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ABSTRAK

Variasi tengah-hari dan tengah-malam dalam komposisi dan kelimpahan himpunan zooplankton utama dalam
Tasik Ikeda, sebuah tasik kawah telah dianalisis semasa musim panas 1986. Protozoa menjuzuki lebih 70%
daripada keseluruhan populasi zooplankton dan adalah yang paling melimpah diikuti oleh rotifera (12%),
kopepoda (8%) dan kladosera (7%). Kecuali kopepoda dan sebilangan kecil rotifera, kebanyakan zooplankton
lain didapati dengan agak lebih sedikit kelimpahan pada waktu malam. Kelimpahan keseluruhan zooplankton
paling tinggi didapati pada bermulanya musim panas tetapi beransur berkurangan pada hujung musim panas.
Komposisi spesies paling tinggi pada awal musim panas, kekal sehingga pertengahan musim panas tetapi
beransur berkurangan dan jarang terdapat spesies pada hujung musim panas, malah beberapa spesies lain
jarang didapati atau langsung tidak terdapat dalam sampel

ABSTRACT

Variations between midday and midnight in the species composition and abundance of the main zooplankton
assemblage of Lake Ikeda, a crater-lake were analyzed during the summer of 1986. The protozoans, comprising
more than 70% of the whole zooplankton population were the most abundant followed by the rotifers (12%),
copepods (8%) and cladocerans (7%). Except for the copepods and a few rotifers, most of the other zooplankton
were evident at a slightly higher abundance at night. Total zooplankton abundance was highest during early
summer but decreased gradually until the end of summer. Species composition was highest in early summer, and
persisted until the middle of summer but gradually decreased with rare occurrences of some species at the end of
summer, where some species were either rarely sampled or entirely absent from the samples.

INTRODUCTION

Zooplankton study is important as it could pro-
vide ways to predict and increase the productiv-
ity of lakes (Borgmann et al 1984; Morgan et al
1978). The aim of this study was to compare the
summer midday and midnight compositions of
the zooplankton in Lake Ikeda. This lake is a
crater-lake situated at the southwestern edge of
Kyushu island. One of the earliest researchers to
work on this lake was Miyakita (1928). He
focussed most of his works on the benthos as-

pect of this lake. Other well-noted researchers
were Yoshimura (1930), Mizuno (1963) and
Murayama and Saisho (1967). All these research-
ers dealt with the overall plankton composition
of this lake. So far, no in-depth study on the
midday and midnight zooplankton composition
and abundance in the summer months, (which
are the most reproductive months of the year)
has been done on this lake. This study will focus
on the midday and midnight zooplankton com-
position and abundance in summer. The months
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involved were June, July, August and September
(See Fig. 2). These four months were the ones
with higher temperatures compared to the rest
of the months. August and September were the
two months with the highest temperatures. The
summer months were chosen for this study be-
cause most of the species present in this lake
appeared in high abundance compared with the
other months. In the other seasons, they were
found to be of much less abundance and some
species were totally absent from the plankton.

Study Site Description

Lake Ikeda is located in Kagoshima Prefecture,
Japan at 31°14'N, 130°34'E and is 88m above sea
level (Fig. 1). It is a crater-lake situated at the
southwestern edge of Kyushu Island, Japan. The
mean depth is 135m and the deepest point is at
233m. With a water volume of 1.47 X 109nrH it
has a residence time of 1.7 per year. It has a
surface area of 11 km* and a shoreline length of
15 km. For its size, it is very deep and is sur-
rounded by steep slopes except on its northwest-
ern side. It was formed as a crater-lake during
the pyroclastic eruption of the Ibusuki Volcanic
Group, which occurred around 4,000 years ago.
Together with the neighbouring cone-shaped
Mt. Kaimon on its southern side, it offers one of
the most scenic spots to the southern Kyushu
tourist zone, that of the Kirishima-Yaku National
Park.

MATERIAL AND METHODS

Field Sampling Methods

Midday and midnight zooplankton specimens
were taken at a fixed Station 4 in the summer of
1986 during the months of June, July, August
and September. Midday abundance was taken at
around noon (1200hrs) and midnight abun-
dance samples were taken at around midnight
(2400hrs). Station 4 was chosen because it was
the most accessible station in terms of its near-
ness to research facilities and also that of safety.
The others (stations 1,2 and 3) were too far
away and considered unsafe especially during
night samplings.

Zooplankton samples were collected using a
24 cm diameter Kitahara net (NXX13) by verti-
cal net hauls from a depth of 30 m to the
surface at a constant speed of 0.5ms1. Six repli-
cate samples (ca. 250 ml each) were obtained
from Station 4 on each sampling occasion. The
samples were preserved with cool sucrose forma-
lin technique (Haney and Prepas 1978) in order
to avoid carapace distortion and loss of eggs
especially from the brood chamber of adult
cladocerans. Surface temperature and dissolved
oxygen concentration were measured with a
Yellow-Springs Instrument model 57 probe. Water
transparency was measured with a 30 cm diam-
eter white Secchi Disc. Measurements were taken
from November 1985 to November 1986. Analy-

N

Fig. 1. Locations of Station 4 in Lake Ikeda
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TABLE 1
Midday and midnight abundance (mean number/ltre ± standard deviation) of different Protozoa

species at station 4 during the summer of 1986 taken by vertical hauls from a depth
of 30m to the surface

Month

TAXA June
Day(Night)

July
Day(Night)

Aug
Day(Night)

Sep
Day(Night)

PROTOZOA Numbers/Litre ± Standard deviation
Peridinium bipes
Ceratium hirundineUa
Carchesium polypinum

3.5±0.5(2.4±0.4) 16.0±5.2(77.3±10.4) r(r)
433±20.3(590.6±22.4)116.0±12.5(46.3±6.3) 7.3±0.5(8.5±1.0)
18.8±7.9(19.1±10.2) 1.5±0.3(2.5±0.5) -(-)

()
r(1.4±0.3)

TABLE 2
Midday and midnight abundance (mean numbers/litre ± standard deviation) of different Rotifera

species at Station 4 during the summer of 1986 taken by vertical hauls from a depth of
30m to the surface

TAXA

ROTIFERA

Colochilus unicornis
Polyerthra euryptera
Polyartha trigla
Asplanchna priodonta
Pbesoma truncation
Trichocerca cylindrica
Conochitoides coenabasis
Conochiloides natans
Hexarthra mira
Keratella cochlearis
Keratella valga

June
Day(Night)

6.6±0.8(4.4±0.4)
2.1±0.4(5.9±0.3)
1.2±0.2(7.2±0.9)

10.7±3.7(21.1±5.5)
8.6±2.2(14.5±4.5)

r(r)
-(-)
r(r)

3.3±0.5(17.4±5.2)
-(r)
-(-)

Month
July

Day(Night)

Numbers/Litre ±

r(r)
11.3±4.3(4.1±1.2)
4.2±1.2(2.6±0.5)

-(-)
r(r)

r(1.3±0.4)
6.3±1.4(4.6±0.9)

2.9±0.8(r)
-(-)
r(-)
-(-)

Aug
Day(Night)

standard deviation

15.9±3.2(23.9±5.6)
r(r)
r(r)
r(r)
r(r)
r(r)

r(1.0±0.3)
2.8±0.3(12.2±4.7)

r(r)
-(-)

1.5±0.3(12.2±4.7)

Sep
Day(Night)

r(r)
-(-)

r(2.1±0.6)
r(1.3±0.4)

3.2±0.9(2.5±0.8)
r(r)
r(-)

r(2.0±0.3)
r(r)
-(-)

r(2.0±0.3)

TABLE 3
Midday and midnight abundance (mean numbers/litre ± standard deviation) of different Copepoda

species at Station 4 during the summer if 1986 taken by vertical hauls from a depth of
30m to the surface

Month

TAXA

COPEPODA

June
Day(Night)

July
Day(Night)

Aug
Day(Night)

Sep
Day(Night)

Numbers/Litre ± standard deviation

Thermocyclops hyalinus 12.3±3.3(4.0±0.4) 12.7±3.2(12.1±2.5) 3.6±0.5(5.8±1.5) 2.4±0.3(5.4±0.8)
Mesocyclops sp. r(r) r(r) -(-) -(-)
Nauplii 4.3±1.5(7.5±2.0) 21.6±5.5(25.5±5.9) 12.4±3.1(15.5±4.0) 2.8±0.7(2.5±0.5)

PERTANIKAJ. TROP. AGRIC. SCI. VOL. 25 NO. 1, 2002
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TABLE 4
Midday and midnight abundance (mean numbers/litre ± standard deviation) of different Cladocera at

Station 4 during the summer of 1986 taken by vertical hauls from a depth
of 30m to the surface

TAXA

CLADOCERA

Diaphanosoma brachyurum
Bosmina bngirostris
Ceriodaphnia reticulata
Bosminopsis deitersi
Alona guttata
Holopedium gibberum
Monospilus distar
Daphnia pulex

June
Day(Night)

•(-)

2.8±0.2(6.0±0.3)
2.9±0.3(2.0±0.2)
4.4±0.9(8.4±1.4)

r(r)
-(-)
r(r)
r(r)

Month

July
Day(Night)

Aug
Day(Night)

Numbers/Litre±standard deviation

2.9±0.3(8.5±0.8)
13.6±3.4(40.6±4.5)
3.3±0.4(2.8±0.3)

r(r)
r(-)
~(r)
r(r) ,
-(-)

L2±0.3(2.2±0.4)
9.1±2.1(10.2±2.4)
4.0±0.5(4.3±0.5)

r(-)
r(-)
r(r)
r(r)
-(-)

Sep
Day(Night)

r(r)
4.7±0.4(5.0±0.5)

r(r)
r(r)
r(r)
r(-)
r(-)

sis of data was done using the SAS statistical
package.

RESULTS
Physical-chemical Parameters

Fluctuations in surface temperature, dissolved
oxygen and transparency for Station 4 are shown
in Fig. 2. Surface water temperature ranges from
10°C to 30°C, with an average of 19.8°C. The

hottest month was August while the coldest was
February. The four hottest months were June,
July, August and September. These were the
months chosen to represent the months of sum-
mer in this study. Dissolved oxygen ranges from
8.1 to 12.2 mg/L with an average of 9.2 mg/L.
Transparency ranges from 4.8 to 9.2 m with an
average of 6.3 m. Transparency decreased from
spring to summer but increased from autumn to
winter.

Dissolved O\yg«D (ppm)

Transparency <m) Temperature <°C)

Dissolved Oxygen
Transparency
Temperature

30

10

N D J F M A M J J A S O N

1986 MOWIH

Fig. 2 Fluctuations in dissolved oxygen (ppm), tranparency (mO and surface temparature (°C) at Station 4 in Lake
Ikedafrom November 1985 to November 1986

PERTANIKAJ. TROP. AGRIC. SCI. VOL. 25 NO. 1, 2002
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Composition and Abundance

The midday and midnight composition and
abundance of Protozoa, Rotifera, Copepoda and
Cladocera are shown in Tables 1,2,3 and 4 re-
spectively.

Protozoa

Three species of Protozoa were present in Lake
Ikeda. They are Peridinium bipes (Stein 1883),
Ceratium hirundinella (O.F. Muller 1882) and
Carchesium polypinum (Ehrenberg 1830).
Peridinium bipes's abundance was highest in July
(Day: 16.0 ± 5.2 individuals/litre; Night: 77.3 ±
10.4 individuals/litre) and after that it quickly
disappeared from the plankton. Comparing each
summer month, Ceratium hirundinella was the
most abundant species with a maximum in June
(Day: 433 ± 25.3 individuals/litre; Night: 590.6 ±
22.4 individuals/litre) and was also found to be
less in abundance in July (Day: 116 ± 12.5 indi-
viduals/litre; Night: 46.3 ± 6.3 individuals/litre)
and diminished drastically the next month
(Day: 7.3 ± 1.8 individuals/litre; Night: 8.5 ± 1.2
individuals/litre) (Student's t-test, P<0.05). It con-
tinued to decrease at the end of the summer
month of September, Carchesium polypinum was
most abundant in June ( Day: 18.8 ± 7.9 indi-
viduals/litre; Night: 19.1 ± 10.2 individuals/li-
tre) and decreased further in July (Day: 1.5 ± 0.3
individuals/litre; Night: 2.5 ± 0.5 individuals/
litre) (Student's t-test, P<0.05) and was absent in
August and September.

The Protozoa was the most abundant
zooplankton and it comprised more than 70%
of the total zooplankton found in Lake Ikeda. In
June, Peridinium bipes had a higher abundance
during midday but in July the reverse was found
to be true. Ceratium hirundinella was most abun-
dant at midnight in June, but in July the midday
sample had a higher abundance compared with
the midnight sample (P<0.05). However in Au-
gust and September,there was no significant dif-
ference between the midnight and the midday
sample (P>0.05) This was also true of Carchesium
polypinum (P>0.05).

Rotifera

Altogether, 11 species of Rotifers were present
in Lake Ikeda. They are Conochiloides unicornis
(Rouselet 1892), Polyerthra euryptera (Wierzejski
1893), Polyerthra trigla (Schreyer 1921), Asplanchna
priodonta (Gosse 1850), Ploesoma truncatum
(Levander 1894), Trichocerca cylindrical (Imhof

1891), ConochiUndes coenobasis (Skorikov 1914),
ConochiUndes natans (Voigt 1904), Hexarthra mira
(Hudson 1871), Keratella cochlearis (Gosse 1851)
and Keratella valga (Ehrenberg 1834).

The most abundant rotifer was Conochilus
unicornis (with a maximum in August) (Day:15.9
± 3.2 individuals/litre; Night:23.9 ± 5.6 individu-
als/litre) followed by Asplanchna priodonta (with
a maximum in June) (Day: 10.7 ± 3.7 individuals/
litre; Night:21.1 ± 5.5 individuals/litre). The
most abundant rotifers found in June were
Ploesoma truncatum ( Day:8.6 ± 2.2 individuals/
litre; Night: 14.5 ± 4.5 individuals/litre) and
Hexarthra mira (Day:3.3 ± 0.5 individuals/litre;
Night:17.4 ± 5.2 individuals/litre). Trichocerca
cylindrica (Day: rare;Night: 1.3 ± 0.4 individuals/
litre), and ConochiUndes coenobasis were most abun-
dant in July (Day:6.3 ± 1 . 4 individuals/litre;
Night:4.6 ± 0.9 individuals/litre) and Conochiloides
natans both in July (Day:2.9 ± 0.8 individuals/
litre; Night:rare)and August (Day:2.8 ± 0.7 indi-
viduals/litre; Night:12.2 ± 4.7 individuals/litre)
while Keratella valga (Day: 1.5 ± 0.3 individuals/
litre; Night:12.2 ± 4.7 individuals/litre) in Au-
gust. From the end of September onwards, most
of the rotifers were diminishing in abundance.
P. euryptera, Ptriglat A. priodonta, P.truncatum, H.
mira and K valga occurred at much higher
abundance at midnight compared with midday
(Students' t-test, P<0.05).

The rotifers made up about 12% of the total
zooplankton abundance. Except for Conochiloides
coenobasis, generally all the other rotifers oc-
curred at a much higher abundance at midnight
compared with midday. However in July, Polyerthra
euryptera and Polyerthra trigla had a higher abun-
dance during the midday compared with mid-
night (P<0.05). The reverse was true for both
species in June, i.e. midnight was more abun-
dant than midday (P<0.05).

Copepoda

Only two species of Copepods were found in
Lake Ikeda. The two species were Thermocyclops
hyalinus (Rehberg 1880) and Mesocyclops sp. Both
belonged to the cyclopoids. Thermocyclops hyalinus
occurred in almost equal numbers during the
day in June ( 12.3 ± 3.3 individuals/litre) and
July ( 12.7 ± 3.2 individuals/litre) (P>0.05) but at
night the July samples ( 12.1 ± 2.5 individuals/
litre) showed a higher abundance compared
with the June samples (4.0 ±1 .2 individuals/
litre) (P<0.05). Mesocyclops sp. was rarely seen in

PERTANIKAJ. TROP. AGRIC. SCI. VOL. 25 NO. 1, 2002
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June and July and was absent in August and
September. Apart from that, nauplii of both
species were present in the samples.

Altogether the copepods comprise 8% of
the total number of zooplankton. The cyclopoids
together with their nauplii were present through-
out all the summer months. Nauplii of both
genera were counted together as they could not
be easily separated and distinguished. The
copepods' abundance was higher during early
summer (June) but was not significantly differ-
ent in July, August and September. In the early
summer month of June, more copepods were
present during the midday compared with mid-
night. As for the nauplii, there was no signifi-
cant difference in abundance between midday
and midnight in all the summer months.

Ciadocera

Altogether, in this study, eight species of
Cladoceras were found to inhabit Lake Ikeda.
They were Diaphanosoma brachyurum (Lieven
1848), Bosmina bngirostris (O.F.Muller 1785),
Ceriodaphnia reticulata (Jurine 1820), Bosminopsis
deitersi (Richard 1895), Abna guttata (Sars 1862),
Daphnia pulex (O.F.Muller 1785), Monospilus distar
(Sars 1862) and Holopedium gibberum (Zaddach
1855).

The most abundant cladoceran was Bosmina
bngirostris which occurred in all the summer
months of June, July, August and September. It
was the most abundant in July (Day: 13.6 ± 3.4
individuals/litre; Night: 40.6 ± 4.8 individuals/
litre) and then decreased in August (Day: 9.1 ±
3.2 individuals/litre; Night: 10.2 ± 3.9 individu-
als/litre) (P<0.05). Diaphanosoma brachyurum was
absent from the samples in June but suddenly
appeared with a maximum abundance in July
(Day: 2.9 ± 0.3 individuals/litre; Night: 8.5 ± 1.7
individuals/litre) and started to decrease in
August (Day: 1.2 ± 0.5 individuals/litre; Night:
2.2 ± 0.9 individuals/litre) (P<0.05) and further
still in September where it rarely appeared.
Ceriodaphnia reticulata was present from June
(Day: 2.9 ± 0.6 individuals/litre; Night: 2.0 ± 0.3
individuals/litre), July (Day: 3.3 ± 0.7 individu-
als/litre; Night: 2.8 ± 0.5 individuals/litre) and
until August(Day: 4.0 ± 0.6 individuals/litre;
Night: 4.3 ± 0.6 individuals/litre) but almost
disappeared from the plankton in September.
There was no significant difference in abun-
dance among all the four months (P>0.05).
Bosminopsis deitersi could only be sampled in

June ( Day: 4.4 ±1.3 individuals/litre; Night 8.4
± 2.2 individuals/litre) and then became too few
in number in July and by September it had
disappeared. Alona guttata was present but too
few in number to be of much significance in its
abundance. Holopedium gibberum, Monospilus distar
and Daphnia pulex are three new colonizers of
Lake Ikeda.

Altogether the Cladoceras comprises 7% of
the whole zooplankton abundance. Although
Ceriodaphnia reticulata occurred in higher abun-
dance during the midday as compared to mid-
night, it was not statistically significant (Stu-
dents' t-test, P>0.05). On the other hand, more
of Diaphanosoma brachyurum, Bosmina bngirostris,
and Bosminopsis deitersi were significantly more at
midnight compared with midday (Students' t-
test, P<0.05).

DISCUSSION
Most of the zooplankton species sampled in this
lake during the summer months were also in-
habitants of other natural lakes and artificial
impoundments in Japan (Miura and Cai 1990;
Hanazato and Nohara 1992). Comprising about
70% of the whole zooplankton's abundance, the
protozoa appeared to play an important role in
the zooplankton community of this lake. They
could represent an important trophic link be-
tween microheterotrophic production and in-
vertebrate predators (Porter et al 1979). They
may hold a key role in nutrient regeneration
due to their high specific rates of phosphorous
excretion (Pace and Orcutt 1981). Future re-
search on these protozoans could help to eluci-
date processes such as energy flow and nutrient
regeneration in this lake.

In Lake Ikeda, the rotifers were more di-
verse when compared with the other zooplankton
community. They were comparable to other lakes
in Japan (Miura and Cai 1990; Hanazato and
Nohara 1992). The rotifers were considered
opportunists (Allan 1976). Its population rises
and falls according to its tolerance of environ-
mental conditions. Their total biomass is usually
low but this is compensated by a short genera-
tion time, thus a fast renewal of population
(Hutchinson 1967). After Polyerthra euryptera,
Asplanchna priodonta was the most abundant
rotifer. Apart from its ability to suppress other
rotifers, especially K cochlearis (Hoffmann 1983;
Sarma 1993), it can also consume algae and
small crustacean species, especially small
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Bosminidae (Matveeva 1989; Hutchinson 1967)
and Peridinium (Pourriot 1965). However, in
Lake Ikeda, its density crashed immediately after
its peak in June. What could have happened is
that it could have migrated down to lower water
layers at some periods of the day especially
during midday, where it can find higher rotifer
densities to consume (Vasconceles 1994). Welch
(1935) suggested that prey and predation prin-
ciples are the most important factors involved in
diurnal migration of zooplankton. During the
day time, the zooplankters descend to the bot-
tom water to hide themselves from their preda-
tors and ascend upwards during night hours.
Hutchinson (1967) reported that the pattern of
zooplanktonic migration may be due to the
result of interspecific competition, whereby spe-
cies dominant during night hours were gener-
ally fewer in number during the day. In fact he
went on further to state that the interpretation
of zooplankton dynamics is impossible without
considering the historic, biotic and competitive
factors. In the future, it would be interesting to
follow the fluctuations in density of rotifers and
relate it to more detailed environmental param-
eters. Physical and chemical properties of the
water may limit the occurrence of some species
(Elliot 1977; Ruttner-Kolisko 1977; Herzig 1987),
but phytoplankton availability (Gilbert and
Bogdan 1984; Herzig 1987), competition and
predation (Dumont 1977; Hoffmann 1983; Gil-
bert and Stemberger 1984) are also important.

For the copepods, a significant difference
was found in T. hyalinus which occurred at
higher abundance in June during midday com-
pared with midnight. The rest were not signifi-
cantly different. The rest are either too few to be
sampled or not present in the samples.The spe-
cies composition of Copepods in Lake Ikeda is
similar to other tropical or subtropical lakes
(Fernando 1980a,b). In Lake Ikeda, they are
represented by only two genera, Thermocyclops
kyalinus and Mesocyclops sp.

Eutrophication is known to affect the spe-
cific composition of the zooplankton by altering
the environment which could lead to changes in
the phytoplankton composition. This in turn
could promote the changes in the quantity and
quality of available food for the zooplankton
(Sandecz 1984). During this study, three species
of Cladoceras that were never reported to be
present in this lake were encountered in the
samples. They were Daphnia pulex, Holopedium

gibberum and Monospilus distar. However, their
abundance was too low to be of much signifi-
cance to the overall zooplankton's abundance.
Although they were very few in number, they
were nevertheless present. Prior to this report
there was no record of their presence (Miyakita
1928; Yoshimura 1930; Mizuno 1963 and
Murayama and Saisho 1967). What could have
happened is that they could have been intro-
duced from elsewhere together with fish re-
leased into Lake Ikeda for stocking purposes.
Altogether, this study has managed to detect the
presence of eight genera of Cladoceras living in
Lake Ikeda. The degree of eutrophication of a
lake is closely associated with the zooplankton
community, and in an eutrophic environment,
the cyclopoid copepods and the cladocerans are
dominant (Bradshaw 1964; Patalas 1972;
Hillbricht-Ilkowska and Weglenska 1970). It
seems that Lake Ikeda is heading towards an
eutrophic environment with the continued in-
crease in abundance of cyclopoid copepods and
cladocerans compared with previous studies done
on this lake by Murayama and Saisho (1967).
The presence of Bosmina longirostris and
Diaphanosoma brachyurum in high abundance is
usually also associated with an eutrophic envi-
ronment as Diaphanosoma sp. is well adapted to
eutrophic environments (Sendacz 1984). This
finding is supported by Zago (1974) who re-
ported that with the eutrophication of the Ameri-
cana Reservoir, Diaphanosoma sp. replaced
Daphnia gessneri as the dominant species of
cladocera. Future research on this lake will in-
volve a more in-depth analysis of each
zooplankton species together with more detailed
measurements of physical-chemical parameters
coupled with in situ experiment-based analysis in
order to elucidate each species' role in the
ecology of this lake in its path towards
eutrophication.
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ABSTRAK

Perubahan pengeluaran jagung dan sifat sesetengah tanah di kawasan yang ditanam rapi di Sekolah Pertanian,
Ikorodu dikaji menggunakan variasi yang koefisien dan analisis regresi peWagai langkah bijak selama dua
tahun (1990 dan 1991). Perubahan ciri-ciri tanah dan pengeluaran jagung secara individu seperti yang
ditunjukkan oleh perbezaan nilai cv yang meluas. Ciri-ciri kimia tanah (ex, Ka, Ex, AvaiLP dan Zink) berubah
lebih daripada ciri-ciri fizikal tanah (kapasiti pegangan air dan pasir). Perubahan ciri-ciri sesetengah tanah dan
pengeluaran jagung berkemungkinan jelas dipengaruhi oleh penggunaan tanah sebelumnya dan aktiviti
pengurusan lain di sekeliling kawasan tersebuL Pada tahun 1990, 18 ciri tanah menerangkan 92.51 % variasi
dalam pengeluaran jagung di kawasan tersebuL Berbanding 87.29% pada tahun 1991, setiap ciri tanah
menggunakan pengaruh berlainan ke atas pengeluaran jagung. Ciri-ciri tanah menggunakan pengaruh
berlainan ke atas pengeluaran jagung. Ciri-ciri tanah yang menggunakan pengaruh kuat ke atas pengeluaran
jagung dalam kawasan tanaman yang mengandungi P, potasium yang boleh berubah, jirim organik, kapasiti
pegangan air, kalsium yang boleh berubah, pasir dan zink. Kajian ini menekankan perubahan besar jumlah
tanah dan kadar pengeluaran jagung yang boleh xvujud dalam kawasan kecil yang ditanam rapi. Pendekatan
yang digunakan dalam kajian ini kelihatan munasabah untuk memperbaiki pengeluaran tanaman di kawasan
tersebuL Pendekatan ini mungkin berguna dalam memilih ciri-ciri tanah untuk kajian penilaian kesuburan
tanah.

ABSTRACT

The variability of maize yield and some soil properties in an exhaustively cultivated field in the School of
Agriculture, Ikorodu was examined using a coefficient of variation and stepwise multiple regression analysis for
two years (1990 and 1991). The variability of individual soil properties and maize yield as indicated by cv values
differed widely. Soil chemical properties (ex, Ca, Mg, Ex, Avail P and zinc) varied more than the physical
properties of the soil (sand and water holding capacity). Variability of some soil properties and maize yield were
likely to have been markedly influenced by previous landuse and other management practices around the
exhaustively cultivated field. In 1990, 18 soil properties explained 92.51 % of the variation in the yield of maize
on the exhaustively cultivated field. Compared to 87.29% in 1991, each of the soil properties exerted a different
influence on the yield of maize. Soil properties which exerted stronger influences on the yield of maize within the
cultivated field were available P, Exchangeable Potassium, organic matter, tuater holding capacity, Exchangeable
calcium, sand and zinc. This study has highlighted the tremendous amount of soil and maize yield variability
that may exist within a small exhaustively cultivated field. The approach used in this study seems reasonable
for improving crop yield on the field. It would be useful for selecting different soil properties for land and soil
fertility evaluation studies.

INTRODUCTION (Tomlinson 1970; Areela 1982), concentrates on
Much of the existing information on soil vari- variability. This is the component of total vari-
ability, including the few on tropical soils ability observed over a considerable distance of
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between two distinctly different units such as
parent materials or land facets (Van Wambeke
and Dual 1978). Far less attenttion has been
given to the microvariability component, which
pertains to the local and often recurrent varia-
tions on the scale of a single field (Meerman
and Kang 1978).

Research reported by Kang (1977 and 1978)
has shown that the effect of soil variability on
the growth and performance of crops in the
inter tropical areas can be pronounced. In addi-
tion, the experience of researchers as a result of
the effect of considerable microvariability on
agricultural experiments can be very frustrating.
A knowledge of the degreee of microvariability
of the soil over an area and the factors respon-
sible for this variability is therefore essential for
both practical and experimental agriculture.

Presently, there is a lack of information
about soil variability and its effects on maize
yield around the study area. In view of the
proximity of Lagos to the study area where
capital or intensive farming is accessible, it is
necessary to generate adequate information on
landuse or soil management, so as to maximise
the use of the land: crop rotation is now difficult
in Lagos State because of pressure on the land
for industrial and commercial activities within
the state. This predisposes the few available ar-
eas to be put under heavy use with the aid of
fertilizers.

It is therefore necessary to monitor crop
yield on such land so as to determine to what
extent it has been altered. This will offer infor-
mation regarding measures to guarantee opti-
mal use of such areas.

Soil exhibits tremendous variations both lat-
erally and vertically. The results of previous soil
veritability studies (Ogunkunle 1986) have re-
vealed very high variations between soil proper-
ties of two closely spaced spots 10 cm apart on a
uniform terrain.

It has also been established that, for most
arable crops, the control of crop performance is
mainly in the plough layer (0-20cm), where
most of the roots are concentrated. Similarly,
Sopher and McCracken (1973) found that 70%
of corn yield variation was due to soil properties
of the plough layer. Lai et al (1975) also ob-
served that the removal of 2.5cm and 7.5cm of
the topsoil, respectively resulted in 50 and 90
per cent reductions in maize yield.

This study examined the degree of variation
in some soil properties and yield of maize on an
exhaustively cultivated field. This study will no
doubt furnish some information on the varia-
tion of some soil properties and yield of maize,
which we hope will be a useful guide to farmers
and other landusers. Hence, the information on
the topsoil properties controlling yield variation
will be very useful for improving food produc-
tion.

Study Area

The studies were conducted in the experimental
farm of the School of Agriculture, Ikorodu. The
location is about 15km from Lagos and 30km
from Sagamu. The area lies roughly between
latitudes 5° 7°N and 5° 10°N and longitudes 3°16
and 5° 18° ease of Greenwich Meridian. It has an
altitude of about 50 km above sea level.

The climate is humid tropical with two dis-
tinct seasons - the dry (November to March)
and the wet (April to October). Mean annual
rainfall is at least 132 mm with a maximum in
July and September. Mean daily temperature
ranges from 25 to 28°C. The humidity is high
throughout the year and reaches its peak during
the wet season. The mean relative humidity is
never below 65%.

The soil has been mapped as Alfisols with
Typic Paloustalf as the modal profile (Fasina
1989). It is derived from sedimentary parent
material (Moss 1957) with sandy loam and sandy
clay texture in the surface and subsoil, respec-
tively. The soil has been exhaustively cultivated
with vegetables and maize in the past. This
means the continuous planting of the field with
vegetables and maize without allowing it to fal-
low.

MATERIALS AND METHODS

Field studies were conducted for two years (1990
and 1991) during the wet season. TZSR-Y maize
needs variety were planted on plots of 0.1 ha
with inter and inter-row spacings of 90cm and
30cm respectively. NPK (15-15-15) compounded
fertilizer and urea were applied at the rate of
200kg/ha and lOOkg/ha two weeks after plant-
ing respectively. Leaving out the guard rows, 20
maize stands were randomly selected from the
middle of the O.lha plots for the two year study.
At tasselling, 5 surface (0-15cm) core soil sam-
ples were taken from around each of the se-
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lected stands to form a composite sample for
laboratory analysis. The maize cobs were har-
vested at maturity (15% moisture content) from
these stands and the yield per stand (weight of
grains in grams) was determined. All experi-
mental procedures were the same for both years.

Laboratory Analysis

Particle size distribution was done using the
Bouyoucos hydrometer method (Day 1965) and
pH was measured in water (1:1, soihwater). The
exchangeable cations (Ca, Mg, Na and K) were
extracted in IN NH4OAC and Na and K were
determined by a flame photometer and Ca and
Mg on an atomic absorption spectrophotom-
eter. The exchangeable acidity (Al and FT) was
determined by titration of the soil solution with
IN KCL and organic carbon was determined by
the Walkey-Black method (Allison 1965).

Available P was extracted by Bray's PI solu-
tion (Bray and Kurtz 1945) and determined
following the Murphy and Rilley method
(Murphy and Rilley 1962). Total N was deter-
mined by the macro-kjeldahl method (Bromner
1960) and moisture content (%) by gravimetrics.
The dicronutrients were leached out with 0.1m

NHCI (Wear and Sammer 1948) and were read
on the atomic absorption spectrophotometer.

Statistical Analysis

Yield and laboratory data were statistically ana-
lysed from plots for variations (mean (X), stand-
ard deviation (sd). The coefficient of variation
(cv) and the stepwise regressions of yield on soil
properties were measured using the SPSS com-
puter program of Lagos State, Agricultural De-
velopment Project, Lagos.

RESULTS AND DICUSSION
Variations in Soil Properties and Maize Yield
Variability of individual soil properties and maize
yield as indicated by cv values differed widely
(Table 1). The exhaustively cultivated field was
more uniform in those soil properties which are
genetically and morphologically important such
as sand, while those properties which are ephem-
eral and which are related to management (Ex,
Ca, Mg, Avail.P, Ex K) were more variable (Ta-
ble 1). These are the properties that most con-
trol maize yield on the field. The cv data ob-
tained for the two year experiment seems to be

TABLE 1
Variability of maize yield and soil properties

1990 1991

Property of Maize Yield Sd CV% SD cv%
Maize yield (kg)
35.11
Soil pH

Organic carbon %
14.2
Total N %
Available Phosphorus Cmol kg"1

Calcium (ca) Cmol kg"1

Magnesium (mg) Cmol kg-1

Sodium (Na) Cmol kĝ 1

Potassium (K) Cmol kg1

Exchangeable acidity Cmol kg1

Cation Exchanged Capacity Cmol kg-1

Base saturation (BS) %
Manganese (Mn) - Cmol kg1

Iron (Fe) - Cmol kg4

Copper (Cu) - Cmol kg1

Zinc (Zn) - Cmol kg"1

Sand- %
Silt - %
Clay - %

Water Holding Capacity (WHC) %

0.24 1.08 37 126.75 44.83

6.76

0.12
52.49
2.47
1.15
0.27
0.17
0.24
4.44

94.55
69.37
21.68
1.48
6.67
0.79
9.00
12.40
35.61

0.22
1.41

0.01
28.43
0.92
0.18
0.05
0.09
0.08
1.03
2.56
5.33
4.60
0.19
2.48
2.38
1.54
2.01
5.01

3
0.11

8
54
37
16
17
54
33
5
3
8
21
13
37
3
17
16
14

6.78
8

0.32
73.99
2.60
1.23
0.31
0.20
0.28
2.69

93.55
71.58
21.03
1.56
6.87
76.15
9.30
14.55
36.72

0.13
3.16

0.05
53.44
0.74
0.15

11
0.07
0.12
0.29
3.00
8.62
3.89
0.15
2.99
2.50
1.77
2.55
1.77

1.91
0.45

15.62
72.22
28.46
12.19
35.48
35.0

52.55
11

3.20
12.04
18.49
9.67
43.52
3.28
19.03
17.52
4.82
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uniform. Also, the cv values obtained for soil
properties in this study were not at variance with
what other workers have observed in the past
(Beckett and Webster 1971; Chickezie 1984;
Unwni 1985; Fasina 1986). The cv values of
some chemical properties appeared to be less
variable than others. Soil pH base saturation,
CEC, total N, manganese and organic carbon
were less variable while available P, Ex, Ca, K,
Zn, Ex acidity, Fe were more variable on the
exhaustively cultivated land. The observed dif-
ferences in the variability of the chemical prop-
erties for the whole area as shown by the cv
values (Table 1) could be due to variations
imposed by cultivation and management prac-
tices employed in the study area.

It has also been shown (Beckett and Webster
1971) that in cultivated areas, contrasting crops,
soil amelioration and addition of fertilizers su-
perimposed differences between fields on the
variation already present in the native soil. The
variation in these chemical properties in the soil
would result in variations in the yield of crop
cultivated on the field as in the case of this
study. This is in accordance with Talukdar and
Barthakur (1986) and Gbadegesin (1987). The
variations observed in these chemical properties
could also be caused by land clearing and prepa-
ration that the exhaustively cultivated field has
been subjected to over the years. The cv values
obtained from maize yield and soil properties in
the study when grouped by the method of
Wilding and Drees (1978) (Table 2) has put pH,
Org C, Total N, base sat Mn, Sand, Cu, ECE, as
the least variable properties (CV 15%). Ex.Mg,
Ex Na, acidity Fe, silt and clay are moderately
variable properties (CV 15-35%) while maize
yield, available P, Ex. Ca, Ex K and zinc are
extremely variable properties (CV 35%). The
result of this grouping agreed with the results
obtained by Wilding and Drees (1978) and also
with results obtained elsewhere in Nigeria (Fasina
1986; Ogunkunle 1986).

It has been shown that in experiments where
specific treatments were applied, variability as
high as cv 99% may invalidate the results even
with a high degree of replication (Ogunkunle
1988). This shows the importance of calculating
the variations in yield data obtained in an ex-
periment.

The variation in the maize yield also signi-
fied the variation in soil properties of the ex-
haustively cultivated field. The variations in soil
properties and the type of management systems
adopted are thus among the causes of variations
in yield parameters observed on the field.

Yield Prediction

In order to have an idea of the contributions of
each of the individual soil properties to the
variations in the yield of maize on the exhaus-
tively cultivated land, a further analysis of the
data was carried out using a stepwise regression
model.

The stepwise regression of the maize yield
(dependent variable) on the soil properties (in-
dependent variables) reveal that 18 soil proper-
ties contributed significantly (P 0.01) to the
prediction of maize yield in the study area (1990-
R2 value of 92.51%, 1991 - R2 value of 87.29%)
(Table 3). With 8 soil properties in regression,
72% of the variations in maize yield were ex-
plained in 1990 while it was 75% for 1991. The
regression analysis also revealed that the soil
variables were not equal as far as their influence
on the yield of the crop was concerned. The
soil chemical properties seemed to exert a
stronger influence on the yield of the crop in
the study area.

For instance, for the two year study Ex Ca
and organic carbon were among the first two
relevant soil properties (Table 3) that contrib-
uted significantly to the yield of maize. The
regression values obtained for Available P and
Ex Ca (R2 = 10% - 1990, R2 = 4% - 1991) and (R2

• 10% R2 - 13% - 1991) tend to support the

TABLE 2
Grouping of maize yield and soil properties using CV values for the exhaustively cultivated fields

Group of Properties Range of CV Values Soil Property and Maize Yield

Least Variable

Moderately Variable
Extremely Variable

15%

15 - 35%
35%

pH, org C, total N, Base Saturation, Mn Sand, Cu,
CEC
Ex. Mg. Ex Na. Ex. Acidity Fe, Silt and Clay
Avail P, Ex Ca, Ex K and Zinc, Maize yield
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No. of Soil
Properties in
Regression

TABLE 3(a)
Yield prediction (R2) with increasing number of properties in regression (1990)

List of Properties R2 R2%

1 Av.P
2 Av. P. Ca
3 Av. P2Ca, org. C
4 Av. P. Ca. org C, WHC
5 Av. P. Ca. org C. WHC, Na
6 Av. P, Ca, org C, WHC, Na, K
7 Av.P, Ca, org C, Whc, Na K, Base Sat.
8 Av.P. Ca, org C, WHC, Na, K, B. Sat. Silt
9 Av.P. Ca, org L, WHC, Na, K, Bsal
10 Av.P, Ca, org C, WHC, Na K.B. Sat Silt, Zn, Fe
11 Av.P, Ca, org C, WHC, Na, KB. Sat, Silt Cu, Fe, Sand
12 Av.P, Ca, org C, WHC, Na, K, B.Sat, silt, Zn, Fe, Sand, Cu
13 Av.P, Ca, org C, WHC, Na, K,B.Sat, Silt, Zn, Fe, sand, Cu, Mn
14 Av.P, Ca, org C, WHC, Na, K.B.Sat, silt, Zn, Fe, Sand, Cu, Mn, CEC
15 Av.P, Ca, org C, WHC, Na, K,B.Sat, Silt, Zn, Fe, sand, Cu, Mn, CEC, Ph
16 Av.P, Ca, org C, WHC, Na, K.B.Sat, Silt, Zn, Fe, Sand, Cu, Mn, CEC, PH

Total N
17 A.P, Ca, org C, WHC, Na, K, B.Sat, Silt, Zn, Fe, Sand, Cu, Mn, CEC, PH,

Total N, Mg
18 Av.P, Ca, org C, WHC, Na, K, B.Sat, Silt, Zn, Fe, Sand, Cu, Mn, CEC, PH

Total N, Mg Ex ac

24
34
41
48
55
62
68
72
76
79
82
85
88
90
91

91.6

91.85

92.51

-
10
7
7
7
7
6
4
4
3
3
3
3
2
1

0.6

0.25

0.66

TABLE 3(b)
Yield prediction (R2) with increasing number of properties in regression (1991)

No. of Soil
Properties in
Regression

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

17

18

List of Properties R2 R2%

WHC
WHC, Ca
WHC, Ca, Org C
WHC, Ca, Org C, Silt
WHC, Ca, Org C, Silt, EC
WHC, Ca, Org C, Silt, Ec, Cu
WHC, Ca, Org C, Silt, Ec, Cu, Sand
WHC, Ca, Org C, Silt, Ec, Cu, Sand, Av.P
WHC, Ca, Org C, Silt, Ec, Cu, Sand, Av.P, PH
WHC, Ca, Org C, Silt, Ec, Cu, Sand, Av.P, PH, Fe
WHC, Ca, Org C, Silt, Ec, Cu, Sand, Av.P, PH, Fe Na
WHC, Ca, Org C, Silt, Ec, Cu, Sand, Av.P, PH, Fe Na
WHC, Ca, Org C, Silt, Ec, Cu, Sand, Av.P, PH, Fe Na, K, Zn,Mg
WHC, Ca, Org C, Silt, Ec, Cu, Sand, Av.P, PH, Fe, Na, K, Zn, Mg
WHC, Ca, Org C, Silt, Ec, Cu, Sand, Av.P, PH, Fe, Na, K, Zn, Mg, Mn
WHC, Ca, Org C, Silt, Ec, Cu, Sand, Av.P, PH, Fe,
Na, K, Zn, Mg, Mn, Total N
WHC, Ca, Org C, Silt, Ec, Cu, Sand, Av.P, PH, Fe,
Na, K, Zn, Mg, Mn, Total N, CEC
WHC, Ca, Org C, Silt, Ec, Cu, Sand, Av.P, PH, Fe,
Na, K, Zn, Mg, Mn, Total N, CEC, Ex ac

15
28
38
47
55
63
71
75
79
82

84.5
85.5

86.84
87.07

87.20

87.26

87.29

_
13
10
9
8
8
8
4
4
3

2.5
1

0.34
0.23

0.13

0.06

0.03
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results of the coefficient of variation for these
two properties in the study area (Tables 1 and
3). The regression also showed the importance
of different soil properties in predicting the
yield of maize in the field. The differences ob-
served in the yield predictions might be due not
only to the individually soil properties but to a
combination of crop and soil factors.

Application of Data to Land and Soil Fertility
Evaluation Studies

The soil properties observed to be controlling
the yield from the exhaustively cultivated field
for the two year experiment (Available P, Ex Ca,
Ex K, organic matter and water holding capac-
ity, sand and zinc) can be used to evolve a rea-
sonable land evaluation report (sutiability/land
capability classification) for the area of study.
These soil properties, when combined with other
permanent properties of the soil like slope,
depth, texture, structure and degree of manage-
ment can be used for proper landuse and fertil-
ity evalution studies.

The results of the regression analysis can
also be useful in soil fertility evaluation studies -
in terms of artificial soil nutrient require-
ments(optimum levels of nutrients), and the
expected performance and crop yields. This
would then make the study more relevant for
crop production.

CONCLUSION
Variability of individual soil properties and maize
yield as indicated by cv values differed widely.
Soil chemical properties were more variable than
the physical properties of the soil. The variabil-
ity of some soil chemical properties and maize
yield were likely to have been markedly influ-
enced by past land-use activities and some other
management practices around the study area. It
was also observed from the study that variations
in some soil properties especially chemicals
(Available phosphorus, Ex Ca, Calcium and Po-
tassium) properties might lead to variations in
maize yield on the field.

With 18 soil properties in regression in 1990,
92.51% of the variations in yield of maize was
explained, while for 1991 the same 18 soil prop-
erties explained 87.29% in maize variation. The
two most relevant soil properties that contrib-
uted significantly to the yield of maize were Ex
ca and organic carbon for the two year study.

The soil chemical properties exert stronger in-
fluence on the yield of crop in the study area.

The soil properties found to be relevant to
maize yield in this study, if combined with the
more permanent characteristics (slope, depth,
drainage), may produce reliable landuse classes.
Also, the results can be useful in soil fertility
evaluation studies - determining optimum levels
of nutrients and concentrating more on the
most relevant soil properties, thereby saving cost
on fertilizer use.
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ABSTRAK

Penyebaran berat otot dan tulang 15 ekor kerbau (Bubalus bubalis) jantan dibandingkan dengan 15 ekor
lembu jantan masing-masingnya daripada baka Angus, Hereford dan Brahman. Penyebaran berat otot dan
tulang kerbau menunjukkan peralihan ke arah bahagian hadapan badan. Bahagian yang terUbat ialah servital,
toraks dan tulang kaki hadapan dan "piawia tumpulais otot" 5, 7 dan 9. Brahmans menunjukkan penyebaran
otot yang sama tetapi tidak setanding dengan kerbau. Skapula di bahagian belakang kerbau juga berlainan.
lanya hipotrofi dibandingkan dengan baka yang lain dengan pembesaran otot supraspinatus dan otot
infraspinatus tetapi otot subscapularis yang ringan. Adalah dicadangkan bahawa perbezaan penyebaran itu
mencerminkan "traction" masa lampau kerbau dan Brahmans.

ABSTRACT

The muscle weight distribution and bone weight distribution of 15 buffalo (Bubalus bubalis) steers were
compared with that of 15 steers from each of three breeds of cattle, Angus, Hereford and Brahman. For both muscle
weight distribution and bone weight distribution, buffaloes showed a "shift" towards the forequarter. This involved
the cervical, thoracic and forelimb bones and standard muscle groups 5, 7 and 9. Brahmans showed a similar
but less pronounced distribution to that of the buffaloes. The scapula was an exception in the forequarter of the
buffaloes. It was lighter relative to the other breeds with clearly enlarged mm. supraspinatus and infraspinatus
but a lighter m. subscapularis. It is suggested that these distribution differences reflect the traction history of
buffaloes and Brahmans.

INTRODUCTION
Cattle were domesticated about 4000 to 6000
years B.C. (Zeuner 1963) although carbon-dated
Jericho discoveries suggest that domestication
may have occurred as early as 10,000 years B.C.
(Boston 1963). The earliest domestication was
in Mesopotamia and North West India.

Ploughing and the haulage of two-wheeled
carts were practiced in the Mohenjodaro area
about 3000 years B.C. and Banjaras carried mer-
chandise on pack bullocks (Von Furer-
Haimendorf 1963). Rouse (1972) and Porter
(1991) noted that the muscular power of cattle,
particularly zebus, was used for transport and
ploughing on most of the Indian sub-continent.
Zeuner (1963) produced evidence that Bos
primigenius namadicus had been in India before
early Man and it showed several features in

common with the zebu. The muscle power of
cattle, particularly zebus, has been used for rais-
ing water, draft, cultivation, transport and haul-
age. Innumerable descendants of zebu native
stock have found their way to Africa and South
East Asia where they have been used as beasts of
burden (Wheaton-Smith 1963).

The Buffalo has a 5000 year history, authen-
ticated on seals struck in the Indus Valley, sug-
gesting that by then, it had already been domes-
ticated (Anon 1981). It was in use, in China,
4000 years ago where its legendary strength was
used to supply farm power. It is now used as a
"living tractor" in South China, Thailand, Indo-
nesia, Philippines, India and Pakistan. In Egypt,
it is the most important domestic animal (Anon
1981).
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In the rice fields, the swamp buffalo (Bubalus
bubalis) is generally preferred to cattle (oxen) as
a draft animal because of its slow, steady capacity
for work (Rouse 1972). The animal is used for
ploughing, harrowing and hauling loaded carts.

The yoke on the working buffalo in Asia has
changed very litde in the last 1500 years (Anon
1981). This hard, wooden yoke presses on a
very small area, about 200 square centimetres,
on top of the animal's neck, which probably has
not enabled it to exert its full pulling power.

In the current study, the muscle weight
distribution and bone weight distribution of the
carcass are examined in castrated male swamp
buffaloes {Bubalus bubalis) and compared with
the distributions in Bos indicus and Bos Taurus
steers.

MATERIALS AND METHODS

Fifteen swamp buffalo (Bubalus bubalis) steers
and fifteen steers each of Angus, Hereford and
Brahman breeds were slaughtered, dressed and
chilled at 3°C. A side from each carcass was
dissected into individual muscles, bones or bone
groups, fat and connective tissue using the tech-
nique described by Butterfield (1963). Individual
muscles were combined into nine "standard"
muscle groups (SMG's) and the bones into 11
bones or bone groups as shown in Tables 1 and
2.

Some details of the carcasses are shown in
Table 3.

Tests of significance were conducted for the
distribution of muscle and bone among the four
groups of steers.

TABLE 2

Bone or bone groups Approximate proportion
of total bone weight (%)*

Ossa coxa
Patella
Femur
Tibia + tarsus
Lumbar vertebrae and 3 ribs
Scapula
Humerus
Radius/ulna + carpus
Sternum + costal cartilages
Cervical vertebrae
Thoracic vertebrae + 10 ribs

11
0.7
11
10
10
5.3
9
8

7
7

21

*Johnson, Charles and Baker, from 100 total
anatomical dissections

RESULTS

The differences in muscle weight distribution of
each Standard Muscle Group (SMG) are shown
in Table 4. Buffalo and Brahman steers had less
muscle in the spinal (SMG 3) and abdominal
(SMG4) groups than Angus and Hereford steers.
Buffaloes generally, had a greater weight of
muscle concentrated in the forequarters, par-
ticularly the shoulder (SMG 5), thorax to shoul-
der (SMG 7) and intrinsic muscles of the neck
(SMG 9). Brahman steers generally, had more
muscle concentrated in the proximal hind limb
(SMG 1), neck to shoulder (SMG 8) and intrin-
sic muscles of the neck (SMG 9). Relative to the
Herefords, Angus steers showed a lower propor-
tion of hind leg muscles (SMG 1 and SMG 2)

TABLE 1

Standard muscle group
(Butterfield 1963)

Description Approximate proportion of
total muscle weight (%)*

1
2
3

4
5
6
7
8
9

Muscles of the proximal pelvic limb
Muscles of the distal pelvic limb
Surrounding spinal column in thorax
and lumbar regions
Abdominal muscles
Muscles of proximal forelimb
Muscles of distal forelimb
Muscles of thorax attaching to forelimb
Muscles of neck attaching to forelimb
Intrinsic muscles of neck and thorax

32
4.5
12

10
11
2.5
10

( Johnson, Charles and Baker, from 100 total anatomical dissections
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TABLE 3
Details* of Bubalus bubalis, Bos taurus and Bos indicus carcasses

Description

Chilled carcass
weight (kg)

Age (months)

Carcass Composition
Muscle

Bone

Fat

Buffalo

169 - 260
208.6
(27.4)
24-46

29.4
(5.0)

58.3 - 69.7
64.8
(3.6)

13.3 - 18.0
15.3
(1.4)

8.6 - 25.5
17.0
(5.1)

Angus

176 - 390
271.2
(68.3)
1 6 - 4 2

25.9
(9.8)

51.4- 63.3
57.1
(3.6)

10.6 - 17.1
12.8
(1.7)

20.1 - 36.4
28.1
(5.0)

Hereford

95 - 273
163.7
(49.7)
15 -22

18.7
(2.5)

50.2 - 65.5
61.5
(4.5)

12.6 - 22.0
16.1
(2.8)

9.1 - 35.3
19.7
(7.3)

Brahman

46 - 347
266.5
(53.1)
12 - 38

23.7
(10.6)

55.3 - 65.5
60.8
(3.1)

12.1 - 23.1
15.4
(3.2)

13.4 - 30.3
21.7
(5.1)

* Range and mean with standard deviation shown in parenthesis

TABLE 4
Muscle weight distribution of the standard muscle groups

Standard
muscle group

1
2
3
4
5
6
7
8
9

Angus

31.6a

4.4b

12.5a

10.5
11.2b

2.5b

10.1ab

7.0b

9.5b

Muscle weight

Hereford

321a

4.8a

12.6a

9.4b

11.5a

2.7a

9.8b

6.9b

9.3b

distribution (%)

Brahman

33.3
4.5*
12.1
8.7*

11.**
2.6^
9.1
7.6a

10.1-

Buffalo

31.7a

4.7ac

10.5
9.1ab

12.4
2.7a

10.1a

7.3ab

10.2a

Means with the same superscript are not significantly different (P<0.05)

and forelimb muscles (SMG 5 and SMG 6), but
a greater proportion of abdominal (SMG 4) and
thorax to shoulder (SMG 7) muscles.

Buffaloes showed a shift in their muscula-
ture towards the shoulder, thorax and cervical
regions. Brahman steers showed a similar, but
less spectacular shift, towards the neck and shoul-
der region. They also showed an increase of
about 1.5% in the muscles of the proximal
pelvic limb where some of the carcass's most
expensive cuts are located.

Table 5 shows the significantly different in-
dividual muscle weight distributions among the
four steer groups, listed according to the SMG.

The lowered distribution of SMG 3 and
SMG 4 in the buffaloes and Brahmans was sup-
ported by the individual muscle weight distribu-
tion study. Buffaloes had much less m. longis-
simus thorads et lumborum (1.3% to 1.7%). psoas
muscles and mm. scalenus dorsalis, multifidus dorsi
and quadratus lumborum, Brahmans had less m.
bngissimus thorads et lumborum and less mm. sca-
lenus dorsalis, iliocostalis and spinalis dorsL

In SMG 4, buffaloes had generally less of
four major muscles (mm. obliquus internus
abdominis, obliquus externus abdominis, transversus
abdominis and rectus abdominis). The Brahman
steers, like the buffaloes, had less mm. obliquus
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TABLE 5
Significant differences in individual muscle distribution among Bubalus bubalis,

Bos taurus and Bos indicus steer carcasses

Muscle

SMG 1
Tensor fasciae latae
Biceps femoris
Gluteus medius
Gluteus accessorius
Gluteus profundus
Vastas lateralis
Rectus femoris
Vastus medialis
Vastus intermedius
Gracilis
Sartorius
Semimembranosus
Adductor femoris
Pectineus
Gemellus
Quadratus femoris
Iliacus
Articularis genu
Sacrococcygeal

SMG 2
Gastrocnemius + soleus
Superficial flexor (plantaris)
Extensor group
Extensor digitorum lateralis
Tibialis anterior
Tibialis posterior
Popliteus
Flexor digitorum longus
Flexor hallicus longus

SMG 3
Psoas minor
Psoas major
Quadratus lumborum
Scalenus dorsalis
Iliocostalis
Longissimus thoracis et lumborum
Spinalis dorsi
Multifidus dorsi

SMG 4
Retractor costae
Obliquus internus abdominis
Obliquus externus abdominis
Transversus abdominis
Rectus abdominis
Cutaneus trunci et omobrachialis

Buffalo

1.37a
8.09
3.59a
0.45
0.33b
2.84
2.34
0.53
0.50
L08

0.30bc
4.05
1.40

0.50c
0.07a
0.06a
1.05

0.05b
0.09a

2.15
0.28
0.53
0.27a
0.13a
0.14
0.34

0.14b
0.60a

0.29b
1.29

0.15b
0.21b
0.51a
5.23
1.84a
0.79

0.03b
1.67a
2.15a
1.00
1.88

1.58bc

Angus

1.29ab
7.27a
3.70a
0.29a
0.35b
2.32a
1.99a

0.72ab
0.64a
V31a

0.34ab
5.02a
1.71a

0.53bc
0.07a
0.05a
0.77
0.06b
0.13

1.85b
0.42ab
0.62a
0.20a
0.1 lbc
0.10b
0.24a
0.20a
0.60a

0.28b
1.56a
0.17a
0.29

0.45b\
6.93a
1.78a
0.99a

0.05a
1.99
2.49
1.27

2.31a
1.82a

Breed means

Hereford

1.29b
7.20a
3.76a
0.29a
0.39a
2.43a
2.07a
0.75a
0.71
1.30a
0.35a
5.06a
1.80a
0.59a
0.09
0.07
0.87a
0.08a
0.10a

1.97b
0.46a
0,70
0.22b
0.12ab
0.1 lab
0.27a
0.20a
0.61a

0.31ab
1.58a

0.16ab
0.25a
0.48ab
6.78ab
1.82a
1.02a

0.04ab
1.86

2.24a
1.16a
2.18a
1.64ab

Brahman

1.36ab
7.41a
4.11
0.28a
0.39a
2.57
2.05a
0.69b
0.62a
1.45

0.29c
5.42
1.92

0.55ab
0.08a
0.05a
0.84a
0.08a
0.08a

1.94b
0.39b
0.64a
0.25a
0.11c
0.11a
0.31

0.15b
0.54

0.35a
1.56a
0.17a
0.22ab
0.40
6.54b
1.62
1.06a

0.03b
1.67a
1.88
1.12a
2.14a
1.45c
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TABLE 5 cont'd
Significant differences in individual muscle weight distribution among Bubalus bubalis,

Bos taurus and Bos indicus steer carcasses

SMG5
Deltoideus
Infraspinatus
Supraspinatus
Subscapularis
Triceps brachii (caput laterale)
Triceps brachii (caput longum)
Triceps brachii (caput mediale)
Tensor fascia antibrachii
Teres minor
Teres major
Biceps brachii
Coracobrachialis
Brachialis

SMG6
Extensor carpi radialis\
Extensor digiti tertii
Extensor digitorum communis
Extensor digiti quarti
Extensor carpi ulnaris
Extensor carpi obliquus
Flexor carpi radialis
Flexor carpi ulnaris
Flexor digitorum profundus
Anconaeus

SMG 7
Serratus ventralis thoracis
Pectoralis profundus
Pectoralis superficialis
Latissimus dorsi
Trapezius thoracis

SMG 8
Trapezius cervicalis
Omotransversarius
Brachiocephalicus
Rhomboideus
Serratus ventralis cervicalis

SMG 9
Serratus dorsalis cranialis
Cervicohyoideus
Splenius
Complexus
Scalenus ventralis
Rectus capitis ventralis major
Longissimus capitis et atlantis
Intertransversarius colli
Rectus capitis dorsalis major
Obliquus capitis caudalis
Rectus thoracis
Transversus thoracis
Longus colli
Intercostales

0.60
2.19a
1.90
1.05

0.68ab
3.75
0.11a
0.13b
0.18a
0.47
0.67a
0.13a
0.55

0.78
0.15
0.10
0.17
0.32
0.03
0.10b
0.10
0.54b
0.11a

1.70a
3.53
1.50a
2.73

0.67a

0.48a
0.68
1.88
1.23a

3.02ab

0.20
0.09
1.09a
1.57

0.51a
0.32
0.23
0.81

0.14ab
0.40a
0.14

0.20ab
0.91a
2.67b

0.49a
2.17ab
1.50b
1.15a

0.67ab
3.17a
0.09b
0.15a
0.18a
0.41a
0.60c
0.13a
0.43

0.72a
0.12b
0.08a
0.12
0.26
0.03a
0.10b
0.13b
0.60a
0.09

1.58ab
3.81ab

1.69
2.24a
0.79

0.52a
0.57a
1.56a
1.37a
2.94b

0.14a
0.02a
0.81b
1.68a
0.44b
0.18a
0.33a
0.59b
0.12b
0.33
0.12a
0.22a
0.78b
2.58a

0.52
2.16ab
1.55ab
1.13a
0.69a
3.15a
0.10a
0.15a
0,20
0.42a

0.62bc
0.13a
0.46a

0.73a
0.12ab
0.08a
0.14a
0.29a
0.03a
0.11a

0.13ab
0.63a
0.11a

1.55b
3.89a
1.42a
2.24a
0.70a

0.50a
0.56a
1.55a
1.29a
3.21a

0.12a
0.02a
0.77b
1.69a
0.45b
0.19a
0.30a
0.61ab
0.13b
0.36b
0.13a

0.21ab
0.73b
2.76ab

0.47a
2.06b
1.58a
1.16a
0.65b
3.33
0.08b
0.14ab
0.17a
0.42a
0.64ab

0.15
0.46a

0.73a
0.13a
0.08a
0.13a
0.30a
0.03a
0.1 Oab
0.14a
0.55b
0.11a

1.25
3.70b
1.54a
2.02
0.59

0.29
0.60a
1.59a
2.03

3.1 Oab

0.13a
0.04
1.05a
1.69a

0.49ab
0.19a
0.31a
0.67
0.16a
0.38ab
0.12a
0.20b
0.98a
2.84ab

Means with the same superscript are not significantly different (P<0.05)
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internus abdominis, obliquus externus abdominis and
cutaneous trunri et omobrachialis.

The greater muscle weight distribution in
the buffalo forequarter occurred in SMGs 5, 7
and 9. In the latter group, the buffaloes and
Brahmans had a similar distribution. In SMG 5,
eight muscles were hypertrophied (mm. deltoi-
deus, infraspinatus, supraspinatus, teres major,
brachialis and all three heads of the triceps
group). It should be noted that, concurrent with
the relatively lighter scapula, although mm, infra-
spinatus and supraspinatus were enlarged, m. sub-
scapularis was relatively lighter. In SMG 6, the
buffaloes showed a relative enlargement of all
six extensor muscles. In SMG 7, the enlarged
muscles were mm. serratus ventralis thoricis and
latissimus dorsL In SMG 9, the buffaloes showed
an enlargement of nine muscles, particularly
mm. splenius and intertransversarii cervicis. Buffa-
loes and Brahmans, generally, had less of all the
major muscles in SMG 4.

The Brahman steers showed a relative en-
largement of muscles in SMGs 1, 8 and 9. In
SMG 1, they showed increased distribution in
mm. tensor fasciae latae, glutens medius, glutens
profundus, vastus lateralis and rectus femoris. Most
of these are large muscles and clearly explain
the superior distribution of the Brahman's proxi-
mal hindlimb musculature. In SMG 8, the Brah-
mans showed an increased distribution in mm.
rhomboideus and serratus ventralis ceruicis. In SMG
9, the Brahmans were relatively hypertrophied
in six large muscles, mm. scalenus ventralis, sple-
nius, compkxus, longus colli, longissimus capitis et
atlantis and intercostales.

Relative to Herefords and Brahmans, Angus
showed less muscle in the large muscles of SMG
1 (mm. biceps femoris, glutens medius, glutens pro-
fundus, vastus lateralis, rectus femoris, semimembrano-
sus and adductor femoris); SMG 2 (m. gastrocnemius
etsoleus, the extensor group, extensor digitorum latera-
lis, popliteus and both tibial muscles); SMG 5 (mm.
deltoideus, supraspinatus, biceps brachii, brachialis
and the long and medial heads of the triceps
group); SMG 6 (mm. flexor carpi radialis, flexor
carpi ulnaris and a number of small extensors).
Relative to the Herefords and Brahmans, the
Angus steers showed a greater proportion of
muscle in SMG 4 (mm. obliquus internus abdominis,
obliquus externus abdominis, and transversus
abdominis) and SMG 7 (mm. serratus ventralis
thoricis, trapezius thoracis and both pectoral mus-
cles) .

Table 6 shows the significant differences in
bone weight distribution among the four groups.
Buffaloes showed a lower proportion on bone in
the pelvic and lumber areas and a greater pro-
portion of bone in the cervical and thoracic
areas, as well as the humerus, radius/ulna and
carpus. Although buffaloes had about 1% more
muscle in the proximal forelimb, their scapula
was significantly lighter than those of the other
three groups. Brahmans, like the buffaloes, had
a generally lower proportion of bone in the
pelvic and lumbar regions but a greater propor-
tion in the limbs (femur, tibia and tarsus, hu-
merus, radius/ulna and carpus). Relative to
Herefords, Angus showed a higher proportion
of bone in both limbs, in accofd with their
muscle weight distribution pattern.

TABLE 6
Bone weight distribution

Bone or bone group

Ossa coxa
Patella
Femur
Tibia + tarsus
Lumbar Vertebrae + 3 ribs
Scapula
Humerus
Radius/ulna + carpus

- Sternum + costal cartilages
Cervical vertebrae
Thoracic vertebrae + 10 ribs

Angus

11.5a
0.70a
10.2
9.7b
11.2b
5.3a
8.2
7.2

7.5b
7.3a

21.3a

Bone weight

Hereford

11.2a
0.75a
11.0a
10.4a
10.6ab
5.3a
8.7a
7.5b
6.9ab
7.0a
20.5a

distribution (%)

Brahman

11.2a
0.73a
11.0a
10.3a
10.3a
5.3a
8.8a
7.8ab
6.5a
7.3a
20.7a

Buffalo

10.7
0.71a
10.8a
10. lab
10.3a
5.0

9.0a
8.0a
5.8
8.1
22.8

Means with the same superscript are not significantly different (P<0.05)
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DISCUSSION
The Australian water buffalo was introduced
from Timor in 1825 (Letts 1972). In South East
Asia, the buffalo has long been preferred to
cattle as the primary beast of burden. In Aus-
tralia, over the last 170 years, it has not been
used for traction.

Relative to cattle, the buffalo has concen-
trated more muscle in the forequarter, particu-
larly muscles of the proximal and distal fore-
limb, thorax to forelimb, and muscles of the
neck. This is supported by the bone weight
distribution, which shows heavier bone in the
cervical and thoracic areas, humerus, radius/
ulna and carpus. A notable exception was the
scapula, which was lighter in the buffalo than in
the three breeds of cattle.

The individual muscle weight distribution
study supported the findings of the SMGs, with
relatively hypertrophied muscles in the shoulder
(eight in SMG 5), distal forelimb (seven in SMG
6), thorax to shoulder (two large muscles in
SMG 7) and the intrinsic muscles of the neck
(nine in SMG 9). The buffalo showed a reduc-
tion in muscle weight distribution in the spinal
muscles (four in SMG 3, including a great re-
duction in m. longissimus et lumborum) and
the abdominal muscle group (five expansive
muscles in SMG 4). The Brahman steers showed
a similar decrease in distribution in these two
muscle groups, but an increase in 15 muscles of
the three groups, proximal hindlimb (SMG 1),
neck to shoulder (SMG 8) and the intrinsic
muscles of the neck (SMG 9).

Relative to Herefords and Brahmans, the
Angus showed a reduction in muscle weight
distribution in 21 muscles of the proximal and
distal hindlimb, shoulder and distal forelimb.
This group of steers had a markedly increased
distribution in the abdominal and thorax to
shoulder groups of muscles.

In relation to the shoulder area (SMGs 5
and 7), the buffaloes showed an increased weight
distribution in nine muscles including mm. su-
praspinatus, infraspinatus, deltoideus, serratus ven-
tralis thorids, latissimus dorsi and the two heads of
the triceps group, however, m. subscapularis was
lighter.

Relative to Angus and Hereford steers, Brah-
mans showed evidence of a shift in muscle and
bone weight distribution to the forequarter, al-
though not as pronounced as in the buffalo.

The Brahmans had an increased weight of neck
to forelimb muscles and intrinsic muscles of the
neck. The limb bones of Brahman steers, femur,
tibia/tarsus, humerus, radius/ulna and carpus
were generally heavier than in the other cattle,
particularly the Angus. Brahmans had signifi-
cantly more muscle (1.2% to 1.7%) in the proxi-
mal hind limb than in the other three groups.
This is the site of some relatively expensive cuts
of meat, thick flank, topside and silverside which
confers on this breed a meat production advan-
tage which has been recognized from detailed
anatomical studies (Priyanto 1993; Priyanto,
Johnson and Taylor unpublished).

Herefords differed from Angus, showing
more muscle in the limbs (SMGs 1, 2, 5 and 6)
and less in the abdominal group (SMG 4). Angus
had heavier bone in the sternum and costal
cartilages and in the lumbar vertebrae and last
three ribs.

The significantly lighter scapula and m. sub-
scapularis in buffaloes may be related to the
wooden yoke, which has not changed for at least
1500 years, and this probably prevents the ani-
mal from exerting its full pulling power (Anon
1981). It has been estimated that the use of a
padded horse collar would allow the buffalo to
pull 24% heavier weights. An impeded scapula
may have become more compact and lighter
while increasing the weight of the muscles cloth-
ing the outside of it.

The higher proportion of the weight of
muscle in the buffaloes and Brahmans relative
to that in Herefords and Angus is possibly a
result of their draft animal ancestry. The differ-
ence was more pronounced in the buffalo, which
has been the preferred beast of burden in China
and South East Asia for 4000 years.
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ABSTRAK

Eurycoma longifolia (Tongkat AH) menghasilkan buah dalam satu tangkai terdiri daripada 200 - 300 biji
Pokok Tongkat Ali didapati berbuah dengan banyak pada bulan September tetapi bilangan anak benih yang
tumbuh di atas lantai hutan hanya sedikit sahaja. Kami mendapati bahawa biji benih yang mempunyai
endokarpa keras hanya mula bercambah 43 hari selepas disemai dalam 1:1 campuran pasir dan tanah dan
percambahan biji berlaku sehingga 99 hari. Campuran tanah ini adalah setanding dengan kandungan tanah
hutan yang paling optimum untuk percambahan biji benih Tongkat Ali. Biji benih yang tidak menanggalkan
lapisan endokarpa bercambah dalam pelet jiffy di antara 35 hingga 85 hari. Tetapi dengan menanggalkan
lapisan endokarpa, biji benih Tongkat Ali didapati bercambah dalam tempoh masa dua minggu dengan
mengkulturkan biji benih secara in vitro dalam medium kultur asas Murashige dan Skoog (MS) (Murashige
& Skoog, 1962). Biji yang matang didapati bercambah dengan baik dalam campuran tanah dan pasir (1:1)
dan juga dalam pellet jiffy. Tetapi biji benih muda dengan menanggalkan lapisan endokarpa bercambah lebih
cepat (CVG = 0.2053) secara in vitro. Kesemua anak benih didapati mempunyai corak pertumbuhan yang sama
dalam jangka masa 120 hari dari segi ketinggian anak benih, bilangan daun yang dihasilkan dan garis pusat
batangnya walaupun biji benih dicambah dalam medium percambahan yang berlainan.

ABSTRACT

Eurycoma longifolia fruits are borne in large bunches consisting of 200-300fruits in each bunch. Even though
trees produce abundant fruits during the peak fruiting season in September, yet the number of seedlings found
growing in the forest floor is very low. Our results indicated that the seeds with hard endocarp sown in a 1:1
soil and sand mixture only start to germinate 43 days after sowing and continue to germinate over a period of
99 days. The soil and sand mixture (1:1) is equivalent to that of the forest sandy soil combination that was
optimum for germination of Eurycoma longifolia seeds. The seeds with endocarp intact that are sown in jiffy
germinated within 35-85 days. However, when the endocarp of seeds were removed, the seeds germinated within
two weeks via in vitro culture using basic MS medium. The ripe seeds germinated better when saivn in the 1:1
soil and sand mixture than in jiffy pellets. But the unripe seeds with the endocarp removed seemed to germinate
faster (CVG = 0.2053) when cultured in vitro in basic MS medium. All the seedlings were found to have the
same growth pattern in terms of seedling height, number of leaves produced, and the stem diameter irrespective
of germination methods over a period of 120 days.

INTRODUCTION

Eurycoma longifolia Jack belongs to the family
Simaroubaceae, which is commonly known as
Tongkat Ali in Malaysia and Singapore. It is also
native to Indochina, Borneo and Sumatra. This
tree can grow to about 12 meters and is usually
unbranched or with a few upright branches.
Each branch is crowned by an umbrella-like
rosette of pinnate compound leaves of 20-30 cm
in length. Each leaf consists of 20-30 pairs of

narrowly oblong, leathery, dark green entire
type of leaflets with shining dark brown leaf
stalk (Corner 1988). In Malaysia, E. longifolia
Jack commonly grow at low altitude, up to 700
meters in beach forests on sandy soil as under-
storey treelets (Nooteboom 1962).

E. longifolia is dioecious, producing hairy,
purplish-crimson bell-like flowers in long and
branched panicles. The female flowers consist of
five petals, an ovary, one style with a 5-lobed
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stigma and always with large but sterile stamens.
The male flowers produce five stamens with a
sterile pistil. The ovoid shape fruits are borne in
a large dangling axillary bunch. Its peak flower-
ing season is from June to July and with peak
fruiting in September (Corner 1988).

Even though trees produce abundant fruits
and seeds during each fruiting season, the
number of seedlings found growing around the
adult trees is low. Until now, the germination
behavior of the seeds has not been studied.
Therefore we wished to determine the general
morphology of E. longifolia fruits and seeds, and
how its structures influenced seed germination
behavior. Their capacity to germinate under
laboratory conditions and the growth pattern of
its seedlings were studied. The possibility of
using in vitro seed germination as an alternative
method for enhancing the seed germination of
E. longifolia Jack was also investigated.

MATERIALS AND METHODS

Fruit and Seed Morphology

E. longifolia fruits were collected from a second-
ary forest in Penang, Malaysia at three different
sites namely Bayan Lepas, Teluk Bahang and
Teluk Kumbar. A study was done on the exter-
nal morphology and cross-section of the fruit
and seed.

Germination Test

a. Effects of Germination Methods and Seed Maturity
on Seed Germination
The fruits were removed from each bunch which
consisted of approximately 200 to 300 fruits and
grouped as young, unripe, green seeds and ma-
tured, ripe, red or dark-red seeds. Twenty seeds
were taken randomly from each bunch and
from each grouping to study the effect of each
of the germination methods on seed germina-
tion.
The three germination methods were:-
1. The seeds were sown approximately one cm

deep in a 1:1 soil and sand mixture.
2. The seeds were sown in jiffy pellets (Jiffy

Products Ltd., Norway). These jiffy pellets
were made up of peat soil and each seed
was placed in each pellet.

3. The seeds were germinated via the in vitro
technique. For this technique, the epicarp
and mesocarp of the fruits were removed.
The seeds were washed with detergent, then
rinsed in running tap water for 30 minutes.

The seeds were then immersed in a 250 ml
conical flask containing 20% (v/v) Clorox®
solution which contained 5.25% sodium hy-
pochlorite and three drops of tween-20 for
20 minutes, with continuous agitation. This
was followed by rinsing three times with
sterile distilled water. Surface sterilization of
these seeds was repeated with 15% Clorox®
solution for 15 minutes and again rinsed
three times with sterile distilled water. The
sterilized seeds were then placed on the
surface of 15 ml Murashige and Skoog basic
medium (MS) (Murashige & Skoog 1962)
contained in 25xl50mm culture tubes
capped with autoclavable plastic caps

, (Jenaerglas, Rasotherm, Germany).

Twenty seeds were used for each germination
method and the study was repeated three times.
Percentage of germination for each method was
recorded over a 120-day period. Germination
was determined by the emergence of the radical
and epicotyl on the germination medium sur-
face. The effects of germination methods and
maturity of seeds and their interactions on per-
centage of germination were analyzed using
analysis of variance (ANOVA).

b. Influence of Endocarp (testa) on Seed Germination
The endocarp was removed after the seeds were
surface sterilized twice as mentioned above. The
seeds with the endocarp removed were again
surface sterilized with 5% Clorox® solution for
10 minutes, rinsed three times with sterile dis-
tilled water and placed in 25 x 150 mm culture
tubes containing 15 ml MS basic medium.
Twenty seeds were used for each trial and the
experiment was repeated three times. Percent-
age of germination was recorded over a period
of 120 days.

c. Determination of the Coefficient of Velocity of Germi-
nation

The coefficient of velocity of germination (CVG)
was computed based on Hartman and Raster
(1968):

number of germination

A,T1+A2T2+ + AnTn

where A • number of fresh germination re-
corded at each day interval

T = number of days from sowing.
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The effects of germination methods and the
maturity of seeds, and their interactions on the
coefficient of velocity of germination were com-
puted using ANOVA.

The Growth Pattern of Seedlings
Two weeks after germination, the seedlings were
transferred to 15 x 23 cm polybags containing a
1:1:2 mixture of organic manure: top soil: sand.
These seedlings in polybags were placed in a
plant house at a temperature of between 28-
30°C. The height of the seedlings was recorded
every week starting from the emergence of the
epicoryl, while the stem diameter was recorded
every month. Plant height was taken as the
distance from the tip of the shoot apex to the
first node on the plant. Stem diameter was
measured with a pair of calipers (Kern, Ger-
many) at the fifth node of the stem. The number
of leaves produced over a fortnight period was
estimated by counting the last tagged leaf of the
previous recording to the most recendy pro-
duced leaf.

RESULTS AND DISCUSSION
The fruits of E, longifolia were borne in a large
dangling axillary bunch. The bunches of fruits
that were collected consisted of 200-300 seeds
per bunch. The fruits were produced in groups
of 1-5 on the bunches (Fig. 1).

The fruits were yellow to light green when
young, and became red to blackish-red when
ripe. The ripe and unripe fruits were distributed
randomly in the same bunch. The variation in
fruit maturity within the bunch serves to mini-
mize the competition for substrate for successful
seed germination at the forest floor which is
often overcrowded with secondary growth. As
stated by Villier (1972), some seeds appear to be

involved in controlling germination by restrict-
ing it to periods and conditions most favorable
for seedling growth.

The fleshy drupe fruits were ovoid in shape
and about 10-20 mm long and 5-12 mm broad.
It consisted of a thin shining epicarp, fleshy
mesocarp, hard and stony endorcarp. The seed
consisted of two large expanded cotyledons and
a chlorophyllous capitate embryo. With the
endocarp removed, the seed could be seen to be
covered with a thin papery covering, which could
be easily removed from the inner surface of the
endocarp (Fig. 2).

Seeds with the endocarp intact sown in the
1:1 soil and sand mixture started to germinate
from the 43 days and continued to germinate
until 99 days after sowing (Table 1). The inhibi-
tion and delay in germination could be due to a
high degree of impermeability of the endocarp
to water or oxygen or to both. This phenom-
enon was similar to that of winged bean seeds
(Psophocarpus tetragonolobus L.) which showed very
low percentage of germination due to imperme-
ability of the seed coat to water (Rudrapal et al
1992). Rolston (1978) also reported that imper-
meability of hard seed coats was typical of leg-
ume seeds.

Seeds sown in jiffy pellets germinated ear-
lier and within a shorter period of time (35-85
days) as compared to those sown in 1:1 soil and
sand mixture (43-99 days). This was because jiffy
pellets consisted mainly of peat soil and were
able to retain higher moisture content com-
pared to the 1:1 soil and sand mixture, hence
allowing more water absorption by the seeds.
None of the seeds with endocarp intact germi-
nated when cultured in vitro using the MS cul-
ture medium (Table 1). Blackening occurred on
the non-germinated seeds with the endocarp

TABLE 1
Effect of germination methods and seed maturity on the duration of

£. longifolia seeds germination (days) within a 120-day period

Germination methods for
E. longifolia seeds a

sown in soil and sand mixture
sown in jiffy pellets
In vitro culture

Duration of germination (days)

Ripe seeds

45-99
37-85

No germination

Unripe seeds

43-93
35-70

No germination

a seeds used for germination are with endocarp intact
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/7g. i-2. £. longifolia fruits and seeds
1. E. longifolia fruits and groups of 1-5 in part of the bunches. 2. The seed with two large cotyledons and a

chlophyllous capitate embryo covered with a thin papaery corvering which was easily removed from the stony endocarp

intact and also in the MS culture medium (Fig.
3). However, the seeds without endocarp did
not release any black exudates (Fig. 4). Marbach
and Mayer (1974) reported that black exudates
released were mainly phenolic compounds and
could contribute to the impermeability of seed
coats to water, hence preventing germination of
seeds.

Ripe E. longifolia seeds sown in a 1:1 soil and
sand mixture or jiffy pellets germinated better
than the unripe seeds. Ripe seeds sown in the

soil and sand mixture (1:1) reached 58% germi-
nation over a 120-day period while only 46% of
the unripe seeds sown in the same medium
germinated at the same duration. Forty six per-
cent of the ripe seeds sown in jiffy germinated
over a 120-day period. Only 29% of the unripe
seeds sown in jiffy germinated over the same
duration. All the ripe and unripe seeds cultured
in vitro did not germinate (Fig. 5). Rudrapal et
al (1992) proposed that the delayed germina-
tion of immature seeds was due to lower free
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