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ABSTRAK

Penggunaan efluen agro-industri bagi pengkulturan mikroalga telah dikaji dengan menggunakan mikroalga air
tawar tropikal, Ankistrodesmus convolutus yang dikultur di dalam pelbagai cairan efluen getah lateks pekat
(LCRE), getah piawaian Malaysia (SMRE) dan kelapa sawit tercerna (POMED). Ankistrodesmus convolutus
yang dikultur di dalam 40% dan 60% LCRE, 60% SMRE dan 10% POMED telah meningkathan kadar
pertumbuhan spesifik (dari segi bilangan sel dan klorofil a) yang jauh lebih tinggi (P < 0.05) dibandingkan
dengan alga yang tumbuh di dalam efluen lain dan baja tak organik (N:P:K = I:1:0.5) sebagai kawalan.
Jumlah biojisim yang dikultur dalam 60% LCRE, 60% SMRE dan 10% POMED adalah lebih tinggi (P <
0.05) dibandingkan alga yang tumbuh di dalam efluen lain dan kawalan. Ankistrodesmus convolutus yang
dikultur di dalam 40% dan 60% LCRE, 60% SMRE dan 10% POMED mempunyai protein mentah dan lipid
yang lebih tinggi (P < 0.05) dibandingkan dengan mikroalga yang tumbuh dalam medium lain. Kebanyakan
asid amino perlu (EAA) adalah lebih tinggi dalam alga yang tumbuh di dalam 60% LCRE, 60% SMRE,
dibandingkan dengan efluen lain. Ankistrodesmus convolutus yang dikultur di dalam 10% POMED
mengandungi jumlah EAA yang tinggi hecuali treonin dan tirosin dibandingkan dengan alga yang dikultur
dalam medium POMED lain dan kawalan. Ankistrodesmus convolutus yang dikultur di dalam 40% dan
60% LCRE mengandungi jumlah asid lemak poli-tak-tepu (PUFA), C18 dan €20, yang lebih tinggi (P < 0.05)
daripada alga dalam medium SMRE lain dan kawalan, kecuali asid eikosadienoik (20:2n-11). Corak PUFA
yang sama direkodkan dalam alga yang dikultur dalam 60% SMRE kecuali asid eikosatrienoik (20:3n-6) dan
asid arakidonik (20:4n-6). Ankistrodesmus convolutus yang dikultur di dalam 109% POMED mengandungi
PUFA seperti asid linoleik (18:2n-6), asid linolenik (18:3n-3) dan asid arakidonik yang lebih tinggi dibandingkan
dengan alga yang tumbuh dalam medium POMED lain dan kawalan. Kajian ini menunjukkan A. convolutus
yang dikultur dalam 40% - 60% getah dan 10% POMED mempunyai nilai pemakanan yang lebih tinggi
dibandingkan dengan alga yang dikultur dalam medium lain.

ABSTRACT
Use of agro-industrial effluents for microalgal culture was investigated using a tropical freshwater green alga,
Ankistrodesmus convolutus cultured in various dilutions of latex concentrate effluent (LCRE), standard
Malaysian rubber efftuent (SMRE) and digested palm oil mill effluent (POMED). Ankistrodesmus convolutus
grown in 40% and 60% LCRE, 60% SMRE and 10% POMED showed significantly higher (P < 0.05) specific
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growth rate in terms of cell number and chlorophyll a than that grown in other efftuent media and inorganic
Sfertiliser (N:P:K = 1:1:0.5) as control. Total biomass of this microalgae grown in 60% LCRE, 60% SMRE and
10% POMED was significantly higher (P < 0.05) than that cultured in other ¢ffluent media and the control.
Ankistrodesmus convolutus cultured in 40% and 60% LCRE, 60% SMRE and 10% POMED showed
significantly (P < 0.05) higher amount of crude protein and lipid than that grown in other effluent media and
the control, Significantly higher (P < 0.05) amount of most of the essential amino acids (EAAs) except a few were
found in A. convolutus cultured in 60% LCRE and 60% SMRE than that grown in other effluent media
and control. Ankistrodesmus convolutus cultured in 109% POMED resulted in significantly higher (P < 0.05)
amount of all the EAAs except threonine and tyrosine that were grown in other POMED media and control.
Ankistrodesmus convolutus grown in 40% and 60% LCRE, contained significantly higher (P < 0.05)
amounts of all the C18 and C20 polyunsaturated fatty acids (PUFAs) than that cultured in other SMRE media
and control, except eicosadienoic acid (20: 2n-11). A similar trend of PUFAs was recorded in A. convolutus
cultured in 60% SMRE except eicosatriencic acid (20:3n-6) and arachidonic acid (20:4n-6). It was found that
A. convolutus contained significantly (P < 0.05) higher amount of PUFAs such as linoleic acid (18:2n-6),
linolenic acid (18:3n-3) and arachidonic acid (20:4n-6) when groun in 10% POMED than that cultured in
other POMED media and control. This study showed that A. convolutus groun in 40-60% rubber and 10%

POMED has higher nutritional value that that cultured in other effluent media and inogranic fertilizer.

INTRODUCTION

Microalgae biosynthesize essential nutrients like
proteins, lipids, essential amino acids (EAAs),
polyunsaturated fatty acids (PUFAs) and essential
minerals (Chu ef al 1991; 1995; Habib et al
1997; Vazhappilly and Chen 1998) when grown
in appropriate media. Most of the freshwater
microalgae contain high amount of C1'8 PUFAs
and low amount of C20 PUFAs, but C22 PUFAs
are very rarely found (Ben-Amotz et al. 1985;
Geldenhuys et al. 1988; Chu ef al. 1994) when
grown in media without manipulation of
nutrients, On the other hand, microalgae can
biosynthesize high amount of carotenoids, some
EAAs, C18, C20 and C22 PUFAs if the culture
media contain one or more electrolytes and
nutrients such as peptides, hydrocarbons, sucrose,
glucose, short carbon chain compounds, minerals
(Tan and Johns 1991; Laliberte and de la Note
1993; Barclay et al. 1994; Combres et al. 1994;
Vazhappilly and Chen 1998).

The agroindustrial effluents such as rubber
and palm oil mill effluents contain high organic
matter, as indicated by high chemical oxygen
demand (COD) (Phang 1987; Isa et al. 1988;
Habib et al. 1998). They are also rich in nutrients
including protein, lipid, carbohydrate and
micronutrients as amino acids, fatty acids and
minerals (Hwang 1978; Okiy 1987; Isa ef al. 1993;
Kekwick 1997; Habib et al. 1998). In addition,
these effluents can be important sources of
inorganic nutrients and short carbon chain
compounds like those found in heterotrophic
culture media (Isa ¢t al. 1988; Phang 1990). The
aim of this work was to illustrate the recovery of

valuable inorganic and organic nutrients in agro-
industrial waste water through biosynthesis by

microalgae.

MATERIALS AND METHODS

The raw latex concentrate rubber effluent
(LCRE) from Atherton Estate factory, Atherton,
Negeri Sembilan, standard Malaysian rubber
effluent (SMRE) from Kilang Getah MARDEC
Berhad, Selangor D.E. and palm oil mill effluent
from Golden Hope Mill, Pulau Carey Island,
Selangor D. E. were collected and carried to the
laboratory. All the effluents were collected at the
discharge point from mills to the drain. The raw
LCRE and SMRE were aerated in tanks for 5 days
to break down the sulphides overnight, and to
increase pH value to approximately 7.0. On the
sixth day, the effluents were diluted into four
different concentrations i.e. 20%, 40%, 60% and
80% of 100% effluent. The raw POME was digested
and organic nutrients were broken into simpler
forms by bacteria in aerobic conditions using
continuous air flow. After 16 days, the brownish
coloured liquid portion was formed in the upper
layers. The upper layer of digested POME
(POMED) was then diluted into four concentra-
tions i.e. 5%, 10%, 20%, 30% of 100% POMED.

Ankistrodesmus convolutus (isolate no. 101)
was innoculated in 5 different concentrations of
LCRE and SMRE including 100% LCRE and
SMRE, four different concentrations of digested
Palm Oil Mill Effluents (POMED) and in
inorganic fertilizer, N:P:K (1.0: 1.0: 0.50) as
control in 70 1 tanks in the hatchery (Table 1).
Each treatment had three replicates. The pH,

80 PERTANIEA ]. TROP, AGRIC. SCI. VOL. 27 NO. 2, 2004



GROWTH AND NUTRITIONAL VALUE OF ANKISTRODESMUS CONVOLUTUS

optical density, chlorophyll @, and specific growth
rates in terms of cell numbers and chlorophyll a
were recorded (Clesceri et al. 1989). Total
carotene, observed yield, proximate composition,
amino acids and fatty acids of the microalga
were analyzed from samples collected before
reaching the stationary phase of the growth.
The microalge were cleaned with deionized water
and centrifuged repeatedly. The cleaned
precipitate of alga was freeze dried at - 50°C
under 150 millitorr pressure for 1.5 days. The
freeze-dried samples were preserved at —-80°C for
biochemical analyses.

Proximate composition of the samples was
determined according to the methods of Horwits
(1984). The deproteinized samples were
hydrolyzed with 2.0 ml 4.0 M methanesulfonic
acid containing 0.20% tryptamine. The amino
acids were determined from the peaks which
appeared after injection of 10ul filtered
hydrolyzed samples onto a single column Waters
HPLC 501 (Millipore 1990) and as described by
Habib et al. (1997b). The fatty acid methyl esters
(FAME) were obtained form lipid hydrolyses of
samples by refluxing at 100°C with 14% boron
trifluoride-methanol according to the methods
of Folch et al. (1957) as modified by Benitez
(1989). The FAME of 1.0 ul were injected at
130°C onto a single column Shimadzu GC-14A
gas chromatography unit and fatty acids were
analyzed following Habib et al. (1997b). To
compare treatment means of proteins, lipids,
carbohydrates, ash, essential amino acids (EAAs)
and unsaturated fatty acids (UFAs) of A.
convolutus grown in different media, one way
ANOVA was performed using SAS computer
package followed by the Tukey Test (Zar 1984).

RESULTS AND DISCUSSION

Among the growth parameters, specific growth
rate (SGR) of cell and chlorophyll a, and total

biomass of A. convolutus cultured in 40% & 60%
LCRE, 60% SMRE and 10% POMED were
significantly (p < 0.05) higher than those of A
convolutus grown in other effluent media and
the control N:P:K fertilizer (Table 2). All the
growth parameters of A. convolutus grown in
10% POMED were significantly (P < 0.05) higher
than that cultured in other POMED media and
the control (Table 2), High growth performances
in the above mentioned media might be due to
adequate micro nutrients available in the media,
appropriate colour of media which permitted
sufficient light to penetrate in the media and
sufficient supply of filtered air to overcome
carbon dioxide (Phang 1991a; Anton 1994; Johns
1994; Yusoff et al. 1997). However, the C:N:P
ratios of different dilutions of raw LCRE and
SMRE (Table 3) showed almost three times less
than the recommended ratio (56.30: 8.60: 1.20
for microalgae) (Edwards et al. 1980) which
agrees with the findings of Phang and Ong (1988).

Rubber effluent is deficient in carbon
content which may be partially solved through
adequate filtered air supply and light penetration
(Johns 1994) as well as flow of carbon dioxide
gas (Phang and Ong 1988; Geetha et al. 1994)
into the effluent media. Values of pH of all the
media at the exponential phase of A. convolutus
growth were above 10, indicating high cell growth
and production during the study. Phang (1990;
1991) also reported high growth of microalgae
in agro-industrial wastes. Anton et al. (1994)
reported that Scenedesmus quadricauda showed
high growth rate for concentrations of palm oil
mill effluent (POME) below 14% collected at a
point of discharge into river three km away from
the mill. In addition, Phang (1987) and Yusoff
and Chan (1997) found that diluted and digested
palm oil mill effluent enhanced higher growth
of a green alga, Selenastrum capricornutum. The
effluent media contained high chemical oxygen

TABLE 1
Different concentrations (%) of raw latex concentrate rubber effluent (LCRE) standard
Malaysian rubber effluent (SMRE) and digested palm oil mill effluent (POMED)

Treatment Raw LCRE Raw SMRE POMED
(%) (%) (%)
T1 20.0 20.0 5.0
T2 40.0 40.0 10.0
TS 60.0 60.0 20.0
T4 80.0 80.0 30.0
T5 100.0 100.0 -
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TABLE 2
Specific growth are (u/day) of cell and chlorophyll a (Chl-a), total carotene and total biomass of
Ankistrodesmus convolutus grown in different dilutions of latex concentrate rubber effluent (LCRE),
standard Malaysian rubber effluent (SMRE), digested palm oil effluent (POMED), and
fertilizer. Means (+ SE) with different superscripts in each row indicate
significant differences (P<0.005), *mg/g. **mg/1

Parameters 20%LCRE 40%1LCRE 60%LCRE 80%LCRE 100%LCRE Fertilizer
SGR of Cell 0.3240.03" 0.3840.03* 0.40£0.03 0.3040.03" 0.2740.02¢ 0.3310.02"
SGR of Chl-a 0.3140.02* 0.36H).03* 0.38+0.08* 0.2840.02¢ 0.2740.02¢ 0.3340.02"
Total carotene*  6.2940.05° 6.4510.05* 6.65:+0.05° 6.46+0.05" 6.37+0.05* 5.5340.04"
Total biomass 509.20 791.94 925.94 616.40 519.25 559.45
(Chl-a x 67)%* +8.43 +11.75 +13.95 19.45° 18.77° 19.35
20%SMRE 40%SMRE 60%SMRE 80%SMRE 100%SMRE N:P:K
SGR of Cell 0.3040.02" 0.3240.08" 0.3940.08* 0.3040.03" 0.2640.02¢ 0.3340.02"
SGR of Chl-a 0.3140.02" 0.3310.03" 0.3740.03* 0.2740.02" 0.26:10.02" 0.3340.02
Total carotene*  6.3540.05 6.5540.05* 6.73+).05* 6.5310.05* 6.4540.05* 5.5540.04"
Total biomass 475.70 787.25 907.85 600.32 506.52 562.13
(Chl-a x 67)** 16.15 +10.75" +13.92¢ 19.21° 17.55° 9.15¢
5% POMED  10% POMED 20% POMED 30% POMED Fertilizer
SGR of Cell 0.2940.02" 0.36+0.03* 0.26:+0.02¢ 0.22+0.02¢ - 0.3240.02"
SGR of Chl-a 0.8340.08" 0.38+0.03* 0.27+0.02¢ 0.2110.02¢ - 0.3340.02"
Total carotene*  6.4540.05" 6.95+0.06* 6.340.06" 6.2530.05" 5.5740.04¢
Total biomass 509.20 924.60 800.65 769.83 - 564.81
(Chl-a x 67)** +8.66¢ +12.96* +11.82% 19.62°¢ 19,224

demand, total solids, total suspended solids, total
N, ortho-phosphate (Table 8) which proved its
potential as a source of inorganic nutrients for
good growth of microalgae and other aquatic
microplants. Phang (1991), Geetha et al. (1994)
and Habib et al. (1998) reported that rubber
and palm oil effluents media were rich in
inogranic nutrients, COD, total N, broken
protein, lipids, carbohydrates and minerals.

Both protein and lipids were significantly (P
< 0.05) higher in A. convolutus cultured in 40%
and 60% LCRE, 60% SMRE and 10% POMED
than other media (Table 4). Carbohydrate
content of A. convolutus grown in N:P:K, and
20% LCRE, 20% and 40% SMRE, and 5%
POMED were significantly (P < 0.05) higher
than that of A. convolutus cultured in other
effluent media. It was observed that both protein
and carbohydrates of A. convolutus were higher
than the lipid contents except in 10% POMED.
The high growth and nutritional contents of the
alga were probably due to the availability of
essential nutrients in the effluents (Combres et
al. 1994; Yusoff et al. 1996).

Anbkistrodesmus convolutus biosynthesized all
the 11 essential amino acids (EAAs) when
cultured in effluent media. It contained
significantly higher (P < 0.05) amount of EAAs

viz. Histidine, threonine, tyrosine, phenylalaniene,
valine, methionie, lysine and tryptophan cultured
in 60% LCRE than that grown in other LCRE
media and control (Table 5). Significantly (P <
0.05) higher amounts of arginie, methionine,
leucine, lysine and tryptophan were
biosynthesized when grown in 60% SMRE than
grown in other SMRE media and control (Table
6). Furthermore, A. convolutus contained
significantly (P < 0.05) higher amount of all the
EAAs except threonine and tyrosine when grown
in 10% POMED than that grown in other
POMED media and control (Table 7). Combres
et al. (1964) and Laliberte and de la Noiie
(1993) reported that micronutrients in culture
media including nitrogenous compounds,
phosphorus compounds, minor nutrients are
channeled into protein, carbon compounds and
essential nutrients like amino acids. It was found
that the nonessential amino acids such as aspartic
acid, glutamic acid, serine, glycine, alanine and
proline had considerable contribution to total
amino acids of A. convolutus cultured in all the
media including the control.

Ankistrodesmus convolutus contained most of
the polyunsaturated fatty acids (PUFAs) of C18
and €20 in considerable amounts when grown
in all the effluent media compared to that
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TABLE 3
Average chemical contents (mg/L except pH) of different dilutions of raw latex concentrate rubber effluent
(LCRE), standard Malaysian rubber effluent (SMRE) and digested palm oil mill effluent (POMED)

Parameters 20%LCRE 40%LCRE 60%LCRE 80%LCRE 100%LCRE
pH 7.10 £ 0.10 6.90 £ 0.10 6.80 £ 0.10 6.60 £ 0.15 4.45 £ 0.09
Dis. O, 3.90 £ 0.10 3.75 £ 0.09 3.60 +£ 0.10 3.50 + 0.15 0
COD 1505.24 + 2.67 3062.49 £ 3.66 4605.73 £ 5.54 6269 £ 8.12 7906.22 £ 12.44
TS 1256.40 + 2.87 2556.80 + 3.66 3622.20 + 5.15 4842.60 + 7.22 6562.72 + 10.35
TSS 1175.08 £ 1.12 2306.12 £ 2.08 3588.17 £ 3.11 4774.23 £ 4.15 5945.29 + 6.23
Total N 231.08 £ 1.08 472.06 + 2.05 668.09 + 2.88 934.12 + 3.67 1205.15 £ 5.28
NH-N 92.33 £ 0.52 179.64 + 0.86 28245 + 1.15 377.33 £ 1.90 496.66 + 2.44
POP 32.95 £ 0.44 70.89 + 0.62 102.84 = 0.79 142.78 £ 0.79 189.78 £ 1.68
C:N:P rado 15.70:9.0:1.0 16.20:9.33:1.0 16.80:9.24:1.0 16.47:9.19:1.0 15.63:8.97:1.0
Parameters 20%SMRE 40% SMRE 60% SMRE 80% SMRE 100% SMRE
pH 6.90 + 0.10 6.70 £ 0.10 6.50 + 0.10 5.60 £ 0.15 435 +0.12
Dis.O, 285 £ 0.10 2.75 £ 0.09 2,60 £ 0.10 250 £ 0.15 0
COD 695.55+ 2.56 1266.52 + 4.54 1985.33 + 4.54 2724.12 £ 5.66 3506.08 + B.66
TS 505.47 £ 1.04 1033.45 + 2,55 1617.41 + 3.25 2165.78 + 6.88 2862.35 + 7.55
TSS 466.05 £ 0.83 916.09 = 1.14 1464.14 £ 2.07 2086.17 + 3.55 2550.22 + 5.38
Total N 176.08 £+ 1.22 345.15 + 1.68 54222 + 2.15 716.30 £ 2,74 985.37 + 3.66
NH_-N 55.20 £ 0.45 97.40 + 0.66 155.60 = 0.75 218.92 = 0.90 206.15 £ 1.45
PO‘-P 22.02 + 0.28 45.03 = 0.46 68.05 + 0.67 87.07 £ 0.83 125.08 + 1.07
C:N:P rato 11.85:10.50:1.0 10.55:9.83:1.0 10.94:10.26:1.0 11.73:10.74:1.0 10.51:10.25:1.0
Parameters 5% POMED 10% POMED 20% POMED 30% POMED 100%POMED
pH 7.10 £ 0.10 6.90 + 0.10 6.80 + 0.10 6.60 £ 0.10 6.40 + 0.10
Dis.O, 3.90 £ 0.10 3.75 £ 0.09 3.60 = 0.10 350 £0. 10 2,10 £ 0.10
COD 1042.65. £ 12.75 2179.50 £ 2555 424545 + 75.66 6458.85 + 65.12 21842.40 + 30.42
TS 443.15 £ 5.04 975.72+ B.05 1926.02 + 11.25 2844.32 + 15.07 10128.80 £ 85.50
TSS 252.25 + 3.03 52452 + 4.04 959.65 + 6.07 1645.25 + 8.12 5443.50 £ 25.90
Total N 58.52 + 2.18 118.55 + 3.28 228.03 + 4.36 334.16 £ 5.42 1093.30 + 48.60
NH-N 4.55 £ 0.18 8.94 + 0.41 17.14 £ 0.82 29.55 £ 1.90 88.40 £+ 3.50
PO P 8.35 % 0.26 17.89 + 0.46 3420 £ 1.29 51.656 + 2.33 74.20 £ 6.10
C:N:P ratio 46.8%:7.01:1.0 46.70:6.77:1.0 46.55:6.69:1.0 46.89:6.47:1.0 47.02:6.28:1.0

cultured in control. A. convolutus grown in 40%
and 60% LCRE showed significantly higher (P <
0.05) amounts of all the C18 and C20 PUFAs,
except eicosadienoic acid (20:2n-11), than that
cultured in other LCRE media and control
(Table 8). In addition, A. convelutus grown in
60% SMRE and 10% POMED biosynthesized
higher amounts of C18 and C20 PUFAs except
eicosatrienoic acid (20:3n-6) and arachidonic
acid (20: 4n-6) than that cultured in other SMRE
and POMED media, and control (Tables 9 and
10). The micronutirents of the culture media
were probably channelled into essential nutrients
like unsaturated fatty acids through enzymatic
activities (Laliberte and de la Notie 1993; Johns
1994; Che et al. 1995; Habib et al. 1997 a, b).

This study showed that valuable micro-
nutirents available in rubber and palm oil

effluents may be bioaccumulated by microalgae
in the form of proteins, lipids, carotene, amino
acids, unsaturated fatty acids and PUFAs which
can then be channelled to other organisms located
higher in the food chain.
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TABLE 4

Proximate composition (g/100 g dry sample) of Ankistrodesmus convolutus grown in different dilutions
of latex concentrate rubber effluent (LCRE), standard Malaysian rubber effluent (SMRE),

digested palm oil effluent (POMED) and fertiliser. Mean(5E) with different

superscripts in each row indicate significant difference (P<0.05)

Proximate 20%LCRE 40%LCRE 60%LCRE 80%LCRE 100%LCRE Fertilizer
Composition
Moisture 566 £ 0.02* 560+002* 563 +001* 562+002* 564+002° 561001
Crude protein 39.63 + 0.82° 42,62 £ 1.08* 4345 % 1.18* 40.05 £ 0.92° 41.42£0.98" 38.15 % 0.94°
Crude lipid 14.05 £ 0.09° 1575 £0.12* 1572 £0.11* 1512 £0.11" 1432+ 0.11° 10.46 £ 0.09"
Ash 10.45 £ 0.09° 1292 £ 0.16 1429+ 0.18° 1742 £0.10" 18.68 £0.14* 8.06 £ 0.08'
Cardohydrate 21.98 £ 0.18* 1821 £0.12" 16.33 £ 0.11° 16.61 £0.16° 16.24 £ 0.14' 21.62 £ 0.22°
NFE 8.20% 0.06° 486+ 003 354+003° 514+005 3.65+004 16.06 £ 0.07
Prox. Comp.  20%SMRE 40%SMRE 60%SMRE 80%SMRE 100%SMRE N:P:K
Moisture 5554002 5531001 5552001 5571002 557£002 559+001
Crude Protein 38.68 + 0.55° 39.12 £ 0.62° 42.02 £ 0.95* 40.88 £ 0.75" 40.52 £ 0.71® 38.02 £ 0.67
Crude lipid 14.15 £ 0.07" 14.05 £ 0.07* 15.15+0.13* 1436+ 0.11" 14.24 £0.09* 1051 * 0.06¢
Ash 8.25 + 0.05° 1094+ 0.07* 1325+ 0.09° 16.09+0.09° 1832+ 0.08* 8.11 +0.07°
Cardohydrate 21.88 £ 0.13* 21.38 +0.12* 19.41 £ 0.08® 17.66  0.10° 17.28 £ 0.11° 2]1.46 £ 0.13*
NFE 11.44 £ 0.06* 894 +0.06° 458 +0.04° 5.40 = 0.04° 4.03% 0.05°  16.27 £ 0.06*
Prox. Comp. 5%POMED 10% POMED 20% POMED 30% POMED Fertilizer
Moisture 556 £ 0.01* 553+001" 557 +0.01° 5.55 + 0.02* 5.59 10.02*
Crude Protein  42.16 + 1.06" 43.66 + 1.14* 41.88 + 1.23" 4022 + 1.14° 37.94 + 0.89"
Crude lipid 1624 £ 0.18* 17.68 £ 0.15* 14.55 £ 0.12° 13.39 £ 0.12¢ 10.38 £ 0.09
Ash 10.66 + 0.11¢ 13.72 £ 0.16° 15.96 * 0.18" 18.25 £ 0.21*  8.15 + 0.06°
Cardohydrate 20.48 + 0.52* 1559 + 0.34° 17.23 £ 0.35" 16.90 + 0.32" 21.54 + 0.45*
NFE 4.85 £ 0.11" 378 £0.04 4.77 £ 0.04" 4.66 + 0.05" 16.36 + 0.14*
TABLE 5

Amino acids (g/100g protein) of grown in Ankistrodesmus convolutus 20%, 40%, 60%, 80% and

100% LCRE, and fertilizer. Mean (1SE) of *essential amino acid with different

superscripts in each row indicate significant differences (P<0.05)

Amino Acids 20% LCRE 40% LCRE 60% LCRE 80% LCRE 100% LCRE N:P:K
Aspartic 13.86 £ 0.28 9.42 £ 0.17 746 £ 0.11 1226 £ 027 11.45+£0.22 950+ 0.17
Glutamic acid  9.556 £0.17 566 £ 0.11 5.35 + 0.07 8.66 £ 0.21 7.25+013 1091 £ 0.24
Serine 5.85% 0.12 6.15 £ 0.13 6.63 + 0.08 6.45 + 0.16 9.25 £ 0.10 7.87 £ 0.11
Glycine 7.95 £ 0.19 7.66+ 0.10 3.37 £ 0.04 7.86 £ 0.18 6.90 £ 0.09 8.55 £ 0.15
Histidine* 0.99 £ 0.02¢ 2254002 294+0.03 1.156+0.02¢ 155+002 222+0.03
Arginine* 2521 00% 2¥5+003" 283+008> 2.77+003" 288 +003" ' 355004
Threonine* 1.16 £0.02¢ 274 +£0.03" 3.06+0.04 1.189+0.02° 196 £ 0.02 1.14 £ 0.02¢
Alanine 1426 £ 0.33 1068 £0.22 817 £ 0.08 1335+030 12.75+0.25 1243 +0.19
Proline 8.15 £ 0.16 7.65 £ 0.13 6.32 £ 0.05 9.52 £ 0.22 9.15 £ 0.15 915 £0.12
Tyrosine* 248 £ 0.02 315+0.04° 533%004# 242+0.02¢° 2664003 4.01 + 0.06°
Phenylalanine  1.25 £ 0.02¢ 345 £ 0.05® 461 £0.05* 1.35+002' 1424002 3.14 + 0.0%
Valine* 1.05 £ 0.02¢ 392+0.04> 4551004 116+002° 1.66+0.02¢ 202+ 0.02
Methionine* 3.66 £ 0.06° 6.96+0.13° 7.82+012° 598+0.06° 588 +0.10° 2.33+0.0%
Cystine 295 + 0.05 204004 298 +0.08 2.75 +0.05 2.45 + 0.05 0.76 £ 0.02
Isoleucine* 3.05+£ 004 245%0.08° 247+008" 230+0.03° 235+0.03 247 £ 0.02°
Leucine* 216+ 002 475+006° 448+0.05° 205+002 25210038 3.35+0.04
Lysine* 588 +£004° 885£015° 10.15+0.19* 625+0.11° 758 £0.13° 4.22 + 0.06°
Tryptophan* 0.75 £ 0.02¢ 148 +£0.02> 1.66+0.02¢ 080 +£0.02¢ 1.05+0.0% 0.70 £ 0.02¢
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TABLE 6

Amino acids (g/100g protein) of Ankistrodesmus convolutus grown in 20%, 40%, 60%, 80% and

superscripts in each row indicate significant differences (P<0.05)

100% SMRE, and fertilizer. Means (+ SE) of *essential amino acid with different

Amino Acids 20% SMRE 40% SMRE 60% SMRE 80% SMRE  100% SMRE N:P:K

Aspartic 1244 £ 027 1266+0.26 921019 1055+018 11.12+0.19 9.60 +0.17
Glutamic acid 13.66 £ 0.32 13.75 £ 0.30 1037 £0.18 11.05+0.17 12,66 £0.21 10.85 £ 0.24
Serine 8.12 £ 0.15 6.44 £ 0.11 4.85 + 0.04 6.12 £ 0.10 7.66 £ 0.11 7.82 £ 0.11
Glycine 6.88 £ 0.10 7.32 £ 0.13 5.78 £ 0.05 6.56 £ 0.11 5.75 £ 0.10 8.62 + 0.15
Histidine* 196 + 0.02* 205+ 0.02¢ 245+008® 3.15+0.08 2.23+ 0.03¢ 2.04 + 0.03¢
Arginine* 235+ 003" 238+0.03% 498%005*° 457008 246003 346+ 0.04°
Threonine® 3.01 £0.04° 3.33+0.03* 397+0.04 388+0.04" 3.25+0.04" 1.22+0.02¢
Alanine 7.38 £ 0.15 7.45 £ 0.13 6.10 £+ 0.06 7.12 £ 0.13 6.86 £ 0.13 12.45 + 0.19
Proline 6.16 £ 0.11 545 £ 0.09 5.55 + 0.05 5.16 = 0.08 5.62 £ 0.11 9.10 £ 0.12
Tyrosine™® 355 £ 0.04' 3.85+0.05° 435+0.04 382+0.04 442+ 0.07" 406+ 0.04"
Phenylalanine  4.76 £ 0.05*  4.72 £ 0.06* 462 £ 0.04* 415+ 0.06" 3.66 £ 0.04° 3.21 £ 0.08*
Valine* 402 £003* 398+ 004 413+£0.03® 452+0.07 4.05%0.03" 2.06 +0.02
Methionine* 255 £0.02¢ 262%0.03¢ 622+0.11* 495+006> 3.75%0.03 250 £ 0.03¢
Cystine 296 £ 0.03 296 £+ 0.03 2.02 + 0.02 3.66 £ 0.04 4.22 + 0.04 0.85 £ 0.02
Isoleucine* 2.72 £ 0.03¢ 2.66 £ 0.02* 2941003 388+0.03* 345+0.03" 2.62. 0.02¢
Leucine® 2.96 £0.03¢ 305003 536+£012¢ 445+007 3.36+003 331+ 0.04
Lysine* 3.36 £ 0.04° 4.16+0.04° 98B8+0.18 7.18%0.18" 5.05%0.10° 4.29 £ 0.06¢
Tryptophan* 1.23 + 0.02¢ 1.32 + 0.02¢ 1.88 £ 0.02* 1.72 £ 0.02*  1.66 £ 0.02*  0.68 £ 0.02¢

TABLE 7

Amino acids (g/100 protein) of Ankistrodesmus convolutus grown in 5%, 10%, 20% and 30%
digested palm oil effluent (POMED) and fertilizer. Means (+ SE) of *essential amino
acid with different superscripts in each row indicate significant differences (P<0.05)

Amino Acids 5% POMED 10% POMED 20% POMED 30% POMED N:P:K

Aspartic 12.22 £ 0.26 10.60 £+ 0.18 11.85 + 0.25 12.85 £ 0.25 9.55 £ 0.17
Glutamic acid 10.86 + 0.22 7.57 £ 0.14 8.66 £ 0.15 9.45 £ 0.17 10.88 + 0.24
Serine 7.55 £ 0.13 5.24 £ 0.05 6.75 £ 0.12 7.64 £ 0.13 7.82 £ 0.11
Glycine 6.15 = 0.11 4.13 £ 0.04 5.56 + 0.09 5.86 + 0.10 8.44 £ 0.15
Histidine* 2.05 + 0.02F 298 £ 0.03* 2.40 + 0.08" 1.75 + 0.02¢ 2.26 + 0.08"
Arginine* 2.86 £ 0.03¢ 4.97 £ 0.05* 3.41 £ 0.04" 1.66 + 0.02¢ 3.50 £ 0.04"
Threonine* 3.45 % 0.05* 3.50 + 0.03* 3.60 £ 0.03* 1.24 + 0.02b 1.12 £ 0.02"
Alanine 7.56 £ 0.14 5.18 £ 0.10 6.27 + 0.13 5.88 £ 0.10 11.78 £ 0.19
Proline 8.16 + 0.08 4.37 £ 0.08 586 £ 0.11 6.45 £ 0.12 9.22 £ 0.12
Tyrosine* 3.69 + 0.05" 3.72 £ 0.05" 3.78 + 0.04° 3.78 £ 0.08 4.12 + 0.06
Phenylalanine 3.48 + 0.04" 4.51 % 0.06* 3.32 + 0.03" 298 * 0.02° 3.10 £ 0.03°
Valine* 2.55 £ 0.08" 4.63 = 0.04* 2.40 £ 0.02° 2.35 £ 0.02° 2.09 + 0.02¢
Methionine* 4.26 £ 0.05° 7.22 £ 0.16* 5.10 £ 0.10" 3.05 £ 0.04¢ 2.22 + 0.03°
Cystine 0.88 + 0.02 0.63 = 0.02 2.86 £ 0.03 4.46 £ 0.05 0.88 + 0.02
Isoleucine® 2.15 £ 0.02¢ 343 1 0.04 1.15 + 0.03¢ 1.05 + 0.02¢ 2.36 + 0.02"
Leucine* 4.25 + 0.04° 6.59 + 0.13* 5.46 £ 0.11° 3.15 + 0.03¢ 3.28 £ 0.04¢
Lysine* 5.09 + 0.09¢ 7.66 £ 0.17* 6.16 £ 0.13" 5.86 * 0.06" 4.16  0.06
Tryptophan* 1.55 + 0.02¢ 1.86 + 0.02° 1.70 + 0.02" 1.72 + 0.02° 0.71 £ 0.02¢
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TABLE 8

Fatty acids (g/100g lipid) of Ankistrodesmus convolutus grown in 20%, 40%, 60%, 80% &
100% latex concentrate rubber effluent (LCRE) and fertilizer. Means (£ SE) of
*unsaturated and **polyunsaturated fatty acids with different superscripts in
each row indicate significant differences (P<0.05)

Fatty Acids 20% LCRE 40% LCRE 60% LCRE B80% LCRE 100% LCRE N:P:K

Capric acid (10:0) 742+ 007 572+005 690£007 775007 722x0.07 8 72+0.09
Lauric acid (12:0) 857 +007 455+004 415+0.04 B12+004 528+0.04 785007
Myristic acid (14:0) 908 +0.08 766+0.06 7124007 916008 955+0.10 10.66 = 0.10
Palmitic acid (16:0) 1266 £ 0.11 838 +0.07 1134 £0.11 12.82 + 0.10 1047 + 0.09 14.05 £ 0.12
Heptadecanoic acid (17:0) 314 +0.03 3.06+003 215+002 325+0.08 332+003 382=+0.04
10-Heptadecanoic acid (17:01)* 204 £0.02" 155+ 0.02¢ 1.24 £0.01° 1.76 £ 0.01° 147 £ 0.02¢ 2.96 + 0.03
Stearic acid (18:0) 11.27 £ 0.09 1271 £0.12 1055 £ 0.09 11.25 £ 0.11 11.82 £ 0.12 12.16 + 0.11
Oleic acid (18:1n-9)* 515+ 0.05" 562 +0.06° 566 +£0.05 525+ 005" 5.20 % 0.06® 5.05 % 0.04"
Linoleic acid (18:2n-6)* 456 £ 0.04° 6.70 £ 0.06* 6.88 £ 0.06* 4.72 £+ 0.04° 5.66 £ 0.05* 4.62 + 0.08°
Linoleic acid (18:3n-3)** 9.47 + 0,08 13.88 £ 0.11* 14.06 £ 0.12* 9.55 £ 0.08° 11.44 £ 0.10* 9.87 £ 0.10°
yLinoleic acid (18:3n-3)** 1.25+ 0.02" 158 £0.02* 166 £0.02* 1.22 £002* 1.27 £0.02* 1.13 £ 0.0Z
Arachidic acid (20:0) 262+002 4464005 31541003 4181005 512+0.04 2382+002
Eicosadienoic acid (20:2n-11)* 1.71 £ 0.02* 1.62+002* 1.70 £0.02* 1.66 £0.02* 1.72 £ 0.03* 0.83 £ 0.02®
Eicosadienoic acid (20:3n-6)** 1.76 £ 0.08" 272 £ 0,03 282 £0.0% 178 £0.03® 1.86 £ 0.03° 1.20 + 0.0%
Arachidonic acid (20:4n-6)** 242 £ 0,03 337 +0.03 348 £0.03* 255+ 0.0% 3.13 £ 0.03 0.51 £ 0.02¢
Eicosapentaenoic acid (20:5n-3)**  1.45 £ 0.02° 248 £ 0.03* 259 £0.03* 1.35 £ 0.02° 2.34 £0.03" 1.09 £ 0.02*

TABLE 9
Fatty acids (g/100g lipid) of Anhistrodesmus convolutus grown in 20%, 40%, 60%, 80% &
100% standard Malaysian rubber effluent (SMRE) and fertilizer. Means (+ SE) of
*unsaturated and **polyunsaturated fatty acids with different superscripts
in each row indicate significant differences (P<0.05)

Fatty Acids 20% SMRE 40% SMRE 60% SMRE 80% SMRE 100% SMRE N:PK

Capric acid (10:0) 882£0.16 7331014 630+015 676+013 7441015 8751009
Lauric acid (12:0) 6.95+007 577+006 448%007 550+£007 560+008 7.80%0.07
Myristic acid (14:0) 933£017 B825+017 5881016 6961014 71510.16 1061 £0.10
Palmitic acid (16:0) 1255 £0.09 1375+ 010 1058 £0.09 1022 £ 0.09 11.38 £ 0.09 14.09 £ 0.12
Heptadecanoic acid (17:0) 208+002 215002 1921002 188+002 169+£002 377+0.04
10-Heptadecanoic acid (17:01)* 1.04 £ 002" 089 +0.02° 0.86+002 091+0.02 088002 292003
Stearic acid (18:0) 1432 £0.12 1255+ 0.13 11.15+£ 012 1258 £0.13 1273 +0.15 13.18 £ 0.11
Oleic acid (18:1n-9)* 355 £ 0.04 3.66 £ 0.04" 495+ 0.03" 472 £ 0.04* 467 £0.03> 448 + 0.04
Linoleic acid (18:2n-6)* 534 £ 0.04 555+ 0.05 7.75 +0.04 648 £ 003" 6.62 £0.04" 5.27 + 0.08
Linoleic acid (18:3n-3)** 9.65 £0.10¢ 11.66 £ 0.11° 15.79 £ 0.12* 13.49 £+ 0.11* 1152. + 0.11° 9.86 % 0.10d
yLinoleic acid (18:3n-3)** 1.66 £ 002" 152 +0.02 1.88+0.02 1.72 £0.02" 1.69 £ 0.02* 1.05 £ 0.03¢
Arachidic acid (20:0) 525012 5331012 369011 4391011 3845+0.12 2.86+0.03
Eicosadienoic acid (20:2n-11)* 0.79 £ 002! 088 £0.02¢ 255+0.02" 212 +012° 152 +0.02 0.89 +0.02
Eicosadienoic acid (20:3n-6)** 1.85 £ 0.06° 192+ 0.06° 3.10 £ 0.05* 299 £+ 0.05* 2.68 + 0.05" 1.27 +0.08¢
Arachidonic acid (20:4n6)** 226 £0.03° 233+ 003 277 +0.08° 266 +0.03° 294 +0.04* 0.44 +0.02¢
Eicosapentaenoic acid (20:5n-3)** 1.95 £ 0.03¢ 1.95+0.03° 259+003 248 +0.0% 228+ 0.03° 1.02+0.03°

PERTANIKA J. TROP. AGRIC. SCI. VOL. 27 NO. 2, 2004



GROWTH AND NUTRITIONAL VALUE OF ANKISTRODESMUS CONVOLUTUS

TABLE 10
Fatty acids (g/100g lipid) of Ankistrodesmus convolutus grown in 5%, 10%, 20% and
30% POMED and N:P:K. Means (+ SE) of *unsaturated and **polyunsaturated
fatty acids with different superscripts in each row indicate
significant differences (P < 0.05, df, 39, 5)

Fatty Acids 5% POMED  10% POMED  20% POMED  30% POMED N:PK

Capric acid (10:0) 5.02 £ 0.06 5.15 + 0.08 599 + 0.05 7.30 £ 0.04 8.71 £ 0.09
Lauric acid (12:0) 6.45 +0.11 595 +0.12 6.34 £ 0.10 748 £0.11 7.83 £ 0.07
Myristic acid (14:0) 8.91 +0.30 8.55 £ 0.11 7.26 £ 0.12 6.33 £ 0.10 10.64 £ 0.10
Palmitic acid (16:0) 12.33 + 0.21 1232 £ 0.20 1402 +0.17  13.69 £ 0.19 14.05 £ 0.12
Heptadecanoic acid (17:0) 1.75 + 0.02 1.88 £ 0.02 2.15 + 0.03 1.55 £ 0.04 3.74 £ 0.04
10-Heptadecanoic acid (17:01)* 1.06 £ 0.02 1.25 £ 0.02 2.08 £ 0.03° 2.02 £ 0.03° 2.88 + 0.03*
Stearic acid (18:0) 14.92 £ 0.18 11.88 + 0.21 13.25 + 0.16 13.66 + 0.11 13.90 £ 0.15
Oleic acid (18:1n-9)* 5.76 + 0.11" 6.05 + 0.14* 5.12 £ 0.08° 4.32 £ 0.07¢ 4.43 £ 0.04¢
Linoleic acid (18:2n-6)* 6.02 + 0.04¢ 8.44 £ 0,04 6.26 £ 0.05° 540 £ 0.03* 517 £ 0.08!
Linoleic acid (18:3n-3)** 1002 £ 018" 1588 £0.22 1012 +0.14* 844 £ 011 8.20  0.10¢
¥Linoleic acid (18:3n-3)** 2.35 £ 0.02¢ 242 +0.02* 175 £ 0.02° 1.52 £ 0.02 1.04 £ 0.01¢
Arachidic acid (20:0) 3.66 £ 0.12 2.16 £ 0.11 532 +0.14 455 1 0.14 1.82 £0.02
Eicosadienoic acid (20:2n-11)* 0.59 + 0.03* 0.65 + 0.03* 1.28 £ 0.08° 1.45 + 0.03* 0.87 £ 0.02
Eicosadienoic acid (20:3n-6)** 1.45 £ 0.03¢ 1.79 £ 0.04" 1.55  0.03¢ 2,37 £ 0.03* 1.22 + 0.02¢
Arachidonic acid (20:4n-6)** 2.60 + 0.03" 2.80 + 0.03* 1.34 £ 0.02 1.38 + 0.0 0.49 + 0.02
Eicosapentaenoic acid (20:5n-3)**  1.82 £ 0.0 1.86 £ 0.04* 1.64 £ 0.02° 1.60 £ 0.02° 1.07 £ 0.02
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ABSTRAK

Satu eksperimen telah dijalankan untuk menentukan kesan sekam koko yang diperbaiki dan yang tidak
menggunakan abu tandan kelapa sawit dengan najis ayam itik, ayam belanda, arnab dan sekam yang
digunakan pada tangkai akar getah (tunas getah yang dicantumkan pada akar) di kawasan zon hutan hujan
Akure, Nigeria. Ada tiga belas rawatan pembaikan organik dijalankan pada 6t/ha dengan baja 300 kg/ha
sebagai rujukan pembaikan dan kawalan (tanpa baja, tanpa najis binatang). Rawatan disusun dalam aturan
blok lengkap rawak (RBC) dan direplikakan sebanyak tiga kali. Rawatan pembaikan tanah organik juga
dianalisis secara kimia dan parameter tunas getah direkodkan bagi ketinggian, jumlah dedaun, jumlah limfa,
kawasan daun, nilai N, PL, K Ca, pH Mg tanah dan bahan organik (O.M) pada tanah dan daun. Keputusan
menunjukkan ada peningkatan yang signifikan (P<0.05) pada kawasan dan jumlah daun, jumlah limfa,
tanah dan nilai N, P, K, Ca, Mg dan pH tanah dan bahan organik (O.M) tunas getah di bawah rawatan
pembaikan berbanding rawatan kawalan. Rawatan menggunakan tandan kelapa sawit dan najis ayam itik
menghasilkan limfa daun yang tertinggi. Penggunaan baja NPK, sekam (betari sisa kilang) dan rawatan
kawalan, mengurangkan jumlah limfa daun sebanyak 50%, 42% dan 92%. Pembaikan abu kelapa sawit +
najis arnab juga menaikkan min ketinggian tunas pokok getah dengan 56 % dan 46 % berbanding najis ayam
itik dan baja NPK. Abu tandan kelapa sawit dan hampas sekam koko meningkatkan K dan Mg pada tanah
dan daun berbanding sekam sementara itu najis ayam belanda meningkatkan N, P, K, Ca, Mg pH tanah dan
O.M pada tunas, tanah dan daun getah berbanding najis ayam itik dan arnab.

ABSTRACT

An experiment was out to determine the effectiveness of sole and amended cocoa husk, oil palm bunch ash with
poultry, turkey, rabbit manure and spent grain on budded rubber root stock (grafted bud rubber on a root stock)
in the field at Akure in the rainforest zone of Nigeria. There were thirteen organic amendment treatments applied
at 6t/ha with 300 kg/ha fertilizer as a reference treatment and a control (no fertilizer; no manure). The treatments
were arranged in a randomized complete block (RBC) design and replicated three times. The soil organic
amendment treatments were also chemically analysed while the parameters recorded for the budded rubber were
plant height, leaf number, number of nodes, leaf area, soil and leaf N, PL, K Ca, Mg Soil pH and Organic matter
(O.M). The results showed that there were significant increases (P<0.05) in plant height, leaf area, leaf number,
nodes number, soil and leaf N,P,K, Ca, Mg Soil pH and organic matter (O.M) of budded rubber under different
organic amendment treatments compared to the control treatment. Oil palm bunch ash + poultry manure
treatments had the greatest number of leaf nodes. Use of NPK fertilizer, spentgrain (sorghum based brewery waste)
and control treatments reduced mean leaf node number by 50%, 42% and 92% respectively. The amendment
oil palm ash + rabbit manure also increase the mean plant height of budded rubber by 56% and 46 % compared
to the poultry manure and NPK fertilizer respectively. Oil palm bunch ash and cocoa husk residues increased the
soil and leaf K and Mg compared to the spent grain while the turkey manure increased growth of budded rubber,
soil and leaf N, P, K, Ca, Mg Soil pH and O.M. more than poultry and rabbit.

INTRODUCTION for its latex production. The family also contains

Rubber, (Hevea brasiliensis) is a member of the ~ Plants such as castor oil plant (Ricinus comunis),
family Euphorbiaceae and is mainly cultivated ~ €2552va (manihot esculentum) and many other
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species of tropical importance.

The genus Heavea contains a number of
species but Hevea brasiliensis is the only species
with very high isoprene content in its latex. The
latex produced by the tree in processed into
commercial forms of rubber and has contributed
enormously to the economies of Nigeria, Asian
and other tropical countries in term or raw-
materials for tire industries, foreign exchange
earnings and provision of employment
opportunities.

In spite of the utilization and importance of
the crop, the rubber production in Nigeria is
facing serious problems at present because the
tree area aging and there is a scarcity of new
rubber seedlings or budded rubber to replace
over 532,364 hectares of aging and low
production rubber trees in the field. This
replacement is becoming difficult because ofa
continuous decline in soil fertility.

Efforts to improve soil fertility using different
types of inorganic fertilizers such as Urea,
sulphate of ammonia and NPK tog row rubber
seedlings or budded types, are limited by the
cost of these materials, scarcity at the farmers’
level and continued deterioration of soil
properties (Folorunso et al. 1995).

Umoti (1990) reported that cocoa, rubber
and oil palm removed large amounts of plant
nutrients in the nursery and field. High
productivity of these crops could be achieved
and sustained by massive application of inorganic
fertilizers. However, inorganic fertilizers are
becoming very expensive (N1500.00 or US$15.00
per bag) which poses a constraint to low income
farmers who produce the major percentiles of
rubber, oil palm and cocoa in Nigeria.

Therefore, the complimentary use of organic
fertilizers materials derived from oil palm, cocoa,
rice, maize, cassava crops and animal wastes
such as poultry and turkey manures could help
to reduce the high cost of fertilizers. Due to
their natural abundance, organic amendments
such as oil bunch ash, wood ash spent grain
(sorghum based brewery waste) and their
amended forms with turkey and poultry manures
as fertilizers have been used for growing maize,
cassava and okra crops in Nigeria (Oladokun
1986; Folorunso 1999).

Based on an extensive literature review, it is
concluded that there is scarcity of research
‘information pertaining to the of oil palm bunch
ash, wood ash, spent grain nad their amended
forms with turkey and poultry manures for

growing rubber either in the nursery or field.
Therefore, there is a strong justification to
investigate the use of these wastes to grow budded
rubber in the field.
The objectives of the research were as follows:
i. To determine the effect of different organic
amendments on the performance of budded
rubber in the field
ii. To determine the effect of organic
amendments on the soil and leaf chemical
composition of rubber in the field.

MATERIALS AND METHODS

The experiment took place at Akure (Lat 7°N',
5° 10E') in the rainforest zone of Nigeria. The
annual rainfall is 1300mm and the mean
termperature is 70°F while the soil is a sandy
laom, skeletal, kaolinitic isohyperthermic oxic
paleustalf (alfisol) or Ferric Luvisol (F.A.O).

Source and Preparation of the Organic

Amendments Used

Oil palm bunch ash and wood were obtained
from the oil palm and cassava processing units
of Federal College of Agriculture, Akure
respectively. Cocoa husk was collected form the
college cocoa farms while the spent grains
(sorghum based brewery waste) were collected
from a nearby local brewery.

The turkey, poultry and rabbit manures were
collected form the college livestock farms. The
organic residues were processed to allow
decomposition and reduction of C/N ratio. The
dried cocoa husk were ground a hammer mill
while the spent grain was chopped into pieces,
and allowed to decompose. The turkey, poultry
and rabbit manures were stored individually to
allow for mineralisation and placed under shade.

Generally, all the organic wastes readily
available, sustainable and inexpensive for growing
comemrical quantities of budded rubber in the
field.

Field Experiment

The budded rubber root stocks were bought
form Rubber Research Institute of Nigeria
(RRIN) Benin, Edo- State. The field site was
cleared and the planting lines for the budded
were marked with pegs.

There were thirteen organic amendment
treatmnets viz:spent grain, rabbit manure, turkey
manure, spent grain + turkey manure, oil palm
bunch ash + rabbit manure, cocoa husk + turkey

92 : PERTANIKA |. TROP. AGRIC. SCI. VOL. 27 NO. 2, 2004



EFFECTIVENESS OF ORGANIC AMENDMENTS ON BUDDED RUBBER IN AKURE, NIGERIA

manure with a field recommended chemical
fertilizer NPK 15 — 15 — 15 treatment applied at
300kg/ha and a control (no fertilizer no manure).

The organic amendments were applied at
6t/ha for the ordinary forms of spent grain,
rabbit manure, turkey and oil palm bunch ash
while their amended froms were applied at a
ratio of 50:50% by weight (3tha- 1 each).

Planting holes were dug 30cm deep and
filled with top soil halfway. Then each organic
amendment was added and allowed to decay for
ten days before planting one budded rubber
root stock per hole at a spacing of 6m x 3m. The
4" week after planting, sprouting of the scions
occurred.

Weeding began 2 weeks after planting and
every 3 weeks until experiment was terminated.
10ml a.i. of Karate/10L of water was sprayed on
them (sprouted scions of rubber) to control
termite attacks.

Five weeks after planting measurements or
counts of plant height, nodes number, leaf area,
stem girth and leaf number were made and
these measurements or counts were representative
leaves of the plant and this was used to calculate
total leaf area (cm?®) per plant. (4.8 and 32
weeks after planting), also these measurements
were done insitu.

Representative leaf samples were taken at
20 weeks after planting for each treatment, placed
in labelled envelopes and oven dried at 70°C for
48 hours. Two grams of dried leaf samples were
weighed into crucible and dry-ashed in a muffle
furnace at 45°C for 6 hours.

The resulting ash was solubilized into
solution and analyzed for phosphorus (P) using
vanado-molybdate colouration and read on
spectronic 20 at 442Um while the % K, Ca and
Na were determined using a flame photometer.
Magnesium content was determined with an
atomic absorption spectrophotometer (Jackson
1958). The % N was determine using the micro-
Kjeldahl method (Jackson 1964).

Soil Analysis Before Planting
30 core soil samples were collected from 0-15cm
depth on the site, mixed thoroughly and the bulk
samples were taken to the laboratory air-dried
sieved with 2mm sieve and ready for routine
analysis,

The soil pH (1:1 soil/water and 1:2 soil/
0.0IM Cacl,) was determined using a glass/
calornel system (Crockford and Nowell 1956).

Organic carbon determination was done using
wet dichromate method (Walkley and Black
1934). The organic C ws multiplied by 1.723 to
get organic matter (0.M).

The exchangeable cations were extracted
using IM NH,0 (ammonium acetate) solution
and the amount of K, Ca and Na contents were
determined on flame photometer using
appropriate element filters while Mg content in
the extract was read on atomic absorption
spectrophotometer (Jackson 1958). The
exchangeable acidity (H* and A1*) was measured
from 0.01 M KCI extracts by titrating with 0.1 M
HCI (Mclean 1965).

Total nitrogen was determined by micro-
kjedahl method (Jackson 1964) and the soil
available phosophorus was extracted using Bray
Pi extractant (Murphy and Riley 1962) and the
concentration measured on a spectronic 20 at
882Um.

Soil Analysis Afier Planting

Soil samples were taken from each treatment
plot using soil auger, air-dried, sieved with 2mm
sieve for routine analysis of total N, available P,
exchangeable K, Ca, Mg and Na contents, soil
pH and O.M as described earlier under soil
analysis before planting.

Statistical Analysis

The data collected from the treatment effects of
the organic amendments on the growth
parameters such as plant height, leaf area, stem
girth, leaf number, nodes number, leaf and soil
N,P,K,Mg, Soil pH and O.M were analysed using
an ANOVA F-test and their means were separated
and compared along the treatment effects using
Duncan Multiple Range Test (DMRT) at 5% level.

RESULT

Soil Analysis Before Planting of Budded Rubber
The physical and chemical properties of the
soils used for growing rubber are presented in
Table 1. Using the established soil critical levels
in Southwest Nigeria for rubber production, the
soils are low in organic matter when compared
with the critical level of 3% O.M (Agbooda and
Corey 1973). The total nitrogen was less than
0.14% considered as optimum for cocoa and
rubber production (Obatolu 1989).

The available P was below the 10mg/kg P
which is to be the optimum for crop production
(Agboola and Corey 1973). The exchangeable
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K, Ca, Mg and Na contents were below, 0.20,
0.25 and 0.18 mg/kg that are considered as
adequate for cocoa, oil palm and rubber crops
(Agboola 1974).

The low values of soil N, P, K, Ca, Mg and
Na and O.M were indications of the low inherent
soil fertility. Budded rubber root stocks planted
on such would respond favourably to the
application of the organic amendments. The
soils were sandy loam in texture, skeletal,
kaolinitic, isohyperthemic oxic paleustalf (Alfisol
or Ferric Luvisol (FAQ) or Akure series (local
classification).

Chemical Composition of the Organic Fertilizer
Materials Used
Table 2 presents the chemical properties of the
organic materials used for growing budded rubber
root stocks in the field. The poultry manure had
the highest N, K and Mg levels when compared
to turkey and rabbit manures while turkey
manure had the highest P, Ca and Na levels.
The oil palm bunch ash had the highest
%N, K, Ca Mg and Na levels when compared to
cocoa husk and spent grain. Spent grain is fairly
low in N, K, Ca, Mg and Na levels except in %P.
The prior processing of the organic amendment
treatments before application reduced their C/

N ratio.

Leaf Number of Budded Root Stocks

The leaf number of budded rubber root stocks
between 4 and 32 weeks after planting (WAP)
under the different organic fertilizer treatments
is presented in Table 3. There were significant
increases (p<0.05) in leaf number of budded
rubber under the different organic treatments
compared to the control treatment.

The amended oil palm bunch ash+spent
grain treatments increased the leaf number of
budded rubber by 26% and 64% compared to
the sole oil palm bunch ash and spent grain
respectively. The amended spent grain + turkey
manure and cocoa husk+spent grain treatments
increased leaf number of budded rubber by
71% and 81% respectively when compared to
the control treatment.

The NPK fertilizer treatment increased the
leaf population of budded rubber by 48%
compared to spent grain treatment. However,
the amended cocoa husk+spent grain increased
the leaf number of budded rubber by 20%
compared to NPK fertilizer. Of all sole residue
treatments, poultry manure resulted in the
greatest increase in leaf number then spent
grain and turkey manure,

Leaf Area of Budded Rubber

TABLE 1
Chemical analysis of the soil before the experiment

PH

H,0 Cacl, Organic matter

Exhangeable Cations

N P K C Mg Na
% mg/kg mmol/kg soil
580 5.30 0.45 0.08 7.62 009 011 017 0.16
TABLE 2

Chemical analysis of the organic fertilizers used for the experiment

Organic Material N Available Exchangeable Cations
% P K Ca Mg Na
Yo %

Spent grain 0.78a 0.64¢c 0.12a 0.118a 0.20a 0.14b

Rabbit manure 2.67c 0.86e 0.29b 0.30b 0.18 0.16¢

Turkey manure 4.08d 0.93f 0.42¢ 0.60¢ 0.17a 0.13b
_ Poultry manure 5.92¢ 0.75d 0.48¢ 0.54c¢ 0.35b 0.09a

Oil palm bunch ash 1.54b 0.42b 2.40e 1.25¢ 0.78d 0.21d

Cocoa pod ash 1.44b 0.21a 1.26d 0.91d 0.48¢ 0.17c
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TABLE 3
The leaf number of budded rubber at 4.8 and 32 WAP under different organic amendments

Weels After Planting

Treatments

4 8 32 Mean
Control (No fertilizer) 1 2 4 2.33k
NPK 15-15-15 6 10 15 10.3F
Poultry manure 6 12 18 12.00d
Rabbit manure 4 6 10 6.66h
Turkey manure 3 5 10 6.00i
Oil palm bunch ash & 11 17 11.00f
Spent grain 3 4 9 5.30j
Spent grain + Cocoa husk 7 12 20 13.0b
Spent grain + Oil palm bunch ash 8 14 23 15.0a
Cocoa husk + turkey manure 5 11 17 11.00ef
Oil palm bunch ash + poultry manure 5 10 16 10.30f
Oil palm bunch ash + rabbit manure 6 10 16 10.66f
Spent grain + poultry manure 6 11 17 11.33¢
Spent grain + rabbit manure 6 12 20 12.66¢
Spent grain + turkey manure 4 8 12 8.00g

Treatment means followed by the same letters are not significantly different from each other using Duncan Multiple

Range Test at 5% level.

TABLE 4
The leaf area (Cm*/tree) of budded rubber at 4, 8 and 32 and WAP under different organic amendments

Week After Planting

Treatments
4 8 32 Mean (Cm®)
Control 48 75 100 74.30m
NPK 15-15-15 118 236 590 314.90c¢
Poultry manure 81 160 398 213.00i
Rabbit manure 68 134 335 179.00k
Turkey manure 85 170 424 226.30h
Oil palm bunch ash 78 156 390 208.00j
Spent grain 61 123 308 163.90b
Spent grain + cocoa husk 97 194 484 258.40e
Spent grain + oil palm bunch ash 138 263 698 366.50a
Cocoa husk + turkey manure 128 255 638 340.60b
Oil palm bunch ash + poultry 91 181 453 241.50g
Oil palm bunch ash + rabbit manure 104 207 519 276.50c¢
Spent grain + poultry manure 85 170 426 227.00h
Spent grain + rabbit manrue 105 209 523 279.00¢
Spent grain + turkey manure 114 227 568 3030.0?(3

Treatment means followed by the same letters are not significantly different from each other using Duncan Multiple

Range Test at 5% level,

The leaf of budded rubber root stocks between
4 and 32 weeks after planting (WAP) increase
significantly (p<0.05) under the different organic
fertilizers as presented in Table 4. The amended
oil palm bunch ash+spent treatment increased
the mean leaf area of budded rubber in the field
by 24% compared to the spent grain+rabbit
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manure. It also increased the leaf area of budded
rubber by 43% compared to the sole form of oil
palm bunch ash treatment.

The amended oil palm bunch ash+spent
grain increased the leaf area of budded rubber
by 14% compared to NPK fertilizer while the
same parameter increased by 80% when
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compared to the control treatment. Among the
sole residues used, poultry manure increased
the leaf most, when compared toe the spent
grain and rabbit manure respectively.

Nodes Number of Budded Rubber

Table 5 shows the number of nodes of budded
rubber increased significantly (p<0.05) between
4 and 32 weeks after planting (WAP) under the
different organic fertilizer treatments. The
amended oil palm bunch ash + poultry manure
increased the mean nodes number of budded
rubber by 50%, 42% and 92% compared to the
NPK fertilizer, spent grain and control treatments
respectively.

Oil palm bunch + rabbit manure increased
the nodes number of budded rubber 29% and
53% compared to the oil palm bunch + poultry
manure and oil palm bunch ash (sole form)
respectively. Poultry manure treatment also
increased the nodes number 27%, 45% and
55% compared to turkey manure, rabbit manure
and spent grain treatments respectively.

Plant Height of Budded Rubber

Treatments had significant (<0.05) effect on
plant height 32 weeks after planting (Table 6).
The amended oil palm bunch ash + rabbit
manure increased the plant height of budded

rubber by 56% and 46% compared to the poultry
manure and NPK fertilizer respectively. The same
treatment increased the plant height of budded
rubber by 85% compared to the control
treatment.

The poultry manure treatment increased
the plant height of budded rubber by 53%
compared to the spent grain treatment.

DISCUSSION

Soil used for planting of budded rubber trees in
the field were generally low in pH, O.M. N,P K,
Ca and Mg which could be responsible for the
poor growth of budded rubber as shown in the
control treatment. The observation was supported
by Agboola (1982) who had reported that poor
growth of rubber trees was noticeable in
undertilized soils, hence, it is expected that the
application of spent grain, oil palm bunch ash,
turkey, poultry and rabbit manures and cocoa
pod husk alone or in combination iwht manures
to the soil would increase growth of budded
rubber.

The increase in plant height, leaf area, nodes
number, leaf number of budded rubber grown
with the sole and amended organic fertilizers
could be due to their rich chemical composition
and this finding agreed with Umoti (1990) and
Folorunso (1999) who reported that oil palm

TABLE 5
The increase in node number of budded rubber between 4 and 32 weeks after planting under
different organic treatments

Week After Planting

Treatments
4 8 32 Mean (Cm?)
Control 0 0 1 0.33h
NPK 15-15-15 1 2 3 2.00g
Poultry manure 1 4 6 3.66d
Rabbit manure 1 2 3 2.00g
Turkey manure 1 2 5 2.66e
Oil palm bunch ash 1 2 4 2.33f
Spent grain 0 1 4 1.66g
Spent grain + cocoa husk 1 3 6 3.33d
Spent grain + oil palm bunch ash 2 4 6 4.00c
Cocoa husk + turkey manure 2 + 8 4.66b
Oil palm bunch ash + poultry 2 4 6 4.00c
Oil palm bunch ash + rabbit manure 2 5 10 5.66a
Spent grain + poultry manure 1 2 5 2.66e
Spent grain + rabbit manrue 1 2 4 2.33f
. Spent grain + turkey manure 1 2 5 2.67¢

Treatment means followed by the same letters are not significantly different from each other using Duncan Multiple

Range Test at 5% level.
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TABLE 6
The increase in plant height (cm) of budded rubber between 4 and 32 WAP under different organic residues
Treatments 4 8 52 Mean
WAP
Control 4.30 6.00 9.00 6.42i
NPK 15-15-15 10.00 20.00 37.00 22.37d
Poultry manure 8.00 16.70 30.00 18.23f
Rabbit manure 9.00 17.00 32.00 19.34ef
Turkey manure 7.00 16.00 29.00 17.58f
Oil palm bunch ash 6.00 14.00 24.60 14.81g
Spent grain 5.60 13.00 22.00 13.54g
Spent grain + cocoa husk 10.00 18.90 33.00 20.64e
Spent grain + oil palm bunch ash 11.60 23.00 43.00 25.88¢
Cocoa husk + turkey manure 6.10 11.00 19.00 12.04h
Oil palm bunch ash + poultry 12.00 28.00 41.20 27.06b
Oil palm bunch ash + rabbit manure 15.50 40.00 69.00 41.5a
Spent grain + poultry manure 10.00 23.80 39.00 24.28¢
Spent grain + rabbit manure 10.00 19.30 35.00 21.46de
Spent grain + turkey manure 10.00 19.00 35.00 21.33d
TABLE 7
The leaf chemical composition of budded rubber at 20 weeks after planting under different organic residues
Treatments N P K% Ca Mg Na
Control (no fertilizer) 0.90k 0.141 0.20m 0.20k 0.15kl 0.10h
NPK 15-15-15 2.90b 0.61b 0.65b 0.20k 0.101 0.10h
Poultry manure 2.78¢ 0.35j 0.33j 0.41f 0.21j 0.15g
Rabbit manure 2.22¢g 0.35j 0.32§ 0.30hi 0.25i 0.11h
Turkey manure 1.72h 0.27k 0.25L 0.28j 0.33h 0.14g
Oil palm bunch ash 1.351 0.29k 0.28k 0.30hi 0.42de 0.39d
Spent grain 1.25j 0.27k 0.24L 0.36g 0.18k 0.10h
Spent grain + cocoa husk 2.35fF 0.40hi 0.44ef 0.38g 0.32h 0.20f
Spent grain + oil palm bunch ash 2.46e 0.42h 0.45e 0.53¢ 0.48d 0.23f
Cocoa husk + turkey manure 2.40c 0.35j 0.36i 0.32h 0.37fg 0.41d
Oil palm bunch ash + poultry 2.85b 0.53¢ 0.50¢ 0.58b 0.53¢ 0.22f
Oil palm bunch ash + rabbit manure 3.20a 0.69a 0.95a 0.84a 0.86a 0.93a
Spent grain + poultry manure 2.70c 0.45f 0.42¢g 0.49d 0.64b 0.54b
Spent grain + rabbit manure 2.60d 0.45f 0.48d 0.44e 0.34h 0.50¢
Spent grain + turkey manure 2.60d 0.43fg 0.40gh 0.48d 0.39f 0.26

Treatment means within each group followed by the same letters are not significantly different from each other using

Duncan Multiple Range Test at 5% level.

bunch ash, cocoa husk and spent grain applied
in sole form or amended poultry manure and
pig manure at 6t/ha increased significantly the
plant height, leaf area and leaf number of oil
palm, rubber and coffee trees.

The nutrient contents in leaves of budded
rubber in the control plots were below the critical
of 0.25%P, 1.19%K, 0.8% Ca and 0.7% Mg as
reported by Jones and Eck (1973), thus the
leaves of the budded rubber exhibited deficiency
symptoms of N (yellow colouration), P (purple

colouration) and K (burnt leaf margin).

The application of turkey poultry and rabbit
manure, oil palm bunch ash, spent grain and
cocoa husk (either solely or amended forms)
increased the leaf N,P.K, Ca and Mg contents of
budded rubber compared to controls which may
be related to their chemical composition (Table
2). This observation agreed with the views of
Adu-Daaph et al. (1994) who reported that cocoa
husk and oil palm bunch ash were good sources
of P,K,Ca, Mg and Na when soil applied.

However, increased leaf and soil chemical
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TABLE 8
The soil chemical composition of the field planted to budded rubber at 52 weeks after
planting under different treatments

Treatments PH oM N P K Ca Mg Na
(h,0) % % - Mg/kg soil Mmol/kg
Control (no fertilizer) 5.40¢ 0.25g 0.03f 4.5 0.081 0.051 0.04h 0.06g
NPK 15-15-15 510f 028z 032bc 342b 342bc  0.08i 0.02h  0.025g
Poultry manure 6.50¢ 230e  028cd  24.5g 2.49g 2.09¢ 1.32f 0.80d
Rabbit manure 645cd  226e  0.24d 26.5f  2.25h 1.97g 1.28f 0.69
Turkey manure 6.60bc  235e¢  0.26d 227h  278de 207 1.32f  0.74de
Oil palm bunch ash 690b  230e 023 21.7hi  3.18c 1.89¢ 1.25f  0.64ef
Spent grain 6.20 1.76f 0.16¢ 20.51 2.47g 1.04h  08l1g 0.62f
Spent grain + cocoa husk 648c  2.58d 0.29¢ 255f  248ef  2.74d 1.64¢ 0.88¢
Spent grain + oil palm bunch ash 7102 331b  0.29¢ 332¢ 265e  263de 162  0.85cd
Cocoa husk + turkey manure 6.53¢ 2.85¢ 030c 3194 291d 217 2.46b 1.10b
Oil palm bunch ash + poultry 700ab  334b  035ab  352b  3.62b  3.8%b 2.05¢ 1.09b
Oil palm bunch ash + rabbit manure  7.20a 3.80a 0.39a 37.2a 453 4.29a 3.5a 1.25a
Spent grain + poultry manure 6.70b 293¢ . 031bc. 273ef 252 3.62b 1.86d  1.20ab
Spent grdin + rabbit manure 6.40cd  267d  0.28cd  28.6e 2.86d 3.40c 1.65c  0.92bc
Spent grain + turkey manure 6.80b  275cd  0.34b 26.3f  28lde  2.60e 1.68¢  0.93bc

Treatment means within each group followed by the same letters are not significantly different from each using Duncan

Multiple Range Test at 5% level.

composition and growth parameters of budded
rubber by the oil palm bunch ash and cocoa
huks blended with turkey, rabbit and poultry
manures compared with their sole forms could
be explained in term of their better nutrient
levels form organically-amended fertilizers than
their unamended forms.

The effect of turkey and poultry manure on
the growth, leaf and soil chemical composition
of budded rubber compared to the spent grain
and cocoa husk is consistent with the higher
values of soil N, P,KK, Ca, Mg and O.M of the
former than that of the latter. The observation
agreed with Folorunso (1999) who reported that
the spent grain had lower C, N, Ca, Mg, P, K and
Zn content and C/N ratio 1:14 which would
make it more resistant to degradation and their
nutrients might be made slowly available to plants
compared to turkey, poultry and rabbit manures.

The fact that oil palm bunch ash and cococa
husk pod increased the soil pH is consistent with
the previous finding that the ash contained
mainly K, Ca and Mg (Ojeniyi 1995). The NPK
fertilizer also reduced the soil pH and this could
be a result of acidication associated with
continuous use of 300 kg NPK 15-15-15 fertilizer
applied per hectare which was a standard practice

- used for budded rubber in the field. The above
statement is consistent with the fact that
application of high amount of NPK fertilizer

would increase the NH,* cation sorption on the
soil surface leading to increased soil acidity
(Barber 1962). The phenomenon is also
responsible for the reduction in soil O.M. because
the soil acidity reduced the activities of microbial
organisms, especially aerobic bacteria
(inotrosomonas and nitrobacter) which are N
fixers cause poor organic matter build up.

CONCLUSION AND RECOMMENDATION

Oil palm bunch ash, cocoa pod husk, turkey,
poultry manures, spent grain and rabbit manures
are effective sources of nutrients because their
additions to the soil have enhanced the leaf and
soil N, P,K, Ca, Mg, soil pH and O.M. plant
height, leaf area, leaf number and nodes number
of budded rubber in the field.

Spent grain was the least effective in
promoting budded rubber growth while the
amended residues with turkey, poultry and rabbit
manures performed well. Oil palm bunch ash +
rabbit manure, oil palm bunch ash + poultry
manure and cocoa husl + turkey applied at 6t/
ha improved nutrient availability and would
ensure sustainable cultivation of budded rubber
on soils of low fertility in the humid tropics.
Thus, they can be used in place of scarce and
expensive inorganic fertilizers.
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ABSTRAK

Satu kajian telah dijalankan untuk menentukan taburan Peste Des Petits Ruminants (PPR) dan usaha pemvaksinan
di Negeri Taraba, Nigeria menggunakan data yang dikumpulkan daripada Jabatan Perkhidmatan Veterinar di
Kementerian Pertanian dan Pembangunan Luar Bandar Negeni antara tahun 1992 dan 1998. Keputusan
menunjukkan bahawa penyakit tersebut adalah paling tersebar luas semasa bulan-bulan yang sejuk pada tahun
tersebut (Hamattan) dan permulaan musim hujan. Begitu juga, tercetusnya penyakit tersebut yang meningkat
kerana pengenduran program kempen pemvaksinan. Diperhatikan bahawa jumlah tercetusnya penyakit tersebut
adalah rendah apabila pemvaksinan menggunakan Tissue-Culture-Rinderpest Vaccine (TCRV) yang diperkuatkan
dan ia meninghat apabila pemvaksinan dikendurkan. Ia boleh disimpulkan daripada kajian ini bahawa kempen
pemvaksinan intensif ruminan kecil terhadap PPR melalui peruntukan fasiliti secukupnya, vaksin TCRV, melatih
pekerja luar dan kempen kesedaran massa di kampung-kampung adalah paling utama untuk mengawal ancaman
penyakit ini di Nigeria.

ABSTRACT

An investigation was conducted in order to determine the distribution of Peste Des Petits Ru'minants (PPR) and
vaccination efforts in Taraba State of Nigeria using data collected from the Veterinary Services Department of the
State’s Ministry of Agriculture and Rural Development between 1992 and 1998. The results showed that the
disease is most prevalent during the cold months of the year (Hamattan) and beginning of the rainy season.
Similarly, outbreaks increased with the relaxation of vaccination campaign programmes. It was observed that the
number of outbreak was low when a vaccination using Tissue-Culture-Rinderpest Vaccine (TCRV) was intensified
and it increases when the vaccination was relaxed. It was concluded from this study that intensive vaccination
campaign of small ruminants against the PPR through provision of adequate facilities, TCRV vaccines, training
of field workers and mass enlightenment campaign in the villages are paramount to control menace of the disease
in Nigeria.

INTRODUCTION anorexia, necrotizing erosive stomatitis, enteritis
Peste Des Petits ruminants (PPR) is an acute  and diarrhea (Nawathe and Taylor 1979).
and highly contagious rinderpest — like viral The PPR is caused by a Morbillivirus which

disease of small ruminants, especially sheep and has bt'een shown to be simi_lar in ultrastructure to
goats. It causes higher morbidity and mortality ~ the rinderpest, canine distemper and measles

in goats than in sheep. The disease is characterized ~ Viruses (Gibs et al. 1979). The virus has been
by fever, pneumonia, occulonasal discharge, classified as the 4" member of the Morbillivirus

*  Corresponding Author
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genus of the paramyxoviridae family (Abdulkadir
1989).

In Nigeria, Whitney et al. (1967) described
the disease clinically in affected Nigerian goats
under the name ‘Kata”. Since its recognition in
Nigeria, PPR has continued to be a major disease
of small ruminants causing sporadic outbreaks
among susceptible sheep and goats. During the
course of an epidemic, the villages are known to
lose their entire populations of small ruminants.
In Nigeria, over one hundred outbreaks are
reported annually and many more go unreported
(Nawathe 1984).

Hamdy et al. (1976) considered PPR to the
responsible for losses to the tune of $1.5 million,
and by now, with rising inflation, it could well be
over $10.0 million annually. PPR therefore, is
an economically significant disease considering
the fact that it affects small ruminants, which are
found practically in almost every household in
Nigeria. These small ruminants are found to
contribute significantly to be income of rural
dwellers and the protein consumption in the
country providing about 46% of the quantity of
meat consumed in the country (Emmanuel
1980). This therefore, explains why control of
PPR should be intensified by governments or
voluntary organizations.

Attempts made so far in the control of the
disease in Nigeria is by vaccination using the
Tissue-Culture-Rinderpest-Vaccine (TCRV) which
has been found to afford solid protection against
PPR for over one year (Nawathe 1984).

The aim of the study therefore, was to
determine the prevalence of PPR in Taraba
State of Nigeria vis-a- vis the control measures
using TCRV and make possible recommendations
on how to control the disease.

MATERIALS AND METHODS

Data were collected from the Veterinary
Department of the State’s Ministry of Agriculture
and Rural Development on PPR outbreaks and
vaccination figures in Taraba State for a period
of seven years, spanning from 1992 to 1998,
The vaccine used was Tissue-Culture-
Rinderpest-Vaccine (TCRV), a heterelogous live
attenuated viral vaccine prepared from the
National Veterinary Research Institute (NVRI),
Vom, Plateau State, Nigeria in which half the
_ large ruminant dose was administered to the
small ruminants which confers a solid immunity
against PPR for at least one year. Therefore, the
vaccination exercise was repeated annually.

The prevalence of the disease and specifically
the relationships between vaccination campaign
and outbreak of PPR in the State were determined.

Similarly, monthly variation for the reported
outbreaks was determined using the Ratio-to-
Moving average method or Time Series Analysis
in which the data was recorded month by month
for the entire period of the study i.e from January
1992 to December 1992, then January of the
next year, 1993 to December, 1993 to so on up
to 1998. A centered average was determined for
all and each month, the averages were computed
such that the data was represented using 12
months. The data was therefore summarized to
be represented by 12 months and extraneous
variations were eliminated, such that against
each month is the seasonal index for that month.
It was the seasonal index that was plotted against
the months (x-axis) to obtain a plot that shows
seasonal index of the PPR.

RESULTS

The result showed that the number of outbreaks
increased only from 1993-1995. Thereafter, the
outbreak number was on the decline (Fig. I).

An increase in the number of animals
vaccinated was also recorded in 1993, 1994 and
1997. The period from 1995 to 1998 was
characterized by a fluctuation in the number of
animals vaccinated. While the number of animals
vaccinated was high in 1995, it was low in 1996
and increased again in 1997 with another
decrease in 1998,

The relationship between the vaccination
figures and the number of outbreak is shown in
Fig. 1. When the vaccination campaign was
intensified in 1994, the number of outbreaks
was low. In 1995, the number of outbreaks
increased as the vaccination figures went down.
From 1995 to 1997, the outbreak was in
continuous decline whereas 1998 witnessed a
slight increase in the number of outbreaks.

A summary of monthly outbreaks of PPR
from 1992 to 1998 revealed that most of the
outbreaks occurred in January, March, April and
May (Fig. 2). A similar result was observed using
the seasonal index (Fig. 3).

DISCUSSION

Results of vaccination campaigns and the outbreak
observed in this study further strengthened the
assertion that intensified efforts towards effective
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Fig. 3: Seasonal index of PPR in small ruminants
in Taraba State of Nigeria from 1992 - 1998

vaccination contributes to lowering PPR
outbreaks which tend to agree with reports by
Taylor ¢t al. (1990) and Majiyabe et al. (1994).

A decrease in the number of outbreaks in
1994 (Fig. 1) could have been a result of the
launching of vaccination campaigns against PPR
in that year which perhaps was effectively carried
out due to enthusiasm by both farmers and the
vaccination campaign personnel. The subsequent
increase in the number of outbreaks in 1995
could have been due to lacity on the part of the
government on the vaccination campaign
programmes.

The rhythm of vaccination campaigns kept
on declining up to 1998; this may have been due
to non availability of vaccinate their stocks for
fear of adverse post-vaccinal reaction, diffculty
in differentiating healthy animals from those
incubating the disease and poor record keeping
which will not give the actual situation and
information on the disease and vaccination
campaign programme. Such outbreaks could
result in economic losses in Nigeria to the tune
of over one million naira (N1,000,000) annually
(Lamorde 1980); with the current rise in inflation
the losses could even exceed this figure.

It is possible that outbreaks recorded in the
State not have reflected the actual situation of

the State as many cases may to unreported. The
monthly distribution of PPR outbreak showed
that the prevalence of the disease is high during
the months of January and March which
correspond with the harmattan (dry season)
period and months of April and May (pre-rainy
season) (Fig. 3). This is in consonance with the
report by Obi (1980). These periods in the
current study are very critical for the mall
ruminants due to scarcity of feed and water.
They therefore roam about in search of feed
and water and congregate at such few points
thereby predisposing them to PPR due to the
fast spread of the virus.

It was therefore concluded from this study,
that TCRV is effective against PPR and outbreak
of the disease may be encountered almost all
the year round with the incidence of the disease
being higher during the late dry and pre-rainy
seasons especially when vaccination exercise is
relaxed. Hence it is essential to employ effective
and efficient control measures by seeking both
national and international co-ordination and
commencing the exercise prior to seasonal
outbreak as it is evident that the vaccination is
dwindling in Nigeria.

104 PERTANIKA J. TROP. AGRIC. SCI. VOL. 27 NO. 2, 2004



EFFECTS OF VACCINATION ON THE PREVALENCE OF PPR IN SMALL RUMINANTS IN TARABA STATE, NIGERIA

REFERENCES

Appur Kapir, AL 1989. Infectious diseases of
livestock in Nigeria. An Outline. p. 173

EmmanveL, A. 1980. Epidemiology of PPR.
Proceddings of the International Workshop, p.3,
2426 September, held at IITA Ibadan,
Nigeria.

Giss, E.P.J., W.P. Tavtor, M.J.P Lawman and .
Bryant. 1979. Classification of peste des petits
ruminants as fourth member of Genus
Morbilivirus. Intevirology 2: 268-274.

Hampy, F.M., A.H. Darpiri, D.J. NDAAKA, S. BREESE,
S.S Jr., and E.C. InEmeLaNDU. 1976, Etiology
of stomatitis pneumoenteritis complex in
Nigerian Dwarf Goats. Can. J. Comp. Med.
40: 276-284.

Lamorpe, A.G. 1980. Welcome address. In
Proceedings of the International Workshop, p. 1-
2. held at IITA Ibadan, Nigeria. 24-26"
September.

Majivase, KA., D. Suamaki and T.K.C. Ubgant.
1994. Further studies on Epidemiology of
peste des petits ruminants (PPR) in Nigeria.
The Small Ruminani Res Network Newsletter 29;
2-5.

NawatHe, D.R. and W.P TayvLor. 1979.
Experimental infection of domestic pigs with
the virus peste des petiti ruminants. Trop.
Ani. Hlth. Prod. 11: 120-122,

Osi, U. 1980. Results of TCRV vaccination in
Nigeria. In Proceedings of the International
Workshop, p. 82. held at IITA Ibadan, Nigeria.
24-26th September.

TavLor, W.P., S. AlBussaipt and T. Barrer. 1990.
The epidemiology of peste des petits
ruminants in the Sultanate of Oman. Vet
Microbiology 22: 341-352.

Wariney, J.C., G.R. Scort and D.G. Hmi. 1967.
Preliminary observation on a stomatitis and
enteritis of goats in southern Nigeria. Bull
Epizoot. Dis. Afr. 15: 31-41.

(Received: 25 March 2002)
(Accepted: 7 June 2004)

PERTANIKA ]J. TROP. AGRIC. SCI. VOL. 27 NO. 2, 2004 105



ISSN: 1511-8701
© Universiti Putra Malaysia Press

Pertanika J. Trop. Agric. Sci. 27(2): 107 - 112 (2004)

The Effect of Feeding Soyabeans Treated with Different Alkaline Salts on
the Protein and Energy Utilisation by Starter Boilers

B.A AYANWALE
Department of Animal Production,
Federal University of Technology,

Mina. Nigeria

Keywords: Treated soyabeans, broilers, alkaline, salts, protein and energy

ABSTRAK

Satu eksperimen telah dijalankan untuk menguji kesan efisyen susu kacang soya beralkali terhadap protein
kepada ayam pedaging. Benih soya direndam selama 24 jam dalam sebatian akueus sodium klorida (3%
kelikatan), trona dan alum, dikeringkan, dikisar dan digunakan bagi melakukan rawatan pokok, kacang soya
yang dirawat dengan sodium klorida (T2), trona (T3) dan alum (T4), dengan kacang soya yang dibakar sebagai
kawalan (T1). Keputusan menunjukkan kacang soya yang direndam dalam sebatian garam alkali telah
mengurangkan sedikit DM, CF, NFE and GE manakala EE dan abu mencatatkan kadar lebih rendah dalam
kacang soya yang dibakar. Nilai PER untuk T1 dan T4 adalah sama dan lebik tinggi, manakala efisyen tanaga
bertambah dalam T3 dan T4. Pada peringkat akhir fasa pertama, berat badan dan penambahan berat ayam
pedaging yang mana ia dirawat dengan NaCl adalah lebih lemah berbanding dengan kumpulan lain, ini
diakibatkan oleh jumlah pemakanan yang rendah (p<0.05) dan efisien pemakanan lemah (p<0.05). Ayam
pedaging diberi makan kacang soya yang dirawat oleh trona dan alum mempunyai kadar efisyen tenaga yang
lebih tinggi berbanding yang diberi dengan rawatan NaCl dan kawalan diet. Ia boleh disimpulkan bahawa mana-
mana dan tiga garam alkali tersebut boleh digunakan untuk proses kacang soya untuk pemakanan ayam pedaging
tetapi untuk tenaga yang lebih baik dan efisyen protein, penggunaan alum dan trona adalah lebih elok.

ABSTRACT

An experiment was conducted to evaluate the effect of feeding alkaline treated soyabeans to broilers on protein and
energy efficiency of the starter boilers. Soyabean seeds were soaked in aqueous solution (3% concentration) of
sodium chloride, trona, and alum respectively for 24 hours, air-dried, ground and used in compounding the three
treatments, sodium chloride treated soyabeans (T2), trona (T3), and alum (T4), with roasted soyabeans as the
control (T1). The results indicated that soaking soyabeans in alkaline salt solution slightly reduced DM, CF, NFE
and GE while EE and Ash were lower in the roasted soyabean seeds. The PER values for T1 and T4 were similar
and higher values while energy efficiency was improved in T3 and T4. At the end of the starter phase, the body
weights and body weight gains of the broiler on diets in which soyabeans were treated with NaCI were poorer even
compared to the other groups, which was partly attributed to the lower feed intake (p<0.05) and poor feed efficiency
(p<0.05) of the group. The broilers fed trona and alum treated soyabeans had better energy efficiency ratio than
the ones fed the NaCl treated soyabean and the control diets. It was concluded that any of the three alkaline salts
could be used to prrocess soyabeans for broiler conswumption but for better energy and protein efficiency the utilization
of trona and alum were preferable.

INTRODUCTION

In countries like Nigeria, the use of raw or
whole soyabeans as a source of plant protein in
animal diets was on the increase. However, raw
soyabeans need to be processed before their
incorporation into the animal diets in order to
remove anti-nutritional factors including

polyphenols and typsin inhibitors. It is also
desirable to reduce the high levels of
oligosaccharides, notably raffinose and stahyose,
which cause flatulence and abdominal discomfort
in animals. Soaking in water and boiling are the
methods commonly in use (Fanimo 1996).
Excessive soaking under tropical conditions can
lead to serious microbial deterioration while
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boiling uses firewood or other fuel, which may
be scarce and expensive. This creates the obvious
need for seeking alternative methods of
processing soyabeans.

The addition of alkaline salts such as sodium
bicarbonate has been shown to reduce soaking
and cooking time (Singh ¢t al. 1988). Polyphenols
were removed by soaking legumes in water and
sodium bicarbonate, which makes the process
efficient (Laurena ef al. 1986). Omueti et al
(1992) reported that soaking and blanching of
soyabeans is an effective way of inactivating trypsin
inhibitors and removing a significant proportion
of polyphenols and oligosaccharies. Nelson et al.
(1976) stated that removal of trypsin inhibitor
by blanching was made more effective by addition
of sodium bicarbonate. Ayanwale (1999) also
reported that sodium sesquicarbonate (trona)
can be used without detrimental effect on broiler
performance and carcass quality. Consequently,
this work was designed to evaluate the effect of
sodium chloride, trona and alum, which are
equally cheap and readily available, on the
protein and energy utilization, by starter broilers.

MATERIALS AND METHODS
Processing of the Soyabeans
The different alkaline salt solutions, sodium
chloride (NaCl), sodium sesquicarbonate (trona)

{Na?COqNaHCq‘.Hzo} and alum (Al, (So,)
.24H,0) were prepared by adding 30g of each
alkaline salts to 1,000 milliliters of water at room
temperature. The raw soyabean seeds were then
soaked in the prepared 3% solutions of the salts
for 24 hrs, drained, air-dried, ground and used
in preparing the four isocaloric and
isonitrogenous diets (Table 1). The crude protein
level of the diets is 24.16% while energy level is
3.18kcal/g.

Soaking was done in such a way that the
soyabeans were always completely covered with
the alkaline solution. This was ensured by checking
at regular intervals. Four broiler starter diets
were formulated and designated T1, T2, T3, and
T4, respectively. Diet T1 was the control, which
contained roasted soyabeans while diets T2, T3,
and T4 contained sodium chloride, trona and
alum-processed soyabeans respectively. (Table
1) Roasting of the soyabeans was done by
autoclaving at 100 C for 30 minutes as described
by Ewing (‘963) since Kratzer (1990) reported
that heating at 130 C for 60 minutes destroyeds
or renders unavailable several essential amino acids.

Analytical Procedure
The proximate composition of the processed

samples as shown in Table 2 was determined
according to the Official Methods (A.O.A.C,

TABLE 1
Composition of the starter diets T-T,
Ingredients (%)
Maize 50.23
Rice Offal 5.00
Fish Meal 5.00
Palm Oil 2.50
Bone Meal 2.50
Salt 0.30
Lysine 0.20
Methionine 0.20
» *Premix* 0.25
Soyabeans 33.82
Total 100.00
Chemical composition
Energy Kecal/g % 3.18
Crude protein % 24.16
Crude fibre % 3.95
Ether Extract % 4.40

a: to provide the following per kg diet: vitamin A 1500iy; vitamin D3, 1600iy; riboflavin 9.0mg; biotin 0.25mg;
pantothenic acid 1.10mg; vitamin K 3.0mg; vitamin B, 2. 5mg; vitamin B, 0.3mg; vitamin B,, 8.0mg, nicotinic acid
8.0mg; Fe 5.0mg; zn 4.5mg; Mn 10.0mg; Co 0.02mg and Se 0.01mg.b: T1-Roasted soyabean:; T2-soyabeans soaked
in NaCl; T3-soyabeans soaked in trona; T4-soyabeans soaked in trona.
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1990) and gross energy by Gallen Kamp oxygen
calorimeter (Miller and Payne 1959).

Biological Evaluation

One hundred and eighty day-old Sussex broiler
chicks of equal male to female ratio (1:1) were
used for this work. They were randomly allocated
in the diets at fortyfive birds per diet and
replicated in three groups of fifteen birds each.
All experimental birds were given feed and water
ad-libitum. Records of average growth rate and
feed consumption were taken over a 28-d period
from which values for average live body weight,
gain, feed to gain ratio, protein efficiency ratio
(PER) was calculated as energy intake per unit
body weight gain (Ayanwale and Ogunmodede
1999) The birds were raised on a deep litter
system. Heat was provided with 60 watts bulb
supplemented with charcoal pot for brooding.

Determination of Nitrogen Ulilization

At 3 weeks, two birds from each replicate were
randomly selected and transferred to metabolic
cages. They were allowed 7 days adjustment
period. Weighed quantities of feed were supplied
and droppings collected over a 72-hr period
using total collection method (Longe 1980).
Faecal samples were dried at 80°C, weighed and
ground prior to chemical analysis. The faecal
samples were collected daily, bulked for each
replicate, weighed, dried and stored. From the
data on nitrogen intake and excretion, the
proportion of nitrogen was calculated.

Statistical Analysis

The experimental design was randomized
complete block (RCB) design using the
Replicates as the blocks. The statistical analysis

was done according to Gomez and Gomez (1984)
and mean separation by Duncan multiple range
test (Duncan 1955).

RESULTS AND DISCUSSION

The proximate composition of the soyabean
seeds processed by roasting and with sodium
chloride, trona, and alum is shown in Table 2.
The results indicated that processing of soyabeans
by soaking in different alkaline solutions reduced
the dry matter (DM), crude protein (CP) and
crude fibre (CF) contents of the seeds. This is in
agreement with the reports of Ku. ef al. (1976)
who attributed such reductions to the increased
solubility of soyabean proteins at the alkaline
pH of the salts resulting in increased leaching of
the proteins into solution. However, the relatively
lower ether extract content of the control (T1)
could only be attributed to the higher
temperature (100°C) at which the soyabean seeds
were roasted compared to the soaked beans.
Similarly, a decrease in fibre content due to
(NaOH) alkali treatment of farm residue was
ascribed almost entirely to a reduction in
hemicellulose content of the residues (Moss et
al. 1990). The nitrogen free extract (NFE) and
gross energy (GE) were slightly higher in the
roasted soyabeans than the treated ones due
possibly to the solubility of parts of the nutrients
in the alkaline salts. The lowest ash value was
found in the control diet (p<0.05). This reflects
the uptake of minerals from the solution. A
similar observation on the uptake of inorganic
minerals of cocoa pod husk resulting from alkali
treatment (NaOH) was made by Sobamiwa and
Longe (1994). Also the chelated minerals in the
legume could be released into the solution leading
to greater uptake as explained by Ayanwale (1999).

TABLE 2
Proximate composition of the soyabean seeds processed with different alkaline salts (%)

Parameters Y i e T s

Dry Matter 93.00 92.00 92.20 92.00
Crude Protein 43.82 43.7 43.45 43.65
Ether Extract 18.00 18.92 18.84 18.88
Crude Fibre 5.87 4.86 493 491
Ash 3.16 3.98 3.96 3.97
NFE 22.15 20.54 21.02 20.59
GE (Kcal/g) 6.00 5.68 5.80 5.69

NFE is Nitrogen Free Extract, GE is Gross Energy

T,-Roasted soyabeans; T soyabeans soaked in NaCl; T soyabeans soaked in trona; T :soyabeans soked in alum.
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Table 3 shows the performance characteristics
of the broilers fed the alkali-treated soyabeans
and the control soyabeans. The birds fed sodium
chloride-treated soyabeans had significantly lower
(p>0.05) body weight compared to the trona-fed
diets. The weights of birds on the control diet
were similar to the weights of those fed trona
and alum diets. The weight gains of the broilers
also followed the same pattern as the body
weights. The observed reductions in the body
weights and weight gains could be attributed to
the reductions in the feed intake which is
significantly lower (p<0.05) in the NaCl-treated
soyabean-based diets. Although the feed
consumption of NaCl-based diet and alum-based
diets were similar, feed efficiency (feed/gain
ratio) of the alum based diets were better. This
was attributed to the differences in the
composition of the two alkaline salts. Alum would
have been more effective in the removal of the
anti-nutritional factors of soyabeans than the
sodium chloride since stronger alkaline salts are
reported to be more effective in this aspect
(Omueti et al. 1992).

The results presented in Table 4 show that
nitrogen intake, nitrogen output and nitrogen
retained in grams per day were not significantly

(p>0.05) different for all the broiler groups.
However, efficiency of protein utilization was
better in trona and alum treated diets than in
the control. This might be due to higher protein
available to the broilers for utilization due to the
destructive effects of the alkaline salts on the
trypsin inhibitors of the soyabean seeds. The
results of the in vitro trona treatment of
soyabeans flour showed that trona destroyed the
trypsin inhibitors present in raw soyabeans
(Omueti et al. 1992).

The energy efficiency results shown in Table
5 indicate that the energy of the control diet
(T1) was poorly utilized by the broilers as
compared to those of the other diets. These
observations could be due to the release of the
inorganic mineral elements of the treated
soyabeans. Some of the minerals when available
serve as co-enzymes and co-factors of enzyme
systems involved in both protein and energy
metabolism (Lloyd et al. 1978; Church and Pond
1988) and their levels in the diets affect feed
utilization. Although the formation of
lysinoalanine has been reported for soyabeans
soaked in aqueous NaOH (DeGroot and Slump
1969) the authors also remarked that feeding
mildly treated soyabeans to broilers did not

TABLE 3

Performance characteristics of broilers fed alkali-treated soyabeans for 28 days
Parameters T T, T T,
Initial live weight (g/bird) 32.50 32,51 82.53 32.52
Final live weight (g/bird) 5400.00°18.92 400.10°23.90 484.53'27.20 511.49°29.92
Body weight gain (g/bird) 507.50*4.11 367.59"5.69 452.00"3.57 478.97°6.22
Feed intake (g/bird) 989.00°3.60 921.66"2.10 993.002.40 952.97°b2.40
Feed/gain ratio 1.950.08 2.51%0.26 2.20°0.33 1.99%0.07

Means denoted by the same letter in the same row are not significantly (p>0.05) different.
T1 is roasted soyabean diet; T2-NaCl treated soyabean diet; T3 trona treated soyabean diet; T-i—alum-n‘eal.ed

soyabean diet.
TABLE 4
Nitrogen utilization by broilers fed the experimental diets

Parameters i I T, g ir T, SEM
Niu‘ogen intake (g/bird/day) 3.41 3.36 3.39 3.40 0.06
Nfl:mgen output (g/bird/day) 115 1.12 1.13 1.14 0.20
throgen remmefl (g/bird/day) 2.26 2.24 2.26 2.26 0.11
Nitrogen retention (%) 66.28 66.67 66.49 66.49 1.54
Protein Efficiency ratio 2.12a 1.83b 2.09ab 2.14a 0.12

T, is Roasted soyabean diet; T, NaCl-treated soyabean diet; T, trona treated soyabean diet; T, alum treated

soyabean diet.
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TABLE 5
Energy efficiency of broiler fed soyabeans treated with different alkaline salts
Parameters T T, g 25 T, SEM
Dry matter intake (g/day) 32.85 31.28 32.63 31.81 1.22
Energy intake (Kcal/day) 116.12 90.40 96.42 94.89 483
Live weight gain (g/bird 16.85 13.84 16.44 16.21 0.32
Energy efficiency 7.00a 6.46ab 5.86a 5.85b 0.17

Means detonated by the same letter in the same row are not significantly (p>0.05) different.

SEM is the standard error of mean

T1 is roasted soyabean diet; T2 is NaCl-treated soyabean diet; T3-trona-treated soyabean diet; T4-alum-treated

soyabean diet.

produce any adverse effect in the birds, which is
true of the diets used in this work. The results of
the present work agree with the findings of
Lauren et al. (1969) and Nelson et al. (1976)
that soaking of legumes in alkaline salts removed
polyphenols and destroyed trypsin inhibitors.

CONCLUSION

All the alkaline-treated soyabeans supported the
growth of the broilers since all the birds were
raised to the end of the starter phase. However,
on the bases of body weight gain, feed
consumption and PER similar optimal results
were obtained in broiler fed roasted soyabeans
and the ones fed alum-treated soyabeans more
than those of the roasted ones. So, alum at 3%
concentration could be recommended for
treating soyabeans for starter broilers.
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ABSTRAK

Kajian populasi rumpai dan biji yang tertanam sebelum dan selepas penuaian telah dilakukan di kawasan
sawah di Stesyen Penyelidikan MARDI dan Sungai Burung, Selangor. Hasil menunjukkan bahawa rumpai
berdaun lebar sangat dominan di kawasan sawah di Stesyen MARDI dan Sungai Burung. Dua spesies iaitu
Cyperus difformis (rusiga) dan Najas graminae (daun lebar), masing-masing merupakan spesies dominan di
kedua-dua kawasan tersebut. Populasi biji rumpai tidak berbeza di antara kedua-dua kawasan tersebut. Bagai-
manapun, biji rumpai yang dikira sebelum dan selepas penuaian menunjukkan perbezaan bilangannya. Pada
umumnya bilangan biji yang tertinggi di kedua-dua kawasan sawah tersebut dikesan pada kedalaman 0-5 cm.

ABSTRACT

A study of weed populations and their buried seeds before and after harvesting was carried out at the MARDI
Research Station and at Farmers’ Rice Fields, Sungai Burung in Tanjung Karang, Selangor. The results showed
that the broadleaf weeds were the most dominant in the MARDI and Sungai Burung rice fields. Two species,
namely Cyperus difformis (sedge) and Najas graminae (broadleaf) were the most dominant species in the
MARDI and Sungai Burung rice fields respectively. The weed seed populations were similar in both rice fields.
However, the weed seed counts before and after harvesting were different. In general, it was also found that the

highest number of weed seeds in the soil was detected in the 0-5 cm layer of soil in both rice fields.

INTRODUCTION

Weed infestation is one of the most problematic
and troublesome scenarios in rice cultivation.
Factors such as cultivation practice, land
preparation, soil moisture content and
management strategies greatly affect the presence
and abundance of weeds in rice fields (De Datta
1981). Previous studies have shown that weeds
found in direct seeded rice fields were more
complicated than those in transplanted rice fields
(Teerawatsakul 1976; Tengku Zunaidah 1996).
As reported, weed composition and dominance
were affected by water management and soil
preparation. Rice field soils, which are flattened
and submerged in water in the early stage of
land preparation coupled with proper tillage,
could reduce the growth of weeds (Khalid 1988;
Yamada 1965). Noda (1977) reported that weeds
in transplanted and direct seeded rice fields

caused rice yield losses of 16 and 62%,
respectively.

Weed problems begin with weed seeds in
the soil and they continuously create problems
even though attempts are made to prevent them
from going to seed in the field (Wilson et al
1985). Thus, knowledge of the total number
and type of buried seeds is very useful in
predicting which species are likely to emerge in
a particular field (Lawson 1988). Reports on
weeds from rice fields in Tanjung Karang are
very limited. Recently, it was reported that
Limnophila erecta and Bacopa rotundifolia were the
newly detected dominant weeds in Sekinchan
(Azmi and Baki 2003). Experiments were therefore
conducted to determine the weed flora
composition and seed population in wet-seeded
rice fields in Tanjung Karang, Selangor,
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MATERIALS AND METHODS
The Study Area

The study was conducted at the Research Station
of MARDI and farmers’ rice fields in Sungai
Burung, Tanjung Karang, Selangor. The MARDI
and Sungai Burung areas have 9.6 and 2,000 ha
of rice fields respectively. Farmers in MARDI
practise the wet direct seeding method in the
monsoon season (Jun-Oct 2000) and the
transplanting method in November-March
(2000/01). Almost 98% of the rice fields in
Sungai Burung are wetdirect seeded and the
main sources of water supply are irrigation canals
and rain.

Weed Population Determination

Two plots from each study area were selected
randomly and used for the weed population
assessment study. The paddy plants were
approximately 2 to 2 '/, months old in both
sites. Weeds from each of thirty 1-m* quadrats
(Kim and Moody 1983) in each plot were removed
and counted by species. Summed dominance
ratio (SDR) of each species was determined
from the sum of the relative density, relative
abundance and relative frequency.

Seed Bank Sampling
Soil samples were taken from the same locations
as those used for weed population determination.
Soil samples 7 cm in diameter were taken up to
a depth of 15 cm from 30 quadrats in each study
site. The soil depth of 15 cm was studied as
reports have shown that the viability of the seed
decreased at the depth of 10 cm and the buried
seeds were skewed within the first 10 cm soil
depth besides being well-correlated to the
seedling emergence in fields (Baki ef al 1997;
Graham and Hutchings 1988; Wilson et al. 1985;
Zoner et al. 1984). The soil cores were divided
into three different sections according to depth:
0-5 cm, 5-10 em and 10-15 cm. Soil samples of
the same depth for each particular site were
pooled, mixed thoroughly and air-dried. The
soil sampling before harvesting was conducted
when the paddy plants were 2 to 2 '/, months
old whilst soil samples after harvesting were
taken immediately after the crop was harvested.
All sampling was done from the wet-direct seeded
rice fields at both sites.

A modification of the seed separation
methods described by Wilson et al (1985),

Sastroutomo and Yusron (1987) and Ball and
Miller (1989) were used. For each soil, a 400 g
soil sample was soaked in water and passed
through a sieve with a screen size of 250 yum to
collect weed seeds. Water was run through the
screen to enhance sample movement. The
contents collected in the screen were removed
and air-dried. Seeds from the entire samples
were sorted using a dissecting microscope and
counted according to species. The total number
of buried seeds found in the soil at different
depths was expressed in numbers per m®,

RESULTS

Weed Composition

A total of 17 weed species belonging to 13
families were found in these arable sites (Table
1). Among the families, Poaceae was the family
with the highest number of species. Generally,
broadleaf weeds were the most dominant (9
species) compared to grasses (4) and sedges (3).
A species of aquatic ferns (Marsilea crenata Presl)
from the family Marsileaceae was identified too.
The number of weed species in the MARDI rice
fields was slightly higher (14 species) than that
in the Sungai Burung (13 species) area.

There were four species with SDR values of
more than 5% in the MARDI rice fields. The
most dominant weed was Cyperus difformis L. with
a SDR value of 12.14%, followed by Mimulus
orbicularis (Bl.), Lemna minor L. Griff and
Limnocharis flava Buchenau in the respective
order of 10.12, 7.78 and 5.39%. However in the
Sungai Burung rice fields, the hierarchical order
of the dominant weed species was Najas graminea
(non Del.) Ridl, L. minor, Sagittaria guayanensis
Kunth, Hydrilla verticullata (L.f) Royle and
Monochoria vaginalis (Burm.f.) Presl with SDR
values of 12,77, 8.92, 7.14, 542 and 5.19%
respectively.

Based on the SDR value, the broadleaved
weeds dominated the weed community in the
MARDI and Sungai Burung rice fields accounting
for ca. 32.48% and 39.60% respectively (Fig. I).

Weed Seed Population in the Soil

Tables 2 and 3 illustrate the number of species
collected from the study sites. Twenty-four species
of weed seeds were recorded. The total weed
seed populations in both rice fields were quite
similar for both harvest times (369,720 and
526,042 seeds/m*® in MARDI; 390,721 and
535,316 seeds/m? in Sungai Burung before and
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TABLE 1
Summed dominance ratio values of weeds in transplanted rice fields of the Research
Center MARDI and farmers' fields in Sungai Burung, Tanjung Karang, Selangor

Species SDR (%)
MARDI Sungai Burung

Alismataceae

Sagittaria guayanensis - 7.14
Limnocharitaceae

Limnocharis flava 5.39 E
Cyperaceae

Cyperus difformis 12.14 E

Cyperus iria 2.96 B
Hydrocharitaceae

Hydrilla verticillata 157 5.42
Lemnaceae

Lemna minor 7.78 8.92
Lentibulariaceae

Utricularia aurea 0.88 1.03
Lythraceae

Rotala indica 1.65 3.54
Marsileaceae

Marsilea crenata 1.37 1.50
Najadaceae

Najas graminea 3.52 12.97
Onagraceae

Ludwigia adscendens 0.70 1.01
Poaceae

Digitaria adscendens - 0.56

Echinochloa colona 2.21 2.65

Echinochloa crus-galli 3.76 3.48

Leptochloa chinensis - 1.79
Pontederiaceae

Monochoria vaginalis 2.4 5.19
Scrophulariaceae

Mimulus orbicularis 10.12 -

MARDI Sungai Burung
1.50
5.97 1'7 8.48 ‘

16.67 32.48

39.60

Fig. 1: SDR values of broadleaved weeds ([ ), grasses( [] ), sedges ([Z] ) and
aquatic ferns (5] ) in MARDI and Sungai Burung rice fields
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TABLE 2

The distribution of weed seeds at the depth of 0-15 cm soil profile
of arable rice fields in MARDI, Tanjung Karang, Selangor

Species Soil depth (cm)

0-5 5-10 10-15 0-15 %

seeds/m*

Before harvesting
Cyperus iria 33,3851 25,958 16,955 76,264 20.63
Echinochloa colona 18,332 20,580 14,265 53,177 14.38
Limnocharis flava 17,117 11,459 10,056 38,632 10.45
Scirpus juncoides 12,700 12,161 9,121 33,981 9.19
Leguminosae 11,875 9,705 9,121 30,201 8.17
Eleocharis acicularis 10,160 6,665 3,157 19,982 5.41
Monachoria vaginalis 8,835 7,600 2,806 19,241 5.20
Utricularia aurea 5,963 9,939 1,988 17,890 4.84
Najas graminea 5,301 5,847 1,754 12,902 3.49
Oryza sativa® 7178 3,859 468 11,505 3.11
Cyperus difformis 7,841 2,105 1,052 10,998 2.97
Echinochloa crus-galli 4,417 4,560 1,637 10,614 2.87
Sagittaria guayanensis 2,761 6,314 818 9,893 2.68
Cleome viscosa 2,761 3,508 3,274 9,543 2.58
Lemna minor 2,430 4,209 0 6,639 1.80
Echinochloa stagnina 552 2,339 0 2,891 0.78
Leptochloa chinensis 994 1,403 0 2,397 0.65
Unidentified 1,215 0 585 1,800 0.48
Fimbristylis miliacea 0 1,169 0 1,169 0.52
Total 158,283 189,380 77,057 869,720 100.00
After harvesting
Cyperus iria 53,008 35,313 16,838 105,159 20.00
Limnocharis flava 31,597 32,039 21,047 84,683 16.10
Echinochloa colona 20,683 18,709 10,758 50,150 9.58
Utricularia aurea 12,473 18,007 11,927 42,407 8.06
Onyza sativa* 19,644 7,016 6,197 32,857 6.25
Leguminosae 16,110 13,213 1,006 30,329 5.77
Cleome viscosa 10,393 11,108 6,197 27,698 5.27
Scirprus juncoides 11,587 9,822 5,963 27,322 5.19
Monochoria vaginalis 7,795 7,016 5,145 19,956 3.79
Cyperus difformis 9,354 3,508 4,443 17,305 3.29
Ludwigia octovalvis 5,717 8,185 2,572 16,474 3.13
Najas graminea 6,444 4,677 3,625 14,746 2.80
Eleocharis acicularis 6,236 3,859 2,339 12,434 2.36
Lemna minor 6,028 8,625 1,871 11,524 2.19
Echinochloa erus-galli 4,469 4,677 2,339 11,485 2.18
Echinochloa stagnina 1,143 4,209 1,169 6,521 1.24
Leptochloa chinensis 1,455 3,859 819 6,133 1.17
Fimbristylis miliacea 2,183 1,408 2,104 5,690 1.08
Unidentified 935 818 0 1,758 0.33
Dactyloctenium aegyptium 832 584 0 1,416 0.27
Total 228,036 191,647 106,359 526,042 100,00
* Paddy
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TABLE 3

arable rice fields in Sungai Burung, Tanjung Karang, Selangor

Species Soil depth (cm)
05 5-10 10-15 0-15 %
seeds/m?*

Before harvesting

Najas graminea 35,693 23,839 10,513 70,045 17.93
Sagittaria guayanensis 27,332 16,768 7,104 51,204 13.11
Scinpus juncoides 26,368 11,718 8,808 46,894 12.00
Monacheria vaginalis 16,507 15,657 12,786 44,950 11.50
Echinochloa colona 10,290 13,435 7,388 31,113 7.96
Utricularia aurea 12,970 6,364 5,115 24,449 6.26
Cleome viscosa 10,611 7,374 2,178 20,163 5.16
Eleochanis acicularis 7,396 8,990 1,988 18,374 4.70
Onyza sativa® 11,898 4,445 1,705 18,048 4.62
Limnocharis flava 6,002 7,778 2,178 15,958 4.08
Cyperus iria 7,074 3,232 1,515 11,821 3.03
Cyperus difformis 2,358 6,465 947 9,770 2.50
Echinochloa crus-galli 4,716 2,121 852 7,689 1.97
Lemna minor 5,788 1,313 378 7,479 1.91
Unidentified 1,179 2,929 2,272 6,380 1.64
Leptochloa chinensis 2,359 1,212 0 3,571 0.91
Ludwigia octovalvis 1,822 707 284 2,813 0.72
Total 190,363 184,347 66,011 390,721 '100.00
After harvesting

Najas graminea 76,472 47,552 14,096 138,120 25.80
Scirpus juncoides 48,058 30,012 8,299 86,369 16.13
Echinochloa colona 27,245 20,138 11,141 58,524 10.93
Sagittaria guayanensis 12,979 27,414 9,436 49,829 9.31
Utricularia aurea 29,934 12,732 6,253 48,919 9.14
Monochoria vaginalis 11,225 15,980 1,819 29,024 5.42
Onyza sativa™ 15,084 8,055 3,638 26,777 5.00
Eleocharis acicularis 10,290 8,185 2,501 20,976 3.92
Echinochloa crus-galli 9,822 4,807 2,387 17,016 3.18
Cleome viscosa 7,133 2,728 1.250 11,111 2.08
Limnocharis flava 2,456 4,417 3,410 10,283 1.92
Cyperus difformis 5,145 2,339 2,046 9,530 1.78
Cyperus iria 2,339 3,248 1,592 7,179 1.34
Ludwigia octovalvis 1,637 3,248 455 5,340 1.00
Leguminosae 1,169 3,378 796 5,343 1.00
Cyperus compressus 2,339 1,560 0 3,899 0.73
Leptochloa chinensis 1,052 1,560 568 3,180 0.59
Unidentified 819 1,819 341 2,979 0.56
Lemna minor 350 0 568 918 0.17
Total 265,548 199,172 70,596 535,316 100.00
* paddy
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TABLE 4
Estimation of weed seeds found in the arable soil at the Research Station MARDI
and in farmers' fields Sungai Burung, Tanjung Karang, Selangor

Estimated mean number of seed (seeds/m?)

Soil depth (cm)
Before harvesting After harvesting
MARDI
05 153,283 a 228,036 a
5-10 139,380 a 191,647 a
10-15 77,057 b 106,359 b
Total* 369,720 526,042
Sungai Burung
05 190,363 a 265,548 a
5-10 134,347 b 199,172 b
10-15 66,011 ¢ 70,596 ¢
Total* 390,721 535,316

a  Means in a column followed by the same letters are not significantly different (P>0.05) according to the

Tukey test.

*  The total seed count between before and after harvesting is significantly different at the 5% level as

determined by Tukey test.

after harvesting, respectively). Nevertheless, the
estimated number of weed seeds after harvesting
was higher than the number before harvesting
(Table 4). Nineteen and twenty species of weed
seeds were recorded in the MARDI rice fields
before and after harvesting, respectively.
Meanwhile, the corresponding number was 18
and 17 species in the Sungai Burung rice fields.
The seeds of Cyperus iria L. were the most
abundant in the MARDI rice fields while N.
graminea had the highest percentage of total seeds
found in the Sungai Burung rice fields irrespec-
tive of the harvest time. Most of the weed seeds
were found in the top 5 cm of the soil at both
sites. In general there was a significant difference
in the seed count at the different depths of the
Sungai Burung soil. The total number of weed
seeds declined with increasing depth, ie. they
were lower at 10-15 cm than at 0-5 cm.

DISCUSSION

According to the findings of Saharan (1977),
the most common broadleaved weeds found in

rice fields were M. vaginalis, L. flava, S. guayanensis
and Jussiaea repens. All these species except J.
repens were found in this study. The abundance
of broadleaf weeds in both study sites indicates
that flooding has a major suppressive effect on
the stand establishment and growth of grasses
and sedges. Anon (1982) and Moody (1977)

reported that almost all weeds cannot survive in
water at the depth of more than 10 cm, except
certain broadleaved weeds.

Seventeen out of the 55 weed species
recorded by Itoh (1991) were identified in the
MARDI and Sungai Burung rice fields. Only two
species were in the group of common weeds, viz.
L. minor and Scirpus juncoides meanwhile two
other species (H. verticullata and Rotala indica)
were rare species. Drost and Moody (1982)
reported that moisture or saturated soil
conditions after planting was the major factor
affecting the composition of the weed flora and
the dominance patterns of the major weed
groups in particular populations. Water supplied
to rice fields after seeding hinders the
establishment of sedges and grasses. The SDR
values reflect this, as the value for broadleaves is
more than double those obtained for sedges
and grasses. Thus, flooding favoured the growth
of broadleaved weeds over sedges and grasses
(Ho and Itoh 1991).

The total numbers of buried seeds (including
viable and non-viable seeds) in the two sites
were similar. This was due to the geographical
factor. Both study sites were close to each other
(5 km apart) and irrigated by canals from the
same point. Kelly and Bruns (1975) have proven
that water played a significant role in the process
of weed dissemination. The same source of
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irrigation might contribute to the similarity of
weed seed counts at both sites.

On the other hand, seed counts before and
after harvesting were significantly different in
both areas. In most cases, the life cycle of weeds
in rice fields is shorter compared to that of the
rice plant. Within 3 months, weed seeds will
ripen and fall, thus contributing to the seed
reservoir in the soil. For instance, E. crus-galli has
a growth duration of 90 days, which is shorter
than the maturation period of the paddy plant
(via. 120 days) (Azmi 1990). Thus, the weed
seed population in the soil is higher after the
harvest period. It is also reasonable to suggest
that the species found possess characteristically
efficient and strong vegetative growth coupled
with the ability to produce a vast number of
seeds.

Weed seeds of both rice fields were skewed
mostly to the first 0-5 cm soil depth accounting
for ca. 41.5 to 43.3% and 48.7 to 49.6% of the
total seed counts in the MARDI and Sungai
Burung rice fields, respectively, The large number
of seeds may appear to be those seeds buried
during previous years and the continuous seed
shedding by the existing weeds onto the soil
surface. Baki et al. (1997) have also proven that
the total seed counts are high in the first 0-5 cm
soil depth in arable peat of Selangor, Malaysia.

The depth from which soil samples are taken
is an important factor to estimate the seedbank
in the soil (Zhang et al 1998). Studies have
shown that burial depth significantly affects seed
germination and seedling emergence in a variety
of plant species under both greenhouse and
field conditions (Fenner 1985; Maun and
Lapierre 1986). In our study, soil samples were
taken up to a depth of 15 cm to determine the
density of the soil seedbank. This is because
taking soil samples to ploughing depth may
increase the chances of sampling the seeds of
weed species in an area and thus enhance the
degree of accuracy in the estimation of the
existing soil seedbank.

Seedbanks can make eradication of weeds
very difficult. It is possible to locate and destroy
growing plants, but dormant viable seeds may
remain undetected in the soil for many years
and later on give rise to a new population of
plants. Therefore, control of weed seed population
in the soil is necessary for better weed mana-
gement (Ismail and Kalithasan 1994) and may
be more practicable if the seeds in the active soil

seedbank are used (Zhang et al 1998). Further
studies on the viability of the weed seeds are
required to achieve this goal.
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ABSTRAK

Penyelidikan yang dilaporkan dalam eksperimen ini memberi tumpuan terhadap ciri fizikal dan kimia habuk
sabut kelapa (CD) dan tandan kosong kelapa sawit (EFB) berpotensi digunakan sebagai media pertumbuhan
bagi kobis bunga hibrid di bawah rumah tanaman di tropika yang mempunyai kelembapan udara yang tinggi.
EFB dan CD mempunyai ciri fizikal optimum untuk keperluan pertumbuhan tanaman pada awal penanaman.
Walau bagaimanapun, kedapatan air tersedia bagi CD adalah 34% dibandingkan dengan 19% untuk EFB.
Ruang rongga tersedia EFB , iaitu rongga yang melebihi 300 um adalah tinggi dibandingkan dengan CD. Ciri
kimia menunjukkan EFB adalah lebih alkali (pH 6.9) dibandingkan dengan CD(pH 5.3) dan rendah
kekonduksian elektrik (EC) iaitu 1.3 dSm' dibandingkan dengan CD (1.9 dSm’). Keputusan juga menunjukkan
CD mengandungi kepekatan nutrien yang tinggi dibandingkan dengan EFB. Walaupun EC asal CD lebih
tinggi, jumlah bahan kering tanaman adalah tinggi dibandingkan dengan hobis bunga yang ditanam dalam
EFB. Kedapatan fungi dan cendawan pada permukaan media EFB dan penguraian awal telah menyebabkan
pertumbuhan tanaman yang kurang pada media EFB. Oleh itu, CD adalah media tanaman yang lebih sesuai
dibandingkan dengan EFB untuk penanaman hibrid bunga kobis.

ABSTRACT

This research report is about the physical and chemical properties of coconut coir dust (CD) and oil palm empty
Sruit bunch (EFB), and their potential for use as growing media for hybrid cauliflower groum under humid
tropical greenhouse conditions. The physical properties showed that both the EFB and CD provided optimum plant
growth conditions at the start of the growing the period. However, the readily available water value for CD was
34% whereas that for EFB was 19%. The air filled porosity containing more pores larger than 300 pum were
higher in EFB compared to CD. The chemical properties data suggested that EFB was more alkaline (pH of 6.9)
than CD (pH of 5.3) and had lower electrical conductivity (EC) of 1.3 dSm" than CD (1.9 dSm’). The results
also indicated higher nutrient contents in CD than in EFB. Despite a high initial EC value for CD than EFB,
the hybrid cauliflower plant dry weights and total leaf area for CD grown plants were double those grown in EFB.
The appearance of fungus and mushroom on the EFB medium surface and the early sign of decomposition may
account for the lower plant growth in the EFB medium. Hence, CD is a more suitable growing medium for growing
hybrid cauliflower compared to EFB.

INTRODUCTION raised in soil is the amount of space available for

The principal difference in growing conditions  root development. In mARY cases the
between plants grown in other media and those ~ development of roots is restricted by the
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container, pot or holding medium in which the

plants are raised (Carlile 1997). The root of .

plants must obtain sufficient water, oxygen and
nutrients from the surrounding environment.
The life processes of the root system excrete
CO, and other gases that must disappear within
a certain time from the root environment. The
structure of the growing medium must be soft
and porous enough so that roots can easily
penetrate widely into the material and it must
also provide anchorage and support for the
plants. The well being of a plant is strongly
dependent on the correct functioning of the
root system. The physical, chemical and biological
properties of a growing medium can be used as
a basis of classifying the suitability of a growing
medium in relation to the needs of the roots.

Understanding the physical environment
surrounding roots in containers (relative volume
of air, water, and solid) is based on the relationship
between energy status and water content of the
medium (Roberts et al. 1989). This relationship
is a reflection of the pore size distribution of the
medium. A plot of this relationship, i.e., a plot
of volumetric wetness (q) vs. water potential is
called moisture characteristic curve or moisture
retention curve (De Boodt and Verdonck 1972).

Ever since Bunt (1961) first reported
moisture retention curves for pot-plant media,
there has been considerable effort to determine
the utility of these curves in explaining plant
growth, and the best way to quantify these data
for both descriptive and predictive purposes
(Roberts et al. 1989). The phase distribution
(air, water and solid) of a medium is important
for horticulture particularly at matric potentials
between -1 cm and -100 cm water column (pF
2.0 = 10 kPa) (De Boodt et al. 1974; Michiels et
al. 1993). Lower matric potentials will give rise
to severe loses in growth rate. Air filled porosity
(AFP) of the medium is the ability of the medium
to retain air, hence is important to ensure
sufficient oxygen supply to the roots. As far as
the chemical properties are concerned the
growing medium must have a suitable pH value
range of about 5.0-6.5, an electrical conductivity
that may not exceed a certain level and free of
harmful elements and chemicals.

The physical and chemical properties of
coconut coir dust (CD) from numerous sources
have been found to be within acceptable ranges
and suitable for use as growing medium (Evans
et al. 1996). However significant differences were

observed among coconut coir dust sources with
respect to physical and chemical properties
(Evans et al. 1996), and these may explain the
differences in results (good and negative)
obtained from previous studies (Reynolds 1973;
Meerow 1994; Radjaguguk ef al 1983) when
using CD as growing media. Yahya and Mohd
Razi (1996) suggested that the variation in
chemical and physical properties of the media
and differences in plant sensitivity to a defined
root environmental condition might have
contributed to the marked differences in some
ornamental plant development observed in their
studies. Therefore, the properties of the growing
medium affect the plant growth.

Although CD and its mixture with other

‘components have been widely and successfully

used in different parts of the world as an
environment friendly peat substitute for growing
plants in containers (Meerow 1994, 1995), its
basic properties and utilization in crop
production in Malaysia is rather scarce (Yahya
and Mohd Razi 1996). Another potential medium
is oil palm empty fruit bunch (EFB). It is one of
the solid wastes generated from the oil palm
industry. Even though direct mulching using
EFB on soil can improve soil structure, aeration
and moisture capacity (Megat Johari et al. 1990)
there has been little interest on utilisation of
EFB as growing medium for containerized plants.
The objective of this study was to determine
the differences in physical and chemical
properties between the local CD and EFB, and
their effect on the growth and nitrogen content
in the hybrid cauliflower when used as growth
media. In many cases the properties of CD were
manipulated to prepare suitable coir based media
for containerized plant (Handreck 1993; Meerow
1994, 1995; Yahya et al. 1997). However, in this
study no manipulation was done to improve the
basic properties of the medium by mixing with
other organic and inorganic components.

MATERIALS AND METHODS
Experiment 1: Determination of Physical and
Chemical Properties
Coconut coir dust (CD) obtained locally from
Perak and freshly shredded oil palm empty fruit
bunch fibres of mean gross length 9.10 + 3.40
cm obtained from Kapar Klang were used in this
study. Oil palm fibres were cut to a mean gross
length of 3.46 + 1.26 cm by an impact type
cutter at a cutting speed of 2 kg/min. Short
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fibres were then ground through 5.0-mm sieve
and air-dried. The products are referred to as oil
palm empty fruit bunch (EFB). Both CD and
EFB were analysed for physical and chemical
properties. Bulk density (g cm™) was determined
using modified methods of De Boodt et al
(1974). The cylinder used was a brass ring, 4.0-
cm in height and 7.60 cm (internal diameter),
with internal volume of 181 ml. The bottom of
the ring was fitted with iron gauze and rubber
ring and the whole assembly were weighed.
Another ring was then placed on top of the
above-mentioned ring and stacked vertically. The
rings were filled with a medium and gently
tapped against a laboratory table at a height of
= 10.0 cm a sufficient number of times to obtain
a certain bulk material in the bottom ring. The
top ring was discarded. The bottom ring filled
with medium was weighed and then seated on to
the porous plate and saturated with water for 48
hours. The mass was determined after drying
the medium in the oven at 105° C for 24 hours.

The particle density of the substrates was
determined by using a pycnometer bottle (Blake
and Hartge 1986). All determinations were
replicated five times. The total pore space
(volume %) and volumetric shrinkage (volume
%) were calculated following the methods of
Michiels et al. (1993).

The moisture retention curves of both
coconut coir dust and oil palm empty fruit
bunch were determined using the method of De
Boodt et al. (1974). The moisture content was
measured after equilibrating the samples on the
pF equipment at matric potentials of -10, -50, —
100, -300 cm water column and 15 bar (pF 1,
1.7, 2.0, 2.5 and 4.2). From this curve, the air
volumes, readily available water, water buffer
capacity, less readily available water and pore
size distributions were calculated (Michiels et al.
1993).

The pH and electrical conductivity (EC) of
the coconut coir dust and oil palm empty fruit
bunch were determined using air-dried samples
to water ratio of 1:2 (v/v). The samples were
stirred with a glass rod and allowed to equilibrate
for 4 hours. For pH measurement, the samples
were stirred again immediately before measuring
the pH using a calibrated pH meter. For EC
measurement, the solution was then filtered
through a Whatman No.41 filter paper and the
extract was collected in a small beaker. The EC
of the extract was measured using the EC probe
with calibrated conductivity meter.

Total nitrogen was determined using Semi-
Micro Kjedahl., potassium (K') contents using
flame photometer and calcium (Ca%),
magnesium (Mg*) and zinc (Zn*) contents using
absorption following HNO_H,0O, digestion of
the coconut coir dust and oil palm empty fruit
bunch in the microwave. Phosphorus
concentration (P) was determined colorimetrically
by vanadium molybdate measured at 410 nm
with a spectrophotometer.

Five replications were tested for each
medium (coconut coir dust and oil palm empty
fruit bunch). A t-test for two independent samples
(two tailed test, a = 0.05) was done to determine
if the medium significantly affected the measured
physical and chemical properties.

Experiment 2: Growth Comparison of Hybrid Cauli-
Sflower Grown in Coconut Coir Dust and Oil Palm
Empty Fruit Bunch

a. Plant Materials, Growth Conditions and
Treatments

White polyethylene bags of 6 L volume were
used as growing bags. A 10 cm circular opening
was made at the top of each bag after filling with
6 L of growing medium (100% coconut coir
dust or 100% empty fruit bunch) to plant the
hybrid cauliflower seedling. Slits were made at
the bottom of each bag to allow for drainage.
The coconut coir dust or oil palm empty fruit
bunch was then thoroughly wet with water and
allowed to drain before seedling transplanting.
Each bag was placed on a perforated square
plastic basket fitted with 6 legs of 4 cm high
from the greenhouse floor.

Seeds of hybrid heat tolerant cauliflower
were germinated in germination trays filled with
100 % coconut coir dust or 100% oil palm
empty fruit bunch and watered daily with tap
water. Two weeks after germination, uniform
sized seedlings were transplanted, one seedling
per bag, into the 6 L growing bags filled with
coconut coir dust or oil palm empty fruit bunch.

The growing bags were placed in a
greenhouse under natural photoperiod and
irradiance with day temperature ranging between
28°C and 38°C and minimum night temperature
of 25°C. The seedlings were irrigated via drip
emitter (2 L h') with tap water for the first 3
days and a complete Cooper (1979) nutrient
solution thereafter. Nitrogen was applied as KNO,
at a concentration of 200 ppm N. The nutrient
solution was adjusted to pH ranging from 5.5 to
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5.8 with either dilute KOH or HSO,. The
electrical conductivity of the solution was 2.4 dS
m’. Initially plants were irrigated twice daily for
15 minutes but as the environmental conditions
promoting evapotranspiration increased and the
plants grew larger fertigation was increased to
three times/day. The experimental design was a
randomized complete block design with the two
growth medium as treatments each replicated
five times.

b. Plant Samplings, Growth Parameters and
Chemical Analysis

Plants were harvested at 21, 42 and 65 days after
transplanting (DAP). The plants were cut just
below the first leaf node, which was less than 1
cm from the growing medium surface. Five plants
of each treatment were harvested at each
harvesting time and separated into stem plus
petioles, leaves and curd at final harvest. After
weighing, the plant samples were dried in a
forced air oven at 70° C for 96hr and weighed.
The dried samples were ground through a 2
mm sieve for total N analysis.

RESULTS

The physical and chemical properties of coconut
coir dust were evaluated as potential growing
medium for containerized plants and compared
to oil palm empty fruit bunch. The bulk density
of oil palm empty fruit bunch (0.075 g cm™) was
significantly higher than that of coconut coir
dust (0.177 g cm™®) as shown in Table 1. Oil
palm empty fruit bunch also showed a
significantly higher particle density (1.321 g em™)
compared to 0.758 g cm? for coconut coir dust.
The total pore space for organic medium
included the open, interconnecting and closed
pores. Data in Table 1 show that coconut coir
dust had significantly higher total pore space
(96.26 %vol.) than oil palm empty fruit bunch

(92.80% wvol.). No significant difference was
found in volumetric shrinkage values between
coconut coir dust and oil palm empty fruit
bunch. The volumetric shrinkage values for the
coconut coir dust and oil palm empty fruit
bunch were 11.21% and 10.13% respectively.

The moisture retention curves for coconut
coir dust and oil palm empty fruit bunch are
shown in Fig. 1. As suction was gradually increased
more water was drawn out of the oil palm empty
fruit bunch compared to the coconut coir dust,
resulting in the low amount of water retained in
oil palm empty fruit bunch as compared to
coconut coir dust. Increasing suction will result
in the progressive emptying of the pores of
different sizes until at high suction values where
only. the narrow pores retain water. Hence, the
shape of the moisture retention curve of a
medium reflects its pore size distribution
(Michiels et al. 1993).

From the moisture retention curves obtained
for coconut coir dust and oil palm empty fruit
bunch, its pore distributions were calculated.
Fig. 2 shows the distribution of pore size for oil
palm empty fruit bunch and coconut coir dust.
It is clear that oil palm empty fruit bunch
contained relatively larger pores (> 300 pm
diameter) than coconut coir dust, and once
these large pores are emptied at a given suction,
only small amounts of water remained.

This is reflected in the results as only 45%
water was retained in oil palm empty fruit bunch
at 1 kPa suction compared to 71% water retained
in coconut coir dust as shown in Fig. I. The air
filled porosity (AFP) represented by relatively
larger pores > 300 mm in oil palm empty fruit
bunch was 47% whereas the AFP in coconut coir
dust was only 25% (Fig. 2).

The coconut coir dust contained more pores
of sizes between 60 mm and 300 mm than oil
palm empty fruit bunch which resulted in a

TABLE 1
Physical properties of coconut coir dust and oil palm empty fruit bunch

Property Coconut coir dust  Oil palm empty fruit bunch t- value
Bulk density (g cm™) 0.074 0.177 3.790%=
Particle density (g cm-) 0.758 1.521 2.659*
Total pore space (% vol) 96.264 92.796 2.932%+
Shrinkage (% vol) 11.206 10,129 0.729%

The figures are means of 5 replications.

m % %% Non significant or significant at p< 0.05 or 0.01, respectively.
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higher readily available water (RAW) value of
34% compared to 20% for oil palm empty fruit
bunch.

However, both coconut coir dust and oil
palm empty fruit bunch showed almost similar
values of pore size between 30 mm and 60 mm
which decreased the water buffer capacity. The
water buffer capacity for coconut coir dust and
oil palm empty fruit bunch was 6% v/v and 5%
v/v, respectively. Narrow pore sizes of < 30 mm
was also high in coconut coir dust than oil palm
empty fruit bunch, hence coconut coir dust
retained more less readily available water (LRAW)
of 31% compared to 22% for oil palm empty
fruit bunch.

There was a marked difference between the
growing media with respect to chemical
properties (Table 2). One factor indirectly
affecting plant growth is the pH of the growing
medium. The pH differed significantly between
coconut coir dust and oil palm empty fruit
bunch samples (Table 2) with pH ranging from
5.3 to a high value of 6.9 respectively. The
recommended pH range for an ideal substrate
was between 5.2 and 6.3 ( Abad et al 1989).
Therefore, the pH value of oil palm empty fruit
bunch was higher than the established limits for
an ideal substrate whilst coconut coir dust was
within the range.

The EC level of the coconut coir dust (1.96
dSm™") was high though within the range for
ideal substrate as compared to the EC of 1.30
dSm" for oil palm empty fruit bunch. The
amount of naturally-occurring nutrients in
coconut coir dust was significantly higher than
oil palm empty fruit bunch with potassium (K)

content of 2.39%, being the highest for all
nutrients measured. The concentration of P and
Ca* in coconut coir dust was 0.41 and 0.18%
respectively and for oil palm empty fruit bunch
0.23 and 0.08%. Hence, the high EC value of
coconut coir dust as compared to oil palm empty
fruit bunch observed in the present study could
be due to the higher concentrations of these
nutrients in coconut coir dust compared to that
in the oil palm empty fruit bunch. Coconut dust
contained 0.11% magnesium (Mg*), which was
significantly different from the 0.05% Mg*
content in oil palm empty fruit bunch. The Mg*
content was lowest in both coconut coir dust
and oil palm empty fruit bunch in comparison
to other nutrients. Total nitrogen (N) was slightly
higHier in oil palm empty fruit bunch compared
to that in coconut coir dust. Since the nutrients
content in both media is low, the nutrient
requirements of plants growing in these media
may be supplied by fertigation (liquid feeding)
during plant growth.

An attempt was made to evaluate the
potential of these two substrates for use as
growing media by planting hybrid cauliflower
on both media and supplying both with complete
nutrient solution including nitrogen at 200 ppm
in a subsequent experiment.

Differential growth responses were observed
between the two growing media studied (Figs. 3
and 4). Plants grown in coconut coir dust
exhibited higher morphological growth than oil
palm empty fruit bunch. Leaf and stem dry
weight were 49% and 42% less in oil palm empty
fruit bunch respectively compared to coconut
coir dust at 21 DAP (Fig. 3a). These resulted in

TABLE 2
Chemical properties of coconut coir dust and oil palm empty fruit bunch

Property Coir dust Oil palm empty fruit t- value
bunch

pH 538 6.9 3.751%*
Electrical conductivity (dS m") 1.96 1.30 35.973+*
Total nutrient (%):

Total nitrogen 0.39 0.42 2.870*
P 0.41 0.23 3.406%*
K* 239 1.56 2.507*
Ca® 0.18 0.08 2.499*
Mg* 0.11 0.05 2.859*

The figures are means of 5 replications.
*, **_Significant at P<0.05, or 0.01 respectively.
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asignificantly (p<0.01) higher above-ground total
plant dry weight of plant grown in coconut coir
dust compared to oil palm empty fruit bunch
(Fig. 3a). Total leaf area for coconut coir dust
plant was higher than that in oil palm empty
fruit bunch at 21 DAP (Fig. 4).

The growth rates for hybrid cauliflower
plants grown in either coconut coir dust or oil
palm empty fruit bunch did not show any distinct
dissimilarly. However differences were observed
in dry weight accumulation. There was
significantly higher dry weight accumulation in
stem and leaves of plants grown in coconut coir

PERTANIKA J. TROP. AGRIC. SCL VOL. 27 NO. 2, 2004

dust compared to those grown in oil palm empty
fruit bunch at 42 DAP (Fig. 3b). These results
suggest greater plant growth response to coconut
coir dust compared to oil palm empty fruit
bunch growing medium. Total plant dry weight
and total leaf area for plant grown in coconut
coir dust were double that grown in oil palm
empty fruit bunch (Fig. 3b).

In addition, plant growth in oil palm oil
palm empty fruit bunch experienced damage
due to fungal and mushroom growth in the
medium at about 30 to 35 DAP (Figs. 6a, 6band
6¢). The experiment was terminated after 42
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DAP due to excessive fungal and mushroom
problems in the oil palm empty fruit bunch-
growing medium. Therefore data at 65 DAP was
not available.

The results in Figs. 5a and 5b show that the
total N uptake in the leaf of hybrid cauliflower
plants was affected by the growing medium.
Total N uptake in the leaf at 21 and 42 DAP was
significantly higher in plants grown in coconut
coir dust than in plants grown in oil palm empty
fruit bunch. Total N uptake in the leaf per plant
ranged between 10.0 to 20.0 mg dry weight for
plants grown in oil palm empty fruit bunch and
coconut coir dust respectively. Total N uptake in
the stem per plant was lower than in the leaf for
all plants grown whether in coconut coir dust or
oil palm empty fruit bunch. However, total N
uptake was 30% higher in the stem of plants
grown in coconut coir dust than that in oil palm
empty fruit bunch.

The high dry weight accumulation in the
plant grown in coconut coir dust (Fig. 3a and
3b) resulted in double the total N uptake in the
‘plants grown in coconut coir dust as com-pared
to the plants grown in oil palm empty fruit
bunch at both 21 and 42 DAP.

DISCUSSION

During the growing period, the physical
properties of the substrate cannot be changed
whereas the chemical properties can be kept
unchanged or varied by adding nutrients.
Therefore, at the start of the growing period,
the physical properties of the substrates have to
be in an optimal condition (Ulrich 1996).

Both coconut coir dust and oil palm empty
fruit bunch were evaluated as lightweight
materials with bulk density varying between 0.074
g cm” and 0.180 g cm™ respectively (Table 1).
The values were lower than the range for ideal
substrates (Abad et al. 1989). However, the
coconut coir dust bulk density was within the
range (0.04 to 0.08g cm™) reported by Evans e
al. 1996 for five coconut coir dust sources from
the Philippines and by Patricia et al. (1997) for
coconut coir dust from Mexico (0.075¢ cm?)
and Sri Lanka (0.056g cm®). The advantage of
the light weight material is that it allows ease of
handling and transport, which is a very important
commercial or economic consideration during
handling and transport. Despite their low bulk
density, both coconut coir dust and oil palm
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empty fruit bunch did not show any problems to
anchor of cauliflower plants.

Both the particle and bulk densities of oil
palm empty fruit bunch were significantly higher
than coconut coir dust (Table 1). These could
be attributed to the different material
composition of the two media. For most organic
substrates, however the particle density is the
parameter with the least quantum with respect
to limitations on plant growth (Michiels et al
1998),

The total pore space, which can be filled
with water and air for both coconut coir dust
and oil palm empty fruit bunch, was
characteristically high (Table 1). Therefore both
media should have sufficient amounts of air and
available water for plant growth. The value
obtained for coconut coir dust was 96 vol %
which was close to the 95.83 vol % obtained by

Prasad (1997) and between 95.1 to 96.3 vol % by
Patricia ¢t al. (1997) for coconut coir from
Mexico and Sri Lanka. Furthermore, the total
pore space has been reported to show small
changes over time for black, white peat and
sphagnum (Michiels et al. 1993) when using
those substrates in an ebb/flood irrigation system.

Air filled porosity (AFP), readily available
water (RAW), water buffer capacity (WBC) and
less readily available water (LRAW) are the
physical properties that have a direct effect on
plant growth. It is usually recommended that air
filled porosity (AFP) for growing medium in
horticulture should be above 10-20% (De Boodt
and Verdonck 1972; Bugbee and Frink 1986).
The air content of the medium is particularly
important when plants are grown for long periods
of time in containers. In this study, the AFP was
estimated to be above 25% in both coconut coir
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dust and oil palm empty fruit bunch (Fig. 2) and
thus sufficient for growing hybrid cauliflower
plant which has a long maturity period of 65 - 70
days. The AFP of the oil palm empty fruit bunch
which contains more pores of size > 300 yum was
however, much higher than coconut coir dust
with difference of 47% (Fig. 2).

The results showed that the optimal values
of RAW were 34% for coconut coir dust and
19% for oil palm empty fruit bunch. The water
buffer capacity (WBC) values obtained for both
coconut coir dust and oil palm empty fruit
bunch are adequate (Bunt 1988). Hence, it is
expected that plants grown in these media will
not be prone to drastic wilting if there is a
sudden increase in transpiration when the
watering regime is not adjusted. Based on the
results of this study and other evidence adduced
so far, it is reasonable to suppose that the physical
properties of both coconut coir dust and oil
palm empty fruit bunch are optimum at the
start of growing period.

The results for chemical properties of both
coconut coir dust and oil palm empty fruit
bunch indicate wide differences between the
two growing media (Table 2). The pH, through
its effect on the availability of major and minor
nutrients from growing medium, is of
considerable importance to plant growth. The
results shown in Table 2 indicate that oil palm
empty fruit bunch is more alkaline (pH of 6.9)
compared to coconut coir dust (pH of 5.3). This
would favour coconut coir dust as a more suitable
growing medium than oil palm empty fruit bunch
since the optimal pH for plant growth in most
substrates is 5.0-5.5 (Carlile 1997). On the other
hand, high electrical conductivity (1.9 dS m™)
for coconut coir dust may pose a problem by
retarding plant growth. Fewer problems may
occur with oil palm empty fruit bunch with its
lower EC value of 1.3 dS m".

Earlier (Evans et al 1996; Meerow 1995)
and recent studies (Abad et al. 2002) on coconut
coir dust naturally occurring nutrients were
reported to be low in mineral nitrogen (N),
calcium (Ca*) and magnesium (Mg*) and can
be improved by using fertilisers such as calcium
nitrate, magnesium nitrate, magnesium sulphate
or gypsum. These researchers also reported high
levels of phosphorus (P) and potassium (K)
content in coconut coir dust tested. Other
researchers have also reported low levels of N,
Mg* and P but high K' content in oil palm

empty fruit bunch (Megat Johari et al. 1990).
The results, however, indicated higher nutrient
contents with the exception of total nitrogen in
coconut coir dust compared to oil palm empty
fruit bunch (Table 2).

The results on hybrid cauliflower plant
growth in coconut coir dust or oil palm empty
fruit bunch suggest that coconut coir dust is a
more suitable growing medium than oil palm
empty fruit bunch (Figs. 3a, 3b and 4). Despite
the high initial EC value of coconut coir dust,
no indication of growth retardation in hybrid
cauliflower plant was observed. Under these
conditions, plant dry weight and total leaf area
were double in plants grown in coconut coir
dust compared to those grown in oil palm empty
fruit bunch. High yields have also been reported
for Calceolaria grown in different mixtures of
compost with commercial substrates (1:2 ratio)
having higher EC values of 5.60 and 4.95 dS m"
(Gomez et al. 2002). These researchers suggested
that the cations and anions contributing to the
EC in commercial substrate were mainly nutrients
such as K' and NO,N, and thus had a beneficial
effect of over compensating for the osmotic
effect.

Recently, Noguera et al. (2000) reported
that the excess soluble salts is easily and effectively
leached from the coconut coir dust material
under customary irrigation regimes when used
for ornamental plants in containers or ‘growing
bags’ for tomatoes, flowers, etc., in garden
greenhouses. In this study, it has been suggested
that frequent fertigation applied to the medium
may effectively leach out the excess soluble salt
in coconut coir dust. Nevertheless, a high K
content in coconut coir dust as seen in Table 2
may contribute to a high EC but not to excess
salinity, which may have caused an osmotic
imbalance.

From the results of this study, it is postulated
that the lower growth response of hybrid
cauliflower plant to oil palm empty fruit bunch
at 21 DAP could be due to high rates of
immobilisation of soluble N by micro-organisms
in the oil palm empty fruit bunch medium. This
is reflected in lower total N uptake in the leaf
and stem of plants grown in oil palm empty fruit
bunch in comparison to those grown in coconut
coir dust (Figs. 5a and 5b). Thus, it was assumed
that the liquid feed of 200 ppm N applied to the
oil palm empty fruit bunch medium was not
enough to compensate for a consistently high
rate of N immobilisation.
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Since both coconut coir dust and oil palm
empty fruit bunch are organic materials, the
properties of both media may change due to
decomposition of organic matter in the substrate
during the growing period. A high pH level of
5.9 to 6.9 resulting from applying large amounts
of lime was shown to increase the decomposition
rate of sphagnum peat, which finally reduced
plant growth in comparison to the low pH
between 4.4 and 5.2 (Anon 1997). The same
phenomenon may have occurred with oil palm
empty fruit bunch which was characterised with
a high pH of 6.9 (Table 2) and lower plant
growth response at 42 DAP when compared to
coconut coir dust as shown in Fig. 3b

Visual observations during this study
indicated that after 30 DAP the growing bags
containing oil palm empty fruit bunch medium
flattened out and started to show early signs of
decomposition. In contrast, the coconut coir
dust medium stayed fluffy. This shows that the
changes in properties of the oil palm empty fruit
bunch are more rapid than the coconut coir
dust growing medium, which indicates a lack of
bio-stability in the oil palm empty fruit bunch.

Lemaire (1995) reported that lack of bio-
stability may cause severe volume loss resulting
in compaction, reductions in air volume, readily
available water, porosity, particle size alteration,
increases in pH and salinity due to mineralization
and also change in the gaseous phase
composition due to carbon dioxide production.
These changes in properties may finally reduce
the plant growth (Lemaire 1995). Thus the low
hybrid cauliflower plant growth in the oil palm
empty fruit bunch observed in this study may be
due to the changes in the properties during the
growing period.

High content of lignin, between 37% and
50% dry weight, was reported by Abad et al
(2002) in the coconut coir dust from different
sources whilst lower values of 22% and 25% in
the oil palm empty fruit bunch were reported by
Zainon et al. 1998 and Megat Johari et al. 1990.
Lignin is resistant to microbial degradation. Thus
coconut coir dust is most likely to be more bio-
stable than oil palm empty fruit bunch due to
CD's higher lignin content. Evidence of a very
high bio-stability index of 100 for coconut coir

dust, which related to high C/N ratios, and high
lignin content in the coconut coir dust has also
been reported by Lemaire (1997).

Other factor that account for the low hybrid
cauliflower plant growth in the oil palm empty
fruit bunch was the appearance of fungus and
mushroom on the medium surface. In contrast
there was no fungal and mushroom growth in
coconut coir dust even until 42 DAP.

It is expected that a high pH of 6.9 for the
oil palm empty fruit bunch may be suitable for
strong development of certain fungi and
mushroom observed in the present study (Figs.
6a, 6b and 6¢). This is in agreement with other
studies using peat medium which provide optimal
growth of mushroom like fungi, cup fungi (order
Pezizales) and agarics (order Agaricales) in the
processed peat medium at high pH values of
between 6.5 and 7.5 and temperature above 20°
C (Schlechte 1997). The mycelium of these
fungi and mushroom grow vigorously in the
substrates which may become hardened,
impervious to water and deficient in nutrients
such as nitrogen and potassium (Schlechte 1997).
Hence the hybrid cauliflower plant grown in oil
palm empty fruit bunch with thick coverings of
the mycelium in the growing bag showed
retarded growth (Fig. 3).

CONCLUSIONS

The results presented show that the physical
properties of both coconut coir dust and oil
palm empty fruit bunch are optimum at the
start of the growing periods. However, differences
in chemical properties between the two media
were more obvious compared to other properties.
Under these conditions and with continuous
liquid feed high in N content, the hybrid
cauliflower grew better in 100 % coconut coir
dust than 100% oil palm empty fruit bunch.
Moreover, coconut coir dust was free from fungi
and mushroom-like fungi during the growing
period of cauliflower. It can be concluded that
coconut coir dust can be used directly as growing
medium whereas oil palm empty fruit bunch has
to be composted, to achieve biostability. Hence,
coconut coir dust is a more suitable growing
medium for growing hybrid cauliflower than oil
palm empty fruit bunch.
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ABSTRAK

Kesan dua kali semburan fipronil ke atas populasi Arthropod telah dikaji di plot kajian menggunakan Cuphea
ignea yang berusia 3 bulan. Lapan puluh satu famili daripada 12 order Arthropod telah diperanghap sebelum
disembur. Empat order dominan telah dikenal pasti iaitu Hymenoptera (28.6%), Homoptera (19.1%),
Collembola (17.8%) dan Diptera (16.2%). Beberapa order lain telah dikenal pasti wujud dalam bilangan yang
rendah iaitu Hemiptera, Coleoptera, Orthoptera, Thysanoptera, Araneida, Acarina, Lepidoptera and Isopoda.
Selepas semburan pertama dan kedua, jumlah famili dalam order Arthropod telah berkurang masing-masing
kepada 44 dan 47 famili. Peratus populasi Collembola meningkat secara bererti selepas semburan pertama dan
kedua berbanding bilangannya sebelum rawatan diberikan. Peratus populasi Homoptera (Aleyrodidae) pula
meningkat selepas semburan pertama tetapi peratusannya menurun selepas semburan kedua. Famili Isotomidae
(Collembola) meningkat secara signifikan selepas semburan pertama dan kedua. Beberapa order lain seperti
Isopoda dan Lepidoptera telah tidak dapat dikesan selepas plot dirawat dengan fipronil.

ABSTRACT

The effect of two applications of fipronil on arthropod populations were studied under experimental plot
conditions using 3-month old Cuphea ignea. Eighty-one families belonging to 12 orders of Arthropoda were
trapped before spraying. The four dominant orders were Hymenoptera (28.6 %), Homoptera (19.1%), Collembola
(17.8%) and Diptera (16.2%). Other orders were present in small numbers i.e. Hemiptera, Coleoptera,
Orthoptera, Thysanoptera, Araneida, Acarina, Lepidoptera and Isopoda. The abundance of arthropods was
reduced to 44 and 47 families after the first and second sprayings, vespectively. The percentage population of
Collembola increased significantly afer the first and second sprayings as compared to the number before treatment.
The percentage population of Homoptera (Aleyrodidae) increased after the first spray but declined after the second
spray. The family Isotomidae (Collembola) increased significantly after the first and second sprays. Some orders
such as Isopoda and Lepidoptera disappeared after the plot was treated with fipronil.

INTRODUCTION

Arthropoda belongs to a large phylum of
invertebrate organisms that include crustaceas,
mites, millipedes, centipedes, and insects such
as springtails, proturans, diplurans, beetles, flies,
ants, and termites. Some arthropods are
beneficial (soil aeration, nutrient release), but
some are considered pests to crops. Although
only approximately 1% of the arthropods are
pests to crops and flowers in the nursery, they
can cause yield reduction between 5-15%
(Davidson and Lyon 1987).

Pesticide application may not only kill the
target organisms but also non-target and
beneficial organisms. Mullie ef al (1999) reported
that 26 species of arthropods such as Carabidae
and Tenebrionidae were killed after the
applications of Cyanox and Fenthion.
Chlorpyrifos, an organophosphate insecticide,
was reported to be very toxic to the parasitoid
Hymenoptera (Pussey et al. 1994; Cohen et al
1996; Viggiani 2000).

Horticultural nurseries are an ecosystem
having a variety of arthropods, each with a
specific role. The population of soil arthropods
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has a positive correlation with soil properties,
for instance, the Isopoda, Diplopoda and
Staphylinidae have positive correlations with the
availability of K and P in the soil (Danxiao e al.
1999). Furthermore, the populations of the
arthropods are not necessarily the same in
different ecosystems due to variability in abiotic
factors.

Fipronil ((*)-5-amino-(2,6-dichloro-ot,0,0-
trifluro-p-tolyl-)-trifluoromethylsulfinylpyrazole-3-

carbonitrilephenylpyrazole) is a phenylpyrazole

insecticide developed by Rhone-Poulenc (Bobe
and Cooper 1998). It is a highly effective and
broad-spectrum insecticide against piercing-
sucking, contact and chewing, pests and is widely
used to control many species of soil and foliar
insects on various crops such as rice, vegetables
and fruits (Colliot and Kukorowski 1992; Balanca
and de Visscher 1997).

Recent experiments showed that fipronil
provided efficient protection against vegetable
pests such as Pieris rapae and Plutella xylostela
(Zhou and Wu 1995; Stevens and Helliwell 1998;
Zhou et al. 2004). Since organophosphorus
pesticides are gradually limited in application
due to their high toxicity threaten human health
and long-term residue in vegetables, it seems
that organophosphorous pesticides would be
replaced by fipronil in future.

Many horticultural nurseries in Malaysia
especially those propagating Cuphea ignea use
fipronil for pest control. Usually, this compound
is used repeatedly to control pests but no reports
on the effect of this insecticide on arthropods’
populations has been documented. To the best
of our knowledge, there are no published reports
on the effects of fipronil on arthropod
_ populations in Malaysia. The result of this study
would provide a clear picture on the impact of
this insecticide, particularly on arthropod
populations. Therefore, the aim of this study
was to determine the effects of repeated
applications of fipronil on arthropod populations
under experimental plot conditions.

MATERIALS AND METHODS

Study Site

The study was carried out at the experimental
plots of the Universiti Kebangsaan Malaysia at
Bangi, Selangor, Malaysia. Three month old
Cuphea ignea seedlings were planted in black
polybags and arranged at 30-cm intervals. Light
intensity and humidity were measured by using

a photometer (LI-COR Model LI-189) and
Hygrometer (Hanna Instrument Model H18565),
respectively. Soil and air temperatures, pH and
organic contents of the soil used were also
recorded.

Sampling of the Arthropods

Samplings of the arthropods were carried out
for 4 months at 2-weekly intervals starting from
7 January 1999 prior to treatment. Arthropods
were trapped using the pitfall trap and the
yellow pan trap. The pitfall trap was used to trap
invertebrates crawling on the soil surface. In our
initial trials, it was found that very few specimens
were collected from the soil samples, thus the
pitfall rap and yellow pan traps were deemed
suffieient and suitable for the purpose of this
study. Ten holes were dug between the plastic
bags in the plot and the trap comprising a glass
bottle (4.5 x 4 ¢cm) was placed in each hole. The
yellow pan traps (petri dishes painted in yellow)
were used for trapping flying arthropods and
those crawling on leaves. The traps were placed
randomly in the plots. Teepol (10%) was placed
in each trap and left for 24 hours. The trap
catches were brought back to the laboratory,
sorted and identified to the family level using
Borror et al. (1981) and Goulet and Huber
(1993).

Fipronil (Regent 3G®, manufactured by
Rhone Pholenc) was sprayed on 22 April 1999,
at the rate of 0.03-kg a.i/ha. The spraying volume
was 1 L per 10 m* using a knapsack sprayer at 12
kPa. Sampling recommended 1 WAT and
continued at 2-weekly intervals. The second
treatment was applied on 17 June 1999, and
sampling was continued for another two months.

RESULTS AND DISCUSSSION

Fig. 1 shows the percentage of arthropods in the
plot before and after weatment with fipronil.
The four most dominant orders found before
spraying were Hymenoptera (28.7%), Homoptera
(19.1%), Collembola (17.8%) and Diptera
(16.3%); the prespraying abundance of the
orders Thysanoptera, Acarina, Coleoptera and
Araneida were 7.7, 4.7, 2.3 and 2.1% of total
arthropods, respectively. Four orders, namely
Orthoptera, Hemiptera, Lepidoptera and
Isopoda, were present at less than 1%. The
percentage population of Collembola significantly
increased after the first and second sprays, whilst
the population of Hymenoptera significantly
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Fig. 1: Arthropod community in Cuphea ignea before and after spraying with fiproni

decreased after each treatment with fipronil,
For Homoptera and Diptera, the population
significantly decreased after the first spray but
recovered slightly after the second spray.
Generally, the percentage of the remaining
arthropod populations decreased after the first
and second treatments.

Fig. 2 shows the total number of arthropod
families before and after treatment. The number
of arthropod families was 81 before treatment,
decreasing to 44 and 47 after the first and
second sprays, respectively. The number of
families belonging to Diptera and Hymenoptera
recorded before treatments were 24 and 20,
respectively, whilst Homoptera and Coleoptera
had 9 families each.

Only 4 families of Collembola were found
in the plot, but the number of individuals
sampled was large. Hemiptera and Acarina were
represented by 3 families each before treatment:
Araneida, 6 families; and Lepidoptera,
Thysanoptera and Isopoda, 1 each.

This paper reports in detail changes in the
families representing only the four dominant
orders (> 10% of the total populations), namely
Hymenoptera, Homoptera, Collembola and
Diptera. Some families of these orders were
present only in small numbers during the
sampling period.

Fig. 3 shows the population of Collembola
families before treatment with fipronil and after
the first and second treatments. After the first
treatment, a larger number of Collembola were
observed than of other orders (Fig. 1). Only
four families of Collembola were trapped:
Entomobyiidae, Isotomidae, Poduridae and
Sminthuridae. Before treatment, the total
number of Isotomidae was 60, but it increased
to 785 after the first spraying and to 938 after
the second spraying. The total number of
Entomobyiidae before spraying with fipronil was
296, but numbers decreased to 190 and 87 after
the first and second sprayings, respectively. The
total numbers of Poduridae and Sminthuridae
were low prior to spraying but increased
drastically after both sprayings. The total number
of Poduridae was 20 before spraying. However,
the number increased to 639 after the first spray,
and then decreased to 121 after the second spray.
For Sminthuridae, the total number before
spraying was 73, increasing to 394 after the first
spraying, before decreasing to 140 after the
second spray. The fluctuations in population
abundance of Poduridae and Sminthuridae
indicate the short term effects of fipronil on
population increase of the two families of
Collembola.

Fig. 4 shows the effect of the two applications
of fipronil on the population of Hymenoptera.
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Twenty families of Hymenoptera were identified
prior to the treatment, but this number decreased
to 14 after the first spraying. The population of
Formicidae was higher than that of other families
of Hymenoptera. The highest number of
Formicidae was observed at 8 weeks before
treatment. The total number of Formicidae before
treatment was 400, but it decreased to 254 and
34 after the first and second treatments
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respectively. Other families of Hymenoptera were
present in small numbers before treatment, and
their populations similarly decreased after the
first and second treatments. Before spraying with
fipronil, the total numbers of Scelionidae,
Mymaridae and Ceraphronidae were 72, 38 and
33, respectively. The numbers of Mymaridae
were reduced to 10 and 74, and of Scelionidae,
to 8 and 7 after the first and second sprayings,
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Fig. 4: Effect of repeated applications of fipronil on Hymenoptera population

respectively, whilst the Ceraphronidae were
reduced from 33 prespraying to 3 after the first
spraying, but this number increased after the
second spraying.

Fig. 5 shows the effect of two applications of
fipronil on Homoptera populations. The seven
families of Homoptera found before the first
spraying decreased to 3 after the first spray. The
population of Aleyrodidae was comparatively
higher than those of the other families after
spraying with fipronil. The total number of
Homopterans trapped before spraying was 353,
but this number increased to 704 after the first
spraying and subsequently decreased to 91 after
the second spraying. Before treatment, the total
numbers of Aphididae and Coccoidae were 55
and 47, respectively. After the first and second
sprayings, the numbers were reduced to 46 and
44 for Aphididae and 14 and 17 for Coccoidae,
respectively.

Fig. 6 shows the population of Diptera before
and after treatment with fipronil. Diptera was
represented by 24 families before treatment, but
this number was reduced to 7 and 9 families
after the first and second sprayings, respectively.
However, many of the families existed in small
numbers. The dominant family of Diptera was
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Phoridae, with a total of 157 individuals trapped
before spraying. This was followed by
Cecidomyiidae, Agromyzidae and Chironomidae
(58, 52 and 49 individuals, respectively). After
the first and second sprayings, many of the
families disappeared. The total numbers of the
dominant Phoridae were only 20 and 10 after
the first and second sprayings, respectively.

Twelve orders and 81 families were
represented in the 2,521 arthropods observed in
the plot before spraying with fipronil. Most
arthropod families belonged to the order of
Hymenoptera, but many from other orders were
also present in the plot. These results indicate
that fipronil applications caused a shift in the
population of arthropods in the experimental
plot. The numbers of families decreased after
applications of fipronil, and some families
disappeared.

This work also shows that the number of
individuals from the three families of Acarina
(namely Tetranychidae, Ixodidae and Oribatei)
declined significantly after the second spraying.
The total numbers of Tetranychidae, Ixodidae
and Oribatei were 97, 11 and 13, respectively,
after the first spraying, but decreased significantly
to 7, 6 and 5 after the second spraying.
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Fig. 6: Effect of repeated applications of fipronil on Diptera population

Application of fipronil may reduce some
predators and parasitoid populations due to the
reduction in host populations. For instance, a
decrease in pest populations such as Homoptera,
Hemiptera, Acarina and Orthoptera would cause
a reduction in certain predators, such as
Staphylinidae (Coleoptera), and in such

parasitoids as Scelionidae and Pteromalidae
(Hymenoptera).

Our results show that no Staphylinidae was
detected after the second spraying, while for the
Pteromalidae and Scelionidae, the total numbers
obtained after the second spraying was 1 and 7,
respectively. Populations of these predators or
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parasitoids declined, probably due to limited
food sources and hosts. Certain parasitoids such
as Ichneumonidae and Braconidae have very
specific hosts, so the disappearence of their
hosts due to pesticides such as fipronil would
affect their population (Idris and Grafius 1993).

In contrast, some families such as
Isotomidae, Poduridae and Sminthuridae
belonging to the Collembola and Aleyrodidae
(Homoptera) increased in numbers after the
application of fipronil. This may be due to
reduction in predator (Coleoptera) and parasite
(Hymenoptera) populations and reduction in
interspecies competition. The life cycles of these
families were shorter (approximately 3 weeks) at
24-30°C (Yee and Toscano 1996) as compared
to their predators. Therefore, we suggest that
these families were able to recover faster than
their predators, resulting in their number
increasing tremendously.

It is noteworthy that the population of
Aleyrodidae increased during the first sampling
but decreased 2 weeks later. A marked reduction
of Aleyrodidae population could well be due to
different numbers being in the larval stage during
the two samplings. The two methods of sampling
used were only able to trap adults, not larvae. A
rise in the Aphelinidae population
(Hymenoptera), which is a parasitoid for
Aleyrodidae, may also have contributed to the
reduction in the Aleyrodidae population.

The experimental results have shown that
there is no correlaton between abiotic factors
(such as temperature and pH) and the
abundance of arthropod populations (data not
shown). This observation is different from results
reported in similar research in temperate regions
(Goulet and Huber 1993; Davey et al. 1998;
Danxiao et al. 1999). These researchers report a
positive correlation between soil arthropods (such
as Isopoda and Formicidae) with salt content,
available K and P and organic matter content of
the soil. Abiotic factors, such as temperature
during winter, may cause the life cycle of soil
arthropods in temperate regions to be prolonged
(Fujiyama 1996) when compared to the length
of life cycles of soil arthropods in tropical regions.
The temperature in the study plot ranged from
23° to 35°C, a temperature range suitable for
their development. Therefore, the results
concerning arthropod abundance cannot be
compared directly between temperate and
tropical regions due to variability in temperature
effects.

In conclusion, in this study we found that,
while a great diversity of arthropod populations
existed before the treatment, application of
fipronil caused a decline in the population of
some families, which may be directly due to its
toxicity. However, we also found that the number
of Collembola populations (such as Isotomidae)
increased after the fipronil treatment, perhaps
due to a reduction in predator populations or
family tolerance to fipronil. However, further
study needs to be carried out to confirm this
speculation. Also, we note that findings on
arthropod abundance cannot be compared
directly between temperate and tropical regions
due to variability in the effects of temperature
and other environmental factors. Therefore, we
suggest further investigation of the environmental
effects, and the mechanisms responsible for those
effects, on arthropod populations. Such
information would provide a clear picture on
their distributions in different soil conditions.
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ABSTRAK

Satu kajian telah dijalankan di Jabatan Sains Tanaman, Universiti Putra Malaysia (UPM) untuk mengkaji
pengaruh pengeringan separa akar menggunakan kultur tanpa tanah, campuran 70% habuk sabut kelapa dan
gambut (3:2 ) ditambah dengan 30% kompos jerami padi. Tanaman tomato (Lycopersicon esculentum Mill
v Red Rock) diberikan dua rawatan air, iaitu pengairan sepenuh (kawalan) dan pengairan secara pengeringan
separa akar (PRD). Pengurangan kedapatan air dalam media secara PRD menyebabkan pengurangan
signifikan bagi perkembangan daun, luas daun dan konduksi stomata. Prolina meningkat dengan PRD. Tidak
terdapat pengurangan yang signifikan dalam pembahagian bahan kering tanaman dan hasil di antara
pengairan penuh dan PRD. Kecekapan penggunaan air meningkat secara signifikan dengan PRD.

ABSTRACT

An investigation was carried out at the Department of Crop Science, Universiti Putra Malaysia (UPM) to examine
the effect of PRD using soilless media, a mixture of 70% coconut coir dust and peat (3:2 respectively) amended
with 30% rice straw compost. Tomato (Lycopersicon esculentum Mill cv Red Rock) plants were exposed to
two different water treatments, which was either well-watered (control) or partially irrigated on half of the roots
(PRD). Reduction in water availability in the media with PRD treatment caused a significant decrease in leaf
expansion, leaf area and stomatal conductance. Proline was significantly increase with PRD. There was no
significant reduction in dry matter partitioning and yield between well-watered and PRD-treated plants. Water
use efficiency also was significantly increased with PRD.

INTRODUCTION

Increasing water use efficiency (WUE) is one of
the main strategic goals for the researchers as
well as decision makers world wide due to water
scarcity and continuing high demand of water
for agricultural irrigation. The efficiency of
utilization of irrigation water is often low leading
to around 50% increase in the demand for
water that could be met by increasing the
effectiveness of irrigation. However, the
agricultural irrigation uses over 70% of the world
supplies of clean water and most of this clean
water is especially used in the protected
environments (Ismail and Razi 2002). The use
of clean water and chemical solutions as fertilizers

are very costly. In addition, the fast growing
industrial sector competes with agriculture for
water resources and the pollutants emitted were
the source of underground water pollution and
this will push the agricultural activities to remote
areas where water and salinity are the major
problems.

Tomato has more acreage than any vegetable
crop in the world (Ho 1996) and is the second
most common grown vegetable crop in Malaysia.
Therefore, studying the effect of low cost
irrigation technique such as partial rootzone
drying (PRD) could make substantial
contribution to saving water especially with
soilless culture, since many studies conducted
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under a protected environment showed the
significance of the use of a soilless culture (Ismail
and Razi 2002). Thus, the use of this low
technological agronomic manipulation can also
exploit recent understanding of plant functions
and physiological basis of yield production under
limited resources. In this way, yield can be
sustained and resource use can be optimized.
PRD is a relatively new irrigation strategy,

where at each irrigation time only a part of the

root system is wetted with the complement being
left to dry to a pre-determined level or time. It
could save water by 50% and yet maintain yield
as shown for some grape cultivars (Loveys et al
2000). Implementing PRD technique is simple,
requiring only the adaptation of irrigation systems
to allow alternate wetting and drying part of the
rootzone. Although the theory of PRD has been
developed, little is known about how tomatoes
growing under warm and humid climatic
conditions will respond to this irrigation
technique. However, it is also important to
understand the basis of the plant’s finely-tuned
sensitivity to environmental stresses to overcome
the problems by using either agronomic or
genetic techniques and the advantages of crop
growth and food production may be substantial.
The objective of this study therefore, is to
understand how PRD works within soilless media
amended with rice straw compost through
monitoring of water use efficiency; fruit yield
and vegetative growth, as well as quantifying the
impacts of PRD on proline accumulation within
the leaf. The hypothesis is that PRD may decrease
leaf area and growth of the plant without
significant reduction in yield and hence, increase
water use efficiency. Stomatal conductance will
be significantly reduced and proline will be
increased in response to PRD technique and
that will be correlated with soil drying.

MATERIALS AND METHODS
Plant Materials

A study was conducted at the Department of
Crop Science, Faculty of Agriculture, UPM,
Malaysia. Tomato (Lycopersicon esculentum Mill.)
cv Red Rock F, hybrid was used in this study.
Seeds were sown on germination trays with media
of peat amended with rice straw compost (3:1)
and transplanted four weeks later. Seedlings
with the same vigor were transplanted to double
pots, where taproot was removed and the roots
of each plant were approximately divided into

two pots. The plants were placed under shade-
house condition with daily average temperatures
of 32 and 28°C day and night, respectively and
average relative humidity of 65% and 80% day
and night respectively. The plants were trained
vertically, as single stems. Plants were also staked
or trained by using raffia string tied to an
overhead support. At weekly intervals, all auxiliary
buds were removed. When the plants had
produced a total of three trusses, the main
growing stem was terminated at the point of two
leaves after the final truss.

Treatments and Experimental Design

Soilless media (coconut coir dust and peat 3:2
v/v, respectively) 70%+ 30% rice straw compost
were used in this study. Two treatments were
used which were either irrigated to drip point
daily (100% field capacity) with drip irrigation
as a control (C) or partial irrigation PRD on half
of the roots alternately (until the moisture
content reached within 10% of the control
plants). Each cycle of drying was 12 days. Each
pot was irrigated with a single drip emitter, with
one irrigation per day to maintain soil water
close to field capacity. An auto timer was used
and the amount of the water used for each
treatment was monitored with flow meters placed
in each irrigation line and calculated thereafter
in kg. Half-Copper solution was used as
fertigation fertilizer. The pots were raised to
avoid direct contact with the ground and two
weeks later the treatments started.

Parameters

Four pots from each replicate were selected
randomly from either the both pots irrigated
or half of the roots irrigated for determination
of soil moisture content. The samples were taken
from a depth of 0-5cm and oven dried at 90°C
for 72 hours and the moisture content of the
soil sample was determined.

Measurements were carried out on matured
fully expanded leaves (leaf number four from
the apex of the plant). The measurements were
taken on the abaxial surface of the leaf daily
between 11:00 and 14:00. All readings were
accomplished within a one-hour period to avoid
the diurnal pattern of variation in leaves, using
a transit- time promoter (AP-4, Delta T Devices
Ltd., Cambridge, UK). Similar leaves were used
for leaf water potential determination using a
pressure chamber (PMS, Soil Moisture
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Equipment, Santa Barbara, USA). Leaf water
potential was measured between 12:00 and 15:00.

Newly emerged leaves from four plants
within each treatment were chosen randomly,
labeled and tagged and the length of leaf blade
was measured from the point of petiole insertion
with the leaf blade to the tip of the leaf. The
length was measured every two days at midday
using a standard ruler.

Determination of free concentration of
proline was based on the method described by
Bates et al. (1973). Proline was extracted from
liquid nitrogen-frozen tissue by homogenizing
0.5 g of sampled leaves with 10 ml of 3% aqueous
solution of sulfosalsilic acid at 25°C. The
homogenate was filtered through Whatman No.
2 filter paper. Two ml of the filtrate was reacted
with two ml of glacial acetic acid and two-ml
acidninhydrin in a test tube for one hour in a
water bath at 95°C. The reaction mixture was
then cooled in an ice bath. Following that, 4 ml
of toluene was added to the reaction mixture
and mixed vigorously with a test tube stirrer for
20 seconds. The toluene layer at the top, which
is a pink-red color, was collected with a pipette.
The absorbency of the toluene layer was read at
520 nm with a spectrophotometer using toluene
as a blank. Standard curve was produced ranging
from 0 to 30 g/ml of L-proline (Sigma Chemical
Co., St. Louis, Mo.) dissolved in 3% sulfosalsilic
acid. Proline standard curve was used to calculate
proline concentrations in the samples on fresh
weight basis.

A destructive sample method was used to
determine leaf area and dry matter production
(dry biomass). Total leaf area was measured in
cm® using leaf area meter (Delta-T Cambridge,
UK). Each plant part was put in a paper bag
and placed in an oven at 85°C for 72 hr till a
constant weight was reached for dry weight
determination. Root to shoot ratio and total dry
matter production in g per plant was calculated
thereafter. Yield per plant was determined after
each harvest from an average of ten plants.

Water use efficiency (WUE) was calculated
for each treatment as function of the harvest
yield and total dry biomass (shoot + roots)
divided by the actual total amount of water
irrigated as described by Kang et al (2001).

vl
i Gross imvitation(kg)

Dry biomass(g)

3
e irvitation(kg)

(2)

Statistical Design and Analysis of Data

The treatments (control (C) and PRD (P)) were
arranged in a completely randomized design
with three replicates. Data were analyzed using
analysis of variance and means separation
performed using least significant differences
(LSD) at 0.05 levels. Both analyses were done
using SAS (1997).

RESULTS AND DISCUSSION

Stomatal behavior varied significantly (p< 0.05)
in response to PRD(Fig. 1). PRD significantly
reduced the stomatal conductance gradually. This
gradual reduction in stomatal was also shown in
many studies with different crop species (Loveys
et al. 1998; Stoll et al. 2000; Awad 2001) might be
attributed to the signal coming from the dry
part of the root system through the xylem stream.
The signal, which may lead, to the partial closure
of stomata of PRD plant may be attributed to
root sourced chemical signals. Media drying
presumably enhanced different hormones and
enzymes such as proline and the accumulation
resulted in stomatal closure and leaf growth
restriction (Fig. 6).

. ; 1N

o 2 4 & » W ou
Days from the start of treatments

Fig. 1: Stomatal conductance as affected by PRD
applications or tomato plants grown on soilless culture
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Leaf water potential (LWP) showed different
trend in response to PRD treatment (Fig. 2).
This clearly suggested that LWP is strongly
affected by plant age and the amount of water
applied under environment of high evaporative
demand occurred, although there were no visual
symptoms due to desiccation in PRD treatment.
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LWP values measured for control and PRD
treatments as a mean for the whole cycle period
were -0.41 and -0.51 MPa, respectively. Mean
LWP value at day 0 was -0.39 MPa and reached
-0.64 MPa on day 12. The minimum LWP
observed with two tomato species under complete
drying of media to all plant roots under water
stress were —1.8 and -1.4 MPa for L. esculentum
and L. pennellii, respectively after seven days of
withholding water from the plants as stated by
Torrecillas et al. (1995). In most splitroot
experiments, where half of the root was irrigated
by 50% of the control, conducted under low
evaporative demand (Ague' and Duan 1991;
Blackman and Davies 1998; Zegbe-Dominguez et
al 2003) concluded that leaf water status did
not change under water deficit. However, the
maintenance of leaf water potential with
decreasing soil water status is expected due to
low evaporative demand of the atmosphere as
reiterated by Hsiao (1990). This might be the
reason why differences were not measurable or
due to other limitations such as sensitivity of
instrumentation, sporadic measurement of water
status or the behavior of the stomata to maintain
relatively stable leaf water potential during mild
drought (Ague’ and Moore 2002).
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Fig. 2: Leaf water potential (LWP) as affected by PRD
application for tomato plants groun on soilless culture

PRD significantly reduced leaf expansion
(Fig. 3). There was also a significant relationship
(r* = 0.98) between media drying and leaf
expansion (Fig. 6). The concept of using PRD as
a-technique to control water deficit responses
originated from observation that root-derived
abscisic acid was an important factor in regulating

grapevine stomatal conductance and leaf
expansion in order to regulate shoot growth
(Loveys 1991).
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Fig. 3: Leaf expansion as affected by PRD application for
tomato plants grown on soilless culture

Free proline accumulation seems to be a
widespread stress response in higher plants, which
can reach very high levels within a short time
after stress induction (Gzik 1995). This
accumulation is always induced by hydraulic stress
for osmotic adaptation. However, little was known
about the role of non-hydraulic signaling in
responses to PRD in accumulation of the proline.
However, proline increased significantly in
response to PRD (Fig. 4). This indicates that
proline accumulation was dramatically influenced
by the root drying. The increase in proline
content in stressed plants parts was predo-
minantly due to de novo synthesis (Gzik 1995).
Therefore, understanding the mechanism behind
the accumulation of proline in response to PRD
under non-hydraulic signaling needs further
clarification.

PRD significantly reduced leaf area as shown
in Table 1. The reduction of leaf area of PRD
plant was almost 13% compared to control plants.
These results were quite similar to those observed
with PRD tomato plants (Davies et al 2000). Dry
biomass, dry shoot and root weights and root to
shoot ratic were not significantly different
between them for both PRD and control plants.
There was very little data that suggested that
root growth can actually be increased by soil
drying in support of this present study. Authors
that do (Sharp and Davies 1979), attribute such
effects to a stress of particular magnitude which
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Fig. 4: Proline accumulation as affected by PRD
application for tomato plants groun on soilless culture

TABLE 1

Effect of partial rootzone drying system (PRD) on leaf area, dry matter partitioning, total and marketable
yields and water use efficiency (WUE) of tomato plant grown on soilless culture

Parameter Control PRD LSD CV.
Leaf area (cm?) 1739.53a 1507.45b 156.7 4.26
Dry whole plant biomass (g) 45.67a 41.67a 9,39 9.49
Dry shoot wt. (g) 40.00a 35.17a 6.58 7.72
Dry root wt. (g) 5.67a 6.50a 3.31 24.02
Root to shoot ratio 0.14a 0.19a 0.07 19.52
Total yield (g) 852.8a 744.30a 292,12 16.14
Marketable yield (g) 786.76a 721.77a 118.52 6.63
Water use efficiencyl (g/kg) 1.56b 2.39a 0.47 10.40
Water use efficiency2 (g/kg) 34.48b 43.99a 7.49 8.42

Means with the same letter in the same row is not significant difference with Least Significant Difference (LSD)

at p< 0.05.

results in increased availability of assimilates to
roots, as shoot growth is limited by water deficit
in the absence of any effect on carbon gain.
More recently, however, Mingo (2003) reported
that root growth can be stimulated when roots
are dehydrated after a drying episode, relative to
roots in moist soil.

In the well-watered plants in which both
sides of the roots were irrigated, moisture content
remained high. Moisture content decreased
progressively in PRD with time until 10% of the
control plants (Fig. 5). This suggested that during
the stress cycle, part of the plant received
sufficient water when the other part received a
sign of water deficit conditions resulting in

different physiological and biological changes,
and thus sustain crop yield with minimum water
use.
Tomato yield was not significantly affected
by PRD application (Table 1). This result was
supported by numerous studies demonstrating
that PRD application resulted in no significant
reduction of crop yield (Loveys 1991). Recent
evidence had showed that fruit growth was
regulated by non-hydraulic regulations (Mingo
et al. 2003). They concluded that restrictions in
fruit growth rate in plant growing in a partial
drying soil can occur in the absence of any
changes in fruit cellular turgor. It was suggested
that signals borne within the xylem can travel
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Fig. 5: Media drying as affected by PRD application for
tomato plants grown on soilless culture

18
14

1124 e
194 F=008
B -

I .-

3

I
0 - o

-‘ L T LE T L
00 01 62 03 04 05 08
Media moisturs content gip
Fig. 6: Relationships between media drying, proline
accumulation and leaf expansion as affected by PRD
application for tomato plants groun on soilless culture

from root-to-shoot and shoot-to-fruit to elicit a
powerful regulatory effect on fruit cell expansion.
Other evidence might be that carbohydrate
limitations, as showed in this study (data not
shown) increased in both leaf and fruit in
responses to PRD application. This might be
due to maintenance of carbohydrate either
directly by some active mechanism or indirectly
via a relative increase in the sink strength of the
fruit (Davies et al. 2000). This idea was strongly
supported by Baldet et al. (2002) who contrasted

responses to carbohydrate limitation in tomato
fruit at two stages of development. They stated
that the plant responses to sugar depletion were
usually by a rapid consumption of carbohydrate
reserves and/or an arrest of the processes of
carbon storage. However, in tomato fruit where
the sugar consumption is slowest when compared
to other sink organs such as tomato young roots
and this may explain why yield did not
significantly decrease with PRD application
despite the significant reduction of the source
organ such as leaf expansion (Fig. 3) and leaf
area (Table 1).

The pattern of water use by the crop can be
used strongly affect by the agronomic means,
widely fertilizers, type of soil, water and irrigation
technique. In this present study PRD significantly
increased WUE in the two different calculations
as presented in Table 1. These results were in
agreement with many findings dealing with PRD
(Loveys et al. 1998; Stoll et al. 2000; Davies et al.
2000; Zegbe-Dominguez et al. 2003). These
findings strongly support the idea behind using
PRD with grapes to save and increase water use
efficiency without significant reduction (Loveys
1991).

CONCLUSION

PRD decreased leaf expansion, stomatal
conductance as well as plant leaf area, whereas it
increased proline accumulation. PRD, on the
other hand, increased water use efficiency
(WUES) of tomato plants by up to 50%and 28%
compared to control plants as dry biomass and
total yield espectively, without a significant
reduction in yield.
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ABSTRAK

Kertas kerja ini bertujuan untuk mengulas kembali kertas-kertas kerja yang telah diterbitkan menggunakan
kupang Perna viridis sebagai agen pemantauan bagi pencemaran logam berat di rantau ini dan khasnya dari
Malaysia dan membincangkan pengelahuan yang sedia ada. Juga dicadangkan bahawa penyelidikan lanjutan
yang berpotensi pada masa hadapan yang akan menambahkan pemahaman kita dan pengetahuan dalam
ekotoksikologi logam berat di Malaysia dengan menggunakan kupang P. viridis. Kajian menggunakan kupang
ini boleh dikatakan sebagai sebahagian daripada program ‘Mussel Watch' di rantau ini. Kerja-kerja dalam
membuktikan P. viridis sebagai agen pemantauan, yang berdasarkan kriteria yang telah dicadanghan bagi
sesuatu agen pemantauan yang baik, boleh diterima pakai untuk spesies moluska yang lain.

ABSTRACT
This paper aims to review the papers published using Perna viridis as a biomonitoring agent of heavy metals
in this region and particularly from Malaysia and to discuss the existing knowledge. Further research which will
enhance our understanding and increase our knowledge on heavy metal ecotoxicology in Malaysia by using P.
viridis is also suggested. This can be part of Mussel Watch monitoring program in this region. The work in
establishing P. viridis for the biomonitoring of heavy metals, which is fundamentally based on the recommended
criteria for a good biomonitoring agent, can be applied in other mollusks species.

INTRODUCTION
Since the Mussel Watch monitoring approach

species until Ismail (1993a) reported the general
levels of heavy metals in P. viridis from the west

was initially proposed by Goldberg (1975), the
use of the green-lipped mussel Perna viridis as a
biomonitoring agent for heavy metal pollution
studies in the Asia-Pacific coastal waters has been
reported in the literature for over a quarter of a
century. In the Southeast Asian region, perhaps
the earliest reported study was conducted in
Thailand’s coastal waters (Menasveta and
Cheevaparanpiwat 1981). In Malaysia, the
monitoring of contaminant levels in the coastal
waters of Penang using Mussel Watch approach
was reported in the 1980s (Sivalingam and
Bhaskaran 1980; Sivalingam et al. 1982;
Sivalingam 1985). However, there has been a
long absence of reported data using this mussel
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coast of Peninsular Malaysia and Din and
Jamaliah (1994) reported those from Penang
Island. This paper aims to review the papers
published in this region and particularly from
Malaysia and to discuss the existing knowledge
and potential research area for future studies. In
this paper, most reported work on P. viridis
particularly for biomonitoring of contaminants
is reviewed from other regions and discussion is
focused upon from those reported from Malaysia.

Overview of Biomonitoring Studies Using Perna viridis
from this Region

The use of P. viridis for the biomonitoring studies
in the coastal waters has been implemented in
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Asia Pacific coastal waters since 1980s (Tanabe
2000; Tanabe et al. 2000; Nicholson and Lam
2005) such as in China (Klumpp et al. 2002),
Singapore (Bayen et al. 2004), Hong Kong
(Nicholson and Szefer 2003), Malaysia (Ismail et
al. 2003; Yap et al. 2003a) and Thailand,
Philippines and India (Tanabe et al. 2000). The
mussel species has been shown to be a good
biomonitoring agent for contaminants such as
organochlorines (Klumpp et al. 2002; Monirith
et al. 2003; Bayen et al. 2004), buytltin compounds
(Kan-atireklap et al. 1997; Fung et al. 2004;
Sudaryanto et al. 2004), heavy metals (Wong et
al. 2000; Nicholson and Szefer 2003; Yap et al.
2003a; Wang et al. 2004) and polychlorinated
biphenyls (Tanabe et al. 1987). Other
ecotoxicological studies using P. wviridis include
the uptake and assimilation of metals (Pan and
Wang 2004; Wang et al. 2004), feeding behaviors
(Wong and Cheung 1999; 2001), DNA strand
breakage (Siu et al. 2003), metal exposure studies
(Yap et al. 2004a; Shi and Wang 2004) and other
physiological studies on its cytological, lysosomal,
ecocytological and cardiac responses to metals
(Nicholson 1999a, 1999b, 2001, 2003) and
biomarkers (Lau and Wong 2003). All the
mentioned work implied the importance of
biomonitoring studies and P. viridis will continue
to be used and focused upon for biomonitoring

purposes in future.

WHY PERNA VIRIDIS ?

The state of metal pollution on the west coast of
Peninsular Malaysia has been assessed by
measuring metal levels in 1) sediments (Ismail
1993b; Ismail et al. 1993; Yap et al 2002a, 2003b,
2003c) and 2) mollusks as biomonitoring agents.
Based on our work done since 1998, we tested
the suitability of P. viridis as a biomonitoring
agent of heavy metals for Peninsular Malaysia
based on the recommended criteria for a good
biomonitoring agent (Phillips and Rainbow 1993;
Tanabe 2000; Monirith et al. 2003). The eight
criteria recommended are given below and the
studies done so far to test each criterion are
reviewed.

Criterion 1: Wide Geographical Distribution in
the Coastal Waters

Mussels can easily be found in the west coast of
Peninsular Malaysia during our field trip from
1998 to 2004. Background levels of Cd, Cu, Hg,
Pb and Zn in the soft tissues of P. vindis were

found and reported in the literature (Ismail et
al. 2000, Yap et al. 2003a, 2003d) and this baseline
is very important for future reference.

In April 2004, a survey and sampling was
conducted from Tumpat to Mersing off the east
coast of Peninsular Malaysia and the green-lipped
mussels were found in very small numbers from
Tumpat (Kelantan) and Nenasi (Pahang) and
relatively high abundance of natural mussel
population at Kuala Pontian (Pahang) (Yap et al.
2004b). This confirmed the fact that the
abundance of P. viridis along the east coast is not
as high as that in the west coast of the peninsula.
Thus, the geographical distribution of mussel
populations in the coastal waters of Peninsular
Malaysia is mainly in the west coast, including
the Straits of Johore. Since the natural habitats
of mussels are found at Kuala Pontian, this
information is important for mussel transplantation
purpose because the east coast is regarded less
contaminated than in the west coast.

Criterion 2; Sedentary Lifestyle after the Pelagic
Lifespan

The biology of P. viridis is interesting since they
experience a short (2-3 weeks) period of mobile
pelagic larvae in the beginning of their life stage
and become non-mobile after their attachment
to substrata,

Criterion 3: Easy Sampling since They Can be
Found in Abundance
Since most mussels can be collected under buoys,
nibong poles or hanging ropes by raft (for
mariculture sites), they are relatively easy for
sampling,

Criteria 2 and 3 can be easily justified based
on our field samplings and from the literature,

Criterion 4: Simple Correlations between the
Metal Levels in the Mussels and Those in Their
Environments

For this criterion, Yap et al. (2002b) found that
significant (P< 0.05) correlations were observed
between Cd in P. viridis and Cd in the sediment
(EFLE fraction and total Cd), Cu in P. viridis
and Cu in the sediment (EFLE and ‘acid-
reducible’ fractions and total Cu) and Pb in P.
viridis and Pb in the sediment (‘oxidisable-
organic’ fraction and total Pb). No significant
correlation (P> 0.05) was found between Zn in
P. viridis and all the sediment geochemical
fractions of Zn and total Zn in the sediment.
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This indicates that Zn is possibly ‘partially
regulated’ by the soft tissue of P. viridis. The
results support the use of P. viridis as a suitable
biomonitoring agent for Cd, Cu and Pb.

Criterion 5: Easy Identification of the Species
due to Low Variability

We identified P. viridis by using morphological
characters such as the green colour found
specifically on the periphery of the shell and the
total absence of the anterior adductor muscle
(Siddall 1980). However, the question is ‘Are
they genetically similar so that the various
geographical populations of the mussels can be
used as a biomonitoring agent?’ By using the
isozyme approach, Yap et al. (2002¢) studied the
genetic structures of P. viridis collected from the
west coast of Peninsular Malaysia and found an
interesting phenomenon. From the eight
geographical populations studied, fourteen
polymorphic loci were observed. The observed
mean heterozygosity ranged from 0.108 to 0.334,
while the expected mean heterozygosity ranged
from 0.133 to 0.301. The populations studied
could be divided into two groups by the UPGMA
dendrogram based on Nei's (1978) genetic
similarities. The groupings seemed to indicate
differentiation into local populations. These
results suggested that P. viridis had a tendency
to split into a number of geographical
populations regardless of larval dispersal as a
potential agent of gene flow. The mean Fst value
of 0.149 indicated that the mussel populations
showed a moderate degree of genetic
differentiation. However, the mean genetic
distance from the study (0.048 * 0.004) fell
within the range of genetic distances between
conspecific populations of mussels (0.0-0.14).
Therefore, the study supported the use of the
local mussel P. viridis as a suitable biomonitoring
agent for heavy metals (Yap et al. 2002d). The
range of genetic distance values (0.004-0.091)
that were obtained would also serve as baseline
data with which results of similar studies in the
future can be compared to determine whether
genetic divergence of mussel populations from
the west coast of Peninsular Malaysia is taking
place. At the molecular level, Chua et al. (2003)
reported that the population genetic structure
of the green-lipped mussel P. vindis (L.) as
indicated by Randomly Amplified Polymorphic
(RAPD) molecular markers, was associated with

the transplantation of mussels from Johore to
Langkawi for mariculture purpose.

Criterion 6: Capacity to Accumulate Pollutants
in the Tissues of the Mussels

The bioaccumulative properties of Cd, Cu, Pb
and Zn were investigated. Although marine
mussels are generally used as biomonitoring agents
of heavy metals, regulative mechanisms of
essential metals in the soft tissues of mussels
have been reported (Phillips and Rainbow 1993).
Earlier, Phillips (1985) and Chan (1988, 1989)
studied the potential of P. viridis collected from
Hong Kong coastal waters as a biomonitor of
Cd, Cu, Pb and Zn. In Malaysia, Yap et al
(2002a, 2003e, 2003f) used similar mussel species
for the same purpose but those mussels were
collected from the coastal waters of Peninsular
Malaysia and they used different methodology
to find evidences to prove the suitability of P.
viridis as a biomonitoring agent of heavy metals.

Yap et al. (2003e, 2003f) did ecotoxicological
tests on P. vindis under laboratory conditions.
Different rates of accumulation and depuration
of Cd, Cu, Pb and Zn in the soft tissues were
found and this might be due to different
mechanisms for metal binding and regulation.
At the end of depuration, Cd levels in the soft
tissues of P. viridis were 10-30 times higher than
those before exposure, while Zn levels in the
soft tissues were almost similar to the levels
before exposure (Yap et al. 2003e). These results
indicate that P. viridis is a good biomonitoring
organism for Cd but Zn levels may be actively
regulated. It remains uncertain whether or not
P. wiridis is a good biomonitoring organism of
environmental Zn contamination (Yap et al.
2003e). The high ratio of maximum to minimum
Pb and Cu levels and the similar patterns
(although at different rates) of accumulation
and depuration in the different soft tissues for
Pb and Cu indicate that P. wvindis is a good
biomonitoring organism for Cu and Pb (Yap e
al. 2008f, 2004a). The conclusion on Cu and Pb
was also supported by analysis of field samples
collected from contaminated and uncontami-
nated sites (Yap et al. 2003f; Yap et al. 2004a).
Recently, Yap et al. (2005) suggested that
crystalline style and metal redistribution in the
different soft tissues of P. viridis can be used as
indicators of Cu and Pb bioavailabilities and
contamination in coastal waters.
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Criterion 7: They are Tolerant but Relatively
Sensitive to Chemical Pollutants

To prove that they are tolerant but sensitive to
heavy metal stress, studies on toxicities and
tolerances of Cd, Cu, Pb and Zn in P. windis
were conducted by short-term bioassays using
endpoint mortality (Yap et al. 2004c). The LC,;
values for the mussels were 1.53 mg/L for Cd,
0.25 mg/L for Cu, 4.12 mg/L for Pb and 3.20
mg/L for Zn. These LC, values were within the
concentration ranges that were reported by other
authors who used P. viridis as the test organism.
Based on these LC,; values, the mussel seems to
be most sensitive to Cu, followed by Cd, Zn and
Pb.

In addition to endpoint mortality, toxicity
tests of the effects of Cd, Cu, Pb and Zn based
on the endpoint filtration rate (FR) of P. viridis
were also conducted (Yap et al. 2003g). Probit
analysis was used to calculate the metal
concentrations that inhibited 50% of the FR
(EC,)) of the experimental samples when
compared to the control samples. For mussels
with size ranging from 6-8 cm shell length (at
salinity: 26 ppt, temperature: 28°C, pH: 7.87 and
dissolved oxygen: 7.10 mg/L), the EC, values
were: .43 mg/L for Cd, 0.1 mg/L for Cu, 2.81
mg/L for Pb and 1.67 mg/L for Zn. The results
suggest that the mussels are most sensitive to
Cu, followed by Cd, Zn and Pb. This result
agrees well with those that were obtained from
the experiment which used mortality as an
endpoint as has been mentioned earlier. Yap et
al. (2004d) found that the smaller size group P.
vinidis is more sensitive, based on lower LC,
values, than those of the larger size group mussel.

To enhance our understanding of the
sensitivity of P. viridis toward heavy metals (Cd
and Pb), the relationships between condition
index (CI) and accumulated concentrations of
Cd and Pb were determined in field samples of
P. wviridis and those under experimental
conditions. The field samples included those
from uncontaminated and contaminated sites
(Yap et al. 2002¢). In the field samples, significant
(P< 0.05) negative relationships between CI and
metal concentrations were found. However, the
results could also have been due to variations in
nutritional state and reproductive status of the
mussels. To clarify these uncertainties, an
experimental study was conducted and the results
agreed with that found in the field samples.
Therefore, the results indicated that if the heavy

metal levels of the field collected mussels were
significantly (P< 0.001) different, the influences
caused by the nutritional and reproductive states
would be masked by the ecotoxicological effects
of heavy metal contamination, provided that
mussels with similar size range were selected for
the CI determination. The CI can be used to
show that P. viridis is a sensitive organism to Cd
and Pb. This work also showed that the sensitivity
of P. viridis to Cd and Pb when CI was used as a
physiological index. Recently, Al-Barwani et al.
(2004) found that CI can be used as a
physiological index for the reproductive status
of P. wviridis.

Criterion 8: Public Concern from the Health
Point of View Since They are a Commercially
Important Protein Source

This criterion is important from the public health
standpoint. The mussels collected between 1999
and 2001 from the wild and from aquacultural
sites, off the west coast of Peninsular Malaysia
were analysed for Cd, Cu, Hg, Pb and Zn
concentrations and these values were compared
to permissible limits from established guidelines
for food safety in US, UK, Hong Kong, Australia,
China and maximum permissible limits
established by Malaysian Food Regulations 1985
(Yap et al. 2004e). The concentrations of these
heavy metals should result in no acute toxicities
of the metals since they were lower than the
permissible limits for human consumption. In
addition, these metal concentrations were also
considered to be low when compared with
regional data based on P. viridis as a
biomonitoring agent. However, the risk would
depend on the amount of mussels being
consumed daily and weekly.

Other Studies on Perna viridis

Apart from the above criteria, related work that
can enhance our understanding of the use of P.
viridis as a biomonitoring agent includes the
potential use of the occurrence of shell
deformities (Yap et al 2002f) as an indicator,
and byssus (Yap et al. 2003h) and shell (Yap et al.
2003i, 2004f) as better biomonitoring materials
of heavy metal contamination in coastal waters.
Yap et al. (2003h) found that when compared to
the soft tissues, the byssus was a more sensitive
biomonitoring organ for Zn while it could be a
complementary organ for Cd and Pb in the total
soft tissues. The potential of the byssus of P.
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viridis to monitor the metal pollution in the
coastal waters was shown by Sivalingam et al.
(1983). Since the total soft tissue of P. viridis had
been reported to have a regulatory mechanism
for Zn, the byssus can be used as a biomonitoring
organ for the identification of coastal areas
exposed to Zn pollution. Our suggestion is
supported by the data reported by Nicholson
and Szefer (2003) in which the byssus of P.
vinidis collected from a contaminated site at
Kennedy Town of Hong Kong coastal waters
accumulated about 3 times higher Zn
concentration than that of an uncontaminated
site at Kat O.

Apart from the soft tissues and byssus, the
hard tissue, the shell of P. viridis, is also shown
to be potential as a biomonitoring material of
heavy metals (Yap et al. 2003i; Yap et al. 2004f).
Yap et al. (2003i) found that the depuration of
heavy metals in the shell was not affected by the
physiological condition of the mussels. Although
Zn could be regulated by the soft tissues, the
incorporated Cd, Pb and Zn remained in the
shell matrices. The present results supported
the use of the total shell of P. wviridis as a
potential biomonitoring material for long-term
contamination by Cd, Pb and Zn. By using
correlation analysis between Zn levels in the soft
tissue of P. vindis and those in the geochemical
fractions of sediments, Yap et al. (2004f) found a
higher correlation coefficient of Zn between
shells-sediment than those of soft tissues-
sediments. Therefore, the mussel shells can be
used to monitor Zn pollution in the coastal
waters more effectively than the soft tissue of P.
viridis. Yap et al. (2004g) also suggested that
allozyme polymorphism in P. wviridis was a
potential biomonitoring tool for heavy metal
contamination.

In agreement with Boyden's formula (1977),
Yap et al. (2003j) showed that the plotting of
metal content against dry body flesh weight on a
double logarithmic basis gave good positive
straight lines. It was found that the smaller
mussels (lower total soft tissue dry weight) had
higher concentrations of Cd, Pb and Zn than
the larger ones. Since shell thickness could be
considered to be an estimate of the age of the
mussel (Yap et al. 2003k), it was also found that
the younger mussels accumulated more Cd, Pb
and Zn than the older ones. This indicated that
P. viridis has a different metabolic strategy for
each of the studied metals which may be related

to age. Nonetheless, the physiological conditions
of the mussels, as indicated by the CI, was found
not to be a significant factor affecting the
accumulations of Cd, Cu, Pb and Zn in the
mussel.

What are the Next Endeavors?

All the previous studies have contributed towards
the use of P. viridis as a suitable biomonitoring
agent of trace toxic contaminant levels in the
west coast of Peninsular Malaysia. However, there
are still a lot of unknowns to be looked into in
the future. A lot of questions arise. We will again
look into the previously mentioned criteria one
after another and discuss what is still lacking in
our knowledge of P. viridis.

For criterion 1, although P. wiridis is widely
found and distributed in the west coast of
Peninsular Malaysia, the decline in spatfalls in
certain areas has prompted massive transplan-
tations from high spatfall coastal areas to low
spatfall sites. This phenomenon needs further
attention. Another question that arises is a) Why
are there hardly (although they can still be
found) any mussels found naturally in the east
coast of Peninsular Malaysia although there have
been reports in the literature that they are found
in the Gulf of Thailand (Hungspreugs et al.
1984; Sukasem and Tabucanon 1993; Ruangwises
and Ruangwises 1998) which is located just above
the east coast of the peninsula.

Generally, we think that the topography,
water quality, attachment substrates and the big
waves of the east coast are factors that limit the
growth of P. viridis on the peninsula’s east coast.
Therefore, detailed studies to find out the exact
reasons for the rarity there should be undertaken.

For criterion 2, its sedentary adulthood is
the determinant for the successful survival of P.
viridis in coastal waters. This is much related to
the attachment properties of the mussel byssus.
a) What are the chemicals responsible for the
detachment of byssus that would ultimately affect
the abundance of mussels in coastal waters? b)
What attachment substrates in spat collectors
are more suitable to collect spats in the high
spatfall waters? ¢) What is the composition in
the byssus responsible for the attachment on
hard substrates and d) Can the attachment
plaque properties of the mussel byssus be applied
for the benefit of humans?

For criterion 3, the occurrence in abundance
of mussels in the west coastal waters of Peninsular
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Malaysia is localized although they are widely
found along this coast. This abundance is much
related to the spatfalls in certain areas during
transplantation. Even in the west coast, a) Is the
spatfall density related to the attachment
substrates? b) What are the reasons for the low
spatfall in certain areas? c¢) What are the peak
seasons of reproductive cycles in the west coast
of Peninsular Malaysia (the Straits of Malacca)?
d) How can we maintain the spatfalls of the high
reproduction sites? e) How can we enhance
high spat collection at a less productive spat
area? and f) Could the low spatfall area be a
result of pollution?

The success of mussel farming depends
heavily on spatfalls in the natural environment.
The origin of the spats is unknown and the
supply is highly variable. Apart from the problem
of insufficient supply of spats for seeding, genetic
problems can arise from the use of wild stocks of
unknown origins. Therefore, selection and
improvement of cultured mussels may be
hindered by the limited amount of genetic
information available (Yap et al. 2002¢, 2002d).
Based on this aspect, information about the
population genetic structure of P. viridis collected
along the west coast of Peninsular Malaysia is
undoubtedly very important. This particular
aspect is now being looked into, using single-
locus codominant microsatellite markers.

For criterion 4, simple correlations between
the biomonitoring agent and its environment
could only be found for certain metals such as
Cd, Cu and Pb but not for Zn (Yap et al. 2002b,
2003h). This was due to the fact that not all
metals are effectively accumulated in the soft
tissues of P. wviridis. ‘Partial regulation’ of Zn in
the soft tissues of P. viridis was reported (Phillips
1985, Yap et al. 2003h) and this could affect the
accuracy of the estimation of Zn pollution levels
in coastal waters. Still, a lot of information on
Zn levels in mussel soft tissues had been obtained
from Hong Kong, Thailand, India and recently
Malaysia. Perhaps, the question should be ‘At
what degree of metal regulation should the
mussel be rejected as a biomonitoring agent of
a particular metal?’

For criterion 5, low variability in
morphological features and genetic variations
need further validation. So far, only studies using
isozyme markers have been reported to
investigate levels of genetic variations of this
species collected along the west coast of

Peninsular Malaysia (Yap et al. 2002c). However,
isozyme based studies are limited by low
polymorphisms and the neutrality of isozymes is
still doubtful (Jarne and Lagoda 1996).
Therefore, hypervariable markers should be
obtained at the DNA level. Polymorphisms
detected at the DNA level are higher and give
more information. Several questions could arise
here; a) What are the DNA patterns of the local
populations or indigenous species of P. viridis?
b) What are the genetic variations of P. vindis
collected along the west coast of Peninsular
Malaysia, based on DNA markers (microsatellites)?
¢) How can the genetic information be used in
maintaining the brookstocks of P. wvindis? d)
What are the useful genetic markers to
distinguish between male and female mussels?
e) What are the DNA level diagnostic markers to
distinguish between contaminated and
uncontaminated mussel populations?

For criterion 6, we found P. wiridis is
accumulative of Cd, Cu, Hg, Pb and Zn but we
are lacking the knowledge and understanding
on the chemical interactions among these metals
in affecting the accumulation of metals in the
mussel tissues. Also, other anthropogenic
hazardous trace metals like As, Co, Ni, Fe and Se
in the soft and hard tissues of P. vindis collected
from Malaysia have not been studied yet to our
knowledge.

For criterion 7, to further test the tolerances
and sensitivities of P. viridis to heavy metals,
other physiological indices should be tried and
used. Also, the effects of single and multiple
metals in affecting the tolerances and toxicities
of metals that could cause ‘synergistic’ or
‘additive’ phenomenon are interesting research
topics for future studies when this criterion is
being focused upon.

For criterion 8, our risk assessment of heavy
metal consumption through shellfish in Malaysia
by comparison with established guidelines for
food products from other countries should be
improved. This could be done by establishing
Malaysian guidelines based on our data spanning
at least 10 years. To achieve this, the heavy metal
concentrations in the soft tissues of P. wiridis
along the west coast of the peninsula should be
studied yearly. ‘What are the Malaysian hazardous
indices/guidelines for shellfish consumption
(rather than fish product in general)?’ is also a
question that should prompt further studies.
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CONCLUSION

To establish an organism to be a good
biomonitoring agent needs a lot of scientific
research. Although workers from other regions
have studied similar mussel species for the
biomonitoring purpose, relatively similar studies
should be conducted to test the local species
and the existing information should be
considered for comparison rather than
extrapolation of the same phenomenon and
results if the local similar species is used for
biomonitoring studies. Our experience using
the mussel P. wviridis is interesting and by
reviewing all the work, there is still a lot of
interesting research areas to be investigated.
Therefore, we suggest some of the potential
work to be carried out in future studies but that
would be greatly dependent on the numbers of
researchers and the research funding available
to study them, The work in establishing P. viridis
for the biomonitoring of heavy metals, which is
fundamentally based on the recommended
criteria for a good biomonitoring agent, can be
applied in other mollusks species such as the
popular cockles and fish tilapia.
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ABSTRAK

Diversiti genetik di dalam dan di kalangan dua belas ulat sutera ras Bombyx mori telah dikaji menggunakan
enzim melabolisme iaitu, a-esterase (a- EST), besterase (b-EST), glukosa 6-fosfat dehidrogenase (G6PD) dan asid
Josfatase (ACP). Satu penelitian diversiti genetik di dalam dan di kalangan ras menunjukkan bahawa 28%
variasi yang diperhatikan berlaku di kalangan ras dan variasi selebihnya (72%) di dalam ras. Kadar purata
aliran gen antara bandingan pasangan demi pasangan ras dua belas didapati sangat tinggi (0.62). Perkaitan
genetik ras dua belas diperlihatkan oleh dendogram UPGMA, menunjukkan pengelompokan genetik ras dalam
6 kelompok. NB4D2 dan NB18 adalah secara genetiknya ras serupa manakala BL-24 dan Nistari pula secara
genetiknya jauh. Populasi ras ulat sutera [-112 dan NB4D2 masing-masing menunjukkan diversiti genetik
tertinggi, % polimorfisme dan lebih alel. Diversiti genetik mereka yang kaya pertu dieksploitasi dafam program
pemuliharaan dan pembiakbakaan.

ABSTRACT

Genetic diversity within and among twelve silkworm Bombyx mori races was investigated using metabolic
enzymes viz., a- esterase (a- EST), besterase (b-EST), glucose 6-phosphate dehydrogenase (G6PD) and acid
phosphatase (ACP). A perusal of genetic diversity within and among races indicated that 28% of the observed
variation occurred among races and the rest of the variation (72%) within races. The average rate of gene flow
between. pair wise comparisons of the twelve races was found to be very high (0.62). Genetic relatedness of the
twelve races revealed by the UPGMA dendrogram, showed genetic grouping of races in six clusters. NB4D2 and
NBIS are genetically similar while BL-24 and Nistari are genetically distant races. Populations of silkworm races
J112 and NB4D2 showed the highest genetic diversity, % polymorphism and more alleles, respectively. Their rich
genetic diversity needs to be exploited in conservation and breeding programme.

INTRODUCTION
Central Sericultural Germplasm Resources

silk ratio, cocoon filament length, etc
(Thangavelu et al. 1997; Thangavelu et al. 2001).

Centre (CSGRC), Hosur, India, maintains a large
number of silkworm (Bombyx mori L.) genetic
resources totaling 398 (65 multivoltine, 313
bivoltine and 20 mutant) silkworm accessions.
Genetic evaluation of such resources is useful in
the context of conservation and utilization in
the silkworm breeding programme. Many of the
accessions have been characterized for
morphological characters as well as for important
economic traits such cocoon weight, shell weight,

Corresponding Author

Biochemical characterization through
protein profiling of isozyme is needed to know
the genetic constitution of an individual and
thereby the genetic diversity among and within
the races. The isozyme technique is one of the
molecular tools in biochemical methods to
ascertain the extent of variability available among
the species, subspecies and races (Pushpalatha
and Vijayan 1999).

Understanding the genetic constitution of
an individual in the population of races and
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allelic variations through isozyme studies is known
to reflect the differential catalytic ability of allelic
genes and their significant role in the adaptive
strategy of the genotypes (Parkash et al. 1992).
Among the various known isozymes, esterases,
amylase, acid phosphatase and alkaline phosphatase
have been studied extensively since they are the
groups of enzymes involved in the metabolic
rate of fat body of silkworm involved in gonadal
maturation, maintenance of cell viability,
metabolic activities of silk gland and defense
functions (Yoshitake and Eguchi 1965; Yoshitake
and Akiyama 1965; Eguchi et al. 1965; Eguchi
and Yoshitake 1967; Battacharaya et al. 1990).

Knowledge on genetic variability is important
for breeding (Frankel and Brown 1983; Frey et
al. 1983) and useful to improve the specific set
of characters in low yielding silkworm stocks.
Maintenance of variability within population is
one of the most important aspects in the
conservation of genetic resources (Zeng ef al
2003). This in mind, four isozymes viz., a- esterase
(a- EST), b-esterase (b-EST), glucose 6 phosphate
dehydrogenase (G6PD) and acid phosphatase
(ACP)), were utilized to characterize the
individuals in the population of 12 silkworm
races for studying the genetic variation and their
polymorphic features for maintenance and
genetic conservation strategies in the silkworm
germplasm stocks.

MATERIALS AND METHODS
Twelve silkworm races (6 Multivoltines and 6
Bivoltines) from the germplasm stocks of CSGRC,
Hosur, India were selected for isozyme
characterization (Table I). Ten individual moths

from each of 12 silkworm races were
homogenized in extraction buffer (200 mM Tris-
Cl, pH 7.5; 5mM MgCl,; and 250 mM NaCl))
and centrifuged at 10,000 rpm for 10 min (Joy
and Gopinathan,1995). The supernatant was
subjected to electrophoresis as described by
Laemmli (1970) on 7.5 % non-denaturing
polyacrylamide gel.

Enzyme Visualization

The gels were incubated in respective stains for
a-EST (E.C.Number 3.1.1.1), b - EST
(E.C.Number. 3.1.1.1), G6PD (E.C.Number.
1.1.1.49) and ACP (E.C.Number.3.1.3.1) for 30
minutes at 37°C (Richardson et al. 1986). The
stained gels were visualized under a bright
illuminator and photographed using Kodak
DC4800 gel documentation system (Biovis,
India).The isozymes were numbered in the order
of decreasing mobility from the cathode. The
locus that specifies the isozyme with the least
cathodal migration was labeled as A, the next as
B ,C, D, E and so on (Fig. 1.).

Statistical Analysis
Genetic Variation within Races

Within each race, the observed number of alleles
per locus (N, the effective number of alleles
per locus (N), observed heterozygosity (Ho),
expected heterozygosity (He) (Nei, 1973) and
the number and per cent of polymorphic loci
were determined. In addition, for each locus
the observed and the expected heterozygosity of
an individual over the total analyzed races were
estimated (Nei, 1973). Wright's F-statistics
(Wright, 1951) viz,, F -inbreeding coefficient

TABLE 1
Details of the silkworm races, their origin and class for isozyme analysis

SLNo Accessions Races Origin Class

1 BMI-0058 BL-23 India Evolved breed
2 BMI-0059 BL-24 India Evolved breed
3 BMI-0017 Nistari WestBengal Original

4 BMI-0027 0 WestBengal Evolved breed
5 BMI-0001 Pure Mysore Karnataka Original

6 BMI-0009 Kollegal Jawan Karnataka Evolved breed
T BBI-0083 CC-1 Karnataka Evolved breed
8 BBI-0082 NB7 Karnataka Evolved breed
9 BBE-0010 J12 Japan Evolved breed
10 BBE-0009 B-40 Japan Evolved breed
11 BBI-0081 NB18 India Evolved breed
12 BBI-0044 NB4D2 India Evolved breed
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oEsterase isozyme in B-40

— i =
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Glucose 6Phosphate dehydrogenase
isozyme in B-40
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B

BEsterase isozyme in

Acid phosphatase isozyme in B-40

Fig. 1: Isozyme polymorphism in four loci in the B40 race of Bombyx mori. A,B,C and D are alleles

within races; F, - inbreeding coefficient over the
total analyzed races; F_ - reduction in inbreeding
coefficients due to differences among races or
genetic differentiation of races at the level of all
the loci, were also analyzed. All these statistical
measures were determined using the POPGENE
version 1.31 (Yeh et al. 1999).

Genetic Variation between Races

Estimates of Nei's genetic distance unbiased for
sample size (Nei 1978) for each pair wise
combination of races were calculated using
POPGENE version 1.31 and an unweighted pair
group method analysis (UPGMA) of dendrogram
was constructed (Yeh e al. 1999).

RESULTS AND DISCUSSION
Twelve silkworm races were selected for studies
on genetic variability. Four isozymes, viz, o-
EST, B EST, G6PD and ACP were analyzed in

the larval heamolymph samples of 10 individuals
from each race. Results are presented in Table
2. The value of N, (number of allele/locus)
ranged from 1.75 (O race) to 3.25 (NB4D2
race). The value of observed heterozygosity
ranged from 0.22 (Kollegal jawan) to 0.77(]-
112).

Genetic Variation within Races

Four-enzyme system representing four loci was
resolved with sufficient consistency and clarity
(Fig. 1). All the four loci were found to be
polymorphic. The per cent of polymorphic loci
was found to vary from 75% in the races of
Nistari, O and Pure Mysore and 100% in BL-
23, BL-24, Kollegal jawan, CC-1, NB-7, J-112,
B-40, NB18 and NB4D2 (Table 2). The genetic
“richness” as measured by the observed number
of alleles indicated that all loci were equally rich
with 4 to 5 alleles except for G6PD (3
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TABLE 2
Population genetic diversity parameters

SL.No Accessions Races N, N, %P loci  H, H_
1 BMI-0058 BL-23 2.00 1.51 100 0.43 0.34
2 BMI-0059 BL-24 2.50 2.056 100 0.59 0.56
3 BMI-0017 Nistari 2.25 1.82 75 0.47 0.34
1 BMI-0027 O 1.75 1.51 75 0.35 0.31
5 BMI-0001  Pure Mysore 2.25 1.98 7] 0.33 0.42
6  BMI0009 Kollegal jawan  2.00 1.40 100 0.22 0.30
v | BBI-0083 CC-1 2.25 1.85 100 0.57 0.45
8 BBI-0082 NB-7 2.50 1.73 100 0.55 0.40
9 BBE-0010 J112 2.50 2.27 100 0.77 0.56
10  BBE-0009 B-40 2.75 2.29 100 0.65 0.56
11 BBI-0081 NB-18 2.50 1.91 100 0.53 0.50
12 BBI-0044 NB4D2 3.25 2274 100 0.64 0.55

Note: N-observed number of alleles, N -Effective number of alleles, %P loci-

Polymorphic loci, H -observed heterozygosity, H -Expected heterozygosity.

allele) (Table 4). The observed heterozygosity
(Ho) and effective number of alleles among
races (averaged over all loci) and among locus
(averaged over all races) were not uniform (Table
3). The percentage polymorphic loci in an
organism are susceptible to selective influences
thus indirectly reflecting on possible loss of rare
alleles during inbreeding depression in the
European bison and therefore the polymorphic
loci and alleles per locus are biologically more
important to measure the genetic diversity among
any species (Hartl and Pucek 1994). All the four
loci were polymorphic in all twelve-silkworm
races.

Observed average heterozygosity, expected
average heterozygosity, and F-statistics (F, F,
and F) each are listed in Table 3. Four loci viz.,
a-EST, B-EST, G6PD and ACP showed

heterozygosity of 0.66 and ACP lowest
heterozygosity value of 0.41. At the race level,
the observed heterozygosity calculated directly
from the genotypes varied from 0.22 in Kollegal
jawan to 0.77 in J-112. When observed and
expected heterozygosity are compared, the
observed heterozygosity as a measure of genetic
diversity are slightly higher than the expected
heterozygosity values for all races except for
Pure Mysore and Kollegal jawan indicating that
this higher heterozygosity may be attributed to
different geographic origin of the twelve silkworm
races involved in this study (Table 1). It is
reported that such genetic diversity expressed
either as average number of alleles or
heterozygosity is usually higher in any species
with wider geographic ranges, higher fecundity,
greater longevity and larger population sizes

heterozygosity. o-EST showed highest (Nevo et al. 1984).
TABLE 3
Genetic diversity measures based on each locus over all population
LOCUS N, N, H, H, F F, F, Nm
o-EST 5.00 2.98 0.66 0.66 -0.33 0.01 0.26 0.70
BEST 4.00 2.37 0.54 0.58 0.27 0.01 0.22 0.84
G6PD 3.00 1.97 0.48 0.49 .29 0.03 0.25 0.73
ACP 4.00 2.73 0.41 0.63 0.02 0.39 0.38 0.40
Mean 4.00 251 0.52 0.59 0.22 0.12 0.28 0.62

Note: N -observed number of alleles, N -Effective number of alleles, H -observed heterozygosity,
H -Expected heterozygosity, Fcinbreeding coefficient within population, F,-inbreeding
coefficient over the population, F, genetic differentiation and Nm —Gene flow.
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TABLE 4
Overall allele frequencies at four loci in 12 silkworm
races of Bombyx mori

Alleles Locus
a-EST b-EST G6PD ACP
A 0.45 0.48 0.38 0.41
B 0.32 0.41 0.60 0.40
G 0.11 0.08 0.01 0.15
D 0.04 0.01 - 0.02
E 0.05 - . .

F-statistics provided in Table 3 are used to
measure the deviations in gene frequencies from
Hardy-Weinberg equilibrium (HWE), if any. If
all the loci are in HWE, F will be zero and F,,
will be equal to F_. F ranged from 0.02 for ACP
to —0.33 for ocEST and the average value as -
0.22, indicating there is a significant excess of
heterozygosity in the populations. Difference
between observed and expected heterozygosity
is a measure of inbreeding. Here the inbreeding
coefficient (F ) value of 0.12 showed 12% deficit
in heterozygosity than expected under Hardy
Weinberg Equilibrium. This might be due to
mating (gene flow) between similar genotypes.
F,, measures the fixation of different alleles in
different populations and is used as an indicator
of divergence among populations. Genetic
differentiation among races was low with mean
F = 0.2842 implying that 28.42 % of total
variation was between races and 71.58% of total
genetic variation was within races. The rate of
gene flow (Nm=0.6297) was found to be very
high among races. The high rate of gene flow
might be the reason for the low level of genetic
differentiation among the populations. Thus it
is found that the silkworm races in Germplasm
stocks of Hosur, India exhibit a pattern of genetic
diversity characterized by a moderate degree of
inter-population genetic diversity and a rather
high intra-population genetic diversity. Further
a high level of heterozygosity was found only in
a-esterase. The important aspect of the present
work is that the observation of high level of
heterozygosity (0.66) at a- EST locus indicates
that this esterase may be considered as a good
genetic marker for studies of genetic variability
in silkworm genetic resources. Similar studies
on the population genetic variability among the
sugarcane borer Diatraea saccharalis through

esterase isozyme also showed that esterase could
be used as a good genetic marker for
differentiating their populations to indicate a
clear genetic variability (Ruvolo-Takasusuki
2002). Earlier studies on haemolymph esterase
isozyme variations among eight multivoltine
silkworm germplasm stocks indicate that allelic
variations expressed in the isozyme are useful to
determine genetic variability in silkworm stocks
(Das et al. 1992).

Genetic Variation between Races

Genetic distance coefficients are provided in
Table 5. Of the 12 silkworm races, Nistari and
B1-24 are genetically distant races (0.949) and
NB4D2 and NBI8 are genetically similar races
(0.029). This is in agreement with earlier studies
on microsatellites in thirteen diverse silkworm
races that the above breeds viz., NB4D2 and
NB18 were also found in one cluster group
because they are derived from a common
Japanese double hybrid (Damodar Reddy et al.
1999). The genetic relatedness of the twelve
silkworm races as revealed by the UPGMA
dendrogram (Fig. 2) showed relatedness among
the evolved breeds (NB4D2 and NBI18) while
this was not found among local races (Pure
Mysore and Nistari). The branches in the
dendrogram reflect the genetic differentiation
among populations of different races. The
populations of twelve silkworm races covered a
broad geographical range and thus enzymatic
differentiation is expected to exist among them.
An understanding of the genetic diversity and
population genetic structure is not only
important for thesconservation of species but is
also essential for maintenance of genetic diversity
within the populations and improvement of races
through breeding (Millar and Westfall 1992).
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TABLE 5
Genetic relationships among 12 races of silkworm based on Nei's genetic distance

SLNo Races  BMI-0058 BMI-0059 BMI-0017 BMI-0027 BMI-0001 BMI-0009 BBI-0083 BBI-0082 BBE-0010 BBE-0009 BBI-0081 BBI-0044
1 BMI-0058  #%*+
2 BMIO059 0265 e
3 BMI0017 0445 0949 s
4  BMI0027 0089 0449 0.386 s
5 BMI0001 0396 0.484 06152 0.751 bt
6 BMIOO09 0148 0532 0672 0.152 0.401 e
7 BBI-0083  0.139 0038 0945 0317 0353 0.267 hin
8 BBI-0082 0.662 0442 0939 0565 0360 0.366 0328 ooz
9  BBE-0010 0.281 0.087 0568 0267 0403 0320 0.106 0.188 L
10 BBE-0009 0446 0240 0763 0363 0535 0538 0248 0240 0.122 e
11 BBIOO81 0.139 0148 0680 035 0179 0247 0.036 0234 0.18¢ 0.28] v
12 BBI0044 0.074 0250 0584 0240 0216 0206 0.090 0406 0290 0299 0.029 i
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Fig. 2. Dendrogram showing clustering of populations of twelve silkworm
races based on Nei'’s (1978) genetic distance: method =UPGMA

CONCLUSION

The genetic diversity and population genetic
structure of twelve silkworm races revealed in
this study would be utilized for an effective
conservation plan and breeding strategies. Based
on the results observed in this study, it is inferred
that populations of silkworm races J-112 and
NB4D2 would be very useful in a breeding
programme, because they harbour higher levels
of genetic diversity and more alleles.
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SHORT COMMUNICATION
Pathogenicity of Paecilomyces fumosoroseus (Wise) Brown & Smith, Beauveria
bassiana (Bals.) Vuill. and Metarhizium anisopliae (Metsch.) Sorokin on the
Striped Flea Beetle Phyllotreta striolata F. (Coleoptera: Chrysomelidae)
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ABSTRAK

Keupayaan tiga spesies kulat entomopatogen, Paecilomyces fumosoroseus (Wise) Brown & Smith, Beauveria
bassiana (Bals.) Vuill. dan Metarhizium anisopliae (Metsch.) Sorokin menyebabkan jangkitan ke atas
dewasa, telur dan larva kumbang lenting berjalur Phyllotreta striolata F. telah diwji. Hanya satu pencilan M.
anisopliae dan tiada bagi B. bassiana dan P. fumosoroseus yang menyebabkan kematian peringkat dewasa
melebihi 50% pada kepekatan 2 x 107 conidium mL'. Satu pencilan P. fumosoroseus (Pf), satu bagi B.
bassiana (Wis) dan dua bagi M. anisopliae (MPs dan Cy3) didapati patogenik ke atas larva instar pertama
P. striolata menyebabkan lebih daripada 50% hematian pada kepekatan 2 x 10P conidium mL'. Kadar
kematian larva meningkat mengikut peningkatan kepekatan. Nilai anggaran LT, untuk Pf, Wls, MPs dan Cy3
masing-masing bagi larva pada kadar 2 x 1P conidium mL' ialah 2.9, 3.5, 3.0 dan 3.0 hari. Kedua-dua
pencilan M. anisopliae ini juga didapati amat patogenik ke atas telur mengakibatkan kerencatan penetasan
yang signifikan, manakala B. bassiana dan P. fumosoroseus didapati kurang patogenik. Anggaran median
kepekatan maut masing-masing bagi Cy3 dan MPs ialah 13.0 x 10° dan 5.03 x 10° conidium mL".

ABSTRAK

The ability of three species of entomopathogenic fungi, Paecilomyces fumosoroseus (Wise) Brown & Smith,
Beauveria bassiana (Bals.) Vuill. and Metarhizium anisopliae (Metsch.) Sorokin to cause infection on the
adults, eggs and larvae of the striped flea beetle Phyllotreta striolata F. was tested. Only one isolate of M.

anisopliae and none of the B. bassiana and P. fumosoroseus caused adult mortality in excess of 50% at a
concentration of 2 x 10 conidia mL'. One isolate of P. fumosoroseus (Pf), one B. bassiana (Wis) and two
of M. anisopliae (MPs and Cy3) were pathogenic to the first instar larvae of P. striolata causing more than
50% monrtality at a concentration of 2 x 10° conidia mL". The rate of larval mortality increased with increase
in conidia concentration. The respective estimated LT,, values for Pf, Wis, MPs and Cy3 for the larvae at 2 x
1P conidia mL' were2.9, 3.5, 3.0 and 3.0 days. T?vaoasoiatesojM anisopliae were also highly pathogenic
to the eggs causing significant inhibition of hatching, while B. bassiana and P. fumosoroseus were less pathogenic.
Estimates of the median lethal concentration for Cy3 and MPs were 13.0 x 10 and 5.03 x 10° conidia mL'

respectively.

INTRODUCTION
The striped flea beetle, Phyllotreta striolata F., is

They can kill plants directly by severing the
hypocotyls or by eating the newly emerged

not only a serious pest of canola and mustard
but also feeds on a wide range of other brassicas
(Ibrahim and Khoo 1989; Bartlet and Williams
1991). Injury to plants is caused by beetles and
larvae feeding on leaves, or by larvae mining
within stems or leaves, or feeding on the roots.

meristem (Soroka and Pitchard 1987). The
implementation of effective IPM in crop systems
as the extension of biological control in a much
more effective way is not yet established because
to date the effectiveness of biocontrol agents
such as predators, parasites or Bacillus thuringiensis
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seems rather limited (Burgess 1982; Wylie 1984;
Hazzard and Ferro 1991). Consequently, majority
of the growers preferred applying broad
spectrum chemical insecticides instead. For a
strongly bio-based IPM to be successful,
dependence upon chemical insecticides must be
minimized and some suitable and safe alternative
control measures are needed.
Entomopathogenic fungi, the common
pathogen of soil-associating coleopterans such

as the flea beetle, are promising agents for

biological control and are gaining increasing
attention worldwide as mycoinsecticides. The
use of fungus as a biological control agent against
flea beetle was first reported by Butt et al (1992)
when M. anisopliae isolate V90 was found to be
pathogenic to the cabbage stem flea beetle,
Psylliodes chrysochephala. Miranpuri and
Kachatourians (1995) also reported the
pathogenicity of B. bassiana against the cabbage
flea beetle, Phyllotreta cruciferae. Similarly, M.
anisopliae isolate with high pathogenicity against
P. cochlearide demonstrated little or no
pathogenicity for P. chrysocephala (Butt et al. 1992).

The aim of this study was to determine the
susceptibility of the striped flea beetle adults,
eggs and larvae to three species of
entomopathogenic fungi and to evaluate the
relative potency of these fungi against the beetles.

MATERIALS AND METHODS

Adult flea beetles collected using an aspirator
from Chinese mustard, Brassica juncea, grown in
the vegetable plot at the Universiti Putra Malaysia
(UPM) Agricultural Park were used in the study.
The beetles were maintained in plastic containers
(38 x 23 x 38 cm) provided with fresh Chinese
mustard leaves in a room at an ambient
environment of 28 + 2°C, a 12 h photoperiod
and 85 * 15% RH. To obtain eggs, gravid
females were confined overnight in plastic
containers (38 x 23x 38 cm) each lined with
moist filter paper and provided with fresh
Chinese mustard leaves. The eggs were then
collected from these filter papers and left to
incubate for 24 h in separate plastic cups (6 cm
diameter). The first instar larvae were obtained
the following day.

The original hosts and countries of origin
for the fungal isolates used in this study are
listed in Table 1. All isolates were maintained at
room temperature of 28 £ 2°C on potato dextrose
agar (PDA, Oxoid, Basingstoke, UK) containing

0.5% yeast extract (Difco) which had been
sterilised for 20 minutes and 121°C and 1.05 kg/
cm®. To prepare fungal inocula, conidia from 15
day-old sporulating cultures were scraped from
the surface of the plates with a sterile scalpel
and suspended in a 0.05% aqueous Tween 80. A
Neubauer haemocytometer was used to estimate
the conidial concentration and subsequent
appropriate dilutions were made.

A preliminary test on adult flea beetles was
made using a dose of 2 x 107 conidia mL".
Inoculation was done by spraying 0.5 mL of the
conidial suspension with a Sigma hand atomiser.
Control insects were treated similarly with 0.05%
aqueous Tween 80. After inoculation, the insects
were transferred to a Petri dish (15 cm diameter)
lined with moist filter paper and supplied with a
fresh Chinese mustard leaf. Mortality was
recorded 10 days after inoculation. Each assay
consisted of five replicates with 10 adults per
replicate.

The preliminary assays identified isolate M.
anisopliae (Mps) (see Table 1) as worthy of further
investigation, and it was passaged through and
reisolated from the host onto PDA. Further
bioassays were conducted using conidial
concentrations ranging from 2 x 10* to 2 x 107
conidia mL"' to determine the LC, and LT,
values. Adult flea beetle mortalities were recorded
daily for 10 days. Each assay was replicated five
times with 10 adults per replicate.

The isolates tested for pathogenicity against
the flea beetle eggs and first instar larvae were
M. anisopliae (Cy3 and MPs), B. bassiana (WIs)
and P. fumosoroseus (Pf). Bioassays were using
conidial concentrations ranging from 2 x 10° to
2 x 10* conidia mL"*. A 24-h old egg cluster (10-
15 eggs) placed on a leaf section was inoculated
by a drop ( 5 ml) of conidial suspension using
a Gilson micropipette (P20). Larvae were
inoculated by dipping them into conidial
suspension for five seconds. The eggs or the
larvae were transferred to Petri dishes (9 cm
diameter) lined with moist filter paper and fresh
Chinese mustard seedlings were supplied for the
larvae. Number of eggs and larvae infected were
recorded for five days. Each assay consisted of
five replicates with 10 eggs or larvae per replicate.
The final proportions of dead adults, larvae and
infected eggs for each concentration were
analysed using probit analysis (S103, Statistical
Research Service, Canada Department of
Agriculture, unpublished) based on Finney (1971).
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PATHOGENICITY OF P. FUMOSOROSEUS, B. BASSIANA AND M. ANISOPLIAE ON FLEA BEETLE

TABLE 1
Isolates of Metarhizium anisopliae, Beauveria bassiana and Paecilomyces
fumosoroseus, their original hosts and countries of origin

Species Code Insect host Country of origin
M. anisopliae Cy3  Cylas formicarius Indonesia
(Curculionidae)
MPs  Phyllotreta striolata Malaysia
(Chrysomelidae)
B. bassiana Wis  Leptocorisa oratorius Indonesia
(Alydidae)
P. fumosoroseus Pf  Pteroma pendula Malaysia
(Psychidae)
TABLE 2

Pathogenicity* of M. anisopliae, B.
bassiana and P. fumosoroseus isolates
on adult P, striclata

Species Code %Mortality
M. anisopliae B
58
B. bassiana Wis 0
P. fumosoroseus 26

“at a dose of 2 x 107 conidia mL*

RESULT AND DISCUSSION

The pathogenicity of M. anisopliae on the flea
beetles differed between isolates. Only one isolate
of M. anisoplice caused mortality in excess of
50% (Table 2). The isolate of MPs was found to
be the most pathogenic. No mortality was
observed in the control.

The mortality of P. striolata was dose-
dependent using the M. anisopliae (MPs) isolate.
The estimated LG, value was 6.77 x 107 conidia
mL" while the LT, values of M. anisopliae (MPs)
at 2 x 10" and 2 x 10° conidia mL" were 4.7 and
5.8 days respectively. A 10-fold increase in dose
did not result in any marked decrease in median
lethal ime. The LT, values were not obtained
at doses 2 x 107 conidia mL" and below because
less than 50% mortality of the beetles was
observed within the 10-days period (Table 3).
The earliest death at the higher dose (2 x 10°
conidia mL') occurred on the third day. Fungal
development was observed for at least 60% of
the cadavers within 4-6 days. Sporulation

occurred by the 7% day. Butt et al. (1992) also
reported over 70% fungal growth within 2-5 days
after the cabbage stem flea beetle, P. chroscephala,
was exposed with 1 x 10" conidia mL' of a
highly pathogenic isolate of M. anisopliae.

Two isolates of M. anisopliae (MPs and
Cy3), one B. bassiana (Wls) and one P.
fumosoroseus (Pf) were pathogenic to the first
instar larvae of P. striolata. All isolates caused
more than 50% mortality at a dose of 2 x 10°
mL'. No mortality was recorded in the control
(Table 4). This indicated that the flea beetle
larvae were more susceptible than the adult.
Butt et al.(1992) also reported that adult flea
beetles were less susceptible than the aphids
Myzus persicae and Lipaphis erydimi which have
softer bodies. The heavily sclerotised beetle
cuticle, as opposed to a thinner integument for
the larvae, could be the probable factor affording
resistance to infection by entomopathogenic fungi.

Dose-related mortality was evident in all the
isolates tested. The values of LC, and LT, for
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TABLE 3
Median lethal concentration an median lethal time for varying
dosages of M. anisopliae on adult P. stnolata

Isolate  LC,, (95% FL) x 107 LT, (95%FL) (days)
(conidia mL")
2 x 10* 2 x 10°
(conidia mL") (conidia mL")
MPs 6.77 (3.25 - 18.16) 4.7(4.1 - 5.2 ) 5.8(3.9 - 13.1)
TABLE 4

Mean percent infection on first instar larvae of P. striolata upon
treatment with varying dosages of M. anisopliae,
B. bassiana and P. fumosoroseus

Doses M. anisopliae  B. bassiana  P.fumosoroseus
(conidia mL"') (Wils) (Pf)
(Cy3) (MPs)
2 x 108 74 86 82 80
2 x 107 64 78 68 64
2 x 10° 66 72 54 70
2 x 109 18 20 22 26
2 x 10 8 12 12 10
2 x 10° 2 0 0 4
Control 0 0 0 0
TABLE 5

Median lethal concentration of M. anisopliae (Cy3, MPs), B bassiana
(Wls) and P. fumosoroseus (Pf) on first
instar larvae of P, striolata

Isolate Intercept Slope * SE LC,,(95% FL) x 10°
(conidia m"1)
Cy3 1.408 0.545 £ 0.126 3.92 (0.22 - 57.29)
MPs 0.851 0.673 + 0.138 1.47 (0.88 - 6.91)
Wis 1.222 0.579 + 0.059 3.32 (1.70 - 6.91)
Pf 1517 0.544 £ 0.111 2.20 (0.15 + 74.93)

isolates MPs, Cy3, Wls and Pf are presented in
Table 5. Dose-dependent relationship have
similarly been reported for flea beetles in
crucifers (Butt et al. 1992). The LT, values of
MPs, Cy3, Wis and Pf for P. striolata larvae at 2 x
106 conidia mL" were 3.0, 3.0, 3.5 and 2.9 days.
A 10- 1o 100-fold increase in dosage significantly
reduced the LT, values of MPs and Wis, while
for Cy3 and Pf a 100fold increase occurred
(Table 6).

Both the isolates of M. anisopliae were also
highly pathogenic to flea beetle eggs, while B.

bassiana and P. fumosoroseus were less pathogenic.
M. anisopliae achieved infection in excess of 50%
with the highest being a 97.03% and 100%
infection by Cy3 and MPs respectively at a dose
of 2 x 10° conidia mL". Fungal infection to eggs
significantly inhibited hatching (Table 7).
Estimates of median lethal dose for isolates Cy3
and MPs are presented in Table 8. Zimmermann
(1982) reported that M. anisopliae could infect
the eggs or Otiorhincus suleatus F. (Coleoptera:
Curculionidae) only at the early stage before the
eggs were melanised. Species reported to have
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TABLE 6

Median lethal time of M. anisopliae (Cy3, MPs), B. bassiana (Wls)
and P. fumosoroseus (Pf) on first instar larvae of P. striolata

Isolate Dose Intercept Slope + SE LT50(95%FL)
(conidia mL") days

Cy3 2 x 10° 2.947 4.261 £ 0.899 3.0 (2.7 - 3.5)
2 x 107 3.139 3.791 + 0.887 3.1 (27 -3.7)
2 x 10% 2.042 5.804 + 1.397 3.2 (29-3.7)

MPs 2 x 10° 3.569 3.003 + 0.632 3.0 (25 - 3.4)
2 x 107 3.318 3.86140.659 2.7 (23-3.1)
2 x 10° 2.836 4.858 * 0.699 2.8 (25 - 3.1)

Wis 2 x 10° 2.991 3.639 + 0.905 8.5 (3.1 - 4.5)
2 x 107 2.802 4.620 £ 0.916 3.1(2,6 -3.5)
2x 10 2.679 6.317 + 0.983 2.7(24-29)

Pf 2 x 10° 3.003 4.388 + 0.898 29 (24 -3.3)
2x 107 2.748 4.539 + 1.842 8.1 (2.8 8.5)
2 x 10° 2.084 5.452 £ 0.935 2.9 (2.7 - 3.2)

TABLE 7

Mean percent infection of P. striolata eggs against doses used in assays
of isolates of M. anisopliae, B. bassiana and P. fumosoroseus

Doses M.anisopliae B. bassiana P. fumosoroseus

(conidia mL") (Wls) (PH
©3)  (MPs)

2 x 10% 97.0 (0) 100.0 (0) 48.8 (46.8) 35.9 (40.5)

2 x 107 83.2 (24) 974 (42) 13.9 (76.6) 9.3 (63.9)

2'x 108 59.2 (20.3) 92.7 (3.0) 0 (75.3) 0 (82.3)

2 x 10# 34.9 (38.9) 85.6 (5.6) 0 (84.0) 0 (95.5)

2x 10* 18.7 (74.5) 47.4 (42.5) 0 (80.7) 0 (82.6)

2 x 10° 0 (85.5) 0 (91.1) 0 (83.1) 0 (86.3)

Control 0 (81.0) 0 (94.3) 0 (87.5) 0 (87.3)

() % eggs hatched.

TABLE 8
Median lethal concentration of isolates of
M. anisopliac on the eggs of P. stolata

Isolate  Intercept Slope + SE LC,, (95% FL) x 10°
(conidia mL")

Cy3 1.564 0.56240.045  13.00 (7.62 — 22.76)
MPs 0.558 0.945+0.209 5.03 (0.46 — 8.38)
caused egg mycosis were Oospora cverum on locust Treatment at the egg stage could be

and others that were limited to Aspergillus,  advantageous because newly emerged larvae
Fusarium, and Penicillium (Madelin 1963; Fransen  could quickly become infected by the persisting
1987). conidia in the immediate vicinity. Hence, for
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soil-borne pest such as the larvae and eggs of the
flea beetles treated with fungal spores, either
prophylactically or curatively, could be applied
as suggested by Charnley (1997). Moorhouse et
al. (1993) reported that prior incorporation of
M. anisopliae conidia into compost gave year-
long protection to impatiens plant (Impatients
wallerana) against the vine weevil. By direct
drilling of M. anisopliae conidia using existing
crop-sowing machinery to a depth of 20-25 cm,
a long-term control of the redheaded cockchafer
Adophorus couloni in the pasture was achieved
(Rath 1992). Application of dried mycelial pellets
were also particularly suitable as soil treatment
(Stenzel et al. 1992). Krueger et al. (1991) used
standard and lyophilized mycelial particles of M.
anisopliae against scarab grubs. They concluded
that the grub mortality occurred significantly
quicker in mycelium-inoculated compared with
conidia-inoculated soil.

CONCLUSION

This study has demonstrated that the three fungal
isolates were infective against the larval stage
and one of these isolates was highly pathogenic
against the eggs. Further tests using formulated
mycelial particles of these three fungi isolates
are being planned against the flea beetle larvae
in the field with the rational that the ambient
soil moisture and temperature in Malaysia would
promote profuse sporulation of the mycelium.
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