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Distribution characteristics of nitrogen in the unsaturated soil of
sewage irrigation area

WANG Jinguo, LIU Zihui, LI Weijian
(School of Earth Science and Engineering , Hohai University, Nanjing 211100, China)

Abstract: The content and distribution of nitrate and ammonium in the unsaturated soil were analyzed in this study,
considering four kinds of typical planting patterns on both sides of the agricultural irrigation area of Kuihe River in
Tongshan District of Xuzhou City. The analysis results of the soil leaching liquor, which was obtained from the situ
soil sample, show that the content of nitrate vary from 3.8 to 128. 1 mg/kg with an average of 33.0 mg/kg and the
content of ammonium vary from 2.3 to 5.7 mg/kg with an average of 3. 8 mg/kg. The annual fertilization and
sewage irrigation is the main source of nitrogen in the unsaturated soil. Meanwhile, the distribution of nitrogen in
the soil is controlled by the condition of fertilization and irrigation for different planting patterns. Furthermore, the
nitrogen is recharged by the surface irrigation and fertilizer, and mainly migrates in the direction of down-gradient of
soil column. The ammonium is absorbed in the process of infiltration and as a general rule, the content of
ammonium is related to the number of clay particles. However, the content of ammonium is still at a high level in
the planting area of rice and cabbage with annual irrigation, even though the number of clay particles is small near

the soil surface.

Key words; unsaturated zone; nitrogen distribution; nitrate; ammonium; infiltration; sewage irrigation area;
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AR ICER Sy s B T 3R, stk FHEACR R AR i HE A T S KA, 53 A 38 4 B3 LA K I 2R
MR,

A FNAt S KRS Y AL 208 A M T K P b 223845, BRI EL G 1 200 55 1 IR 5 1 KORIS G e
TN AIBFEHLEE ) Zhao 45 225 5T 2% BRA M T TR X 4 438 b U A R IR AL AR AR AE TR Y5 K, N 2%
B A LRSS, B N RS, R AR ER 0T LA e g A R K T R A i Ay
TR P R IR AR, B NN B TAE LB S A4 kg 2 A7, B ST R KT G i)
FERELSS)  IEAEk | Sally 25 TR AR BT 7T E AR ANAT (/KRN 3) 5 UL A5, Aulakh 2510 % BUAE & K B 4%
KB AR 22 1 BAT R JZ M S KLY 38 TR & AR ORI RN 5 ARAE T R AR T R X A &
B, AEAL A PR R R T AR A, R R 38 5 i L A A S KZ T AR X, B T RE S AR
VEWE (V5 ) 55 AEAEIR A R R K, A5 2 kb 78, [ B A7 76 £ Pl ik 2 SO, ZESRARRHS i iR 4632
R AT BAR - o e . X T (NHG) ZE AR AAE s B BT 9818 e b

L8 A IR A & H At 2 is 5 336 keg/hm® , BEA UG LS 300 kg 2247 (2003 48455 ) , I, &
HRBETT IR BN T A2 AT 5 12 AR5 X, WIS XS 2 i ) 2 ARl X, AhAE O SRR, B4 KR /)
3 KHNEESESE %M XK1 R 28 Tl K A 7 R, [R] IRt P 200 AR, I RR 2 Tk E 28 T
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B, IEAERC AR L2 e TE iz X 2 M N K &5 Yt > (EH T - AR AR Ay v U A% R0 o A
FEMRED | BEF I R TR R O 20 AR AR A b B e R AR UM R EAT TR A ATz b X £
A A H RZE S T 0 A A R E B

1 ARXMAERRESH

1.1 HARREE

WFFE DAL TILIRA BN T 58 A ) = S B 4 T B, 2R
25 117°12" b4 34°04" ~34°08" Z ], Hb 3T i 734,
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SR B 2 AT e K HE S 200 m, MR KA S5 TR 43230
SRR RS E T BRI 7 B B R4 S S O —
IK HARB I ZBE 1. 13x107* ~5. 1010 em/s Z[H], Hi Fig.1 Sketch map of sampling points in the study area
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IKE (%), MR E+2%

R ) SRR B B SR T () IR E R SRR R, ZI R R R 20 °C B
B L E AR B 0. 995 ~ 1. 050, /N 9 0. 001, KEBE R 0. 0002, 378 5023 2 MR 35 rr [ 4 438 5 b
HArifE, iR . d>0. 02 mm , KL ;0. 002 mm<d<0. 02 mm , Z5H7 : d<0. 002 mm

TP ICHLA MRS AR 10 g TFEE T 250 mL 1Y) FUAN, LA KCL I (R E R 2. 0 mol/L) 100 mL,
FEBZE, B TR LR 1h, ik B2 H3E-KC BRI (— B2 30 min) |, BU— & 7 1 b1 ar Bl
PEAT AT, I IR AR AR AT A 2 K IR S A S B TEHLA, Hoh se e S 2 48 T A b MR v (i
KC1) S #8857

AR NH-N JUHRCR ] USEPA (948 FGaRITE S IR BE A 1. 0% |, IS A R 56 G A A AT AY)
DR2800 %A WA 66 EEA , 463 R R 9 0. 02 mg/L, NO;-N M3 FH A 22 Skalar San++3EZ27 810

2 ZHR AW

2.1 dEfpfndE LiER RS ST
2.1.1 hERAEHAEE

SR S TR A7 T 2 0T A ) P 00, B 20T 52 200m , SRR BRI = MR AR/INAZ | bR K7 HEVR 2. 38 m,, 1%
AR 6 Ao % 10 H EAIFAEKAE, 10 H FAIZERAE 6 H LA R /INZ . Flvi 2 R 300 0] it A1 4 « 3
Fh—JR G AE (R R +B iR — s Z A 0) ,7 A 20 H 224 IR e A K R s Adofe 45, RIS 22 301 1) it AT 47
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Fig.3 Variation of nitrogen content in the unsaturated zone of rice and wheat rotation field with depth
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2.1.2 #HEHR

AL T ZE T ARDARAS BT, BE BT 120 m, HURE 0 pg 0P AR 6% 35 , 22t 2 A A 6 I8, SR F 28 TRk
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Fig.4 Variation of nitrogen content in the unsaturated zone of vegetable field with depth
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Fig.5 Variation of nitrogen content in the unsaturated zone of rice and cabbage field with depth
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B A AT RS VE R EA T, PR IIZ 50 T 29 0 (NOS-N) EVAREAIR

RS _E 0 (NHG-N) B, IR FE R B EAB ), 7K R AR I i), O ol FH B P , DS 7 A ¥ K
W, B2 NH, AR w (NHG-N) P95 T — K,
2.1.4 %R

YBORE s L T A AT AT B S 2 iy 38 e L, B R AR A AR %A 22T 7K P p (NOS-N) (p (NH;-N) 43511
1. 74 mg/L 11. 20 mg/L, WM BCEERS Ho R /K 73R 2. 61 m, B 6 AR AN H T w(NO3-N) .w( NH;-N) AF
TEIZE 0 ~50 em HIRAD w0 NOT-N) BRI ;80 ~ 120 em HEVREE w(NO;-N) AR, BRI K E T
Bt o 0 ~120 em HPRM )20 0w (NH-N) BB, T3 T K S0K 0 BRI R 7EH N KA R iR
FEL A IZ ALK T Y NHG 4% 3B 72 NH SR IEFE R SO0 T, 3 i NH PRFF T —E i i,
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Fig.6 Variation of nitrogen content in the unsaturated zone of floodplain with depth
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Table 1 Comparison of the nitrogen content between

unsaturated soil and groundwater

B TR/ (mg - L) HH/ (mg - kg™")
p(NO3-N)  p(NH;-N)  w(NO3-N) w(NH;-N)
N KRR VEH 9.13 0.67 71.10° 3.89%
VA 0.78 0.45 10. 89 3.91¢
KAG-A A ER 2.24 0.28 4.97¢ 4.13°
B 48.33" 3.39¢

0 AR W A R RIK Y p (NO3-N) 435124 4.76 mg/L,1.74 mg/L,
p(NH;-N) 43314 7. 28 mg/L 11. 2 mg/L; £ 1 LSRN 38 2 50 A
AR R 22 5 35 (P<0.05) , G 4 FAIR] L b A H 7 s e 1L 2 ik 4
i LARIE R a, FREFALE

S0P w0 (NOS-N) BRI . W25 58 50 5 AT T AR th 4 B0 I - 0 T 5K £ 0 e 4
A A S

o NHS-N) FEAR LT 2 MR 22K KR S5 e LG 2t /K6 SR A2 R T
WG 22, AN BRI PR T IR B 2 . — RO T KRR A B e P, P e 2 L 2 L
AU (A SO AT S S IR A U SRS R A ), T 52 LA A S0 0 = , Fe
BRETHER, MNES, KRR N KR b J P T KR AU, Rk I
4 AR MR 2% 0L B AR 1 O 49 2 5 R 5.

TR 3 bR S8 X MK PP R BT T IR, R I L /N KA L A5 £ B4
il K R 0. 6 ~ 3. 1, B T TR R SRR IR T L, 1 AT
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A, %A HE w(NOS-N) e, T REERTIR] R 2011 4F- 3 F & /NFZRITEAT T i AE R 8k (/0N 22 Jita A LA
SRR AN 32 ) | BRI - 0 (NOS-N) Be e, RIS 7K P p (NOS-N) W5 o (NH-N) HIXT 4

IR -2 5 AL M FAAARR 3t T R AL HRAR T TR AE 80 em ZE A7, Fied 1 15 40 e, R 3851 T < 4]
R, LRI R K NOS-N B M B, il TR A SE 20t T A8 B DL E | -3
w( NH}-N) AHXT 58

TR DN 5 T A AT T TR TR M - Ak A B M R KR 2 2.0 ~ 3.2 m, IZOMLIN I AL TE A
Yy, W0 B A AL S M TR [R] I MK SEINMELS | T 7K SR A 124 F2 2 e 17 3Rl 7K X s
KRG, FE 1 o LRI R KA p(NO3-N) p (NH;-N) ¥I/NFHIK, H p (NHS-N) /N T K
Mo R oK A NOS ARPETI ; [FF it oK i NOS il fgsk T R BRI E 1L

I ARG RIS NHG BATAR G W R DRk 48 w0 (NHG-NO) 5 H R BRI S A5G, R
P RETHE R LSRR S A7 b 25 R AR 2, ARl B w (NHE-N) B9-F- 2 {5 L e Rk & 8 1 ¢
ZAMHZINE 7 Fras, I T nf U B, B A b R SR B, M R KN 0. 672 (P <0.005) , 4 H
w(NH;-N) Bk 005 Mg n (B KRS -2 SRR TR DK E R 2 | IN 7R 322 £
FUERE W0k S AN (19% ) 15 w(NH-N) 7% (4. 32 mg/kg)

®2 ITEPHNEERTRSE
Table 2 Soil particle content and soil classification

M A AT KRR % BORLIST M % RTS8 % w(NHG-N) P/ (mg - kg™') B/ em

72.0 12.0 16. 0 3. 66 0~32
INFE KRR FAE 51.2 35.8 13.0 4.05 32 ~65
64.3 6.9 28.8 3.73 65 ~200
79.3 8.6 12.1 3.58 0~27
— 50.5 34.0 15.5 3.87 27 ~45
35.3 0.0 64.7 3.25 45 ~105
98. 5 1.5 0.0 3.29 105 ~250
73.1 19.0 7.9 4.32 0~22
67.3 5.5 27.2 3.80 22 ~50
R A SRAEAE 731 10. 1 16.8 3.63 50 ~75
71.7 8.8 19.5 3.90 75 ~250
77.4 13.9 8.7 3.94 0 ~40
- 50. 0 36. 8 13.2 4.08 40 ~60
- 76.2 7.0 16.8 3.83 60 ~85
70. 8 12.2 17.0 3.60 85 ~250
3 45 155
R IR O 26 2 % 0 b A 398 o e 2 A 0,
ﬁﬁ@ﬁ%ﬁﬁé@%ﬁ?iﬁjﬁ%ﬁﬂﬁo {;57J({§/E}Eg5”3/f@$ﬂj:i§? :'g‘o 420 + y=.0,0159x+3,5434 B
HHRE R 20 RN A 2R 3 A 3 B A2 E T R AR 1) 2 ) ¢ S 4.00 1 ; @ e
o S R AR AMA R U F BN BT 2 O T e
WA T SR S s Rk e F T
SRR IR (AR M KR -2 SRR = 5000
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FIORLTT 350/ %
BE7 dEtaFtiEd w(NH;-N) SRS ENX R
Fig.7 Relationship between w( NH;-N) and
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the content of clay in unsaturated soil
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