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Pirar A T A D S — (Yosndgeis
subterzanea), have been mentioned as Northern Nigeris, Gmmwna.‘ ami
along the File fron Kiertoun to Gondokoro. It ia srown throughout
Africa, mginly in the savanna areas and has also spread %o many other
Propical countries eutside Africa.

It is one of the most important pulse crops in Africs, end in
Ghm it ranks next to mwpea in pm&ueuon and. eanaumption. In Afriea
whm the diat @f a maaerity of the pecple 1ack ammal pmtein. bmhma
grtmndnut is one ot‘ the 1ugumas whieh suppiies e:.ther in whole er in
pa.rt. th.e gm‘i:gm parrft @&‘ the d:av.st.. ,

Varieties nay bo elass:.fiod into threa g-mups, these nth long -
”arailing atems, the apcn or spraading types. ﬂmsa uith shert 'érailing
stems the eomyaut or ‘mmeb. and an :Ln’eemedlate or seui-bunch typo vhieh
ia between ﬂu&e ‘wo ezztremes. v:nsual asseesmen‘b of habit agx-eed clesaly
with petiola/imemde ratio and as thia ratio eauld be meaaured. it seens
tb be a more reliabla eriterion for grouping varietics. Varieties are
hewming more gompmt under cultivation, and pod thickness is also being
reduced, and it appears that the serial parts i.e. stenms, jaetioles end
internodes, are evolving faster towards compactness than the rate at
which pod tl;ielméss is being reduced. ‘

In all varieties, flowering starts 28 days afier germination end

depending on variety, it mey or may not cease before the end of the life
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CHAPTER I
INTRODUCTION

I. Origin and early history.
According to Hepper (1963), Vosndze: gg gubterranes was described

by Linnseus in 1763 and given the name Glycine subterra and Du Petit

Thouars in 1806 changed it to VGap«;geia subtgr:gnea.

The origin of bambarra groundnut has interested many writers and
although seversl of them have concluded that it is Africap in origin,
it is st:.ll not elesrly kmm which part of Afriea it comes from. The
pian"t goes under Varlons naues in different parts of Africa, (Dalziel
195’7, stanton 1966), and attemp’cs bave been made to trace the origin of
,th; plam: through vemacular names.

) Bambarra is a distr:.et in Upper Niger, near Timbuktu, and Dalziel
(’;937), and Halm & Marloth (1940), are of the opinion that the crop
?afiginated fmm this plg?e. Aeeerd:mg 4o Rassel (1960), however, the
name’ Voa.ndzeia doubtlessly comes from the deformation of a Malagasy tem
"Veanjo“, ("Voa"= seed and "anjo"= that which satiafxes well); Rassel
thez'efore believes tha.t the crop origmated from Malagasy. Thz.s view
ia snpported by :De Candolle (1886) who in his book on "The Origin of
Gultivated Plants" mentioned that the esrliest travellers in Malagssy
ineluding Du Petit Thouars saw this leguminous annusl. De Candolle
said further that Schweinfurth and Ascherson found it wild on the banks

of River Nile from Khartoum to Gondokoro. De Candolle concludes thus:

Tars:
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", . .... in spite of the possibility of nsturalisation from cultimtion.
it iz extremely probable that the plant is wild in Tropical Africa”.
palsziel (1937) found the plant in a wild state in 1909 in North
Yola province in Northern Nigeria and also me¢ntioned Vi‘:hat in the same

year Lederman found it wild in Northern Cameroons.

according to Cobley (1956), the plant probably originated in

e

Central Africa and plants in the semi-wild state have been found in
parts of West Africa. One such findings was made by Hepper (1963) who
in 1958 collected a wild strain from Northern Nigeria in an uncultivated
savanna wnediana about latitude 9°5 and iongitude 13°E near the village
af Faran in Kilbacqqun’try f:cn; the very place where Dalziel had
mllected some Voandsels plant in 1909. Hepper also collected some
uild ‘hatrarix‘a at the vil;age of Demassa near the border with French
vcameroons.

. Aemrdmg ’m ﬁassel (1960), the cultivation of bamba:ra groundnut
seens to have preceded the‘mtroduction of the groundmut, (Arachis
m}_{ of Ameriea origin, Rassel supports this with the evidence
that Arab documen‘cs dating from 1380 cite several t:.mes a good plant
wiﬁh tha name “gertl" which seems very llkely to be Voandzeia and also
that Flacourt and Cauche m}1’651 saw the cultivation of Voandzeis by
!:bgmtankarmtrqa in Malagaay befeié the discovery of groundnut.

From Afr:.ca, ’che plant ha,s spread to other parts of the world.

Aecording to Qabley, it is known in parts of Tropical Central America

whare it muét havg been :Lntroduced by the slaves at the time of the

o e
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great shavertvade. This view of Cobley is shared by Bois (1927) who
mentioned that veested sesds of bmnbma were sold to negroes in the
S‘kreeta w Riv de J'enaim. 1t is furthor gtated by Bois that the plant
was ymm tir: H&Mﬁus Islend. Basnel mentions Ceylon, India, Indonesia,
Nalaysisy ‘Wew Calidowia, Northern Australia and Brazil smong the other
pwts ‘of the world . where the plant is found,

As the plsnt has been cultivated in Africa from an early period
(Boie 1927, Cobley 1956, Rassel 1960), and the manner of its introduc-
tion is not ye‘t' known, different means are necessary to aseertain its
origin, and one of the most direct mesns, is to seek in what country
it m"wild';. Three such places have been mentioned; along the Nile
m Khartoum to Gondokeoro, in Horthern Nigeria and Northern Camerocons,.
These‘placgs'shwld therefore be regarded as pmb;ble places of origin
of this plant while other places where the crop has been reported to be
eultivated by amcient people should be regarded as probasble secondary
centres of origin or of diversity of the crop.

As ia result of hybridisation followed by natural or artificial
qé%gctﬁ.on many ecotypes and cultivars occur at these secondary centres,
and these differ in developmental pattern. For instance, Rassel
Gbserves that the Congo cultivars mature in five months whereas impor-
ﬁatiqng fmm Senegal and Maiasasy mgture in three to four months. Doku
and Sinnadurai (1968) observed differences in habit and maturity period
of three local high yielding varieties. Local creanm (Legon No.3)

‘matures in three months but local light reddish brown (Legon No.1) and
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10031@1‘0;1)’: reddish brown (Legon No.67) mature in three and a half to
four'ﬁg;tgs."; Local cream is bunch while local light reddish brown and
1oea1 éecp raddish brown are more open. There is a large variation in
' oolaur of the ‘seeds ‘from whlte. ivory and cream through light and dark

"bmt;ns to red or black. Mottled, msaic. specked, variegated snd

pattemed seeds are also found.

i‘hese w:nde variations are as cxpocted since the plant is not
it & a single region of Africa. Turreson (1922) observed that
speeies differaiﬁation into ecotypes is much more likely to be found
in common widespread species than local or endemic ones and also that
pmanoainell suiiam widine b Wikinrs Relakt wils labanee
eonbms with great height.

!!nrreson 8 obscrvat:.on besrs out the varlatmns in Voandzeia,

"_:‘llz.u—lica’ting that the many ecotypes found in the species have arisen as

a resilt of genotypical response to various habitats.

2. Eeonomic immrtance.
Grain 1egumes in general have been recogmsed as an important

eontribution to both human and animal diet since the beginnings of
agriculture. In the developing countries and particularly in Tropical
Africg, the diets of a majbrity of the people lack animal proteins and
in nany areas pulse crops supply most, of the protein im the diet.
| M'aa.t,v fish and an:l.mal products such as eggs‘ and milk are not only
oxpensivg but also ascarce.

In many parts of Africa livestock owners regard their animsls as
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& sort of dnvestment snd rarely are these animals eaten. Stanton (1966)
observel that livestock in West Africa are numerous but are usually
kept £or. purposes of . sccumulating capitel and not as a source of milk
of ngatfh.emn-pt. on festive occesions. La-Anyame (1962) also reported
~ thatsalthough the Northern Region of Ghana is generally associated with
ldvestoek farming, the people are mostly vegow:lans .and that only on
specisl occasions such as weddings or religious ebservances would they
slaughter: cattle, sheep, goat or poultry for consumption. - He further
observed that the Frafras of this part of the country never eat their
animsls except when they dies

There are alsc cases when custom prevents eertain classes of people
especiglly women and children from eating meat. Accerding to Stanten,
in:seme catile keesping areas in Africa milk is consumed by adults and
old-people-but mot by children and indeed nutritious foods asre considered
- %o be barmful to children. Stanton made reference to Morley (1958)gwho
reported that Yoruba mothers believe that it spoils a child to feed it
meat and that giving it eggs would turn it into a thief. La-Anyane
menticned that in parts of Manprusi women are not allowed to eat meat.

Many of these prohibitions which affect consumption of food of
epimgl origin fortunately do not effeet legumes so that generally
spezking beans are the best alternative source of protein.

According to Sellschop (1962), the most important leguminous crops
in terms of production and consumption in Africa are in the order,

groundnut, cowpea énd bambarra groundmut, (Voandgzeia subterranea). The
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. wesult @f & #upvey in Ghans on leguminous food crops other than ground-
.ms ingicated that the production end consumption of grain legumes in
Ghana followed the same pattern as the entire African continent (Guerts
1959),. excapt, that the order of importance was cowpes, bambarra ground-
nmut snd limas been, Thus, in Ghens the importance of bambarra ground-
nut is enly next to cowpea in production end consumpiion.

Many. territories in Africa tend to have zoues of forest and
savamna, ihe savanna occupying the lavger portion. The vegetation
zones of Ghans based en those of Taylor (1952) éhaw that the country is
divisible into three major regions, namely the forest zone and the coas-
tal and the porthern savanng zongs. The gress ani%side the main forest
gone where the reinfall ie generelly less than 50 inches per annum are
-gharacterised by savanna (lLane 1962). Over mh 9.’5; -‘ mﬁ‘?r aress the
rainfall reaches its meximum during fugust —,séptgmbor. _afber which it
galls off rapidly and is followed by a long dxy season of four to five
months when humidity is low.

o, Groundnut is not indiginous to Africe; bambarra groundnut on the
other hend, is indiginoug and was developed as a crop plant originally
in the savanna zone where their wild encestors are still to be found

De Candolle 1886, Dalziel 1937, Cobley 1958, Hepper 1963). The compact
habit which is seen in many cultivars of bembarra groundnut bave evolved
as ecotypes wnder cultivation in the savanna areas (Hepper 1963, Doku
1968) to check the drying effect of the wind and so moke the plant

drought resistent and respongive to savauna conditions. Not only is it
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drought resistant but also it is one of the most pest and disease free
legumes and its thick pods make it much less subject to damage in the
field and in store than the groundaut. Bambarra groundnut therefore is
one of the most popular legumes in Africa (Cobley 1956) or at leest the
crop best adapted to the savamna aress of Africa (Stanton 1966).

It features prominently in traditional farming systems as an inter-
crop with cereals and root crops, sole cropping is also a traditional
practice. Stanton (71966), recognises TwWo COUTrasting Sysvens oI grain
legume cultivation in, Arrica namely’ ‘THE DEMDAYTa’ STOUNGOUT, BYDe BI .
oculture and the cowvea tyve. ' .The latter tolwhieh limg bean beledgs is
the commoner type and is traditionally en intercrop which is planted

late in the sesson in comperison with t

cexgal 0r O¥her main crepsy

In the bambarra greundaut type of Sulture whieh includes "groundmut,

0¥ Blanted at a very elose abat

pure erops are Msw ing o form” & dense
mat. (Pig.1)

According to Doku (1967), this division of grain legune culiure
may be true if the whéle Afriéan contiment is considered but practices differ
with different countries and in Ghana this practice is on a very limited
scale. Cereals and root crobs always form the main crops which are inter-
cropped with such grain legumes as cowpee, groundnut and bambarra groundnut.
Discussing crop @equence in ecological zones in Ghana, Doku mentioned that
bambarra groundnut or groundnmut is interplanted with cereal crops during
the second year of rotation in the drier Guinea Savanna areas of Brong-

[

Ahafo (The BrongAhafo Yan Belt) and Northern Ghana, where the annual



Fig. 1. A pure stand of bambarra groundnut::
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mainfall ef about 30 inches falls in one séason., In the drier areas

of the south-where the rainfall is alse below 30 inches per annum, for
‘example, rthe dcora plains, cassava is the first crop and is interplanted
mmu&iiiwgewms and’ such grain legumes &s groundnut and bambarra ground-
‘ot wirich: may be alse seen odcasionally as a first erop to be followed
‘later by iGassava. £ '
:xz In $he B:4.0. Agricultural Studies No.55 (Agricultural and Horticul-
tural ‘Seeds), it is stated that bambarrs groundnut is interplanted with
gligar cane-in Mauritius and in Kemysa and South Africa it is grown with
maime and sorghim.

Wills (1962) mentioned that bambarra groundaut is confined to the
Savanng -zones and mdre frequently cultivated in the interior savaiing
and. compound farming areas. According to Stanton (1966) bambarra ground-
nu$s are still popular in the northern drier areas of West Africa where
the: soil is too poor for the cultivation of groundnuts, and Brammer
(1962), mentioned bambarra groundnuts among the drought resistant crops
that are suitable for the condition of the savanna ochrosels.

Beateng (1967) also reports that owing to the length and intemsity
of the dry season, agriculture in the northern savanna of Ghans is
almost entirely confined to the rearing of livestock and tllxe cultivation
of cereals and such legume as bambarra beans which are unaffected by the
dry season.

“.. hecording to Rassel (1966); bambarra groundnut is the food legume

best adepbed to the poor soils of south Congo, where it out~yields
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most cases, Pearl millet Pennisetun glaucun is the only

te& to th:.s rugian and ﬂo Rassel conclu&ed that 1f
bambma mwdmt ami Pearl millet could attraet ecemmc interest,
thousands of individuals weuld en:jay revenues of which they are presently

deprivsd‘aml & 1arge uncultimtad anmage could be made valuable.

967) also meutlcmed tha.t small plets of pure stand ef the
crep yield eash revenues for people ¢f this ares.

i The geperic name Vaandzeia is naid ta have been derived fmm a

asy ter:m "Voenjo" meaning seed which sa‘en.sﬁes well (Dalziel 1987,

Rassel 9,69)‘. Ite satisfying poteni:iality. hawever, is n@t only knm

Wy but also ameng the Akans of Ghana. 11; is the faod with whieh

ﬁie delicacies of other foods are compared by the Akan sim:.le. “i'k (the

!,foed) is as delwious as bamharra gmunﬂnut" Accoréin.g to oral
""hwn in Ashantzl a plate of bambarra gmmémz*k was 8 ccmplementary
'., % o distmgmshed persons. Its stew was amang them iten of foodstuffs
: that a young girl who had Jjust married would on 'lshe f;.rst ececasion pre-
Qare f@r the husband and members of his heusehold. Stanton elso mentions..
‘that baubarra beans are eaten at festivals in meny places in Afri\c‘a.r

The S‘egﬁs of bambarra groundnut ‘eontam 6.0% oil, 60% carbohydrates
and 18% proteins, ("khgge’lmg groundnut are 45%, 2Tk and 1T# respectively
and cowpes 1. 5%.22% and 60% reapeetively); Stanton (1966). Although
they contain a much lower percentage of oil, Miracle (1968), reporss
that thg_@ggn@er of the Congo rosst the nuts and pound them in mortar to

extract o{i,]ﬁ.. Thehlgh percentage of carbohydrate and proteins show that
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they .mﬁa—ﬂm—has‘. have a distinet food value. The following quota~
tion from a report by A, Balland a pharmacist of the French eolonial
armies in 1903, quoted by Bois (1927) is of special interest:
 admitting with physiologists that each day has to be employed in
x‘epairing the losses suffered by humsn organism, 120 -~ 130 grams of
»ni%mgenous material, 50 grams of fat, 500 grams of earbohydraie or of
eaming acids even while realising the coefficient of digestibility one
can get exectly these elements in a kiicgram of Voandzeia seeds. It
"I one of the rare examples which nature gives us of a complete food.
Yaaadzeia therefore is a plant to be grown by reason of its exceptional
food value."" This proelamation, at a time when food seience had hardly
L developed as it is today, doubtlessly shows that the food value
§'f Voandzeia was realised very early. Mullins (1962) also mentioned
that although bambarrs beans are not particularly rich in protein, yet
1%a oil content gives it a caloric value equal to that of a good cereal
and it is in {téelf a well balenced food which is often preferred to
groundrut. According to Cobley (1956), the seeds have entered world
trade but are little known outside Africa, where they provide one of
the most mutricious of the pulses.

‘The beans are prepared in various ways by many tribes in Afries.
According to Rassel (1960) Voandzeis seeds are consumed fresh or grilled
before maturity by the people of the Congo. At maturity they are eaten
after boiling. In the Ivory Coast it is utilised in the form of flour

which makes it more digestible. In East Afrida they are roasted, then
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pul‘vogi‘sgd’“;.ﬁ@‘ eaten in the form of soup with or without 0il snd condi-
ments. Innigeria they are prepared in the form of a cake before they
aré eatex‘i‘f" _ ‘

“In Rhodesis, johnson (1968), mentioned that it is boiled in the
immature green state, shelled or unshelled, until quite soft and they
are eaten either by themselves or mixed with green meize. The ripe
shelled nuts which are hard and difficult to grind are pounded to flomr
and then boiled to a stiff porridge. The porridge remains good for a
long time and is traditionally used as a travelling food. It was also
preserved as a winter relish. An slternative method of preparation is
1:6 roast, break into small pileces, boil, crush and eat as a relish with
"sedza”, (maize meal porridge). The boiled and salted whole kernels
a‘fe"frequeﬂﬁtls‘r‘ ‘offered as apetiiers in restaurants in Angols and
Hbiﬁmbiéﬁé. - Johnson mentioned further that a well known Busape
cannery recently began to can bambarra nuts in gravy, the 8-o0z cans
i-ie’cailing at 9 pence each afd have proved to be quite popular.

' ‘Baﬁbarra nuts are widely eaten in Ghana. According to La-Anyane
(f962),"the main meal of the rural people of Northern Ghana consists of
cereals and vegetable protein foods like cowpeas and bambarra beans.
There are various weys in which the beans are cooked and prepared. The
freash immature fruits are boiled with salt and these are sold by Hausa
children in the stre;ags of big towns and cities. The dry ones are
Polled aid crushed info cakes or balls which ere fried in palm oil snd

then used as stew. The nuts are also boiled with pepper and salt in
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- the preparation;of “sbeboi® which when served with "garri" (grated and
heated eassava) or meshed fried rips plantain popularly known as "tatare”,
makes a very delicious meal. The beans are being cenned at the Nsawam
Cannery amd ¥his ‘has inereased-the availability of the product through-
‘out the year, 44,000 cans. of varions sizes are turned out annually.
Iis use as animsl feed has long been reszlised, According to
Rassel (1960) Ammem has found out that the leaves are rich in nitrogen
~and+phesphorous.and so recommends it for grazing. .Stanten alsc mentions
Jthat the haulm-is palatable to stoek:.
wwer Although no figures are available on acreasge and yield of bambarra
groundnut in Africa, its importance in Tropical agriculture especially
thosé of the arid savannas cannot be over—emphasised. It is the most
drought resigtant pulse crop and produces a erop under conditions of
high temperature and liitle rainfall where other pulses like groundnut
snd cowpes fail to thrive. It is therefore suited to the ardid tropies
where the soils are poor and where its short life cycle is completed
within the short period that the seanty rains fall. It is gradually
Teplacing groundnuts on most of the poor er exhausted soils (Stanton
1966). Rassel (1960) strongly recommends its cultivation on the soils
of the arid tropics where population has £till not left their economy
of gtrict subsistence periodically threa’céned by famine,
Supprisingly enough, bambarra groundmut whose importance to
Africa particularly Ghana is so remarkeble has not received the atten-

tion it deserves. Informstion on the crop, concerning its botany
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especially as regards flowering aml mode of pollingtion is not only
limited but conflicting, This lack of relishle information has hindered
pmgress in braeding and. aeleeting impmved varietias.

A study of the ho‘u‘w of ﬁm amp sheuld therefore be a va.lua.ble
eqixtri:‘bu%im,sinee knza‘wleage to be‘gained from such a study would be
raguired ‘before embaricing uponv-any bz;oeding;’ programe. '

' ‘rﬁs work ahmpts' a géﬁgfal élaésifiéatién of cultivated Ghanaian
varieties. It also includes studies on flowering, pollination, and pod
fornstion. Seasonal effects on flowering and yield were alss touched

upon.



Fig.2 - Open or épreading variety of bamba.rra groundnut (semi—diagramatic).
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Fig.3 - Compact or bunch variety of bambarra groundnut (semi-diagramafic).
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After this time new intermodes are produced at about weekly intervals,
and tmﬁ near the base of the plant, which are usually buried under
the surf.u‘ce of the soil, are shorter than those farther away. Leaf and
a flower dud arise at each mode in sn alternate arrangement along the
nodea.

The leaves are trifoliate and ere carried on long thin stiff errect
and hairy petioles which have two narrow lateral flanges along the
dorssl surface forming a wide groove along their length. The stems and
petioles may be coloured pink, purple or bluish-green according to
variety. The terminal leaflet is subtended by two stipels while the
lsiaml ones have one stipel each. The lateral leaflets are borne
directly by means of hairy pulvini on the petiole; the terminal leaflet
io shortly stalked and again atiached to the petiole by a marked and
hairy pulvinus. The leaflets are ovate with sharp bases, weakly retuse
tips, and entire margins. The lateral leaflets are less regular in
shape and about five-sizth the length of the terminal ones.

‘The flowers spread out at ground level on hairy peduncles which
arise from the nodes of the stem and to whose bulbous end one to three,
but usually two, flowers may be attached by pedicels (Fig., 9).

Flowers of most varieties have yellowish-white petals, some have deeper
yellowish petals, sometimes with reddish-brown striaticns, and a few
have light pinkish petals.

The fruits are bivalved pods, indehescent, white and smooth in the



(b)

University of Ghan%‘ig.4 htt@9/mgspace.ug.edu.gh

Bambarra groundnut plant showing (a) a sucker, and
(b) two suckers arising from the collar below the
hypocotyl.
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Nigeria hed.Jenger tuailing stems than most eultiveted varieties which
-are:morseompagt with shorter peticles. . Hepper observed further that
_the pods omf; the :compact Voandseia had thicker shells while those of

-the dpen. types had thinner shells. This observations of Hepper is
.ohared by Rassel who also observed that the buneh verieties from Congo
.generally had thick-shelled pods (the percentage of seed to pod flue-
fuating between: 55-70%) but varieties from North Africa and Malagasy

as well as some of the Congo varieties are open types and these have
/hinner pods {the percentage of seed to pod varying between 70 and £0).
iyye The three high yielding local types which have been recommended by
Doku and Simnedurai (1968), are distinguished by their seed colour,
babit, and maturity period. Legal cream (Legon No.3) which is bunch,
xgaacrqam coloured seeda- with a;: white hilum, and matures in three months
whereas local light reddish brown (Legon No.1) and local deep reddish
brewn (Legon No.67) have:a mere open habit and mature between three

and a:hslf %o four months.

-Doku (1968), observed that the more compaet a variety, the longer
the petioles, an adapiation which ensured that the leaves reccived
maximum light. The Legon colleetion of locally cultivated strains shows
both extreme types of compacinesa and openness with gradations in
betwaen. ) e

Seed colour and meturity period appear to have limited use as sole
means of clapsification because varieties with different growth habits

(an important character in bambarra groundmut) may have the same seed
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eolour and mafure at . the save times In any case, some of the warieties
“in the Leg@n eollection are still seggregating for colour, (Doku 1968).
Rassel {1960), also okserved that seeds collected from fields eultivated
" by natives of ihe Congo showed different degreee of colour intensities
and é«; concluded that natural beterogamy existed. . Jobnson (1968) also
%%Mg timmus Ayé?ggiin’aien between light and dark brewns from planting
of daxk brown seeds.
wn+-Ak80 in view of the suggestion that breeding system may depend on
growth habit (m:u 1‘953),%@@ that growth habit mey ebange with soil
type (Cobley 1956), it was desided to study the-morphological variation
(with emphasis on growsh habit) im fhe eollection at Legon with the hope
_of finding g more reliable criterion for grouping varieties and from
:eaéﬁ:graup select & representative “type with which %o carry om further

. ressarch.

Seeds of 27 verieties were sown in rows, each variety being sllotted
| two rows of twelve plants each. The spscing within the row was two fest
apart, and that betwsen rows, three feet gpart. This wider spacing was
adopted to give the plants maximum spread. -Records taken included:

(i) Habit of growth.
(ii) Colour of flowers.
(iii) Number of stems per ;plant et maturity.
(iv) Internode lengths at maturity.

. . {v) Petiole lengths at maturity. .
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‘Relitionship between fourth petiole and internode.
Y {d)  Diddiiess of dry sball,
{vitd) Lenginfbreadth ratio of terminal leaflet.

{ix) = Colour of dry séed and colouring around the hilum.

At ‘mafuitty, the varieties were visually sesessed and grouped into

three habit forms as shown in Table -

Table 1.  ‘Vistisl essessuent of habit. -

HEatit
Bunch = Semi-bunéh Open
Veriety - T - & 2
TR | - 38
17 . 6 C 45
18 12 47
20 13 - 59
o 17 52
22 ‘ 27 62
28 35 64
39 46 67
The 27 varieties observed sesm to be equslly distributed among the
three habit groups. These visusl groupings were then followed by other
#ssessments and measurements and relationships between them (visual

@rouping and sssessments and measurements) compared.
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(’ii)w’ golbur of flowers.

e pliwere of three varieties i.e. 18,20 and 51 have light pinkish
petals, those of varisties 1,4,64 and 67 have yellowish petals with
mnrplish ish stristions on the Btaﬁ;dard jﬁetals. All the others have yellow-

ish petals but the intensity of their yellowness varies with the time

s thed.nra.ndthe ago of the piant. wheni flowers open in the morning

ghey are 'jelléuish-ﬁhite, but towards noon, they turn brown. Flowers

of ‘0ld plents are always brownish?-_yellow.
‘On the besis of ﬂower colour, varietiss may be grouped as follows:
(a) those with ceg:plete yellow flowers
(b) those whose yeilw flowers have purplish striations
at the lower end of the standard petal and
(e)‘ éehplete purple flowers.
- El'g\;d;ver.‘ varieties in the saus eclour group do not alvays fall within
. the sam habit group. Flower e’oléﬁy‘r'alone thersfore does not appear to
bea good criterion for grouping. '
Y (111) Number of stems per plant ak matm.g;
F:Lve plants per Variety were gelected at random and the number of
stems counted.
ﬁ‘e.a'm‘iﬁer’éf atems per plant‘ vari;ed markedly between and within
v;ri;fies (Pable 2 ). For this character the coefficient of vapiation
waé ;efy high‘ pfbbé.’ﬁly ‘because varieties were not pure with regard to

this character. On'vths average the number of stems ranged between 6

and 14, Plants visually assessed as bunch had more stems than the open
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types,, sud the semi-bunch types, were intermediate. Assuming that the
range was, equally distributed, them plants with an average number of
stems h;twm 6 snd 9. 9 an@ 112, and 12 and 14 should fall within open,
gemi-bunch and bunch groups, Mpeetively. Varieties 43, 47,51,62,64
and 67 {gf the_g_:p_m group agree on visual assessment and measurement
?ased on the mmher of stems, but varieties 2,38, and 52 did nmot fall
iith:ln their expeé’ﬁed group, i.e. the open group, but in the semi-bunah.
SR A
211 the varieties visually assessed as semi-bunch fell into this

group on the basiz of the mumber of stems per plant, but two of the nine
varietlies i.e. varieties 20 and 39 visually assessed as bunch did not
fall within this group on the basis of num‘berv of stems per plant, _hut
4n the semi-bunch group.

{4v) Intermode lengtne.

| Four langs;t stems, (these being the earliest produced), which

were alsa appmﬁmatel& at right angles to one amother, were selected
and jme lex}gths of internodes from the bape of each stem to the periphery
were mmumd ‘ Five plantg eac:.h of varieties 1,3,4,18,64 and 67 were
moasurea Igftemode lengths increased from the base of the plant towards
the periphery and varied within snd between plants of the same variety
but fhe__ fpurth ‘Mtgrz.zpde was among the least variable in tl}e six
varieties studied (Table 3 ),
(v)  Petiole lengths.

The lengths of petioles corresponding to the internodes measured

were taken on five plants from each of the six varieties.
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© . Patioles blev incressed in length from the base towards the peri-
phety ofidhe sten but those at the distal ends of the fourth internodes

Wwere amonythe lesst variable (Table 4 }.

(vi)

r'fﬁﬁving-fnm&nout that the fourth internodes and the petioles at

their @istal eénds of six varieties were the least veriable, the fourth
internodes and petioles at their distal ends of five plants per variety,
geléated at random from each of the 27 varieties were measured on four
lengest branches. PFrom these figures ratios of petiole lengths/ inter-
_ Hode lengths (petiole lemgth per wnit of internode length) were caleu-
. lzked (Table 7 and Fig 6 ).

Internode and petiole lengths varied between end within varieties
BaY the veriation within varieties was quite suall (Zables 3 end 4 ).
‘Plants with longer intermodes also had longer petioles (Fig.5 Table 7 ).
The correlation coefficient Ty being + 0.5, and highly significant.
This contradicts Doku's observation that the compact varieties had.
longer petioles, It is rather the ratio of petiole length/internode
lengih (i.e. petiole length per unit of internode length) that is high
‘for all varieties visually rated as bunch, low for the open, and inter—
mediate for the semi~bunch. éh:ls ratio is between 9 and 11 for bunch
vgrieti,as’; between 7 and 9 for the semi-bunch and between 5 and 7 for
Hiss P trpes, |

There ﬁas & close agreement between visuel assessment of habit and

pgtiole/intemode ratio., All varieties visually assessed as open and
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seai-bungh fell into this group on measurements based on petiole/

internad tio. However, four out of the nine varieties, i.e. varieties

20,21 .22 and 38 visually assessed as bunch yfsll into the semi-bunch
group. , Variations (messured by eoefiicient of variation) in petiole
internode ratio was comparatively high smong varieties with the bunch
habit i.e. 3.9% as compared to 1.8% and 1.6% of the open and semi-bunch
varieties respectively (Fig.6 ). The close agresment between visual
assesament of habit and measurements based on petiole/internode ratio,
i:n_d?cates that t}le latter can be used in grouping varieties. It places
vigual penspmnt op, mensurabls Gusis,

(vii) fhickness of dry shell.

) ?hg tl;icknesg o‘f‘)the dry shellg of twenty pods per plant taken at
random were measured by means of a micrometer screw gauge..“ Thi ckness
of dry shell varied between 0.30 mm. and 0.55 mm. (Table 8). All
- '-va:ipties, visually assessed as open, had W&er shells with shell
-thickngsys‘ ra.nging bgtween 0.59 mn, and 0,55 mm; mest of the semi-bunch
va:iet;gs also qu\?shells whose thickness fell between 0.50 and 0,55 mm.
About ha.lf of the bunch varieties had thinner shells with shell thick-
ness ranging between 0,30 mm. and 0.37 mm. and the other half had shells

whose thickness was intermediate between the bunch and the cpen.varieties.

-~ Relationship between mmber of stems per plant, petiole/internode

ratio, snd shell thickness.
There was a significent positive correlation (r.pg5. = + 0.9)
between peﬁiole/intémode ratio and the number of stems per plant

(Fig. 7 and Appendixz 2 ), but there was no correlation between the former
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and>¢kelL “hi diiess:* | e’ graph of petiole/internode ratio sgainst
shell thiekness' (Pig.8 ) showed three groupings ss follows:

nine Varieties with low petiole/internode ratio between 5 and 7, whose
shell ‘thickness varied from 0.50 to 0.55 mm., and eomprising entirely
of all the warieties with open habit; five varieties with very high
petiole/internode ratio between 9 and 11, whose shell thickness is

- ‘betwesn 0,30 mm. and 0.40 mm. and comprising some of the varieties
with bunch habit; and 13 varieties with petiole/infernode ratio between
T.4 and 8.2 whose shell thickness ranged between 0.41 and 0.51 mm.
These comprised nine varieties of the semi-bunch group, and four of
the bunch group. Two varieties of the semi-bunch group i.e. varisties
1 and 4 and ene variety of the bunch group i.e. variety 20 had shells
whose thickness fell in the _range of those of open varieties, and three
varieties of the bunch group i.e. varieties 17,21 and 28 had shells
whose thickness fell in the renge of the semi-bunch group.

Varieties of the open group whose petiole/internode ratio was low
had fewer .number of stems and thick-shelled pods. Varieties of the
bunch group whose petiole/internode ratio was high had more stems but
gbout half of them had pods whose shells were thin, the other half had
thick~shelled pods.

Petiole/internode ratio, and number of stems per plant of varieties
in the semi~bunch group were intermediate between those of the bunch
and open groups, however, some of them had pods whose thickness fell

within the range of the open group, but most of them had pods whose
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thickness was in’eewmndmfbn between the bunch and the open.

; Mmt‘.’ )
(vi:.i) sngt

The t"emiﬁal lehflet is more regularly shaped than the two lateral

1%

ones am its size varies markedly between vamet:.ea. 1% was thought
that this varmtmn sould be used to classify varieties. Twenty
t&mmal leaflets, fem: from each of the five plants chosen, were
maasuraﬁ ' Leaflets varied in a_iza" between and within verieties but

. 6n the whols the lesgth/breadth ratio for all the varisties was
appmxfi#lately 2:1 (Table 9 ). It therefore appears that this characier
cammt be a godd eriterion 'for grouping.

(ix) Eoleur @f g f‘

H:L'sh the aid of the British (olour Couneil Horticultursl Colour
Chart, the eolour of the dry seeds were described. Seeds with no
colouring around the hilum distinative from the general colour of the
tesia were de&eribo& as "no eye", while those with distinetive eye
- golouring. ;mrg described as "eye" (Table 10).

éhere seed colour was not uniform the colour which p:-mmma

was u&c‘d,in describing the sample. Within some varieties, segregation
fﬁx colour was still evident. Also there were occasions where varieties
with different growth habits had the same seed colour. Seed colour
' therefore is not a goed crite;iqn for grouping.
3. Discussions and conclusions.
1t appears that the most‘reliable criterion by which varisties may

be g:'ouped‘ will be on the basis qf growth habit namely compact or buneh,
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Pable 2 - Number of st or t at maturi

Variety . Plants
1 2 3 4 5 HEAKR 8.d.% C.VJ
15 14 4 14 16 10 13.6 2.20 16.2
18 12 6 14 14 10 13.2 2.28 17.3
138 8 6 10 16 16, 13.2 1.82 15.7
17 16 O 8 16 16.. 13.2 3456 27.0
BUNCH .. 22 8 12 16 10 16.. 2.4 3.21. 25.8
28 10 6 12 12 12 12.4 2.20 18.3
21. 12 i4 12 14 8 12.0 2.20 18.3
20 12 14 14 10, 9 11.8 2.28 19.3
39 12 '8 12 8 10 9.% 2.01 27.2
27 11 9 12 14 12, 1.6 1.82 15.7
14 12 8 10 10 14  10.8 2.38 22.0
13 8 9 10 10 6 - 10.6 2.61 24.6
35 1 12 14 8 8 10.6 2.61 24.6
SEMI-BUNCH 46 14 14 10 10 5 10.6 3.7 35.G
1 8 8 14 12 10 10.4 2.07 19.9
6 10 6 12 8 16 10.4 3.31 31.8
12 10 10 10 12 12 10.4 1.09 10.5
4 10 8 12 12 6 9.6 2.01 27.2
R 8 6 10 12 12 9.6 2.07 21.6
38 6 B & 12 12 9.2 2.68 29.1
52 10 8 12 8 2 9.2 3.20 34.8
47 7 10 8 8 12 9.0 2.00 22.0
OPEN * 64 12 8 8 7 10 9.0 2.00 22.0
43 5 7 9 10 12 8.6 2.0 31.3
51 6 8 6 9 13 8.4 2.88 34.3
67 13 6 8 9 6 8.4 2.88 54.3
© B2 5 9 8 9 8 7.8 1.92 24.6
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Tgble 3 =~ Variation within internodes (Variety 1

Internode (cms.)

3 4 5 6 7 8 10 " 12

1-6 1-7 1‘7 118 240 2;2 149 1.8 - i

led' 1.8 1.8 2.0 2.2 24 2.2 24 2,0 "

G 1.3 1.9 2.0 2.2 2.3 2.4 2.4 23 2.4 &

T 1T 16T 16T 1.7 1.8 1.8 2.0 1.9 1.9 -

4 1’.5 08 1.8 109 2.1 2.2 2.1 2.0 2.0 o

0.10 0.10 0.14 0.22 0,14 0.28 0.22 0.22 0.18 =

1 1.5 1.7 1.7 1.8 2.0 2.1 2.1 2.0 1.1 1.7

g 17 1.7 1.8 1.8 2.0 2.2 2.2 2.2 2.3 2.2

3 Fo2 1'0’5 109 2.1 2.1 203 2-5 2-5 205 2-4 2.2

2 4 hﬁ 13 1B 1.7 1.7 1.8 1.9 2.0 2.1 2.4 2.0 2.0

Mean 1.3 4.4 1,6 1.8 1.8 1.9 2.1 2.2 2.2 2.2 2.2 2.0

- gid= 020 0.4 emo 040 0.20 0.4 0.7 0.4 0.20 0.2 0.25 0.25

6.V% 15.4:10.0° 6.3 5.5 1.1 T.4 8.1 6.4 9.1 10.0 11.4 12,5

17 1.2 14 16 156 1.7 1T 2.0 24 23 2.3 2.0 2.0

z 10 4.3 1.4 1.8 1.8 1.9 2.0 2.2 2.3 2.5 24 2.3

3 168 146 16 17 1.9 2.1 2.3 2.5 2.5 2.5 2.4 2.3

3 & 0. ¥k §.2 1.9 1.9 2.1 2.1 2.1 2.2 23 2.3 2.2

; Hean 4s1 1.4 1.5 18 1.8 2.0 2,0 2.2 2.3 2.4 23 2.2

s.d.t  0.10 G20 0. 0 0.20 6.4 0.2 0.41 0.0 0.0 0.10 0.14

AR Bwf 14 35 5.6 5.6 10.0 6.7 9.%¥ 17.8 4.2 B.7 6.4

1 09 1.0. 9.4 1 1.7 1.8 2.0 2.0 2.2 2.0 1.9 1.9

2 1.2 1.3 1.9 2.0 2.2 2.2 2.3 2.4 2.5 2.3

3 13 1.4 1.7 1.8 1.8 2.1 2.1 2.3 2.4 2.6 2,6 2.4

4 4 1'0 1.2 1'6 107 2o° 2.2 2.3 2.4 2.4 2.5 2-4 2.4

Bean m 1;2‘135 1.8 .9 2.0 2.2 2.2 2.3 2.4 2.4 2.3

g.jv.% 1*5.@ Mz 95 5.& 1.4 85 6.4 T.7 4.3 10.8 12.5 10.4

1 .o .4 6 1.8 1".9 2,0 2.1 2.3 2.3 2.4 2.2 2.0

2 . 1.2 13 1.5 1.6 1.8 2.2 2.2 2.4 2.6 2,5 2.5 2.4

3 1.1 16 1.7 4.7 2.4 2.1 2.4 2.4 2.5 2.6 2.4 2.4

5 4 13- 13 4.4 16 2.0 2.2 2.2 2.2 2.3 2.4 2.5 2.5

Mean 1.2 1.4 1.6 1.6 2.0 2.1 2.2 2.3 2.4 2,5 2.4 2.3

s.do~  0u14 0.4 0.94 005 0.4 0410 0.0 0.0 0.14 0.0 0.14 0.22
C.V.% 107 10.0 8.8 3.1 7.0 4.8 4.8 4.3 5.8

4.2 5.8 9.6

g 5y
LE T
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Table 3 continued =

e

/ Bola—

C.V.%

NN -

v 1
Q‘- 5
1.0
0.9
0.9

0.8

0.2 0.44 0417
27.5 15.6 17.0 12.

095
0.5
1.0
0.7

0.7

2
0.7
1.0
1.0
.0
0.39

0.6
0.6
12 1
0.8
6.8 .

0.0 028

005 101 02
1.0 0.7 0.7 0.9 1.0
Qca 9.9 0.‘9 1.0 .0
0.7 1.9 1.0 1.1 o3
0,20 0.10. 0.17 0.10 0.14
25.0 12.5 18,9 10.0 12.7
945 7‘»1‘6’ 0‘-9 1 00 1 '1
0.5 0.7 0.8 1.0 1.0
907 1«00' 1-1 1 -2 1 '13
0.5 0.6 0.7 1.0 09
0.6 0.7 0.9 1.1 1.1
0.10 0.20 0.17 0,10 0.17
16.7 28.5 19.9 9.1015.5
C.9 1.0 1.0 1.1 1.2
0.6 0.6 0.7 0.9 1.0
0.6 0.7 0.8 1.0 1.3
05 0.6 0.7 0.9 0.9
07 0.7 0.8.1.0 1.1
0.14 0.17.0.14..0.10 0.7
20 24.3 17.5 10.Q 15.5

o

0.8
1.1
1.2
1.0
1.0

0.8
0.6
.2
0.9
0.9

0.24
26.5 35.0 26.7 10.

0.6 141

- 32 =

Internode (cms.)

4

ogo’o;fn:c q;u-xwmm

0.
1.2
1
1
1a
0
2
0
o]
1
1
]
0]
0

ma—s;aoo B\_-;M'—‘-{n\'.n'o W

-t

. . .

) 1

* wb

&

3

6

. @
rph o

L 3

.
I Gx o

5 e » =

B

s ° @ .
LI R~ e

e
=
g

.
TPE

L R T
NQNO&—*NQ

-

NN O N

O = = -

7

1.1
1.5
14
1.2
13
0.7
13.1

1.0
12
4.6
1.3

>3
0.24
18.5

3 + o & 9

OB MW = BULVRN = [0V - A

»

e s° 8 & ¢ @& @ 8

. 3

°
N

0-17
14.2

8
1ol

1e4 +

1.5
1.3
1.3
017
13.4
1.2
143
1’-6
1.3
1.4

047
12.2
1'.4
1.2
1.2
1.6
Ted

.. 020
14.5

16.9

s e o @
N oy R U X

—

1

Pobbh WEUrSER \ofgfo:an ©

® & a @

L o
-9

- b
.
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o.
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DN
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Variation within Internodes (Variety 3)

10 11
0,9 1.0
1.3 1.3
1‘ 05 104
1/-5 1 05
13 13
0.28 0.22

21.0 16.9
1.3 1.0
i T4
17 1.6
1.4 1.5
15 1.4
0.17 0.26
11.3 1§-§
3 1.2
1.4 1.4
- 1.6 1.6
1T 1.7
15 15
8.7 0:22
113 14.7
1.5 1.4
15 1.3
1;-3 ) 103
.0 1.0
1.4 1.3
0.24 ©C.14
17.1 10.8
1.5 1.5
14 1.4
1.6 1.6
12 1e3
14 1.5
047 0.4
121 9.3

12

1.0
1.0
1.3
1.4
1.2
0.20
16.7

1.0
1.2
1.5
1.5
13
0.24
18.5
1.2
1.5
1.5
1-6
1.5
017
11.3

1.4
1.3
1.2
1.0
1.2
0.17
14.2
1.6
1.4
1'6
1.3
1.5
0.14
9.3



dant Stem .

1

2

3

1 4
Hean

1, &
1.0 1.2
1.3 1.4
1.0 1.2
1.4 1.6
1.2 1.4

‘i“qt 0‘29 0-39

'05 0- ,D 01‘0

0.V #16.7 14.3

1 1.0 1.4

2 1.0 1.3

5 1.2 1.4

2” 4 1-5 -5,

Nean 1.1 1.4

s.d.% 0.14 0.05

e.V.% 12.7 3.6

1 1.2 1.4

2 1.0 1.3

3 f.1 1.;

3 4 1.4 1.5

‘ 1.2 1.4

s.d.2 0,17 0.10

C.v. 55 14,2 7.1

1 1.0 1.3

2 1.2 1.5

30 1.1 1.4

4 4., 51 1.2

m 1.4 iv‘*

s.d.d 0,08 0.14

e.v.d 2.7 10.0

1 1.3 1.5

2 1.2, 1.4

3 14 19

5 4. 1.3 1.6

Hean_ 1.3 1.5
ﬂ.d-—

GVt 2.3 6.7

Internodes (cms.)

3
1.4

1.5

Tod
1.7
1.3
Op 14
8.2

1.6

1.4

b
1.4
1.3

Q.10

6.7

.5
1.4
1.5
146,
t.5

0.03

2.0

1.5

.6”
1.3

14

1.5
0.03
2.0

1.6
1.5
1.4
1.4
1.5

6.7

4
1.7
1.8
1.6
1.7
1.7

0.03

1.8

1.7

.7

1.7
1.6
1.7

0.02

1.'

1.7
"3@

' nr’ ;"

15"!?
1.7
0.0
0.0

1.6
1.7
1.7
1.7
1.7
Q’los
2.9
1.7
1.7
1.7
1.7
1.8
.m
11

5
1.7
1.8
1.7
1.9
1.8

Q.10 .

5.6

1.7
1.8
1.9
1.8
1.8
0.03
1.7,

1.7
'ls
1.7

1.8

1.8

0-05 :

"1.3

1.7
1.8

1.8

1.8
0.14
7.8

1.7
1.8
1.7
1.8
1.8

0.05

2.8

6
1.7
‘; 03
1.8
2.0
1.8
0.14
T7.

1.8
1.8
2.0
'.9
1.9

0.10

5.3

1.6
1.9
1.8
4.9
1.9
0'-05
2.6

1.8

1.7
1.9
1+9.
1.8

0.0

5.6

1-@
18
] -8 3
1.9
1.9

Q.05

2.6

, T
1.8
19
1.8
240
1.9
2.10

1S ]
1.9

1.2

2.4

2.0
2.0
0.10

5.0

1 -9'
2.0

2.1
2.0
5.0

1.9
1.8
2.0
2.1
2.0
C.14
7.0

1.9

2-0’
2.0
a1

23

0.05

2.5

8
2.0
2.
1.9
dot
2.0
o!‘o
5.0

2.0
2.7
2.2
2.1
2.'
.05

14

2.0

L 2.2

2.4
2.0

0.10

5.0
2.0
1.9
2.1

242

2.1
0.14
6.7

19

2.0

2.1
2.1
2.0

0.10.

5.0

2.1
2.4
2.1

2.0
2.2

, &3

248

Cu 1.

6.4

2.0
2.1
.2

2.2
2.1
0.10
418

2.2

0.1':4
6.1

2.3

‘3-2'

2-4
2.3
2.3
0.03
1.3

2.1
2.3
2.5
2.2
2.2
0. ‘9
4.5
2.2
2.1

265

2.4
2.3
0.14
6.1

2.4
2-2
2.3.
2.3
2.2

0.10.

4.5

0T

7.1

2.4
2,2
2.4
2.9
2.4
0.14
5.6

2,2
2.3
2.‘
2.
2.3
Q.10
4.3

2.3
2.2
2.4

2.5

2.4
0.14
5.8

8.2
2.3
2.4
2.4
2.3

Q.10

4.3

12
2.4
2.6
2.4
2.2
2.4
0.17
1&1’

2.8
2.3
2.5
2.6
2.5
0.4
5.6

2‘-3
2.4
2.4
2 -5‘
2.4
0.03
1.2

2.4
2.2
2.4
2.5
2.4
0.1
5.8

2.3
2.6
2.5
2.5
2-4
0.10
44



Table 3..\

b, @ 5 Inhternodas (cms.)

Plen$ Stex. 1 -2 '3 4 5 6 -7 8 9 .10 . 11 12

1 0. 0.7 0.9 100 1.2 12 1.3 1 o 1.4 "5 1.6 .5

0.5 06 0T 1.0 1.0 11 12 42 1.3 1.4 - 15 1.5

1 3 0.5 0.6 0.9 1.0 1.0 1.0 - 1.1 122 13 14 1.5 146

’ - U @.5 0‘6? ™ Q.g‘ s 03-9‘ i @&9} 1‘\1@' '1"-1, > ‘1,0& Yot ﬂtz J oﬁ y o 04 1.4 -
Mem ° 5 0.7 0.8 1-0 1-9 1.1 1.2 1.2 - 1'-3 1-4 1-5 105
s.a.¥ 0‘.05 0.05 0.10 0.05 @,14.-0.10 0.10 0.26 0.26. 0,26 0.26 0,10

' e.v.ﬁ 3’»3 7’. 12-5 5-0 14.0 | 9.1 8"4 21.5 20,0 - 18,5 173 6.7

1 1 2 1‘0’2 33 1 5 105 106 1-6
2 07 0.8 0.8 1.0 it 1 12 120 13 1e4 . 1.8 145
3 06 08 0.9 09 1.0 1ot 12 135 .14 1.4 145 1.6
2 4 - 0.5 0.6 O7 1.0 1.0 1.3 1.4, 1.4 1.4 1.3 1.4 1.4
M 0.6 0'07 9\; 1.0 1.1 1.2 Y3 - 55 ‘1.4 1.4. 1 05 1 -5-’
7 g.4.X 0,10 010 040 0.05. 0,05 0.10 0,10 0.26 0.05. ‘0.26 0.26 0,10

G.V’.% 15.7 14 3 12,5 5.0 4.5 83 T.7T 20,0 3.5 185 17.3 6.7-

O.T -7 0.9 1.0 1.1

1 0-5 0’.7 0‘.3 1 -0 ‘n1 1 01 1-2 103 1"4 1 -5 105 1%6

2 0;5 0‘07 0’#7 1"00‘ 15.2 - 4.2 1 -3’ Ve 104 k| -4 1 05 1'-6 5 By 3

3 0.5 0'06 0-6 1"&0 102 ) 1‘-3 4 't4 ' 104 1-5 ¢ 1.6 s ‘ 06. ‘57

3 4 s 605 G'OS‘ 0"-7 1‘".0 .1"-'2 i 1'-2 " 1-5 1 04 i 1.5 . ’ Is 1'6 '7
- Hean 0-5 0'-7 0.7 1.0 1.2 1.2 1.3 1.4 ‘05 1.6 1.6 107
Blodnt"/ ’@‘0.05 0".@5 0 03 0’-@0 @‘.@5 ) @'003‘ . 0-03 ' 0.95 '0-05’ 0.05 O-GE QaQS

’0‘.‘7.% 10.0 7‘.1‘ 4?“5 0'.‘0‘ 4‘02- Ya 2"5 ¢ 203 3"-6 ¢ 3’-3 3’-1&' . 3-1 .9'

0.6 0.8 0.9 1.0 1.2 13 123 13 1.5 1.5

1 1e1 1.1
2 0’5 &06 Qh’? 100 1'.2 ) "'-2 ’03 1 1!3 1-4 1-4 '5 = 06
5 g.? 0‘.8 1.@ 1'o9 19 1.2 1-3 s | 04 1¢4 1 05 106 07
4 4 < 0.8 ) 0.9 0.9 .0 B | .0 1'.1 1-2 ’ 1.3 1 13 1-5 1-7 1‘-7
llean 0.7 0.8 0.9 1.0 el 12 13 13 1.4 1.4 16 1.6
s.d.5- 0.14 0:14 0.14 0.00 0.03 0.05 0.05 0.05 0.05 0.10 0.10 0.10
e.v.% 20.0 17.5 15.5 0.0 2.7 4.2

5"8 3.8 3-6 T 6.3 6‘.3

1 0.8 0.7 0.9 1.0 i
2 005 016 Q“-B ‘01 ‘.1 '02
3 006 °1I7 9‘.3 100 1 0

1.1 1.2 1.3 14 15 1.5 1.6
1.2 13 1+4 1.4 1-5 1.6 1.6
5 4 007 0‘58 a 9 1.0 1-0 1 a 1ot el 1.4 1.2 1‘-3 1:-4
!G&n 0.7 °‘-7 6.9 1.0 1l tel 1.2 1.3 1.3 1.4 1.5 1.5
-glﬂo 0.03 0.14 0.14 0.14 0.14 0.10
1 o

2-5 1@08 1008 1000 9’.3 607

S« d"' 0014 0'63 0.05 0005 0010
c.ve% 20,0 43 5.6 50 9.1



1
2.7

540

B0

2.9
Q.14
4.8

' )2&?9
2,8
:jl_n
2.8
2,9
040
3.4

249

5»1
5.0
3.0
0.14
4.7

2.8
2.9
3.0
Bl
3.0

Q14

4.7

540

et
2.9
2.9
5 0
0.10
3.3

2

’5-?
§.2
5.1

51

8.14
4.5

3.0

T ReY
-3
28
3.0

0.14
4.7

3.0
im 2
2.9

x|

0.14
4.5

2.9

3.0
52
3.2
3.1
0,14
4.5

5-2
S
3.0
2.9

3.1

Q.a 14

" 4.5

Imternodes (cms)
7
5.3 3.5 34 5.6

3.2
Fa1
5.2

5.0
Sel

5.9
5.3
5.2
o 2%
3.2

4

5

6

3-4 5.5 3.6
:5:-»& 5.5
3.5 ‘3.5 3.6
';’auﬁ §-4 5.5

1.5

B4
33
5.3

3.2

3.3
1.0

5.2
33
5.3
3.3
5.3

.‘2»9
3.6

3.\4

3.3
5.2

5 3.4
‘5.‘2

5.0
3.3

3.5

5.4
3.5
34

3.1

2;9

347
3.5
3.4

3.3

3.5
4.9

3.3
3.6
3.5
3.5
3.5

0.10 0,05 0.10 0.14

3.1

31
3.2
3.3
3.3
3.2

1.5

3.3
3.3
3.3
5.3
3.3

2.9

3.3
3.4
3.5
3.4
3.4

4.0

3.4

345
5.6
3.4
3.5

0.10 0.00 0.05 0.10

3.1

3.3
5.2

31

3.0
3.2

0.14:0.05 0.10 Q.

0.0

5‘-4
53
3.4
33
33

3.5
3.3
35
a4
34

2.9

‘5-'6

B4

%

3.5
3.6
3.5
0.10

43 1.5 2.9 2

3.7 .
3~§_. :

3.7
3.6
010
2,8

3.8
B4

3.5
3.4
3.6
.17
47

3.4
3.6
3.8
3.5
3.5
0.05
1.5

3.5
5.6
3.7
3.5
3.6
.10
2.8

5.6
3.4
3.6
3.7
3.6
0414
3‘-‘&"

y

8 9

3.1 3.7
3.8 3.9

‘BaB  3aF

3.8 4.0
3 07 3!3
0.10 0.14
27 3.7

3.9 3.9

3 6 5.7
35 3.6
39 3.7
0,17 0.4
4"7 5.8

3.5 3.5
3.7 3.8
3 6 3c6
3-6 3 n?
3.6 3.
0.10 0.14
2 .8 3.8

3.6
3.8
3.8
3.6
3.7
14 0.10
29

T

-l

o

3
3.6
3.8
4.0
3.8
14 0.4
-.ﬁ’ b

=3 00 =2 1 ~§ @

—-

4.0

5.8 .

4.1
5.9
0.14
3:6

4.0
3.8
3.7
5.6
3.8
0.17

A

5.6
3.9
3.7
3.8
3.8
8.14
3.7

3.7
5.9
4.0
3.7
3.8
00'4
3.7

3.8
3.6
3.9
4.1
3.9
0.20
5.1

11

3.9
4.1

38

4.2

4.0

0.17
4.3

441
3.9
3.8

37

3.9
0,17
4.4

37
4.0
3.8
3.9
5.8

0.14

3.6

3.8
4.0
4.1
3.8
3.9
0014
3.6

5.9

4-0
4.2
4.0
0.20
5.0

12

4.0
4.2
4.1

4.2

4.1
0.14
3.4

4.1
4,0
3.9
3.8
4.0
0,14
3.5

3.8
4.1
39
4.0
4.0
0.14
3.5

4.0
4.1
4.2
3.9
41
9‘14
3.4

4.0
3.8
4.1
4.3
4.1
0.20
4.9



s.dt

7 c.‘“ﬂﬁ

E-&auma

.alh
Eﬂh’%

?w -

s.i.z
e.Vh

-::-u;:m-;

s.dﬁ’

e.v.%

@f. 14
5.0

2.8
2.9

S.1. 3
5.0

3.0
0:14
4.7

3.2
3.0
2.9
2.8
Scug‘
i
5.7

3

2.9
.B

3.4

5.0 -

0.14
4.7

3.1
a7

5.5

3.3
Bt

3.0

2.9

3t

0.47
5.5

3.2
2.9
-5

B.2

3.1
0.14
4.5

Internodes (oms)

3 4

P “5"4 5v5
2 3.3 34

3.5

9 - 3.5 3.5
33 35

3335
5.0 3.6
’55?54 5@5

5 35

5

3‘- 7
5.4
3~5

3.5

4 .0‘
5-5

5.6
3.5

5-7'

3.6

6
5.8

3.5

3.6

5.6
3"5 515 d
" @414 0.05 0.14 0.14
4-2 1 04 Sug
3-? '
5-"*"

3.8
3.7

7

5.8
3.5

505' ’

3.7
2T
0.14

5 3.8

3.7
3.8
5.7
3.9
38

;07 !‘).@E 0410 0,10 0,10

5;2 . 4

3.4 35
3.0 3.5

3.2 3.5

5‘-3 3'4
3.2 3.5
0417 0,05 0.17 047 -
5.5 1.4

34 3.5
3.3 3.5

5:“-2 5!4

3.3 3.5
0.14 0,05 0.14 0,17
V 4'2 1'4

3.3 3.4
3.2 3.5
33 3.5

3.2 3.5

2.8

3.7
3.6
3.5

3.4

LN
4.7

3.7
3.8
3.6
3.5
3.7

3.8

S
3.6
3.5
5.6
3.5

2.7 -
3‘-8

3.6
345
5.4

3.6
4.7

3-8 )
4-@ )

3'-8

3.8

4.5

3.5

3.7
3.6
B‘nlﬁ

1 3.6
0.14 0,05 0.10 0.10
4.4 1.4 2.9 2.8

2.6-

2.:8' :
37

3.6
5.5
3.7

.14

- 3.8

5.8

4.0

37
3‘!9
0.14
3.6

3.6 .

3.7
3.7
3.8
3‘-?
Q.10
2.7

8
3.9
3.6
3.7
3.8
3.8

0.14

3.7

3.7
3-8
3.9

4;9 .

3.9

Qw‘d‘

3.6

3 ’g( =

3.7

3.6 -

5.8 .
0. 1#

3.8

0.14

0.37

4-0“ R

4.2
4-"‘

4.1
.14
34

3.7
3.9
3.8
4.0
3.9
0.14
3.6

1
4.2

599

3.9
4.1
4.0
0.14
3.5

4.0
4.2

- 4.2
03 ’

4.2
0.14
5.3

4.0

4.1
3.9
3.7
3.9

- 017

4od

4.1
4.3
4.3

4.2
0.10
2.4

4.0
4.1
4.1
4.2
4.1
0.17
4.1

4.2
4.1
3.4

4.1

© 45
- &3

4.4

0,14
3.3

4.1
4.2
4.0
3.7

4.0

0.22
5.5

4.2
4.4

4.3

4.2
4.3
0.10
2.3

4.2
4.1
4.3
4.3
4.2
0.10
2.4



1t Stem | 2
1 12,0 1&5
5 12,6 12.5"
4 12,4 12,8

¥ 12,6 12,8
) 0.36
% 44 2.8

12:5 12.6
1215 1255
12.7 12,8
12,4 12,7
\12.5 12.1

© i 12.0 12.2
2 125 12.6
3 12.5 12.7

34 1300 13.4
xm 12,5 12.7
8 d-- 6041 @.50
s 3.5 5-9

12.6 12.2
12.‘5 1248
12.8 12,9
4 13.6 132
Eean 12‘6 12.3
s.d.t 0.42 0.22
evd 3.5 3.3

AN DY -

1 12,5 13.0
2 13.0 1.2
5 4 12«5 12.6

wa 12.6 12.9

3
1 5‘!’0
134
12.9

12,8

13,0
0,26
2,0

12,8
12,9
13.0
151
13.0

1-1

12.7
13:0
12.8
1345
151@
0.36
2,7

12,5
13.0
13?9
15.4
13.0
0.37
2.8

13,0

13:3
12.8
12,7
13,0

Petioles (ams.)

.4

13,7

1345
15.0
12:3
13.3
0s22
1.7

132

13:.0
13:2
1332
13.2

0,10 .0.14 0i14

0'q8

153

134
13:3
13.5
134
0:10
0.7

13.3
13.2
1 3 ‘-,_3

3.4

13.3

5

: 138
1547

1341

‘ 13544

1344

. B

137
13.9
13,2
13+5
13.6

1

14,0
14,2

1343
13.6

13.8

8

. 45X

14,2
13,4
13.7
13.9

9

4.2
1444

13:6
g
14.0

1.3 2.2 3.0

1345

15.2

13.3
1544
1344

11
153

13.6
13.2

15,7

13.5

13,6

1343

134
13:5
13.5

1.0

13:4
13,7
13:3
15,8
136

138,

134

13,5

1347
13.6

2.6
139

1345,

1346

13.8

13,7

2.6

141

13.6

1347
139
13.8

0.17 0417 0.22

1.3

15.6 ’

13.8
13.4
12:9
1347

1.2

3.7

13.9

135

14.0
13.8

1.6

13.8

14.0

: 13.6
1441

13.9

Q.77 0,77 0d22 0.22 0,22

5.7

13.3
1344
13-4
13.6
13.4

BT

13.4

13,5
3‘3'0,7

13,6

1346

1 ’c,ﬁ

13.5

13.6
15.8
137
13.7

1.6

13.6
137

13.9

13.9
13.8

1.6

137

13.8

14.0
1441
13.9

0.05 0.14 0.14 0,14 0.4 0.17

.2

133
1343
13.2
13.4
15.3

1.0

134
13.5
133
13.2

13.3

1.0

1 31‘-’5

13.7
134
13.5
1545

1.0

13.6

13.8
13.5

136

1.0

13.6
13.9
13.6
3.5
13.7

1.2

13,7
14.0
13.6
13.8
13.7

ﬂod:--' Q.m 0'28 ‘@026 0.@3 0'14 0'17 0017 0 17 0020

c.v.% 2.4 2.1

2,0

0.2

1.1

1.3

1.2

1.2

1.4

10
14. 6
14.8
13.7
13.8
14.2
0,47

Bed

1442

13.7

13.8

14.0
13.9
0.20
14

13.9

14.2

13.7

"’4’ -:2

14.0
0.24
1.7

13.8
13.9

14,1

14.2

14.0
Q17
1.2

13,8

14.4
13.7
13.6
1’308
0.22
1.6

11
13.7

14.0

14.1

140

14.0
0.17
1.2

13.5
13.1
13.2
13.0
13.2
0.10
0.8

13.5
12.5
13.0

14.0

13.3
0.63
4.7

13,6

13.2
13.8

13.2

13.5
0.30
2.2

13,4
13.5
13-§
13-4
13.5
0.20
1.5

12
13.4
13.6

3.0

1341

133
0.28

221

13 '-9
13.3

12,9

1.0

12 '6
1.60
7.2

13.3
12.4
12.8
13.5
130
0.49
5.8

130
13.2
131
132
13.1
011a
0.8

13.2
13.4
13.9
13.4
0.39
2.9



%8 -
. %able 4. (continued) Yeriation within petiol
Petioles (cms.)

lnf Stem 4. 2 3 4 5 6 7 8 9
1 9‘8 9.9 10.1 10,3 10.5 10.6 10.7 10.7 10.8

2 9.0 9.5 10.0 10.4 10 4 10.5 10.6 10.7 10.8

1 4 99100 10.1 10.2 10. 3 10.4 10.5 10.6 10.7
M 9.7 9.9 10.1 10.3 10.5% 10.6 10.7 10.7 10.8
Sodu" @-51 0033 0.20 0. 10 0.14 0. 14 °-14 0.14 0-14
G.Vaﬁ §;2 3 3 5-@ 0-9 .3 1.3 1-3 13 . 1.2

1 10.2 103 10.4 10.4 10.6 10.7 10.8 10.9 11.0
2 9.6 9.8 10.0 10.3 10.4 10.4 10.5 10.6 10.7

2 4 9.4 9.8 10.0 10.2 10,2 10:2 10.3 10.4 10,5
PKSM A 9.8 10.0 10.2 10.3 10.4 10.4 10.5 10.6 10.Y
Sad;" chs 0024 0-20 0095 0011 0.20 9-22 0020 0.28

} cov;% 307 2-4 2,0 03 1 b 1 09 241 1 -9 2.5

1 9.0 9.2 9.7 10.2 10.3 10.4 10.4 10.5 10.6

2 9.510.0 10.1 10,2 10.2 10.3 10.4 10,4 10.5

3 9910.2 10.3 10.3 10.5 10.6 10.7 10.8 10.9

3 4 9.0 9.5 9.8 10.4 10.7 10.8 10.9 11.0 11.2
'!ean* 9-4 901 1000 1093 10|4 10 5 1/006 '007 10.8
aldi“' al‘B 0.‘6 0.28 Oo‘e 0.22 0022 0'24 0.28 0.3'
ev.f 46 4.7 2.8 0.9 21 2.4 23 2.6 2.9

1 9.0 9.2 9.5 10,2 10.4 10.6 10.7 10.7 10.8

2 9.7 9.9 9.8 103 10.6 10.7 10.8 10.9 11.0

3 9.5 9.6 1,0-1 “10.3 10.3 10.4 10.4 10.5 10.5
'Hean 2.4 9.6 9.8 10.3 10.4 10.5 10.6 10.‘5 ‘IO 7

" g.d.2 0.51 0.28 0.20 0.05 0.14 0.17 0.28 0.22 0.22
c.v.® 5.4 2.9 2.0 0.5 1.5 16 1.9 2.0 2.1

1 9-1 9.4 9.9 1005 1007 1008 1009 11-0 10-5

2 10.1 10.2 10.3 10.4 10.5 10.6 10.7 10.8 10.9

3 9.6 9.8 10.0 10.2 10.5 10.4 10.5 10.6 10.6

5 4 10.0 10,1 10.2 10.3 104 10.5 106 10.7 10.8
Mean 9.7 9.9 10.1 10.4 10.5 10.6 10.7 10.8 10.7
8.d.- 0.46 0.36 0.17 0.14 0.17 0.17 0.17 0.17 0.17
e.v.%m 3.6 1.7 1.3 1.6 16 1.6 1.6 1.6

10
10.6
10.4
11.0
10.8
10.7

0.26

2.4

11.0

10.8

10.7
10.6
10.8°

0-17 )

1.6

9.5
10.0
10.3
10.4
10,1
0. 31
5.1

1a.s
11.2
10.7

10.67
“10.7

0.41
3.8

10.4
10.5%
10.0
9.5
10,%
0:.43
4.3

s
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9.9
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Petiole lengthe (ems.)

.Gt 1 2 3 4 5 6 7 8 9. 10 11 12

1 151 43.2 _1.3.3 1,5@4 15,5 13.5, ‘13;-6 13.7 13.8 13.9 13.6 13.2
3 . 13.0 1§.2 ,15 1 15.3 15.6 15.7, 13.8 13.9 14.2 13.7 13.5 13.3
4 13.2 13.1 15.5 1344 13.5 13,6, 13.7 13.8 139 14,0 135.7 13.0
. Mpe i3.1 .13.2 13.3 13,4 13.6 13.7 13.8 13.9 14.0 13.8 13.6 13.2
8.4.2 0.10 0.08 0.14 0.08 0.10 0.14 0.14 0.14 0.17 0.22 0.14 0.14
L e¥® 9.7 06 1.0 0.6 0,7 1.0 20 . 1.0 1.2 1.6 1.0 1.9

1 13.0 13.1 15.2 13.3 13.3 13.4 13.5 13.6 13,7 13.8 13,5 13.0
2 12,8 13.0 13.3 13.4 13.5 13.6 13.7 15.8 13.9 14:0 15.9 13.2
5 I2.7 . 12.8 13.1 13.4 13.6 13. 7 13.8 13.9 14.0 1441 13.9 13.6
CA 127 32,9 15.0 13.2 13.3 13.4 15.5 13.6 13.7 13.8 13.5 13.0
Mean 12.8 13.0 13.1 13.3 135.4 13.5 13.6 13.7 13.8 13.9 13.7 13.2
. 8BS 9,14 0.14 0,14 0.10 0.14 0.14. 0.14 0.14 0.34 0.14 0,20 0.28
- gwg 3.1, 1.1 0.8 1.6 1.0 1.0 1.0 1.0 1.0 1.5 2.1

1 129 13.0.15.2 13.3 13.4 13,5 13.6 13,6 13.7 13.5 13.2 13.0
22 12.8..13.1, 15.3.13.4 13,6 13.7 13.8 139 140 13.8 13:.6 13:2
© 3 BT 1340 13.2 153 19:4 135 13:5 13:6. 13:7 157  13.0 13.1

4 127 12.9 13.0 13.4 13.5 13.6 ' 13.6 13.7 13.8 13.9 15.0 13.1

. Memn 12,8 13.0. 13.2 13.4 13.5 13.5 13.6 13. 13.& 13.2 13.2 1341

- ew® 0.8 0.8, 1.1 .03 0.9 ov.tz mqo 1.0 m ‘a 2.1 0.6

1 15.0 15.1-7\,«,15.2,12,4 w‘.s\ 135 13,6 13.7 13.8.-13.9 13.6 13.4

3 1e.8 12,9 13.3 13:4 43.5 13, 5 13.6 13.7 13.2 13.1 130 15.0

4 12.6 12.8 12.9 13.4 13.5 13.6 13.6 13.7 138 15.8 13.2 13.0
 Mean 12.8' 12.9. 13.1 13.4 13.5 13.6 13.6 137 13.8.13.6 13.3 13.2
ks“d"' @mi@ Qu14 am14 01@5 @908 0119 0 14 Q-‘d‘ GG31 0022 0.22 0.33
e.v.® 0.8 1.0 1.4 0.3 0.6 0.7 1.0 1.0 1.0 2.3 1.6 2.5

1 12.9 13.0 13.1 13.3 15.4 13.5 13.6 13.7 13.8 13.9 13.5 13.0
2 130 13.2 15.5 15,5 13.6 15.7 13.8 13.9 14.0 13.5 13.2 13.1
3 12,7 13.0 13.2 13.4 13.5 13.6. 13.6 13.7 15.9 14.0 13.5 13.2
4 12,6 12.9 13.1 13.4 13.7 13.8 13.9 14,0 14.1 14.2 14.0 13.5
o Bean 12,8 13,0 13.2 13+4 13.6 15.7 15.7 13.8 14.0 13.9 13.6 13.2
- ed.l 9,17 0,14 0.10 0.08 0.14 0,14 0.14 0.14 0.14 0.30 0.35 0.22
ev.® #3 1.1 0.8 0,6 1.0 1.0 1.0 1.0 1.0 2.2 2.4 1.7



— 40 =

Pable 4 =~ {continued) Varis
Petioles lengths (cms)

Frune

s.d.f
c.v.%

1 2 5 4 5 6 7 8 9 0 11 12
ﬂ.ﬁ 906 9-8 9.9 10.0 10-1 10-1 10.2 10-3 ?.8 9-5 -907
9.6 9.7 9.9 10.0 10.1 10.2 10.3 10.4 10.5 10.0 9.9 9.6 .
9'4 9‘05 9!1 9‘9 9'9 ‘0.0 ~ 10.@ 10.1 10-2 10:3 10.9 9’9
9.8 9.9 10.0 10.1 10.2 10.3 10.4 10.5 10.5 W.6 10.0 9.8
9.6 9.7 9.9 10.0 10.0 10.2 10.2 10.3 10.4 1.2 9.9 9.8
0.17 0.17 0.14 0.10 0.14 0.14 Q.47 0.17 0.14 0.35 0.20 0.14
1 -B» 1-8 ‘,04 ‘!uo 104‘ 114 ‘1’ -7 1'7 103 304 200 1.4
9.7 9.8 9.9 10.0 10.1 10.1 10.2 10.3 10.4 10.0 9.8 9.6
9.9 10.0 10.1 10.2 10.3 10.4 10.5 10.6 10.6 10.5 10.4 10.0
9.8 9.9 0.0 10.1 10.2 10.3 10.4 10.5 10.5 10.6 10.2 10.0
9.7 9.8 9.9 10.0 1.2 10.2 10.3 10.4 10.4 10.4 10.1 9.9
Q.17 Q.17 QT O.14 0T 0.17 0.17 0.22 0.17 0.26 0.28 0.20
18 1.8 1.7 1.4 1.7 1.7 1.7 2.1 1.6 2.5 2.8 2.0
9.9 10.0 10.1 10.1 10.Z2 10.3 10.4 10.5 0.5 10.6 10.2 10.0
9.7 9.8 9-9 19.0 10.1 13-2 1005 10 04 ‘ﬁ:ﬁ' !@05 ‘0 -0 9'6

10:ﬂ 1601 19-2 10-2 ’663 "014 1@05 1006 "oi? ; 1008 10.0 9.8
2.8 9.9 10.0 10.1 10.2 0.2 10.4 10.5 10.5 10.6 10.1 10.1
0.14 0.14 0.14 0.10 0.10 0.14 0.14 ©0.14 0.14 0.17 0.10 0.17
,“4 ‘ 1‘4 1 -4 1-0 "G 1 l4 1 03 1 '3 ‘ .3 1 06 1 .0 1 -7
9.9 1.0 10.1 10.2 10.3 10.4 10.5 10.6 10.7 10.5 10.3 10.0
9.2 9.9 10.0 10.1 10.1 10.2 0.3 10.4 10.5 10.3 10.0 9.8
9.7 9.8 99 10.0 10.1 10.2. 10.2 10.3 10.4 10.5 10.0 9.7
9.6 9.7 9.8 9.9 10.0 0.1 10.2 10.2 10.3 10.4 10.1 9.9
9.8 9.9 10.0 0.1 10.1 10.2 10.3 10.4 10.5 10.4 10.1 9.9
0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.17 0.17 0.10 0.14 0.14
1«4 1.4 14 14 1.4 1.4 1.4 1.6 1.6 1.0 1.4 1.4
9.8 9.9 10.0 10.1 10.2 10.3 10.4 10.5 10.6 0.0 9.9 9.7
9.6 9.7 9.8 9.9 10.0 10.0 10.1 10.2 10.3 *.9.9 9.8 9.6
95 9.6 9.8 10.1 10.2 10.3 10.4 10.4 10.5 10.6 10.2 10.0
9.6 9.7 9.9 10.0 10.1 10.2 10.2 10.3 10.4 10.5 10.0 9.8
9.6 9.7 9.9 10.0 10.1 10.2 10.3 10.4 10.5 10.3 10.0 9.8
0.14 0.14 0.10 0.10 0.10 0.14 0.14 0.14 0.14 0.35 0.22 0.22

Ted 1.4 10 1.0 1.0 1.4 1.4 1.3 1.3 3.4 2.2 2.2




Plant

1

4 ﬁnd-t

Table” 4 ‘(eontinued).’

Stem 1 2
1 18.0 18.2

TR 18.6.18.T

3 18.2 18,4
. 4 179 18.0..
Mean 18.2 18.3 .
0.31 0,30 0.22
L e.ve o » 1.6

1. 17.5 18.0

2 18.5 18.6
3 18.0 18.2
4 18.0 18.5

aean 18.0 18.5
‘n\‘l&l- 0‘»"1 Ql% 00 4! 00 4 0.14‘ Q 2@
Cevl.B 23 1.3

o 18218

2 17.0 18.0

4 18.4 185
" Hean 17.9 18.3 .
8.4t 0,61 0.36 0.14 0.05 0.14 0.17 :0.22 0.24 .24
a.vﬁm 2ue 0.8 0.3 @7 0.9

1' i8e4 13-5
2 18.1 18.2
4 18.3 1Bu§
Hean 18.3 184

s.d.X 0,17 0.47 0.14 0.05 0,05 0.17 0.20 0,22
e.v.% 0.9 0.9 .

1 16,2 18.4
2 18.1 18.5

3 18.,@ 18.3

18.5
484
18,5

.[1‘8 ST
1B.6

48,6

);!18!“‘
b .18.7

3 4
18,5 18.4
18.9 19.2
18.7
18.9

@Iaa

1.2

18.4
18.6 =

Y2
18.8

18.8
18.6

18.7

18.5 .
18:8

0.8 0.7

18.9
18.8
18.8
18.9
18.9 .

18.8
18.5
18.6
18.6

18. 6
18.4

18.8
16.7
18.8
18.8
19.6 18.8
!a 9'3
8.8 4
18.9
18.7
8.8
18,8

18.7

A8.6

18.T
18.9

19.0

5 6
19.4 19.5
18 -‘19 19-@
18.7 18.8
19.0 19.1

1 v6 : 1-06"
191
19.3

18.8
19.0

19:0
19.0

18.9 -
18.9
0.7 1.0
19.0
19.1
18.9.
19.2
19.1

19.4
19.0
19-3
19.3

»18 9. 19-@

18.8 18.9
18.9 19.1
18.9 19.0

O 5 ﬂ.?’
19.0°
19.1
18.8

19.0

19.2

18.9
19.1
19.1

19.1

19.3

19.1

7
19.3
19.6
19.1
18.9
19.2
0.30 0.30 .0.30 9,35 0.30

116

19.2
19.4
18.9
19.1
18.2

©.20 0

1.0

19.5

19 o6
19.1
19 4

et

19-1
18.9
19.2
19.4
19.2

1.0

19.4
19.2
19.0
19.1
19.2

8
19.4
19.7
19.1
18.9
19.3

'15‘-8

19.3
19 . 5
19.0
19.2
19.2

1’9-’6
19.8
18.5
19.5

1.2

19.2
19.0
19.4
19.5
19.3

11

12.4
19.2

19,1

19.2
1942

'.2@
148

9
19.4
19.7
19.2
19.0
1“903

1.6

19.4
19.6
19414
19.3
19.4
.20
1.0

1’9’97
19.9
19.3
19.6
19:6

1.2

19:3
19.0
19.5
“9.5
19.4
0.26
13
19.5
19.3
19.2
19.2
193

s.a.2 0.22 3.14 0414, 0,05 0.14 C.14 0.i7 0.14 9.14
e.v.ih.z 0.8 0.8 0.3 QT 0.7 0.9 0.7 0.7

- B.4

0:20
$:0

20,0
19.5
19.4

19.2
.14
0.7

19.0

18.7
19.6

19.7

0.47

19.6
19.4
19‘2
19.3
19.4
0.17
0.9

11

19,0
19.0
19.4

19.1
0.10

- 0.5

19.0
19.5

19,3
19,0
“19.2

0.28

1,5
18.5
19.5

-19.0
19.7 -

19.0
19.0

Qcﬁ 5

1.9

18.7
18.6

18.8 -

19.1
‘8.8
0.22

19.4
19.1
19.0
19.4
18.2
0‘20
1.0

12
19.0
18.9
19.2 .
18.4
18.9
0.35
1.9

18.5
19.0
18.4
18.7
18.9
9039'1

-

18.0
19.0

‘!8.9
13.6
0.46
1.1
18.5
18.6
18.0
19.0
18.5

Q.40
2.2

19.0
19.8
18.5
19.5
19.0
0,42
2.2
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Teble 4 (eontinued) Var

Petiole
Stew .. 1 2 3 4 &% & 7 8 9 10
107185 18.7 19.0 1941 19.2 19.3 19.4 19.5 19.6 19.6
2. - 18.4 18,5 18.8 19.0 19,0 19.0 19.1 19.2 193 19.3
3 18,0 18,3 18.5 18.8 19.1 19.2 19.2 19.3 19.4 19.4
4 1B.3 48.5 18.6 19.0 19:1 19.2 19.3 19.4 19.5 19.5
Mean - 18.3 18.5 18.7 19.0 19.1 19.2 19:2 19.4  19.5 . 19.5
sedd 0,22 0417 0.22 0.14 0.08 0.14 0.14 0.17 0.4 0.14
CaVs/f i. 2 0-9 1.2 0.T 0.4 Q 7 067 09 0 7 0.7
1 18.2 18.4 18,5 18.9 19.1 19.2 19.3 19.4 19.5 19'6
20 18.9 19:0 19.1 19.2 19.4 19:5 w«& 19.7 19.7.19.8.
3 18.4 18,5 19,0 19.2 19.2 19.2 193 19.4 19.4 19.5
4 18.7 18,8 18.9 19.0 19.1 19.1 19,2 19.3 19.5 19.4
Mean 18.6 18.6 18.9 19.1 19.2 19.3 19.5 -19.5 19.5 19.6
s.d.= - 0.31 0.28 0.26 0.14 0.14 0.17 O.ﬁZ 0.17 0.17 0.17
G-V.ﬁ 1.6 1.5 1.4 0.7 0:7 0,-9 th 09 0.9 0.9
1 18.3 187 18.9 ﬁsw 19.1 19.2 ’1.:9@5 19.3 19.4 19.4
2 b 18#4‘ 1'-8!m5 ‘3-8 1901 19‘4 19-5 1905 19-6 19!7 ‘9’0
-3 . 18.5 18.8 19.0 19.2 19.3 19.3 19.4 19.6 19.6 19.7
nuau © 18,3 18.7 18.9 19.1 19.2 19.7 19.4 19.4 19.5 19.6
s.df 0,10 0,14 0,10 0.10 0.10 0.10 0.10 0.14 0.10 0.14
cv.® 0.5 0 0.5 0.5 0.5 0.5 0.5. 0.7 0.5 0.7
3 ol
Mean 18.4 18.7 18.8 18.9 19.2 19.2 19.4 19.5 19.6 19.7
s.do= 0.10 0.14 0.14 0.10 0.14 0.14 0.14 0.14 0.4 0.14
ev.f 0.5 0.7 0.7 0.5 0.7 0.7 0.7 0.7 0.7 0.7
3 . 1&.4 1306 18-7 1809 1910 1901 19-2 1913 1903 19-4
Mean 18.8 18.9 18.9 19.0 19.2 19.3 19.4 19.5 19.5 19.6
Sodu“
CaVe

hd:igtua»(»m)

0.17 0.14 0.22 0.14 0.17 047 0.17 0.17 0.47 0.20

0.9 0.7

1.2 0.7 0.9 0.9 0.9 0.9 0.9

1'0

11

19-4
19.0
18.9
19.0
19.1
0.22
1.2

19,0
19.2
19.0

b
0.30
1.6

19.0
19.0
19.0
18.5
18.9

6-24

1.3

19-5
19.4
19.0
19-0
19.2
0.26
1.4

19.0
19.1
19.0
19.0
19.0
0.05
0.2

12

19.2
19.1
18.7
18.5
18.9
0033
1.7

19.1
18.9
18.6
18.0
18.7
0.57
3.0

18.5
18.5
18.5
18.0
18.3

0.24

1.3

19.0
19.2
18.2
19.0
18.9
0045
2.4

18.5
19.0
18.6
18.4
18.6
0.26
1.3
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SEMI-BURCH

OPEN
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Table 6 - Fourth petiole length (cms) at maturity (Each

17

18

15
26

21
20

27
14
35

13
12

47
43
51

67

10.2
10.0
10.5
10.5
10.5
9.0
1.2
10.7
1.2

10.2
1.4
12.6
1.3
12.9
14.7
14.0
13.5
13.0

13.4
14.9
15.1
14.2
17.C
15.4
18.0
16.5
18.5

is aver.
Plants

2 k- 4

8.6 10.5 9.5
10.0 10.0 10.0
10.2 9.0 1.7
10.5 10.8 10.1
10.4 10.6 10.4
10.6 11.4 11.1
1.0 11.7 10.3
10.7 11.0  11.3
1.7 1.0 12.6
12.6 1.2 11.7
11.6 11.2 11.6
12.7 1.6 12.4
11.0  11.6 12.0
12.6 12.6 12.9
125 14.4 11.5
14.4 129 1.7
13.0 13.0 13.4
13.7 13.6 13.8
13.1  12.9 15.5
15.0 16.2 13.5
13.9 13.6 14.6
14.6 15.0 15.1
15.0 16.0 14.0
16.5 17.4 17.1
21.0 15.5 20.0
16.7 18.7 19.0
18.7 18.7 19.0

of

9.4
10.0
10.0
10.6
10.5
10.8
1005
1.3
10.2

1.0
11.6
12.1
1.9
12.8
12.3
13.2
13.8
134

13.6
i2.8
15-5
14-9

13.5.

15.8
17.7
-19.0
20.0

tioles
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Table 7 - Fourth petiole length (oms)/Fourth internode

omg)
VARIETY PEPIOLE (P) INPERNODE (I) p/1
15 10.5 1.0 10.5
3 10.3 1.0 10.3
18 10.0 1.0 10.0
‘ 17 9.6 1.0 9.6
BUHCE 39 105 11 9.5
22 0.7 1.3 6.2
21 11.0 1.4 g.1
20 ‘ 1.3 1.4 8.1
35 12.5 1.5 8.2
14 11.5 1.4 8.2
12 ) 13.1 1.6 8.2
a1 ) 11.3 1.4 8.1
13 k 12.8 1.6 8.0
e g .- . ma 1.7 7.8
1 13.3 X 7.8
46 11.6 1.5 7.7
4 _ 13.4 1.8 T.4
38 14.5 2.3 6.3
2 13.7 2.2 6.2
zz 18.5 3.2 5.8
4 18.8 5.3 5.7
OFFF 49 14.5 2.6 5.6
43 14.8 2.7 5.5
67 19.0 3.5 5.4
51 15.1 2.8 5.4
62 16.4 3.2 5.1
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Tsble 8 - Thickness of dry shell (mm) (Bach reading
is an average of 20 shells

VARIETY SHELL THICKKESS
15 0.34
3 0.36
18 037
17 0.43
BUNCH 39 0.40
21 0.42
28 0.42
20 0.50
22 0.51
14 0.43
27 0.43
46 0.43
35 0.46
. SEKI-BUNCH 13 0.47
12 0.48
6 0.50
1 0.51
4 Q.51
2 0.51
38 0.51
52 0.51
47 0.52
OPEN 64 0.52
43 0.53
67 0.53
51 0.54
62 0.54
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Table 10 ~

VaRIEPY . . ODIOUR

15 Ivory - Derk brown eye.
3 Cream ~ Mo eye.
18 Brown with red patbterned seed coat - Ho eye.
17 Dawe pink - o eye.
Bumed o Creanm with brown specked seed coat - Ho eye.
L& Dark brown motiled - Ko eye.
22 Orange, with brown patierned seed cost - Ho eye.
24 Ox-blood red - Cream aye.
20 Brown motiled ~ Ho eye.
55 Yellowish grey with brown motiled seed coat - Ho eye.
14 Violet - Black eye.
12 Cream with brown patterned seed coat - No eye.
51 ‘Lilac — Brown sye.
SERI-RUNCH & Brow mt’zl«d Violet eye.
o i Light geddish brown - Ho eye.
46 Peach,with brown patterned seed coat - Brown eye.
4 illae purple - Ho eye.
27 Crean with black patterned seed coat - Ho eye.
38 Cream with gream patterned seed coat -~ Vieleteye.
2 Peach with brown patterned seed cost — Violet eye.
.52 Grey with blmlz patterned seed coat - White eye.
64 Reddish brown - W eye.
OPER 47 Cream with black patterned seed coat - White sye.
43 Light brown - Dark brown eye.
. 67 Darke reddish brown (almest blsck) - o eye.
51 Cream, - Halo black and white eye.

62 Light brown -~ Ho eye.
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MEAN FOURTH PETIOLE LENGTH (cms)
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RELATIONSHIP BETWEEN FOURTH PETIOLE LENGTH AND FOURTH INTERNODE LENGTH

19.0

180

17.0

160

150

14.0

130

120

no

100

8.0

]llll'llillll||l'|||1llll|l|Tll||l[|||[||l

IIlll‘llll\llll”llllllll[rl‘llllllllllll[[llIlll

S ARRERRLERE LLERRANE]

=ALLRLEA

67
64 (>
L]

o

~
Y= 1.67x+993

o7

8

llllllllillllllllllIlllllllllIlllLLuullllllll]lllltlllll’llllllnLl[lll'llllll IlI!II-Illlllllu‘l;llll,lllllIl»l‘hlll‘l‘lll
K 2.0 25 3.0 35 &0 -x



- B0 =
PETIOLE LENGTH / INYERNODE LENGTH

FIG. 6 PETIOLE LENGTH/INTERNODE LENGTH OF VARIETIES IN THE THREE HABIT GROUPS
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PETIOLE/ INTERNODE RATIO

F1G.7 HABIT AND NUMBER OF STEMS PER PLANT
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FIG. 8 HABIT AND THICKNESS OF DRY SHELL
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open, or spreading and intermediate or semi-bunch. However, other charac-
ters like flower and seed colouis, duration of growth and shell thickress
could be used to supplement and pin point groups more closely.
This claessification is based on the gross external morphology of
. Such cheracters as petiole and internode lengths and the number of stems
. per plant. MNeasurements of these characters end visual assessment of
-babit quite closely agree.
S Baqua groundnut was developed ag a crop plant in the savanna
zones where their wild amesstors are still to be found (Dalziel 1937,
Cobley 1956, Hepper 1963 and Stanton 1966). It is obvious that the
mwre sugcessful plants are those that are better equipped to withstand
the dry conditions of that area. In our collection, there are plants
varying im habit from the very open e.g. variety €7, to the very compact
e.g. variety 3 with gradations in between. According to Hepper the
wild variety has long trailing stems while the cultivated one is more
eompact. ,,
- It bas been observed that varieties with a compact habit which
also have a high peticle internode ratio have more stems than those
with opén habit which have a low petiole internode rgtio. In a culti-
vated farm in a savanna area where pla;nt are not sheltered by vegeta-
tion and are therefore directly exposed, the bunch habit will afford
proteetion from the drying winds which are common in the area. It is
also easier to pull out compmet varieties at harvest, because all the

petioles are clustered together and can be held together by hand and
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pulled,” Under cultivation in’the savamms sreas therefore, bunch types
are more likely to be favoured and selected.

Open types with a running habit have persisted in the wild because
this habit is needed to avoid complete shading by other plants. Since
the bambarra plants will be growing together with other vegetation, thej
will not be directly exposed to the drying winds as in a cultivated
field. There will therefore be no need %o develop any compactness of
babit. Indeed, it appears such a habit would be disadvantageous under
wild conditions, for an entire compact plant will be within easy reach
of predators, but enly a portion ei‘ 8 spreading with traling stems, is
likely to be damaged, the other trailing stems wild therefore have a
fair chance of survivihg and contimuing with the growth ef the plant.

Observation on shell thickness contradiets Raseel.. and Hepper's
‘findings that the pods of cultivated Voandzeia which have compact habit,
had thicker shells end the wild ones which have open habit had thinner
.shells. The very cppoaiie seems to have been found with the varieiies
used. Theutrailing varieties in the Legon collection which have thicker
shells sppear to be more c;osely related to the wild type of Hepper than
the compact type, wh:i:ch bave thinner shells.

This observation could be explained that seeds of wild types need

& ,10?‘33“’ resting peried under the long dry season of abo;xt six months
‘in the savanna 86 that the seeds may germinate only when\ ooﬁditions
become favourable for growth. Alnol gseeds of wild varieties need to be

protected from drying, and this protection is brought about by thick
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ahella. . txmior ml%imtinu hwevor, ‘fseleation will be in ‘favour ef pcds
w:wh thfm shells whieh eeuld ha ahalled eaaily and this would explain

wh;y the lmnch types i.e. those suppased 'L'o have been eult:.vatedl@nger,
have thumer shalls than trax.lwg ones, reeently dwmestioated.

Host nf 'khe impart‘ant cnltxvated varietlas in Ghana are of the
gmmeh type, alsm all varieties reeeived fmm Rhodegia and Kemya, %wo‘
plaeas remots fmm the pnstulated cenires of origin of the erop, are
’vitmt exaaption of the lmmh type. The pressme uf apen types dn_

Wesf. m:ea may be due to iﬁs pmximﬁ.‘ky to Iﬁ@rthem Mgeria. and aamamans,

.m af 'khe poswlated centras of erigin of the emp. where cme is more

g 0%

llkely ta ﬁ.nd ve.meties in thezw very eurly stagea af‘ domastieatmh as

well as mmh alder demestieated vaxieties grawing in i’ams m the eame

’n

ma lt ﬁaerez‘ers appeai‘s that tzm'tax eul‘bmatim bamhsrra groundnut
ia gx:adually asmming & more cmmpaai: gmwﬁh hahit gnd %hat this mpack

habm is aaeompamed by an increase in 'ehe nunbey @f atemns pmbably

hrauéhfs about ﬂmlimetly by selection fer h:.gn yield since pedﬂnclea
@f flowers arise st nodes on th\eA stems and so the more the stems the
more the flewe:;’; and fruits,

It also appears that under cultivation; seriel parts. i.e. stems,
petioles and interncdes have evelved faster towards compactness than the
rate at which shell thickness is reduced.

Variety 3 (local cream), variety t {local light reddish brown), and
variety 67 (local dark brown), were chosen ss representatives of the

three habit forms for this research. The latter variety has longer
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trailing stems and reseuble the Wild strain of Hepper, whereas the
former is aampact and bmwh aud may be taken as the mst advanced type.

Vmety 1 is mtemadia‘ae in bwwhness between varieties 5 gnd 67. For

all eharaetqrs s'kud:ued t‘hese varietiea z‘e. vam.eties 3.1, and 67 fell
wnhinghe bumh. or \egampe‘.et, ‘the semi—-bfunm or .in}‘hemgémte.ﬂ and the
open or spresting evowe respectively.

4 smmery. . |

\'  . A ée?ﬁa}l»é;;‘aéss}ﬁeation\pf verieties of igamn\sgbﬁgymu

| ha; not been uﬁm.éertakm, pmbam;{r ‘because of its rélativ?i:y_low eem;;me
value s cmpared. iw mwpea and gmlmdnut. K‘we%rex-.‘ several authora
havo gmuped v:;riet:.es by %he ﬂsa of Gharaeters witich they cle.:un are
less flngtnating. ,Inte_mpcie and p_et:wle 1engt_hs of vaneties in the

Bogen oelleetizm have been faund t@ ‘bs _the 1@3;31: vmable within vmeta.es,

aml he,ve beem usad m elaasifying 'shem mm thrae ha‘bit gmups, namely

compack or buae’h,'apenﬁ or spresding, and imemed:.a_,te or gemi-bunch,
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1o
 Intreduction .
Aaearding tn Boatnng (1967). Ghana lies o close to the egquator
that tempersture varies little threugheut the year. The only a:lgn;l,ﬁcant
divzsien ot‘ tha ynar here :In in’ca rainy:and dr,y seasons. A tlze eeastal
savanns on which the Aeera plains lie. t'he minfall reaches its maxium
duz'ing tw peak pyx'inda. the majer raias mme during the months ef May,
June amﬂ July. thu mmr raina acm J.n ﬁoptqmber and Ocmaber falloved
by aréugm fron nam\m- w '.mery when nme or 1o rain falls.
. It is énring the rainw season that mst mps, npecially vegstables,

1, are gzewn beaauae 1rrisatien m m’s baen dwelnped ta grow erops dur‘.lng

| Hes

- ‘the dry season. A fev emps are hawevar grmm alans atroans and stree‘h
érains during the dry season when watzer from them ig used,
o !‘here is vm .U,ttle utara‘&ure on the tlwering of hanbam ground-
nut ospeeially as re@ards tha hotanieal fea‘mres ef tho flower itself.
Phrhaps eobley (1956). ia tke nnly au'hhor who has mmm the botanieal
fuatures af ‘Bha flower but nn'ﬁ in any dotail Aceerdinz to him the
ﬂwers are whitiah-yellw in aoleur. the atandard S.s hroad and the keel
’is a atraight a’mmture enelosing the stamnna e:t' which n:Lne are united
by thoir filaments alang mst of their length and the f:enﬂx stamen is
eonple‘hely free. 'l’he evw :La sumuntcd by a short bent style which

:Ls eovorud wi‘bh lang hau-s along *I:he inner nurface and tipped by a small
stigma
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F.A.0. Agricultursl Studies No.55 (Agricultural & Horticultural Seeds)
gives periods within which the crop is grown in certain parts of Africa
s duniot specifiedi Tt is

although the perfoyi

also stated in this book that fwe crops

Cobley's bokai

F.A.0. Agricultursd, Stultes Fei55 (Agrlculturalss

hese aspecta dn greater detail beea

wes thought necelagry |
knowledge obtalned I Hhase studies’ WLl e u

i Tiowes was thevefevs stadled ‘fa a’much

sgronomic work gnq
greater detail. Observations were made on three selected varieties
‘namely variety 3, (loeal cream), variety 1 (local light reddish brown),

and variety 67.(local dark brewn).. = .

ez ere Yypieally papilioiisteo:
They are borng:mn A racemose inrierescence on:long peduncles.with bulbous

tips and behing sach buld o

peduncle does not exceed 24 hours, but rarely do they open at the same

time (Fig, 10 ).~



(2)

K
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g, 9

Inflorescence of bambarra groundnut showing

(a) 2 flowers on a peduncle.

(b) 3 flowers on a peduncla.



(a)

(b)

Flower opening in bambarrs groundnut.

(a) One flower opening before the other and

(b) Two flowers opening simultaneously (Note the position
of floral parts).
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stand perpendieuniar ‘%044 (Fig. 10 ). The wings remasin in contact along
their edges and the keel lies inside them. The keel is recurved and
hpeked and aansi;nta ef ‘ﬁwo“pcf‘als fused along thairdiatal sdges to the
' apéx" mt open véntrally along the base. At i%s P, & bollow is formed
through which ants oeas.sionally: enter both unopened and opened f]mm*s.

- The reproductive «atmetnz-es‘e_f the flower afef‘cé_n\plet!ely snclosed inside
the horn-like keel petals. The wings and keel ave attached between the
 staminal column snd the standard by pairs of clews.

In all flowers observed, the androeciun consist of ten functionsl
stanens, the %nadel:phoﬁs stamens form a fleshy tube leaving about the
upper third t6 half of Ehe rnamentg“mé. "Up to the time of enthesis
edght stamers incliding the free one are bpposite the stylé and the other
two sre hehind it but this msngemént ‘is destroyed at anthesis (Fig.13C).
The filaments bear adnate, oblong, biloculate authers, Within a particular
variety, the anthers are uniform in sizé, tut the size varies between
varieties. Anthers of variety 3 for iristance are smaller and its styles
ave alsd shorter than those of variety 1 and variety 67. The size of the
pollen grain is thus related to tliye‘“ distance which the pollen tube must
traverse from the atigna to the ovules. Sincé varietiss with longer
styles also have larger polleén grains, it sppesvs this is an adaptation
in providing the pollen tube with sufficient food to enable it to reach
ite destinstion. Although the Yatic of éize of pollen grain/lerigth of
style is constant 0¥ flowers of the same variety at anthesis, this ratio

was high for the bunch varieties, low for the compact varieties and inter- \
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mediate for the semi-buneh varieties. ~(Zable 11 ).

¥ Eablee 11 Size af gmhers in relation to lengﬁh of gtyle and size

Veriety  Size of ‘Isé:‘ngth of SJ.zo of pollen

3 ssmed w460 ‘ o.;oz'é
1" '24,2508q. 0 5,100 u 13683, w . 0,027
&7 “"29563%@& 5,520 w “ 16054. w 4 0;036

I the ‘bua ‘stage, the gynoocium is 1ongqr than the androecium so
that the stmaipxe};ie’ets well above the anthm(l‘*igBA) but the stamens
ksep elonga!ﬁ;t{ngi'gt a faster rate than the a,‘tyl,é‘ 80 that st anthesis '&he
stigna andtha atyle are at the same height (_Fi@i}-a}. 7 This appears to
be an aﬁapt;tiaﬁ to ensure self pql]{.inq,‘sienn \
The hypogynous ovary am)p.a;:ftic‘:ulavrly,tha. style are somewhat laterally

" enupmscd. Tha atigma :ls elub—éhaxué ami la.te'rﬁlii placed on the siyle

leaving a projection of aheut e. miilmeter o; 'bhe style above it. Tﬁere
is an invagination at the poizzt where 'khe nvery margea dnto the style and
after this region ana tha skqu ‘ahinkens mnsidm-ablw At the end of the
staminal column, the st’grl;e‘is reflexed aml peegm;es almost parallel with
the anthers but extends beyond them into the ook of the keel. The style
is bearded below the stigma, on the gurf‘ggg facing theistendard, with s
series of atiff dnwmardly—desaending heirs. The ovary is menneargeliary
and contein two evules which develop along the ventral suture of the
carpel. 7The lmvemj ovule arigga first.



Fig.11 A Inflorescence showing axillary position of flowers of bambarra groundnut.
a = bud; '-bis expanded flower; ¢ = withered flower.

Fig.11 B Longitudinal optical section of flower,
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: Fig. 12~ Dissected flower of Voandzeia subterrsnea . - --

A = Standard.
B = Wing.

" € = Keel.

D = Calyx.

E = Epicalyx.
F = Androecium.

16= Gynoecium.




Fig.13 ~ Position of stamens in relation to style and stigma.
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BUD STAGE, AT _ANTHESTS, AFTER POLLINATION.
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10 a.m., except during eocel weather when the opening time is delsyed.

Flowers which open before moon start to close around 3,30 p.n., the peri Té
between opening and .elasiizg of flaqus ‘being roughly eanstaxw P
18 and 24 hours aftey opening; Ahe

setalg.- the sndroscivn and dha uover
portion of the §

field in a rendomised, blook desten with ¢
menta were set ows

plents of eapn varievy spaced at two feet apart. Three seeds were sown
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Fig. 14 - Peak stage of flowering in variety 67.
(Note the ant holes and casts beneath the flowers).

Pig.15 - Flowering at the end of the life cycle of
variety 67.
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in & hole and at twe leaf whage the meedlings were thimmed Yo one so:
that uniformity could e obteined. The plants were watered resgularly
when the soil was dry.’ 'ﬁetaemlogioal reefiﬁds during the 'months of
growth were taken. (Appendices 5.to 10). = -
From one of ‘the expariments, réwrds iarémy teken of the total

ﬁumher of ﬂawe:gs_ that epened during *bhg day. _ As some of ﬁ}te flowers
were partially buried, plants haﬁ to be vz;a:_l_sgd_1zbe_lt1a1fe such flowers could
ys -counted snd occasionally some flowers dropped off accidentally, The
“et\har set was not disturbed and plants from i% were harvested at maturity
and records taken on pod-production, .The total number of flowers as well
as the totzl mmber of pods per plant during the two sessons were then
determined. Fertility coefiicients (i.e. the percentage of the number

of flowers/mmber of pods), and the flower/ped ratio during the two seasons

were also galculated.

' For all varieties, the number of days between date of germinstion

and commenszement of flowering was not influenced by season (Table 12 ).

Table 12 = EBffeet of season on time of flowering.

Season ‘ . Nomths - Yerlety 3 Yariety 1 Yariety 67
. Rainy June-iugust ‘31 31 3]
Dy Dec.~Februaxy 28 28 28

The total number of flowers and pods produced, fertility coefficients,
and the flover/pod ratio for the three varieties during the rainy and dry

seasona are also shown in Tables 13,14,15 aud 16.



FYariety Bainy ‘meadon . Dry sesson Mean

3 . &0T.5 £68.6 638.0

1 488.2 T52.8 610.5

67 - 468.0 639.6 553.8
Hean 521.2 | 680.3

Reiny season vs. dry season, significant at p = 0.01

p=0.05 Variety =15.3
L.S.D. . :
p= 8,01 " -':20;7
p=0.05 Variety x rainy season vs. dry season  =10,8
L'S'D. &
P = 0,01 ' n n " wooow " =14.7
Table 1‘4 = Hean number of peds per plant
Variety - °Bainy sesson Dry season  Mean
b 140.4 - © 154.4 1474
1 L 488 © 6.9 62,9
67 e 415 : S 17 U} I
Mean - 76.9 91.8
o nai!w sesson va. dry season, signifieasnt at p = 0.01
P = 0.05 Yariety - .. : = 5,5
L.3.D.
p=0O1 - - M = T.2

p=0.8 Varﬁ.'a'l‘:'y‘ X rainy season vs. dry season = T.5
L.3.D,
p = 0.0 " LS N T " n =101



Table 15
Vardety . . Ralny seasen - Dry season Nean
3 230 23.1 23.05
1 10.0 10,5 10.3
67 9.0 9:6 9.3
Mean 14.0 144
Pable 16 Flower/vod ratio
Yardoty Rainy season Dry season Mean
3 4.3 3 1 4.3 3 1 4.5:1
1 10.0 ¢ 1 9.5 3 1 9.8 ¢ 1
67 1M1 5 1 10.4 ¢ 1 10.8 ¢ 1
Hean 8.5 ¢ 1 8.1 ¢ 1

Barlett's method was used to test homogetieity of experimsnial error
verisnces and it was found that the error terms of the two experiments ef
yield date were sufficiently homogeneous to permit the combined analysis
of-vardance, with the calvulation of one generalised exror for comparison
of both experiments (Appendices 11.snd 12).

A significantly higher number of flowers and pods were produced
during the dry season than during the rainy season. In variety 3, about
10%, and in varieties 1 and 67 about 50% more flowers were produced during
the dry season,

A curve of the mumber of flowers per plant against days (Figs.16 to 20)

shows four stages in the progression of flowsring and these ¢an be
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distinguished as followsi~
(a) !'Stags ot slow progfession.
(b) Stage of rapﬂd progression.
(e) Pesk stage. ]
(4) stage of deeline.

On examination ef{thq curves it is found that, period of slow progre-
sé;len of flowsring lasted for 6 days for: ail the three varieties during
the dry seaféan but durlng the rainy season, this peried lusted for 12,15
and 14 days for varieties 3,1, and 67 respectively., More flowers were
pmdueeé. et this stage during the ramy season than the dvy season. but
flwer prodmtion per day was ur during the dry season than 'kha
rainy eason.

stage of rapid progression lasted for 3,9. and & days for varieties
341, and 67 respectively during the dry season; during thev‘ rainy season,
_,",lilawever, this stage lasted for 7, 10, end 11 days for varisties 3, 1, and
€7 respectively. Although this stage was shorter during the dry season
“$han the rainy seasbn,vvmore: flowers were pr_;adﬁeeﬁ during the dry than
the rainy sesson.

The pesk stage during the dry season wes for 16, 11, and 12 days
for varieties 3, 1, a:id 67 respectively but during the rainy season this
period lasted for 17 days far all varieties. At this .stage production was
h:,gmr during the dfy Beason than the rainy sesson for varieties 3 and 67,
‘ In var:lety 1 however, slightly more flowers were produced at the peak

stage during the rainy season then the dry season.



FiG. 16 DAILY PRODUCTION OF FLOWERS IN YOANDZEIA SUBTERRANEA DURING THE DRY SEASON

N O TR0 (O 008 1000 (RN N S TS0 O OO (OO T G N PO 9 DA 1

30 6 .
- IANUARY

23
DECEMBER

FEBRUARY




7% -

FI6 17 DAILY PRODUCTION OF FLOWERS IN VOANDZEIA SUBTERRANEA DURING THE RAINY SEASON
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FiG: 19 DAILY PRODUCTION OF FLOWERS IN VOANDZEIA SUBTERRANEA (VARIETY 1) DURING THE RAINY AND DRY SEASONS
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FI6.20 DAILY PRODUCTION OF FLOWERS IN VOANDZEIA SUBTERRANEA (VARIETY 67MDURING THE RAINY AND DRY SEASONS
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Jong &But;n\'laa*@a& meéar’ those Whese pedincles weres short:

o Fruite in-the«cdures-of foimation werefollowed up to. complete
maturd by b&“;@uﬁmgv secbions through. them (ﬁs§b>)m&mmmmm
nature of the pods. and seeds contained. therein.  This was done on Yen
plants each of the thrée varieties,

Observations..

Thirty deys after flovering the seeds were not quite ripe but were
still soft and the ifmer parenchyms of the shell was thisk white, end
watery. 'Bubi-at 40 days, the pode bedame ripe,. the seeds were mature, aal

the shells mo longer had the thick, white.end. watery:parenchyma ¢is:..

This minimum time is required by the.three varjeties for pod maturation,-

Diseuscions and gonelusions.

J£% 1% thevefore follows from this ¢bservation that mseful. flowering
. ile.- flowering which leads to. the production of meture.fruits should end
about 40 days befors the ‘end of the life of the plant and therefore as
much us possible,: the majority of flowers ‘produced during the life of
the ptant should eome. before the last forty days of bhe life of, the plant,
for good W@ét %o be- @mﬁ,
o -Flower produetion lasts for 70 days in varieties 1 and 67 during the
Tainy gnd dry seasons (Figs. 19 &D). In veriety 3 however; flover produc-
s "’9‘*”‘ 55 deys dm_-b@ﬁh:seasans (F.’":cg.:l‘&).
- Since fertilised flovers need about 40 days to develop fnto mature- -

pminy 3% difenind- Sgpt: g ﬂ“‘!"’“ which are produced during the first
thdrty days. of flowering got enough Hne to develop into pods.

During the dry season, the last day of the pesk of flowering in
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variety 3 oeeurred at, the fhirtieth day, while that of varieties 1 and 67
ﬂccu.rred at the «gxmgyygg;:ﬁh dgy. Thus, the periods of slow, rapid and
peak of flowering eame before the last 40 days during which‘i_‘l@wzfs
produced are mot able to develop. into mature pods. In variety 3, 153.3
out of 668.6, i.e. 22.9%, of totel flowers are produced during the lsst
40 days end so do mot, form mature pods. In verietes 1, and 67, the pro-
portion is .57.;‘2%@& 35.6% vwagyeeﬁya@ym S
| . During the ,ra;in‘y“asgspn. the last day of the peak of flowering in
veriety 5 oceurred at the ihipty-sizth day thus, six days of the pesk
stage did not fall within the period of useful flowering.  In varieties
1 and 67 the last days of the peak of flowering occurred, after the forty-
second day. Thus 12 days of the peak of flowering occurred outside the
period of useful flowering. In variety.3, 245,3 out of 610.5, i.e. 40.1%,
of the f]«que;fsl did not fall within the period of useful flowering. In
varietles 1 and 67 this proportion was 259.2 out of 488.2, i.e. 53.1%,
and zsz,gmt of 466.1, i.e. 60,3% respectively. '
.., Hme, when the crop is svwnqduring the rainy season & larger propor-
tion of the p.:e,t-i,ea of peak of flowering fall outside the period of useful
flowering and this very much lessens the chenge of a good harvest.

6. -

.. Growil. end fruit production of creops is strongly influenced not only
by genmetical factors but also by environmental factors. Of the environmental
factora reinfall is very important especially in this part of the world

where farmers depend mostly on reinfall for growing their crops. However,
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with irrigetion, the farmer is enabled to grow crops throughout the dry
season and also ean contwel the amout of water supplied to the plant.

| It has been observed that bambarra groundmit was developed as &
crop plant in $he savaniy and that the buneh habit which is seen in nany
cultivars snd ecotypes, have evolved in response to cultivation under
sé*raxina conditions. The erop has thus become adaspted to the leng dry
season ¢4-6 ‘months) of this area ‘id valieties with the mote > open habit
resembling the wild strain would appear to be more drought tolerant than
the clllfivated hlmoh varieties.

Yost erops zaquire & dry sunny period £ar flowering and pollingtion
and these plants are not suceessfully poll:.nated. ‘when wet with dew or
Fein. Bambavts gréubdmnt produces its pods in the seil and so a lot of
ysin may eause some of the pods 10 germinagte or rot premavurely il Tasse
are not harvested soon after maturity. FPods need a dry pericd towards
the end of its life so that the moisture content will be reduced before
they are harvested. The common practice of harvesting after the plent
has dried offen results in much loss of seed ‘thréugh mttiﬁg and ;pz"rexiature
gemnat:wn of seeds and pods which had matured earlier. Ia local practice
it is qu:.te frequent for seleeted ma.tnred nuts %o be removed from ths
plant ﬁéi‘ore R — fully mamre and before the whole plant is
l:.fted. This prac‘kice ef harvesting :.mdividual pods as they ripe have
been shmm to minimiee the losses duu ﬁo rotting gnd pramatum gemnamn
of seeds. If. howeraz'. large acreages are plan’ted. this practice cannot

be eonveniently appliod end so the crop has to be harvested at a stage
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when a high pergentage of the yods are meture.

Although a significantly higher number of £lowers snd pods are
produced du:;ina m sepson then the rainy seascu, the incz'ease was greater,
in warieties 1 and 67 then in variety 3. Fertility eaoffieients also
increased during the dry season, btut this inorease was sgain greater in
vavieties 1 and 67 than in variety 3. Also flower/pod ratlo decreased

in varieties 1 and 67 during the dry season without a eorresponding

decresse in variety 3.
. These obserfations of the seasonal variations are due to the plants

g&@;@h%uw to drought end elimatic conditions prevailing during the

dry sesson, Heavy rainfall seems fo have an adverse effect on the per-
formence of the czop. o

'.g;‘ze‘ signifi,cant difference in variety x season interation, indicate
that the verieties do mot behave alikeﬁuring the seasons. It has been
auggasted that varieties with the more open habit resemble the wiid
strain and that eultivated variet:.es are more eempaet. Smee the eompact
yariely has been i cultivation hnger ‘hhan the open Variehes, it zs
dikely that it bas become more usthe water and jsh;ax’gr:@?e the r@ny
season does not have s much g@ye;r_s? effect on i% as it ypulé ‘have sn the
wild types which ere more adapted to the long dry vseasén of 4 - 6 months
of the savama. Tims vien the Vsietiss aze grown wder rain fed conditions
the open ones which resemble the wild strain, behave as if }theyk’were;
putside their usual zones of cultivation and this leads ‘mlmor mmg.

_ The dry season from many points of view is a better period in which
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to grow crops than the reiny seasen, because during the rainy season
humidity is high, temperatures are low, the ak:v may be overcast and
sunshine reduced. Factors which increage plant digeases and pest
outbresks, are alse more favoured during the Tainy season than the dry.

- Crop ecology becomes related to insect ecology when on@ congiders
ingecta end the effects of climate on their distribution and activity.
It has been observed that ants soften the soil end so make it easier for
~the fertilised flowers to penetrate it. Therefore during the rainy -
season when the s0il may become water-logged, the ants eannot function
properly. In fact, continucus rainfall may mak§ the soil difficult to
work when harvesting a crop which bears geecerphic pods. Sometimes
cankinuous rain may prevent harvesting iltzagqiher. - It is recommended
that where water can be provided, dwring the dry essason, this season is
better for the growih of bambarra groundnut.

',!fha,:;fleux- of - Yoandseia subterrsnea iz typicel of the papilionscens.

Flowering starts 28 days after germination and depending om variety, may
or may net cease before the end of the life of the plant. Nore flowers
&nd pods are produced during the dry than the rainy season. Fertility
coefficient which is higher for the bunch than the open varieties does
not differ much during the two seasons although coefficients ere slightly
higher during the dry season. It is suggested that if water cen be pro-
vided, the dry 8eason. would be more favourable for the growth of bambarra
groundnut.
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EQ LLINAPION

1. Introduedion; 't

; ﬂhm is\;w p@@ise;mmem on the iflauerixig and pollingtion
Sschaptons of @W’“'mmm“ aven though g number of workers have
aktenpted to find these out. The findings of these authers may he put
fnte 4wo broad growps (i) those who Shink Hiat the flovers ave self-
pollinated, ﬁﬂﬂ (1) those whose views ;ze in favour of erose-pollina-
tion by the aid of inseets.
£ dccording to Gobley (1956) for: esample, the petals ere often unde-
veloped or fail to open =ad self-pollination Ss the rule, the flowers
being cleistogamous. The broed standerd petal- closely enfolds the twe

wings and keel. Gobley's view is shaved by Johnson (1968) who obmerved

that- the flowers were normally selfpollisated and thet they were ferti-
Iised Before opening. ‘
-+ polea (1968}, however, observed that the standerd petals of bambarra
flowers opened fully in mature flowers during thevearly hours in the
mmning from 6 e.m. envards. The flowers were slvays near or ab grownd
level and in some cases might be partially buried. The pollen matured
and the sti@a beeane reeé‘,ptiwvrer before the flower was fully opened but
i% was not known whether the flower was protandrous or protogynous.

On the other hand P.4.0. Agriculturel Studies No.55 {Agricultural
and Hortleultural Seeds), states that the flowers of bambarrs groux;dnut

are partially self- and partislly eross-pollinated, the:sxtent of eross-
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difig on insect activity although tho insects involved

are’not mentisiiod. It b further stated in this book that €0 ~ 80% of
fatiral ‘créssing bas boen Peported in Tunisia. |

- ‘polu’ (1968}, observed thet both self- and cross-pollination could
take place in varying ameas depending on variety or strain snd thst
ihis vas brought about by two species of ants Pheldele megncephals and
Nonowovium pharscnis without which pollination might be severely limited
oy pmm sltogether. The snte moved fresly through the hole at the
tip of the horn-like keel petal thereby effecting pollination. IDoku
further obderved that varieties with more open habit of growth dapended
H6Pe on sts for their pollination than the compact or durch types.

In & later paper; Doku (unpublished), cbaerved that the movement
of sits vas most likely o bﬂng about pollingtion between different
flowers of the same plant (geitorbgany) which provided the stimelus for
pod development snd that when autogany veocurred in mbsence of ants this
stimialus was completély lost 4n the case of the semi~bunch and open
varisties, but was reduced in the case of the bunch varieties. autoge-
mous pollination could’ thevefors take place without ants btut further
develogment of the fertilized flower was seversly restricted in the
semi-bungh and open varieties.

According %o’ Rassel {1960), who obeexved momvecy in bambarva in the
Oongo, theve ave (1) small female flowers with well developed, normally
functional pistils and emall stamens without pollen and (ii) bigger male

flowers with yellowish ‘m@zbmeéo@ ‘petals. These flowers have ghortive
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filiforn pistils and elengated stamens provided with pollen. He also
observed thrips and other insects in great numbers inside the corollas
of the male flowers and therefore concluded, there was a possibility of
entomorphilous pollingtion. .

_To clear up these findings which appear contradictory and inconsis~
tent, preliminary observations were made on flgm} opening, pollination
and fertili_sati_.eq and an experiment also carried ouf to investigate the
role of ants in pollination and pa‘d‘ :cmatiqn.

2, Preliminary observations 7

. Prelimingry observations on six verieties revealed that altliough
the standard and wing petals de fully open in mature flowers with sunrise,
the lgeel never opens and always gm;loses the reproductive parts of the
flower (i.e. the pistil and tgmons)_. ~The flowers which are at ground
level do net n'o:m‘ally‘ cluster together but are spread out on peduncles.
Bach peduécle ends in a bulb on which can be found pedicels of one to
thres, but usually two. flowers . . .

Pollqn maturity_v and stigma recep’civ“;r occurred just before or soon
af’eer the opening of the standard and wing petals. The stigma end
stamens are alumost of the same lemgth at this time (Fig138) and pollen
tubes have been found growing on the stigmatic surface and in some cases
piergifxg thg stylar tissues to /g_ertilise the ovary of flowers of plants
growing in the presence of ants as well as those growing without them
(rig.21).

Thrge spgo;ea of ants, two of them the same species mentioned by
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Dok ;@ﬁs@)‘i‘*%ﬁaa‘*r-ma $hird wnidentifiea (Fig.5h), but eimilar to the
‘eormion " bioim “gilt ‘wideh is cdmmnly fovnd on'suga¥, Were observed on
Plaits ‘Giroughoht the Plowering period.  No'bthei spéties of insects
Webe ‘observed on bambarrs’ groundnut but *lrhe thrae species were alse

st} (Fig 24 ), gronhdiint’ C irachis hypeges),
' bean'(phiaseolius Lunatiis), aid soya bean (&g

dfits ive separately in easts which aie huﬁ,%nnﬁer the cabipy of the’

seén on sowpes’ (Vi gna wiiguiey

‘Bkibarra plants 'soon after the initfation of flbrdl buds and once estab-

dsned rarely move from plant to plant, They mske holes just beneath
the'vulb which teruinate’ths floral pedinele.  This bulb is glemduler
and secrets & sugst identified as giueo f”éé'(‘i‘is{zs ) through two pairs ef

s wiich sppear es brown dots on the surface of the bulb (Fiz.2s ).
“gEfs dectetion may be seen ediilng out Hivough thie epenings a3

small droplets espeoislly diving the early hours of the morning. The
ants ‘are ususlly Pound hiding in iheir Holes from where théy sheot ous

8ir antennas on 6 the surfacé of the bulb %o suek the sugar. Occasio-
#4115 ‘e’ ants nay ‘bséome gregarious and eat up some 6f ho flowers.

gomé of the Flowsss miy” also ‘fall off ‘accidentally but the ants tsually

s g

i in thélr holes below the Bulb even when thers are no flowers.
Phis suggests that it is the sugar and not any other pert of the flower
(e.g. pélien) which attracts them. Caterpillars ave also fond of eating
this glandular part of the peduncle.

4s flovel development progresses, the peduncle also elongates and

depending on its distance from the soil, a flower mey or may not be
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fertilised before it enters the ground, Flowers near the base of the
plant where the stems are buried, enter the ground before they are
fertilised but ag one moves avey, from the central part of the cluster,
the distence betwsen flowers and soil surface inoreases, flowers may
therefore not be in touch with the.seil before being fertilised. It is
fhrough the holes and glastsmz'ade by the ants g?:!;.g.,;.23.&.‘21);i£hatuﬂowers are

pushed into the soil by the elongation of the peducle o develop into

pods. After pod formation is initiated, the peduncle ceases to elongate
(Fig30)-

- The experiment was condueted in jhe field in the dry eeason so that
yatering could be controlled. E:.gh,t adjacent plots were randomised for
treatnsnt with D.D.? (controlled) and without D.D.Z (uncontrolled).

Pive percent D,D.T powder was spresd unifornly an the four plots
allocateds for the controlled treatments. Six varieties representing
fhe. three habit groups (varieties 3 and 18, bunch, varieties 1 and 4,
semi~bunch, end Varieties 64 and 67, open), were planted at a spacing of
2 f1. by 2 ft., one week after the application of the D.D.T powder. The
varieties wp,rt7,gqpéqniscdv uithin -each of the coniznlléd and wncontrolled
plots. Wide spacing was adopted %o emable individual plants and plots
for controlled treatment %o be encricled with D.D.T powder. Each plot
consisted of single yows of ‘twelve plants per variety with a border row
which helped to prevent drifting of D.DT powder on to adjacent uncontrolled
plot. - o il

Three weeks after germination, each plant was encircled with 7
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D.D.? powder at sbout six inches away from the base of the plaent and
also at the borders of the controlled plots. The powder was watered
down to prevent it from being blown on to adjacent uneontrolled plots.
The application of D.D.T powder was yepeated at frequent intervals.
During the period of growth, the spil was not disturbed in any
way except for daily watering and occasienal removal of weeds. The

plants were harvested 100 daysiufter

gprds taken oY
pods, and discs.
Obgexvabions

of 'the experiment but the thries afeskes 62 ants mentionsl wers present

. in their numbers in the unes il 516%s "and “earyied on-with their

ususl activities,

Plants in the contmille givtrolled plots flowered and were

normally fertilised buk:§iithe @sfirrelled plots nany of such fiowers
failed to enter the zround:s ned 30 that state as dises

enlargement) or formed, pods on’the surfade ef 4he soil. (Fig.26). Pods

formed on the surfaceit

(o dhe g0l were gresn Ingtesd of brown, had thick
watery shells and poorly developed seeds. Most of the pods formed on the
surface vere single af_ge(‘h.m. ZERS

A few pods in the contmlied plots were formed underneath the soil
though the majority of these could not go deeper than a few centimeters.

Suchpods were, h@quea.-, normal .’ and most of them were two seeded. Planis
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Fig. 21 = Pollen tubes germinating on the
stigmatic surface of a flower of bambarra
groundnut growing in absence of ants.
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Fig.2/ - A species of ant .(l&hridentified),
found on flowers of bambarra groundnut.



 Fig.25 - Ant holes and casts forme
fertilised flowers of variety 67.

Pig,24 ~ 3imilar cast made by the ants at the
nectary of cowpea flower.
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Fig, 25 - One way descending chromatogram for iden-
tification of the sugar secreted by flowers of bambarra
groundnut. The bottom spot has an Ry value of 0.18 in
butanol-acetic acid-water solvent which is equivalent
to glucose.
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v mled on the surf
pi te t ing

Fig.27 - Pods formed in the soil in plants growing in
presence of ants. Note the ant holes and casts underneath
the peduncle.
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Fig. 26 - Bulbous glandular tip of floral
peduncle of bambarra groundnut showing the
openings through which & glucose sugar is
secreted.
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in the ‘controlled plots were not as vigorous as those to the unconfrolled

plots especially during the last few weeks of the life of the plent,

(a) Yaﬁ‘e%ﬁl 'dii:fwénéqsz' Pods ‘produced by the bunch varieties were

(b)

- significently highier than those of the, semi-bunch and open

Varieties, although differences in the latter varieties were
not significant; more pods were produced in the semi-bunch
varieties than the open ones..

Efféé’és of ﬁ‘eatme’n‘t's:' Pod production the presence of ants was
significantly higher than without ants. ‘However, the inerease
in the number of pbds due to the activities of ents was only
siéhifieant in the semi-bunch and open varieties but not in

the bunch varieties.

(a)

(0)

Verietal differences: A significantly higher number of unburied

dises were produced in the semi~bunch and open varieties than

in the bunch varieﬁ:‘éé.‘“

Effect: 6f fr‘ea‘atment:y A ‘significan"cly higher number of unburied

dises were produced in absence of ants than in their presence.

Hﬁmer. tbe inerease in the number of dises due to the gbsence

of ants was only significsnt for the semi-bunch and open varie-

' ties but not for the bunch.



{a) vagietal differencess The &ifference in the number of pods

and dises taken together between the bunch, semi-bunch and

open varieties was significant.

(b) Effect of treatment:

There was no significént difference

between treatments when pods and discs were teken together,

the mesn being almost gqual under the two {reatments.

Table 17 Number of pods per plant

Yariety

3

18

)

4

64
o
Hean

Habit

Buneh

semi-bunch

"

Open

"

Ants

140.4
144.8
61.7

56.2

60.6
50.0
85.6

No_snts

134.7
144.4
32.6
- 35.9
25.9
37.7
68.5

Hean

137.4
144.6
7.2
46.1
43.3
43.9

Ants vs. No Ants, significant at p = 0.01

p = 0.05 Variety

L.3.D.

p = 0,05
L.8.D. gl=
P = 0001

n

Variety x Ants Vs. No Ants

"

”»

= 5.4
- 7.2
= 7.6

=10.2



Yariety « Hablt . Ants No_Ants ‘Hean
3 Bunch 2.9 6,2 4.6
18 . 5.7 5.4 4.6
g semi-bunch 4.2 31.3 17.8
4 (om 9.0 29.7 19.4
64 Open 9.1 43.3 26.2
67 " 3.4 15.4 9.3
Mean 5.3 21.9 *r
Ants va. Ko Ants, signiifieant atp =001
p=0.05 Variety = 4.2
L:S.D. S
p = 0.01 " = 5.6
P =0.05 V“ariety x Ants Ve. No Ants = 5.9
L.S:D. ; v 7y
p = 0.0 I =79
Table 19 Number of pods and unburied discs per plant
 Yariety Habit Ants Ho_Ants Meen
3 Burich 143.3 140.8 142.1
18 " 148.5 149.8 149.1
1 . semi~tunch  64.9 63.9 64.4
4 ' " 62.5 65.6 65.4
64 Open 67.9 n.2 7.5
67 " 53.1 53.1 53.1
90.8 90.7

Hean

DeBeDs . s

p=0.01

P = 0.05

Varioty

"

. Ants va. No Ants, not significant.
‘ Variety x Ants vs. No Ants, not significant.

= 4.5

= 5.8



- s. mpe?j;;](,&y forage ones, depend on insects such as .
bees, flies, snts, ac., %o pollinate their flowers and where such .
pallinators ave limited or absent, whole f;ielﬁs may‘faiil.to pmdue’;e a
¢ommercial ergp or even fail altogether. .

In, bambarra groundaut, hnwever, 'khe throu specms of ants mentioned
s.:gq {he only ipseats which bave so fazt heem fmmd un the plant and these
eaan onter and get oui free&x ‘bhxwgh ‘the hnle at the tip of the horn~
Like keel peis‘aﬂ.- . Although pollination can be effected by this means,
itis&mbtﬁﬂ.:zf&sutheoﬁlymaansefdoingsm

The extent to which legume flwsrs depend on. insee’éa for pollina-
tion iz determnad by their floml characteristica e.g. monoecy, dichogamy,
ehe. Hameey of bambarra flowers which Rassel has obaerved in the Congo
nas wot been found smong any of our varieties. The ﬂewers sre complete
and the stamens and pistil remain enclosed in the hom-like keel pefals
which never completely opems. . Dichogamy has mot been observed and
pollen me.#urltxand stigna receptivity ocour at about the same time (i.e.
at opening of the stendard and wing petals) mesning that the flower is
neither protandrous nor protogynous. A‘B this siage ﬁe anthers é.nd
stigna are at the same height (Fig19m) and gelf pollination ean therefore
be effected except parhaps for the existence of self-idcompatibility
which is not likely to be widespread since single plants grown in isola-
tion produced pod. S

Pollen germinauon on the stignatic surface and its penetration of
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the stylar tissue have been observed from flowers in both the controlled

and uneantmllea“, ;ﬂa (@13.21 ) *Ehemfemf even though bambarre grouna-

nm; smx rqﬁains aom characters of Qn‘bamrphilous pollination such as
brigh{:ly mlomd pxatals and brush arremgement of hairs on the style
whu:h is suppnsad to sweep the p@llan out of the body of the insect, it
a@@ms fram this experment that self pou.inatien ean take place

T

¥ithout snts, snd this ultinetely results in pod fomation. It seems

what the ants do is to s‘ﬂ;t‘ten the soil and ‘so mske it essier for the
?.emhlised flowers to penetrate, and since :the‘ totel mumber of pods and
unburied discs taken together did not. differ significently in the presence
and absansp o2 ants, it would appear that the lower number of pods
pm&lwad hy the sem-bum:h and apen Vameties ia %he abaence of ants
ﬁ.ght ba ontirely due te the mbility of ‘kheir fertiliaed flowers %o
penemte the so:.l,

In m&:{henal praetiee. farmors earth up the plan‘ks at flewuing
m ta help bu:ry the fertiliana fﬂa@wm and thns enoourage pod develop-
mt, “is is emactly what the ants do,

waabl;v, in the wild state antp snd other agents helped in the
burial of fertilised flowers and in the early stages of domestication
farmeras found it necessary to earth up plents in order to incresse pod
yields and this practice has persisied %o this day. Under conbinuous
cultivation however, varieties are being evolved whose dependence on
agents for ped burial is gradually being lowt and the bunch varieties

which have be‘at} in eultivation longer has become less dependent on agents
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than the open typea wh!.ch appear to be in their early stages of domesii~

catidn. / mt was why the bunch varieties produced practicelly tha saue
xmmber of pods whether or mot snts were present,

o Self-g,grtilisatian is a reeent izmnvation in tha process ef éomes-
‘$lcation (Stebbins 1957, smqmssa), and meny legunes under culbive-

‘ tienp_hav; been subjected ta intense aelectiem under which a genetw |
systom telemt o inbreedmg has hoceme established. _ The buneh variot:.es
ghich ‘have }:een under qul'simtmn for & longer time have therefore become
more g@agtgd o :i.nbreuding and are ’a‘ble to hury their fertj,lised f;awrs
and develop pods without the aid of agents (mseetsor man)

E‘he apen types which resemble the wil& varieties are enly now
fcetmn as the ‘mneh types and therefore still aepend on insects and man
to bury thaix- peds. § o o N
A piehu'e 'bhat‘ emergea at preagnt is %hat hamba:.':m smnnénut is not
o@ assum;mg & mre eempa.et g.mvth hebi‘s \mder cultivation. but is
becoming less depondont on agents (ants and man) for effective burial

of its pods.
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5. Summary

Six cultivars of bambarrs groundnut, répresenting the renge of the

three haba.st forms in the collection at Legon were grown in the field in
the presence and abaence of ents, The mumber of pods snd fertilised
flowers tsken fogether did not differ significantly under the two treat-
ments but o significantly greater mumber of pods were produced wWhen ants
were present, indieating that without ants s large number of fertilised
flowers failed to develep inko pods. ' |

. . OFf the peds that developed without ants a large number remmined

on the surface of the seil, where conditions for pod rﬁemﬁen and deve;-
lopment are not so favoursble and therefore many fetilised flowers in

~ that situstion eould have perished. Plauts grown without ants were also
lpss vigorous and wilted earlier then those with 'snts.

. It is muggested that ents aided the burisl of pods which in turn
helped in the sbserption of wabter and minerals from the seil. -Varieties

may show differences in their- dependence on agents for pod burial,



1. Introduetion
Knowledge on frultification of bambarra groundnut is spevse.

According to Dalaiel (1937), and Hutchinson and Dalsiel (1958), the
ﬁodﬁnelu Mds down into the earth after fertilisation of the flower.
The ﬂwer hes a smooth bulbous tip and bottle brush arrengement of
ha:lrs which help to excavata a sort of tunnel into which the young pod
on l’ﬁa Peﬂieel is drawn rather than pushed. It is further stabted that
in mt Afriea. the base of the plant is lightly covered with soil after
flowering ’w promota fruit devolepmant. T
Gobley (1956), on the other hand, oheerved that the Hp of the
flowering peduncle is modified into & smooth glandulsr swelling and after
fertilisation the peduncle bends downwards towards the soil its glandular
sgus Dhridlig’ a. tuboal. N0 Viidh the Fastiliaed Slovizk i draggad.
Aceerdingte Rassel (1960), the penetration of the ovaries into
the s0il is assured by the elongation of the floral peduncle, the bulb
onls‘r&"lo‘,éds"m& ’éﬁ'téct; the ovaries in the course of the journey. This
iow 5 Doveel. 13 abured by Jolmena (T958Y, Wi phewrved ik 4% 3
;loﬁgé%ion of the peduncle which pushes the ovary into the soil to
dovoléi) into & pod.
The ﬁresmt knowledge indicates that three differing views are
shared on the mechanism by which the flower enters into the soil. Purther

development of the Fertilised flower inside thé' soil has also not been



make their holes and casts just hepeath the bulb which tepminates the
floral peduncle end it is through these holes and casts Shat fertilised .
flowers are pushed into the soil to develop their peds. . fhe ovary ddes
not develop gbove ground but, ageogarpic pods may be formed vhen fertilised
flowers ave obshructed from entering the soil (Fig.29 ). .

The colour-of the fertilised ovules changes from light green to.
white as they enter the soil and passes through two stages %o maturity.
They avet- .

(2) Development of pod before it has sssumed its definite
. .« oshspe end veached ifs ultimste size and . |

.., . (b) Development of seeds inside the pod
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studied. It was therefove thought necessary to find out the mechanism
by which the aﬁﬁﬁ;@,nﬁsﬁ enters the soil and also the successive
stages. in the development of pod end seed..

« Prelimingry observatioms

... The flewer ie borne on s short pedicel which is also.attached by
means of a Jong peduncle to the node ﬁ,ﬁ,ﬁn, stem. The flower's positive
gestrepian enables 3% o point towards the soil. As floral development
Frogresses the peduncle elongates and depending on its digianss from
the soil, & flover may oz may not pe fertilised bafore it snters the
ground, . Flowers near the base of the plant where the stems are turied
oﬁaﬂ.gn soil hefore they are fertiliged, but flowers farther away from

the base of the plent ave fertilised before they enter the greund.  Ants
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(a) Stages of pod development
The period of ped development lasts 30 days from the day of fer-
tilisation (Fig.30 ). During this period, the pod grows contimuously
in length and thickness until it has reached its uvitimate sige after
which fnrthez grawth ceases. buring its peried of development, the
pod :l‘srnade up internally of very watery parenchymatous cells in which
th&;hﬂiliaed ovules are embedded, and these ovules develop very little
during this stage. Although the different stages in fruit development
are ‘mt clear cut and one stsge merges into the other, five stages
may be distinguished.
(1) serial disc stage ‘
This stage is indicated by the entzy of the dise into the
7 eodl (Fig.50a). The disc as used in this comtext is defined
&s the young fruit during the phase of development which inter-
venes between fertilisation and pod enlargement. This stage
lazte between one to two days during which tha di_aes inerés
h eﬁghuj in size tut sre still enclosed within tﬁg epicalyx.
(‘M‘)v Smil pmgtratim stage ‘

The second phase (Fig.aob) ataﬂs with a ra@id elongation
uf:‘thgpedmlelhich pushed thadisc into the apl}.and con=-
timu until goil penetration is emplete or some obstruction
i.a c&ountored. I there is mo abstnwﬁan poda are formed

| when thq pad\mele hau pmetra*heﬂ np m a depth of 4 to 5 i

m upper portion of the peduncle is green., Aftsr soil pene-
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fration the subtsrranesn p&ﬁm becomes white. Both portions
are haizy, but the function of these hairs is not kuown; it is
lik'ely they ssrve in amrptm.‘ The ovules at this stage are
ﬂaq» sracn in colour and 4his eolour persisis even on ovules
that have been underground ‘qur_ several days. The epiealyx is
Iost during the penstration of the diss iato the soil. After
the diée has been in the snil for five to seven Ms., pod

enlargement hegiué snd peduncle elongation ends.

dsﬂteaaﬂs
Meismtmehmmmhmm:mmﬁa
preceding one. The dise ruains inside the soil for a week

mre (Fig- 300)‘0

(iv)

ﬁe beginning of iahia stage is charscterised by the swel-
ling of the gpical region simultenepusly with the bemding of
the pedicel and the young frult through 45°. This stage occurs
| at amu%m weeks after fertilisation. (Fig.30d)
{v) Immature pod stage ‘ " |
: 4As growth progresses the pod assumes o hnrimnhl position
with ita ventral suture uppermest. Pod enlargement proceeds
fmm the apex %o the bame and is assaaated wi‘sh faster deve-
lopment of the lom: ovule. Maximum size is reached 30 days
after fertilisation (Fig.30e).

Pod maturity
' ‘Although the pod reaches its meximm size 30 days after fertili-
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satien, furthor devp:lnpmmt in the soil enables it to become drier and
haraigr Bm‘ing the course of growth, the remains of the style continues
to dmmish 80 thut et maturity little or mo trace of it is found en the
(Rig.S‘lA) Instead a scar appeers in its place. This sear is
ef‘@jsmwted by a light projection of the shell giving it & beak

appgameef. In some pods however, no besks are formed, insjwad. there

, 1: aepressicm in whose centre the scar of the s, g
‘rhepaﬂ g.f the frult to which the scer of the pgdiee;l ot
upper pm, ‘end the lover part is where the style is ak she
Pod also hes o dorsal smd ventral side. Very often the ¥ !
is mze gr leas ﬂattened while an accentuated groove pe:rs.is:ts on the
énrsal gide. At maturity the shell is ususlly retieulate. {Fig.31B)«
(v) nevdogmt of seeds

The éuveleymant of seeds inside the pod starts as scon as the pod
has reached its warimum size smd lasts for about ten ms. 4 section
thmugh the pod (E‘.ig.;z )} shows that it sonsist of two embryos whose
two egtylédnns are enbedded in a thick albuminous layer to which the
intmts strongly adhere. The layeé of albumen is svmunded by a
1ay§r afy thick wetery parenchymatous eells. A4s the eotylgdang grow in
size (Fg. 32 }» the proportion of alb@inous layer decreases until it
eonpjletely ﬁiaa‘ypeam. The pa;'enehyﬁatcus lining of the interior of
the a‘ahell‘ equally disappears with seed development. Seed maturity is
not complete until the parenchyms has completely dissppeared and this

is indicated by the browning of the immer part, and formation of brown



Patches on the sides of the shell (Fig.32).

In gll verieties examined, two ovules ave found in the pod. Both
ovules may develop into seed btut in many cases one ovule fails o develop,
and the pod then assumes a bell-shaped appearance (Fig.514), and the ovules
which fail to develop remain inmside the pod without sny appreciable change
in size. Ils colour however, chenges frow green to. brownish,  In fwo=

secded pods the seeds gie partially sepsrated by a thin paperv vartition

At experinent wie therefore eondueted o find éut which af' the two seeds

mmﬂa and_methods
Seeds of six varieties representing the renge of the three habit
forms in the collaction at Legon (verieties 3 and 18, bunch: varieties

1 and 4 semi~bunch, and varieties 64 and 67 open) were sown in the
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Fig.29 - Ageocarpic pods formed by obstructing
fertilised flowers from entering the soil.



 SUCCESSIVE STAGES OF FRUIT DEVELOPMENT

a. - Aeril "isc" 1-2 days ofter syngamy
b. Soil penetration 5-7 days

c. "Disc”inside the soil 10-12 days

d. Eurly smgxé in pod enlargement 15days
‘e. Immoture. pod 20-30 days
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Fig. 31 - Shape of pods and seeds.

remains of
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A = One-seéded pod.

. B"=h Two-seeded pod.
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Fig32 The pod at various stages.of seed development.

A1

Az

B

B2

.

Two-seeded pod. B = One-seeded pod.

-
o

Longitudinal section through the pod. 2 = Qutside appearance of the pod.

a~e Stages in seed development.
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Fig.33 - Fruits of bambarra groundnut at maturity.

Fig.34 - Seeds of % varieties of bambarra groundnut in double-seeded

(d) and single-seeded (s) pods. (Note the size of the lower (1) and upper
(u) meeds and the position of their hilums).
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field in & vendomised Block design with four replicates. Each plot
consisted of a gingle vows of twelve plants spaced at 2 3. spart in
the row end 3‘]ﬂ. apart between rows aspart. Plants were harvested at
maturi'!;y‘m'fg‘mf*fdoubie-sead;ed pods were selected at random. sfter
drying the pods were shélled and 100 seeds of each eategory of the
six varieties weighed. Samples of each category were saﬁ ami their

performance observed.

Results
Table 20 =~  Hesn weight (gws) of 100 seeds
Vaxiety Habit lower seed Upper seed Mesn
. 4 w 56.5 50.1 ‘53.-,3
67 o 8.1 70.2 T4.2
Hean 57.5 52.8
Iower seed vs. upper seed = 9% significant
p = 0.05 Varieties = 8.4
bL.8.D.
P = 0.01 " =1163
Varieties = lLower seed vs. upper seed = Not signifiecant

lower a_nds of all varieties were significantly heaview than
upper seeds. Varleties also differed significantly in the weight of

their seeds: the open varieties bore the heaviest seeds the compact
varieties the lightest seeds amd the weight of the seeds of the semi-
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bunch varieties was imtermediate between the two. The difference
between seeds of varieties within the same habit group was ot signi-
ficant: Variety X lower seed vs. upper seed interaction was also not
signiﬁ@t :l.ndicating that differences between lower and upper seed
welght were about the same for all the varieties. Seeds of the lower

sategory weve more vigorous in growth. . .-

4. Discussions and conclusions

The observation that the peduncle bends downwsrds towards the
s0il after fertilisation is erroneous. The flower iz positively geo-
tropic and the bud points towards the ground the moment it is just
vimible., The hgirs on the peduncle do not help to excavate a tumnel
inte which the pod is diawn because they are very séft and britﬁle.
The fertilised flowers are rather pushed by the elongation of the
peduncle inte the holes and casts made by the ants below the peduncle,

.

and this is the view of Rassel and Johnson although these suthors did
not make smy reference to snts.

The observation that the lower larger seeds also give rise to
mre vigorous seedlings indicate that it might be more adventsgeous

to aelect such seeds for planting.
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5. Sumery
Plowers of %mémia gubterranes are positively geotropic and

this helps their emtry into the ground. The ovary does mot develop
in the air but only when it is on or inside the soil. The tranéfmma-
tion into fruit occurs in two Stagesi—

(a) definite development of pod, followed by :

" (b) development of seed. T 7 |

The first stege occurs during the first 30 deys effer fertilisation
and the second stage lests for about 10 daye. Maturity is charac-
terised by dryness snd browning of the interior of the shell and
sppearance of brown patehes on it. The part of the pod on which :the
pedigel subsist i; the upper part and the lower part is the purﬁan
where the style is attached.

Seeds for sowing should be selected from the lower part of the
pod, since these are larger amd‘h.eavier and also give rise %o more

vigorous seedlinga than those at the upper end.



CONCLUDING - REMARKS

10 order to understand the orop more fully, further Tesearch is
needed into many ‘aspects, some Of which Have been brcught to' light by
these investig@iwha. '

There is no doubt that the cvop originated in Afriea, and three
places where wild relstives of the- cmp have been found, have been
Su&gested as the probable centres of origin of the Gmp. It :!.s likely
that the crop may have priginated from only one of' these places and
tile other,piéée_‘s; are pmbably ,aegnmlary cantres Q:i“ origin or of diver-
sity where the crop was first domesticated. 'Further eyidence for the
‘gstablishmgnt of the aétua,l centre of origin of the crop is @erefere
required,

A ma;!ket“surge‘y‘ garried out in Ghana revealed that the light
eoloured varieties, especially local c¢ream, sre more populsr on the
markets than the dark coloured ones, A palatability test caried out
by the gtaff of the Eepaftmqnt of Crop Science revealed that the dark
coloured varieties are more palatable. Work should therefore be done
in conjunction with the Department of Biochemistry on mutritive values
of all variet;i.eg so far collected and this data correlated with varietal
differences i\-n ‘pfalatal?ility, Such data will be useful especially for
organisations in‘heresfed in cemning the besns.

The classification of verieties into habit groups was based on
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externéi morphological eharaetérs of the plant. Such characters are %o
son;é extent inf‘luenced by the environment. It is likely that ‘the sprea—
ding varieties which also produce large vegetative parts and big sized
fruits may be ébljpioidS. Cytogenetical studies should therefore be
undertaken to verify thi,s" and also to ;find out how a grouping based on
chromosome behaviour will compare with the grouping based on morphologi-
cal characters.

In the absence of ants, autogamy occurs which leads to a reduction
in pod production in most varieties, especially those in the open and
semi-bunch groups. In the bunch varietie§ e.g. varieties 3 and 18,
which have been observed to be true breeding snd 100% self-fertilised,

; although there was no reduction in the number of fruits produced in the
absence of ants, reduction in fruit size was observed during subsiquent
generations. Close inbreeding therefore may reduece yield or fruit size
and this should further be investigated.

The author shares Doku's (1968) observation that not all varieties
in the Legon collection are able to intezhcz'oss freely. This suggests
the existence of some incompatibility mechanisms among warieties, and
this needs further study. Varieties should be crossed in pairs and the
F, examined to find out varieties which had crossed with each other.
The open varieties have big pods but the bunch varieties which have
small pods produce more pods than the open varieties. A successful

cross between plants of the two groups may produce a hybrid variety in

vhich big pod size and large Pod number are combined.
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In the three varieties studied, pollen maturity and stigua :gcep-
tivity occurred at sbout the same time. This study should be extended
tékéii the other varieties.

Flowers that are produee@zémgin&,ﬁhqglg@ﬁ;é@mﬁﬁﬂﬁﬁoﬁkﬁﬁ?w}iﬁ°.@f
the plant do Bét‘éet eﬁnugh‘ﬁime‘to deval0p into pods. If such flowers
are removed as they are formed pods already formed mey grow bigger.
Removing all these flowers‘w;ll not be an easy Jjob. A search should
therefore be made for varieties which produces most, if not all of its
flowers before the last 40 éays since this will be a useful character
to use for breeding.

No sericus pesﬁ‘has S0 fai been seen on bambarra groundmut, but may
béﬁiﬁ the near f@#uze_é\pesﬁ may attack the crop. The useful role which
ants play in paili#gﬁignrénd pod burial should be borme in mind and in
any eontra%%hggsum§§mthe use of idseeticides whieh will kill or have
residug; detximgnfal;effects,bn the ants avoided. Varieties Whiéh do
not rely o# aats’fo£~ﬁurial of their éods in the soil should be planted

if no suitable insecticides are available.
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APPENDIX 1

Table of analysis of variance for testing the linearlity of regression

of petiole length per unit intermode length.

Expected F
Source dr s.s. m.s. observed F 5% 1%
Total 26 7.00
Due to linear
regression 1 1351.78 1351.78 25.13%*% 4,24 1.77
Deviation from

regression 25 1344.78 53.79

*% Significant at 1% level

APPENDIX 2

Table of analysis of variance for testing the linearity of regression

of number of stems per plant per variety.

Source d.f S.8. m.8. observed FF Expected F
5% 1%
Total 26 2.45
Due to linear
regression 1 1.85 1.85 T7.5%* 4.24 1.7
Deviation from

regression 25 0.60 0.024

** Significant at 1% level



TENPERATURES ( F)
J 3 P.M.
| Dry bulb | Vet bulb | oy [verwan | 55 8

Ty &3 | 7o T} 85.0 8.8 ™
2 81.0 TT1 81.5 7.8 85
3 80.2 7.0 83.0 79.0 83
41 7.8 6.8 79.8 7.0 87
5 - 80.2 1.2 1.6 4.6 86
6 81.0 76.4 84.0 77.6 - TA
7] 82.6 78.0 85.0 - T15 70
8l @& 77.8 84,2 79.0 7
9] &0.8 76.7 824 T7.0 i
1] .83.8 78.0 822 1.6 81
ki 77.2 75.5 76.4 75.2 94
12 78.8 75.6 " a:s. 76.8 75
¥l TS5 75.5 7.0 74:0 86
1 . 78.8 75.0 84.4 78.8 i§
16| 79.8 75.2 82:0 71.2 80
L - T 82.5 76.0 73
8| B8 | 7.8 80.2 76.8 85
19 78.0 75.0 74.0 3.0 95
2] 19 75.9 85.8 77.0 T3
21 78.0 76.0 82.0 7.0 79
2] 800 76:0 80,0 15.5 81
24 79.8 75.6 8; | 82.8 76.6 74
25| 81.0 76.6 8 | 83.0 T1.0 75
26| T19.0 75.8 & - &2.4 . 76:6 §
27 82.0 77.0 g 85.0 | 71.0 75
28 79.8 76.2 4 - 810 76.0 79
29 | 78.8 73.2 ! 83.9 7.5 T4
20 | 75:0 T4id | 83.0 1.8 78
31 : R - - - - -
Total 2383.4 |- 2279-3 2549 2454.3 2368.9 2380
Average 79.5 76 D : | 8ET 78.9 79.3

nonthly mean = 82.3 ’

urce from the field. .-



TENPERATURES (CF) - TRPSRAURES (°F)
L 9 AM 3P
| Drybulb | wet bulb | #R.E Dry tulb | Wet bulb |#R. H
1 9.8 -.76.8 87 81.2 76.0 N
2 760 |. 74.6 93 79.4 75.0 - 81
41 TIO 5.0 87 6.0 75.0 98
51 1.6 - T3.4 99 | 76,0 73.8 90
6 1.0 75.0 9 79.4 76.8 8
7 1.5 75.0 89 79.0 75.0 82
8l 54 74.0 93 79.4 75.2 82
9| T8 T5:4 98 8.8 75.6 86
10 8.2 74.6 84 81.6 76.8 80
1 7.8 15:2 89 81.6 76.8 80
12 78.4 74.2 81 85.0 T7.4 70
131 7.2 75.4 87 81.2 76.8 82
14 76.0 74.0 91 79.0 75.0 82
15 79.2 5.8 85 3.4 73.2 9
16 11.8 746 86 79.8 7542 &0
17 768.8 T5.6 86 81.4 T5:8 T
18 9.4 74.6 ® 81.6 5.8 | 76
19 T7:6 7540 88 8.4 T5:4 8
20 5.5 75.0 98 79.8 5.4 81
21 76:9 74.0 87 79.0 74.4 80
22 78.4 T6.0 &9 83.2 76.4 5
23 T9:8 77:0 &8 81.4 76.0 & i
24 74.6 738 9 79.5 5.3 82
25 78:6 T4:6 82 80.4 75.4 i
26 78.6 5.6 86 80.6 75.6 ™
21 78.0 7544 &8 81.6 78.8 76
28 76.0 73.0 86 8.4 6.4 . 83
29 74.0 74.0 100 80.0 76.8 86
20 75.2 73.8 93 79.0 5.0 82
3 1.0 75.0 9N . T9.5 .3 82
Total 2387.1 | 23140 | 2T7.0 | 2470.4 2264.2 1811
wesn 7710 Y .46 | s4 | 9.7 7.0 | 82,2

Monthly mean = 858

Sourge From thé Field.
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Days Bry bulb --“ﬁsﬁ"ﬁﬁuilﬁﬁmm; 1 Dry bulb f Wet bulb | HR. B
! 82.7 8.4 82 1.2 | 8.6 67
2 82.5 o | T 87.0 80.0 ¥ F]
3 85 | mo | B4 | 888 79.2 64
4 84.0 %90 | | 8.0 78.5 T
- 81.4 8.0 86 86.4 - 8.0 67
6 82.6 77:8 80 .4 | T4 &2
8 81.2 768 82 8.5 78.5 62
9 82.4 © T6.4 15 84.4 76.6 69
10 81.8 7.0 16 84.6 75,.2 T4
12 T9.4 . 10 | T 8.6 | TI.5 (]
13 8l.4 | 766 | 8 4.4 76.2 67
14 82.4 © T1.6 80 88.4 19.4 66
16 79.8 | 71.0 88 84.4 m.4 %
7 | 8.0 | 7.0 83 86.5 78.0 67
18 B2 T1-4 84, 84.5 TT.4 59
19 T1.4 75.4 91 85.0 78.0 T
22 .0 | TS n 81.0 . R 5
235 T9.6 . T6.5 86 84.4 " 79.6 80
24 9.6 | 745 b 5.4 TT.4 69
26 | 805 | Te.2 -8 85.2 “18.0 72
21 § 84!4 3 77-0 W 34.4 | ' ﬁc 77
28 85.4 . 1.8 0 8.4 | "TI.0 i
29 B1.5 1.2 82 85.7 8. 6 72
31 67 8.0 | ‘_77.6 1 %
[2,456 | 2,631.2 2342.0 2,182
Hean 818 | 710 9.2 8.9 | 1.5 | 704

Monthly meafi = “74.86 Souree: From the field.




TENPERATURES (°F)

9. 4K, |

e (n

3R

Days | Dry tulb | wet bulb #R.BE | Dry ‘mns Wet buld #R. B
! 82,4 %4 | T | &4 | TB6 0
2 8.5 2 | 8 . | 846 7.2, T2
. 3 80.0 76.4 . 84 . 876 79.2 68
& 4. 8o 715 61 | 8.4 75.4 56
2 80.6 76.8 . & .. 82.8 Tied 55
§ 80.4 7.0 85 87.4. 75.8. -
7 79.6 70.0 84 87.4 9.4 69
9 . 8.0 T7.0 81 87.6 9.4, 69
0 | 8.2 | .2 . 87 L 85.5 T7.5. 69
3] . 29.8 | - 6.2 85 . 83.2 75.2 68
12 | 8.3 . 76.6 . 83 86.2 T7.8 68
15 | 80.4 76.6 . 8 86.0 76.6 64
" | .0 TI.2 83 86.8 76.8 7
15 79.0 76.6 89 86.5 78.0 67
% | 8.0 78.2 84 85.2 78.8 75
17 . 80.0 . 76.8 . 86 86,2, 78.6 70
18 8.0 1799 81 85.0 74.0 57
19 80.0 T7.0. 87 84,6 4.6 61
20 76.9 75.8 9% 84.0. 75.0 64
22 . 79.0 6.4 89 86.4 6.4 67
23 7.6 76.0 84 87.4 8.4 66
24 . 81.6 76.4 .8 87.4 8.4 69
26 | 86.2 8.6 83 83.7 3.7 76
27 84.0 7.2 i) 79.0 76.4 89
28 78.6 76.8 92 87.3. 74.4 53
29 80.2 T3.6 R €71.¢c 67.0 39
30 ©78.4 | 680 56 87.4 T4 50
3 8.0 | T | & 6.0 75.8 61
Total 2,496.4  [2,5T1.8  [2,5T1 2,662.4 2,384.6 1,997
Mesn €06 _: . 7.5 . ) 8 _85.9 76.9 64

Honthly Mean = T3

Souree From the ficid.
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Monthly mesn =75

Seurse From the field..

Days Wet tulb | #R. B | Dry bulb | Wet wulb | #R.
1 804 5.4 19 82.0 T3.6. 66
2 M0 7.4 8 | 850 76.8 67
3 - MO 7.0 -87 88,0 79:6 68
4 0.8 1.6 86 87.4 78.8 67
5 | 80.2 76.2 &3 89.4 9.4 - 63
6 80,8 Tr.2 84 87,6 79.0 67
7 8.4 78.3 19 . 86.5 7847 70

8 82,0 78.4 85 . 8746 78.8 66
9 82.6 .6 79 | 86.0 78.3 70

10 B4.6 .86 | 6 - 876 78,0 - 64
1 834 - 784 79 88.8 79,2 64
12 8.8 79.6 83 89,2 79 .6 65
14 83.4 8.6 80 88.4 7e.s 63

15 815 76.7 80 88.4 78,6 65

16 1 .80 7.6 e | 813 8.5 67

v " B4u5 78.9 T 86.8 79.0 - 65

18 " 83.4 76.4 k[ | 8840 7846 85

19 | 84,2 78.8 i/ 89.6 79.0 61

20 B4.0 8.4 7 B7.4 T1.2 62

21 83.0 7.5 82 89.8 7.8 63

22 82.0 78.0 83 81.4 7746 84

23 85.2 80.0 9 85.2 176 14

24 ' 86.0 79.5 75 86.2 TT.2 65

25 82.4 764 78 88.4 79.0 65

26 84.8 77.8 72 86.8 7646 61

27 84.2 1.8 78 82.6 TT.4 78

§§ 84.4 7@-2 i) 88.4 79.0 65

o | - - - - = -

b5 E 3 - i - L - — o -

Total 2,321.8 |2.183.8 2246 2,438.4 2,192.¢  |1,861

Hean 8.0 1 78,0 80 87.1. 8.3 66



H
r
E

mcmbur

-

Source Dept. of Gwmphy Legon.

(About 300 yards away fyom experimenial plot).

Pebruary
1966 - 1968 :xsss."l 196& (1969 - 1969
1 Nl 1 1006 8.0 7.0 7.2
2 '8.25 | 10.25\ 1 8.0 6.0 4.5
3 | "6.0 | ‘iz 125, | - 5.5 8.0
- am | i g =3 P 6.0
5 .| 3.5 T - -25' ! 5.5 9.0 5.5
6 .| 15| - 8.0 4.5 6.5 6.5
7 |so | = 80" 1 7.5 X Ly
‘, e 2-0 h 2‘2’ "0 i ; 7.5 écs 900
9 = - 6.5, .’ 8.5 C1.e e
10 |50 | s 20 9.5 8.5 6.3
1 | 05 5% 85 | 9.5 545 e
12 (18| 5 - 4.0, - 6,0 7.5
13 -2 B R 85 - 8,0 -
14 - - 8.0 ' | 9.0 - 15 .
15 ] - 5 4.0 " | 5.0, .80 °
6 | - g 4.0 - 15 5.0
17 1.0 3 " . 9.0 . 8.0 6.0
1€ .| 0.5 | 6 - 8.5 6.0 9.0
19 * [trace 5% -, 6,0 7.5 2.0
20 8.25 - 6.0° 8.0 1.0 8.0
21 5.0 - 4.0 8.0 6.0 -
22 . 7% ‘075 i 8-5 2-0 7-5
23 | 1.5 5, 8.0 6.5 T 5.5
24 | 6.0 - - 8.5 - 8.0 5.5
25 | 65 - s, ¥+5 - a3
% |55 | - - - oy -
27 9.0 | - | &0 4355 1.5 9.5
28 b ™ o . . mca ) ? ﬁr L -
29 3 | o= ] =, 8.5 g -
%0 3.0 - 6.0 3.5 5.5 =
31 L - ) e 900 7.0 -
Total | 99.9 | 62.3 . | 141.00 195.5 174.0 1962
Hmn"' 14-03 ‘ l|-.8 6'1" 7.2 6 1 " '
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APPENDIX 10
METEOROLOGICAL DATA
, 'RAINFALL ( INCHES) ‘
RAINY SHASON, - DRY BEASON
Days June | July | Aug. | Sept. | Nev. Dec.. Jan. | Peb.
1968 1968 1968 | 1968 1968 | 1968 1969 1969
1 1.52 0.15 - | Q.13 - e =1 e
2 0.06 6.43 - | 0.0% - - - 0.32
3 0.15 0.10 - Trace - - - -
4 .09 1.Tt - 0.08 - - - -
5 0,01 0.07 0.08 0.05 0.45 e - -
6 L - - 0.93 | 0.05 - - - -
7 - 0.05 0.13 0.07 - - - =
8 00.86 0-15 - - - - - ; -
9 Prace | 0.11 - 0.09 - - - -
10 0.78 - Prace | 0.09 0.48 - - -
1" 029 | - |oz3 | = - | - - -
12 0.23 - 0.20 - | Trace - - -
13 0.05 - 0.08 - - - - -
14 0.41 | 0.40 Q.18 2.52 -. - - e
15 0.20 0.98 - 0.24 '} C.18 - - -
16 0.15 0.02 Prace | 0.89 - - - -
17 Trace - w Trace - - - -
18 0.30 0.10 " " - - - -
19 0.44 (1.27 | = | 032 - - 0.18 -
20 - - - | 2.00 1.55 - - -
2% 0.08 - '0.05 - 0.04 - L - -
22 - - °l74 G - - - -
23 0.46 0;1 6 0n57 o= . s - - -
25 1 -—1 7 - - i - - - - -
26 - - — 2 ‘37 - - m -
27 Troce | - 0.98 |Trace 117 - 1.09 -~
28 . 79 1 165 0.& - Trace e -t -
29 0 -97 o 159 0 .D 1— 0 .88 - - - L3
30 0.01 = | 0.40 |Trace - - - -
31 - - 0.17 - - - - =
Total 8.42 113.30 | 4.57 111,37 3.87 Q.00 1.27 0.32

Source: From Dept. of Geography. (About 300 yards away from experimental plot).
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APPENDIX 11

ANALYSIS 6F: VARIANGE FOR SEASONAL PRODUCTION OF PLOWERS

Required F.

Source i s.m. ms. ‘ob‘seirv’ed F. Sk . 1%

Total 35 372641.77

Blogks- §  10B.08° 21,0 0,13 2.60  3.86

Varisty 2 44298.00 22149.0 133.60%% 3,38 . 5.57
v 1 227695.00 227895.0 1375.35% 4,24  7.77

Veristy & 'Ssison 2 51202.00 25601.0 154.50%* 3.38  5.57

Error 5% MMTT 165.7

# Sisnificant at 1% level

APPENDIX 12

ANALYSIS OF VARIANCE FOR SEASONAL PRODUCTION OF PODS

Required F,

Seurce af g8 mes. observed F. 5% 1%
Total 35 70996.9

Blocks 5 10.1 2.2 0.06 2.60  3.86
Variety 2 65867.9 32934.0 829.6%% 3,38 5.57
Season 1. 38232 3823.2  96.3%% 4,24 YT
Variety & Season 2 302.5 1513 3.81% 338  5.57
Brror 25  993.2 39.7

* Significant at 5% level
#% Significant at 1 level
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APPENDIX 13

ARALYSIS OF VARIANCE TABLE OF THE NUMBER OF PODS PER PLANT IN PRESENCE

AND ABSENCE OF ANTS

Source of variaﬁon, T 88. m.8, Observed Regd. fi,
% 1%

Total 47 104936.8
Blocks 3 105.4 35.1 - 1.26 2,67 3.97
Variety 5 98630.1  19726.0 T09.6%* 2.51 3.66
Ants/No ants 1 3493.6 3493.6 125.7*  4.15 . 7.50 |
Variety x ants/no ents 5 1790.3. - 358.1 12.9%  2.15  3.66
Error . 33 917.4 27.8 -

** Significant at 1% level.

APPENDIX 14
ANALYSIS OF VARIANCE TABLE OF THE NUMBER OF "DISCS" PER PLANT IN
PRESENCE AND ABSENCE OF ANTS
Source of variatien d.f. ss. m.8. Observed Regd. p
: ip

Total 47 8773.0
Blocks 3 17.4 5.7 0,35 2.6T 3.97
Variety 5 3106.5 - 621.3  37.65% 2,51 3.66
Ants/no ants 1 3348.4  3348.4 202.93** 4.15 7.50
Variety x ents/no ants 5 1756.0 351.2  21.28% 2,51 3,66

Error 3 . T545.0 165

*% Zignificant at 1% level.
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ABPEYDIX 15

ANALYSIS OF VARIANCE PABLE QF MEAN OF PODS 4ND "DISCS"

Source of variation d.f ss. m.s ‘é":‘)served f Rega.F
I
Total 4T  74442.0
Blacks 3 82,1 30.7 1.7 2.67 3.97
Variety 5 T3736.5 1474T.3  823.9% 2,51 3.66
Ants/mo ants 1 A« % TR VX | 0.01 4  4.15 7.50
Ants/no ants z variety 5 2241 4.4 0.5 2.51 3.66
Error - '591.2

*+ gignificent at 1% level.
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APPENDIX 16

Analysis of variance table for difference in weight between lower

seed and upper seed.

Source d.f. 8.8, m.s. observed F Regd. F
: 56 1%
Total 47 8858.14 ‘
Bloek 3 .74 0.58 0.01 2.67 3.97
Variety 5 8315.44  1663.09 23.98%% 2,51 3.66
Lower seed vs. upper :
seed 1 269.79 269,79 6.36% 4,15 T.50
Lower seed vs. upper ' »
seed x variety 5 . 46,43 9.29 0.14 2.51 3.66

Error 335 224,74 68.10

# Significant at 5% level

#% gignifieant at 1% level





