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Migration, transformation processes, and dominated factors of nitrate nitrogen
in the deep vadose zone in the Baiyangdian Watershed
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Sciences / Hebei Key Laboratory of Water-Saving Agriculture, Shijiazhuang 050022, China; 3. University of Chinese Academy of Sciences,
Beijing 100049, China)

Abstract: Excess nitrogen is accumulated in the vadose zone because of the overuse of nitrogen fertilizer. The Baiyangdian Water-
shed is located in the western part of the North China Plain and has been impacted by overexploitation of groundwater, resulting in
decreased groundwater levels and increased vadose zone thickness. However, at a large spatial scale, the mechanism and controlling
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factors of nitrogen leaching and transformation affected by different geomorphic types and soil texture remain unclear. In this study,
we selected 9 deep soil profiles (20 m depth) through two typical alluvial-proluvial fan systems (including the loessal terrace, alluvial-
proluvial fan, flood plain, and lake depressions) in the Baiyangdian Watershed to investigate the accumulation, leaching, and trans-
formation processes of nitrate-nitrogen (NO; -N) via hydrochemical analysis and the chloride ion balance method. Results show:
1) The soil texture within a soil profile, which is influenced by geomorphic types, exhibits spatial heterogeneity. Specifically, the allu-
vial-proluvial fan is characterized by a sandy texture, while the flood plain exhibits a clayey texture. These differences in soil texture
play a crucial role in determining the spatial distribution of NO; -N accumulation and leaching within the vadose zone. The NO; -N
accumulation ranges from 352.7 to 3 276.7 kg-hm ™ in the soil profiles from 0 to 20 m, with the maximum accumulation occurring in
the lake depressions. Conversely, NO, -N leaching below the root zone ranges from 9.8 to 252.0 kg-hm *-a™', with the maximum
leaching occurring in alluvial-proluvial fan. The NO; -N accumulation shows increasing trend while NO; -N leaching shows decreas-
ing trend from upstream to downstream in soil profiles controlled by the same geomorphic types. The nitrogen accumulation of orchard
(1 544.0-3 133.8 kg-hm™) is higher than that of vegetables (2 641.6 kg-hm™) and wheat-maize/wheat-soybean rotation (352.7—
3 276.7 kg-hm ) among different land use types. 2) The transformation of nitrogen in the deep vadose zone of the Baiyangdian
Watershed is mainly influenced by crop absorption, nitrification, and denitrification. Nitrification occurred in the entire soil profile.
The variation in the peak value in the silty loam soil of the alluvial-proluvial fan area was caused by the joint effect of nitrification and
denitrification. However, denitrification occurred mainly in 0—10 m soil layer in the flood plain or lake depressions of clay-textured
layers because of the decrease in soil organic carbon from the surface to the deep vadose zone. This research not only
advances current research on nitrate migration and transformation from point scale to watershed scale but also provides valuable
insights for future investigations on the physical and geochemical processes of nitrogen leaching at a watershed scale. Additionally,
this study provides scientific support for the control of agricultural non-point source pollution, protection of the aquatic environment,
and integration of land use management in the Baiyangdian Watershed.

Keywords: nitrate nitrogen; migration and transformation; deep vadose zone; Baiyangdian Watershed

A Ml ok S it A 5 | Al R 14 R R K
i P A Y R K ] B /K SCATF 9 118 5 s RV Bk,
FEABRVU B N BIRZ 5E" BRanT, Z Rl AR
FER MR K AR, R KA R B 5] A S TR
HEOMR R R, SRR AR R L fhad
PRI 2%, H 3252w K2 AN I, X iAol 4
PR 5 b T KRS R R v BE e B AE A AR TR A B4,
297 Al T 5 G A B A i e R it IR
PR XA AR TR e fhad B S L 4 R R x)
A5 AR A B L PR A O R A R
HEA K IZ AR T KRB A 2 L,

AR RS AR R, AW
TS A R ALY 1 2T B G Y B FE (AN kb2
A AIEHE A RSB RUK SRR 1) FE
Yy ER L 2 A A Py 4L R S 8 S5O i,
FEKRIHERE . AU AR . LR . R A
- Tk AR R S R e L SO R A A B, Ho,
b 1) FH R0 A 58 5T b A Sy SRR e SR U LR R
FE RS (1 R R, R e, B 30 A SR 1l 45 +
R 2 0E R, U AR T S B A A
Z ERE I s T A b R 2R e b R
X 0~20 m Y IR A R B BUA 6302.8 kg-hm
w4 A 0~8 m RIS A B ECY 4 149~
13 633 kg-hm *, + AT RS R 5 H BREUFIE 52
M) P 2R — 34, 7R S5 U . AHBIK SO R K 3

DRACPETT, o 338 S5 R G 2 23 A A 2 2 W 25
A HLE R S RO i L R R Gl B
S A RD b P RUR A S R R, AUk S (B
) XS R BEL I A 2 2R A R LB /N T 2L
(1 7K Gk e 0, EL A R 4 R, X T
B BEL T 77 iR ™

SR . AR AR AR £ 5 A i
54 (DNRA) S S0 Al L B i 2 A W A2 S i s
IR BIERA LT . R R FE YRR AR5
AU S R AR S, HOACHR R 2=
A A S Bl AL K LR TR BRZ o I AT T R, IR )=
b A BURR R B, S EURAE W S A A AR P e
551, FARAER)Z T3 E ROl YT A KR
PIFEWFFE M R B on T IRl AR TR A
1 2 A, AR T A+ S R A A
AR R BB S ) R B AR Y SR, A8
Pt FRUCRRZ , S8 Jo 0 - 838 351 i 3 J2 45 A o
PR32 30 7 R E b AR S T 0 R i, G B A
DUBURLAE, [ p Ao - R K R BAT — s ML
PEo SR, HATOC TR R U AR EH
i B FE P N 3 A DR AR AN T A, o 249 1 O s
RS Y Bl 45 14 DX S22 S A A BRI A 8 P A

F A D8 P T DA F 32 A, ARl SUIE 4%
AR R R R, BRI U AR PR i
FPETE BIOE S < JUTR R, i sk o rh 22 4% b i) 1 e

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

316 o A ARl 2 (PP 0) 2025

533 %

R HE BRI T Rk AU SR Ay A X0, - 1
DUBLEAT W1 08 A 3 1) 3 SR A AR o e 2R T IR IX SRy
RARFIAN AT F B4R P AR LR BESEIX . L7 ATE
T3 R T 0 MR K A9 M T R R R RO L X
BT TR A A R U B I AR AL R AR A Y
PUERIAE ™, ST JUAR, A PERERM R Xl S Al ik
JUER 355 B SR O3 X R e AL R SR 5 52 5.
SRALA BIF ST S T M KA 38 Sl HE U RS e Ak i
AR R A SIS S AR T AR T A, RN
FUOTBIIEAL | MR 2R AE 25 DR 3 X At
RETB LB I, AR
JEE AP 5 3 R A R DX TR A SR A R A5 0 [
R, X T I e 7 45 L B A I 2 i IX K 3R 5
LR,

AU, AR B 5 28 456 19 99 9 O 3l D AR DA Oy
UK, ST BRI, e b PR | 2 T i
1 S e M 247 AN 1] M 30 286 0 X A I R o
SR, B 50 N R R R A A AP T A e
DA P2 7B Su g RIS C NG P ok S S
FAEIR T, Sy F R SE A TR 75 G B 45 A0 R 7K 3R
BeOr S Rk A AR -

1 HRTTE
11 BIREMER

T U B AL AR L JRPE R (113040 '~
116°30'E, 38°01'~40°04'N), #3474 3k 5 7R m 11K, 74
B LD, AR A0~ X, 25457 DXL T e 9
KK o PP E BT J5 DX TR 1.24%10° km, B4R 5~

114°30'0"E  115°00'0"E  115°30'0"E 116°00'0"E 116°30'0"E

T T T T_Ie. T
RS [N GV
Sampling point R 4
A g { z
g N Loessal terrace N >
2 it 12
% Alluvial-proluvial fan 02- EN
ZHIR e 2
Flood plain 4II’§$' s
o W Wia)
Z River belt .
o WA B & : s
8 ~ Lake depressions 5% 3 ’(-\?,_ >
S S
(=N o)
) =N
A
z
4 g
r o
% 12
0 o
<l C13l % %
e 4y

114°30'0"E  115°00'0"E  115°30'0"E  116°00'0"E  116°30'0"E

26 mo T JE X R 2 RN AE B b B A G, AR
DR R R Ak R VTAR L s R L 2 T
JiL TEAT . W SR (B 1A) . BFSE X R TR IR
KRBl T R 2 KU, 24 PR K it 554 mm,
BT AE N 20 A AR 38, 75% 22 A7 i B K 46 vh e T 2
(6—9 H), ZAEFZE K 1369 mm™, & 2 M5
DX PN 1981—2020 4F: Fi 7K it A2 b Fl 2020 4F (35 i
RFEARAT) BEK i H AE 4L, o 1996 4F [ K 2 5 K
(881.9 mm), 2017 4% % 7K #2 £z /]y (210.7 mm), 2020 4
R 7K R 392 mm,

PhoE X HIER BRI+ . B+ A A,
FE LU A T AT R A - AAEER . AR R A+
R, 4 B2 B S DX T B 42.9% Fll 23.5% 7,
T H R R FE A . Tl AN AR TG M . AR A4S
(K 1B), FJR X F B /NZE (Triticum aestivum) .
T K (Zea mays) (/N -FAFAE) . HME . B
1€ (Gossypium hirsutum) %5, Ho /N3 - B KRR AVE RO Fh
T o5 S D I TR AR 1) 44.0%, SR el 185 5 ke T
FRG3 7)o S D DR TET FR A 13.8% F1 7.5% .

12 FMAE . RESHHHE

TR T DR Y T e AR AN b 4 ]t
Fit 2 A~ B e AR R T R B A1 R A N A 39 ) TR
b R JE AT SR AR R A 2020 4F 10 A, Hodh/h A2 -E
KACAE R AL F /N2 A K 2 L MEE L 5 o SR A
BT 2% BN [A] b A 2R it . Bi3E . /NE-E
KINGE- KRG EAR), B85 RN A M 5 2 R (e AR
B Z TR WA B ) B A A AL A A, 3
KA 94 HHEF AL M (C1-1. C1-2, C1-3, Cl-5,

114°30°0"E  115°00'0"E  115°30'0"E  116°00'0"E

| T T

SRAERL

Sampling point (B)

AN RN - KGR
:Z /| ‘Wheat-maize/wheat-soybean rotation zZ
e ENT| <
?“ - Orchard — ;
N Bk 1
| Vegetables 02-1 4 A

FiAE &

L Cotton

At
:i L Woodland i
Sr Tk A I =
by Industry and S
e} residential area A
& z
=4 3
= =4
2 2
z 0 30 60km
IS4
S 1 1 1 1
?’g 114°30’'0"E  115°00'0"E  115°30°0"E  116°000"E  116°30'0"E

E1 BFEEREERXMEMIR A) MLinF AE B)
Fig. 1 Maps of geomorphic types (A) and land use types (B) in the plain area of the Baiyangdian Watershed

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

2 ZE A A REEA S A AT B R L TN E 317
1000 60
50
o 800 .
£ _ E
g 1 2 407
£ 600 | I 2
§ - . . 8
& E30f
2 400 I 2
=¥ B =¥
4 20F
i M il
2 2
¥ 200 ¥ 10
0\ S O O QS QSQSQ
0 ' ' NSNS NSENIENTENSENTEN
1980 1985 1990 1995 2000 2005 2010 2015 2020 P FEF L F IV

Ay Year

NP\ SN\ SN SN SN SN SN SN SN SN S

Q2N 2N 2N 2N N N 2N 2N 2N N 2N 2N 2

N M S L SN
HIH(4-H -H) Date (year-month-day)

2 19812020 FHHRK & F-FHEKEM 2020 F HIEKE
Fig. 2 Average annual precipitation from 1981 to 2020 and average daily precipitation in 2020 in the study area

C2-2, C2-3, 01-6, 02-1 F1 V1-4; “C*fRF£ /I -E
KINZE-REHAE, “OREREE, “VRFEHH). Cl-
1. CI1-2 I C1-3 {57 T 18 wh it BUB L Wi (b 30 L
A0 3 2 Ry sk B ), V-4, C1-5 F1 O1-6 i T
VETE T P L AU T U (SR TR S A 2y ok AR
S AP PR W TR, 6 A SRAE A5 [ T U T T o
PERUR DU SR X, B X &) 43 4 T IX; 02-1, C2-2
F C2-3 A0 T4yl et R bt DT AR b 351X, Ml 55 24
B PR AR TOBL AR R R T T
BRI X R4 R TIK (8 1A Fge 1), 338 30 1 A
HP-18 ¥ & ooy RHEENAL b b e R A R 2
Al A6 HEATHRE SR AR, SRFERE A 0~20 m. 100 cm
DL 4 2 R M R B2 E) B& R 0~10, 10~20. 20~30,
30~50, 50~70 FI 70~100 cm, 100 cmbA F + )2 + 3k

di LA 50 om S [A] B E AT HORE . H3ERE S 4o 3
551 e A B A B M 508G = AR T 4 °C UKAE
H, Tl A A (NO, -N) FlEZ A% (NH, -N); 25
2 BT &, ARATEUFE, 00 250K
B2 8 1 (1 NO, F1 C) . BVAEL (TN) A1+ 384 HLaR
(SOC); 5 3 A i e A0 & FH T I - 8 ot i 5K
i, BN oK 378 &, KA I S BVRR TR, I FH S
PR % B S %, T 105 C HET 12 he

BN HITE T ERL 2 B 5 R B A R
FIEAL SR 7T TP /K SR PR S S b AT,
KT 738K A9 NO, AT CLUHE B R B8O i 38 1
5, R B F €658 2 B 42 (1CS-600, Dionex, 35 ) X}
NO, I CUMR B HEAT 23 BT, 43 B A B ik B BH 2 7
W6 UE, AR IR 22 B 5% LA AT {55 ; A H pH

F1 ITEAEEAREBR KSNSER BRRRRMMKEE

Table 1 Basic information, water infiltrated flux, nitrogen accumulation and leaching of soil profiles in the Baiyangdian Watershed
RFERIE s A MR NO, -NEME KAoABHAE NO, -NkAKE &
KB + 1A Sampling ) Nitrogen fertilizer Irrigation =~ NO; -N  Water infiltrated NO; -N leaching
Sampling point Land use type depth Geomor;)hic type input amount accumulation flux amount
/m /(kg'hm™-a™)  /(mm-a') /(kghm?) /(mm-a ') /(kg-hm >a™)
IX Cl-1 INAE - ARARAE 20 TR 300 360 593.3 54.2 96.5
First zone Wheat-maize rotation Alluvial-proluvial fan
Cl1-2 INAE-FAFRAE 20 LR 318 368 432.0 94.1 38.7
Wheat-maize rotation Alluvial-proluvial fan
C1-3 INAE- R AR 20 TR 125 255 3527 62.0 13.9
Wheat-soybean rotation Alluvial-proluvial fan
Vi-4 B 20 LR 608 780 2641.6 262.1 252.0
Vegetables Alluvial-proluvial fan
C1-5 INEE-F KA AR 20 LR 612 378 2721.9 70.7 132
Wheat-maize rotation Alluvial-proluvial fan
01-6 e 20 2R 300 96 31338 475 9.8
Orchard Flood plain
KX 02-1 S 6 A RTTR 620 484 1544.0 190.1 59.3
Second zone Orchard Loessal terrace
C2-2 INEE- TR AR A 13 TR 681 250 1037.9 96.7 124
Wheat-maize rotation Alluvial-proluvial fan
C2-3 INFZ-TREBAE 15 WA e 4 447 480 3276.7 95.2 18.2

Wheat-maize rotation Lake depressions
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