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Abstract

f_ive experiments $erc conducted o\er a five month period Lo investigate the

fcasibiliry ofusing builhlo manu.e. chicken manure, rice bran plus flsh \\aste, scptage

and iDorganic fe ilisers in the culture ol ,t1o /,4 ,, d.rocopa in outdoor concrete tanks

Thc loading of  5.7 g mr and l l  4  g m-r  ofbut la lo nranure,  ch icken manure or  r ice b- fan

pl l ls f is l rw;stes( l :2)  d id not l ie ld a h igh product ion Anin i t i r l loadinsof56qgm'of

;ice braD plus fish wastes (1:2) followed by the subsequent loading of75 i g nr ' resulted

a highcr d ens ily of Moina rhan thal rcsu lted $'ith the load ing of manufc Exposur e Lo

dire;t sunlight ;nd ac,atron wiLh the loadnls o1566 g m I rice bran and fish wastes (1,

gave a hrgh production Loading ofdce bfan, fish wastes-ard inorganic fertilisers wiLh

inoculation of a'rlr/ella fesulted a high vicld of292 6 g tlt' af Maind

lntroduction

lrlamu nLa.tucopd SIttrs is a lieshwater cladoccmn, found nr tropical and

subtropical regions (PeDDak 1978) and has a hieh food value as a protein sorcc lbr the

fish laraac (walanabe er al 1983; Villegas 1990) It is 'vidclv used as a larval food for

rnaDy species of  t ropical food f ish inc luding C1al  iar  ' 'pp (Hecht  1981;Knud-Hansen et

^l l99O), ?dngdridnado, grgar (Anon 1988)' Orvleoltrs ndlhotulus (1a\atrnr'

naneeg l& L in 1988) and var ious aquaf ium f ish (Shim 1988)

The commercial culture pfacticc of rvol,d rn Thailand uses Monosodium

glutamate waste (Ami Ami), urca. fice field tertiliscL (N:P : l6 20) and superphosplrate

as inputs and achievcs a relatively high yield Horvever' Ami Ami is noL widelv available

in nrany Asian counlr ies Inorganic t ld i l iscrs are re lat i \e lv  expcnsive Organic wastes

such as animalmanurc and asf icu l tura!  bv-p loducLs are $ ' idc l ) -  avai lablc  cheape'  soulces

o r  f | l r o ^ e r  d n d  p l o . p l , o r o J ' . , o  r ' r r  " e  l o r  ' \ L  - r o u r r  o f

n .  
" o r g a n i  

r '  t l : c " n  o E S ,  { h r . f  i '  d 1  r m p ' { r d r r  r o o '  o r  u - ' '  L ' r r 3 e '  l a  '

Pennak 1978;  Noinan et  a l  1979i  Tavarutmaneegul  eL a l  1989)

In tlre present sI\dy, ltl nocrccaPd was cultured using seve'a! organrc

manure wi th a v iew of invest igar ing qual i l ) '  and quant i tv  fequned fb '  maximis ing M"d
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production. Atiempts were also made to investrgate ihe efiects of shading and aeratior
and to evaluate ihe importance of the organrc and inorgamc inputs on Moi,d productlon

Materials and Methods

Outdoor circular concrete tanks of 120 clr1 diameter and 70 cm depth were
used for all exp€riments conducted at the Asian lnstitute of Technology, Bangkok,
Thailand

All tanhs were cleaned, drained and dried under sun for nvo days and filled
with tap water upto 50 cm level and leit fof two days before commencing each
experimerJ] Moina ndcracopd and Chloreld tequired for the experiments were bought
lion Pathumthani Freshwatef Fisheries Station

Wdter qualtty analysis
Dissolved oxygen (Dissoived oxygen neter YSI 54A) at rhe 25 cm depth

was measwed during 0600 h - 0700 h. Water samples were collected ftom surlzce to
botton ofeacb tank in 200 ml bottles using a bottle colunn sarnpler fo. the analysis of
total Ammonia-N (Phenate molbod) and chlorophyll a content (Boyd 1979t APHA
i980) during 0600 h - 0700 h Ph)topLankton biomass lvas estimated by nultiplying lhe
chlorophyll a conteni by a factor of67 (APHA 1980) Water pH (pH 96 microprocessor
nodel) and tcmperature at 25 cm depth were measured during 1700 h - 1800 h

These water qualjE, patarneters wefe measured during each experiment just
before rnoculation of Moi,a and subsequently in every two days

E perinentd| pt acedure

Experimenr ll
This was a preliftinary investigation ofMoi,a culrufe using butralo nanure,

chrcken nanure and frce bran plus fish wasies (l:2) A factorial experimcnt of
randomised complete block design was conducted for one week period Factor I was flre
type of organic mafter and the other lactor was the dry matter loading fate. Tanks were
lo;ded rvith conesponding organic mafter at the rates of 5 ? g n I and 11.4 g mr. Each
loading had three replica tes Moina macrccopa was inoculated to the tanks (99/l) just

after nixing the medium ihofoughly Tank water was sampled once in every ttuee days
for the estimation of the lopulation densiry of MoDa Tanks were loaded at the same
rates after ttuee days

Expeflment2:
A factorial experiment of randomised block design was conducted for 24

davs usinq buffalo manure, chicken manure and rice bran plus fish wastes (1 2) Tanks
we.re load;d initially $'ith 566 g m I of coffesponding organic natter and lcft until the
co lour of tank water was dark grcenish M, t"d was inocu lated to the lanks ( I 5 I /l) after
tbree days. The population densify of Moi,4 was estimated once in every three davs
r f f o r c h o L  I 4 e  e \ D e r . i n e n r a l  p e r i o d .  l d n l , - s e e  o a d e d q i ' h r l e . o n c ' p o n d r n g o - r J r i c
Lnprr;dr rherJrerofI- . - Im: onJ z5 '  g m 

'  
once in Lbee aa) '  \ ince rhe f i rs.  sdmol 1!
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Experiment 3:
A randomised factorial experiment (2r) was conducted for nine days using

rice bran plus fish wastes (1:2) as inputs as these yielded tbe bighest population densiry
of Mora in experiment 2 Tanks were loaded initialLy with i66 g m r of inputs and
su bsequently with 75 5 g m 3 in every three days The two factors were the level of
shading (with shading and without shadins) and the level ofaeration (wrth aerarion and
without aeration) ofthe lanks Six tanks wefe shaded using a black net material Water in
six tanlG were aefated Tank lvater was sampled once in every three days for the
estination of Mrlrl? population density

Experiment 4:
A randomised biock design experimem was conducted using eight rypes of

inputs (Table L) Blocking procedure (Ratnayrke l99l) wrs employed in this
experiment to counteracl lhe effect ofnew tanks (Block 3) and fie shading ofsome ranls
due ro the roof of the adjacent laboratory Each treaiment (Table l) was in three
replicates Al1 experimenral tanks were aerated

As a large amounl was required. Crlorella was bought liom Pathurnthani
freshwater fisheries station and cultued in two tanls using inorganic fertilisers and Ami

Initially, expefimenial tanks were loaded with coresponding materials in the
rares or concentrations given in Table L Moira was inoculated (150/l) to dre ianks after
two days Tank water was sampled once in every lwo days for the estimation ofMrlr,
density resulted with the drfferent teatnents

Table I lnputs and thei weights/concentrations used in expeflrneni 4. Tr = Treaiment;
TKN = Total Kjeldhal Nitrogen

Tr Inputs Dry weighr(g)/ Algal inoculation
Concentration (DDm) (50 l/tank: 89 I m

1 Rice bran and ninced fish 300 g Chlorc a
wastes ( l :2)

2 -do- 300 g None
3 S€ptage 30 PPm TKN Chlo.e1a
4 -do- 30 ppn TKN None
5 Urea I2'7 g Chlorela

N-P-K rce field
Fert iser 64 C
Superphosphaie I I g

6 Tr l+ Tr- 5 As used in Tr- 1+ Tr. 5 Chlote a
7 Tr. 3 + Tr 5 As used in Tr 3 + Tr. 5 Chlote d
8 T.5 AsusedinTr 5 Chlorel ta

AniAmi 850 ml
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Experinent 5:
The best trealment selected from the experiment'1, the loading ofrice bran

aDd fish wastes (lr2). inorganic ferlilisers and inoculatioD of C,/orel/,r, rvas uscd in this

experiment Thcre wefe llrce replicates Expefimental procedure was simila. to that of

experiment 4 Howevcr, Mrlra rvas completely haruesied using a hand net (120 Pm

mesh) whiie draining tanks on the eighth day after fie inoculation Wet weight and

densrO (numbe.imL) ofMrld in each tank were fecorded

DeteminaLtan afMaina pap lation lensit))
A PVC pipe of5 cnr diameter and 1 5 m long was used to sample tank walel

liom the surface to boftom at tlree random points during 0600 h 0700 h Two litres ol

water collccted fionr cach lan-k in this marmer were passed drrough a sieYe of 125

micrometer mesh to collect rvoi,a The salnples were preserved with '1% btrfiered

fomalin and fcw drops of glycerirre (APHA 1980) A Sedgelv'ck Raftef counting

chamber with marked grids was used to count MrDd in each sample (Ratnavake 1991)

The acrnal number of counts of rvoird '!crc lrarrsfonned into log scale and

analysed statistically usiig Statglaphics software package The hrghesi polulation

dcnsi!a ofruoir, obtained with dilTereni treahcnts in lhe expe.iments we.e analysed by

Two-\vay ANOVA follo\red by Scheffe's test

Rcsul ts

Thc populaiion density ol t1rlra observed rvith all the reatments used i'r

experiment I was ver] low and the highest populatioD densitv with each treahnent 'ras

obseNcd onthe Lhird day alter inocularion (Fig l) The tanks loaded with rice bran plus

fish 'lastes (l:2) at a rdte of ll4 g nir (RF2) arnong orher tfeatments aftained the

highest populaiioD densiry on the third day waier pH values of all trealed tanls were

obsened to be low (4 - 5) until tbe fourth dav of lhe exped ent There was no

significant effect of type of iiput oll the Morrd density observed at the loadnrg rates

used in this experiment
Thc mean population dcnsiq' of Mot'd observcd with differcnt tfeatrnents

used inlhe expefimcnl2 is shoivn in Fig 2 The rnean densitv of M'l''' in all lreated

tanks cxcepl that oftanks loaded at the mte of 75 5 g m I of rice brtD and fish wasres

was observed to bc maximum on the third dav after inoculalion The highest densitv of

Mri,a was noticeable on the sixth day in the tanhs loaded with 75 5 g m-'ofricc bran

and lish wasles The results of slatistical analvsis indicated thal there $erc significant

effects .luc to the l),pe of organic nratter and thc loading rate It also indicaled that the

n o ,  D  o d J L r . \ c  c u  . u r t  r d r k .  $ < r c  $ l  i . h  l o d o e o  q  I  r c e D r . n p l ' r ' f  
" | q d r " l l : :  

r l

t e r , r c o . _ : 5 g n  ' h e r r 1 e i r i l a  o , o ' 1 g  \ l l r r J r g f  h e  p \ ) l o p  '  h l o n  b r o n a " '  a ' l

treated tanks increased lolvards the thjrd dal' (Fig. l). the bighcst phvroplanklon brcnass

was always apparen! jn the tanks loaded wilh rice bran plus fish wastes (l 2) at the rale

ol75 5 g mr per i  days Ihc mean tempefalufe ' fa  I tanks increased unt i l the ibu ' leenlb

day and. then dropped lowards Lhe end of the expcriment (Fig :la) Ihe vaflation

patterns oithe di$olved oxygen conceDtrariorr (r'ig 3b) were different nr lhe differeDt

ireatments Howevef, the ianks loaded wjth rice bran and fish wastes al the rate of75 5 g

m r showed the ]owest dissolved oxygen values during the experrmental pcriod
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The population densify of Moird observed during the experiment 3 is shorvn
m Fig. 4. The unsladed aerated tanks markedly bloomed witb Moua on the third day

after inoculation The high€st popxlation densiry was obset'r'ed on the fiird day rn all
heaied tanks The iowest thrd day Moi,d density was observed in shaded unaerated
tanks The statistical analysis indicaied that levets of shading and levels of aerahon had
significaDt effect otr Moin.'. densig in culture tanks The unshaded ianlG had higher
tenpefatures (Table 2) duriDg the experinenral period Dissolved oxvgen concentrauon

was obse ed to be always higher in unshad€d tanks Including the mark€dlv different
concentrations observed in aemted and unaerated tanks at the beginning of the

experiment. This experiment lasted only for one week because rotif€rs infested the

culhle tanks touards the sixth dav.

Table 2 Warer quality charactefrstics in Moi,d culture tanks with ranges from minimum
to mnimum values throughout experiment3

Water qualrty
irdices

Temperature"C
Dissolved
oxygen |ng l-'
pH
Total NHr"N
mg f '
Phttoplankon

Unshaded

Tr€atment

Unshaded

3 2 - 3 3 5
0 9  4 5

8.4 -  9 4
0. '75 -2.1

142 - 67.6

Shaded aerated Shaded

2 9 2  -  3 r
0 6 - 1 0

8 3 - 9 2
1 . 6 - 3

12.8 - 41 0

3 2 2 - 3 4
4 - t1_4

8 . 5 - 9 3
0. '75 -2 5

r.2 - '19 0

2 9 3 - 3 1
4 3 - 1 2

8 2 - 9 2
1 . 2  - 2  6

r ' 1 8 - 5 6 7

Fig 5 shows the mean Morrd densilv observed in diiTerent davs with the

different teatments used in experiment 4 and the maximum mean M't'd densify

resulted is presenied m Table 3. The highest vield ofMrlra was observed in the tanks

loaded wrth rice bran plus fish wastes (1i2) and inorganic fertilisers with tbe moculatjon

of Crlrle1la. The r€sults of the starishcal analysis sholved that the effects of treatrnenls

were significant and the Morrd densily observed with the Treatment I vvas significantLv

lower thar thal observed with the Treatment 6 F rthermore, the densities of Mofia

observed with the Treatment 8 and the Trealrnenl 1 were not significantlv different ftom

each other. During this experiment the values for water tenperature observed in all

treated tanks were slightly diFerent fiom each other and high dissolved oxvgen

concentrations were recorded m all tanks on the day of Moino lnoculation Dissolv€d

oxygen concenhation ofall ta*s dectined towards the end oftbe experiment WaterpH

aD;;afed to be in the alkaline range in all tanks The bighest values ofiotal anmonia-N

weie observed in the tanks loaded witb inorganic fertrlisers The ph)4oplankton biomass

in culture tanks showed wide varialions The highest ph)'toplankton bionass at MoiT a

inoculation $as observed in the tanks loaded with rice bran, fish wasres and inorgan;c

fertilisers with Crlrlelld mocuiahon.
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Table 3. The mean maximum Mana densit (+ S E) observed
experimeni 4. Not€: Tfeatment m€ans b€anng different suffix
significantly different (p< 0 05)

in culture ianks in
leners (a-d) are

Tr. 1
'ft 2
T r 3

Tr- 5
Tr. 6
T t 7
T r 8

o./l
t4t33 +246
9406 + 718'
369',7 x t73
'756+ 66
3097 + 78'
1 7 3 9 2  +  l l 1 3 "
2 6 t + 3 1
l 5 3 l  l  +  1 7 5 9 *

The gross yield ofMoird harvested at the end ofexperiment 5 is shown in
Table 4 The mean yield of Moind was 390 g per tank which was 39 5% of the total
yield The rest ofthe total yield included sedimenred Chloreqa, accumulated ofganic
inputs and chironomid larvae Table 5 presents the extrapolated yield ofexperiment 5 in
conoarison with (be yield from commercial cultu.e system recorded by Anon (1988)
This shows that the production of Mor,4 was higher in expenment 5 than that of the
commercial culture system although the Mtira harvested was only 39 5% of the iotal
vield

Table 4. The gross yield ofMoira (+ S E ) observed in expernnent 5

N o

Repli Wet Total number ;n
tank

846',720U.432000
5776E00+464800
8791200+407000

weight of

39.6
3 5  2
43',7
39.5

| 432
2 332
3 401
Mean 390+30

l 7 l  0 a 8 7
| 6 7 + 9 4
t1' t .6 + 8 2
t 5 5  I

* Calculated on the basis ofthe biomass ofMoird:20 2 micrograms.

Table 5 Comparison of the yields of expefiment 5 and commefcial culture system in

Thai land

Culture system Wet weight Yicld ofMd/,4 I'urity%
inoculated g m'

Experiment 5 3 02* 292 6 (= 23 I kg) 39 5
Commercial 140 960 90

*  Calculated on rhe basis  of the b iomass o l  Moina:20 2 micrograms and extrapolated

to g m I Value in parenthescs rndicate ihe probable production if Molrd s'as inoculated

in the same rate as in commercial culture system
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I o 1aay1
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755 g m r ofr ice bran and f ish wastes ( l :2).
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4  6  A  1 0  1 2  1 4  1 6  1 8  2 0
Tm€ (days)

0  3  6  9 1 2  1 5  1 A  2 1
Time (da9

. cM1 ---6-cM2 ---a-Brvr' --x- B;t --*- RFl j- Rrr'l

Fig 3 The fluctuations observed in major water quality parameters during experiment 2
(a) Water t€mperature (b) Dissolved oxygen (c) Phytoplankton-biomass BMI' 566 g
m I fbllowed by 3? ? s m-r of butralo manure; BM2' 566 g m I followed by 75 5 g m-r
or bJl falo manJre: CM l '  -  <bo g m lol lo$ed b) 1r -  g m' or (hicken m.rnrre, L \4 '  -

566 g m I followed by 75 5 g n I of chicken manure; RFI' - 566 g m r followedty 37 7
g m t of rice bran and fi sh wastes (l :2). RF2' - 566 g m-3 followed by ?5 5 g m r of rice
bmn and fish wastes (l:2)
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Discusston

Tbe density of Moi'd observed with the continuoqs loading of butTalo

manure, cbicken manure and rice bran plus fish wasies (l 2) was low during experment

I probably due to the madequate supplv of jnpurs for the gro$th of Mo'd population

a l the unfavourable pH ofthe tank wat€r as recorded bv Lai (1988) The low biomass

of phytoplankton obsewed in all treated tanks also affected the produciron of Moi'a

beciuse-it feerls on pbaoplanLlon (Pennak 1978j Tavarunnaneegul et al 1989)

However, a retatively high density ofMolrd was observed with the loading ofrrce bran

and fish wastes and this was probably a resuh of high nutritional q alitv of these tnputs'

Therefore, the experiment 2 \'vas desrgned wrth the inlenrion ofproviding enough supplv

ofinDuts for the Molrd Pfoduciron
The high initial loading of all inputs €nlurced the available ph)'toplankton

biomass in all culture tanks and the photosvntheticallv elevated water pH made a

favourable environment prior to Mofia inoculatron in the experiment 2 as recorded bv

several otbef workefs in slmilar experiments (Lai 1988; Tavarutmaneegul et al 1989)

These conditions may have enhanced the parthenogenetic feproduchon of Mor'a and-

gare a highet ) ierd. However '  -he i r iual  loadrng "ol lo$ed bv suo'equel l  loading ol
i . .s g n, 'o,  r lce uran and f is\  $as.es only showed d po' ' r ive el fecr on Mo' 'J) ield

The ;nks loaded wiih buffalo nanure and cbicken manure became less turbid and the

lank bonoms qere vi . ib le Iowafdq rhe f iCl 'da) alret  lo joing l r  appears r l"ar rhe

subsequent Loadrng of755 g nr'\{as not adeq ate to develop algae in these tanks'

Further research. fierefore, mav be carried out with hjgher subsequent loading rates of

buffalo manure and chicken manure The tanks loaded with rice bran and fish \'eastes at

the continuous rate of 75 5 g mr had the lowest dissolved orlgen valu€s durjng the

exDerimentai Deriod. An increase in the mean tempefature in all tanks was noticeable

towards ihe end ofthe experinenr 2 an{t this observation indicated that the tenperature

increase coupled with lc r dmsolved oxvgen concentrations mav have depressed lhe

production ofM,da
It appears ihat higher temperatures upto 33'C, higher dissolved oxygen

concentrations. ;Lkahne pH and higher phytoplankton biomass observed in unshad€d

a€rated tanks were favourable and enhanced the production of Moma in €xpeirnent 3

The relatively higber temperature, exposure to direci sunlighr and conrinuous aerahon

may have increased aerobjc deconposition and phlaoplankron growth' rn turn'

rncreasing the production of Mot,a m the culture tanks as reported bv Boyd (1979)

Therefor; it is apparent that the growth ofphytoplankton $ an important factor lor the

production ofMomd.
D fins the exDeriment 4. the observed Moi'd densrties in the lanks loaded

with inorganic fertilisers, iltuo.e/14 and rrce bran Plus fish wastes were comParable wirh

those in tle tanks ioaded witlr inorganic fertlliset' ChLorc a and Ami Ani

Tavaruimaneegul et al. (1989) also denonstrated that a nixture of inorganic and organic

fenilBers gave a higher yield than when thev were used alone Futhermore, tbe loading

of rjce lra-n, fish ;sGs and Crlorella was equallv erective as loading of Ami Ami'

inorqanic fenjlisers ar'd Chtotetta fot Moina production The obseNed high levels of

oh!;Dlankton bromass in those tanks and the high nutitional dry matier content found

in ' i . .  U"",na ntr ,  *^," ,  probablv lead lo a high ) ieldol  Moinr '  lhe ra{ '  inocr-ared

wirh Crlo'el/d wirh lhe lod;i.]g ol 5oo g m 
- 

of rice btrn dnd ish wa'res gave a higher

\;eld of Moina than those tanks wfhout the inocularion of ChlorcId tr,di'c^rjng a
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positive effect ofthe C,/o,.e//.7 inoculation This may be due ro thc factthatChtotettais
a nrajor food ofn/,i,a (Tavarutmaneegul et al 1989) The rvoi,d densiry observed wjrh
all loadings except rice bfan plxs 6sh rvastes and Amr Ami rreatrnenrs were relativety
low The high ro tal ammonia-N leve ls and the lack of nurritional dry rnanef othcr than
phltoplanktoD probably lead to a lorv production in rhe tanks loaded with inorganic
fertilisers alone The rt1oiff produclion obselved lvirh ilre loading of seprage was
comparable with that reported by Lai (1988) The low nutrjtional quali.y ofseptage nray
have depressed thc producrion as Mol,a is hown ro derive nutrienis nor onty liom
phytoplankton but also lion available suspended solids (Dinges 1973; pennak 1978;
Nonnan ei al 1979i Tavrrunnaneegul et a] 1989)

ln all expernncDts. the popLrlaflon dcnsity of,l.lo, rncrcased initially and
then declined The initial increase of densiL) may be due to pafihenogeneric
repfoduction which occuned lvheu the food was abundanr and rhc rvater qualiry was
favourable (Hulchinson 196?t Pcnnak 1978) The dccline of the oi,a densiry was
probably due to scveral factors such as the crowding of lenlales, lhe dereriofation of
water qualjry due to accumularion of l\latna wasle producrs, the low food supply, a
change in algal species and the development ofpredato.s (eg Cypld) and pafasites nr
the lanks (Hutchinson 1967;  Pennak 1978t  Ventufa & Enderez 1980;  Jul l ic  1986;  Lai
r988 )

The high Moi,a yicld resulted in rhe prcscnr syslern was coftprrable wirh
thai ofthe existing conmercialculiurc system in Thailand As Anri Ami is not avaitable,
the present systen will be usetul in the pfoductnm al lrloind tn Sti Lanka However,
futher research is encouraged ro develop a susrainable Morrd culrure svslem rvith rhe
o a - i , l  h d r \ e s . i n g . .  l e  n d x i r r u n . U o , ,  o e r  q  t o l v \ e l  b )  $ a r e r  e t l . f t r . l e r .  J r d
subsequent loading ofthe inputs
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