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Abstract 
Two early maturing determinate pure lines TMO 101 (pj) and Tifo 216 (Pl) 'weie crossed'to tWo'late 
maturing lines A87 (P5) and CUT i'6c'j (P6) in order to' study th~ ''inheritance pattern'on maturity 
characteristics. Paren't~/lines and F2 se~ds'of PI x P5'and P6 Wer.e plante{ inthefieidin a r{j~domized 
complet~ block design wIth three fepfications at the Soko'ine Uni~i;'sitY of~gficuitlire farm. 'Frequency 
distribution tables for maturitj traits were p'repared and s.egregation data tested by th{! Chi- square test. 
A continuous distribution for number of days to first flower were :obseriled in'F'2 o/TMO 2 I 6 x CiAT I 6~1 
while for cross TMO 101 x A87 it seemed to be skewed 6nihe. earIyside: Results show that more than one 
gene is involved in controlling days' to first flower especially fqr the 'cross TMO 216 x CIAT 16-1. A 
satisfactory fit to a 1:2: I segregation ratio of early, intermediate dnd lat~ flowering' plants occurred in 
both crosses. Results showed that days to first flower (DFF) in both crosses were controlled primarily by 
additive gene action. Transgressive segregation for lateness occurred in the cross (TMO 216 x CIAT 16-
I). The segregation data fitted a 13:3 ratio suggesting segregation of two major genes, dominantfor late 
maturity. Days to maturity (DM) in the cross TMO 101 x A87 ~as found to be monogenically controlled 
with partial dominance for earliness, Transgressive segregation for long reproductive period was 
observed in the F] of cross TMO 2 16 x CIAT 16-1 indicating some quantitative inherita,!ce for this trait. 
The segregation data diq not fit the expected ratio of 3:1, further suggesting the involvement o/many 
genes with small effects. For both crosses the data shows contin,uous distribution in pqd fil! period-2. Pqd 
fill period-2 was found to be inherited quantitatively in the cross TMO 216 x CIAT16-1 . . " ..• "'':'~' " 

The knowledge' o,btained from this study together with heritability, values obtained from other 
studies will be valuable in detamining breeding procedures for improvemeiii of miJtul-ity charactf!ristics 
and podflll periods in tropical conditions." ,~ '.. ~ .:.' ~. . -: ' ,'c,': 

" I : ,-I '" r -.,}. ~ ..... -..- • .; , ;: ... ~, •• _-
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Introduction 

E arly maturity is a desirable trait for common 
beans (Phaseolus vulgaris L) in the tropics 

because it serves as a mechanism for avoidmg 
stresses like drought and diseases (Scheneider et 
aI., 1997; Wright and Redden, 1998; Frahm et aI" 
2004). In addition, earlmess has an economic 
value of providmg fanners with a rapid source of 
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,': :.' ': c'.\>; ';,.",_".,' , 
-foOQ' as well' as, mcome' (White: and-nzquirdo, 

1991). \' " 
The awareness by breeders to develop 

early maturmg corlnnon, bean cultivars is 
challenged by the probl(fm of how to breed 
cultivars which combme the desired level of 
earlmess with a 'reasonable yield potential 
(Mduruma and Nchirilbi, 1991). Selection for 

/ 

/ , 
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Nchimbi-Msolla and Z.O. Mduruma 

high seed yields, however, has been found to lead 
to' loss 'of the desired earliness '(White, 1989; 
White and Singh, 1991; Wallace, 1985; Acosta­
Gallegos, 1996), Hence, breeders have to find 
efficient '\vays to simultaneously select for 
~a:rfiIiess and high yield potential through genetic 

';stildies Of appropriate populations. This problem 
IS 'due to' the fact that earliness embodies an 
inherent 'lo~s of yield potential that is associated 
wiill' short, cycle and sub optimal canopy 
development. 
. . Partitioning of genetic variance into the 
different comp,onents due to the additive, 
dOrIDnance and epistatic effects of genes, is 
usetul in providing information on inheritance of 
qllantihitive'characters and in, formulating 
'bre,edirig"procedures. Studies on inheritance of 
earliness iri common beans indicate that only a 
few' genes are involved (Coyne and Mattson, 

')'967; 'Bliss, 19,71; Coyne, 1978; Smgh~'1991): 
One;'or two 'genes have' a direcf effect on 
flowering while, a third gene affects maturity 
traits thi-ough its effect on' growth habit (Freire 
Filho, 1980). 

:.-, :' " ,: 'Most genetic studies on earliness in 
maturity, however, have been conducted in the 
temperate regions of the world using materials 
partly adapted to the, tropics. Knowledge of the 
mode of inheritance of maturity traits of 
. tropically adapted common beans should 
facilitate sylection of early maturing genotypes, 
which are also high yielding. ' 

This paper reports on the inhe.ritaric~ of 
ffiaiUiitY ciJ.(~racteristics and duration of pod fill : 
period of Early and Late common bean crosses 
adapted to the tropics. The implications of these .. 
traits in breeding for earliness and higher seed 
yieldsl are discussed. " ' 

,I ' 
Materials and methods 

six-pL: lines ~f common bea~s were selected' 
from the germplasm in the SUA breeding project 
to bejused as parents in the crosses. Three lines 
of de1terrninate growth habit na~ely, TMO 101 
(PI),ITMO 216 (P2) and 86 EP 5070-B (P3) 
represent~d the early maturing parents. Lines 
TMO 216 and 86 EP 5070-B are resistant 'to ;' 
Bean Common Mosaic Virus (BCMV), bean rust 
and Angulai L~af Spot (ALS). Bean line TMO 
216 has also tolerance to drought, good cooking 
qualities and has high yielding potential. TMO 

43 

10 1 is a large seeded accession with a good root 
system; which could possibly be of adv~ntage in 
drought has tolerance. 

'Lines, A55 (P~), A&7 (P5) and CIAT '16" 
1 (P 6) were cp.o~en .as, late maturing parents. AS 5 

'and A87exhibit an upright growth habit. Line 
A55 also has, a goosl,r90t syst~m, is resistant to 
Fusarium wilt and tolerant to Bean Stem Maggot 
attack. ' ,',:. :'.: ::, '-'. ",', ". ' 

, .. " , • "\C" ~". 

, Crosse~ . (half. diallele) between early 
and late maturing lines were made as'follows: PI 
x P4, PI X P5, Pl,x P6, P2 X P4, P2 X P5; P2 x P6, P3 
X P4, P3 X P5 a~dP3 x P6, 

Due to insufficient seeds, the F 2 seeds 
of all crosses could not be planted in the field. 
Therefore, only the parents, F I and F 2 progenies 
of TMO'101 x A87 (PI x r5) and TMO 216 x 
CIAT 16-1 (P2 x P6) were planted in the field 

'plots of the Sokoine University of Agriculture 
(SUA). A randomized complete block design, 
with three replications was used for each cross. 
Each replication consisted of two-row plot of 2 
meters long for each generation. The plots were 
bordered on each side by a guard row of TMO 
216. 

The spacing was 50 cm between rows 
and 20 cm between plants. Twenty-two F2 seeds 
and parental lines were sown per plot, and thus 
for three repliCations there were a total of 66 
plants for observations. The number of days 
from seeding to each maturity trait was recorded 
by examining each plant on a daily basis. Dat<;t 
recorded were as follows: 

Days to first flower (DFF) =Days from 
planting to when the first flower appeared on the 
plot. Days to 1st pod formation = Days from 
planting tq, ",hen at least one plant had produced 
the first pod. Days of 50% pod formation = Days 
from planting to when 50% or more of plants in 
each plot had produced the first pod. 

~ :D,ays to First pod fill = Days from 
planting to when the first pod had reached 8 cm 
long. ,',:: 

Days to 50% pod fill = Days from 
planting to 'when 50% or more plants had first 
pod filled. 

Days to 85% pod maturity = Days from 
planting to when almost all pods (85%) had 
changed yellow color to tan i.e. physiological 
maturity. 

Variables for estimating duration of pod 
fill were calculated as follows: 
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, ! • .~';. ' ,., r: 
Reproductive 'per,iod= Days' from 151 flower to 
85% maturity. 
Po,d fill peri~d(-1'<fFP-1) = pays from 50% pod 
forrmition to 85% matUrity , 
?9d' fill p~riod : 2 (I?FP-2) =, Days fromY I pod 
fill to 85% matUrity .. ' . . . . 
Qimethoate (Rogor 40 EC) at the rate of 800 a.i 
ha'l, was used to control insect pests(main1y the 
foliage beetles especially the Ootheca spp. ) and 
was applied at 14 days intervals conrrnencing at 
three weeks after planting. A Rhizobium inoculanT 
NITRO SUA was applied at sowing and no other 
nitrogen fertilizer was added. 

. The analysis of variance was conducted 
using MST AT -C version 3 progranrrne (Freed et 
aI., 1988). Frequency' distribution tables for the 
maturity traits in the 'parent 'and Fz lines .were 
prepared and the segr~gation data was tested 
using Chi- square .. 

Results and Discussion 

Significant differences for all. . maturity 
characteristics were observed among parents and 
the mean ofFz generations grown in the field for 
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the cross TMO 101 'x A87, while for the' other 
cross (tMO '216 x CIAT 16-1). there were no 
signifi,cant diffe;ences for rep~odJ.lctive peri9d 
'and pod fill ,period-2 among parents ailcUhe 
mean of Fz generations (Table .I), Comparing 'the 
late parent imd the Fz va1ues, for ~oih ~rosses it 
showed that vahies' f9r Fz ;~f?re slightly)ower 
than the late parent for first flower, 'first pqd fill 
and 85% maturity while .that for reproductive 
period and pod fill period-2 w~~e slightly higher 
than those of late parents, A. c~n:tinuous 
distribution for number of days to frr~t flower 
were observed in Fz of TMO 216 x CIAT 1~-i 
while for cross TMO 101 x A87 it seem~d to,b~ 
skewed on the early side (Table 2), For ,two 
classes classification, plants were classified ~s 
early flowering if they bloomed within 28-33 
days from planting and as late if they bloomecj 
later than 35 days. FoithTee classes classification, 
plants' were classified as' early if they bloo~-ed 
within 28-33 . days from planting; inte~ediaie 
within 34 -36 and late within 37-45 days/Results 
show that more than 'One gene is involved ·in 
controlling days to frrst flower especially for the 
cross TMO 216 x CIAT 16~1. 

Table 1. Mean squares of maturity characteristics and estimated pod fill periods of F2 
populations of Early x Late crosses and their parents 

'Generations Mean Days Mean Days Mean Days Mean Mean Podfill 
period-2 (Days) to First to First to 85% 

Flower Podfill maturity 

TM0216 (PI) 29.6 37.8 69.4 

.CIAY 16c 1(P6) 39.2 48.9 78.7 

Mid-parent . 34.4 43.3 74.0 

Fz (Pz x P6) .. 35.6' '45.7 
.. :' . 78.5 

Mean 'square 69.963** 97.621 ** 85.6* 

Error M.S. 0.297 1.589 6.267 

CV%" 1.6; 2.9 3.3 " 

".' 
.~ -

, :I.i... 
TMO 101 (PI)' 30.5, 39.1 73,.2 --.1<~ 

.. 

A87 (P5) 39.8 48.8 76.7 

Mid-parent 35.1 43.9 74~9 

Reproductive 
period (Days) 

39.7 

39.5 

31.2 
" 

29.8 

39.6 .· .. :3.0S 

42.0 

10.9n.s l' 
,. \' 4.835 " l' 

, j . 

\" , 5.4 
j 

\ . 
/ 

- \;': 

42:7 .. :.- r 
36:9, 

39:8 

32.8 

6.91ns 

7.~53 

8.7 

34.1 

.27.9 

31.0 

,-

... 
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Nchimbi-Msolla and Z.O. Mduruma 45 

Fz (PI x Ps) 34.1 43.5 74.2 40.1 30.7 

Mean square 66.114** 90.97** 10.003** ' '25:041 ** 28.324** 

Error M.S. 1.073 0.773 0.891' 1.353 0.661 

CV% 3.0 2.0 1.3 2.9 ' 2.6 

*. ** Significant at P:::: 0.05 and P:::: 0.01 res'pectively 
n.s. Not significant 
M.S. Mean square 

Table,2.Frequency distributions on,days,to first flower for parents and F2 generation derived from 
Early x Late bean crosses 

Days to First flower classes 

- Generations 

·TMO 216 (Pz) 

CIAT 16-1 (P6) 

Fz (Pz x P6) 

_ Mid parent 

TMO 101 (PI) 

A 87 (Ps) 

Fz (PI x Ps) 

Mid parent 

28-30 

14 

11 

4 

31-33 34-36 

3 

8 14 

9 

10 23 

A satisfactory fit to a 1 :2: 1 segregation ratio of 
early" intermediate and late flowering plants 
occUired in both crosses (Table 3). This confirms 
that qays to first flower in those crosses are 
controlled primarily by additive action of alleles 

I' 
• t 

37-39 40-42 43-45 Total No. Mean No. 

25 

7 

f? 
6 

10 4 

3 

10 6 

plants days 

19 

42 

34 

20 

39 

43 

29.6 

39.2 

35.6 

34.4 

30.5 

39.8 

34.1 

35.2 

of a single major gene with partial dominance for 
earliness. These results are in agreement with 
those reported in Colombia where all 19 F 2 

populations were found to be earlier than the mid 
parent values (White and Singh, 1991). 
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46 Patterns of inheritance of maturity characteristics 

Table 3: Segregation ratios for days to first flower in F2 genenition derived from Early x Late bean 
crosses 

Days to first flower classes 
-::,.:: \ 

. Cross Early' 
28-33 

TM0216xCIAT 16-1 9 

TMO 101 x A87 14 

Intennediate 

34-36 

14 

23 

Frequency distribution for days to 85% maturity 
,.is shown in Table 4. Transgressive segregation 

for lateness occurred in F2 generation of TMO 
216 x CIA T 16-1 indicating that there is more 
than one gene involved in the inheritance of days 
to maturity. These results imply that breeding for 

. earliness is difficult and appropriate selection of. 
parents for breeding' is crucial. The segregation 
data did not fit a 1 :2: 1 ratio suggesting 
involvement of more than one gene (Table 5). A 

Late Expected X2 P 
Ratio 

37:45 

11 1 :2: 1 1.29 0.75-0.5 

6 1:2:1 3.19 0.25-0.10 

good fit to a 13:3 ratio of number ofphints in the 
late and early classes ,occurred, sugg'estirig 
segregation of two major genes, dominant for late 
maturity. For two classes classification, plants, 
were considered early if they matured within 65-
70 days after planting, and late within 71-88 days . 
For three classes classification, plants ,were 
considered early if they inatured within 65-70 
after planting, intennediate within 71-76 days and 
late within 77-88 days (ClAT, 1987). I' 

Table '4. Frequency distributions on days to 85% maturity for parents and F2 generations derived 
from two bean crosses 

Days to 85% maturity classes 

Generation 65-67 68-

TMO 216 (P2) 7 

ClAT 16-1 
(P6) 

F2 (P2 x P6) 

Midparent 

TMO 101 (PI) 

A87 (Ps) 

F2 (PI x Ps) 

Mid-parent 

3 

3 

70 

5 

4 

6 

5 

71-
73 

6 

2 

3 

9 

74-
76 

4 

4 

13 

13 

In the cross, TMO 101 x A87, the F2 showed a 
continuous distribution of plants for days to 
maturity. A satisfactory fit of 1 :2: 1 (early, 
intennediate, late) was observed (Table 5). It is 
therefore hypothesized that, days to 85% maturity 
in that genetic background is primarily under 
monogenic control with partial dominance for 

77-
79 

16 

2 

12 

10 

80-
82 

9 

9 

9 

3 

83-
85 

7 

3 

86-
88 

6 

\ 

\ 
I 

I 
I 

i 
I 

Total 
No. 

Mean 
" No. 

plants days 

18 

36' 
>,1 .. , 

33 

19 

34 

43 

r. , 

69.4. 

78.7 

",78:5' . 

·.74.1. 
" 

73.2 

76.7 

74.2 

75.0 

/ 
/ 

, / \ 
earliness. Siri1ilar results have been reported by 
AI-Mukhatar (1981) who, also found out that pod 
maturity was controlled ~y one ,major gene with 
incomplete dominance for late maturity types. 
Coyne and Mattson (1967) reported that pod 
maturity was under inonogeni<;: control with 
complete dominance for lateness. 

/ 
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Table 5: Segregation ratios for days to 85% maturit:y in F2 generation derl~ed from Early x Lat~ 
bean. crosses . . ' ,'.:" . - ',:~ . ',' 

85% maturity classes 

Cross Early Intermediate Late Expected, - Cm P 
65-70 71-76 

TMO 216 x'CIAT 16~1 7 6 

TMO 216 x CIAT 16-1 7 

TMO 101 xA87 8 22 

Transgressive segregation for long reproductive 
period was observed in the F2 of cross TMO 216 
x CIA T 16-1 indicating some quantitative 
inheritance for .this trait (Table 6). The 
segregation data dl((~ot fit the~~pected ratio ·of 
3:1, further suggesting the involvement of many 
genes with small effects (Table 7). The plants 
were classified as having short reproductive 
period .when they had reproductive period within 

77-88 Ratio . Square 

20 1:2: 1 '23.56 . <0.005. --:. 
., L 

26 3:13 0.Q18 0.90-0.95 

13 1:2: 1 1.185 0.75-0.500 

34-41 days and long within 42-53· days after 
planting. In cross involving TMO 101 x A87 the 
segregation data fitted the expected ration of 3: 1 

,(i.e. short: long), implying that reproductive 
period'in this cross is influenced primarily by one 
pair of major gene with short reproductive period 
being domimmt. 'This also' implies that selection 
for either short or lo~g reproductive period will 
be·easy. 

. . 
Table 6. Frequency distributions of reproductive period (RP) for bean parents and F2 generation 
derived from two Early x Late bean crosses 

Reproductive period classes (Days) 

Cross 34-37 38-41 43-45 46-49 50-53 Total No. Mean No. 
plants days 

TMO 216 (P2) 6 6 6 18 39.7 

CIAT 16-1 (P6) 3 23. 8 2 36 39.7 

E2'(P2 x P6) . -:, 5, 10 5 10 3 32 42.0 
I .•. 

Mid-parent 39.6 

TMO 101 (PI) 3 5 12 19 42.7 

A87.(Pi) 15 13 34 36.9 

F2 (Pli x Ps) 8 22 12 40 40.1 . I / . . 
Mid-parent 39.8 

I 

I 
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48 Patterns of inheritance of maturity characteristics 

Table 7. Segregation ratios for reproductive period for parents and.If2 generation derived f!o~ two 
Early x late bean crosses grown at SUA, Morogoro 

Reproductive period 
classes (Days) 

, 
Short Long Expected ratio P 

" 34-41 42-53 

TMO 216 (P2) 12 6 

CIAT 16-1(P6) 26 10 

F2 (P2 x P6) 15 17 3:1 

TMO 101 (PI) 7 12 

A87 (P5) 33 

F2 (PI x P5) 30 13 3:1 

Frequency. ,distribution for pod-fill period-2 
estimated as. days from first pod fill to 
physiologica:I maturhy'is shown in Table 8. For 
both crosses the data shows continuous 
distribution. Pod fill period-2 was found to be 
inherited quantitatively in the cross TMO 216 x 
CIAT 16-1. 

The segregation data for both crosses did 
not fit the expected ratio of 3:1 confmning 
involvement of many genes in the control of the' 
trait (Table 9). These results imply that, selection 
for this trait requires a breeder to develop large. 
segregating population for effective selection. 

Conclusion 

The knowledge obtained from this study will be 
valuable in determining breeding procedures for 
improvement of maturity characteristics and pod 
fill periods. The choice of suitable gennplasm is 
crucial since it determines the amount of 
simultaneous improvement of traits that can be 
attainea at the shortest possible time. A modified 
pedigree selection with early generation testing is 
recommended for sdection for early maturity in 
common beans. Promising bean lines in terms of 
early maturity and increased seed yield obtained 
from this study, will be used in breeding 
programme for further improvement of bean 
germplasm. 

7.04 " ,0.01-0.05· 

0.33 0.5-0.25 
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