
FLOWERIBfl. POLLIMTIOK AMD POD PORHATIPI M  
BAMBAKRA GBOMDHOT (V0AHD2EIA 3U3TBRRAMEA IffiOPARS),

IS GHAflA

A thesis presented by Mr. S.K. Karikari S. Sc. (Agrie.) Legon, in part 
fulfilment of the requirements for the M.Se. degree of the University 
of Shana.

J1“ • ,969• m n u ' r

Department of Crop Science, 
University of Shana,
Legon.

University of Ghana          http://ugspace.ug.edu.gh



G I 4 2 3 « 1

P 3  N ' t  I

University of Ghana          http://ugspace.ug.edu.gh



11

DECLARATION

I do hereby declare that, exeept references to ether peoples’ 

work which have been dmly cited, this work is the result of my own 

original research and that this thesis either in whole or in part has 

not been presented for another degree elsewhere.

S.K. KAKXKARI

l i t S I :
E »Jk«̂*8CnLl 
[SDPEHflSOS)

Bate

University of Ghana          http://ugspace.ug.edu.gh



- iii - 

ABSTRACT

The orobable centres of origin of bambarra groundnut (Voandzela 

subterranea), have been mentioned as northern Algeria, Cameroons, and 
along the Kile from Khartoum to Gondola)ro. It is grown throughout 

Africa, mainly in the savanna areas and has also spread to many other 

tropical countries outside Africa.
It is one of the most important pulse crops in Africa, and in 

Ghana it ranks next to cowpea in production and consumption. In Africa 

where the diet of a majority of the people lack animal protein# bambarra 
groundnut is one of the legumes which supplies either in whole or in 

part, the sm&sin part iff “Ifae diet.

Varieties may he classified into three groups; those with long 

trailing stems, the open or spreading types, those wife short trailing 

steins the compact or bunch and an intermediate or semi-hunch type which 
is between these two extremes. Visual assessment of habit agreed closely

‘ V 1 ■ ' i ' i, ■ Y . '.-r.siC
wife petiole/intsrnode ratio and as this ratio could be measured, it seems 

to be a more reliable criterion for grouping varieties. Varieties are 

becoming more compact under cultivation, and pod thickness is also being 

reduced, and it appears feat the aerial parts i.e. stems, petioles and 

iaternodes, are evolving faster towards compactness than the rate at 
which pod thickness is being reduced.

In all varieties, flowering starts 28 days after germination and 
depending on variety, it may or may not cease before the end of th© life
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CHAPTER X 

IMTRODOCTIOH

I. Origin and early history.

According to Hopper (l963)f Voattdzela aubterranea was described 

by lianaeus in 1763 and given the name Glycine aubterra and Du Petit 

Shouars in 1806 changed it to Yoandzeia aubterraaea.

The origin of bambarra groundnut has interested many writers sad 

several of them have concluded that it is African in origin, 

it is still not clearly known which part of Africa it comes from, fhe
$sfc* -X* * ■* . *-*• ' • ■ **
plant goes under various names in different parts of Africa, (Dalziel
"! r'-tfil1 p» . " ' >' ' As * *
1937, Stanton 1966), and attempts have been made to trace the origin of

■fee plant through vernacular names.
* 2* ■ •> &>■ ■ i '""e ....

Bambarra is a district in Upper Mger, near Timbuktu, and Dalziel 

(1937), and HoIn 4 Marioth (1940), are of the opinion that the crop 

originated from this place. According to fiassel (i960), however, the 

name Toandzeia doubtlessly comes from the deformation of a Malagasy term 

"Voanjo", ("Voa"= seed and "anjon= that which satisfies well); Eassel 

therefore believes that the crop originated from Malagasy. This view 

is supported by Be Candolle (1886) who in his book on "The Origin of 

Cultivated Plants", mentioned that the earliest travellers in Malagasy 

including Du Petit Thouars saw this leguminous annual. De Candolle 

said further that Schweinfurth and Ascherson found it wild on the banks 

of Biver Mile from Khartoum to Gondokoro. De Candolle concludes thus:
; ' IS A, 1 * u
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» in gpite of the possibility of naturalisation from cultivation,

it is sxtremely probable that the plant is wild in Tropical Africa”.

Balgiel (1937) found the plant in a wild state in 1909 in Korth 

Tola pro vinca in iorthem ligeria and also mentioned that in the sm& 

year found it wild in lorthern Cameroons.

According to Cobley (1956). the plant probably originated in
i-f ■ 1 ' rr,:' ' -*'■* » :

Central Africa and plants in th® semi-wild state have been found in 

parts of West Africa. One such findings was made by Espper (1963) who 

in 1958 collected a wild strain from Northern. Nigeria in an uncultivated 

savanna woodland about latitude 9°3 and longitude 13°B near th® village

of Faran in Kilba country fro® th# vej*y place where Dalziel had%'? ,.A . .  \ |<’ « , . • -
collected some ¥oanda«ia plant in 1909. Hepper also collected m m  

wild strain at the village of Seaaasa near the border with French 

Cameroons.

According to Bassel (i960), the cultivation of bambarra groundnutI N C * W . *, 1
saws to have preceded the introduction of the groundnut, (Arachis_ .........
hvpogea). of Jtaerica origin. Basssl supports this with the evidence 

that Arab documents dating from 1380 cite several times a food plant 

with the name "gerti18 which seems very likely to be foandaeia and also 

that Flacourt and Cauehe in 1651 saw the cultivation of Voandzeia by 

th® intankaranfcras in Malagasy before fee discovers- of groundnut.

From Africa, the plant has spread to other parts of the world. 

According to Cobley, it is known in parts of Tropical Central America 

where it mu£t have been introduced by- the slaves at th© time of the, .“*■ --#8 'iM ] rf

- 2 -University of Ghana          http://ugspace.ug.edu.gh



great Sifeavretrade. IMS view of Cobley is altered by Sois (1927) who 

mentionedthat roasted seeds of bambarra were sold to negroes in the 

streets of Rio de Janeiro. It is further stated by Bois that the plant 

was grown inMaurltius Island. Hassel mentions Ceylon, India, Indonesia, 

Malayfliay1 jtbw Calidonia, Northern Australia and Brazil among the other 

parts ef the world where the plant is found.

As the plant has been cultivated in Africa from an early period 

(Bois 1927, Cobley 1956, Hassel 1960), and the manner of its introduc­

tion is raot yet known, different mesas are necessary to ascertain its 

origin, and one of the asost direct means, is to seek in what country 

it grows wild. Three such places have been mentioned; along the Kile 

from Khartoum to Sondokoro, in Borthem Nigeria and Northern Gatseroons. 

Ehese places should therefore be regarded as probable places of origin 

of this plant while other places where the crop has been reported to be 

cultivated by ancient people should be regarded as probable secondary 

centres of origin or of diversity of the crop.

As a result of hybridisation followed by natural or artificial 

selection many ecotypes and cultivars occur at these secondary centres, 

and these differ in developmental pattern. For instance, Rassel 

observes that the Bongo cultivars mature in five months whereas impor­

tations from Senegal and Malagasy mature in three to four months. Do leu 

and Sinnadurai (1968) observed differences in habit and maturity period 

of three local high yielding varieties. Local cream (Legon Mo.3) 

matures in three months but local light reddish brown (Legon Ho.1) and

- 3 -
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i  t* £  f '  > i- lK K W * ? «. f"  ■ "  ;local deep reddish brown (Legon Ho.67) mature in three and a half to 
four months. Local cream is bunch while local light reddish brown and 

local deep reddish brown are acre open. There is a large variation in
colour of the seeds from white, ivory and cream through light and dark
i'ytv »<£„ v ., - . ’ ,browns to red or black. Mottled, mosaic, specked., variegated and

:s-■, , , ■ ,• . . . •, 
patterned seeds are also found.
,y' * - ■' ■'    . • , .fhese wide variations are as ejected since the plant is not 

confined to a single region of Africa. Turreson (1922) observed that 

species differentiation into ecotypes is much more likely to be found 

in common widespread species than local or endemic ones and also that 

pronounced earliness combines with moderate height while lateness 

combines with great height.
-I :-iv- _ ’ , , '■ '

Turreson1s observation bears out the variations in Voandzeia, 
indicating that the many ecotypes found in the species have arisen as 

a result of genotypical response to various habitats.

2. Economic importance.
Grain legumes in general have been recognised as an important 

contribution to both human and animal diet since the beginnings of 

agriculture. In the developing countries and particularly in Tropical 
Africa, the diets of a majority of the people lack animal proteins and 
in many areas pulse crops supply most, of the protein in the diet. 
Meat, fish and animal products such as eggs and milk are not only 
expensive but also scarce.

In many parts of Africa livestock owners regard their gniraqlp as

University of Ghana          http://ugspace.ug.edu.gh



a sort ®sT investment and rarely are these animals eaten. Stanton (1966) 

observed that livestock An West Africa are numerous but are usually 

kept f&rpaxposes of accumulating capital and not as a source of milk 

of aeat except on festive occasions. La-Anyane (1962) also reported 

that ,although the Northern Region of Ghana is generally associated with 

livestock farming, the people are mostly vegetarians and that only on 

special occasions aueh as weddings or religious observances would they 

slaughter cattle, sheep, goat or poultry for consumption. He further 

observed that the Frafraa of this part of the country never eat their 

animals except when they die.

■There are also cases when custom prevents certain classes of people 

especially women and children from eating meat. According to Stanton, 

in some cattle keeping areas in Africa milk is consumed by adults and 

old people but not by children and indeed nutritious foods are considered 

t© be harmful to children. Stanton made reference to Korley (1958)3who 

reposted 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 

mentioned that in parts of Manprusi women are not allowed to eat meat.

Many of these prohibitions which affect consumption of food of 

animal origin fortunately do not affect legumes so that generally 

speaking beans are the best alternative source of protein.

According to Sellsehop (l962)tthe most important leguminous crops 

in terms of production and consumption in Africa are in the order, 

groundnut, cowpea ted bambarxa groundnut, (Voandzeia subterranea). The

University of Ghana          http://ugspace.ug.edu.gh



result o4ji, survey in Ghana on leguminous food craps other than ground­
nuts ingfmyfcad that the production and consumption of grain legumes in 

Ghana followed the same pattern as the entire African continent (Guerts 

1959). except that toe order of importance waB cowpea, bambarra ground­

nut and l|Uoa bean* Thus, in Ghana the importance of bambarra ground­
nut is only next to cowpea to production and consumption.

Many territories in Africa tend to have zones of forest and 

savanna, the savanna occupying the( larger pardon. The vegetation 

zones of Ghana based on those of Taylor (1952) show that the countiy is 

divisible into three major regions, namely the forest zone and the coas­

tal and the northern savanna zones. The areas outside the main forest 

zone where the rainfall is generally leas than. 50 inches per annum are 

characterised b# savanna (Lane 1962). Over much of these areas the 

rainfall reaches its maximum during August - September, after which it 

falls off rapidly and is followed by a long dry season of four to five 
months when humidity is low.

Groundnut is not indiginoua to Africa; bambarra groundnut on the 

other hand, is indiginous and was developed as a crop plant originally 

in the savanna zone where their wild ancestors are still to be found 

(De Candolle 1886, Dalziel 1937, Cobley 1958, Hepper 1963)* The compact 
habit which is seen in many cultivars of bambarra groundnut have evolved 
as ecotypes under cultivation in the savanna areas (Hepper 1963, Doku 
1968) to check the drying effect of the wind and so moke the plant 
drought resistant and responsive to savanna conditions. Hot only is it

- 6 -
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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 groundnut. Bambarra groundnut therefore is 

one of the most popular legumes in Africa (Cobley 1956) or at least the 

crop best adapted to the savanna areas of Africa (Stanton 1966).
It features prominently in traditional farming systems as an inter­

crop with cereals and root crops, sol® cropping is also a traditional 

practice. Staatbn t Tf66j,. recognises mwvwxfas systems :-$r graa® 
legume cultivation m  Arriea namely me DamDarra grourionui;: type oi 

culture and the oentt tree., ,Sfhe latter t© irfeieh I4»i, bean feel.«ai& is 

the commoner type and is traditionally an intercrop which is planted 
late in the season in comparison witfi. the, eersal or other main crops.

In the bambasea, JislililMi type ef -Culture which includes groundnut, 

pure crops are usû llfr slanted at a very Close spacing to fozm a,dense 
mat. (Fig. 1)

According to Doku (1967), this division of grain legume culture 

may be true if the whole African continent is considered but practices differ 
with different countries and in Ghana this practice is ©n a very limited 

scale. Cereals and root crops always form the main crops which are inter­

cropped with such grain legumes as cowpea, groundnut and bambarra groundnut. 
Discussing crop sequence in ecological zones in Ghana, Doku mentioned 1hat 
bambarra groundnut or groundnut is interplanted with cereal crops durirg 
the second year of rotation in the drier Guinea Savanna areas of Brong- 
Ahafo (The Brong-Ahafo Yam Belt) and Northern Ghana, where the annual

- 7 -
University of Ghana          http://ugspace.ug.edu.gh



-  8  -

Pig- 1. A pure stand of bambarra groundnut. ‘ '•
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mfofaflij 0f about 30 inches falls in one season. In the drier areas 
gf the- eauth where the rainfall is als® below 30 inches per annum, for 

example, the Accra plains, cassava is the first crop and is interplanted 

*ith:.jfcegetables and such grain legumes as groundnut and bambarra ground­

nut .which may be als© seen occasionally as a first; crop to be followed 

later by cassava. -V'
on- - la the. F.A.Q. Agricultural Studies No. 55 (Agricultural and Horticul­

tural Seeds),, it is stated that bambarra groundnut is interplanted with 

sugar canein Mauritius and in Kenya and South Africa it is grown with 

maize and sorghum.
Wills (1962) mentioned that bambarra groundnut is confined to the 

savanna zones and more frequently cultivated in the interior savafina 

and compound farming areas. According to Stanton (1966) bambarra ground­

nuts 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 ochrosols.

Boat eng (1967) also reports that owing to the length and intensity 
of the dry season, agriculture in the northern savanna of Ghana is 

almost entirely confined to the rearing of livestock and the cultivation 
of cereals and such legume as bambarra beans which are unaffected by the 
d*y season.

According to Eassel (1966)j bambarra groundnut is the food legume 
best adapted to the poor soils of south Congo, where it out-yields

_ 9 -
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groundnut inmost cases. Pearl millet Pgnnisetum ̂ Oaucum is the only

^ W a  »  P« 1  « U * t  — d attract e»«,»c I n W t ,

thousands of individuals would enjoy revenues of which they are presently 

deprived and a large uncultivated acreage could be aiaae valuable. 

m-i-raftTft ( i<?67) also mentioned that small plots of pure stand of the 

crop yield cash revenues for people of this area.

The generic name Toandzeia is said to have been durived from a«#--• ## U - - 4 '

Malagasy ter® "Voanjo" meaning seed which satisfies well (Dalaiel 1957, 

'fTttf* I960). Its satisfying potentiality, however, is not only known 

in Malagasy but also among the Akaas of Sharia, it is the food with which 

^delicacies of other foods are cosap&re# by the Akan simile, "it (the 

food) is as delicious m bambarra Aeeordiug to oral' *•: V '7 ' '''• •• * \f f» • ,* î s} T'J V‘«r~ 2 3' jti
tradition in Ashanti a plate of bambarra groundnut was a complementary 

-gift to distinguished persons. Its stew was among them item of foodstuffs
•W ' '
that a young girl who had just married would on the first occasion pre­

pare for the husband and members of his household. Stanton also mentions.̂  

that bambarra beans are eaten at festivals in many places in Africa.

The seeds of bambarra groundnut eontain 6.0^ oil, 60?° carbohydrates 

and \&fc proteins, (those of groundnut are 45$, 2% and 17% respectively 

and eewpea 1 .0 , 22$ and 60^ respectively), Stanton (1966). Although 

th«y contain a much lower percentage of oil, Miracle (1968), reports 

that the Azande of the Congo roast the nuts and pound them in mortar to 

extract oil. The high percentage of carbohydrate and proteins show that
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they none-the-less have a distinct food value. The following quota­

tion from a report by A. Balland a pharmacist of the French colonial 

anaies £n 1903, quoted by Bois (1927) is of special interest:

"Admitting with physiologists that each day has to be employed in 

S p r i n g  the losses suffered by human organism, 120-130 grams of 

nitrogenous material, 50 grams of fat, 500 grams of carbohydrate or of 

amino acids even while realising the coefficient of digestibility, one 

can get exactly these elements in a kilogram of ¥oandzeia seeds. It 

"la one of the rare examples which nature gives us of a complete food. 

7oandzeia therefore is a plant to be grown by reason of its exceptional 

food value." this proclamation, at a time when food science had hardly 

been developed as it is today, doubtlessly shows that the food value 

of Yoandzeia was realised very early. Mullins (1962) also mentioned 

that although bambarra beans are not particularly rich in protein, yet 

its oil content gives it a caloric value equal to that of a good cereal 

and it is in itself a well balanced food which is often preferred to 

groundnut. According to Cobley (1956), the seeds have entered world 

trade but are little known outside Africa, where they provide one of 

the most nutricious of the pulses.

The beans are prepared in various ways by many tribes in Africa. 

According to Rassel (i960), Voandzeia seeds are consumed fresh or grilled 

before maturity toy 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 Bast Africa they are roasted, then
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pulverised and eaten in the form of soup with or without oil and condi­

ments. In Nigeria they are prepared in the form of a cake before they 

are eaten.

In Rhodesia, 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 maize. The ripe 

shelled nuts which are hard and difficult to grind are pounded to flo*r 

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 alternative method of preparation is 

to roast, break into small pieces, boii, crush and eat as a relish with 

"sedea", (maize meal porridge). The boiled and salted whole kernels 

are frequently offered as apetizers in restaurants in Angola and 

Mozambique. Johnson mentioned further that a well known Busape 

cannery recently began to can bambarra nuts in gravy, the 6-oz cans 

retailing at 9 pence each add have proved to be quite popular.

Bambarra nuts are widely eaten in Ghana. According to La-Anyane 

(1962), 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 ways in which the beans are cooked and prepared. The 

fresh immature fruits are boiled with salt and these are sold by Hausa 

children in the streets of big towns and cities. The dry ones are 

boiled and crushed into cakes or balls which are fried in palm oil and 

then used as stew. The nuts are also boiled with pepper and salt in
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"abeboi" which when served with "garri" (grated and 

heated cassava) ©r mashed fried ripe plantain popularly known as "tatare", 

makes a very delicious meal* The beans are being canned at the Kaawam 

Cannery and this has increased the availability of the product through­

out the year, 44,000 cans of various sizes are turned out annually.

Its use as animal feed has long been realised. According to 

Basse! (i960) Anna has found out that the leaves are rich in nitrogen 

aadphesphorousand 30 recommends it for grazing. Stanton also mentions 

that the haulm is palatable to stock.

%ar-n. Although no figures are available on acreage and yield of bambarra 

groundnut in Africa, its importance in Tropical agriculture especially 

those of the arid savannas cannot be over-emphasised. It is the most 

drought resistant pulse crop and produces a crop trader conditions of 

high temperature and little rainfall where other pulses like groundnut 

and cowpea fail to thrive. It is therefore suited to the arid tropics 

where the soils are poor and where its short life cycle is completed 

within the short period that the scanty rains fall. It is gradually 

replacing groundnuts on most of the poor or exhausted soils (Stanton 

1966). Hassel (1960) strongly recommends its cultivation on the soils 

of the arid tropics where population has still not left their economy 

of strict subsistence periodically threatened by famine.

Surprisingly enough, bambarra groundnut whose importance to 

Africa particularly Ghana is so remarkable has not received the atten­

tion it deserves. Information on the crop, concerning its botany
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especially as regards flowering and mode of pollination is not only 
limited but conflicting, this lack of reliable information has hindered 

progress in breeding and selecting improved varieties.
A study of the botany of the erop should therefore be a valuable 

contribution since knowledge to be gained from such a study would be 

required before embarking upon any breeding programme.

This work attempts a general classification of cultivated ShanaiaB 

varieties. It also includes studies on flowering, pollination, and pod 

formation. Seasonal effects on flowering and yield were also touched 
upon. • (
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Fig.2 - Open or spreading variety of bambarra groundnut (semi-diagraraatic).
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Fig-3 - Compact or bunph variety of bambarra groundnut (semi-diagramafie).
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After this time now internodee are produced at about weekly intervals, 

and those near the base of the plant, which are usually buried under 

the surface of the soil, are shorter than those farther away. Leaf and 

a flower bud arise at each node in an alternate arrangement along the 

nodes.

She leaves are trifoliate and are carried on long thin stiff errect 

and hairy petioles which have two narrow lateral flanges along the 

dorsal surface forming a wide groove along their length. She stems and 

petioles may be coloured pink, purple or bluish-green according to 

variety. The terminal leaflet is subtended by two stipels while the 

lateral ones have one s tip el each. The lateral leaflets are borne 

directly by means of hairy pulvini on the petiole; the terminal leaflet 

is shortly stalked and again attached 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 aid about five-sixth 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, 

bat usually two, flowers nay be attached by pedicels (Fig„ 9).

Flowers of most varieties have yellowish-white petals, soma have deeper 

yellowish petals, sometimes with reddish-brown striations, and a few 

have light pinkish petals.

The fruits are bivalved pods, indehescent, white and smooth in the
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Pig. 4
- 20 -

(a)

(b)

Bambarra groundnut plant showing (a) a sucker, and
(b) two suckers arising from the collar below the 
hypocotyl.
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NigeriaJte^i&wger trailing stems than most cultivated varieties which 

are jmrft^waa^ with shorter petioles. . Hepper observed further that 

the ̂f̂ acfff' thc oompaGt Voandaeia had thicker shells while those of 
the ®p«n types had thinner shells. This observations of Hepper is 

av».i-wi by Rassel who also observed that the bunch varieties from Congo 

generally .had thick-ahelled pods (the percentage of seed to pod fluc­

tuating between 55-70$) but varieties from Horth Africa and Malagasy 

as well as some of the Congo varieties are open types and these have 

thinner pods (the percentage of seed to pod varying between 70 and 80).

The three high yielding local types which have been recommended by 

Doku and Sinnadurai (1968), are distinguished by their seed colour, 
habit, and maturity period. Local cream (Legon Mo.3) which is bunch, 

has cream coloured seeds with a white hilum, and matures in three months 

whereas local light reddish brown (Legon No.1) and local deep reddish 
brawn (Legon No.67) have a mere open habit and mature between three 
and a. half to four months.

Doku (1968), observed that the more compact a variety, the longer 
the petioles, an adaptation which ensured that the leaves received 

maximum light. The Legon collection of locally cultivated strains shows 
both extreme types of compactness and openness with gradations in 
between.

Seed colour and maturity period appear to have limited us® as sole 
means of classification because varieties with different growth habits 
(an important character in bambarra groundnut) may have the same seed
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colour mi. «La»r 3b  any «*»•> sow of the mri®ti«s

in the Legon eollee'fctsh «r® still seggregating for colour, (Doku 1968). 

Eassel (1960),, gleo observed ttoat seeds collected from fields cultivated 
by natives Congo showed different iagctm  of colour intensities

and so concluded that natural, hetsroganf existed. Johnson (1966) also 

ne^'j^tinuoiJe variation between ligfrt and dark browns from planting 

of dark brown seeds*

View of Hie suggestion that breeding system may depend on 

grewth habit (Doku 1968), and that growth habit may change with soil 

type (Cobley 1956)* it was deeided to study the morphological variation 

(with emphasis on gpemjk habit) in the collection at Legon with the hope 

of finding a more reliable criterion for grouping varieties and from 

each group select a representative “type with which to carry on further 

research. .7

Materials methods and results

Seeds o f 27 varieties were sown in rows, each variety being allotted, 

two row® of twelve plants each. The spacing' within the row was two feet 

apart, and that between rows, three feet apart. This wider spacing was 

adopted to give the plants maximum spread. Records taken included:

(i) Habit of growth.

(ii) Colour of flowers,

(iii) lumber of stems per plant at oaturity.

(iv) Intermode lengths at maturity.

(v) Petiole lengths at maturity.
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Relationship between fourth petiole and intercede• 

lengths. *• • * *

; (vii) Thickness of dry shell.

(viii) Length/bresdth ratio of terminal leaflet.

(ix) Co low of dry seed and colouring around the hilum.

(i) HaM-t of growth.

it^iuiScty, the varieties W f  visually assessed and grouped into 

three habit forms as shown -in fable • 

fable 1 . Visual assessment of habit. ’

1  a te 1 t

Saai-teunch ©pen

3 »■ , 2

15 4 38

17 6 43
18 12 47
20 13 51
21 14 52
22 27 62
26 35 64
39 46 67

The 27 varieties observed sssm to be equally distributed among the 

three habit groups. These visual groupings were then followed by other 

assessments and measurements and relationships between the® (visual 

grouping and assessment® and maasureasnts) compared.
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(iif ‘ Colour of flowers.

She^f lowers of three varieties i.e. 18,20 and 51 have light pinkish
“t .T. , *•petals, those of varieties 1,4,64 and 67 have yellowish petals with 

purplish striations on the standard petals. All the others have yellow­

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

iff the day said the age of the plaat. When flowers open in the morning 

they are y ellowish-white, but towards noon, they turn brown. Flowers

of old plants are always brownish-yellow.
■ - -<? . i ■ i*> ■ * . -

On the basis of flower colour, varieties may be grouped as follows:

(a) those with complete yellow flowers

(b) those whose yellow flowers have purplish striations 

at the lower end of the standard petal and

(c) complete purple flowers.
.39'. : - ■ ■ t ,
However, viiirietiea in the same colour group do not always fall within 

the same habit group. Flower colour alon® therefore does not appear to
,i£pg * - p. , . r
be & good criterion for grouping,

(iii) Kuaber of stems per plant at maturity.

Five plants per variety were selected at random and the number of 

stems counted.

The number of stems per plant varied markedly between and within 

varieties (Table 2 ). For this character the coefficient of variation

was very high probably because varieties were not pure with regard to
%this character. On the average the number of stems ranged between 6 

and 14. Plants visually assessed as bunch had sore stems than the open
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semi-bunch types, were intermediate. Assuming that the 
range was equally distributed, then plants with an average number of 
atama bntuMn 6 and Q. 9 and 12, m d  12 and 14 should fall within open, 

semi-Buaeft ana ffijncn groups, respectively. Varieties 43, 47,51,62,64 
and 67 of the open group agree on visual assessment and measurement
based on the number of stems, but varieties 2,38, and 52 did not fall
Ktf' - 5 . #■- '■ V'. ' •, ■ •
within their expected group, i.e. the open group,, but in the semi-bunob.

All the varieties visually assessed as semi-bunch fell into this 

group on the basis of the number of stems per plant, but two of the nine 

varieties i.e. varieties 20 and 39 visually assessed as bunch did not 

fall within this group on the basis of number of stems per plant, but 
in the semi-bunch croup.
(iv) Intemode lengths.

Four longest steins, (these being the earliest produced), which 
were also approximately at right angles to one another, were selected 

and the lengths of intemodes from the base of each stem to the periphery 

were measured. Five plants each of varieties 1,3,4,18,64 and 67 were 
measured. Intemode lengths increased from the base of the plant towards
the periphery and varied within and between plants of the same variety-,S'r
but the fourth internode was among the least variable in the six 
varieties studied (fable 5 ).
(v) Petiole lengths.

The lengths of petioles corresponding to the intemodes measured* ' &
were taken on five plants from each of the six varieties.
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■FeisteieSjea -aiBO! increased in length from the base towards the peri­

phery of ‘'the stem but those at the distal ends of the fourth intamod.es 

were among,the least variable (Sable 4 ) ,

(vi) Relationship between fourth petiole and inteznoda lengths.

Having found out that the fourth internodes and the petioles at 

theii* festal ends of six varieties were the least variable, the fourth 

intemodes and petioles at their distal ends of five plants per variety, 

selected at random from each of the 2? varieties were measured on four 

longest brandies. From these figures ratios of petiole lengths/ inter­

node lengths (petiole length per unit of internode length) were calca- 

lated (Table 7 and Fig 6 ).
Internode and petiole lengths varied between and within varieties 

but1 the variation within varieties was quite small (Sables 3 and 4 ). 

Plants with longer intemodes also had longer petioles (Fig. 5 Table 7 ). 

The correlation coefficient r2g being + 0.5, and highly significant. 

This contradicts Doku's observation that the compact varieties had 

longer petioles, It is rattier the ratio of petiole length/internode 

length (i.e. petiole length per unit of interned© length) that is high 

for all varieties visually rated as bunch, low for the open, and inter­

mediate for the semi-bunch. This ratio is between 9 and 11 for bunch 

varieties, between 7 and 9 for the semi-bunch and between 5 and 7 for 

the open types.

There was a close agreement between visual assessment of habit and

petiole/intemode ratio. All varieties visually assessed as open and
UH- /tr*. 1 *
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semi-bunch fell into this group on measurements based on petiole/

1 However, four out of the nine varieties, i.e. varieties

20,21,22 and 38 visually assessed as bunch fell into the semi-bunch 

group. Variations (measured by eoefiicient of variation) in petiole 

intemode ratio was comparatively high among 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 dose agreement between visual 

assessment of habit and measurements based on petiole/intemode ratio, 

indicates that the latter can be used in grouping varieties. It places 

visual assessment on measurable basis,

(vii) Thickness of dry shall.

She thickness of the dry shells of twenty pods per plant taken at 

random were measured by means of a micrometer screw gauge. Thickness 

of diy shell varied between 0.30 srn. and 0.55 mm. (Table 8 ). All 

varieties visually assessed as open, had thicker shells with shell 

thickness ranging between 0.50 mm. and 0.55 mm; most of the semi-bunch 

varieties also had shells whose thickness fell between 0.50 and 0.55 mm. 

About half 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 open,varieties.

- Solatianahip between number of stems per plant, petiole/internode 
ratio, and shell thickness.

There was a significant positive correlation (r.25* = + 0.9) 

between petiole/internode ratio and the number of stems per plant 

(Fig. 7 and Appendix 2 ), but there was no correlation between the former

- 27 -
University of Ghana          http://ugspace.ug.edu.gh



f  - -¥he graph of petiole/internode ratio against 

a w n  thickness (fig.8 ) showed three groupings as follows: 

nine varieties with low petiole/internode ratio between 5 and 7, whose 

shell thickness -varied from 0.50 to 0.55 mm., and comprising entirely 

of all l&e varieties with open habit; five Varieties with very high 

petiole/internode ratio between 9 and 1 1, whose shell thickness is 

between 0.30 mm. and 0.40 mm. and comprising some of the Varieties 

with bunch habit; and 13 varieties with petio le/internode ratio between 

7.4 and 8.2 whose shell thickness ranged between 0.41 and 0.51 am.

These comprised nine varieties of the semi-bunch group, and four of 

the bunch group. Two varieties of the semi-bunch group i.e. varieties 

1 and 4 and one 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 range 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/intemode ratio was high had more stems but 

about half of them had pods whose shells were thin, the other half had 

thick-shelled pods.

Petiole/intemode 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 intermediate between the bunch and the open.
■ 1 «, * % *

(viii) Leaafe/fcgaaidtih. ratio of terminal leaflet.

yhe terminal leaflet is more regularly shaped than the two lateral
1'̂ I k 1; t

ones and its size varias markedly between varieties. It m s  thcugat

that this variation could be used to classify varieties, twenty

terain&l leaflets, four from each of the five plants chosen, were

measured. Leaflets varied in siae between and within varieties but

on the whole the length/breadth ratio for all the varieties was

approximately 2:1 (Tabla 9 ). It therefore appears that this character

cannot be a good criterion for grouping.

(ix) Colour of dry seed and colouring around the eye.

With the aid of the British Colour Council Horticultural Colour 

Chart, the colour of the dry seeds were described. Seeds with no 

colouring around the hilum distinctive from the general colour of the 

testa were described as ”m  eye", while those with distinctive eye 

colouring were described as "eye" (Table 10).

Ihere seed colour was not uniforza the colour which predominated 

was used in describing the sample. Within some varieties, segregation 

for 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 good criterion for grouping.

3. Discussions and conclusions.

It appears that the most reliable criterion by which varieties may 

be grouped will be on the basis of growth habit namely compact or buneh,
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Table 2 Nuraber of ateas per plant at maturity

Variety

1

15 14
18 12
IS .•a
17 16

BUSCB 22 8
28 to
21 12
20 12
39 12

27 11
14 12
13 8
_3& 11

Smi-BUSCH 46 14
1 8
6 10
12 10
4 10

2 8
38 6
52 10
47 7

OP® 64 12
43 5
51 6
67 13
62 5

P l a n t e

2 3 4 5

4 14 16 10
6 14 14 10
6 10 16 16
0 8 16 16

i 2 16 10 16
6 12 12 12
4 12 14 8
(4 14 10 9
6 12 8 10

9 12 14 12
5 10 10 14
9 10 10 6
12 14 8 8
14 10 10 5
8 14 12 10
6 12 8 16
10 10 12 12
8 12 12 6

6 10 12 12
-8 8 12 12
8 12 8 8
to 8 8 12
8 8 7 10
7 9 10 12
8 6 9 13
6 8 9 6
9 8 9 8

MEAN s.d.i C.Y*i

13.6 2.20 16.2
13.2 2.28 17.3
13.2 1.82 W*T
13.2 3.56 27.0
12.4 3.21 25.8
12.4 2.20 18.3
12.0 2.20 18.3
11.8 2.28 19.3
9.5 2.01 27.2

11.6 1.82 15-7
10.8 2.38 22.0
10.6 2.61 24.6
10.6 2.61 24.6
10.6 3.71 35.©
10.4 2.07 19-9
10.4 3.31 31.8
10.4 1.09 10.5
9.6 2.01 27.2

9.6 2.07 21.6
9.2 2.68 29.1
9.2 3.20 34.8
9.0 2.00 22.0
9.0 2.00 22.0
8.6 2.70 31.3
8.4 2.88 34.3
8.4 2.88 34.3
7.8 1.92 24.6
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flaa*

1
)

2
£

3

4

Table 3 - Variation within internodes (Variety 1)

I n t e r n o
1 2 3 4 5 6

Bsaaelii 1.0 1*3 1.6 1.7 1.7 1.8
a 1.2 1.2 1.4 1.8 1.8 2.0
3 0.9 1.0 1.3 1.9 2.0 2.2
4 1.3 1.6 1.7 1.7 1.7 1.7

Mean+ 1.1 1.3 1.5 1.8 1.8 1.9
!%*4.- 0.55 0.3 0,10 0.10 0.14 0.22
Q.lS 50.0' 19*0 6.7 5.6 7.7 11.5
1 1.0 1.3 1.5 1.7 1.7 1.8
i 1.5 1 *6 Wf 1.7 1.8 1.8
3 1.2 1.-4 1.5 1.9 2.1 2.1
4 f.-3 1.3 t«6 1.7 1.7 1.8

Mean 1.3 1.4 1.6 1.8 1.8 1.9
■ s*d.- 0.20 0.14 0.10 0.10 0.20 0.14

15.4 10.0 6,3 5.5 11.1 7.4
1 1.2 1.4 ’1.6 1.6 1.7 1.7
2 t.O 1*3 1.4 1.8 1.8 1.9
3 1.2 1*6 1.6 1*7 1.9 2.1
4 1 <0 1.1 .1.2 1*9 1.9 2.1

Mean l i t 1.4 1.5 1.8 1.8 2.0
s.d.- 0.10 020 ,&»3D 0.10 0.20 0.14
©*¥.$ 140T 13.3 5.6 5.6 10.0
1 0.9 1.0 1.4 1.7 1.7 1.8
2 1.2 1.3 1.4 1.9 1.9 2.0
3 1*3 1.4 1.7 1.8 1.8 2.1
4 1.0 1.2 1.6 1.7 2.0 2.2

Mean 1*1 1.2 1.5 1.8 1.9 2.0
s,d.» 0.17 0.17 0.14 0.03 0.14 0.17
e.T,$ 1*5.® 14.2 9.3 5.6 7.4 8.5
1 1.0 1.4 1.6 1.6 1.9 2.0
2 1.2 1.3 1.5 1.6 1.8 2.2
3 1.1 1.6 1.7 1.7 2.1 2.1
4 1.3 1.3 1.4 1.6 2.0 2.2

Mean 1.2 1.4 1.6 1.6 2.0 2.1
s .a .i 0.14 0.14 0.14 0.05 0.14 0.10
Q.V.% 10.7 10.0 '@•.3 3.1 7.0 4.8

':U

& (cms.)
7 8 9 10 11 12

2.0 2*2 1.9 1.8 - -

2.2 2.4 2.2 2.1 2.0 -
2.3 2.4 2.4 2.3 2,1 -
1.8 1.8 2.0 1*9 1.9 -

2.1 2.2 2.1 2.0 2.0 -

0.14 0.26 0.22 0.22 0.10 -
6.6 12.7 10.5 11.0 5.0
2.0 2.1 2.1 2.0 1.1 1.7
2.0 2.2 2.2 2,2 2.3 2,2
2.3 2.3 2.5 2.5 2.4 2.2
1.9 2.0 2.1 2.1 2,0 2.0
2.1 2.2 2.2 2.2 2,2 2.0
0.17 0.14 0.20 0.22 0.25 0.25
8.1 6.4 9.1 10.C 11,4 12.5
2.0 2.1 2.3 2.3 2.0 2.0
2.0 2.2 2.3 2.5 2,4 2.3
2.3 2.5 2.5 2*5 2.4 2.3
2.1 2.1 2.2 2.3 2.3 2.2
2.1 2.2 2.3 2*4 2.3 2.2
0.20 041 0.10 0.20 0.10 0.14
6.7 9.1 17.8 4*2 8.7 6.4
2.0 2.0 2.2 2.0 1.9 1.9
2.2 2.2 2.3 2.4 2.5 2.3
2.1: 2.3 2.4 2.6 2.6 2.4
2.3 2.4 2.4 2.5 2.4 2.4
2.2 2.2 2.3 2,4 2.4 2*3
0.14 0.17 0.10 0.26 0.30 0.24
6.4 7.7 4*3 10.8 12.5 10.4
2.1 2.3 2.3 2.4 2.2 2.0
2.2 2.4 2.6 2,5 2.5 2.4
2.4 2.4 2.5 2.6 2.4 2.42,2 2.2 2.3 2.4 2.5 2.52,2 2,3 2.4 2.5 2.4 2.30.10 0.10 0.14 0.10 0.14 0.22
4.8 4.3 5.8 4,2 5.8 9.6
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Table 3 continued - Variation within Intaraoaas (Variety 3)
I n t e r

Plant Branch ' 1 2 3 4 5
T 0.5 0.7 0.8 0.9 0.0
2 1.0 1.0 1.1 1.2 1.3
3 0.9 1.0 1.2 1.2 1.3

1 0.9 1.0 1.0 1.1 1.1
?e UefflR 0.8 0.9 1.0 1.1 1.2

s.d.i 0.22 0.14 0.17 0.14 0.14
C.T.# 27.5 15.6 17.0 12.7 11.6

1 0.5 0.6 0.8 0.9 1.0
2 0.5 0.6 0.6 0.9 1.0
3 1.0 1.2 1.2 1.1 1.4

2 f 4 0.7 0,8 0.9 1.0 1.1
Kean 0,7 0.8" 0.9 1.0 1.1
s.d.i 0.20 0.28 Od**o 0.23
C.V.jS 28.5 35.0 26.7 10.0 18.2
1 0.5 0.6 1*1 1.1 1.2
2 1.0 0.7 0,7 0.9 1.0
3 O.fa 0.® 0.9 1.0 1.0

3 4 0.7 1.0 1.0 1.1 1.3
#tJT\ Me»n+

s*d»-
0.8
a.20

0.8 0.9 
0.10 0.17

1.0
0.1©

1.1
0.14

C.V.^ 25.0 12.5 18.9 10.0 12.7
1 0.5 0.6 0.9 1.0 1.1
2 0.5 0.7 0.8 1.0 1.0
3 0.7 1.0 1.1 1.2 1.3

4 4 0.5 0.6 0.7 1.0 0.9
Mean 0.6 0.7 0.9 1.1 1.1
s.d.i 0.10 0.20 0.17 0.10 0.17
C.V.# 16.7 28.5 19.9 9.1015.5
1 0.9 1.0 1.0 1.1 1.2
2 0.6 0.6 0.7 0.9 1.0
3 0.6 0.7 0.8 1.0 1.3

5 4 0.5 0.6 0.7 0.9 0.9Mean4. 0i7 0.7 0.8 1.0 1.18.4.- 0.14 0.17 0.14 0.10 0.17
C.V^ 20 24.3 17.5 10.0 15.5

n o d e  (cms.)
6 7 8 9 10 11 12

1.0 1.1 1.1 1.0 0.9 1.0 1.0
1.4 1.5 1.4 1.4 1.3 1.3 1.0
1.4 1.4 1.5 1.5 1.5 1.4 1.3
1.2 1.2 1.3 1.4 1.5 1.5 1.4
1.3 1.3 1.3 1.3 1.3 1.3 1.2
0.20 0.17 0.17 0.22 0,28 0.22 0.20
15.4 13.1 13.1 16.9 21.0 16.9 16.7
1.0 1.0 1.2 1.4 1.3 1.0 1.0
1.2 1.2 1.3 1.4 1.4 1.4 1.2
1.5 1.6 1.6 1.7 1.7 t.6 1.5
1.2 1.3 1.3 1.4 1.4 1.5 U$
1.2 1.3 1.4 1.5 1.5 1.4 U3
Q.2D 0.24 0.17 0.14 0.17 0.26 0.24
16.7 18.5 12.2 9.3 11.3 1«.6 18.5
1.3 1.4 1.4 1.3 1.3 1.2 1.2
1.1 1.2 1.2 1.2 1.4 1.4 1.5
1.0 1.1 1.2 1.5 1.6 1.6 1.5
1.4 1.5 1.6 1.6 1.7 1.7 1.6
1.2 1.3 1.4 1.4 1.5 1*5 1.5
0.17 0.17 0.20 0.17 0.17 0.22 0.17
14.2 13.1 14.3 12.1 11.3 14.7 11.3
1.2 1.2 1.3 1,3 1.5 1.4 1.4
1.2 1.2 1.3 1.4 1.5 1.3 1.3
1.5 1.5 1.6 1.6 1.3 1.3 1.2
1.0 1.1 1.2 1.2 1.0 1.0 1.0
1.2 1.3 1.4 1.6 1.4 1.3 1.2
0.20 0.17 0.28 0.17 0.24 0.14 0.17
16.7 13.1 20.0 10.6 17.1 10.8 14.2
1.2 1.3 1.4 1.4 1.5 1.5 1.6
1.1 1.2 1.3 1.3 1.4 1.4 1.41.4 1.4 1.5 1.5 1.6 1.6 1.6
1.0 1.0 1.0- 1.4 1.2 1.3 1.31.2 1.2 1.3 1.4 1.4 1.5 1.50.17 0.17 0.22 0.1? 0.17 0.14 0.1414.2 14.2 16.9 12.1 12.1 9.3 9.3
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I s  t t n o i e s  (<bbs.)

Stott 1 2 3 4 5 6 7 8 9 10 11 12
1 1.0 1.2 1.4 1.7 1.7 1.7 1.8 2.0 2.2 2.3 2.3 2.4
2 1.2 1.4 1.5 1.8 1.* 1.8 ■ 1.9 2.1 2.3 2.4 2*6 2.6
3 1.0 1.2 1.4 1.6 1.7 1.8 1.8 1.9 2.1 2.2 2.3 2.4
4 1.4 1.6 1.7 1.7 1.9 2.0 2.0 2,1 2.1 2.1 2.2 2.2
Kean 1.2 1.4 1.5 1.7 1.8 1.8 1.9 2.0 2.2 2.3 2.4 2.4
a.&i* 0.20 0.20 0t 14 0.Q3 <?.io 0.14 0.10 0.10 0,10 0.14 0.17 0.17
o.v.M-7 14.3 8.2 1.8 5.6 7.7 5.3 5.0 4.5 6.1 7.1 7.1

1 1.0 1.4 1.6 1.7 1-7 1.8 1.9 2.0 2.2 2.3 2.4 2.6
2 1.0 1.3 1.4 1.1 1.8 1.8 1.9 2.1 2.1 2.2 2,2 2.3
3 1.2 1.4 1.5 1.7 1.9 2.0 2.1 2.2 2.3 2.4 2.4 2.$
4 1.3 1.3 1.4 1.0 1.8 1.9 2.0 2.1 2.2 2.3 2.5 2.6

Naan 1.1 1.4 1.5 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5
3.4.4 0.14 0.03 0.10 0.02 0.03 0.10 0.10 0.03 0.03 0.03 0.14 0.14
c.t .^ 12.7 3.6 6.7 1.1 1.7 5.3 5.0 1.4 1.4 1.3 5.6 5.6

1 1.2 1.4 1.5 1.7 1.7 1.8 1.9 2.0 2.0 2.1 2.2 2.3
2 1.0 1.3 1.4 1.8 1.9 2.0 2.4 2.1 2.3 2.3 2.4
3 1.1 1.3 1.5 1.7 1.7 1.8 1.9 1.9 2.2 2.3 2.4 2.4
4 1.4 1,5 1.6 1.7 1.8 1.9 2.1 2.1 2.2 2.2 2.4 2.5

Mepp 1.2 1.4 1.5 1.7 1.8 1.9 2.0 2.0 2.1 2.2 2.3 2.4*.d.£ 0.17 0.10 0.03 0.00 0.05 0.05 0.10 0.10 0.05 0.10 0.10 0.03
o.v.$ 14.2 7.1 2.0 0.0 2.8 2.6 5.0 5.0 2.4 4.5 4.3 1.2
1 1.0 1.3 1.5 1.6 1.8 1.8 1.9 2.0 2.1 2.2 2.3 2.42 1.2 1,5 1.6 1.7 1.7 1.7 1.8 1.9 2.0 2.1 2.2 2.2
3 1.1 1.4 1.5 1.7 1.8 1.9 2.0 2.1 2.2 2*3. 2.4 2.4
4 1.1 1.2 1*4 1.7 1.6 1.9 2.1 2,2 2.3 2.4 2.5 2.5Jteaa 1.1 1.4 1.5 1.7 1.8 1.8 2.0 2.1 2,2 2.3 2.4 2.4a.d.-.0.03 0.14 0.03 0.05 0.14 0.10 0.14 0.14 0.14 0.14 0.14 0.14

c.v.% 2.7 10.0 2.0 3.9 7.8 5.6 7.0 6.7 6.4 6.1 5.8 5.8
1 1.3 1.5 1.6 1.7 1.7 u § 1.9 4,9 ■ 2.0 2.4 2*2 2.32 1.2 1.4 1.5 1.7 1.8 1.9 2.0 2.0"’ 2.1 2.2 2.3 2.43 1.4 1.4 1.4 1.7 1.7 1.8 2.0 2.1 2.2 2.3 2.4 2.54 1.3 1.6 1.4 1.7 1.8 1.9 2s1 2.1 2.2 2.3 2.4 2.5Kean■- JL 1.3 1.5 1.5 1.8 1.8 1.9 2.0 2.0 2.1 2.2 2.3 2.49.d.- 0.03 0*10 0.10 0.02 0.05 0.05 0.05 0.10, 0.10 0.10 0.10 0.10e.v.5& 2.3 6.7 6.7 1.1 2.8 2.6 2.5 5-0 4.8 4.5 4.3 4.1
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I n t e r n o d a s  (aas.)

Plant Stem * 1 ■■ 2 3 4 5 6 7 8 9 10 11 12
1 0.6 0.7 0.9 1.0 1.2 1.2 1.3 1.3 1.4 1.5 1.6 1.6
2', ' 0.5 0.6 0.7 1.0 1.0 1.1 1.2 1.2 1.3 1.4 1.5 1.5

1 3 0.5 0.6 0.9 1.0 1.0 1.0 1.1 1.2 1.3 1.4 1.5 1.6
4 0.6 0*7 0.8 0.9 0.9 1.0 , 1.1' ' .;!*! ■ • 1.2 1.3 1.4 1.4

Mean 0.6 0.7 0.8 1.0 1.0 1.1 1.2 1.2 1.3 1.4 1.1 1.5
a.d.# 0.05 0.05 0.10 0.05 0.14 0.10 0.10 0.26 0.26 0.26 0.26 0.10
e.v.$ 8.3 7.1 12.5 5.0 14.0 9.1 8.4 21.6 20.0 18.5 17.3 6.7

1 0.7 0.7 0.9 1.0 1.1 1.2 1.2 1.3 1.5 1.5 1.6 1.6
2 0.7 0.8 0.8 1.0 1.1 1.1 . 1.2 1.2 1.3 ,1.4 1.5 1-5
3 0.6 0.8 0.9 0v9 1.0 1.1 1.2 1.3 1.4 1.4 1.5 1.6

2 4 0.5 0.6 0.7 1.0 1.0 1.3 1.4 1.4 1.4 1.3 1.4 1.4
Mean 0.6 0.7 0.8 1.0 1.1 1.2 1.3 1.3 1.4 1.4 1.5 1.5■ *- a i s.a.» 0.10 0.10 0.10 0.05 0.05 0*10 0.10 0.26 0.05 0.26 0.26 0.1©
e.v.$ 16.7 14.3 12.5 5.0 4.5 8.3 7.7 20.0 3.5 18.5 17.3 6.7

1 0.5 0.7 0.8 1.0 1.1 1.1 1.2 1.3 1.4 1.5 1.5 1.6
2 0.6 0.7 0.7 1.0 1.2 1.2 1.3 . 1.4 1.4 1.5 1.6 1.7
3 0.5 0.6 0.6 1*0 1.2 1.3 1.4 1.4 1.5 1.6 1.6 1>7

3 4 0.5 0.6 0.7 1.0 1.2 1.2 1.3 1.4 1.5 1.6 1.6 1.7
Hean 0.5 0.7 0.7 1.0 1.2 1.2 1.3 1.4 1.5 1.6 1.6 1.7
e.d.± 0.05 0.05 0.03 0.00 0.05 0.03 0.03 0.05 0.05 0.05 0.05 0.05
c.v.% 10.0 7.1 4.3 0.0 4.2 2.5 2.3 3.6 3.3 3.1 3.1 2.9
1 0.6 0.8 0.9 1.0 1.1 1.1 1.2 1.3 1.3 1.3 1.5 1.52 0,5 0.6 0.7 1.0 1.2 1.2 1.3 1.3 1.4 1.4 1.5 1.6
3 0.7 0.8 1.0 1.0 1.1 1.2 1.3 i .4 1.4 1.5 1.6 1.7

4 4 0.8 0.9 0.9 1.0 1.0 1.1 i.2 1.3 1.3 1.5 1.7 1.7Mean 0.7 0.8 0*9 1.0 1.1 1.2 1.3 1.3 1.4 1.4 1.6 1.6a.d.- 0.14 0.14 0.14 0.00 0.03 0.05 0.05 0.05 0.05 0.10 0.10 0.10c.v.^ 20.0 17.5 15.5 0.0 2.7 4.2 3.8 3.8 3.6 7.1 6.3 6.3
1 0.8 0.7 0.9 1.0 1.1 1.1 1.2 1.3 1.4 1.5 1.5 1.62 0.5 0.6 0.8 1.1 1.2 1.2 1.3 1.4 1.4 1.5 1.6 1.63 0.6 0.7 0.8 1.0 1.0 1.2 1.2 1.3 1.3 1.4 1.5 1.55 4 0.7 0.8 0.9 1.0 1.0 1.0 1.1 1.1 1.1 1.2 1.3 1.4KeanJL 0.7 0.7 0.9 1.0 1.1 1.1 1.2 1.3 1.3 1.4 1.5 1.5s.d.2 0.14 0.03 0.05 0.05 0.10 0.10 0.03 0.14 0.14 0.14 0.14 0.10e.v,?fc 20.0 4.3 5.6 5.0 9.1 9.1 2.5 10.8 10.8 10.0 9.3 6.7
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Plant

2

9

4

w-wi- 3 Variation within internadaa (variety 64)

I H t » m o d  © s (cms)

M m a 2 3 4 5 6 7 8 9 10 11 12
1 2.7 2.9 3.1 3.3 3.3 5.4 3.6 3.7 3.7 3.8 3.9 4.0
Z ■ 2.9 3.2 3.3 3U4- 3.5 3.6 3.7 . 3.8 3.9 4.0 4.1 4.2
3 3.0 3.2 $«l 3-«5 i« t •••3.6 3.7 3.8 -fi® 4.1
■14. 9*® 3.1 ' 3.3 3.3 3.5 3.6 3.7 3.8 4.0 4.1 4.2 4.2
Kean 2.9 3.1 3.2 3*3 3*4 3.5 5.6 3.7 3.8 3.9 4.0 4.1

0.14 0.14 0.10 0.05 0.10 0.10 0.10 0.1© 0.14 0.14 0.17 0.14
e.v.$ 4.8 4.3 3.1 1.5 2.9 2.9 2.8 2.7 3.7 3.6 4.3 3.4

1 2.9 3.0 3.2 5.4 3.6 3.7 3.8 5.9 3.9 4.0 4.1 4.1
2 2.8 ! 2,9 3.1 3.3 •3.4 3.5 5.5 3.6 3.7 3.8 3.9 4.0
5 3.0 3*1 3.2 5.3 3.3 3.4 5.5 3.6 •$«£ 3.7 3.8 3.9
4 2.8 2.8 5.0 3.2 5.2 3.3 3.4 3.5 3.6 3.6 3.7 3.8

M«an 2.9 3.0 3.1 3.3 3.4 3.5 3.6 3.7 3*7 3.8 3.9 4.0s.d.l 6.10 0.14 0.10 0.03 0.17 0.17 0.17 0.17 0.14 0.17 0.17 0.14
3.4 4.7 3.2 1.0 5.0 4.9 4.7 4.7 3.8 . 4.4 4.4 5.5

1 2.9 3.0 3.1 3.2 3.3 3.3 3.4 3.5 3.5 3.6 3.7 3.8
2 3.1 3.2 5.3 3*5 3.5 3.6 3.6 3.7 3.8 3*9 4.0 4.1
5 S.O 3.1 3.2 5.3 5.4 3.5 3.8 3.6 3.6 3.7 3.8 3.9
4 2.8 2.9 3.1 5.3 3.5 3.5 3.5 3.6 3.7 3.8 3.9 4.0

Mean 3.0 3.1 3.2 3.3 3.4 3.5 3.5 3.6 3.7 3.8 5.9 4.0
0.14 0.14 0.10 0.05 @.10 0.14 0.05 0.10 0.14 0.14 0.14 0.14

e.Y.$ 4.7 4.5 3.1 1.5 2.9 4.0 1.5 2.8 3.8 3.7 3.6 3.5
1 2.8 2.9 3.1 3.3 3.3 3.4 3.5 3.5 5.6 3.7 3.8 4.0
2 2.9 3.0 3.2 3.3 3.4 3.5 3.6 3.8 3.8 3.9 4.0 4.1
3 3.0 3.2 3.3 3.3 3.5 3.6 3.7 3.7 3.8 4.0 4.1 4.2
4 3.1 3.2 3.3 3.3 3.4 3.4 3.5 3.6 3.6 3.7 3.8 5.9

Mean* 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.7 3.8 3.9 4.1
s.d.- 0*14 0.14 0.10 0.00 0.03 0.10 0.10 0.14 0.10 0.14 0.14 0.14
e.v.$ 4.7 4*5 3.1 0.0 0.9 2.9 2.8 3.6 2.7 3.7 3.6 3.4

1 3.0 3.2 3.3 3.4 3.5 3.6 3.6 3.7 3.8 3.8 3.9 4.02 3.1 3.1 3.2 3.3 3.3 3.4 3.4 3.5 3.6 3.6 3.7 3.8
3 2.9 3.0 3.1 3,4 3.5 3.5 3.6 3.7 3.8 3.9 4.0 4.14 2.9 2.9 3.0 3.3 3,4 3.6 3.7 3.8 4.0 4.1 4.2 4.3Haas 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1s.d.2 0.10 0.14 0.14 0.05 0.10 0.10 0.14 0.14 0.14 0.20 0.20 0.20

e.v.$ 3.5 4.5 4.3 1.5 2.9 3-9 ■ w r 3.7 5.1 5.0 4-9
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flaat

1I

2

3

4

(^pt3au«i) Yagiation within interaodas (variety 67) 

I n t e r n o d a #  (cms)

Stem 1 2 3 4 5 6 7 8 9 10 11 12
H'l' 3.0 3.2 3.4 3.5 3.7 5.8 3.8 3.9 4.1 4.2 4.2 4.3
2-? 5.1 3.2 : 3.3 3.4 3.4 3.5 5.5 3.6 3.7 3.8 •5.9 4.0

2.9 5.0 3.1 3.5 3.5 3.6 3.6 3.7 3.8 3.9 3.9 4.0
2.9 2.9 5.3 3.5 3.5 3.6 5.7 3.8 3.1 4.0 4.1 4.2

Mess- % o  • 5.1 3.5 5.5 5.5 3.6 3.7 3.8 3.9 4.0 4.0 4.1
3.d»— OilO 0.14 0.14 0.05 0.14 0.14 0.14 0.14 0.17 0.17 0.14 0.14
' C.ViJi 3.5 4.5 4.2 1.4 4.0 3.$ 3.8 3.7 4.4 4.3 3.5 3.4

3.0 r 3.1 3.3 5.5 3.5 3.6 3.7 3.7 3.8 3.9 4.0 4.1
2.7 2.9 3.0 3.6 3.6 3.7 3.8 3.8 3.9 4.0 4.2 4.3

5-7 2.7 3.5 3.4 5.5 5.5 3.6 5.7 3.9 4.6 4.1 4.2 4.3
«*- 3.1 3.2 3.3 3.5 3.7 3.S 3.9 4.0 4.1 4.2 4.3 4.4
Mean 2.8 3.1 5.5 3.5 3.6 5.7 3.8 3-9 4.0 4.1 4.2 4.3
s.t.i 0.14 0.17 0.17 0.05 0.10 0.10 0.10 0.14 0.14 0.14 0.14 0,14
c.v.jS 5.0 5.5 5.2 1.4 2.3 2.7 2.6 3.6 3.5 3.4 3.3 5.5
-V 2.8 2.9 5.4 5.5 3.7 3.® 2.8 3.9 4.0 4.0 4.1
2 2.9 3.1 3.0 3.5 3.6 3.6 3.7 3.5 3.9 4.0 4.1 4.2
5 3.1 3.2 3.2 3.5 3.5 3.5 3.6 3.7 3.7 3.8 3.9 4.0
4 3.0 5.3 3.3 3.4 3.4 3.4 5.5 3.6 3.6 3.7 3.7 3.7

Htea 5.0 3-t 5.2 3.5 3.6 3.6 3.7 3.8 5.8 3.9 3.9 4.0
s.d.* 0*14 0.17 0.17 0.05 0.17 0.17 0.14 0.14 0.14 0.14 0.17 0.22
c.v.$ 4,7 5.5 5.3 1.4 4.7 4.7 5.8 3.7 0.37 3.6 4-4 5.5

3.2 5.3 3.4 3.5 3.7 3.8 3.8 5.9 4.0 4.1 4.1 4.2
s 5.0 3.1 3.3 3.5 3.8 4.0 4.0 4.1 4.2 4.2 4.3 4.4
?•" 2.9 3.0 5.2 3.4 3.6 3.8 4.0 4.1 4.1 4.2 4.3 4.3
4 2.8 2.9 3.1 5.4 3.5 3.6 3.7 3.8 3.9 4.0 4.2 4.2

lean-■L 4t> 3.0 3.1 3.-3 3.5 3.7 3.8 3.9 4.0 4.1 4.1 4.2 4.5a.d.I 0.17 0.17 0.14 0.05 0.14 0.17 0.14 0.14 0-14 0.10 0.10 0.10e.v«JIS» 5.7 5.5 4.2 1.4 3.8 4.5 3.6 3.5 3.4 2.4 2.4 2.3
1 3.1 3.2 3.3 5.4 5.4 3.5 3.6 3.6 3.7 3.8 4.0 4.22 2.9 2.9 3.0 5.5 3.6 5.7 3.7 3.8 3.9 4.0 4.1 4.15 2.8 3.1 3.2 3.5 3.5 3.6 3.7 3.8 3.8 3.9 4.1 4.34 5.1 3.2 3.3 3.5 3.6 3.6 5.8 3.9 4.6 4.1 4.2 4.35.0 3.1 3.2 3.5 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2a.d«Z a. 14 0.14 0.14 0.05 0.10 0.10 0.10 0.14 0.14 0.14 0.17 0.10e.v.$ 4.7 4.5 4.4 1.4 2.9 2.8 2.7 3.7 3.6 3.5 4.1 2.4
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fable 4' Variation within petlolea (Variety 1) 
P e t i o l e s  (ms.)

lsnt Stem 1 2
1 12.0 12.5
2 13.2 13,3

4.4 2*8

1 12,5 12,6
2 12.5 12,5
3 12,7 12,8
4 12,4 12.7

Seen 12,5 12,7
. S*«.t! 0,14 0*14
O.V.fi 1.1 lit

2
3
4

e.

1 12.0 12.2
2 12.6 12.8
3 12.8 12.9
4 12.0 13,2

Mean 12.6 12.8 
s.d.i 0.42 0.42 
c.v./£ 3.3 3.3
1 12.5 13.0
2 13.0 13.2
3 12.6 12.7
4 12.3 12,6

!«an 12.6 12.9 
e.d.i 0.30 0.28 
e.v.?£ 2.4 2.1

3 4 5 6 7 8 9 10 11 12
13.0 13.7 13*'§ 13,7 14,0 14.1 14.2 14,6 13.7 13.4
13*4 13,5 13.7 13,9 14,2 14.2 14.4 14*8 14.0 13.6
12.9 13,0 13.1 13,2 13.3 13,4 13.6 13.7 14.1 13,0
12.8 13,3 13,4 13,5 13,6 13*7 13.8 13.8 14*0 13,1
13,0 13,3 13*4 13,6 13*8 13,9 14.0 14.2 14.0 13.3
0.26 0,22 0,17 0,30 0.40 0,36 0.36 0*4-7 0.17 0.28
2,0 1.7 1,3 2;2 1.0 2.6 2*6 3.3 1.2 22.-1

12,8 13.2 13,5 13,6 13.8 13,9 14*1 14.2 13.5 13.0
12,9 13*0 13.2 13*3 13.4 13,5 13.6 13.7 15.1 13.3
13,0 13,2 13,3 13*4 13,5 13,6 13i7 13.8 13.2 12*9
13.1 13,2 13.4 13*5 13,7 13*9 - 13*t 14.0 13.0 11.0
13,0 13.2 13,4 13,.5 13.6 13,7 13*8 13.9 13.2 12.6
0.14 0*10 0,14 0,14 0.17 0.17 0.22 0,20 0,10 1.00
1*1 0.8 1,1 1*0 1.3 1.2 1*6 1.4 0.8 7.9
12.7 13*3 13,3 13*4 13*6 13.7 13*8 13.9 13.5 13.3
13.0 13.4 13,6 13,7 13,8 13.9 14.0 14.2 12.5 12.4
12*8 13,3 13,2 13,3 13*4 13,5 13.6 13.7 13,0 12.9
13.5 13«5 13.7 13*8 13,9 14.0 14.1 14.2 14,0 13.5
13.0 13*4 13,5 13,6 13*7 0.8 13-9 14»0 13.3 13.0
0.36 0,10 0,77 0,77 0.22 0,22 0.22 0.24 0.63 0,49
2*7 0.7 5.7 5.7 1.6 1.6 1.6 1.7 4.7 3.8

12,5 13*3 13*3 13,4 13,5 13,6 13*7 13.8 13.6 13.0
13.0 13,2 13.4 13.5 13.0 13*7 13.8 13,9 13.2 13.2
13.0 13.3 13*4 13,7 13.8 13.9 14,0 14,1 13.8 13.1
13,4 13.4 13»6 13.6 13.7 13.9 14.1 14.2 13.2 15.2
13.0 13.3 13*4 13.6 13.7 13*8 13,9 14.0 13.5 13.1
0.37 0.03 0.14 0.14 0.14 0,14 0.17 0.17 0.30 0.10
2.8 0.2 1.0 1.0 1.0 1.0 1.2 1.2 2.2 0.8
13.0 13.3 13.4 13*5 13.6 13.6 13.7 13,8 13.4 13.213.3 13.3 13.5 13*7 13.8 13,9 14.0 14,1 13.5 13.412.8 13.2 13.3 13.4 15.5 13.6 13.6 13.7 13.8 15.912.7 13.4 13.2 13.3 13.4 13.5 13*6 13*6 13.4 13.013.0
0.26

13*3 13.3 13.5 13.6 13.7 13-7 13.8 13-5 13.40.03 0.14 0,17 0.17 0.17 0.20 0.22 0.20 0.39
2.92.0 0.2 1.1 1*3 1.2 1.2 1.4 1.6 1.5
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fabla 4., (continued) Variation within petioles' (Tterifejsy 2)

F s t i e l a i  (sms.)

Stem ...4- 2 3 4 5 6 7 8 9 10 11 12
1 9.6 9.9 10.1 10.3 10.5 10.6 10.7 10.7 10.8 10.6 10.2 10.1
2 9.0 9-5 10.0 10.4 10.4 10.5 10.6 10.7 10.8 10.4 10.1 9-9
3 10.2 10.3 10.3 10.4 10.6 10.7 10.8 10.9 11.0 11.0 10.5 10.1
4 9.9 10.0 10.1 10.2 10.3 10.4 10.5 10.6 10.7 10.8 10.9 11.0

Mean, 9.7 9.9 10.1 10.3 10.5 10.6 10.7 10.7 10.8 10.7 10.4 10.3
s.d.- 0.51 0.33 0.20 0.10 0.14 0.14 0.14 0.14 0.14 0.26 0.33 0.47
c.t .^ 5«2 3.3 3.0 0.9 1.3 1.3 1.3 1.3 . 1.2 2.4 3.1 4.5

1 10.2 10.3 10.4 10.4 10.6 10.7 10.8 10.9 11.0 11.0 9.5 9.0
I 9.6 9.8 10.0 10.3 10.4 10.4 10.5 10.6 10.7 10.8 9.9 9-4
5 10.0 10.0 10.2 10.3 10.3 10.3 10.4 10.5 10.6 10.7 9.4 9-4
4 9.4 9.@ 10.0 10.2 10.2 10.f 10.3 10.4 10.5 10.6 10.4 10.1

Mean 9.8 10.0 10.2 10.3 10.4 10.4 10.5 10.6 10.7 10.8 9.8 9-5
s.d.t 0.36 0.24 0.20 0.03 0.17 0.20 0.22 0.20 0.28 0.17 0.33 0.45
c.v.$ 3.7 2.4 2.0 0.3 1.6 1.9 2.1 1.9 2.6 1.6 3.4 4.7
1 9.0 9.2 9.7 10.2 10.3 10.4 10.4 10.5 10.6 9.5 9.1 9.0
2 9.5 10.0 10.1 10.2 10.2 10.3 10.4 10.4 10.5 10.0 9.5 9.2
3 9.9 10.2 10.5 10.3 10.5 10.6 10.7 10.8 10.9 10.3 10.1 10.0
4 9.0 9.5 9.8 10.4 10.7 10.8 10.9 11.0 11.2 10.4 10.1 9.9

Hean 9.4 9.7 10.0 10.3 10.4 10.5 10.6 10.7 10.8 10.1 9.7 9.5
S.d.t 0.43 0.46 0.28 0.10 0.22 0.22 0.24 0.28 0.31 0.31 0.50 0.50C.T.$ 4.7 2.3 0.9 2.1 2.1 2.5 2.6 2.9 3.1 5.1 5.3
1 9.0 9.2 9.5 10.2 10.4 10.6 10.7 10.7 10.8 10.6 10.0 9-52 9.7 9.9 9.8 10.3 10.6 10.7 10.8 10.9 11.0 11.2 10.5 10.1
3 9.5 9.6 10.1 10.3 10.3 10.4 10.4 10.5 10.6 10.7 10.0 9-9
4 9.4 9.5 9.6 10.3 10.3 10*3- 10.4 io# -10*5 10.6 9.7 9.0

Kean 9.4 9.6 9.8 10.3 10.4 10.5 10.6 10.6 10.7 10.7 10.1 9.6
s.d.- 0.51 0.28 0.20 0.05 0.14 0.17 0.28 0.22 0.22 0.41 0.33 0.49
e.v.$ 5.4 2.9 2.0 0.5 1.3 1.6 1.9 2.0 2.1 3.8 3.3 5.1
1 9.1 9.4 9.9 10.5 10.7 10.8 10.9 11.0 10.5 10.4 10.3 10.22 10.1 10.2 10.3 10.4 10.5 10.6 10.7 10.8 10.9 10.5 10.4 10.0
3 9.6 9.8 10.0 10.2 10.5 10.4 10.5 10.6 10.6 10.0 9.5 9,24 10.0 10.1 10.2 10.3 10.4 10.5 10.6 10.7 10.8 9.5 9.2 9.0Kean 9.7 9.9 10.1 10.4 10.5 10.6 10.7 10.8 10.7 10,f 9.9 9.6s»d** 0.46 0.36 0.17 0.14 0.17 0*17 0.17 0.17 0.17 0.43 0.59 0.58c.v.$» 4» f 3.6 1.7 1.3 1.6 1.6 1.6 1.6 1.6 4.3 6.0 6.0

University of Ghana          http://ugspace.ug.edu.gh



- 39 -

Petiol# leagtha (cma.)

Plant; f|om 1 2 3 4 5 6 7 8 9 10 11 12
? 1 13.1 13*2 13.3 13.4 13.5 13.5 13.6 13.7 13.8 13.9 13.6 13.2
2 13.2 t3.3 13.4 13.5 13.7 13.8 13,9 14.0 14.1 13.5 13.4 13.1

■ t 5 . 13.0 13.2 13.1 13.3 13*6 13*7 13.8 13-9 14.2 13.7 13.5 13.3
1 4 13.2 13.1 13.3 13.4 13.5 13.6 13.7 13.8 13.9 14.0 13-7 13.0

HIP*®.. 13.1 13.2 13-3 13.4 13.6 13.7 13.8 13.9 14.0 13.8 13.6 13.2
a.d.- 0.10 0.08 0.14 0.08 0.10 0.14 0.14 0.14 0.17 0*22 0.14 0.14

0.7 0.6 1.0 0.6 0.7 1.0 3VP . 1.0 1.2 1.6 1.0 1.1

1 13.0 13.1 13.2 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 13.8 13.9 14.0 13.9 13.2
3 12.7 12.8 13.1 13.4 13.6 13.7 13.8 13.9 14.0 14.1 13.9 13.6

2 * 4 t2.7 12.9 13.0 13.2 13.3 13.4 13.5 13.6 13.7 13.8 13.5 13.0
!g.i 13.0 13.1 13.3 13.4 13.5 13.6 13.7 13.® 13-9 13.7 13.2
Q.14 0.14 0.14 0.10 0.14 0.14 Q.14 0.14 0.14 0.14 0.20 0.28
#.1 i 1.1 1.1 0.8 1.0 1.0 1.0 1.0 1.0 1.0 1.5 2.1

1 1 12.9 13.0 13.2 13.3 13.4 13.5 13.6 13.6 13.7 13.5 13.2 13.0
v 2 13.1 13.3 13.4 13.6 13.7 13,8 13.9 14.0 13.8 13*6 13it

3 I2.7 13.1 13.2 13.3 13.4 13.5 13.5 15.6 13.7 13-7 13.0 13,1
3 4 12.7 12.9 13.0 13.4 13.5 13.6 13.6 13.7 13.8 13.9 13.0 13.1

f Mean 12.3 13.0. 13.2 13.4 13.5 13.6 13.6 13.7 13.8 13»7 13.2 13.1
. B.S.- 0.10 ,0.10 0.14 0*05 0.10 0.10 0,14 0.14 0.14 0.17 0.23 0.03
*.▼.$ 0*8 0.8 1.1 0.3 0.7 0.7 0.(JQ 1.0 1.0 1 *2 2.1 0.6
1 13.0 13.1 13.2 13.4 13.5 13.5 13.6 13*7 13.8 13.9 13.6 13-4
2 12.7 12.8 13.1 13.4 13.6 13.7 13.8 13.9 14.0 13.5 13,4 13.2
3 12.8 12.9 13.3 13.4 13.5 13*5 13.6 13.7 13.2 13.1 13.0 13.0

4 4 12.6 12.8 12.9 13.4 13.5 13.6 13*6 13.7 13.8 13.8 13.2 13.0Sean4. 12.8 11.9 13*1 13.4 13.5 13.6 13.6 13.7 13.8 13.6 13.3 13*20.10 0.14 0.14 0.05 0.08 0.10 0.14 0.14 0*31 0.22 0.22 0*33C.T.$ 0*8 1.1 1.1 0.3 0.6 0.7 1.0 1.0 1.0 2.3 1.6 2*5
1 g.9 13.0 13.1 13.3 13.4 13.5 13*6 13.7 13.8 13.9 13.5 13.02 If .0 13.2 13.5 13.5 13*6 13.7 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 13.9 14.0 13.5 13*2.,5 4 12.9 13.1 13.4 13.7 13.8 13.9 14.0 14.1 14.2 14.0 13*5learn 13.0 13.2 13.4 13.6 13.7 13.7 13.8 14.0 13.9 13.6 13-2B.d.i 9.17 0.14 0.10 0.08 0.14 0.14 0.14 0.14 0.14 0.30 0.33 0*22

c.y.% '1.3 1.1 0.8 0.6 1.9 1.0 1.0 1.0 1.0 2.2 2.4 1.7
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TPhi» 4 - (eontiauaA) Variation within petioles (varietals)

Petioles lengths (cms)

Steffi 1 2 5 4 5 6 7 8 9 10 11 12
t 9.5 9.6 9.8 9.9 10.0 10.1 10.1 10.2 10.3 9.8 9.6 9.7
2 9.6 9.7 9.9 10.0 10.1 10.2 10.3 10.4 10.5 10.0 9.9 9*6
3 9.4 9.5 9.7 9.9 9.9 10.0 10.0 10.1 10.2 10.3 10.0 9.9
4 9.8 9.9 10.0 10.1 10.2 10.3 10.4 10.5 10.5 10.6 10.0 9.8

Mean 9.6 9.7 9.9 10.0 10.0 10.2 10.2 10.3 10.4 10.2 9.9 9.8
a.d.£ o.n 0.17 0.14 0.10 0.14 0.14 0.17 0.17 0.14 0.35 0.20 0.14
e.v.?6 1.8 1.8 1.4 1.0 1.4 1.4 1.7 1.7 1.3 3.4 2.0 1.4

1 9.7 9.8 9.9 10.0 10.1 10.1 10.2 10.3 10.4 10.0 9.8 9.6
2 9.5 9.6 9.7 9.9 10.0 10.0 10.1 10.1 10.2 10.3 9.9 9.8
3 9.9 10.0 10.1 10.2 10.3 10.4 10.5 10.6 10.6 10.5 10.4 10.0
4 9.8 9.9 10.0 10.1 10.2 10.3 tO. 4 10.5 10.5 10.6 10.2 10.0

Kean 9.7 9.8 9.9 10.0 10.2 10.2 10.3 10.4 10.4 10.4 10.1 9.9
a . d . i 0.17 0.t7 0.17 0.14 0.17 0.17 0.17 0.22 0.17 0.26 0.28 0.20
C . V . # 1.8 1.8 1.7 1.4 1.7 1.7 1.7 2.1 1.6 2.5 2.8 2.0

1 9.7 9.8 9.9 10.0 10.1 10.1 10.2 10.3 10.4 10.4 10.3 9.9
2 9.9 10.0 TO. 1 10.1 10.2 10.3 10.4 10.5 10.5 10.6 10.2 10.0
3 9.7 9.8 9.9 10.0 10.1 10.2 10.3 10.4 10,5 10.5 1 0 . 0 9.6
4 10.0 10.1 10.2 10.2 10.3 10.4 10.5 10.6 10.7 10.8 10.0 9.8

«eas+ 9.8 9.9 10.0 10.1 10.2 10.2 10.4 10.5 10.5 10.6 10.1 10.1
S «  CL#*" 0.14 0.14 0.14 0.10 0 . 1 0 0.14 0.14 0.14 0.14 0.17 0.10 0.17
C.V.fi 1.4 1.4 1.4 1.0 1.0 1.4 1.3 1.3 1.3 1 . 6 1.0 1.7
1 9.9 10.0 10.1 10.2 10.3 10.4 10.5 10.6 10.7 10.5 10.3 10.0
2 9.8 9.9 10.0 lO.t 10.1 10.2 10.3 10.4 10.5 10.3 10.0 9.8
3 ‘ 9.7 9.8 9.9 10.0 10.1 10.2 10.2 10.3 10.4 10.5 1 0 . 0 9.7
4 9.6 9.7 9.8 9.9 10.0 10.1 10.2 10.2 10.3 10.4 10.1 9.9

MeanA, 9.8 9.9 10.0 10.1 10.1 10.2 10.3 10.4 10.5 10.4 10.1 9.9
s.d.i 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.17 0.17 0.10 0.14 0.14e.v.fC 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1 . 6 1.6 1 . 0 1.4 1.4
1 9.8 9-9 1 0 . 0 10.1 1 0 .2 1 0 ,3 10.4 10.5 1 0 .6 9.9 9.7
2 9.6 9.7 9.8 9.9 1 0 . 0 1 0 .0 1 0 .1 1 0 . 2 10.3 ,9.9 9.8 9.6
3 9.5 9.6 9.8 10.1 1 0 .2 10.3 10.4 10.4 10.5 10.6 1 0 .2 1 0 . 0
4 9.6 9.7 9.9 1 0 . 0 10.1 1 0 .2 1 0 .2 10.3 10.4 10.5 1 0 . 0 9.8Mean4. 9.6 9.7 9-9 1 0 .0 1 0 .1 1 0 .2 10.3 10.4 10.5 10.3 1 0 . 0 9.8s.d.I 0.14 0.14 0 . 1 0 0 . 1 0 0 . 1 0 0.14 0.14 0.14 0.14 0,35 0 . 2 2 0 . 2 2

C . V . $ 1.4 1.4 1 . 0 1 . 0 1 . 0 1.4 1.4 1.3 1.3 3.4 2.2 2.2
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Iabl#: 4 '(ceHtimad).
Stem 1 2  3 4

1 18.0 18.2 18.5 18.4 
“'2 tS.g 18.7 18.9 19.2
3 18.2 18.4 18.7 18.8
4 17*9 18.0 18.4 18.7 

Mean 18.2 18.3 18.6 18.9 
s.d.i 0.31 0.30 0.22 0.22 
c.v.fe 1*7 1.6 . 1.2 1 .2

1 17.5 18.0 18.5 18.8
2 18.5 18.6 18.7 18.8
3 18.0 18.2 18.4 18.6
4 18.0 18.5 18.5 18.9 

Mean 18.© 18.5 18.5 18.8 
s.d.* 0.41 0.24 0.14 0.14 
e.v.#2,3 1.5 0.8 0.7

1 18.2 18.7 18.8 18.9
2 17.0 18.0 16.5 18.8
3 17.9 18.0 18.5 18.8
4 18.4 18.5 18.6 18.9 

Hem 17*9 18.3 18.6 18.9 
a.d.± 0.61 0.36 0.14 0.05 
e.v.0 3.4 2*0 0.8 0.3

1 18,4 18.5 18.6 18.8
2 18.1 18.2 18.4 18.7
3 18.5 18.6 18.7 18.8
4 18.3 18.4 18.6 18.8 

Mean 18.3 18.4 19.6 18.8 
s.d.I 0.17 0.17 0.14 0.05 
e.v.# 0.9 0.9 0.8 0.3

1 1&.2 I8.4 18.6 18.8
2 18.1 18.5 18.7 1S;9
5 18.0 18.3 18.4 18.7
4 18.5 18.6 18,7 18.8

Mean 18.2 18.5 18.6 18.8 
s.d * 0.22 0.14 0.14 0.05 
e.v.fi 1.2 0.8 0.8 0.3

5 6 7 8
19.0 19.1 19.3 19.4
19-4 19.5 19.6 19.7
18.9 19.0 19.1 19.1
18.7 18.8 18.9 18.9
19.® 19.1 19.2 19.3
0.30 0.30 0.30 0.35 
1.6 1.6 1.6 1.8

19>© 19.1 19.2 19.3
19.0 19.3 19.4 19.5
18.7 18.8 18.9 19.©
18.9 19.0 19.1 19.2
18.9 19.1 19.2 19.2
0.14 0.20 0.20 0.20 
0.7 1.0 1.0 1,0

19.0 19.3 19.f 19.6
19.1 19.4 19.6 19.8
18.9 19.0 19.1 19.2
19.2 19.3 19.4 19.5
19*1 19.3 19.4 19.5
0.14 0.17 0.22 0.24 
0.7 0.9 1.1 1.2
18.9 19.0 19.1 19.2
18.8 18.9 18.9 19.0
18.9 19.1 19.2 19.4
19.0 19,3 19-4 19.5
18.9 19.0 19.2 lf*5
0.05 0»17 0.20 0,22 
0.3 0.9 1.0 1 .1

19*0 19.2 19.4 19.4
19.1 19.1 19.2 19.2
18.8 18.9 19.0 19.1
19.0 19.1 19.1 19.2
19.0 19.1 *9-2 19,2
0.14 0.14 0.i7 0.14
0.7 0.7 0.9 0.7

9 10 11 12
19.4 19.5 19.0 19.0
19.7 19.8 19.0 18.9
19.2 19.3 19.4 19.2
19.0 19-1 19.0 18.4
19.3 19.4 19.1 18.9
0.50 0.30 0.10 0.35
1.6 1.5 0,5 1.9

19.4 19.5 19.0 18.5
19.6 19.7 19.5 19.0
19.1 19.2 19,3 19.4
19.3 19.4 19.0 18.7
19.4 19-5 19.2 18.9
0.20 0.20 0,28 0.39
1.0 1.0 1,5 2.1

19.7 20.0 18.5 18.0
19.9 19.5 19.5 19.0
If .5 19-4 19.0 18.5
19.6 19.7 19.0 18,9
19.6 19.2 19.0 1§.6
©.24 0.14 0.57 0.46
1.2 0.7 1.9 1.1

19.5 19.0 18.7 18.5
19.0 18.7 18.6 18.6
19.5 19.6 18.8 18.0
19.6 19.7 19-1 19.0
19.4 19.3 18.8 18.5
0.26 0.47 0.22 0.40
1*3 2.4 1.2 2.2

19.5 19.6 19.4 19.0
19.3 19.4 19.1 19.8
19.2 19.2 19,0 18.5
19.2 19.3 19.4 19-5
19.3 19.4 19.2 19-0
0.14 0.17 0.20 0,42
0.7 0.9 1.0 2.2
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Tbbld 4 (continttad) Variation within petiales (variety 67)

F i t i o l i  L e n g t h s  {earn)

Plant Stem 1 2 3 4 5 6 7 8 9 10 11 12
V . 'r 
1 18.5 18.7 19.0 19.1 19.2 19.3 19.4 19*5 19.6 19.6 19.4 19.2
2 ■18.4 18.5 18.8 19.0 19.0 19.0 19-1 19.2 19.3 19.3 19.0 19.1
3 18.0 18.3 18.5 18*8 19.1 19*2 19*2 19*2 19.4 19.4 18.9 18.7

1 4 18.3 18.5 19.6 19.0 19.1 19.2 19*3 19*4 19.5 19.5 19.0 18.5
Mean 18.3 18.5 18.7 19.0 19.1 19*2 19*2 19.4 19.5 19.5 19.1 18.9
s.d.- Q .22 Oi.17 0.22 0.14 0.08 0.14 0.14 0.17 0.14 0.14 0.22 0.33
c.v.$ 1.2 0.9 1.2 0.7 0.4 0.7 0.7 0.9 0.7 0.7 1.2 1.7

1 18.2 18.4 18.5 18.9 19.1 19.2 19.2 19.4 19.5 19.6 19.0 19.1
2 18.9 19.0 19.1 19.2 19.4 19.5 19*6 19.7 19.7 19.8 19.2 18.9
3 18.4 18.5 19.0 19.2 19.2 19.2 19.3 19.4 19.4 19.5 19.0 18.6

2 4 18.7 18.8 18.9 19.® 19. t 19.1 19.2 19.3 19.3 19.4 18.5 18.0
Mean 18.6 18.6 18.9 19.1 19-2 19.5 19.4 -19-5 19.5 19.6 1& I 18.7
e.d.- 0.31 0.28 0.26 0.14 0.14 0.17 O.t? 0.17 0.17 0.17 0.30 0.57
e.v.$ 1.6 1.5 1.4 0.7 0.7 0.9 0*9 0.9 0.9 0.9 .1.6 3-0

1 18.3 18.7 18.9 19.0 19.1 19.2 19.2 19.3 19-4 1f .4
2 18.4 18.5 18.8 19.1 19.4 19.5 19-5 19.6 19.7 19.0

3 , 18.5 18.8 19.0 19.2 19.3 19.3 19.4 19.6 1^-6 19.7
3 4 18.3 18.6 18.8 19.0 19.2 19.2 19.3 19.4 19.5 19.6

Moan 18.3 18*7 18.9 19.119.2 19.3 19*4 19.4 19.5 19.6
s.a.t 0.10 0.14 o.io o.io 0.10 o.io 0.10 0.14 0.10 0.14  
c.v.# 0.5 0.7 0.5 0.5 0.5 0.5 0.S 0.7 0.5 0.7

■j
1 18.6 18.7 18.8 19.0 19.1 19.2 19.3 19.4 19.5 19.6
2 18.4 18.8 18.9 19.0 19.2 19.3 19.4 19.6 19.7 19.8
3 18.2 18.6 18.7 18.9 19.3 19.4 19.5 19.5 19.6 19.7

4 4 18.3 18.5 18.6 18.8 19.Q 19.1 19.2 19-3 19.4 19.5
Mean 18.4 18.7 18.8 18.9 19.2 19.2 19-4 19-5 19.6 19*7
s.d.± 0.10 0.14 0.14 0.10 0.14 0.14 0.14 0.14 0.14 0.14 
e.y.$ 0.5 0.7 0.7 0.5 0.7 0.7 0.7 0.7 0.7 0.7

1 18.6 18,7 19.0 19.1 19.2 19.3 19.4 19.5 19.6 19.6 19.0 18.5
2 18.8 18.9 19.2 19.2 19.4 19.5 19*6 19.7 19.8 19-9 19.1 19.0
3 1B.4 18.6 18.7 18.9 19.0 19.1 19.2 19.3 19.3 19.4 19.0 18.6

5 4 18.5 18.6 18.8 18.9 19.1 19.2 19.3 19.4 19.5 19.6 19.0 18.4
Mean 18.8 18.9 18.9 19.0 19.2 19.3 19.4 19.5 19.5 19.6 19.0 18.6
s.d.i 0.17 0.14 0.22 0.14 0.17 0.17 0.17 0.17 0.17 0.20 0.05 0.26
e.v.$ 0.9 0.7 1.2 0.7 0.9 0.9 0-9 0.9 0.9 1.0 ©.2 1.3

19-0 18.5
19.0 18.5
19.0 18.5
18.5 18.0 
18.9 18.3 
0.24 0.24
1.3 1.3
19.5 19.0 
19.4 19.2
19.0 18.2 
19.0 19.0 
19*2 18.9
0.26 0.45
1.4 2.4
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fable 6 - Fourth petiole length (cms) at maturity (Each

Variety P 1 a a t a

1 2 3 4 5 m m s.d .t c.v.:

17 10.2 6.6 10.5 9.3 9.4 9.6 0.75 7.8
18 10,0 10.0 10.0 10.0 tO.o 10.0 0.00 0.0
3 10.5 10.2 9.0 11.7 10.0 10.3 0.96 9.3
15 10.5 10.5 10.6 10.1 10.6 10.5 0.22 2.1

BOSCH 39 10.5 10.4 10.6 10.4 10.5 10.5 0.26 2.4
26 9.0 10.6 11.4 11.1 10.8 10.6 0.93 6.7
22 11.2 11.0 11.7 10.3 10.5 10.7 0.26 2.4
21 10.7 10.7 11.0 11.3 11.3 11.0 0.30 2.7
20 11-2 11.7 11.0 12.6 10.2 11.3 o.ta 7.7

sm-scacH

27 10.2 12.6 11.2 11.7 11.0 11.3 o.te 7.7
14 11.4 11.6 11.2 11.6 11.6 11.5 0.17 1.5
35 12.6 12,7 11.6 12.4 12.1 12.3 0.45 7.7
46 11.3 11.0 11.6 12.0 11.9 11.6 0.41 3.5
13 12.9 12.6 12.6 12.9 12.8 12.8 0.13 1.0
12 14-7 12.5 14,4 11.5 12.3 13.1 1.40 10.7
6 14.0 14.4 12.9 11.7 13-2 13.2 1.01 7.6
1 13-5 13-0 13.0 13-4 13.8 13-3 0.34 2.5
4 13.0 13.7 13.6 13.8 13.1 13.4 0.38 2.8

OPEN

2 13.4 13.1 12.9 15-5 13.6 13.7 1.04 7.6
38 14.9 15.0 16.2 13.5 12.6 14-5 1.34 9.2
47 15.1 13.9 13-6 14.6 15.5 14-5 0.80 5.5
43 14.2 14-6 15.0 15.1 14-9 14.8 0.36 2.4
51 17.0 15.0 16.0 14.0 13.5 15.1 1.24 8.2
62 15.4 16.5 17.4 17.1 15.8 16.4 0.64 5.1
52 18.0 21.0 15.5 20.0 17.7 16.5 2.04 11.0
64 16.5 16.7 18.7 19*0 19.0 16.8 0.21 1.1
67 18.5 18.7 18.7 19-0 20.0 19.0 0.59 3.1
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fabl® 7 - Fourth petiole length (cos .//Fourth intercede 

length toms)

VARIETY rs f io i*  (?) mmiOBis ( i) P/I

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
39 10.5 1.1 9.5
28 10.6 1.3 e .2
22 10.7 1.3 6.2
21 11.0 1.4 e .i
20 11.3 1.4 8.1

35 12.3 1.5 8.2
14 11.5 1.4 8.2
12 13.1 1.6 8.2
27 11.3 1.4 8,1
13SiM-BUIiGB 6 12.8

13.2
1.6
1.7

8.0
7.8

1 13.3 1.7 7.8
46 11.6 1.5 7.7
4 13.4 1.8 7.4

38 14.5 2.3 6.3
2 13.7 2.2 6.2
52 18.5 3.2 5.8
64OPffl 4; 18.8 3.3 5.7

14.5 2.6 5.6
43 14.8 2.7 5.5
67 19.0 3.5 5.451 15.1 2.8 5.462 16.4 3.2 5-1
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fable 8 - fhicknese of dry shell (mm) (Each reading 
ia an average of 20 shells _______

fARIEEI SHELL SBICSXBSS

15 0.34
3 0.36
18 0.37
17 0.43

BBMCH 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

SEMI-BUNCH 13 0.47
12 0.48

6 0 .5 0
1 0.51
4 0.51

2 0.51
38 0.51
52 0.51
47 0.52

OPffi 64 0.52
43 0.53
67 0.53
51 0.54
62 0.54
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table 9 - Length breadth ratio of terminal leaflet
( E a c h  r e a d i n g  i a  a r t  a v e r a g e  o f  20 l e a f l e t s )

?AKIEST L « m  (l) MMDSM (B) 1/3

3 6.7 3.3 2:1
15 7.0 3.5 2 1
39 7.0 3.9 2 i
17 7.5 3.6 2 i
18 7.5 3.$ 2 1
22 7.6 3.6 2 1
20 7.2 3.8 2 1
28 7.4 3.7 2 i21 7.4 3.7 2 1

14 8.4 4.2 2:1
27 7.9 4.0 2:1
46 7.5 3.9 2:1
35 7.6 4.4 2:1
13 7.5 4.1 2:1
12 7.4 3*7 2:1
4 8.0 3.7 2:1
1 7.3 3.8 2:1
6 7.6 4.0 2:1

51 7.6 4.0 2:1
67 8.0 4.6 2s 1
43 7.5 3.7 2:1
64 7.6 3.6 2:1

QfSi 47 7.5 3.6 2:1
52 7.7 4.1 2:1
58 7.2 3.7 2:1
2 7.1 3.6 2:1
62 7-8 3.g 2:1
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Sable 10-

BMCI

SEM1-BUMCU

OP®

Colour of drv aeed and cclouring around the hilma.

v m m colour

15 Ivory - flark fcrewa eys.
3 Crew - lo aye.
18 Brora with red patterned seed coat - Ho eye.
17 Dawn pink « Us' eye.
39 Cream with brown specked seed coat - So eye.
28 Dark brown settled - lo eye.
22 Orange, with brown patterned seed coat - iio eye,
21 Ox~blood red - Cream eye.
20 Brown mottled - So eye.

35 Yellowish grey with brown mettled seed coat - So eye
14 Violet'* Blaofc eye.
-lit Crew with biowo patterned seed coat - So ey®.
13 Lilac -  Brews sy ©.
6 Brown mttled - Violet ay&.
1 Light reddish brawn - Ho <jf®.
46 Peach,with brown patterned seed seat - Brown eysu
4 Lilac jfurpia - So eye.
21 Gres® With black patterned seed coat - lie eye.

36 Cream with cream patterned seed coat - Violet eye.
2 Peach with brow patterned seed coat - Violet ay®.
52 Srey with black patterned ased coat - White eye.
H  Reddish brown - So eye.
47 Cr&m with black patterned seed cost - White eye.
43 Light brown - Dark brow eye.
©7 Bark reddiah brown (atoost ble.ck) - Ho eye.
51 Cream, - Hale black and white eye.
62 Light brown - Ste eye.
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FIG. 8 HABIT ANO THICKNESS OF ORY SHELL

0 3 3  0-35 0-37 0 3 9  0-41 0 4 3  0 * 5  0-47 0 4 9  0 51 0-53 0-85

THICKNESS OF ORY SHELL (m m )
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open or spreading and intermediate or semi-bunch. However, other charac­

ters like flower and seed colours, duration of growth and shell thickness 

could fee used to supplement and pin point groups more closely.

This classification is based on the gross external morphology of 

such characters as petiole and intemode lengths and the number of stems 

per plant. Measurements of these characters and visual assessment of 

habit quite closely agree.

, Baabarra groundnut was developed as a crop plant in the savanna 

zones whore their mid ancestors are still to b® found (Dalziel 1937, 

Cobley 1956, Hepper 1963 and Stanton 1966). It is obvious that the 

more successful plants ar® those that are better equipped to withstand 

the dry conditions of that area. In ©ur collection, there are plants 

varying in habit from the very open e.g. variety 67, to the very compact 

e.g. variety 3 with gradations in between. According to Hepper the 

mid variety has long trailing stems while the cultivated one is more 

©ampaet.

It has been observed that varieties with a compact habit which 

also have a high petiole interned® ratio have snore stems than those 

with open habit which have a low petiole intemode ratio. In a culti­

vated farm in a savanna area where plants are not sheltered by vegeta­

tion and are therefore directly exposed, the bunch habit will afford 

protection from the drying winds which are common in the area. It is 

also easier to pull out compact varieties at harvest, because all the 

petioles are clustered together and can be held together by hand and

- 53 -
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pulled. Under cultivation in the savanna areas 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, thaj 

will not be directly exposed to the drying winds as in a cultivated 

field. There will therefore be no need to develop any compactness of 

habit. 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 only a portion of a spreading with tr&ling stems, is 

likely to be damaged, the other trailing stems will therefore have a 

fair chance of surviving and continuing with the growth of the plant.

Observation on shell thickness contradicts Hassel and Hepper's ' 

findings that the pods of cultivated Voandeeia which have compact habit, 

had thicker shells and the wild ones which have open habit had thinner 

shells. The very opposite seems to have been found with the varieties 

used. The trailing varieties in the Legon collection which have thicker 

shells appear to be more closely related to the wild type of lepper than 

the compact type, which have thinner shells.

This observation could be explained that seeds of wild types need 

a longer resting period under the long dry season of about six months 

in the savanna so that the seeds way geminate only when conditions 

become favourable for growth. Also seeds of wild varieties need to be 

protected from drying, and this protection is brought about by thick

- 54 -
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shells. Onto cultivation however, selection will be in favour of pods 

with thin shells which could be shelled easily and this would explain 

why- the bunch types i.e. those supposed to have been cultivatedlonger, 

have thinner shells than trailing ones, recently dosaesticated.

Most of the important cultivated varieties in Shana are of the 

hunch type; also all varieties received from Khodesia and Kenya, two 

places remote from the postulated centres of origin of th© crop, are 

without exception of the bunch type. The presence of open types in

test Africa may be due to its proximity t© forthem Nigeria and Gameroons,
' ■ 4two of the postulated centres of origin of the crop, where cae is more

likely to find varieties in their very early stages of domestication as
w. ' f ^ T .-f i ~ ■ - ■ "®
well as much older domesticated varieties growing in farms in the same 

area. It therefor® appears that under cultivation hambsrra groundnut 

is gradually assuming a more compact growth habit and that this compact 

habit is accompanied by an increase in the e)umber of stems probably 

brought about indirectly by selection for high yield since peduncles 

of flowers arise at sodes on the stems and so the more th® stems the 

more the flowers and fruits.

It also appears that under cultivation, aerial parts i.e. stasis, 

petioles and intercedes hav® evolved faster towards compactness than the 

rate at which shell thickness is reduced.

Variety 3 (local cream), variety 1 (local light reddish brown), and 

variety 67 (local dark brown), were chosen as representatives ©f the 

three habit forms for this research. ®he latter variety has longer
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trailing stems and resemble the wild strain of Eepper, whereas the 

former is compact and bunch and ma$ be taken as the most advanced type. 

Variety 1 is intermediate in bunchness between varieties 5 and 67. For 

all characters studied these varieties i.e. varieties 3,1, and 67 fell 

within the bunch, or compact, the sami-buncn or intermediate, and the 

open or spreading groups respectively. .

4* Saamary.

A general classification of Varieties of Toandzeia aubterranea 

has not been uundertaken, probably because of its relatively low economic

value as compared to cowpea and groundnut. However, several authors%  * ,-*-x , , • ■■ . -.r . «
have grouped varieties by the use of characters which they claim are 

less fluctuating, internode and petiole lengths of varieties in the 

hegon collection have been found to b® the least variable within varieties,
MS*' V. ' v. i* ■' Vi'?*<_: ' ■* • V :e* , i ■ ■ ,1-.  ̂.
aad have been used in classifying them into three habit groups, namely■ ■ j  • • U-. 1 v/ ( -s.-'? , #? 1 4 -• , . ■  4 - - -
compact or buneh, open or spreading, and intermediate or semi-buneh.
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CHAPTER 3 

FLOWERING

1* Introduction
'* ’ ..*■ > i ' - ’SM* • ' ■■■

According to Boateng (tf67), Ghana lie® so close to the equator
that temperature varies little throughout the year. The only significant
division of the year here is into rainy and djy season®. At th® coastal
savanna on which the Accra plains lie, the rainfall reaches its maximum
during two peak periods; the major rains trams during the months of May,
June and July, the minor rains occur in September and October followed
by drought from December to February when little or no rain falls.

It is daring the rainy season that most crops, especially vegetables,
are grown because irrigation Has not been developed to grow crops during
t t M B ■ '’ViV '.Us)z~ .ye f-: •.
the dry season. A few crops are however grown along streams and streets 
drains during the dry season when water from them is used.

There is very little literature on th® flowering of bambarra ground-
a, ■■ .'jv: ’-*"4 . • ■

nut especially as regards the botanical features of the flower itself.Sc * »Z * ■ •• ‘ «s* ? * •• , #

Ptohaps Oobley (1956), is the only author who has described the botanical 
features of the flower but not in any detail. According to him the 
flowers are whitish-yellow in colour, the standard is broad and the keel 
is a straight structure enclosing the stamens of which nine are united 
by their filaments along most of their length and the tenth stamen is 
completely free. The ovary is surmounted by a short bent style which 
is covered with long hairs along the inner surface and tipped by a «"pT»i 
stigma.
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F.A.G. Agricultural Stadias Bo.55 (Agricultural & horticultural Seeds) 

gives periods within which th® crop is grown in certain parts of Africa 

aii&augh the it is

also stated in but

the seasons involved are no t mentioned,

Coblay's botanical description is not detailed enough# and since 

P.A.O. Agricultural Studies He.55 (Agricultural sod Horticultural ieeto) 

did not specify M W H M K .  seaaena «re Better fer growing m  orep, it 
thought necessajy tastudy these aseectein greater detail ̂ cauae 

knowledge obtained in these studies will be useful for breeditot azid other 

agronasaic work She flower was therefore atudied iaamuch

greater detail. Observations were made m  three selected varieties 

namely variety 3» (local cream), variety 1 (local light reddish brown), 
aad variety 67(local dark brown).
2. Botanical deacrlntioaof the flower

Th® flewjjjpg mendzgia auMcrranea are typlealty psgpilioEaeeous.

®*©y are boraesn a raeenesewioreaoeriee on lone nedundea with bulbous 

tips and behind eacbbuib two te aaree flowers, but uaualty two, are 

found (Fig . 9 JvThe  peduncleareach at th®

initiation o f ' ^ : f » i s e ^ p j ^ p f e | ® & ^  the Mae 

of anthesis. Jhe in a

raceme varies from 24 to 4S hours and that of flowers on fee same 

peduncle does not: exceed 24 Hours, bat rarely do they open at th® same 

time (Fig. to ) .  *
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fig. 9

Inflorescence of bambarra groundnut showing
(a) 2 flowers on a peduncle, (b) 3 flowers on a peduncle.
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Pig. 10

(a)

(b)

Flower opening in bambarra 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, perpendicular to i* (Slg. 10). the winga remain in contact along 
their edges and the keel lies Inside them, the keel la recurved and 

booked and consists of two petals fused along their distal edges to the 
apex hat open ventrally along the base. At its tip, a hollow is formed 

through which ants occasionally eater both unopened and opened flowers.
Baa reproductive structures of the flower are completely enclosed inside 

the horn-like keel petals. The wings and keel are attached between the 

staminal column and the standard by pairs of claws.

In all flowers observed, the androeeium consist of ten functional 

stamens, the nonadelphous stamens form a fleshy tube leaving about the 

upper third to half of the filaments free. Dp to the time of anthesia 

eight stamens including the free one are opposite the style and the other 

two are behind it but this arrangement is destroyed at anthesis (Pig.13c). 
fhe filaments bear adnate, oblong, biloculate anthers. Within a particular 

variety, the anthers are uniform in size, tout the size varies between 
varieties. Anthers of variety 3 for instance Are smaller and its styles 

are also shorter than those of variety 1 and variety 67. fhe size of the 
pollen grain is thus related to the distance which the pollen tube must 
traverse from the stigma to the ovules. Since varieties with longer 
styles also have larger pollen grains, it appears this is an adaptation 
in providing the pollen tube with sufficient food to enable it to reach 
its destination. Although the ratio of else of pollen grain/length of 

style is constant for 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-bunch varieties, (fable 11 ).
Table 11 Size of anthers in relation to length of styl® and size 

of pollen. (Each reading is an average 15 samples). ________
Variety Size of Length of Size of Size of pollen

an&er s|£l£ . grain/i«®g^ of
S M *

3 21,320sq. u 4,640 u 104**. u 0,022

t  63 -

1 24,256sq. u  5,100 u 136a®t. u 0,027

67 2S»,ifi0st. u 5,320 m I60s(j. a 0.030

In the bud stage, the gynoecium is longer than the androecium so 

that the stigma projects well above the anthers (Hg13A) but the stamens 

keep elongating at a faster rate than the style so that at anthesis the 

stigma and the style are at the same height (pig.13B). This appears to 

be as adaptation to ensure self pollination.

The hypogynous ovary and particularly the style are somewhat laterally 

compressed. The stigma is club-shaped and laterally placed ©n the style 

leaving a projection of about a millimeter of the style above it. There 

is an invagination at the point where the ©very merges into the style and 

after this region and the style thickens considerably. At the end of the 

staminal column, th® style is reflexed and becomes almost parallel with 

the anthers but extends beyond them into the hook of the keel. The style 

is bearded below the stigma, on the surface facing the.standard, with a 

series of stiff downwardly-descending hairs. The ovary is asoaocarpellary 

and contain two ovules which develop along the ventral suture of th® 

carpel. The lower ovule arises first.
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Pig. 11 A Inflorescence showing axillary position of flowers of bambarra groundnut.
a = bud; b.?= expanded flower; c = withered flower.

Pig. 11 B Longitudinal optical section of flower.

F le s h y  stam inal tube

E p icalyx

w e r lip  o f calyx
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A = Standard.
B = Wing.
C = Keel.
D = Calyx.
E = Epicalyx.
P = Androecium. 
G = Gynoeeium.
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Ke.13 - Position of stamens in relation to style and stigma.

BUD STAGE, AT ANTHESIS. AFTER POLLINATION.
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3. fflowerlag behaviour.

a ®  jimSig, the

dry and rains' seasons t'-assd 67. flew»J?l8g»

once initiated, doeaaot eeaBjvuatil ’̂ ̂ heend Ofthe lifefOf this. plaSt .

 ̂Pig. 15 ) but im:?ssl«feS'vJ flowering etoj® .abputnilne w^eks %&£$&> 4fe® life 

of the plant oomeste an end,

since the flowers '

possiDxe

s m o t w  w  vMjmmrniar vmm. size at aesat -
6 p.®. the prf\rious: stê ^ahes. they arft/*b«er?ed-;t©J ̂ eroieh a*allea„> Such 

flowers opehat a'anrise withmaxiwaia % ® jsI^^68^ s43J2 between 8.30 and 

10 a.m., except during eeol weather when the opening time is delayed. 

Flowers which open before neon start to close around 3.30 p.®., the period 

between opening and closing of flowers being raughly constant. Betweaa 

18 and 24 hours after opening, the petals, the an&roeeium and tsba uooer 

portion of the style drop off

4. Effect of. season on limsmm.

Experlmanta; wes?e perforiaed totinanwc wnictx of tsnatso seasons v»» 

sore favourable for flowering 

Materials and Methods

During each aeaapn, seeds of the three -varieties were SOwnin the 

field in a randomised blsek design with six replicates, f«i® Such exoeri- 

menta were set a to * eaen repa-ieate consisted of single rows of twelve 

plants of essa variety spaoea at two reet apart, fhree seeds were sown

67
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Fig. 14- Peak stage of flowering in variety 67. 
(Note tha 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 a hoi# aad at two leaf stage the seedlings were thinned to one so 

that uniformity could tee obtained. The plants were watered regularly 

when the soil was dry. Meteorological records during the months of 

growth were taken. (Appendices 3•to 10).
From one of the experiments, records were taken of the total 

number of flowers that opened during the day. As some of the flowers 

were partially buried, plants had to be raised before such flowers could 

be counted and occasionally some flowers dropped off accidentally. The 

other set was not disturbed and plants from it were harvested at maturity 
and records taken on pod production. 2Qie total number of flowers as well 

as the total number of pods per plant during th® two seasons were then 

determined. Fertility coefficients (i.e. the percentage of the number 

of flowers/number of pods), and the flower/pod ratio during the two seasons 
were also calculated. 

lesults and observations
For all varieties, the number of days between date of germination 

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

Table 12 affect of season on time of flowering.

Season Months Variety IgJletjM Variety 67
Rainy June-August 31 31 31
Dry Bee.-February 28 28 28
The total number of flowers and pods produced, fertility coefficients, 

and the flower/pod ratio for the three varieties during the rainy and dry 
seasons are also shown in Tables 13,14,15 and 16.
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Sable 13 - Maan rouabar of flowers per plant

- 70 -

Variety Bsliw season Brv season Mem

3 607.5 668.6 638.0

1 438.2 732.8 610.5

67 468.0 639.6 553.8

Mean 521.2 680.3

Haisy season vs. dry season* significant at p
p = 0.05 Variety

Ii«S*D*
p = 0.01 "

p = 0.05 Variety x rainy season vs. dry season
Xi.S.S.

p _ 0.01 B n n » w n n

Sable 14 - Mean number of soda per plant
variety " Rainy season Dry season

3 140.4 154.4 147.4
1 4S.8 76.9 62.9

67 41.5 61.4 51.4
76.9 91.8

Hainy season vs. dry season, significant at p
p = 0.05 Variety

L.3.S.
p = 0.01 "

p = 0.05 Variety x rainy season vs. dry season 
L.S.D.

p = 0.01 " *- » « n if n

= 0.01 

*15.3

=20.7
= 10.8

=14.7

: 0.01

■ 5.3
> 7.2

■ 7.5 
10.1
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Table 1<§- gwt.lllty coefficients
Variety Bialn.v season Dry season Mean

5 23.0 23.1 23.05

1 10.0 10.5 10.3

67 9.0 9*6 9.3
Mean 14.0 14.4

• 71 -

Table 16

Variety

3
1

67
Mean

Flower/pod ratio
Rainer gMann

4.3 5 1 
10.0 : 1 

11.1 : 1

8.5 s 1

Dry season

4.3 s 1
9.5 s 1 
10.4 s 1 
a .i s 1

4.3 : 1 
9.8 s 1 
10.8 t 1

Barlett’a method was used to test homogeneity of experimental error 
variances and it was found that the error terras of the two experiments of 

yield data were sufficiently homogeneous to permit the combined analysis 

of variance, with the calculation of one generalised error for comparison 

of both experiments (Appendices 11 .a n d  1 2 ) .

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 number of flowers per plant against days (Figs.16 to 20) 
shows four stages in the progression of flowering and these can be
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distinguished as followss-
(a) stage of slow progression.
(b) stage of rapid progression.

(c) Peek stage.
(d) Stage of decline.

On examination of the carves it is found that, period of slew progre­

ssion of flowering lasted for 6 days for all the three varieties during 

the dry season but during the rainy season, this period lasted for 12,15 

and 14 days for varieties 3,1, and 67 respectively. More flowers were 
produced at this stage during the rainy season than the dry season, but 

flower production per day was higher during the dry season than the 

rainy season.

Stage of rapid progression lasted for 8,9, and 8 days for varieties

3,1, and 67 respectively during the dry season; during the rainy season,

however, this stage lasted for 7, 10, and 11 days for varieties 3, 1, and 
67 respectively. Although this stage was shorter during the dry season 

than the rainy season, more flowers were produced during th® dry than 
the rainy season.

The peak stage during the dry season was for 16, 11, and 12 days 

for varieties 3, 1 > and 67 respectively but during th® rainy season this 
period lasted for 17 days for all varieties. At this stage production was 
higher during the dry season than the rainy season for varieties 3 and 67.
, ..j ’ • . ,f , ?»■#:.•>’. i f , . . " . * »  ■ * # / - >

In variety 1 however, slightly more flowers were produced at the peak 
stage during the rainy season than the dry season.

-  7 2  -
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FIG. 1 9  DAIIV PRODUCTION OF FLOWERS IN VQANDZEIA SUBTERRANEA (VARIETY 1) DURING THE RAINY AND DRY SEASONS
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- Fruits inthe ■•easrso of formation were followed up to eomplets 
maturity %  cutting sections through them (Mg.3Q> ) andexafflining the 

nature of thepoda and seeds contained therein. ©sis was done on tern 

Stint* eaeh ofthe. three varieties.
Gbaarvfitiona

thirty days after flowering the seeds were » t  .quite ripe tat were 

still soft .and' the inner parenchyma of the shell was thick, white, and 

watesy,. -'But.-,at'40 dî rs,-theipodsr'became ripei,:>.:fhe see$a were nature* aM 
the shells 19 longer hat the thick, whiteand watery' parenchyma, §1 *- . , ,

®his minimum time is required by the three varieties for pod maturation, 

Biacuaaleas and oonaluaiona

- It therefore fellows from this observation that useful flowering

i.e. flewering which leads to the production of maturef raits sbauld .end 

about 40 days before the end of the life of the plantand therefore as 

saueh as possible, majority of flowers $rodueed going the life of

the plant should some before ths last forty days of the life of the plant* 

for good harvest to he obtained.

i|9iewer production lasts for ?0 days in varieties 1 and 6? during the 

rainy ami dry seasons (Figs. 19 &2)). In variety 3 however, flower produc­
tion lasts for 55 days during fcoth aeaaocs (F£gJ8 ).

Since fertilised flowers need about 40 days to develop into mature - 
pods, it indicates that only flowers which are produced during the first 
tMrty days of flowering get enough time to develop into pods.

During the dry season, the last day of th® peak of flowering in
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variety 3 occurred at the thirtieth day, while tfeat of varieties 1 and 67 
occurred at the twenty-sixth day. ©ius, the periods of slow, rapid and 

peak of flowering fjpw before the last 40 days daring which flowers 
produced are not able to develop into mature pods. In variety 3, 153*3 
out of 668.6, i.B. 22.9$, of total flowers are produced daring the last 
40 days and so do not form .mature pods. In varieties 1, and 67, the pro­
portion is 57.2$ and 35• 6$ respectively. ,

During the rainy season, the last day of the peak ©f flowering in 
variety 5 occurred at the thirty-sixth day thus, six days of the peak 

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 ,̂ 245.3 out of 610,®, i.e. 40.1$, 

of the flowers did not fall within the period of useful flowering. In 

varieties 1 and 67 this proportion was 259.2 out of 488.2, i.e. 53.1$, 

and 282.3 out of 468.1 < i.e. jS©»3$>, respectively,

2hus, when the crop is sown during the rainy season a larger propor­

tion of the period of peak of flowering fall outside the period of useful 

flowering and this very much lessens the chance of a good harvest,
6, Concluding remarks on flowering and T30d production.

Growth and fruit production of crops is strongly influenced not only 
by genetical factors but also by environmental factors. Of the environmental 
factors, rainfall is vepy important especially in this part of th® world 
where farmers depend mostly on rainfall for growing their crops. However,
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with irrigation, the £sxmr is enabled to grow crops throughout the dry 
season and' aran can control the aaout of water supplied to the plant.

It has been observed that bambarra groundnut was developed as a 

crop plant in the savanna and that the bunch habit which is seen in many 
eultivars and ecotypes, have evolved in response to cultivation under 

savanna conditions. The crop has thus become adapted to the long dry 
season .(4-6'months) of this area and varieties with the more open habit 

resembling the wild strain would appear to be more drought tolerant than 

the cultivated bunch varieties.

Most crops require a dry sunny period for flowering and pollination 

and these plants are not successfully pollinated when wet with dew or 

rain. Bambarra groundnut produces its pods in the soil and so a lot of 
rain may cause some of tn® pods to germinate or rot premavurexy xx mese 

are not harvested soon after maturity. Pods need a dry period 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 plant 

has dried often results in much loss of seed through rotting and premature 

germination of seeds and pods which had matured earlier. In local practice
’ S** ■; '** - i f - , ■■ , \ f -■% ~ - , '• a/;
it is quite frequent for selected matured nuts to be removed from the 

plant before the rest are fully mature and before the stole plant is 
lifted. This practice of harvesting individual pods as they ripe have 
been shown to minimise the losses due to rotting and prematura germination 
of seeds. If, however, large acreages are planted this practice cannot

V .  .. ■ >  J ,■ J- .

be conveniently applied and so the crop has to be harvested at a stage
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whsna hi^ p«rpentag9, o^ the pods are mature.

Although a significantly higher number of flowers and poda are 

produced duringdty season than the rainy season, the increase was greater, 

in varieties 1 and 67 than in variety .3. fertility coefficients also 

increased daring. , the dry season, text this increase was again greater in 

pieties 1 and 6| thajsi is variety 3. Also flower/pod ratio decreased 

ill varieties 1 and 67 during th® diy season without a corresponding 

<|ei|reaae in variety %

'm  ISieaa observations of the seasonal yari&tions are da® to the plants 

adaptability to drought and climatic conditions prevailing daring the 

dry season. Heavy rainfall seems to have an adverse effect on the per­

formance of the ew?p,

She si®aifleant difference in variety x season iateration, indicate 

that the varieties do not behave alike daring the seasons. It has been

•V9* tte* *i“* ** op“  “ “  *“ ,lla
strain and that cultivated varieties are mere compact. Since fee compact 

variety has been in cultivation longer than the ©pen varieties, it is 

likely that it has become msre usedto water and therefore the rainy 

season does not have so much adverse effect on it as it would have on tba 

wild types which are more adapted to the long dry season of 4 - 6 months 

of the savanna. Thus when the varieties are grown under rain fed conditions 

the open ones which resemble the wild strain, behave as if they were 

outside their usual zones of cultivation and this leads to poor yields.

She dry season from m@£y points of view is a better period in which
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to grow eropB than the rainy season, because during the rainy season 
humidity is high, temperatures are low, the sky may be overcast and 
sunshine reduced. Factors which increase plant diseases and pest 
outbreaks, are also more favoured during the rainy season than the dry.

Crop ecology becomes related to insect ecology whan one considers 

insects and the effects of climate on their distribution and activity.
It has been observed that ants soften the soil and so make it easier for 

the fertilised flowers to penetrate it. Therefore during the rainy 

season when the soil may become water-logged, the ants cannot function 

properly. In fact, continuous rainfall may make the soil difficult to 

work when harvesting a crop which bears geooaxphic pods. Sometimes 

continuous rain may prevent harvesting altogether. It is recommended 

that where water can be provided* during the dry season, this season is 

better for the growth of bsmbarra groundnut.

Summary

The flower of Toandzeia subterranea is typical of the papillonaeeae. 
Flowering starts 28 days after germination and depending on variety, may 

or may not cease before the end of the life of the plant, lore flowers 

and 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 are slightly 
higher during the dry season. It is suggested that if water can be pro­

vided, the dry season would be more favourable for the growth of bambarra 
groundnut.
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fhere £» m  precise knowledge on the flow®ring and pollination 

mechanisms «# bambarrs groundnut even though a number of werktm ha^e 

attaaipted -to 'find these oat.* 9 m  findings of these authors may b© fat 

into tw> b*o.ad S^ups (i) those who think, that the flowers am  self- ■ 

pollinated, and (ii) those whose views are 3® favo-or of cross-pollinar- 

tion by fee' aid of inseets,,
A->1 According t© Sobley (1956) for example, the petals arte often unde­

veloped o3? fail to epen and self-pollination is the Mis, the flowers 

being el<sastoga®oue, fhe bisoad standard petal- closely enfolds the is® 

wings and keel, ©otter's diets' is ■shared'fey fetasB-n (1968) who observed 

that the flowers were normally self-pollinated and that they were ferti­

lised before opening.
Baku (1968), however,, observed that the standard petals of bambarra 

flowers opened fully is nature flowers during the.early hours in •fee 

earning from 6 a.m. onwards. ®hs flowers were always near or at ground 

level and in some eases might be partially buried. The pollen matured 
and the stigma became receptive before the flower was fully opened but 
it was not known whether the flower was protandrous or protogyncus.

On the other hand F.A.O. Agricultural Studies Mo.55 (Agricultural 
and Horticultural Seeds), states that the flowers of bamharra groundnut 
are partially self- and, partially croa3~pollinated, the extent of cross­
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pollination depeedlns on inseot activity althou# the insects toralvsd 
are not aeatiafied. It io further stated in this book that 60 - 60* of 

ewiaaiiBii: has boon reported 'ftmiMn.
Boku (196&). ebswrvsd'tbat both self- ®a& osoas-poliioatioa could 

taka place ia varying degress depending oa variety or strain and timt 

this was brought about by two spades of ants Pheiaole moeacephala and 
Bont»noriua Pharaouls without which pollination mi£it be severely limited 

or prevsntsd altogether, fh® ante moved freely through the hole at the 

tip of the hern-like keel petal thereby effecting pollination. Doku 
further observed that varieties" with awe open habit of growth depended 

aere on ants for their pollination than the compact or bunch types.

In a later paper, Dels* (unpublished), observed that the movement 

of ants was most likely to bring about pollination between different 
flowers of the seme plant {geitono@aa«r) which provided the stimulus for 
pod development and that whan auiog&% occurred la absence of ants this 

stieralus was completely lost ia the ease of the semi-bunch and open 

varieties, but was reduced in the ease of m e  bunch varieties. &itoga- 
bous pollination could therefore tak® place without ante but further 

development of the fertilised flower was severely restricted in the 
senL-bunoh and open varieties.

According to tassel (1960), who observed sxsnoecy in bambarra in the 
Congo, there are (!) small female flower® with well developed, normally 
functional pistils and Mall etaiaens without pollen and (ii) bigger male 

flowers with yellowish papilionaceous petals. These flowers have abortive
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filiform pistils and elongated 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 ©f 

entomorpbilous pollination. i ,
To clear up these findings which appear contradictory and inconsis­

tent, preliminary observations were made on floral opening, pollination 

and fertilisation and an experiment also carried out to investigate the 

role of ants i® pollination and pod formation.

Z Preliminary observations
Preliminary observations on six varieties revealed that although 

the standard and wing petals do fully open in mature flowers with sunrise, 

the keel never opens and always encloses the reproductive parts of the 

flower (i.e. the pistil and stamens). She flowers which are at ground 

level do not normally cluster together but are spread out on peduncles. 

Bach peduncle ends in a bulb on which can be found pedicels of ene to 

three, but usually two „ flowers j. ..
Pollen maturity and stigma receptivity occurred just before or soon 

after the opening of the standard and wing petals. The stigma, and 

stamens are almost of the same length at this time (Figl3BJ and pollen 
tubes have been found growing on th® stignatic surface and in some cases 
piercing the stylar tissues to fertilise the ovary of flowers of plants 
growing in the presence of ants as well as those growing without them 
(pig. 21 ).

Three species of ants, two of them the same species mentioned by
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Doku ei968),-and thd third unidentified (#ig.22')t W*t similar to the 
common brom 'aBt wMch is commonly found on sugar, were observed on 
plants the nb^riiig period'. No '̂ other species ofinsiects
were observed on bambarra groundnut but the threespecies were also

tine so.ia). Sfaese

Jwts'iiire separately in’easts’ which ar© built under the canopy of the'
plants soon after the initiation of fXoz#. buds and once estab- 

rarely move from plant to plant. They make holes just beneath 

thebulfe which teminate the floral peduncle. This bulb is glandular 

and secrets a sugar identified as glueese (Hg.25 ) through two pairs of 

Openings which appear as brown dots on the surface of th© bulb (Hg.28 ). 

:H ' This Secretion may be seen coining out through the openings as 

small droplets especially during the early hours of the morning. The 

ants are usually found'hiding in their holes from where they shoot out 

Wwif antennae on to the surface of the bulb to suek the sugar. Occasio­

nally the ants may become gregarious and eat up some of the flowers.

SomO of the flowers msiy" also fall off aceidwitaily but the ants Usually 
MSgM. in ■iioir holes below the bMb even when there are no flowers, 
this suggests that it is the sugar and not any other part of the flower 
(e.g. pollen) which attracts them. Caterpillars are also fond of eating 
this glandular part of the peduncle.

As floral development progresses, the peduncle also elongates and 
depending on its distance from the soil, a flower may or may not be
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fertilised before.%% enters the ground. Flowers near the base of the 
plant, where the stems are buried, enter the ground before they are 

fertilised but as one moves away, from the central part of the cluster, 
the distance between flowers and soil surface increases, flowers may 

therefore not be in touch with the soil before being fertilised. It is 

through the holes and casts made by the ants (Fig. 23 & -27-) *that flowers are 
pushed into the soil by the elongation of the peduicle to develop into 

pods. After pod formation is initiated, the peduncle ceases to elongate 

(1^30).
3. The role of ants in pollination and pod fonaation u

the experiment was conducted in the field in the dry season so that 

watering could be controlled. Eight adjacent pie is were randomised for 

treatment with D.D.T (controlled) and without D.D.T (uncontrolled).

Five percent D.D.T powder was spresid uniformly on the four plots 

allocated., for the controlled treatments. Six varieties representing 

tile three habit groups (varieties 3 and 13, bunch, varieties t and 4, 

eend-bunch, end varieties 64 and 67, open), were planted at a spacing of 
2 ft. by 2 ft., one week after the application of the D.D.T powder. The 

varieties were randomised within each of the can&called and uncontrolled 
plots. Wide spacing was adopted to enable individual plants and plots 
for controlled treatment to be mcricled with D.D.T powder. Each plot 
consisted of single rows of twelve plants per variety with a border row 
which helped to prevent drifting of d.dj powder on to adjacent uncontrolled 

plot. - /p-l.,'-. -y,.',

Three weeks after germination, each plant was encircled with 5/fc
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D.D.T powder at about six inches away from the base of the plant and 

also at the borders of the controlled plots. Ihe powder was watered 
down to prevent it from being blown on to adjacent uncontrolled plots.

She application of D.B.T powder was repeated at frequent intervals.

During the period of growth, the soil was not disturbed in any 

way except for daily watering and occasional removal of weeds, fflie 
plants were harvested 10& rds tafcen or

pods, and discs.
Observations

Ho ants were seen in the ̂ mawiieit penoa

of'the experiment but the I N i l i f l i J K M I W I l W ' V n M r t  

in their numbers in the u a e ® i ® W i W M t s ^ ^ c ^ e d  their

usual activities.
Plants in the e o n t a ® ! ^ ^  flowered and were

normally fertilised saca flowers

failed to enter the t i m m m s W m t - i m a m *  Sb Hhat state as dises 
(i.e. the young f r u * « j l K ^ ^  fruit

etoargan^ pT {ng.2.6). pods

formed on the surface t^ the eoil were green iastead of brown, had thick 

watery shells and poorly developed aeeds. JSost of the pods formed on the 
surface were single seeded.

A few pods in the controlled plots were formed underneath the soil 
though the majority of these could not go deeper than a few centimeters. 
Such pods were, however, normal and most of them were two seeded. Plante
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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 (unidentified), 
found on flowers of bambarra groundnut.
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Fig. 24 - Similar 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 value of 0.18 in 
butanol-acetic acid-water solvent which is equivalent 
to glucose.
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Pig.ZG - Pods formed on the surface of the soil in plants 
growing without ants. Note the ring of DDT powder around the 
plant.

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. 2fc - Bulbous glandular tip of floral 
peduncle of bambarra groundnut showing the 
openings through which a glucose sugar is 
secreted.
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in toe controlled plots were not as vigorous as those to 13a® uncontrolled 

plots especially during tue last few weeks of the life of the plant. 

Results
flumber Of pods oar plant (table 17 )

(a) Tarietal differences: Pods produced 'by the bunch varieties were 

significantly higher than those of the, semi-bunch and open 

varieties, although differences in the latter varieties were 
sot significant, more pods,were produced in the semi-bunch 

varieties than the open ones.
(b) Effects of treatments: Pod production the presence of ants was 

significantly higher than without ants. However, the increase 
in the number of pods due to the activities of ants was only 

significant in the semi-bunch and open varieties but not in 
the bunch varieties.

Humber of unburied discs pea? plant (Sable 18)

(a) Tarietal differences: A significantly higher number of unburied 

discs were produced in the semi-bunch and open varieties than 

in the bunch varieties.

(b) Effect of treatments A significantly higher number of unburied 
discs were produced in absence of ants than in their presence. 
However, the increase in the number of discs due to the absence 
of ants was only significant for the semi-bunch and open varie­
ties but not for the bunch.
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Numbag of taada and discs togetiier (Table 19 ).» i ' r

(a) Varietal differencess The difference in the number of pods 

and discs taken together between the bunch, semi-hunch and 
opes varieties was significant.

(b) Effect of treatments (There was no sigaifleant difference 

between treatments when pods and discs were taken together, 

tiie mean being almost equal under the two treatments.

Table 17 Humber of pods per plant

Variety Habit Ants So fiats Mean

3 Bunch 140.4 134.7 137.4
18 n 144.8 144.4 144.6
1 semi-bunch 61.7 32.6 47.2
4 n 56.2 35.9 46.1
64 Open 60.6 25.9 43.3
67 n 50.0 37.7 43.9
Mean 85.6 68.5

Ants va. No Ants, significant at p = 0.01 
p = 0.05 Variety = 5.4

L.S.D.
p = 0.01 » = 7.2

p = 0.05 Variety x Ants Vs. Ho Ants = 7.6
L.S.D.

p = 0.01 " " ** " " " =10.2
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Sable 18 Kambar of m arled, discs per plant
Vaiietor Habit Aata I© Ants Mean

3 Bunch 2,9 6,2 4.6
18 W 3-7 5.4 4.6
1 semi-bunch 4.2 31.3 17.8

»4 « 9.0 29.7 19.4
64 Open 9.1 43.3 26.2
67 » 3.1 1S.4 9.3
Mean 5.3 21.9

Ants vs. Ho Ants, significant at p = 0.01
p = 0.05

L.S.D.
p = 0.01

Variety
t»

= 4.2 
= 5.6

p = Q.05
L.S.D.

p = 0.01
Variety x Ants Vs,

it » « n
. No Ants
n «

= 5.9 

= 7.9

fable 19 Mtaaber of jgoda and unburied discs per plant

Variety Habit Ants lo Ants Mean
3 Bunch 143.3 140.8 142.1
18 It 148.5 149.8 149.1
1 a end-bunch 64.9 63.9 64.4
4 It 62.5 65.6 65.4
64 Open 67.9 71.2 70.5
67 H 53.1 53.1 53.1
Kean 90.8 90.7

Ants vs. Mo Ants, not significant.
Variety x Ants vs. So Ants, not significant.

p = 0.05 Variety = 4.3
i.S.D. „

P = 0.01 « 5 ft
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4.: Siaeuasiona and conclusions . , .

Wony Togmmwa, '.|̂ pe«$al,ly forage ones, depend on insects such as . 

bees, fliea, ante, etc., .to pollinate their flowers and where such. 

PjlliBatosf .limi.tod or absent, whole fields may fail to produee a 

commercial crop or even fail altogether, r

In bambarra groundnut, however, the thro® species of ants mentioned 

S^0fr0l4 onlyinsacts which haste so fax been found m  the plant and these 

can enter and got out freely through the hole at the tip of the horn­

like keel petal. Although pollination can be effected %  this means, 

it is dpubtful if this is the only means of doing so.

She extent to which legume flowers defend on insects for pollina­

tion is determined by their floral characteristics e.g. aonogey, dichogamy, 

etc. Monoeey of ba^basra flowers. which Eassel has observed in the Congo 

tiaa »ot been found among any of our varieties. The flowers are complete 

and the stamens and pistil remain enclosed in the horn-like keel petals 

which never completely opens. Dichogamy has sot been observed sad 

pollen maturity and stigma receptivity occur at about the same time (i.e. 

at opening of the standard and wing petals) meaning that the flower is 

neither .pro tandrous nor protogynous. At this stage the anthers and 

stigma are at the saae height (fig 13®) and self pollination can therefore 

be effected except perhaps for the existence of self-incompatibility 

which is not likely to be- widespread since single plants grown in isola­

tion produced pods. c _

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

and uncontrolled plots (Fig-21 ), Therefore eves though bambarra ground-
■ >-t *:.■? ;ifK, '''r' *" 'nut still retains sons characters of entomorphilous pollination such as 

brightly coloured petals and brush arrangement of hairs on the style 

which is supposed to sweep the pollen out of th© body of the insect, it
&vfc-s. " -:-•*
appears from this experiment that self pollination can take place 

without ants* and this ultimately results is pod formation. It i n n  

what the ants do is to soften the soil and so make it easier for the 

fertilised flowers to penetrate, and since the total number of pods and 

unburied discs taken together did not differ significantly in the presence 

and absence of ants, it would appear that the lower number of pods 

produced by the semi-bunch sad open varieties is the absence of ants 

sight be entirely due to the inability of their fertilised flowers to
i<5 v«r v;r •* ‘ ' *. ■penetrate the soil,

In traditional practice, farmers earth up the plants at flowering 

time to help bury the fertilised, flowers and thus encourage pod develop­

ment, fills is exactly what fee- ants do,
*; f  ■ *,' «•: .:. .

Probably, in thw wild state ants and other agents helped in the 

burial ©f fertilised flowers and in the early stages of domestication 

farmers found it necessary to earth up plants in order to increase pod 

yields and this practice has persisted to this day. Under continuous 

cultivation however, varieties are being evolved whose dependence or. 

agents for pod burial is gradually being lost and the bunch varieties 

which have been in cultivation longer has become less dependent on agents
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than the open -types which appear t® Is® ia their early stages ©f domes ti- 

cation. ghat was why the bunch varieties produced practically the same 

number of pods whether or not ante were present.

Self-fertilisation is a recent innovation in the process of domes­

tication (stefebios 1957# Elliott 1958), and many legumes under cultiva­

tion have been subjected to intense selection under which a genetic 

system tolerant to inbreeding has become established. She bunch varieties 

ffaieh have been under cultivation for a longer time have therefore become 

acre adapted to inbreeding and are able to toy their fertilised flowers 

and develop pods without the aid of agents (insects or man).

the open types which resemble the wild varieties are only now 

becoming adapted, to inbreeding and have not yet reached a stage of per­

fection as the bunch types and therefore still depend on insects and mm 

to bajy their pods.

A picture that emerges at present is that bambarra groundnut is not 

only assuming a more compact growth habit under cultivation, but is 

becoming less dependent on agents (ants and man) for effective burial 

of its pods.
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5. Sugmarz ' -

Six cultivara of bambarra groundnut, representing the range of the 

three habit forms in the collection at Lego a were gsown in the field in 

the presence and absence of ants. The number of pods and fertilised 

flowers taken together did not differ significantly under the two treat­

ments but a significantly greater number of pods were produced when ants 

were present, indieating that without ants a large number of fertilised 

flowers failed to develop into pods.

Of the pods that developed without ants a large number remained 

on the surface of the soil, where conditions for pod formation and deve­

lopment are not so favourable and therefore many fetilised flowers in 

that situation could have perished. Plants grown without ants were also 

less vigorous and wilted earlier than those with ants*

. It is suggested that ants aided the burial of pods which in turn 

helped in the absorption of water and minerals from the soil. Varieties 

may show differences in their dependence on agents for pod burial.
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CHAPTER §

msri: mnmemm

1. Introduction

Knowledge on fruitifieation of bambarra groundnut is sparse. 

According to Dalaiel (1937). and Hutchinson and Daleisl (1958), the 

peduncle bends down into the earth after fertilisation of the flower, 

tt® flower has a smooth bulbous tip and bottle brash arrangement of 

hairs which help to excavate a sort of tunnel into which the young pod 

on its pedicel is drawn rather than pushed. It is further stated that 

in Sast Africa, the base of the plant is lightly covered with soil after 

flowering to promote fruit development.

Cobley (1956), on the other hand, observed that the tip of the 

flowering peduncle is modified into a smooth glandular swelling and after 

fertilisation the peduncle bends downwards towards the soil its glandular 

apex forcing a tunnel into which the fertilised flowers are dragged.

According to Rasael (i960), the penetration of the ovaries into 

tiie soil is assured by the elongation of the floral peduncle, the bulb 

only loads and protects the ovaries in the eours® of the journey. This 

view of Raasel is shared by Johnson (1966), who observed that it is the 

elongation of the peduncle which pushes the ovary into the soil to 

develop into a pod.

The present knowledge indicates that three differing views are 

shared on the mechanism by which the flower enters into the soil. Further 

development of the fertilised flower inside the soil has also not been
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(a) Stages of nod development
The period of pod development lasts 30 days from the day of fer­

tilisation (KL«. 30 )• During this period, the pod grows continuously 
in length and thickness until it has reached its ultimate size after 
which further growth ceases. During its period of development, the 

pod is made up internally of very watery parenchymatous cells in which 

the fertilised ovules arc embedded, and these ovules develop very little 
during this stage. Although the different stages in fruit development 

a n  not clear cut and one stage merges into the other, five stages 
may be distinguished.

(i) Aerial disc stage

This stage is indicated by the entry of the disc into the 

soil (Hg.^Oa). 2he disc as used in this context is defined 
as the young fruit during the phase ef development which inter­

venes between fertilisation and pod enlargement. This stage 

lasts between one to two days during which the dises inerese 
slightly in sise bit are still enclosed within the epicalyx,

(ii) Soil penetration stage

The second phase (Pig-30b) starts with a rapid elongation 

of the peduncle yhich pushed the disc into the soil and con­

tinues until soil penetration is complete or some obstruction 

is encountered. If there is no obstruction pods are formed 

when peduncle has penetrated up to a depth of 4 to 5 cms. 
the upper portion of the peduncle is green. After soil pen©-
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tration the subterranean portion becomes white. Both portions 

are hairy, but the function ©f these hairs is not known; it is 

likely they serve ia absorption. The ovules at this stage are 

deep green in colour and this colour persists even on ovules 
that have been underground for several days. The epieslyx is 

lost during the penetration of the disc into the soil. After 

the disc has been in the soil for five to seven days, pod 

enlargement begins and peduncle elongation ends.
(iii) Disc inside the soil stage

There is not much difference between this stage and the 

preceding one. The disc remains inside the soil for a wesk 
more (Fig.30c).

(iv) Early stage in pod enlargement ,

The beginning of this stage is characterised by the swel­

ling of the apical region simultaneously with the bending of 
the pedicel and the young fruit through 45®. This stage occurs 

at about two weeks after fertilisation. (sig.^Od)
(v) Immature nod stage

As growth progresses the pod assumes a horizontal position 
with its ventral suture uppermost. Pod enlargement proceeds 

from the apex to the base and is associated with faster deve­
lopment of the lower ovule. Maximum siae is reached 30 days 
after fertilisation (fig. 30e)*

Pod maturity
Althou# the pod reaches its maximum size 30 days after fertili­
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sation, further development to the soil enables it to become teier and 

harder. During the course of growth, the remains of the style continues 

to dimiftiab so that at maturity little or m  trace of it is found on the 

pod. (Fig. 21 A)- Instead a scar appears in its place. Shis scar is 

often surmounted by a light projection of the shell giving it a beak 

appearance. In some pods however, no beaks are formed, instead there 

is a li$it depression in whose centre the scar of toe style is situated. 

The partof the fruit to which th© scar of the pedicel subsist is the 

upper part, and the lower part is where the style is attached. The 

pod also has a dorsal and ventral side. ¥ery often the ventral part 

is mere or less flattened while an accentuated groove persists on the 

dorsal side. At maturity the shell is usually reticulate. (Fig.31B).

(b) Development of seeds

The development of seeds inside the pod starts as soon as the pod 

has reached its maximum size and lasts for about ten days. A section 

throu# the pod (Fig. 32 ) shows that it sonsist of two embryos whose 

tm  cotyledons are embedded in a thick albuminous layer to which the 

integuments strongly adhere, fhe layer of albumen is surrounded by a 

layer of thick watery parenchymatous cells. Is the cotyledong grow in 

size (Fig. 32 )* the proportion of albuminous layer decresses until it 

completely disappears. The parenchymatous lining of the interior of 

the shell equally disappears with seed development. Seed maturity is 

not complete until the parenchyma has completely disappeared and this 

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

-•107 -
University of Ghana          http://ugspace.ug.edu.gh



Patches ©a the sides of the shell (Fig.32;.

la all varieties m m SM i, two ovules are. found in the pod. Bote 

ovules may develop into Seed" bat in many eases one ovule fails to develop, 

and the pod then assumes a bell-shaped appearance (pig.3U), and the ovules 

which fail to develop remain inside the pod without any appreciable change 

in sise. Its eolour howevers changes from green to brownish. In two- 

seeded pods the seeds are partially separated by a thin caueCT uartitinn 

or p«reBei9«pm «f eontsctef t m r m  m m »  is flat,

and not perpeadiculaap Mis inclined to the ioneritudinal a*i3 of the ood.

The distal ends of- fee seeds are rounded gad smooth taking’ the g a m  wiiieh 

the shell gives than, The seeds differ in form, the upper seed is smaller 

and slightly elongated, and its. hilum is neaar the middle, while the lower 

seed is more rounded andthehilum is found at the tg*per.extremity (Fig.34). 

t o  hilain is always on fee ventral part.

The differeaee in the form of fee two seeds leads to difference in 

weight which appears to be to fee advantage of fee lower seed (Figs.31 & 34). 

la experiment was therefore conduetei to find out which of fee two seeds 

was heavier,

Materials and methods

Seeds of six varieties representing the racge of the three habit 

foxms in the collection at Legon (varieties 3 and 18, bunch: varieties 

1 and 4 semi-bunch, and varieties 64 and 6? open) were sown in the
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Pig.29 - Ageocarpic pods formed by obstructing 
fertilised flowers from entering the soil.
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Pig. 30

SUCCESSIVE S TA G E S  OF FR U IT D EVELO PM EN T

0. -Aerial “disc" 1-2 days after syngamy d. Early stage in pod enlargement 15days
b. Soil penetration 5 -7  days e. Immature pod 2 0 -3 0  days
c. "Disc" inside the soil 10-12 days
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111
Pig. 31 - Shape of pods and seeds.

A = One-aeeded pod. B = Two-seed«d pod.

Hilum

lower

Ventral suture

upper grain

rem ains of 
calyx

Scar of style

Depression

Ventral side 

pod

markings
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Pig.32 The pod, at various stages of seed development.

A = Two-seeded pod. B = One-seeded pod.
1 = Longitudinal section through the pod. 2 = Outside 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 3 varieties of bambarra groundnut in double-seeded 
(d) and single-seeded (s) pods. (Note the size of the lower (l) and upper 
(u) seeds and the positioh of their hilums).
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field ia & randomised Mock design with fora? replicates. Each plot 
consisted of a single rows of twelve plants spaced at 2 ft. apart in 
the row and 3 ft. apart between rows apart. Plants were harvested at 
maturity and 100 double-seeded pods were selected at random. After 
drying the pods were shelled and 100 seeds of each category of the 

six varieties weighed. Samples of each category were sown ani their 

performance observed.

- 114 -

Results

Sable 20 Mean weight (ms) of 100 seeds
Variety Habit Lower seed Upper seed Jean

3 Bunch 45.2 40.7 43.0
18 « 37.5 33.0 35.3
1 semi-bunch 60.3 58.4 59.4
4 « 56.5 50.1 53-3
64 Open 67.5 64.1 65-8
67 n 78.1 70.2 74.2
Mean 57.5 52.8

p = 0.05
Ifiwer seed vs. upper 
Varieties

= 38$* significant 
» 8.4

L.S.D.
p = 0.01 «*

Varieties s lower seed vs. upper seed
=11.3

significant

lover seeds of all varieties were significantly heavies ten 
npper seeds. Varieties also differed significantly in the weight of 
their seeds: the open varieties bore the heaviest seeds the compact 
varieties the li^itest seeds and th® weight of the seeds of the semi-
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bunch varieties was intermediate between the two. The difference 
between seeds of varieties within the same habit group was not signi­
ficant: Variety X lower seed vs. upper seed interaction was also not
significant indieating that differences between lower and upper seed 
weight were about the same for all the varieties. Seeds of the lower 
category were more vigorous in growth . : '

4« Iftacussiona and conclusions

She observation that the peduncle bends downwards towards the 

soil after fertilisation is erroneous. She flower is positively geo­

tropic and the bud points towards the ground the moment it is just 

visible. She hairs on the peduncle do not help to excavate a tunnel 
into which the pod is drawn because they are very soft and brittle.

She fertilised flowers are rather pushed by the elongation of the 

peduncle into the holes and casts made by the ants below the peduncle,
t'

and this is the view of Hassel and Johnson although these authors did 

not make any referees® to ants.

The observation that the lower larger seeds also give rise to 

more vigorous seedlings indicate that it might be more advantageous 

to select such seeds for planting.
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5. Simamaey
Flowers of Voandseia snbterranea ere positively geo tropic and 

this helps their entry into the ground. The ovary does not develop 

in the air bat only when it is on or inside the soil. The transforma­

tion into fruit occurs in two stagess-

(a) definite development of pod* followed by

(b) development of seed.

She first stage occurs during the first 30 days after fertilisation 

and the second stage lgsts for about |0 days. Maturity is charac­

terised by dryness and browning of the interior of the shell and 

appearance of brown patches on it. Th® part ©f the pod ©n which the 

pedieel subsist is the upper part and the lower part is the portion 

where the style is attached.

Seeds for sowing should be selected from the lower part of the 

pod, since these are larger sad heavier and also give rise to more 

vigorous seedlings than those at the upper end.
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OOHflLTOMS HEMAgKB

In order to understand the crop more folly, further research is 

needed into many aspects, some pf which have been brought to li^it by 

these investigations,

There is no dpubt that the prop originated in Africa, and three 

places where wild relatives of the crop have been found, have been 

suggested as the probable centres of origin of the crop. It is likely 

that the crop may have originated from only one of these places afid 

the other places are probably secondary centres of origin or of diver­

sity where the crop was first domesticated. Further evidence for the 

establishment of the actual centre of origin of the crop is therefore 

required,

A market survey parried cut in Ghana revealed that the light 

coloured varieties, especially local cream, are more popular on the 

markets than the dark coloured ones. A palatability test caried out 

by the staff of the Department pf Crop Science revealed that the dark 

coloured varieties are more palatable. Work should therefore be done 

in conjunction with the Department of Biochemistry,on nutritive values 

of all varieties so far collected and this data correlated with varietal 

differences in palatability, Such data will be useful especially for 

organisations interested in canning the besns.

The classification of varieties into habit groups was based on
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external morphological characters of the plant. Such characters are to 
some extent influenced by the environment. It is likely that the sprea­

ding varieties which also produce large vegetative parts and big sized 

fruits may be polyploids. Cytogenetical studies should therefore be 
undertaken to verify this, 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 varieties e.g. varieties 3 and 18, 
which have been observed to be true breeding and 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 reduce yield or fruit size 

and this should further be investigated.

The author shares Boku's (1968) observation that not all varieties 

in the Legon collection are able to inter-cross freely. This suggests 

the existence of some incompatibility mechanisms among varieties, and 

this needs further study. Varieties should be crossed in pairs and the 

P2 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 
which big pod size and large pod number are combined.
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In the three varieties studied, pollen maturity and stigma recep­

tivity occurred at about the same time. Shis study should be extended 

to all the other varieties.

Flowers that are produced during the last 40 days of the life of 
the plant do not get enough time to develop into pods. If such flowers 

are removed as they are formed pods already formed may grow bigger. 
Bemoving all these flowers will not be an easy job. A search should 
therefore be made for varieties which produces most, if not all of its 

flowers before the last 40 days since this will be a useful character 
to use for breeding.

Mo serious pest has so far been seen on bambarra groundnut, but may 
be in the near future a pest may attack the crop. The useful role which 
ants play in pollination and pod burial should be borne in mind and in 

any control.measures .the use of insecticides which will kill or have 

residual detrimental effects on the ants avoided. Varieties which do 
not rely on ants for burial of their pods 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 internode length.

Expected F
Source d.f s.s. m.s. observed F 5% °̂/°

Total 26 7.00
Due to linear

regression 1 1351.78 1351.78 25.13** 4.24 7.77
Deviation from

regression 25 1344.78 53.79

** Significant at 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.s. m.s. observed F Expected F

______________________ 5%

Total 26 2.45
Due to linear

regression 1 1.85 1.85 77.5** 4.24 7.77
Deviation from

regression 25 0.60 0.024

** Significant at 1$ level
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APPENDIX 3

HETBOROIiOGICAL data

(°p)
9 A.H.

$Eif?mAmss (°p) 
3 p .m .

Dry bulb Wet bulb >  a. s Diy bulb Wet bulb $ E. E

1 81,3 • 77.0 85.0 70.6 75
2 81.0 77*1 - 8T 81.5 77.8 85
3 @0.2 77.0 86 83.0 79.0 63
4 79.8 76.8 ■ 86 ■ 79-8 77.0 87
5 @0.2 77.2 67 77.6 74.6 66
6 61.0 76.4 81 84.0 77.6 74
7 82.fi 78.0 j 61 85.0 77*5 70
6 81.0 77.8 86 64.2 79.0 79
9 80.8 76.7 # 82*4 77*0 77
10 . 85.8 78.0 76 82.2 77*6 81
t1 77.2 75-5 93 76.4 75.2 94
12 78.8 75.6 66 83.0 76.6 75
13 78.0 76.0 - 91 85.0 77.0 75
U 77*5 75.5 91 77.0 74.0 86
15 78.8 75.0 p 84.4 78.6 77
16 79.8 75.2 80 82.0 77.2 80
’17 75.5 71.5 9© 82.5 76.0 73
18 78.6 75.8 86 80.2 76.6 65
19 78.0 75.0 86 74.0 73.0 95
20 79.9 75.9 87 83.8 77.0 73
21 Ti.O 76.0 91 82.0 77.0 79
22 80.0 76.0 83 80.0 75.5 81
23 76.0 75.5 89 82*2 77.2 79
24 T9.8 75.6 62 82.8 76.6 74
25 81.0 76.6 61 @3.o 77.0 75
26 79.0 75.8 'cs® 82.4 • %.& 71
27 82.0 77.0 79 83.0 77.0 75
28 79.8 7 6.2 84 81 *0 76.0 79
29 78.8 73.2 78 83.9 77.5 74
30 75.0 74.4 97 83.0 77.8 78
31 : — ’ - - -
fetal 2383*4 2279.3 2549 2454.3 2368.9 2380

leasaeL&sl___ L _ J 5 _ .81-7...... - 78.9.. 79.3
Hbnthly mean = 82.3 Source itooin the field. -
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m m R  4

HETBOROLpniflAL BAtA 

gRMPKRAjCORES JULY 1968

TEMPERATURES (°F) 
9 A.M.

IWSEtfi'UKlS (°F) 
3 P.M.

Bfcjr bulb Wet bulb # R. H Dry bulb Wet bulb ^ a. I

1 79*8 76.8 87 81.2 76*0 79
2 76.0 74*6 93 79.4 75.0 81
3 71*0 70.6 98 74.0 73.4 97
4 > 77.0 73.0 87 76.0 75-0 98
5 73.6 73.4 99 76.0 73*8 90
6 77.0 75.0 91 79.4 76.8 89
7 77.5 75-0 89 79.0 75.0 82
3 75.4 74*0 93 79.4 75.2 §2
9 75.8 75*4 98 78*8 75.6 86
10 78.2 74*6 84 81.6 76.8 80
11 77.8 75*2 89 81.6 76.8 SO
1? 78.4 74*2 81 85.0 77.4 70
13 78.2 75*4 87 81.2 76*8 82
U 76.0 74.0 91 79.0 75-0 82
15 79.2 75-8 85 73.4 73.2 99
16 77.8 74*6 86 79 .a 75*2 80
17 78*8 75.6 86 81.4 75.8 77
18 79*4 74.6 79 81.6 75*8 76
19 77.6 75*0 88 78*4 75*4 81
20 75*5 75-0 98 79.8 75*4 81
21 76.9 74.0 87 79*0 74*4 80
22 78.4 76.0 89 83*2 76*4 75
23 79.8 77.0 88 81.4 76.0 77
24 74*6 75*8 96 79.5 75.3 82
25 78.6 74.6 82 80.4 75*4 79
26 78.6 75-6 86 80.6 75.6 79
27 78.0 7**4 88 81.6 78.8 76
28 76.0 73.0 86 80.4 76.4 83
29 74.0 74-0 100 80.0 76.8 86
30 75.2 73.8 93 79.0 75*0 82
31 77.0 75.0 91 79.5 75.3 82
Total 2387.1 2314.0 277.0 2470.4 2264.2 1811
Mean 77.0 74*6 ■ 89.4 .. 79*7 73*6 , 82*2
Monthly mean = 85*8 Source .FWm tho field. ■
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■ JUPPKSBIX 5

HBSS9B0TfflSTfl at, bmph

i-VJaaB«U to • - 5V- v - • •
■ (°P) 

■ 5- it#®* '
1 -  : W W P 2 S S  (°F)

■ {, 's 5
ft Dry bulb Wet bulb Dry tajlb

i -T- , -c- - r>‘
Wet bulb . jfi S. I  -

1 78.8 75,0 «5 80,0 75.0 79
2 76.0 74*0 ■ . 91 81.0 76.8 87
3 78.6 75.0 : ^ 77.4 75.0 89
4 78,8 76.2 s . 88 83.0 76.8 75
5 79.8 76,0 S3 81.6 76,2 776 80,0 77.0 87 79.0 76.® 86
? 74,8 742 : 97 77.0 744 74
8 77.9 13.2 87 79.5 76.$ 85
9 79.0 76.0 86 79.9 76.9 86
10 . 79.0 76.0 86 83.4 77.4 76
11 79*9 76.9 86 81.2 72.4 84
12 . 78,8 77.0 92 s77.5 75.® 89
13 ‘ 77.0 75*0 91 79.4 76.8 89
14 78.8 75.5 86 80.8 77.1 86
15 n.2 74.0 94 77.0 74.| 88
16 77.S 75.0 « 88 ■79.0 76,0 86
17 78.0 76.0 91 76.8 74.8; 91
18 i 79.0 7#. 6 89 78.2 74.4 83
19 79.4 77i0 89 78.4 75.2 86
20 - 76.0 75-0 ;79.8 76.8 86
21 77.8 75.0 . ■ 83 79.8 76.9 83
22 76,5 75.0 93 77.0 75.2 92
23 76.0 75.2 : 96 77.5 75.5 91;
24 76.0 75.5 98 '79.6 76.0 84
2§ 79.7 76.6 87 78.4 75.0 85
26 79.5 75.2 80 82.5 78.0 82
27 78.8 75.8 81 74.0 73.0 9528 80.0 76.0 85 81.4 n. e 8529 78.4 74.4 82 81.4 77.5 8430 76.3 74.5 91 71.8 75.2 95
31 74.8 74.0 96 79.0 76.4 89
Itatal 24t6.3(T>; 2339.6 2747 ' ' 2457.3 2355.2 2639
Mean 77.9 $ 75.5 ■„ , 88.6 79.2 76.0 ......
Monlsfaly mean p  .86*9:. *4 . Source field'.. -
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f f j j g j j  6

TEHPERAIBHS 
9 A.M.

fSSPmfOBES 
3 P.H.

Bays Bry bulb Wet 'tMlb 1  SS Ri H ■ ter bulb ! Met bulb #R. I

1 82.7 78.4 82 $7.2 78.6 67
2 82.5 78.0 73 87.0 80.0 73
3 62.5 78.0 88.8 79.2 64
4 84.0 79.0 79 84.0 78.5 77
5 81.4 78.0 86 86.4 78.0 67
6 82.6 77.8 80 75.4 71.4 82
7 81.8 78.8 87 #7.6 80.0 71
8 81.2 76.8 §2 86.5 78.5 69
9 82.4 76.4 75 84.4 76.6 69
10 81.8 77.0 76 84.6 78.2 74
11 81,6 77.0 81 86-6 78.0 67
12 79.4 76.0 77 85.6 77.5 68
13 81,4 76.6 80. *4.4 76.2 67
14 82.4 77.6 so 88.4 79.4 66
15 80.2 76,2 83 84-0 77.0 72
16 79.8 77.0 88 84.4 78.4 2 76
17 81.0 1 77-0 83 8®.5 74,0 67
If 81.2 77.4 84 84.5 77.4 • 69
19 77.4 75.4 91 85.0 78.0 72
20 80.4 76.8 84 85.4 77.4 69
21 84.0 73.0 57 87.0 77.0 67
22 83.0 77.5 77 87.0 77.7 £5
23 79.6 76.5 86 84.4 79.6 80
24 79.6 74.5 73 85.4 77.4 69
25 83.0 77.8 78 86.0 77.4 67
26 80.5 76.2 81 85.2 78.0 72
27 84*4 77.0 70 84.4 * 78.8 77
28 85.4 77.8 70 82.4 77.0 77
29 81.5 , 77.2 82 85.7 78.6 72
50 82.4 v 78.4 83 86.0 78.6 71
31 m 77.0 67 89.0 77.6 59
fatal 2,536.6 4 2,387.7 2.456 2,631.2 23 4 2.0 2,182
Mean 81.8 77.0 79.2 ___________ 25s5 70.4
Honthly **•£’' = 74.8 Source: From the field.
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APPBKPIS 7

TEMPERAfBRBS JANUARY t 9S1

temperatures (°f ) 
9 A.K. .

5K8HP®Af0BBS (°F) 
3 P.M.

Days Dry bulb Vet bulb # R. H Dry bulb Vet balb # H. H
t 82,4 76.4 ' 77 ; " * m ‘. , i 78*6 702 80.5 77*2 85 84.6 79-2 72
5 80.0 76.4 . 84 87.6 79*2 68
4 86.0 77.5 67 87*4 75*4 • 56
5 80.6 76.8 83 82.8 71.4 55
6 8O.4 77.0 85 87.4 75*8 57
7 79.6 70.0 84 87.4 79.4 69
8 81.0 77*2 83 88.0 79*2 67
9 .. 81.0 7?.0 87 87*6 79*4 69

to 8CL2 77.2 87 85*5 77.5 69n 29.8 76*2 85 03*2 75 *2 68
t2 80.3 76.6 83 86.2 77.8 68
!5 80.4 76.6 83 86.0 76.6 64
14 80.9 77.2 88 86.8 76,8 67
15 79.0 76.6 89 86.5 78.0 67
t6 82.0 78.2 84 85.2 78*8 75
17 80.0 76.8 86 86.2 78.6 70
ts 82.0 . 794) 87 85.0 74*0 57
*9 80.0 77.0 87 84*6 74.6 61
% 76.0 75.8 99 84.0 75.0 64
21 78.4 75*4 86 85.8 78.0 70
22 , 79.0 76.4 89 86.4 76.4 67
23 79 JS 76.0 84 87*4 78.4 66
24 81.6 76.4 78 87.4 89.4 69
25 81.0 77.0 83 86.6 77*2 64
26 66.2 78.6 85 83.7 73.7 76
27 84.0 77.2 73 79.0 76.4 89
26 78.6 76.8 92 87.3 74.4 53
29 80.2 75.6 72 e?.c 67.0 3130 78.4 ; 68.0 56 87.4 73*4 50
51 82.0 , 77.7 82 86.0 75*8 61
jotal 2y498.4 2,371.8 2,. 571 2,662.4 2,384.6 1,997
Mean 60.6 - ..76 . 5 . 83 85*9 76.9 64
Henthly Mean » 73 Source Praia th? field-
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APPENDIX B 

MEIESSOIiOQISALi M f k  

TEMPSRAgtJRES FEBRUARY 1969

- 1?o -

TEHPERATORBS (°F)
life*. .

(°f )

Days Bsy bulb Wat bulb JC R. H Dry bralb Vet bulb # S. I

1 80,4 ‘ 75,4 ' 79 82.0 73.6 66
2 79*0 77.4 89 85.0 76.8 67
3 79*0 77.0 87 88.0 79.6 68
4 a) .8 77*6 86 87*4 78.8 67
5 80.2 76.2 83 89.4 79.4 63
6 80 .8 77.2 84 87.6 79.0 67
7 83*4 784* 79 86,5 78*7 70
3 82.0 78.4 85 87.6 78*8 66
9 82.6 77,6 79 86,0 78,3 70

to 84*6 78.6 76 L 87.6 73,0 64
11 83.4 78.4 79 88,8 79.2 6412 83.8 79.6 83 89.2 79.6 65
© 82.8 . 7 M  ; ' 86 ^ 88,6 78.6 63
14 83,4 78.6 80 88.4 78.6 63
15 . 81.5 76*7 80 88,4 78.6 63
IS 82.0 77*6 82 87,3 78*5 67
17 843 78.9 77 86,8 79.0 65
IB 834 76.4 72 88.0 78*6 65
19 84.2 78.8 77 89.6 79.0 61
20 84.0 78.4 77 87.4 T7.2 62
21 83.0 78*5 82 89.8 s 79-8 63
22 82.0 78.0 83 81.4 77.6 84
23 85.2 80.0 79 85.2 77.6 74
24 86.0 79.5 75 86.2 77.2 65
25 82.4 76.4 78 88.4 79.0 65
26 84.6 7JM 72 86.8 76,6 61
27 84.2 77.8 78 82.6 77.4 78
28 84.4 79.2 79 86.4 79.0 65
29 - _ »■ -■ • _
30 _ _ - _
31 », ' -■ -»*•. -
Total 2,321.8 2,183.6 2246 2,438.4 2,192.1 1,861
Mean 83.0 78.0 80 87.1 78.3 66
Monthly mean = 73 Source From the field.'
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AJtfMBU 9

Days Jtine July Ataguat December January February
1966 1968 I960 1968 1969 1969

1 - J 4 10.0 8.0 7.0 7.22 5.25 10.25 8.0 6.0 ■4.,53 6.0 Kil 7.29 w '■5.5 0.04 2.75 1* 5.25 5.5
8.5

6.5 6.05 3.50 1.25 9.0 5.56 7.50 8*0 4.5 6.5 6.5.7 9.0 - 8.0 7.5 • . 7.08 2.0 "S0r 1.0 7.5 6.5 9.09 . . “ 1' . V - 6.5. 8.5 , 7.0 «*10 5.0 5& 2.0 9.5 8.5 6.511 P-5 5i 8.5 9-5 5.5 8.012 , ̂ *5 5 4.0 6.0 7-513 3,5 — 8.5 '' ' 8.0
7.5
8.0

14
15 - , 5,

8.0 
4.0 ^ 9.0

5.0
-

16
17
18

1.0
0.5

5
3-ztJl

4.0
-t -! 1 t 9.0

7.5
8.0

8.0
6.0«* 8.5 6.0 9.019 trace 5| 1 6,0 7.5 9-020 ^ 8.25 “ 6.0 8.0 7.0 8.021 5-0 - 4.0; 8.0 6.022 ’ - 1 It 10,5 8.5 2.0 7.023 1-5 5 8.0 6.5 7.5 5.524 6.0 — ■*. 8.5 8.0 5.525 6-5 ** ' 8.0 7v5 8.5 4.526 5.5 — - 'fVj

4s S
8.527 9-0 - 6.0 7.5 9.528 ■ ~ , T trace I4v'-29 4.5 - - S 3  ' 4.0 «■»

30 3.0 «•» 6.0 3,5 5.531 — — - 9.0 7.0
Total 99.9 62.3 141.00 195.5 174.0 156.2
M®£»‘ ’ 4.3 4.8 6.4 -----3^2---- . ..,,6.2.. --- _ a a  _,
Source Oept, of Geography Legon.

Utarot 300 yania waway fxva experimental plot;.
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APPENDIX 10

METEOROLOGICAL BATA
RAINFALL (INCHES)

RAINY SEASON JEST season

Bays Jane
1968

July
1968

Aug.
1968

Sept.
1968

Not.,
1968

Bee.
1968

Jan.
|_J26gL__

Feb.
W _ .

1 1.52 0.15 •w 0.13 • •H -
2 0.06 6.43 0.05 **- - —- 0.32
3 0.15 0.10 m Trace -■ - — —
4 0.09 1.71 •*!*. 0.08 ** - —
5 0.01 0.07 0.08 0.05 0.45 - ** -
6 - — 0.93 0.05 - - - —-
7 0.05 0.13 0.07 - - -
8 0.86 0.16 i. - - -
9 Trace 0.11 0.09 - - •
10 0.78 •m- Trace 0.09 0.48 - •
11 0.29 ■— 0.23 - - - m-
12 0.23 0.20 - Trace «•* -
13 0.05 - 0.08 - - - -■ -
14 0.41 0.40 0.18 2.52 - <■* -
15 0.20 0.98 «•». 0.24 0.18 - -
16 0.15 0.02 Trace 0.89 - - •m.
17 Trace - n Trace - - - -
16 0.30 0.10 n « - - -
19 0.44 1.27 •* 0.32 - - 0.18 -
20 — - - 2.00 1.55 - - -
21 0.08 - 0.05 0.04 - - -
22 — - 0.74 - - - - -
23 0.46 0.16 0.37 - - - - -
24 — 0.04 ■ - 0.37 - - •m -
25 1.17 - - - -■ - - -
26 -■ — - 2.37 - - Trace -
27 Trace - 0.98 Trace t .17 - 1.09 _
23 0.19 1.05 0.02 - Trace _
29 0.97 0.59 0.01 0.88 - - - _
30 0.01 — 0.40 Trace - - — —
31 - * 0.17 - - - - -
Total 8.42 t?*?o , 4.57 . 3.87 0.00 1.27 0.32
Source: From Dept, of Geography. (About 300 yards away from experimental plot).
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A N A L X i M W i p n  fOH SEASOBAL PRODUCTION OF FLOWERS

Source df s.s. m.s. observed F.
Required F.

.,35.-

Total ■“ 35 372641.77
Bloeks 5 108.00 21.0 0.13 2.60 3»§6
Varietv 2 44298.00 22149.0 133.60** 3.38 5.57
Season 1 227895.00 227895.0 1375.35** 4.24 7.77
Variety &Season 2 51202.00 25601.0 154.50** 3.38 5.57
Brror 25 4141.77 165.7

** Significant at 1$ level

iPPEHBI* 12

ANALYSIS OF VARIANCE FOR SEASONAL PRODUCTION OF PODS

Source df a.s. ffi.S. observed F.
Required F.
5fo 1$

Total
Bloeks

35
5

70996.9
10.1 2.2 0.06 2.60 3.86

Variety 2 65867.S 32934.0 829.6** 3.38 5.57
Season 1 3823.2 3823.2 96.3** 4.24 7.77
Variety & Season 2 302.5 151.3 3.81* 3.38 5.57
Error 25 993.2 39.7

* Significant at 5$ level
** significant at 1$ level
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MAilSIS OF VARIANCE TABLE OF THE S W S M  OF PODS PER PIABT IK PKESEHCE 
AND ABSENCE OF ABTS

- 134 -

APPENDIX 13

Source of variation d»f. as. bus. observed Regd
5SS

Total 47 104936.8
Blocks 3 105.4 35.1 1.26 2.67 3-97
Variety 5 98630.1 19726.0 709.6** 2.51 3.66
Aots/Ho ants 1 349?.6 3493.6 125.7** 4.15 7.50
Variety x ants/no ants 5 1790.3 358.1 2.15 3.66
Error 33 917.4 27.8

** Significant at \% level.

APPENDIX 14

AHALY3IS OF VAEIAHCE TABLE OF THE HUMBER OF "DISCS" PER PLANT IN 
FRESEHCE AND ABSENCE OF MTS

Source of variation d.f. ss. m.s. observed Regd,
5:%

. p.
iy»

Total 47 8773.0
Blocks 3 17.1 5.7 0.35 2.67 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 ants/no ants 5 1756.0 351.2 21.28** 2.51 3.66
Error 33 5145.0 16.5

** Significant at 1$ level.
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ANALYSIS OF VARIANCE TABLE, QP MEAN Of PODS AMD "DISCS"
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APPEPIX. 15

Source of variation d.f S 3 . m . s observed f Rega.F
5^ 1>

Total 47 74442.0
Blacks 3 92.1 30.7 1.7 2.67 3.97
Variety 5 73736.5 14747.3 823.9** 2.51 3.66

Ants/no ants 1 ■ 0 . 1 0.1 0 . 0 1 4.15 7.50
Ants/no ants x variety 5 2 2 . 1 4.4 0.25 2.51 3*66

Error 33 591.2

** Significant at 1 fo level.
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APPSKBIX 16

Analysis of variance table for difference in weight between lower 
seed and upper seed.

Source d.f. 8 • S * XU* 3* observed P Regd
5$

. P 
1*

Total 47 8858.14
Block 3 1.74 0.58 0.01 2.67 3-97
Variety 5 6315.44 1663.09 23.98** 2.51 3.66
Lower seed vs. upper 

seed 1 269.79 269.79 6.36* 4.15 7.50
Lower seed vs. upper 
seed x variety 5 .46.43 9.29 0.14 2.51 3.66

Error 33 224*74 68.10

* Significant at 5% level

** Significant at level
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