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ABSTRACT: Purified cultivars of three varietal lines of Sphenostylis sternocarpa and two
varietal lines of Sphenostylis schwenfurthii were subjected 10 1en diallel crosses. The growth
habits and yicld characteristics of the parental lines and the hybrids (Fz & Fa) were evaluated.
Heritability estimates of the characters in F; and Fy were calculated. The parental lines were
similar except for a few characters and the F and F; hybrids showed significant variations in
the heritability estimates of the growth and yield characteristics. . The deierminate and
indeterminate growth habits showed a 3:1 model of segregation in Fz, while climbing ability
showed a 9:7 segregation ratio in the Fa. No genetic linkage hetween the growth habit genes
and the genes controlling yield characters-was detected. :

INTRODUCTION :
The African Yam beans (Sphenostylis), is a complex group belonging to th
Family Fabaceae. The group 1s typified by the genera/species Sphenostylis.
sternocarpa Hochst. Members of the group are predominantly herbaceous
and produce pea-like flowers and give rise 1o pods with four 1o ten seeds [1].
Sphenostylis schwenfurthii is a very close relative to the type species S
sternocarpa. Morphologically, S. sternocarpa and S. schwenfurthii are very
similar. The major differences between the two are mainly established in the
predominant flower colour, pod shape and seed shape and colour, pod shape
and seed shape and colour. The variations in these characters are presented
in Table 1. ' . B i

Table 1 (a) : The charai_er variations m the -si)ecr:és of Sphené_stylis studied.

(i) Sphenostylis sternocarp: Plkilower, blace spherical seeds, long curve pods.
(i) 'S phenostylis sternocarpa: Purple flower, ‘brown spherical s eeds, long curve
(iii} Sphenostylis sternacarpa: Purple flower, black speckie heart sharp seeds, long
curve pods. : . : L o
(iv) Sphenostylis schwenfurthii: Light green flower, black kidney shaped seeds,
shark straight pods.
(v} _Sphenostylis schwenfurthii:Light green flower, Cream spherical seed, short

straight pods.
(b): Characters used in the evaluation : '
1. Growth habit . _ .
2. Guide length
3 Climbing habit
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1 Number of nodes (at maturity)

Plant height (at maturity/beginning of flowering) - "~ =
Seed set (seeds per pod) : g
Number of pods per plant
‘Seed size (100 seed weight)
Mamurity date (No of days to maturity)

Wea N s

Several uses have been recommended for members of the group. These’
include, its use as a highly proteinous food [2], {1], [ 3] and treatment 01' =

drunkenness and other diseases [4].

Growth habits inheritance in beans, has been well studied (Leakey, 1988).-

Linkage or pleiotropic effects of genes controlling growth habits with other.
morphological fraits haye also been shidied (Leakey, 1988). :

The evaluation of the phenological and physnologlca] traits of beans has
sm'uiarly been studiéd (Scully and Wallace, 1990
The preference for certain bean types are base on agronomlc and consumer :
character as well as yield. The consumer characters include the organokypnc }E

properties and preparation strategies. - =3

The primary objective in these siudies was to’ analyze the gemc 5

combinations affecting growth habits and yield parameters.

MATERIALS AND METHODS

Three varietal lines of S sternocarpa and two of S schwenfurthii were &

collected from the local market and primarily cultivated to ascertain the
purity of the lines. The varietal lines were identified based on the character.

description presented in Table I (a). The lines were advanced by two _%

generations to confirm the consistency of the lines. Seeds were also
separated into, seed size classes - large (>40g/100 seeds) medlum, ;
354/100 seed and < 25,/100 seeds). :
The lines were well adapted to the farm enwronmenta! condltmns at lhe
commercial/experimental farm of University of Uyo.

The parental lines were crossed in a diallel mahng design with reclproca]s
produce the F; hybrids.

The F,; seeds of-each cross (mcludmg the reclproca]s) were subsequenﬁy
planted in the field to pmducc F; seeds and Fa. - o
The F; seeds were planied in 5 randomized complete biocks along s:de lhe
parental liens in the fields. The blocks consisted of five rows of 8m long
with 0.2m between plants and 0.7m between rows. The plants were uatered %
regularly and standard agronomic practise adapted against weeds and msect
pest. The F; seeds were sm‘lﬂar!y advanced to F; generation. The plants were &
evaluated in plots and lines using the characteristics presented in Table 1b.,. e

EVALUATION OF PARENTAL, F, AND F,; LINES : 3?

Five plants of each parental line were evaluated for the eight characteristics 2
in Table II. Similarly, five plants of the F, and the F; were evaluated. &
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Statistical Analysis

Statistical A nalysis used inthe s tudy include A nalysis of Variance. “Fhis
was done only on the mean parental data (Table 2). The F; and F; diallel
cross were analysed using  the model of Griffing (model 1) (Griffing,
1959). The square test was used to determine the linkage effects between
genes controlling size of seeds and growth habits. This test also expressed
the frequencies of segregation in F;and F; generations of medium to large
seeded individuals. Parent- offspring hentability estimates were calculated
using regression of the Fymean value and the F;individual data (Table 7).
This method was based on the model of Smith and Kinman (1965).
Correlation analysis was also done for some major characteristics including
plant height and nodes per plant.

RESULTS

PARENTAL EVALUATIONS
Character evaluations of the paremal lines were generally consistent excepts
for plant height, nedes per main stemn and seed set per pod (Table 2}. The
parental lines were also similar in all characteristics studied, except for the
plant height and nodes per stem.
There was a very strong correlation between the plant height and nodes per
stem in all the lines evaluated. However there was a significani variation in
characteristics evaluated between the parental lines and the F; and F;
hybrids.
The guide lengths in the (5) parental lines were also slightly different
(Table 2). The parent IV and V had longer guide, slightly greater plants
height and larger seeds than the other three parents (I, I1 & III). The other
parental lines had smaller seeds and larger number of seeds per plant (Table
2). The number of pods per plant was also positively correlated to the
number of nodes per plant (Table 2). The cross between I and TV and I1 &
111 produced progenies with smaller seed but higher seed numbers per pod
and also higher pod number per plant than the parents (Table 3). The last
observation is expected, because of the high positive correlation between the
hei g‘nt of plam and the rmmber of nodes and number of pods per plant.

Cumhining Ablhty Anal\ sis (CAA) ol‘ F; & Fs Popu!atmn
The F, and F; generation showed significant variation for all the
characteristics evaluated (Table 4). Two types of combining abilities were
observed. The general combining ability (GCA) of the parental lines was
the source of variation among the genotypes. The specific combining ability
(SCA) was not very significant for the characters evaluated. However
significant variance was notice with number of nodes on main stem in the ]5;
and number of seeds per plant in F; (Table 5). The significance of GCA for
traits in Jegume beans has been reported in other studies (Niehius & Bingh
1988). All five parenta) lines had signifant positive estimates of GCA when
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{ the growth habit.is significant, following from the -direct rc}ationship.;-_%.
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“the crosses. This sugpesis that the parental lines used in the crosses have a '-;-.' e
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crossed among themselves. The progenies also tended to inherit the @
charactenistics of taller plants and late manrity. -
The two growth habits evaluated (indeterminated and determinate growth 'jﬁf
habits) followed the 3:1 mode] of segregation in the F; Similarly there was “@'
greater number of small to large or medium seeded segragants with §J
indeterminate growth habits in the F; generations of most crosses. 5
Segregation frequencies were normal in the F; generation without linkage or' :
irregular segregation ratios { Table 6). The climbing a bility trait showed a &=
possible two dominant gene node of mheremance with a 9:7 segregation =
ratio in the F,

Heritability estimaies (Table 7), for all the characters studies were low in all =

common genetic backgroomd. The Chi-sqare values (Table 6) strong]y
support this deduction. .These resulis are generally in agreement with
results of Niehuis and Singh, (1988) and those of Singh (1981). These result. ,#;
suggest that the genetic differences among the different varieties of
Sphenostylis may be 1oo divergent and when crossed, a disruption in genic %
balance occrs. Genetic incompatability in the crosses may be expressed in
terms of hybrid depression or-cripples.

DISCUSSION
The result obtained in this study wvividly showed that most of‘%e genotypic
variance was due to generzl combining ability (GCA) and the GCA reaction
ts due mainly to additive genctic effects. This impression is supporied by
the segregation of growth habit characters inF, and F, progeniesof the z
diallel crosses. a
The mode of inheritance a:ppeared to be primarily the inheritance of simple %
dominant/recessive genes. Most of the characters were controlled by single <& |
genes except the gene for the climbing habit, which appeared to be inherited
as a two dominant genes factor. All the parental lines showed an increased
GCA effect on all - growth characiers; guide length, node number, plant
height and climbing abilsty. The observation seems to be due 1o the gene
pool which is dominated by single character major genes. The behaviour of

between growth habits and erop yield. Indeed increasing yield potential of *ﬁ
common beans through growth habit modifications is a valid breeding =
objective and also a major strategy uwsed to increased yield ( White ei al., %
1992).

The relevance of lmprovbd growth habit to yield could bc because yield is ?
dependent on growth swmuctures, through genic recombinations that §
improved wield through controlling physiological pathways (White & &
Izquiedo,1991) -or by merely. changing .the growlh habit 10 a, more .4
productive, but different plant constnmon. =
Seed size showed moderzie inheritance in the crosses involving the large >
seeded paremts. ‘No linkage effects with growth habits were observed ;
excepst for the reduction i seed size following an increase in seed number
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per pod. It will be determined subsequently 1f significant genic dJﬁ‘erences
exist with the germplasm of sphenostylis genera/varieties and whether
desirable genes from variety can readily be transferred 10 anothcr in simple
intra-gene pool crosses without altering important traits.

Table 2: Mean Evaluation of Growth Habit and Yield Characteristic of Five
Parental Lines of S. sternocarpa/S. schwenfurthii

£ z ) g1 £ Er e tE=
s |leE|la | dl2elze 852|582 5E
£ ==z | ER| 2= | B2 = | =2E| 22| 25| 2%
H t= | g2|cg|=E| Sz | 227 27| 28| = £
£ “z Sl e £= T Es

1l 16.8¢ A ] 20 106 43.3 713 | Ba* 1835
nn {1o2e| B 1.6 3.6 | to4 a1z | 724 | 91% | iR
m ol | 265 A 0.1 1.9 113 62.1 78.1 7.0 197
viIv {3082 | C 3.0 6.6 | 158° | 815 | 227 [ 61 208
vV [364g | D 21 83 | 23.1° | 1563 | 885 | 65 | 22s°

Means were tested for significance at P = 0.05 level using the Dumcan’s
Multiple Range Test
* Indicates significant values.

‘“Table 3: Mean Evaluation of Growth Habit and h Yield Characieristic of the
diallel Crosses of Among the Five Parental Lines of 5. sternocarpa/s.

schwenfurthii
|
z = = s 5=
g |E_|e3lie|2E |2, (S |22 | 838
4 k5 E=l =z =Z§¢| EX sE| E&E ‘g
e - = E | = ==t|l =2 == | Zp e
O ST |IBE|l 2R | ESlE E |3& =%
(2 < | Z = E & e =
Ixl 0.60 1.1 §6.1 78.9 B0 5.0 26.3 16.1
1211 030 1.1 155 69.7 799 |57 | 251 15.3
1z 1V 1.00 1.4 109 421" 698 | 95 | 189 10.7
1x1V 109 L 12.7 5B.3 80.4* 5.5 26.7* 18.3
1F x111 1327 6.4 %8 48.1*% 712 39 19.2 10.5
HxIV | 145 6.9 16.7 602 | s1.7* | 62 227 | 20.7°
lixy 2.15" 537 115 | 679 833" 6.1 218 19.3
Mmx v § 290 | 89* | 173 70.7 794 | 53 | 25.7* | .193
VxWV 199 7:2* 272" 18:.0° 231 51 267" 18.6°
MxV 1.43 ~9.0* 26.1* TT3 85.6* 56 25.6* 201~ 1 d
Means were evaluated at P = 0,03 confidence level using the Dumcan’s Multiple
. Range Test. Asterics indicate signigicant values. e
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Tuble 4: Mun Squares of Dinlled Anulyses for the Eight Clmrm.lers of Fy and F, Progeny
Sourceof | df Guide | Climblag No. of Plant Maturity | No. of Seeds “No. of 100 Seeds
Variation Length |  Ability Nodes Height Per Pod Pods Per | Welght
i) ; Plant
R K |F, F, |, F, | . F F, B [ F, F F; F,
Genotype |9 9 | 252 200 | 13.18 834 | 1698 18.16 | 3796.52073. | 61.19 11.50 2093.1 25986 | 211.5 256.8 | 161.55 57.04
GCA 4 4 | 481 430 [ 2750 18,00 | 36.31 39.73 | 7998.24045.6 | 9.15 lﬁ.?l | 49865 5139.6 | 4592 4997 | 157301783
SCA 5 51029 009 101 069 1.01 2.51 490.7 248.7 | 3.55 691 3518 2753 86 227 124 979
Error 18 9 | 002002 007 0.4 0.55 022 80.7 42.7 .24 097 80.7  140.6 92 108 .98 135
C V(%) = | VAT B2 945 1333 | 502 304 | 1001 098 | 1.53 126 | 1300 1299 | 1206 1000 | 400 430

- Estimates were analysed at P = 0.05 Ievel

Tablu 3: Effect of General Combining Ability of Growth Habit and Y:eid Chnraclers of Fyand Fy Dtallel Analyses
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ok Guide Climblog No. of Plant Mnluril;r | No. of Seeds Ne. nr .| 100 Seeds
8 E Length Ability Nodes . Height Date |  PerPod P?:: Pt'rf__'. Welght

55% R h |k h |k K h h |k & f b O
| © | 058 079 |[-125 «.68 199 .98 201 -199 052 051 | +621 197 235 288 | 5.20 4.90
2 035 973 |-120 <105 [-120 216 [-183 207 [ 031 002 [.591 477 |23 333 | 555 4.6
3 002 -0.04 | +045 4026 |11 +0.51* | 593 300 |-1.53 223 | #7135 -8.13* | 321° -345° | 9.09 8.1
4 +0.03 +0.32 | 040 +0.28* | +042 +0.28* | 091 083 | 038 -0.75 8.90*  10.68* 11.5* 19.5* | .2.08 .].48
4 +.15 +L16 | +2.9 +2.067 +0.97 +0.61* 91 367 1.02 241 L141*  10.00° | 16.8* 14.3* | +]1.30 +0.02

*Significant at P =0.05,
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Tahla 6: Cht-Squm (x') Tuts of Individual F; and F; Plant with Seed Size and Growth Habit and Scgregation Fn:qucncins.

Growth Seed Stzes
Crosses | Habit
Small Medium Large Bulk (all seed slzes)
F F; F Fy Fy Fy Fy : Fy
Neo ¥ No ' [ Ne ¢ Ne Y Noy No ¢ [Ney No ¢
; (3:1) {8:1) {3:1) (5:) (1) (5 {3:1) (5:3)
o txll Small @ 070 2 043 |3 1) 26 6.l I 1.43 J 623 (41 031 59 040

Tl | Mednm 12 063 3 097 |1 129 17 419 |9 1181 10 184 |57 119 60 L16

= hiedom {4 1001° 18 579 |9 575 5 775 |25 935 7 6o |39 125 71113
XTI [Smal |6 042 10 717 |11 080 25 264 |23 325 7 509 |4 237 . 32 54
iV T | 73% 5 337 |11 645 6 29 |18 518 7 514 |46 137 18 231
TS [T |14 281 3 02 10 521 6 837 |3 000 211150 (59 106 5 009
eV [Smal |3 468 11 239 |33 921 14 48l 500 0 1450 |6 L1410 022
XV | Lage |31 690 16 048 |6 212 27 0.19 1708 116 | ¥ 277 & 058
WXV | iwge |38 057 20 440 |1 0.9 30 0.13 T 5 128 |6 314 70 08
VXV |Lage |7 000 29 157 |3 031 7 000 134 35 070 | 50 034 % 529

saf o) Of —

*Significant at P = 0,05. EYR
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Table 7: Parent — Offspring Heritabiltiy Estimates of Growth Habit an

Yield Characters i

Heritability = e
*-‘-ﬁ
- ; T
¥ 1] = = = b 2 - ] g '3:5
8. Z|=z|Sp§|Ez5|T |2z2|2E | 285
g C|lEE(z2B&|ass|E82 | 25|25 | B2,
(& |C=2| =2 | =E|SE|2&|28 | 82F
x II 0.36 028 058 | 022 0.26 0.17 0.50
1x 111 0.65 0.28 0.51 0.30 037 0.15 0.27
1x1IV 048 0.21 030 . 0.37 0.09 | 032 0.33
IxV 0.21 | 033 Q.50 0.54 0.09 0.40 0.6 1
11 x TH 0.21 0.17 0.55 0.41 0.17 0.19 0.45
HxV 0.39 0.69 024 | o022 0.10 G.12 0.51
HxV 0.16 0.32 I 025 | 0.33 0.13 0.42 0.29
HIxTV | 0.60 | 0.55 043 0.28 0.15 0.28 0.27
| WxVv | 029 0.42 0.42 0.16 0.24 0.15 0.18
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