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A FEMCT

The concentration znd trend in seasonal changes
of four food substances, five mecronutrients and five
micronutrients were stuiied in eight orgsns of Parkia

clappertoniana Keay,

All the constitucents, except Cu, showed significant
chonges with time in the shoot (bark and leaves). Protein
and nitrogen showed significant vzriation within each
mature fruit part, between the floral stages and between
the mature fruit parts.

As the young fruit developed there were significant
decreases with time in the content of K »nd Mg. Similar
abscrvations were mode for K end Pb in the husk.
Calcium showed significant incrcases with time in the
husk. There were significant decresse in pulp Pb 2nd
increase in seed Ca,

Starch and K in the bsrk 2nd Zo2" sterch veried
significantly between trecs and so did totnl soluble
carhbohydrates in the shoot, flowers and mature fruit.

In the mature fruit reducing sugers, protein, nitrogen,
Mg and Pb also showed significant differences between
trees., Iron and Zn in the young fruit showed a similar
observation.

Starch, total solublc csrbohydrate, nitrogen,P,

K and Mg were significantly higher in the young
flower while the mature flower showed higher levels
of Ca, Fe, Zn, Pb and Mn, In the mature fruit, the

seed stored most of the storch, protein, nitrogen and
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K while the pulp stored most of thc totnl soluble
carbohydrate and Pb,

The shoot showed significently high levels of starch,
tot~1 soluble carbohydr-tc, protein and nitrogen during
the late rains, Reducing sug rs were generally low in
all the orgmans.

Phdgphorus8 wnas sigrificantly high in September (for
bork) -nd between April 2nd June (for leaves). In the
stem, K was significantly high ° from June ¢p October.
High lerf K between June and August showed no significant
differences between months. In the young fruit, K showed
a similar trend from May to June.

Calcium wrs high in the bark during November to
December, and Mg in August. Lerf Mg was generzlly high
during the cold dry months (December - Januzry) »nd during
the eorly rains (May - June).

Iron showed high levels in the bark from November
to December, -nd Zn from June to July. Iron in the bark
was low in August s2nd Zn wes low in October. Leaf Fe
and Zn did not show any significant veriation between
December and July.

In the bark,Pb and Mn were high in December snd
November respectively and low from June and July =and
between May nnd September respectively. Leef Fb and
Mn did not show significant changes between April and

Oc‘tober‘.
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CHAPTER ONE

INTRODUCTION

Members of the genus Parkia are all perennial trees of
heights that range from 15-30 metres and 3-l metres in girth
(Grisebach, 1864; Oliver, 1871; Exell, 1944; Aubreville, 1950;
Andrews, 1952; Hutchinson and Dalziel, 1954 ; Baker and Harris,
1957; Hutchinson and Dalziel, 1958; Irvine, 1961; Keay et al.,
196ka; Campbell~Platt, 1980 and Hopkins, 1983). They are all
- legumes with spreading trunks and wide crowns,

: The savarma species tend t¢ shed and replace their leaves
dﬁring the period of flowering in the first half of the dry
season (Dalziel, 1936; Baker and Harris, 1957; Campbell-Platt,

1980 and Hopkins, 1983), 1In Zaria area the defoliation is more
pronounced during March - April, It starts as the flowers
open and continues up to fruit formation. Only scome of the
branches, especially those bearing the inflorescences, or the
entire foliage may be defoliated (Baker and Harris, 1957 and
Hopkins, 1983)., This is followed by a vigorous development
of new leaves, At Zaria, the plant flowered between January -

Mey.
| The flowers are borne on long peduncles ol varying
lengths (Baker and Harris, 1957; Irvine, 1961; Campbell-
Platt, 1980 and Hopkins, 1983). The compound inflorescence
bears 3«6 pendant capitula on a leaf-bearing branch or may
develop from an axillary bud (Hopkins, 1983)., The inflorescence
frequently occurs at the edge of the foliage, DEach capitulum
bears about 2,000 - 2,400 small flowers tightly massed together
on a knob-like receptacle (Baker and Harris, 1957), |
| i There are both sterile and fertile flowers on the
| capitulum (Baker and Harris, 1957 and Harris, 1985). The

sterile flowers are proximal and yield nectar which collects
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in a groove formed between the two flower~types, The fertile

flowers are stalkless (Keay et g;.,196ha).
| . The flowers of some African species, e.g. Parkia

c¢lappertoniana Keay, are pollinated by fruit bats

(Megachiroptera) {Baker and Harris, 1957 and Harris, 1985).
Gledhill (1972) reported that bats visit the plant at night
and may effect pollination. They are also visited by bees.

The fruit is a pod. Fach hermaphrodite flower has the
'potential toc form a ped after pollination, Out of the numerous
flowers, each .capitulum forms between 1-33 or more pods in a
bunch, The pod measures 15-25 cm in length (Dalziel, 1936).

i - The seeds in the pod are surrounded by a yellowish mealy
pulp; usually powdery when dry, Keay et al,(1964b) noted that
the seeds do not show through the surface of fruit in P.’

clappertoniana as they do in Parkia bicolor A, Chev. In the

latter species the seeds show slightly diagonal arrangement,

The seed {a pulse) is covered by a hard black seed coat,

DISTRIBUTION OF PARKIA

i © Parkia species are widely distributed in the tropical
regions of Africa, South East Asia and South America (Fig. 1)
Acgcording to Baker and Harris (1957), 19 morphologically
very diverse sgpecies are recorded from South America and

West Indies;M1 species from South East Asia and S morpholoically
rather similar species from Africa, The species are clustered
largely in West Africa (Africa), Amazonia (for South . Americn)
and the continental South East Asia, Hopkins (1983) also noted
that the difference in species number for the three regions
could be related to the amountof taxanomic work that has been
done in each of them. The plant is found in both savanna and
rain forest with the species manifesting variable characteristics

in their different localities,
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In Africa, Parkia is found mainly in the West, FEast and

Central regions of the continent (0Oliver, 1871; Exell, 19Lk;
Aubreville, 1950; Hutchinson and Dalziel, 1958; Campbell=-
Platt, 1980 and Hnpkins,1983). Parkia filicoidea Welw. ex

0liv, is found in the East and Central Africa (Brenan, 1959;
Irvine, 1961; and Campbell-Flatt, 1980), Exell (1944) and

Keay (1955) described Parkia oliveri Mac, as endemic to

5ao0 Tome; an island off the coast of Camercon, Farkia

madagascariensis R, Viguier was the only species recorded

in the island of Madagascar; off the coast of Mozambigue
(Hopkins, 1983).

From the various actounts it appears that West Africa
has the highest concentration and the widest distribution of
Parkia trees, Baker and Harris (1957) reported that the Kew
herbarium contains more materials of Parkia from Africa than
from any other part of the world and that there is good reason
to believe that comparatively speaking, the West African flor:
is particularly well known, All the species recorded as
indigenous to Africa (Dalziel, 1936; Irvine, 1961; Campbell-
Platt, 1980 and Hopkins, 1983) are all represented in the
region, However Brenan (1959) reported that record of F,

filicoidea for West Africa has probably always been in error,

P. bicolor, an evergreen forest species, occurs between
Guinea and Gabon (Dalziel, 1936; Irvine, 1961; and Keay et al.,
1964b), Irvine (1961) alse reported that Parkia biglobosa

Benth,, a savanna species, occurs between Ghana and Sudan.
Baker and Harris (1957) recorded the.same species as
distributed between the Guinea savanna and Sudan savanna in
West Africa,

Keay (1957) and Keay et al. (196La and 1964b) recorded

two species of Parkia in Nigeria. These are P, bicolor and
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P. clappertoniana., The former occurs in the rain forest belt,

the latter is widely distributed in the savanna region,

P. clappertoniana is more abundant in the Northern

States. It is a very common fcature of the farmlands and
avenue trees in Zaria, Katsina, Sokoto, Kanc and Maiduguri
(Dalziel, 1936; Hutchinson and Dalziel, 1958), This tree
also occurs in large numbers in Kwara, Niger, Gongecla, Bauchi,
Benue and Plateau States (Keay et al, 196La and 196Lb;
Gledhill, 1972).

THE ORIGIN OF PARKIA

There is not yet a definite account of the origin of
the genus Parkia, Based on the various accounts of their
distribution, early collrctions and nativity, one can only
suggest their possible place(s) of origin. The plant occurs
in the Neotropics and the old world,

¥hile proposing the genus, Parkia, for the plant,
Brown in 1926 made reference to a specimen collected from
Rornu (now Borno State) in Nigeria by Clapperton (Keay, 1955;.

Brown named the first species Parkia africana but Keay (1955)

later showed the name to be illegitimate, Hutchinson and
Dalziel (1954) reported that the plant took its generic name
after Mungo Park to commemorate his contributions to the study
of the flora of West Africa. Mungo Park and Hugh Clapperton
were both great European explorers to West Africa in the 18th
and 19th Centuries respectively. Both men died in Northern

Nigeria where P, clappertoniana abounds (Keay, 1955).

After a thorough taxanomic work Hopkins (1983) reported
that three species are indigenous to Africa, These include

P. bicolor, P. biglobosa and P. filicoidea. Brenan (1959)

had recorded seven species for Africa and Madagascar, The
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name clappertoniana is now dropped being synonymous with

biglobosa (Hopkins, 1983), P, bicolor and P, biglobosa are
found abundant in West Africa., P. filiceoidea was reported

to occur locally in Ivory Coast, Chana - Togo highlands and
ecastern part of Migeria (Hopkins, 1983), However, Brenan
(1959) disagreed with record of the species frou Wes*t Africa,
The main Asian species, P. speciosa Hassk, is indigenous to
Malaysia and Indonesia (Campbell-Platt, 1980) where it is
also cultivated (Zeven and Zhukovsky, 1975),

Record of the use of Parkia as a cultivated crop is
still scant. Brenan (1959) recorded that P, Javanica (Lam.)

(P. roxburghii G. Don.) was cultivated in Tanganyika (now

Tanzania), During colonial times in Nigeria the local people
were encouraged to plant Parkia seedlings and to raise them
up to maturity (Harris, 1985), Parkia is likely to be planted
in botanical gardens. The plant is planted in Achimota area
of Ghana (Baker and Harris, 1957), Parkia up to the present
time is planted in the farmlands for boundary demarcations
in Zaria, Funtua, Katsina, Kano, Hadeija, Gashua, Sokoto,
Malam Pateri areas in the Northern States of Nigeria
(Personal Communication). In urban areas, the plant is plantcd
ag avenue trees, The plant however is still largely self-
grown, left to grow and is usually tended when growing
around homes,

It is possible to suggest, from the various accounts,
that the genus Parkia has the tropical Africa as its place
of origin. The plant shows the greatest variability in
South America which has 19 species, Baker and Harris (1957)
observed that although there are dangers in the assumption
that the region in which a genus shows the greatest amount of

variation is its centre of origin, it is at least unlikely
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that the continent in which the fewest species with the least

diversity occur will prove to be the cradle of that genus.
Morphological variability decreases from South America through
south East Asia to Africa. The great extent to which the
Parkia plant and its products have been put into use, especially
in West Africa, may support the suggestion of Atrica as iis
place of origin, Throughout the savanna areags of West Africa
the plant which is more commonly known as West African Locust
Bean is an 1important grain legume, The major product of the
plant is the seed used in preparing traditional food condiment
known as dawa-dawa (Dalziel 1936 and Campbell--Platt, 1980).

The pulp is used for a food drink known as Kunu by the Hausas,
Various parts of the plant have local medicinal and other uses,
The bark yields tannin (Dalziel 1936; Hutchinson and Dalziel,
19583 Irvine, 1967; Keay et al.,1964b and Fetuga et al,J97Lh).
The bark is also used on floor and wall of mud houses and on
wall of dyeing pits to prevent them from collapsing, The

husk of the fruit is used as fish poison by fishermen (Brenan,
1959, Vickery and Vickery, 1979 and Personal Communication). '
VARTABILITY IN THE AFRICAN SPECIES OF PARKIA

Hooker and Jackson (1895) in Index Kewensis and latter
.supplements recorded a total of 58 specics to be in existence,
Comparative studies have shown that these were not all
separate specles (Campbell-Platt, 1980)., Account of the
actual species indigenous to Africa is not ye¢ conclusive,
Keay (1955) recorded the number as four, Brenan (1959)
recordad seven species for Africa and Madagascar, while
Hopkins (1983) noted the number as three,

L Many authors have at various times used diffcrent

characters of the leaf and corolla lobhes to differentiate
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the species (Oliver, 1871; Aubreville, 1950; Keoy, 1955 and

Hopkins, 1983). This has led to dropping of carlier names
e.8s P, clappertoniana and P. biglobosa which are regarded as

synonyms, In arriving at their conclusions the authors have
differed in the characters they emphasised,

In one of the most recent accounts, Hopkins (1983) has
.,done a thorough analysis using the same charactcers employed
by eariier authors, /1 w's concluded that in floral characters
the range of variation for P. oliveri, Mac, lies entirely

within that of P, clappertoniana,

In leaf character she considcred the concept of a 'cline!
better than specific taxonomic groups to distinpguish between

P. biglobosa and P. clappertoniana.J¢t w4 concluded that in

their geographical distribution from East to West, the change
in leaf character is rather gradual without discontinuities
that could be exploited for taxonomic purposes., The African

species were then listed as (1) P, biglobosa (2) P. bicolor

(3) P. filicoidea. Forkig clappertonianawas ie . e

aynonymous with P, biglobosa,
PARKIA CLAPPERTONIAN? Keay (Syn. PARKIA BIGIOBOSA (Jacg,)

Benth.!

The species of Parkia selected for this work is Parkia

clappertoniana Keay (Syn. P. biglobosa (Jacq,) Benth.) which

grows abundantly in Zaria area, The name P, clappertoniana

has been adopted as Hopkins work is yet subject to acceptance
by other workers., The plant is a2 savanna species about 2¢€
metres in height and 4 metres in girth (Keay, 1955 and Keay
et g;,ﬂQSha and 1964b)., It is found generally in the Guinea
and Sudan savanna (Baker and Harris, 1957 and Irvine, 1961),

The tree has very high economic potential throughout
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the sa anna regions of VWest Africa (Hopkins, 1983), It has

both food and non-food values (Dalziel, 1936 and Campbell-
Platt, 19680), It is carefully preserved by the natives as
a valuable resource material,

The plant is owned by individuals on whose land it grows,
Tts” destruction is prevented by local laws in some areas,
They are deciduous at certain times of the year between the
flowering and fruiting stages,

The plant is drought resistant, It produces dense and
fresh foliage even in the heart of the dry scason, Some
products of the plant contain up to 36% of protein, 31% of
sugar, 15% of starch and 23% of fat (Hill, 1952 and
Fetuga et al.,1974).

The plant is a source of an important sulphur amino
acid, lysine, which is generally limiting in West African
diets (Annegers, 197h). Dalziel (193g) recorded that the
yellowish mealy pulp is rich in assimilable carbohydrates,
Oke and Umoh (1975) reported the true digestibility of the
protein as being high; up to 76%, The leaves are rich in
nitrogen and minerals, They may be collected and used as
manure {Irvine, 1961), They add to the mineral and humus
content of the soil when they fall. The pods are harvested
from individual trees and removed for processing, The
deeply fissured bark is rich in tannin,

CLIMATE AND SEASONS

The Zaria area has a tropical climate with marked
rainy and dry seasons (Hore, 1970) in the year., The rainy
season 3tarts in May and endg in Nctober (Kowal and Knabe, 1972),
The mean monthly temperature, rainfall and relative humidity
figures for the area during the study period (November, 1983 -
October, 198) are shown (Fig. 2).
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OBJECTIVE OF THE STUDY

Most of the analytical studies on Parkia have been

centred on the seed, This is the product of the plant mostly

used as food in the areas where it grows, It has therefore
attracted great attention for more investigation,

An attempt was made to investigate the trend of the
seasconal variation of carbohydrates, protein and mineral
nutrients in the different parts of the plant,

In addition, the bioclogy of the plant was also studied,
The study will provide greater insight into the pattern of
nutrition of this very important tree crop. It will also
help to determine the relative importance of the plant parts

on the basis of their food contents and mineral nutrients,
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CHAPTER TWO

REVIEW OF LITERATURE

Considerable work has becn done on the West African

Locust Bean (Parkia clappertoniana Keay (Synonym P. biglobosz

(Jacq.) Benth.) to determine the nutritional status and
food value of the seeds, The protein content, though of
poor quality (Fetuga et 2l.]97,), has been found to be as high
as 36% (Hill, 1952) and 303 g/kg (Fetuga Ez'ga.,197h) in the
seeds, Fetuga et a2l., (1974) also observed that the quality
of the protein could be improved by cocking the seeds, by
removing the testa, or by supplementing it with methionine.
Annegers (1973) reported that those diets of the arid
region which include Parkia products have a high protein:
calorie ratio, According to Fetuga et al., (1973a and 1973b)
the high fibre yield could make Parkia seeds a source of
useful animal feeding stuff, Annegers (197l4) observed that
Parkia seed is a rich source of lysine which is a sulphur
amino acid known to be limiting in West African diets,

PLANT NUTRITION AND PLANT ENVIROMNMENT

The plant is surrounded above by the atmospheric
environment and below by the soil, Both environments exert
some influence on the nutrition of the plant and the
distribution of food substances and nutrients in plants,
Certain variations in the conditions of the atmosphere may
cause the plant to shed its leaves, Differen*ial defoliation
was observed to reduce pod yleld in three varieties of dwarf
beans (Appadurai and Rajakaruna, 1967), Totally defoliated
plants produced one-=tenth of the yield produced by undefoliated
plants,
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Plant mineral nutrition involves the extraction of
mineral elements from the soil by the plant, Several
elements have becn reported as essential to plant growth and
development, They include nitrogen (N), Phosphorus (P),
Potassium (K), Sulphur (5), Calcium (Ca) and magnesium (Mg.).
These are described as macronutrients as the plaat usually
requires them in larger quantitites than other elements

(Pandey and Sinha, 1972; Delvin, 1975 and ¥Kramer ond Kozlowski,
1979), Other clements are often required in sm=11l amounts by
the plant., They include Iron (Fe), Zinc (2n), Lead (Pb),
Manganese (Mn) and Copper (Cu)., They are described as
micronutrients,

For proper growth and development the necossary minerals
must be supplied in soluble forms and in adequate amounts,
Solutions of the mineral nutrients are formed in the soil
enVironment from where the plant obtains them through the
roots by absorption. Nutrient uptake is directly dependent
upon water intake., Water stress is generally noted to reduce
rates of translocstion, and nutrient uptake is retarded under
the same condition (Erdei et al,,1983),

PRODUCTS OF PLANT NUTRITJON

%e Ca;pghxdrntea

Carbohydrates am direct products of photosynthesis.

They are the most abundant chemical constituents of plants

and mnke up 60-90% of their dry matter. Salisbury and Ross
(1978) showed that sucrose is the most abundant sugar
transported in the phloem sieve tubes of most plants,

Priestley (1962) recorded that carbohydrates are usually stored

in the form of starch,
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Froduction of carbohydrates by photosynthesis involves

the assimilation of carbon in the form of carbon dioxide (CO,).
Ormred (1964) observed that net assimilation of CO, decreased

at the onset of fruiting in Phaseolus vulgaris L, In adult

trees aerial parts are the main reservoir for carbchydrates
as they make up more of the total dry weight of ¢ free than
the roots (Kramer and Vozlowski, 1979).

Friestley (1962) recorded that analyses of carbohydrate
resources in fruit and other trees showed a drop in carbohydrate
content of the older regions with the start of growth. This
drop increased with shoot extension., During growth the
rescrves were transformed and translocated to the growing
regions causing depletion in reserves, In times of fruiting
or seed production a very large percentage of carbohydrate
supply is diverted from vegetative to reproductive parts of
the plant (Kramer and Korlowski,1979)., They also stated that
recurrently flushing tropical trees show some drop in overall
carbohydrate content of the foliage with each growth flush,

Studies have been carried out on the distribution of
carbohydrates in different plants and their parts under
various conditions. Hilgeman et al., (1967) studied the effect
ol time o1 harvest on leaf carbohydrate ccntent in "Valencia"
oranges between February and July, They observed that leaf
carbohydrates, on trees with mature fruit, decreased between
February and June, They attributed higher leaf carbohydrate
level in May for harvested trees to increased set of young
fruit,

Fahmy (1958) determined changes in reducing and non-
reduchqa sugars and starch contents of "Souri" olive trees

during the bearing year of 1956 and the non-bearing year of 1257,
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and reported significant seasonal changes, During the period

of flowering and fruit-setting, leaf starch wis significantly
higher in the bearing yecar than in the nonebearing year,|t wa.
also reported that any change in leaf carbohydrates was a dircct
result of a change in starch content of the leaves, Wood and
MeiMeans (1981) reported that leaf starch gencrally declined

during kernel growth in the Pecan tree (Carya iilinocnsis

Wang, Koch),

Suryanarayana (1978) studied seasonal changes of
carbohydrates in the shoots of regular and irrcpular bearing
cultivars of mango for two seasons, |{ wa reported that glucose
and fructose decreased in shoots of all the cultivars at the
time of flower bud form=ation. They rose sharplv during
inflorescence developmerrt and emergence, (F we. also noted that
starch content reached the highest level during flower bud
formation,

Sucrose and starch were found as the principal storage
carbohydrates in the living bark of black locust tree
(Robinia sp,) (Siminovitch et al, 1953). Both carbohydrates
depleted in late spring by the flush of new growth, They
observed that starch did not aopear in the bark as a storage
produci until late in the summer and reached a moximum in
early fall, It disappeared in the cold weather in the late
fall., Reducing sugars were inlow amounts throughout the year
with the maximum in late winter, They argued that the
observations on seasonal and unseasonal varia*ions in the
carbohydrates of black locust tree suggested that a temperaturc-
sensitive reversible enzymatic process was operating in the
bark of the tree, They observed that this process may be
dependent on the state of hydrotionof the cells of the bark

tissues,
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Eaton ard Frgle (1953) reported that the carbohydrate
levels in the middle third of cotton stems increased from
mid=July, when nearly most of them were being shed,

Quantitative starch and soluble sugars were determined
in tissuc samples collected biweekly from twigs, scoffold
limbs nnd trunks of five-yenr old peach treez (Dewler and
King, 1966), Carbohydrate content in all tissues woes hirhest
in October 2and Movember and decrensed rapidly until January
and then remained relatively constant until March, Tot=l
carbohydrate changed 2 1ittle during the dormont period except
in the twigs,

In Rhamnus frangula T,, the highest total sugar in the

stem cccurred in April while the highest starch alsc in the
stem was found in early May (Smith et al, 1960), In the bark
of the peach plant, sucrose, fructose and glucose were found
to increase significantly from August to January (Rohrbach
and Luepschen, 1968).

Crane et al, (1976) reported rapid accumulation of
sugars and their conversion te 2t in the nuts of pistachic

(Pistacia vera L,) during the months of July and August,

Lasheen and Chaplin (1977) compared levels of soluble sugars
in the bark, leaves, leaf buds and flower buds of two cultivars

of peach (Prunus percia L. (Batsch)) differing in cold

hardiness for cne year. They observed that oligosaccharides
accumulated generally in the bark during fall and winter,

Monosaccharides accumulated during periods of active growth,

2. Protein

———
Nitrogen has been noted as one of the essential elements

in plant nutrition, It affects plant growth and development

more than eny other element (Hesse, 197¢). It is found in tho
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soil mainly in organic form and made available te plants in
inorganic forms such as nitrate (NOS) and ammonium(NFa)
compounds, Elemental nitrogen from the large reservoir in
the atmosphere is transformed into the utilisable forms
mainly by the nitrogen fixing bacteria, and also by other
agents in the nitrogen cycle,

The principal initinl products of nitrogen assimilation
are amino acids., Pate (1973) noted that roots of herbaceous
and woody plants can manufacture organic nitrogenous compounds
from the nitrate or other inorganic forms of nitrogen they
absorb from the medium, The amino acids form the basic units
from which proteins are built (Ting, 1982),

Hay et al, (1953) reported that total N decreased in all
vegetntive parts of the corn plant (Zea mays) from pollin~tion
to maturity, The grain contained a little more than twice
as much N 2t maturity as did the vegetative parts, Herridge
and Pate (1977) observed that assimilation was used most
efficiently for N fixation in late vegetative growth in an
annual legume when nodules were most active and their
carbohydrate supply still adequate, Weinhaum et al, (1978)
reported that nitregen absorbed from fertiliser w:s r2pidly
mobilised by swelling buds and rapidly elongating shoots of
non-bearing prune trees, Rapid shoot elongation w2s primarily
dependent on the redistribution of nitrogen.

The total nitrogen content was fairly constont during
autumn and the beginning of winter, in the xylem sap of Citrus
Moreno and Garcia-Martinez, 1983), Therc was a progressive
increase in total N content afterwards until the beginning
of the spring flush. This was followed by a progressive

decrease, reaching the lowesl ccntent of the cyvcle in summer,
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This indicnted 2n increase in the transport of M nutrients
to the aerial parts of the plant during the spring flush,

Protein=nitrogen increased in early fall and decreased
briaefly during the perind of repid cold acelimetion in the
living bark of young twigs of red-osier dogwoed (Cornus
stolonifera Michx), It then increased gradunlly during late
211 (L1 et 31,,1965).

Fahmy (1958) observed significant seasonal chanres in
leaf nitrogen content of "Souri" olive., The highest occurred
during winter preceding the bearing year, dropped after fruit
set in summer, The leaf nitrogen content was low in the winter
preceding the non=bearing venr, He also reported that the
nutritional status of the trees, as revealed by their leaf-
nitrogen content, showed a reclatively hiéh ni :rogen
concentration in the winter months before initintion of actiwvc
growth early in the spring of the bearing ye~r, Morrison
and Pirie (1967) found that protein content of a lecaf tends
to diminish as the leaf matures, They observed that as far
as protein is involved it is possible thnt this voristion in
protein concentration isemoupgh to account for such differenccs
in the feeding value of different forages.,

3. - Mineral Eleménts

Mineral elements have been shown as important to the
nutrition of plants, They are primarily obtained from the
soil by asborption (Gauch, 1972). The bulk of nutrients
absorbed through the roots goes into the loaves where
~oncentration and elaboration take place (Humphries, 1956) .
From the leaf, most of the moterials may be re-exported via
the phloem to other parts of the plant, . In the developing

foliage and fruits, such imported nutrients arc used for
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growth and storage. The bark of trces appears to 2ct as
temporary storage reservoir for mineral elements (Humphries,
1956).

Batista (197;) reported that concentrations of Cu, Zn
and Mn in the stem of P. vulgaris varied with thc¢ season,
Immature leaves of young "Golden Delicious" apple trees were
better index of phosphorus nutrition than mature loaves (Benson
and Covcy, 1979).

Bengtsson and Jensen (1983) analysed cucumber (Cucumis
sativa) grown in nutrient solution at different nges for the
distribution of nutrients. The concentration of ¥ wns about
the same in both roots and shoots., Its conient decreased with
leaf ageexcept in older plants with flowers and fruits where
it increased in the youngest leaves, On a whole=-organ basis,
K was equally distributed in roots and shoots, Jensen (1978)
made similar observations for wheat shoots of the same age,

Sparks (1968) studied changes in mgk and %k in lesves,
shoots and branches of non-fruiting mature pecan trees

(C. illinoensis) as 2 function of physiological development

throughout the growing season. In all organs the highest rate
of accumulation of K occurred during the period immediately
following btud break, This was greatest ir. the leaves, shoots
and branches in thnt order, At about the time dry weight of
the branches, shoots and leaves reached a maximum, there was

a net loss of ¥, apparently to other parts cof the tree, He
also reported that mgk was highest in the leaves, branches and
shoots over most of the sampling period, Gallo and Miyaska
(1961) observed that ¥ content was higher in thc leaves than
in other parts of the bean plant (P. vulgaris).

Calcium is one of the eczsertial elements required by
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plants, The order of increasing Ca concentration in bean
plant parts (P. vulgaris) was observed as roots <stem<
trifoliate leaves < primary leaves (Biddulph et al. 1959).
Vher. the entire root system was involved in Ca uptake, the
amount of the element transported to the shoot increased with
aze of the plant (Al-Ani and Koontz, 1969),

Calcium uptake appenred to be related to the 2mount of
P in the medium (Thrler et ﬂl';1958)' Movement of Cz invelved
distribution and redistribution. Undcr Ca stress the amount of
Ca depeosited in primary lezves subsequent to absorption
through the root was redistributed to the newly fermed tissucs
independent of Ca stotus of P, vulparis (Greenc and Rukovnc,
1968),

Leaf content of nll elements except iror varied with
cultivar in npples (Nagai and Tshii, 1979), Mulder (1950)
attributed zinc deficiency in fruit troes to the phosphorus
content of the soil,

Several studies have been made in various plants to
investigate the composition of mineral elements, nnd their
variation and distribution over the seasons, For purposes of
convenient comparison, the minerals have been grouped according
te .he sinilerity in their composition, variation or
distribution among the different plant parts,

MINERAL DISTRIBUTION IN THE REPRODICTIVE ORGANS

Albregts »nd Howard (1978) studied the content of N,
P, ¥, Ca, Mg, ¥e, Zn, Mn, and Cu in the fruit 2nd calyx of

four clones of strawberry (Fragaria ananassa Duch) for two

seasons, They observed that contents of the elements varied
with the yenr, the clone and the time of the senson, The

concentration of the elements in the fruit decrensced in the
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order of ¥, ¥, P, Ca, Mg, Fe, Mn, Z2n, and Cu, The elemecnts
cccurred at higher concentrations in the calyx than in the
fruit, They suggested thnt this could be due to the much
higaer dry weight content of the calyx,

Painter »nd Raese (1956) determined the mincral compositi
of the hulls, shells 2nd kernels of Persian wilnvts (Juglans
regia L,) from ecight different locations. The hulls cont~ined
the highest concentr-~tion of K and Ca2, The shell contained
the highest N and Mg. NDavies and Kempton (1976) harvested
fully cpened flowers and the fruit of female cucumber and
analysed their mineral composition at intervals of 2-28 dnys.
Sigmoidal curves were obtained for the totnl corntent per
fruit of the mnjor nutrients, M, P, and ¥,

MINERAL DISTRIBUTICN IN THE FOLIAR ORGANS

A weckly tissue nmnalysis of greenhouse tomatoes showed
a general decline in nutrients as the season progressed
(Maclean gg'gl.;1968). High nutrient demand occurred during
certain stages of the plant growth and production,

The concentrations of several mineral elements in leaflet:s
of Pistacia ("Kerman") studied by Uriu and Cranz (1977) did
not differ significantly with leaf position, . Nitrogen, P,
t.u “n concentrations were relatively high initially, but
rapidly dropped during leaf expansion and reached a steady
state in summer, Manganese increased from an initially low
level and then remained fairly constant, Potassium and Mg
behaved similarly to Mn but reached constant levels later in
the season, The study also showed that leaves from bearing
branches were lower in M and P but higher in K than leaves
from non-bearing branches,

Labanauskas et al, (1961) studied the seasonal chsanges

in concentrations of micronutrients in leaves of “Fuert"
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avecado over a 12-month period for three ye~rs. They observ.d
significant curvilinearregressions of the Mn and Fe
concentrntions on nge of legves, in all the three years.

Bradford et al, (1963) made a comparison between the
wicronutrient content of orange (Citrus) leaves (4-€& months
0ld) taken from nen-fruiting and fruiting terminels of the
same trees from 22 representative orghards, Non=-fruiting
terminals showed significantly higher amounts of Cu than
fruiting terminals, Mo significant differences were found in
the amounts of Fe, Pb, and Zn,

Poling and Oberly (1979) recorded significant differcnccs
in the levels of Mg, Ca, Fe and Mn in leaves of "McIntosh®
apple (Malus domestica Barkh),

McClung and Lott (1956) studied the mine al nutrient
composition of peach leaves, as a function of time, during
the growing season of the tree (between June and September),
They reported that the percentagecs of N, P, Zn, Cu, and K
vere highest in carly June and declined for the season as a
vhole with a tendency to level off in late July and August,
The percentages of Ca, Mg, Mn, and Fe increased for the seascn
ns a whole., They also remained relatively constant during the
i..ter part of the period, The percentage of ¥ was much higher
nd Ca and Mg lower for leaves from treces without a crop,
fnalysis of leaf samples from 79 sweet cherry orchards showed
that N, P, K. levels decrecased in the foliage on a percentapg:
basis as the season progressed (Christensen and Walker, 196L4),

Nitrogen and K decreased in concentration with time in
leaves from selected speciecs of woody ornamental plants
(Davidson, 1961), In the s-me study Ca, Mgz, Fe and Mn
increased with time while Cu exhibited no significant change

with time,
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The concentritions of Cu and Zn tended to decrease with
ape of the leaf through the seasons until mid-winter in leaves

Washington MNavel orange (Citrus) over a period of 12
wenths (Labanauskas et al, 1959). The levels of Mn and Fe on
the other hand tended to increase, Zinc, Cu and Mn decreascd
slightly during blooming and initiation of new flush at the
ond of the erowing season. Iron increasad in concentration with
leaf age throughout the growing season with no apparent
indicalion o¢ cutward movement of the element at any time,
Therz were downward linear trends for Zn and Cu which were
highly significant throughout the season, Iron and !Mn showcd
significant upwrrd linear trends,

Spiers (1982) obtained leaf samples from "Tifblue”

rabbiteye blueberry (Vaccinium ashei) at two-wrck intervals

during the growing season of 1979 and 1980. Fach
Srngygif:;’givn macronutrients and five micronutricnts and f was
observed that the elemental content patternscorrelated closely
bectween the years except for iron, PMitrogen, P snd Zn were
highest in the early part of the secason., They decreased until
harvest and levelled off as the growing season progressed,
jevels of Ca and Mg remained rclatively constant throughout
the scason  with lowest percentages during the harvest,
ifotasium and Mn were high during April and early May and
were low during harvest and high again in October,

Nwoboshi (197):) studied the seasonal variation in
nutrient concentritions in teak (Tectona grandis) using leaf
samples from different regions of the crown. For the two-yeor
study period, hc observed that M, K, Ca and Mg were greater at
the bottom than at the top of the crown, whereas P concentrationge

showed the reversc, Fhosphorus and K levels generally decreas.
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with growth and maturation of the leaf while that of Ca

increased, Fhosphorus and ¥ approached a near constant value
in June and from mid-=November to mid-December., Nitrogen
remained more or less constant throughout the growing seacon,
i'e reported Chat observations for the two years showed similar
trends but nutrient centent values showed distinct variations,

AINERAL DISTRIRUTICN OM A WHOLE PLANT BASIS

Furyta et al, (1963) determined the influence of leaf
position with regard to height from the ground, position on
the shoot and compass direction on some mineral contents of

leaves of Mapnolia (Magnoliz grandiflora) in June znd August,

A1l positions influenced leaf comnosition of one or more
elements at both sampling dates, Interactions occurred to
influence composition of the leaves in June but not in Auzust,
They also reported significant variations from tree to tree,

The presence of # fruit crop exerted very little
influence on the shapes of the nutrient composition-time
curves (McClung and Lott, 1956), Differences between trees
with and without a crop were largely expressed by the first
sampling date,

In a study of the effect of retaining fruit on the
induction of scorch and defoliation, and on the nutrient

status of pecan (C. illinoensis), Sparks (1977) reported that

fruiting suppressed accumulation of M, P, and Zn in leaves,
l.oss of K from the lesves was associated with a high content
of the element in the shuck,

Impens (1966) stated that leaf conductance also plays a
roie in mineral distribution in the entire plant,
Robblia et al, (1983) studied the distribution of miner=l

nutrients in Mimosa pudica, They reported low Ca concentrations

- -
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in parts of the plant with high plasticity,
The leaf plays an important part{ in the distrib.tion
and redistribution of materials in the plant., The size
and development of foliage can influence the concentration

nnd distribution of mineral elements in the entire plant,
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CHAPTER THREE

MATERIALS AND METHODS

LOCATION OF EXPERIMENTAL FLANTS

Five trees of Parkia clappertoniana Keny were chosen

as the experimental plants, They were located as follows,
within the main campus of the Ahmadu Bello University,
Samaru Zaria:
1. At the end of block B of Ribadu Hall, fscing
the Department of Microbiology.
2. At the end of Wing B, Department of Biological
Scicvnces,
3. Near the entrsnce to Institute for Agricultural
Research (IAR) Library.
L, At the end of the Staff Schocl block adjacent
the Staff Club.
5. At the entrance to the Department of Architecture.

ORG#NS OF THE PLANT SAMPLLD

Samples of the following organs were obtained from
each tree at two-weekly intervals:

1. The bark of the stem 3-4mm thick

2. The leaves

3. The young (or early) flower

4. The mature (or late) flower

5. ™ young (or early) fruit

6. The mature (or late) fruit

Samples were harvested throughout the study period
of 12 months beginning November 1983 to October 1984,

Monthly means of the subst~nces determined were used for
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statistical analyses., Flowers and fruits were harvested
only during the period of production within the duration.
For the flower and fruit samples, an attempt was made

to differentiate -clearly between young and mature
stages., The flowers were consideredmature when the
individual fl-owers were open and turning red. The

fruit was considered mature when the husk was dry,
turning from green to brown and the white solid pulp
became powdery and yellow in colour,

GENFRAL PREPARATION OF SAMPLES

1. SIEM
The bark of the branch stem (3-4 mm thick) was
obtained by screpping it off the sample using a
sharp knife. The wood was discarded.,

2. LEAVES
The leaf samples were separéted inte the leaflets,
The petiole and rachis were discarded.

3. FLOWERS
Only the florets were used. The peduncle and the
swollen receptacle were discarded,

4. FRUITS
The entire young fruit was used while the mature
fruit was separated into husk, pulp rnd seeds
befi re treatment and analysis.

After harvest, each sample was dried in an aven at

60°C till constant weight. Dried samples were ground
in a Cassella mill,



28

EXTR/CTION OF TOT/L SOLUBLE CARBOHYDR/TES (TSC)

The extraction was done with hot 80% ethanol
(McCready et al., 1950), 0.2 g of the finely ground
sample was weighed into 2 50 ml centrifuge tube.

Three drops of 80% ethanol wcre added to prevent
clumping.

Then 5 ml water ~nd 25 ml hot 80¥ ethenol were
added. The content of the tube was stirred to mix
thoroughly. 7The tube was sllowed to stand for five
minutes and centrifuged at 2,000 rpm for ten minutes.

The supernatant (thc alcohol extract) was decanted
into a storage bottle., 30 ml of fresh hot 80% ethannl
was then added to the residue. This was stirred and
centrifuged as before. The washing was done three times,
After the third washing ~nd filtration, the combined
filtrate was made up to 100 ml with 80% ethanol. The
residue was preserved in centrifuge: tube., The
alcohol extract was used for analysis.

ESTIM/ATION OF TSC

The total soluble carbohydrates (TSC) were
exgracﬁed and estimated a2as a single [raction using the
anthrone method described by Witham et al. (1971).

1 ml of the alcohol extract was pipetted into a test
tube, 6 ml of the anthrone reagent was added and heated
in a boiling water bath for three minutes, It was

then cooled in a cold water bath, To another test

tube, 1 ml of water 2nd 6 ml of anthrone reagent

were added, This served as a blank,
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The amount of TSC in the sample was measureu by
obtaining the absorbance 2t 600 nm using Bausch-Lomb
Spectronic 20 colorimeter and colorimeter tube of 1 cm
pathelength. The 1lank wzs used to zero the instrument.
Each determination was done in triplicate. The
concentration of TSC was estimated by comparing the
mean absorbance with the standard curve (sce page 35).

EXTRACTION OF STARCH

Starch was obtained by further treatment of the

residue preserved after the extraction of TSC described
above, After the third washing, 5 ml of water was

added to the residue and stirred. While stirring 6.5 ml
of 52% perchloric acid wazs added to the tube.

The mixture was stirred for fived minutes with a
glass rod and then left to stand for 15 minutes with
occasional stirring., 20 ml of water was then added
to the tube &nd centrifuged as before. The aqueous
starch solution was decanted into a 100 ml calibr=ted
flask.

5 ml of water was again added to the residue in
the tube and allowed to stand for 3C minutes with
occasional stirring. The contents of the tube were
then washed into the flask contnining the first extract.
The combined solution was then made up to the mark
with deionised water, The solution was then filtered,
discarding the first 5 ml of the filtrate. The filtrate

is the starch extract in solution.



ESTIMATION OF STARCH

The storch concentration was estimeted by the
anthrone method (McCready et 2l., 1950 and Plummer,
1978). After a preliminary run, the extract was
diluted su 2s to obt2in 2 dilution factor of 2, 3, 5,
€ end 10 for young flower, husk, young fruit, pulp
and seed respectively.

5 ml of the diluted solution in 2 boiling tube
was placed in 2 cold water bath. 8 ml of the anthrone
reagent was added to the tube which wes then covered
with parafilm to prevent evaporation. The tube was
heated for 7.5 minutes at 100°C and cooled rapidly
to 25°C. A reagent blank wns prepared in the same
manner and used to zero the instrument.

The contents of the tube were transferred into a
colorimeter tube with 1 cm path length and the extinction
read at 620 nm in a Bausch-Lomb Spectronic 20 cclurimeter.
Each determination was done in triplicate. The
concentration of glucose wns obtzined by compering the
mean absorbance reading of semple with a2 standard curve(ge.
page 36), The amount of starch was calculated by
multiplying the amount of glucose obtained by a2 factor
of 0.90.

DETERMINATION OF REDUCING SUG/RS (RS)

The amount of reducing sugars (RS) in the sample
was estimated besed on the method of Lirlsay (1973).
1 ml of water and 2 ml of 3, 5-dinitrosalicylic acid

reagent were added to 50 mg of the sample in 2 test
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tube. The tube was then plrced in = boiling water
bath and heated for ten minutes with occasional shaking.
A blank solution was prepered in a8 similar manner and
used to zero the instrument.

The test tube was 2llowed to cool =nd € ml of
water added. The contents were then transferred into
a colorimeter tube and the absorbance measured at
570 nm wavelength in n Bausch-Lomb Spectronic 20
colrrimeter., Each determination was done in triplicate,
The amount of reducing sugars was estimnrted by comparing
the mean absorbance with a2 standard curve (see pege 36 ).

DIGESTION OF SAMPLES

Digestion of the sample was based on the mcthods
of Bould ¢t al. (1960) and Williams (1964). The
samples were digested with concentrated sulphuric
acid and a digestion mixture of anhydrous sodium
sulphate and selenium, until the solution was clear.

0.5 g of the sample was weighed into a 300 ml
Kjeldahl flessk., 20 ml of conc. HpS0, (s5.G.1.84) and
10 g of the digestion mixture were added t» the flask,
Tne digestion, carried out in a fume chamber at GOnC,
was alluwed to continue for 30 minutes after the
solution was clear, The flask was then allowed to cool.

Contents of the flask were filtered into a 200 ml
calibrated flask using Whatman filter paper Nn.40,
The filtrate was then diluted to the marx with deionised
water, The digest was used for the determination of the

V3arious minerasl elements including nitrogen snd phosphorus.
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It shall henceforth be referred to as "the digest".
DETERMIN/TION OF NITROGEN

The totel nitrogen in the sample wss cstimated
using the method described by Williams (1964)., 1 ml
of the digest was transferred to a 50 ml calibr-ted
flask and diluted with 30 ml of deioniscd water.

2 ml of the Nessler's reagent was added to the solucion
and made up to the mark with deionise¢d woater. This
gave a dilution factor of 50. The flask was allowed to
stand for 20 minutes for full colour develcpment.

After shaking, some of the solution was transferred
to a colorimeter tube =2nd the absorbance was measured at
430 nm wavelength in a Bausch-Lomb Spectronic 20
colorimeter. A blank, simiarly prepsred, was used to
zero the instrument. Each determination was done in
triplicate, The mean ahsorbance was compared with a
standard curve (see page 37). to caleculste the -
amount of nitrogen. The sceed samples which had a
higher concentrstion of nitrogen from a preliminary
run, were diluted by » factor of 100,

LETERMINATION OF PROTEIN

The protein content was measured indirectly. An
empirical factor of £.25 was used to convert the nitrogen
into protein (Mckee, 1962 and Osborne and Voogt, 1978),
Thus protein content was calculated as N X 6.25, and

was finally converted to g/100 g.
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DETERMIN/TION OF PHOSPHCORUS

Phosphnrus wns detecrmined s described by Humphrics
(1956). The method depends on the form~tion of a blue
complex between phosphate nd molybdic acid in the
presence of o reducing agent (Stannous chloride, Sn012)-

1 ml of the digest was measured inte a 50 ml
calibrated flask and 3 ml of deionised woter ndded,
followed by 1 ml of armonium molybdate solution and
1 ml of stennous chloride,

After shaking, the mixture was mede up to thoe
mark with deioniced water ¢nd alluwed to st-nd for 20
minutes., A blank solution wns similarly preprred and
was used to zero the instrumcnt,

The solution was transferred into a colorimeter
tube and the absorbance obtained 2t 360 nm wavelength
in a Bausch-Lomb Spectronic 29 colorime*er, ¥Foch
determinaticn was done in triplicate. The amount of
phnsphorus in the sample was determined by comparing
the meezn absorbance with 2 stendard curve (see page 38).

ANALYSIS OF THE MINERAL ELEMENTS

The concentration of potassium was determined by
the [lame photometric method. All other elements
(Msz, Ca, Fe, Zn, Pb, Mn =2nd Cu) were measured using
the atomic absorption spectrophotometer., The flame
photcmeter consists of a sensor, atomiser filter, a
screen and a meter. It messures the fntensity of light
(the flame) emitted by the element in the solution
when the approprinte filter is used. The solution is

atomised into an air-acetylene flame. The filter
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narrows down the wrsvelength field while the emission
is rcgistered in the meter.

The 2tomic absorption spcctrophotcmeter (AAS)
is based on the same principle except that the radiation
is absorbed rother then emitted (Whiteside, 1975). In
AAS, the sample solution is spr=yed into 2 flame, The
atoms held in the flame are irradioted with light fiom
a cnthode lamp m-de of the srme element ns is the
one being determined in the s~mple., The atoms held
in the fleme absorb some of the incident radiztion.
The amount of radintion nbsorbed is proportion-l to
the concentration of the element in the sample sclution,

DETERMIN: TION OF POT’SSIUM (K)

Potassium wns determined using Corning-EEL flame
photometer. Lithium chloride was added to the digest
to prevent the ionisation of potassium duriag cetermin~tionr
which would heve led to lower values. All determinations
were dore «gninst a reagent blenk »nd in triplicate.
The amount of K was determined by comparing mean sample
reading with a stand-rd curve (see pige 39).
DETERMIN/TION OF Mg, Ca, Fe, Zn, Pb, Mn 2nd Cu

Other minerals were determined using the Unicam
Atumic Absorption Spectrophotomecter ot the appropriste
wrvelength, A solution of strontium chloride wrs added
to the digest to reduce 2any interference by »luminium
and phosphorus during the determination of Ca 2nd Mg.

Each determination was done agninst a2 reagent

"lank end in triplicete, A standard curve was preparecd
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for each element using their standard solutions,
Concentration of the element in the somple was determin.d
by comparing the meon AAS reading with the standord
curve (See poge- 38).
PREPAR‘TION OF STAND/RD CURVES

1. Standard Curve for Total Solublo
Carbohydrotes (TSC) s+ p 1)

0.20 m1, 0,40 ml, 0,60 ml, 0.80 ml =nd 1 ml of a

standard glucose solution were pipetted into a series
of five test tubes, Each aliquot was made up to 3 ml
by addition of deionised weter., A sivth test tube
was prepared to contain only 3 ml of deionised water.
This wss the blank,

6 ml of the anthrone reagent was added to each
test tube in 2 cold water bath and then placed in a
boiling water for three minulcus., After heatir~ Lhey
were cooled in a cold water bath., The blank was used
to zero the iwstrument. The content of each tube was
transferred to 2 colorimeter tube and the absorbance
measured at 600 nm wavelength in 2 Bausch-Lomb
Spectronic 20 colorimeter, Each measurement was done
in triplicate.

Tne standard (or calibr-tion) curve wns obtained
by plotting the absorbance (Y-axis) against the glucose
concentration (X-axis), The line was regressed (i.e.

a regression equation was derived and used to draw 2

straight line).
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2. Standard Curve for Styerch (v prie T

Into a series of five test tvbes, 0,40 ml, v.80
ml, 1.20 ml, 1.60 ml 2nd 2,00 ml of a glucose standard
solution were transferred, The solution in ench tube
wes made up to 2 nl by adding the corresponding volume
of deionised water. < sixth tube (blank) contoined
only 2 ml of water,

The test tubes in a r-ck were placed in & cold
weter bath and then 8 ml of the anthrone rcagent was
added to esch. The precautior ensures 2 similar
heating trestment for 211 the tubes in the series
(Pucher et =21., 1948)., It prevents erratic results
from the heat developed by.the water-sulphuric acid
(from the anthrone reagent) reaection.

The tubes were then agitated, to mix the rontents
thoroughly, and cowercd with parafilm, They wore heazted
together in 2 boiling water bath for 7.5 minutes. The
tubes were leter cooled rapidly to room temperaturc.

The content of e2ch tube was transferred intev a
colorimeter tube, 2nd the absorbance measured at 620
nm wavelength in a Bausch-Lomb Spectronic 20 colorimeter.
The blank wau used to zero the instrument. 7The meen
absorbance values were plotted against the glucose
concentrations., The curve wns regrcssed,

3. Standard Curve for Reducing Sugars (RS) ('« - 77

To a series »f five test tubes, 0.40 ml, 0.80 ml,
1.20 ml, 1.60 ml end 2,00 ml of a standard glucose
solution were added, Each (except the fifth tube) was

then made up to 2 ml of solution by adding the appropriste
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volume of deionised water. The sixth tube (blank)
contained only 2 ml of water,

4 ml of the 3, S5-dinitrosalicylic scid reagent
was added to each tube, They were covered with
parafilm and heated for four minutes in = boiling
water bath, then cooled to room tempersture, 4 ml
nf deionised water wns added to ench tube »nd the
content transferred to & colorimeter tube, The
absorbance was then measured nt 570 nm wavelenpgth in
a Bausch~Lomb Spectronic 20 colorimeter. The blank
was used to zero the instrument and each mcasurement
was in triplicete, The standerd curve was obtained
by plotting the mean absorbance againct the glucuse
concentratiun. The curve was regressed.

4, Standard Curve for Nitrogen (N) (See p- Lo
0,20 m1, 0.60 ml, 1.00 ml, 1,40 ml and i. J) ml

of = standard nitrogen ((NH,)2504) were pipetted intn
a series cl fave 50 ml calibrnted flasks. They were
made up to 30 ml of solution with deioniscd water. A
sixth flask (blank) contrined only 30 ml of wrter,
2 ml of Necsler's reagent was added to erch and
made ap to the mark with water. After shaking to mix
well, the solution was allowed to stand for 20 minutes,
The content of each fl~sk was transferred to 2
colorimeter tube ~nd the absorbonce me-sured »t 430 nm
in a Bausch-Lomb Spectronic 20 colorimeter. The blank
w2s used co zero the instrument, The messurement was
done in triplicate. Thc mesn obsorb-nce wns then plotted

ageinst the concemtrction., The greph was regressed,
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5. Standard Curve for Phosphorus (P)

0,10 ml, 0.30 ml, 0.50 ml, 0.70 ml ~nd 1,00 ml of
stock potassium dihy-“rogen phosphate (KHyPO,) solution
was trensferred to a series of five 50 ml caldbrated
flasks, Each (excopt the fifth) was made up to 1 ml
by adding the corresponding volume of deioniscd weter,
A sixth flask (blank) cont-ined only wster,

1 ml of ammonium molybdate solution wns added
to esch flask, followed by 1 ml of stannous chloride
solution, The solution was mixed thoroughly by shaking
and then m~de up to the mrrk with deionised water,

The flasks were allowed to stand for 20 minutcs
for full colour development, The solution wes théen
transferred to a colorimeter tube and the absorbance
measured at 360 nm in Bausch-Lomb Spectronic 27
colorimeter. The blank was used to zero the irstrument
and each measurcment was in triplicate. The mean
absorbaice wz.s plotted agrinst the phosphorus
concentration. The curve was regressed.

6. Standard Curvc for the Mincral elements, frc »» 0 "o,

LY

Standard sclutions of the different elements were
prepered to contain 1,000 ppm (1,000 mg/1 ) of the
element, From the stock solutions, serial dilutions
were made in each case to contein a ronge of
concentrations of the element,

Absorbance readings were obtained in triplicate
for each ccncentration 2t the wavelength appropriate
for the element (with the exception of K) and

against 2 re..ge..t lLlank,
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In the case of potossium, the emission readings
were obtained using a Corning-EEL Flame photometer
and a potnssium filter. All the other mineral elements
were mersured using the Unicam SP 1900 Atomic fbsorption
Spectrophotometer =nd the approprinte cathodc tube,

The stenderd curve was obtainced by plotting the
absorbance (emission for K) against the concentratiun
of the element. The curve wss regressed in each case .’

CONVERSION OF ABSORBANCE/EMISSION UNITS

The substances were obt-ined in mg/l or ppm.
The results were then converted to Wg/100 using the

following relationship:

mg/1 (or ppR)} = {a=b) V mg/100 g
TOW

where a = atenderd curve resding of the sample

b = gtaznderd curve rerding of the blank
( =0)

V = final volume to which the final extrsct
of the sample was diluteq,

W = Initinl weight of sample used for
gxtrection or ashing.

To convert to g/1000 g, the mg/100 g value wes divided
by 1,000,

Reducing sugrrs were expressed in percentrge besed

on the method of Lindsay (1973).

ST,/ TISTICAL ANALYSIS

An analysis of varirnce model was used to detect
differences in levels of the substences. Sources of
varietion for the analysis of ¢ach substance were
as follows: plant, month, plant organ, plent organ x

nlant orgen and residual,
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Least significant difference (LSD) was applied
to detect points of differences in each f-ctor but
only following a significant F=test in the analysis
of veriance. All tests were done at 5% significande
level, Only differenccs th~t were significant 2t
this lcvel are discussed,

FIELD OBSERVATIONS

Field trips were undertaken to the town and rural

areas of Zaria and to some towns nesrby. This was
done at different times during the period of the study.
The areas visited included Funtua tewn and environs
(December, 1983), Katsina-Dawakin-Tofa-Kano-Zaria
(Jznuary, 1984), 2aria-Pambegua~-Kayarda-Samineka
(March, 1984), Zaria-Kano by rril, o=nd Kauuna
(June-July, 1984), Obsecrvations were also macd. in
the towns and vill=ges along Keduna=Abuja-uker~-Uromi
road.

The observations included the density of the plant
(P. clappertonisna) =mong thc vegetztion and its
frequency of »>ccurrence, Interviews were zlsc held
with the people in the different areas in order to
find out more of the locezl uses of the plant 2nd its
products, the amount of importance atteched to its
ownershkip and the possibility of its cultivetion,
Observations were also made on the plant's phenology
and the characteristics it displayed generally during
the period of the study,
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CHAPTER FOUR

RESULTS
CARBOHYDRATES

1. Starch

The results of starch content in the b-rk zre
presented in Fig, », It showed a slight decrease in
December a2fter which it increesed until it resched its
first peak (3.34 g/100 g) in April. It then started
to drop in the subscquent months and resched to its
lowest level (1.94 g/100 g) in July. Thereafter it
showed 2 sharp increase #nd reached its second pesk
(3.90 g/100 g) in September, In the bark, storch
conteat varied significently with months (P = 0.05).

Leaf starch also showed two peaks, one in February
(3.20 g/100 g) and the other (3.73 g/100 g) in August
(Fig. 3). It also varied significantly with months
(P = 0.05).

In the young and mature flowers starch showed
relatively constant levels throughout their period
of production (Fig., & =nd Appendix 3). The young
flower showed significantly higher content of starch
than the mature flower., It 2lso showed significent
changes with months (P = 0.05).

In the young fruit, stnrch content increased frcm
16.20 g/100 g in March through July (17.30 g/100 g)
with a slight drop in May (16.70 g/100 g) (Fig., 5§
and Appendix 4). It showed significant chenges with
months (F = 0.05),
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In the maturc fruit parts (Teble 1), stsrch
decreased in thc husk from 7.30 g/100 g in May tc
6.75 g/100 g in July. There wes a slight increase
in the seed from 42 g/100 g in May to 43.70 g/100 g
in July., Starch showed significant ch-nges in the
pulp and seed with months and between the mature fruit
prrts (P = 0.05).
2. Totr1l Soluble Crrbohydrates (TSC)

The season2l v-ri~tion of TSC in the bark is
portrayed in Fig., 3, It increased to its dry season
peak (1.46 g/100 g) in Februsry, then decreased
slightly during th- subsequent two months. From Moy
it increased graounlly (1,42 g/100 g) =nd renched a
wet seaon peak (1,79 g/100 g) in July #n then dropped
sharply in August (0.74 g/100 g). It rose aga’= in
the subsequent month to a constent level (0.85 g/100 g)
until October. 1t showed significant v-~riation with
months (P = 0.05).

Leaf TSC showed steady increase and reached its
peak in March and April (4.75 g/100 g) (Fig. 3 and
Appendix 2), Therecafter it declined until the lowest
(3.40 g/100 g) in September. It then increased slightly
in October. There was significant monthly vzristion
in leaf TSC (P = 0.05).

The data presented in Fig, 4 #nd Appendix 3 sbowed
changes in the TSC content of the young =nd mature flowers.
In the young .~ flower it showed very slight
increase between Janusry (0,98 g/100 g) and May
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(1.12 g/100 g). 1In the mature flower the TSC level
remained relatively const=nt between February (0.87
g/100 g) and May (0.89 g/100 g). There wns significant
variation in TSC level with months in the young flower
and between the two floral st-ges (P = 0,05),

The results presented in Fig, 5 and Appendix 4
showed that TSC content of the young fruit aeclined
from March (10.85 g/100 g) to July (5.74 g/100 g)
with a slight increase (6.01 g/100 g) in Junc. It
varied significantly with months (P = 0.05).

Among thc mature fruit parts (Table 1) TSC level
increased only slightly in the husk 2nd rem2inecd
relatively consfant in the pulp snd seed. It showed
significant differences between the meture fruit perts
and within the husk (P = 0,05).

3. Reducing Sugars (RS)

Reducing sugars in the bark showed a2 progr:.ssive
increase from Janusry (0.48%) to May (0.75%) =and then
incressed sharply to its pesk (1.69%) in July (Fig. 3
nnd Appendix ). Thercafter it declined slowly until
September (1.,46%), It varicd significantly with months
(P = 0.05).

Leaf RS (Fig., 3 and .\ppendix 2) incrensed ste-dily
from December (0,26%') until its peak (2,06%) in Aupust.
It dropped (1.03%) in September »nd increased slightly
later in October. It showved significant chrnges with
months (F = 0,05).
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In the young flower (Fig, 4 and Appendix 3) RS
content incressed from Januery (2.34%) to May (3.4%)
with a drop (2.90%) in March. In the mature flower it
roce sharply to 2.30% in March -nd declined gradually
in the subsequent months. 1t varied significently
with months in the young flower (P = 0.0%).

In the young fruit, RS content showed a stendy
decline from March (%.18%) until July (1.90%) with a
slight incrense (2.13%) in June (Fig. § =nd
Appendix 4). It showcd significart varintion with
months (P = 0,05).

In both the husk and pulp of the meture fruit
(Tabie 1) RS ccntent decreased between May and July
with 2 slight increase in June for pulp. In the seed
there was slight increase in RS level during these
months. There wrs significent difference in RS level
of the meture fruit parts and within the husk wnd
pulp (P = 0,05).

PROTEIN

The data in Fip, 6 =and Appendix 1 showed that
protein content in the berk decrensed sharply until
March (2.31 g/100 g) with a little increase (3.04 g/
100 g) in Februsry. Thercafter it rose shaorply,
with a drop (2.80 g/100 g) in May, until the pe=zk
(6.20 /100 g) in September. It then dropped (4.33
g/100 g) in October. It varied sipnificently with
meaths (P = 0.05).
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Lesf protein (Fig. 6 and Arpendix 2) declined
steadily until the lowest level (6.21 g/100 g) in
April. It then rose shorply to its perk (9.17 g/100
g) in June. Thereasfter it decressed, with n slight
incresse (9.09 g/100 g) in ‘'upgust, until October. It
veried sipnifiesantly with months (P = 0.05),

fhe protein level (Fig. 9 and JSppendix 3)
decreased steadily in the young flower bctween January
(10.42 g/100 . g) and May (8,20 g/100 g). In the mature
flower it decreassed sharply in March (6.51 g/100 g)
and then increased rapidly until May (9.00 g/100 g).
In the mature flowcr protein level showed significant
differences with months (P = 0,05).

In the young fruit (Fig., 5 and Appendix &)
protein content fluctuated between May (7.18 g/100 g)
and July and eventually dropped in the latter month
(5.40 g/100 g).

The data in Teble 1 showed that protein content
increased in the husk (3.63 g/100 g) in June ond
dropped (2.51 g/100 g) 1~ter in July. In the pulp
it decreased betwecen May (2.53 g/100 g) and July
(2.65 g/100 g). It showed a similar trend in the seed,
Protein content showed significent Jdifferences between
tre mature fruit psrts and with months within each
part (P = 0,05).

MACRONUTRIENTS

1. Nitrogen (N)

Nitraogen showed the same trend of changes
As protein in all the org-ns (Figs.€é,4 and 5 and
Table 1).
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2. Phosphorus (P)

The P content and its sessonal v-rintion in the
bork are shown in Appendix 1 and Fig. 7 respectively,

It dropped (189 mg/100 g) in Jeznuery and then increased
until April (301 mg/100 g) with a slight drop (2322 mg/

100 g) in M2y and then rose rapidly to its peak (526

mg/100 g) in September. It dropped agrin (423 meg/100 g)

in October., It varied significantly with months (P = 0.0%9).

Leaf P (Fig. 8 -nd Appendix 2) droppcd sharply
(509 mg/100 g) in January ond then increased ropidly
until the peak (1058 mg/100 g) in May. Thereafter
it dropped steadily until the lowest level (409 mg/

100 g) in October., It showed sigaificant differences
between months (P = 0,05).

~ In the young flower (Fig. 9 and Appendix 3) P
level incressed in Februnry (664 mg/100 g) and ipril
(670 mg/100 g) =2nd decreaszed in M-rch (620 ng/*70 g)
snd May (631 mg/100 g). In the meture flower P declined
gradually until April (480 mg/100 g) 2nd then increased
(510 mg/100 g; in May, It veried significantly between
the two florzl st-ges (P = 0.05).

In the young fruit (Fig.10 and Appendix 4) P
content generslly dropped between Merch (773 mg/100 g)
and Ju.y (765 mg/100 g) with slight increase in May
(780 mg/100 g).

In the mature fruit (Fig.11 and Appendix 5) P
dropped gradually in the husk (670 mg,/100 g) in June
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and rapidly in July (631 mg/100 g). In the pulp it
dropped steadily during the months ond incressed between

MBY (T26 mg/ 100 g) an' July (825 mg/100 g) in the seed,
3. Fotassium (K)

The date in Appendix 1 showed the K content of
the bark while Fig.7 illustr=ztes the seasonal variation,
It increased graduzlly bctween December (506 mg/100 g)
and June (551 mg/100 g) with a slight drop (519 mg/100 g)
in #pril, Thereafter it increased to its penk
(836 mg/100 g) in September and then dropped in October
(726 mg/100 g). 1t showed significent differences
between months (P = 0,05).

Leaf n (Fig.8 2nd Appendix 2) increased steadily
to its first peak (799 mg/100 g) in Merch snd then
dropped in the following month to 700 mg/100 g. It
then increased rapidly to its second peak (902 mg/100 g)
in Jyly »nd dropped sharply until October (657 ing/100 g).
If showed significsnt differences between months (P = 0,08 ).

In the young flower (Fig. 0 and ippendix 3) K
content incre=sed until Mzrch (685 mg/100 g). It
declined (679 mg/100 g) in April »nd incressed slightly
again in May (682 mg/100 g). In the mature flower it
increased until April (569 mg/100 g) and remeined
relntively constont until May (568 mg/100 g).

In the young fruit (Fig.1) =2nd Appendix 4) K
content incressed until May (714 mg/100 g) and then
declined until July (9 mg/100 g). It voried significantly
between montus (P 0.05).



23

YOUNG FLOWER
- ———— —— —MATURE FLOWER

‘26&" . co ol

1064

948+ l{ﬁk}mso

7904
= ’
= _K 4
5. T
= -4
S L
g r_ﬁ ﬁf‘&-‘ P
o e
< (744 & R T Ll
@
-
g --___,q-f’p____a
= == Pb
o 3164 o
o
EARLY
. C6LLD DRY HOT DRY R AINS
58:’ | = —— s ) — ===
Gf L} " L] Ll 3
JAN FER MA& AR MAY/

. F1IG.9 SEASONAL VARIATION OF Ca, K, P, AND Pb IN
THE YOUNG AND MATURE FLOWERS,
(LSD IS INDICATED, P=0-03)



56

In the husk of mature fruit (Fig. 11 and Appendix
5) K level declined between May (709 mg/100 g) 2nd
July 7524 mr /100 g). In thec »nulp it was relativ..y
constant until June znd declined in July (586 mg/100 g).
In the seed it dropped to 2 constant level between
May (1035 mg/100 g) -nd July (1006 mg/100 g). It
showed significant variation between months in the
husk and seed (P = 0,05),
4., Magnesium (Mg)

The results presented in Fig.q1g ~nd Appendix 1

showed that Mg dropped in the bark between December
(18 mg/100 g) and February (13 mg/100 g). Aifter a
slight increase (14 mg/100 g) it declined steadily
until July (11 mg/100 g). It increased egain until
September (13 mg/100 g) »nd dropped in October. It
showed significent changes between months (P = 2.05),
In the leaf (Fig.13 and Appendix 2) Mg content
fluctuated between 8.4-11 mg/100 g throughout the season.
It showed significant v-oristion with munths.

In the young flower (Fig.14 ~nd Appendix 3) Mg
level dropped slightly (9 mg/100 g) in May. In the
moture flower it dropped to a ronstant level (7 mg/100 g)
until May, It showed significant difference between
the two florsl stoges (P = 0.05).

The level of Mg in the young fruit (Fig. 15 and
Appendix 4) increased in iApril (11 mg/100 g) »nd then
declined until July (9 mg/100 g)., It veried significantly
between montihs (P = 2.05).



1250-{

5"‘!’

1000+
= A
8750'| \/‘\/”ﬂ“J I
=z
e
25004
£
= Pb .
g D____—"“"-‘-G———-—— —--«.D.____________c’_______.-—-—ﬂ
5
L& ]
2504
3
HOT DRY EARLY RAINS
e N R
ol - A
Mar AFPR MAYY Jun Jut.

FI6.10 SEASONAL VARIATION OF Ca, P K

AND Pb IN THE YOUNG FRUIT.
(LSD IS INDICATED, P = 0-05)



58

The data in Fig, 16 and Appendix 5 showed that
Mg content was relatively constant in the husk; pulp
and seed of the weature fruit, It showed significent
differences between the three fruit parts (P = 0.05).
5. Calcium (Ca)

In the bark (Fig.7” ~nd Appendix 1) Ca content
fluctuated between 1072-1158 mg/100 g and showed
significant differcenccs during the months. Similsrly
leaf Ca fluctuated between 550-620 mg/100 g with
significant chenges over the months (Fig.d ond
Appendix 2) (P = 0.05).

In the young flower (Fig. 9 and ippendix 3) Ca
content increased to the highest value (1205 mg/100 g)in Maech
and then dropped until May (1168 mg/10V g). In the
mature flower it increased until May (1246 mg/100 g),
with a slight drop (1215 mg/00 g) in April. Ca level
showed significant difference between thc two flornl
stages (P = 0.05),

The data in Appendix 4 and Fig. 19 showed the
content and seasconal v-ri:tion of Ca in the young fruit.
It incrersed in May ond declined until July (1130 mg/100
g)e

In the mature fruit (Fig. 11 and Appendix 5) Ca
contcent increased in the husk until July (1243 mg/100
g)e In both pulp and sced Ca d:oppghfg:d increased
again in July. Each meture fruit part showed
sienificant changes betweem months in Ca content

(P = 0.05).
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MICRONUTRIENTS
1 Iron !Fez

b=

Tn the “ark (Fis. 92 n1nd Appendix 1) F¢ conte: &
declined rapidly to the lowest level (7 mg/100 g)
in August. Thereafter it increased until October
(21 mg/100 g). It s-owed significan* chonges between
months (P = 0.05),

Leaf Fe declincd sharply until the lowest level
(24 mg/100 g) in Februsry. It then increesed rapidly
until the first peak (97 mg/100 g) in April. 7Tt then
decreased until October (68 mg/100 g) with slight
increase during July (84 mg/100 g) ond the sccond peak
(88 mg/100 g) in August. It varied significently
between months (P = 0.05) (Fig. 13 and Appendix 2).

In the young flowcr (Fig. 14 and Appendix 3) Fe
content increascd to 19 mg/100 g in M=2y. In th. mature
flower it increased in Merch (28 mg/100 g) and remsined
constant until April after which it dropped in May
(24 mg/100 g). It varicd significantly between the
two floral stages (P = 0.05).

In the young fruit (Fig. 1§ 2nd Appendix 4) Fe
content increased gradually between April (18 mg/100 g)
and July (20 mg/100 g). In the mature fruit (Fig 16
and Appendix 4) Fe content increased steadily in the
ht sk until the highest level in July (35 mg/100 g).

In both the pulp and seed it incressed in June nnd

decreased in July.
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2. Zinc (Zn

In the bark (Fig,a2 =znd App>ndix 1) @n level
fluctuated k- twecen 11~12 mg/100 g during November to
March., Thereafter it increased to a constant level
(10 mg/100 g) between June and July. It then dropped
stcadily until October (9 mg/100 g). It varied
significantly with months (P = 0.05).

In the leaf (Fig.13 2nd Appendix 2) the level of
Z2n flucturted (11=16 mg/100 g) during November through
June. It then increased steadily t. 1its peak (17 mg/
100 g) in September and 1=2ter dropped in October
(16 mg/100 g). It also varied significantly between
months (P = 0,05).

The content of Zn in the flower (Fig. 14 and
Appendix 4) showed relatively constant volues in hoth
the young 2nd mature flowcrs, The maturc flower
showed significant changes in Zn level with months
(P = 0.05).

In the young fruit (Fig,15 =and Appendix 4) Zn
content was constant (11 mg/100 g) until May after
which it dropped to 10 mg/100 g until July. The Zn
content of the husk from the mature fruit (Fig. 16
and Appendix 5) wzs constent (10 mg/100 g) until June
and increased in July (18 mg/100 g)., In the pulp
1’ increased throughout the months. But in the seed
it dropped in June (16 mgf100 z) snd incrc-sed in
July (17 mg/100 g).
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B'M

The Pb content in the bark ‘Fig.7 and Appendix
1) de-~easea between December (370 mg/100 g) and < une
(278 mg/100 g) with a slight increase in May (311 mg/
100 g). It then increased to 338 mg/100 g in October
after a slight drop ‘301 mg/100 g) 1r. September. It
showed significant differcnces between months (P = 0,05).

The level of Pb in the leaf dropped until the
lowest level €255 mg/100 g) in February (Fig.8 and
Appendix 2). Thereafter it incre~sed to 336 mg/100 g
in August and October with 2 slight decrease in
September (%10 mg/100 g). There were significant
changes in leaf Zn betwcen months (P = 0.05).

In the young flower (Fig.9 ° and Appendix 3) Pb
content incrensed until March (351 mg/100 ~) and then
dropped rapidly in April (320 mg/100 g). It rcse
sharply in May (352 mg/100 g). In the mature flower
the concentration of Pb increased until April (387
mg/100 g) a2nd then dropped slipnhtly (380 mg/100 g) in
May, It veried s gnificantly between the two floral
stages (P = 0.05).

The young fruit (Fig. 10. and Appendix 4) showed
steady decrease in Pb content uncil June (382 mg/“00 g)
after which it increased to 398 mg/100 g in July.

Ir. the mature frvit (Fig., 1% ard Appendix 5) Pb content
decressed steadily in the husk until July (418 mg/100 g),
ln the pulp, Pb decreased in June (446 mg/100 g) and
then incresased to 462 mg/100 g in July. It incressed
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in the seed to 492 mg/100 in June and then decresaned
in July (465 mg/100 g). It varied sig .ificantly
betwe~n the three frit parts and with months within
each part (P = 0.05).

4, Manganese (Mn)

In the bark (Fig. 12 2nd /Appendir 1) Mn content
dropped steadily to its first lowest level (0.5 mg/
100 g) in May. It increocsed to a coanstant level
(2 mg/100 g) between June and July. Thereafter it
declined to its second lowest level {0.30 mg/100 g)

- in August and remained relatively constant until
 September. It then increased rapidly (13 wmg/100 g)

- in October. It showed significant differences between
;i months (P = 0.058)

| Leaf Mn (FigJ3 ond Appendix 2) decre-sed steadily
until June (14 mg/100 g). Afterwards it incrcased tu
10 mg/100 g in July and then declined until October

" (13 mg/100 g) with a slight increase (15 mg/100 g) in
September., There were significant changes between
months (P = 0.05).

In the young flower (Fig, 14 and Appendix 3) Mn
level increrscd until May (57 mg/100 g) with a slight

" drop (56 mg/100 g) in April. In the mature flower it

dropped rapidly (49 mg/100 g) in March, Thercafter it
ircreased slightly in May,

| The Level of Mn increased graduslly in the young
.;fruit between April (57 mg/100 g) (Fig. 15 and Appendix
4j. In the meture fruit (Fig. 16 and Appendix 5) Mn
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content decressed in th: husk in June (56 mg/100 g)
and then increased slightly in Jvly (57 mg/100 g).
In the pulp !In showed constant level between May 2+wd
June (56 mg/100 g) and then declined in July

(54 mg/100 g). In the sced it decrensed sterdily to
55 mg/100 g in July.

5. Copper (Cu)

All the orgrns showaed constesnt levels of Cu
(32 mg/100 g) throughout the season,
STANDARD CURVES

The standard curves obtained for the various
substances are presentcd in figures 17=23.

FIELD TRIP
In all the places visited, the Parkis w-”s observed

as a common tree of the savanna parklend., It showed
common occurrence in the farmlands especially i=
Zaria, Funtua, Kabomo, Katsina, Kano, Pambegua znd
Saminaka aresas, It was less common townrds the more
humid south (betwcen Auchi ~nd Uromi) thsn in the
drier north (Zaria = Abuja).

Interaction with the local people in Zarias, Funtua
Kabomo, Katsina and Kano revenled that tl.. lr:- has
very high economic value. It is preserved snd inherited
by the successive gener-tions nlong with the lend., It
is not cultivated in nny of the aress. However it is
tended, for example by mulching, when still young
rad it may be fenced to protect it [rom grazing

animals, Ilarvesting the fruits without the consent of



69

{
60+
i T=="BMn
- HUSK
------ - PULP
454 - o emmree SEED
...3BJ . } $ 4:1%0
o
o
-
=
E
- L]
Z274
o
&
<
x
—
z
w
z
S 11
94
.ﬁg-—-___.._.-__.._-_o
L_._...-______g_______._-'_ g
EARLY RAINS
. MAY JHN’ _;uL.

F1616 SEASONAL VARIATION OF Mn, Fe, Zn AND Mg
IN THE HUSK, PULP AND SEED OF THE
MATURE FRUIT.

(LSD IS I"[;!CATED‘ P : 0-05)



70
of the owner is regrrded ns a theft in all the pl-ces
but those that grow in the wild may be harvested by
anybody. Tr: tree whicl provides shade for farm
workers, is reputed to have a long life but no evidence
on this was recorded.

PHENOLOGY

P, clappertoniana is not usually a tall tree
(PlateVI). It showed profuse nnd dichotomous branching.
The tree, especially when old, showed greatly [issured
brrk. Young trces showed smooth ba:k,

DEFOLI/TION

The trees used for this study shed their levels
during March through May, 1In some other trees,
defoliation started as carly as February or eaded as
late as June., Some trees were totally or only partially
defoliated while a few did not shed their leaves during
the whole study period., They also did not flower nor
bear fruits during the period.

The period of defolirtion appenred to follow the
time of reproductive growth., Where portial defolistion
occurred, only the bearing brauches appeared to be
involved., Defoliation generally stesrted when the
leaves were aged nnd continuea up to the fruiting
period as was observed in majority of the trecs.

The leaves were 8hed jn fairly large quantities
under the wind, The shed leave: formed a deep litter

(1=1.5 cm) under the trece.
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The new leaves appe=red two weeks after the end
of defoliation (Platc V ), The new leaflct was usually
narrow z2nd somewh2t brow  ish in colour. In a couple
of days it expanded rapidly and turned green. The new
leaves showed softer texture than the older leaves.,
This soft texture was lcst as growth progressed with
season. New leaf production generally kook place
rapidly.

FRUITING

The fruits on initial production were spindle-shapdd
with a tendency to coil pack towards the peduncle.

They developed with very rapid increzse in size and
weight, In some of the trecs, the developing fruit
reached 25 cm - 36 cm within two weeks (Plate III),

The initially amber coloured young fruit later
turned green., Following the increase in weight, the
fruits hung down in bunches. The rapid increase in
weight of the developing fruit led to apparent increase
inwight of the load on the crown of the trece, The
heavy fruits tended to make the branches sag by pulling
them down (Plate VI ), PFruits were as few &#s one or
as many as 33 in a bunch,

The seeds reached apprecinble size within three
weeks of fruiting. In the young fruit, the positions
of the secds were obscerved 2s swellings on the fruit,
The swellings disapperred when the fruit reacheu
maturity (Plate IV).
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In the developing fruit, the mesocarp remained as
a. white solid mass., At maturity it becazme powdery
and yellowish. Fruiting occurrea in the experimentel
trees between March and May,

The fruic reached maturity within six to eight
weeks of its formation. it maturity it became dry
(Plate IV) and lost up to 50% of its fresh weight,
During this pcriod the branches sprang back up.

Fruits were not lost by premature dropping £s had been
observed in flowers. Fruits turned prown at marturity
during May to July.

HARVEST

The ripe fruits were harvested except the diseased
pods in a2ll the treces observed. The harvest was rapid
as the fruits riprned in large quantities at a time.
In most of the places visited, women and chLildren were
seen returning from the farms or woodland with ccontainer-
loads of the fruits. Long hooks were used to pluck
the fruit. The children climbed to reach the fruits
high up on the tree,
PARASITE OF THE PLANT

The parasitic plant Tapinanthus dodoneifolius

(Family: Loranthaceae) was often found pi1uwiig on
many of the trces observed,

LOCAL USES OF PARKI/A PRODUCTS

Various interviews witl, tie local people revealed
that many Parkia products are us.d for food ~2nd non~food

purposes. In Zaria, Funtua, Kabomo and Katsina, the
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bark is used to make preprreotions for the treatment of
infective hepatitis (locally referred t~ ns Yellow
fever). The bark is gro' nd, mixed with watcr znd lime
Juice ond administered orally. The Lark may also be
boiled over-night. aAfter cooling, the water is
drained 2nd used to bathe the patient., Similarly the
leaves are used for the treatment of diarrhoea. They
are collected and boiled for 1-=2 hours and sllowed
to cool a bit. The patient then sits over the =team
from the pot,

The bark is rich in tannin and used by local
tanners (Lesther Research Institute, Zaria; personal
communication), The fruit husk or the entire fruit
is uscd as fish poison in Gashua and Lake Chacd areas
(Borno State). They are pounded, mixed with water
and added to the stream or pond. The fish which rush
to the woater surface to fecd on them later become
stupefied, They are thcen easily collected with baskets,

Parts of the fruits rre used as food, e.g. the
seeds are used to prep=zre a local food sezsoncr czlled
"dawadawa", The seeds are decoated after boiling for
some time, after which they nre then boiled again
over-night and fermented. Thev are ther pounded into
a paste and moulded into cnkes which are usually flat,
Dawadawa has a very pungent smell, When roasted, before
use, this smell is lost 2nd replaced by 2 rathe:

pleassnt aroma,
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The dry pulp may be collected »nd mixed with
"fura® ( a food drink made from Sorghum) to increase
its flavour. The dry poviery pulp may also be mixed
in water and 2llcwed to sediment 2nd set. When it
scts, the water is discerded and thc hard cake stored.
It is later cut into bits and eaten especially when
other foods are scarce. The pulp ccke is locally
known as "garin-dorow2",

In Zaria, Funtua, Katsina and Kano, it was found
that the fermented sceds are washed and used 2s o
condiment in the s~2me manner as "egusi" (melon secds).

Children, in porticular, eat the mealy pulp fresh
from the mature fruit. They also collect the moture
flowers to suck the nectar. In Funtua and Katsina
areas, the mature red flowers are removed and mixed
with "Kwuli-kwuli® (grounfinut cake) 2s a source of

flsvour, but this proctice was not wide spread.
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CHAPTER FIVE

DISCUSGION

Analysis of plant tiscues has becume a valuable
tool in diagriosing the nutritional status of plantsd
The technique was emnloyed here to 3tudythe nutritional

gtatus of P, clappertoniana which is a very important

tree crop particularly in the savanna region of
Nigeria. Zimmermann anc Brown {(1974.) have noted the
importance of knowledge of utilisation of assimilates
in primary and secondsry growth and in flower and
fruit production of forest trees,

The data presented in the results showed important
differences in seasonal changes of the various constituents

determined in different orgsns of P. clappertoniana.

All substances, except Cu, showed significant
changes with time in the shoot orgr-ns (the bark snd
leaves)}, The trend of changes also varied with the
different organs analysed.

Generally, the mineral nutrients showed
conslderable <changes in different organs w%th time
during the period. Lanning and Garabedian (1363)
made similar observations in various parts of the
strawberry plant; the range of concentrstion of a
particular element varied with plants ard was alsu
affected by the condition under which plants grew
(Sutcliffe and Baker, 1974). In strawberry it was
also noted that during the aevelopment of storage
organs such as fruits and sceds; meteriasls including

organic and inorganic ions are diverted from various
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parts of the plant towards the regiun cf active growth,
Similar observations were recorded for P, Mg, Ca, Fe,
Ph, Zn and Mn in the shoot organs during the- prescnt

investig-tion.
SEASONAL CHANGES IN CARBOHYDRATE CONCENTRATIONS

1. Starch

Starch concentration showed significant changes
with time in the various organs except the mature
flower, and the husk of the mature fruit, Starch in
the bark dropped to a relatively constant level from
November to January (Fig. 3). It tnen accumulated
until it peaked for the dry season in April. Dowler
and King (1966) reported similar observations for
starch in peacR twigs during winter. They reported
that starch conter® of peach twigs decreased from
November until January, Since energy is reaquired for
maintenance of the tree during the dry, cold months
(November - February) an over=ll decrease in food
reserve would be expected, Siminoviteh et al. (1953)
attributed f~11 in sucrose level in the bark ~f black
locust tree (Robinia sp) during winter, to respiratien.

The highest level of starch in the bark occurred
in September. Smith et al., (1968) report.d o cimlilar

level of starch in the stem of Rhamnus frangula in May,

Starch accumulated in the leaves between April
and July but declined in the back during the samz
period. Similarly levels of TSC znd RS increased in the

bark. The drop in starch in the bark and the accumulstion
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of TSC and RS during the same period indicated
mobilisaticn of reserve carbohydrates during flushing.
Leaf starch accumulated wiile TSC declined also during
the period. This showed conversion of the imported
carbohydrates for storage and utilisation during
growth., Wardlaw (1968) reported that during early
growth, a leaf requires carbohydrate for its
development and will show a net import of assimilates,

Starch in flowers and fruits accumulated during
development. Kremer and Kozlowski (1973),
noted that in mature deciduous woody plants, when
fruits and seeds begin to develop they become strong
sinks and food is transported into them at the expense
of vegetative gruwth. Tandon and Kalra (1983) reported
similar accumulatisn of starch in Mango fruit and
Fekete and Wieweg (1974) observed that lepuminous seeds
synthesige starch from sucrose imported from the
phntosynthesizing leaves,

During flowering (Januery - May) starch generally
accumulated in the bark. Hocking and Steer (1983)
observed that the gtem was more important for carbohydratc

storage in Helianthus annuus L. during flowering.

Depletion of starch and other carboh,l.-tes in
the shoot and their concomitant accumulation in the
reproductive parts may be largely due to their
preduminant movemcnt into these areas which form
strong sinks during their develupment. Siminovitch

et al. (1953) reported that in the lLlack locust tree
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{(Robinia sp), reproductive growth (flowering and

fruiting often draws heavily on reserve materials
especially where large quantities of fruits 2re

" produced., The profuse production of young and rapidly
expanding lesves between May ard June should have
resulted in large produciion of the soluble carbohydrates
and the excess conver.ed to starch in the leai.

Starch content also varied significantly between
the floral stages and between the mature fruit parts,
The secd showed the highest lovel of starch (43 2/100 g)
This was close to FAO (1949) report that Parkia seed
contained 50 g/100 ¢ (dry matter) of starch.

2. Total Soluble Carbohydrates (TSC) and
Reducing Sugars (RS)

Generally TSC in the bark showed an oppesite trend
to that of starch (Fig. 3). The tendency for TSC to
increase in the shoot corgans during the cold, dry
months may be for utilisation in respiration to
prrovide energy for mainterance of the plant during
the period.

In the bark the lowcst level of starch was obtained
in July while the highest levels of TSC and RS occurred
in the same month. This may indicate continuous
transiocation of carbohydrates in their soluble
forme to the developing fruits. The stem did not
appear to be a major storage organ for carbohydrates

during the period.
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In both the bsrk and leaf, RS generally showed
similar pattern of variation as the TSC (Fig. 3. In
both organs carbohydrates were retained mnre in their
soluble forms.

Puring floral development it appeared that RS
accumuleted as the flowcr developed but dropped later,
at maturity., The mature flower yielded nectar which
is a sweet sugery liquid, It is obvious that some of
the soluble carbohydrates (TSC and RS) were lost
through the neciar.

Like TSC, RS decrecased in the developing fruit
as starch accumulated., Probably both TSC and RS were
converted into starch for storage in the developing
fruit.

In the mature fruit RS generally decreased in
beth the husk and pulp but accumulated progressively
in the seed. This agreed with Tandon and Kalra (1983).
They observed that RS ircreased in Mango sced after
fruit set.

The apparent incrcase in RS levels in the bark
during the cold mcrthes may be due to the conversion
of starch, during the cold weather, whose concentration
dropped at the same time. Similiar observation was
reported for RS in the living uark of black locust tree
(Robiniz sp) (Siminovitch et 2l., 1953).

Tne TSC content varied significantly with the
tree in the bark, leaf, flower ~nd mature fruit

parts, while only RS in mature fruit parts showed
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similar variation with trees, The TSC varied
significantly with time in the different organs except
the leaves, mature flower and secd, The RS showed
similar variation in the orgens except ithe m=ture
flower, sced and between mature fruit pearts.

SEASONAL CHANGES IN PROTLIN CONTENTS

In the bark, profein declined rapidly between
November and January after which no siznificant changes
were observed until June. Although leaf protein
showed a similar, but less rapid trend unti) Apr’l it
was significantly higher than protein in the bark.

This indicated movement of nitrates (NOF ) nnd amides
(NH: ) the basic sources of nitrogen for protein

synthesis, from the soil to the shoot. Gilliam and
Wright (1977) reported a highly significant correlation
between dry matter accumulsation and both leaf nitrugen
end soil nitrotes in three Ilex cultivars,

The drop in lesf protein between November and
April (Fig.6 ) was probably due to movement nf the
substences out of the ageing leaves before defoliatiun,
Koontz and Biddulph (1957) observed that in the bean
plant older leaves exported N and protein as they ALe,
Protein from the leaves and bark may move into the
developing reproductive organs which showed relatively
high protein levels at the sa1c tire.

Protein content dropped in the yuung fruit with
time but increased in the seed (Table 1). Mckee (1962)

observed that the ripening .eeds characteristically
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synthesize and accumulste protein especially in peas,
beans and pulses, Thc drop in seed protein a't fruit
maturity indicated that protein level declined after
fruit set. In developing mango frait (Tandon 2nd
Kalra, 1983), similar observetions were reported for
protein. The initial accumula2tion of sced protein
was similar to Sun et al. (1978). They reported that
protein accumulated in the growing seeds of Phaseolus
vulgaris L.

The depletion of leaf protein in Septcuwover znd
October wes consistent, with the observations of
Morrison and Pirie (1961) that lcaf protein diminished
as the leaves of for-ges mature, Leaf protcin als»
dropped in January - April during the flowering period
and increased thereaftcr., This cbservation was at
variance with Hocking and S3teer (1983). They observed
that the amount of protein in the vegetative parts of

Helianthus 2nnuus, especially the leaves, declined

after flowering.

The seed showed an average protein level »f
31.64 g/100 g. This was in close agreement with Fetuga
et al, (1974) who recorded a protein level of 303 g/kg
(i.e. 30.3 g/100 g) in the secd of the sPme species.
Platt (1945) similarly rccorded 15 g/100 g of protein
while Leung et al. (1968) recorde. 32.3 g/100 g, in
seed of the same specics, Protein level was generally
low in both the husk and pulp bt high in the seed.
During fruit development protein probably moved from these

fruit parts and 2ccumul=ted in the sced.
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Both protcin and N in the flawers and mature
fruit veried significantly with trees. Both corstituents
also showed significant changes with the month in all
the plent parts an.lysed except the flowers and the
young fruit. They varicd significantly between the
floral stages and between the mature fruit parts.

SEASONAL CHANGES IN MACRONUTRIENT CONTLNTS

The data presented in the results showed differences
in the patterns of seasonal veriation of the nutrients
in different organs analysed. There were significant
changes in levels of some of the nutrients over the
season, High nutrient demand occurred during certain
stages of the plant's growth and development,
1. Nitrogen

Nitrogen generally showed a similar trend of
changes as protein. Leaf N was higher than the stem
(Appendix 6), Steer and Hocking (1983) made similar

observations in Heli~onthus annuus.

During the period between mature flower snd mature
fruit, N generally accumulated in the vegetative organs,
Hay et al. (1953) found in Zea Mays that N decreased
from pollination to meturity. Leaf N was highest in
"Souri" olive during the cold months (Fahmy, 1958).

In this study lenf N was highest in Augus¢ uw ing the
late rains, The drop in leaf N between Novcmber and
February (Fip.6 ) was in =2pgreement with Good and
Tukey (1967). They observed that N was exported frum

mature ticsues to young growing ones in Chrysanthemum

morifolium,
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The shoot organs generally showed higher levels
of N during the wet scason (May - October) than during
the dry season (November - April), Slowik et 2l.
(1979) reported thet avocado plants grown in low soil
mositure showed significantly low N irrespective of
the content of the nutricent in leaves, stems 2nd roots,

Nitrogen level was generally low in both the
husk and pulp but relatively high in the sced.

Draper (1976) observed thet during development in
the bean plant the most importaunt chenge was a
movement of N into the seceds.

2. Phosphorus (P)

The data (Fig.7 ) showed that P was readily mobile
and was redistributed among the shoot orgsns. Leaf.
P declined during the fruiting period and probably
moved into the developing fruit where it accumulated
especielly in the seed. These obscrvations were in
close agreement with Sparks (1977), who reportzd that
fruiting supnressed accumulation of P in leaves uf

the pecan tree (Carya illinoensis). Both periods of

flowering 2nd fruiting did not affect P levels in the
bark.

The apparent depletion in leaf P during vegetative
growth (May « July) wrs similar to the oberrvation in
Pistachia leaflets where Uriu ond Crane (1977) reported
rapid drop in F Jevel during leaf expansion.

During fruiti development, P generally declined

in the young fruit. In the moture fruit P showed a
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steady decline in the rurk ~nd pulp and progressive
accumulation in the sced (Fig.q? ). Probably P was
retransloc2ted into the s<cd through the husk and
pulp as the truit ~ttained maturity. Painter 2and
Raege (1965) recorded similar P accumulation in the

kernel of walnuts (Juglans regia L.). Average P

level in the sced of P, clappertoniana was 1109 mg/

100 g. Fetuga et al. (1974) reported an averagc level
of 2463 mg/kg (i.e. 246,3 mg/100 g) in the sced of the
some species, Leung et 2l. (1968) recorded a P level
of 384 mg/100 g also in the secd of the same species.

Phosphorus content showed significant changes
with time in the barkh ~and le-ves, 1t showed similar
differences between the floral stages.

3. Potassium (X)

Potassium showed a similar pattern of changes in
both the stem and lerves during the period. Both
organs achieved their highest levels of K in Jualy
(for leaves) and September (for the bark). There was
gradual increasse in leaf K 2s the season progressed
until July. MeClung and Lott (1956) reported an
opposite trend in peach leaves.

During defoliation, K dropped slightly in the
bark and rapidly in the leaves. Probably *+»» nutrient
was translocated into the floral orgens before the
aged leaves werc shed,

After an inmitial high level, K eventually dropped

in the developing fruit. It increased from the husk
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to the seed among the -ature fruit perts. The
accumulation of leaf K during fruit devclopment
(May = July) was in closc agreement with Jewnsen
(1978) in wheat nnd Bengilsson and Jensen (1983) in

Cucumis sativa. They reported that K increosed in

young leaves with the development of flowers and fruits,
Potassium level varied significantly with time

in the shoot orgsns, the young fruit and husk. It

was significantly different in the floral at-ges

and mature fruit parts. 1t only varied significantly

between plants in the bark,

4. Magnesium (Mg)

In the Lark Mg dropped between November and
January after which there was no significant change
again until May (Fig.2 ). Leaf Mg increased until
January and then dropped until March. Therecafter no
significant chenge occurred until July (Fig.a3 ). The
lowest leaf Mg occurred in Aupust, during harvest.
Spiers (1982) reportcd thrt lowest leaf Mg in Tipflue
Rabbiteye blueberry occurred during harvest.

In the young fruit, Mg showed an initial
increase but declined gradually between May and July.
It accumulated in the seed of the mature fruilt,

It was probably transported into the seed from the
husk and pulp both of which showed lower levels of
Mg than the secd, Magnesium =2also declined in both

husk and pulp during fruit maturity. The averaoge
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Mg content of the sccd was 6,32 mg/100 g. Fetuga
et al, (1974) recorded an averzpe of 3628 mg/kg
(i.c. 362.8 mg/100 g) in th~= seed of the same species,

Magnesium 1lev:1 varied significantly betwcen
the trees only in the mature fruit. It showed
significant monthly chang:s in the shoot orgens and
the young fruit., It wac similerly diff-rent ir the
floral steges 2nd the mature fruit parts,
5. Calcium (Ca)

All the organs sampled showed high levels of Ca,
High leaf Ca wrs in agrecment with Canmmon et al. (1960)

in leaves of Quercus palustris.

cal:cium accumulaced highest in both the bark
and lenves towards the end of the lete rains (July -
October). Bingham (1961) reported a similar trend in
Ca accumulation ir Avocado le~ves. The generally low
varintion in Ca levels in th¢ orgens anslysed was in
agreement with reports that the element was nol readily

mobile in plant tissucs of phaseolus vulgeris (Bukovac

and Wittwer, 1957, and Ahmad, 1963), in Chrysanthemum

morifolium (Good 2and Tukey, 1967), in peanut fruit
(Hellock et 2l., 1971), in avocado plents (Slowik et =21.,
1979) and in apple fruits (Jones et al. 1983).

The order of decreasing Ca levels in the orgens
was observed as Pulp » moture flower > husk >

young flower > bark > young fruit > seed > leaf

(Pppendix 6)., Generally higher levels of Ca in the
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reproductive organs (flowers znd fruits) than in the
shoot organs(the bsrk and le~ves) indicated possible
export of the nutricnt from the shoot into the
reproductive ~rgans., The lower le=af Ca was probably
due to greater Ca distribution from the foliar organ
than from the stem. Ehrler et al. (1958) and Greene
and Bukovac (1968) reported th=t C2 movement in

Phaseolus vulgoris involved distribution and

redistribution,

Jones et al. (1983) rccorded that Ca uptrske in
developing apple fruits continued from flowcring to
harvest with 2 tendency to drop later after fruit
growth, In this study it wrs observed that during
reproductive growth Ca generslly accumulated in the
floral and fruit organs until fruit mnturity.

The Ca content of th« flowers veried signifcantly
with trees end between young »nd mature flowers.
Calcium levels also showed significant chenges with
time in the shoot organs and the meturc fruit parts.
SEASONAL CHANGES IN MICRONUTRIENT CONTENTS

1. Iron §F02

The rapid trend of increase and decrease in Fe

lesels in the shoot organs (Figs.12 and ¥3) indicated
that the nutrient was readily mobile in the organs.
There was 2 tendency for leaf se to accumul-ate
tuveards thé end of th: growth season (July - August).
Bingham (1961) reported th-t leaf Fe accumulated in
Avocado as the leaves became older. Kelly and Shier

(1965) reported a similar o“servation in leaves of
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Taxus media, The leaves also showed upward trends in

Fe level Letween February and April and during Jaly
to Aupust., A similar observestion was recorded In
leaf Fe of Washinp‘on Navel orange (Citrus sp.),
(Labanauskas et al., 1959).

The decreazase in Fe in thc shoot orgens during
the period of reproductive growth may Indicate
retranslocation of the nutrient intu these organs,
Similarly the drop in le=f Fe between November and
February wa2s probably due to mobilisation and export
of the nutrient out of the senescing leaves prior to
leaf fall,

The seed averrg. Fe content of 32 mg/100 g was
close to Leung et 21, (1968) who recorded 33.2 mg/100 g,
and Fetuga et 21. (1974) who obtained 380 mg/kg
(1.e. 38 mg/100 g) both in the seed of the snme specics,

Iron content showed sigrificent differcnces
between trecs, in the flowers ond in young fruit., It
also showed significant changes with time in the shoot
organs. It was significantly different in the young

and mature flowers.,

2. Zinc San

In the bark, Zn incressed until July. During
the same period it declined in the lenf. The
definite change in the Zn contents of the shoot organs
indicated that the nutrient was resdily mobile in them,
The drop in leaf Zn and its subsequent accumulation

in the bark and the florel orgers alsc indicated that
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the element was retransloc~ted from the leaf into the
stem and the developing florsl organs. The latter were
stronger sinks and generzlily accumulatc higher Zn
than the former, Leaf Zn dropped to a cunstant level
during the period of new growth flush (M2y - June),
Uriu and Crane (1977) reported that leaf Zn dropped
rapidly during leaf expzansion in Pistachia.

High aversge Zn content in the seed (17 mg/100 g)
than Fetuga et 21. (1974) was observed. They recorded
average Zn level of 62 mg/kg (i.e. 6.2 mg/100 g) in
the seed of the same species,

Tlere was significant veriation with tree in Zn
content of the young fruit., It showed significant
changes with time in the shoot organs »nd in the
pulp. The floral stages were significantly dif ferent
in their Zn cuntents,

3. Manganese (Mn)

The sustained drop in levels of Mn in both the
bark and leaves (Figs.12 end13) indiceted thot the
element was readily mobile in the shoot organs. The
bark generally showed very low lcvels of Mn, In fact.
some of the trees rhowed zero Mn levels in some months
during the period.

Manganese accumulated in voth young and msture
flowers (Fig.14 ). During floral develupment there
was a stezay decreazse in Mn level of the bark znd

leaves, This probably show.d that the shoot organs



101
supplied Mn to the floral organs during their
development,

Some of the Mn from the shoot may hove ales moved
into the devzloping fruiti, especially during
defoliation. The nutrient accumulated ia the young
fruit. In the meture fruit, it accumulsted in the
husk #nd dropped in the pulp snd sced,

The reproductive organs (Appendix 6) contained
egbout double the level of Mn in the leaves and about
8ix times that of the bark., The floral orgrns showed
similar high levels of Mn., These observations showed
that the bulk »f the plants'Mn was accumulated in the
reprodu tive organs.,

The average level of Mn (58 mg/100 g) in the
seed was much higher than Fetuge et al. (1974). They
recorded an average lcvel of 70 mg/kg (i.e. 7 my/

100 g) in thc seed of the same species. There were
significant monthly changes of Mn orly in the shoot
orgnns,

4. Lead (Pb)

The apparent accumulation of Pb in the bark
(Fig. 7 ) and its general decrense in the lesves
(Fig.8 ) during November through January probably
iIndicated that the nutrient wes mobilised and exported
to the stem before the ageing l.aves were shed later,

Lead contenc increaseca in the twas floral stages

but accumulated higher in the ma‘ure flowers. The

307236
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drop in leaf Pb during flowering 2nd 1ts incres=sse in
the flowers showed th~¢ the developing florsl oregans
were strong sinks for the nutricnt.

All the mature fruit parts showed higher PU
contents than other organs on 2 monthly basis,., This
indicated th2t Pb was exported more into the fruit,
The highest level of Pb was found in the pulp,

followed by the sced,
Lead content of the mature fruit varied significantly

between trees, Similarly changes in Pb content with
time were significant in the shoot organs ~nd witiin
each of the three mature fruit parts. The floral

stages nd the mature fruit parts showed significant

differences in their Pb contents.

5. Copper {(Cu)

Copper maint~ined 2 constant level in 21l +he organs
during the period. These observations were 2t varience
with Labanauskas et al. (1961) in Fuerte Avoc~do leaves,
They reported significant chcnges in Cu over the season.
However, Davidson (1961) reported th~t Cu did not show
significant changes with time in leaves of selected

species of ornamental plents.

h e L 2 - - -
‘urther investigalion is nacessary Lo elarify this noint
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CONC1 USION

The study showed the trends in the monthly veriation
of the different constituents in cifferent orgsns of the
plant, The constituents varied with the veget-tive
and reproductiv> phases of the plont. There wes a
general depletion of most of the constituents in +he
shoot during thc periou of new growth fiush end during
reproductive growth.

During floral end fruit development sterch,
protein, - - nitrogen, My, Ca, Fe, Pb, Zn and Mn
declined in the shoot orgens, especially in the leaf,
They subsequently accumul:ted in the reproductive organs.
Storch, 15C and protein were p2articularly high in
the pulp =nd seed of the mature fruit, The reducing
sug-ars, K, Mg, Mn 2nd Pb declined in all the mature
fruit parts during fruit set. Iron,Zn and total
soluble carbohydrztes accumulated in the husi: and
pulp but declined in the seed. 02 the other hrnd
starch, proteini nitrogen, P and Ca concentrations
increased in the sced but dropped in both the husk
and pulp,

Tutal soluble carbohydrate, reducing sugars, K,

Fe, Pb- and Mn lecvels increesed in both the young

and moture flowers during the reproductive r*~se of

the plant. The ~ontents of total soluble cerbohydraotes,
reducing sugars, protein, . nitrogen, P, Zn =nd

Pb which declined in the young Sruit later accumulated
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in the meture fruit parts, particularly in the pulp
and seed,

During vegetntive growth, starch and Pp which
declined in the bark, accumulated in the leaves,
During the same pcriof? total soluble carbohydrates,
reducing sugsrs, protein, nitrogen, K, Ca, Zn
and Mn showed upward trends in both the bark and
leaves, At the end of the growth sescoun when leaves
became older (August = October) leaf starch, teotal
soluble carbohydrates, reducing sugers, protein,
nitrogen, i’y L. &ud Ca show2d declining trends. Some
nutrients such as Mg, Fe, Zn, snd Pb, however
accumulgted durinr the seme period.

luring senescence (November - Februsry) leaf
starch, total soluble carbohydrates reducing sugars, K
Mg, and Ca showed high concentrntions. However leaf
protein, nitrogen, P, Fe, Zn, Pb end Mn
decreased during the szme period.

During leaf fall {(March - May) the leaves showed
high levels of starch, reducing sugsrs, protein,
nitrogen, K, Mg and Pb, They rlso showed declining
levels of totzl soluble carbohydrntes, Py Ca, Fe,

Zn and Mn. The reprodudctive organs showed increasing
levels of starch, tot=2l soluble carbihydrates,
reducing sugsrs, Ca, Fe, Zn n2nd Mn, most of which

dropped in the foliar orgen during defoliction,
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P. clappertonians hss been noted as an importent
trce crop in theeeonory of the people, especially in
the drier nrorthern part of Njgerin, The secd is used
to prepere “"dawa-~dawa" {2 food sezsoner) which is
distributed to other arcas of the country s an important
article cf trade. When used for food, the seed #nd the
pulp may form important sources of the mineral elem nts
which they storc in large amounts, The pulp cake
("garin-dorowa") may be a ready source of energy due to
its high content of tot=l soluble carbohydrates.

The m#Llucc flower showel high concentrstions of
most of the minerals, egpecially Ca, Fe, Zn »nd Mn,
Through jts ncclar, or when used directly to prepare
"kwuli- kwuli" (groundnuc cnke) it may be an important
source of miner-ls for hum=n nutrition.

The le~ves similarly showed relatively high levels
of nitrcgen, K, K, Mg, Fe and Pb, This makes
the litter a useful source of these nutrients to the

5011, when used sz manure.
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