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Abstract Nine enclosures (5 m × 5 m) were built in a Fenneropenaeus chinensis culture pond of Rushan Gulf in April, 2001. 
The probiotics and BIO ENERGIZER solution were applied for disparate treatments. Variations of alkaline phosphatase ac- 
tivity (APA) and its relationship with the contents of C, N and P in sediments were studied. Results show that APA of sedi- 
ments increases from 3.096 nmol g-~in -1 to 5.407 nmol g-knin -1 in culture period; the bacteria biomass is not the only factor 
to determine APA; the contents of total P and total organic carbon have a significant positive correlation with APA, while 
that of total nitrogen has a negative correlation. In addition, the contents of inorganic P and organic P are not regular with 
APA. By comparison, TOC shows a more significant coherence with APA, meaning that organic pollution in sediments af- 
fects APA remarkably. 
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1 Introduction 

Activities of extracellular enzymes can serve as the 
indicators of organic matter content. Enzyme assaying 
has been used in the analyses of dissolved organic ma- 
terials in aquatic environments (Chr6st, 1991), mass 
loss of plant litter in terrestrial systems (Sinsabaugh 
et al. ,  1992; Sinsabaugh et al.,  1994), processing of 
particulate and dissolved organic carbon (POC, DOC) 
in streams ( Sinsabaugh and Findlay, 1995 ; Findlay 
et al. ,  1998 ), and processing of particulate organic 
matter (POM) in wetlands (Jackson et al. ,  1995).  

Alkaline phosphatase ( E C 3 . 1 . 3 . 1 ) ,  one of extra- 
cellular enzymes, can catalyse the hydrolysis of phos- 
phate monosters into alcohol and inorganic phosphate. 
It plays a central role in phosphorus ( P )  cycling in 
aquatic ecosystems. Both phyto- and bacterioplankton 
take up inorganic P. Therefore, they are competitors 
when P is scarce in the environment. During P deple- 
tion, these organisms can ensure their P intake by 
producing alkaline phosphatase (Jansson et al., 1988). 
APA in the aquatic environment originates from either 
phyto- or bacterioplankton or both, depending on the 
nutritional status (Chr6st and Overbeck, 1987; Vrba 
et al.,  1993; Thingstad et al.,  1993; Jamet et al.,  
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1995). APA is positively correlated with the physio- 
logical P limitation of the plankton (Thingstad et al.,  

1993; Huang and Hong, 1999).  It is a highly sensi- 
tive parameter of biomass and plankton. The regula- 
tion of APA by different nutritions in aquatic environ- 
ments has been described in natural conditions 
(Boetius et al. ,  2000; Koike and Nagata, 1998; 
Huang and Hong, 1999 ) or in artifical situations 
(Darrah and Harris, 1986; Chr6st, 1991; Hoppe, 
1993; Shand and Smith, 1997; Nausch, 2000).  The 
studies of APA have been widely carried out in coastal 
or deep-sea ecosystems, and a few studies have been 
done in fresh water lakes of aquiculture (Zhou et al.,  

2001; Alvarez, 2000) .  However, the study of APA 
in maricutture ecosystems has not been attempted. 
The present study is designed to determine the role of 
APA in sediments of shrimp culturing ponds. 

2 Materials and Methods 

2 . 1  Exper imenta l  Design 

The experiment was conducted from August 12 to 
September 23, 2001. Nine enclosures ( 5 m ×  5m) with 
homogeneous muddy condition were established in a 
shrimp pond of Rushan Gulf. The enclosures consisted 
of vertical polyethylene sheets, fixed to poles and 
buried in mud at the bottom. The water depth in the 
enclosures was about 1.5 m and the sediments were 
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argillo-arenaceous. Fenneropenaeus chinensis was fed 

at a density of 60 prawns m -2 and every enclosure was 
equipped with an inflator of ACO-009. 

Three enclosures, marked Vx, V2 and V3, were 
used as the control while those named VI1, V[2 and V[3 
used for probiotics treatment, consisted of three species 
of Bacillus SPM2, SPF3, 3041. The other three u- 
nites, named ~1 ,  ~2 and ~3 ,  were treated probiotics 
and BIO ENERGIZER solution with a ratio of 1: 
10000. This solution is a product of the  company of 
BIO HUMA NETICS and can balance the natural mi- 
crobial ecosystem. 

2.2 Sampling 

Sediment columns were obtained at 10a .m.  every 
10 d, using a hand-driven perspex corer of 150 cm long 
with an internal diameter of 3.5 cm. The surface part 
(0 .5cm)  was sliced for assay and divided into two 
parts, one for Total nitrogen ( T N ) ,  Total phosphate 
( T P ) ,  Total inorganic phosphate ( T I P ) ,  and Total 
organic carbon (TOC) ,  and the other for APA deter- 
mination. This part was stored in a -70  ~2 ultralow 
freezer before use. 

2 .3  Assay 

APA was determined using the method described by 
Hong (1989)  with modifications. Sediment samples 
were slurried by a Tris-HCL buffer ( p H =  8.7). i mL 
of 3-o-meth-ylfluorescein phosphate (2 ~g cm -3) was 
added to 0.5 g sediment with 10 mL Tris-HCL buffer, 
and the samples were incubated at 37"(2. After l h ,  
i mL of NaOH (10 N) was added to stop the reaction, 
then the sample was centrifuged at 3000 rmin -1 . Ab- 
sorption was measured in a Hitachi-850 Fluorospec- 
trometer with the excitation and emission wavelengths 
set at 400 and 520 nm, respectively. APA was con- 
verted to absolute units using a standard curve of 3-o- 
methylfluorescein and was expressed as nmol 3-0- 
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methylfluorescein g-1 min q "  
TP  of sediments was mensurated by phosphoric col- 

orimetry adapted from Menzel and Corwin (1964) .  
TIP  was tested by phosphoric colorimetry after being 
distilled by HCL-NH4F (9:1).  The result of subtract- 

ing TIP  from TP is the content of Total organic phos- 
phate (TO P) .  TN  was determined based on the modi- 
fied Kjeldahl method (Liu and Zhu, 1997). TOC was 
measured by the combustion-infrared method with 
TOC Analyzer-5000 A. 

2.4 Data Analysis 

The analysis of experimental data used the one-way 
ANOVA by Excel 2000 of Microsoft, with possible 
differences among data being tested by t-test. All sta- 
tistical significance tests were at the P < 0.05 level. 

3 Results 

An increase of APA during the culture period was 
observed, except for the final period (Fig. l ) .  APA 

fluctuated from 3.296nmol g-1 min-1 to 4.605 nmol g-1 

min -1 in control, and from 3.096 nmol g-lmin -t to 5.407 

nmol g-lmin-X in experimental enclosures. Although 
the experimental enclosures were treated with probi- 
otics and BIO ENERGIZER solution, there were no 
significant differences in APA of sediments among 
them ( P  > 0.05).  This suggests that the bacteria 
biomass is not the only factor to determine APA in 
mariculture sediments• 

In order to verify the role of APA in the P cycling 
of mariculture ecosystems, TP,  TIP  and TOP were 
monitored in the same sampling of shrimp pond sedi- 
ments, with the results shown in Table 1. The corre- 
lation coefficient between TP  and APA is 0.752 ( P  < 
0.05),  while that between APA and TOP or TIP  is 
not significant. 
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Fig.1 Variations of APA in sediments of Fenneropenaeus chinensis enclosures in culture period. 
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Table 1 The concentrations of APA, TP, TIP, TOP, TOC, TN 
and the correlation coefficients among them 

Unit 
Culture Enclosures 

period Vl V2 V3 VII 712 ~/I3 ~1 V~2 V~3 

APA/( nmol g-lmin -I ) 

D60 3.33 3.13 3.10 2.74 2, 79 3.73 2.94 2.52 3.10 

D70 3.06 3.51 4.27 2.24 3.05 3.38 4.46 2.80 3.26 

D80 4.05 5.62 4.61 3.89 3.39 3.66 3.80 3.13 3.64 

D90 4.92 6.33 3.53 5.31 5.12 3.40 4.22 3.28 5.41 

D100 4.27 5.84 4.05 3.81 3.44 4.22 3.60 3.58 4.14 

TP~'/( 102 nmol g- 1 ) 

D60 0.25 0.25 0.29 0.30 0.29 0.32 0.30 0.30 0.30 

D70 0.30 0.33 0.29 0.31 0.27 0.27 0.26 0.27 0.26 

D80 0.32 0.51 0.31 0.28 0.28 0.29 0.31 0.28 0.27 

D90 0.33 0.36 0.30 0.32 0.30 0.26 0.27 0.33 0.33 

D100 0.11 0.22 0.13 0.13 0.12 0.10 0.10 0.15 0.14 

TIP*~'/( x 10 2 nmolg -1 ) 

D60 0.24 0.24 0.24 0.25 0.26 0.32 0.30 0.30 0.30 

I)70 0.27 0.30 0.28 0.24 0.24 0.27 0.26 0.27 0.26 

D80 0.23 0.14 0.22 0.22 0.21 0.23 0.25 0.22 0.26 

D90 0.20 0.25 0.30 0.23 0.25 0.19 0.20 0.25 0.29 

D100 0.08 0.12 0.07 0.07 0.08 0.08 0.05 0.09 0.06 

TOPttt/( x 10 nmolg 1) 

D60 0.16 0.01 0.46 0.50 0.29 0.01 0.01 0.00 0.00 

D70 0.35 0.28 0.12 0.67 0.32 0.02 0.00 0.00 0.00 

D80 0.86 3.75 0.87 0.63 0.66 0.59 0.60 0.62 0.13 

D90 1.38 1.11 0.00 0.95 0.48 0.75 0.70 0.76 0.36 

D100 0.37 0.97 0.61 0.58 0.43 0.24 0.44 0.62 0.74 

TOC*~'~'t/% 

D60 0.25 0.57 0.52 0.19 0.20 0.84 0.70 0.40 0.45 

1370 0.86 0- 70 0.86 0.23 0.38 0.60 0.31 0.33 0.23 

D80 0.56 1.38 0.65 0.66 0.65 0.60 0.41 0.36 0.64 

D90 0.74 1.29 0.39 0.44 0.41 0.25 0.41 0.62 0.77 

D100 0.68 1.22 0.82 0.35 0.40 0.59 0.28 0.35 0.42 

TN~t+t/% 

D60 0.13 0.06 0.06 0.10 0.09 0.07 0.06 0.08 0.07 

D70 0,12 0.09 0,07 0,13 0.15 0.09 0.10 0.13 0.13 

D80 0.23 0.12 0.19 0.18 0.23 0.20 0.17 0.20 0.20 

D90 0.06 0.04 0.06 0.05 0.04 0.06 0.06 0.05 0.04 

D100 0.12 0.06 0.07 0.08 0.07 0.07 0.08 0.08 0.07 

Notes: *The correlation coefficient of APA with TP, r= 0.752 (P<0.05).  
tt The correlation coefficient of APA with TIP, r = 0.168. 
+ttThe correlation coefficient of APA with TOP, r= 0.235. 
**+* The correlation coefficient of APA with TOC, r = 0.801 (P < 0.05). 
***+*The correlation coefficient of APA with TN, r= - 0.513 (P<0.05).  

T h e  o t h e r  t w o  nu t r i t i ona l  fac tors  T O C  and T N  of 

s e d i m e n t s  w e r e  also ana lyzed  ( T a b l e  1 ) .  T h e r e  is a 

posi t ive  cor re la t ion  b e t w e e n  T O C  and A P A  ( r  = 

0 .801 ) ,  bu t  a nega t i ve  one  b e t w e e n  T N  and A P A  ( r  

= - 0 . 5 1 3 ) .  F r o m  the  re la t ionsh ips  b e t w e e n  A P A  and 

C,  .N and P,  we  conc lude  tha t  A P A  seems  to be a sen-  

s i t ive  ind ica to r  of  ecological  s tab i l i ty  and an i n t eg ra t ed  

p a r a m e t e r  for  o rgan ic  po l lu t ion  in s ed imen t s .  

4 Discussion 

A l t h o u g h  probiot ics  and B I O  E N E R G I Z E R  solu t ion  

have  been  used in t he  t r e a t m e n t ,  A P A  shows  no sig- 

n i f ican t  d i f fe rence  in t he  cont ro l  and e x p e r i m e n t a l  en-  

closures,  w h i c h  sugges t s  t h a t  t he  bac te r ia  b iomass  is 

no t  the  on ly  fac tor  to d e t e r m i n e  A P A  in s ed imen t s .  

A P A  in t he  aqua t ic  e n v i r o n m e n t  o r ig ina tes  f r o m  e i t he r  

phy to-  or  bac t e r i op l ank ton  or  bo th ,  d e p e n d i n g  on the  

nu t r i t i ona l  s ta tus .  T h e  var ious  g roups  con t r i bu t e  to 

t he  to ta l  A P A  in d i f f e ren t  degrees ,  r ang ing  f r o m  t h e  

p r e d o m i n a t i o n  of  a lgae ( C h r d s t  and O v e r b e c k ,  1987 ; 

V r b a  et al., 1 9 9 3 ) ,  to t he  m a i n  con t r ibu t ion  of  bac te -  

ria ( T h i n g s t a d  etaL,  1993 ;  J a m e t  etal. ,  1 9 9 5 ) i  In  

addi t ion ,  a s tudy  about  l ake - sed imen t  w i t h  cage cul-  

t u re  of  Oreochromis niloticus has s h o w n  tha t  t h e  f ish  

feces exh ib i t  a r e m a r k a b l e  A P A  ( Z h o u  et al., 2 0 0 0 ) .  

In  genera l ,  t he  m a i n  sources  of A P A  in m a r i c u l t u r e  

s e d i m e n t s  are  depos i t ed  p l ank ton ,  bac ter ia  and feces of  

cu l tu red-ob jec t ,  w h i c h  d e t e r m i n e s  the  var ia t ion  of  

A P A  t o g e t h e r .  T h e r e f o r e  an increase  of  A P A  is ob- 
served in s e d i m e n t  as t he  depos i t ion  of dead p l ank ton ,  

bac te r ia  and feces of  cu l tu red-ob jec t s .  

S ince  A P A  is a non-spec i f ic  enzyme ,  it  can cata lyse  

the  hydro lys i s  of p h o s p h a t e  m o n o s t e r s  in to  a lcohol  and 

inorgan ic  p h o s p h a t e  and plays a cen t ra l  role in t he  P 

cycl ing  of aquat ic  ecosys tems .  In  t he  research  of  circu-  
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lation pattern of P in sediments, Froelich (1988) of- 
fered the definition of the zero equilibrium phosphate 
concentration ( E P C ) .  It  represents the concentration 
at which the sediments display the maximum buffer- 
ing capacity. On the basis of EP~,  P is not accumu- 
lated but in a releasing course in mariculture sediments 
(Yuan and Cun, 1999). Organic phosphate can hy- 
drolyze to inorganic phosphate under the action of 
APA. If the inorganic phosphate coming from organic 
phosphate were utilized entirely by bacteria or phyto- 
plankton, the correlation between APA and organic 
phosphate should be positive. If the inorganic phos- 
phate were released to seawater completely, the corre- 
lation should be negative. However, both of the hy- 
pothesis were concomitant in P cycling, resulting in an 
insignificant correlation between organic phosphate 
and APA (Table 1).  In addition, inorganic phosphate 
in sediments is not reserved entirely but set free to 
pore water. It  also shows an unstable relationship 
with APA (Table 1) .  In contrast to organic phos- 
phate and inorganic phosphate, the concentration of 
total phosphate is determined by the nutrition concen- 
tration of sediments and the biomass. With increasing 
of total phosphate, the APA must be rising, which is 
reasonable. Results show the highly correlation be- 
tween total phosphate and APA (Table 1). 

Kim et al. (1995) reported that animal wastes con- 
tain high carbon contents and can stimulate phosphate 
activity. In two shallow ponds, APA has shown sig- 
nificant correlation with POM, in which the main 
content is TOC (Alvarez and Guerrero, 2000) .  Since 
APA in mariculture sediments originates from deposit 
plankton, bacteria and feces of cultured-objects, the 
significant correlation between APA and TOC is obvi- 
ous. Garcia et al. (1993) thought that kinetic param- 
eters of phosphatase are correlative with the degree of 
evolution of the organic matter  contained in the 
wastes. In our experiment, APA mainly correlates 
with TOC, which indirectly determines the degree of 
evolution of the organic matter.  By contrast with 
phosphate, TOC shows a more significant coherence 
with APA, meaning that organic pollution in sedi- 
ments affect APA remarkably. In contrast t o  TOC, 
TN is in a course of accumulation in mariculture sedi- 
ments (Yuan and Cun, 1999),  showing a negative 
correlation with APA. In the Baltic Sea, APA shows 
the same pattern: APA increases with dissolved inor- 
ganic nitrogen ( DIN ) decreasing in seawater 
(Nausch, 2000) .  

To summarize, APA plays a central part in the P 
cycling of maricuhure ecosystems and has significant 
relationships with P, N and C, especially with the lat- 
ter. It  seems to be a sensitive indicator of ecological 
stability and an integrated parameter for organic pollu- 
tion in sediments. Furthermore, researches on APA 
dynamics in benthonic ecosystems should be carried 
out to explain the process mechanism between APA 
and the contents of C, N and P in future work. 
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