H 75 2 3R 2010,30(11) :3001—3009
Acta Ecologica Sinica

EREXKERHT=—RAMNEERLES
0 B b Xt 1 R K S B Y RS I

L gk EEHT R KRRt A, A
(L. BB B AT LT 5 BB A AT AR, L3 100085,
2. Sk CIE ) B A2 BISTOR, U3 1000833, LA S0 = MM ASSRSET A5 S50, LURIOM 256600
4. EREBMA R AT ARION, WRIA  264003)

RE BRBEKEAERBEEIERYR, 0T UK BB H, B T A0 G A8 485K 5 B R ML Ve Eh i s Xt + 3
pH (B UK EER Na* (Cl” ASCEFR BTN . 255 R 0 EW S 4 pH A FH &, WA INE LA KB TR
b Na* Cl™ 405 Ho St BRIAA 9. 61% — 37.05% 3. 16% —21.66% .5.38% —28.44% , H |2 +IERERE T TR+, +15
BRI R S S B B ERE, IR 55 X R 13. 68% —31.45% (30.01% — 101. 2% 1. 08% — 18. 28% ; B 314§
FEEADERS, MIEE M EIRM T S E AR EE LR+ 2 R B AR AR &M, 7T
AT B IR R S B

KEIA  EAUEK ; HER ; E R IR I AL BRI b s IRk R

The influence of irrigation with paper mill effluent on soil chemical properties of

the heavily degraded coastal saline-alkaline wetlands in the Yellow River Delta
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Abstract: The paper mill effluent might be used for degraded wetlands restoration due to its abundant organic substances.
Chemical properties including soil pH, total soluble salts, Na*, Cl~ and soil nutrients of a heavily degraded coastal saline-
alkaline wetland were studied after irrigation with treated paper mill effluent. The result showed that the soil pH increased a
little without leading to aggravation of the soil alkalization. Compared to the control, the total soluble salts, Na* and Cl~
decreased by 9.61%—37.05% , 3.16% —21.66% and 5.38% —28.44% respectively, and the reduction rates of upper
soil layers were higher than those of the middle and lower layers. Irrigation of paper mill effluent significantly improved the
soil organic matter, alkali-hydrolyzable N and available P with the increasing rates higher than the control by 13. 68% —
31.45% , 30.01% — 101. 07% and 1. 08% — 18. 28% respectively. While available K did not rise significantly. A
comparison with natural reed wetlands showed that irrigation with treated paper mill effluent could improve the soil property

of the heavily degraded coastal wetland to the level suitable for reeds restoration and reed wetlands reconstruction.

Key Words: paper mill effluent; irrigation; heavily degraded coastal saline-alkaline wetland; soil chemical properties
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Table 1 Soil property of the experimental region

£ K ER % AU (g/kg) BAFR/ (mg/kg) B/ (mg/kg) B/ (mg/kg)
Index pH Total soluble salt Organic matter Alkali-hydrolyzable N Available P Available K
BUH Value 7.892 2.304 7.791 11.36 8.092 272.9
®2 EEREEAKRBER
Table 2 Water quality of the storage pond
¥5%% Index COD/(mg/L) BOD/ (mg/L) pH TN/ (mg/L) TP/ (mg/L) Wb/ (mg/L)
BUE Value 957 84 7.44 28.4 7.2 2080

XA H 47 4r X (B 2) ,2007 4F 8 A iR &/ N FEB A R E&E40% K, AB.C.D.E.F/NX 75|
&7k 105,101 0 .163.6 226.8 49.7 m’ , #1245 F4rBIBEHE T 10.10.0.20.15 Sem FWERIEK . /N IE H12N

http ://www. ecologica. cn



11 3 DRk 4 AR K HEE BT = A O 2 B AR ALV S B X A2 M R R 3003

HEGRIA LA & B EREBA R LAHEK . F35h, /N X R -

FRUEAT TR 30em [+ T A7 R ES , AR M E B0, iR kI £
X A NXPHATT BBE, WAEE A, (LT B.C.D, +
E.F/pX, :
1.3 SR 35{E 1 A 2| B 3] ¢ g

1.3.1 HIERESRE
SERERTE] 4351 2 2007 4 5 H 2007 4 8 H .2007 ~
F11 AF2008 4E3 H, /DX HIEFRAEE S BIFE S
SRoRE A, A RBE U 4 0—10cm, 10—20em, 20—
30cm =2, KHANK 5 RS AR SIRE I Y R Y
SIS . R M AT ISR, 15
VeI A R, 2mm O, B BHRAE PR 5
L HEE 4
1.3.2 gt kit
KIEIEHF 5 KRB S I3 F pH 37
S HE pH (A FF T R o W 5 VA R 4 kb
AGNOL BT 48 C1 - FRURC T IR R B v U M2 BNRRIHREE
HE Na* s IR BB B O H O WUR,; s 782 Sc'”"l“’ﬁ; :;jw;;;";ﬂ: d:s;g;“f :t;":r;x"eﬁmem
52 SR 0. Smoly/L TR 1035 4R 40 S5 50 L. I R &5 SRR
(T U R P Tmol/ L 7, BR e BT T A BV - MR
1.3.3  FELIHUL
JKIEAMHF X Thermo Electron JEF TSI BEF  TU- 1901 S 58T WL AR BE H . 35 o 2k 202
HIVENL A LR SR TR T I0T KIAH IR 5 285
1.4 SRS
SRR Origin 5P ;5% FR SPSS S5V i BT 2 7 22 4007 ( ANOVA) S ST MCHE 2 S-HE 17 35 1
SI0T, 36 ELFIFRL/N 2525 52 (LSD) £ T8 HoBedr v 4 B 7R 7 VR B 2 [ R I 45 K MR 2 1 7
25 ST AT

108m

2 ERAFEIHE E31 - om
2.1 EAUBKMEWERS 14 pH (AR col —A= Tomm
FEARPK BB pH 0 7. 44 MR L pH | e

HIEA TR (B 3) . &iR5/NMX pH A JREEEAHE, 8.4 -
¥I7E 7.8—8.0 Z[a], BB K G AR b A — 2, 3
7£2007 4% 8 A EABIRKME, Gk B I T RS HE
2008 4 3 AN A REM o &AL AT R 2 (FE TR 8or
Ocm) #H LY, BRVEWRE 10em 7E 2007 4F 11 7 pH {H L XT R 78l
FRARS , o35 Xt BR A7 , 150 B 8 R 22 D0 v ) o 4R
TR 3% pH EFH = B B, (B A [R] & 400K 7K 3 5 T 00705 200708 200711 200803

pH

82

S+ pH (B ERIAE B E L5, BAEK I i) Time
pH EAR HIRA G X 4 e A R E RS A%, {HVE 8 5 14 pH B3 BB pH EEARR
BT m, — 7 S TR K R i e A Fig.3 Change of soil pH after irrigation

W AR 53— K R BT LA Ca®t

http ://www. ecologica. cn



3004 B ¥ R 30 %

MRS , SV BERRSCIC A CaCO,FRAMEMR , 32780 T VWP HCO, £, A5 12 4% pH MR
2.2 FEARBKHEBX LUK ETE SR Na® (Cl” SR HEm
2.2.1 HEBBERRKE LROKEESLIE Na” (Cl” S EESIEZL

M 4 AT {5+ FOKE T S AR &S BaA S 2.30% , WEE B -, 2007 458 H #EBIE 40K
IKIG  FEE AR K 9 th e AT B AL B I B 3 & B R FEAR, i1 T 8 A IR 2, X R /K i o
i B WRIRE BT, HEREM Sem Sb, HAR B RR B 25 TX IR, #E M 20em A BUK M B3 & BRI E
0.81% , LLXf FRFEAR 37. 05% ; Bk & Z=7, FEmisi/, 1396k £k, 2007 4F 11 A H12008 45 3 A £ 4b K i 6 £k
&Y BT AP BAR TARAKF X 2 B 0 3 20 E 1 Rt A A HERR A B e, G Aok P ik R
B RIER.

_ 09
28 PIS7L SN b Na*
. 241 081
: o
£ L 07}
s 20| -
I o Z L
peg i 5 0.6
P 1.6 =
m 2 2 0.5
#HE 12+ £
" < 04}
22 pu
g 081 & o3t
- s
< 041 02
0 I 1 1 1 0.1 1 1 1 1
2007-05 2007-08 2007-11 2008-03 2007-05 2007-08 2007-11 2008-03
_ fsfE] Time
1.4 ¢ Cr
12
S
E 1.0 |- —— Ocm
S —— 5cm
§ 08 —/\— 10cm
g —#%— 15cm
06| —¥— 20cm
&
© 04t
2 1 1 1 1
2007-05 2007-08 2007-11 2008-03
BstE] Time

4 KEERE,Nat Q- AERMBTEN
Fig.4 Dynamic change of total soluble salts, Na*, Cl~
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Fig.5 Influence of different irrigation rates on effect of the salt removal of different soil layers( significance level o =0.01)
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Table 3 Classification standard of soil nutrients values

31 LI (¢/kg) BRI (me/Ks) A (mg/kg) M/ (me/ k)
Level Organic matter Alkali-hydrolyzable N Available P Available K

1. 3 & Rich >40 >150 >40 >200

2. 8 F & Relatively rich >30—40 >120—150 >20—40 >150—200
3. %5 Medium >20—30 >90—120 >10—20 >100—150
4. ¢fk Relatively scarce >10—20 >60—90 >5—10 >50—100

5. {ift Scarce >6—10 >30—60 >3—5 >30—50

6. fikt Extremely scarce <6 <30 <3 <30

5 B e H 1S A BRI
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Table 4 Influence of irrigation with different rates of paper mill effluent on soil nutrients and significance analysis of the difference

$957 Index R [ e A A Time EE&?ﬂﬁﬁg Ffig
/em 07.05 07.08 07.11 08.03 JRAERS =R/ % F value
HHLR 0 8.552 9.724 16.52 14.19 57.57 a
Organic matter 5 7.873 9.273 16.87 14.30 71.25 b
/(g/kg) 10 8.309 11.85 18.95 13.70 78.55 be 72.08
15 7.162 8.546 17.38 14.59 88.55 cd
20 7.059 8.967 16.29 14.78 89.02 d
WA 0 13.11 14.66 27.86 22.67 65.72 a
Alkali-hydrolyzable N 5 11.27 13.62 27.94 24.65 95.82 b
/(mg/kg) 10 13.48 17.42 42.01 38.21 141.5 cd 94.37
15 9.723 13.24 28.72 26. 06 133.2 ¢
20 9.207 15.28 29.36 29.08 166.9 d
T 0 8.020 8.854 7.996 7.281 0.305 a
Available P 5 8.282 9.325 8.730 7.134 1.389 a
/(mg/kg) 10 8.499 10.82 7.661 8.873 7.266 b 87.39
15 8.015 9.846 7.900 8.752 10.19 b
20 7.646 8.285 9.383 9.532 18.58 ¢
T 0 287.3 276.4 266.0 349.4 3.479 a
Available K 5 271.4 245.5 273.1 325.7 3.681 a
/(mg/kg) 10 291.2 272.2 294.5 339.4 3.710 a 1.519
15 252.9 238.5 246.5 303.7 3.952 a
20 261.7 249.8 258.0 309.3 4.059 a

(D Different irrigation rates; (2) The increasing rate of the average of last three value compared with background value

2.3.1 XTAEVRKZN

F 4 ERRI X R4 A VLR AL B B0 R B T 12 X 398 WL A 2= 15 PR AR L AL A 2007 4R 5 A
#2008 4 3 A ST R R, 78 2007 45 11 AR Bl K E . HARKN A BT Rl E) 25t LA At B — 3,
WFERK R BB . IR &2 A 0 32 B30 1o A A 2E 0 B W B PE R S AR, AR IR IR b s
Mot , WA YA K, BT A FELE S AWM. B b, TR HEMEYRER S, W IR EZ AL
YR, BIUR S BN & THKE, AARBNEREUER TESR, XRS5 ZMX EEEZW KFEDPH MR
AR 2R, T B DL B KR TAR , i A A VLR & B R AR

AT HRZ A VLB N (57.57% ) A EL, & Rb 334 58 32 1 T 0F R, 26 B 0 R s 4 2 /K AT A im - A L
FEE R, X AR ON FOR A 4R K S A KB DA 48 ARE N ERA LY R, 55 9 L e
B, EARRBEEN, A G AR KERR OIS IMEIR S BEM2ZES (F=72.08,P <0.001), #iKEHK,
THIEE VT IR ZE bR TSR A R B B EERIN, KRR YT B,
2.3.2 XIHRSER MR

T AR A AT A LA A LR —2K.2007 455 H ] 2008 4= 3 H STt R R REMK, 76 2007 4 11 A
Bk R ME

ST A N i T R, R R A K AT A R A A R, IR A — T E
FREFERBEENELEK, 75— ERETAEIRNT LR, SREVURMIE I A iR
BER R RIBRIE 23 TRUEW R AR, N T RS, WA By FAEILUR -, 3 & R E st & &,
[0 s R O 12 8 it AR P O 2 e U A A AR R o AR A e Y BB P, B R R R 4R K TR R
BEINRIE BEMEZER (F =87.39,P <0.001) ,Br THEWE 15cm L BE 10em B ff 23 iS85, HAR L P2 58
fifp R TN 2R 34 T TR B 3 I, BB Rl 2 R B . B RS B EARKERE IR AR E .

http ://www. ecologica. cn



11 3 DRk 4 AR K HEE BT = A O 2 B AR ALV S B X A2 M R R 3007

B S 2 A R R0, B 15em L 10cm B 203 2K mT fE R 22 RN 15em HIRBUAEYEE (1.2
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2.3.3 XFEEBERE W

Xof BRZH + RS S B S A LRI Se s fE FEAR A 2= MR AR Ak A A, 78 2007 4E 8 A ik Bl K ME,
B KA 5% A A R shB b [BARAEF . 2007 4511 M08 43 H #Am S B IK 5 X
BHE A VLR & B R A K, A VLR =4 M55 5k 35 ) 32 3 45 T 5 9 38 S VR IR0 s, AT D82 1)
MR

PRVEWE Sem Ah, HAACFE 1 S BB N R 1 5 T %o B, 2 B VB v 40 /K vT AR i = e kil & &
HH R 5 A% B AR, — 5 R B & 4R K B, 5 — Tk B B VUR M L 2B ik, EAR
630 L P, RO I 3R T R B R B 22 R (F =87.39,P <0.001) , L #E B & 3 i3 K,
ELBREBE 10cm FIFERE 15em FALIE A 2 R4 BESN, KRS LRI WA ERBE
2.3.4 XEHEERHE R

IS S B A B RERE S, 7E 2008 4 3 AR BIRKIE. FrA 43 2007 4E 5
H 2007 4£8 H 12007 4 11 A 3 ERF & B NAK,2008 4F 3 A= JFHBRFFH—LHR

FUXT HEAH LY, &V AL R AT & B IR W (A R B E MR REME IR KA
o AR A B N, SR R i X AR AR & AR, T v 4B K 4R A B AR R
2.4 FEEFIRGEEG SRR HE S 0% /K 5 IR AL A0 BORIE 5 3510 i - 8 A2 R R LA

FE TR GAE Hh BT S5 B — B 2 IR A K AN b, U 1R e IR LR S B &K S,

x5 AEEMTHEERER
Table 5 The soil property of the reed wetland

£ - K ER % AU (g/kg) BAFR/ (mg/kg) B/ (mg/kg) B/ (mg/kg)
Index P Total soluble salts Organic matter Alkali-hydrolyzable N Available P Available K
$U{H Value 8.230 1.433 9.028 25.86 7.651 281.8

OB AT - IS 38 pH (B 8. 19—8. 39, B A SE AL TE 438 pH (ENE & T2 3530 b , (AR 7 25 25 ik
ERAEKETERE R 3 15cm F 20em 4R K G KB & B 018 1.412% \1.357% ,¥E T8
IR SR A B AL A VUR S B WS TS B HUFR & & 3K 10 . 15em 1 20em H 4K
B G WRR & B T% B fE A & & ¥EWE 10.15em F1 20em 40K /K G BB & B 5 T1X 5 5%
o A TR IR AL B A S B TR IR S '

3 g

Vb R, B e —E PR ORI T A K, T B IR DR b 25 5 KR K 0 IR )
T RS B B, SR SRR S AR T AR

(1) REACBKHE WS 1B AL R HR0E H pH (RS T, A IR 6 X B AL 3 1B b pH B E R AR
% REANE L.

(2) AR I IE BB KA 1L BE (2080me/L) B , W RIS 1 2o JR - 84k 43 ) AR, R T AT AR K o
G, BiEh FRIA T 38.69% —72.29% , HAEAS I Bl A , 204355 I 56 Bl o8 10K B2 O 04 B K

(3)VEBE LIS S ERE , AU RS B R 82w X R, Bk EEERE R
WA A, A B AT B 13.68% —31.45% 31.01% —101.2% Fi1 1. 08% —18. 28% ; 30 & B3 N 48
XX A BERE
Bt R L AR A B0 = A0 O A S ERBE T E H 0 4537 S VT B 418 2 RS2 B o TR A 5 B
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