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Variation Characteristics of Watershed Nitrate Export Driven by Rainfall

SHU Hujia, HU Xiaodie, XIAO Haibing, WANG Jian, SHI Zhihua, SHEN Mengxue,
HAO Zongyu, ZHANG Chuang, WANG Yan
(State Environmental Protection Key Laboratory of Soil Health and Green Remediation ,
Huazhong Agricultural University, Wuhan 430070, China)
Abstract: [ Objective] To clarify the change characteristics of nitrate export flux and pattern driven by rainfall.
[Methods] Typical subtropical hilly watershed Longyan small watershed in Hunan Province was chosen as the
research object. By monitoring the dynamic changes of watershed runoff and nitrate concentration with high
frequency and combining with the C-Q relationship model, the differences in nitrate export flux and patterns
among different rainfall types were clarified. On this basis, the key influencing factors of nitrate export were
identified by using redundancy analysis and correlation analysis. [ Results] The weighted average concentration of
runoff nitrate of all rainfall events varied from 0.08 to 1.50 mg/l.. Among them, the weighted average
concentration of light rain events was only 0.35 mg/L, and the weighted average concentrations of heavy rain and
rainstorm events werre 1.68 and 2.97 times that of light rain events, respectively. The variation range of nitrate
export flux in rainfall events was 4.27 — 353.85 g/h, among them, the average export flux of moderate rain events

was only 20.39 g/h, while the average export flux of heavy rain and rainstorm events was as high as 185.08 and
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194.49 g/h, respectively. In the watershed, the main nitrate export pattern was the enrichment pattern,
accounting for 75%. The variability of nitrate export patterns decreased with the increase of event intensity. The
results of redundancy analysis and correlation analysis showed that, compared with rainfall duration, rainfall
intensity and other factors, rainfall, rainfall within three days before the event and initial discharge were the key
factors affecting watershed nitrate export, and their explanatory rates for nitrate export characteristics were
33.8%, 17.1% and 13.1%, respectively. Among them, rainfall was significantly positively correlated with nitrate
concentration and nitrate export flux (»<C0.01 and p<<0.05) , and rainfall within three days before the event was
significantly positively correlated with the nitrate export pattern (»<<0.05). [ Conclusion] The combined action of
rainfall, antecedent rainfall, and initial discharge changes the source and path of nitrate transport, making nitrate
export more complicated. Scientific understanding of the patterns of nitrate export driven by rainfall is of great
scientific significance to guide the prevention and control of non-point source pollution in the watershed.

Keywords: nitrate; rainfall runoff; export flux; weighted average concentration; export pattern

Received: 2024-10-31 Revised: 2024-12-28 Accepted: 2025-01-01 Online(www .cnki.net): 2025-03-13

Sy AR B A 4, FR O A IR it A A N 1978 4F
[ 884 J7 t 14 K F| 2020 4F #5191 J7 ¢V L AE MY 3
St il FH 5 3 4R o R RN B v BN R R
A 40% 7247, 4 K 4 LLE 2 & 08 X A7 78
S HER T SRR LA AR PR IR 3h T
R R R 5 BE AR AR B 2 KK i K IR E
B B K AR A A R RN AR Ol T A TR
ER T VO R T NS e N ST+ N S ]
[ i 45 86 W AR AOE 38 S 4 9 4 Y I Aok R R R
R mmb SRS e R EEwW, AU
FE' e W, I R R o R R EE R R AL A R R
bl R AR TR M TR,
S A T 2% 1 T R T O A R D O K Y AR AR o G A
Mt 50% .

B i 30 o 5 v AN A A TR R Yk T X
IR EEFES . WRE - (C-Q) X R 2
SE Tk % AIE T 1R kR A A O ik R e TR
ELTTIRAE SN SIS eI 7 SR SR = | RN e
A R N R Y R TR R VR DX O (A A
T2 6 Vi B I 1 B T T A AR R
T el i R VR A RE B R RR K ARG A B L S SRS R
b Vi B A 10 30 T U /N AR A AR X AR B Ok
[P N R A ) G N < B ) B DS
B 370 38 R o A 2 A% R SR O A 0 3
/N, L AZ H K A3 2% 1 R B T i R I B R O AR
K, B YA 2E 2 R S A RO A SR 1R AR 1
FEAEJF R K 5 T AR A0 A O 5 W Ao % 9L S8 2 6 il
Hh 3 5 A Y AR AL I B = R G IA

M 7 AR L B B DX DA #4aly 28 XU Sy 32, B UK
I 1= - Y A SRR . I A (Y A T

e Ry e R A e HE N T R R Y W I
Fr B T, it Al 3 B % AR A A R B AR T L S
AR o T, AR ST A 1 A ST R W D G e
R A A I TR Ao R A A A B L Y R vk AR Ak
i C-Q R FRBER G TUAR 53 b, Wik A [6] B 1T 2% 1F
T i A R AR i SR A S A A R R R
HOCHERZ ) A1~ o WF ST 45 R0 T 98 5 I T Y5 G
)t R B 4 B A R L
1 MRERE
1.1 #HRERHER

W5 DX A T 0 1 48 A B e HE /NG s (27°02'00"~
27°03'46"'N, 112°54'43"~115°55'38"E) , i 2 >
2.19 km®. Ui BN b5 LUK LD B B M g R 3 iR
44.83~108.94 m,F- ¥k 68.90 m([& 1D,
(a) bk m it (b) 3]

A SRR A5/
—IK&R
it /m - b
o 108.941
44826 Jiidh

0140280560 840 m 0140280 560 840 m

E1 ZiENMNRESEMLTHFE
Fig. 1 Elevation and land use of Longyan small watershed
it 358 J v B 2 XU T A, R I R RN A
FEI , 2 AE T K B 1337.0 mm, H 60 % S 7E

http. // stbexb.alljournal.com.cn



3

25
[[%

FF WIS - BRI OK S T

Sl i 2 i ) 22 AL AR AT 55

4—9 H o A HF]FH 25 A0 A0 55 AR A M L R M
RN At M e M KR M K B D 4 B o IR S AL
49.80% .25.58% .13.09% . 11.53% . i WA #% )& T
B 20 g S 7 N S 7 A/ S e SRS C R VA
AR MRS . R LI &, Ry
L@+, oYL . & R, Y pH
498,
1.2 FEMEmEN

ASHIF 5T I O T R & T A HOBO
G, e sk W I O N R Y sh A AR AR,
DA 225 5 min/ R o ARG RS R R K AR )
(GB/T 28592—2012)"" ¥ [ Wi = 44 4> /N T
(0.1~9.9 mm) . {1 /i (10.0~24.9 mm) . K {i (25.0~
49.9 mm) 1 % W (50.0~99.9 mm) F 4. [ 3 4
PL Event+ )5 5 278 o W D00 1) 2 W5 2] 12 37 % 7
Fo, Hod /INEE R R R R 2 R R4 3.3
428K 2,% D,

100 L@ 20236 1 20244F

80 -

I
60 | :
40 b

[Tt/ (mm-d ™)

20 |

0
4 6 8 10 12 2 4 6 8

i
TE < 1B a PO (0 B R 7R WE DN A 12 S i S

1.3 H@mXRESHH

AW 5T W Ok 2023 4E 5 A & 2024 4E 5 A
FE T B 0 DR TR E AT o AR A R R KN
R 4R 12 3 AS (] [ TR 28 TR0 0 4% O BE A, B 3 R
SR A 1 A2 IR RE A 43 O B R I R O AR R Y 0k
FERE . MR AT, R I~3 ML RA W IT1h 5,
A 1 h A5 5 B8 15 min RAE 1L IRFE & 724 T Sk 1
2 h N 4B 30 min R4 1 CEE & BlS LA 1 h i Ja] B
KA AW, 2 h i [A) B R 48 4 0, DU B3I R
BE ) IR Gk 1 4 ho SR RE B 2R AR 48 B R KR SL B[R] RN
Bof TR et DK /0N S2F A AH N7 R RE A0 R R RS R, R
¥ 8] B U8 2% 2] 15,30 min; WA R G, 4kEE L) 4
6 h R A (8] BG , B2 U i Pk &2 & R AT K OF ) 25
K RE o R RE S B S B KRR I Uk RE RO 3 L AR
Je BUE B K FEIR A )5 A 500 mL BE S, IF Ko
B AR T A CCURAR , R o B 5% 30 1) 76 o 8
R A 194 S48 i RE i T K Ak 2 40 BT

B2 M HA i) B 2 T K R B SR

Fig. 2 Rainfall dynamics and rainfall frequencies during the monitoring period
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Table 1 Description of the characteristics of each rainfall event during the monitoring period
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Table 2 Nitrate concentration, export flux and pattern of the watershed runoff for all rainfall events
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