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Characteristics of spatial distribution and accumulation of nitrate
in the unsaturated soil profiles in Dunhuang
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Abstract: By measuring the concentrations of Cl” and NOj; in six typical soils collected from
Dunhuang in northwest China, this study explored the spatial distribution characteristics of Cl™ and
NO; and accumulation of NOj;. The results indicated that the distribution characteristic of NO; was
similar to that of C1™, and both of them correlated well with the soil moisture. With the increase in
the depth of the unsaturated zone, the concentration of NOJ displayed a decreasing trend of volatility.
The intense evaporation and microbial nitrification resulted in relatively high NOJ content in the soil
surface, while water and nutrition uptake by plant roots reduced the concentration of NOJ in the root
zone. This process caused some differences in the vertical distributions between NO; and Cl™. The
concentration of NO; showed significant difference among different soils, with an order of saline >
forest > farmland > grassland > gobi > desert. Because NOJ can easily leach out in sand soil, the
lower level of Cl™ and high level of NO;/CI™ in gobi and desert indicated that nitrate enrichment
mainly occurs in the arid phase and nitrogen fixation of cyanobacteria is active. However, nitrate
enrichment in farmland soil was significantly affected by anthropogenic activities.
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Fig.1 Distribution of the sampling points
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Fig.2 Vertical distribution of moisture, Cl” and NO; in the woodland soil
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Fig.3 Vertical distribution of moisture, CI™ and NOjJ in the grassland soil
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Fig.4 Vertical distribution of moisture, Cl™ and NOj in the farmland soil
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Fig.7 Vertical distribution of moisture, Cl™ and NOJ in the saline soil

2.2 AT NOS BY2S () 43R E

FOREH DAL 6 Fh A+ HERIT NOS ROV ERE CI AR BEAIR , B & & Al Lo, (HRE TR B Y 742
fb#a# S Cl A —50, H 5 & /KA —& A i 2 v, DHO4 45 L3 i + 38 h A NO; & AR
U AE 20—40 em 9 TIERE S EEIA 168.75 mg- L' BiS WE WU/, 78 80 em VAR 1 H3Eh &
LT 10 mg- L™, NO; [ 20810 AT B2 1 TR R IZXT NOS RIS /E . 55 4h  NOS TEMkh 1 58 5%
2R AR T BRI T sh W 288 K HE B b bk ™ £33 rh E &= B UE R, # A o R
SEIRRRER ) DHO9 4L 1A+ b NOS HREE S C1HRBE MoK A3 7 A AR5 — 85, B S ARG X AT fig
A& H T A T EN S, AT NOS MRISCRE JI 8K, X NOS Iy e SR B e K [ml isf 7K e Jo) i 1 3 K
O3 AN BRI 2 DL R R ) R BE LR R T UK 43 R B A NO; Bk 1S 18 NO; VR AR
HE— AR K-

P 395 P A NOS B0 R TR AYAX ARRAE , A&l 3 Bz . Y AR K i DHOG6 3835 1 ¢ 2 1§
BT R NOS YRR 181.97 mg- L™ 7E 20 em LA FIREE NO; & BREE 10 mg- L7 &4, 1%
A /MR, X 5 DHO7 T HERITEH )2 1 NOS IV 7.13 mg- L' 434230 . 35 1 458 o7 b AR B ELAE B
T 5 P AR A NOS WISV E FH AN B, Bir A 1S DHO6 4L ifi + 38 22 A A8 EUR 8 B RUK
Ji PRI AT 2 A 0 () D o R A A 1 e B o P 2B ) A K R S OO AR 5 R B3 K T A
HURY I R R ASRE R IR, PR s AR W it R e 2B KR S R R R W [, 7 2B Ity B3 Kt i
B, RZ NSRRI

3 AR B - HERI T NO; B A RAAE A AR HAR], A 4 B 76 KRB0 [] 1 1 38 5 b R S e 3 85 2%
#£F ,DHO1 ,DHO2 F1 DHOS L1 i+ 4 v NO; v B AR fb 1 52 3 S 1 KI5 s/ i e 3 X R AR (b A
0—60 cm - 35€ op & B JC Sk B Z1. 6 OK b | R 4G Mo AR A8 3 NOS B K B R4 BN 2,88
29.92 mg- L' 133.53 mg-L™", HHNBITER)Z 20—60 cm M L3 ARAEHIES & 1 NO; & i ek 1
ik R A 5 S S R U P T LA R M R A S A S R R, MR R R X SR
WIBT 7T 25 A — 252 XM AR AT BE S NO; IYKIA N B4 5%, Al il K & & Z AR A8 1Y it
FEEERE P IRE M A G R AR KR RS A, AR R X NH, 9L RIS NO;S
B A H R Z IR K B St ) AR RS  HAAR R 2 D WOBUE AR T NO; YR | 840 5 35
[f7. 5341 FEPINE NOS (3 RE RIS 13 NOS MR LR CL R TR)AB A 7 5 B B2 — N 2 A5 A
T, Ea R - PR 2R U AE R JE M2 NOS 14340 R fiE. 3 Fh A VE 4 i he ik 7 2 B Hh K %)
AN R oK A AR, BT DL R SR THIK 43 I Z8 B AR FAR UG 58, NOS AE R 37 43 Bl As 4 W ORI
AR/ .

5 FIPE 6 £ T 52 XA BERIVD S R NO; A A RAE , 5 Cl A4 A R 43 v B 1 — i
IE5 KRR BT 1A, = F MR e A T 2 i T A R 355, SR R RN )
A AT REAE TR JZ R E S CL AT NO; DA - 1838 )22 ) B VR 9 60 S 1 #%. DHO8 4t L 1) Tl 1= g v



10 4 AT A5 IO M DX 2 A U A AS R 23 (8] A1 15 5 SRR IR 1829

NO; &3 = T DH12 &L 3 NOS i &, JGBE L HES TVEE 4 451 NO; Uil T ik
i DX 37 B T — s R A RS P VDB R AT B NOS Y BE IR 4 19 43 A A AL 5 - 18 Il A e
RIS O, BURL R Y0 o - 48 T b B Ry 34050 FLIBRURE 8, BT RO 1933 /K I AN 22 A DR M, B0 b IX B
25 1) 58 B T A B 0 T R S B 0 A A UM G i T SRR

R 3 NOS I AR RRAE Il 7 Fi7R , & th 38R 2 R 2 0, W Hh 118,93 mg - LB
% 10.14 mg- L7 R L HE— By T HbSMIRTEAL , Z K AR Il ™ B, R A B R 454, 5k B Kk B
TE IR Z | LR BT B2, pH D, BB SR 768 R A 0F T AE T NO; I R, B4
NO; Gy JFh NH; P 30 NOS B i - SR 1 B4 189 5 52 20 7 R AF 1) 3 A RS AE. 7 80—100 em
TP b SRR R B0 N I 8, 8RB NOS e B PR B 45 v il 135 /KR 3 AT fig 5 £ 387K 4%
A BN OG0 B K A3 I 40 G 0 A AR B i Ak R B K 43 e 3 g (R i 2
HI7K 43520 28 S 8l BRI AL, DR AR IR SR R AR b 01 30 R T R Al AuVE - kAT, S 3082 5
KAyt 3 NO; i B AR

IYBTEEMA 44 A HER T R NOS (28 8] /0 A RRAE S CL A0 BE B AR G B 22 Sk, R 5L 7t
P SR AR, SRR - bR AL NO; S B i — 2 2 AR I X R 42 i
R4 NO; ErEmi s, hREVIMKUCOS SR AR A L R Pt SRk o b gl + 5 NOS
G HAZE R B R HAL I NO; S 1.5 58] 15 AN 4500 )2 13RS A A /A AR fe b
ATEA—F, HARRIN ,0—20 em 2, Eh 0 > 51 > Mo > 36 BE > & T > VDL, 20—60 em +)2 , $hi
Hi > PR HE S A > BE > Bl S VD BE 60—80 em 122, 4% FH > 36 BE > B Ml > 3 il > A > VD 5E, 80—100 cm
T+ )2 A4 HH > B > SEBE S ER TR D> VDR S Mkl , NOS 75 28 11 25 5P Bl 4 B8R B8 i 348 i ek 2>, FLIR )2 1= 48
) NOS 7 3322 A AN R R B (A R AIK.
2.3 AT NOS Y E SRR

NO;/Cl™ REMSAR - b Sz WAl 25 20 A0 3 SE R 11T NO S/ CL FRIBR 1 22 F17E 53 R B AE i AR 407l s I i 2%
AU AR 2 S X R R C1T NOS (NOS/Cl R AE B 19 43 BT b e 25 50 L 3% 1 4R i ¢ Al
NO; ¥ B8 -2 {E 44 0H S e - HoAh 48350 1 398 20 5910 i 3k 7728.94 mg- L7 1 69.15 mg- L™, HUARZE & A
W35, 435108 20846.25 mg- L7 A1 118.92 mg- L', BCEG/K T 5487058 B S 8UW 25 3. mARAK ) NOS/Cl”
ULHH T Eh a1 NOS 9 5 4 BE AR P R R b 1= 8 v C1 RN NOS Wk EESPI(E IR Z, H NO/Cl AN, iX
AT REE T M A AR 9 R B T R B A T, 3R AL, A VR SR B, 7= A R AR
BT ERIE DY HR R A K B AR B A R WS A A R R ARG A - )
HR CL VR BE & JF AR B AR A = i NOS ¥R, AR Y NOS/CL FbRifE 22 B NO; 7ER H L3 i
SERRRE B, IF52 AN R ™ B A A U K A U A R Bt PR A 24 1 5k B 1 A 56 ok A
TR B RS S A A Y23 ] 53 A0 5 8 R RHIE 2 G H . e BE RNV B S T L I NO;S MR B2
B FHAR 7K, V0 b DX 4y B deb | (LA X A58 35 9 NOS/CL R B T il A R0 Rt i B A%, (] B
KEE 4 CI7 NO3 NOL/Cl 3= bR 22 AR S R BB e W RS S Az I A AN 5], 28 T —
SEFREE A T

R 1 £IEHIE C1 NO; NO3/CL BY4FAE(E
Table 1 Soil characteristics of CI”, NO; NO;/Cl” in the profiles

- - NO3 NO3/Cl™

e e R Y e e A ¥ 1 S L A s TP 2
(mg-L7") (mg-L7) (mg-L7") (mg-L7") (mg-L7)  (mg-L7")

P HiL 3508.13 3255.9 0.65 47.49 40.44 0.49 0.05 0.03 0.80

i 430.24 335.13 0.68 26.10 39.33 0.99 0.04 0.03 0.59

A H 57.69 29.36 0.85 31.63 14.82 0.51 0.53 0.26 0.49

XBE 113.49 86.46 0.76 19.97 9.78 0.49 0.32 0.27 0.84

b 22.70 14.69 0.65 4.47 2.07 0.46 0.22 0.07 0.30

EIN R 7728.94 8621.1 1.12 69.15 57.47 0.83 0.01 0.01 0.56
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Fig.8 Distribution of NO;/Cl™ in the profiles
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