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ABSTRACT

Inheritance of pod shattering in seyabean (Clycine max (L.)
Merrill) and its relationship with nuwber of pods per plant, nuuber
of seeds per plant, seed size, seed yield, number of days to flowering,
nuwwber of branches per plant, nusber of days to maturity, and height
at maturity wase studied using three crosses of four parents cowprising
two shattering (M-98, and M=~351) and two non-shattering (7GX 7186 - O4 B

and TCX 813 = 23 D) varieties, respectively.

Field layout was a randemized complete block derign with four
replications. A laboratory wethod involving the use of OVeéns was
adapted to assess the pods for shattering, For each treatment (i.e.
pareat line or F, population), population parameters were oLtained

from the pooled data of the four blocks (i.e. replications).

The distributions of two out of the three F2 populations were
skewed on the side of shattering, suggesting that in soyabean,
shattering of pods is dowinant to non-shattering. Phenotypic correlation
coefficients indicated weak associations between shattering and the
other characters studied. Broad sense heritability estimates for
shattering were generaglly higher theon sixty per cent. Mean minioum

nuwber of genes controlling shattering for two environwents, Zaria ana

Ibadan, were 12,50 and 7..29. respectively,
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CLAPPLR 1

LNTROLVGSTION

1.1 A sriel Volunical pesceription of .oyabean

Soyabean, Glycine max (L.) lerrill, family LeJuminoseae

subfamily Papilionoideae, is an annual varying in height from
legs than 30 cwm to more tuan 180 cm, and in habit from stiffly
erect to prostratej the leaves are compound, usually trifoliate,
and seeds are borne in pods that grow in clusters ol three to

five with each pod usually containing two or three seeds (Anonymous

1978, Morse 1950),

1.2 Qrigin And History
Morse and Carter (1937) reported that the history of soyabean
is lost in obscurity. Similarly, uittle (1975) stated that the orisiu
and early history of the crop wre unknown. Accordin; to Morse (1950)
however, there is little doubt Lhal the cultivated soyabean ias

derived from Glycine ussuricnzis Hegel and Maack, which grows wild in

eastern Asia. Vavilov (1991) traced the origin of the crop to a
resion he referred to as the YChinese centre of origin of cultivated
plants,” whicli, wccordin: to him, was the earliest and largest
independent cenlre ol the world's agriculture, aud consisted of the
mountainous regions of Western China toJgether with tue adjacent
lowlands, In agreement with thc report of Morse (1950) cited

above, Hymowitz (1970) holds that historical and geographical
evidence points to the eastern Lalf of North China as the area
where soyubean was first grown, adding also that the crop was fircst

cultivated aroiud the 11th century H.C.




According te Ezedinmas (196L), seyabsan was probably intreduced
inte Nigeria in 1988, Fer a leng time aftar its debut in Nigeria,
soyabean remained strictly an export crep, and eating it was forbidden
(Nriahura 1982). Ite popularity was greatly enhanced following the
discevery, later on, that its seeds can be used in seasoning and

thiekening seup (Yuwa 1963m Mebraghtu and Hahn 1986),

Seyabean preductien in Nigeria rese from 8 metric tennes in 19¢0
to an estimated 77,000 metric tennes in 1980 when Nigeria become
Africa’'s second largest preducer eof the grain legume after Zimbabwe
which teok the lead with 81,000 metric tennes (Yuwa 1963, Anonymeus
1981), Studies have indicated that interest in soyabean has centinusa

te increase in Nigeria in recent years (Abimbela 1986).

1.3 Impertance

Ninety-five per cent ef seyabean eil preduced worldwide is consumsd 22
feed, ninety-sewen Per cent of the meal utilized in animal feeds,
and the portien that is neither eaten directly by man ner fed te

livestock finds considerable use in industries (Baldwin and Fulmer 1985),

Of all piant and animal feod seurces, soyabean produces the highest
yield of pretein per unit land area (Parman 1975), The importance of
sey pretein in nutritien lies in ita high ceontents ef essential emine

acids, in respect of which it is superier te egz (Coppeck 197L).

When planted in retatien with cereals, seyabean, because of its

nitrogen - fixing ability, helps in maintaining meil fertility.
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Whole soyabean seceds can be processed into human food in a

variety of ways (Ebine 1976; rerrier 1976). Anonymous (1985) and
Latzke=llegemmann and Walker (1985) have given recipes that show
how soyabean seeds can be used to make "akara", "moin-moin",

and several other West African foods and snacks. Soyabean can be used to

thicken soup (Ashaye et al 1975).

Soyabean o0il is used in making edible products such as
shortening, margarine, cooking and aalad oils, mayonnaise and salad
dressing (Black and Mattil 1951). Non-edible soyabean o0il products
include paints, varnishes, inks, stains, sealing compounds, glues,
plywood adhesives, linoleum, oilecloth and core oils; candles, insecticides

and soaps (Bradley 1951; Martin et al 19763 Anonymous 1978), '‘he

lecithin from soyabean oil is used in making chocolate, macareni,
antioxidants, pharmaceuticals, cosmetics aand soaps (Stanley 1951,

A protein = enriched pap called "soy =ogi", which is a blend
of soyabean aand maize (Zgg WAy L.) flour has been developed by the
Federal Institute of Industrial Hesearch (Akinrele et al 1970),
Food Specialities (Wi eria) Ltd, makes “liutrend”, a weanin; food,
and "Golden Morn™, a breakfust lovod, both of which are manufaclured
by blending soyabean with maize, Joyabean protein is utilized in the
manufacture of bread and other baked foods, confections, ice croanm
and soyabean milk (Burnusti 1951). Soyabean milk (commonly called
soyamilk) is available as dry, canned, or liquid products for feeding
babies who are zllergic to cow milk, and for vegeturians und mewbers

of certain religious groups, who do not desire animal protein (Jobnson

1975).



Kersey Children's Huee, odimd by the Rigeriun baptist Church's
Medical Centre in Ogbowosho, Oyo State, has demonstrated the potency
of soyemilk in the treatucnt of the protein - deficiency discuse,
kwashiokor (Lnonymous 1987; Weingartner 1987)« During the Nigerian
Civil War of 1967 to 1970, soyamilk was one of the relief materiuls
sent into the defunct Biafra from the United Statcs of /[perica
by humaniterian agencies to improve the diet of malnourished refugee
children. Another cdible product cullud artificial meat, having a
texture siniler to that of beef, has plso been made from soyabean

{Orthoefer 1978) .

In Nigeria, cspecielly in Kafanchan and other areas of Kaduna
State, soyabean is usecd in cottage industries in waking a ferunented
food condiment callud "dedewa', 7This is & rurel innovation that
hes brousht about & switca from dependin; on the locustbean (Parkia

filicoidea Welw, ex 0liv) tree (Mcbrahtu and Hahn 1986).

Soyabean protein is uwsud in concentrute rations for fecding
livestock {Anomymous 1978). It is used in fattenine celves, laubs,
and pigs, and when properly processed, cxcols all other vegetable

protein concentrutes in sturter pashes fed to chicks (Heyward 1951),

1.4 Shattlering
Most legumes bear dehiscent fruits comuonly called pods,
Bach pod develops from & superior ovary that embodics a single
carpel and geed dispersal in the leguminoscie 1s usually by &
pechanism of pod dehiscence thet occurs sinultencously clong: the

suture of cerpel worgins end along the uedian vein (Bsau 1960) .



EVery.soyab;an pod éventually opens to rélense its seeds, but thé

#zse with which this opening occurs ceon be a major peint of diflerence
.amoné cultivars gnd o wide rangs of dehiscence tendency is known.

" A variety whose pods readily breai open upon maturity,

 : thus shedding the sceds is said to be of the shattering type.
Shgtteringrvarietiea allow the farmer very litile time to harvest them

_ before shedding their seeds. 1This can resulti in heavy yield losses., The
ﬁ. relatively non-shattering types do not shatter readily in the field,

but will shatter within a few daya if harvesting 1s delayed in an

<  environnent in which the relative huwidity is lower than 30 per cent.

In the wild condition, shattering 1s a4 monti desirable trait as
5; ;£ enhances dispersal and survival. Pods of the wild progenitor, GC.
ugsuriensis, dehisce as soon as8 they are wmature, 8o that there

mgy be dehisced and green pods on the same plant {Caviness 1969).

- Shattering therefore may have developed and been preserved in

. nature due to the evolutionary advantage it confers, However,

while shatiering may have played positive roles in the evolution

" of Glycine, 1ts presence in the cultivated species is undesirable.

The major condition that enhances shattering im low relative

" humidity (Caviness 1963). Tewmper-ture is also important threugh

its .indirect influence on husldity. Shattering la indeed a problem
that a breeder caznnot afford to ignore if his aim is to develop
varieties for use in areas where the relative husidity is lgw

during the harvest period,



1.5 Aim of the Present Work

While much work has been done on the inheritance of many

agronomically important characters in soyabean, reporis of work
on shattering have beea relatively gecantye This is hardly
surprisin’ considering the fact that most of the work published
on the crop to date cocmes from Lhe United States of America, a

country in which shattering does not secm to be a big problem,

Caviness (1965) reported that even the most susceptible varieties

do not shatter during: most years in the United Jtates,
The present work aims at invesliating the inheritance of

pod shatterinz and its relalionship with
(i) muamber of pods per plant,
{(ii) nusber of secds per plant,
(iii) seed size,
(iv) seed yield,
(v) number of Jdays to flowerins,
(vi) number or branches per plunt,
(vii) number of days to maturity, and

(viii) heicht at maturity in soyabean.
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Cli LUK 2
Kovlai  OF LITolGnI'URG

2.1 Anetouy of Soyubeun Fod toluted o Shebterin:-

The pericarp (pod well) luyers of soysbeusn pod wre cowpused
of (i) exocarp {outur luyer) wade of tuv outer epideruis and
hypodernis, both of which have thickensd cell walls; (ii) wesocarp
purenchywa cells (widdle leyer), and (iii) the eudocurp (inner
luyer) including several leyers of sclereuchymu cells and the inner

epiderwis (Momsi 1943).

ksau (1960) reportud thuat ti. cells in the hypoderuis and
sclerenchymsa layers of soysbuen wee clungated, bul the lon, sxis
of the two kinds of' cells arce orivnted in opposite plunes, e
& result, she observed, thu ouler and the inner layers of the
pod wall shrink in different direcliovis and the developirg stress

prouwotes the openii: up of the wuture debydreted sSojubesn pod,

Caviness (1967%) fowd that the woles of orieutatiou of
a layer of fibrous cells lwlwd the execurp appeurad vore acule
in shattering liwes than in lines thut dre non=shaticecing.
He conceived thut grester tensions way develop in lhe shattering
types with comparalble lowues of woistuw becauss of ¢=1l

orivutetion,



2.2 Methods of lLeterminins the lLeprree of Shattering:

Several tlechniques incluaing rield and laboratory methods
have been developed Lo assess shattering in soyabean. Caviness
(1969) recorded the degree of pod shattering in the field as the
nunber of days from plant maturity to the dutle when two or more
pous have shattered on a given planl. Similarly, the shattering
behaviour of the lwo soyabean varicties, Samsoy 1 and Jamsoy 2,
released by the Institute for Agricultural Research (I. A. R.),
Samaru, Nigeria, in 1984 was determined through field observatiens

(Leleji 1985),

Caviness (ﬁvbb), by using a technique involving the alternate
wetting and drying of pods, was able to differentiate between
shattering and non-shuattering lines in the laboratory. Tsuchiya
and Sunada (1977) dried pods at 60°C and found that in cultivars
sugceptible to shattering, shattering occured at 10 - 15 per cent
moisture content, whercas in resistant cultivars, pods shattered
when moisture content was less than 10 per cent, Mundel and Mains
(1979) developed a laboratory method using the Ottawa texture meter.
In this method, pous were remcved from maturc soyabean plunts on
the day of the test. ''ne pods were held by the pedicel and a
compressive force which was recorded on a strip chart was applied
to the ventral suture until they Legan to open, The maxiuuw forces
required to break pods open averaged 1.77kg and 0.68kg,
respectively, for a shattering-resistant and a shattering =susceptible

cultivar,
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2.3 The Genetics Of Joyubeoan Yod Shtutterin:

Frow their study of « crocs lLetween two cultivated species
of soyesbean, Piper wid korse (1925) reported that shuttering appeared
to be dominant to ron-shattering. Siwilarly, logui (1926) found
in 4 cross between the wild wmd cultivuted species that non-shuttoring

was recessive to ahatteriys.

Ting (1946) studied crocses Luwtween Lie wild end cultivated
soyubean and reported that the F.‘ plents shatterod reawdily, indicating
the dominance of pod shalturing to noteslotierins. Jle oboerved u very
couplex segregation in the Pz gemmrution, Caviness (1963) Tfound that
the inheritance of pod shutlering wes cowplex in crosses between the
wild and cultivated species and in crosses betlween varieties of the
cultivated species, He lurther obscrved thut tue ipheritance of
shattering was worv of & Jquuntilutive character, notine «lso Lhut

shattering was douinunt,

Caviness (1969) reported browd serse heritalilitics of 89, 93,
95, and 98 per cent, resjpuctively, for shattering in four soyabuun
crosses, Tsuchive und Sunsda (1979) fowd thoet slattering vas
dopinunt to nonmshatloriig, wil like Cuvinecs (1969), they found

high heritability for the trait,

Caviness (196%) postulated thet wild soyalesn possesses four

major genua for shatltering,
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2.4 Association “etweern Pod Shatterin- ind Other A ronomic
Chariactoera

Ghobrial and Lennis (1970) found that the degree of pod
shattering in twenty-two soyabean cultivars was not correlated

with the number of pods per plant.

Caviness (1963) obtained both negative and positive
phenotypic correlations between shatterin; and seed size in the
P

2
Sunada (1979), however, found the degree of shatterin: to be positively

and F3 generations of four soyabean crosses, Tsuchiya aad

correlated with seed yield in only one out of the five crossus
that they tested. Kuun et al (1973) found that soyabean lines
developed by mutation breeding through exposing seeds to thermal
neutron irradiation showed 8ignificant decreases in shattering
accompanied by slightly reduced yield, Low - yieldings soyabean
lines grown by the International Institute of Tropical Agriculture
(1,1,T.A.),Ibadan, Wi eria, did not shalter in the field even

three weeks after maturity (Anonywous 1976).

Both phenotypic and penotypic correlations between shattering
and days to flowerin, in the E2 generation of four soyabean crosses
gtudied by Cavincss (1969) were small (some were negative)

with very little association indicated.
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Caviness (1963) obtained significant positive correlation
between days to maturity and days frow maturity to incipient
shattering, ‘Tsuchiya and Sunada (1979) reported significant
positive correlations between the degree of shattering and days
to maturity in soyabean., Heot (1986) observed that late - waturing
soyabesn varieties tend not to shatter in the field, but are no
better than earlier varieties in controlled laboratory conditions,

Solorio (1967) reported that he could not select for

height end shattering simultaneously in soyabe:sn,

2,5 Shattering In Other Leguues

2.5.1 Cowpea (Vigna ungiculata (L.

Pod shattering in cowpea has been found to be controlled
by one dominant gene (Hawal 1975). ''he endocurp of
shattering - susceptible cowpea pods, according to Lush and Svans (1981),
contain a fibre layer neur the outer surface of the pod made up of
spirally thickened fibres snd another layer of fibres, near the inner
surface, that are sacotli~waekled, 10 non=shnattering pods, the two workers
obeserved reductions in the thickness of the spirals themselves and in
the nuwber of turns per unit length. Differentisl shrinkage in the
two layers of the endodermis, according to Lush and kvans (1961) may

be the source of stress that resultls in COWPea pod shublering.
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2,5,2 GCarden Pea (Pisum sativum L,)

Wainws (1975) reported that shettering in the garden pea
(Bs sativuy) is conditioned Ly one douinant genc.
Similarly, Petrik (1982) found non - shattering to be

recessive in the P, generution of two garden pea

i
varieties, In contrast, Shevchenko (1980) reported that
shattering in the garden pea is controlled by & recessive
gene which he called "def", Ile Turther observed that
segregation in the I-‘2 gensration of a non - shattering
and & shatterin: varicty followed the wmonohybrid pattern
with no reciprocal effects indicated., Khangil'din (1981)
found that the genc responsible for shatterin; in the

garden pea wlso reduccd sced yiecld in the crop plant,

24543 thers

Duekov and lusdiiuv (i;bl) Tound that in the Froocy bean
(Eguggolm; vuliraris L.) rusistunce to pod shatioring
was closcly associated with the degree of developrent of
the parchucnt luycrs and that the prescncc of thicke-walled
cells near the ep;.de:mm resulted in leoss shattering.
Maslinkov ¢t al (1979) observad intervarivtal differvuce
in the degree of pod shattering in 250 cultivars of

alfalfe (lodicu-o sative L.). Among their least

susceptible lines, only 7.9% shattcered, while in soue

varieties, over 80% shattured.
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Savvicheva (1976) found in a study of the Py and ¥,

generations of a cross belween two lupine (Lupinus luteus %)

varieties that shattering was dominant to non-shattering. Singh
et al (1975) reported from studies on the ¥y and F, generations

of a cross between two upecies of mung bean, (Phuseolus aurcus,

Roxb. and_P, munzo L.) that pod shattering, which is a
characteristic of the former species, seems to be governed by

more than two pairs of alleles.



2.1, Materials

Table 1. Orijin and descrivtion of parents,

s/No, Full nawe - Code shattering
name Origin classification

1 M- 98 P1 TeR# Susceptible

2 M - 351 ¥, Lar= Susceptible

3 TGX T18~04 b P3 IIT a%* Resistant

4 TGA 81%-23D P4 IITpx* Rtesistant

*; Institute for [gricultural Rescarch, Samaru, Niseria,
##¢4 Internationsl Institute of Tropical jgriculture, Ibadan,
N.B: Por ease of reference, only code names will Le used in
subsequent reference,
The origin end shattering classificetion of the puarental
materials used ar¢ given in Table 1. The F2 populations used

are listed in Table 2.

Pe2e Gencral lrocedures

Crosses were nade butween the four parents, I'l, Foo 1‘3,

and P4, listed in Table 1 in 1984 and 1985, In 1986, three F2

populations, P1 P4, P, P , and P, P, listed in Table 2,

24 3 )
obtaincd fron the crosses, together with the four parcnts,
were planted for evaluation in the field in a randomized

couplete block layout haviig four bloclks,
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Table 2, 1"2 populutions showiny: parentual combinations,

s/No. Cross Code nuaue Deseription
1 P1 x P4 P1 P4 S X N~

2 P2 X P4 PZ P4 S x N

3 P3 X P1 P3 P1 N x S

*; S = Shatterins purent

N = Non-shattering parcnt,

NB: For case of rcference, only code naunes will e used in
subsequent refervncc,

Plenting was donc in two locations, Zaria end Jbadan., The
objective in this was to obtiéin two seils of duta for the study
within one year, Zeria is located &t &n cltitude of 500u elove sca
level ot latitude 11%,01'N aud longitude 70.44'.3. in the gulnea
savanna while Ibadan is loceted ot en altitude of 200 above sca
level at latitude 70.23'N and lengitude 30.36'3, in the tropical rain
forest.

In both locations, each of the four replications had four rows
of each of the four perent lines and three ¥, populations. In Zaria
as well as in Ibadan, each perent and F2 row was plented with twenty
secds, Within-row spacing was 10 co and row - to = row distunce
75 cm in both locutions, Zeris pluntiyg wus done on T July, 196,

and Ibadan plunting on 11 July, 19885,

For both parent lines as well as 1-‘2 popul ations, data were

collected on single plant basis on the following characters,-



(1)

(ii)
) (1ii)
(iv)

(vi)
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Number of days to shattering, - Intact pods were picked
immediately their colour changed frow green to light brown. |
FPods from single plants were kept (in paper bags) separate
from each other, The harvested pods were left in the laboratory
for ut least fourteen days to allow them time to squilibriate to
the same moisture level. At the end of foﬁrtgen days {(for the
Zaria trizls), twenty intact pods were randouly sampled from all
the peoas harvested from individual plants of parent linee and F2
populations and evenly spread on the buase of a paper bag measuring
13 cm long X B cm high, The bags were then placed in ovens, g
Two "Hot -~ pack" ovens were used for each location zt a time
starting from Zaria materiyls. Dbeginning from room teuwperaturs,
the heast was steadily increased by 3°C avary two days, Dags were
removed from the wven daily and shatiered pods counted., For each _;
single plant, nuwber of days te shatiering wus obtained as number
of days from the day the pods were placed in the oven to the day
half of them (i.e. 10 pods) shattered.

Mumber of pods per plunt (NPP). - Tuken as the total number of

well-formed ripe pode at harvest;
Number of seeqs BeTr plant (Msk). = Dotal gumber of fully formed

geeds after threshing the pods from each plant;

Seed size (S58), — Average weight (in grames) of the total asocunt
of seed harvested from gach plant;

Number of days to flowering (NDI¥), - Number of days from

planting to the day the first flowers opened;
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(vii) lurber of branches per plant (NUP) = Nwiber of all stem brauchea;
(viii) DMNumber of days to wumlurity Nl = Junber of day: frow planting
to the dute when rifey pesr ceal ol all the pod: on a Jiven plaut
had been ob:crved to have turucd yellow following a period of
normal development and maturitys;
(ix) Height at maturity (13) = Heioht (in centimeters) of the shoot

at pod maturity.

3¢5 Analrui: O Data

For both locations, data from each block were pooled and

population parameters (means, standard deviations, and standard
errors) were obtuined for cach treatment (i.e. pareut line orx
2, population),

For the Yawvia matori s, 2oault: were aualysed for all the
ei it charaster: already listol, uamely, (i) muiter of pods pex
plant, (ii) vwuiber of sceus per plant, (iii) seud aize (iv)
sacd yield, (v) nuaber of asry: to [lowerius (vi) number of days
to maturity, (vii) nuuler ol brunche: per plant, and (viii) plant
heizht, apart rrow nunber of days to shattering. The sane
procedure was also carricd oul in the case of the Ibadan planta,
except that here (i.e. for Ibadan), duta for (i) number of days
to flowerxins and (ii) numbesr ol days to maturity were found to Lo
unreliable (havi. | not been talen followin; the appropriate proacéuru)
and so not analy:.d. 'Mhus, wiile uine characler: where analysed
in tlhe casc ol the laria waterials, Jor the Ibadan plants, the

analysis was on  only soven claracters.
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Broad sense heritability (BSH) estimates of pod shattering

were made according to Malumud and Krammer (1951) as follows:

. T 1 _— 2
R = X 100
0,
2
" Where ~ H a Broad sense heritability
2 2 2
(U = O, + 0
i.e.,
- Total phenotypic genotypic ehvironmental
. .= +
variance : verisnce - varivuce
a. 2 and on 2 L m Parental variances
P P2 :
X 0%2 = Bstimate of Environmental
1 .

R . variance

The standard ercor of each broad sense heribatility
estimate (S.8, (H#))was obtained as follows:

S.E. (H) = S.Ep 0-82

o . . .
c;h Tu L S . e .
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Where -
Solie a’z(standurd error of the genotypic variance)
c
was obtained as -
2 2
% x %
2 1 2
S-E. 0- -
&
X
. o,
in which n and n are number of values in the two parent

1 Pp

lines involved:

and -
2 ) )
G;h = Phenotypic variance,
. 2
obtained as (5,
r'
2,

Phenotypic correlations between pod shattering and the other
eight suronomic characteristics were calculated by the method of

Weber and Moorthy (1952) as follows:

Phenotypic correlation (r, )
¥

Cov (xy) ?2

K y
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Where —
Cov (xy ) K, = The covariance between the two
<
characters x and y, in the ¥,
“

peneration;

and -

0, ° v, 2 N |

= Y = The variance of the churicters, x aud
F2 P,

Yy in the F2 ¢generation, resp.octively.

Minimum number of penes was obtained by the method of Mather

and Jinks (1971) as followss

¢, - 5,))

b

in which Ki = the minimum number of genesa, and

. 2
D S ( du) = the deviation of either parents from

tie wmide=parent value, The underlying assumptions

in this formula ares

(i) absence of none-allelic interaction,
(ii) absence of linkage,

(iii) equal increments for the different alleles.

Graphs of the distribution patterns of parent lines and P2
popul ations were drawn for both Zaria and Ibadan trials., However, the
Ibadan graphs were found to be depicting the spread patterns bettier,

and 80 they (the Ibadan graphs) are the only ones precented here

(rigs. 1 - 3).
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Lo F2 Segregation Pattern

Appeﬁdices 1 to 1L show the performance of pzrent lines and ré
populations in Zaria and in Ibadan. Figures 1 to L show the segregation
patterns of the F2 populaticons for days to Bhattering in Ibadan,

P1 Ph (Fig.1) exhibited two shattering peaks in the first half of
the laboratery test period. The graphs show that most of the plants of
this cross tended to shgtter, However, both the shattering LP1) as well
a8 the non-shattering (Ph) parental genotypes were recevered in the F2
generation,

| P, Ph (Fig.2) exhibited a unimodal distribution in which wost of
the shattering took pluce within the first hglf of the shatiering test
period. Llts apread began with that of P, (the shattering parent) and
ended at the lower limit of the non-shattering parent, (Ph), thus showing
the non-recovery of the non-shattering (Ph) parent awong the F, (P2 Ph)
Plants.

Most of the individual plants of P P_I 28 shown in Fig.3 tended

3
to be non-shattering. ''he gruphs show that this F2 population exhibited
transgressive segregation over both the upper and lower shattering limatu

of the resistant parent (PB) with the recovery of some of the shattering

(P1) parental genotype.

4.2 Phenotypic Correlution

The correlation ceefficients (r) between days to shattering and the
other characteristicg in the three F2 populations ere presented in Table 3,
Associations were generally small and non-significant., Most were also

negative. In Zaria, however, days to shattering hud a significant positive
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Table 3, Phenotypic correlation coefficients(r) bstween
days to shotterin: and sous egronopic

characteristics in tkrce F2 soyabvan crosses

grown in Zarie and Ibadan.

Characters correlatcd F2 crogsus
with pod shattering
P, P4 ¥y P4 P3 Py
No, of pods per plant -0,02 0.23 0,03
No. of seeds per plant - =0429 0.23 0.07
" sced size (g) -0,11 -0,03 -0.00
::,5 Seed yield (g) ~0429 -0,22 -0,08
Yoe of days to flowerin’ -0,23 -0.18 0.27*
No, of days to maturity -0,07 =0.00 =0,01
No, of branches per plant -0e23 0,17 -0,06
Plant heignt (cn) ~0,12 =0 U =0,10
No, of pods por plant =007 ~0423 -0.04
No. of sceds per plant -0.U3 ~0,18 -0.02
5 Sced size (¢) -0,08 ~0.18 ~0,3g**
R | seed yicid () -0,02 -0.14 -0.05
" No. of branchus per plont =0.13 ~-0.21 -0,04
Plant height {(en) =019 -0.25 -0.01

#: Significent (5% level of probability)

##: Highly significent (1% level of prolebility)
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correlation with days to flowering in P3 P1. In the game crosa in
Ibvadan, there wos a highly significant negative correlation between

shattering and seed siue,

4.3 Brozd Sense Heritability

Broad sense herltability (BSH) estimates for shattering in the two
locations are given in Table 4. With the execption of P2 P’.l (Ibadan)

with a BSH of 13.084¢, heritability estimates were gemerally high ( over 60%),

Table ;. Broad sense heritabliiy estimates for pod shattez;ing in

three F2 BOyabean populations grown in Zaria and Ibadan,

F2 _ | Heritability _ | " Beritability
Population in % in Z4agria in % in Ibadan
Py 2y 73.48 £ U.02 83.15 + 0,07
Ry P 66,12 + 0.03 13.08 + 0.05
. By P, 67.28 + 0,03 _ 88.81 + 0,08

N o Lol Minimuw Nuober of Genen o "

Y. Eptimgtes of mininuwm number of gense controlling shattexring are given

in Table S. Valuee for Zaria ranged from 11.L7 to 14,19, with a2 mean of

i

12,50, and those for Ibadan from 6,18 to 9.0L with & mean of 7,29,



Table 5 Estinctes of winimum nunber of genes controlling
shattering in three P2 soyabean populations grown in

Zaric and Ibadan,

F2 population Estinated
oindoum
number of
Zenes

P3 P-I 14313

o

Bl pote 37451
o .

N

Mean 12.50

P2 Ih 6,10

P. P 6,66

% 1
g
o
S| potal 21.86
Mean 7«29
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5.1, Ez Segregetion Pattern

The observation that most of the individual planits of two out

of the three P, populations studicd tended to shatter su ests that

2
pod shattering in soyabean is douminent to non=-shattering. This
obscrvation is contrary to that of Pipur and Morse (1923) who studied
& pross betwguan twe cullivelwd spweics ol soysbuen and found thet
non=shatterin; appeared dominant to shattering. It is, however,
consistent with the report of Caviness (1963), who @lso worked on
crosscs between vorieties of the cultivated specics end found
shattering to be dowinant to none-shattering. Studies on crosses

between the wild and cultivated species have also shown thut shattering

is dominant to non-shattering (Negai 1926; Ting 1946).

Hele Phunotypic Corrclution

L knowledge of correlation existin: between churacters is of

great application in crop brecdin . With such knowledge, the breeder
can easily identify thosc churacters thut may be useful ws selection
indices, [ correlation coufficicnt is & weaswce of assogiation

that tells the breedor which characters he can iguore, and which
characters he must take iuto account whun planning progremmes. If

two characters are positively correlated with cuach other, iwproveuent
in one is expected to be accompanied by improvement in the other,

If the wssociation is negutive, iuproveuent in one will wmean depression
in the other. 4 2zZero correlation indicetes that neifher improvement

nor depression in onc churactoer will have any offuct on the others
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Shattering was phenotypicplly correlated with none of th?
other eight characters studied in both locationa with the exception
of (i) number of days to flowering in 1-""3 I’1 (Za,ria), where
the associablion wus gjumificant and positive and (ii) seed size
in the Sume cros: (1—‘3 P1) in Ibadan, where the association was

negative and highly aignificant.

The general lack of association between shatitering and the
other eight characters studied suggests that none ¢f the eight traite o

can serve g8 a good indicator for indirectly selecting for

non-shattering soyabean.

5e3 Broad Serive Heritability (B:H)

Heritability in the broad sense is the proportion of the
ﬁbserved total variability that is genctic. Broad sense heritability
(BSH), in other words, is the ratio of the total genetic variance -_- If
to the phenotypic variance. The higher the heritability, the B

lower the influence of the enviroment on the trait concerned

A knowledge of BSH is of use to the bresder in the preliwminary

- Btagee of selecticn experiments where it can serve to indicate

" the ease with which a given phenotype may be modified. A8 pointed

 ”out by Obilana and Fakcrode (1981), estimates of BSH are especially
useful in cases where non-additive genetic effecis are negligible
in relation to the additive component.

The generally high estimates of BSH for shattering obtained in this
i‘study {Table L) sugegests that it will be easy to breed shatter-resistant
. soyabean through hybridization and selaction 'The conclusion reached

A —._'-.‘:.hs:r-\\-.
| here, however, must be applied with caution since estiwates of broad

E
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sense heritability do not indicatle the extent Lo which the aduitive
and non-additive componcnts of variation are involved in the
expression of a4 given phenotype. Uhe larger the non=additive
component, the lesu Lie practical value of a Lroad sense heritability

estimate.

P, P4 had a B3H of 66, 12% and 13,08)% in Zaria and in Ibadan,
respectively. This difference in BSH estimates for the same P, cross
in two different environments is suyggestive of the involvement of a
genotype x environment interaction in the inheritance ol pod
shattering in soyabean, ‘This implies that it is possible for a
soyabean variety that is non=shattering in one environument to be
prone to shattering in another environment., It woul:l Le important,
therefore, that a line which is being improved for cultivation in
many different geographical locations be subjected to shattering tests

in those different locations for which it is being bred.

58 Lumber of Cenes

Estimates of the minimum number of _jenes controlling pod
shattering in soyabean ranged from 11.47 to 14.19 for the Zaria
environment, and from 6,18 to 2,04 for the Ibadan environment, For

P2 P4 and P

3 P1, estimates for Zaria were in ¢ach case, about two

times as large as Lhioue for the sume crosses in Ibadan. Por the

remaining crosa (P1 P J, the Zaria estimate was 1,3 times larger than

4
the Ibadan estimate. These dilferences may bave arisen due to the
possible involveument of interaction vetween the genotypes used and
the two environments, Uenotype x environment interaction is,

possibly, also one of the explanations for the differences between

the present findin.s and the reports of previous workers,
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CHAPI'nH 6

CONCLUSION

Studies were conducted in the 1J00 planting . esson to investigate
the inheritance of pod shattering and its relationship with eight
agronomic characters in soyabean, Clycine mgx. Three F2
populations involving four varieties were evgluated,

Some of the results obtained were inconsistent with the reports
of authors cited. Differences could be due to (i) differences
in genetic materials used, (ii) aifferences in sampling techniques
(iii) differences in the methods of assessing shattering, (iv)
differences in the environuwents under which work was done, and

(v) differences in the methods used in estinmzting the minisum nuumber

of genes.

with respect to genetic materials, for example, Nagai (1926),
Ting (1946), and Caviness (1903) used both the wild as well as the
cultivated soyabean in making crosses, whnile only the domesticated
species wss used in the present study. Caviness (1969) used two
methods in assessing his plants for shatiering. In one, he expressed
shattering as the nuuber of days from pod maturity to the date when
two or more pods began to shatter in the field. In another, shattering
was determined as the number of days frow mzsturity to the date when
at least two pods of a four-pod sample from each plant had

shattered in a "heated laboratory".

Differences in techniques used in assessing shattering is known
to produce differences in results obtained., For instance, Tsuchiya
and Sunada (1979) found that the correlation between shattering and days

to maturity was higher if the screening (for shattering tendency) was done
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in the field than if it was done by drying pods at 60°C. The two

workers also reported that varietal differences in the degree of shattering

were clearer when pods were dried at 60°¢ a8 against taking shattering

scores in the field, Further studied on shattering 1n soyabean should

attempt an improvement in the method of assessing the character. In

doing this, it would be important to take into consideration the

moisture retention capaclty of dry pods,.

Phenotypic corralation coefficients between shattering and each
of the other eight characters studied were ganérally Qéak, suggesting
that none of the#e eight characters 1le suiteble for use ae a reliable
indicator for indirectly seiecting for the non-shattering trait in
soyabean. It also suggests that in soyabean breeding, there is no:
risk of enhancing pod shattering alongside improveument in any of the

eight characters.

. If a ﬁinimﬁm number of six (6) genes were segregaling for.'
shattering as indicted by the present result, a minimum F2 plant
population size of (hé) = 4,096 F2 planta\uould hava been required for
each of the three crosses studied, However, the nuaber of FE plants
used were, for eazch cross, less than LOQ. “'he small number of ]“2
plants used hers constitutes a limitation to the Teliability of the

present finding. Sufficiently large populations af F2 pPlents should

be used in further studies.

Ancther posseible reason why the results obtained in this
etudy differ from those obtained i othzr workers is that the
formula used here for estimating the minimum number of genes assumes,

among other things, the absernce of non-allelic interection,
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The fallure of this assumptien would mean thet differsnt results are

obtainable with the wse of ether formmlae,
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Appendix %Pable 1,Performance ol parent (P;). in Zaria

No. of Mean Stancard

Character plantis deviation
No. of pods per plaut 175 78.18  4.70 62,14
No. of seeds per plant 167 84.63 + 5.50 71.07
Seed size (g) 167 0.14 + 0,00 0.00
Seed yeild (g) 41 10,50 + 1,03 8.75
No. of days to shattering 167 10,66 + O, 0.55
No of days to flowering 186 61.12 + 0,08 1.07
No. of branches per plant 181 Te 37T + 0,22 3.01
Noe of days to maturity 188 111.66 + 0,18 2.50
Height At maturity (cm) 188 31.13 + 0.50 6.82

Appendix Mible 2. Perlormagee mt'garant ‘P1> in  Ibudan

No. of Standard
Character Plants Mean deviation

No. of pods per plant 128 99.94 + 5.72 64.68
No. of seed per plant 104 149.88 i 10.92 11136
Seed size (g) 113 0.18 + 0,01 0,14
Seed yield (g) 115 22.39 + 1.72 19.49
No. of days to shattoring 120 4.38 + 0,07 0.81
No of branches per plant 131 6.57T + 0.21 2.599
Height at maturity (cm) 152 35.06 + 0,98 11,21
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Appendix Table 3, Performance of parent (?QJ'in Zaria '

Character - o, of Meun . Standard
r | plants deviaslion

No. of pods por plant 153 103414 % 5,18 6.0}
.Nu. of seeda per plant _ 133 13574 % 6,40 94.05
Scved size (g) : . 1%% 0.18 % 0.07 Q479
seed yield (g) | - 133 12,83 + 0.05 5,60
No. of days tuv siwttering 54 .74 + 0,63 £.02
No. of days to flowering 166 58,32 + 0,12 1,49
¥o. of branches per plunt 165 8416 £ 0.30 3 .89
No. of deys to imburity 166 108,03 + 0,36 4,68
Huight ot maturity {ecr) 153 52,64 & 0.9 11.25

Appendix  Table 4. Performance of pa:antﬂ[Pg) in Ibadan

- .

Character No, of Jeun Standard
| plants deviation
No. of pods por plint 1%6 114837 2 5.3 05,55
B No. of seeds per plont - 112 194.58 + 12,03 127.27
seed size () ' 116 0.4 x 0.00 0.02
- No. of days to shattoring | 125 10,10 £ Q.12 1.2
"~ Ko. of brenches per plant 13 6.86 + 0,22 2,57
Heirht at waturity (cu) . 136 56,10 + 1,40

16,36




Appendix Table

5. Performance

L8

of parent (P3) in Zaria

No. of Standard
Character plants Mean deviation

No. of pods per plant 136 104,96 & 6.00 76.96
No. of seuds per plant 152 87.3% w 6.18 71,02
Seed size (¢) 132 0,15 & 0,01 0.0
Seed yield (g) 132 11.70 & 9.58 9.59
No, of days to shattering 121 30.68 & 0.69 7.60
No, of days to flowering 154 65.18 2 0.00 0.T1
No. of branches per plant 145 6.77 = 0,26 3.10
No. of days to neturity 155 115.54 ¢ 0.18 2.28
Height at maturity (cm) 146 61.85 4 0,98 11,88

Appendix Talle 6. Perforuance of parent (P3) in Ibadan
No. of Stendaerd
Charucter plants Meen deviation
No. of pods per plaut 78 172.54 % 9.67 £5.15
No. of seeds per plunt 88 248.94 + 17,95 148,07
Seed size (g) 66 0.15 x 9+00 0.02
Seed yield (g) 70 30.10 + 2.31 23 .31
No. of days to shatturing 71 17.70 + 0.16 1.34
No. of branches per plaut 0 8,66 & 0.37 3 e 32
Height &t maturity (cu) 76 59.66 = 1.73 16,06

-— —
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appendix Teblce 7, Derforucuce of parent (Ph) in Zaria

Characters No, of Mean Standard

plunty deviation
No. of pods per plant 165 87.04 z 4,60 59,04
No, of seceds per i:lunt. 162 124,77 = €.76 86,035
seed size (g) 162 0.11 3 0.00 0.02
Seed yield (o) 162 13,30 £+ 0.87 11,08
No. of days to shattering 145 3%.45'+ 0,50 6,02
No. of days to flowerin: 145 56,19 + 0.10 1.%8
No. of branches per plunt i T«04 £ 0,22 2.64
No. of days to waturity 185 107,33 &+ 0,20 2.74
Height at maturity (cu) 170 33465 + 0,67 8.91

Appendix Table 8. Perforuunce

of parent (Pg) in Ibadan

Character lo. of Mean Stunderd

plants deviastion
No, of pods per plant 176 89.31 + 4.55 52.83
No., of seeds pur plant 153 138,77 + 8.03 99.37
Seed size. (g) 136 C.14 + 0.00 0.03
Seed yield (z) 165 21,33 + 1.3 16,02
No, of days to shatiering 153 22,56 + O, 11 Py
No, of branches per plunt 164 6.92 + 0.24 3.12
Height at muturity (cm) 165 40.56 + 1. 04 15.36
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Appendix Teble 9 Perforusnce of F, populatien (», Ph) in Zaria

Character No. of Mean Standard

plants deviastion
No, of pods per plant 138 113.29 £+ 5.4 63.57
No. of secds pur plent 153 123.23: T.72 95 .46
Sced size (g) 153 0.10: 0.01 0.04
Sced yield () 153 11.92 + 0.76 942
No, of days to shattering 31 11,62 + 2,01 12,21
No. of days to flowering 158 61,81 + 0,19 2.36
No. of branches per plant 155 C.2T + 0.32 394
No of days to matwrity 163 116.51 « 0.17 2.18
Heicht at wuturity (cu) 161 56,22 & 1.08 13.73

Appendix Table 10 Perforuunce of F, Pepulation (ry ’_h_) in Ibadan

Cheractur Yo, of Hean Standurd

Plants deviation
No. of pods per plant 179 142.50 % 6.36 86.07
No. of seeds pur plant 158 211,01 = 11,75 147.68
sced size (g) 162 0.13 &« 0,00 0.06
Secd yield (g) 155 2143 2 1,713 21.48
No. oi days to suattering 146 5.6 = 0,22 2,61
No., of branches per plent 176 15.61 & 2.41 31.99

Height at waturity (ec) 101 53.11 % 1,06 14,26
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~ Apperdix Table Vi, Yerformance of Fo Populatien (p, ?,) in Zaria

Character . No. of Hean Standurd
' plants ' ' deviation

Noe. of pods per plant : 132 96.21 & 5.20 59,76

Ko, of seeds per plant L 153 136,15 & 6,97 £$6.18

seed size (g) s 0410 & 0,00 0,04

Seed yield (g) . 157 13.23 + 0.09 3,52

No. of doys to shattering B 12,067 £ 1.21 Yed4

No. of days to flowering 155 5G.46 £ 0,17 2.4 .

No. of branches per plant 147 7.42 £ 0.27 3.23 -
No. of days to maturity 154 110,97 + 017 2,18 _E.
Heicht at wmaturity (cn) 154 55.07 + 1.10 1%.64 o

Appendix Table 12. Ferfornunce of F, Population (P2 Ph) in Ibadan

Churacter No. of Mean ' © Standard
plants  doviution

No., of pods per plant 159  "21.84 £ 4.91 61.93
No, of sveds per plant | : 149I. 20 .48 = 9,29 113,45 :
Seed size (g) - 148 O 0.15 + 0.01 0.10
sced yield (g) = ._ 148 26,6 z 1.32 16,17 N '}';'
No. of dnys to shatturing._ 1 .16? 11.55 & 0,12 . 1.45 |
No, of branches por plant _ 167 ' T34 x 0418 o 231

Height at paturity (ow) e 158 - 54453 + 1,06 13,28




Appendix Table 13, Performance of Fp Pepulation (P3 P4)in Zaria

No. of Standard
Character Plants Mean deviation
No. of pods per plant L 100,32 + 4.68 64.66
No. of seeds per plant 197 72,37 + 4.80  67.41
Seed size (&) 197 0.13 + 0,00 0,06
Seed yield (&) 197 6.88 + 0.63  3.82
No. of days to shattering 201 3%9.18 + 0.87 12,34
No. of days to flowering 202 635.68 + 0.20 2.9
No. of branches per
plant 198 6.408 + 0.23 3.24
No. of days to maturity 239 113.13 + 0.21 3.28
Height at maturity 232 68,70 + 0.89 13.52

Appendix Table 14 « Perrormance of F, Pepulation (r3 r1) in Ibadan

No., of Standard
Character Plants Mean deviation

No. of pods per plant 175 125.77 =+ 5S.27 ©9.70
No. of seeds per plant 157 184.74 + 9418 114,97
Seed size (g) 159 0.16 + 0,01 0.08
Seed yield (g) 162 27.96 + 1.41 17.9

No. of days to shattering 159 17.85 + 0.25 5420
No, of branches per plant 195 T.79 + 0.23% 3.20

Height at maturity (cm) 185 63.37 1.18 16,15

I+
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