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Effects of Bacillus megaterium Treatment on Phosphorus Forms and Concentrations in the Water of Slight

Alkaline Ponds

WU Wei, QU Jian—hong, HU Geng—dong, CHEN Jia—zhang

(Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences; Key Laboratory of Inland Fishery Eco—environment and Re—

source, Chinese Academy of Fishery Sciences, Wuxi 214081, China)

Abstract : The forms and concentrations of phosphorus in the water of slight alkaline ponds in the north of Jiangsu Province have been inves—
tigated by a sequential extraction—colorimetric analysis. The results showed that without Bacillus megaterium treatment, the concentrations of
total phosphorus (TP) ranged from 0.088 to 0.102 mg- L™, and those of phosphate—phosphorus (POY-P) ranged from 0.004 to 0.007 mg-L".

The latter accounted only for the 4.2%~7.7% of the former. Except for PO¥ =P, other phosphorus in the pond water bounded to the suspended

matters and existed in the forms of absorbed inorganic— (exchangeable phosphorous, Ex—P;iron phosphates, Fe—P;calcium phosphates, Ca—

P) and organic— (acid extractable organic phosphorus, O—Pac ;alkaline extractable organic phosphorus, O—Palk ) phosphorus. The lower con—
centration of POY=P was the main reason that caused the growth inhibition of phytoplankton in the pond. In contrast, Bacillus megaterium ap—
plied to the pond water resulted in a significant (10.83%~24.92% ) decrease in the concentrations of absorbed inorganic— and organic—phos—

phorus (Except Ex-P), and a significant (140%~260% ) increase in those of POY=P. The optimal dosage and treatment duration of Bacillus

megaterium were 1 mL+m™ and 3 days, respectively. The present study concluded that Bacillus megaterium has the capability of dissolving
different forms of phosphorus and promoting the phosphorus cycle.
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¥4 1 000 m® 7K1 5001 000 F1 2 000 mL f4 FH 42
AR I
1.6 KEFRREFLIE

S RIS TR S A 01,3 Fi1 S d 1645 4H it
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Table 1 Sequential extraction method of phosphorus

A A
KBRS W S 2505 (Ex—P)
HREE G (Fe-P)

L5 G HE(Ca—P)
FRZIA P (O-Pac)

BRI ML (O—Palk )
VB PO /7903 1 i ey e b R

N

0.5 g JEAANA 25 mL K PEE 5 min, 4 500 remin™ 5.0 15 min, B35 10 mL, 33 0.45 wm JEAE S

AR TIA 35 mLCaEDTA/H Z VAR FRENZE WAL, 200 r-min 25 CHEHL 2 h,4 500 remin™ B5.0> 15 min, F5 1 i
AR A 35 mLNa,EDTA ¥4 ,200 remin~25 “CHEHL 17 h,4 500 remin™ 5.0 15 min, T 1 i

F 5RO A 10 mLO.5 mol - L™ HCL 5 , 200 r+min™25 “CHEIR 30 min,4 500 r-min™ B5.0> 15 min, T 1
A5 I A L0 mL 2 mol - L NaOH ¥4 , 90 “C/KIAHEIX 30 min, B0, FRFWTINA 50%5RZE pH Jy 1,#4% 2 h, H i

*x2 BEXFRTRIERTG

EitER BRSNS 8

Table 2 Forms and concentrations of phosphorus in pond water treated by Bacillus megaterium

oA XFREZL 0 d B4 0 d XTRELL 3 d I 3 d
I b JZ /mg - L TP 0.088+0.002 0.090+0.002 0.095+0.004 0.128+0.008"
PO -P 0.006:0.001 0.007+0.001 0.005+0.001 0.018+0.004"
IR T R /mg- L TP 0.095+0.001 0.092+0.002 0.102+0.005 0.130+0.010"
PO;-P 0.0040.001 0.005+0.001 0.0050.001 0.012+0.003"
BRI /mg - kg Ex-P 18.0+1.2 18.2+0.9 16.8+0.3 20.2+0.4°
Fe-P 36.5¢1.1 37.2+1.3 37.8+0.2 31.2+0.5"
Ca—P 48.4+0.9 50.2+1.4 50.620.3 44.6+0.1*
0-P,. 52.2+0.9 50.9+1.1 53.1x0.4 42.6+0.6"
0-P,, 89.2+1.4 90.4+0.8 90.2+0.3 78.6+0.4
TR E IR R /mg - kg™ Ex-P 8.2+1.1 8.8+1.4 8.6+1.2 12.4£0.9"
Fe-P 22.4+0.8 22.6+1.2 22.6+1.3 18.1x1.3
Ca—P 65.8+1.2 66.2+1.3 68.4+1.1 49.7+1.4"
0-P,. 66.2+1.2 67.4x1.6 66.8+1.5 58.8+0.9
0-P,, 128.2+1.6 126.5+2.0 131.7x1.6 112.8+2.4"

e SXBAA L, a Sl P<0.05 3 b Sl P<0.01 3,

IR 22 AN B (P>0.05 ) 5 7K FR AT 7 TE B R 36 1 5
HETE 0.004~0.007 mg L™ Z ], L4 M 4.2%~
7.7% , & WA e ELA M 0 1 () KOS AR, TS 2 7K
PR IR ) A A R R o TSR R i I A At 5 =
FEAET KRBT . EKIRA L2807 ki
W Fff 25 B9 G LW (Ex—P . Fe-P Ca—P) 5 42.12%~
43.54% , W& A& T HL#E (O-P,. Fil O-Pu) 1Y 56.46%~
57.88%. it Ex—P (4 & Bk, AL 6.76%~7.37%,
ﬁﬁ O-Py 55, 15 36.51%~36.61%; Fe—P BE{IK T Ca—
o TEAKIRRY T JZ ki ks v, W B2 1 JC ML (Ex—
P\Fe—P\Ca—P)/\ i 33.15%~34.57% , K KAK TH HL
W (0-P,. F1 O-P, )1 65.43%~66.85% ., H.rh Ex-P fi})
SRR, (U 2.82%~3.02%, T O-Py 55, &
42.24%~44.09% ; {1 Fe-P itfilk T Ca—-P, FH L R 1:
3. FILAT UL, MR AR A b B Sl B AR,
SUEBR DA RIS A TRITFY D Kk L2 EE
Y 45 2 RS Y B A 244.3~248.5 mg kg, T
JERIE T A5 R B S Y Sl 288.1~290.8 mg

kg TEASIEMLBASHE T, VR IR P A XA S I Y
Ex-P I Fe-P FEAMTE L ZEIFY T o R
Bl P K A4 R B R T S 0 A e S B OK IROR 5 85
TR IE AR FE R A
FIRERT A 2 B, 2400 1.0 mL-m™ A9 Al A
ERZAFE 3 d J& , KR b it 22T 8 RK -
W 2B T B R ARk, T BRI AR A K, 5 iats
HodMEL, FEKETAYESHEH 0.090 mg- L [ FF
9 0.128 mg- L 34N T 42.2%; AT VR IEBERRER 195
H i 0.007 mg- L' #4928 0.018 mg- L7, B4 T 157.1%.,
T}E’ykﬁitlﬂﬂﬁuﬁ;%m 0.092 mg-L" FF} 0.130 mg:
, WOINT 41.3%; AIEMEIEBEERER M) H 0.005
mg‘L‘1 HAZE 0.012 mg- L7 B4 T 140% ., 5 IC[A]E, 7K
RETFPEBURL PR T Ex—P A B insh , HoAth 4 A
%A PO —E 1 T LEKIR T 2R Bk, Fe—
P i1 372 mg kg™ T & A 312 mg kg™, T RN
16.13%;Ca-P 1 50.2 mg-kg™ F[EH 44.6 mg ke,
W% 11.51% ;0-P,. i 50.9 mg-kg™ TR H 42.6
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mg kg™, RN 16.31%;0-P, H1 90.4 mg-kg? T
[k 78.6 mg kg™, FREFR K 13.05% ., Wif{EKMAE T2
BIF B, Fe-P 1 22.6 mg-kg™ R[4 H 18.1 mg-kg”,
TREEHN 19.91%;Ca-P 1 66.2 mg-ke™ T[EH 49.7
mg ke, FFEFE N 24.92%;0-P, H 67.4 mg-kg” T
J 58.8 mg kg™, TFREHR N 12.76% ;0-Py, 1 126.5
mg- kg FFEHR 112.8 mg-ke™, FFER A 10.83% 7K1k
Hh U AR TE BRI ER 1S N5 K A B kL i
PR SHRRAAAEAE —EIR AR . I rT LU B
FEFHIFF R ATKIRIRGL IS, HA B IF A 4h /K AR
Iz /B s (1L R A& i 800 mg, H:
1 200 mg 2 POY-P, R4 15 TR 20 M AR 9 1O AT
BUBE) (B H AT Bl 2 K A i A A7 e T5 2 R 2 )
I FH B 5 2 1 W R 2 T U sl AT AL Al o TE iR
N IR LRI TIb TR 7/ R TR VI S N =R @2 o N R )
PEIFIHAEI A
22 BERAFHEAAEMMEKEPBEHESSSER
e &&iEERAFIE

R T EARE BT O S AR B TR A
5 R ) Sl AR R, 233l e B AT I
I 0.5.1.0 A1 2.0 mLem™, {4 3
d, ATV HTHT S AR B T R0 3 A 14 LA, B
ZERILAE 1(a~c),

1P 1 Ca~e ) AT UL, 6 FH R ZF AT 17 3 d J5 AR

0.16 - a 60 [ b
014l ®* % % 1500 mL £ sol
- 012t HiooomLdl -
— ] -
w O1F M 000 mL 41 140
u\; 0.08 | Zaof
0.06 | I8
¢! 20 L
« 0.04 | S
0.02 1 10t
0

0
BV N = e e

ExP [Fe-P FCa-P FEx-P FFeP FCaP
ok FLA S ZER P<0.01 fil P<0.05 25 52 T,
B 1(a~c) FRFEWE XRFRAEX HIEKERBINESSSEWFM

Figure 1(a~c) Effects on the forms and concentrations of phosphorus in pond water treated by Bacillus megaterium at different dosage

PEXT AR A T BB RN IE B ER B 1 s M KR T T
6= T A R S W R eI I € NS RP =S 2 TF T
W2 B A A ML A 3 A — 5 TN R (A 4 #r, R BRBR T
0.5 mL-m= ¥ & 2 2R FE 2248, 1.0 A1 2.0 mL-m™
WM A ZE T L. AESTARMEN], B X
ZEAUFT TR A SRcai A R DL 1.0 mLe-m™ A4,
2.3 AEMERABIETE KXSFHRAE X KE R
S5EE%m

T EAR B R X KR i RS S 4

S Y e AR TR T) , 256488 B R ZF AAT 7 AV FH 71

o 1.0 mL-m™ AEFHIHES300 8 1.3 #1105 d, #:17K
PRI TE AT A0 1 LR, LRSS IR ILE] 2(a~c) o

A& 2Ca~e) AT UL, ZEfE A 1.0 mL-m™ A9 R ZF
FUFFE 1.3 15 d 5, MRS A rp sl 0 I i
LA RZ I KA R TR AU I B S TCA L A
Bl KA B R P RIURE W RS AR BILBR R e A —
TR ZE 050, BIWER 1 d JE R sgmis N B/ 5 d
BRSO (H S5V 3 d BORCRIC B E 1k 22  (P>
0.05) o RIS FH B R ZFFEAT B AR FH IS TRT 2L 3 d LA L
HH

3t

3.1 EXRFAFENKEHBE RSB L
TEASCHIWT ST LUR B, FRZF AT T AL

0500 mL 21 =+ * 1407 ¢ [ 500 mL 41
B 1 000 mL 4] _ izg' B 1000 mL 4
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o 80
g
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I 40 [
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0
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Figure 2(a~c) Effects on the forms and concentrations of phosphorus in pond water treated by Bacillus megaterium at different action time
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TG I AT Pl ) 2, 1T EL AT KR B b A AL A L
WAL, BT R o BT B X A G
ML TR ER 1 i i AL B 3 DA A 2 A AR o At b
B FAE LR , A T 59 pH EFRAR , I ks He
B RER K, RV FRARAE FH M, AR SR e o i v
MWE T ERNEE RN pH H, W FR ARG
pH {EH 7.2, WA AJGRIFE 48 h B3R pH
{H° 3.5, BT Rt , & B A 7 AR Kt # p
X5 B A FH I AT P2 R . [RIAS, 4% 1000 mL- 1 000 m™
A A IE KR 3 d J5, #hK pH {HA 7.8~8.0,
FL X R (pH {4 8.6~8.8 )i MR, NI F,
I pH i 451545 5 AR H %t /K A a] v PR W R 6 10 52
M AR /N, (E T3 e PER BREE 12% M IR . 1X 88
IR ZE RARIESE T RRAE B AL o BR T RRAEAE
Hb, AT EERFFE N R B R ZE AT B R A AL
BEIRER I 4 A A AE A BV E D o PRARaE™, 78
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FERR  RIMEA B R TR, A A TR AR A K R Y
TR, AR P BT RRUR () Ty R Tl AT 22, DT X
BB SLA TR . (BRI E MRS A TF T
G — A A AE
3.2 BiZ B AR R KRR B IR A AN FE

KA H Bl 2R LA MR HE A KA 2R A K
KA PR 4% Fh TR AR e A KA P B o K AR T
R R K AE R T ) T B B ok A SRR
HE I, 25— RV Bk e A e, Hoh—
BBATEE G U B () 25 AU, A KB 5
I BT, FE—E 2T, 3R E IR0 R T LU
e il AR A R R, K ACE IR ST B i . ARk
PRI ORI IR 23k A KR 5 R ER I8 IR, 7K
AT B FORS B = B ke, n] WAE—
SESRMET BRI 8 IR A T RE A KA E 3R 1
FFRHET. WEEAEET, IR o] m AR RO
Al R B, TR SR K
P IE , ki i B LA LS A AL s S
B BEERE BEAEER A X 5 A
A —EL

IKRIURL ) 5 7K A 22 ()l i e 4ad A+ o S 2
SRR E YIRS, SRR DR 5 AR A
iR SR P TR RS 5 R T BRS  WRTRER RO DTTE S TR S5 )
B Ab2E AW R S OAR AR o S e FUR A i R i
(PR 2R S A ORI A R P R E AR 4
AR AL R . pH DGR ARV Sl KR h A
X7/ GEL7/PRN R0 2R U A7) 2 R T S
(R RZ U, AN AT RE B AR A AL A R TEHIL
A8, JF HAEAE VR S WA R rT R . i
WA XA RE ST, AREER) 2 BT RAT 1Y B A
%o OEREBREE (alkaline phosphatase , ALPase ) /&1 &
G E SR AR Y Z — A K AR E PR b i A TR
TS IR 2 B BT 8 2 RE A A AT BILBE 20
FETSOEBERRER , X b A A 1y v ) PR B 1) b
ekt , BT AR RR B XT TBE AY A= My sk Ak - 2R
PR B AT, TR A A R G BEE B, U H L
AR ER KR Y RS R G h B EE
YRR,

P L TT DL, B PR A7 AR TR 256 AR AR A 72 B 53 T
R o T SR AR /KA, G Y &5 B I F ANl = L (H
FORT A I & AR, I MEAR S5 R E &5+
b, Fm i UK R WI9AE 77 RE TS A2 L 52 MR K 7 57
FE T K2 o 3K SV 70 A — S b DX 1) B T i 1 3 2 )
R TR AT BB T A B IR R
SRR R A AR BRI R U, S E K A
Rl A VR R E i B T B GRS KR
TR AR P GEEZE) F A 28 R G 122 A LA SO w I
S RBAE A R — 1 JF 2E05E o

4 £

(1) TR AR P 7K A Sl 75 B2 7E 0.088~0.102
mg- L™ 22 [a], SV B I FAMIC oK T TE R R
& AE 0.004~0.007 mg- L™ 22 [a] A i B 4.29%~
77% o FHAR BN LA M TCHLBE (Ex-P Fe—P .
Ca—P) FIA AL (O-P,. Fl O-Py) (TE X AETE T KK
TR T o KA b e B IR ) TE W TR k25 1 ) D
TR IR A 2 e K ) F 2R

(2) B RZF AT 1 HAT — & B D BE L Al {2 ik
IR BEZRAEIR . o R AT TR A 34 Tt I
TR KA, TR ORI AR /K A4 s o A0k v 32 22 A i
B STCHL A DL & 5, s KA A E R
K-, BRZFAIFF ) E B &Y 1.0 mLe-m™,
& EAE A 3 d,
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