l. The X' = 13.274 -'tn t a
degrees of freedom wos obtoined. The two-fqiled P volue
equols 0.4269, By conventionol criterio, ihis difference is
considered to be not siqfisticqlly significonf. This implies thot the
dqto were sompled from the distribution we expeded

l.lgzog moin stem hobil (2) on lhe lell ond no|'rr.ol stem hdbit (ZZ ot Zz) on the ighl
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Toble l: Reqcfion of clones from seven fqmilies to CBSD qt ARI Noliendele, Mtworo, 2004/05 seoson

Fomily No. of Clones
evqluqled

No. of clones
observes lo be

res;slqnl*

No. of clones
expecled lo be

resislqnt

No. of clones
observes lo be

susceptible

No. of clones
expecled fo be

susceplible
Nqliendele-OP 97 77 178%l 72.75 20 24.25
Kioomo Red-OP 62 49 179%l 46.5 r 3 r  5.5
Nomikonqq-OP 89 80 (9o%) 66.75 9 22.25
Nochinyoyo-OP 1 6 3 124 (76%) 1 2 2 . 2 5 40.75
Kirobo-OP t 0 7 83 178%J 80.25 24 20./  J

Kitumbuo-OP 134 1OO 17 s%) r 00.5 34 33.5
Kolulu-OP r  l 6 e1 (78%) 87 2 t 29
Tofol 76e 604 (79%) 576 1 6 4 192

OP = Open pollinalion ln o polycross design; * Figures in brdcket ore fh e nvmbet of tole'onl
clones exprersed os o percenloge of the |olol number of cronej eyoruofed.

We hove noted thot if is phenotypicqlly diff icuh ro diit inguish
belween heferozygous (Zz) ond homozygous dominoht (ZZ)
clones. Homozygous recessive clones (zz) con very eosily be
dislinguished becouse fhey hove very pronounced zigzqg stem
qnd brqnches (Coprion obove). From these results we expect
lhol the moiorily of the "zz" Fl s should be foleront/resistqnt to
CBSD, These con be used os resisioni pqrenls to cross with
susceptible cuhivors (which hove good ogronomic or other
consumer preferred frqifs) in isolqled crossing blocks. This will
ensure thot qll the Fl s from the crossing blocks wil l be "22", the
moiority of which wil l be foleroni/resistont to CBSD. This
opprooch cqn be used in pre-emptive breeding for CBSD
lolerqnce in the obsence of the diseose e.9. in West Africq. This
work cqn be init ioted if the CBSD resisrqnl pqrents ore qvqiled
lo breeders, lf this is not possible due to quqrqntine issues, the
crossing blocks cqn be estoblished in Tonzonio qnd the seeds
senl fo fhe breeders. CBSD is not known to be seed-borne, The
breeders cqn then select Fl s with zigzog stems (zz) ond use
them os pqrents. This wil l be the firsf reporl of using o
morphologicol mqrker in indirect selection for on economic
importont troil in cqssqvq.

We hqve so for not known ony CBSD resistqnf/toleront clone
thoi is normql for fhe stem hobi+ lZZl troit. However, we hove
obfqined some Zz ond zz clones thof were suscepfible to CBSD,
This implies thot fhe resislqnce gene is nor very tightly l inked ro
lhe morker.gene to rule out folse positives. This does nol rule out
lhe use of this mqrker since the mqiority of clones (75 to 90olo)
f rom eoch f omily were resistont/roleront to CBSD (Toble I ).
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