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ABSTRAK

Pengumpulan sampel N. peronii di Pantai Timur Semenanjung Malaysia dilakukan setiap bulan menggunakan
kapal tunda. Dari jumlah sampel sebanyak 3608 ekor, dapat disimpulkan bahawa keberhasilan N. peronii
adalah kerana ciri-ciri reproduksinya. Ikan betina dominan pada ukuran kecil dan itkan jantan dominan
pada ukuran besar. Penyelidikan ini menunjukkan adanya perbezaan khas dalam pembesaran menurut jenis
seks, di mana ikan jantan membesar lebih cepat daripada tkan betina. Variasi yang besar pada fekunditi,
dihubungkan dengan frekuensi pemijahan juga diamati. Data juga menunjukkan satu kitaran tahunan
aktiviti reproduksi di mana aktiviti puncak berlaku di permulaan tahun.

ABSTRACT

Sampling for N. peronii was conducted monthly on the East Coast of Peninsular Malaysia using a trawler. From
a sample size of 3608 individuals, it can be deduced that the success of N. peronii s due to its reproductive
characteristics. Females predominate the population at small sizes while males at larger sizes. This study
indicates the existence of sex-specific differences in growth, with males growing faster than females. Wide varia-
tion in fecundity, associated with spawning frequency was also observed. The data indicated an annual cycle of

reproductive activity with the peak activity occurring early in the year.

INTRODUCTION

Though detailed investigations on the
reproductive biology of a few species of Nemipterus
are available from different geographical
localities (Eggleston 1968; Kuthalingam 1969;
Murthy 1982; Said et al. 1983 and Sainsbury and
Whitelaw 1984), information on N. peronii which
is the most common of the nemipterid species
and most abundant in the trawl catches of
Malaysian waters is scanty. Hence, the present
study was undertaken on N. peronii to examine
its reproductive capability and relate it to its stock
abundance.

MATERIALS AND METHODS

Sampling was carried out once a month covering
an area of 1,200 sq. km off the East Coast of
Peninsular Malaysia within 544’ to 5°50’N latitude
and 102°59’ to 103°5’E longitude (Fig. 1), using a
40-tonne commercial trawling vessel, powered

by a 180-hp ‘Yanmar’ engine with a stern type
hydraulic winch. The gear used was a German
standard type otter trawl which has a 37.8 m
headline and cod-end stretch mesh size of 38.1
mm.

An average of five hauls were made for every
monthly trip. Each haul lasted for 3 h at a trawling
speed of 3 knots. When the catch was landed on
deck, the fishes were sorted out, weighed, packed
in ice and kept in the refrigerated fish hold before
bringing them to the laboratory for further
examination.

In the laboratory, each fish was measured
for its standard length, reproductive
characteristics according to month of collection
and various lengths (midlength) classes.
Analyses included weighing of the gonads,
fixing the ovaries in a modified Gilson fixative,
sub-sampling eggs from the central region of
the ovaries and egg-counting.
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Fig.1: Map showing the study area S1 = Subarea I, S2 =
subarea Il and $3 = subarea 111

The gonado-somatic index (GSI) was calcu-
lated as follow :

gonad weight
GSI = x 100
body weight — gonad weight

To estimate the Von Bertalanffy Growth
parameters in both sexes, length frequency data
were used and the ELEFAN I programme (Pauly
et al. 1980) was adopted.

RESULTS AND DISCUSSION

Sex Ratio
A total of 3608 fishes comprising 1636 males
(45%) and 1972 females (55%) were analyzed. The

overall ratio of males to females was 1:1.21 and
was significantly different from the hypothetical
1:1 ratio (X* = 31.29. P<0.05). However, when
the samples were analyzed by month, the sex ra-
tios were found to be insignificant in June, July,
August, December, February and April (Table 1).
Sex ratios were also found insignificant in 6
midlength classes, ranging from 85 to 115 mm
and 185 to 195 mm (Table 2). From midlength
105 to 185 mm, however, females were dominant
with male-to-female ratio ranging from 1:1.13 to
1:1.92. The situation was reversed from
midlengths 195 mm and above with males domi-
nating the samples.

Sainsbury and Whitelaw (1984) found simi-
lar results working on N. peroniiin the Northwest
shelf of Australia and suggested that the size spe-
cific sex-ratio in smaller fishes was probably due
to sex-specific difference in growth, whereas for
larger fishes, they believed that females undergo
higher mortality than males.

Sex Linked Growth

An attempt to estimate Von Bertalanffy Growth
parameters using the ELEFAN I programme
showed slight differences in growth parameters
according to sex (Male : L~= 279 mm, K = 0.365;
Female : L~ = 266 mm, K = 0.293). Itis therefore
very likely that the size specific sex ratio is due to
sex-specific differences in growth.

TABLE 1
Monthly sex ratio of threadfin fish, N. peronii sampled off the Terengganu Coast
Month Males Females Ratio Chi-Square
(Male : Female)

May 73 227 1.0:3.11 79.05 *
June 119 138 1.0:1.16 1.40
July 116 133 1.0:1.15 1.16
August 85 111 1.0:1.31 3.45
September 143 238 1.0:1.66 23.69 *
October 209 256 1.0:1.22 4.75 *
November 147 212 1.0:1.44 11.77 *
December 167 161 1.0:0.96 0.11
January 202 161 1.0:0.80 4.63 *
February 123 141 1.0:1.15 1.23
March 157 124 1.6:0.79 3.88 *
April 95 70 1.0:0.74 3.79
Total 1636 1972 1.0:1.21 31.29 *

* Significant at the 5% level of probability
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TABLE 2
Sex ratio of threadfin fish, N. peronzi in various length classes (midlengths), sampled off the Terengganu Coast

Midlengths Males Females Ratio Chi-Square
(mm) (Male : Female)

75 1 0

85 6 3 1.0: 0.50 1.00

95 23 13 1.0 : 0.57 2.78
105 31 39 1.0:1.26 091
115 64 80 1.0:1.25 1.78
125 103 172 1.0:1.67 17.31 *
135 67 286 1.0:1.71 31.26 *
145 184 315 1.0:1.71 34.39 *
155 146 280 1.0:1.92 42.15 *
165 175 152 1.0:1.44 13.89 *
175 143 197 1.0:1.38 8.58 *
185 136 153 1.0:1.13 1.00
195 127 114 1.0:0.90 0.70
205 142 55 1.0:0.39 38.42 *
215 95 21 1.0:0.25 47.21 *
225 19 1.0: 0.21 9.78 *
235 6

* Significant at the 5% level of probability

Time of Spawning

The GSI values ranged from 1.18% to 4.3% (Fig.
2) with lower values in September, October and
November and higher values in January, Febru-
ary, March, April and May.

pi an,”’
A "

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

MONTHS

Fig. 2: Graph showing the changes in the Gonado-
Somatic Index of the female during the study
period

The percentage of mature females (ovary at
stage 11l and above) ranged from 1% to 92% dur-
ing the twelve-month period (Fig. 3). The lowest
percentage occurrence was in October (1%), ris-
ing rapidly from November to May with peaks in
January, February (both at 92%) and May (84%).

Both the GSI values and percentage occur-
rence of mature females coincide with lower val-
ues in September, October and November and
higher values in January, February and March. It
can be inferred that spawning periodicity exists

Fig. 3: The percentage of mature females of Nemipterus
Perroni in various months during the study period

in N. peronii with peak reproductive activity oc-
curring during the earlier part of the year. Ex-
tended spawning periods in nemipterid fish
have been reported elsewhere (Krishnamoorthi
1973; Eggleston 1972 and Murthy 1982).
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Fecundity

There seemed to be a great variation in the fe-
cundity estimates, ranging from 10,179 to 91,029
eggs for fish samples within 144 mm to 202 mm
standard length range. A paired t-test showed
no significant difference in the number of ma-
turing ova in samples from the left and right ova-
ries (t = 1.3626, d.f = 19, P<05 = 1.729).

Length, body weight and ovary weight
against fecundity indicate curvilinear relation-
ships for length and body weight and a linear
relationship for ovary weight. In stabilising the
variance, these relationships were transformed
into a straight line and are presented in Table 3.
The correlation coefficients indicate that
although both length and body weights are
closely related to fecundity, ovary weight provides
the best prediction of fecundity.

In general, the success of N. peronii, i.e. domi-
nating in the trawl catches, may be attributed to
its reproductive characteristics. The overall sex-
ratio of N. peronii showed that females outnum-
bered males. For several months, the catches of
females were substantially high and these peri-
ods coincided with the months of high gonado-
somatic indices and high percentage of occur-
rence of mature fish. The observed sex ratio
clearly indicates its reproductive behaviour, with

dominance by females at small sizes changing to
dominance by males at larger sizes. The change
in size-specific sex ratio could be caused by sev-
eral reasons, namely sex specific difference in
growth, sex differences in mortality, sex-reversal,
sex differences in activity and in or out migration
from the sampling area by one sex. In this study
we were able to prove only the sex specific differ-
ences in growth as indicated by Lecand K values.

The variation in fecundity estimates for N.
peronit in this study appears to coincide with
other nemipterid species as reported by other
workers (Dan 1977; Eggleston 1968; Liu and Su
1971 and Kao and Liu 1979). The wide varia-
tion in fecundity could be associated with the fre-
quency of spawning. Spawned serially, the eggs
are shed in batches rather than all at once. The
high fecundity estimate at one end of the period
probably represents the number of eggs at the
onset of the spawning season and the low fecun-
dity estimate at the other end would indicate that
the remaining eggs are released in subsequent
batches. The gonado-somatic index and the oc-
currence of mature females further indicate that
spawning occurs over an extended period which
coincides with the north-east monsoon (Decem-
ber to March).

TABLE 3
The parameters of the relationship between total fecundity and body weight (BW), standard length (SL) and
ovary weight (OW) in N. peronii sampled off the Terengganu Coast

Indipendent a b S.E r?
Variable
Length (SL) -2.7002 4.5274 .4093 7377
Body Weight (BW) 3.0931 1.42890 .4009 7502
OvaryWeight (OW) 9.6589 0.9414 2718 .8939
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ABSTRAK

Ciri-ciri fisikal do goreng telah dikaji menggunakan sistem contoh berasaskan tepung beras. Do goreng yang
paling rangup dan yang paling kurang menyerap minyak didapati daripada campuran tepung beras : pulut
dalam nisbah 75:25 (nisbah amylos:amylopektin = 9:69). Perkembangan isipadu hasilan goreng didapati
mempunyai hubungan rapat dengan kandungan amylopektin dan penyerapan minyak mempunyai hubungan
songsang dengan kandungan amylos dalam tepung (= 0.98 dan 0.96 masing-masing). Garisan yang paling
baik untuk menentukan perkembangan isipadu dan penyerapan minyak do goreng adalah y = 120.6 + 7.16x
dan y = 23.4 + 0.15x masing-masing, di mana x adalah kandungan amylopektin/amylos dalam keseluruhan
tepung. Amylos didapati meningkatkan kekerasan dan mengurangkan penyerapan minyak dalam hasilan
goreng. Kerangupan hasilan goreng dapat ditingkatkan lagi dengan menambah sedikit putih telur, minyak,
kapur (CaCO,) dan tepung beras terprajel. Walaupun tepung terprajel meningkatkan kerangupan, ia juga
meningkatkan penyerapan minyak. Penyerapan minyak dapat dikurangkan dengan penambahan 2.5 - 5.5%
minyak dan 4 - 12% putih telur ke dalam tepung.

ABSTRACT

The physical characteristics of fried dough were studied using model systems based on rice flours. Fried dough of
maximum crispiness and minimum oil absorption were obtained from flour mixtures containing rice : glutinous
rice in the ratio of 75:25 (amylose:amylopectin ratio = 9:69). Volume expansion and oil absorption of the
finished product were found to be directly proportional to the amylopectin content and inversely proportional to
the amylose content of the flour (r? = 0.98 and 0.96 respectively). The best fitted lines for predicting the volume
expansion and o0il absorption of fried dough arey= 120.6 + 7.16x and y = 23.4 + 0.15x respectively, where x is
the amylopectin/amylose content of the whole flour. Amylose was found to increase hardness and reduce oil
absorption of the fried product. Crispiness of the fried product was further improved by the addition of a little egg
albumin, oil, CaCO, and pregelatinised rice flour. Although pregelatinised rice flour improved crispiness, it
increased oil absorption. Oil absorption was reduced by the addition of 2.5 —5.5% oil and 4 -12% egg albumin
to the flour.

INTRODUCTION

A number of snacks and dishes all over the world
has fried dough as a constituent. Fried dough is
defined here as a flour-water mixture which is
deep fried in hot oil. The constituents in the flour
affect the characteristics of starch-based products.
Moisture, protein content, amylose and amylopec-
tin components were found to correlate with the
elasticity, linear expansion, oil absorption, and
crunchiness of fried crackers or keropok
(Mohamed et al. 1989). Moisture, protein, oil,
sugar, salt, grain size and barrel screw speed have

been found to affect extrusion characteristics of
starch-based products (Mohamed 1990). Studies
have shown that amylopectin/amylose content
determine the expansion characteristics of ex-
truded products (Feldberg 1969; Mercier and
Feillet 1975). This work was conducted to inves-
tigate factors affecting the physical characteris-
tics such as expansion, oil absorption and crispi-
ness of fried dough using model systems based
on rice (Oryza sativa) flours. Factors studied in-
clude moisture, amylose/amylopectin content,
protein, oil, calcium and effect of pregelatinisation
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This study will enable us to understand the kind
of flour/starch one should choose or modify to
produce crispy, puffy of low oil-absorbing fried
starch-based dough products.

MATERIALS AND METHODS

Weighed rice flour (Maju Perak Rice Flour Co.
Lid) and glutinous rice flour (Cho Heng Rice
Vermicelli Fac., Co. Ltd.) were kneaded into
dough with the addition of measured amounts
of water. It was then rolled and cut into 0.2x2x2
cm cubes and fried in RBD (refined, bleached
and deodorised) palm olein (Labour Brand) for
15 to 20 min. at 170°C. Effects of amylopectin
content, pregelatinisation, and the addition of vari-
ous concentrations of oil, CaCO,, and powdered
egg white on the expansion, hardness (the higher
the force the less crispy is the product) and oil
absorption of the fried dough were determined.

Pregelatinised flour was prepared using a
drum drier (3 bar steam pressure ~ 133.5°C;
0.1mm gap; at 2 rpm) on the rice flour slurry (7:3
water:flour). A 7:3 water:flour ratio was found
to be the optimum concentration to produce a
good homogenous pregelatinised rice flour,
which did not stick to the drum and did not
retrograde on cooling. Protein and fat contents
were determined using the micro kjeldahl and
soxhlet extraction methods respectively.
Proximate analysis was done using AOAC (1980)
methods. Starch content was determined by
hydrolysing the starch and determining the
reducing sugar content (Osborne and Voogt 1978;
Southgate 1976). Sugar was first removed from
the starch using hot 80% ethanol. Excess protein
and fat were then extracted using hot alcoholic
KOH. The extracted starch from 0.2g of flour,
were gelatinised and hydrolysed with 0.2ml (82
units) amyloglucosidase in the presence of 0.1M
Na acetate buffer, pH 4.5. The amount of glucose
released was determined by the Nelson-Somogyi
method and multiplied by a factor of 0.9 to give
the total starch content in the sample (Southgate
1976).

Amylose was determined by the reaction with
KI-, (Morrison and Laignelet 1983). The amy-
lopectin content of the starch was calculated by
difference and the amylopectin content of the
whole flour (%) can be calculated using the for-
mula:

1 — = % amylopectin content in starch x
% starch content in flour

100

Volume expansion was determined by height x
length x width of the rolled, cut dough before
and after frying.

The % volume expansion was determined
from the formula [100 (V,-V)) / V]
where V1= Volume before frying; and V2 = Vol-
ume after frying.
Hardness was determined using an 8 mm Magnus
Taylor probe attached to the Instron Universal
testing machine compressing at a crosshead speed
of 5cm/min. All measurements were done on at
least 6 samples.

RESULTS AND DISCUSSION
Proximate analysis showed that both the rice flour
(R) and the glutinous rice flour (GR) were simi-
lar in composition (Table 1), exceptin their amy-
lose/amylopectin content; this accounts for their
different functional properties.

TABLE 1
Proximate composition of rice / glutinous rice flour
% in flour' glutinous rice flour  rice flour
Moisture 11.89+0.24 11.14+0.01
Protein® 6.62+0.07 6.29+0.10
Fat 0.57+0.05  0.45+0.02
Ash 0.25+0.01  0.24+0.01
Crude fiber 0.09+0.01  0.06+0.01
Carbohydrate* 92.47 92.96
Total starch 91.91+0.19 91.20+0.66
Amylose 0.56 13.78+0.34
Amylopectin® 91.91 77.42
*Hot paste viscosity high low
*Resistance to shear low medium
*Stability to retrograde high low
*Clarity clear cloudy
*Freeze-thaw stability medium low
Oil absorption after frying high low
Texture after frying hard crispy
Expansion after frying high v. low

1 % w/w based on dry matter,

2 Protein = N x 5.95 for glutinous rice and rice,
3 By difference

* Pomeranz (1985)

Volume Expansion

Table 2 clearly shows that the % volume expan-
sion highly correlates with the amylopectin con-
tent and is inversely related to the amylose con-
tent (r? = 0.98) regardless of their moisture con-
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tent. The best fitted line for predicting the ex-  the flour (12 = 0.99) in precooked fried crisps

pansion for fried rice dough is: ‘keropok’ (Mohamed et al. 1989).

% volume expansion = The presence of oil, CaCO., and egg albu-

190.6 + 7.16 (amylopectin content in flour \ min reduced expansion probably by reducing the
T ¢ amylose content in flour } amylopectin content in the whole flour. The pres-

ence of pregelatinised GR flour reduced the ex-

Similar results were found for the correlationship pansion of GR dough probably due to the same

of % linear expansion to amylopectin content of

TABLE 2
Volume increase of fried rice pastries containing different % of amylose, amylopectin, fat, CaCO,,
protein (egg albumin) and pregelatinised component

% in flour % Expansion
amylpse amylopectin rice:glut rice water 70% 75% 80% 85%
0.56 91.91 0:100 *1225' 11288¢ A1188* 738
3.46 88.27 25:75 b288" b 338" P30y L) ()
6.92 84.64 50:50 A 2500 ' 300" 281943 . B125%
10.35 80.98 75:25 AT A 125 A 100" A58
13.78 77.42 100:0 B 88 b 9g A1 4] 602
% Expansion % Expansion
Glutinous Rice Rice
% Water 70 75 80 85 65 70 75 80
% Oil added
0 21225 ‘1288 21188+ - - A88> 404+
2.5 A690" 660" V653 - - ~70: A50P :
5.5 A 758" 650" ‘610" - - Bo° A30° -
10 A 768" 8 7392 ‘618" - - AQk AQ! -
% CaCO added
0 - 21288 21188 27384 - 588« Bg4- 5141~
4 - WB30P B0 A610° - 50 B @ B g0
8 - A 550]) A 580')( .\620h o 535h B(:25h C 20(
12 . ABl0® 26200 620" : cgBb BogE b 5QP
Protein (egg albumin
0 ‘1225 11288 21188 - - B 882 Bg4- -
1 AB70P A590P 600" - B b 5 g £
2 ABSO A610° 6200 - o v B :
4 A 405 AB39(Q¢ b 340 - €150* 100" E50¢ -
8 A 410 5:355¢ B 330 - B 5ob B 50 550" -
12 A305 M35 c2100 - HOh 50 B0 :

Pregelatinisatjon (Pre = Pregelatinised flour)

% Expansion % Expansion
Glutinous Rice Rice

Pre:GR \water 55% 60% 65% Pre:rice\water  110% 115% 120%

10:90 26042 4610" A670" 15:85 AQr A r O

15:85 A650" 5568 620" 25:75 B Qe A9Q* AgQ?

20:80 86040 5614" 680" 35:65 8502 AgQ* A90?

25:75 B544b ABG04" 2620 45:55 ABQ* A70+> A70°
50:50 A47P LGYAd B60~

(Similar capital letters indicate insignificant difference within rows at 5% level; similar small letters indicate insig-
nificant difference within columns at 5% level)
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reason. On the other hand, pregelatinised rice
flour increased the expansion of fried rice dough
probably by reducing the % amylose present.

Oil Absorption of Fried Dough

Table $ also shows that there is a high correla-
tion between oil absorption and amylopectin/
amylose content of the flour regardless of the

amount of water used (12 = 0.96). The best fitted
line for predicting oil absorption of fried rice
dough based on amylopectin/amylose content is:
% oil absorption =

23.4 + 0.15 (amylopectin/amylose content in flour)
In precooked fried crisps (keropok) the oil ab-
sorption was found to be dependent only on amy-
lopectin content (r2=0.97) (Mohamed et al. 1989).

TABLE 3
% Oil absorption of fried rice dough containing different % of amylose, amylopectin, fat, CaCO,,
protein (egg albumin) and pregelatinised component

% in Flour % Oil Absorption

amylose amylopectin rice:glut rice water  70% 75% 80% 85%

0.56 91.91 0:100 246.9" A48.5¢ 49 2@ 48.5¢

3.46 88.27 25:75 A32.3" 229.8" 1.8« *33.8"

6.92 84.64 50:50 AB32.0" 521.8" A35.1> AB24 7t

10.35 80.98 75:25 426.4" 425,90 8242« ¢19.3

13.78 77.42 100:0 A23.8" 224.1° A24 4™ 721 .6M

% Oil Absorption % Oil Absorption
Glutinous Rice Rice

% Water 70 75 80 85 65 70 75 80

% Oil added

0 246.9» A48.5¢ B4Q 2 - €23.8¢ (24.1+ -

25 B0 A57.1¢ $50.7* - - €20.9* 155 -

5.5 263.2¢ ¥48.8 B46. 7> - - 24 .8* P14.4> -

10 266.2¢ 554 4" 551.4¢ - - €26.2¢ 020> -

% CaCO. added

0 248.5¢ 249 24 A48.54 - £23.8* 24.1* €24 4

4 AHI6P < B56. 5" 857.3¢ - €25.9* 27.9# €27.2

8 ¥54 9 AB7b 258.6" - 24.4* ¢24.8° (25.4

12 A56.1* 7.5 4591 - 22 .4¢ ©24.7 25°

Protein min

0 246.9¢ 248.5¢ A49 2+ - 593 8+ 894 12

1 146.9" 44 8" 44,920 424.3" 525 .6¢ 126.2"

2 245,23 B43 4 543 6" €27.4* 27.1* (26.4*

4 236.5>  B31.5¢ €29.0¢ b25.0" 24 8¢ 121,852«

8 A26.5¢ A25.2¢ 521.74 A28 .4¢ 423,12 519.0°

12 422.1¢ 420.0' A21.1¢ 123.4¢ 1231+ 519.0°

Pregelatinisation (Pre = Pregelatinised flour)

% Oil Absorption % Oil Absorption
Glutinous Rice Rice

Pre:GR \Water 55% 60%  65% Pre:Rice\water 110% 115% 120%

10:90 442> ©48.1°¢ c51b 15:85 837.1# 837 54 240.4*

15:85 518> -« S5k b4 25:75 532 6" Ag7 A37.4°

20:80 05254  (DE4.9¢  CHYa 35:65 533 4" £34b A35.7¢

25:75 (439> ©45 44 46" 45:55 830.7¢ A34" 234.8¢
50:50 236.3" A374 237.5P

(Similar capital letters indicate insignificant difference within rows at 5% level; similar small letters indicate insig-

nificant difference within columns at 5% level)
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TABLE 4
Hardness of fried rice pastries containing different % of amylose, amylopectin, fat, CaCO,, protein

(egg albumin) and pregelatinised component.

% in Flour Hardness (kg)
amylose amylopectin rice:Glut Rice Water 70% 75% 80% 85%
0.56 91.91 0:100 A1.86" A1.65" ‘.6P 11.59°
3.46 88.27 2575 A4 .54 24,724 4.8° 44.98*
6.92 84.64 50:50 50.584¢  "0.528! 0.46¢ *1.008¢
10.35 80.98 75:25 40.404¢  20.372¢ A80.356¢  80.304
13.78 77.42 100:0 A1.128 A1.148>  *1.204" *1.256¢
Hardness (KG) Hardness (KG)
Glutinous Rice Rice
% Water 70 75 80 85 65 70 75 80
% Qil added
0 A1.86* 21.65° 1.6 - 81.128* B1.148*
2.5 51.104" A1.424° €0.812" - DQ, 744> 0.9
5.5 41.148" A1.572' 21.54¢ - €0.428" $1.0°
10 81.18" 41.620* A1.772¢ - 0.576P €1.008*
% CaCO. added
0 A1.65* 41.6 A1.594 €1.128* €1.148* €1.204*
4 Al-354:00 jL7e 42.08* PQ.45" P0.494" “0.604°
8 B1.14" AB1.64* 22.04* 0.396™ 10.456" “0.594"
12 T B].42¢ 21.86* “0.350 ©0.408> ©“0.434
Protein lbumin
0 21.86" 21.65¢ A6 - 81.128* 5]1.86°
1 81.07 21.93¢ 42.06¢ 0.264¢ ¢PQ.3444 ©0.386°
2 80.75¢ 21.88 ML 72 P0.222¢ 0,242 €0.370°
4 B0.7¢ %0784 1.36¢ ©0.388¢ ©0.430" €0.444°
8 B1.89" 23.29" 43.82" L0.570> 0.680¢ €1.69¢
12 26.44" 26.6¢ 16.84* 20.656* €1.02" $1.98*

Pregelatinisation (Pre = Pregelatinised flour)

Hardness (kg)
Glutinous Rice

Pre:GR \Water 55% 60% 65%
10:90 24 .36¢ 59 .58 1.88
15:85 A4 84" 81.78¢ 51.36¢
20:80 €494 56.96¢ 411.096
25:75 ¢1.92" 84 24> A5.92>

Pre:Rice\water

15:85
25:75
35:65
45:55
50:50

Hardness (KG)

Rice
110% 115% 120%
£0.195"  ¥0.123' £0.092¢
©0.398 “0.328 £0.178>
P0.444"  M0.358 (.27
"0.534* 1¥(,458 £0.356"
20.538 0.462 0.362*

(Similar capital letters indicate insignificant difference within rows at 5% level; similar small letters indicate insig-

nificant difference within columns at 5% level)
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However, there seemed to be no clear correlation
between moisture content (within the range stud-
ied) and oil absorption. Oil absorption seemed
to be minimal at a 75:25 R:GR ratio or
amylopectin:amylose ratio of 69:9 at a moisture
content of 85%.

A good correlationship was found between oil
absorption and volume expansion (r? = 0.83) and
this could be explained by the fact that more oil is
trapped in the surface layer of the bigger air cells
when expansion occurs.

The addition of 2.5 to 5.5% oil to the dough
decreased the oil absorption of the fried rice flour
dough (13.78% amylose) to about 15%. However,
addition of oil to the high amylopectin GR dough
increased its oil absorption during frying. Again
the high moisture dough seemed to result in less
oil absorption than the low moisture dough. Cal-
cium carbonate seemed to have no significant ef-
fect on oil absorption.

Pregelatinisation did not significantly affect the
oil absorption of high amylopectin GR dough but
significantly increased the oil absorption of 13.78%
amylose rice dough. This is probably because the
presence of amylose which inhibits oil absorption
was reduced by the addition of pregelatinised com-
ponents. Egg white was effective in reducing the
oil absorption of the fried dough. In the absence
of amylose, oil absorption negatively correlated
(r? = 0.93) with egg white content, with y = 59.8
2.36x (x = egg white content) as the line for pre-
diction of oil absorbed.

Crispiness

It was found that the lower the force required to
break the fried dough the crispier was the prod-
uct. Flour having a amylose:amylopectin ratio of
9:69 (25% GR and 75% rice) required the lowest
breaking force (~0.3kg) while flour with 1:21 ra-
tio had the highest breaking force (~5kg) (Table
4). Addition of oil improved crispiness slightly
under low moisture content. Pregelatinisation
does not improve the crispiness of fried high
amylopectin GR dough but significantly improved
the crispiness of fried 100% rice dough from ap-
proximately 1.2Kg to 0.09kg (Table 4). The addi-
tion of CaCO, too did not improve the crispiness

of fried GR dough but improved the texture of
fried rice dough. The addition of egg albumin
to rice dough at an optimum level of 1 to 2%,
reduced hardness to 0.2Kg, while in GR dough
the best egg albumin level for texture improve-
ment was at 2 to 4% level with 70% moisture.
Hardness of the fried dough could probably
be explained by the degree of polysaccharide-
polysaccharide interaction. In high amylopectin
flours, the interaction may be higher than in
flours containing amylose. The addition of oil,
protein or pregelatinised components may re-
duce the polysaccharide-polysaccharide interac-
tion. Calcium may play a role in binding with
pectin or proteins making them more brittle and
by interfering with the starch-starch interaction.
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ABSTRAK

Pemisahan enapan ampaian dalam air semula jadi di makmal biasanya di tentukan oleh kaedah penapisan
atau analisis gravimetri. Jenis turas yang digunakan berbeza dari seorang pengguna ke yang lain, kos dan
kawasan penurasan efektif yang di perlukan. Dalam eksperimen ini, empat jenis turas yang biasa digunakan
dan di cadangkan oleh berbagai agensi dan penyelidik diuji. la adalah Whatman 542, Whatman GFC,
Whatman “cellulose nitrate” dan Millipore “Type HA”. Eksperimen ini melibatkan pengeringan turas-turas
dalam ketuhar dengan suhu 105°C selama 2 jam, 24 jam dan pengabuan di relaw dengan suhu 550'C selama
2 jam, suatu prosedur biasa dalam penentuan berat enapan mineral. Penimbangan yang dilakukan setelah
turas-turas tersebut di masukki relau menunjukkan perbedzaan berat yang tertinggi sekali, secara purata,
untuk Whatman GFC, sebanyak 0.0712g atau pun 3.63% berat asalnya, ditkuti oleh Whatman “cellulose
nitrate” dan Whatman 542 (0.0014g), dan Millipore “Type HA” (0.0004g).

ABSTRACT

The separation of suspended sediment in natural waters in the laboratories is usually determined by using the
Sfiltration method or gravimetric analysis. The type of filter used, however, differs from one user to another, the type
being largely determined by the quality of data needed, cost or the effective filtering area required. In this experi-
ment, four commonly used and recommended filters by various researchers and agencies in the country were
tested. They are the Whatman 542, Whatman GFC, Whatman cellulose nitrate and Millipore type HA. The
experiment involved drying the filters in the oven at 105°C for over 24 h and ashing in the muffle furnace at
550'C for 2h, a normal procedure in determining the mineral sediment weight by eliminating any organic
matter present. After ashing, the Whatman GFC registered the highest mean weight loss of 0.0712g which is
3.63 % of the original weight, followed by Whatman cellulose nitrate membrane and the Whatman 542 (0.0014g)
and the Millipore Type HA (0.0004g).

INTRODUCTION

In the laboratory determination of suspended
sediment in natural waters, the most common
method used is the filtration technique or gravi-

Selection of Filters

Essentially, in fluvial sediment analysis, the selec-
tion of filters is largely determined by the type of
work undertaken. In estuarine studies, for ex-

metric analysis. (Task Committee 1970; WMO,
1974). Different types of filters have been used
by various workers and governmental agencies
in Malaysia as well as those outside the country
(Table 1). Glass fibre filters are the most com-
monly used among governmental research depart-
ments in the country.

ample, where sediments are usually fine, McCave
(1979) suggested the use of Nuclepore papers for
low concentrations, while cellulose ester mem-
branes of Sartorious, Oxoid and Millipore papers
were said to be ideal if sediment concentrations
are greater than 10 mg/l. Or, if organic rocks
are present in the study area, combustible filter
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TABLE 1

Filters used and recommended in work on natural waters in Malaysia and other countries

Type retention/pore diameter applications source used in fluvial sediment research
size (um) (cm)
Whatman 542 2.7 12.5 high retention Cole-Parmer Douglas (1971) - Eastern Australia
quantitative of finest (1988) Loughran (1976) - Chandler River,
filter paper particulates New South Wales, Australia (What-
man 41 first, then 542)
Mykura (1989) - Kuala Lumpur, Malaysia
Lam (1978) - Northern Tai Lam Chung
New Territories, Hong Kong
Lai (1992) - Selangor, Peninsular
Malaysia
Whatman (GFC) 1.2 4.25 cell harvesting; Cole-Parmer Drainage and Irrigation Department
glass micro- liquid scintil- (1988) Malaysia.
fiber filter lating techniques Chemistry Department, Malaysia
paper Lootens and Lumbu (1986) - Lubum-
bashi Zaire, Africa.
made from Cole-Parmer Lootens and Kishimbi (1986) - Kafubu
borosilicate glass (1988) River, Zaire, Africa.
Bilby(1985) - JohnsonCreek,
Washington, USA.
Ogunkoya and Jeje (1987) - Basement
Complex, Nigeria, Africa.
Belperio (1979) - Burdekin River, Aust-
ralia
Biksham and Subramaniam(1988) -
Godavari River, India
Millipore 0.45 4.7 for microbiolo- Millipore ~ Peh (1978) - Pasoh, Bukit Lagong,
Type HA gical analyses - Corporation  Bukit Mersawa, Malaysia.
designed for (1990) Peh (1981) - Sg. Tekam Experimental
complete reten- Basins, Pahang Malaysia.
tion and maximum McCave (1979) - Recommended for
recovery of total estuarine studies.
coliform and Eaton et al 1969 - Hubbard Brook, USA
fecal coliform
bacteria.
Whatman 0.45 4.7 Greer et al. (1989) - Ulu Segama,
cellulose Sabah, Malaysia.
nitrate Finlayson and Wong (1982) - Victo-
membranes ria, Australia.

Forest Research Institute Malaysia
(previously GFC)

papers should not be used in the sediment sepa-
ration process.

Several workers have examined in detail a
common problem of the variability in weight of
filter papers used. Eaton et al. (1969) for ex-
ample. compared several membrane filters while

working on the Hubbard Brook Experimental
Forest in New Hampshire, United States of
America. The Millipore type HA was tested
against other makes, such as the Gelman type
AN (an acrylic polymer membrane reinforced
with nylon), Carl Schleicher and Schuell
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Company type B-9 nitro-cellulose filters, Carl
Schleicher and Schuell type C-5 nitrocellulose
filters, Selas Flotronics silver filter and Millipore
Pure Teflon filters. Unfortunately, they did not
say which membrane filter is best suited for
gravimetric analysis, but suggested several ways
of handling the filters, because the variability in
their weights was attributed to the environmental
conditions, such as humidity, which can
influence the uptake of moisture. Variable
weights caused by static charge of the filter and
leachable materials within the filter were the
other reasons given.

The Whatman 542 filter paper was tested
for its reliability by Loughran (1971) and Douglas
(1971) in their work on Australian rivers.
Loughran used the Whatman No. 41 to separate
the coarser suspended sediment and subsequently
the Whatman 542; he also recommended double
filtering of the 542 when they were blocked.
Against the Millipore GSWP, Douglas (1971) re-
ported a smaller mean weight loss for ten
Whatman 542 filters when compared to that of
the former, although the variability in weight was
higher when all were compared. Both recom-
mended careful use of the filters with controls if
necessary to achieve the desired accuracy and
consistency.

Tc obtain a good record of sediment data
usually requires adequate stream water sampling
at various stages of flow. The frequency of
sampling is sometimes constrained by the time
taken for the water samples to be analysed in the
laboratory. In studies where many streams are
closely monitored, time spent in laboratory
analysis becomes critical, especially during the
rainy season when a large number of water
samples collected from automatic samplers, for
example, becomes more frequent. To handle
the large number of samples during such times,
the 12.5 cm diameter Whatman 542 may be used
in gravimetric analysis because of its bigger
effective filtering. (Mykura 1989 and Lai 1992)

Fine organic materials in suspended form
are expected to be present in streams, paricularly
those draining forested watersheds. Itis unlikely
that organic rocks are present in significant
proportions in study areas where igneous rocks
predominate; however, the determination of
sediment yield should denote mineral sediment
discharge. Hence, the procedure of determining

mineral suspended sediment usually entails
ashing the samples in a muffle furnace at 550°C
for 2h (Brown et al. 1970 - cited in Peh 1978).

Aims of the Study

In view of the various filters used by previous
workers in the country and abroad, and the
removal of organics in the suspended sample by
ignition, it was necessary to determine the
reliability of the filters used. This simple test
aimed at:

i) assessing the reliability of the 12.5 cm dia-
meter Whatman 542 through the entire lab-
oratory procedure of sediment separation
process as outlined in Table 2.

ii) comparing the reliability of the Whatman
542 with the Whatman GFC, Whatman cell-
ulose nitrate and Millipore Type HA filters.

TABLE 2
Summary of treatments to determine filter
weight variability

Treatment A Filters were left in original box in labo-
ratory environment for 24 h before
weighing.
Filters were oven-dried for 2 h,then
transferred to desiccator for 20-30
min before weighing.

Treatment B

Treatment C Filters were oven-dried for 24 h, then
transferred to desiccator for 20-30

min before weighing.

Filters were “ashed” in muffle furnace
for 2 h at a temperature of 550°C,
then transferred to desiccator for 30
min before weighing.

Treatment D

Note: Five empty porcelain dishes were also subject
to the same test following treatments A, B, C
and D to detect changes (see Table 3).

MATERIALS AND METHODS

A stainless steel forcep was used to handle the
filters. The analytical balance, Sartorious Type
2842, which measures to the nearest 0.0001 g was
calibrated before the experiment . A porcelain
dish was used in each case for holding individual
filters for drying the filter in the oven at 105°C,
desiccating, weighing, ashing at 550°C, desiccat-
ing and final weighing.

Table 2 summarises the four stages of treat-
ments designed to test the extent of variabilities
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in filter weights. Five porcelain dishes were also
subject to the same treatments to evaluate any
weight change, because weighing was to be done
with the individual filters placed in them after
removal from the oven and muffle furnace, as
described above. More importantly, this method
was carried out in the actual suspended
sediment separation procedure.

RESULTS AND DISCUSSION

In the assessment of weight change with time,
readings were obtained for each minute and sub-
sequently until the ninth minute for individual
cases. It was found that most readings taken from
the third minute onwards showed a change prob-
ably because of uptake of moisture. The general
ruling adopted, therefore, was that sample read-
ings were taken by the first minute the analytical
balance was activated.

The weight differences of individual filters
resulting from successive weighings are shown in

LAI

Table 3. Interestingly, the mean weight of all fil-
ters, except for the Whatman GFC, suggests some
degree of loss after oven drying and subsequent
weighing for periods of 2 h and 24 h (Table 2).
This loss in weight of individual filters, however,
was more inconsistent when treated to oven dry-
ing of over 24 h for the Millipore. The Whatman
542, on the other hand, was more consistent - all
ten individual filters weighing less than their
original air-dried weight. The ten Whatman GFC
filters on the other hand, weighed more,
indicating perhaps the uptake of moisture was
more significant compared to the other three,
despite similar laboratory conditions. The mean
weight gain of the five porcelain dishes was small
at 0.0008 g with a standard deviation of 0.0006 g.
The percentage weight gained compared to the
first weighing was 0.0012%.

Following the treatment in the muffle fur-
nace, the Whatman GFC registered the highest
mean weight loss of 0.0027 g which is 3.63% of

TABLE 3
Summary of weight gain and loss from treatments at first minute weighing

(1 (2) (3) Weight change following (7) (8)
Description  No. Absolute treatment Wt. gain/loss Percentage
wt. before of filter of wt. change Comments
treatment (4) (5) (6) Col.(6)-(3) Col.(6)/
(g) (3)x100
A BA(g) CA(g) D-A(g)
Porcelain 1 54.3110 0.0000 0.0003 0.0000 0.0013 relative humidity:
evaporating 2 58.8075 0.0011 0.0016 0.0013 0.0022 50.6% * 2.2%
dish 3 57.8000 0.0013 0.0000 0.0018 0.0025
4 55.0391 -0.0009 0.0017 0.0004 0.0007 temperature:
5 57.7999 -0.0009 -0.0011 -0.0003 -0.0005 25.4'C £ 1.4°C
Mean 56.7515 0.0001 0.0005 0.0006 0.0012
S.d. 1.7501 0.0009 0.0010 0.0008 0.0011
Whatman 542 1 1.1820 -0.0145 -0.0181 -1.1833 -0.0013 -0.1100 relative humidity:
2 1.1888 -0.0085 -0.0265 -1.1889  -0.0001 -0.0084 51.8% + 1.8%
3 1.1885 -0.0155 -0.0171 -1.1907  -0.0022 -0.1851
4 1.1884 -0.0154 -0.0226 -1.1907 -0.0023 -0.1935 temperature:
5 1.1641 -0.0135 -0.0316 -1.1653  -0.0012 -0.1030 25.5'C+ 1.3°C
6 1.1827 -0.0236 -0.0117 -1.1837 -0.0010 -0.0840
7 1.1788 -0.0220 -0.0145 -1.1798 -0.0010 -0.0848
8 1.1777 -0.0191 -0.0168 -1.1801 -0.00%2 -0.2038
9 1.2007 -0.0145 -0.0139 -1.2006 0.0001 0.0083
10 1.2056 -0.0072 -0.0266 -1.2069 -0.0013 -0.1078
Mean 1.1857 -0.0154 -0.0199 -1.1870 -0.0014 -0.1072
S.d. 0.0112 0.0049 0.0062 0.0110 0.0009 0.0686
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Table 3 (Continued)

Whatman GFC 1 0.0720 0.0010 0.0010 -0.0010 0.0710 -1.3889  relative humidity:

2 0.0735 0.0018 0.0013 -0.0036 0.0699 -4.8980 51.0% + 0.9%

3 0.0756 0.0000 0.0010 -0.0032 0.0724 4.2328

4 0.0740 0.0008 0.0026 -0.0025 0.0715 33784  temperature:

5 0.0737 0.0000 0.0002 -0.0021 0.0716 2.8494 25.8'C + 1.4°C

6 0.0733 0.0013 0.0007 0.0027 0.0706 -3.6835

7 0.0722 0.0012 0.0009 0.0034 0.0688 4.7091

8 0.0760 0.0006 0.0023 -0.0032 0.0728 -4.2105

9 0.0736 0.0000  -0.0003 -0.0019  0.0717 -2.5815

10 0.0732 0.0003  -0.0002 -0.0032  0.0700 -4.3716
mean 0.0737 0.0007 0.0010 -0.0027  0.0710 -3.6304
s.d. 0.0012 0.0006 0.0009 0.0008 0.0012  1.0402
Whatman 1 0.0867 -0.0006  -0.0002 -0.0881 -0.0014 -1.6148  relative humidity:
cellulose 2 0.0878 -0.0026  -0.0003 -0.0884  0.0006 09112  49.5% + 0.8%
nitrate 3 0.0878 -0.0021 0.0004 -0.0891 -0.0013 -1.4806

4 0.0877 -0.0034  -0.0014 -0.0901 -0.0024 -2.7366 temperature:

5 0.0862 -0.0027  -0.0020 -0.0889 -0.0027 -3.1323  25.8°C+0.2°C
mean 0.0872 -0.0023  -0.0007 -0.0889 -0.0014 -1.6106
sd. 0.0007 0.0009 0.0009 0.0007  0.0012 1.4114
Millipore 1 0.0935 -0.0018  -0.0015 -0.0932  0.0003 0.3209  Relative humidity:
Type HA 2 0.0942 -0.0003 0.0006 -0.0939  0.0003 03185  49.3% +1.0%

3 0.0930 0.0000  -0.0003 -0.0928  0.0002 0.2151

4 0.0927 -0.0001 0.0002 -0.0938 -0.0011 -1.1866  Temperature:

5 0.0930 -0.0011 0.0015 -0.0946 -0.0016 -1.7204 25.9°C+0.2°C
Mean 0.0933 -0.0007 0.0001 -0.0937  -0.0004 -0.4105
S.d. 0.0005 0.0007 0.0010 0.0006  0.0008 0.8690

Values in this column indicate total loss on ignition at 550"C

the original weight. The main reason is that this
filter loses its form and does not burn at 550°C.
The temperature was further raised to 600°C,
650°C and 700°C, but analyses showed no marked
changes. Because the filter is made from boro-
silicate glass, it does not burn, unlike the
Whatman 542 and the two membrane filters
which are combustible at 500°C.

Of the remaining three filters, the
Whatman cellulose nitrate membrane appears
to have a higher mean weight loss of 0.0014 g or
-1.61% of its original weight after the final
treatment. Although the Whatman 542 lost
0.0014 g, the proportion of loss to the original
weight was only 0.11%. The Millipore Type HA,
on the other hand, lost only 0.0004 g, but this
constitutes 0.41% of the original weight. The
standard deviation ranged from 0.0009 g for
Whatman 542 and 0.0008 g for Millipore Type

HA while that for the GFC and Whatman cellu-
lose nitrate was slightly higher at 0.0012 g.

It is not certain why the average successive
and final weighing showed negative values from
the original weight as no washing of the filters
was carried out despite careful handling during
each treatment. Washing of filters has been at-
tributed to loss of glycerol in solution in the
Millipore membranes (e.g. Douglas 1971). The
relative humidity and temperature of the labora-
tory were kept relatively stable during the ex-
periment to keep variability in moisture uptake
by the filtering media to a minimum (Table 3).
The results obtained may, however, be attributed
to the influence of static charge of leachable ma-
terials from individual filters which were not de-
termined. An alpha emitting source to remove
the effects of static charge as advocated by Eaton
et al. (1969) was not used in this case.
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CONCLUSION

The glass fibre filters may not be suitable to de-
termine the inorganic sediment concentrations.
The filter is not combustible at 550°C but loses
its form even at higher temperatures. The
Whatman 542, Whatman cellulose nitrate and
Millipore type HA are combustible at 550°C, the
temperature at which organic matter was re-
moved from suspended sediment samples in this
study.

In this experiment, the performance of the
12.5 cm diameter Whatman 542 filter, which has
a greater filtering area compared to the other
three appeared satisfactory after treatment in the
muffle furnace for 2 h at 550°C for removal of
organic matter and the filtering medium by igni-
tion. The weight loss, if measured in proportion
to its weight loss from its original, is the lowest
among those tested. In any case when high sus-
pended sediment concentrations are expected in
the water samples, especially those from
stormflow samples of disturbed catchments, the
difference in filter weight becomes relatively in-
significant. This variability can therefore be re-
garded as the minimal acceptable difference
when the sediment data are subsequently further
analysed. Closer attention, however, must be paid
to the consistency of method and frequency of
sampling to obtain a good range of sediment
record.
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ABSTRAK

Program pembangunan pertanian di kawasan-kawasan berpasir zon kering Sri Lanka telah mencadangkan
penubuhan foder yang sesuai untuk ternakan di bawah program pengairan menggunakan air masin bawah
tanah. Satu kajian telah menilai tindak balas tiga jenis rumput tropikal yang popular dan satu spesis asli yang
ditanam di tanah berpasir terhadap pengairan menggunakan air masin yang mempunyai konduktiviti 0.5-6.0
ms.cm. Kajian telah dijalankan selama 6-7 bulan dengan pengairan yang disesuatkan dengan musim kemarau.
Pertumbuhan ketiga-tiga spesis dipengaruhi oleh peningkatan konduktiviti air. Brachia mutica adalah spesis
yang paling terjejas. Penghasilan Papalum dilatatum pula tidak begitu terjejas dengan peningkatan kemasinan
air. Panicum maximum memberi penghasilan tertinggi dan membekalkan kuantiti foder yang berpatutan di
dalam semua keadaan. Walau bagaimanapun, spesis yang diperkenalkan memberi penghasilan yang lebih
tinggi daripada spesis asli kecuali Brachiara pada tahap konduktiviti yang lebih tinggi. Data menunjukkan
kesan kemasinan ke atas kadar penghasilan spesis pilihan dan dibentangkan di sini hasil kajian mengenai
penanaman rumput menggunakan spesis-spesis ini di bawah sistem pengairan di kawasan berpasir pada musim
kemarau.

ABSTRACT

Agricultural development programmes in the sandy regions of the dry zone of Sri Lanka envisage the establish-
ment of suitable fodder for livestock under irrigation programmes using brackish underground water. A study
evaluated the response of three popular tropical grasses and the natural species to trrigation with brackish water
having conductivities ranging from 0.5-6.0 ms.cm, when established in a sandy soil. The study was carried out
for 6-7 months, with regular trrigation to correspond to the dry season. Growth of all three species was affected by
increasing conductivity of water. Brachiaria mutica was affected to the greatest extent. Yields of Paspalum
dilatatum were reduced to a lesser extent with increasing brackishness of water. Panicum maximum produced
the highest yield and provided a significant quantity of fodder in all treatments. However, the introduced species
outyielded the natural species with the exception of Brachiaria at the higher levels of conductivity. The data
illustrated the effect of brackishness on the yielding ability of the selected species. The practical significance of the
study in terms of possible uses of these species in growing grasses under irrigation in the sandy tracts for herbage
production in the dry season is presented.

INTRODUCTION

The production of most plant communities is
dependent on the availability of adequate soil
moisture. This phenomenon is also true of
grasslands of the tropics, which are subject to
periods of severe moisture stress. Thus, total
annual rainfall (le Honerou and Hoste 1977),
annual and particularly monthly rainfall pattern
(Duncan and Woodmansee 1975) or progressive
seasonal total rainfall combined with

temperature (Naveh 1982) can be correlated
with herbage yields in most tropical rangelands.

Most rangelands in the tropical dry regions
are considered resilient due to their capacity to
persist through fluctuating yearly weather pat-
terns (Naveh 1982). However, their persistence
is associated with the presence of volunteer early
maturing species. These species which are tus-
socky in nature tend to reduce their productivity
with time (Biddescombe 1987). The lack of ad-
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equate fertility, the presence of alkali soils and
the absence of proper grazing management also
affect their productivity.

The rangelands of Sri Lanka account for some
700,000 ha of land, spread primarily over the dry
zone (Rajaguru 1986). They consist of grasses
and tussocky perennial shrubs which provide
low quality herbage. Grasses such as Imperata,
Cynodon and Panicum dominate these rangelands
which are found over a wide range of soils. The
productive capacity of these rangelands
especially in the dry zone, is affected by the
unevenly distributed rainfall due to the
presence of a dry period for 5-6 months of each
year. Thus seasonal productivity is a common
feature in these rangelands.

The rangelands of the north western coastal
regions of Sri Lanka are characterised by the pres-
ence of alkali and sandy soils. The species grow-
ing on these rangelands also tend to be coarse
and tussocky, and their productivity is dependent
on rainfall and soil conditions. Thus during dry
periods the species tend to wither, leaving dead
or unpalatable material for animals. Another char-
acteristic feature of this region is the presence of
a high water table (304 m below soil surface).
The quality of the water varies with location and
season and the conductivity of water changes rap-
idly (0.4-8 #ms/cm). This ground water, which
is easily accessible, could successfully be used
for production of fodder crops to provide
adequate food for livestock during the dry period.

Agricultural development programmes
envisage the improvement of grazing lands of the
dry regions which have an immense potential
for producing adequate feed for livestock
(Rajaguru 1986). In the north western region,
the development programmes envisage the use
of ground water. However, salinity of the water
affects the growth of most grass species
(Whiteman 1980), and all tropical species do
not respond similarly to brackish water (Bogdan
1977). Studies and surveys (e.g. Russel 1976)
illustrate different degrees of salt tolerance of
tropical herbage species.

Studies on the comparative performance of
tropical herbage species under irrigation, espe-
cially with brackish water, are not widely reported
in Sri Lanka. However, the use of available ground
water is an important phenomenon in improving
rangelands. A case study was carried out on a
sandy tract in the north western region of Sri

Lanka to evaluate the performance of three
selected grasses, and to compare their perfor-
mance with that of the natural species when pro-
vided with irrigation water having different con-
ductivities. The principal objective of the
programme was to study their performance in
the dry season as productivity is generally ad-
equate in the wet season for animal require-
ments.

MATERIALS AND METHODS

The study was carried out at a site on a sandy
tract, which is typical of the soils of the region,
over a period of eight months that corresponded
to the annual dry season. The selected site
contained the indigenous species prior to the
development of the trial. The water table of the
location was at a depth of 3.5-4. m from the soil
surface.

The species selected were Brachiari mutica,
Paspalum dilatatum and Panicum maximum which
are grown widely in different environments of the
tropics (Bogdan 1977). The experimental de-
sign used was a randomized block design with
three replicates.

The grasses were established from uniform
vegetative propagules on 2 x 3 plots at the onset
of rains and maintained for one year. The spac-
ing adopted was 30 x 40 cm. In addition, similar
sized plots of the indigenous species were also
maintained for comparison. A uniform fertilizer
rate equivalent to 800 Kg/ha of a 15: 10: 15 N:P:K
mixture was applied once in six months to all
plots prior to the beginning of the trial.

The herbage of all plots were cut to a uni-
form height of 4 cm at the end of the rainy sea-
son (early January - 15 months after planting),
before the experiment was initiated. During the
experimental period, which corresponded to the
dry season, the separated plots of each species
were irrigated manually with ground water hav-
ing four different levels of brackishness (measured
by conductivity, using a standard conductivity
meter once a month). The water, obtained from
adjacent sources (wells) had a mean conductivity
of 0.5 ms/cm = 0.06; 2.1 ms/cm + 0.13; 4.2 ms/
cm + 0.42 and 5.9 ms/cm + 0.21 over the experi-
mental period. These treatments were termed Cl1,
C2, C3 and C4 respectively. The rate of applica-
tion of water was 30 1 per plot at 8-10 d intervals,
to correspond to flood irrigation as practised by
farmers of the region. The herbage of each plot
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was harvested at two monthly intervals over the
experimental period. Thus, four harvests were
taken from February to August by cutting to a
height of 5 cm above ground level. The herbage
harvested was dried at 80°C to a constant weight
and dry matter contents were determined.

RESULTS AND DISCUSSION

The climatic parameters during the experimen-
tal period and important soil characteristics of
the site are presented in Table 1. The rainfall over
the period, the temperature and estimated evapo-
transpiration rates are similar to the long term
(10 year) mean values of the region. This indi-
cates that the climate of the season of study con-
formed to that of the general climatic parameters
of the region.

The total rainfall over the experimental pe-
riod was 368 mm, which was approximately 25%
of the annual rainfall. This is a characteristic fea-
ture of the dry season on the dry zone of Sri Lanka

wet season high rainfall could leach the soil, thus
preventing the build up of excessive levels of
salinity with time.

The soil characteristics illustrate the sandy
nature of the site, and the relative high
conductivity. The pH suggested alkali conditions
and the percentage organic carbon was very low
due to the rapid degradation of any added
material. The water holding capacity of the soil
was also low. (Table 1). These parameters,
coupled with the climatic conditions of the dry
season, make crop production difficult in this
region under rainfed conditions.

Dry Matter Productivity

The productivity of natural species and of
Brachiaria when grown with irrigation using
ground water of different brackishness over the
dryseason is presented in Table 2. The dry matter
productivity of both species was less at the second
harvest due to the low rainfall. Thereafter, yields

TABLE 1
Mean climatic and selected soil parameters of the experimental site.

A. Climatic Factors

Jan Feb Mar Apr May Jun Jul Aug  Sep
Rainfall (mm/month) 119 54 11 12 25 49 65 21 12
Mean monthly rainfall (mm/month) 140 41 18 16 31 52 74 15 08
Mean monthly temp. C 29.1 295 29.1 299 304 308 301 299 304
Mean monthly temp. for 10 years 284 292 293 296 301 305 299 303 308
Estimated ET (mm/day) 4.7 6.1 6.2 6.0 5.4 5.0 6.1 6.2 58
Mean of 5 years (mm/dy) 48 6.1 6.5 59 5.9 5.2 65 6.3 5.9
B. Soil Factors
Texture Sandy (79.5% + 1.59 sand) pH -7.98 + 0.44 (1:25 H,0O)
Water holding capacity 14.5% +2.42v/v Conductivity - 2.98 ms/cm + 0.23

% Organic matter

0.094% + 0.013

(Domros 1974). The high temperature resulted
in high evapotranspiration rates. Thus, the quan-
tity of water lost to the atmosphere exceeded rain-
fall, resulting in the upward movement of brack-
ish water from the ground water table. This, as
suggested by Hanson et al (1979) increased the
salinity level of the soil especially in the dry sea-
son, which is characteristic of this region. In the

increased due to some rainfall during the
monsoon, which however, was less than the
estimated evapotranspiration rates. The
phenomenon affected both species even with the
supply of irrigation in all treatments, irrespective
of the increasing brackishness. A comparison of
the productivity of the two species illustrated the
high yielding ability of Brachiaria when irrigated
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with good quality water. This indicated the
potential of introducing high yielding grasses
to provide adequate fodder for livestock by the
provision of good quality irrigation water which
is available in some parts of this region. However,
with the increasing brackishness of water, the
productivity of Brachiaria was less but greater than
that of the natural species found in the region.
This suggests that if the available ground water

had a higher conductivity, the use of indigenous
grasses would be a more viable source of fodder
than species such as Brachiaria which are
considered susceptible to salinity (Bogdan
1977). Table 3 presents the productivity of
Paspalum and Panicum over the experimental
period. At all harvests the herbage yields of both
species exceeded those of the natural species
and Brachiaria. This illustrates the greater

TABLE 2
Response of natural species and Brachiaria to irrigation with brackish water

Ireatments Herbage Yields (g/dry matter/m®)
Species Irrigation Hl H2 H3 H4
Natural Species Cl 51 18 24 39
2 44 13 20 31
C3 33 11 16 26
4 28 9 12 19
S.E. (Mean) 2.47 1.86 4.23 5.12
Brachiaria Cl 85 31 69 81
C2 61 20 45 59
C3 24 14 30 21
C4 10 7 10 15
S.E. (Mean) 7.14 2.77 8.04 9.12
C1 = brackishness of 0.5 ms/cm + 0.06
C2 = brackishness of 2.1 ms/cm +0.13
C3 = brackishness 0of 4.2 ms/cm + 0.42
C4 = brackishness of 5.9 ms/cm +0.21
TABLE 3

Response of Paspalum and Panicum to irrigation with brackish water

Treatments Herbage Yields (g/dry matter/m)

Species Irrigation H1 H2 H3 H4

Paspalum Cl 128 49 80 99
C2 104 41 70 75
C3 91 33 61 66
C4 80 25 53 45

S.E. (Mean) 3.05 6.11 5.08 4.12

Panicum Cl 178 70 95 135
C2 154 58 76 118
C3 136 51 61 101
C4 121 46 54 89

S.E. (Mean) 4.17 8.82 9.17 5.98

C1 = brackishness of 0.5 ms/cm =+ 0.06
C2 = brackishness of 2.1 ms/cm +0.13
C3 = brackishness of 4.2 ms/cm + 0.42
C4 = brackishness of 5.9 ms/cm +0.21
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adaptability of these two species to different
qualities of irrigation water. A comparison of the
productivity of the two species (Table 3)
indicates the higher yields of Panicum at all
harvests in all treatments. This clearly illustrates
the suitability of Panicum as an adaptable species
for the dry regions; and its capacity to produce
relatively higher yields especially in the dry
season when provided with irrigation using
brackish water. The data also confirmed earlier
reports (e.g. Russel 1976, Whiteman 1980) of
the tolerance of Panicum to alkaline conditions.
The cumulative yields obtained over the season
from the four types or herbage when irrigated
with water of different levels of brackishness are
presented in Fig. 1. The data illustrate the poor
yielding ability of the natural species irrespective
of the different types of irrigation water. This
suggests that these rangelands require improved
species to increase their productivity even in the
presence of irrigation water as the natural species
do not seem to have the inherent capacity to
respond to irrigation even with good quality water.
Fig. 1 also illustrates the high yielding ability of
Panicum in dry season environmental conditions
supplemented with irrigation using water of
different levels of brackishness. The yields of
Paspalum which are lower than those of Panicum
showed greater adaptability than Brachiaria.

500
. PanicumY = - 0.2914x + 2.96 ( r?= 0.74)

400

PaspalumY =-0.3126x +'2.41 (2= 0.81)
N
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\ \K\
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Fig. 1: Effect of brackishness of irrigation water on cum-
ulative herbage yields

Regression equations (Fig. I) for the cumu-
lative yield data of all species show the decline
of yields of species with increasing brackishness
of irrigation water. Amongst the species tested,
the natural species are least susceptible to in-
creasing brackishness of irrigation water.
Brachiaria is affected to the greatest extent. The
yield decrease in Brachiaria was approximately
30% between the Cl and C2 treatments and by
45% between C2, C3 and C4 treatments. This
also illustrates the unsuitability of Brachiaria for
the rangelands of these regions, especially if ir-
rigation is provided with water having a high level
of brackishness. The yield decline of Panicum
Paspalum and the natural species is around 15 -
20% between the irrigation treatments. However,
although the reduced yield with increasing
brackishness is greater in Panicum, its highest
yields in all treatments highlight the adaptability
of this species to the environmental conditions
with irrigation from different qualities of water.

CONCLUSION

In terms of practical benefits, the pasture im-
provement programmes of this region are of vital
importance to the livestock industry (Rajaguru
1986). The land available for pastures is generally
not suited for cropping due to the alkaline
nature of the sandy soil, and the brackishness of
ground water. Improvement of these rangelands
requires adaptable species, especially to provide
fodder for the animals during the dry season. The
results suggest the possibilities of using species
such as Panicum and Paspalum for this purpose.
These species which are tolerant to brackishness
could be useful in increasing the productivity of
these rangelands in combination with the readily
available source of ground water, especially
during the dry period when other types of
vegetation succumb to the harsh environmental
conditions.
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