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WOE R TE 5K A N P U AK U BT 2% T B AL B 1075 K 1
Whakarewarewa 5K , 7 £ 37. 75 /K HEE A M b 3 28 45 1 3005 B0 , LAST A M B2 45 2R e v ys k #1577
PIRIFRACRE STl T RIS AE M L5k P st JB28 FRBEMIBSI , X 0 I R 4 iy LM T 3
TSREEAT. 45940 . 13 TP(£8) Olsen P M3P(Mehlich-3 P) 12 R A7 M B IX 19 4 J2 14 (0 ~ 10 em) )
A (p <0.05) BN, FBAMSHREY B RIMATRIZ 10 BEMEBEIEA S0 PR 2B A7 7 L2 480 ~
40 em) i, BRI A HOBEIT 5 H DR K975 KO IR T A , BTG o5 DR 959 NaOH P, (14 NaOH 32475
S A7 HLR ) 25 K IR NaOH. P, (1 NaOH 3445 B A0 JOHLRE ) FTIRAL , EJ2 408 WSP KA HES , Wa-
ter-soluble P) 45 fHi ik, 1 Olsen P 60 mg kg ™' 1 M3P 150 mg kg ™' Ay FRHE I S (4 AT F0 498 50 i v P bk

fEtL, WSP ] BN R 3d P B 1 Ptk R IREE S LB FE 45

KB TSKEEM BRI BRI s BRET I S
mESES  S141.8; 5714 SCERARIAD

VTR, SRy G gk i U B B I S BT A= 3 5 7K
AR VT2 B R 220 200 20 a3 R 30k i A=
GG K EHBERE . Tk &A REEY) T
BRI, B KN 15 K HE I ) -3 5% 00 % | 5 0
AR KRR . T 0 T b T R S 1 T
FERAEAE DL R P s T A (N) i F7 R it
SR o A7 AR N (R 55 SR VR T8 4, 7T g
S K b S R A A SR T R O R AN
TR, U dn s K IR S S R (P)
T3 P YR RE ) A BRI 32 TR B S, Y
P R A A - HEXT P AR Ik F) A
I PASBORO R o L, TS KR P AE
A i B R AR R BE B TG K Ak B R G
KWLEF7 i FEBRE 70 o ITAEk, o W (A
E/RE O 25 ) AN w411 Sl 19 s o 1
H) P AR/ R K AT RE 5| & K AR &
TETESEHL , — L7 B B9 0 16 FPAN 280K B ™
2SO 1 1P w3 S e v /LU I we = i 1115 TN 4
% (P Sorption index, PSI) P 1 1 ( Degree of phos-
phorus saturation, DPS) | P Iffi 5L 7K 3F ( Threshold P
level ) . M3P ff #11 & ( Mehlich-3 P Saturation ratio,

A

M3PSR) . P 1 i 2% 43 2% ( Sequential fractionation of
phosphorus ) 4541 BF57 45 50 B I MU BRAR P A9+
SR o3 A 5 e Al LA S R PR B T TE S PSS
BEE T AL

B 22 A6 5 P HEE BT (Rotorua) T, i T IHPRE
25 CAb B Y 38T AR 3 V5 K B 2 HF A Rotorua
W, FEOHKA & B SRR B G W
FRBE 7, [R) s oRe 0T AR % 5 K B PR AR A, 1991
SEFE Whakarewarewa AR [X A5 5 T — >+ HE-/K-FH ¥
T b AL 3 R SRR M R I AR i B 10
AL RE T, S Al 7K 5 R #b 8 bR+ 3 77
SRR, X RGE AR | 42358 R 2K S R AR TR
AW, R ISR R B, T4 1 b A B R SR A
Rotorua Ml Y i i NP &5 B AR 5 K AH
LA i Her NS R RAE R N, P ARl
AR (AXTREAEA I P IT R k=
A, R AR A A DA B TR S 7 T K AR A BB .
WIBAHEE fS 3% rh P YR B B8 5 kR AT i
A FEAR B R BRI PR A HIL A BB B 5
LSS NEB ARG LI P IS St fT
WUSE , 73 B - e & T v Pk 2k Al BB 1, S bl AR
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{75 7K AR PR i ST 8 A R 15 5] A 3R 5 TR
HE— PSSR R 2 AR

L BPR ik

L1 R0 iR

S A TR P 22 b 5 P B BT T Waipa Yl

) Whakarewarewa KX i R S P M . 33854 2k

WK £, KL £, B &L (RS K E

>45 mm h™") JLF AR . BHEE R oK
#1491 mma™' CEYzE & HE 1 186 mm a™',

T DA A o7 S ()T =20 F 1991 4 10

x1 1991 £10 A

AT S, 1256 X N3 4 S5 K HEIE AR AL 2. 0
(XFHE, Control) (37 (%, Low) .71 (#r#E, Mid-
dle) 112 (i, High) mm J& "o 6 HEREAL S 3
ANFIL/NIX, BE/NX Y AMEIX R 60 m x 60 m (i
) FIPIFEIXIR 40 m x40 m (RAE 5L 411
1991 4F 10 H ~1995 4F 12 A a5k AL 34 4
SRR i (3 1), WEIE TS Kt Bl vk B -3
3.1 mg L7 ZELIER 0.4 ~9.0 mg L7 DI
B A, Bk 2002 45 6 H (K 128 A~ 1) BT
TKHEA 1R PRI RAZ  X IR IX O MRHEIEIX 605
(LA AR 14 0. 52 f%31) PRI 1 163, 2
WEIX 1 837 kg hm ™ (LLFPEEEIER Y 1. 58 f5%i1) o

~1995 £ 12 BiX I8 #A i is K R E SRR "

Table 1 Nutrients in effluent applied in the trail during Oct. 1991 to Dec. 1995

24 {43 Composition N Ca Mg K Na
¢ B Concentration (mg L") 11.2 3.1 8.5 1.0 11.9 50.1
(6.6~17.0) (0.4~9.0) (4.3~23.7) (0.3~1.9) (8.6~14.1) (32.6~63.8)
AEI4 F4E Annual application (kg hm™>a™") 399 109 282 36 439 1999

T ) AR (kg hm ™% a ™" ) S5 P AR 71 mm & T AR HE AR S IX + 3 b 354 R TR X B

P AR IX A 1. 58

% AGHEE R X R PR X Y 0. 52 Mo 2) 955 B W RS 7K rh 4578 9% AL O VR JE VIS B Note: 1) Annual application rate (kg hm ™

a™') refers to the amount of nutrients brought into the soil annually in a plot moderate in irrigation rate, being 71 mm week ™'

. Itis 1. 58 times in a plot

high in irrigation rate and 0. 52 times in a plot low in irrigation rate as much as in the former. 2) Values in brackets are concentration ranges of nutrients

in irrigation effluent

1.2 H@mRESHH
1.2.1 HENCREE TEIE 11 48 5 % + e e 5 R
o DINAE 30 mm 1 B EG7E AR IX N 2 R G
SRRE  REEIREE 457 :0 ~ 10 .10 ~20 .20 ~40 40 ~
60 F1 60 ~100 em , B2 KT AT 2 mm i, £
5.
1.2.2 +855r 7E 105°C T HET I 13
WBIK 5 2 (TP) LA R LI I i 5 A skl
A3 55% 3 Olsen 3 ( Olsen P) 160 Mehlich-3 (M3) 7
(M3P), o, M3P (i %E Jy Mehlich 3 2 £ i #%&
1:10 4+ 111345 + 1, ICP-OES ( Perkin Elmer Opti-
ma 3 000DV ) 5 32 $23  ig P(M3P) 7 Hide s
RV Py i DA BOIR I AR I8 JE—%H 2
B
1.2.3  T3Erh R IE R 0 g
4%t Hedley 3 B MR 9 o7

(1)1 g HHEFE G 5354 30 ml 1y LLF B 425
He R QLB 7 KR KE M (WSP);
0.5 mol L™' NaHCO, (pH 8.2) 4244 %k

K HH Sui

‘@I{ZK(NaHCO P,);30.1 mol L' NaOH {2455 Al-I
Fe-Z5 411 B (NaOH P,) ;@ 1.0 mol L™ HCl $2H{Ca-

il Mg-Z5 &R (HCL P 4441235 16 b, BL.OAFI;
(2) LA NaHCO, 5 NaOH A5 (= $2 3 1 TP 7E

APHA (1998) i i L R A Je il e, I 4R
tG WL (NaHCO, P, #1 NaOH P,) il - TP TG HL
B (P,) Z 2 HIT A3

(3) 835k i h il (Residual P) A9 5E 5 1 4%
TP ()5 150 A 5

(4) VU&= 38 ir B TR S il & s R

PUIRMLR-4H 22 Lo @ kI 2 s

(5) BB &2 Al + 1 "f'@*(Soil TP
of various fractions, TFP) , & JE A8 i i &0 B H

HHEY5 TFP Z Ik,

1.3 Zitah

L SAS/STAT Fi A< [9 ] GLM 2 J¥ (19 48 5 4> Bt
(ANOVA) Fl Tukey f5z/Ni 422 743 Hrik (HSD)
PEAT3 T A 1 15 K B 06 1 S 3 S R,
SAS REG F&5#E47 [mH 437
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2.1 SKERN T ESBSE RN

22 WoRT5KHEEMEXT TP 54 %08 & &t i 52
K. SXTREA L, HEWEIX £ 3 TP & 5:7E 0 ~ 40
em )2 H IR N, H 3£ 4 (0 ~ 10 em) B Jinik
WEVEAKF-(p <0.05) , i IX 5 2 (p <0.05)

HEIIKTRIZ (40 ~ 60 em) 1, A RL WL fl TP
AR i i A — ECAY E F, Olsen PAY IR 251 (p <
0. 05) 34 finik 2% #E ML X A9 + (10 ~20 em) 55
PEBEIX B TR 2 £ (40 ~ 60 em) o A5 HEBEIX - 51
M3P HREAERIZ (0 ~ 10 em) .35 (p <0.05) 70,
R THE TR XA 3 P (p < 0..05) M N ik % +
(10 ~20 em) . S5HFEM, 52 1K 195 K REBE Y £ 1
TP A REAE = LR h U B AR

K2 EAKETNHIERNEN

Table 2  Effects of effluent irrigation on phosphorus of the soils (mg kg™")

Jba 0~10 cm 10 ~20 cm

20 ~40 cm 40 ~60 cm 60 ~ 100 cm

Treatment TP  Olsen P M3P TP  Olsen P M3P

TP Olsen P M3P TP

Olsen P M3P TP  Olsen P M3P

%if I8 Control 292b  3.3b  12.0b 244b 2.2b  6.4b

182b 1.3b 2.6a 162b 1.5b 1.3a 165a 0.9a 0.6a

{GHE L X Low 862a 66.6a 166.0a 494ba 26.4a 46.0ba 248ba 2.7b 2.3a 213ba 1.3b  0.9a 184a 1.3a  0.6a
X Middle 1 067a 92.7a  289.0a 830ba  60.3a 160.0a 372ba 13.3ba 19.0a 223ba 1.9b 1.2a 177a 1.3 0.3a
EEEX High 1 106a 93.6a 298.0a 984a 72.2a 187.0a 703a 38.7a 74.0a 316a 7.1a 6.7a 258a 3.3a 2.8a

T 8 P[] — PR B S T AR PRk R B E P22 578 p <0.05, n=60 Note: Different letters affixed to the data, the same in both soil

depth and mean significant difference at p <0.05, n =60
2.2 KRN HIERBIRSNEI

3 B T RN S ST R TR S R N
di S L], TRP Ry & 08 25 0 i B0 S RN, B (i 4
TP W&y, H g 5 Y 5 TP — 3, TFP 5 TP W&
A LA R AHSEME (R =0.97 7, n=60) .
2.2.1 TIEPEEIES KR Hedley 3% 4L 00
Gk 193 + A AR, WSP 5 NalCO, P,
SN RIS 8 (Soluble P, S-P) ,NaOH P iy Al-,
Fe-£5 4 25W , HCL P )y Ca- Mg-ZE A58, JFM
LS HIBE(NaOH P, HCL P) ¥ 4 7E 1Y A= 4 ] F|
F#E, ENTARCE R : Ca-P 5 0-P(Occluded P, 4]
ZABE) <Fe-P < Al-P <S-P, H NaHCO, 34 15 5
() NaHCO, P Sy eidi a1k 43 fif 19 A AL W , H NaOH
ZIR15 31 NaOH P |y 73 fift 18 ¥ 7 AR 0 A
RO L Rl R R AR B AR W, S
i Ca Mg Fe Al % 5 122 [ 25 &, A= Wk LU H
Y
2.2.2 5 /KUEWERT I AR S8R R
G X A e & CAUE SR S E A B+
R S I W R . 5% R
FHLE, 28K 5 7K W 5 + 3% WSP | NaHCO, P,
NaOH P, HCI P 7EAGHEMEIX 2 £ (0 ~ 10 em) 5 3%
B, EEREMEIX WSP 5 HCL P i 3 30 ik IR 2

4 (20 ~40 cm) ,NaHCO, P, 5 NaOH P, i} . & PE3
TR TRIZ 40 ~60 cm , HE e X (19 AR fE A TR L =
WEIX 2Z ], A b R 5 45 T 25 0 9 38 i ki 1
FH

Xt B TFP 441K, 26 + 2 R 34 306 mg kg ™'
& UL A & 5 WA XS #/0, WSP (NaHCO, P,
NaOH P, \HCl P (1% Jii & ¥ J& #5007 4:1.0.6.9
66.5 F131.7 mg ke ', 40 Wl 5 BB 0.3% .
2.2% 21.7% F110.3% ,NaOH P _H.E B A%, #
Wz, B IX 24 (0 ~10 cm) TFP & H % IR 3 ~
4 15, £ T HLTE 25 W 19 J0T o ok B3 B B B B
WSP NaHCO, P, NaOH P, 5 HCI P 7£ 3 & o 9 iR
BB HAE 2.7% ~4.2% 12.4% ~ 14. 1% .
46.3%~52.7%59. 6%~ 11. 1% 35 [F ,NaOH P,
JEOK B 1) 20% FH & 50% , ARtk — A ik .
[ B, 36 PR BT o Bl ) A B S 4R R, HCL P
BABOLA R A, WE A (10 ~20 cm) | TFP 5
S THIE AW A8 A 5 R 2 AL, (L BUE T A8 E
FEXT 3N, BT o5 0 I 6 43 B0 o B e A U
NaOH P firsffin, LA EARfEAE 20 ~40 em KDL
() £ 2 P ek 22, B0 1 2 B A 55 0 B 2
B KT K RS I T 3R L& THUE BN
B s TE AR E
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Table 3 Contents and proportions of soil P fractions at different depths

b 3 +ERE &5 it (R 41 30) Content ( Proportion) (mg kg™ ) (%)
Treatment Soil depth(cm) WSP NaHCO, P,  NaHCO, P, NaOH P, NaOH P, HC1 P Residual P TFP
Xf 1.0b 6.9b 32.3a 66. 5b 101.3a 31.7b 66. 1b
Control 0-~10 (0.3) (2.2) (10.5) (21.7) (33.3) (10.3) (21.5) 306b
I HE K X 26. 8a 116.0a 13. 1a 417. 6a 152. 8a 90. 1a 106. 1ba 923
Low (2.7) (12.4) (1.5) (46.3) (16.0) (9.6) (11.4)
F VB X 49. 1a 181.3a 12.8a 673.2a 114.2a 130.9a 118. 4a
Middle (3.8) (14.1) (1.2) (52.7) (8.8) (10.2) (9.2) 1 280a
T R X 48. 1a 169. 5a 8.5a 606. 0a 137.7a 134. 4a 118.5a
High (4.2) (14.0) (0.8) (48.7) (11.2) (11.1) (10.0) 12238
Xf 8 0.5b 3.8b 19.9a 68. 0b 124.3a 17.1b 47.5a
Control 10~20 (0.2) (1.3) (7.3) (24.1) (44.1) (6.1) (16.9) 281b
fEVE B X 4.9ba 38.5a 15.2a 235.2ba 99.9a 42.7ba 68. 0a
Low (0.9) (6.8) (3.6) (45.2) (21.6) (7.9) (14.1) 504ba
B X 20. 4a 111.1a 14.5a 540. 8a 82.9a 73. 1ba 86. 1a
Middle (1.9) (11.1) (2.2) (57.3) (9.3) (7.8) (10.5) 929ba
TR VE B X 25.1a 125. 5a 5.5a 624. 8a 87.6a 99.0a 87.2a
High (2.5) (12.0) (0.5) (59.1) (8.2) (9.4) (8.3) 1 055a
Xf 0.2b 1.9b 13.7a 53.8b 118.3a 11.6b 36. 1a
Control 20-40 (0.1) (0.8) (5.8) (22.7) (50.1) (5.0) (15.4) 236a
I HE K X 0.7b 3.7b 12.7a 72.4b 104.5a 18.0b 60. 2a 2724
Low (0.3) (1.4) (4.7) (26.5) (39.1) (6.8) (21.3)
VB X 1. 3ba 19. 1ba 12.6a 168. 9ba 89.2a 33. 5ba 68. 1a
Middle (0.3) (4.2) (3.5) (41.2) (24.0) (8.6) (18.2) 93a
%X 7.3a 73. 6a 6. 8a 434,44 83.9a 60.2a 80. 3a 47
High (0.8) (8.8) (1.6) (56.8) (11.7) (8.1) (12.1)
pog:id 0.2a 1.3b 10. 4a 41.8b 86.7a 11.0a 36.9a
Control 40 ~60 (0.1) 0.7) (5.5) (22.1) (46.4) (5.7) (19.4) 188b
R X 0.4a 1.5b 9.2a 50.7b 89.7a 16. 5a 51.9a
Low (0.2) 0.7) (4.2) (22.8) (41.7) (7.5) (23.0) 220ba
I X 0.4a 2.5b 9.2a 58. 6ba 69.9a 23.8a 46.0a 210ba
Middle (0.2) (1.2) (4.4) (27.9) (33.2) (11.2) (21.9)
HHERX 0.8a 12.2a 10. 5a 129. 8a 80. 6a 27. 1a 56.9a
High (0.2) (3.6) (3.4) (39.2) (26.8) (8.4) (18.5) 318a
pay:icd 0.2a 1.0a 9.7a 39.9a 84.4a 11.2a 39. 5a
Ccontrol 60 ~100 (0.1) (0.5) (5.2) (21.8) (45.6) (6.0) (20.8) 186
R X 0.3a 0.9a 7.4a 39.7a 82.6a 13. 6a 47. 1a 1928
Low (0.1) (0.5) (4.0) (20.0) (44.5) (7.1) (23.8)
B X 0.5a 1.1a 6. 6a 53. 6a 84.5a 17.2a 41. 3a Pea
Middle (0.2) (0.6) (3.2) (26.3) (41.2) (8.4) (20.2)
BERX 0.3a 4. 1a 6.7a 72.9a 95.2a 19.4a 46. 8a 215
High (0.1) (1.4) (3.0) (28.0) (40.0) (7.9) (19.5)

wRINFR—EEREGFHEARFZRERNEEE2Z 7 p <0.05.n =60 Note: Different letters affixed to the data the same in soil depth

mean significant difference at p <0.05, n =60
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2.2.3 5K HEBR T 1A HUE S B R
TR A NI L (R 3) . XHRIX
F 419 NaHCO, P, i 32.3 mg kg ™' 8 , B 1A
] T2, I AL 9. 7 mg kg ™' NaOH P 7EW.
R Fr i (124.3 mg kg ™), o] T W 2K 42
N 84.4 mg kg . SR, KA VLBEE B R
B AL RS S . o, NaOH P, 119 Jii 22
B 222 33.3% F+ % 20 ~40 em 1) 50. 1% J5, X
B IR+ 45. 6% R, ZEARKE, &M
X+ A LB (NaHCO, P, + NaOH P,) fir (& LE A1)
IR SR AR, O 5 SRR R R B A G, X
AIRE S MR N T £ HER I 5 E R R fEHE T
AEVITE A o AR HE R RE 2 1 PR R R
FEFEHZ —,
2.2.4 5 KPS - 0 v B U B S A 52 R

of R X Sk B o i i 2 66, 1 mg kg 7' 7
W ZE IR T2 39.5 mg kg ™' o MR TR
. E+ 21.5%,10 ~40 em + ERK, K E)EY
20% A ERIF/ANERAR . KIS S T
K2 e D BN, A = X R £k
EVEAL TR A AU R R R 2R 10% &
W, B 22 20% . FRiE S HAE A
H L3 IG5 , 57 DR R R T A - S A g - A 1
FE BB R A BRI

FIr A REBE X & £ W 3% £ TFP YJBH W39,
FAE KT B BT A FETE X A R )2, LR R
X 12, EHEBEIX 20 ~40 em 1219 TFP 24
SRR 3 A%, A HE IR XK £ 5 TFP 38 A K,
[IRESR I T HEWE TS K P 5l i ml iF A+ 48 s = 22
PR eI L2

34 ik

3.1 TERSSKERRSGHAR

235 7K R b B R G LA XKL R
KA A | S R O R L Rk - S
PRI P I M A, S5 90 0 A R 0 1 TRE R S0 PR Ay
70 ~130 o' BRTA BESE BN, G0t K BT K
WG, R S5 8 pH 2 ph J5UR Y R 1 O 3T
PE2 S0 B 5 M ) 90 Bl A I 15 A 5
T, IR LA g PR A A1 7 2 1% - Ml Ak B R S 1Y
TR A6 I & 2k, BRI, XF R G 4, F g
KSR P AR AT 30 25 W P — A5 1F B R A
BRARA B,

3.2 BKEBRRZRBERKEIAIER

K 30995 K HEIE 5 £ 3 TP Olsen P M3P ¥ J¥ %
F(p<0.05) 890, T4 A AR I XA [R] J5T M +- 1%
Je H b R K R B W A 5T 3R B, Olsen P % i
60 mg kg ™' Fll M3P % & 150 mg kg ™' (X5 DR 1
$E ) 357 S A T - ) e A T A b A PR
I FAERR 7 YR, AR5 K FEE - b b PR R 55
P2 b S R A S B A R R
Falkiner 45 ™ BFFE 4R 38 , 15 K HE 0 5 4E )5 ,69% 1) +
HEAT AU 4 A JCH LR 2 T 30 1 458 4 ) TR TS ML v
FE T IR 22—, PR At e SO A P 7 AR A
RTINS K HE B R S TR R S AL — e hR. AR
WS AE (3 3) /R TARMLAY AR Tl 3, Vg fik 1 e
LR PIEERIAR 2 A, i e AL S T
Wl ) RE G, 3% B/ R I 5 | A S )
N7 N R N = N P 13 7 S P VA 0 e w2 S ] R 07 £
AN R G TP B FEHLIFRPRIA R .
3.3 WSP "[{EH TR R BB EREIEFR

W3 4RiE , Olsen P NaOH P F14 EEwh4f) F1 5
AR EE G P 00 AR T o 58 52 1l X /K B B
PR FE R Y Kleinman 252 A, WSP T i
TN A R R B W AT R A R Bt K T S R Y A T
Ao 3 B Won, &K M5 - 58 NaOH P
(NaOH P, + NaOH P,) (%5 1 Bt & 40 503 i A 4
XS AR E 2 A o R B A A
K HAS I 5 KA & WSP, B I WSP S — 42 1R
AR LAUR S BRI R fEHLZ T 1T, B Olsen
P 5 M3P {5 L g w ik R G LA SR I8 45 & A 10 1)
I FLAE, fH%F Olsen P 5 M3P (1430 52 45 4H 1 11 +-
HE pH B3R W BRI A — 19 41T Olsen P 5
M3P A A AR AN A A L, A ) B bk 2 35 A
A AL#E NaOH P | Sl vhs 75 S5 () I 22 AH X AN 5
{H WSP 352 A8 5 170 ASBF 9 b 1 B2 Pk
ey WSP & Olsen P [AJf77E 55 MR HEAHI DG (R =
0.87", n=60), KL, & ELL WSP R[] 3z {# H
B A SR UK 2 BR BT i ML 10 48 A 19 B 5E T A
- SERAEIR A TN T A R A

4 45 i

1) Frfg BEIE X 366 TP 5 TFP. Olsen P i
M3P 76 3%)2 0 E 1N, BE 5 Kk A 1358 i 32 B4R
FEAE L JZ 13 (0 ~40 cm) 1, Olsen P 5 M3P {5
e ESVEIEIX 1 0 ~20 em R H#E T T Olsen
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P 60 mg kg ~'85f M3P 150 mg kg ™' (R EE I ALK,
I AR K 18] T R BT LESE I

2) KIS KHEBE R 1 2 g b R A
FE TP A7 He ], HEE R 5 PL 3R NaOH P AR XS
WA, NaOH P iy o 48 3 3t 067 (19 T2 25, 16 1k 0k
(WSP 5 NaHCO, P,) #/in i 2

3) Olsen P 60 mg kg ™' 5 M3P 150 mg kg ™' ¥ J&
H A PR b A7 5 0 b g S B TR R fa bl
fdEbR, A HLBE NaOH P 2525 0] R AT RGP 1
BRI BE PR FE AR, AL Z R, WSP AT BB BN
TS B SRR R PRI A LI FE A

S BT 2 F 5 H AR K4, Rotorua
[X Z2 232 4 49 75 7K 3 4 4 3 3% , Fletcher Challenge Forests 3%
BEEG BT H, D. Gragam 89 L3 H & R &, Veritec L3 F
ARAR W

[ 1] Allen B L, Mallarino A P. Relationships between extractable soil
phosphorus and phosphorus saturation after long-term fertilizer or
manure application. Soil Sci Soc Am J, 2006, 70:454—463

[2] Zvomuya F, Rosen C J, Gupta S C. Phosphorus sequestration by
chemical amendments to reduce leaching from wastewater applica-
tion. J Environ Qual, 2006, 35.207—215

[ 3] USEPA. Process design manual - Land treatment of municipal
wastewater. EPA 625/-81-013 ( COEEM 1110-1-501).

USEPA, Cincinnati,

Center
for Environmental Research Information.
OH, USA. 1981

[4] Hedley M J, Stewatr J W B, Charhan B S. Changes in inorganic
and organic soil phosphorus fractions by cultivation practice and
by laboratory incubations. Soil Sci Soc Am J, 1982, 46.
970—976

[ 5] Heckrath G, Brooks P C, Poulton P R, et al. Phosphorus leac-
hing from soils containing different phosphorus concentrations in
the broadbalk experiment. J Environ Qual, 1995, 24.904—910

[ 6] Snyder CS, Bruulsema T W, Sharpley A N, et al. Site specific

management guidelines: Site-specific use of the environmental

phosphorus-index concept//Site Specific Management Guidelines

SSMG-

[ 71 Sims]JT, Maguire R O, Leyten A B, et al. Evaluation of Mehli-

1. Potash and Phosphate Institute, Norcross, GA, 1999

ch 3 as an agri-envrionmental soil phophorus test for the mid At-
lantic United States of America. Soil Sci Soc Am J, 2002, 66
2 016—2 032

[ 8] Maguire R O, Sims J T. Soil testing to predict phosphorus leac-
hing. J Environ Qual, 2002, 31: 1 601—1 609

[ 9] Maguire R O, Sims J T. Measuring agronomic and environmental
soil phosphorus saturation and predicting
with Mehlich-3. Soil Sci Soc Am J, 2002, 66 2 033—2 039

[10] Elliott H A, O’Connor G A, Brinton S. Phosphorus leaching from
biosolids-amended sandy soils. J Environ Qual, 2002, 31:681—
689

phosphorus leaching

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Tomer M D, Schipper L A, Kmowles S K, et al. A land-based
system for treatment of municipal wastewater at Whakarewarewa
Forest. New Zealand FRI Bulletin 199, New Zealand Forest Re-
search Insatiate, Rotorua, 1997 28

Tozer W, Wilkins K J, Wang H, et al. Using °N to determine a
budget for effluent-derived nitrogen applied to forest. Isot Environ
Health Stud, 2005, 41:13—30

McLay C D A, Tomer M D, Hopkins K M, et al. Chemical
changes in a volcanic forest soil after four years of effluent irriga-
tion//NZLT collective ;
2000, 21:79—90
Blakemore L. C, Searle P L, Dlay B K. Methods for chemical

Proceedings of the technical session,

analysis of soils: NZ soil bureau scientific report. 1987 :80—103
Su J, Wang H, Beecroft K, et al. Fractionation and mobility of
phosphorus in a sandy forest soil amended with biosolids//NZLT
collective; Proceedings for the 2006 Annual conference, 2006
216—225

Olsen SR, Cole C V, Watanabe F S, et al. Estimation of availa-
ble phosphorus in soils by extraction with sodium bicarbonate. US
Department of Agriculture, Washington, DC, 1954 19

Mehlich A. Mehlich No. 3 soil test extractant; A modification of
Mehlich No.2 extractant. Comm Soil Sci Plant Anal, 1984, 15.
1 409—1 416

Murphy J, Riley J P. A notified single solution method for the
determination of phosphate in nature water. Anal Chim Acta,
1962, 27:31—36

Sui Y B, Thompson M L, Shang C. Fractionation of phosphorus
in Mollsol amended with biosolids. Soil Sci Soc Am J, 1999,
63.1 174—1 180

Sharpley A N, McDowell R W,  Kleinman P J A. Amounts,
forms and solubility of phosphorus in soils receiving manure. Soil
Sci Soc Am J, 2004, 68 2 048—2 057

Maguire R O, Sims J T, Coale F J. Phosphorus fractionation in
Relationship to soluble and desorbable
phosphorus. Soil Sci Soc Am J, 2000, 64: 2 018—2 024
B, T, Kimberley M. 30175 7K HE LS ARt 1 3 b
W& 5%, R, 2010, 31(8) :1 951—1 958. Hu
H R, Wang H L, Kimberley M. Contents and movement of phos-

biosolids-amended soils ;

phorus in soil of long term effluent irrigated land forest ( In Chi-
nese). Environmental Science, 2010, 31(8) :1 951—1 958
Falkiner R A, Polglase P J. Fate of applied phosphorus in an ef-
fluent-irrigated Pinus radiate plantation. Aust J Soil Res, 1999,
37:1 095—1 106
X‘Jﬁ, WA, fEL, 5 KRBT B 1B K
PR B G XU TP 4.+ 2% 4z, 2003, 40(6): 838—
844. Liu F, Huang C Y, He T B, et al. The environmental im-
pact of phosphorus on water by a long-term applying fertilizer P in
the upland fields Of yellow soil areas and its risks evaluation (In
Chinese ). Acta Pedologica Sinica, 2003, 40(6) ; 838—844
Kleinman P J A, Needelman B A, Sharpley A N, et al. Using
soil phosphorus profile data to assess phosphorus leaching poten-

tial in manured soils. Soil Sci Soc Am J, 2003, 67.215—224



566 + 1 2 Eire 49 &

EFFECT OF LONG TERM EFFLUENT IRRIGATION ON CONTENT AND MOVEMENT
OF PHOSPHORUS IN SOIL OF FOREST LAND

Hu Huirong'? Wang Hailong >  Katie Beecroft > Mark Kimberley’
(1 Environment Science and Engineering College, Southwest Forestry University, Kunming 650224, China)
(2 Ensis, Private Bag 3020, Rotorua, New Zealand)

Abstract In New Zealand, to avoid the risk of urban sewage bringing N and P into Lake Rotorua, Rotorua city
sprays treated sewage direct into Whakarewarewa Forest as irrigation and to evaluate capacity of the forest ecosystem of as-
similating the nutrients brought in with the irrigation, a long term field experiment on sewage irrigation of forest land has
been established and carried out. To understand effects of long term sewage irrigation on content and form of soil P, and
on the environment, soil samples were collected from the system for analysis. Results show that soil TP ( total phosphor-
us), Olsen P, M3P (Mehlich-3 P) all increased significantly (p <0.05) in the top soil (0 ~10 cm) in all the effluent
treated plots as compared with the control plots and some even in the 20 ~40 cm or deeper soil layer. Most of the P
brought in with the irrigation accumulated in the top 40 cm soil. Fractionation of soil P changed due to long term effluent
irrigation. NaOH P, (organic P extracted by NaOH) was replaced by NaOH P, (inorganic P extracted by NaOH) in domi-
nancy. Significant change in WSP ( water soluble P) was observed in top soil. To set measurement value 60 mg kg ™' Ols-
en P (measured value) and 150 mg kg ™' for M3P as environment thresholds enables prediction of the risk of P leaching,
and WPS may be a better indicator of environmental crisis of P leaching and applicable to more soils.

Key words Effluent irrigation; Forms of phosphorus; Phosphorus leaching; Environment threshold level





