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1 Summary 

The reclamation of acid sulfate soils for agriculture is generally 

considered to be a slow process. The productivity of brackish water 

fishponds in these s o i l s  also remains poor for 5 to 15 years after con- 
struction or deepening. This is due to the very slow growth or inactiv- 

ity of the algae on which the fish feed, and to the intermittent fish 

kills by extremely acid water which leaches from the dikes during rains 

after dry periods. However, the water management possibilities inherent 

in the operation of brackish water fishponds in tidal areas with a dry 
season enable the operators to reclaim both the pond bottoms and the 

surrounding dikes in one dry season, without a need for expensive chemi- 
cal amendments. 

The procedure involves thorough drying and dry cultivation of the pond 

bottom until it cracks to a depth of about IO cm, followed by repeated 

inundation with saline or brackish water. The water is renewed every few 

days until its pH remains above 5. This cycle of thorough drying and re- 

peated flushing is restarted one to several times, until the pH of the 

first inundation water after drying remains above about 5. Most of the 
acid is thus removed by diffusion into the standing water rather than by 

leaching to the subsoil. 

The surrounding dikes are reclaimed at the same time. First, low paddy 

bunds are built along the edges of the flat crests of the dikes or a 

small ditch is dug along the center. Cross bunds are constructed wher- 

ever the elevation of the dike changes. Saline or brackish water is then 
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I t h e  enclosed shallow bas ins  o r  d i t c h e s  on top of t h e  d ikes  

% per iods  i n  which t h e  pond bottoms are f lushed.  The d ikes  are 

dry ou t  again a t  t h e  same t i m e  as t h e  pond bottoms. 

Irocedure,  b rack i sh  water fishponds i n  ac id  s u l f a t e  s o i l s  were 

Ztive w i t h i n  one d ry  season a f t e r  cons t ruc t ion  o r  deepening. 

:hanos chanos) ha rves t s  were about 0.4 t o  0.5 t / h a  every 4 

2 same as from w e l l  managed brackish water f ishponds i n  non- 

? c l a y s ,  and t h e r e  were no f i s h  k i l l s  a f t e r  r a i n  i n  t h e  treat-  

In t roduc t ion  

of a c i d  s u l f a t e  s o i l s  i n  t h e  Ph i l ipp ines  i s  va r ious1  r epor t -  

pears t o  be less than about ha l f  a m i l l i o n  ha. U n t i l  about a 

, much of t h i s  area was  mangrove f o r e s t .  Smaller areas were 

n e  poor crop of paddy r ice  pe r  year  and f o r  f ishponds.  I n  re- 

, t h e  area of f ishponds has increased r a p i d l y  a t  t h e  expense 

%roves and t h e  former paddy f i e l d s .  Fishponds now appear t o  be 

nportant  kind of land use i n  t h e  c o a s t a l  a c i d  s u l f a t e  areas of 

pines (Figure 1 ) .  
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1 

Figure 1 .  Aer ia l  view of a brackish water fishpond a r e a  NE of I l o i l o ,  

Panay I s l and ,  Ph i l ipp ines  

Brackish water fishponds a r e  of two main kinds.  Shallow ponds, with 

about 0.3 m water depth,  produce mi lk f i sh  (Chanos chanos, P i l i p i n o :  

bangus), mainly f o r  l o c a l  consumption. Deep ponds, about 1 m, produce 

prawns (Microbraehim o r  Penaeus monodon) which i s  mainly exported t o  

Japan. 

P a r t i c u l a r l y  i n  the  f i r s t  5 t o  IO years  a f t e r  cons t ruc t ion  o r  deeper 

excavat ion of fishponds i n  ac id  s u l f a t e  s o i l s  t h e r e  are major problems 

precluding economic ope ra t ion  o r  even production. Growth of a lgae  i s  in- 

h i b i t e d  o r  r e s t r i c t e d  by the  low pH and the  very low phosphate concen- 

t r a t i o n  of t he  pond w a t e r .  The growth r a t e  and the  cond i t ion  of t he  f i s h  

a r e  impaired by the  low pH and t h e  unfavourable i o n i c  composition of t he  

pond w a t e r ,  t he  pe r iod ic  presence of f i n e l y  dispersed f e r r i c  hydroxide 

and the  poor supply of a l g a l  feed.  Moreover, t h e r e  a r e  sudden f i s h  k i l l s  

during r a i n s  a f t e r  extended dry per iods,  owing t o  extremely ac id  water 

seeping i n t o  the  ponds from the  surrounding dikes .  Af t e r  about a decade, 

t hese  problems gradual ly  recede but  f i s h  production remains l o w ,  of t h e  

order  of 0.6 t / h a  per year.  This should be compared with an average 1.5 

o r ,  with recommended management and f e r t i l i z e r  l e v e l s ,  up t o  2.5 t / h a  
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per  year  i n  a reas  with non-acid c o a s t a l  c lays .  

The much more p r o f i t a b l e  prawns d i e  i n  the f i r s t  years  and f a i l  t o  grow 

s a t i s f a c t o r i l y  even a f t e r  many years  i n  the ac id  s u l f a t e  a r e a s ,  s i n c e  

they r e q u i r e  a higher  pH than mi lk f i sh .  

T r a d i t i o n a l ,  small  f i s h  farmers d i g  very shallow ponds t o  minimize the  

problems and l i m i t  c a p i t a l  co-sts. They survive and l e a r n  t o  l i v e  with 

t h e  problems, bu t  do n o t  r ise above poverty wi th in  a decade, and slowly 

even a f t e r  t h a t  period. Larger farmers whose holdings a r e  mainly f i -  

nanced e x t e r n a l l y ,  a s  w e l l  a s  companies developing ex tens ive  a reas  f o r  

f ishponds,  tend t o  abandon t h e i r  e f f o r t s  on t h i s  land and s e l l  out  a f t e r  

a few years  of f a i l u r e ,  whereupon a next v i c t im  repea t s  t he  process.  

A r ap id  and low-cost reclamation method of fishp0nds.i.n ac id  s u l f a t e  

s o i l s  should be of g r e a t  economic importance f o r  the Ph i l ipp ines  and 

o t h e r  coun t r i e s  with ex tens ive  ac id  s u l f a t e  a reas  near  t he  coas t .  

The next  s e c t i o n s  summarize normal fishpond ope ra t ions ,  processes taking 

place i n  the  fishpond s o i l  and the  r e s u l t i n g  problems faced by the  f i s h  

farmers,  e a r l i e r  reclamation e f f o r t s  and requirements f o r  permanent 

reclamation. The l a s t  f i v e  sec t ions  of the paper desc r ibe  a general  work 

plan and a sequence of a c t i v i t i e s  t h a t  has been success fu l  i n  reclaiming 

previously improductive a c i d  s u l f a t e  fishponds wi th in  one dry season. 

Figure 2 i l l u s t r a t e s  t he  d i f f e r e n t  growth r a t e s  of f i s h  i n  ac id  s u l f a t e  

fishponds without and with reclamation. 
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Figure 2. Mi lk f i sh  from unreclaimed and reclaimed ac id  s u l f a t e  f i s h -  

ponds, 90 days a f t e r  s tock ing  (120 days o l d )  

J Construct ion and normal use of 

b rack i sh  water f ishponds 

Ponds are constructed by excavat ing a l a y e r  of s o i l  from t h e  area of t he  

proposed pond, gene ra l ly  about a h e c t a r e  i n  s i z e ,  and bu i ld ing  a sur-  

rounding d i k e  with the  excavated material. A s l u i c e  g a t e  i s  b u i l t ,  using 

b r i c k  o r  concrete  and wood, t o  connect t h e  pond wi th  an ad jacen t  s a l i n e  

o r  b rack i sh  t i d a l  r i v e r  o r  canal .  The pond bottom s lopes  down very 

s l i g h t l y  toward a shallow c e n t r a l  channel ending a t  t h e  s l u i c e .  The ti- 

d a l  f l u c t u a t i o n  of t h e  water l e v e l  i n  t h e  canal  o r  r i v e r  a l lows f i l l i n g  

o r  d ra in ing  of t h e  pond twice a day. I f  t h e r e  i s  f i s h  i n  t h e  pond, t he  

water can be changed a f t e r  i n s e r t i o n  of a sc reen  i n  t h e  s l u i c e  opening. 

Before t h e  s t a r t  of each f i s h  crop, t h e  s u r f a c e  of t h e  pond bottom i s  

d r i e d  t o  a depth of s e v e r a l  cent imeters  i n  o rde r  t o  des t roy  p reda to r s ,  

d i s e a s e  carriers and p a r a s i t e s  of t h e  f i s h ,  such as c e r t a i n  s n a i l s .  

Then, 2 o r  more tons of chicken manure pe r  ha are spread on t h e  bottom 

t o  provide n i t r o g e n  and phosphate f o r  t he  growth of green (and some 

blue-green) a lgae.  Af t e r  t h e  pond i s  f i l l e d ,  an i n i t i a l  amount of 16-20- 

O f e r t i l i z e r  i s  broadcast  a t  a ra te  of 50 kg/ha. The seawater and t h e  
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soil of the pond bottom supply sufficient potassium and minor elements. 

Algae start to grow, generally without inoculation, and soon form a 

thick mat that sinks to the bottom. Fingerlings raised from brood in a 

separate small pond are then stocked to graze the algae. Every 2 weeks, 

fertilizer at a rate of 8 kg N and 10 kg P2O5 per ha is broadcast (or 

placed to dissolve on a semi-submerged platform) as a top-dressing for 

continued algal growth. After 3 to 5 months, depending on the feed sup- 
ply and the growth rate of the fish, the pond is harvested by draining 

the water and collecting the fish near the sluice, or traditionally, but 

less efficiently, by dragnet. 

Prawns are produced in similar but deeper ponds. These are fed a protein 

diet mainly derived from operation of the fishponds: undersize fish, 

culled predator fish and filleting waste, supplemented by agricultural 

by-products (e.g., leaves of legumes), and by slaughtering waste if 

available. 

4 Processes taking place in the pond soil 

during drying and after filling the ponds 

The pond s o i l ,  initially reduced, contains the usual marine salts and 

considerable amounts of exchangeable ferrous iron. Upon oxidation, fer- 

ric hydroxide is formed and the soil may become partly aluminum- 

saturated. The pH drops from near-neutral to lower values. In acid su l -  

fate soils, pyrite oxidation produces jarosite and iron hydroxide as 

well as sulfuric acid which attacks the clay minerals. The pH drops to 

very low values. The soil becomes largely aluminum-saturated; some free 

acid remains; aluminum salts are formed. 

After inundation, the pond soil becomes reduced again. Acid is consumed 

by reduction of ferric hydroxide to ferrous ions. Part of the free acid 

and the aluminum salts and, somewhat later, large amounts of ferrous 

salts diffuse from the soil into the pond water. This process appear,sito 

be speeded up by the salts in the saline or brackish water. 

Rain falling on previously dry dikes leaches further quantities of acid 

and aluminum salts as well as ferrous salts into the pond water, both 

from the surface and from the interior of the dikes. In the course of a 

few days, the ferrous iron is oxidized, producing more acid and finely 
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d i s t r i b u t e d  f e r r i c  hydroxide which remains suspended i n  the  pond water 

f o r  s e v e r a l  days. I f  powdered l i m e  i s  used t o  reduce the  a c i d i t y  of t he  

water ,  f e r r i c  hydroxide i s  formed more r ap id ly .  

Any phosphate t h a t  might have been p resen t  i n  the water i s  quickly 

trapped by the  l a r g e  amounts of aluminum s a l t s  o r  by f r e e  aluminum i n  

the su r face  s o i l .  

5 Problems faced by fishpond ope ra to r s  

i n  ac id  s u l f a t e  a reas  

The main problems a r i s i n g  a f t e r  cons t ruc t ion  o r  deeper excavat ion of 

fishponds i n  ac id  s u l f a t e  s o i l s  comprise the  i n s u f f i c i e n t  growth of a l -  

gae,  t he  poor condi t ion and consequent slow growth of t he  f i s h ,  t he  

hazard of sudden f i s h  k i l l s  during r a i n  a f t e r  dry per iods and, even i f  

t hese  a r e  solved, t he  very low e f f i c i e n c y  of phosphate f e r t i l i z e r s  a s  

normally appl ied.  

The growth of t he  a lgae  i s  i n h i b i t e d  o r  r e t a rded  by the  low pH of the  

water, t he  high aluminum and the  low phosphate concentrat ions.  The low 

pH and the  high aluminum concentrat ions may k i l l  o r ,  i n  less severe 

cases ,  weaken the  f i s h  so  t h a t  they a r e  an easy prey f o r  d i seases  and 

p a r a s i t e s .  The sudden i n f l u x  of ac id  and aluminum s a l t s  from the  dikes  

during r a i n s  a f t e r  a dry per iod causes an i o n i c  imbalance i n  the  f i s h .  

That stress i s  commonly l e t h a l  t o  a l a r g e  proport ion of t he  population. 

Finely divided f e r r i c  hydroxide subsequently appears i n  the  water and 

clogs the  g i l l s  of t he  su rv ivo r s ,  k i l l i n g  another cont ingent  and weaken- 

ing  the  remainder. 

A lesser problem i s  the  e ros ion  of t he  dikes  during heavy r a i n s  owing t o  

the lack of a good vege ta t ion  cover on the  a c i d ,  t o x i c  s o i l  f o r  t h e  

f i r s t  5 t o  10 years .  

6 E a r l i e r  reclamation e f f o r t s  

Farmers i n  one a rea  on northwestern Panay I s l and ,  Ph i l ipp ines ,  have 

developed an e f f e c t i v e ,  a l b e i t  very slow, reclamation method. Very 

l a r g e ,  wide, broad dikes  a r e  f i r s t  constructed.  Their l e v e l  c r e s t  i s  
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ploughed repeatedly. Rains between ploughings remove some of the free 
acid that has developed in the oxidized, ploughed layer. Gradually, the 

surface material is brought back into the pond to form a 'safe' pond 

bottom with little or no free acid. The whole process takes 5 to I O  

years and eventually creates moderately productive ponds. 

Other reclamation methods that have been tried include: 
- liming the pond bottom, which generally requires very large lime ap- 

plications and does not eliminate the hazard of acid leaching from 
the dikes; 
heavily liming the crest and the sloping sides of the dikes.,.which 

seems to minimize the acid hazard from the first but not from subse- 
quent rains; 

liming the junction of dike and pond bottom as well as facing the 
lower slope of the dike with limestone, both of which are apparently 
ineffective. 

- 

- 

7 Requirements for permanent reclamation 
and use 



b e  imprac t i ca l  t o  i nco rpora t e  t h e  l i m e  throughout t h e  dike.  Removal of 

t h e  a c i d s  i s  the re f  o r e  ind ica t ed .  

Methods t o  minimize phosphate f i x a t i o n  should be p a r t  of t h e  r e g u l a r  

management, s i n c e  r e g a r d l e s s  of t he  reclamation method, much a c t i v e  alu- 

minum remains i n  t h e  pond s o i l .  

8 General work plan;  materials and 

equipment required 

The procedure involves a p r e c i s e l y  planned sequence of f i l l i n g ,  d ra in ing  

and drying the  ponds, c u l t i v a t i o n  by too th  harrow and f i n a l l y  broadcast-  

i n g  a small amount of l i m e  without  i nco rpora t ing  t h i s  i n  the  pond s o i l .  

I n  t h e  same period,  t h e  top of t h e  surrounding d ikes  should be made i n t o  

a series of long, narrow paddies by small levees  along t h e i r  edges,  and 

seawater pumped (or  c a r r i e d )  i n t o  these.  

A pH meter o r  a r o l l  o r  s t r i p s  of pH i n d i c a t o r  paper should be a v a i l -  

able .  A t oo th  harrow and a d r a f t  animal are needed f o r  c u l t i v a t i n g  t h e  

pond bottom. A s m a l l  diesel-powered pump, mounted i n  a s m a l l  boa t  o r  on 

a r a f t  of bamboo o r  o i l  drums makes it p o s s i b l e  t o  r a p i d l y  inundate  the  

tops of t h e  dikes .  About one ton of powdered a g r i c u l t u r a l  l i m e  per  hec- 

tare i s  a l s o  required.  

The whole work p l an  can be completed i n  about 24 t o  3 months. A l l  t he  

work should be done i n  t h e  dry season. Treatment of t h e  pond bottom and 

of t h e  d ikes  should proceed a t  t h e  same time, as descr ibed below. During 

t h e  f i r s t  heavy r a i n s  a f t e r  t h e  pond i s  again i n  ope ra t ion ,  some f u r t h e r  

work should be done, as descr ibed i n  t h e  l as t  s e c t i o n .  

9 Treatment of t h e  pond bottom 

I n  t h e  e a r l y  p a r t  of t h e  d ry  season, t he  pond has t o  be prepared f o r  

removal of t he  ac id .  This i s  done by drying t h e  pond thoroughly. Small 

d r a i n s  should be dug t o  l e t  a l l  remaining patches of s t and ing  water run 

dry.  After one week's drying,  t h e  pond bottom should be t i l l e d  by too th  

harrow i n  two d i r e c t i o n s .  It  should aga in  be harrowed a f t e r  thorough 

drying (when cracks i n  t h e  s o i l  are about 10 cm deep) ,  so t h a t  t h e  

i 
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s u r f a c e  l aye r  i s  broken i n t o  s m a l l  p i eces ,  b u t  no t  i n t o  a powder. I f  

t h e r e  i s  no r a i n ,  t h e  t o t a l  drying per iod w i l l  probably t ake  2 t o  3 

weeks. Now, t h e  ac id  i n  t h e  dry l a y e r  i s  ready t o  be removed. Brackish 

o r  s a l t  water i s  brought i n  t o  f i l l  t he  pond. The pH of t h e  water i s  

measured immediately a f t e r  f i l l i n g  and every few hours t h e r e a f t e r .  The 

pH i s  expected t o  drop r a p i d l y  from t h a t  of seawater (7-9) t o  lower than 

4 ,  o f t e n  about 3 .  

A t  t h e  f i r s t  opportuni ty  a f t e r  t h e  pH has become cons tan t ,  t h e  pond 

should be drained and t h e  drainage water should go t o  t h e  sea, no t  i n t o  

any o t h e r  pond. This t reatment  removes p a r t  of t h e  ac id .  

The pond i s  r e f i l l e d  and t h e  pH checked again.  The water should be 

drained as soon as p o s s i b l e  a f t e r  i t  has  a cons t an t  pH. The r e f i l l i n g  

and d ra in ing  process  should be continued as long as t h e  cons t an t  pH re- 

mains below about 5. This may t ake  from less than a week ( 4 - 6  r e f i l l s )  

t o  about two weeks. When t h e  water remains a t  a h ighe r  pH, t h e  pond bot- 

tom i s  drained and thoroughly d r i e d  again as descr ibed above. 

A f t e r  thorough drying,  t h e  pond bottom i s  c u l t i v a t e d  and again r e f i l l e d  

as descr ibed above. This t i m e ,  t h e  pH probably w i l l  no t  drop as low a s  

i n  t h e  f i r s t  series of f i l l i n g  and d ra in ing .  

When t h e  pH remains above 5 i n  t h e  seawater brought i n t o  t h e  dry pond 

( a f t e r  1-3 drying c y c l e s ) ,  t h e  pond i s  drained and 500 kg a g r i c u l t u r a l  

l i m e  pe r  ha (not  calcium oxide o r  hydroxide) i s  broadcast ,  we l l -d i s t r ib -  

u t ed  over t h e  bottom. The l i m e  should n o t  be incorporated i n t o  t h e  s o i l .  

The pond i s  then ready f o r  t h e  s ta r t  of normal ope ra t ions ,  i f  t h e  d ikes  

have a l s o  been t r ea t ed .  

I O  Treatment of t h e  d ikes  

A t  t h e  same t i m e  when t h e  a c i d s  are removed from t h e  pond bottom, the  

a c i d s  i n  and on t h e  d ikes  should a l s o  be removed. Because t h e  d ikes  are 

normally d ry ,  t h e  a c i d  can be washed ou t  without  f i r s t  drying as i s  

needed f o r  t h e  pond bottom. 

Small l evees ,  similar t o  t h e  levees  between wetland rice f i e l d s ,  should 

be constructed on t h e  top of t h e  d ikes  along both s i d e s ,  and t h e  s u r f a c e  

between them should be l e v e l l e d  c a r e f u l l y .  A t  t h e  same t i m e ,  any holes  

i n  t h e  top s u r f a c e  should be f i l l e d  and compacted. I f  t h e  d ike  material 
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i s  very loose and e r o d i b l e ,  f o r  example owing t o  high o rgan ic  ma t t e r  

con ten t s ,  a small d i t c h  can be constructed along the  c e n t r e  of t h e  l e v e l  

d i k e  crest. This would have somewhat broader levees .  

To avoid excessive amounts of e a r t h  movement, t h i s  bunding and l eve l -  

l i n g ,  o r  d i t c h i n g ,  can be done s e p a r a t e l y  f o r  each s e c t i o n  of d ike ,  de- 

pending on i t s  e l e v a t i o n ,  with c r o s s  bunds between s e c t i o n s .  This work 

should be completed by t h e  t i m e  t h e  pond bottom has d r i e d  ou t  and i s  

ready f o r  f i r s t  f i l l i n g .  

S p e c i f i c a t i o n s  f o r  d ikes  t o  be newly constructed i n  ac id  s u l f a t e  areas 

should inc lude  l e v e l l i n g  of t h e  d ike  tops and cons t ruc t ion  of levees  o r  

d i t c h i n g  t o  avoid delay i n  reclamation.  

A t  t h a t  t i m e ,  seawater o r  b rack i sh  water (not ac id  drainage watkr) 

should be pumped o r  brought up i n t o  t h e  l e v e l l e d  paddies on top of t h e  

d ikes ,  enough t o  keep them flooded t o  more than 10 c m  depth.  A t  f i r s t  i t  

w i l l  b e  necessary t o  check t h e  whole top s u r f a c e  and t h e  l eng th  of t h e  

small levees  and s top  any v i s i b l e  l eaks .  Acid w a t e r  w i l l  soon seep ou t  

toward t h e  pond o r  t h e  canal .  Pumping of seawater from t h e  i n t a k e  canal  

(not a c i d  drainage water) should be continued as necessary t o  keep a l l  

t h e  tops of t h e  d ikes  flooded. 

When t h e  pond bottom i s  ready t o  be d r i e d  thoroughly again,  t h e  top of 

t h e  d ikes  should be allowed t o  dry ou t .  I f  t h e r e  i s  s t i l l  some water 

s t and ing  a f t e r  2 days,  t h i s  should be drained t o  t h e  canal  i f  p o s s i b l e ,  

otherwise through t h e  pond. When t h e  pond bottom has thoroughly d r i e d  

and has  been c u l t i v a t e d ,  t h e  top of t h e  d ikes  should be flooded again 

during t h e  next  series of f i l l i n g  and d r a i n i n g  the  pond. When t h e  pH of 

t h e  water i n  t h e  pond remains 5 o r  above, t h e  s t and ing  water on t h e  top 

of t h e  d i k e  should be removed. 

The nex t  work should be done wh i l e  t h e  tops of t h e  d ikes  are moist .  On 

d ikes  between two ponds, both levees  are removed and t h e  s o i l  material 

brought towards t h e  cen t r e .  The top of t h e  d ikes  should be smooth and 

s l i g h t l y  s lop ing  from t h e  c e n t r e  t o  both s i d e s ,  without  l oose  s o i l  mate- 

r i a l .  On d ikes  along a canal ,  only t h e  levee along t h e  s i d e  of t h e  canal  

should be removed and t h e  material brought toward t h e  o t h e r  levee.  The 

top of t hese  d ikes  should be smooth and s l i g h t l y  s lop ing  towards t h e  

canal .  

Then, 1 kg a g r i c u l t u r a l  l i m e  per  10 meters i s  broadcast  on t h e  s lope  of 

t h e  d i k e  along each pond, and 1 kg pe r  20 meters on t h e  d ike  tops.  
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Weeds w i l l  s t a r t  t o  cover, t h e  d ikes ,  p r o t e c t i n g  them a g a i n s t  e r o s i o n  by 

r a i n ,  o r  g r a s s  can be planted t o  speed up the  r evege ta t ion .  A l t e rna t ive -  

l y ,  pineapples  can be planted on t h e  d ikes  t o  provide more cash income. 

This w a s  s u c c e s s f u l l y  p r a c t i s e d  i n  one l o c a t i o n  (Figure 3 ) .  

Figure 3 .  Pineapples  growing on a long 

e s t a b l i s h e d  d ike  of a b rack i sh  water fishpond 

i n  an ac id  s u l f a t e  area 

1 1  Management measures 

To decrease the  ra te  of phosphate f i x a t i o n  during the  growing season, 

s i l i c a - r i c h  materials t h a t  bind some of t h e  aluminum i n  t h e  pond s o i l  

may be b roadcas t ' ove r  t he  pond bottom. Readily a v a i l a b l e ,  cheap s i l i c a  

sources  inc lude  p a r t l y  decomposed r ice  h u l l s .  Then, t he  usua l  amount of 

chicken manure i s  d i s t r i b u t e d  over t h e  pond bottom and the  pond i s  

f i l l e d .  A few days la ter ,  i n i t i a l  amounts of N and P205 f e r t i l i z e r  are 

broadcast  i n  t h e  pond water. I n  normal, non-acid f ishponds,  t he  recom- 

mended amounts of phosphate are broadcast  once every 2 o r  3 weeks. I n  

a c i d  s u l f a t e  f ishponds,  however, t h e  phosphate should be divided i n t o  
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por t ions  broadcast  every 2 days, o r  weekly po r t ions  should be placed i n  

j u t e  bags j u s t  submerged on f l o a t i n g  p l a t fo rms ,  2 p e r  ha ,  t o  d i s s o l v e  

slowly. By e i t h e r  one of t hese  methods t h e  phosphate concen t r a t ion  i n  

the  pond water can be kep t  high enough f o r  good growth of a lgae ,  without  

excessive l o s s e s  by f i x a t i o n  on t h e  material of t h e  pond bottom. 

A f t e r  s u f f i c i e n t  growth of a lgae ,  t h e  pond can be s tocked.  The r e g u l a r ,  

recommended f e r t i l i z e r  dosage should be continued but  t he  phosphate 

should be app l i ed  as descr ibed above. 

12 Prevent ion of f i s h  k i l l s  during r a i n s  

Although much ac id  has  been removed from t h e  d ikes ,  t h e r e  may s t i l l  be a 

danger of ac id  water seeping from t h e  d ikes  i n t o  the  ponds during heavy 

r a i n s .  A s  soon as heavy r a i n  s t a r t s ,  t h e  pH of t h e  pond water along the  

d ikes  should be checked. Checking should be continued f o r  s e v e r a l  hours.  

I f  t h e  pH drops below 5,  a g r i c u l t u r a l  l i m e  should be broadcast  imme- 

d i a t e l y  i n t o  the  pond water along the  d ikes .  About 1 kg of powdered ag- 

r i c u l t u r a l  l i m e  should be used pe r  t e n  meters i n  each pond along each 

dike.  This i s  about 1 bag (50 kg) of l i m e  f o r  t h e  f o u r  s i d e s  of a one- 

h e c t a r e  pond. 

When t h i s  i s  done, t he  pH should be measured again a f t e r  a day. I f  i t  i s  

s t i l l  lower than about 5,  t h e  l i m e  a p p l i c a t i o n  should be repeated.  

Because t h e  pH meter should be used o u t s i d e  during heavy r a i n ,  a large,  
s t r o n g ,  c l ean  see-through p l a s t i c  bag should be kept  w i th  the meter. Be- 

f o r e  going o u t ,  t h e  meter should be placed i n  t h e  bag. The meter can 

then be read and operated through t h e  p l a s t i c  from ou t s ide .  The cable  of 

t h e  meter should come ou t  downward from t h e  bag. This way, t h e  meter can 

be kept  dry.  

It i s  adv i sab le  t o  p r a c t i s e  t h e  pH measurement and broadcast ing the  

r i g h t  amounts of lime along a s h o r t  s e c t i o n  of d ike  w e l l  be fo re  the  

f i r s t  heavy r a i n s  t o  g e t  acquainted with t h i s  procedure.  

Once a c i d  comes ou t  of t h e  d ikes  during r a i n ,  it i s  too l a t e  t o  s t a r t  

p r a c t i s i n g  and a l s o  too l a t e  t o  go and buy a s tock  of a g r i c u l t u r a l  l i m e .  

Therefore ,  a s tock  of a t  least  200 kg ( 4  bags) a g r i c u l t u r a l  l i m e  should 

be kept  f o r  each h e c t a r e  of fishpond t h a t  has  shown problems before .  
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