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ABSTRACT - »‘.‘ )
| Seedg of Mella volkensti Gurke. do not germ1nate when
placed under favourable cond1tzons %f/moxsture, air. and»warm
! temperature. To study factors which ‘cause’ 'and maintain seed
.dormancy, and condltlons that lead to its release, three
studies were carrxed out. These were- (1) to descr1be flower
and fruzt external morphology and structure of the ovule' "
(2) to cldss1ﬁ% the dormancy type and prescr1be seed
germination treatments that might break it, and; (3) to
propose dormangy mechanlsms by wh1ch integuments, perlsperm
and endosperm operate. : o

Seeds of M. volkensii mature in 11 to 13 months, but

phases of fruit development lack a seasonal pattern. Change
,““1" fru1t colour irom green to yellowxsh green appeared to be
the Lmst practlcal 1nd1cator of seed matur1ty.

L1gn1f1cat1on and cut1n1zatlon of integuments, and
rthEII growth to form-a caruncle starts early in ontogeny,
but major-structural}changes l1ke,deposrtlon of nutrient
LreServes in the embryo and‘enaosperm,,persistence_and.
crushing of‘the nucellus'in‘matureseed, the thickening of
endosperm cell-walls that characterize mature seeds do not
'occur until late in ontogeny The embryos and endosperm ma1n
constituents are crude fat (54% and 49%, respect1vely) and
crude protexns (35% and 26%, respect1ve1y) Integuments are
mainly. comp&%ed of cutin and l1gn1n (60%) These changes

¥ : .

nappear,to-play a leading role in establxsh1ng'and

" maintaining the state of dormancy.

iv
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Seeds with the1r 1nteguments, per1sperm and endosperm
.removed reached 81% germ1nat1on, compared to only 9% in
rntact seeds. The few intact seeds that‘eoh;d germinate
'probably did so becuaée rhey had smallvcracks in the seed
. coats whxch were not detected on x rays. These cracks may
‘have developed durlng seed extraction because the .seed coat
is quite brittle.. * | ..

Germination started after seeds with damaged
integuments absorbed over 60% water (dry weight ba51s)

Intact seeds can absorb 48%.waterobut most of this is held
in the seed coats. Only 15% of this water is taken up by the
4embryovtissues themselvee.'This shows that integumemts,
perisperm and endoeperm are not completely imoermeable to 4
'water,'but that tﬂey limit rate and‘amount of water absorbed
by the embryo. The endosperm and/or perisperm seem to be
the tissues 1nvolved in 11m1t1ng the amount of water
absorbed by the embryo. Consequentlx, one way in which -.
integuments, perrspefm and endosperm inhibit germination is
by not allowing the embryo'to absorb sufficient water for
the start of cell divisibn. A |

Seeds with damaged integuments COle germlnate in
elevated CO, (0.65%) and depressed Ozy(15%), but seeds_in
. 50% O, germinated only to §0% while controls %‘21% 0,)
breached 82% Therefore, gaseous inhibition -of q%rmznatlon

seems insufficient to account for the failure of intact

seeds to germinate.

</



Normal ;\SAinatiqn waé inducéd'when intééﬁments,‘
-per1sperm and endosperm were cut longxtud1na11y at the
micropylar end but when cut horlzontally 1},&%2 centre, or
long1tud1na11y at the chalazal end, they germlnated

e abnormgg . Radicles tended to get trapped in the seed

ST
R

coats.

is suggests that the permeab111ty of fhteguments,

perisperm and endosperm to water or_g,

embryo, they also restrict radicle protrus;on mechan1,
To account,for the germination behaviour of seeds

subjected to vatious integuments, perisperm and ehéééperm
treatments and experimental conditions, ghree mechanisms are
proposed: {1) that the endosperm, and/df perisperm do notﬂr
allow the embryo to abs:iﬁladequaﬁe water for cell division
‘to start; (2) that the embryo does not acquire sufficient -
‘imbibition'pressure to bf?ak mechanicél restraining action
of the integuﬁents and/orf\(3) that in nature, aﬂmechanical
weaken1ng of the 1nteguments is nsgded in addition to the h

removal of the perlsperm effects, in order that embryos be

able to absorb enough water to start cell d1v151on.

vi
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| 1. INTRODUCTION N

Kenya‘has‘a total area’of 580 ;000 Km® of wh;ch'J1,290
km* is covered by water. Two thirds of fhe dry land is
semi- arid to arid (Pratt et al. /FSG) More than 85% of
Kenya's 16 m11110n people live in rural areas, denerally
concentrated in the fertile high-rainfall regions. The high
'populatlon den51ty in these areas cannot sustain hore |
growth and as a re'sult there has been a steady m1gration to
,the less densely populated semi- ar1d areas. The sem1 arid-

areas currently have 20% to 25% of Kenya s populat1on

(Mldgley 1983 Heuveldop et al. 1982). Vegetatlon clearlng,

e

to create space for agriculture, and over ra
d1m1n1shed the land's crop and anlmal carry1 g

This has raised publ1c concern, and as a rjfzi' 'a number of

reforestat1on proyects have been started tovralse,p.[)':
dxstrlbute and encourage farmers to plant mult1 purpose
: trees (Buck 1983) . . V L NN

Kenya Forest Department S act1v1t1es are malnly
centered . aroundifast growing exotlc plantation spec15§f'
\Midgley 1983). Lack of basic data on which to base |
management decisione have in-the past made moatfindigendmsa
tree: species iess'favourable for reforestation'than exotic
tree speciee(Zumer-Linder iQBS). ¥et, most of the'e#otic
species ;re unsuitabie for reforestation of semi-arid and
-arid areas. As a reSuitJ reforestation)of margrnal areas

pose a great challenge because -in addition to growth rates

'and'suitability of the;speCies to the perceived}end uses, -
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plants must also be tolerant of xeric conditions. Mellia

volkenszl Gurke. 1s such a plant

The genus Mel fa belongs to the famlly Mel1aceae. There

are eight spec1es in, this genus, and moct of them are

1ndlgenous to South Asia, VletNam and Austral1a. Among them,

M. azedarach L. has been most w1de1y introduced to other
uparts of the»trop1cs (Moore 1981) "Ir Africa, apart from M.

azedarach, which is exotic (Dale a%%)creenway 1961)

volkensii and M. bombolo Melw. are the only known members of

3
the genus recognlzed as truly 1ndlgenous. The former is

native to-East Afrlca (Dale and Greenway 1961), and the
latter is indigenous to Angola (Mabberley 1984).

M. volkensii is a prized speci;s of semi-arid zones
east of the Kenya highlands. It copp1ces read11y, is fast
grow1ng, and it sheds its leayes in the dry Season to
provide mulch.KTeel 1985). M. volkensii’s timber closely
resembles that of.the African Mahogany (Khaya anthotheca

:(Welw.) C. DC;),,which is easy to work, durable and strong,
(Dale and“Greenwgy i961). Its large fruits, twida and leaées
‘make fodder for goats; cattle and sheep (Kenya‘Forest //‘
Research Institute, unpublished records). The spec{ea/is
also among the five most important forage pLants”for/giraffe
‘in Tsavo Eaet National Park, Renya. Tt contributes about 2%
and 9% forage respectively ddring the dry and wer seasons
(Leuthold and Leuthold 19720?,From;£ruits of'ite_closeb @
relatives (Azadirachta indica (A. Juss) and M. azedarach

'(L.)) three commercially important chemical compounds have

a

-~



been isolated. These are: azidirq',‘chtli'-n* (Butrerworﬂth and #
Morga. 1971), salanln (Hederson et al.>\1964) and
meliantr1ol (Levie et al. 1967); The fru1ts of M. volkensii
also contain a locust anti-feedant which could be of N
econom1c value (Mwan4\ 1982). L .
\For over 30 years the Kenya, Forest Department has
attempted to incorporate M. volkensfi in dry-land
reforestatxon pro:ects, but - w1th ‘no success. Much of the’
~failure. 1§ attrlbuted to lack of knowledge on how to
'propagate the spec1es. Some of the seed pre_germ1nat1on
'treatments which have’ been tested include: endo&arp
scar1£1cat10n with acxds, Stratlflcatlon of seeds,@shad1ng

. of seed-beds and varlable watef}ng (Kenya Fonest,Résearch
’ \\ . B
Istitute, unpubltshed records) S

S N

Despite the many years of 1nterest, no\yal1d seed’

U

pre-germination treatment technlque has yet been\prescrlbed*'

(Kenya Forest Research Istitute, unpublished records) . -

P variety of possible seed dormancy types exist

(Nikolaeya 1969). Sinc;\af the beginning of this study'd

little was known about how to germinaté these seeds, several

<

preliminary studies were carried out to try to determine

what types of seed dormancy were involved. The results _

o

indicgged that 1nteguments, perlsperm, endosperm, or all of

them may be respons1b e. That is why only dormancy related

to these tissues are addressed in this study. . .

~ B
N\ {{““’L‘ .
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1.1 STUDY OBJECTIVES :
'In order to determ1ne and prescrxbe seed treatments, 1t
gécame necessary to (1) descrzb% the external ‘morphology of
flowers and fruits "and relate this to structuralvandﬂ
hlstochem1cal £eatures of the ovule; (2) classify the
dormancy type operat1ng in theuspec1es and the techniques
for breaking it. These broad objectives include the
1£ollow1ng spec1f1c ob]ect1ves.
Part I: The objectlye for phenolog1ca1 study 1s- ;n
1. To descrlbe external morphologlcel characterxst1cs of
mature fru1ts and seeds that may guide seed collection.
The aim of th}s-study was to develop a feel for the
correlatlons'between.germlnatlon morphology and' .
| dormancy.} o - o '..:{;
Part I1: The objectives ﬁpr dormancy type\claSsifieation
are: | | : |
1. To detérmine whether integuments, perisperm and/or
_endosper@ or factors within embryos are responsible for
ger@%ﬁa{ion inhibition.

2. To determine whether integuments, perisperm and/or

- ——

endosperm are permeable to water and to note the part
played by various tissues in the process of water
uptake. » ' : |

3. To determlne whether: elevated carbon dlox1de and
depressed oxygen levels affect germlnatlon. (This is an
indirect test to.determine what'may‘happen if the

intequments, perisperm and/or endosperms were



1mpermeab1e to gases) ) N | - é
4. To determine the effect of cut ocation in 1nteguments, .
perisperm and endOSperm on the mode of seed germxnatxon.
5. To determ1ne an optimum tempetature for germination,
upon which to base other germlnation tests.
Part III' The . ob3ect1ves of seed structure, histochemistry
and chemical composxt1on analyses 1nvest1gat10ns are.v\
1. To. determ1ne relative proportions of chemical compounds
in different seed txssues and to relate these to their
known mechanical or other influences on germ1nat1on.

2. To describe the structure, organization a8 localization

~of cellular material of the ovule.
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: 2. LITERATURE REVIEW
~All seeds develop from fertilized ovules consisting of
an eﬁbryo éurroﬁnded by dispersal units (Mayer and ..
Poljakoff-Mayber 1982). Integuments serve to protect the \\
“dgveloping ovule by insufihg that cémpressive forces do not
‘affect it; They also protect. §Vu1e5 from drying, predation
and othgr kinds of damages (Esau 1977). ﬁutritive tiésues
inside the integquments consist of the endosperm and
nucellus. Sometimes, theseiére also involved in co&trolling
germination by restr1ct1ng it to per1ods and cond1t1ons most
favourable for seed‘1ng growth, Thus, they may impose
: dormancy on the seed as a dispersal unit for the species
g(Vllllers 1972) Such adaptations lead, to betterABurvival of
the spec1es under difficult env1ronmental conditions
(Stebbins 1970,.1971 and Harper 1977).

Dorhancy'in plants has been defined as "a stgte in
which viablg~seeds, sporeb or buds fail to éErminate undér
conditions of moistu:e, temperature and oxygen favourable
'forivegetative growth" (Amen 1968). Dogmancy in the l1£e
‘ cycle of a plant is a necessary adapéatlon to changlng
environments (Harper 1977). Plants may withstand adverse
seasonaliconditions by their abiiity to pérceive and
interpret environmehfal Signals.i§uch dormancy ,allows seeds
to gynchroniée their lffé ;rOCesses with the chénging
seasons (Villiers 1975).

But the term dormancy is vague and often misleading-

because it 1s oftqn used 1nd1scr1m1nate1y and it lacks
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resolution (Nikolaixa 1969) . Mény,environmental and internal
factors induce dormancy in seeds (Nikolaeva 1969, Werker
1980). Conditions that break it are equally complex
(Nikolaeva 1969). Therefore, to ﬁnvégtigate dormancy as a
natural ghenomenon,}it is necessary tohstart by bringing the%.
available factors into some kind of order by- élassification,
so that common pfopérties and inter-relationships may-be
seen (V1111ers 1975). In some species dormancy may deve%op
at the time of fert111zatlon (Roller et al. 1962), in others

-

seeds acquire dormancy&durlng development or have dormancy1
}hrust upon them (Harper 1957). The first kind, called #
inndte or primary doggpncy[,deskribes the dofmancy of the
‘seéds at the time Sf dispersal orn£é¥vest- the second type
is sa1d to be induced or secondary dormancy, because it is
caused by some experlence of the seed after r1pen1ng, and,
the third kind is. called enforced dormancy or qu1escence
(Bewley and Black 1985). It implies the arrest or
retardation of metabolism and growth due to unfavourable
environmental inflpences._Quiesbent seeds will normally
"germinate when placed under aerated, moist and warm .
temperature conditions (Nikolaeva 1969, Villiers 1975). In
the broadest sense, geeds with'innate and induced dormancy
will not gérminate, even when warm temperatures" and adéquate
water and aeration ére supplied. Some spedial set of

conditions has to be experienced before germination can

proceed (Villiers 1972, 1975).
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Seed dormancy was classified by Crocker' (1916) who made

v

a distinction between dormancy or dormancies related to
. oo

structures external to the embryo (exogenous) andj;oraﬁncy

Inhibition of germination by integuments is classified

as direct or indirect. The direct inhibition of germination
implies: (1) impermeability to water; (2) impermeability to -
Og,iﬁjﬂ; (3) mechanical barrier to radicle protrusioq
(Crocker 1916; Crocker and Davis 1914; Ballgrd 1973; Barton
1965). The indirect inhitition of gerﬁination implies: (4)
impermeability to leakage of germination inhibitors from the
embryo (Egenari 1949; Wareing and Foda 1957; Wareing 1965;
Maguire 1976, 1977 and 1980);‘(5) impermeability to CO,
diffusion from the embryo to the outside, thus narcotizing
the embryo (Kidd and West 1917); (6) lack of germinatioh due
to inhibitors located in integuments, perisperm and
endosperm; (7) integuments, perisperm and/or endosperm
acting as light filters, and; (8) osmotic inhibition caused
- by a hydrostatic pressure regulting from large osmotic
poteqtials in integuments (Evenari 1949, Koller 1955a 1955b
and 1957), or a combination of one or more of these,

including some form of endogenous dormancy. These mechanisms
. T

14



may be located in various layers of integuments, pefii?p
and endosperm éither all acting together or separately K

(Nikolaeva 1969). . : \4

As the ovulp matures 1nto a seed it usually undergoea

-

changes in form, stfﬂcture and h1gtochem1stry (Slngh 1964)
Literature onhseed dormancy caused by integuments, perxsperm 
and endosperm is well ddcumented (Werker 1980);‘but’ |
information concerning the relatxonsth betveen ,
h1stochem1stry and the germination phys1ology is lacking }or
“most species. |
. Studies on the morphology gf the, family Meriaceae'have

beén carried out by Narashimhanéhar (1936), Nair (1956), ’
Wiéer (1936), and; on the genus ﬁ??hin the famiiy Ey Juliano
(19342 and 1934b), Nair 1959a and b), Garudamma (1956, |
1957), Narayana (1958)%4§§ir and Kanta'(1961) and Gavde
(1963). From these stu&ies, it appear;: ([)‘that seed
structurevof‘M. volkensii has not been studied; (2) that
detailed study of the specialized areas near the micropyle
and cpalaza weré not included in the work done to date. The
struéturé of these parts has been of great impoftanée {; ,

A interpreting physioiogical modes of germination in cotton

seed (Simpson 1940) and may be equallf important in M, |

volkensii. Against this background it became clear that seed

studies must follow a developmental sequence.



3. MATERIALS AND NETHODS

Field observations of buds,.fiowers and fruits vere
carried out from May to August, 1984. Seed scarifiCation and
chemical analjses of seed tissues were,carriea”dut‘§n
October 1985. Seed tissue structure and hgstoeheﬁistry was
stuaied between March 1985 ahdwﬁprii 1986.
3.1 PHENOLOGY _‘

The study of phenology commenced }}th a reconnais!gnce
of Kenyan districts where the tree grows naturally'. '
Existing bud, flower and fruit phases of eevelopment vere

idéntified and classified accor?ing‘te Todorov's (1877a,

-1977b, and 1982) guidelines. Machakos district was chosen

. for detazled vork (three gites: K1nyambo Kalulini and

K1bwe21 Forestry Research stat1on*were selected) on the
basis of their prox;mlty to Nairobi. Six trees, two per
site, were selected and twenty plastic labels used to tag
phases of fruit development. Classification was’ based on '
visual. inspection, but sometimes a hand lens (x10) was used.
Also, fruits were cut radxally to determine pericarp and

"]
stony endocarp hardness. V1sua1 observat1ons 1nc1uded the

texture and structure of fruits and seeds; the degree of

cork deposition and colour of:the fruit surface; length and

width of the fruits using hand calipers.and the distance'

from the fruit stock attachment on the branch to the branch

tip. Phases of'develqpment recorded were vegetative buds,

—— - - —— - - - - -

' The Machakos, Kitui, Taita, K111f1, Embu and Meru,

10



reproduetive budl; extehded and unepehedrfibwers, and
‘senescent flowers. Bud and flover pbservations were made

every other day_end fruite‘were monifered'once each month.

3.2 SEED.GERMINATION TESTS S

e

Only processed stony endocarps collected from 18 trees

_3.2.1 SEED SOURCE .

at Kibvezz, Kenya in August 1985 and mixed randomly were
flown to Edmonton, Canada to be used in ‘germination tests.
The selection, collection and processing of the fruits, and
stony endocarps followed local Kenyan.Forestry traditions
and vere beyond the control of the author. As a result
findings in this study refer only to seeds of 18 trees.
3.2.2 SEED GERMINATION: A STANDARD PROCEDURE N

The following ié a germination procedhré that I, used in
all‘seed‘germiﬁaéion.éests. Deviation# from*this standard
'ﬁrocedure where applicable.are outlined under the specific
sectxons. | | )

The stony endocarps were washed in cold tap water
immedxately on arrival, in order Eo‘remove a copper’sulphaee
fungicide. They were.thennoven—driea at 259C for one week.
Dried stony endocarps were stored 15 brown paper bags .at
' about 23°C. Seeds were extracted two to three days pr1or to‘

'the start of germxnatlon tests. Extractxon anolved crack1nq

the stony endocarps (Figtres 4.and/5) using a carpenfer'ee'-
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- hammer, a pocket knife and.nomhtimoi_a 3" portable vise.

Mechanicatly damaged‘ieedb vere ;liminated Seeds were then
randomly divided’ into four replicates of 25 seeds. Each was
x-rayed on a Kodak x- omat TL film (Health SCience Marki&s
Division, N.Y. ), at 15 KV, § mA for 30 seconds in an

/ *

X-raying chamber (Model MIIONH TF1 Corp cT), at a d:a{ance

"of about 47 cm from’ the energy source, By examznxng the

x-ray negatxves, seeds vwith 1ncomp1ete cotyledona,

undeveloped embryos and intérnally dama seeds (ptcbably

'arisxng during egtractxon) vere excludedﬂ ~the computatxon’

of per cen;‘total geqmingfﬁoﬁ,was syggested by'ﬁuller et al.
(1956) . Seeds were soaked in ﬁatef for six'hours in a
Conviron Growth Chamber'(Model G30) set at a constant 30°C ’
then cut where appl1cab1e’ lonqltudlnally at the mxcropylar
end. : S = |

Cut seeds were germinated on moist Kimpak, covered with

“~

moist Scott singlefold paper tgyéls (23.9 cm by 26.9 cm) in"t

transparent polystyrene germination hg;;é. The germination

boxes (28.5 cm by 24.5 cm.by'7.5 cm) had.two O.SlQmadiaMétér

v -holés mid-way along each of the longei sides. Getmination

tests were carried out over a period of 14 days in groyth

“chambers set for equal days and nights.- Seelengs havxng a

 radicle equal/or greater than the length of the seed vere

" counted as germanated. Germ1nat1 Vas counted each day at

pr———

the?sahe time aﬁd counted see iin discarded. Tctal

Y

e wmm—— e ————— : ) - e F L

A cut is defined as a long1tud1nal slit through the
integuments, the perisperm and the endosperm at the
m1cropylar end of the seed, ’ ,

‘e



_germination and germinative rates were computed’.

AXEY seEp INATION TEMPERATURE’
" The aim was determlne an optlmum temperature for

‘germ~nat1on of M volkensrl s@eds. The effect of both

. constant and alternah1ng temperatures vere 1nvestlgated The

b
same as in the standard apart from the:

,‘procedure was th
“”factbthat Seeds were—AQt covered w1th Paper towels. The f1ve
alternat1ng and con ant temperatures regimes tested vere:

- 25°C days and 2208 n1gh£s, 27°C, 32 C 37°C, and 42°C days
and zs*c nights; and 25° c, 27°C, 32 c 37° c and 42°C + 1°C

daxs and nlghts. Days and nlghts were 12 hours each

. ngh varrab111ty in total germlnatlon and germlnatlve_

‘k\ratés for the temperature tests led to tests where seeds

Gy
were covered with paper towels. Fluctuations in relat1ve D

’humldity.(RH)”was-suspected to be‘the-cause of the problem.
The aim was to getermine whether covering seeds, hence oy
stabilizing-RH,'could’reduce variarion within repliéates;' ’

. Treatments irivolved covering four replicates and leaving the.

other four uncovered. S ‘ ' >
. ’ | g v

o Sy
3.2}4 EMBRYO EXCISION
The hypothesis.tested°was that excised embryos fail to

; germlnate when placed. under favourable moisture, air and

warm temperature. The aim was to classlfy seed dormancy in
K Germ1nat1ve rate is deflned as: the time needed to reach
'50% of the total germination of a sample. It was computed in
days for each replicate by 11near 1nterpolat10n of the'
germ1nat10n curves, * u v,
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‘the specjes. The procedure was the same as in the standard

; . : 3 gy
outlined in section 3v2.2. &' .

3 2 5 WHOLE SEEDS AND MOISTURE - IMBIBITION ]
3 l» Y»"' ' '
- A quantltatlve studg,of Phe course of water absorptiom

Y
A

by seeds whose 1nteguments, perlsperm and endosperm had been

AY

varlously treated was carrled out in order to determ1ne- (1) .
if 1ntact seeds take up water; (2) if integuments, perxsp?pm
and the endosperm separately ‘or collect1ve1y) 1n£;uence the
total amount and rate of water uptake, and; (3):t%§ relative

proportion of water absorbed by various seed pa~-s. fteen

“

seeds wete d1v1ded ‘into three groups of f1ve seeus ‘Seeds in
. ’
'Group One were cut longitudinally at the micropylar end. .

_Thdse in Group Two had caruncles* broken offiﬁe as to expose

the perisperm and the endosperm at the mlcropylar end of the

seed and those in Group Three were left 1a‘hct. "‘Seeds were
A~

_placed 1n germination boxes on ‘moist peat moss in a Conviron

;efminator, set at a constant 30°C. At 12 hour intervals

°seeds wefe removed, e;cess'water-on the shrface drained\on

kleene# paper‘fissue, and their we{ t determlned on a-

‘Saftorius—Werke balance (Medel GMBH, Type 2442»SH) We1gh1ng

of’o7e~§agple took about two minutes f}om the time the 1lid

of the germ1nat1on box was removed#®o when it was returned.
sample weight - sample oven dry weight

» M.C. = : x 100
‘ : sample ovén @rv welght

The experiment was stopped at 144 hours Because seeds

o — i ———— - ————— - -

‘The growth of integuments into a protuberance at the
mlcnopylar end of the seed; Esau (1977); Maheshwar1 (1950).

2
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started to rot. Average gain in fresh we1ght was then
plotted aga1nst t1me. The fosnula presented above was used

" to compute per cent&galn in fresh welght'
]

> .

3.2.6 SEED PARTS AND MOISTURE IMBIBITION
Two experimente wefﬁicarried out; They -were: (1) to
determine the relative per cent dry weight*of’different
mature seedvparté, and; (Z;F;o determine the relatlonshlp
between dry weight. of‘separate seed tlssue and thelr water
absorption. Seeds were d1v1ded into seven repllcates of five
—seeds and soaked in water for about three hours. Imblbed
seeds were then separated 1nto the;r const1tuent_parts and
drded in‘a Napko oven (Model 420)‘at 40°C for 24 hours. To
follow gain in fresn weight,‘seed‘parts were immersed in tap

water. in 100 ml conical flasks, and placed in a growth

chamber for 24 hours. Per cent dncrease in f;esh weight wa§

<
-

_ then determinEd by weighing.

¢
A}

3.2.7 OXYGEN‘CONCENTRATLQN AND SEED GERMINATION

" The effect of varlous gas concentrat1ons on the
'germ1nat10n of cut seeds was 1nvest1gated The four o;ygen
concentratlons (by volume) used were: (a) 15% - oxygen, 0.65%
carbon dioxide and balanced n1trogen- (b) industrialfair; or
21% oxygen,«and balanced nltrodZn (control); (c) 25% oxygen
and balanced nit:ogen, and; (d) 50% oxygen and balanced -

nitrogen.
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Cut seeds were set to germinate_in plexiglass chambers.
Each replicate was placed in a single row starting from the
inlet to the outlet end. Different gas concentration

treatments were investigated in separate growth chambers.

@xig‘lasséchar.nberss internally measured 50 cm by 35 cm
by 7.5 cm, and &ere fitted with a top. Seams were ijned with
rubber to eﬁsurevair—tight conditions withi; the chambers..
Chamber tops were secured in place"by 16 bolts and nuts.

Gas was regulated to flow at.e.rafe~of 0.0s'l/m{aﬁfe,
and wes,pessed through a hum;difier before entering the
plexiglass“chambers} The cﬁgmbers were opened gpée~ aily for
a period of about eight miﬁutes, when germinants were
counted. The gas flow rete was then re—adjusted'ﬁo 0.1

1/minute for 30 minutes after which it was set at 0.05
1/minute, AR : ““F;%;\w

"3.2.8 CUT LOCATION AND SEED GERMINATION

.

The!effect of;§eed-cut location on total germination,
germ1nat1ve rate and mode of germlnatlon was 1nvestlgated
‘One hundred seeds were sorted by hand 1nto four groups.
Group A was cut longitudinallyé@& the micropylar end, Greup
B was cut'ﬁq;izontally midway between the micropylar and
cbala;elvends, Group C was cut longftﬁdinally at the-~
chalazal\end, ahd'Group D was cﬁt from end to end (Figure

15). Groups A, B and C seeds were appthimatelyws—lo mm

5Chambers were made by Dr. M. Spencer, Dept. of Plant

Science, Un1ver51ty of Alberta and lent to me for the

duration of my tests. '
a o
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long, Ehe~length;of the ¢ut'in Group D was depended on the

'iength,of fhe seed. Germination was eyaiuated and recorded

P

3

either as normal or abnormal.

arn .

- 3.3 CHEMICAL COHPOSITiON OF SEED PARTS

Relative proportions of crude fat (fatty acids), crude
A} " «

‘proteins (amino acids), cellulose, hemicellulose, cutin and

lignin in different seed tissues were quantified..Procedutes ™ .

in this section followed those by Goering and Van Soest

!

(1970).
.3.3.1 SAMPLE PREPARATION

'Separated seed parts were dried in the oven at 60°C for
24 hohfs; then ground in a mortar to pasé th;ough a 20-30.°

%,

mesh and stored in vials at about 23°C.

3.3.2 DRY MATTER DETERMINATION

Two grams of freshly ground tissues were weighed in”
duplicates on a Mettler HK160‘balance in aluminum pahs and
then dried iﬁ”the ovén at .110°C for 4 hours.~Per cent dry

matter was computed using the formula presented below: e
- ' . C '

(jt. dry.sample + pan)‘; (wt. of .pan)

x 100
~Twt. vet sample * pan) - (wt. of pan).

(%) Dry matter =
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\x‘"; ¢ -
3.3.3 CRUDE FAT DETERMINATION =

Dupllcate samples welgh1ng 2. 00 g were placed on f1lter
‘paper, crushed gently in’ a mortar, and put 1nto numbered
| th1mbles. These were then placed 1nto metalllc conta1ners
Nwh1ch f1tted onto a Goldf1sh extractlon apparatus. Weighed
and numbered extractlon beakers, conta1n1ng 40 ml petroleumi
ether, were f1xed onto the extractlon apparatus with' the
water condenser and heat turned on for 14 hours. ?etroleum ,
ether was evaporated, the extracthnubeakers drxed in the |
oven at 100°C for 30 minutes and then weibhed A blank was
run by weighing the re51due after evaporat1on of 40 ml of

petroleum ether .without: samples Per” cent crude fat was

computed using the following formula:
S .

H(wt. of beaker + fat) - (wt. of beaker)

(%) Fat = ‘ | R N x 100

wt. of fat
Constituent fatty acids were determined on a~gas

Yoot

chromatograph.

3.3. 4 CliUDE PROTEIN DETERMINATION

The Kjeldahl method'wag»used Duplicate“samples were. -

weighed between 1.5 - 2 0 gm in tared plastlc contalners
(weighing‘< 1 gm). They were folded -and dropped 1nto 800 ml
.hfeldahl flasks. A blank was run by leaving “out the sample.
One catalyst package (conta1n1ng 9 S ‘gm K SO., 0. 41 am HgO
and Q.OB gm CuSO.) and 30 ml conc.'H,SO, were added to each
flask Samplesfwere digested clear (= 30 m1nutes),vcooled

and then 300 ml tap water, - 1g zinc metal (20 mesh) and 10

L
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ml of 40% NaOH were added Flasks were sw1rled and ammon1um
d1st111ed 1nto 500 ml Erlenmeyer flasks conta1n1ng 50 ml
h‘alxquots of 4% boric acid solutzon placed under delivery
“tubes on the d1st111atxon rack:” D1st1llatlon went on Until
the Erlenmeyer flasks had collected 200 - 250 m15‘of

: <::jhzomum. Th1s was titrated against 0.1067M H;50, and the _Jm

unt of n1trogen in the samples determined by the

N following formula: ‘ ‘ » f . L\_§_’~’

HzSO. - s .
Blank 14 mg NH,SO,  100% 1 gm .
(%) N = X X . X * 5 :
) wt. of mmole . 1 ; 1T 1000 mg
" sample o
e (gm)

Per cent nitrogen was converted to percent protein bybthe,
formula: =
% Proteins = % N x 6.25
Acid hydrolysis of protEEns for amino ac1d ana1y31s was
done by refluxing samplespwith 6N HC1 fOr 24 hours. This
method is a‘compromise between obtaining complete hydrolysis
of proteins and destruction of some of the amino acids.

. Analysis of amino acids was done on a Beckman 121MB Amino

Acid Analyser. _ _ . : <

3.3.5 NEUTRAL DETERGENT FIBRE (NDF)
This procedure analyses: total flbre in vegetable feed
stuffs. It divides dry matter near the point that separates

the soluble constltuents from those that are 1ncompletely

insoluble and dependent on a microbial fermentatlon
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Tgiplicate air-dried, samples between 0, 5 and 1.0 g
were weighed 1nto beakers of the reflux1n? apparatus.
Neutral detergent solution at room temperature (100 m1), 0.5
g NaSO, was added,and then,heated to th?,bOlllng point on
the refluxing apparatus in 5-10 minutes. Boiling was
adjusted to an even level in ordet to avoid foaming, and
~refluxed for 60 minutes and timed from onset of boiling. The
ifibres vere then filtered in previously tared and{weighed
600 Gooch crucibles on a filter manifold, and a low vacuum
“used. Samples were rinsed in crucibles, with hot watgr (90°
- 100°C), the ;acﬂum ;emoved the fibre mat broken aﬁdv
cruoxbles fllled three times wzth hot water and then twice
\w1th acetone and sucked dry The f1bres were dried at 62°C
'overnlght,>andtthen transferted to-100°C for 30 minutes
before weighing.

The yield of recovered NDF was determined as a per cent
of cell wall cdnstituents” Cell soluble material was
estimated by sabtracting this {alue.from 100. The residue
was ashed for 4 hours at 500° - 550°C, weighed and reported

insplubleein_Neutral—detergent.

.6 ACID DETERGENT FIBRE (ADF) ‘

This method is used by an1ma1 sc1ent15ts to-determ -«
feedstuff lignocellulose materlal, 1nclud1ng_5111ca. Th-
difference between the NDF (cell wall) and ADF is an
estimate of hemicellulose. prever,;this diffebence'does

include some proteins attached to cell walls. The ADF is

"



also used as a preparing step for lignin determination.

similar proced:}es and sample preparation as in NDF
;qre employed, except for 100 ml cold‘acid-detergeptf
solution, which replaced the neutrq}—detergenf‘solution. The
following foqula was used in computing (%) ADF;
ADF = (Wo - Wt)(100)/S .
where: | . .
Wo = ‘'weight of oven dry crucibie including fibre .
Wt. = tared weight of oven-dry crucible;
S = oven—drygsayple weight
To determine thé\Sresence of glucose a 0.02N iodine
test was carried out4(1.27.g iodine and 2.0 g potassium

iodide in 500 ml water). Pure glucose was used as a control

(Association of Official Analytical Chemists 1980).

3.3.7 ACID DETERGENT LIGNIN (ADL)

- ADF removes pfbteins and other acid soluble material

_that would interfere with the lignin determination. The ADF

residue consists of cellulose, lignin, cutin and acid

-s6luble ash, mainly silica. Treatment with 72% H,SO,

‘dissolves cellulose. Ashing the residue determines the crude

AY

iignin fraétion, including cutin. Therefore, lo6ss in weight
after treatment with 72%,H,S0, is equivalent to per cent
celluiose in the samble. |

" Cruéibies,containing ADF fibre were covered with cool
(15°C) 72% H;SO, and Stirred.with glass rods to a smooth

‘

paste, breaking all lumps. Glass rods were left~5t§gdinglin
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crucibles, which were refilled three times with 72% Q,SO.,
and stirred at hourly intervals as aciQ drained. After 3
hours, the acid was filtered by vacuum, contents washed with
hot water, and glass rods rinsed and'temoved.'Crucibles'were
then filled twice wit; acetone éhd dried by vacuum,
oven;dried at,62°C overnight,'and then at 100°C for 30
minutes before¢ weighing. Residues were ignited in a muffle
furnace ‘at 500° - 550°C for 4 hours, copled, and weighed.
Acid detergent lignin was computed as follows, :

ADF = (L x 100)/S

where: | '

L

Loss.upon ignition after 72% H,SO; treatment;

* S Oven dry sample weight
3.4 SEED STRUCTURE AND HISTOCHEMISTRY
Ova;ieSoof unopened flowefs, seven month old fruits,
. and mature fruits were collected in late January 1985 at

Kibwezi, Kenya. These were immediately fixed in

TTT——

Fo;yalin-ﬂcetd—Alcohol (FAR) (thansgn 1940) for seven days
~after which FAA was.drained. Fruits(were wrapped in paper
towels soaked in FAA and were then sealed in polyethylene
bags and mailed by air to the University of AlSerta, Canada,
where they were stored at 3°C. The three methods used in
‘tissue preparation were: (1) the pa;affin method for
flowers, immature seeds, embryos, and the endosperm of
mature seeds (Johansen 1940, Jensen 1962 , Sass 1940, and

O'Brien and McCully 1981); (2) a freezing device was
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attached onto a sliding microtome (Model C ReicherzLWieﬂ No.
2832) for whole sections of mature seed (Farris 198R2), and;
(3) LKB2218-500 Historesin procedure.

‘For the paraffin wax method, seeds'were separated into
embryo, endosperm agpd integumént tissues. Then integuments
were boiled for 10 minutes in tapiwater befoée‘fixing in
-FAA. These were dehydrated and infiltrated with Paraffin
(Paraplast élus, MP 56%57°C) each step taking 24 hours. Four
chang;s were made for ﬁhe‘embryos and endospgrm during
infiltration, but ten chaﬁgeS’£§r the integuments because o}
poor infiltration due to hjghkiignin c&ntent. Embedding,
block making and trimminé fdliowed Johansen's (1940) -
procedﬁres. _ | R

Slidgs were degpifffinized in xylene and stained ‘in
Periodic Acid Schiff's (PAS)/Light Green (LG); Safranin
O/Johansen's Fést Green (FG), and then mounted in Clearmount
for light microscopy (O'Brien and McCully 1981; Jensen1
1962) . | . " T

For whole seed sections, seeds were fixed in FXXEand
softened in "Aerosol 0.T." (Fisher Scientific). Theseaweré
ghén oriented on a freezing device attached to a/sliding ¢
microtome and flooded with "Tissue-TEK II Compound" (Farris
1982). To prevent sections from sticking onto the blade,
paraffin oil and "Lab Freeze" (Nutritional‘ﬁiochemical

Corporatlon) were applled frequently. Sect10n5 were cut at

21-27 um thick. '
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Bsue preparation for the LKB Historesin method .

involved. boiling intact seeds in tap water for 10 minutés.
caﬁting them into very small pieges and fixing theﬁ in 3%
;lutaraldehydg in sédium-cacodylate buffer (at pH 7
overnight in 15 psi vacuum). These were then washed in tap
water for about 30 minutes, and dehydrated iﬁ 56, 50, 60‘_70
and 95% ethanol for about 30 minutes at 4fc~éach. - |
Dehydf&tion was ;ollowed with a change to a-1:1 95% ethanol
and Historesin plus atcatalyst at“room temperature, 100%
Historesin plus a catalyst at 15 psi in a vacuum overnighg"
and 100% Historesin plus a catalyst for 4 hours in aAvacuum.

-

Tissues were then imbedded (in a mixture of a Historesin, a
~

catalyst and a hardener) in Beem Capsuleé'size 00. These .

were then left to pbiymerize (15 ml of'Historesin, catalyst

and 1 mlvhardener) overnight at room temperature,‘bbotected

from dust. Blocks were cut at 2 um on an ultramicrotome

equiped with a giass knife. Sections wgfe stained in Aniline .
. "

Blue Black (ABB) and PAS/Johansen's Fast Green (O'Brien and

McCully 19é1, Johansen 1940 and Jensen 1962).
e |

3.5 ANALYSIS OF DATA

One way aﬁalysis of varian%e and Student t-test were
used to compare results among seed treatments (Steel and
To;rig 1980; Lig%le and Hil;s 1977; and Freese 1983%. Total

percent germination and germinative rates for each treatment

were computed based on day 14 from inception of tes;i;//
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If there‘were signiticant dxtfé@ences among seed
treatments at the 5% leVel, means were compared by the
Duncan's New Multxple Range Test (Steel and Torrze 1980) ;
Regression analysis and coef£1c1ents o£ determ:nat1on were

calculated for total germxnatxon and germxnatxve rates.
)

.
2
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4:0.1 FLOWER AND FRUIT PHENOLOGY * ) . . ‘ S

Reproductiveubuds develop'only in terminal branch
positiens in‘M voikensfl They are generally larger- tnan
vegetat1ve buds. ThEre is- con51derable var1at1on among trees
i development of both buds and £10wers. The stalks o£ the
flower buds become extended before flowere werevtinally
deweleped or before they open, within‘six weeks of :ifst
being identified as flower buds, flowers beéin’?o wither and
petelg.start‘to fall off. * .

‘After petals fall, tiny fruits (3 to 5 mm in diameter)’

remain beh1nd This stage of fruit development is called the

candle stage (Figure '1.6). In about ‘seven months frgm the

tlme oflflowexeappearance. tne"fruits grow to ;eachyls to 20

-~

mm in diameter. Th1s stage of fru1t development is called
"fruit soft" (Flgure 1.7). The fru1ts are light green in
celour with a semi-hard endocarp, and a colourless ¢

jelly-like substance inside the integuments (Fiépre 1.7a)i

Fruits continued to increase in size reaching about 30 mm.in

diameter at 10 months after fertilization (Figure 1.8). This

stage of development 1secalled "fruit hard". It i

s,

characterized by exocarpwand fru1t,stalk changing .ip-colour.

-

to greyish-green'due to fne~depoéit of cork. The mesocarp is

~firm, the endocarp fully developed and hard, and the outer

integument is dark-brown in colour. =~ . .

26
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Figure 1. The reproductive cycle of M. vol&'lsii.

(dra\}in'g by P.B. Milimo.)
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’ ‘Figu;@ﬁﬁ. A M. volkensii tree with a goat foraging on the
‘\L. ‘ &

fallen fruits, xQ.OOO?.

v

Figure:2.~1mmature and mature fruits located on the same
bfanch._¥014..

«Figufélé; LS of a stony endocarp shoﬁing seeds. and the
micrqpququrifice. x0.35. | '
Figﬁre‘ 4 TS of a stony endocarp, showing lbcules and | .
vascular bundles in thevcehtre. x0.35.
key tJ'Abbreviations: En, endosperm; CR, caruncle; Em,

. embryo; Im, immature fruit} Mé, manre fruit;’' TS, Transverse

section, and; LS, longi:udinal section.
]t
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Fruits normally ripen 12 to 13 months from the t1me of
flowering. This f1nal‘stage of fruit development is called

n -7

ripe" (Figure 1.9). Ripe fruits are similar in size to

those of the "fru1t hard" ;tage They are dlst1ngu1shed from
“hard fruits by the‘soft mesocarp (pulp) and the °
yellowish-green colour o£ the exocarp. Fruits at'this'stage
may be completely covered with cork. Endocarps aretnery hard
apd brittle, outgr'integuments are several cells thick |
k(Figures 25 and 27) ‘it is hiack in edlouf‘and hrittle.
'(Flgure 1. %a), and abscission rings on fruit stalks are .
: fully deveﬁped, allow1ng the fruit to fall of: when lightly .
dlsturbed. _ ~; ’ . e
| Otcgrrence of any one particular stage of develepme;t'
“varied from branch to branch éven.within trees. Some‘trees‘
did not produce fruits, while others had .(Figure 5) dr
all the stages. This type og,‘plant develc!nt is zc_:onsiderl,ed
-to be without a seasonal patteﬁh (Todorov 1977a). In cases
wvhere more than two stages of fruit development occur, they
emerge from a locatlon correspondlng to"a specific part of
" the growing season. The youngest emerging from closest‘to

the branch tip and the oldest farthest: from the tip.
4.1 FACTORS INFLUENCING GERMI NATION
4.1.1 TEMPERATURE AND GERMINATI ON

Mean per cent total germlnatlon under alternatlng

day/nlght temperatures dlffered 51gn1f1cantly (P s 0.01),
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with the lowest value'being 1% for 42°C and 25°C and the
highest 78% for 32°C day and 25°C night. |
Taﬂie 1 Mean per cent total germ1nat1on in relation to

"alternating and constant day and night
temperatures. (n=4).

Alternate Total Constant Total

temp., . germ, temp. ; germ.,

(°c) : (%) - s.D. .(°C) . (%) S.D.
25/22 | 59.94 12,36 b~ 25 55.95 16.99 a
27/25 60.36 16.03 b 27 61.04 6.35 b,c
32/25 . 77.46 14.52 b .32 83.16 13,12 a

- 37/25 54,71- 9.13 b 37 76.94 14.46 a,b
42/25- B 05 2.10 a 42 0.00 0.0 4

N4

‘etter are not
evel, Note: Days and
T .

-

-
//

7

' Table 2. Mean germinative.rateS'in‘fgiation to alternating
.and constant day and night temperatures. (n=4).

~ Along each column means followed bﬁltne‘same
significantly dlfferent at P S 0.05
‘n1ghts were each 12 hours.

Alternate "~ Germ. Constant '~ . Germinative
temp. - . rates temp. rates
(°c) (days) S.D. (°c)  (days) s.D.
25/22 . 9.65 0.25 a 25 . 6.58 1.52 a
27/25 . 9.3t 0.09 a 27 : 5.35 0.70 a,b
32/25 ‘ 7.48 0.42 b ~° 32 ' 4.26 0.58 b
37/25 ‘ 5.23 0.17 ¢ 37 ~_ 4.217 0.27 b
42/25 3 1.15 2.30-d 42 0,00 0.00 c

=

Along each column, means. followed. by the same letter are not
significantly different at P < 0.05 level. Note: Days and
nights were 12 hours each. :

N . . . !
Total germination under constant temperature regimes

~_
also dlffered 51gn1f1cantly (P < 0. 01) “w1th the highest
value observed for 32°C (83 16%) and the lowest for 42°C day
and'night (0.00%) (Table 1). The relatiOnships‘between day
temperafuré and total germination is parabolic (Figq;e 6),

with the maxima at about 31°C (¥ = -525.40 + 38.44X - .

0.62X*, R* = 0.82) and
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- - | ‘ | | 33

32°C (Y = -754.41 + 52.85% - 0.83X*, R* = 0.84) respectively
for alternate and constant temperature regimes.

“

:‘Germinative rates differedgaignifieantly among
treatments for both alternating and constantqtemperatures (P
< 0.@1; Table 2, respectivelyf.'Thejfastest;germinatiue rate
for alternating temperatures being at 42°Cfday and 25°C
night and the,ieast at 25°C day and 22°C night. Note that
total germination correspondiﬁg to the higﬁest germinative
‘rate is only 1% (Table 1). For constant‘temperature, the
most rapid germinatiye rate (4.2 days) was observed at 37°C
and the slowest (6.5 da§s) at‘25°C3 Germinative rate
‘1ncreases with temperature. The relationship under
, alternat1ng temperatures is linear (R? = 0 97 P < 0. 01)
wibut it is curv1l1near under constant temperatures (R’ =
dO 60, P < 0 01- Figure 7) S1nce the hlghest temperature at
which seeds can germlnate 1s not known, germinative rate
values for~42 C wvere excluded durxng the computation of
these relationships. |
Total germination of seeds ‘'covered with paper towels

are presented in Table 3 and the relationship between. time
'aud cumulative.germinatidnein Figure 8. Seeds covered with
‘paper towels germinated signifieantly better than uncovered
- seeds (P <, 0.01), but seed covering had no effect on
germinative~rates. Lack of significant difference among

germinative rates may be due to high variance associated

with means.
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Table 3. Mean per cent total germination and germinative
rates- of covered and uncovered seeds. (n=4). '
COVERED SEEDS UNCOVERED SEEDS
germ. rate germ, ., rate
(%) S.D. (days) S.D. (%) S.D. (days) S.D.

89.72 4.10 4.29 '0.03 54.55 0.00  6.63 1.16

© 4.1.2 EMBRYO EXCISION AND GERMINATION

Excised Embryos na?‘significantly better germination
(81%) thandintact seeds (9%)(P < 0.01; Table 4 and Figure
9). Germinative rates for excised and intact seeds did not
differ s1gn1f1cantly (Table 4).

.Table 4., Mean per cent total germ1nat1on and germxnat1ve
rates of excised embryos and intact seeds (n 4).

EXCISED EMBRYOS o INTACT SEEDS
3 germ. - rate , germ, . _rate
(%) s.p. (days) s.D. (%) -s.D. (days] S.D.

81.41 8.25  3.92 0.2% 8.8] 14.34  6.30 1.00

4.1.3 WATER IMBIBITION

4, 1 3. 1 WATER UPTAKE BY WHOLE SEEDS
Cut seeds absorbed more water at a higher rate than
either intact seeds or seeds with broken caruncles
Y (Appendix 1 angd Flgure 10) . The plot between cut seed
fresh weight and time is nearly triphasic, but biphasic
for\lntact seeds and seeds with broken caruncles (F1gure

10). Phase 111 of the curve, representing cut seeds,

-y
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Figure'10. Water imbibition curves for various types of

integument treatments.
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is the beginning of visual germination (Beuley anéwﬁlack
1978)., Cut seeds started to germinate after about 72
hours but 36 hours before the start ef phase II1I, The
explanation for the difference in time may’be due to the.
high &landard deviations associated with the means.
Intact seeds and seeds whose ca;uncles had been broken,
did not germinate at all, but they took up the same
amourit of water at the same rate (Paired Student
t-test). Therefore, the removal of the caruncle to
expose the perxsperm and endosperm, w1t' the hope of
increasing the amount of water absorbed did not work.
This suggests that the rate and amount of water absorbed
by intact seeds is determined by'the perispérm'and/or
endosperm. -Integuments did not'seem to hinder wvater
absorption. 5

Integuments, the endospermi;nd the perispennr each
accounted for 13% and the embryo 74%\05 the seed dry
weight (fable 5 and Figure 11). |
Table 5. Per cent dry weight of the integuments,

endosperm and embryo tissues, and their
relative water uptake. (n=7),

‘Tissue Dry wt. Water uptake
(%) (%) '

‘Integuments 13.1420.564R37.88+2. 18
Endosperm - 13.24+0.67 .87£2.95
Embryo  73.62¢0.82 15.30%1.35

Note: the perisperm is included with the endosperm,
(ﬁ\

Water absorption by these tissues seems to bear no

relation to thex; relative wexght proportions (Table 5).
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The éﬁbﬁ?o, for 1nstance, absorbed only 15%¢4 Integuments

a

and the ndosperm absorbed 38% and 47% respectlvely of

the wat

.absorbed by all seed parts comblned

N

4.1.4 EFFEET OF‘GAS CONCENTRATION ON GERMINATION ’

»

"Total:'germination was 51gn1f1cant1y different at

various 0, and N levels “(p s 0.01;

total germ1nat1on was observed at 21% (o (94%), and the

4

lowest at 50% Oz (42%) (F1gure 12).

Table 6).

Total germ1natzon

The hlghest

\1ncreased initially w1th 1ncfea51ng (o) to a max1mum (21%

Oz), amd then declined thereafter (R* = 0.82;

Flgure 135.

P < 0.01;

Germ1nat1ve rates d1ffered s1gn1f&cantly amoRg

dlfﬁerent gas concentrat1ons (p < 0. 01

h;ghest observed 1n 50% Oz, and”the lowest in 15% .O; and ’;"

Table 6), with the

0.65% CO;. Germ1nat1ve rates increased with increasing O,

concentratlons

£l

* Table 6. Mean per cent total germlnatlon and germlnatlve.
rates of seeds incubated in various gas types

; and concentrations. (n =4) .
Gas type - Total ' Germinative
- taoncentration germination b §e
%) (%) S.D. (days S.D.
t ~
S T
©21% 0, and 79% N, ~ 94.24 8.59c 4.26 . 0.13 b
15% 0,,,0.65% CO, oL o .
and 84.35%‘N¢ 75.58 9.46 b 4.70 . 0.20 a
25% O, and 75% N 72.78 2.56 b. ¢.86 0.30 a
50% O:.and 50% N: 42.06 16.68 a  3.83 gié7 c

rAlong each column means followed by the

sﬁe letter are not

51gn1fldhntly dlfferent at P < 0. 05 level.

-
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4.1.5 SEED CUT ‘LOCATION AND GERMINATION
Seeds with cut-locations at A, B, C and D (Figﬁre 15)

reached total germination of. 92, 39, 63, and 91%,

]

* respectively (Table 7). These are significantly different (P

i

/ S
. Table 7 Mean " pet cept:

< 0.01). GerminatiVe rates were'fhe same for all the cut

-

locatlons tested (P '<'0.05; Table 7 and Figure 14).

;‘,n§pl germlnatlon and germlnatlve

rates of \:lv@ut at different locations. (n=4).
R 1N J
Seed cut type - ‘: - »r Total " Germinative
_ : germination rates

(¥) s.p. (days) s.D. -+ _

' Micropylar. end cut 91.77 17.89

a 6.10. 0.75 a
Centre horizontal cut - 39.46 13.66 a 5.85 0.31 a
Chalazal end cut ‘ "7 62.86 12.34 b 6.32 0.38 a
'Mlcropylar to chalazal cut 97, 20 5.86 c. 6.42 0.64 a

Along each column, means followed by the same letter are not'

significantly different at P < 0.05 level.

Different cut locations cadsed various modes of
germinafion. Cuts atyA and D induced nofmaa‘germination, in
which the radlcle protruded through the Sllt at the
mlctopylar end. Cuts B and C gave rise to abnormal

germlnatlon in which rad;cles were not able to penetrate

intact . 1nteguments, ‘perisperm and endosperm. Instead

- cotyledons were pushed out'through,the 511t Nobbe (1876)

@ ,
. "typical” and abnormal emergence "atypical".

Ikuma and Thimann (1963) called Euch normal emergenge

4.1.6 CHEMICAL COMPdSITION OF VARIOUS SEED TISSUES
The ma1n chemlcal constltuents of the embryo and the

endpsperm are respectlvely- crude fat (54% and 35%,
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I l Chalazal end— '\ C
I Mlcropylar end—>\J"

— - \ : : J

No'r'm_al (Typical). : | Abnormal ‘(Atypicat).'
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]

Figure 15. Modes of 'germination for seeds cut through
1nteguments, perisperm and endosperm at d1£ferent

locat1ons. (Drawing by P.B. Milimo).
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resbectively) crude proteins (49% and 26%, respectively);
IntegUments are mainly composed of lignin and %ut1n (about
60%; Append1x 2 and Figure 16). Ole1c and linoleic fatty
ac;ds are the main components of crude fat (Appendix 3 and
F1gure 17). Seventeen amino ac1ds were 1dent1f1ed from seed
'parts and these are classified acco;d1ng tOfLehn;nger (1982)
by polarity and location in the structure of-globular

| preteins. About 23% and 20% of the amino acid's composition
of the’embryo and endbsperm proteins,'respectively, are '1

hydrophobic. These are located on the exterior and interior
.

of globular proteins (Appendix 4).
LY

¢ The embryo was' compofed of 3% hem1celluld‘p and- 5%
cellulose. The eﬁapsperm cellulose and hemicellulose made up
5% each. Although'an'iodine test for the presence of starch
gave negative results, a hietochemiCal test with PAS was

able to indicate its presence.

4.1.7 SEED STRUCTURE AND HISTOCHEMISTRY. _

‘The ovule of'M. volkensi i gfbws from the placenta as a
. round pretuberance. At origin, the ovule has a symmetrical
Qrowth, the funiculus and miifopyle have e’straight
orientation, the ovule is said to be "orthotrfpous". But
during development, the body of the ovule bends (Figure 18)
and becomes coﬁpletely inverted (FiQUreUZO), bringing the
micropyle close té the funiculns. This condition is
described as "anatropous" (Ma%%shwari 1950). In the course

of maturation various tissues change in thickness,.
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and the tip of the integuments develop to form a caruncle.

Late in ontogeny the embryo and endosperm start to

accumulate storage material. Although the micropylar eﬁd is

a small part of the total surface of the seed, it is one

area which commonly causes germination inhibition and

therefore the degree of its specialization justify special

consideration in ‘this investigation.

.
4.1.7.1 INTEGUMENTS
Tﬁ; intéguments begin to differentiate before. -
fertii}zatidn. The inner iﬁfegument starts to dévelop
fifstlfolloﬁed by the oerr integuhent:(Figu}e 18). The
outervintégument of~the5pre—fer;ilization stage is four
to six cells thick and the inner integument fﬁur,cells.
Both, hdwever; are.mugh.thicker at the micropylar end |
(Figure 20). The ground tisgué at this stage is ’
parenchymatic. The epidermal layer'bf the outer
integument and cells of the inner {néegument at the
chalazal end are vacuolate. The inner cells of the outer
‘integument and fhe micropylar end of the inner
integument are cytoplasmic. Cell walls of the outer
integument at the chalazal qpq stain brownish—red.in
PA;/FG, while most of those ét the micropylar end show
an intense greenbéfter treatment with PAS and Fast
Gfeen. The former is a reaction id;hﬁifying starch and
sometimes lignin (O'Brien and McCully 1981). All cells

of the inner integument and those of the nucellus stain

a light green with PAS and Fast Green.
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PLATE 2:

Figure 18. TS showing an early stage of ovule
differentiation. x500. | v

Figure 19. TS of ovule at the same stage of development
as in Figure 20, stained in PAS/FG. x600,

Figure 20. LS of unfertilized ovary stained in PAS/FG.
x70. | v -

Figu;é 21. TS taken from the chalazal eqd,-showing the
outer and inner integument lgyers of im&hture seeds’
stained in PAé/FG. x650.

Figure 22. LS of the outer integument at the same stage

of development as in Figure 21, stained in PAS/FG. x450.

Figure 23. TS of immature cotyledon tissue, stained in

PAS/FG x500.

Figure 24. TS through the vascular bundle éituated in
the caruncle of an immature seed showing an open canal.
x500. - ‘ N

Key to‘Abbreviéfions: Nu, nucellus; 1li, inner
integument; Oi, inner cell-layer of outer integument;

Cu, cuticle; Oo, Outer cell-layer of outer integument,

and; Om, middle cell layer of outer iﬁtegument.
‘ l






Theré is nq_evidbnce of a cuticle layer on the outer
integument during the pre-fertiliiation gase.

Epidermal ceils of the obtd; integuméﬁﬁ are
anticlinally elohgated, but those of inner cell layers, .
and of the inner integuments are periclinally elongated.
This cell orientation doesaﬁét ch;ﬁge much during ovule °
devéioppent, except for two inner cell 1dyershof the
‘outer integument which later become isodiametric

~(Fiugure 27).

Seven months after fertilization integﬁment cells

increase in size, dévélop large‘vacuoygs and a'cuticle

(Figure 21). Cell walls of the outeflintegumént.are

thick and have deposits of crysta111ne mater1al (Flgure

22), while the inner integument is composed of thlck
spongy parenchyma tissde (Fxgure 21). The formq;xon of

the caruncle is such that the inner 1ntegument %}Rﬁ fuse

N Jh

%,

g i
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The inner integument tissue also has numerous large
‘oval-shaped secretory cells which do ‘not react with, "
’

‘either PAS, or ABB. These cells look like enlarged

parenchyma cells (Figure 27).

4.1.7.2 NUCELLUS

~ The nucellus is the innér p;rt §f‘an ovule in which
“the'eqh:yo sac develops. The nucellus in M. volkensi| is
well developed and is many cells thick, agstafe refered
to as "crassinuceliﬁfa"; this staté is also considered a.
.. to be‘primitive (Siﬂéh 1964). The pre-fertilization
stage of ovdle develbpmenf\is characterized by variable,

nucellar cell thickness, about seven to nine cells thick
at the micropylar end (Figure 20). It is fused with
integuments at the chalazal end. The pre-fertilization

' ¢

structure, the histochemistry and cell orientation of
A e :

the nuceIlus is similaf 38 ﬁgﬁtnof the‘inner.fntegum;ﬂtu
Post-fertilization ch;ng;s.of the nucellus involve
b,a reduction in cell thi@kneés, fgduction in cell wall
size, loss of éyfoplasm and deQelopment o§ a'
one-cell-thick cuticular layer. Above the cuticié,‘but
below th& inn;r integument, is a one-cell-thick layet of
.irregular, Sdﬁetimes'branched, thick'walled;;ells
deposited with a crystall%ne méterialékFighré 26) that
stained deep-red in Safranin O. On the lower side of»thé :
‘nucellus and bordering the endospgrm, is a thick la%er
of cells probably markipg the beginning of compression s,

. to be completed beford or by maturity.
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In sections of/a.mature seed, the nucellus cuticle

i

and theuirregular thick-valled cell layer above it, -
still persist and*thggcompression of thetnuoellar tissue
is complete kFlgures 27 and 28). ‘ |

R

w
4, 1 7.3 ENDOSPERM
i': ‘ ' The f1£5t stage of éhdosperm descrlbed here is )
represented by Lovules at the "fruit soft" stage (F1gure
4 f1 7 and 1. 7a) Thegendosperm cell-walls have giftlnct
nucle1 and cytoplasm (Flgure 20), but'deposits of

nutrient resérves characterlstlc of cells in mature -

seed ‘are not evident. Cell walls off’ature endospermfﬁ

are th1ck (Flgure 31) and cells contaln protelns, starch .

and l1p1ds. Although a hlstochemlcal test to locallze

-

¥
-11p1ds was not done, its;is clear from chem1ca1 analyses

, ,that the endosperm is r1ch in crude fat (Appendlﬁ,Z and

o

Flgure 16) Between the endosperm nd the embryo tlssues

jis 2 band'of‘muc1lage equivalent td several cell

thlcknesses (Flgure 31) it stai sitive’for‘starch

4
-and proteln; Endosperh thlckness 1s varlable at
maturlty. e is only four ¢ells th1ck at the. m1cropylar
end (Figure 25) and 'bélow the: raphe (Flgure 31) “but up

o nine ls thlck elsevhere an the seed (Figure. 28)
-~ r
The sequenq@ of events leadlng to the reduction in

-

thlckness of the endosoerm layer are not clear
‘ LR SR
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‘Figure 25. LS of a semi-thick sect e ¢ the micropylar e

end, unstained, mature and heaviJllonified seed, cut

by the freezing microtome. x26.
Figure 26. LS showing the endosperm, nucellusfadd a
layer of granular deposits at the micropylar end at

seven months after"fertilizatidn, stained in PAéVFG. .

C %108,

Figure 27 TS of the 1nteguments from mature seeds
prepared by the Hlstore51n procedure, sect1oned at 2 um
pand stained in ABB. x1 0

"Figure 28 TS by Noma#skl interference optlcs, showlng

perisperm and the endésperm stalned in PAS/FG. x210.

‘Figure 29 TS show1nd stored materlal and thin cell

/

walls iﬂkiif/igiifedpn of a mature seed, sta1ned 1n?w{
PAS/TG x500 /~' : ,

Figure 30. LS through the caruncle of.an 1mmature seed

3 ! \

showing the mf%rop leq x75.
?igure¢313{TS showing the endpkperm, the nucellus and a

portion of the mu ilage layer of a mature seed stained
. a | . ‘ - . \ v .

n PAS. x800.

Key to Abbreviatidns: CR, caruncle; Rc, root cap; En,

 endosperm; 1i, inner integument; Nu; nucellus; Oo, outer.
‘ ,cell layer of the outer 1ntegument' Om, middle

celi- layer of the outer 1ntegumeﬁt' Oi, 1nner‘cell layer'

: ofxouter 1ntegument, and,gPrA compﬁéssed per1sperm
- layer. ’

- . o - '

. . . A, . -
S 4 : .
L ‘ L '5‘ . “. \g 7.
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4.1.7.4 EMBRYO
The mature embryo of M. volkensii seed consists,otv
btgp fleshy cotyledons and an axis bearing the plumule
and a radiele‘(Figure 4). ’ |
At "frgit-softf stage;dcela walls are £hin ang dave
no nutrient reserves‘(Figufe'23) At maturity, a root
cap is well developed (Flgure 25). ‘The cyfoplasm and
: vasculag bundles are fllled w1th storage material:
_ protelns, 11p1ds and probably starch (Flgure 29). Cell
walls stain a l1ght brlck red in PAS and a light blue in

~ABB as does the storage‘materxa%.



5. DISCUSSION

" 5.1 MORPHOLOGICAL AND STRUCTURAL DEVELOPMENT OF THE FRUIT

AND SEED

Seed and fruit development is without a seasonal

pattern in M. volkensii in Kenya taking up to 13 months to ¢

by '~

mature (F1gure»1). Many reproductlve stages of development

".can be found on a 51ngle branch of the same tree at most

'tlmes of the year. This makes it d1f£1cult to ensuye that

nly mature seeds are ¢ollected in bulk for germ1nat1on
purposeé§%'ut dlfferent exocarp colour and mesocarp
struq@bre ‘may serve as indicators of stages of maturlty

Acqord1ngly, when exocarp colour changes from green to

- yelﬁow1sh green th1s is a fairly rel1ab1e 1nd1cator of

matur1ty (based"on seéd germinability). However, fruit

' o

col&ur at maturlty also depends on the amount of. cork on the(

w

fruxt. When the depos1t10n is heavy, fruit colour varles “

¥

uuuuu

from greylsijellow ‘to grey. As a result, the ability to
dﬁStmngu1sh between'mature and 1mmature\fruits‘is dependent
on the knowledge of the reproductlve cycle, and the
morphologlcal character1st1cs pertlnent to each of these

phases The ovule Structure appear to be closely correlated

to«the external development of the fruit.

vﬁﬁ'Some of the strlklng features of the ovule development

are growth of the integument to form a caruncle, the

-

persistence and crushing of the nucellus, the reduction in -

the thickness of the cell layers of the endosperm at the

- L

=0 ’ : M ¢ . ) ‘ .
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micropylar end and below the raphe, and the deposition of

nutrient reserves in the endosperm ‘and embryo tissue.

The development of a caruncle, its lignification and
cut1n12at1on are initiated and completed early in ontogeny
of the ovule. That the mlcropyle is crushed dur1ng the
caruncle formatlon is inferred from the fact that a
continuous micropyle is not evident in mature seeds. At the
time ‘when the caruncle developm;nt is complete, the
micr?pyle.is.formeé'by the spongy parenchyma cells of the
inner integament. The inner integumeﬁﬁ tissue ie arranged“h
such that it fills the central core of thelcarencle from
base to tip and the outer integument covers it (Figure 30).
A canal running the full length of'the'seed is evident
lwithin the raphe (Figure 24). This may serve as a direct
avenue for the entry of gases and ‘water, |

During development{of the embryo sac and embryo, the
~nucellus is partly re-qﬁgorpeq,and crushed. In a mature seed
it persists as a thickflayer of compreesed perisperm having

w
a distinct cuticle., -

ggAccumulation of nécrient reserves in the eﬁaosperm a%c'
- embryo, and the develepment of a mucilaginousylayer‘between ‘
the endosberm and the embrye start after-the."fruic soft" .
stece:‘If thejasspmption that these changes are the majef
.factefs.underlying the dormancy mechanism’in the speciesiﬁﬁ&é
the; there may be a'period iﬁ ‘the course of obule | |

development when seeds may_be collected and made to

germ1nate w1thout a pre- germgﬂaulon reqﬁfffm
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5.2 TEMPERATURE ’ |

* The K1mpak was always kept wet and air circulation
betwee : growth chamber and germination boxes maintained
througﬁ\véntllatioh holes. Therefore, temperature was the
‘dnly unqoﬁtrolled environmental variable.=

The optimum temperature was the sahe for total

‘garminatidn and germinative rate for both temperature
'feéimes. Althouéh Qerminative rates for higher temperatures
above the optimum areebetfer (Table 2); the correépondlpg
total germination is very low (fable 1). Resulta of this
stﬁdy indiéate tﬁaE seeds of M. volkensii are capableJof;
germinafihg between day temperatures 25° "to 37°C. This may
suggest that temperature is not ;hé‘limitihg factor in
germinatidﬁ of intact aeeds. Since neither air nor water
were limiting, it is concluded that seeds are dormant and
not just quiesqént. This view is supported further by hlgﬂ
total germlnation observed when seedé were cut and‘lncubated
under 6ptimum températures.‘The fadtfthat total gérminatién,
al‘42°C for both temperature regimes‘tége‘very low shdw that
imbibed seeds mayinoi be able %d tolerate expoéure[to'high

*

'V’temperafures,.even for short period of time (Tabie 1).

5.3 EMBRYO EXCISION IR

e

Two mé&n categorles.of seed dormancy are dlstzngu1shed

thOSe related to stp res external to the embryo, and;

*

those related to thegpropertles of the embryo 1tself Aif

P

e ‘ - ;A .
(Crocker 1916 N1kolaeva=1969) g§x01sxon of embryos from"
' S g o . I " A




seeds wftl physical dormancy (impermeability to water and

. gases), or from chemical aormanqy (impermeability of -seed
coats to leachable chemical inhibitors), or from mechanical.
dormanéy (prevehtion of‘radicie protrusion) allows
gerq}patlon to proceed (leolaeva 1969).

. \E$c1sed embryos gexmlnate significantly better (81%)
than do intact seeds’&?}ﬂ (P £ 0.01). The fact that 9% of
intact seeds germinatngis'proBably an indication that
germination of intact seeds was ﬁéde possible because of
cracks in embryo covers developed during extraction.

.A much morel;rdespread and better documented dormancy
mechanism is the 1mpermeab111ty of 1nteguments to water, or
"seed hardness” (Ballard 1973; Barton 1965; Copeland 1976;
Hamilton and Carpenter 1975; Rolston 1978). The term "hard
seed" was introduced by Nobbe (1876) to represent seeds
- which are unable to imgTbe“water. In other cases
. integuments, perisperm aﬁd endosperm are impermeable to
leachéble endogenous inhibitors (Evenari 1949; Wareing and

Fodé°i957; Wareing 1965; Maguire 1976; Nikolaeva 1977; -
Maguire 1977; Maguire 1980),‘and to gases causing a
de}iciency in 0, for respiration, In bérley; 0. supply to
the embryo is restricted. In wheatz dcrméncy is atﬁributed
to the tensile;properti%s of thevpgricarp and'integumenfs in
~unripe grain, and of the pericarp epidermis in ripening

~grain (Durhamiand Wellington 1961). A\

[
Ly s
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5. 4 PERMEABILITY OF INTEGUMENTS TO WATER

The first stage in the process of seed germ1natxon is

v

water_absorppion.'The three factors influencing this process

are availability of water in liquid or gaseous form,
permeability of integuments, perisperm and endosperm to
water and the chemical composition of the seed oﬁ the seed

KMayer and Poljakoff-Mayber 1982, Ching 1972). The role of

integuments, perisperm and endosperms in water absorption is

discusseé in relation to petmeabiiity and chemical
composition of the seed. 0 |

Both intact and cut seeds absorbed water when “soaked,
but intact seeds absorbed only a small amounf compéred to
cut seeds.AThis shows that integuments: perisperm and
ena;;perm %re ﬁot completely impermeable to water, but'that
they reduce éhe rate and total‘améunt absorbed;(Figure 10).
When caruncles are broken off to expose the perispermvand

endosperm} seeds absorb the same amount of water as that

absorbed ‘by intact seeds. This means that the seed absorbs

the same amount of water whether integuments are intact oré
(L

' damaged. Thié may be interpreted as suggesting that
integuments do not limit water absofption. This leaves the
perisperm and endosperm, suggesting that either separately
or together they account for the dlfference 1n wqter
absorbed between intact and cut seeds. _ M%{? |

The fact that embryos of intact seeds weq§ staxned 1s

proof that the perisperm and endosperm alloW at least some
i

water to enter the seed. When the staln path: vas traced it

#

'
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became clear that water‘entéred at the tip of the caruncle
and theh through the caruncle to the embryo (Figure 24). Cut
seeds imitia}ed visible germination after increasing in
fresh wéighg&above 64%. IntaétiSeeds absorbed only 48%
water. Intacé seeds and seedg without caruncles failed to

) initiatg.visible germinationv Failure of intact seeds to

germinatg may therefore be explained by the fact that the

amount df ﬁater (48%) absorbed is not sufficient for the

3

beginﬁing of'ébll division. |
The necessity forlwa§er‘ih segd germination has 1§ng

been taken fqregranted; but the adf%gl amount of water.
needed, the mechanisms by which it ié absorbed and its |
distrighéion have:been given comparatively little attention
(Stilgs 1948)..Water telations of seed tissues are also
influenced by their chemical composition,(Ching 1972) . The
main storage ;issﬁes in M., volkensii seeds are the |
cqtyleddns ana the endosperm; their main nutrient reserQes
‘being“Crude fat and crude proteins. Oleic and linoleic acids

n

are “the major components of the crude fat (Figure 17). Aboutl
23% 'and 20% of the amino acids ih the embryo and enaosperm
respectively are classified as hydrophébic (Lehninger‘1982).

| . The process of germination involves‘wéter.uptake and
sﬁelling which results in the production of considerable
imbibition ﬁfessure. The pressure is of great importance 1in
the process of’ée;minafﬁon as it leads to the breaking of .

. integuments, perisperm and endosperm (Mayer and

Poljakoff-Mayber 1982). If the embryo cannot imbibe water to

»
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bring about sufficient imbibition oressure‘to surmount the
mechanical restraint of integuments,“perisperm and
\w/gdosperm, then it must remain ungerminated.

Storage protelns of dry seeds are usually in
crystalline form. About 80% of these are in storage —
organelles called protein bodies. The remaining 20% are

" distributed in nuclei, mitochondria, proplastids,//
microsomes, and cytosol (Larson"and Beevers;1965;jNe§comb
1967; Ching 1968.). Amino acids are.classified as either
polar or non-polar compounds, this classification also
influencing their location in the.structure of globular
proteins. -

-In the pea and bean seeds, water penetration into large
storage t1ssues is from the per1phery to the interior. At
the cellular level, the areas next to the cell wall and the
spaces between the storage organelles become hydrated first
then tissues swell and absorb more water untll 67% to 150% -

' water content on a dry weight basis is reached. Since starch
granules, protein bodies and lipid bodles are water
insoluble, metabolically functional organelles are the first
to absorb water (Ching.1972).

Against this background, it isblikely that watef entry
into the embryos of intact seeds is controlled by a self
regulating mechanism. This_view is supported by the fact
that water absorption stops after the first 80 hours}(Figore

10). In some legume seeds, water absorption is restricted

because seeds posses a modifiea micropyle which operates

w3
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with a valve-like ackion (Corner 1951). The valve.allows
water vapour to diffuse out of the seed iﬁ a dry atmosphete,
but closes firmly to prevent water‘entry in a humid |
qthosphere, or in liquid water (Villiers 1975).

Although it seems obvious that the micropyle in M. y
.volkensii is not completely blocked, a gap.inp the perisperm
and endosperm af the micropylar end has not’ been observed.
. Although water absofption mechanism is not clear, it is
proposed that initial water absorption takes piace’via
intercellular spaces, functional orgahelles, and via
surfaces of hydrophilic storage bodies which may then swell,
Swelling fills up inter-organelle spaces and hence stosz

.further water absorption.

5.5 PERMEABILITY OF INTEGUMENTS TO GASES

| Germination of seeds ‘require expenditute of“energy
provided by oxida;ion (Lehningef 1982; Mayer and
Poljakoff-Mayber 1982; Goodyin and Mercer 1983). Oxygen for
this process must be taken in and carbon dioxide mUSt be
éxpeiled. But, sometimes integuments, perisperm and
ehdosperm restrict gaseous ethangé. In this study high O,
concenttations above the ambient (25% and 50%) failed to
stimulate significantl; higher total germination than in 21% -
oxygen. Seeds.could also germinéte in an environment with
elevated CO, (0.65%) and depressed Ozf(15%), howe;;g, it is
not whether this is due to high CO, ori§$§ te a drop in 0,.

These observations are not unusual, as similar responégs



have also been reported in seeds of Stadgys alpina (L.),

which not only failed to germinate significantly better at

elevated O, concentrations than in air,‘but also co&}d ;:-

LY
LN

’germinate%in 100% N, (Pinfield et al. 1972). But seéhs of
many othéf.species réspohd to elevated O, concentration by a
significant inéfease in total germination. Among these are
Elaels quineensis (Jacq.), (Hussey 1958), and Pisum sat ivum
L. (Spragg aﬁd Yemm 1959)., As a result, inteéument; may be
compared to a solution of phenolics which by absorbing 0.
act as a physiégchemicalioz barrier for thé embryo (Coumans
et al. 1976),

R

germination seems insufficient to account for the failure of

Based on these results, gaseous inhibition of

intact seeds to gérminate. Since the endosperm and perisperm
are not completely impermeable to water, it is likely that

they also are permeable to waterj?issolvedoz.'
| Germinative raﬁes incr;ased ith increases in 0, . , 1
concehtration. Theretoré, the O; concentration seem to be
éhe limiting. factor for the'germinationsof cdt seeds under
ambient conditions because when seeds were exposed to higher
04 concentrations, they responded with increases in . “
germinative rate. However, thls increased germinative rate
does not correspond to increased tdtal germination; In fact
‘ T .

thefrelétionship between total germination and O,

concentrétion is negative (R? = 0,82, P < 0.01; Figure 13).
v - . \ P
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Seeds which are in a state of physical dormancy are
capable of norm’J growth when inteouments, perisperm and |
endospeéh are cut or removed (Ching 19722. Seeds which are ‘
cut at the micropylar end, can germinate normally} bht'mhen
cut at the chalazal end, or in the centre of .the seed;vfhen
Qermination‘did not proceed normally. It does not make any-

difference -to total germination whether seeds are cut at the 8
m1cropylar end or whether the cut is extended from the ?
m1cropylaf to the chalazal end (cut A and D; Flgurelli). In_
both cases'ggrmlnat\on proceeded normally and qqxckly When
integuments are:damaged in other places germ1nat1on could E

;proceed but, i;stead of radlcles emerging first, the

cogyleﬂth’emerged first. From this premiss, it is clear

that aﬁpects of 1nteguments, per1sperm and endosperm

ftjpenmeabfllty to water ‘and Qases alone.do’ not adequately

‘,account ior d?rmancy xn thzs SpeCIES. Observed modes of seed

L

érm&nataon seem to suggest that mechanlcal propertles of

y ",ﬂ v 4

;g,1n€eguments perlspcrm and endosperm also play a role.

L .

1 weggments not only appear to limit the rate and the amount

_ of Water absorbed by seeds, but they also prevent the

e.,,-- i

‘ rédlcle from prot?ud1ng mechanlcally (1 e. only a cut at the

M1cropylar end brings about normal germ1nat10n) o

.

uInformatxon on mechanisms of mechanncal dormancy in

,seed;germlnatlon 1s meager (Villiers 1975) and the little .

'that is available is seldom of direct‘value; such dormahcy‘-

is inferred from the effects of external factors such as
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Spec1f1o envzronments, of treatments and of substances
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; Kleolaeva 1969) . Crocker and Dav1s (1914) were the f1;st to'
”I\atteﬁgt to measure mechan1cal restr1ct1on of 1nteguments on
| radlcie emergence. In Xanthlum,pngnsylvanlcum Wallr.,
dormancy ex1sts because the embryo caqnot swell and exert'
‘/ adequate pressure to ruptu;e the 1nteguments (Esash1 and
.m-yeopold 1968) More recently,tTao ‘and Khan (1979) determlned
‘cﬁanges-rn-the strength of lettuce endosperm durfhg
"germlnat1on. They observed that thgse changes vere not
' d1rect1y related to ‘those of the rad1cle protrszlon but in”
'f“LactUCa satlva L. (Grand Raplds 1ettuce) _red llght. ﬁ,‘k
1n1t1ates germlnatlon by product1on of an enzyme whose
hactaon enables the t1p of the radlcle to penetrate the ‘ K
' endosperm'(Ikuma and Thlmann 1963) The 7ﬂayme was proposed

y degrad1ng the endosperm cell wall:-as a nutrlent

R

d~~for the grow1ng mmbryo (Halmer et al 1976) )
) Mechanlsms for the rel%ase of“f’dicle growth re51stance ( :

1n nature for M volkensil seeds are not known, but it seems

llkely that 1n]ury acts by breaklng or weaﬁﬁnlng

/‘

*~1nteguments, perlsperm ;nd endosperm SO ﬁhat the 1mb1bed and

‘.sze}llng radicle tan- emerge Thereforg to account for
(e

mechanlcal restrlgtlon of 1nteguments perlsperm and e

endos@erm to\embryo growth two mechanlsms are propoﬁ%d
¢
vthat the. embryo does ot acq61re suff1c1ent 1mb1b1t1on )
cw ‘ w Nl :’.
pressure 30 surmount the mechan1cal restraxnt»of thé
2 &. .
1nteguments, per1sperm and endOSperm and ﬂpat a chemlcal

e IS
.

v‘aweakenmg of the perlsq;fm, Jr endosperm, or both in
T L0 U D

A < '”-s? Dt s
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addition to the imbibition force of the embryo,’ is needed.
a <t |



6. CONCLUSIONS AND RECOMMENDATIONS
At . - . ‘
6.1 CONCLUSIONS.

1. .Seeds take 11 to 13 months to reach maturity. Stages of

' frgjt development lack a seasonal pattern, as a result

Al

' 1t as dlfflcult to d1fferent1ate mature from 1mmature

ly»':fru1ts. However, this study has shown that change in

fruit colour may be a rellable 1nd1cator of see

- .

Jmatur1ty. R1pe fru1ts are yelloh1sh green and sometlmes -

A .

grey or greylsh yellow. “. , '
2; Seeds fall to . germlnate when left intact, but they

"

: *
,germlnate'normally when exc1sed Therefore dormancy In
1ntact-§eeds is 1mposed and ma1nta1ned by 1nteguments,

,perlsperm and/or endosperm. There was mo ev1d%Pce of
an

I

bryo related dormancy in seeds useq in th1s study, but
th1s conclu51on does not rule out the p0551ble needﬂlor -
- an after r1pen1ng per1od Co L ;_j&;
3& Integuments prevent germination partly by not"allow1ng
the embryo to. absorb suff1c1;ht waser for the beglnnlng i
of cell d1v151on. ‘This \s shown°by the fact -that 1;tact
. seees)absorb only jﬁ% water (dr;.welght basls), and only
- 15% of thls is absorbed by the embryo. Yet visible
| gérmlpatlon sfart when ‘excised seeds absorbed over 60%.
water Therefore, alrhoughs1nteguments,’perlsperm and \
endoSperm may not be permeable to water tney l1m1t rate
and total amount absorbed.l- - o 'é??' PR
| - ! v

4, Whe3~the endosperm and perlsperm are exposed by breakxng

R AR EEREEE xf%@

@

k]



of f the caruncle, no 1mproved water absarptlon above
that obServed in 1ntact seeds is obserVed The presence
of‘a canal in the raphe and sta1n1ng "of embryos after:

-

. imbibing them in Eosin Red-yellowish is an indicetion

. thatfinteguments are;not‘completely‘impermeable to
water. It is therefore concluded that the endosperm,
and/or perlsperm may be respon51ble for l1m1t1ng water

“absorptlon. | |
45; When 1nteguments, perxsperm and endosperm Jre cut
i 1ong1tud1na11y at the macropylar end of . the seed normal
germlnatlon can proceed But, a hor1zonta1 cut 1n the

. £, ‘
2 Gl
centre, or a lf4 Judlnal ‘cutt at the chalazal end 1nduce

abnormal on in whlch the radlcle elongates but 17

This may su'gest that aspects of 1ntegument permeabllﬁtyv

. ! )
JEO-water or gases alone do not account adequately Fgr

L3

dormancy in M, woﬁ?énsrl. Th%refore, even 1f embryos in
intact seeds were able to absorb suff1c1ent water for&

b \growth to start they mlght Stlll fail to 1n1t1ate

v151ble germ1nat10n because 1nteguments, perlsperliand
4 -
endosperm restrlctlon to radicle protru51on 1s not

overcome, Conse@uently, 1nteguments, perlsperm and

’

endosperm in add1t1on to llmldlng the amount of water ge

: absqrbed by the; élbryo also mechanlcally prevent the
: Jﬂ?adlcle ﬁrom emerglng =
6. Durlqg transformatlon_1ntoﬂseed,ptﬁe ovule undergoes

chandes in form, structure and histochemistry. All these
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changes occur late in ontogeny of'th‘e ovule. These

Jl

changes 1nc1ude' endosperm cell wall th1cken1ng,

A Y
compress1on and persxstence of the nucellar tissue w1th \

its dlstlnctlve cut1cle’\1n mature seed ahd the
L)

accumulatlon of insoluble, non polar and non- swelling
(4
storage material in the embryo and endosperm, Agamst

‘this background it is therefore inferred that (a) much

‘of the water that needs to be absorbed by the seed fjor
ST M
1t to germmate is prevented ’ﬂy by the pensperm,

m en’dospermr or both, (b) the embryo .does not acquzre

suffncuent 1mb1b;tlon pressure to overcome the
4 PR R
* mechanicpl r‘est&ictlon of 1nteguments, perlsperm _ﬂd .

v
endosper . (c) a’“ gﬂucal weakenmq) of the per1sperm‘ /\

and/or endosp%m in addltnoi"‘tog{:he 1mb1b1t10n force of i
\ 7 4*:,‘" . .
the embryo is needed. : “ o L U v
. ’ : .%‘ 5 L
- 7. Ev1dence for a geruunatlon 1nh1b1t10n mechamsm through

1mpermeab111ty of 1nteg ents, perl\sperm and‘endosperm

to gases was n ] d Seeds could germlnate at

' - depressed Oz an elevated CO; "levels. Also, h1gh Oz 2.

[

()50%) concelltrathns fail to 1nduce s1gn1f1cantly better’

l

gernrmatwn than tl}at*observed in a1r, be51des, some

- s‘v«raterqdlsssolved 02 must get in with ‘the 11m1ted amount

of water. . Therefone‘ gaseous 1nh1b1t10n seems
1nsuff1c1ent to account for. the fallure of 1ntact seeds

,—a ® e . » . -
to germlvnatq‘.v : i - g ,

.o

B
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6.2 nmcomnna'rxons ’ . -

M

ThlS study has shown that M volkensll seeds can be ’E«

ot

germlnated easily, as long as the 1nteguments, perisperm .and

| endosy :rm at the mlcropylar end are cut or removed For -

operational purposes, ?Pch -as in nurseries or in the fxgii;
b

mature fruits shoukg processed seeds extracted and

J Ny

. N
‘mechanically scarified,‘before sowing.

Negp

6.2.1 FRUIT c%mc'rxon L :.

L1 qul ct ma&yre :1pe ﬁruxts (yellow1.3 ‘fjh ’vfer raising

N « v *

<2, Best~germ1nat1on'f 'bfere obZained when seeds were

™ .
F. _s

6.2.2 SEED EXTRACTION e W . e
' : ' " \h 1. ’w\ ’ “.f §
1. Place a dry stony docarp horlzgptally on a large -

cross- cut tree stump (ngut 30 cm in- dlameter) N
2. Plaée a sharp pocket knife. blade mid-way acroq»(the

B '
' end carp and gently«apply several hammer blows unt

crack develops._The knlfe—blade must not penetrat
Eva o
v deeper than the stony endoca:p wall atherwise s

will be darnage?a’Ea . 'i“.ff

’ A "t \,Q o .
« 3. Careful# penetra!‘nd open the crack w1th the
'ﬂedge of the kn1fe blade by push1ng and thstlng
« * .

is to separatejthe two stony.endocarp halveés.

4 -
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3

6.3 FURTHER woax _ T e %

'i.« Break the caruncbe off the seed to expose the endospermh ‘

1 R /.
4.' Pull out seeds from: thexr locules intthe’ s;ony endocarﬁ St

r AR/ > o » \

-

5. Inspect “seeds v1sually and discard those that are_f ;, ;

" mechan1cally damaged. Seeds without seed coﬁts“or with

© b . ’,

it
g partly removed’ seed coats w1ll germ1nate ‘well as 1ong as
embryos have not been Qamaged phy51cally as well /ﬁ(; .
. ‘ v ) . IS " ’ .
y o . o _— ‘ o #( "
76.2.3 SCARIFICATION . ; | N IR ‘3

s

' ;at-the m1cropylar end.-Th1s w111 help in estimating the :

.approximate position of the~ﬂg~,cLe and hence.avoid T

o 1 ) . )
cutting it.. ' % -
. . r
-

2. Soak seeds 1n water'at room t&mper@ture for six hours’in,

-

order to soften the‘eeed coats.
» .

3. Cut longitudinally through 1nteguments, i rlsperm ang
B ¥

s w5

ylar efd
(Figure 1) L v

4 g . .

) endosﬁggm from the seed oentre to the mic

¥

. 6.2.4 SOWING - e

1. Place scar1f1ed seeds dlrectly into contalne!% f111ed

with a germ1na&1on mea1um. K‘ep the- medlum moist all the

t1mev V1s1ble germlnatréﬁfshould start by the fifth day A
. v . : -~

.
‘after sowing.

Al .
"

A\ o . ) i
»

In order for people in dry areas to der1ve maxrmum.

I

benef1ts from M volkens;r, all p0551ble end%ﬁses of the tree

at- all stages of development must be explo1ted, now that 1ts

& . ”,
-



° e 76
» s ’

seedsjian be germinated. In order to realise maximum

A'

ben S from %He‘vafious potential dses of the tree,

further studles on the follow1ng are'!ggomqpnde&' )
1 "To dehqrmlne the rel%tlonshxp between fruit matur1ty and
dlfferent ecologlcal zones of the country. This wlll

prov1de data for plqpnlﬁg.of reforesta§1on prOJects and

help 1n estlmatlng .seed yield,

P é§ deVéQOp a method for large scale seed scar1f1catzon.

v‘,é.‘ o

@'f Té“car?? out progeny and provenance studies with the aim

’ T - ﬂ’
" .

of selectlng populat1ons W1th desxred éhhrectertstlcs.v

St
‘e R
l

4, To 1nvest1gate potqgtlals for” the mgnufacture of an1ma

ey )‘"’.’ ]

wr,

feed from fru1ts, sind§p they are rich in crude fat and .
A q .

- crude protelns. )
To Qya t1f"varlous chemical compounds with poteﬁt1al
(_indd““

fruit development.

\'al uses and relatxng these to var1gg§'§L§ges of
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Appendix 4, Per cent amino acid composition of seed

N t

ISSUGB.

/

'Amino Acid

% recovery (P
Amino Acid
1 to 5.

e to 10

11 to 17

1 Aspartic

2 Glutamic

3 Lysine ‘ '
4 Arginine

5 Histidine .

6 Phenylalanine

7 Leucine

8 ‘Isoacuc§ne

9 Methionine .
10 Valine

i1 Proline
12 Threonine

13 Serine
14 Cysteine
15 Alanine

16 Glycine
17 Tyrosine
18 Ammonia

rotein)

Embryo
. Mean _ Std.
. _.dev.
8.04 0.20
25,08 0.12
2.71 0.12
12.55  0.13
2,32 - 0.03
4.98 0.05
3.84. 0.06
2.14 0.03 .
4.70 0.07
2.34 0.03
'2.43  0.01
~4.86 0.01
1.82 0.05
2.70 0.08
4,52 0.00
2.45 0.06
1.84 0.10
96.27 1.00

o

i

/
)

Endosperm
Mean Std.
- dev.,
7.73 0.04
25,08 0.21
332 0.02
11, 0.00
2,09  0.08
4.34 - 0.02
6.02 0.06
3.62. 0.06.
*2.14 0.02
4,12 D.10 .
2,98 0.14
2.34° 0.01
4. 0.07
0.00 0.00
2,02 0.02
8.16 0.01
2,74 0.04
1.80 0.0¢
90.96  0.33

Highty hydrophilic, nearly always found
on the outer surface of globular prote1ns

H1gh1y hydrophob1c,

found largely in the
interior of globular proteins.

Amino acids of intermediate polarity, found
in both the interior and exterior of globular
(Source: Lehninger, 1982)

proteins.
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