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1 15 g (HCI)
200 ml 30%
L1 (H,0,) 72C  2h
(Mastersizer 3000 Marlvern )
( )
37°53'N  114°41'E 50.1m
" ) 10 g
1:5 pH (PB-10 Sartorius)
pH (SG7)
EC 0.25 um
122°C 530 mm (ICS-2100 Dionex )
1 040 mm "
2015 47 m 105°C 24 h
1.2 1.3
1997 NO, -N
(NO) 600 kg/hm*(N600) 20)
3 ( Ri = cxdxh/10 )
46.2%) 2015 10 Ri NO; -N (kg/hm?) ¢
Geoprobe Model 54D (Geoprobe, Salina, KS, NO;-N (mg/kg) d
) 0~10.5m 100 cm 0~ (g/em’) h (cm)
10 10~20 20~30 30~50 50~70 70~100cm SPSS NO; -N
100 cm 50 cm Excel NO; -N
3 6 (OO ))
148 500 g
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DOC 2.1
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Fig. 1 Soil textures and soil moisture contents of vadose zone soils in study area
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Ca* Mg2+
2015 NO N600 850 ~ 950 cm
82.4 ~289.0 g/kg N600 Na" Ca* Mg*
72.6 ~260.8 g/kg 0~70cm
70 ~ 500 cm Na® Ca*
400~500 cm Mg** ()
500~800 cm 750~800 cm 4Na'+Ca—X,+Mg—X, - 4Na-X+Ca’ +Mg>"  (2)
850 ~ 1 050 cm N600 2.2.2 Cl' NO;-N Cl
300 ~ 350 cm
650 ~ 700 cm 0~ Cr ClI
1050 cm NO ClI
2m I N0 N600
2m CI' NO,-N 3
2 m NO Cl 6.8 ~25.6 mg/kg
N600 CI° 6.8 ~ 28.4 mg/kg
Cl
1 10 6
NO pH 7.8~8.1 N600 pH 0 ~200 cmt®¥
7.8~8.0 N600 DOC Cl 200 cm
NO NO  N600 EC 200 cm
NO N600 CI 400 ~ 450 cm
=1 LREAELME 300 ~ 350 cm ( 19.8 21.8
Table 1 Physical and chemical properties of tested soil mg/kg) CI'
(cm) pH  DOC (mg/kg)  EC(uS/cm) Ccr
NO 0~70 7.79 16.9 202.08 Ccr
70 ~ 250 7.80 13.3 209.87 Cl
250~500  7.85 14.7 22334 NO; -N
500~850  7.86 10.5 166.65 cr NO  NO;-N
850~1 050  8.11 17.3 262.08 2.7~10.1 mg/kg N600 NO,-N
W 0mT0 e 0l 236,13 165~69.5mgkg NO 105m NO,-N
70230790 124 264.42 40mg/kg N600 105m  NO;-N 26.6 mg/kg
250 ~ 450 7.92 11.5 276.58
450~900  7.87 10.5 164.24 N600 NO; -N
900 ~1 050  7.95 9.4 226.09 10.5m 3 NO NO;-N
0~20cm
2.2 20 cm NO;-N
2.2.1 2 3.4 mg/kg N600 (0 ~200 cm)
N600  NO Na" Ca®" Mg*
0 ~ 150 cm NO;-N 400 ~
N600 Ca*t NO (Ca*t 900 cm NO; 900 ~
pH 1 050 cm
H+ [21] 2.3
NO Na* 300 ~ 450 cm (200 cm ) NO;-N
950 ~
1 000 cm Na* NO; -N
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Fig.2 Distribution of cations in NO and N600 soil profiles
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Fig. 3 Distribution of C1" and NO;-N in NO and N600 soil profiles
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N 20.8 ~
30.1 kg/hm’ 26.2 kg/hm* N600  NO,-N

124.9 ~ 409.7 kg/hm? 207.3 kg/hm?

NO NO; -N 8
300 kg/hm*>  NO;-N (23]
NO, -N
600 kg/hm? 20a
300 ~ 350 cm

409.7 kg/hm*

200 = |

1
|
]
400 :
~ 600
£
S
X
5
800
1 000 [ N600
— NO
1 I 1 | 1 I 1 1
0 100 200 300 400 500

NO;-N(mg/kg)

4 TIRFESE NO;-NHRRE
Fig.4 Accumulated NO;-N in different layers below 200 cm depth
of NO and N600 soil profiles
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Fig. 5 Distribution of NO;/Cl in NO and N600 soil profiles

48 m NO; -N 7 253.5 kg/hm?
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Fig.6 Accumulation of NO;-Nin N600 soil profiles
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1184
NO;-N  NO;-N 321 10.5m
271 'N600 NO;-N 15%
(346.0 kg/hm?) (240.5 kg/hm?) NO; -N
(217.5 kg/hm®) (152.6 kg/hm?) DOC
NO;-N N600 DOC NO 200 cm
NO; -N
NO; -N [33]
NO;-N 5/4CH,O+ NO; — 1/2N,+5/4HCO; +1/4H+12H,0 (4)
NO; -N CH,0 NO;-N
SWAP CH,0 H
1996—2000 25 m pH NO;-N DOC pH
DOC
450 cm ¥ N600 NO,-N DOC
400 cm 400 cm 1341
NO,-N %2 LHIRLIES NOL-N HEMS 1
400 ~ 900 cm Table 2 Correlation coefficients between pH, DOC and NO;-N of
NO; -N tested soils
9l 900 ~ 1 050 cm pH poc  NON
900 cm No pH !
NO,-N DOC 0.280 1
2 N600 NO;-N pH 200 ~ NO;-N —-0.322 0.213 1
1050 cm 0.558  DOC N600 pH !
0.808 NO;-N DOC 0.465 1
NO;-N 0.558% 0.808%** 1
o P<0.01 * P<0.05
NO; -N N600 NO;-N pH 200 ~ 1 050 cm
50%[30-3]]
NO;-N 0, N600 24.2 NO,;-N N600
NO; -N ( 3) NO,-N Ca*"
0.69 NO;-N
&3 BTEMBEXMESH
Table 3  Correlation confidents among ions of tested soils
Na' Mg ca' cl SO? NO; -N
NO Na 1
Mg -0.103 1
ca ~0.341 ~0.399* 1
cl 0.525%* 0.287 -0.210 1
SOi 0.220 0.611%* 0.066 0.633%* 1
NO;-N -0.056 -0.223 0.247 -0.221 -0.125 1
N600 Na 1
Mg 0.142 1
ca -0.289 -0.232 1
cl 0.380 0.727%* 0.005 1
SOi 0.157 0.834%* 0.212 0.835%* 1
NO;-N ~0.244 0.338 0.690%* 0.267 0.557** 1
o P<0.01 * P<0.05
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EC CI'” NO;-N 0 ~ 200 cm
200 cm NO;-N
NO;-N
NO N600 NO;-N
1050 cm
600 kg/(hm?-a) NO;-N
NO;-N 2015
N600 NO;-N 250 ~
300 cm 47 ~48 m  NO;-N
NO;-N
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Nitrate Distribution and Accumulation in Deep Unsaturated Zone
Soils in Piedmont of North China Plain

LIANG Huiya'?, WANG Shigin'", WEI Shoucai'

(1Key Laboratory of Agricultural Water Resources, Center for Agricultural Resources Research, Institute of Genetics and

Developmental Biology, Chinese Academy of Sciences, Shijiazhuang 050021, China; 2 University of Chinese Academy of

Sciences, Beijing

100049, China)

Abstract: The unsaturated zone is the link which water and nutrient transforms between atmosphere and aquifer, and it is

crucial to study the distribution and accumulation of NO;-N for preventing nitrate pollution in groundwater because it is the place

where farmland nitrate distribute and accumulate and is the channel that nitrate leaches to the aquifer. In this study, the Geoprobe

direct push system was employed to obtain 10.5 meters of continuous soil core samples from the typical deep unsaturated zones in

croplands under two different fertilization(NO, no nitrogen fertilizer applied; and N600, 600 kg/(hm?a) nitrogen fertilizer applied

in North China Plain in order to analyze the profile distribution, accumulation and key influential factors of NO;-N in soils. The

results showed that NO;-N remained stable in NO, however, in a long-term application of 600 kg/(hm*a) nitrogen fertilizer

(N600), NO;-N leached to 10.5 m and accumulated in the deep unsaturated zone, the peak of accumulation was determined by

soil texture and moisture content. The distribution and accumulation of NO;-N were mainly affected by water migration, soil

texture and denitrification.

Key words: Deep unsaturated zone; Nitrate; Distribution; Accumulation
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