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i, FEAMGGE. DA, FEEMED), HUREE
WEX OO E G ZIX s T 1, Tk
IR AT IR 2, A3 A T ARSI v R R 28 1] b 42
B 5 m DL, 1R 2196 J7 hnf. %X 6 450
g VP KRl 1 2 R, AP 38 12.5°C A
RSP K 4 600 mm, 4EZE K 1 800~2 000 mm.
ARG XM TR B s, ROKBRIRER M IR
P, ST T R ACIRAS, 18 40R 7K B 4 RF
P REVR D A K E B . T R R K S
B ()4 B T ] 0 K A S A o DXk 8 R A A
PR, RN R ) T 2 A 0.4%~2.5%, pH i
7F 7.9~8.9.
1.2 #iRESHRRE
Wit B IR AR R AR I X T T AU s AU K A
Y — PR SRS, TERMEN: K-
W AR IE S I A o T oG A2 - P o . R
TR R HI 28 21 8 Ak B 1) 3 AR 42 7K 14T P i S5 7K 6 Bk
iAo M P E R AR, 3 SRR ARSI R Ak
4 A (COD) 924 mg/L, pH i 7.83~8.25, Na'
0.15%, ClI 4 0.16%, ™ {tfE 3 984 mg/L, H% (TN
2531 ug/ml, S (TP) 4.664 ug/ml, FliEREFY) (SS)
726.31 mg/L. 7RI —BUR P A R H BENLIX 41
HEATRIG /N XA, W B IEAORAGHERE 1 % (1), #EM
2% (12). HEME 3k (13). HEME 4k (14) FL 4 Bk K
AFR T, RN DUREEE (CKD FE AR, 3Lt 15
AMREENX, BENXTHR 2 mX2 m, ki e it
RPZIK I ME e, /N SR FH DY JE By 5 b g 2B R A 2R
PRHEKIRIE N Sem, BF 15d #EK 19k, M 6 H it
ATHEMEIRTS, 10 HJRHCH = 25 e AT TIAE iR e &t
BoKSCYIE S HIN E, RGN, IR R
R KK ST EES AU e SRR RN, %] S T
FEX AT BRI & 5 #T
1.3 MEHZX
1.3.1 BEAREARMNE
pH {E R pH 3+ OKHEE 50 1), Ak &R i
e OKREWS T D, #Fiie LIS KE, KR
JK I s g A R B R LB A% % TR K S ) &
B I A A LR VR B A () - B R I
K SR R K S A A K& . B
W, =1000-P¢-h
W, =1000-Pch
W, = 1000-P;-h
P Weo Wi 71 W 73k K Oy e KRR IE K
L K R K R A R K AR K
mm; Pe. Py Al Py B AL AEBE AL
JERBALBRE, %; h—— i L 2WE, m, AWF5h
0.2m,
1.3.2  HIBABHIEN T
A ZE RS CRHEKRBE XA TEA R I
B LN B R FIGIE B R 2k . FIH SPSS 4iit- 4k
4, 25 Kostiakov AyB#E8 ., Horton A 345 78 AT

0D NS BRI KK A 1 LB 1,
RIFHIER . RBFRENBR LS

2 HR55h

2.1 ERRAGERX IR ARG

HH 1 R0, G I AR K R B 1 22 143 pH
A TE&ES, B 3~4 )5, 145 pH i FFFE&E L,
ERVEME N BEAHEE, pH fE T F% 6.7%. 7.9%. B #E
OCE N, e Eh AR N e BRAC S BN B
WK 1~2 I, TIESERR L CK 200l BRI 7.0%. 16.4%,
VEBE 3~4 IR Ml EL CK H90 13.9%. 14.9%, EILH-—E
IR B RN

F1 ERBEKERTHIIERESE
Tablel Soil saline-alkali content by irrigation with
papermaking wastewater

bl pH fE A%
CK 8.85+0.16 2.01+0.55
11 8.45+0.15 1.87+0.28
12 8.43+0.19 1.68+0.44
13 8.26+0.28 2.29+0.24
14 8.15+0.18 2.31+0.65

2.2 EREKERX HIRKFDREFNFLEE RS2

ANTRJEBE BT I AR R B T
(F51,=124.121, p<<0.001), Kl 1 wJ%n, HxfHAHLL,
JRAKHERE N LI AR R BN, W 3~4 kI
ARBUTE SN, 233 CK R R 8.6%. 8.9%, {HifElE 1~
2 I L3RR B 2 e AN B o SR REE AL T (1) 1 3%
ML BB AR B SLBR YRI5
Z5 (p<0.001), {EHEME 1~2 kLR AL . B
LB ERARE, MEBEAREEREE. 5K
AHLE, BRAKHEME R B LR . BEILBUE. EBE LM
FE R B, FLEME 1~4 5 H -3 R FLRR
3L CK 390N 14.1%. 15.4%. 25.9%. 32.8%, %%
IKHERAE — e PR F O T el R OURE K M RE .
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Fig.1 Soil density and porosity by irrigation with
papermaking wastewater
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2.3 BEREKERX TIENEERERFT

ANFEBIRECT TEANBSHEREEE (Fp=
1 088.817, p<<0.001), Hi[&] 2 F1 2 vl %, KA REREIX
B, WIBEAWISER, FEBE 1~4 RINYIBHE)
M CK FBf 11.3%. 17.3%. 30.8%. 32.4%, KWK /K
EMEAE — e R Lk 5s T X BRIl aa NiB Ttk RE . s
R A VEE B B ISR H O, EBE 1~4 IR 5)
I CK 00 7.0%. 12.7%. 54.1%. 95.9%.

FIGE NSRRI A A & K T RE E T
Bz M, ARSCRA 3 Bl IO NS RERGHR I 7 kit
TG AT (B 2). 2300 D H kR (Kostiakov)
AR f=at™; ft AN NBE. NBEL a, n ALK
¥, 2) W (Horton) Ak: f=f+ (f, - f.)e™; f, fo
fo Mt 4N NBE, WIBE., FRBEMNBE I, kA
ZISH, YPoEA N f o/ MR fo M. 3) WA
A f=at™b; f, t 400 NBR. NBHE, a. by n
BIAAEZH (b MY TR ). 3 ISR AN [F]
HCT FIEEAB R R A R & 2R, B8
WBiE M2 AR RRE, HysadE ih Bt a 3 — 3] 4
3 BB, RNBENIIANBIE R BRI B Sk
WY B, BEAE A R HER N T %, &S I8 BRI B
KH Kostiakov #HH &1, a {EHAF 24.39~89.72 2 |,
T TSI N B n {HAE 0.51~0.90 2 7], I
KA T N FBEIEEPRIL, n AEBER, ABZBEIN A
TR, T LB K EE 1~ 2 VRN 5 R B I 1) 328 el A

JEmT CK, HEEK 3~4 KJa NiB RN AR 2218
K Horton #5841}, f {H7E 1.48~2.97 mm/min, 552l
1 43, k(B4 0.05~0.08 2 [A], 5 CK ML k18
Ky R KHEBL G AT N5 289k /N B B35 2 10 I (1)
gk, RIVBIEERE A Y st dA . T id FH Y b {EH7F 0.33~
2.38 mm/min, Z&/NFRE R SEIERIB R, S5AAHOC R
SEMBILE NIBE . RSB R0 0T, nTLUEH Horton
RPN K By, FLAUL 55 45 R LU Koostiakov A5 28 1 ]
ARG BT TSl , W Horton R LLAGTE T T4k
PZARIE X 2 VR 1) N BHRAE

oCK oIl al2 xI3 ol4

B £k
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Infiltration curves by irrigation with papermaking
wastewater

Fig.2

Fz2 BREKERTTIENESIEMNERLE
Table2 Modelsfitting of soil infiltration by irrigation with papermaking wastewater

NIB SN 24 Kostiakov f# 7 Horton 274 T8 A
e (mmmin?) f=at” 2% f=fo+ (fo-fo)e 0 f=at"+b 2%
fo fs a n R fo fs k R a b n R
CK 9.10 157 33.44 0.67 0.976 1218 148 0.05 0.999 2355 033 381 0977
1 8.07 1.68 89.72 0.90 0.957 18.60 150 0.06 0.995 19852 077 120 0975
12 753 177 48.23 0.78 0.983 17.11 176 0.08 0.995 12595 092 017  0.99%
13 6.30 242 24.39 051 0.968 13.06 2.45 0.06 0.991 15807 195 126 0998
14 6.15 3.07 31.48 051 0.972 14.25 2.97 0.07 0.997 30474 238 132 0995

2.4 BEREKERXT T IEIK % RE RIS

oW o AR B, A TR E R BT IR R I K
(F51,=201.578, p<<0.001). MLHFI /K (Fs51,=107.171,
p<<0.001). Ml /KiE (F51,=947.926, p<0.001) #j%
MBS . 3, St RAHL, 2 A
7 0 B S, o R YR ) 48 22 v AN K = 8
BE, HEE 1~2 k. 3~4 RERYAEZE, #EW 1~
2 K~ 3~4 WAy CK 3N 1.46%~1.50%. 3.54%~
4.52%. JR/KHEME G IR K E RS, BE
PR AN KA ], 7K BEE 3 IR IRFIE 7K 50K ) f
st CK B0 4.29%, {HEBE 4 Y am FBE, E CK
B 1.25%. BEAE REBE R BE N, AR K = SE D
Ja g

TIEFE KRS LIERON S AR B DI, g

WEERRS, TEEEKERD, RMERER =R, e~
AR AR, AR U S I DX P T K R 2
ANEE, BIMH N (28.23+1.49) %, AN KT 5 3T
WA K B2 ZE 1 o R B K R R AR, R[]
VEBE KT R & PR K B 22 7 % (F51,=535.296, p<
0.001), {HEEME 1~2 M EMFKREZRALE ., HIE 3
AT, BEAEREBEE RN, BRE K S SE I 5,
4 RREE SR E K Bk Bl B, b CK 35 125.24%.
BEEKES TR S K E 2 2 R AR R v
FE L IBATRE K, MR & B, R RIRE 8
RS B 2R B E (Fs1,=668.025, p<<0.001), Fifi
EHREBLE N, ARORE BRI i, 3~4
UCHERE 5 A 0 & B 1A Bl ds iy, 40 I b CK 19 36.28%.
105.97%.
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Fig.3 Soil water-holding capacity by irrigation with
papermaking wastewater
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T3 pH BN R A P i K R el b s AT K K E
G RS R EES Y —, CHUIRERE: 5K
IKFEW S, AR B pH i BT, i B
RS S [ v A A AR AR K S, pH R
B, b B 5 A R 0 88 om T s R P g R
3 alit e G, SihEN BT T, 25K R SR
JKIRIE  BEZK T 30 R R X 3 7S ST BN K R,
I X J5UUA + 33 pH (H7F 8.85 Zidy, MEMEIE4CE K pH
i AE 7.83~8.25 Z[H], FEMER /K pH /N T i |- 8 2R
B A A, R - S AR R, i E
TIERER . & sh b R 2, R R
G Hn, SxHEAL, PRKREM 1~2 U th A e
fiK 11.69%. L 3~4 WI(EIE N 14.43%, W] Wik 4tk
KRS 12 1A Ji e 7K i Fr - 398 £ 20 Rt BT — & 1
BRAIVE T, /b3 PR /K RE R bR B A FH RIAE 490 %) TE AL R i
WA R PR F BB ek B R R R, (HER IO £
i, BRI — @ BER RN, FAZRIG X &R,
B2 11 B N AN E 78 20 ke g T P AP AR I AR 4) s [RIIN HR
TP 2BV ES T 10 T SR A PR 31,

WFFEE N, — B R B R 2 4 1.0~1.5 glem®,
S BT IR 139k 1.25~1.35 g/em™™, T HEE 1~2 Yt
IR K G LR BT AE 1.45~1.46 glem® 2 [i] B 5 1k
w5, THENE 3~4 WG R ABUR R 1.36~1.38 glom®,
WK L eSS MR RE I ok AR AU . SRR A, K
KRR T4, BALBRE A 40%~50%, JEEHE LR
JEAE 10%LL L, JAE B FLERE 5 B4 FLR U LI 7F 0.25~
0.50"2, AR KREM T, TIERALERE (47%~55%)
HAME, (HAEBE 5 BE LB LLFINAE 0.06~0.13, Xt
W8 K 0.05, T WLiZ% R 2 Th et AF B/ FL B A 1 B I,
T HEEAE KR B — e BRI, 1T 3 AR R K RE I I
s 2GR T UGEIEBE LR EE . 5X AL,

ARG X AT K HEME S, HIEARRUTR RN, FLERE
B, IR VIR N TR 4% R K HE I i L S AR
ANFLBEURE A A U — 300, (H 5 803 P /K E AT o
Ela, HAARBUTCRE RN, FURUE RN EA R, &t
AR 5 B R LB 1) AR A 5 348 AR PR K R TR 1) 5 B
FE EMRERNE 2K R

N LI AT R PR K S R R K R
K H SR KR Thag MM T R ], KT K T
WRBR IR . RIS T XK IIRIEE N s tERE, £ Ak
WRIGH, FEBEKEER G LIERZH — 28R
Mo -3 gl 1, X RE S B T UR K S IR F A
EYIRRDUEERZMAAYE R LG RZMRITFYRE
KGO A RESTIE R, I3 45 B AR AE REWS ek
NSNS RGN, XN S B PR K ERE R %
IR NS PR RR L N IR IR o HK o it e g
FeJa, T IR /KRERE G L3RR s AL R 15 B R K
e, BEAEREBECEUNIN 2, RSN, R
JRIKHEME 3~4 W, Foap RS R m 54.1%~95.9%,
E— BT R REEE RIF R 2 M BE/KIB N 3 fig 17
Kostiakov # % . Horton #1784 A il H 250 A X 3 Fpsi Aty
AE AL Hb S5 PR /K HEE T 19 L3N B F2, Horton BEAY
WA KSR i, HAUA 45 SR HE Kostiakov A5 754 L Fi 575
SR TS

WRE IO A7 7K T2 B WU )R 4R 7K 43 A G 1 AR B
ENFT 5 1A K 32T, B K REE S5 W R I K R B A o
Wohn, WEME 3 WKk E A s (90.15 mm), AT AR
XK IR, o I AR B A AR R A R (EE
W4 5 KBNS (87.52mm),  w] WL EEIE KL )
FEELIG AR T WAL A YA SR - 7K 5y o A R I AE
IR S MR IR SR K IR Sh B R 3R 5 12, K EE 1~
3 WK, i R K a0 i L R FRAIG 56.17%. 19.75%.
36.42%, TMHEME 4 K5, LEXT RN 64.08%, nf WALHKT
LS, T AEBE LSRN %, 58 230k Hh
ALY o0 T IR R TR KR D BE . 4551 & PR /K =R
ARORE B ZEA AT, AT RR K REBET 138 1 o R AN
{ELE R IR, Yk e AR I 25 7 I AT LT (A9 A T R
HReE A7 A A KSR BT 0 T 1 K 2 41

4 2 it

D B EARKRE NI 2, 15 pH (AT
TR, X AT e R, S SRR ARG
B a3 . SORMEMAH L, PRKMERL o vt 1 LI
YIPEVE T, A SR R (R LA AR, A TR R
THERK . AU AR, RN IR R
b, LB K

2) M TR AR A, AR KRR TR
R, HBE B 2, BB R INW] i Horton
Y LU 5 3 PR K HE B e e R AR LIRS
P, PRAKRERE 1~2 Ik 5 F NS A B IN o) 3 el P v T 1K
IKHERE 3~4 U I HIRKHEML Ja NS F /D B i &
(RIS TRV A R 3 AR R KRB 5 17 = B I 35 L 0K
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Effect of wastewater irrigation on soil hydrological properties
in reed marsh

Xia Jiangbao!, Liu Qing®, Xie Wenjun®, Sun Jingkuan®, Liu Qing'?, Lu Zhaohua'**
(1. Shandong Provincial Key Laboratory of Eco-Environmental Science for Yellow River Delta, Binzhou University, Binzhou, Shandong
256603 China; 2. Ingtitute of Restoration Ecology, China University of Mining and Technology, Beijing 100083 China)

Abstract: To study the effect of papermaking wastewater irrigation on soil hydrological properties in saline reed field,
different wastewater irrigation frequencies were employed in the saline reed field of Yellow River Delta. Soil infiltration
course and hydrological properties were determined in field and laboratory. After wastewater irrigation, the change of the
soil pH value, soil salt content and soil hydrologic-physical properties were observed. The results were showed that:
1) After wastewater irrigation, the mean reduction of soil pH value was 6.0%. In 1 irrigation time and 2 irrigation times
treatments, soil salt content decreased by 11.7%, and soil salt content increased by 12.6% in 3-4 irrigation times
treatments. 2) After irrigation, the mean reduction of soil bulk density was 6.5%, and the mean increment of soil total
porosity was 18.1%. With the irrigation frequency increasing, soil density was decreased and soil total porosity was
increased. 3) Sail infiltration course of reed field irrigated by wastewater fitted Horton infiltration model well. After
wastewater irrigation, the first infiltration rate decreased, but the stable infiltration rate promoted with the wastewater
irrigation frequency increasing. 4) Soil water-holding capacity was increased by wastewater irrigation. The maximum
water-holding capacity in capillary was 90.15 mm in the treatment of irrigation 3 irrigations, and the maximum
water-holding capacity in non-capillary was 4.15 mm in treatment of 4 irrigations. The papermaking wastewater
irrigation had obvious benefits to reduce soil salinity, improve soil hydrologic-physical properties and enhance soil
infiltration and water-holding capacity. However, there was the significant different in soil properties between treatments.
These results provide the scientific basis for determining suitable irrigation frequency and the irrigation volume of
papermaking wastewater in saline reed field of Yellow River Delta, which is of great significance to the exploitation and
utilization of papermaking wastewater resources.

Key words. papermaking, wastewater, soils, reeds, hydrologic-physical properties, Yellow River Delta



