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Abstract; Irrigation with industrial and domestic sewage has become increasingly common in most areas in China that are
short of fresh water. Unlike fresh water, sewage is rich in nutrients, and irrigation with sewage will therefore give rise to a
change in nitrogen dynamics in soils. In this paper we present an experimental study of the impact of groundwater table on
the movement and transformation of nitrogen in soil under sewage irrigation. The experiment was carried out in a lysimeter,
and the groundwater table was controlled at depth from 2 m to 4 m. The experimental crop was winter wheat and was

irrigated with sewage at 900m™hm *and 1200m™ hm ~* respectively. The results indicated that the nitrate concentration in
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both s0il and groundwater increased substantially after the sewage irrigation. The increase of nitrate concentration in
groundwater depends on the depth of groundwater table and the amount of irrigation. When irrigated at 900m™ hm ~*, the
nitrate concentiration in the groundwater increased 34.67% , 24.94% and 20.88% for groundwater depth at 2 m, 3m and
4 m, respectively; whilst when the amount of irrigation increased to 1200m™hm >, the associated nitrate concentration in
the groundwater increased 58. 42% .38.98% .27.21% , respectively. The sewage used in our experiment provided more
nutrients than what the crop needed. As a result, the risk of groundwater being polluted by nitrogen increases when
groundwater becomes shallow. Since the crops adsorb the nutrients supplied by the sewage, for a given sewage, there should

be a critical groundwater depth beyond which the risk of groundwater being polluted becomes negligible.

Key Words: variably saturated soils; sewage irrigation; nitrogen transport and transformation; winter wheat; groundwater

table

RELRMR EARERERNERS —, kR HYERSFEERELBNEIERER, I TH
RO A, 2 M ERE B & BRI 4 UK FEARERR , 18 2004 E¥ER4, 2B NS AEBRE R E %
361.8 J7 hm’, 54 BB ERU 6. 4% ,3XFE30 AIIEI S BUK AR R, 2SRl K % F &8 R
A, TR 1 R T KSR RS B

ETFEAEBL/NEE K RTEM, BETE Y SRR R (E.5K) REEKEGE. ) f
AREMGEE(H ) 4B T, B BEE ERM/NEEY AR BTN T BRI, FE0gD
AT T B BTSSR EFFASEWE ., BESY T T BB /N ERK S EMR AR
KBRS, WSS SRS E H _SABKATRUEREATZABE LB
W, DS TR N AR SR A IR 2 B I BT R A A AU

FIF 2 A 5K BE TR L E AN T A BF55, 40 G A AlNakshabandi,M M Saqqar %'¢ F 1993 4£7¢
2 B 492 8 I Pl 2 7 E SR AL B 2 SN B IO FR A K AT A T AR K 10 F RS, 36 LA 7K E WA X IR , %
MTHERYRSE . ELBSBRMEY R P BSHITIPM, 0. Al-Lahaam,N M El Assi'” ' 7E29 B 3
13T WK 54K AR RS L A% 79 2005 R M 9 K FIRIE BFFT. A Pollice, A Lopez ™ %575 2 o i
SRA R A K B BTG LI, SRR A R, RS R IR K RS B SE S B . DA 5 R 7
WA T VEESEAT T 0 bR, R L R I, W R G R B e TS B R K M A AR R Rl e
T AR R , 30 M 5 W Tk B 77 7E T 30032 , 3t T P M o B 7E T35 F 40em B R,

5K ME WA e i S R T KRB 95 e AR 2 o th R T 608, X BRI 5 e e 13 P iR
B BAAIXT T KBTS, Smith " BFSE T “RACBKEWE (B ) 4a F 17a KBS L IRE LB M
AR, SRR, SIS K EMAR L, FE A KW L3 9 E 48 (Cd.Cr.Cu Ni Pb 1 Zn) () B E KR H E¥
Wi, A5 MRS RETH B2 R, ez (AT T 0 Isfahan SR BAKER N ENEENESLRE B
BURI, 25 R0, A KRS EA P E SR ILE AR S, BRI AESRE BRSNS, B4,
BAPEEKRBERTE, BIER, BEE B TSR ERS AN SELSEREER T KKES
Yo AR MWNE FESHEKE KR, LES KB R IEPRBOMSASHEENH A, TR
B( <Sm), FHOKFH T AE UG HAER T REENAR, B E MBI AR ETE- BT KRS S
HiER, BERTENIMEXTIE T EMNE TANREE TP TR IR ", Exis s R T K
NO; FEYBFSEE/ , MR [ K B ER 4 2 F IS A MR 38 KO F /K AR 2 BB MBS SOt E 2,

BE M T KRR LR AR BB , e A K 7 e — SR B , Cavazza U BF R IR, 23
TKEHE N 1.25m B, &/ EF B RS, T /KEEAT 1.25m i, IR R 34T A TR, £ hE7 8Lk
1%, Eees" R W B R T AR S 5I7E 0.3 ~ 1. 8m 2 A, B AN EEK BT BT kK
i 1. 5m, 43 F/KEH/NT 0. 6m B, Z/NEF= BB, B HLITS " B 6 Fit T A KRB A B Ab 2
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(BB T KAL) &/PNEREAA N, T AR 1.5m HE&/NEFBERR. BRIPIRERS B KERAMG
TR R KBRS BRI RN , T X 5K BAR 1F T A R KR E A RET B B& L TR in
F TR i R ILARGE

BEEAEEN BT KERR RS RMEYERETREAMER? AT T REMFRGT
T KB/ 32 M AR MR TR E - B U R TR T K P RFEEBEERIIFR
1 ##5FEE
1.1 ®it54H

FA ) A B 7E v R A SR BT S BBt [ 1 s 2R B (GRS AT, MR A &/ R il i 3 6 4
AbFL BRI R A BRI, 0 A (2m) A, (3m) (A3 (4m) 3 SKF; HER B Sy #EKE, 2 B, (900
m*hm ) \B, (1200 m™hm ™) 2 AKF, 5K A RR A B 1,

F1 FRERRREIT
Table 1 Trail design of sewage irrigation
b3 Treatment

Facto
R Factor AB, AB, A,B, A,B, A.B, A.B,
WK A Groundwater level(m) 2 2 3 3 4 4
#AEB Irrigation amount(m® -hm %) 900 1200 900 1200 900 1200

TEWER FBEE , 15K BH 2 HisKAHE T, R o W3k 2, K H B35 8 K3 K (2005 4 10 J 13
H) GE#E 7K (2005 4£ 12 B 30 H) \4kF7Kk (2006 4E 3 A 22 H) JHliFEHHK (2006 4£4 F 19 H), 2006 43 A
22 H 454K MR (N:330kg-hm = P:112. Skg-hm ™ ,K:112. Skg-hm ™) , 424 5 18 H &S HHE HiAE
Z/NZZPE R st ) FBCER s () 2 391 4 2005 4% 10 F 19 HF12006 426 A 5 H,

®2 BAESR
Table 2 Main pollutants and their concentrations in sewage water( mg/L)

HUkE H#H Date of sampling pH EC(ds'm~!) NO; -N NH, -N
2005-10-13 7.75 1.98 25.13 0.20
2005-12-30 7.68 2.00 23.18 0.25
2006-03-22 7.81 1.96 31.51 0.08
2006-04-19 7.63 2.03 25.37 0.14

1.2 BERWMAESHL

(1) EHEREMERK KB RE, BR R ELBARFHERREN IR, FHERE&DELETHARER
o, BAMMERE N 96. 9mm,, & 10d WM 1 YRAR S B E M ER b L TYRER (52205 , B
RUGMF=2R, B ENE SEEWERTH M, B I K, ST /DERE BB 1m 1757 S TER, B H
BA AR, M ARSE R (G EAR) WE BS MRNE B RNE, B ek TR, B RR UK BT & 1Y
. FEmERA B3I <40 (¥E SKYE MINIMET) il &,

(2) HEPRHSE(NO; -N) SR (NH, -N) \HEEKBME 45 THEKEEKESE 1 X EKE
B2 REKGES RFEKEE 10 XL, BUEEE 2 5% 5.,10,15,20,30,40.,60,80,100,120,140,
160.180.200cm, Ft3t 14 A~ 4, HRPRHAR BERB R ITIL  FRIUEE 14 10g, i1 A 1mol/1 CaCl, 75 ¥
50ml,#z3% 0. 5h J5 , & E 1h, L ELHEB . WARRESASTENE, K FAR 30547 (#E BRAN LUEBBE
AA3)E ., HES/KERFMTERIE,

(3) HHBB W K K H NO; -N.NH, -N.pH X EC e 73T K EKEE 1 R EKEE2 R
HEKIGHE S R JEKIGEE 10 X3 EHE L BIEW B T /KB, B B 4344 15.30.,50.,70,100,150.,200,
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250,300,350,400 ,450cm, #E/KIBER 2.3 4m fHBUKFE HI24 7,10,12 4>, KR NO; -N NH, -N R 30
AT RE , pH B R AR EETH(PHS-1) UE , i1 F FR AT AL F4U (DDS-11A) P E o
2 HREHH
2.1 SRR

AR T K EEERL/N VR RER F AL A& 1 2 Brso 7K 8RR R, S 7] 3 T 7K S8 A s 28 40
25 :2m >3m >4m( & 1) s HFEM T KEERAGT , BKCHEE R KT RO (8 2) , REKEN&L
HZ A& /NE RN ZF BB BEKF (p =0.01) s HEKRN, #1 T /KK 2m 3m 7 4m LLHEFIMREZ
FRBEKF(p=0.05) HTFKEEHRMFNAFEKELERBENEZRASBE, R M T KEE
Xt A /NFE MR BRI
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$5Fi )5 T4 Days after planting (d)
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Fig.1 DPlant height of winter wheat with the same irrigation amount under different groundwater table
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Fig.2 DPlant height of winter wheat with the same groundwater table under different irrigation amount

2.2 M EBHEEEIE
K/ EARISEOR R, AXI0F
LAI=D xA

KA, LA HYEWIRHA R HHEIARIEE; D 0 BE s B s A D Akt T AR
D = (%2 (S/L) /P
KA, n IEEBEG L N B REBREKE S, KB L R BUNEMREG P 94T IRIEE ;

A=%Xi[i(Liij,-ij)]

J
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K, n 0 TBUAMRE AR B ARG m oy B MEAREIM F 8 K=0.7 AR EZIRITE R Lo i k56

JR R R W o3 i 4RER j I TR
KN H T RS BRRE R R AL AN 1 3 7R . BT LA i, AL B M [ AR 8 ZUER R B 7 1% b Ja
140d FEFP)E 170d Sy HREEHS BBz, 2 172d BRHABIEBRAAE, UG BHT#E, T A [T KRR A-Ab BT
VA, HFE KR AMT , RIS/ NIUT 05 - 3 F KSR 2m >3m > 4m, 3Rl THUF KB HEB/), 78
EBEWROMBBEDAERT , 2K EBBIEER, 8 A T2/N 3K - R B RCR A , R 20T
2m 31 F KB ERAL IR LN M AR EER R, X R AR PR LAE i (8 4)  HEE T KB REH T,
R AL BB M E RSB RO T R K AL, (T 7K B i 25 A B 2 i) 4 /)22 - T AR 48 50R] B 22 7 28 B AR B 35 K F
(p=0.01) ; /KRN, 31 F/KIEER 2.3m 7 4m LFM ERE B ZRABE, RAAFM T REENL

/NG M T ARSE BRI I B R

7
—0— AIB2
g or 5t —O0— A2B2
s 5L —— A3B2
3 4L
5
w4 -
=0
£ 15 br
0 I I ! | 0 ! ! I |
140 160 180 200 220 140 160 180 200 220
F&M )5 K%L Days after planting (d)
B3 AR T KRR R KR A NEH EREHR
Fig.3 Leaf area index of winter wheat with the same irrigation amount and different groundwater table
—0— AlBI or
r —0— A2BI Sp —0— A3B1
—{1— AIB2 —0— A2B2 00— A3B2
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Fig.4 Leaf area index of winter wheat with different irrigation amount and the same ground water table

2.3 XRHAREERH

Z/NEWEHATE RN E R AR 5 8 6 iR, WEHATLIE M, e 855 180 RZAT, AAE 2 5]
HIRERE R 2R, HA/DNRIRFR , RS R TGE TR, Bl TR EE SR/ NEREER LR, FE
ERDFKDHITES , T/ DEBEFET o X AR T KB, KB R KA B L&D E RS E |
REW/NFFF R T KB 2m > 3m > dm; 3 A FEHEKK R (B 6) , KA BRI AT KA E, R
KB &AL B[R] 4/ A TR I 1B B 22 R IR B B 2 7K F (p = 0. 01) 5 R K B i, M T /KB IR 2. 3m Al

hitp : //www. ecologica. cn



1640 £ K5 % K 28 %

4m SLERIFABFEE K ZFABE . BKEMFRR, #TF K 2m 7 3m BEK 5FK 2 MBS
BRI Z BB B EKF(p=0.01), T F KRN 4m ) 2 ADACBR AR E R 2R BB EKFE(p =
0.05) . KB T KIB T K BER XL/ E R EH B o

2100 2100 -
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E
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Fig.5 DPlant density of winter wheat with the same irrigation amount under different groundwater table
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Fig.6 DPlant density of winter wheat with different irrigation amount under the same groundwater table

2.4 XTYREHIRN

HiZR 3 W LAAR i, /NS AL B T /KSR 2m BT YRR RERK, KA EH T K BEE D 4m 5
/No 2m T KRB KA BR T YRR RE R T RKACHEL, T 3m A 4m T KRS 2m MK, EKE
HEE A, AR AL B T S AR R 8 i KB)/NEIRF 9 B8 2m > #H I 3m > B 4m, B KA BB T AR R
B iR E/NUT Y B 2m > BB 4m > 3 3m, i 77 2047 HT A, VK BAE R i A AL B 2 TR 22 7 ik B B
ZIKF(p =0.05) , il 3 T A EXT /N BT W REEHBIK .
2.5 XEHEWE

AR/ N bRy B (LUT Rk 8) WAk 3, EKEMFEN, T KEREERL/NE T’ EREE
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o /KIS 3m T AR FEER K, KN 4.2m, R/KACHE 7= 8 HE T /KBRS K/, K
2m KRB =R B K, K 4m 3T KBERM PR 5/D. HFEM T KEBEAG T, SAOHE =X e
N K 2m BIE > J7K 2m IR, FK 3m BIE > K 3m IR, FK 4m #IE > KK 4m IR, B EHT
A, K BRI 2R AP BEKF(p=0.05) . WKSFIRMEE, T /KEGHE R, HK
AR Ar FIUFRRAR R T R/KACHL; AR K B A0, IB/K AL 2m 3T KB K 2RI K,
F/KALEE R 3m 3T KBRS RIS R R K,

£3 FEALETHRE.LE"R.ERKFARER
Table 3 Dry matter and Actual Yield and WUE of different treatments

R Ty~ g LR b Grg Ll isE &
Experiment treatment Dry matter yield( kg-hm ~2) Actual yield (kg+hm~?) WUE (kg-m™?)

A, B, 19404.70a 8573.10a 1.63

AB, 18556.25hb 7388.73b 1.19

A,B,; 15177.68¢ 7314.80¢ 1.52

A)B, 18550.42a 7912.73¢ 1.27

A;B,; 14963.29¢ 7115.13a 1.48

A;B, 16951.75b 7603.13b 1.22

FKH/NEFZHBHERIFRLE.05 K FELERBEM The same small letters in the table indicate difference significant at 0. 05 level; T [F] the same

below

2.6 THPRARAEL

B KBTS RV B AIEK IR 0 ~200cm + /2 T NO; -N S EBMIERFE 4 .55, hFd RS 0, %
B+ 2 NO; -N & 844575 3 ~ 10mg. kg ™', 5 10d J5,0 ~200cm + /2t NO; -N B3 & 83 5 %
I, KK B, , R FEIEKIEE 0 ~200em +ZHAEMAREETFHHEMT 11.65.24.57.25.07 mg. kg™';
HKKF B, , R EIAKHEEE O ~200cm +EHASFRHAR S BTN T 18.88.42.57.,48.84 mg. kg ™', #
[F] Y K R X H 47 22 B , K K SRS ,0 ~200cm + 2 + 3 NO; -N 3 hni £ ; 48 R E A K T3 b 437 22
B, YK BHRIR ,0 ~200cm + 2+ NO; -N #ni £,

R4 EKEELEO~2m 2 NO; -N SBEHE
Table 4 The nitrate average values of different soil layer before and after sewage irrigation(mg-kg~!)

P SE35 Average

Treatment R BL #)51d AT #)52d AT )5 5d AT W5 10d AL
A, B, 4.90d 5.10¢ 4.68e 12.54b 16.55a
A, B, 5.27d 4.7 7.23¢ 14.08b 29.84a
A;B,; 7.78d 6.84e 9.41¢ 21.61b 32.85a

BI; before irrigation, Al; after irrigation; T~ [5] the same below

RS HEANEELEO~2m 2 NO; -NEBEHE
Table 5 The nitrate average values of different soil layer before and after sewage irrigation(mg-kg~!)

hhym VA Average

Treatment #E3 BI 5 1d A )5 2d A 5 5d A #E )5 10d AT
A.B, 9.10¢ 4.94e 7.28d 18.64b 27.99a
A,B, 4.61d 3.48e 9.19¢ 11.49b 47.18a
A,B, 5.08e 5.83d 9.55¢ 12.38b 53.92a

2.7 TEPESRMENL
AFEGEFE KA S L3S NH, -N E2 T ERES A ILE 7 ~E 9, BV TFET AL, EKE, ERKP
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NH, -N K& g R M, 859 NH, 37 KL T8, 1 NH-N & 2EE K 55
82 R, BT IR SRR M KL ERSER, 1R NI -N & 85 TR #KESH S X, 13 NI, -
N BEAFALSE ;s EKJG 2 10 K, 13 NH) -N S BEARASFERERKF . SERU, A REKERTGKER
X+ NH, -N F2RmHHFAHE

A E A& Ammonium content (mg-kg™")

0 1.0 1.5 2.0 0.5 1.5 2.0
0 . T 1 0 1 1
El —&— R BI —e— R BI
S 40 —=— W 1d Al 40 - —=— W 1dal
= -~ S 5d Al --X-- G Sd AL
S 80 1 —A— )5 104 Al 80 - —A— /5 10d Al
£
w120 | 120 |-
53 160 160 |—
AB b AB
200 L ¢ 200 L 1B
B7  #AKEER 2m AREREAKKEHE KRS D RESRAN T
Fig.7 Soil ammonium change of different irrigation under groundwater depth 2m
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< 40 | 40
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%
Q 120 120
i 160 |- 160
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B8 AR 3m AEREAKKEH#ARE L RESRN T
Fig.8 Soil ammonium change of different irrigation under groundwater depth 3m
—— R BI —a— WE1dAL --X-- /G5 AL —A— JJE10d Al
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Fig.9 Soil ammonium change of different irrigation under groundwater depth 4m
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2.8 TIEEEWAM T KR REARNEL

FEKBTIE , R Rk SRR 3 W R T /K o NO, -N ¥k R 1 2B 2 75 LB 10, #EWR)S,6 Rhabs 1
YW K T K NO; -N ¥R B3N T 5.50.53.92.16.84.21.61.11.64.,17. 88mg-L ™", i[RI ¥/KHE,
KK, 1R B K NO; -N ¥R EE IR &, R, 13RS T /K H NO5 -N ok BE 38 fim i
Ao XL K E MO, TR B T K NO; -N 3 nidi& , KK B, , AR WK IER AT H
Tk NO; -N 4353 T 34.67% 24.94% \20.88% , VKK B, , REEAKIBRSZMA T H T K NO; -N 53571
4t 58.42% \38.98% \27.21% , W3k 6, HH[FIFEKIKF, /KGR, Hi T K NO, -N By i 3 m /)5
YK HERER , Hb T K NO; -N B9¥R B3 IS, HUF /K o NO; -N 74k #laE 5 + 4 NO; -N fAsfhta s A
R, a2, £3EH NO,; -N Z5{b i HI0HiE T 3 T /K H NO; -N BB A, [RIAd tu 2208 KK SEAE IR, ¥k s
Y, TS FIRLVE RIF= A2 1 NO, -N 5 BB B H T /K 15 Jeity KU i K o

—e— i BI .

FHASEIRE Nitrate concentration (mg-L™)
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+ 23 Soil content (cm)

280

350

140

210

280

350

90

180

270

360

450

3 SigHitie
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B 10 A4 KRS SRR BT KSR

Fig. 10  Soil solution and groundwater nitrate distribute before and after irrigation

Tk BB L/PENERR TR, LEX M HRER . TYRRRZEAN>EHRERBR, £H
TKHEBANTE T 1RP BT LR, /N EM R RARIENEM. MHEEKEMGESAFT, T KE
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B 2m SHEBEA /DR M AE TR REA N HRER ST+ R SEYHER, EKE RN T
BEEW LUV EMFR, EE LK T B EYRATKA L ERE, R EKEZHTE/D, TBEERE
i ERRAE R, B T AKEE BE B FMERI AR X AbK , 3T KBRS , 72 BB R Az h o PR
T, 2 EOKIERRIEER , A A T4/ K M3 4 B R AR A, 3B B0 2m 3R 7KGE B B AR X ARk
HIBE RS , 30 T K BRA B BAR RN A, AT 30T 2m 3 F AR BN EM TR EE K

F6 HAMEFRALEMTAMESEASE
Table 6 Groundwater nitrate concentration change before and after irrigation

Pris::} AlB1 A2B1 A3B1
Treatment Date 3.17 Date 3.31 Date 3. 17 Date 3.31 Date 3.17 Date 3.31
T 7K Groundwater( mg-L 1) 26.01b 31.51a 115.18b 133.02a 236.63b 248.27a
il A1B2 A2B2 A3B2
Treatment Date 3.17 Date 3.31 Date 3. 17 Date 3.31 Date 3. 17 Date 3.31
T 7K Groundwater( mg-L 1) 115.18b 169.10a 139. 56b 161.17a 177.42b 195.29a

FHH/NEFZHBHRIFRLE.05 KFELERBEM The same small letters in the table indicate difference significant at 0. 05 level

ANEIHL T 7K 3B ZR A [F] 7K B RN AS [T 7K 7K 8 a4/ 22 ol B0 i 1 e 8 88 2 M 88 5 b TR b 1 K 3B R % 1
TS ALFE e R K Ab B SR B R A /N B T AR S RAR B B3 o 2m MU T KEERAM T, (kAL 2E He s
KB ERREAL/NE T YRR EEM=REAIEN, XRH T Y TKEEEIRN, SRS TR EEY
B TSRS K, HNETERE, AR T e,

KERG, ST EPHERNSEN B ENI. HFEEAKKEX A, KRB, ~
200cm + 243 NO, -N F-¥)& 2R IRE ; oK BB , 1T K P RS R E A, B FHE ARt
YERF=HA= ) NO; -N & IR EH T KIF R XU K . HF 7K 5 NO5 -N B ZS (L MR S HuBGIE T 13 NO; -
N etk a3 M EWE KRS T2 B, K K05 ,0 ~200em 1= 4% NO, -N B in#k , #F A+
WASRWERER, HEREHTHASRNNEEEZEKE BT EE. RS KERTEFREN
WMARSEEENHL, T AKERERER( <Sm), TEKAM T KGR, #H T K EBHREARE, #
WP REELIE - T KRG ER . BT, EBKS NO, -NEKEBAEN L2, £ L EHHE
RG-S B35 B Ih0 5 #F KBS, 100 ~200cm +3ESKE—BHRFREATE, LASRERE , FH TH#
WK B 1 ZE R, BB EAR N T B LI R, T KBRS, BR LK SH T KEEEN
YE FRAFAE D 38 3, (A 2 ARSI 100 ~200cm 12 +38 /K& ,0 ~200cm + 2+ K EBEFERR, AR T LT
K FEER, LK NO; -N B KERATETE, N THSERM TELEMMREE, FHit, HFR%E
IR, KB R A TA A TREEERN T B EER; HEVEKEEAE T EAK RS, SRR
T EMBE XSRS,
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