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Abstract , ! : e -

A hvbrldlzatxon bean breedxng programme aimed at breeding béans resistant against the bean bruchzd
species Z. subfascxatus which destroys beans in storage was carried out ‘at Sokoine University of Agricul-
ture (SUA) Morogoro, Tanzania between 1994 - 1997. Five potential local bean varieties/lines were
crossedtoa bruchid resistant bean line RAZ 24-2 which was developed at SUA by selection from CIAT
'segregatxngRAZ ‘bean populations. Seeds ofRAZ lines contain arcelin a protein which confers resistance
agamstZ subfasciatusand can be transferred into other,varieties by hybridization. The backcross breed-
ing procedure was adopted and five arceltn containing progenies-were. developed from this breeding
programme. Seeds of the developed progenxes and those of the parents were then tested for resistance
against Z. subfascxatus in aRandomxzed Complete Block Desxgnﬂwtth 5 replrcatrons There were. signifi-
“cant differences (P <"0.03)in resxstance agaxnst Z. subfasciatus among the genotypes: Results indicated
that arcelin: mcorporated genotypes were supertor over the arcelin, def icient, parents for resrstance
against Z. subfascxatus Generally, the presence of arcelin in bean. seeds delayed bruchid development
reduced the number of emerged bruchxds ‘and- bruchxd damage on bean:seeds. .[However, bruchids man-
aged ! to lay many eggs on seeds of all cultxvars tested suggestmg that bruchtds arenot rnhrbzted ﬁ'om lay—
1ng eggs on. arcelxn contaxmng seeds T ; G E I Gl LTI
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'Introductlon

he bean bruchld species Zabrotes
, subfascxatus (Boh ) and Acanthoscelzdes
obtectus (Say) which destroy beans in storage are
of econonuc 1mponance 1n Tanzania, (Masolwa
and Nch1mb1 1991 and Mlsangu 1997) The

damage on bean seeds due to bean bruchids.fe-

duces welght quality and viability. Bean weight
losses of 1 up to 30% have beén reported (De Lima,
1973:) Various methods for controllmg these
pests 1nclud1ng cultural and chemlcals have been
recommended (Schoonhoven and Cardona, 1986)
Unfortanately, bruchid damage has not been fully
controlled’ by these methods and therefore breed-
ing bruchid - resrstant varieties has been thought
tobea more, rellable control method than others
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Bean bruchid resistance has been attribute to

“a number of factors. Physical factors such as

pod pubescence and seed coat hardness have
been cited (Thiery, 1984). However, the pres-
ence of arcelin in wild beans as identified by
Schoonhoven et al., (1983) confers resistance
against'Z, subfascxatus in P. vulgaris. Osbom et
al. (1986) identified for variants of arcelin and

'noted that the transfer of arcelin into white

seeded cultivated beans via back crossing re-
sulted in large seeded breeding lines with high
resistance against’ Z. subfasciatus. This form of
re51stance is due to antibiosis mechanisms and is
controlled by a single. dominant gene (Cardona
and Posso, 1987).

Essentially, the resistance resulting from the
presence of arcelin in bean seeds is manifested

Tanzania J.Agric.Sc.(2001)Vol. 4 Nol, 23-28
/,



24 R.N.Misangu et al.

by prolongation of the life cycle and reduced adult
emergence. The discovery of arcelin in wild bean
seeds has offered possibilities of developing bean
varieties which are resistant against Z.
subfasciatus.in locally adapted potential bean va-
rieties. This can-be achieved by hybridization be-
tween the potential local bean varieties and the
RAZ lines and hereby substantially reducing
losses of beans caused by this pest. The objective
of this study was therefore to incorporate arcelin

in superior and locally adapted bean varieties, and -

to identify the most resistant progenies against Z.
subfasciatus either for use as parents in future
bean breeding Pprogramines aimed at breeding
beans resistant to this pest or for release to farm-
eIS. .o e e

Materlals and Methods
" Alleles for arcelin from the donor parent RAZ

24-2° were transferred: to five agronomrcallv supe-*

‘rior bean cult': ars. The line RAZ 24- ‘carries the

gene for resistance against Z subfasczatus The lo- >

cally adapted superior bean cult1vars into which»
arcelin was incorporated were selected based ori -

their known superior characterlstlcs as'shown'in P
Table 1. The ‘standard backcross method was’ -

adopted in this breeding progiammé as illustrated
in Figure 1 where SUA 90 and RAZ 24-2 bean
parents are used as examples

Table 1: Parental bean cultivars used in breeding
beans resistant against z subfasciatus

Variety/line Supe(ior characteristics ..

- 4 EERY

Soprce

SUA 90

’ Released commermal vanetv hlgh yleldmg SUA
resistant to angular leaf $pot. rust. bean.com- © "I,
~af o -~ mon mosalc wrus and drough tolerant N
PR 12 High yielding with hlgh protem content, red - SUA .
. . seededand Jresistant to angular leaf spot. rust e
R . and bean common ‘mosaic virus
PR 13 ‘  High protem content'with a dark brown seed -SUA
colour: Resistant to angularleaf spot, rust
. .. .... and bean common mosaic vn-us A
FP-1—4 - High protem contem with a dark brown seed SUA
"= ~= colour: Resnstant to angular leaf spot ‘rust
. " +* 7 and bean common mosaic virus - ‘. B
"EP 3:2 * High yielding, fast cooking and resistant’to SUA
angular leaf spot, rust and bean commonmo-_ - .
salc virus - ¥
_RAZ 247 ~

Rewslant agazmt 2z subfascralus CIAT

0

SUA 90 X\ RAZ 24-2
SUA %0 \ R
SUA 90 \ B Back crossing stage
e O
SUA%0.C X' B . .
I Tl L0 Y
Bs
B8
l Selfing stage ’
B: S: .
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Flgure 1 The breedmg scheme for reSlstance aga)s st
Z subfasctatus usmg SUA 90 and RAZ 24 2 as an example

i

PI‘lOl’ to the commencement of the breedlng

hort1cultural unit and ﬁlled in5 llter 51ze plastlc
pots N1trogen in the form of ammonlum sul-

hate and phosporus (Pv Os) i 1n the forrn of triple
super phosphate were well, m1xed in the soil con-
‘tained in plastic’ pots at rates of 20kg N/ha’ and
50 kg P20s/ha, respectlv ely. “Each cultlvar was
planted in 10 pots at a rate of one plant per pot.
_ RAZ 24-2 was planted in twenty, pots:inorder’ ler'to
prov1de adequatc flowers from which | polien for
making crosses was collected. All pots.were ar-
ranged in rows on benches in a glass house such
-that pots planted with one entry were arranged in

. a s1ngle ow and there were two rows for, the line

--RAZ 24- 2. The pots were placed ata spac1ng of

""50¢m within and between rows followed by ade-
_ quate W atermg until germrnatlon and subse-

quentlv throughout the grow1ng perlod to matu-
rltV . -
At flowenng stage RAZ 24 2 was crossed

. to all other parents durmg which rec1procal
Crosses were also made . The F1 seeds were back-

crossed to the1r respective recurrent parents three

“times. _Aftef edch backlcross generation, seeds of
',‘ibackcross lines were|grown. harv ested sepa-
-tatély as single plantsjand tested for resistance
"agalnstZ subfasczatus ‘After harvest seeds of
‘single plants were packed and sealed in polv-

thene bags. The seeds were deep frozen in a
deep freezer for one week in'order to eliminate

‘.
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Table 2: Levels of resrstance to Z Subfasctatus in parental bean linescrosses: contalmng

arcelm (means)

== = T 7

Entries . "Number of eggs Number of days Number, ol ‘adults Number of ) (IS) Resistance level,
3 : 5. lald P (1o 50% Fi adults emerged-. - . damag e d o oo
. ) ~ ... .. . emerged T 'seed.s MR “'_l‘ ‘

RAZ 24 -2 x SUA90 111 4“’ . 50.6% - = 1.4 2.4 023 . R -

RAZ 24-EP 44 12)0 e 32 T LO° . L0 018" "R,

RAZ 24-2 X EP 3- o) 1272% 7 . 48.8°¢ 14 e 300 - 023 R -

RAZ 242xPR12° © 120,480 o504 e - T 24 026 R L

RAZ 24—2xPR 113 129.6% C4g2T 220 TR L 34 043 R ..

RAZ 24:2. e -i322® 522% 2.6 . . 2.8° 0.35° R .,

SUA'90 f 1458 - 3065 - S 13400 , 3800 238 S

EP4-4- - 127.6" 31.0°- 110,0%. .. 314 229 S

EP3-2 - 125b% 31.4 109.6% 33.4° 228 S

PRI2 108. 8¢ “30.4¢ 94.6 30.6° 2.21° S

PR 113 ) 124.8% 31:2° 102:2¢ 39.4° 224 S

Kijivu - susceptrble 133 0 "29.4¢ 114.2" 41.0* 230° S

Control = " i — N ‘ .,

Mean 1255 40.6 55.3..- 19.1 13

SE - .. 53 0.7 6.9 . 13 0.02

CVop '93. 3.8 276 154 4.6

Mcans in the same column followed by the same. letter(s) are, not srgmﬁcantl\ drfterent (P/O 05) tolloWI ng

separatron by, Duncan’s Multrple Range Test
IS /0 3 rcststant

Reslstance Ievel

: T

IS>1. 0 susceptrble

residual bruchld 1nfestatlon after which they were
stored in a refrlgerator at 5 — 8°C. From the refrig-
erator, 45 seeds of each smgle plant were drawn
and placed in glass vials such that each vial con-
tained 15 seeds: repllcated three times.: To'each
vial, two- palrs ‘(i’e. 2 females and-2 males) of
freshlv«emerged '‘Zvsubfasciatus Were introduced
after wh1ch the vials were covered with perforated
plastrc lldS 7 A-susceptible local variety Kijivu.

served ds a control All vials were kept-undis-
turbed in ‘an incubator adjusted at 26 =-2°C and-60
- 70% R H:for'60 days .- Seeds of each single _
plant ; 'were ‘then assessed for bruchid damage on the
basis of either damaged or undamaged: Seeds of a
single plant ‘with a mean! number ‘of inore than'one
emerged adult insect$ were considered damaged
while those with'less- than one insect were consid-
ered undamaged Onl\ 'seeds of undamaged s1ng1e
plants thus, cariving the gene for resistance were
backcrossed t the réspective recurrent parents'and

PRGN - -

N

Al Y

IS 20.05 - 1. 0 moderatelv resistant

seeds of susceptible single plants were dis-
_carded. After three successive backcrosses
seeds of resistant single plants were sclfed three
_times in order to identify homozygous resistant
o s1ng1e plants At each selfing generation single
plants were subjected to insect feedmg tests as
descnbed carlier. The selfing process resulted
in producmg B:Ss. generatlon seeds. ‘Finally-
" seeds of hom07v gous resistant smgle plants for
. each. initial cross were mlxed and multlplled
Thus the programme developed Tive been
breedmg lines 1ncorporated with arcelin.. The
five developed progenies and their parents were
.then evaluated for resistance agalnst Z.
subfasciatus using the procedure descnbed by
Schoonhoven and Cardona (1986) The variety
Kl_]lVll was include in the experlment as a sus-
_-ceptible control while the resistant llne RAZ
" 24-2 served asa re51stant control.
_= Freshly ‘harvested seeds of the 12 treatments
(Table 2) were condltloned and. stored m a re-



26 -R:N.Misangu et al.

frigerator as described earlier. For each treatment,
250 seeds were drawn from-the reffigerator, di--
vided into five seed lots and separately placed in 5
vials each containing 50. seeds. To each vial 7
pairs of freshly emerged adults of Z. su_bquczatus

were added ‘and left to oviposit on the seeds. The -

vials were covered with perforated plastic lids and
placed-in an incubator as described earlier. The
experimental design was a RCBD with five repli-
" cations. The five vials per treatment represented
replications and blockmg was done by infesting
one vial of each treatment per day for five consec-
utive days. After 20 days from the date of infesta-
tion for each replication, the introduced bruchids
were sieved out (by that time all had died) using a
3mm mesh screen and the number of eggs laid per
treatment counted.- The vials were re-incubated
and left undisturbed-until the emergence of Fi
adult bruchids commenced. From then all
emerged F1 adults were removed from the vials

daily and counted until 60 days from the infesta-

tion day after which the experiment was termi-
nated. Data on progeny per female and days to
adult emergence were used to calculate the index

of susceptibility (IS) by adoptrng the formula pro-

posed by Schoonhoven and Cardona (1986) as fol-
lows:
IS= Natural log (progeny) female x 100
Day to 50% F: adult emergence

Results and Discussion

The relative degrees of res1stance agamst Z.
subfasczatus drsplayed in arceliin - contarmng and
arcelin — deficient’ genotypes presented in a num-
ber of varlables are summarrzed‘m Table 2 There
entr1es with respect to the number of eggs la1d on
bean seeds ranging from 108 8 = 145 8 eggs.
Generally, bruchids laid many ‘eggs’on'all treat-
ments and there was ‘no clear 1nd1catron that
bruchids lard more or few eggs on either arcelin —
1ncorporated or arcelin - deficient entries, How
ever, srgmﬁcant variations were observed in num-
ber of days 0 50% F) adults emergence among the
genotypes “This ranged from 294 t0'53.2' days in
the suscept1ble 'check - (Kijivu) and- ‘the
arcel1n—1nocorporated _progeny RAZ 24-2 x EP -
4x 4 respect1vely The results 1nd1cated that
bruchids requrred more days 10" emerge from seeds
of arcelrn contarmng than from arcel1n - defi-
cient’ genotypes “Thus, arcelin prolonged the

bruchid life cycle. The number of days to 50%
. F1 emergence ranged from-48.2 t0.53.2 and 29.4
to 31.2 in arcelin - 1ncorporated and arcelrn -
deficient entries, respectively. Srgmﬁcant differ-
ences.among the entries.in number of emerged
-adults were observed.- However, all progenies
‘atid the'arcelin - containing parent RAZ 24.2
had relat1vely low mean-numbers of emerged
adults, rang1ng between 1.0 and 2.6 adults.” On
the contrary, more adults emerged from the
arcelin - def1c1ent cultlvars Wthh ranged form
94.6 to- 134 0 adults for PR 12 and SUA 90 Te-
spectively. This indicated that the presence of
arcelin in'bean seeds significantly reduced the
total number of emerged adults. The most strik-
ing f1nd1ng was that more bruchids emerged
from the commercial variety (SUA 90) than
from the susceptible check (Kijivu suggesting
that SUA 90 is very susceptible:to: Z.
subfasciatus. R AN
Similaily, the total number of damaged seeds
was relative low i inall arcelin — containing geno-
types. This ranged from 1.0 to 3.4 for RAZ 24-2
x EP 4-4 and RAZ 24-2 x PR 113, respectively.
Ther€ were no s1gn1f1cant differences among
arcelin — 1ncorporated cultivars for this variable.
_High numbers of - damaged seeds-wére observed
‘on arcelin = deficiént genotypes indicating that
these were highly sisceptible to Z. subfasciatus.
The highest number of 41.0 damaged seeds was
recorded on the susceptible control (Kijivu) but
--did not differ significantly.(P <:0.05) from.SUA,
90 and PR 113 'with 38.0 and 39.4 damaged,
- seeds; respect1vely This indicated that the,
--agronomically superior cultivars SUA 90 and PR
dll3-were also very highly damaged by Z..
-.subfasciatus.- The lack of significant differences.
i-among the arcelin = incorporated genotypes in
snumber of' emerged adults .and:number of dam-
raged seeds suggested that the presence of arcelin.
.in bean seeds was’ thel ‘major determining factor,
+ for resistance agarnst Z. subfasciatus in. these
- treatments. /The levels of resistance against Z.
.-subfasciatus measured as IS’s were significant,
among the treatments. l The progeny RAZ 24-2-
:XEP 4-4 had the lowest IS of 0.18 and was thus
~the most resistant lme among the genotypes
!tested. The commercial variety SUA 90 was.
5. more susceptible than the control | variety Kijivu,,
which had: IS’s 0f 2.38 and 2.30, respect1vely
.:As:it.was indicated in earher discussed variables,
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all arcelin — containing entries were resistant to Z.
subfasciatus while arcelin — deficient entries were
all susceptible to the pest. This was a clear indica-
tion that arcelin protects bean seeds from attack by
7. subfasciatus. These results are consistent with
those of Schoonhoven et al., (1983) who found
that the presence of arcelin in bean seeds con-
firmed resistance against Z. subfasciatus.

Conclusion

It is apparent from this study that the presence
of arcelin in bean seeds confers resistance against
Z. subfasciatus and that gene recombinants which
are more resistant against Z. subfasciatus.than
RAZ lines from CIAT can be developed by cross-
ing the locally adapted varieties to CIAT geno-
types.. The line RAZ 24 - 2 x EP 4-4 was more re-
sistant against Z. subfasciatus than the arcelin do-
nor parent RAZ 24 -2. It is brown with medium
seed size. This line is therefore potential as an
arcelin donor parent in future hybridization
programmes aimed at incorporating arcelin in lo-
cally adapted bean varieties. It can be considered
for release after it has been tested for other
agronomical characteristics.
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