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Effect of Sewage Irrigation Time on Soil Fertility and the Enzyme Activity
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(State Key Laboratory of Biogeology and Environmental Geology, School of Environmental Science, China University of Geosciences, Wuhan
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Abstract; Sewage is widely used on agricultural soils in peri—urban areas of developing countries to meet the shortage of water resources. Al—
though sewage is a good source of plant nutrients, it also increases the concentration of heavy metals in soils. Microbial responses to heavy
metals may serve as early warning indicators of adverse effects of sewage irrigation on soil quality. The aim of the present work is to evaluate
the effect of sewage irrigation time on soil fertility and the enzyme activity. Based on the methods of space instead of time, field investigation
and sample analysis, several soil samples in the layer of 0~20 cm were collected and analyzed from seven soil sites(S1~S7) where had been
irrigated with sewage for 0, 16, 23, 25, 27, 32 a and 52 a, respectively in Lucheng town of Shijiazhuang. For each soil sample, we determined
the concentrations of organic matter, total nitrogen, total phosphorus, cation exchange capacity, sucrase, urease, phosphatase, dehydrogenase
and catalase. The results showed that the soils irrigated with sewage contained higher concentrations of organic matter, total nitrogen, total
phosphorus, sucrase, urease and phosphatase than those irrigated with groundwater. For the cation exchange capacity, catalase and dehydro—
genase, some soils irrigated with sewage exhibited higher concentrations than those irrigated with groundwater, while some soils irrigated with
sewage exhibited lower concentrations than those irrigated with groundwater. The concentrations of total nitrogen, sucrase and phosphatase in
soils were significantly correlated in a positive manner with sewage irrigation time, while the other indicators did not change significantly with
time of sewage irrigation. The contents of fertility (organic matter and total nitrogen ) and heavy metals(total Cr and total Cd) in soils were sig—
nificantly correlated in a positive manner with the activities of hydrolase enzyme (urease and phosphatase ), and the content of exchange—
able Cr was significantly correlated in a negative manner with the activity of dehydrogenase enzyme. The results indicated that sewage irriga—
tion could have significantly complex effects on soil fertility and the enzyme activity, and these effects had great impact on the yields of agri—
cultural land in wastewater—irrigated fields.
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ABIF ST IR AR Y 75 K HEBE X SRR R

HoNBFSE R4 2a38 L (37°47'~38°01'N, 114°29'~114°
47" E) N F R0 P ER, JB RAT LR L AP R
FEIET AR, BRI R I T R ERAME, 4F
SEHRE 12.2 °C, 4P REK &R 493 mm, K 22
F£hTE 69 A, HFERKER 80%L) L, 4178k
B 1972 mm, MR XMESH, FETHREX,E
FRAUEZW , KFRMER, L FERER PWE,
XA - A - B A - AL R 1
1.2 ARAE
1.2.1 #E k& K Ik 3

B A A [7] 75 7K HE % BsF 8] 9 Bk 2k O SR AE
(S1~S7) , RAE SO ILZ 1 Fw , s - 3 i S A 7
PR L3R 2 B, E I 7K R T 7K Y AR 5 L
£ 3 PR, REEBTEA 2010 4F 8 A, KA S1 4
YR (bR 7K PEE ), S2.S3 1 S4 JF A5 HE B E B
FIIHHE,S5.56 F1 ST —HISHERS . B RAESE3

®1 RELQER

Table 1 Basic situation of soil sampling sites

RAER HUR H AR YEIRR FSHERT a2
S1 2K N37°57'3647,E114°32'303" K 0
S2 JBl'l N37°48'20.0",E114°39'252"  FXK 16
S3  HAF  N37°58'407,E114°33'49.8"  FXk 23
S4  HJK N37°58'2627,E114°32'342" K 25
S5 I N37°47'55.9",E114°39'29.0" K 27
S6 R N37°53'13.9",E114°32'439" K 32
ST %JE  N37°58',E114°31'41.1" ES 52

®2 ik R ERELMR
Table 2 Basic physical and chemical properties of soils irrigated

with sewage for different times

KR WEY kR KA IR

TR
RAEER pH % g-kg?  g'kg?  g-kg! (USDA 53%%)

s1 8.64 23 238 413 349 K+
S2 8.52 22 211 437 352 gL
S3 8.75 20 221 440 339 gL
S4 8.58 21 165 477 359 kpksEEL
S5 8.80 24 151 570 279 HPREEEL
S6 8.97 26 158 497 345 HPREEEL

S7 8.37 21 268 327 405 fi

7 : USDA—ZE[E & I3 (United States Department of Agriculture ),

3 ERTKIERN TRNERER

Table 3 Characteristics of sewage effluents and groundwater used for irrigation of agricultural soils

pH HER/pS-cm™ AHR/mg- L' FTHlE/mg-L?  Na/mg:L? Ca®*/mg-L?' Mg*/mg-L?! SAR Cr/pg-L?  Cd/pg-L?
15K 7.7 1599 136.9 47.8 107.7 30.6 35 14.9 79
WRAK 72 1347 16.7 63.4 139.8 529 0.8 1.1 1.9

1 :SAR=Na"/V/(Ca™+Mg™)/2 ; THLA=ER+HR.-



752 SRR IS - TSHE S [a] %) -0 ) B SRS P R R

201244 H

ANEE,REFEERN 0~20 cm, FNEKE KA S BA
BHPRE 6 MESAB—MEAE. TRERATEHEA
TCE S RSN B A EISEE, HIBRTT LAY
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3t A S5 B ) A E TR BR AT
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RUEREA S TR AT5/K . A XK T AL XI5
K ELIRBE 25 Y5 K Je 7 T B3R T 35 N A R FE T
JimKe, ZRIR ELISHEGR T 1956 4F 15 HEE B AN
3 150 m*-hm, 5|5 B4 4 815 7 7,
1.2.2 JET

KR pH LS AH A BRI HLBR I E 23 B1R
A pH T FL SR AN By R RR R A BRI
FRBE R AL - SMR 8, Na,Ca Mg.Cr #il Cd A
FEBIR A U A S B T R SIS (ICP-AES )™,

+3 pH Sk B B4R B VLR 2R 25
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SRR RPN, L HERREG | REVERG BERREE .12 A1
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3,5- HHEK AR Lk BEER IR Ntk LS A
PR AT A2 e AN = AR PO Rk S Ak k™,

SR SPSS 13.0 B4 TAHSEE 4T o

2 ERE5H51

2.1 75X LR ST RN

BHUER IS T 9 B A, gk 1B
FEEMFIASEE TR, AR F HIERREE A TE B, A
ARSI AR ISR AR . A BERAEYIL TR
HEFRITE N FHEYERK S HRERARERE
FIFEF™, IR FacH & (CEC) HEE T H4%
B RE T RE o SEIGINFS A4 75 7K Tk DX+ 38 AE ) T
=4, LT 5T5HER R Z B AR R 5,

ME AT UEH, X HESI-SHBEIR &=
7E 19.10~25.58 g-kg™ Z [A], JR FRAE 1™, XTI R
F(SOME, /5 R 3 (S2~ST) B HUR & B 4517
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Table 4 Fertility characteristics of soils in sewage irrigated fields

TRE ﬁmb_ﬁ/ %ﬁ_/ é@i_/ m%%i‘éﬁ_&ﬁ/
’ g-kg? g kg g-kg? cmol -kg™
S1 19.10 1.01 0.68 14.79
S2 21.04 1.21 0.75 16.82
S3 23.85 1.10 0.79 15.78
S4 24.36 1.42 0.71 14.69
S5 20.75 1.31 0.84 16.30
S6 25.58 1.46 0.78 17.54
S7 24.58 1.45 0.82 14.65

®S5 TEEHESEMNEZEHEXRE
Table 5 Correlation coefficients between soil fertility and sewage
irrigation time
EL AHLUE ) 28 HETHE
MERE 0.738 0.806 0.724 -0.016
T+ FR 0.05 KF-B2FE,+* FR 0.01 KF-BE, TR,

BE. A TSRS B 1.01~1.46 g-kg' Z[0], 7
R, 15X IR S B IS 355 57
BT 20%.8%.41%.29% 44%F1 44%, HF D) S6 Ky
B o. BT E BTE 0.68~0.84 g-kg! ZH], &
B HHEX HELH SRR RS SRR T
10% .16% 5% .24% . 15%F1 20% , A DL S5 A o
T IEHE FRBETE 14.65~17.54 cmol -kg™!, KA H5E
PRAE P 3508 oA L ST MR, S6 Mk .

H3 5 ATA, HIEAPUR 20 E & B X
ES5EERMZATEEMXE, MR E] 55
B ) 22 ] 2 B S 2 2 AH OGP (P<0.05) . FRIIBEE 157K
VEWRBST ] A 3G 0, RS BRI B AR
2.2 SRR T IEEE AR

TIEMRS 5 g YR R EY SRR,
WIERTE Y%, A & R B DAL S YR 53
HE M, T3S0 E E SR, A& R AR R
BN, BEZ 5 T EFRTTRARME R, LSRG
(435 7K EETBR DX B - S TS 4 L3R 6, HIEETE S
TSRERTA) Z A A AHC R BULER 7,

MFE 6 FTLAEH, 5X RS (SOM L, 15X 1458
(S2~S7) PEMEBRIEME B R T 33% .44% 122% |
77% 56%F1 153% , Forh LA ST KB ; 159 X 3R
BEEM IS T 6%.3% 6% 4% . 10%F1 8%, Hrh
L S6 Fyfim ; 150 X SRR ERIE A IR T 1%.
30%-.40% . 12%.35%F1 50%, FHif L S7 Kk E . 158
X -3 A AL S S X R A I
TR AR A, T AL SIS DL ST Bk
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Table 6 Enzyme activity characteristics of soils in sewage

*® 8 HIRUFHREEENZ MAEX R

Table 8 Correlation coefficients between soil chemical properties

irrigated fields and enzyme activities
TR FEMERE  RES  BERRER JELERY  BER Lz HEVEEE R PR JEMAEE A
T mgg”  mgg’ mgel00g" mleg”  pleg” HHUE 061 068 091" 021 021
S1 18.15 0.93 7.99 1.65 0.39 A5 0.80" 0.87" 0.72 ~0.33 ~0.37
S2 24.18 0.99 8.06 1.69 0.45 Lt 0.43 0.41 0.34 ~0.26 032
S3 26.18 0.95 10.42 1.92 0.52 FHETFeE  -0.39 0.49 ~0.25 0.54 021
S4 40.29 0.98 11.22 1.50 0.39 W Cr 0.33 0.86" 0.47 0.17 _021
S5 32.12 0.97 8.95 1.35 0.21 M cd 0.69 0.44 0.92" 0.08 0.28
S6 28.34 1.02 10.77 1.93 0.34 2SS Cr ~0.19 0.16 ~046 ~0.17 _0.85°
S7 45.85 1.00 11.96 1.31 0.41 2 Cd 0.20 _0.61 004 _045 -0.05
F7 TEmHmEESFENEZ BOEXREY
Table 7 Correlation coefficients between soil enzyme activities and 3 i-‘j-iﬁ

sewage irrigation time

s MR R B JEHER R
XA 0858 0702 0804  -0.369 -0.106

1%, S6 yf e s LSBT LA S5 N efi, S3 ki

M 7 AT AE Y, HIENRAR 3 AL S
GRS TS RER A Z B JC B AR SO, T - SR
R TR Tl 95 P 15 75 I 1) =2 ) 7 A B 3 A S (P<
0.05), RUIREEITHEFFRAE R, 150 X T REREE
FOBRRRMGS A W 38 I A
2.3 TEE M RESE M 2 A K

T5HE X Al 2 1 o T 1 =2 ) A R 5K R B
W 8o HHAYUR SR SUHIRIHE k2 A IEAR K
W3 (P<0.01), 25 & B 55 HOF I IR IEE 1 2 )
IEAHRME R (P<0.05), AT UL, {57k H#EBRIX -3 HE 11
CA ML AT 50 ) A K gt 5 1 R il DR Tl AL TR
Bl ) Z2 B S22 AR S R TS HE R T B SR L R [h]
TEPREA, NTTREHE T 5 Z 0P B DI R RY
IKREHEM TR . B Cr SR SIRBEEME B Cd &
B SBHREHE M M IEA RS B, TR G
RSB ARG B AR

3.1 TiEBEARIRTEE

ANETEKHEERE X AR J7 A Xt B o 45 R 3
9, ATLAE Y, EAMEE LT I5HERT AT 1 22 FrEX
B RERAFAEER . ZHFFNRATEHET LIRS
T 8HE 228 (B R A RS E R R BTSN 1
AR 7 0 B 3 R w2 L ZE AT DA RIS AR P,
ISV X AR ) SR R R 2 — R T5 K R,
FERIAN. OF5KFHAESUT LA ;5
K BEYAKR BIET- %S, BA YGRS LR
B s @ HEA ML BA FAR 1L 40, IR B TR
MES; Di5KBABEMRA L ; @ Fi5/K5]#
AP AN (priming effect) HIV T -3 YIE
P, 3858 T A VLR 53

AR FFISHERT LA R AR 1 s ie , X2
DKL A 9 R V5 7K B LB o B A 1 T T M T /K
& &, 37 Bis K BA BARM TOHLA & B A R A5k
REH(E3), FARRX L EFRLE TREEL, 56
FREFRIRAERR B, 25 R B BT KB #1575 7K
HFRESFRYRAR M A TR TRERT S
T EFRITR B R IR RN o

R I FEISKERX TR SHT L

Table 9 Comparison of soil fertility in different sewage irrigated fields

BIEX YE 27 AR SCERR IR
Mezquital , Mexico Alfalfa/Maize HHERE T LEAIBRNEASE [13]
Erzurum, Turkey Cauliflower/Red cabbage EHERE T HEAVR 2ANEHSE [25]
Kurukshetra, India Wheat/Rice EHERE T HEAVR 2ANEHSE [26]
Isfahan, Iran Bermudagrass X SRR S BT EEF W [27]
Dakar, Senegal Letture X A VBB A S BT EYW [28]
Yagur, Israel Cotton TSN T AR &R [29]
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Lucho S 5E 3 150 X 3 HLAR S 15 HERT [A]
Z A 2 2 2 EAHE ; Ramirez 554 E i3 V5 X+ 3
B EE S ERE TS HEF R ARG Mg N, A2
TR 55 RERT ) 22 0] o B B A et (H R i
90 a ¥5 7K #EWE (Y A MLER I & B ALY i T 1.4
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o WAL, DA A28 I A HE 0T BE i 38 ST 75
X -3 S4 F1 ST M LA AT LUK IR, 5 HEIX +- 38 (S4 F1
STA MR\ &E 2w & B3R T X S 1 58(S1),
T A T3 & B K/NIUT R S1>84>87, BT I, 2
FHINH , BEE 15K VEBRET R A3, LA AR 2R
MBS BEIA KRGS T FH B 38 k& A v
R (H R LE AR — e R G, T EA YR . 2
RARFewsERETRE.
3.2 iEEEEMERIRTEE

AN [F) 5 7K B X - R i 1 X X EL A ST 45 R L
10, AT LB, B NSMFEE L FIo N RS
M AT B B SR 45 RAEAE 22 J 0% X b 22 J ik
BT BRSNS EMA N A 5 2 . 1E X R AR 4
MEEFERZ —BEKPENERTENESR
FEHALEE, ERTR-ELE-ZESER
BAMIERNLS . EREEXN X HIEEGRTS
LEEEEAPIR s, R LS ERE AR
HEFEES, B4R SHEMAMERL FRSEZEY
AT 3 EHEESHEHE X 3 Cu Ni BB 154 5
EHERFE PR, DIHEY =S EUE R W FI P
M E 4B 15 Y M BUBIE bR A N % 8 AR &R
TR . ASCRIBFR AR (3R 6)RW , I5H#R
T IR VRS B RR AR TE I, X R T
BHR. 2EMEwEE0TERET T 52605
A2 VAR R K SRS R TR . R 8 ATLIE H,

R IX 3 Cr 5 85 RS 1 2 6] IEAH G 1 i
#, B Cd & B 5RREHE M Z A EA AR 5,
KU HEE R EHEERA —ENREER, X2H
N X B &R 15 Rk AR BPR O T, 4
NESBHR R A T BB IT5 4 X HIKEFC BT
FEW VX IR A B A P A I N
RFEEEIHEY R ERN”— 2 (ER R 2
WER (3R 6 M3% 8), IR BRS LT Al
BRI SRS A, O HACHRAS Cr il T L3RR

157K HEBE X PR RO R R A BUR B, 2
et (A A2 6] AR AL T AZ AR A S AR 72 o B TS HE RS 1]
B3N, 3R AR D MBS R & B R g, LA
N-BEER-MHEEZ RN LIRS ENE R, &
DRSS R (3R 7) RIS HE X - SEBR R | DR TR B
Sb, JR 1 S A B A B S - T HE I R 0
XM ISR 6 FTLAE i, LR RENE Al BRIk L S7
ki, IRAEAIE AL S RE R L S6 S f iy, it A

15 S1 V5 EX -4 S4 F1 ST WY HLER T LR BR, 153
X 38 (S4 F1 S7) jEwE B IR B ABE R B TE 1 35 5 T
Xof B -, T A SRS M A KNI R S1>
S4>ST EEF I, BH W, FEE TSRS, 58
TEVERG IR B AR RR B A0 75 135 1S R e 5, it
AT SRR I B K, EE DAk
ARHEHEA /NG E . MR AR —E R
G AELEAVR SAMSRTERTRENES
BEBEAREAKET , By R A AR S N At
B TS RE TRE (B2, FEE V5 K EBR AR AT, B
HHETEPETRENESEST 5 28, 15
WA v REAE TR - E &R ILFEEA T Z 2 H,
e LA S RGN RGN A =T
Bk, A B X 3P4 A Wi b A T
SEAN WA W DA ZERER L A R FFEL R R

10 AREITTKER X LB E T

Table 10 Comparison of enzyme activity of soils in different sewage irrigated fields

BFFEIX TR R [3Fe 3 SCHRR IR
Hil4 BHEX #ZH TSRENRHE T KA SRR A AR M B AR RS 1, [30]
M T 2B S G E AL SR (LS
WHHEEEX  FXRKRE VML T Z B LA 4 RS [31]
kolkata,india ~ Gourd/Brinjal MG T POCR Z 2 RRBARE JIREG BERRRE  B— 40 TrWRE 7 AL e PR R RIS 1 [32]
Casino, Italy Citrus TSR T 9O E — ZBRERAG B B R B B RR Al [33]
Dakar, Senegal Letture TSN POEER — LR EREE TG B & [28]
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