
'  - , . t .
t
,i t,

. ' .

' ,

PROCEEDINCS ITB VoL. 12, No. 1, 1979.

EFFECTS OF INDUSTRIAT I^ ]ASTE EFFLUENTS ON SOIL  NI ICROFLORA

AND RICE PLANTS' I )

u .  su . ia " i  r ia* * )

R i I C | ( ) 3 A ! , 1

Euangati inCustr,i, Lerutcfiid cieyi inciust:ri
kinia, nerur.akar oenyebal' lencenqran. 1eD€"ti
rula iraustt ' i  kinia T,aitnLtt, FJbr.1:k l:erL.ts Le-
t.ies (Ft',: i  

", i irLttao), r.e'r t lnsi 't 'v,an i.ei. i i i .  i .:tLt'ang
8a0 neter-l:t L,ik air-i ' t i ,t,gan setiao .i otnnya,
1,atg Langstr..g dibuarrt i:t' !,ingkungcmnila tanpa
pengo Le i ian  LerLe l . ih  iah t l t  .

PerLelit iatL i,, i  dina'i.sLttjkcn. untuL ne,eetq-
h . ' . .  < . t , ,  o i r  r .  .  r ,  . :  . t t  )  - c . 6 ;  - , - 1 o "
:tang dit,;,Lan; :e?us ne/ierrn^, terhaiap rti l ' , j 'c-
J  

. :  . . . .  
) l  : j . .  1 . . . - . . : , : ' .

L  - - , . 9  I

I nrl.us t r i t! ?r.rste ejj l  Jir ,Jis, part icti !.u'Ly

ft ':,n chett '<:,t i ir jr,strie-", :) i-se€ -,)ollrt i.r ' ..

Li)te cti,et. ciLenicai it i t i ,.tstt ies, t lLe i,et.tts Pa-
per 1LL (Frcbclirgoo), i:roduaes approai:,tatelu
EA) cubic ieteTs oJ' L)aste eif l 'Lents per hout,
uhiclL is directly LlisalLarge intc the inmeiiate
surroundings uithout aflr tt,.ctttnet:t beforelnnd.

The preserlt stu.it. i  t,).Js, :heref ore, :,t:., jer-
tdken ta deterit it€ Llie .i ie.i€ cf a...1.":r,.,).ae
aischat,iai of the Let.i€s Pdic| i ' / i l l  i . ' |r.qre e,f-
f luents cil soil nicrcf i.c'ra ati. i  ]. ice .., i.ants,

' Th i s  i nves t i ga t i on  was  suppo r ted  by  P .N .  Ke r tas  Le t j es ,
1 9 7 4  -  1 9 1 6 ,

'B io l ogy  Depa i l nen t ,  I ns t i t u te  o f  Techno logv ,  Bandung .



2

INTRODUCTION

Like other chemical industr ies' the Letjes Paper MiI l

produces approxinately 300 cubic meters of waste eff luents
per hour, which is direct ly discharged into the i trmediate sur-
roundings without any treatnent beforehand. Since the found-
i ng  o f  t h i s  r n i l 1  ( 1940 ' s ) ,  t he i r  was te  e f f l uen t s  have  been
d i scha rged  i n to  t he  su r round ing  r i ce  f i e l ds  o f  Le t j es ,  and
since that t lne the farmlog conununlty of thts area bel leves
that i l r i igat ion of thei i  l lce f lelds by the eff luent water of
t he  Le t j es  ?ape r  M i1 l  l nc resses  t he  f e r t i l l t y  o f  t he i t  f a rm lng
land ,  i n  compar i son  t o  l and  no t  l r r i ga ted  by  t h l s  e f f l uen t
r.rater:.  This results in conpeti t lon by the farmers to obtain
! r ' as te  e f f l uen t s  f o i  t he l r  r i ce  f i e l ds ,

The Letjes ?apei Mlf l  fol lor,rs the course general ly used
by other Indoneslan paper mil1s by mlxlng al l  their ! /aste ef-
f l uen t s  t oge the r  be fo re  d i scha rg lng  l t ,  r esu l t l ng  i n  r educ t i on
o f  nega t l ve  e f f ec t s  wh i ch  may  app rea r .

I n  o the r  coun t r i es ,  pa r t i cu la r l y  i n  Eu rope  and  t he  Un l t ed
S ta tes  o f  Amer i ca ,  ma jo r  p rob lems  emerg lng  f r om pape i  m i l l s
i r as te  e f f l uen t s  a re  t he  p resence  o f  chem ica l  r es idues  used  as
s l imec ide .  These  chen i ca l  r es idues  usua l l y  con ta in  Hg ,  r e -
su l t l ng  i n  t ha t  pape r  n1 l1s  a re  requ i red  t o  conduc t  t r as te  e f -
f l uen t  t r ea tmen t  be fo l i e  d i< .h r roJno  J r  i  ̂  r p . l r , . a  nega t i ve
e f f ec t s  l r h i ch  may  appe  a r .

l ndus t r i a l  was te  e f f l uen t s ,  pa r t i cu la r l y  chem ica l  i ndus -
t r i es  causes  po l l u t l on ,  I n  t h i s  age  whe re  t he  soc ie t y  a re
ve ry  "po l l u t i on  m inded" ,  wha teve t  t he  na tu re  o r  f o rm ,  t he  po1 -
Iu tan t s  a re  c l ass l f i ed  as  dange rous .  Even  though  i o  rea l i t y
po l l u l an t s  a re  d i v i ded  i n to  t uo  ma jo r  g roups  cons i s t i nB  o f
dange rous  and  undange rous .

Th i s  dange rous  and  undange rous  c l ass l f i ca t i on  depends  on
the  subs tances  wh i ch  make  up  t he  po l l u tan t s .  As  t he  de f i n i -
t i on  g l ven  bv  W.H .0 .  i n  1966 ,  ' v ra i e r  po l l u t i on  i s  . aused  by
phys i ca . l ,  chem lca l ,  phys lo l og i ca l  and  b lo l og j . ca l  f ac ro rs ,  as
sho\" 'n at Table 1.

The  na jo r :  p rob lems  caused  by  pape r  m i11s  \ ^ ras te  e f f l uen t s
a re  chemica f  subs tances  ( soda ,  co lou r  subs tances ) ,  phys i ca l
subs tances  ( co1ou r ,  suspended  rna t t e r )  and  phys io l og i ca l  e f -
f ec i s  ( t as te  and  odo r r r ) .  Suspended  ma t te r  can  f o rm  sed imen ta -
t i on  a t  t he  bo t t om o f  hab i t a t s  r ece i v i ng  t hem o r  f o rm  f i 1m6  on
su r face  t he  wa te r .  I f  o the r  na tu ra l  p rocesses  do  no t  pa r t l c l -
Da te  nega t i ve  f ac to r s  u l 11  appea r ,  among  o the rs  reduc t i on  i n
the  number  end  i o rm  o f  o rgan i s l s  i n  a  ce r ta l n  hab i t a t .  The
p resence  o f  s l ime - fo r rn i ng  n l c roc rgan i sms  a re  caused  bv  t he
inc rease  o f  o rgan i c  po l l u tan t s  ; r i L i ng  up  on  hab l t a t  bo t t oms ,
p a r t l c u l a r l  i a  r i v e r s ,  1 a k c s ,  - , r I j  l s ,  e t c ,  i f  t h e  D r . e s e n c e  o f
, l e c o m p o s l n g  l . : i c f e r i a  a i e  n o t  ; 1 ,  I  , e i .  l o u n d .
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Tabl-e l .  Types of pol lut ion ln seFage a!.d trade lrastes

Che6ical Phys lcaL Physlological Blologlcal

0rganic

c ourp o trnd s )

conpounds)

Colour

Temperat ure

Suspended
mat  t e r

Fo am

Rad ioac t  i v i  t y

Taste

0dour

Bac te r la
(pathogeqtc)

V lrus es

Anlmals

Plants

I n  wa te r  hab l t a t s ,  o rgan i c  po l l u tan t s  pa r t i cu la r : l y  ca rbo -
hyd ra te  subs tances r  r equ l l e  a  g rea t  dea l  o f  d l sso l ve  oxygen
(D0) ,  t h i s  r esu l - t s  l n  ac t i ve  s t lmu la t i on  o f  t he  g ro ! ' t h  and
developnent of sl ime-formlng mlcroorganisms. A11 of thls vl1l
cause  d i s t r ubances  i n  t he  b lo l og l ca l  ba lance  o f  t he  hab l t a t .

An  advad tage  ob ta lned  by  pape r  m i l l s  us lng  t he  soda -
sys ten  l i ke  t he  Le t j es  Pape r  M i1 l ,  i s  t he  p roduc t l on  o f  so -
d ium- l i gna t  i n  t he  e f f l uen t  wa te r .  1 r r  na tu re ,  pa r t i cu la r l y  l n
wa te r  hab i t a t s ,  t h i s  subs tance  i s  uns tab le ,  because  nany  spe -
c l es  o f  m ic roo rgan i sms  found  l n  na tu re  l s  capab le  o f  deg rad ing

The  pu rpose  o f  t h i s  s tudy  i s  t o  exam ine  t he  e f f ec t s  and
resu l t s  o f  con t l nuous  d i scha rga l  o f  t he  Le t j es  Pape r  M i11
was te  e f f l uen t s  on  m lc roo rgan i sms  p resen t  i n  r i ce  f l e l ds  and
l l ce  p lan t s .  Because  o f  t he  w id th  o f  t he  a rea  s tud led  a t t en -
t l o n  i s  d i r e c t e d  t o :

l .  I nh ib i t o r ) '  va lue  by  b loassay  o f  t he  was te  e f f l uen t s
agalnrs Eaei.Lltrs meEeieriun (ATCC 1458f).

2. " loLaI count of microorganlsf is per gram or per tul rair mate-
r i a l  a t  hab l t a t s  r ece i v l ng  was te  e f f l uen t s ,

3 ,  Type  o f  m ic roo rgan l sms  i n  hab i t a t s  r ece l v l ng  and  no i  r e -
ce i v i ng  was te  e f f l uen t s ,

4 .  Popu la t i on  dens l t y  o f  N l t r ogen - f i x i ng  m ic roo lgan i sms  a t
hab i t a t s  r ece i v i ng  and  no t  r ece i v i ng  vas te  e f f l uen t s .

5 .  Co rnpa r i son  o f  t he  popu la t l on  o f  ce l l u l ose  and  ce l1u1ose
de r i va t i ves  decompos ing  bac te r l a  a t  r i ce  f l e l ds  rece i v l ng
and not receiving \, /aste eff luents.



6 .  I n f l uence  o f
p lan t s .

MATERIAL AND METHODS

Mate r i a l s  used  i n  t h i s  s tudy :

a .  Was te  e f f l uen t s  beg inn ing  f r om

the  add i t i on  o f  l , r as te  e f f l uen t s r l c e

pu lp  p lan t  to  r l ce
f i e l d s ,

b .  Mud ,  so l l  and  o the l  subs tances
ing  was te  e f f l uen t s ,  beg lnn ing
f i e l ds .

frorr hablrats recelv-
from nil l area to rlce

AJ-I sarnples i , tele col lected fron areas around the nl1l aod
ou ts i de  t he  n i f 1 ,  cons i s t i l l g  o f :

1 .  Pu lp  p l an t ,
2 .  P a p e r  p l a n t ,
3 ,  D i t ch  s t rean  nea r  wa rehouse  I  ( oLd  m i1 l ) ,
4 ,  D i t ch  s t ream en te r j . ng  hous lng  comp lex ,
5 ,  D i t ch  s t rean  l eav ing  hous lng  conp lex  a round  Se rnpo l - r l ve r ,
b .  D i t ch  s t reah  en te r i nS  r l ce  f i e l ds ,
7 .  R i ce  f i e l ds  rece i v l ng  \ r as te  e f f l uen t s ,  l oca ted  nea r  v i 1 -

1 a g e ,
8 .  R i ce  f i e l ds  rece i v l ng  r , r as te  e f f l uen t s ,  l oca ted  L -3  t cn

f ro rn  v i l  l a  ge ,
g .  Con r ro l  f  ( r i ce  f i e l ds  un touch  by  r , r as te  e f f l uen t s ) ,

10 .  Con t ro l  2  ( s t r eam o r  d i t ches  un touch  by  vas te  e f f l uen t s ) .

I n  acco rdance  w i t h  t he  na tu re  o f  t h i s  s tudy ,  a1 l  samp les
r . / e re  co l l ec ted  randomly  (Boa rd  &  l ove lock  1974 ;  c l bbs  &
Sk inne r ,  1966 ;  Ha r r i gan  &  McCance ,  1966 ;  Kavanagh ,  1963 ;  and
Rosswa l l ,  1973 ) .  The  sa rnp les  we re  exam jned  m tn ina l l l , r  r ^ ' t t h  3
t imes  l spsg  i  1 i . . .

I nh lb i t o r ) '  va lues  o f  samp les  we re  t r l ed  ou t  aga lns t  Ba -
c t i Lus  1 . . r , J . t e r i . r ' l r  a  bac te r l a  spec les  gene ra l l y  used  f o r  b i o -
assay  because  o f  i t s  sens i t i ve  t o \ , / a rds  ne tabo l i t e  t ox i cs  l n
w a s t e  e f f l u e n t s ,

Ave rage  coun t  o f  n i c roo rgan l sms  l o  one  hab i t a t  Fe !  g ram
or  pe r  m i  sa rnp fe  l r e te  pa r t l cu la r l y  d i r ec ted  t owards  rno lds ,
bac te r i a  and  ac t i no twce tes  us lng  d l l u t i on  me thod ,  C lass i f l ca -
t i on  o f  m i . c roo rgan i s rns  f ound  we re  de te rm ined  un t i l  t he  gene ra
Ieve1 .  Excep t  de te rm lna t i on  o f  ave rage  dens i t y  o f  n i t t ogen -
f i x i ng  m ic roo rgan i s rns  such  as  bac te r i a  and  b lue -g !een  a lgae
e e r e  c a r r i e d  o u t  u n t i l  s p e c i e s .

Compar l son  o f  ce l l u1ose  and  ce f l u fose  de r i va t i ves  decom-
pos ing  bac te r i a  r ! , as  ca r r j ed  o l l t  pa r t i cu la r l y  t oua rds  t vpes  o f
b a c t e r i a  a c t i v e  i n  u r i l i z i n g  c e L l u l o s e  a s  a  C a r b o n  ( e n e r g y )
sou rce  i n  a  se lec t i ve  med iu l l .



Study  f o r  i n f l uences  on  t he  add i t i on  o f  was te  e f f l uen t s
to r . r a rds  r i ce  p lan t s ,  i s  i n  acco rdance  w i t h  a t t ach  no rk  schema
(F igu re  1 ) .  Th i s  s tudy  was  conduc ted  i n  rhe  g reenhouse  a t
t he  l i o l ogy  Depa r tmen t ,  I ns t i t u te  o f  Tec l rno logy  Bandung .
These  expe r imen ts  we re  conduc ted  w i t h  5  t ypes  o f  t r eaEnenEs ,
each  cons i s t i ng  o f  5  r i ce  p lan t s  p l o t s  p l an ted  i n  p l as t i c  ba -
s l ns .  Each  bas in  was  f 1 l 1ed  w i t h  a r t i f i c i a l  so i l .  con ta in i ng
a  N i t r ogen  sou r i ce  f o l l ow ing  t he  U .C .  -  So i l  M i x .  cons i s r i ns  o f
sand  and  o rgan i c  sou rce .

The  add i t i on  o f  r , t un i c i pa l  was te  e f f l uen t s  i s  d i r ec ted  t o -
wa lds  s tudy ing  t he  i n f l ue i r ce  o f  m ic roo rgao i sms  f r om d l t ch
wa te r  con ta in i ng  a  g rea t  amoun t  o f  en te r i c  bac te r i a ,  t owa rds
in tox i f l ca t i on  o f  ne tabo l l t e  t ox i cs  i n  was te  e f f l uen t s  t h rough
de te r i o ra t i on  (T rea tmen t  no .  I I ) .  The  add i t i on  o f  so l l  m l c ro -
f l o ra  cu l t u re  so lu t i on  i so la ted  f r om samp les ,  i s  d l r i ec ted  t o -
l r a rds  s tudy lng  t he  e f f ec t  o f  spec l f i c  so11  m ic roo rgan i sms  i n
so i l  con t i nous l y  rece l v i ng  \ " r as te  e f f l uen t s  t h rough  a  pe r l od
o f  many  yea rs  t o i na rds  me tabo l i t e  t ox l c  i n tox i f i ca t i on  p ro -
cesses  ob ta in  i n  was te  e f f l uen t s .

RESULTS AND DISCUSS ION

Inhibitot 'y VaLue of , lqste Eff l .uents

Tox i c l t y  va lue  o f  me tabo l i t e  t ox i cs  p resen t  i n  n ras te  e f -
f luents, can be measured through bioassay methods by inhtb-
I t o r y  va1ue .  Fo i  l ndus t r : i a1  nas te  e f f l uen t s  no t  con ta ln l ng
h lgh  concen t ra t l on  o f  t ox i c  as  subs tances  (pa r t i cu la r l y  Hg )
such  as  t he  pape r  rn i l l s  us lng  t he  soda  svs tem,  t he  use  o f  sen -
sit lve bacterial cultures such as Bqci l . ius ne:t.JteTiLLn LTCC
14581  vhose  res i s tency  can  be  measu red  by  b io r rn l t s ,  l s  sug -
g e s t e d  b y  W . H . 0 .

Tab le  2  shows  tha t  new ly  d i scha rged  pu lp -p1an t  was te  e f -
f l uen t s  i r l t h  t he  l owes t  d i l u t i on  f ac to r  ( l l 0  and  1 :1 )  has  an
inhlbttory value more than 2 biounits ( j#) whlle fuithe!
d l l u ted  e f f l uen t  ( 1 :2 )  has  an  l nh lb i t o r y  va lue  o f  l ess  t han  2
b ioun l t s  (+F+ ) ,  Was te  e f f l uen t s  l eav ing  pape r  p l an t  g i ves  t he
sane  resu l t  v i t h  nev l y  d l scha rged  f o r  a  d i l u t i on  o f  1 :10  ( l ow-
es t )  wh i ch  l s  be tweeo  1 -2  b loun i t s  ( # ) .  A t  o the r  a reas  be -
cause  o f  d i r ec t  o !  l nd l r ec t  na tu ia l  d i l u t i ons  o f  ce r t a i n
p laces ,  t he  i nh tb i t o r y  zone  dec reases .  Fo r  i ns tance  t he  v ras te
e f f l ueo t  d i t ch  a f t e r  pass ing  Warehouse  I  beg lns  t o  rece l ve  l n -
d l r ec t  d l l u t l on  by  o the r  sou rces  (m i11  d l t ch  com ing  f r on  s t raw
o i  paddy  wash ing  p lace ,  e t c . ) .

Waste eff luents entering houslog area shows an lnhlbitory
value of less than 1 biounit (+) for the 1o!^'est dl lutton (1:

10). Waste eff luents leaving thls houslng area vhere fulther
supplementary eff luents vere added fron other sources (gene-
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WASTE EFFLU!,IiTS TOI,IARJ)

TRIATIiI^'{TS ON |FF8CTS

RleLl  f  IELDS A, l ' lD RlCl

OI '  LET,TES PAPER }I1]-  !

PL}JVLS MICROFLONr1

A :  W a s t e  e f f l u e n t

!  :  T a p  w a t e r

I  :  Ron of  exper iEencal  baslns conlain inS tap ! ,ater

a n d  F a s t e  e f f l u e n t s  ( l : 1 )  l t l t h  t h e  a d d l t i o n  o i
N - P - K  f e r c i l i z e r

l I  :  iden,  contain ina tap \ . rater ,  lJaste ef f luents and
m u n i c i p a L  d i c c h  v d L e r  ( 5 : 5 : L )  w i c l ,  t h -  a d d i L i o l
o f  N - P - K  f e r r i l i z e r

l l I  :  i d e n ,  c o n t a i n i n g  t a p  w a t e r  a n d

r r | i s  t s o l a t e d  s o i l  n i . r o f l o r a
( 2 0 r 1 0 : r )  ' r t t h  t h e  a d d i t i o n  o f

lv  :  idem, contaln inS tap water and
wi lhout  addi l i .on of  fer t i l izer

V :  ideE'  containtng taP water and

1, 2,  e lc :  Nunber of  exper inental  basins

w a s t e  e f f l u e n  t  s
c u l  t  u r e  s o l u t i o o

t i - P - K  f  e r . l L i z e r

w a s t e  e f f l u e n t s

N - P - K  f e r t l l i z e r



r a l l y  i n  t he  f onn  o f  domes t l c  sewages ) ,  shoved  an  l nh lb i t o r y
va lue  o f  oon -s i gn i f l can t  va lue  ( - ) .

Mtcrobiological analysis conducted towards the waste ef-
f l uen t s  shoved  tha t  a  number  o f  decompos lng  bac te ! l a  ve re
an t l ve l y  f ound  ( t l i s t og ram l ) .

Because  o f  t he  p resence  o f  decompos ing  bac te r i a ,  de te r l o -
ra t l on  and  deg iada t i on  o f  chen i ca l  subc tances  1n  i ' as te  e f f l u -
en t s  occu rs  resuL t i ng  i n  t ha t  l r as te  e f f l uen t s  l eav lng  hous ldg
a rea  have  non -s ign i f l can t  i nh ib t t o r y  va1ue ,  I t  l s  t he re fo re
not surpl lslng r,rhy rraste eff luents comlng in contact with r: ice
f i e l ds  do  no t  i f l f l uence  so i l  m i c ro f l o ra ,  so i l  m i c ro fauna  and
o the r  so11  f auna  ( sna i l s ,  wo rms ,  e t c , ) .

Tab le  2 .  I nh lb i t o r y  va lue  o f  was te  e f f Luen ts  t owards  Bac iLL t . Ls
neqQteyiLt 'n in blounits.

N o , Or i g l n  o f  ha te r i a l Di Lut ion Inhibltory value

I .  Pu lp -p  laa t

2 ,  Pape r -p  l an t

3 .

o
1
2
4

1 :
1 :
1 :
1 :

l .

I :
1 :
l :

l : 0
1 : 1

L t 4

l ; 0

1 . '

L t 4

1 r 0

I , 2
1 : 4

1 : 0
1 : l
l t 2
I : 4

0
1
2
4

j-#

i-H
#

+
.H

+

+

l

l

Ditch near warehouse I
(01d rnl11)

D l t ch  en te r l ng  hous lng
coltrplex

Dltch leavlDg hous lng
cooplex (Sernpol r iver)

Dltch enterlng r lce-f ie ld
area



N o . or lg in  o f  na ter ia l Dl lu t l on Inhibltory value

rl

8 .

7 , r . . 0
' t . 1

1 . ' )

1 . L

1 : 0
1 : 1

1 : 0
l . l

1 ' 1

l : O
1 : 1
I t 2
l t 4

1 0 .

Rice-f leld are nea r
v i l l age

R ice  f i e l d  a rea  be t \ r een
1 -3  Km f ron  v l l l  age

Con t ro l  I

Con t ro l  2

Ezp LarLatiort

l,:i':l::.::": ;!,il''"":::':;:;il,'l.li,ililii"o'"* paper

+ :
-r-f :

. H :

+ # :

lctal Ccunt of Mi.crooraa,isns

As  v r i t h  t he  i nh lb i t o r y  va lues  ob ta lned ,  t o ta l  coun t  o fm ic roo rgan l snE  gave  same  i esu l t s ,  f ab te  3  s t rows  ah .a  aoa .Lcount obtained through di lut ion rnethods gi,r.s 
- irrcreasfrrg

coun ts  f r om vas te  e f f l uen t s  ob ta lned  d i r ec t l y  f r om pu ip  p fan t
un t i f  su r round ing  a rea  o f  wa renouse  I .

.  -A t -pu lp  p l an t  a rea ,  l owes t  ave rage  coun t  ( l _5  f o r  l i qu lds
and, 5-22 for sedlnents or sol1d mattei) 

". . .  
f .o*-f, igh .".p.r_

a tu re  t o fe ran t  r n i c roo rgan i sms  ( t he rmoph i l i c  r i " . oo igan i . . s . l ,
bac te r i a ,  ac t l oomyce tes  and  b lue_g reen  a1gae .  Fo r  

' i ns tance

the  h lghes t  t empera tu te  t eco rded  compared  t o  o the r  a l eas  we rea t  p faces  whe re  r ^ ' as re  e f f l uen t s  l eave  t he  p " fp - -p i " r r a .  He re

No  i  h i b i r  i on  (nega t l ve  resu l c )
I nh lb l t o r y  zone  l ess  t han  1  b loun i t
I nh ib i t o r v  zone  L  b  i oun  l t
I nh ib i t o i r /  zone  be t v reen  1 -  2  b l oun l t
I nh ib i t o r y  zone  no re  t han  2  b loun i t
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of  therooph i l l c  b  lue-a t  s l de  o f  t he  d i t ches  a  g rea t  numbe !
g reen  a lgae  co lon ies  we re  f ound .

At the paper plant whete supplementary vate! from other
sources beglns, the average total count shov,/ed an increase of
10 -45  f o r  l i qu ids  and  10 -100  f o r  sed imen ts  o r i  so1 ld  ma t te ! .
Wh i l e  f o t  o the r  a reas  a f t e r  pass lng  va rehouse  I ,  t he  coun t
i nc leases  aga in  (10 -100  f o r  l l qu ids  and  100 -1000  fo r  sed lmen ts
o r  so l i d  ma t te r ) ,  And  a f t e r  pass l r l g  hous ing  co rnp lex  t he  coun t
resembles regul-ar dornestlc \nraste eff luents not discharge fron
chemlca l  l ndus  t  r l es ,

Resu l t s  f r on  r i ce  f l e l ds  l oca ted  1 -3  Kn  f r on  v l 11ages ,
shoved a very hlgh count. Slnce the establ lshoent of thls pa-
pe r  m i l I ,  t hese  r i ce  f i e l ds  con t l nous l y  use  t he  i r as te  e f f l u -
en t s  i n  t he i r  i r r i ga t l on  sys ten .

Average total count obtalned ln thls area vas veiy hlgh
in cornparred to rhe same type of r lce f leld uncontanlnated by
i t as te  e f f l uen t s ,  I f  t h t s  cond i t i on  i s  assoc ia ted  t o  Waks rnan  I  s
t heo ry  (M i t che1 ,  1972 )  a reas  con lng  l n to  con tac t  v i t h  f o !e l gn
ne tabo l i t es  f i r s t  show  a  reduc t l on  o r  dec rease  1n  va r l e t y
coun t  and  gene ra l l y  a f t e rwa rds  1n  popu la t l on .  Bu t  i f  t he  sup -
plement routinely continues and the forelgD metaboli tes added
a re  no t  o f  a  t ox i c  na tu re ,  soone r  o r  l a te r  adap ta t l on  w111
take p1ace, Tolerance in survlving reslstant indlviduals wlI l
appear and later on develop normally as before.

S lnce  t he  ope ra t i ona l  es tab l i shnen t  o f  t h t s  o111
(1940 ' s ) ,  r i ce  f i e l ds  a round  Le t j es  coo t i nous l y  rece l ves  and
u t i l i ze  t he  nas re  e f f l uen t s  l n  t he l r  l i i l ga t l on  sys tem.  Be -
cause  Le t j es  Pape r  M i11  l r as te  e f f l uen t s  re l a t l ve l y  does  noc
con ta in  dange rous  me tabo l l t e  t ox i c ,  such  as  excess i ve  Hg  re -
sidue fron pulp, tolerance and adaptation capabil l ty wl l1
appear in individuals, part icularly in rnicrof loras,

Le t j es  Pape r  M i11  vas te  e f f l uen t s  con ta in  res idues  f r on

celLulose derivatives 1n the forn of sodlusr- l ignat. By the
decoEposlng groups part iculal ly the cel1u1ose and cel lulose
derivaEives decomposlng bacterla, the l ignln lr i11 be bloken

dolrn to carbon (energy source), The Na* l iberated from the
l{gnin vl1l be discharged together lr l th ocher r,raste eff luents

and  reach  so i l  hab l t a t s .  S lnce  Na+  l s  c l ass i f i ed  as  a  m lc ro -
element requlred by plants and phytoplankton, excesslve ac-

cuDulacion of Na- in the sol l  seems to be
because  t he  r i ce  ha t ves t s  occu r  tw i ce  a
seconda ry  c rops .

t aken  p lace .  A l so
yea r  a l , t e rna ted  by

l f  we assoc iaEe th ls  p rob lem ! . r l th  Oden 's  theory  on  top
so l l  (Teuscher  &  Ad ler ,  1960) ,  ce11u lose  and ce l lu lose  der lva-
tives caused by \^'aste effluents wll l slowly accunrulate ln the
so i1 .  Thete  is  a  poss lb i l i t y  tha t  the  res idua l  mat te r  ! t111
not  be  conp le te ly  degraded by  so l l  m lc roorgan is rns ,  resu l t lng
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ln that part of the remaining oiganic natter wi l l  become a
sou rce  o f  t op  so i l  f o rma t l on .

Tab le  3 .  To ta l  coun t  o f  r n i c roo rgan i sms  pe r  g ran  o r  pe r  m l
I l laterlal exarnlned.

.{verage
Fo rm c f  f i aLe -  co i l n  t

N o .  S a m o l  i n q  s i t e  
-  

:  . - -  
- - . - '  -  

E x D l a n a t i o n
r l a l  p e r  m - ! / p e r

g r

1 .  Pu lp -p la r t  L i qu id  1  -  5  Mos t l y  s l ime
So l i d  rna t t e  r ,  and  capsu la ted
sed i rnen ta t i on  5  -  22  bac te r i a ,  and

blue-green al-
g a e  ( B C A ) ,  a c -
t i nomyce tes

2 .  Pape r -p lan t  L i qu id  10  -  45  i dem.
So l i d  ma t te r ,  , )
sed imen ta t i on  IU  -  t - 0_

3 .  D i t ch  nea r  L i qu id  l 0  -  r c2  i dem.
l larehouse I Sol ld rnatter, ,  .r

sed loen ta t i on  10 -  -  10 -

4 ,  D i t c h  i n  L i q u i d  1 0  -  1 0 3  i d e m . ,  a n d
housing corn- fungi ! , 'e re a1-
p lex  ,So1 id  ma t te r ,  

a  so  ob ta in
sed i rnenLa t l on  10  -  10  i dem.

5 .  D i t ch  en te r -  L i qu id  1C  -  l f 4  i de r -
i ng  ho  us  i ng
conp lex  nea r  So l i d  oa t t e r ,  / ,
Se rnpo l  r i ve r  sed lmen ta t i on  10  -  10 -

6 .  D i t ch  en te r -  L i qu td  tO3  -  LO6  Beg in ing  t o  be
ing f ie-t d completed ob-
a r ( '  S o l l d  m d t t e r ,  t ,  e  L a i n

s e d i m e n t  a t  l o n  l 0 -  -  1 0 "

1 .  R l ce  f i e l d  L i qu id  tO6  -  t g l l  Comp te reL t /
n e a r  v : I l a B e  S c l !  I : : d , - , _ e r ,  o b t a j n

s e d l r n e n t J t  i o n  I 0 "  _  I 0 , "

8 .  R i ce  f i e l d  L i q r . r t d  fO10  -  fO18  Comp le re l y
a rea  I - l  K 'm  So l i d  na t t e r ,  ob ta in
f ron  v i l l age  sed imenra t i on  108  -  t o28
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N o . Samp l i ng  s i t e

Average
mate- coun!

pe r  n l / pe r
g r

Explanatlon
Iorm of

r l aL

9 ,  Con t ro l  I

1 0 .  C o n r  r o 1  2

/,
L lqutd 10-

c ^ 1  i . 1  h 5  |  r o ?
L

sed lmen ta t l on  10

/,
L i q u i d  1 0 '

q ^ l l , l  n r f r o r

sed imen ta t i on  10 '

1018 Cornp le te ty  ob-
t  a in

1020

108 ldern

-  1010

ryres .,,i' !'1i, :roor"-ani sns

F i f t y  two  gene ra  o f  ] I r i c roo rgan i s rns  ! r e !e  l so la ted  f r om
sanp les  Eaken  a t  t he  s i t e  o f  t he  s tudy ,  cons i s t i ng  o f  25  gen -
e ra  o f  bac te r i a ,  4  gene ra  o f  ac t i nonyce tes ,  7  gene ra  o f  f ung l
and  16  gene ra  o f  b l ue -g reen  a lgae  (Tab le  4 ) ,  F ron  t he  m ic ro -
o rgan i sms  l so la ted ,  t hose  reco rde r  as  me tabo l i t es  decompos ing
so i l  bac te r i a  pa r t i cu la r l v  aga ln t s  o rgan i c  subs tances ,  a re
Achtan 2bac t er, Bctci i lus, C ot ' t tnebacteriLot, C l  o str i  dium, C eLLu-
Lono r ' . . 1s ,  i : hTo t | i r Lac tep ,  C rono th r l q , , ' h l oLngJononas ,  F lauobqc -
teriun, l4iet oeoccus, Protelts, Pseudomonas a^d Ce Llt ibr io,
l lhi1e a l .  o st r i  diu,t ,  P st:uJonotas, Xanthoncncts, A zot..bactey, Anq-
baena, AnaLaeriapsis, Aulosira, Ca.LothTir,  Cyl"Jndrosoerrnun,
Mqst i  a c c 1 a,|us, i l  o s t  o c, S c !  t  ot".ema and. T. Lu po tbri- l  a re c 1 assi f  1-
ed  n i t r ogen - f i x i og  m ic  roo  rgan i sns  f o r  r i ce  f i e l ds  a rea  (S te -
w a r t ,  1 9 6 8 ) .

The  p resence  o f  m ic roo rgan i sns  based  on  l r ab l t a t s  exaq t i ned
sho i ^ red  t ha t  a rea  8  ( r i ce  f i e l d  con tam ina ted  by  w656q  e f f l uen t s
l oca ted  1 -3  Km f ron  t he  v i l l age )  ,  \ r as  t he  r i ches t  a rea  w l t h
a l I  m i c roo rgan i sms  i so la ted  p resen t  ( 100 i j ) .  I . r t r e reas ,  on l y  38
gene ra  (73 .07%)  o f  m ic roo rgan i sms  we re  i so la ted  f r on  ne ighbo r -
i ng  ! i ce  f i e l ds  uncon tam ina ted  by  l r as te  e f f l uen t s .
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Table 4. Types of rnicroorganisns isolated fron habitats

contanlnated by waste eff luents and control.

? l a c e  i s o l a t e d
Type of nicroorganisms

5 6 7 8 1 0

BACTERIA

l. Achronobac ter

2 ,  Ae robac te r

l .  Agrobacter ium

1r. A.lc al igenes

5 .  A r th robac te r

6 .  Bac i l l us

J . co rynebacterium

B.  C lo  s  t  r i d i u rn^ j

9 .  Ce l l u l ooonas

I0 .  C  reno  t h r i x

L l .  Ch romobac te r

L2 .  C lono  t h r  i x

I3. Ch-].amydononas

L4. Er!r ' inia

15 .  Esche r i ch ia

f6, Flavobacteriun

17, Gall- lor lel la

l 8 ,  X leb  s i e l  l a

. 19 .  M ic rococ  cus

20 .  P ro  reus
* \

2L .  Pseudosrcnas  '

22 .  Ser ra t ia
, r )

23. Xanthomonas '

24. Azotobaeter* )

25 .  Ce l l v i b r i o

+ + + +

+ + + +

- +

+ + - +

+ + + +

+ + + -

+ + + +

+ + + -
- + + +

+ + + -

+ +

+ + + -

+ + + -
- + + +

++

+++-

+++ -

++++
-++ -

++++

++++

-+

+ -

+ -

+ -

+ -

+ -

+ -

+ -

- ! - J

+-

i _ -

- +
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P l a c e  i s o l a t e d
T)'pe cf ni croo rganisms

s 6 7 8 I O

ACTINO}fYCETES

I  ^ .  r i n ^ m u . a c

2, Mic rornonospora

3.  Nocard ia

q .  5  t lep tonyc  es

FIIrG!

l .  A .1  t e rna r i a

2 .  Aspe rg i l l us

3 .  Fusa  r  i  rm

4 .  Pen i c  i l l i un

5 .  Saccha  romyc  es

6 .  T r  i chode rma

7 .  Chae tom ium

]]lur,-GREEIi ALGAL

1. Anabaena*)

2. Anabaenops is*)

3 ,  Anacys  t  i s

4 .  Aphanocapsa

5 .  A , r l os i r a * )

6 .  ca . I  o  t h r  1x * )

1 . Chroococcus

8. cyl indrosperrnur*)

9 .  Lyngbya

10 .  Mas  t i goc ladus* )

+ + + +

+ + + +

+ + + +

+ + + +

+ + +

+ + +

+ + +

+ + +

+ + +

+ + +

+ + +

+ + +

+ + +

+ + +

+ + +

+ + +

+

+
+

+

-l

+

- + t +

++-+

f + - +

++++

+++-

+
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P l a c e  i s o l a t e d

Type of nicroorganisns
1 0

11. ll icrocys tis
* \

12^  Nos toc  '

13 .  0sc  i 1 . l - a to r i a

14. PhornidiuD
_  * )

t ) ,  5c  y  t onema
* )

1 6 .  T o l y p o t h r i x '

L.rpL.f lat ion

+  i  l so  l a ted /  ob ta ined

-  :  No t  ob ta ined

'  
:  C lass i f i ed  as  N i t r ogen - f i x i ng  m ic roo lgan i sms

I  ( pu lp  p l an t ) ,  2  ( pape r  p l anE) ,  3  (d i t ch  nea r  \ , . / a rehouse ) ,

4  (d i t ch  i n  hous ing  comp lex ) ,  5  (d i t ch  l eav ing  hous ing

co rnp lex /Sempo l  r i ve r ) ,  6  ( d i t ch  e r ) t e r i ng  r i ce  f i e l d  a -

rea ) ,  7  ( r i ce  f i e l d  a rea  nea r  v i l l age ) ,  8  ( r i ce  f i e l d  a rea

I  -  3  K n  f r o D  v i l l a g e ) ,  9  ( c o n t r o l  1 ) ,  1 0  ( c o n t r o L  2 ) .

i l  i t ra g et L- f  i r  Lng Li i  ct,c c rg anisms

N i t rogen - f i x l ng  m ic r Jo rgan i sms  l i v i ng  i n  so i l  o r  wa te r
hab i t aEs  can  be  used  as  po l l u t i on  pa ra loe te l s .  The  h ighe r  t he
concen t ra t i on  o f  po l f u tan t s  con ta f i dna t i ng  a  ce r ta i n  hab i t a t ,
t he  l owe r  t he  nunbe r  o f  n i c roo rgan i sms  found  l n  i t .  As  d i s -
cussed  by  R i v i e re  6  Hamdv  (L974 )  and  M i t cheL l  ( 1972 ) ,  n i r r o -
gen - f i x i ng  ac t i v i t y  i s  p ropo r t i ona l  t o  t he  occu rence  o f  t he
ace ty l - ene  reduc t i on  p rocess ,  Th i s  p rocess  i s  i nh ib i t ed  by  t he
p resence  o f  me tabo l - i t e  t ox i cs  so  t ha t  t he  m ic roo rgan i sns  a re
unab led  t o  ca r r y  ou t  n i t r : ogen - f i xa t i on  necessa ry  f o r  t he i r
ex i s  t ence .

13  gene ra  o f  n i t r ogen - f i x i ng  m ic roo rgan i sms  \ r / e re  i so la ted
f r o m  t h e  s a m p l e s ,  c o n s i s L i n g  o f  4  g e n e r a  n f  b a c L e r i a ,  a n d . J
gene ra  o f  b l ue -g reen  a lgae  (Tab1e  5 ) .

+

+

+

+

+

+
+

+

++++
++++
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Bacceria classif ied as actlve ni lrogen-f ixlng bacterl .a
for agricultural lands atei Azotobacter ch?oococcln, Clostz, i-
diwn p as teurLarunn ar.d Pseudononas fluore s c ens.

For the blue-green algae isolated conslst of Anqbaena
cgLindrtca, A. f'Lo s-oquae, Cqlothri^r breuisei.tna, C. pas,ietina,
Nostoc conrnune, N. mu.sconan ar'd, Tolypothria tenuis.

Table 5. Density est lmatlon of nltrogen-f ixing bicroorgani$os
ln habitats contaminated by waste eff luents and con-
t r o l .

H a b i t a t  o b t a i n
Type of olcroorganisns

1 0

BACTERIA

1.  Azotobac ter

2 .  C los  t r id iun

3. Pseudoxoonas

4 . Xanthomnas

-  -  # #  #  +

+  # # #  +  +

+  -  # #  #  +

a )

b ) + # +

+ + +

BLUE-GREEN ALGAN

l. Anabaena d)

2. Anabaenopsis

3 .  Au los  i ra

4 .  Ca lo th r ix  e )

5. Cylindrosperm-rn

6. Uast igocladus

/ .  A O S T O C  r )

8.  ScytoneDa

9. Tolypothrix S)

-+++

++++

++++

++++

+

+
+

+

+
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a )  spec res

b )  spec ies

c )  spec ies

d )  spec ies

e)  spec ies

f )  spec  ies

g)  spec ies

j - so la ted

i so la ted

i so la ted

i so la ted

i s o l a t e d :

i so la ted  i

i s o l a t e d :

- :  n o t  o b t  a i n

+ :  l - 2 5 2  i s o l a t e d

# i 2 6 - 5 0 Z i s o 1 a t e d

# : 5 0 - T 5 Z i s o l a t e d

] .H :  more  lhan 75  f .  i soLa led .

AzatabacteI aivcrcoccl, t ,

, - 1 -  - + - : , 1 : , . -  ^ ^ - + - . , - ;  - . . ^
t  u a  L . a r  L a ' L t t  I

Pseudoryonq.s flu.ore scens

Anabdetla azollae, A. cg i incirica, A.

flos-aquae, A. t: it ctLlat:is, A. fer'-

t i l  Lis s ina

Culothrix breuissi.na, C, paxi.etina,

C. sphaerica, C. Lichertifozne

Nostoc catnnune, N. nuaco?unr, N,

puttctr. lotme

!oLs-pothxir tenztis

Cs Lhtlose degrajat irLg Ldct.eri  : l

Spec ia f  measu remen ts  o f  ce l i u l ose  and  ce l l u l ose  de r i va -
t i ves  deg rada t i ng  bac te r i a  ve re  conduc ted  on  r i ce  f i e l ds
con tan ina ted  by  was te  e f f l uen t s  (a rea  8 )  and  r i ce  f i e l ds  un -
con tan ina ted  by  was te  e f f l uen t s  (a rea  9 ) ,  Types  o f  bac te r i a
used as pararneters were: Achrot i i t i :acter, Eaci l lus, Clostr iaiwn,
a'e iL!,  i i t ) , io, [ t .u^L.i t ,  F la"-"baL'tct iun and I s€u,j .onon(is (Walrers &
E l p h i c k ,  1 9 6 8 ) .

Resq l t s  ob ta ined  (H i s tog ran  1 )  showed  tha t  a  d i f f e rence
in bacteria.L populat ion occured in contaminated and uncontani-
na ted  l i ce  f i e l ds .

Measu remen ts  o f  d i f f e rence  i n  con taD ina ted  and  uncon tam i -
na ted  r i ce  f i e l ds  show tha t  t he  h ighes t  i n  d i f f e rence  was
reac l red  by  : , e i . l v t i : r i c  ( 3 .04  t imes ) ,  . .  i . os t r i d iwn  (2 .44  t imes ) ,
Pseudomor ias  (2 ,25  t imes ) ,  w i t h  t he  res t  unde r  1 .5  t i r nes .
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T.bIe 6. The €ff.c. or e&!e .ffLuenrs dn rrc€

e x p e r r E n r . :  s r o u P

lc ,  r : .  r l .  ) r .  ra.  13,
! , c .  P L r n (  r r .  r J  - r ,  L

b .  s . r r !  her .sh .  (cD) ' )  t14 , Iu , r2 r ,  r1 r .  99 . t06 ,  93 , r30 , r2 r .  33 .  %, r t4 ,  92 , ro5 , !16 ,
r 2 2 .  r r 9  1 0 2 , 1 1 i  t 1 l , 3 6  9 4 , 3 9

- .  Pro l iq . r /d ry  le rsh t  o r  e , .h
l r . 1 4 ,  r  r , l  r ,  _ / , c , | l , - 6

z . ^ .  r r , t 3 , r r , r o ,  r 1 . r r . l i , 1 3 ,  1 6 , 1 3 , J 9 , 2 r .  6 1 4 , 6 , 1 , 5  r r , r 2 , r r , r 1 ,
14  r {  r3  10

h .  r r o , t : r , r r 2 ,  3 9 , 9 9 , r ? 4 ,  1 3 0 ! 3 9 , 9 3 .  3 0 , 3 ? , 9 : ,  3 9 . 1 2 0 , 3 4 ,
1 1 6 ,  r 2 o  r 2 1 . r r 0  t r 4 . r r 2  7 t . 3 r

c .  1 6 . 1 4 , 1 5 , 1 7 ,  r t , r 5 . r 5 ,  1 4 , r 3 , r 3 ,  1 . r , 9 . 7 , 3 , 6 ,
1 9 , 2 1  9 , 3

: ] ' 3 , I 2 ' l l ' 1 . . ' 1 5 ' l i : i i ' ' , ' ; 2 , ' i 1 , , , 1 3 ' 2 ' 1 ' 5 ' i i ' * ' ' . ' " '

b ,  9 3 , $ , r r 4 ,  1 1 2 , 1 0 5 , r r 1 ,  r r 4 ! 1 2 0 1  9 9 ,  r r l , r 0 5 , 9 3 ,  7 9 , 1 o t , r r 2 ,
t? t ,L t2  106,122 111, I t9  73 ,39

r 3 .  r 3 !  1 1 ,  1 4 , 1 6 , r 1 . 9 ,  9 , 6 , 1 1 , 1 4 ,

r { . 3  L 1 . )  4 , 3

b . . ! . r r  b . r 8 h r  ( 6 )  u 3 . 4  } l t . 9  r r 9 . 2  9 3 . :

. .  ? r .dkr /d . r  * r rh r  o r  j ,? .9

')rr..r. 
r.r.. fra e.ch pLnr.

20  t?

l r ,  1 6 r  t 6 !  ( . 6 , 3 , 2 , I ,

9 9 , 1 O 0 , r m ,  9 3 . 9 9 , r 0 4 ,  9 9 , r O 0 , r 2 0 ,  S 9 , 3 9 , 7 2 ,  3 3 , 7 9 . 9 9 ,
r22 , r2A 105,116 124,130 r0 t . r02

r r , 1 5 , 1 6 , r 2 .  r ( , 1 2 , 1 2 ,  1 t , 1 2 , r l ,  1 6 , 1 1 , 1 2 ,  1 1 , r r . 1 6 , 1 1 ,
9  13 ,19  L4

1 4 , 1 2 , 1 1 ,  1 5 , 1 6 , r 3 ,  r 3 , 1 2 . 1 3 .  t , 6 , 4 , 1 , 5  ! t , 1 2 , r r , r 0 ,
t t . L ?  ! t , ! 9  9 ,  r 0

a9, io ' i , l t z ,  a9 , r I1 , r jo .  r0 r ,9a , r22 ,  3c ,71 ,  tu ,
ro5 , l t r  r : r ,  r10  l3o , t2 r  l2 l . l0€

r .4 ,3 ,16 ,  11 ,9 ,3 .9 .  2 r ,20 , r9 ,  t6 . I1 , r2 ,  14 .15 . l t , r r ,
15 ,14  1r  13 ,17

!

l



Ce l l u l b r i o  and  C  Los t t  t d i un  a re  c l ass i f i ed  as  t he  mos !  ac t i ve
ce l1u lose  and  ce l l u1ose  de r i va t i ves  deg r .ada t i ng  bac te r i a  f o r
s o  i 1  h a b i c a a s .

Inf luenee of Haste EffLuents orL Pice I 'Lants

The  reason  o f  app l - y i ng  t h i s  ne thod  i s  t o  s rudy  t he  p re -
sence  o f  was te  e f f l uen t s  on  ag r i cu l t u ra l  l and  a rea ,  and  t he i r
e f f ec t s  on  r l ce  p lan t s  i n  r € l a t i oa  t o  t he  above  men t i ooed  da ta
(Tab les  2 ,  3 ,  4 ,  5 ,  and  H i s rog ram 1 ) .

A r t i f i c i a l  s t e r i l e  so i f  cons i s t i ng  o f  sand  and  s t t aw  fo1 -
l ow ing  t he  u .C . -So - i 1  M ix ,  (Bake r ,  1957 )  was  used  Lo  asce rEaan
! , / as te  e f f l uen t s  e f f ec t s .

I leasurements v/ere f irst conducted towards counting the
mrmb er of r ice scalks on each plant, and the length of the
s ta l ks .  Second l y ,  measu reman ts  we re  conduc ted  be fo re  b loo rn ing
phase of the r ice plants, Further neasurer0ents were performed
to  coun t  p roduc t i on  f r om each  r i ce  p lanc  a f t e r  ha rves t i og .
The  ca l cu la t i ons  conducEed  we re  based  upon  d ry  we igh . s ,  Eo
a ' / o i d  add i t i ona l  we igh t  caused  by  d i f f e ren t  we igh t  o f  we t
r i c e - s t r a w s .

Resu ] - t s  f r om to ta l  counL  snowed  t i r a !  expe r imenEa l  bas ins
inocu l -a ted  r , / i t h  ! r ' as te  e f f l uen t s  gave  be t t e r  t esu l t s  compared
to  un inocu la ted  e i i pe r i nen ta l  bas ios  ( con t r c l ) .  Th i s  was  pa r -
t i cu la i l y  v i s i b l e  i n  t he  second  and  t h i r d  expe r imen ta l  l ows ,
cons i s t i ng  o f  was te  e f f l uen t s  supp leDen ted  w i t h  dones t i c  e f -
f l uen t s  (d i l ch )  and  so i l  n i c ro fLo ra -cu l t u re  so lu t i on  i so laced
f rom samp le  t r ea tmen ts .  The  resu l t  compared  t o  con t ro l  I
( lV ) ,  con t ro . l  2  (V )  r . ' as  ? i de l y  d i f f e ren t i

T a b l e  7 .  T i r e  e f f e c t  o f  w a s t e  e f f l u e n t s  o n  r i c e  p l a n t s

Resu l t  ob ta ined  f r om t re  a tmen  t

I I I

Numbei of s talks

S ta l k  l eng th  ( cm)

l,Je i  gh t of each paddy

s ten  (g r )

1 2 . 3  1 4  , 8

- 1 1 3 .  r r  l i i . y

1 2 . 9  1 3 . 0

1 7 . 3

1 6  . 4

4 . 6

1 0 . 1 1 0 .  B



I

Rlce  f le ld  so i l

con ian lna ted  by  ea6te

e f f luenrs

Rlce  f le ld  so  1 I
uncontao lna ted  by  waste

e f f luen ts

A :  A c h r o h o b a c t e r

8 :  B a c l l l u a

C :  C l o a i r l d l u n

D :  C e l l v t b r t o

E : Erirlnla

F :  F l a v o b a c t e r l u d

G :  P s e u d o B o n a s

l t l a E o s r a D I : C o E p a r j s o n o f c e l l u l o s e s n d c e l l u l o s e - d e r l v a t l v e s d e S r a d e c l n g b a c t s r l a
ln ;1ce f re ld sol l  cont lElnat€d anal  unconts l lnated by t 'sete ef f lueors '



Add i t i on  o f  domes t i c  e f f Luen ts  con ta ln i ng  ac t i ve  deco rn -
pos ing  m ic roo rgan i sns  (pa r t i cu la r l y  bac te r i a )  r esu l t ed  i n  r ha t
the ni l l  waste eff luents lJere not of a toxlc substaoce towards
rice plants. This l ,as fur:ther induced i f  to the above nen-
t i oned  was te  e f f l uen t s  a  ce r ta i n  amoun t  o f  decompos ing  bac te -
r ial culture r" 'as inoculated (such as those isolated from
Le t j es  paddy  f i e l ds )  r esu l t i ng  i n  r ha t  nega t i ve  e f f ec t s  f r oD
the waste efffuents \rere conpletely unobious but on the con-
t r a r y  bene f i c i a l .  Resu l t s  ob ta in  f r on  o the r  t r ea tmen ts  u t i -
L i z i ng  on l y  vas te  e f f l uen t s  w i t hou i  o the r  supp le rnen ts  showed
a  d i s t i nc t  d i f f e rence .  M i l l  vas te  e f f l uen t s  w i t hou t  t he  ad -
d l t i on  o f  f e r t i l i ze r s  a l so  g i ve  l ow  resu l t s  (Tab le  6 ) .

?he  resu l t s  o f  t h i s  s tudy  ag ree  rd i t h  t he  op in i ons  o f  t he
Le t j es  ae r i cu l t u ra l  commun i t y  w i t h  whon  repea ted  d i scuss ions
have  been  conduc ted ,  on  t he  l n f l uence  o f  t he  n i l l  was te  e f -
f f uen ts  t o \ ra rds  t he i r :  c rops .  The  p resence  o f  e ras te  e f f l uen t s
increase their agricultural productions and also economize the
appLication of fer:t i l izers. t{rereas i f  thev usuallv have to
use  100  kgs  pe r  hec ta re ,  v i t h  t he  p resence  o f  was te  e f f l ueo t s
they  on l y  have  t . o  use  60  -  80  kgs  pe r  hec ta re ,

The  add i t l on  o f  o rgan i c  subs tances  i n to  t he  so i l  g rea t l y
i n f l uenced  the  che rdca l  and  phys i ca l  cond i t i on  o f  t he  so i1 ,
pa r t i cu la r l y  phys i ca l  p rope l t i es  a re  d i r ec r l y  e f rec ted ,  Th i s
results ln that solubl l i ty of elernents added into the soi l
( i n  t he  f o rn  o f  f e r t i l i ze r )  i nc reases ,  Fu r the rmore  abso rp t i on
a l rd  u t i l i za t i on  o f  e l emen ts  by  roo t s  i s  i nc r€ased ,  and  i n  ad -
d i t i on  t o  t ha t  t he  ag r l cu l t u ra l  l ands  o f  Le t j es  a re  vu l can i c ,
so  t ha t  t he  so i l  o rgan i c  con ten t  g rea t l v  bene f i t s  f o r  ag r i -
cu l t u re .
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