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On behalf of the Editorial board [ thank all those who sent very
encouraging complimentary messages on the publication of Volume 1. The
past year had been a period of turmoil in Sri Lanka, and heace the publi:ation
of WYume 2 had been delayed beyond expectations, besides the two aumbers of this
volume had to be combined,

In this volume, as in the previous volume, six out of the eight papers

| deal with subjects directly concerned with regional problems.

The paper by K. Chitravadivelu reports observations on the growth
and breeding- seasons of three fish species, which are in very great demand

o this part of Sri Lanka. Fertilizer nitrogen forms the subject of papers by
| Arul irarajah, and

|

3 ) y A. M.T. Saveri-
muttu and S. Kandiah. Biological nitrogen fixation and nittification in the
alkaline soils of Jaffna are the subjects of investigation. The information shoul |
benefit tho agriculturists of this area in desigaing sound cultural practices.

G.F Rajendram with FrandisaR, Devarajoh and Avdta Selvadurai present
t90_papers on the ifmportant rice pest - Nilaparsata lugens and its predator in
St Lanka. N. Selvarajah bas prescnted the resuls of her suudies on the flec
of foed particle size, temperature and relative humidity on develnpm?“:l :’ mi;;l
another grain pest. R. V. S.Sundarcsan’s paper deals With the chemical cor
of a virus disease in tobacco, ) £ the

S. Kandiah and S, Kokulathasan present very encouraging :;mush: e
studics on chemical stimulation of sap (‘toddy) flow in palvyrali palin.
could possibly increase’yield by two to three fold.

The paucity of contributions from scientists outside the m::in!lyll sty
may be partly atiributed to the unseitled conditions in the past, cspectyly B 1ot
of our Universities. It is expected once conditions return to normaloy
butions would increase. CHIEF EDITOR

March 12, 1989

a University
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OBSERVATIONS ON THE BIOLOGY OF THREE SIGANIDS
SIGANUS LINEATUS, SIGANUS JAVUS AND SIGANUS CANALICULATUS
FROM WATERS AROUND JAFENA

K. CHITRAVADIVELU

(Dopartment of Zoology, University of Jaffna, Sri Lanka,

Vingnanam — Journal of Science 2: 1—13 (1987)

ABSTRACT  Sigamus limatus (Valenciennes), Sigdns jaxs (Linna
and Sigans canaliculatus (Park) aro threo of the fivo s
recordod along the costal ar

be profitablo because of consumer demand.

Iwo hundiod and fory specimens of S. lse, 63 secinens
of & joms and U8 spacinans of ranging in standard
et from 21 t0 505 mm wore used i his Investigation. Morpho-
mevics, length-weight relationshp, changes In cooffc

() and fecundity have been investigatod. Statistical anal
metric. characters did not reveal sexual dimorphismin these spacies.

The calciated length - woight lationhipe, of w — 00000657 x
000000

45 mm and 125 m
resp&bllvcly et ndicts tho onest of Yol mtaty ot
these len
the basls of the observations on length - weight relationship it
is lecnrm\and&d to have existing fishing methods sultably modified to
catch S. i S, javss and S. canalicalatus above 175 mm,
6143 standard angihe. respecivaly.
The marked decline in condition factor during September — Octobor
L In S, jas
and S. canalicuatus Juno is a likely spawning month; howevor the data
18 las convicing for these spacies. Themean fecundity of S, imatus
latus have been assessed as 299 x 10°, 244 x 10°
ana b 108 respoctialy.
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Introdaction

The Siganids, commonly referred to as the ‘rabbit fishes’, are found in e
tropical areas of the Indian aad Pacific Oceans (Marshall, 1964; Lam, 197,
Wooland & Allen, 1977; Carcasson, 1977).  These are an economicall
important group of food fishes found inhabiting the coastal areas and brackisy
water bodies in Sri Lanka (Munro, 1955). The flesh of the fish is meaty ang
considered to be tasty. The existing consumer demand and market potential
are therefore fairly high. Siganids have recently attracted the attention ‘of
mariculturists because of their suitability for culturing and are currently (e
subject of a number of mariculture studies (Woodland & Allen, 1977). Their
culture has been shown to be feasible in Istael, Guam, Singapore, the
Phillippines (Siganid Mariculture Group, 1972), Tanzania (Bwathondi, 1981) ang
Sri Lanka (Chitravadivelu & Arudpragasam, 1982).

Description and pomenclatare

Rabbit fish, the common name of Siganids, comes from their rounded
head and rabbit like mouth. There are 2 spines in the pelvic fins, 7
in the anal fins and 13 in the siogle, continuous, spiny dorsal fin.
Siganids are able to inflict very paioful wounds with these strong spines when
bandled carelessly and these wounds cause distress with pain for hours after-
wards and are slow in healing.

Five species of Siganids —S. fineatus (Valenciennes), S. jawus (Linnaeus), S.
canaliculatus (Park) S. stellatus (Forskal), and . virgatus (Valenciennes) bave been
recorded along the northern coasts of Sri Lanka and in the Thondaimannar and
Jaffna lagoons. The first three species are widely distributed while the last two are
rare and caught ooly occasionally. Neither Mendis (1954) nor Munro (1955)
has reported S. fineatus from Sri Lankan waters.

§. Lineatus commonly referred to as the golden line spine foot is light
grey, darkish above, with about 12 parallel longitudinal yellow lines as
wide as interspaces and broken below into spots. The caudal fin is slaty
grey with a large brown spot slightly larger thun the eye-ball, just anterior
to the caudal peduncle, changing bright yellow on death.

S. jaus or streaky spine foot is brownish above and lighter below
with many pale grey round spots on the head and back, forming longit:-
dinal wavy lines on the belly. There are no streaks on the head and the
spots are smaller than interspaces.
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s, canaliculatus  or pearl spotted spine foot is olive brown with
white spots which are smaller than the interspaces. These spots
o ppear shortly after death. This species in particuiar is claimed by  the
qural population to increase lactation when fed to breast feeding mothers.

Lam (1974) has reviewed the available information on Siganids and their
biology with_partioular reference to their mariculture potential. Some basic
ecological information on S. lineatus and S, canaliculatus have been
fepotted by Drew. Indrasena and Wijeyaratne (1984) have investigated the
biology of juvenils rabbit fishes S. janis and S. oramin from Negombo lagoon
and Puttalam lagoon in Sri Lanka. Basic information on the biology of Siganids
from Sri Lankan waters, except the above mentioned studies, is lacking. A
programme of investigation was_sfarted by the author in February 1981, with
aviow to_collecting detailed information on the biology of the local species
of Siganids. Food and feeding of S lineatus, S. jaus, S. canaliculatus have
been rteported by Chitravadivelu & Sivapalan  ( 1982, 1983, 1984). The
present paper deals with some observations on other aspects of the biology of
8. lineatus, S. javus and S. canaliculatus.

pumerous

Materials and Methods

Bimonthly samples were obtained from twelve locations using traps
(Chitravadivelu & Arudpragasam, 1983), cast nets, set nets, torch and Sirahu
valai (Sachithanantban & Thevathasan, 1970). Collections were obtained from the
northern coastal areas extending from Thalayaddy to Punakari, Jaffoa lagoon
(19° 53 E to 80° 38 E longitude and 9°26' N to 9° 46' N latitude) and Thondai-
mannar lagoon (80° 7' E to 80° 28" E longitude and 9° 34’ N to 9° 49’ N latitude)
(Fig. 1). The Jaffna lagoon has an area of approximately 413 sq km and the
depth does not exceed 4.0 m (Sachithananthan & Perera, 1970). The
Thondaimannar lagoon is also a brackish water body which during the rainy
season covers an area of about 78 sq km With an average depth of 1.5m
(Atputhanathan & Chitravadivelu, 1968 ).

In all, 1051 specimens, comprising 240 . lineatus. 363 S. javus and 448
S. canaliculatus  were examined, The eatire collection was immediatoly pre-
served in 4% formalin and brought to the laboratory for detailed analysis. The
total, standard ( from the tip of the snout to the end of the caudal peduncle),
head, predorsal and snout lengths and body depths were measured to the
Dearest mm for each specimen. Theso lengths are defined by Hubbs and
Lagler (1949 ) and Lowe - Mc Connel ( 1971). The fish was weighed to the
nearest mg and the body cavity cut open. The sex and gonad condition
Were determined. The ovaries of ripe females were preserved in Gilson's fluid for
fecundity studies, Fecundity of all females in maturity stage of 1V and V
(Nikolsky, 1976 ) was determined by the method of sub - sampling by ~weight
(Sarojini, 1957, Nikolsky, 1976, Bagnel & Braum, 1971 ).
Drew, A"W. (1971) Preliminary report on Klsebuul and Mayas, two fishes of Palau
Tslands. Unpublished report, dated January 1971, 1—20.
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data on length and weight of (i) male (i) female and (i) sexually
ated specimens were analysed for cach species by calculating regressions
f the threo groups by the method of least squares. The data
analysed further by the method of covariance (Duncan, 1965).

| Dece
The

| undifferenti
for each Of

a
wero then
Results & Diseussion

Morphometrics

The members of the Siganidae have been notoriously difficult to identity
o the species level because of their morphological uniformity (Woodland &
Randall, 1979). Some important morphometrics have therefore been worked out
o facilitate comparison with other species. The morphometric measurements
slso aim at comparing the body shape in the three species between males and
females with a view to clucidating any sexual dimorphism.

Regression of the various body ‘measurements on standard length calcu-
Jated without regard to date of capture, maturity or sex for three specics
are given in Table 1. The regression of the various body measurements (y)
on standard length (x) calculated for the males and females separately are
given in Table 2. The regression coefficient did not ~show any significant
difference when the morphometric characters of the males were comparsd with
the corresponding claracters of the females by the method of analysis of
covariance at 95% level of confidence (Duncan, 1965).

Table: 1 Regression of various body measurements (y) on standard length (x)
' for all specimens of the three species of Siganids

) Species n Body measurements Regression equations.
| S linearus | 240 Snout length y=0.1362x—1.86990
| Pre-dorsal length y=0.34362x—0.25249
1 Head length y=024171x+0 31832
‘ body depth y=0.46845x-+0.02247
S jous 363 - Soout length y=0.11250x—0.14121
5 Pre-dorsal length Y=0.3758833x—0.11024
i - Head length y=0.219925x+0.4812
: Body depth - y=0.47166x+0.2401
S. canaliculatus 448 Snout length y=0.0901168x 4 0.0262560
‘ Pre-dorsal length =0.260637x +0,394698
| - Head length y=0.1766744x 07908955

Body depth y=0.36711939x+0.0192265




R Vingnanam - Journal of Science Vol. 2, Nos, 1,
. . N its (y) of males and f

Tale 2 Rogression cquations of body measurements (5) ‘ and. fomg

e standard longth (x) of the three species of Sganids, "

= Body measurements Regression_equations
Speces g P Males Females
O+
S fineams 23 14 Snout length _ y=0.LI683x1.67547 .12908x 0,333

Pre-dorsal length y=0.33783x +4.70284 34981 +2.92444
Head length 23040566175 ¥=0.22762x+5 85414
Body depth _ y=045423x+2 07508 y=0 47514x 09797
. jais 31 14 Snout lengih T49127x - 4 6968 y=0 09766x ~ 0 0083y
Pre-dorsal lengtls y=0.312685x +0.1053  y=0 30022x +.0.330855
Head length — y=0250092x +0.04019  y=021318x 4.0 578587
- Body depth ~__y=043383x+0.19570__ v=0.42869x - 0 3253
S, canaliculatus 19 28 Snout length 100938 - 0 1115 3972703169
Pre-dorsal length y=0.2324062x-+0 7325 y=0.144117 +1 667204
Head length 189135x-+0.74162  y=0.132113x +1 76106
Body depth Y=0.3750515x - 0.27046 y=0.142614x+3 47178

T

\
‘Though Helfman? claimed that male Siganids especiaily of §. -Jineans
and . canaliculatus have a slightly more elongated body than the fomale, the
present morphometric studies did not reveal statistically significant difference
between sexes in the three species. -However, in S. candliculatus, the  possic
bility of sexual differences cannot be completely ruled out (Table 2),. though
Lam (1974) ruled out sexual dimorphism in . canaliculatus. confirming the
observations of Manacop (1973).
Lengtheneight relationship .
The ratio of the length to the weight of fish .is known to be a useful
index of the condition of fish (Nikolsky, 1976; De Silva. 1980)
obtined by amlysing the data on length and weight are sho Table 3.
\
\

The results of analysis of the data by the method of covariance showed- that

the regression_coefficients of the three groups did not differ significantly from

one arother. The regression equations of length weight data of the three groups

of each specics pooled together are given in Table 4,

Table 3: Lincar relationship of log. ~weight (y) and log. standard length (x) of
the three <pecies of Sicanids.

.- Linear relavonship of los. Tenath
— o [Lincariclavonship of lon fenah

. Imeatus S jas S. caraliculatus

Male 9276x- 43194 \=2 9358x 43980 y=2 9083x -~ 1 3072
Female 9053x - 4.2649 =2, 6157x=3.6980 3.0623x - 16545
Sexvally 0312x- 46496 y=2.7148x- 40240  y=28671x - 15393

undifferentiated

# Helfman. F.8. (1968) Preliminary observations on the Teath
8. -

I
iganid) fisher)
Palau= - Unpublished repori-dated June, 196 et
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ble 4: Lmesr relationships of log. weight and 1
™ abolic equations for pooled g % SANdsrd length and

Species Equation Irom pooied data
Linear reationship of log. weight
and log. standard length.

0464 Tog 1-45791 W

-3 0505 log 1-55813

1209 log 1-17311

Parabolic  equation

§ lieatis 00000265 % P
00000026 x 13-0550

018570 x [21208

S.. jans
. -canaliculatiis

The parabolic equations with exponents very close fo 3 in an
almost isometric growth in S, lineatus, S. javus and S. canaliculatus in Ihc czrly
growth period. The length— weight parabola is shown in Fig. 2. The para-
bola_shows (i) an initial section where the increase in weight with increase in
length is ot appreciable (ii) a second section where the gain in weight with
length_is somewhat conspicuous (iii) followed by u section where the increase
in weight compared to increase in length is very marked. The begining of
the third section indicates the length of the fish which gains rapidly in weight
(Sarojini, 1957), It would therefore be more economical to have the existing
meihods of fishing suitably modified to catch only large sized S. lineatus, S. janis
and . canaliculatus of lengths above 175 mm, 155 mm, and 145 mm, respectively.

-
: e st

| 0 e S

, —— Sl
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| .
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: Fig. 2 Length - Weight relationship of S. /ineatus, 5. janss and S. canaliculatus
!
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Condition factor

The mean cosficent of condition was oblained. for cach lenglh g
using the cquation

K= %% 100 (Le Cren, 1951)

where K = cosfficient of condition, W = weight in grams and L = lngts
centimetres, Condition factor has often been used to- define seasonal shasgy
n the condition of fishes in relation to the age and sex of fish (Tesch, 1971 o
Nikolsky, 1976). The trend of variations in_ the K-values were almost sy
in both males and fomales in the three species under investigation. The mey
coefficient of condition, without regard to sex, was plotted against the mg
points of length groups for each species (Fig. 3).

lineatus
36 Rws ,

20 1
B 65 8505 75 ws s @S 205 225 2
: ‘Average standard length fmm)

Fig. 3 Average K (cocfficient of condition) values at different lengths of

S. lineatus, . javus S. canaliculatus
The mean coefficient of condition for each month was also POt

against the mid-points of length groups (Fig.4). The first point of mar
inflexion on the curve showing diminution of K. with increasiog length s & D’;“‘\
indication of the length at which sexual maturity is attained (Sarojinis 957
Tn . lineatus, a gradual decrease of K occurs from 125 mm, becoming oS
cuous from 165 mm, followed by a sudden drop at 185xm (Fig. 3)
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E2 ——— Saws

32|
39,

0L

7 F W A A 1 1 A S 0 & o0

Months.
Fig.4 Monthly variation of K (coefficient of condition) values of . lineatus, S. jawus
and S.canaliculatus, Marked decrease in K indicates commencement of spawning

There is a steady increuse in K up to 85 mm in S. jaws, after which the
fall in K occurs at 145 mm reaching the minimum in the 155 mm ler

(Fig. 3). In S. canaliculatus the drop in K occurs at 125 mm (Fig.3). The
decrease of K value after length of 165 mm in S. lineaws, 145 mm in
S jaus and 125 mm S. canuhallum: is indicative of the onset of attainment
of sexual maturity at these lengt

Of the females in stages 1v and v (Nikolsky, 1976), 88.8% of S. lineatus,
84.2% of S jaws and 81.8% of S. canaliculatus were above 160 mm, 140 mm and
120 “mm standard lengths respectively. These are consistent with the longths of
altainment of sexual maturity indicated by K-values.

Helfman? reported that S. lineatus matured at 140 mm standard length.
Drew! claimed that the minimum size of ripe females was about 220 mm standard
length, However, the present investigation indicates the _attainment of sexual
maturity beyond 165 mm i S. lineatus. Maacop (1937) has reported that
S. canaliculatus males matured at 110 mm to 140 mm while the females matured
at abeut 130 mm tc 219 mm. Helfman? has similarly recordeda standard length
+9F 130 mm ond longer, The results of the present investgation i mdwa the
atlainment of sexual maturity at 165 mm in 5. /ineatus and 12:
:’fr’"" compares favourably with lengths reported by Mnnacnp (mn xnd
m T968) Preliminary observations on the Teuthidid =Siganid-fishery in Palau
Unp\lhhxl\!d report dated June, 1968.
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Montly fluctuations in the mean coefficient of condition aro ygg ,
indications of the commencement of the spawning season. The mean coefficiy
of condition plotted against the respective months shows a marked decresy
during September to October in S. /ineatus (Fig. 4). This suggests that Septempe,
to October is the main spawning period. It does mot however rule out gy,
possibilty of S. lineatus being a multispawner with the majority spavan,
during September to October and some in February. The fact that specime;
of 24 mm — 37 mm size range were found in very large numbers in th. diag
net collections along with prawns during November — December (Chitravadively
& Arudpragasam, 1983) supports the present finding that the main period of
spawning of S, /ineatus is September to October,

In S. canaliculatus the data is less convincing as regards the pesiod of
spawning since the mean coefficient of condition plotted against the months
shows a decieasing trend during January-February and May- June (Fig. ), |
Majority of the specimens collected during mid-June were fully matured. Juge |
appears to bo the main spawning month, though the spawning may cover e
period May to July, gencrally. Lam (1974) in his report on . canalisulatus from
Palu Tsland has suggested two periods of spawaiag — one from February to
June and the other fopm July to September.

In the case of S. jaws the data is less definite; monthly fluctoations
are more frequent. The main spawning period appears to be the monh
June (Fig. 4), but periods around February and Scptember too cannot be ruld
out,

Fecundity

Fecundity is the number of ripening eggs in the female prior to o |
next spawning period (Bagenal & Braum, 1971), Tables 5 and 6 give the fecuo
dity and its relationship to weight respectively of the different species. It may
be observed that the fecundity of S. lineanus is higher than those of S. jous
and S, canaliculatus. Knowledge of the fecundity of these species is meagre:
Lam (1974) bas estimated the fecundity of S. canaliculatus as 3.00 X 105 - 5.00x10%
The prescor figures for . canaliculatus compares favourably with those reported
by Lam (1974).

Table 5. Fecundity of the different species of Siganids.

Fecundity S lineatus S javus S. canalicuatus

Range 153 x 10°-6.1 X 105 6.78 x 105-4.46 x 10°  1.09 x 105 - 2,66 x 10° )
s.D 36 x 108 1.46 x 108 585 x 10°
Mean 2.99 x 100 244 x 100 4.8 x 10°
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Table 6. Relationship of fecundity to weight in the three species of Siganids

—
Species Regression of fecundity on weight

— T RS —

. lineatus F=1.0162 x 10° w—2.331 x 10°
F=5.9237 x 109 w+1.269 x 108
0244 x 10° w2018 x 10°

. canaliculatus

Size range

Marshall (1964) has reported S. lineatus of a maximum length of 381 mm.
but failed to mention whether the length is total length or standaid length. Drew
has recorded a female S. [ineatus of a maximum size of standard length 276mm
with a weight of 866 g and depth 133 mm. The largest S. fineatus encountered
in the present investigation is also a female of standard length of 300 mm of 734.4g
yith a depth of 142 mm. In the case of S. jaws the largest specimen isa male
of a standard length of 306 mm of 645.5 g with a depth of 128 mm. The
largest specimen of S. canaliculatus recorded is 251 mm standard length and
weight 483.1 g and this too is a female.
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EFFECT OF SOILS FROM TEN LOCATIONS IN JAFFNA ON THE bl
NODULATION OF CROTOLARIA JUNCEA (SUNN HEMP) {

ARULVATHANI P. ARUDCHANDRAN & K. THEIVENDIRARAJAH,
(Dopartment of Botany. University of Jaffna, Jaffna, Sri Lanka).

( Vingnanam - Journal of Science 2: 14—21 (1387)

ABSTRACT : Crablaria juncea L. (Sunn hemp) is a legume tradition-
ally grown In daffna on paddy lands and garden soils for its grean
manurial value and symbiotic nitrogen fixing ability in its root
nodules. Sincs thera Is no report on the nodulation of sunn hemp
ten different agricultural locations were selected and the efect of soil
characteristics on the patiern of nodulation and dry matter produc-
tion of C. jucca wore tosted. _Significant difforoncos were observed
in the dry ‘matter production and nodulation.
Seed inoculation improved nodulation in all soils, but only some
showed signicant dffences, PAYSIR ani chomical chasco s )
of the soils did not show any direct relationship with the pattorn {
of nodulation,

Tatroduction [
Crotolaria juncea L. (Sunn hemp) is a nodulating herbaceous annual of
the family Leguminosac, capable of fixing atmospheric nitrogen symbioticaly,
According to Senewiratne and Appadurai (1966 ) varietal differences in this plagt
are based on the time of flowering. Flowering period starts 80 days after sowing
in the early variety, 100 days in medium variety and 120 days in late vasiey.
Sunn hemp is a rapid vigorous grower, which can achieve a height of over 1 |
min 60 days and 1.8 m in 90 days when grown under favourable cor

C. juncea has been traditionally grown in Jaffna on paddy lands, following
the maha rice crop during February and March. It is also grown in tobaca |
land and other vegetable gardens as a source of green manure, Howard and
Howard (1910) reported that manuring tobacco with sunn hemp leads to
early crop yield, compared to the addition of heavy doses of farm yard manure. |

The green manurial value of the C. juncea is due to the symbiotic associaios |
in roots of bacteria of the genus Rhizobium. Nodules are formed on roots die |
to the association and atmospheric nitrogen is fixed in these nodules. Th
exact contribution of fixed nitrogen to the soils under local conditions is ot knows-

Since no systematic studies have been carried out regarding the natur
and pattern of nodulation in this crop under local conditions, an investigatiot

i soil 68
on the growth, dry matter production and nodulation, The effect of inoculaiot

also investigated.
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December u + Soil N
hand, Th lodulation 1

Soil samples were collected from 10 di ;

of paddly ::ﬂ; and market garden m;&‘;:: “fégfuliuml locationsconsisting
was_collected from several points (10 points coverin ';resen!lng each location
of 30 om, and compdsited.  Ths locations Ag}h hectare.), at a_depth
Ea:‘l:ad)"“h(K Iéel)amav\l (K;), Maruthanamadam C&V;'y \(,A,:' Navaly N),
K ant urai g s), Chankanai (C,), Kokuvil (K,) and Ch addukoddai (V),
o location of these places in Jaflna. peniasuit are indiany - 1 o7
ted in Fig 1,

AN

Fig. 1. The location of the places in Jaffna peninsula where
the ten soil samples were collected.

ﬁ,t:d:.}“m sown in polythene bags (30 cm depthand 12¢m diameter containing
the different soil samples. Fite seeds were soun in cach 38 and thinned to
“f‘f bag by the end of the first week of germination. The experimental laou!
s in @ compltely andomized duign with 10 replicats Plants were watersd
m,:u’"l’ durmg the experimental period. The height of the shoot was
of sured at weekly inervals, The dry weight of shoots and fresh weight
nodules were taken on the dth and 6th week after germination. Bags
dore Slit “open and the root sustems carefully washed avoi nodule
achment, The dry weight was determined aiter oven drying at 80°C.
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1
Taoculation experiment.

Seeds of C. juncea were inoculated with Rhizobium species isolated fron
nodules collected from plants grown in the different soil types and then souy
in the 10 soil samples. Aqueous suspension of the inoculum was prepared y
a concentration of 13x107 cells/ml and the seeds were soaked in thy
inoculun for 3 h and air dried before planting. The dry weigh' of shogy
and fresh weight of nodules were taken 4 weeks after germination.

The following soil parameters were also measured.
pH. This was measured with a pH meter (Phillips PW 94i6).

Organic carbon content. The organic carbon content of the soils ws
estimated by the mehod of Walker as described by Sivasubramaniam ang
Jayman (1979). )

Total nitrogen (as%). Micro-Kjeldhal method was used to estimate the total
nitrogen content of the soil samples.

Tnfilteation rate. Five gram dry soil samples were taken in funnels and
10 ml distilled water was added into each of the funnels and allowed to
filter for the same time. The volume of water that iafiltrated through the
sample was measured. The infiltration rate (volume of water collected/time)
was calculated for cach soil sampie.

Porosity. Fifty milliliters of oven dried soil samples were taken into
measuring cylinders and 50 ml of distilled water added into each cylinder
and allowed to equilibrate. After 3 h, volumes of the water level were recorded,
the bulk density and real density were determined and the porosity calculated
(Brady, 1974).

Field capacity of soil, Predetermined weight of soil samples were takea
in small plistic trays, saturated with water and weighed. The samples were
then dried in the oven at 80°C for 24h and the dry weights dctermined aod
field capucity calculated (Williams, 1987).

Results and Discus-ion

C. juncea, like other well nodulated legumes, is generally considered to
be capable of  obraining most of the nitrogen it requires form f
atmosphere. Since this is an annuval plant, nodules tend to disintegratt
during flowering time and fruit set, presumably because of the wilizatios

of carbohydrate reserves of the plans. Therefore, active nodule function i >
limited 1o a short period Nodulation starts 1 wk afier seed germmation od [
functions acuvely till the 6ib week. After the 6th weck, nodules seem ©
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gisintegrate and detach from the roots of plant, Therefore, records were
th
e 3
de during the 4th aod the 6th week following germination — the active
" et

period of nodulation of this plant.

Fig. 2 shows the variation in_growth i

in tha-;‘d{rrer::t K;ml samples,  With o mgp,'i':,n"’;;né Ofﬂ‘;elght of C. jurcea
ion ring tho 3rd and the 4 wock. Probably due g0 she it
mbiosts, soluble nitrogenous. subsances wers tansfrted o 1 oy oaient
Plﬂﬂ‘:h!huwnd Vitorous. rowh, Ta the cate of Co a gnifcams imeovennt 1
frowth was observed aftr the 0 week of o eglican: impeovenent
ihe period of active nitrogen. transfer. o, fodicating this to be

HEIGHT (cH)

sorL surpLss
juncea in ten different soil samples

Fig. 2. Growth in height of Crofolaria Jt
(A to C,) during the first 6 weel
between the 4th and Sth week is

ks following germination (Growth
hown by the double lines Bar=s.)

censed after the Sth week and
In these soil samples nodule
cides with the 50% flowering stage
ed into the following week
<ults agree with the findings
yield of Vicia faba

In A, Kz, M, V, Cy and K, active growth
Em:’_lh was less during the 6th week (Fig. 2
activity ceased. after the Sth week which coin
and ;Dflﬂms. In the remaioing samples, it continu
! 30% fowering occurred at this time. These res
of Sprent avd Bradford (1977). They reported that the

v_‘;‘dcly between locations in Britaia.
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Fig. 3 shows the growth in the 4th and the Gth week after germination i,
ferms of dry matter content of plants. The difference due to soil is signifiy
The maximom difference in dry matier production between plants growing iy
the soils tested was 69607 and G5.49% in the 4uh and the 6th week respeciely
Comparison between the fresh weight of nodules and the dry matter content af 1.
Dlants s clearly indicated inFig. 3. The dry matter content of plants and fray
weight of nodules are sigaificantly correlated (r = 0,386, p=0.05).

)

Fig. 3 Comparison of dry matter pro-
duction (above) and nodule mass
(velow) of Crotolaria junces, grown
in soil samples collected from ten
locations (A - Cy).

i Values denote mean of 30 plants,

[ — Bar = LS.D, at 5% level.

The fresh weight of the nodules in K, Was higher than in M, while the
contribution of nitrogen to the dry matter production of the plants was less than
in M. Therefore, probably, most of the nodules formed in M sample effectively
fixed atmospheric nitrogen and transferred it to the shoots of the plants, while
most of the nodules formed in K, sample were comparatively ineffective in
nitrogen fixation. This aspect is in contrast to the findings of Summertield
et al. (1977) who reported that the nodular mass was directly proportional
to the rate of nitrogen fixation and the dry matter production of the plants.
In V, very litle dry matter was produced up to 4 weeks, followed by &
significant increase in the dry matter production. This may be due to nodulation
occurring 4 weeks after germination. _Although the pattern of nodulation of Ke
resembled that of V, the dry matter production differed siguificantly,
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The differences in growth and nodulation may be conditioned by edaphic
factors or by the higher efficiency of certain strains of Rhizobiam. This was
prov ‘gme);nonha:d Ll:e_:;y (1983). They reported variation in effectiveness
of local Rkizobium between different locations. Tn order to javest
efficiency of the strains is the limiting one s e oot

a factor for nodulation, a seed inoculation
experiment was carried out. The results are presented in Table 1

Table 1. Effect of inoculation of seeds of Crotolaria juncea with strains of local

Rhizobia, on dry weight of plant and fresh weight of nodules, 4
weeks after germination,

Soil Samples  Mean dry weight of plaat Mean fresh weight of nodules
5 ()

Inoculated  Uninoculated  Tnoculated  Uninoculated

Atchuvely A 0728£0.014* 0.460+0.020  0.05140002 0.038::0.004
Navaly N 0.691:+£0.113 0490+£0.100  0.122£0.010 0.107:£0.006
Kaithady Ky 0.443£0.020 034240110  0.031£0003 0.014:0.004
Kerathiva Kz 0.791£0.020% 0.370£0.007 0.222:+0.005% 0.015+0.001
Maruthanamadam M 0.839::0271 0.658+0.163  0.256:+0,004* 0.147:0.002
Vaddukoddai V023040007 0.150£0.040  0.013:£0.005* 0

Kankesanthurai Ko 0.31040.090 0.200£0.005  0.051£0.007 0.041:0.004
Chankanai C,  0.937:0.038* 0.625£0.024 01140011 0.091::0,006
Kokuvil Kq  0709£0.007 0475:0.161  0.213:0.007% 0

Chavakachcheri C  0.637:0.112 0225£0.225  0.097:0001* 0.041:0.001

(* Difference significant at 5% level; n=30)

The dry matter content of the plant improved in all the ol samples follow
ing seed iroculation. In V and K., initially there was no nodule formation unti
the dth week, but when the sceds were inoculated with Riizobium, a significant
incresse in the fresh weight of nodular mass was obtained. ~The results of
these expriments indicated that there were orly a few efficient strains in the
soils, so that inoculation by these strains improved the dry matter production.
Therefore, if the sceds are inoculated with efficient strains and planted, then the
dry matter production and nitrogen fixation can be improved in all agricultural
locations in Jaffoa.
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Soil factors may also_affect the pattern of nodulation. Tn order to firg
out whether _these factors affect nodulation, determinations were made o 1 gy
chemical and physical characteristics of'the soils ( Table 2).

Table 2. Some physical and chemical characteristics of the soil tested as reflecteg
in pH, organic carbon, total nitrogen, porosity, infiltration rate ang
field capacity.

Soil location pi % organic Total Porosity Tnfiltration  Fiey

carbon  mitrogen rate (ml/min) ~ Capacity
(%) (%)

Atchuvely A 72 08835 082 2195 033 195 |

Navaly N 70 05349 0098 2500 128 1860 |

Kaithady K, 71 0.921 0175 2195 0.03 195

Kerathivu K, 7.3 04602 0105  28.20 4.00 151

Maruthanamadam M 7.4 02162 0.140  26.58 05 169

Vaddukoddai V 80 0504l 108 2345 1520 1606

Kankesanthurai K, 7.6 1IST0 0231  33.33 045 B0

Chankanai C, 74 09084 0175 3157 019 2006

Kokuvil K, 78 0789 0019 2048 0.70 7%

Chavakachcheri C, 7.8 0.0369  0.098 23.45 0.15 x|

Initial’ nodulation may have been affected by the higher pH values of
8.0and 7.8 in V and K, respectively. However, other factors may have improred
the nodulation of C, sample which also had a pH 7.8. Although the organic
carbon content was higher in K, it did not contribute much to the initial dry
matter production of sunn hemp. M had less organic carbon content than most
others, but the initial growth of sunn hempin M was higher than in other soilt |
Therefore, organic carbon content did not produce any direct effect on noduls-
tion. K, and C, had the same percentage of nitrogen content, but the dry
matter production differed significantly at P=0.05. Therefore no relationship
could be established based on this character.

Field capacity and porosity were almost the same for many types of Soilt
but the infiltration rate was very much higher in the V sample. This may b |
one of the reasons for the failure in dry matter production and nodulation
in this soil sample, due perhaps to the plants experiencing low soil moisture

during their growth period.
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Most of the factors did not show

matter and total plant dry matter were posts

v Iry positivel

reationship was not statistically significan, 5o that factuer e pnar 1 220 (B

of existing nodule tissue are important determinants of nitrogen ity 1" ou:

beaas. Therefore, the important conclusions drawn from the data present 1o
! ere

ro:
(1) There was a sigaificant difference in growth (hei
production) and nodulation of C. uncea among the e oy oo, &7 s
' 20 r:;uo;sh;p_was lo:v.mmed. :ith the soil characterisics tasted, T T "
eed inoculation with Rhizobium improved d .
nodular mass of this plant. iproved dry matter production and
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NITRIFICATION STUDIES IN A GARDEN SOIL IN
NORTH SRI LANKA
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T Niicaon ofues. (o folzer axtensvely used b dfina
e masaad undor Iirston conalons uing ol sampos
e o ohi guden n Torunoway, Jfve S Laka

Soil in polythens bags kept at 35% moisture contont was ireated

cultivation. Samplos, romoved at 2 to
for ammonium-nitragen (Npi,-N) and

nitrato -nitrogen (NOz-N).

Nitrato- itrogen was found to increase from nogligible amounts on
day 1 until day 22, ait reach

but gradual _therafter.
these changes aftor 36 days led to tho reco of the
applied nitrogn, of which 45% was NH,-N and 11% NO-N. Tho balance
vas lost mostly as gaseous ammonia. This was confitmed in a
second experiment whers the ammonia gas was trapped using fiter
papers soaked in H,80, in a modified
ammonla from urea-treated soll was very rapid during tha first 2
weoks and ceased aftor 3 wasks.

Tntroduction

Urea is widely used by farmers in Sri Lanka as a source of minerl
nitrogen. Urea is hydrolysed in the soil by microbial urease enzyme and forms
ammonium carbonate, an unsiable compound, which decomposes casily to
release gaseous ammonia (Volk 1959). A part of the released ammonia is lot
to_the atmosphere while the rest is absorbed in the soil by mechanisms such i
soil cation exchaoge. The ammonia which is retained in the soil is gradually
converted to nitrate ions by microbial action. The rate of nitri
found to bo dependent on various s
population, organic matter content and
moisture content and aeration
tion (Black 1968).

tion  has bees
oil fertility factors, such as microbis
soil pH. In addition, temperature,
of the soil also determine the rate of nittifier

In coltivated soils the major loss of appli i ing of
a pplied N is due to leachiog
:ol\lx.!;le;:lnle 0% od by volatilization of gaseous NH,. Volk (1953) reporte

/—59% loss of NH,:N from pelleted urea applicd to acidic soils in U. S. A
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Thus a study to determine the partitioning of the applied N into these two forms
under local conditions was necessary. These results could be helpful in regula-
ting fertilization and irrigation practices to enhance more efficient use of N by
plants and to lessen wastage. 4

Materials and Methods

Two sets of experiments were carried out: the first to deternine the
partitioning of ammonium-nitrogen and nitrate-nitrogen and  the second to
determine the amount of loss of gaseous ammonia-nitrogen.

The soil used in both experiments was collected from a chilli garden
in Thirunelvely, Jaffna, Sri Lanka. The soil was a loam belonging to the
Calcic Red-Yellow Latosolic soil group and had a pH of 8 Studies on
the soil from the same arca have shown that it has a nitrogen content of 0.017%,
and an organic carbon content of 0.56% in the 0—10 cm layer (N. Saverimuttu,
Unpublished). The soil was collected from a depth of 0—I0 cm at 10
random points under the crop canopy. The soil was mixed well, passed through
a1 cm sieve to remove stones and large organic debris and air-dried for 24 h,
Samples of the air-dried soil, each weighing 500 g, were used in the experiments.
In both experiments the trcatments consisted of the addition of 1535 g urca
fertilizer o the soil sample. This dosage was based on the amount of urea that
was currently being used by local farmers, 5 cwt acre! scason-'. [his wis
nearly 409, less then the amount recommended by the Deparument of Agriculiure
(@50 kg acret chilli mixture [13-11-6]). The controls were untreated. Both the
treatment and the control, in cach experiment, were duplicate]. The moisture
content of ll the soil samples was brought up o 35% (¥/¥) by adding suit-
able amounts of distilled water. Each of these was then transferred to 2 polythene
bag.

Experiment 1

The open ends of the polythene bags conta :
tied and the bags incubated at room temperature, ranging from 27—30° C. x:
the laboratory, At 2—4 day intervals, the soil in cach bag was thoroughly mix
and sub-samples of 5 g each were removed Soil extracts were preparcd by shnTu':g
cach subssample with 25 m of 2N KCI sclution for Lh on a flask shaker. The
ertracts were. deoante ! and centrifuged. Ten ml aliquots of the supirnafant ¥ere
disilled with NaOH using Devardi’s aloy, and the disilate collecred e
& flusk containing standurd boric ucid. The excess poric acid was titiate
with standard HCI solution.

ining the soil samples were
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Experiment 2

The polythene bags containing the soil samples were kept open . gy
inside desiccators. A glass ripod placed inside each desiccator hold filtr pape.
(Whatman No. 1, 9 cm diameter) moistened wih S ml of 0.05 N H,S0,,
the soil. - The fiter papers were replaced at 1—2 day intervals. The filet pupy
removed from the desiceators Were torn and shaken with 25 ml distled g
and the resuliant solution was titrated agaiost standard borax solution to det,
mine the amount of ammonia-nitrogen (NHy-N) trapped,

Results
The changes in the concentrations of NH, -N and NO, -N in the soil
sa.oples in Experiment | are shown in Fig. 1. In the treated soil thero was a rapig
increase in NH,-N up to day 9. This was followed by a decrease, which
was rapid for the first 3 days and gradual thereafter. The concentration of |
NH,-N became almost constant after day 36. There was o appreciable changs i
NH,-N ia the control soil samples.

© NHON Teated
. Controt
. 4 NOSN Tregtag
500 /\ . Controt
—_
———
400 ¢ —— .
Bl
E
<
g
H .
T L —
" /
L e
o
3 % B @
TIME (days)

Fig. 1 Changes in amounts (mg) of itrogen (NH,~N) and nit itroged
(NO4-N) in 500 g soil treated with urea fertilizer and in untreated i
plotied against incubation time (days). (n<2).

(
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The NOy-N concentration was negligible initially in both the treated
and_control samples. This was followed by a gradual increase in both cases
While the increase in the control soil continued to be gradual till day 29,
that in the treated soil was relatively rapid after day 7. The concentration i,
the lattor also reached a constant value after day 29. The final concentration
of NOs-N in the treated soil was more than 2.5 times that in the control.

i At the end of the experiment the ratio of NH,-N:NOyN in the
freated soil was approximately 4:1.

The results obtained in Experiment 2 are shown in Fig. 2, as cumulative
loss of gaseous NHy-N. Loss of gaseous NH, occurred in the treated soil till
day 19. There was no measurable loss of gascous ammonia thereafter. No
loss of gascous ammonia was recorded from the control soil samples.

500
s Treates
—= Control
w0
>
£
z
i
=
z
H
2
2
8
&
100
) E) ®

»
TIME (days)
seous amonia-nitrogen (NHy-N) evolved

Fig.2. Cumulative changes in amounts (mg) of ga: g et

from 500g of soil treated with urea fertilizer and from untre:
incubation time (days). (n=2).

N measured at the end of Experis

H,.-N and NO.
The amounts of NI N evolved in Experiment 2 are

ment 1 and the cumulative amount of NH;
given in Tables 1 and 2.
vt
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Table 1. Amounts (mg) of NH,-N and NO,-N measured in 500 ¢ m)

samples at the end of Experiment 1 (day 29).
|

Form of nitcogen Treated soil Conteolsal |
NH,-N 396 2 |
NO, N 135 o |

Table 2. Cumulative amounts (mg) of NH3-N evolved from 0 wi
samples till the end of Experiment 2 (day 19).
(nd — not detectable)

Form of nitrogen Treated soil Control soil

NH;-N 344 ’ nd

The recovery of applied N was calculated as follows:

N in treated soil — N in control soil

Total N applied

In Experiment 1 the percontage recovery of the applied N in the forms
of NH,-Nand NO;-N was 45% and 11% respectively. The net result of
the nitrification reactions, after 36 days, thus led to the recovery of only 5§
of the applied N in the soil. The balance is presumed lost as NH, gast |
the atmosphere, This is confirmed by the results of Experiment 2, where th¢
net recovery of the applied N as gaseous NHy -N was 43%.

Discassion

Two limitations occur in this study. The first is that the method ued
to extract NH,-N and NOs-N from the soil was different from that used for extric
ting NHy-N from filter papers. Thus care should be taken while interpretiog (b
results. The second limitation is that the experiments were carried out oply Ui
Iabora tory conditions. No measurements were made under field conditions of is®
temperature and low soil moisture levels. Furthermore, functional plant oot
an important component of this reaction system under field conditions, We'
not considered in this study. [
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The graph indicating the change in NH,-N and NOs-N in Experiment 1 is
comparable with that obtained by Sandanam ef al. (1978) for a poor tea soil
' in the bill country wet zone of Sri Lanka. As in the case of the poor tea soil
there was rapid_increase in NOy-N after day 7. The recovery of NO.N in
Experiment 1 was 11%, which is comparable to the 8—9% reported for the poor tea
soil. These similaritics, in spite of the extrome divergence in soil type and pH
(8 vs 4), therofore, suggest a low rate of nitrification in the dry zone soil used
in this study,

Krishnapillai & Pethiyagoda (1980) reported faster nitrification of urea

' in sand culture when CaCO, was incorporated. However, it is known that the

activity of nitrifiers js inhibited by the combination of bigh NH, concentrations

and high pH, which are likely to ocour in calcareous soils treated with urea

(Black, 1963). On the other hand, efficient nitrification of NH, could decrease

| the pH. The initial pH of the soil used in this study was 8 and there would

have been an increase in pH during ammonification of urca. This may bo a
likely cause of the low rate of nitrification found in this study.

The loss of gaseous ammonia was high in this soil as NH4* ions are
unstable under alkaline conditions. The high Ca content of the soil would also
have contributed towards the high amount of volatilization (Black, 1968).

1 Even though 56% of the applied N was recovered in this study, all of
this nitrogen will not be available under field conditions. Part of the nitrate may
be lost through leaching. Thus irrigation after the third week, when NO,™ion,
concentration in the soil is at its maximum, should be controlled to
reduce losses through leaching. In this respect, the predominance of NH,N
over NOs-N is likely to minimise leaching losses of the fertilizers and, under
conditions of adequate carbohydrate supply, ensures efficient absorption of the
applied N. But if carbohydrate supply is restricted, NH,-N nutrition can be
detrimental, e.g., following severe shoot pruning or leaf disease (Krishnapillai &
Pethiyagoda, 1979).

However, a more important path of loss of nitrogen from urea
fertilizer seemed to be by volatilization, amounting to 43%. Sioce the soil
is calcareous, it would not be possible to lower the pH for purposes of cultiva~
tion. Increasing the soil fertility by the addition of organic matter will promote
the rate of nitrification and this will reduce the loss of ammonia by reducing
the concentration of ammonium ions and also promote absorption of NH;’
ions in the soil by increasing soil humus, In addition, organic matter amend-
ments will raise the C:N ratio, which will result in the immobilization of part odf
the applied nitrogen in the soil microbial population. Although such lmmodl u;
nitrogen will not be available to the plants immediately, losses will be reduced.
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Desper placement of the urea fertilizer in the soil by fillage insteng |
of surface application will also help in redaciog loss by volatilictioy,

Placement of urea in_ the deeper ‘reduced horizon’ of rice soils also helps maiy.
tain it in the better absorbed NH* form (Vivekanandan, personal com nusication,
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] STUDIES ON THE PREDATORY EFFECTIVENESS OF
CYRTORHINUS LIVIDIPENNIS (HEMIPTERA: MIRIDAE) ON
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ABSTRACT The predatory capabiliies of Cyrtrkinus iidipernis Revter
on Nilaparcata luges (Stal) were studied.. C. lisidpensis adult male consumed
an average of 2.07 egss. 0.24 fo O.11 nymph and 0.J6 male adult prey
and the adult female 3.3 egss, 021 to 0.08 nymph ard 0,17 adult mac
prey pec day. Nymphs consumed 107 o 3.05 eges, and 0.38 10 0.05
nymph per day. Nymphs did not attack adult picy. The present study
confirms that C. liidipennis 5 not as effcctive against . lugms as agamst
Nephotet vinscens (Distant); it is @ more effetive predator of egas and
nymphs than of adult N. lagews; i is less effective at low deasides of
. lugens.

Tatrodaction

Cyrtorhinus lividipennis Reuter is a predator of Nilaparvata lugens (Sa), a
major pest of rice in South-cast Asian counrries since the introduction of high
yielding rice varieties (Smith, 1972; Nickel, 1973). Tt was reported from the
East Indies in 1884, but its predatory habit was not discovered until 1920
(Usinger, 1939). Though belonging to @ predomirantly phytophagous subfamily
Orthotylinac of the great plant feeding family Miridae, it has somehow shifted
t0 an almost exclusively predatory life. It feeds on planthoppers and leaf-
hoppers on rice (Chiu, 1979; Yamatsu er al. 1981 Liquido & Nishida, 1485) and
Peregrinus maidis (Ashmead) on corn (Usinger, 1939; Hinckley, 1963). Itis also
feported to feed on Sporobolus grass. In Sri Lanka, C. lividipennis has been
reported from several districts (Otake ef al., 1976; Rajendram, 1982; 1984.) Studies
on the biology of C. vidipennis from Sti Lanka were cairied out by Rajendram
and Devarajah (1986).

adlices s Dapartmi of Gobgy, B Uiy, Votbranssy Chingaod P- O
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Materisls and Methods

Mass cultures of C. lividipennis were maintained in the laboratory aceor,
ing to the methods reported by Rajendram & Devarajah (1986).

In experiments on egg predation, @ rice stem bearing N. ligens ey
was _dissected, with 20 eggs exposed on the dissccied stem, and placed on
moist filter paper strip, 5x2 em. in a_glass vial (7.5X2.5 cm). The vials wey
arranged on_a plastic tray. Male and female adult C. lividipennis, ag wg)
as differont instar nymphs, were introduced singly and the mouth of the vy |
plugged with cotton.” The vials were observed daily and the number of shrunkey
cggs ooted. The adult or nymph was transferred (0 a vial with 20 fresh egy
every other day, by means of an aspirator. |

In experiments on predation of N. lugens nymphs, four N. lugens nympis
of a particular instar were introduced into a test tube (15x 1.5 cm) containing 4
2 weck old rice scedling of variety Bg 90—2, held in position by moist colion
Male and female adults, as well as different instar nymphs of C. firidipennis, ver
introduced singly. The test tube was plugged with cotton and observations
made daily under a dissecting microscope, Dead N. lugens nymphs were
removed and live nymphs introduced daily to maintain a total of four hot
oymphs in the test tube. The experimental cultures were transferred to 2 tet
tube with a fresh plant every third day.

In experiments on predation of adults, four male N. Jugens adults were
introduced into the test tube and the rest of the procedure followed as in the
previous experiment.

When two values were compared, t-test was employed to determine signi-
ficance. When more than two values were compared, analysis of variance was
employed.  Significant contrasts were determined by means of studentized rage
q test.

Results and Discussion

C. lividipennis male adults consumed an average of 2.07 N. lugens eggs ptt
day and the female adult 3.3 eggs (Table 1). The average number of N. lugers |
nymphs of different instars consumed by male C. lividipennis adult is given it
Table 2 and by the female predator adult in Table 3, The daily consumption of
male adult ranged from 0.24 first instar to 0.11 fifth instar prey nymph. The corres- |
ponding values for the female predator adult are 0.21 first instar and 0,08 fifh |
instar prey nymph. The number of N. lugens male adults consumed by th
predator adults, male and female, are given in Table 4. The male predstor
consumed an average of 0.16 male prey adult and the female 0.17 male pref [

|
|
1

adult per day.
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‘Table 1. Number of N. lugens cggs consumed by C. fividipennis adults

Sexof Number of  Average prey — Average predator
adult

Average eggs

adult eggs consumed longevity consumed per 1.
predator predator (Mean + SD) predator ppﬂ day vatie
ke 30 21.00£739 831330 207515

Female 30 23.57+9.31 8.60+3 60 330+18 0.3,

@ Not sigaificant at 5% level.

Table 2. Number of N. lugens nymphs consumed by C. lividipennis male adults

Nymphal  Number of  Average prey Average predator Average nymphs
stageof  adult nymphs consumed  longevity o e
prey predators _(Mean + SD\ __(Mean + SD) predator per day
First

instar 25 1.521£0.73 648205 0.24:0,048bc
Second .

instar 25 1.0420.09 6.5242.10 0,160.05
‘Third

instar 2 072032 7.6042.04 0094003
Fourth

instar 25 082034 7.10+2.39 0.11:002
Fifth

instar 25 - 0.84:0.36 7204248 0.1140.03¢

F=7123: sigaificant at 2% level. i
Data followed by same letters are significant (Studentized q range).

Table 3. Number of N. lugens nymphs consumed by C. lividipennis fomale adults

Nymphal ~— Number of  Average prey “Average predator Average nymphs
slage of adult nymphs consumed  longevity consumed per
prey predators  (Mean£SD) ___ (Mean+SD) predator per day
Finst

instar 25 1.41£0.40 6.61+£2.11 0.21£0.03a0
Second

instar 25 1.51£0.40 701262 0.21:40.05¢4
Third

instar 25 101031 8.40£2.08 012004
Fourth

instar 25 0.714:0.20 9.00+2.36 0.10:£0.03%
Fifth §
instar 25 0.60£0.18 6.88::2.56 0.08:£0.02°¢

F=23.25; significant at 2% level ]
Data followed by same leiors are sigoificant (Studentized g ra0ge)-
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Table 4. Number of N lugens adults (male) consumed by C. lvidipennis
adults (male and female)

Sex of  Number of Average prey Average predator  Average adults  t-valy,
addr” adult adults consumed  longevity consumed per
predator  predators  (Mean+SD.  (Mean=SD) predator per day
Male 30 L60£LI9 10134624 0.16::.09

Female 30 1.60£0.50 9403291 0.17£05 013

@ Not significant at 5% level.

All four instars of C. lividipennis nymphs preyed on the eggs of N. lugens
quite readily (Table 5). But the first instar nymphs were not seen attacking any
N. lugens nymphs. In fact, when placed in a test tube with host nymphs, they died
before moulting.  Similarly second instar C. lividipennis nymphs survived only on
first instar prey nymphs, the third instar onmly on first and second
instar prey nymphs and the fourth instar on first, second and third instar prey
nymphs. Hence results on predation by C. hvidipennis could be scored only on
the above menti.ned set up. The results of this cxperiment are given in Table 6.

Table 5. Number of N. lugens eggs consumed by C.lividipennis nymphs

Nymphal  Number of ~ Average eggs  Average predator _ Average eggs

stage of  predator consumed longevity consumed per
preatcr nymphs (Mean=+5D) (Mean+ SD) predator per doy
First

instar 30 2.18+0.70 2.03+0.40 1.07:£0.298%
Second .

instar 0 603146 2504110 2412033
Third

instar 30 7.5342.57 2554070 2941059
Fourth

instar 30 8834257 2894090 3.0540386°

F= 1187, sigmiicant at 5%, level,
Data followed by same letters are sigaificant (Studentized q range).
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Table 6. N. lugens nymphs consumed by C. Iyidipenn )
fourth instar nymphy - 0% third and

Romphal  Nymphal  Number of  Average —

Average  Ayerage
stage of  stageof  predator nymphs predator nymp:, a,m’w
predator  prey nymphs consumed  longevigy ed Foalue

consum
(Mean:+SD) (Mean+SD) per predator

_— iy

Second  First
instar instar 20 0.50£0.51 3134165 016,09
Third - First
instar instar 20 051051 238133 021412
Second
instar 20 0504040 164157 0254.30
Fourth  First
instar instar 20 L2055 145086 0380220
Second
instar 20 0904072 L65:103 0274002
Third
instar 20 040£20.1 180108 0.05:001 F=148.6
p>0.02

2 In the third group, data followed by same letter are sigoificant
(Studentized g range)

The feeding rate of C. hvidipennis reported hers is in general agreement
with the results obrained by Dyck & Orlido (1977). On predation of N. lugens
adults by C, ividipennis adults at a predator — prey ratio of 1:4, they reported
3% mortality after two days, indicating a fecding rate of 0.17 . lugens adult per
day, the samo rate manifested by the female adult predator in this experiment,
They also reported consumption rates of 0.6 to 0.9 planthopper nymph duriog
the first five days and 0.4 on the 6th day, at predator — prey ratios rangiog
from 1:1to 1:4. However when very few N. lugens remained in the cage, the
fecding rate dropped off markedly to 0.1 or less, comparable to results obtained
here of 0.24 to 0.11 prey nymphs per day. ey assume that the larchlnui
capacity of the predator is not adequate to maintain a high percentage kil
When N, lugens density is comparatively low.

i ined i i iderably lower
The predation rates obtained in these experiments are consi /
than those reported by Reyes and Gabriel (1975) for C. lividipennis c(eclml;p::
Nephotettix virescens (Distant) in the Philippines. The male aad femalemmm e
7is adults consumed respectively an average of 10.41 and 1001 N. vi
V—s.



3 Vingnanam - Journal of Science Vol. 2, Nos. 143

per day, during 14 days of adult life, 4.69 and 475 host nymphs per day, during
10 days of adult life, and 245 and 2.25 N. virescens adults per day for 10 day,
of adult life, These workers also reported considerably higher predation rates
by C. lividipennis nympbs at 7.45 cggs and 135 nymphs, of various instars, per
day. Predator nymphs did not attack any N. virescens adult.

The differences manifested by C. lividipennis from the Philippines may
be due to various factors. A different host, N. virescens, was used in the study,
N. virescens is a smaller insect than N. lugens. And C. lividipennis is_known to
prefer N. virescens and to bea better predator of this species than of N. lugess
(IRRI, 1973; 1974). The predator prey ratio Was different with a considerably
higher ratio of prey — 1:20 prey nymphs and 1:15 prey adults. .

The present study does confirm that C. lividipennis has a strong preference
for N. virescens as opposed to N. lugens and is a more effective predator of N.
virescens. Also from our results, it is clear that C. lividipennis is a more effective
predator of cegs and early instar nymphs of N. lugens. It is less efective
against the adult population of N. lugens. C. lividipennis is not an effective predator
of N. lugens at lower densities of the pest population. However C. lividipennis can
be a successful biological control agent of planthopper and leathopper complex
of the rice crop in Sri Lanka, particularly since it is already present in the
rice fields in several districts. .
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ABSTRACT The paper describes the embryonic development of the
brown planthopper, Nilsparsata lugens (Stdl) during the first three days.
\Whole mounts of eggs were stained with aceto-orcein. One day old egg
has a_large yolky mass. Protozephalon and protocorm regions ae
visible in the 2 day old embryo. Scgmentation and appeadages are
visible i the 3 day old embryo. Measurements of various siages arc
given.

—_—

Introduction

The brown planthopper Nilaparvata lugens (Stl) is one of the most destrac
tive pests of the sice crop in southeast Asia. In light infestation they reduce th
general vigour of the crop and cause development of moulds. During outoreaks
they cause ““hopperburn”—a drying up of the plaats in large patches (Kisimot,
1960; Dyck & Thomas, 1979). The brown planthopper s also thé vector of grasy
stunt virus on the rico crop (Rivera ef al, 1966; Ling, 1967). In Sti Lanka, during
the past two decades, N, lugens has been appearing in large numbers in severd
districts and especially in Amparai and Batticaloa districts on the east coast, where
the pest has assumed serious status (Rajendram, 1982).

Studies on the biology of N. lugens in Sri Lanka was carried out recently
by Rajendram & Daniel (1986) who reported an incubation period of 9.6 days
when N. lugens was reared under laboratory conditions of temperature 25°- 29.5°C
and relative humidity 30-100%. A study on the embryonic development of N. lugers
has been carried out in Japan (Nasu & Suenaga, 1956). The present study des
cribes the carly embryonic development of N. lugens from Sri Lanka.

N. lugens used in this experiment was collected from rice fields in Amparai
district and reared in the laboratory in Jaffna on rice variety BG 94-L. Tt
temperature in the laboratory registered a range of 25—32°C and relative bumidy
20-160%. Eggs were obtained from pairs of adults maintained in test tubes 156
long and 1.5 cm diameter, into which a 10 day old BG 94-1 rice seedling bad [
been introduced witha wad of moist cotton at the base. The mouth of the tet [

|
|
\
|
Materlals and Methods |
\
‘
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(b was plugged with cotton. After 6 h the adults were removed and the rice

em discted after 1, 2 or 3 days. The eggs obtained were termed |

Gay old_ respectively. Morphological observations of the. different sllzgis‘:ir:
ade under a stereo-Mmicioscope. The measurements were made with the help of
20 ocular micrometer and were averaged from 10 individuals, °

The eggs were stained as follows. The eggs were transferred to a watch
glass in Lo Bianco’s fixative and allowed to remain overnight for a period of
24h. The cggs were then washed in tap water unil the stain disappeared. They
were then dehydrated with a graded series of alcohol. During the dehydration
{between 70-90% ‘alcohol) the eggs were stained with aceto-orcein for 4 h, Some

' eges were also mounted in paraffin and 12 fm sections stained in Haemotoxylin

and Eosin.

Results

One day old egg

The eggs are laid in single rows on leaf sheath tissues near the base of the
plant or in ventral, midribs of leaf blades. The anterior end is attached to the
leaf sheath by & Gementing “material-and-its-cap-is-flat (Fig. 1). The newly laid
egg conlains a large yolky mass. When newly laid, the eggs are whitish ia colour
and measure 75012 P'm long and 150+7 Pm wide.

Two day old egg :

Protocephalon and protocorm regions aro visible_.in the 2 day old embryo
(Fig. 2). The head develops subsequently in the anterior. end of the cgg. Length
of the blastula is 540:10 Pm and widih 2405 P

Three day old egg E ;
The by thi anifests segmentation” and appendages. ‘The first
e o ', S0 mandibles, maslae and Jabyl}l},The thorsx and s
i i ion of the
appendages develop from the adjoining three segmentS>Sig!  segmentation of
abdomen is also l:vid».n( (Fig. 3). Thiee pairs of legs can be seen ({ﬂ:lt;wn&
The embryo measures 70015 Pm long aod 120+6 Pm wide. The hme v;‘,”::'
measures 50+4 Pm and the tibia 7045 pm.  TWO red eye spots were Visible
through the chorion but disappeared during fixation-
Discussion

Studie of the.germ band in ogss of sveral orders i foic sed e prsncs
of a differenyation eentro, in the middle of the PrEUTPUTE B Ll .
position. corresponding to. the foturo thorax of the et P i poi
Such a differengiation. castre,syhetecvisible HierensE s i
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Fig 1. Whole mount of 1 day old egg of IN. lugens 400
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Fig. 2. Whole mount of 2 day oli ezz »* V. (7247 400%.
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of time, and at which later the degree of differenciation at any moment is greatest,
has also_ been reported in the Homipteran Pyrrhocoris sp.  (Seidel, 1924). The
findings of the present studies in . lugens confirm previous reports. Organ
systems appear first in the future thoracic region in the ventral side of the embryo
and then cxtend to the lateral and dorsal sides.

Coloured eye spots in the embryo have also been reported in Culex tarsalis
by Rosay (1959) who observed that eyes could be vaguely discerned as a yello-
wish spot turning 10 orange red in 31—34 b, as bright red in 34— 44 h and finally,
before hatching, at 61—68 b, as a dark centre with red edges, at 70° F. The eye
spots of N. lugens were visible after 72 b, less -than half way through embryo-
genesis
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EFFECT OF COUMARIN ON TOBACCO NECROSIS VlRUS INFECTION
IN PHASEOLUS VULGARIS C. V. PRING

R. V. S. SUNDARESAN
(Departmont of Botany, Unverslly of daffna, Jsffna, Sl Lanka)

-
Vingnanam — Journal of Science 2: 4349 (1987)
RACT: A investisation wis andersken 1o sody the dleas of
on necrotic I-al lesion formtion in Phu
Prines ncred” wih obaceo nec When the ot v
treated with coumarin. e coumaria into the inoculum
hers ws oy & siehe imeion. o et oo compared to

Moximum inhibiry efect of $02% was obtined when 1000 orm
of co was administered to p'ants by vacuum infitrarion immedi

reased. the ory mar
. reimanliion enienas i coale yen Bk

ive_than pos*-inoculation freatment. It was further observod
10t thers mas o, fendeny or ihe ifetion n coumarn teted eavs
to spread systemically.

00 pom coumarin was administered to plants, by immers-
ing the roots in coumarin solurion, Jbere ws & maked iciblory
effect of 39.7% in lesion fc all the above experiments the
jameter of the leors and. the Vius conient of the teated eaves
was vus than in he control

Witro studies revealed mn coumarin does not ju'erfere with the
|nfmivlty of the virus fo an appreciable extent. Therefore most of

nd ed on the basis of  bypothesis
explaining virus Tocalisation in plants.

Tntroduction

in, a natural growth inhibitor present in plants, has been reported
to mhﬂm tobmco mosaic virus replication in tobacco leaf discs even at a
Concentration of 100 ppm (Knypl and Gubanski, 1960). Mishra ef al. (1968) have
found that coumarin inhibited the infectivity of C. P. O. strain of T.M.V. to the
Catent of 57.59% when mma with the _inoculum at & concentration_of 500 pprm-

Pre- and posts, prays of (Linnacus) leaves
Were found to be =qnnlly¢mume in inhibiting local lesion formation. The inhibition
Wasmaximum at 51% and 57.6% respectively when inoculations were mado immedi-
ately before and after spraying. Inoculations done at greater time intervals of
l";bltnd post-inoculation treatments resulted in a progressively reduced level of
i
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The investigations carried out 5o far have been confined to T.M.y,
attempts have been made to determine the virus content of the infecteq
and, more importantly, whether there was any tendency for the infecti
coumarin treated leaves o become systemic. Thus the present investigaton wy
undertaken with an equally common virus, tobacco mecrosis virus, e

necrotic local lesions in Phaseolus vulgaris ¢ v. Prince to gather more convingy
information by employing some_efficient methods of treatment of the pany
with the coumarin solution. This is of considerable practical importance gin

till now, very few chemicals with a capacity to inhibit virus infection in plang
have been reported.

No
ey
ion iy

Materials and Methods
Modes of treatment of plants with conmarin

Tncorporating into the inoculum. A solution of coumarin was mixed wit
the inoculam such that the final inoculum which was used to inoculate th
plants contained the appropriate concentration of the virus and coumarin, viz,
500 ppm and 1000 ppm  respectively,

Vacuum iofiltration, The primary leaves of Prince bean plants wer
immersed in a solution of coumarin in a large beaker kept inside a desioator
which was connected to a vacuum pump. Vacuum infiltration was carried out
for 40 min in each treatment by applying suction either before or afer
inoculation. The effect of different concentrations of coumarin on virus infecton
was studied by varying the time interval between treatment and inoculation.

Root dip treatment. The plants were maintained in black heakers swh
that their root systems were totally submerged in the solution 24 h prior &
noculation.

Controls were subjected to the appropriate treatment with distilled water In
alltreatments, the change in lesion formation was culculated as a percentagt
of the difference between the control and test, plants.

Source of virus and inoculation procedures

Virus. Rothamstead variety of tobacco necrosis virus was used in all the
experiments.

Tnoculation of plants. The inoculum was prepared at the time of ihe
experiment by making swtable dilutions of the stock suspension with phospha’e
buffer Five percent celite (w/v) was used as an_ abrasive in all ioculations and %
inoculum  was “applied with a 1 in, brush, to the unper surface of ¢
primary leaves of the test plante which were darkened for 24 h prior o t¢
inoculation. After inoculation the leaves were rinsed with distilled water.
second set of plants that were left untreated served as the controls. T#eh
replicates were used both for the test and the controls,

The plants were scored for lesions on the fourth day after inocuaty
and the diameter of the lasions measured under a dissecting microscope fi®
with an ocular micrometer, - : . .. . p 3

ine o™ lsion assay. The virus content of the infectod leaves was de;
mined by a local lesion assay. Random samples -of 1.g portions of the inft

B
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leaves, after_being deribbed, were throughl i

) N y ground with
and the extract filtered threugh a double layer of cheese cloth i fni?lfm:“w.al:
made up t025ml with phosphte buffer. "This suspension  containing. celite
(% wIv) was used as  the inoculum  to determine the virus  content . of

) the vin ely afterwards and maintai v
room unil the. first pair of trifoliate leaves had fully cxpenges.  Thee ol
harvested and the sap. exiracted as in local lesion assay above, was msed  tg
inoculate Prince bean plants which were observed for symptoms on_ these  prix
mary leaves -

) . vestigating the effect of coumarin on virus infectivity

invitro, the virus suspension was incubated with a solution containing 1000 pom

coumarin for various lengths -of time ‘and the misture used to inoculate Prince
5211 PI'S 1t parid lic ti n invervals and the 1ppaarance of local lesions studisd,

Results

Effects of different modes of treatment with coumarin

Incorporating into the inoculum. The results of this experiment are outlined

00 ppm and

in Table 1. It was observed that at concentrations of both S

1000 ppm, coumarin inhibited local lesion formation only to a slight extent,

viz. 40% and 53% respectively, compared to the controls. This was also

reflected 10 the size of the lesions which were slightly smaller in coumarin

treated leaves than in the controls.

ration. The results (Table 2) reveal that 1000 ppm coumarin

applied immediately before and after inoculation inhibited local lesion formation

by 90.2% and 85.0% respectively compared to the controls This- fendency
s well as’ in the

tendency for inhibition in lesion formation became less apparent as the time
interval between treatment and inoculation was increased. Pre-inoculation treat-
ment with coumarin always had a slightly greater inbibitory efiect on lesion
formation than  post-inoculation _treatment. .
i 25 ppm and 100 ppm
ot dip (reatment, Observations (Tablo 3) reveal that m o
coumarin_iohibit_the formation of lesions to_ the extent of 216% and »7%
respectively, which was foll wed by a reduction in_ the lesion sze as well as
virus content of the infected leaves compared to the control plan ;.l o
iz fo hreome systemic.
Determination of the tendency for lacalized infection .
this study it was observed that there was absolutely no-tendency n;rn::::l s
infection i leaves treated with 1000 ppm- coumarin, as well as in controls.
become systemic : s
it i nfec
Tositro stavies In investigations on the effect of coumam; o v!vnls i
itr0.- the. results reveal that coumarin does not have  aq _ aPRICEtL,
effect on, virus infectivity. With 1000 ppm a maximum loss in infe y /b
Was_obssived . after incubation: for. 24k (Table 4).
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Discussion

The effect of coumarin on localized necrotic lesion foraatiog
2. wlgaris c. v. Prince iafected with T.N. V. was soen 10 be an ok,
of lesion formation, a reduction i lesion size and virus content of leaves sy
jected 10 all modes of treatment with coumario, When coumarin  was ingy
porated into the inoculum and administered to ~the plants by abrasion, gy
Jevel of inhibition was rather low both with 500 ppm aad 1000 ppm counag
The work of Mishra ef al. (1968) with the CPO strain of TMV  also revesg
an inhibition in lesion- formation when 500 ppm coumarin was. incorporang
into the inoculum,

Maximum inhibitory effect of coumarin Was observed when plants were

ac-demic i terest, but s of considerable practical importance, perhaps serving
2 clue in devising control measures for virus diseases in the futuro. Further, te
appearance of symptoms in coumarin freated leaves was delayed by about 105
compared with the controls

In experiments where the plants were treated by immersing the roots i
coumarin for 24 h prior to inoculation, the level of inhibition, though less draa.
atio, was pronounced. at 27.6%, with 25 ppm counarin and 39.7% with 100 ppa
Coumarin respectively.

Results from the series of experiments done with coumarin on virus infect
fon reveal that there is an appreciable reduction in virus content of the infe-
cted leaves compared to the controls. However, swudies on the loss in infeci
vty of the virus on incutating with the coumarin invitro did pot reveal sy
significant loss in infccuvity. Hence most of the loss in virus conteat may
be through an effict on the infection process. Evidence in support of this
that. coumarin 15 considered to stimulate the syathesis of cthylene ia quanis
ties proporticnal to- the amount of coumarin present in the tissue (Taimam-
1972). Investigations made on the possible roles of ethylene on localisation of
TMV infection in hyper- sensitively responding tobacco plants has revealed i
in resistant tissues, the infection stimulated synthesis of ethylene commenced
before that in the non-resistant leaves and was in higher quantities (Pritchard
and Ross 1975). They also observed that higher quantitics of ethylene lier
ated are associated with reduced number of lesions accompanied by a lower
{orus content and vice versa. Thus this offers a rather satisfactory explanatio
for the noticeable reduction in the virus content of the infecied leases compared
fo the controls. It is probable that the endogenous concetration of couts
fin i plants is not sulficient to elicit an inhibitary effect on. virus. infctd
in the field.

S L
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According to one of the hypothesss explaining necroti
formation fn virus_infections, a_barrier of secondary wall Iy sathese @oon
the site of virus infection in resistant plants in advance of the virus spread
ind this prevents further expansion and proliferation of the lesions. (Kismig
and Brown, 1973). They also showed that in Phaseolus wlgaris o Pinto plants
fected with TNV, the development of local lesions is correlated  wh the
synthesis of two_glycoproteins _ associated with the cell wall, Further Kimmins
and Wuddab (1977), using the lignothioglycollic acid and phenolic aldshyde
Gerivatives of lignin in Prince and Pinto bean plants infected with TNV, showed
that the ligoin content of leaves infected with TNV was higher than the lgain
content in abraded leaves and healthy leaves had the least lignin content. The
amount of lignin in infected leaves was found to be correlated with the size
and number of necrotic local lesions.

Work by Sundaresan and Kimmins (1981) has shown tbat though coum.
arin stimulates cell wall synthesis in higher palats, it inhibits the synthesis of
lignin by 58% and glycoprotenis by 48% the two components of the cell wall
which have been reported to be involved in local lesion formation. Thus, one
could assume that the inhibition in lesion formation and reduction in the size
of lesions in coumarin treated plants is probably a consequence of the reduced
availabilty of the componeats associated with the synthesis of the barrier of
secondary wall around the infection sites.
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THE LFFECT OF PARTICLE SIZE OF FOOD ON [HE BIOLOGy
OF TWO SPECIES OF CRYPTOLESTES
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(Doparimant o Zoology, Universiy of Jaffna, Jafina, Sri Lanka,)

Vingnanam - Journal of Sclance 2 : 50--57 (1987)
ABSTRACT Experiments carrlad out al two humidities and th
atures, on different particle sizas of wheat, show that d
Copllestes firngineus Stephens Is quicker o coarser par
that of Gryblolestes turcicus Grousll Is quicker on finar particl

roas
of temperaturo was found to roduce the developmental period of both
specios, but at 32.50C high mortality of C. fueieus occurred. Low
humidity fovolopment of C. ureicus moro than that of C, fir
rugineusy o larval morality was 100% in C. truicus, but §0%

In G, foruginas,

Introduction

Cryptolestes ferrugineus Stephens and  Cryptolestes turcicus Grouvelle s
Coleopterans of the family Cucujidac. They are found on a variety of storel
products but mainly on wheat and wheat products. Howe and Lefkovitch (13)
noticed the adundance of C. ferrugineus in warchouses, where wheat is storel
and the predominance of C. turcicus in flour mills and in flour,

Materials and Methods
Insect culture

The Insect culture used in the experiements was maintained as folloss:
One hundred adults, were introduced into a 1 litre jam jar, two-thirds full of
a mixture of wheat-feed, rolled-oats and yeast in the proportion of 9:9: 1. Tt
mouth of the jar was covered with black filter paper, to avoid the entry of
mites, a0d sealed with paraffin wax. The jar was placed in a large o
containing a saturated solution of sodium chloride, to maintain a relative hum-
dity of 75% over a range of temperature around 28°C (O’ Brien 1949). T
sets of cultures of each species were kept at the samo time, and the troud
covered with a plastic tray. This was left in an incubator at a temperature o
28:1°C. A deep dish of solid potassium hydroxide was left among the 15
50 as o avoid accumulation of carbon dioxide, and the trough cover was OPe
every other day. The insects Were. subcultured in the sane manner at e
of 6 week -

;
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Femperature and humidity

Experiments wero carried out in an incubator at 3 diff
sccurate to £05°C. The relative humidity was mainained comtacy. a'«c'%e;:‘;urz
in desiceators by means of potassium hydroxide solutions, Tn the desiocators
were perforated perspex plates, on which the cxperimental tubes were  stood
in bundies held together by rubber bands. :

Food

The food_provided was wheat in three particle sizes
Whole grain. This was hand picked. Any grain showing insect damage o
break in the pericarp to the naked eye was rejected. (Most grain showed
some damage under the microscope. Therefore it would have been difficult
to find enough completely sound grains for experiments).
Somo undamaged grain was passed through a coffee grinder adjusted to
the comser size, the resulting form being crushed grain.
Some undamaged- grain was ground 1o flour completely.

The food was sterlized by subjecting it to 70°C for 4 hiin losed kilner jars,

Equal volumes of crushed grain or flour, or five wheat grains were placed
in each 5X1.25 om specimen tubes. The food was standardised to the
experimental conditions of temperature and humidity for at least 6 days before
the eggs Were introduced.

The desiccators were opened weekly for observation at the beginning of
the experiments but daily observations were made a few days prior to the emerg”
ence of the adults.

The eggs for all the experiments were obtained as follows:

Fifty adults were removed from the culture with an_aspirator and placed
on whole wheat flour already passed through 2.4 mesh/mm (60 mesh to the inch)
sieve, and were kept at 28°C and 75% R.H. On the following day at the same
e as the insects were introduced, the flour was sieved using a similar sieve.
Most of the eggs wero retained by the sieve. Eggs were placed singly in expert
mental tubes containing food. Not more than one egg in fifteen was foun
1o be non-viable.

The criterion used for comparing the effect of particle size ‘os m s
the  developmental period of the larva. Preliminary experiments mo; e
any particular environmental condition, the period of incubation s esk
and the duration of the other inactive stages such as the prepupe BT U
Pupa remained fairly constaat. Therefore instead of the period of ¢ev®On at of
the- larva, the more convenient measure of the egg to adult or tho pready peE
was studied. Since the pupa_becomes_ tanned before emergence,
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of the adults emerging from the pupalskin can be noted to within 24, For
those on whole grain, where some omorged as adults from . within the graig,
was necessary to deduct the average pre-emergence period, found in those wigy
pupated outside the grain, but within a cocooa, to determine the day of gy
final moult.

Results and Discussion

The effect of particle size of food on the egg to adult period g
C. ferrugineus together  with percentage mortality is given in Tale .

Table 1 Egg to adult period (pre-adult development) in days and perocatag
mortality of C. ferrugineus on wheat in three forms

Temp. R.H. Food Number ~ Days Mortalty
(Mean +S. E) %
325 8  Whole grain 1 25 +1-38 7
Crushed  grain 14 21 £149 7
Flour 1 2 145 7
60 . Whole grain 8 30 £177 @
Crushed  grain 12 29 £248 2
Flour 12 30 141 »
275 80 Whole grain 20 39 £25 £
Crushed grain 28 34 £185 1
Flour 2% 36 £37 B
60 Whole grain 1 44.£268 @
Crushed grain 2 43 £345 13
Flour 2% 43 £305 B
25 80  Whole grain 14 69 £5:93 g
R Crushed grain 8 60 £2:52 2
E Flour 25 65 +4:04 n
ol 6 Whole grain . .12 79 +384 [
2ty < . Crushed grain 23 73 +475 g

Flour R T 78 £934
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The corresponding data for C. furcicus are given in Table 2, Th
eriods of C. fernigieus und C. tucicus on the threo particle se of o
2t differont temperature and humidity are given in Figores 1 and 2 mpeqi:ﬂy

Table 2. Egg t0 adult period (pre-adult developmour) in days and
mortality of C. wcicus on wheat n threo forms - S

Temp.°C R, H. Food Number Days Mortality
% (Mean + S.E) %
25 80  Whole grain 4 34 1568 n
Crushed grain 9 8 1394 4
Flour .S 3 2407 bt
60 Whole grain - -7 100
Crushed grain 2 3 87
Flour - - 100
25 80 Whole-grain 41 4245 8
Crushed grain 33 £193 30
lour 32 3
60 Whole grain’ = 100
Crushed grain 19 49134 37
Flour 19 41 x264 37
25 80 Whole grain 3 64 208 %
Crushed grain 7 60 £3:42 30
Flour 2 4237 7
) Whole grain - - 100
Crushed grain 4 w1518 -
Y 68 1442 2

Flour




Fig. 1. The effect of particle size of focd cn the egg to adult period & \
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C. ferrugineus at different temperatures and relative humidities

A.-60% R.H, Whole grain
B.-» ", Flour

C~ " ?, Crushed grain
D.-80% R.H, Crushed grain
E.- " ", Whole gain
F- " », Fou

76;
(14
(@46:
(148;
(1135
3s:

267;
267;
343;
168;
2:66;
2.66;

379)*
379)
479)
25)
593)
59)

* Values of S.E in days at 325°C, 27°5°C & 22'5°C respectively
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%

oRi0n 1 s

Toomanae’ ¢

Fig. 2. The effect of particle size of food on the egg to adult period

of C. turcicus at different temperatures

C. - 60% R.H,, Crushed grain
D.. " 8% Crushed grain
E - " » , Whole grain
F.. ™ » , Flour

* Values of S, E. in days at 325°C, 27

B At 609 R, H. mortality was highin A at
ence curves for these were not drawn.

s and relative humidities

(@48; 340, 1'%B)°
@ox 188 326
(67 24l 34
(567 241 326)

5C and 22:5°C respectively

all temperatures & at 32:°C in B
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It is clear that 32.5°C is nearer the optium temperature for the develop.
ment of C. ferrugineus than ecither 27.5°C or 22.5°C, and that within g
experimental range, a rapid increase in development occurs with increase of
temperature and humidity. On the other hand C. murcicus cannot develop o
reasonably undamaged whole grain (i.c. with no insect damage or cracks vishle
to the naked eye ) at low humidity, and 22.5°C is not a suitable temprature for
the development of this specics. Although tho temperature most suitable for the
development of C. turcicus is around 32. s'c mortality percentage at this tempera.
ture was high.

Since whole grain is not always. accessible to the larva for feediag, the
crushed grain and flour was considered; in Gomparing the  effct of partce sis
on the developmental period.

It can be scen from Table 4 thatdevelopment of C. furcicus on crushed
grain is most rapid at 32.5°C and 80% relative humidity,and oa flour at 32.5°C and
21.5°C 2t 80% relative humidily albiough development is fairly rapid on crushed gr
morta'ity was high at 32.5°C af 50% elative humidity. At 22.5°C at both humiditis

and at 27.5°C at 60% relative-humidity, the period of development is shortest
on flour, mortality being similar to or less than that in the previous conditions,

But in all the experiments the developmental period of C. ferrugineus is
shorter on crushed g ain_or flour, (the difference being
cally _significan “experiments which were at lov
humidities (Table 1)

Therefore, af the two forms provided affording equal _availability of
the food for the most experiments, development of C. ferrugineus
was significantly quucker on the coarser food hamely crushed grain while the
development of C. wrcicus was more rapid on the finer food namely flov.
The periods of development in all other experiments were mot signifcantly
different, -only- one . combination showing marginal value.

It is seen therefore that the rate of development of the two species
is affected by the particle size of the food, other conditions remaining constaat.

With regard to temperature the high morcality of C. turcicus at 32.5°C shows
that this is not a suitable temperature for its development.

Also affected by the temperature and humidity and to some extent by
the food is the period that adult remains i the cocoon. This period betweed
the emergence of the adult from the pupal skin and emergence from the
cocoon is generally referred to as pre-emergence. This period appears to be
of shortest duration at about the probable optimum physical conditions for
development of the two species.
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In comparing crushed grain and flour, the pre-emergen
Jooger duration when the cocoon s made in flour for both :;3 gﬂ:ﬁﬂynor:
there is mo definite trend with rogard to results on -relative humidity, (ie
pre-emergence period sems fo be somewhat longer for both species at high
' pelative humidity.But a marked variation appears with temperature ISEIVumjzh,lgef)‘
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4 ‘This paper preseats the early results of studies made with the objective
of increasing sap flow from tapped inflorescence by chemical means,’ Even
though sap flow from a tapped palmyrah spathe is not a phenomenon whose
mechanism is clearly understood, the involvement of the cells of the phloem tissue
js most likely (Kandiah', 1983). Ethylene Diamine Tetra-acetate (EDTA) is
a chemical known to_stimulate phloem translocatiod in a number of plants
(King. and Zeevaart, 1974; Pate et al., 1974; Dickson, 1977; Fellows et al.,
1978; Tully and Hanson, 1979; Sjut er al., 1980; Costello et al , 1982;
Robert and Z.evaart, 1983). Hence EDTA was tested in this study. The results were
found to be very encouraging and” warranted advanced communication,

Materials and Methods

Preliminary trials indicated that 20 millimolar aqueous solution of EDTA
is the most suitable solution for applying on the cut surface of the tapped
spathe_in palmyrah. This ‘was prepared by dissloving 0-744g of the disodium
salt of Ethylenc Diamine Tetra Acetic acid in 100ml of distilled water. The
solution was applied by the tapper on the freshly cut surface of the inflores-
cence at each sap collecting occasion, in the morning and evening, . using a
cotton wool swap. Distilled watei was similary applied to the spathes of the
control treatment. A randomly selected sample of 5 female. palms per treatment
was allocated to the EDTA and control treatments. Only one of the tapped
inflorescence in each tree was treated. The volume of sap collected from
the treated spathe was measured daily in the morning and cvening using a
I L measuring cylinder.  Yicld recordings were continued unil the treated
spathes ceased to yield sap.

Results and Discussion
Mean daily yield of sap from the treated spathe is plotted in Fig. 1.
It is evident that EDTA treatment had increased volume of sap tapped. Though
EDTA stimulation is evident from the first day of application, the effect becomes
very pronounced two weeks after the beginning of xap,_;ing of the spathe. Daily
Yield increased more than 300% of the control as tapping progressed. Dl:]ﬂ;!lon
of tepping too increased in the EDTA treated spathe. Sap could belipptd fom
the control spathe for 7 weeks, while the EDTA lr:alled spnlhfs were ‘Inlpp'e unm=
13 wecks, The overall effect of theso trends s 1267 increase it sap yield frem (12
EDTA treated spathe. From the point of view of tapping u;ddy in ,|); my: , tis
Virtually means g two-to three fold increasein the harvest index of the palm,
impossible target to achieve in many other agricultural crops.

T 9 logy ofthe palmyrah palm.
1.” Kandiah, 5. (1983) Some aspects "of botany and ecology of il
Borassus ﬂ:brllycr L FAG/DANIDA Palmyrah Workshop, Jffaa; Sti Laoka
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YIELD (UTRES)

®

20 T 4o 6o 8o |
DAYsS )
Fig. 1. Mean daily yield of sap from control (A) and EDTA - treated (B) spathesf(Be

These results indicate that EDTA may provide a means of immediael
increasing palmyrah toddy outpnt in the Jaffna peninsula without add iond
labour or financial committment. EDTA is a comparatively harmless agrochemicl
Officially permissible level of this chemical in food is 25 parts per million. Tt
dilution used in this study is unlikely to reach this concentration in the "
tapped daily. However, these and other aspects associated with widescale use o
this chemical are being investigated.
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