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ABSTRACT

Three cowpea (vigna unguiculata (L. ) walp) lines were
sel ected based on their per cent crude protein and used as
parents in crosses in the follow ng conbinations: 2/180-4-412
(High) x 11/48-2 (Low); 2/180-4-12 (High) x L—25 (Low) and
11/48-2 (Low) x L—=25 (Low). In the first cross the -follow ng
generations were obtained in addition to the parentals,
reci procal F;'s, reciprocal backcrosses and F,. In the
remaining two crosses only the reciprocal F.'"s and F;
popul ati ons were obtained in addition to the parentals,

The F; means per cent crude protein content were
either closer to or lower than the |ow protein parent, thus

i ndicating partial dom nance to overdom nance of |ow protein

over high, No significant difference was observed between
reci procal F.'s, i ndi cati ng the absence of mat er nal
effects. The F, distributions for per cent protein were

normal suggesting the involvenment of nultiple genes, thus
supporting the estimates of three major genes with possible
nmodi fiers.

Br oadsense heritabiiity estimates ranged from 40.7% in
the cross lowx lowto 73.4%in the crosses high x |ow
Narrowsense heritabiiity estimtes ranged from 26.8% to
40. 3% These estimates indicate consi derabl e? genetic

i nfl uence some of which were additive,

In all Crosses, negative phenotypic and genotypic
correlations predom nated for yield, nunmber of seeds/pod and
nunmber of days to flowering with per cent protein, Signific-

ant negative phenotypic correlations were obtained between

nunmber of pods/plant and per cent protein, while 100-seed



wei ght showed nmostly positive phenotypic and genotypic
correlations with per cent protein. Positive correl ations
predom nated between days to maturity and per cent protein.
Some high vyielding segregant had high protein percentage,
suggesting that high yield and high protein percentage can be
combi ned into a suitable genotype nost especially with the

weak negative correlation between these characters.
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Cawpea Vigna uangulicuiatal {L..}Y Haip: as a
leguminous crop servas as ohe of the sources of
cheap plant protein in the tropics. About 8 million
haoctares of land is devoted to cowpea cultivation
with an estimated production of 2Z.27 miilion tonnes
worldwide, two-third of which is from Africa,
Nigeria being the leading poducer country {Rachie,
izBii}. Comwpea is =aten in the form oFf dry sesds,
green pods, green seeds and tender gresn leaves. it
is also uvtilised for fodder and guick—growing cover
crop. The crop also has the ability to fix atmo-
spneric nitrogen in the socii.

The major probiem of cowpea production in the
tropics is its characterisgtic low vield ranging from
240 teo 300 kg/bha. This is attributed to heavy
biotic presswe {insect pesits and dJdiseasss)i, poor
cuitural practices on poor sagilis, excessively hiah
temperature, drought or excess moisture. Howeavar ,
with good management vield as high as 1.5 tonnes/ha
has been reported {(1.A.R, 158%;.

Cowpea seeds have considerably high per cent
protein averaging 23 on  dry weiaht basis and ranges
between i9-3I% per cent (Summerfielid et al. 1973},
This provides enough wvariability to aliow for
improvemeni o+ this character through breeding.

Cowpea protein is generalliy lacking in =ulphur—
amino arid {i.e. msethionine and cystine’l. However

its relatively high lvsine content renders its use



compiementary to careals {which are generally
logw in liysing, bDut contain adeguats amount of
sulphur—aming acids) and, indesd in the caze of
tuber based dgiet, grain legumes may provide
virtuslly the sole sowrce of available protein
{Bressani, i973).

Inspite of the fact that animal protein is of
high gquality containing amino—acids in the correct
proportions to more than satisty human needs, in the
tropics it is however costly and relatively scarce
compared to cowpea corude protein that is cheap,
transportable and highly digestablie. Cowpea seeds
alspn contribute significant amount of iron, nicotin-
amide, thiamine, and caicium o the local diet in
tropical regions (Platt, 19&6Z), and with suitable
amino—arcid supplements it is possible to raise its
biclogical value to F5 per cent of that of egog
albumin {Houviter e# ai., 1973}. Antinuiritiocnail
factors in cowpea such as  trypsin and chyvmobtrvpsin
enzyme 1inhibitcrs are denatured by heat during
cooking {Uwusu—Domfeh, 1F725.

Since protein analveses aroe time consuming and
expensive, melisction of plants with desirabie
protein content would be enhanced greatiy i+ a
significant relationship exist between protein
content and some otiher easily identified characters.
he objectives of this study are to determine
the inheritance of per cent protein in cowpea and
its correlation {both gencotypic and phenctypicl with

vield and yield comporents in segregating populations.



CHAPTER TWO

LITERATURE REVIEW

b
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-3 Variability, Segregation and Mode of Gene

Action of Fer cent Crude Protein in Pualses

The success of any breeding programme depends
on the presence of a significant range of wvari-—
ability in the traiti{s) under consideration for
improvement. In pulses several workers have iden—
tified variability i1in the seed protein content.
Conducting wvariety traiis over iocations with
chicikpea (Jficer arietinum), dry beans {(Phasealus
vialgarizl, mungbean i¥igna radiatai, lentils
{iens eprculental and cowpeaiVigrna unguiculatal
Amirshani and Tavakoli {1970} observed differences
in per cent protein content between varieties in all
the species mentioned, and differences within
variety in different locations, showing the effect
ot the environment on protein content of the crops.
Other woarkers also observed wvariability n seed
protein content of dry bean (de Moraes and

Adngelucci, 197i: iLeleii eft ai., 1972; ¥elly and

by

Biigs, 1975; Mutschlier and Blisgs, ¥Hi) ; chickpea,
iSandbhu g# ai. 19745 , pEa, Picum sativum
{Buednau and Wolf, 1%/8:, mungbean {¥Yohe and
Foaniman, 1972 and Bandhu et al., 1979}, Ffieid
bean., Vicia ¥Faba I[Froblich et al., 1974} and
soyabean, &Flvcire may {(Hymowitz et ai., 1972).
SBimilariy, Rilss eFf aji. {(iF73) working on sone

cultivars eof cowpea observed significant genstic

variability Ffor per cent protein despite the small



number of cultivars assessed, and they came to
the conclusion that sufficient variability ovists
to siiow for conciderable progreszs during selaction
in segregating populations. Although this might be
vitiated by the significant genotype x environment
interaction they equally observed. .

in every genetic study the pattern of seqgre-
gation in the Fz population and the relationship
amorg the parentals, F, and Fz generation means
give an insight into the genetic architecture of the
character under consideration. in a cross bDetween
wild (high protein parenti and domesticated (Iow
protein parent) sovabeans, Weber (1930) concluded
that high protein is partialiy dominant te low
protein. This observation was corroborated by
Johnson e a&@i. (1955a) while working on fthe same
cCrop. wWeber {i%50) alisn reported transgressive
segregation for high protein in Fa. in another
cross between high and low protein parents of dry
bean, iLeleji et al. {1972} and Kelly and HBliss
{19753 opbserved a3 slight partial dominance of low
protein over high protein, contrary to the obser-
vation in soyvabean. Flair and Yap (1980} concludsd
that protein content was controlled by dominance to
overdominance genes in Vigna sesquipedaiis, with
high protein associated with recessive genes and
high vielding parents carrving sore of daminant
genes. Singh ¥ al. (198G similariy reporied
overdominance in the control of protein content of
chickpea. !

Dahiva &1 ai. {i974) and telieii e+ aj.

{1972) observed maternal influsnces on protein



content  in the Fe hybrid of pigeon pER,
{Cajarnus cafan) and drv bean, respectively.

Al though relatively +ew information is avaii-—
able regarding the minioum number of genes conbrol -~
iing per cent protein in pulses, the few estimates
from different crops using various methods were &t

. 11972 using the Castle—Wright

bt

par ieleji & a

-

{1921} equation reported between 2.0 to 2.5 genes 1in
Phagseolus wvulgaris CFOSERE. in 1950, Weber
equaliy using a moditied Castel -Wright egquation in
soyabean calculated gene number ranging from 1 in

the bacikcross to the low protein parent te 3 in the

reciprocal backeorose and 2.9 using the Fa population.

2.2 Heritabiiity Estimate for Percent Protein in Fulses

Many practical decigions in breeding programmes
are based on  the amount of heritaple wvariation,
since It serves as a measurse of the degree to which
a phenoitype 15 genetically influenced. Heritability
estimates and their predictive roles in selection in
pulses have heen reported by several workers. in
soyvabean, Thorne and Fehr {1970) reported broadeense
heritability estimates o+ between 0.B1-0.95% for per
cent protein in the Fa and F=x populations of a
2=, and J—way sets of crosses, respectively., Lelieji
ef af. {1972) obtained bDroadsense heritability
estimates of between 3. 307 to 0.635 in dry  bean
crosses.  The additive or  average genetic variance
expressed as a ratio {or percentagel of the total
variance, estimates heritability in the narrowsense.
Lejeqi et al. {iI972) reported heritability

actimates in the narrowsense of 0.201 hased an



analvsis using baclkeross generations and 6,05 te
9,12 based on Farent-Hfapring regression analysis
using Fe and Fo gengrations tn the sams oron.
Mustchier and Bliss {ig8i; alzo working on
Phaseoius vujgaris reported broadsencs nerit-
ability estimates of G.19 to 4.65 and narrowsense
estimates {using standard units method) of between
G.059 to .84 by regressing the Fx progenies on the
Fz parents ({(Fx/Fz). S5+ill on the same crop
Keliy and Bliss {1973 reported hbroadsense herit-—
apility estimates of bketween O.16 to G.72 and
rarrowsense estimates of $.32 to 0.7% based on the
regression {using standard unit methed) of the Fu
and Fx offsprings o©on Eheir Fx and F=e parsnits,
respectively. |

-~ =

In long bBbean, Mak and Yap (19807 reported a
nrarrowsense neritapility estimate of G.18 in a
dizliel cross. Bandhu e+ ai. {19568 and Sandhu
et ali. {1974} reported proadsense heritability
estimate for per cent protein of G.75% angd G.F0
respectively in chickpea. Breen et al. {19773
while working on lupins {(Lupinus albuz) obtained a
broadsense heritability estimate of G.83% in the Fa
families. The awvailable broadsense heritabiiity
estimate of O.39 on cowpea was that reported by
Blissc et ai. {1973} while working with pure line
culfivars.,

On the whole broadsense Aant Darrowsense
heritability estimates averaged ©8.5356 and O.48,
recpectively.  Thus suggesting that gene action is

predominantly additive. flost of the narrowsense

heritabiliity estimates guoied above weres based on
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parent—-offspring regression analysis, which 1
likely to be an overestimation, since  Some
dominance variance sav he precent with the additive
variance in the numerator of the variance ratio
{Frey and Horner, 1957}, One other limitation is
that the above averages were obtained from estimates
wsing different crops. Mak and Yap {(1980) observed

that both additive and non—additive gene sffects

control protein in long bean. Similarly Sandhu =t
af. {i¥74) observed nighly significant generail
combining ability {(gcaj and specific combining
ability {5CA) effects in Both Fa and Fa

papul ations for per cent protein in chickpea. This

ohservation supports the presence of both additive

and non—additive genetic control of per cent
protein. Singh et ai. {i980) while working on the

same crop concliuded that the magnitude of specific
compining ability variance was higher than genperal
combining ability variance, wiich indicated
preponderance of hon—additive gene action in the
control of protein content.

Significant genotype ¥  environment interaction
were raported 1in cowpea (Bliiss et 2f., 1973 and

-

for per  cent

Nt

chickpea {Sandhu et ai., 1974
protein wihnilsg evaluating different cultivars of the
crops. Contrary to this ocbservation, was that made
by Breen et ai. (i977) while working on lipins.
They grew csome iines in two contrasting environments
that significantly affected the mean wvaluss butb
shoged no esigni ficant varisty environment

interaction.
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2.3 Correlation of Frotein with Yield and Yield

Components in Fulses

Brain protein analvses are time consuming and
expencsive. Therefore, i+ the relationship betwesan
this highly desirable character and some other
easily identifiabie vield components can be estab-
lished, it will go a2 long way in enhancing breeding
plans for its simultanecous improvement with yield.
Lorrelated variation of fwo characters may bDe a8 a
result of similar genetic cauwse {genotvoic corrpei-
ation} ar similar response  to environmental
influence {(phenotyvpic correliationi,

Several reporis are available on the relation-—
ship between the two itmportant attributes of pulses,
vield and per cent protein. in & review by BErim
{1973} on series of studies on soyabean, phenotypic
and gencitypic correlations between yield and protein
ranged from .22 to -0.42 and .35 to —G.53, respec-
tively. However, negative correiations predominated
for both the phenotypic and genotypic correlations.
These studies reporied by Brim {1973) dealt with
Fx or more advanced generations replicated over
locatione and vesrs, and wers thersfore pore
rejiiable. Simpson, Jr. and Wilcox {1983} alsa
obssrved large and variable genotypic correiation
coefficients of G.58 to -D.0784 in different crosses
of sovabean with negative wvalues predominating.
lLeleii ef al. (1972 obhserved both negative as
well as positive carrelations of vield with per cent
protein in dry beans, i(ranging from 3.0348 to
3. 84843, hut only nagative values were statistically

significant. Using Fa generations, Kelly and



Riisg (1975) observed a significantliy neagative
correiation af ~G.35 Cetween sead vield and per-—
centage protein in dry bBean. They concluded that
although the correlation was significant 1t was
small enough to &iiow Ffor incorporation of high
percentage protein in genotype wiiih substantiad
vields. Fandey and Oritton {(1773) working on pga

observed both phenotypic and genotypic correlations

of G.02 tn ~0.34 and 0.227 to -0.4% in Fx popu-—
iation. Similarly, 1in the F4 oopulation they
obtained ©.i4 to ~0.35 and 0.19 to -4.57 as the

phepotypic and genotypic correlations, respectively.
In the Fa population only negative estimates wers
signiticant but 3 significant positive estimate was
voserved in the F, popuiaition of a cross batween

m and Iow protein parents. breen et al.

|

ediu

-

{1977} reported significant estimates of ~-6.34 and

-0,53% as the phenoctypic and genoitypic correiations

™Y

n itupins wusing Fsx populations. Briffiths and
t.awes (iF78B) working on Vicia Taba opbserved a non-—
significant sorrelation between seed yield and
protein content, and BSandhu et si. (i97%) observed
no association petween the two ccocharacters in
munagbean. FPhenotypic and genotvypic correlations of
-G, 14 and ~G.38B, respectively were reported in

cowpea by Bligz et al. (1973 while evaluating

some culiivare at  different locationg, in general
inverse relationship betwaen yield and protein
percentage predominate, although mostliy low in

magnitude. ;

In spyabean crosses Simpson Jr. and Wilcows

{i583: reported stgnificant phenotypic correlation
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cogfficients ranging from .27 to ~-0.28 betwesen
protein percentage and 140-seed weight. Similarly
Sandhu % al. {1978} observed both phenotypic and
genotypic corrFelations of ~0.57 &t -0.86
tively in chickpea wvarieties. Dreen et ai. {(1977)
algso chserved significant phenotvpic correiations of

o

$.17 and O.20 respectively beetwesen protein and 100-
seed welight. While Frelich eof af. (1973 working
on Vicia Ffaba reported a non-significant positive
correlation of GG.088. However, an sstimate of 4G.69
was given as phenotypic and genotypic correlation of
protein with 50 seed weight in cowpea by Rliies et
al. {i973). |

There i=s; however, very littie in%crmaﬁiﬂn
reliative to the associatiorn of protein with other
vield components. in a Cross bpetween high and 1ow
protein parents of scoyabean, Simpson, Jjr. and Wilcow
{1283) observed phenotypic correlations of 0,21 and
G,20 Ffor protein percentage with sceeds/pod and
pods/plant, respectively. While Lelelt et al.
{I%¥72s reported phenaotypic covrrelations hetween
protein andpods/plant ranging From G.12468 to —G.2063
in Fz and Fs populations of dry  bean. in
cowpea, plisz 2t al. {173 reported significant
phenatypic and genotypic correlation between per
cent protein and seedsspod of ~0.8B4 and —-1.05,
respectively. They also reported phenotypic and
genotypic corralation coefficients of 4.1% and —-G.04
hetween protein and podsf/plant. Johnson 2 ali.
{19900} reported that high protein content is

associsted with late maturity in soyabean.
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CHAFTER THREE

3. MATERIALS AND METHODE

F.i Experimental Materials

In HMarch, 1587 some cowpea lines {Ffrom  the
Iinstitute Ffor Agricultwral Research (IARY, Zaria
were screened Ffor their per cent crude protein
content in the Institute’'s Food Technology iabora-

ftory. Based on percentage protein in  the dry sesds

the following lines were identified for the purpose
of this study. Fa, =Z/71B0-4-12; P2, 11/38-2; and
FPe, i—-25. Hereatter, e code P,, Pz and Fx

wiil be uvused +to refer to the respective parent
iines, Table i gives some agronomic characteristics
of these lines. Al]l parents were considered
hamoz ygous.

Crosses were made using hand emasculation in
the IAR ecresn house in the following combinations
in 1987 and eariy 1i73B8. Pa u Pz ({Bigh = Low
proteiny, Fs xu Fwx (High iow protein), and

Fo v Fx (Low x Low proteind. in the cross F,

+

¥ Fz the {following generationse were obtained,

Fysy Fzy Fza reciprocal bacikcrosses. Iin the

—

second cross Py » Fx only the generalticons .,

P, Fo reciprocal Fys s arci recipgrocal
backcrosses were obtained. Bimiiariy in the final

— 3

cross Fa uw Px in addition to the parentas only
Fe and reciprocal F,'s were obtained. In a&ail
the crosses only F,'s uasing the low protein parent

as maternal parents werep used in  the generation of

Fe's and backcrosses.



Table 1 Yield, yield components and per cent protein of the
parent lines grown at Samaru in 1988

Farent line

Character (Pe) {P=2) (F=)
2/1806-4-12 11/48-2 L-25
Yield g/plant &£F.93 51.7&6 57.81
100-seed weight {(g) i8.52 ib.64 i4.71
Ho. seeds/pod 9.72 .67 16.89
No. pods/plant 48.72 37+ 33 50.556
Days to flowering &£3.33 &G. 89 56.50
Days to maturity 943,22 g2.83 21.11

Fer cent protein 25.13 20,05 i9.48
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3.2 Experimental Design

Materials Ffrom the +First cross P, x P2 were
grown in two locations, Kadawa and Samaru, while
those from the crosses P, x Psx and Pz x Fs
were grown at Kadawa and Samaru, respectively. The
Kadawa field is normally cultivated during the dry
season using irrigation facilities. A randomised
complete block design with three replications were
used in both locations. Experimental materials were
sown on A0th July, and 8ih August, 1988 at Kadawa
and Samaru respectively. Each replication had 1 row
each of the nonsegregating populations, 2 rows each
of the reciprocal backcross populations and S rows
of F= population in the cross P, x FP=. In the
crosses P » Fx and P= X Fs the
nonsegregating populations also occupied 1 row each,
while F= population occupied 3 and 4 rows each for
the respective crosses. Rows of 7 metres length
spaced 75 cm apart were used. On each row 135 seeds
were sown. 150 cm separated the generations in each
replication.

-

3.3 Cultural Practice

The fields were prepared by broadcasting 200
kg/ha of single superphosphate (PaDs) fertilizer
after ploughing. This was followed by harrowing and
ridging. 500 ml/20 litres galex was applied a day
after sowing to control weeds, and this was supple—
mented by hand weeding as often as necessary during
the growing period. Insect pests were controlled
using a combination of cypermethrine {(Cymbush 10E)

and Dimethoste (Rogor 4G EC) each at the rate of



ona  jitro/fha. Spraving was dones at  waeiiv

-

intervals st the onset of flowering. & combination

-

mt 15 g 10 litres of water, Benlate plus &8.3 /10
titre of water, Uithane HWH-49 were sprayed three
times during the growing gperitd to control fungasld

diseases. HBoth insecticides and fungicides were

spraved simultanecusly when the need arose.

3.4 Data Dollection !

|
Data on the following characters were collected

on individusl plant basis: |

1. ¥Yield - grain yield in arams per plant.

2. 1D0-seed weight -~ weight of 100 randomly
selaected seeds. !

X. bMumber of seeds/pnod — total number of seeds per
pilant divided bv the total number of padssplant.

4. Number of pods/plant — total number of matured
podssplant at time of harvest.

5. Days to flowering - number of days +rom sowing
to the day of first fiower bud opening.

b. Days to maturity — number of days from sowing o
the dav when 70 percent of the pods turned orown

7. Fer cent protein - nitrogen determination using
microi jeldanl method was cornducted at the I.4.R.
Food Technologybiaboratory after dried seeds
ware ground in Wiiey laboratory mill and passed
throughn G.% me mesh screen. The nitrogen
ohtained was multiplied by & factor of 4.23 to
obtain per cent protein. i
For nonsegregating populations data wer e

coilected on six randomivy seiected plants per plot.

Iin the backcross populations of the cross P, x



[
w

-

Pa, data were recorded on 48 glanits at sach of

-

this two lIocations. Az  regard the Fz segregating

population of the cross P, 4 Fn data were taken

F e

on P& plants at each of the two focations.  Smong

the Fo's of the crpsses P, x ¥Fax and P2 x F3,
F9 and 131 plants were used. respectively.
3.5 SBtatishtical Analvsis :

Broadzsense heritability was estimated using

Weber and Foorthy (1952) formcla.

-

he Fe plants together with their parents,

-
]

reciprocal Fy s and reciprocsl backorosses where

[ |

avaiiable, woere grown in hree replications, and

t‘{n

therefore, it was diserable to remove replication

diffference in accordance with ebev  and Foorthy

-

[1952) Fformulia ifppendix VII-1X). The resuiting
Fe and backcocross varliances contained Two paris,
the genotypic +Fraction {including dominance and
epistagis) due to genic action am  that de to the
environment. Adjustments for replication difference
alsn were made Ffor covariance oetueen characters
abies 131-133. Feplication ef¥fects were also
removed Ffrom  the nonseqre=gating populations {(1.e.
parsntal and reciprpral Fa sl i a separate
analysis of variance and covariancs because of the

relatively saail number of pilants in Ehese campared

to segregating populations (i.e. Fe's and back-—

Crossesl., !

-

Error mean squares {variabiliity from plant to
piant within the nonssgregating populations? were
used in estimating environmental variance, This was

subtracited from the srror mean sguare of the F»
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{i.e. toial F= varl ance sfter removing
replication effectsl in gbtaining the genolpic
variance i{Table 14&i. Similarly, environmental

covarliances ware determined +rom the nonsegregating

=

populations iTable 135).

T

bhis method pereits
genctype » envirFonment interactiorn to be incliuded in

r

the genotypic wvariance. To adjust for “hi

jl
h

inadequacy, ong of the crossss Py x Pe (HBigh ¥
Low proteint was grown at two locationeg so that

genotype ® environment interaction counid be

identified and removed {(Table B). in addition to
thig, location effect and interaction between
locations and replication effects ware remaved.
This was expected to improve the reliability of the
estimates of the error mean  sguarsas for both
segregating and nonsegreqaiing popul ations.
abie 12}.

Similar covarilance analvyeses were made

£411 analyses were conducted on individual piant

hasis. i
|
f
!
i
";x = foz - 6-2 E ||
w 1GD !
Ii
!
where i
i
I
I
!
My = Hroadoense heritabiliity for character X.

TEF.. = Tptal variance observed in character X,
F23E = Environmental variance in the exprescion of
the character %I, which 1% obtained as the
geometric mean ot iIne nonsegregating
popuiations (F,, Fa and F.j.
|

!
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Heritability in the narrrowsense were estimated

using Warner (1952 formula.

Heritability = 2{VF2) - {(VB, + VBz}

VF |
Wnere ;
UFe = 1/2D + 1/4H + E
i:
VB, + VBa = 1/20 + 1/2H + ZE

=0 that g

i/2D ;

Heritability = f

VF

i

and ;
172D = the additive genetic component of the

variance oFf Fao. |

Ve = tntal within variance of Fo

total within variance of the

VH, and VEB-
backcrosses of the F,. to ¥he

respective parents.

In the above relationship i
O = additive wvariance é
H = dominance variance .
E = enviraonmental wvariance

Fhenotypic and genotypic carrelations between
protein and other characters uwnder consideration

were obtained uzing Weber an Fioorthy {1752} forealae
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D
Fhenotypic r.. = DovevF o
(§2%F2 . F=NFi 272
|
|
Genotvypic r.. = Covevia i
|
ig2EG . g2¥Hyrs=
and CovxyFz = CLCoveyb + CovxyE
t;Q .IFZ = 6—20}8 - s{-:toE
E2YF 2 = AFFYG + £2¥E

Where i
£2XF, = Total variance ohserved in character %
in the Fz population.
£2¥F> = Total variance observed iﬁ character Y
in the Fz population.
F2Ziis = Benotypilc variance of the charactsr I,
£2Y6 = Benotypic variance of the character Y.
&£2XE and £2YE = Environmental wvariance in the
exprescion of the characters ¥ and ¥
respectively. They are obtained as the
geomeiric eeans of nonsearegating
populations (F,, FPa and F,) of the
respective characters.
CovuyFaz = Total covaritance gbserved between the
characters ¥ and ¥ in the Fo population.
Covnys = Benotvpic covariance obssrved between the

characters X ang Y in the F, population.
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LaveyE = Environmental covariance in thse expression
of the character ¥ and Y. This was ootained
as the geometric mean of the covariances of
the characters in non—sagregating popula—
tions (F., Fz and F.j.
dMaritahility estimates Ffor per cent protein in
the brpadsenze wore computed +or all the crosses,
while narrowsense heritability ectimates wore avail-
able for only the cross Fy ¥ Fo where backcross
populations were availablis, Both phenotypic and
genctypic correlations wer e calculated where
possibla. E
Fhenotypic and genotvpic coetficients of
variation for per cent protein in the F= popula-

tions were rcalculated using +ormulaw suggected by

Burton {1952}). ;

B = §26F, 102
¥ 100
!
%
|
B = £2F, 172 !
x 100G
i
x |
- i
Where
BLV = genotypic coefficient of variation.
VD = phenotypic coefficient o variation.
£%F o = Total wvariance obhserved +For ©the character
in the F= populatian. |
£26F, = genotypic variance Tor the character in

F= population.

|
1
i
{
E = Fo mean +or character. i
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i
Fstimatec of minimum nunbsr of genes
controlling per cent protein were obiained using

the following methods: !

]
i. Wright (19213, i
I
]
G.23 (0,751 + hZ;D=
no=
g%z =~ g£7Fa
|
|
i
i
i
F = |
Wihare ' Fa — T4 i
!
h = |
- - i
K= - Oy i
1
|
- _ J
b= O — iy i
|
|
|
Vhere n = number of genes
f, = mean of the seailer parent
By = mean of the larger parent
Fs = mean of the Fi population
Fa = mean DFf the F= population
£2t, = Variance of the F;: population mean
£28. = Variance of the Fz populstion aean.

The Jformula is euypected to produce an unbiased
sstimate of gene number 1if the following assumption
holds —

No linkage exisis between pertinent genes.

-
[N
—

-

{ii} ©One parent suppiles only plus factors and the
other only minus facrtore among those in

which they differ. |



2i }
|

{iii¥ A1l genes are equally important.

{iv)} The degree of dominance of all plus factors

is the same for all. |
{v) ho interaction exists between pertinent non

|
zlleiic genes. !
|
i

.

2. Castie and Wright (17213,

"

D=
n= :
B{g®fa — g<Fa) r
Modi fied Formul a {Wsber, 19507 using
backcrosses. i
p= |
n o= ;;
i5{g2BC ~ g£=T412 E
Where, !
n = number of genss |
D = mean ditference between the parents
£2r, = variance of Fa. population mean
§=F = variance of Fs population mean
S2HIT = wvariance of gither of the backcross
papuiations. E
Wiith +the following assumptiang:
{i3 o dominance. i
{11} Each gene has an egual effect.

{1ii}) Both parents are homozygQous.



% Haither and Jinks {1971},
!
€7 = [1/2i{8, — Bxii<T .
|
D
Whera,
O = SidZ.,}, the additive variance.
o . p !
¥: = number of genes
&, and B= = means of the parents.

With the #oliowing assumptions: i
{i} HNo interaction.

Mo linkage.

-
-
[
o

qual incremante for the different

oy
o
™
[*H
Tt
in

jimies, that is alil d's are equal.

b1}

Freguency distributions were aobtained for per

cent protein for all crosses. indiczstions of mode

of gense action governing protein inheritance were

shown Dy comparing the mean performances of the

s - i
generations. i
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CHAPTER FOUI

beneration Meangs

L
[

T

he mean performance of 211 the generations

-

i.\e. Fa, Py Fa, reciprocal F:s'5 and

-

reciprocal  backcoroszes in the cross sy n Fa

- ~
£

{High » ifow protein} are pressnted in Tables to 4.
Comparison aof the F,, parental and arithmetic mid-
parent wvaiue in Kadawa Jocation showed a @ bigh
partial dominance of low protein parent owver high
protein paarent in this cowpea cross, with the Fa
mean falling between the F, mean and mid-parent
value. The mean of bhackoross to the high protein

parent was between mid-parent valoue =znd  the hiagb

0

protein parent, while that of the reciprocal back-
crose was beitween mid-parent value and that of iow
protein parent. i

4t Bamaruy location the F, mean was jower than

the low protein parent mean, thus indicating

Foo mean fell between sid-—

b

overgominance, Th
parent value and the loaw protein parent. The maan
of bhackcross to high protein parent was between mid-
parent value and low protein parent, boet closer to
mid-parent, while the reciprocal backcross mean was
lower than the low garent mean. !

Combiparion of data +From &he twn locations,
Hadawa and Samaru showed the F, mean for per cent
protein to be lower than the Iow protein garent.
Thus indicating overdominance of low proftein over

high protein in this cowpea crgass. The mean of

J



3
£

|

!

|

|

I

!

nacicross ta the high protein parent was bhetween
mid-parent vaiue and high protein parent mean,
while the reciprocal hackcoross mean was in betweesn
mid-parent value and Iow protein parent but closer
to low parent. Jn the individual locations, and the
two locations combined, neo signiticant difference
was observed between reciprocal F. means For per
cent protein, although @m=an vaiues using bigh
protein parent as maternal parernt were higher.

In the coross P, ¥ Fa iHigh ¥ Low protein,
Table 5} grown &t Kadawa, a comparison of tThe
generations means for per cent preotein showed T,
maari to be lower than the low protein parent, thus
indicating overdominance of low protein  over high
proftein. The F» mean was betwoen std-parent value
and the high protein parent but closer to mid—parent
value. Similariy no signiticant difference was
observed between reciprocal F, means although mean
vaiues using high protein parent as maternsl parent
were nigher. |

Table & showed The means of per  cent protein
Fér the different generations of the crose Po x
Fo (Low u low proteinia Toe mean of the F, was
between mid—parent value and the parent with ower
protein percentage, thus showing paritial dominance
of low protein over high protsin. No signiticant
diféerence was observed tor per cent protein between

recipracal F,'s although mean values uwusing Righ

protein parants as maternal parent were kigher.



Table 2 Heritability, frequency distributions, means, standard deviations. paenstypic and genotypic
copfficients of variability of per cent protein for the cross Py x P, arown 2t Kadasa

Rusber ot Piants/Ciass of Fercent Frotein Ceefficient of Variabilityil}

3.5 25.5 7.5 5.5 W T S0 Genotwpic Fhenotypic

wn
(5% ]
i

generation 13.3 15.5 17.5 i%.5 2.5

Fy b S 5 i85 25.88 1.47

P
ra
-t
-«
o

i§ 19,9 L%

Fa 12 § 8 & 1§ 20,15 1.39

Fo 21 z il i i I8 20,68 2,43

Fa 2 82 2 2 ¥ B 7 I % 22.2% 3.07 il.a 138
50y 2 7 15 W Kl 3 i 2125 2.5

BC, 3 ool I 7 i i 48 21,25 7,81

Hid-Farent 22.32

—
et ]
=t

Broadeuense heritability
Narrowsense heritability

"

i |
-C"

4

a2
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fridutions, aeans, standard devialions, phesciveic and genotvpic

Takie & Herita y. freqesncy gisiri a
H ity of per cept pratein for the crose Py 3 Fy grown ab £adas

coetticients af variabil

[

Husber af Flants/Tiass o Porren! Frotsin i Cagdticient of YariamidityviDd
- o
feneration 1%.5 17,5895 205 I8 RS 5 HLE M i B fenatvpic  Pheaotypic

B, 2 it Z 3 {5 25,71 149
i

Fs i i & i i 78 153
|
|
|

Fi 13 3 7 3 pd i3 7a.5% 1.80
i

F, 3t 3 ib 5 1§ 2308 1.08
i

fa 2 i i iy F 24 i5 i 3% 24,38 3,17 ii.b 2.8
|
|
i
|

Hid-Parsnt 23,77

Brozdsensy herifapilitv = 73,4%




Tabie & Heritabilitv, frecuency distributions, eeans, standard deviations, phenctypic and genstypic
coefficients of varisbility of per cent protein for the cross Pz x Py grown st Samars

Kusber of Flants/Ciass of Percent Frotein Toefficient of Varisbilityid}
Beneration 13.5 15.5 17.5 19.5 21,5 255 25.5 ¥ 1 80  DBenotwpic ‘Fhenstvpic

Fa 3 3 5 3 i 15.41 1.58

Fy 3 § 3 i if 15,88 1.3

Fo 83 Z E 3 i 2 18 15,28 .81

Fo 32 3 i 7 2 g 18,7F .81

Fa i &8 3 il i 181 19,37 174 7.40 11,40
Rid-Farent i%.40

Broadsence heritability = 30.73%
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4.2 Frequency Distribution i

Distribuntion of Fo segregating population

for the cross P, ¥ Fa {High x lLow protelin,

I

ablies 2-4) grown at Kadawa was normal, with only
ong plant having protein percentage sxoeeding the
high protein parent. The barkoroms to the high
protein parent population a2lso produced 2 agrmal
distribution, while the reciprocal backcross showed
a positive skewness [owards the low protein parent,
with ane of the segregantzs exceeding the highest
hiagh protein parent. Similarly, the Fa segrega-
ting popuiation at Samaru produced & normal distri-—
bution with few plants having protein perocentages
iower than the lowest parent. The reciprocal back-—
cross population a2lso gave a normal distribotion.
Combination of the twe lIocations gave a normal
distribution nf the Fs and the backrrose ©th the
high protein parent segregants. Some Fz segreg-—
ante were either lower or higher than the lowest or
highezt protein parents, Thus suggesting bi-
directional transgressiveness. Backoross ta the low
protein parent gave a positively skewed distribution

In the crosses P, x Fax {High » Low grotein)d

]

ang Fe u Fx (Low » Low proteiniy, Tanles and b
the Fs segregants showed a normal distribubtion
with one plant esch being lower and higher than the

lowest and highest protein parent, respectively in

the cross Fz 8 FPe {Low ¥ Low protein’d.

|
|
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4.5 feasure of Variabiliity

Phenotypic and agenctypic coefficients of
variability wusing F= segregating populations were
aptained for all crosses (Tables Z2--6). in the cross
Py 3 Foa {High = iow protein) a phaenotypic
coef¥icient of wvariability as high as 13.8% and a
genotyvpic value as high as 11.46% were recorded at
Kadawa. in the cross Py, x Fx {High x Low
proteiny, phenotypic and genotypic coefficients of

=

variability as high as 12.8

and 11.0%, respectively

were obtained. fc regards the cross Fa x Fa
{Low x Low pirotein? phenotypic and genotypic
coefficisnts of wvariabiliity of 11.58% and 7.8%
respectively were recorded. The wvariability

observed in the Fa segrregsting population of the

crossets between high and low protein parenis wero
generalliy higher than thait of low x low probtein

|
parents. i
|

/4.8 Heritacility Ectimatec

Broadsense hevitabiliiy estimates;, using the
non—gegregating populations variance as an estimate
of environmental variance, werz genscally high. In
the cross F, x Fa iMHigh x Low proteins, wroad-

.

sence heritability estimates of 71.0% and 71.7% were

L ] 3

obtained at Kadawa and Samaruw, respectively, {(Tahles
245, Combination of the two locations with all
identified environmental effrects, including genotype

¥ location interaction removed (Table 8), produced a

)

-

broadsense heritability estimate as high as &67.0%.

Similariy., narrowsense heritabiiity ectimates of
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a40.3%  and 2,2 were shtained for Kadawa and
Samari, respectively {Tabies 2473, while the

—

cambination of the Two jorations gave oL, BY. These

-

ectimates ware rather liow. Ectimates oF both
hroadsense and AN roWSeEnsEe heritapilities comBining
data freom the rwn jocations wers expected Lo he mOre
relisbhle dus to the removal of the genobtype X
iocation jpteraction 3D addition teo tha reptication
and location effect= st the iarger sample EiRS.
Broadzense h mitapility cuntimake oFf 745.4% was
obrained for the Cross o, » Fx iHighy #H 1.0
protein’ . ang 40.74 was ohtained for the Cross Fa

I3

-5t Generally,

i)

11

w P {Lows 3 10OW profein, hlies
crosses betwean nigh x 10w protein parents gave nigh
broadsense heritability estimates, while the Cross
netween iow X 1ow protein parents produced comparas

" L 2 !
tively low stimste -

4.% FPrhenotypic and Genoilypic Correliations

Tahie iC shows the phenotypic and genotyplc
correlations on  per cent protein with yield and

yvield components in The Cross Pe 3 P {High

e
s

Low proteial  grown at Kadawa, Damart and the

r -

combination of the two itocations. Yieid, i00-seed
weight and number of pods/nlant ehpowad non—signi-
fircant positive phenotypic correlstion with per cent
protein at wadawa, although ail waluss were 1ow.
Days to flowering and days to maturity showeos a non
significant nagative phenotyplc correlation with per
cont protein  at Kadawa. The only significant

negaiive phenaotyplic correlation recorded at Kadawa

was that petween numbar of ceonds/pod with per cent



Table 10 Fhenotyplrs and Denotypic corrglations of protein
with yield and vield cosmponents for the cross
Fia ¥ Pz grown at KkKadawa, Samaru  and combination
of the two locations. l
Fercent Frotein
Versus Kadawa Samar Combined
Yield O G324+ -, G223 —G. 044
0.205 Cf ¢
i00—seaed MWeight O, 6855 D.1i4 O.191%
0,027 0,157 WGV ET 2
No Seed/FPaod —G.228+# G. 30 3. G517
-, 528%% 0,054 —,. &1
Mo. Pods Plant $. G559 g, 0EG -G 127
S. 24454 ¢ { )]
Daye to fiowering -0, G78 ~i3. 074 G, OG%
-0, 227 % (l ) G.G71
Days to HMatwrity =G 137 0. 055 1.304%%
i, HF G.285#% { ¥

+ tpper values represent phenotypic correlations,

iower values repreasents gencotypic correlations.

# = Bignpificant at 5

s

A

#% = Significant at 1%

[
{ 3 = Represent undetermined genotypic correlations dus to

negative genotypic wvariances for the characters.

Wizl e
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Table 11 Covariance analysis showing sources of variation, degress of freedos and cross product mean

squares for Fp populatione of per cent protein with vield and vizld components grown st Kadaws
and Sasaru locations fer the cross Fy » Py

Kean Square {Variances)

Source Begres Protein  Protein Frotein Frotein Frotein Protein
of of Vs Vs Vs Vs Ra. Ve Days to Vs Davs 1o
Variation Freedos  Yield 10D Seed 8t, lo, Seeds/Fod Fods/Flant Flowering  Raturity

Repiication 2 £3.330+ 3.553 0,565 30,783 5,795 5,885
? 5500  -12.030 35,425 454,305 -4i.493 46,723
Error 33 3.9%1 4,573 -1.504 4,813 -1.508 -Z.081
g3 ~2.2562 1,301 . 780 §.243 -i.252 §.528
Totai 95 3.240 .77t -1.882 3,350 -1.429 -1.333
33 -2.0%% 1,926 i 517 13,950 -1,536 -3.470

+ = f{ipper vaiues are for Kadawa location while iower values are for Samaru location,
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Tapie 17 Combined covariance analysis showing sources of variation, degrees of fresdos and cross product
sean squares for Fa populations of per cent protein with yield and yield cosponents grown at
Kadawa and Sasaru iocations for the cross Fy » Fa

Cross Product Rean Sguare {Variances)

Source Degree Frotein Protein Frotein Frotein Protein Protein
af of Vs Vs iig Vs Ha, Vs Days to Vs Days to
Variation Freedom  Yield jili-seed ¥t. Hp. Szeds/Fod FPods/Plant Flowering  Faturity

Replication 2 381,135 3.035 59,910 §95.085 -739.183 -§(33, 34503
Location i 534,638 11.950 21,340 0,000 ~348.510 ~725.030#
Replication

% Z 523,715 B, 830ss 31.b30%% 455,095+ =29, 1104 ~15,345
Locaticn
fenotypes

¥ 3i -15.285 -2.022up -5, 45488 43.00B% -8, 11t -2.063
Location
Frror i35 -§.5930 1,583 -0,330 -%.543 1,057 13.257
Total 191 3,823 4,953 -0 675 3,508 =3. 961 -§,%43

Significant at 51

-
LI | }

i Significant at 1%
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Tavie i3 Covariance analysis showing sources of varistion, degrees of freedos and cross product aean
squsres tor Fo populations of the cross Py & Py and Fo x P for per cent orotein with
vield and yield components grown at Kadaws and Samaru, respectively

Cross Froduct Hean Souares

Source fegree Pratein Protein Protein Frotein Pretein Protein
ot of Ve Vs s Ys Ko. Ve Davs o Vs Days to
Varistion Freedos  Yield 100-seed Bt. No. Seeds/Fod Fods/Plant Flowering  Haturity

Replication 2  -Z88,015+ 14,730 -§,735 =380, 46 45,78 28,479
i -54,025 3,185 -1.035 105,365 35.%% 11695

Errer 34 -18.740 5,378 -4,422 -12.733 -1, 502 -1.493
i38 3,768 0,882 -, 470 1,887 0,458 =,057

Total 38 -74.235 J.871 -G, 118 -20.441 -0.529 -3.851
] 2.940 &.717 -G §78 5,138 4,974 0,135

+ = lpper vzlues are for the cross P, » Py orown 2t Kadaws while lower values are for the cross

Fz % Py grown at Samaru.



|

| |
40 |
|

|

protein. At  SHamaru, the phenoitypic correlation
bnetween vield and per cent protein becomss
negative, while ithat with number of seeds/pod
becomes positively correlated phenotypically,

contrary te  obgervations at Kadawa, although both
values were low and non significant, 1G0—zseed
weight and  pumber of pods/plant maintained their
positive phenotypic correilation with per cent
protein at Samaru. Davs to Filowsring was negatively
correlsted with per cent pgrotein, while days to
maturity gave a positive phenotypic correlation that
was naot significant with per cent protein at Samaru.
Combination of the two locations produced a non

significant negative phenotvyaic correlation for
vield, number of sesds/—pod and number of pods/plant
with per cent protein, respectively. iGli-seed
weight and days tp maturity showsd a signiticant
pasitive phenotypic correlation with per cent
protein, while days to flowering showed &
nonsignificant positive phenotypic correl-—ation with
per cent protein. Beneraliy values obtained using

wo locations were

o

compination nof data +from the
axpected to be more reliable, because of the removal
of genotype x location interaction in addition to
repiication and location effects |
larger sample size. | |
Fositive genoivple ocorrelations which were
gimiiar in sign with phenotypic valuss were obhserved
for yield and number of pods/plant with per cent
protein at  Kadawa. Mumber of zseedsfpod, days to
fiowering and days To @maturity produced siognificant

negative genotypic correlation with per cent protein
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Table i4 Total variance iFp variance! genotypic variance and eavironaentsl
variaace for per cent protein for the crosses P, x By, Py x Py, Po ¥ Py
groun at different locations

Cross and location{s! grown

Character and P, 2 P2 Pix P2 Py P2 Pe xPs Fax?Ps
Variance Kadawa Samaru Fadawa and  Fadawa  Samaru
Sagaru
%2 5,425 7.799 B.217 5,720 5,011
Frotein  §2F 2,731 2.205 2.715 2.582 2.570
£25 5.5% 5.593 5.502 7.138 2,041

F2  1895.090  1225.836 397,655 2580,235 (107,638
Yield 2 §55.735 {790,876 1455139 1899.918  1316.4%1
£25 735,355 -3A4.240  -97.484 580,217 208,833

§*Fa 11.37% 14,507 14,878 12,760 5,300
100-seed ¢ 10,411 7.349 8.707 5,837 1.5
deight 425 1,448 5,258 3,985 3,503 1334
Ausber  £%F. 7.4 87,069 48,450 4,512 4,908
of e 5,410 3202 5.317 5.22% 2,402
Seeds/Pod {26 1.004 81847 43,183 -0,512 P48
wumber  2F, 717,557 85,7 ARS.573 321,030 875713

37
of Pods/ % 341,050 1027.%05  720.522 508.31% 918,330
Piant 5 375,567 -3aZ.iss -31L349 312,711 82,815

2Fa 43,215 35,020 38,661 12.943 32339
Days to (3 19.875 38.173 30.%5% 32.77% 35,904
Flowering 425 28,359 -3, 153 7.832 -i%.836  -3.385
*F2 22,539 11,435 15,358 11,572 14,58
Days to 42 19.252 11,333 15,744 15710 13,457

Haturity 26 3.287 2,120 -0,33% -3.738 1.40%
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Tabkie 14 Phenotypic and benotypic correlations of protein
with vield and yield components +or the cross Fax
Fs and Pz n Px grown at Kadawa and bamaru,

respectively. !

Farcent Frotein

Versus Fo % Fs Fo 8 Px
’ |
¥Yield -0, 118+ D031
|
-5, 105 { i
i00~need Weight (g) 0,634 . 0. 133
0,016 GO, §1GEa
Mo Seeds/Pod =i}, GO -0, 104
{ b i, ZESEE

Na. Fods/ /Flant —i.100%% P 0.025
O, 099 TN S
i
Days to flowering ~Q. 370 0. G377
{ J H ¥
e o i .
Days to Matwrity -G. 138 i—G,uur
|
| -
{ )] | . RA7EEE
+ Upper valuse represent phenciypic correlations, while

iower values represents genotypic corrslations,

+

##% = Sjignificant at 1%

{ J = Represents undetermined genotypic correliations gue

to negative genotypic variances for the characters.



i
at Kadawa, whiie  a nonsignificant negative

genotwvpic correlaticon was obhserved for 100-seed
weight with per cent protein in the same location.
A1l aenntypic correlations chserved at Samarus for
iG0—~seed weight, number of seeds/pod and  davs to
maturity wiih per rcent protsin were positive wiith
only days to matwity having highly significant
value. In the combined analvsigs of the two locat-—
ions, number of sepdsfpod and days to Flowering
showed a nonsignificant negative gencotypic correia-—
tion with per cent protein. VaJuesz that were
theoretically higher than 1 were obtained ftor 10640-
seed weight a&and davs to maturity with psr- cent
protein as genotypic and phenotypic correliations
respoactivel v. Benotypic correlations were not
determined for vield, number of pods/iplant, days to
flowsring and days to maturity with per cent protein
in samaeru iocation and compiination of the two
iocations due to negative genotypic variances in

Tablie i4).

ey

those characters
In the cross ¥, ¥ Px {High x iow protein,
Tabie 16}, vield, numbher of seeds/pod, numher of

pods/plant, days o +Ffiowering and days o matwrity

showed negative phenotypic correlation with per cent
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Table I7 Estimates of minisus nusber of genes controiling per cent pretein in cowpes lines for
the crosses Py x P, Py » Py and Pz x Py grosn ot varicus locstions using
various forauiae

Lacations and generstions used

¥aduna Sasary Kadaws and Samaru Coabined
frosses Fq B, B2 Fa B, . Fa BL, B2
0,818 - - .11 - - 1.071 - -

Py # Pp  0.5832 0.419 0,368 0,820 0,281 §.3%4 0.892 0,372 &.451

.41 - = 3.283 - = 1.548 bl -

Fo ¥ Py 1,05 - - - - - < - N

Pz x Py = = e 0.0251

#OTE: Ffopss with the superscripts 1, 2 and T are calculated using @richt, Castle and Hright and
¥eper and Hather and Jinks forsulae respectivaly,

80, = Backcross to high protein parent.

Bla

Backeress to low protein psrent,



protein, with only number of pods/plant having
a highly significant value. 100-—ceed weight showed
a nonsignificant positive correlation with per cent
protein. Nonsignificant genotypic correlations were
observed for yield and number of pods/plant with per
cent protein. i00—seed weight showed a low and
nonsignificant positive genotypic correlation with
per cent protein. BGenotypic correlation for number
of seeds/pod, days to flowering and days to maturity
were not cbtained due to negative genotypic varian—
ces of these characters (Table i4). Table 146 shows
both phenotypic and genotypic correlation of the
cross Fa x Ps (Low x Low proteini. Yield, 100-

seed weight, number of pods/plant and days to +flowe-—

ring showed nonsignificant positive phenctypic
correlation with per cent protein. Nonsignificant
negative phenotypic correlation +or number of

seeds/pad and days to maturity with per cent protein
were observed. Benotypic correlation +or 100-seed
weight, number of seeds/pod and days to flowering
wiih per cent protein were positive, and signific-
ant. Genotypic correliation for vyield, number of
pods/plant and days to flowering with per cent

protein were not obtained due to the negative
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genotypic variances of these characters {(Tahlie 143,

H-

In all the crosses, negative phenotyvpic and
gernoctvpic correlations predominated +or wieid,
number of seeds/pod and days to flowering wiith per
cent protein. A highlv signiticant negative
phenotvpic correlation was observed betwesn number
of pods/plant and per cenit protein, while 1500--seed
welght showed preponderance of positive phenotypic
and genotypic correlations with per cent protein.
Botnh positive and rnegative correlations wars
observed between per cent protein and dawye to

maturity with posiiive wvalues predominating.

4.6 enae Numbers

Estimates of minimum number of genes control—
iing per cent protein using different formulaes in
these crosses are presented in Table 17. Estimates
o The cross Fo % Fa {(High ¥ iLow protein) grown
at Kadawa, Damaru and the combination of the two
locations, using Wright's Formuila approximated 1
major gene. Castle and Wright 's formulae using both
the F= and reciprorcal bac?crmsses for the cross
F, ¥ Pz gave sstimates of tass than 1. Hather
and Jinks formula using the same cross gave an
estimate of about T major genes. The cross P, x
Fxe {High x Low protein) gave similar esctisates
uging Wright and Castle and Wright’'s formuiae. For
the cross FPwe ¥ Fe f{iow x Low proteinl, =211
sstimates using the above two foraulae were less

trar 1. : |
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CHAPTER FIVE

s DISCUSSION

5.1 BGeneration Means

Fartial dominance to overdominance of Iow
protein aver high protein were observed in the
crosses Pa. ¥ F= and F, ¥ Px (High = Low
proteind. Similar observations were obtained by
Leleji et al. {19725, ¥Kelly and Bliss (1975}, HMak
and Yap (1980} and Singh et ai. {1980} in wvarious
pulses. 0Overdominance effects appear to be of more
importance in the genetic contreol of per cent
protein in these crosses. In the cross Fa 2 Ps
{iLow » Low protein) partial dominance of low protein
over high protein was observed. This is in harmony
with observations by Leleji et al. {1972) and
Kelly and Eiiss {(1975). Overdominance of low
protein over high protein in this study contrasted
with the dominance of high protein over low protein
in soyabean {Weber, 19350; Johnson e¥ ai. 1955a).
in a1 the crosses maternal influence was not
detected in the control of per cent protein, but
crosses using high protein parent as maternal parent
were generally higher in per cent protein. Weber
{i1950) also reported no differences between recip-
racal F, hybrids in terms of per cent protein in
soyvabean. This is contrary to the abservation in
pigeon pea crosses by Dahiva et al. (1974) and in

dry bean ieleji et al. {(1972).



£
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5.2 Freguency Distribution

Unimodality observed in the distribution of
percentage protein in the generation Fe for all
the crosses indicate tne invoivement of polygenes in
the control of this character. Burton {1751) stated
that smoothness, apparent pormality o unincdality
(v 3 Fo digtribution can be used as evidence of
multipie Factor inheritance provided +hat major
portion of the Fa variance is genetic. Mormal
distribution of the segregating F= populatioans
were also reported in scyvabean by  Weber (17561 and
in dry bean by iteleii ef al. (1972, +or per cent
protein. The positive skewness pt the distribution
of backcross to low proeftein parent  indicates that
iow protein was controlled by factors with consider-—
able dominance, wnile ithe reciprocal backoroass gawve
a normal distribution with nonge exceading parentail
observations. The presence of iransgressive saegreg—
ation, in some instances bi-dirsctional, in the
crosses indicates the presence of complementary gene
action. Transgrescive segregation +or high protein
was choserved by Weher (1930 in the F, and F3

populations of =ovabean.

5.3 Heritability Estimates

Broadsense heritability estimates 1n cropsses
involving high and low protein parents were gener—
aliy nmigh, indicating considerable genetic control
for per cent protein in these crosses. Broadsense
neritability estimates of similar magnitude waere

abtained in the orosss Fa x FPa (High » Lpw

H
protein’ grown at Kadawa and Samaru locatipns. This
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obgervation is supported Dy the absence of
cignificant genctype x location interaction for per

cent protein in  the cross {Tablie Bi. Estimate of

L3

- «
4

|

broadsense heritability of &7.0% from the combined

analysis is more reliable, since genatype » location

nteraction nas besn removed. Narrowsense necrit—

[N

ability estimates ware generally low. Although low
irr magnitude, it suggests the presence of additive
genes that are of significance in breeding pro-
granmes., Similarly, Narrowsense heritability
estimate of 2&.8B%Y +From the combined anzaiysis of
Kadawa and Samaru locations is more reliabie, since
genctype.x Ipcation interaction hnas beon removed.
Considering the magnitude of difference between
broadsense and narrowsense heritability estimates,
non—-additive gene action appeare o be of more
importance in the control of per cent protein in the
crpas F, 3 Fag, Bingh et =2i. (1980 working on
chickpea corroborate this observation.

Broadsense heritability estimate from the cross
Fe ¥ Fz {Low x Low protein) was lower {4G.7%)
than those from crgsses invoiving high x iow protein
parents., This 1s attributable tn Jlow genstic
variability in low » low protein cross cosmpared with

I though

I

those aof high x low protein crosses.

actimates of both broadsense and narrowssnse herit-~

ability by other workers varied, those of Leie@ii ef
G

{17753, #Mutschler and

e
-
]
n

T2, ‘eily and B
Blies {1981} in dry bean, Sandhu et ai. {1774} in

i
chickpea, and Green et al, {1977} in lupins were

of similar magnitude with those obtasined in this
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Fhenotypic and Benotyvpiec Derreslations

Phenotvpic and genotypic correlation of seed
vield and per cent protein showed both positive and
negative correliations, with negative values predomi-—
nating. All the negative values warg small and
nonsignificant. This reiationship could be explained
by the source — sink reiationghip. Faostulating a
phyvsiciogical relationship, whera both protein
synthesis and vyiald depend on the availability of
carbohydrate, cosmpetition would snsue. Frotein
synthesis wtilises more energy compared o vield,
thereftore most carbohydrates produced during photo-
synthesis wonld go intoc preotein synthe=sis in high
protein genotypes making iittie availablie for vieid.
The reverss would be eupected 1n high vyielding
genotypes. Although negative correlation predomin-—
ates petween vieild and per cent protein, some high
yieloing segregants had high protein percentage.
Thaerefore, considering the wealk relationship oDetween
vigld and per cent protein, possibiiities exist for
incorporating high per cent grotein inta npigh
vielding genotypes. Bigni+ticant negative correla-

tion between vield and protein were reporied by

iglejy et al. {172 and Kelly and Bliss {1973) in

ary hoan. bDespite this observation they concluded

r

hat both high vield and high per cent proftein could
be combined in & suitable genotype. Number of
seads/pod and number of pods/plant being yield
components showed negative cprreiastion withh per cent
protein azs  expected. Leleji et ai. {(i972) made
simiiar abservation in dry psan. 100—~seed weight

showed a2 positive correlation with per cent protein.



Thus suggesting that large seed gize w~ith high
protein can be obtained 1in selection +from crosses
involving iitnes in this study. Direct selection for
heavy sepds will bring about increase in per cent
protein and vield, as Singh et ali. {19823 and
Zaria (1988 observed positive correlation between
vipgld/plant and seed size. The negastive correiation
observed in these crosces for davs to flowerirg with
per cent protein was of great  advantage. This,
shows that genoiypes wiih high protein percentaae,
that would Flowsr early can be realised. However,
dave to maturity showed significant positive correi-—
ation with per cent protein that excesds the Lhecre—
tical limit of 1. This obeservation is suhiect to
exaerimental errors and ie therefore, ant abesoclutely
reliablie. Johnson ei af. 119556} reported a
positive correlation hetween per tent protein with
dave to matwity in sovabean similar to observation
in this study. Some phenotypic &and genoitypic
correlations exceeded 1 or were lese than —1.  which
iz theorotically impossiblie. Smail sample size and
experimental errors and the inadequacy of estimating
environmental vartance of segregating population

from nonsegrregating papulation might have resulted

in these observations.

5.5 Gene RBumbers

Estimates of minimum nuesber of major genec
controtiing per cent protein in crosses betwgen high
x low protein ranges from values Ipss Tthan 1 0 i

using Wright's {i%21) and Wright and Castle, {1921}

formulae, whniie Mather ard Jinks {iG71) forauia gave
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values that approximate Z maior gEnNas. The
material used in this study do noth appear to meet
the assumptions that go with those formuliae, and
there were no possibilities +or testing some of the
aczsumptions. Estimate 0Ff a minieum of 3 major gsnes
using #Mather and Jinks formula looks more zcceptable

e Fa

™

Eonsidering the normal distribution of
populations, transgressive segregation, presence of
overdominance ang high broardsense neritaobllity
estimates and low narrowsense heritability estim—
ates, the estimate of a mintmum oFf I dajor genes
using Mather and Jinks formula ipoks more convincing
but possibilities of modifiers could not be raled

out .
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CHAFTER SIX

b. SUMMARY AND CONCLUSION

The high bDroadsense heritability estimate of
about 70% suggests high genetic control for per cent
protein in these crosses. Considering the over-—
dominance of low protein over high protein, distri-
bution pattern of segregating population and the
positive skewness observed in the distribution of

popul ation of backcross to iow protein parent, the

o

estimate of a minimum of major genes using Mather
and Jinks Formula with possible modifiers appears
plausible.

Correlation between yield and per cent protein
were negative but nonsignificant, therefore possi-
bilities exist in identifying genotypes that combine
high vield with high protein percentage among
segregating populations. The positive correlation
observed between 1G0-seed weight and per cent
protein could be put to advantage in selection for
high yield as 1t would lead to a simultaneocus
increase in per cent protein. EBliss et al. (i974)
observed that three generations of selection for
percentage protein per s resulted in populations
significantly higher in percentage protein, but with
greatly reduced vield- To circumvent such undesir-
able effects the authors suggested that selection
should first be practised for high yielding families
based on mean performance since yield improvement is
of utmost importance and easily determined.

The overdominance of low protein over high

protein seems to introduce some complications into



the genetic control of per cent protein,

Fortunately some additive components of geneti

™
N

[T
-

variability have been identifised, though of zms
magnitude. Therefare, the uwuse of backicrossing
tochni ouae of breading with low protein parsnt as
recurrent parent, among hiagh vielding genotvpes,
emphasising seliection for large sped sixe and yieid
at every stzge could bBring success in the effort o
combine high vield with high protein percentage in

these cowpea lines
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APRERBIX 1

Variances of the respective characters and generations for the cross 7Py ¢ Pp orown at
Kadawa atter reaoving replication effecis

Variance

Beneration Protein  YVield  [00-seed  HNo. Seeds/ No. Pods/  Daye to Days to

Beight Pad Flant Flowering  Haturity
Py 7.754 730,427 15.620 10,944 294, 74D 19,8322 18,211
Ps L7737 1378583 &.34% §,418 454,811 25,578 18,300
Fo 12 1,933 876,459 10,705 5,447 285,700 15,080 11,433
F, 2 §.18%  1215.803  9.408 7.283 445,871 24.153s 24,111
Fa 5,825 1A%5.e%0  11.B79 7,818 717,857 43.235 22,535
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APFERDIX 117

83

Variances of the reepective characters and generations for the cross Py « Po grown 3t Kadska
and Samary after resoving replication, location. reslication x iocation and genotype v location effects

Variance

Beneration  Frotein  Yield 100-zead Ko, Seeds/ fio. Pods/ Days to Days ta

Heioht pod olant flowering saturity
Fy 3,086 1309. 215 17,045 5.034 745,431 23.771 22,213
Pz 2,493 1339.921 4,134 3.320 577.3%7 39, a8 22,258
Fy 12 2.500 1452818 9.323 1,728 §45.583 32,871 7,893
Fu 24 5,744 1920.453 11,539 3.873 038, 258 35,770 25,241
Fa 8.217 1397.655 13,478 35,580 524,785 38,501 13,398
8, 7.6%

Bl2 5.538
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APPERDIY iV

Variances tor the respective characters ang generations for the cross F, ¥ Ps grosn ot fedawa
atter resoving repiication effects,

Variance
Beneration  Frofein  Vield 100-saed Ho, Smeds/ Ho. Pods/ Days to Daye to
#eiaht pod plant tlosering saturity
Py 2.55% 2355.993 14.522 5.394 351.922 47,251 19,743
Ca 2.351 334,452 2.082 1417 452,843 24,5833 20,544
Fo 13 1,242 2721, 148 0,482 7.735 881,211 36,223 8,758
Fy 31 1.839 2300,750 8.327 7,553 337,500 7.833 §.187

2580.235 12,750 §.812 1321.030 12,933 11.572

-
M)
<3
~1
[ ]
L=




APPENDIY ¥

Variances tor the respective characters and oznerations for the cross Fp ¢ Py grown ab Samaru
atier resoving replication effects,

Variance
peneration  Protein  Yield i00-s828 ila, Seeds/ Ho, Pods/ Days to Days to
saight pod plant flowering asturity
Fa .92 1115, 821 2.27% 2077 1865, 033 37.07% 7.5
Ps 2,086 777,760 1,077 4,100 727.754 30,578 19,822
Fo 3 3.283 2529.137 2.188 2.56% 055,532 40, 68% 7,500
Fo 32 1.262 1474, 059 3.753 2.333 885,545 32.68% 7.578

Fa

n

41 107,438 5.300 .04 §73.715 32.33% 14,688




APPERDIE VI

Covariznces of the respective characters 2ad aenerations for the cross Py « Py grown 3t Kadaws
after resoving replication effects.

Cross product eean saquare

beneration Protein Protein Frotein Protein Pratein Frotein
Vs Vs Vs Vs Vs Ve

fieid il-seed Mo, Seeds! Mo. Fads/ Days to Days to
MEight pod olant tlowering aaturity

P, -15.982  -0.4832 1,882 -7.451 ~2.53s -2, 040
Fa §.8%%  -0,313 -0, 243 3.237 &.920 ~5,334
Fa 12 7597 .30 9,338 3,078 “0.308 1775
Fa 2l -23.504 0, 758 -i.788 -1Z.450 -{1, 455 -1.247
Fa 3.991 0.579 -1.504 4.513 -1.505 -2.801
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APPENDIT Vi1

Covariances of the respective characters and generations for the cross Py x Py grown at
Sazaru after resoving replication efdects

Cross product asan souare

Beneration  Protein  Fratein Protein Frotein Fratein Frotein
Vs Vs Ve Vs Vs Vs

Yisid i0fi-seed Ho, Seeds/ o, Pods/ fzys to Lays to
welght pod plant flouering paturity

E, 22,793 -0.57% -3, 5069 19,255 §.659 4.230
Pa -15.805 0,972 -0, 458 0.424 1148 8,216
Fui2 -21.743  -0.403 -i.214 0.495 -1.58% 0.502
Fu 21 51,534 7,580 0,404 80,497 ~5.812 0.774

Fa -2.262 1,384 4,750 4,243 -1.282 6,323
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GPPEADEY ¥

Covarisnces of the respective characters and generations ¥for the cross P, » P grown af Yadaws and
Samara atter resoving replization, locatiom, replication v lopation and genotvee v ipcaties effecis

Tross product sean sgusre

Seaeratian  PFrotzin  Profein Froteis Frotein Protein Frotein
Vs ¥ Vz ¥t ¥z is

Yiald i9-ceod fiv. Seeds/ ¥s, Pods/ Bays io Bavs §
weight pod piant Fiowering saiurity

Ps 7.471 AR §.73% 11,273 ~4,133 ~3.431
o + apn s arn R . . R
Fa 3.582 -1.789 -G 374 G828 4., 854 -1.43%
¥ §.975  45.555 ~¢. 770 12.373 -0, 989 -1.507
T LY EE-T ]  Bme roaEe a e nonen
Fy 24 5564 ATEDS U, s 14, 857 -4,75% -2.958

Fa -3,94) 1,583 -0.338 -5 543 1,857 15,357




Uovariznces for the respective characiers and agnerstions for the cross Py # Pa grown af ¥adawa
atter reacving replication effects

Cross product esan sguares

Beneration  Protein  Frotein Brotain Frotein Brotein Praotein
Ve Vs Vs Vz Vs Ve

Yield 6i-seed fo. Seeds/ Ho. Pods/ fays to fays to
seight pod piant flowering saturity

Fy -47,1% 3.651 -0.51% ~20.757 §.050 -2.37
Ps -2, 73 -7 $.505 -3,797 ~7.544 -, 85°
Ffa 13 =138 -0,5%2 -, 087 -1.3450 -2.%%7 -2.451
F, 31 17,707 73 -, 35 7.38 &, 045 7,443

- A ~18.780 0,378 -3.022 -12.7%2 -1.902 -1.4%3
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Covariapce for ihe respeciive tharariers and generatisss for the cross Py 3 £, grows 2
afier removing reciireiion effects,

Croes product asan soaare

bereration Protein Frotein Protein Profein Erotein Protein
Vs Vs g Ve Vs Vg
Yield i fl-gpad o, Seads/ Ha. Pods/ Days v Bays to
weight zod piant floxering saturity
Pz 11.80¢ -1.298 147 i7.41 -4.13% -2.4812

Fa 15,722 -5.35 1,713 12,3109 0,374 -0, 165
Fo 23 2.5% -haT 0. 270 28,578 -4.3592 -1L.7%
F,32 -Z5.428 RH -0, 938 -8, i1 -§. 218 [ 455
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