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Runoff production process and nitrogen and phosphorus output characteristics from farmlands in the lower

reaches of the Yangtze River under cauliflower and corn rotation

ZHU Wenjun'?, LI Jinwen®, QIAN Xiaoyong®, SHEN Genxiang™, ZHANG Min’, FU Kan*>, WANG Zhenqi’, ZHAO Qingjie®

(1. College of Environmental Science and Engineering, Donghua University, Shanghai 201620, China; 2. State Environmental Protection
Key Laboratory of Environmental Health Impact Assessment of Emerging Contaminants, Shanghai Academy of Environmental Sciences,
Shanghai 200233, China)

Abstract : Nitrogen (N) and phosphorus (P) losses from farmlands are major causes of water eutrophication. The N and P nutrient runoff
rates are affected by various factors, such as antecedent moisture content (AMC), rainfall levels, and tillage management, of which on-site

monitoring methods are still unavailable. This study established an automatic sampling method to achieve high—frequency sampling and
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continuous monitoring of nutrient runoff loss under natural rainfall conditions. The study was conducted at an upland on Chongming Island,

located in the lower reaches of the Yangtze River. The characteristics of rainfall runoff and N and P output under the corn—cauliflower
rotation cropping system were analyzed. The soil water holding capacity was indicated by the CN, and the effect of AMC on CN at soil
depths of 10, 30 cm, and 50 cm (AMCio, AMCso, AMCso) was studied. The change in nutrient output and the dilution effect of rainfall were
studied using electrical conductivity (EC). The results showed that the peaks of the runoff velocity lagged behind that of the rainfall
intensity. The CN of the field ranging from 37 to 88 was most significantly correlated with AMC,o(y=293.40x-39.41, R*=0.790 5, P<0.01),
but was not significantly correlated with AMCs, (P>0.05). Plowing led to an increase in total P (TP) and dissolved total P (DTP)
concentrations but had no obvious influence on the N concentrations. N concentrations in runoff decreased when runoff velocity increased,
but P concentrations exhibited the opposite trend. The changes in EC and runoff velocity showed a completely opposite trend. Higher
rainfall resulted in an increase in runoff flow, and the consequent dilution effects resulted in a decrease in EC. The changes in EC could

reflect the concentration changes of total N(TN) and NO;-N, and the output characteristics of N. However, the output of P was different

from the output of N. During events with higher runoff rates and lower EC, the concentration of P might be higher.

Keywords : natural rainfall; non—point source pollution; Chongming Island; farmland runoff
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Figure 1 Schematic diagram of research area location and farmland monitoring points
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Figure 3 Dynamics of rainfall and runoff from June to November
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Figure 5 Variation characteristics of rainfall runoff and soil moisture
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Figure 6 Relationship between CN and total precipitation before

runoff generation

R2 AEMBMEGHRAZRREGFIRE(EMC)
Table 2 Event mean concentration(EMC) of farmland runoff

under different rainfall events

Hi il Statistic TN NHi-N NO:-N TP  DTP
/M Minimum/(mg-L™) 219 0.08 025  0.08 0.03
It KAH Maximum/(mg-L™") 100.16 4.75  83.06 1.35 1.31

SR Mean/(mg-1")  27.42 055 2255 041 036

FRfER 22 Standard deviation/ 31.42 1.32 26.27 040 0.38
(mg-L")

Coefficient of variation/%

114.58 239.72 116.51 98.12 105.22

WFFEEEF AL o T P B A28 A U] 5 A58 i ol 3 5 L o
B2 Y IE M 56 (P<0.01) |, 3 378 TR S 14 v P e B 1y 0
B 3 HSF PR R X 42 3 o e {1 R — 3, X 5 P
SEDNEC T A P VA P WA ) I M T A58 A 0 1 1 F 9 5 2R
AES.

3K TN (NOS-N 5 EC ¥ 52 8 3 1) 1EAH 3¢
(P<0.01)(#£3)., HREC FEZ &R, & H
R ENR A TRV, 2 TN S 8 et Ehvk B
Bl 3, A IR R R A R — 2R R A
EC b % £ W B 1 7 iy i &5, 8B TN ONOs-N 5

EC 2 B EM X%, EmMECH £ S HZE, ANH-NY
EC JC I3 3 (WA e, 3 AT B2 1 F NHI-N R B 4AIL
X EC S /N o 1 R W = F 06290805 H TP . DTP
HECE BEMNAR(P<0.01)(5£3), XAl fE&H T
PR BEXT EC M4/, 3 HL P (% 1 5 N i R[]
AR T AL 3 o %) TR B R T v b S 0 R AR U 2 v
P {4 B L3 0, R It P e A2 A 0 oA W R R 1T A
(E8),

5] 9 S R 3514 0629 .0805 .0917 ) EC 7E4K 4%
THERCS AR ARG B . EC 548 R 5t i 3
AHIE X S TR EC R /K 5423 B9 TR A T P2 A
THRAE R L i 1 EC 19748 T RE A% 5 BB RN X N
BEVE R AR e RN ol B8 6% (2 i 138 v P A B
B, X BT AR B K EC BT, Pk
F L I EC 5 Py S UM
2.2.3 YR KR SRR A 1 BT

3LRE TN P AR R /NR IR 0917>0629>
0805(FK 4), o FERIFF 0917 B TN \NOs -N i
¥4 K F B N F 0629, 0805, T B 19 =5 14 0917 )
NH.'=N TP .DTP ¥ /N F i 544 0805 , A 1 3 75
T S R AR A T R A R A TR B 25 R S B R A
A N TR . BSR4 0917 1) TN \NO3-N i H 111
fap $4 378 K F B 2 F 0629 0805 , 1 [ FFF 12 0805 1)
NH:-N TP .DTP i i i A0 S AR S A8 4k, PRt ik
JE 22 5 % NHi-N TP . DTP i Hi 647 (R 52 i 2K F48
LI X LA R

R4 ERDHEH A

Table 4 Output load of each nutrient

i faf Load/(g+hm™)
NO;-N NHi-N TP  DTP

FEMFF 429 & Runoff/
Rainfall event (m*<hm™) TN

0629 116.5 978.3  903.7 12.0 27.0 235
0805 49.8 159.1 68.5 34.8 67.3 655
0917 179.0 85129 6591.0 33.6 64.3 60.1

22 37 K FE TR 2000.6  40789.833243.2 1045.0 467.9 430.6

R3 FEARMEHNESEESRSRE RREEZENEXREY

Table 3 Correlation coefficients between conductivity , nutrient concentration and runoff velocity under different rainfall events

WE T f TN/ NHi-N/ NO-N/ TP/ DTP/ A Yk B PR
Rainfall event (mg-L") (mg-L™") (mg-L™") (mg-L") (mg-L™")  Runoff velocity/(m*-5 min™)  Sample size
0629 0.909%* 0.583 0.914%* =0.777%* =0.750%** -0.706* 11
0805 0.931%* 0.556 0.825%* —0.875%* —0.789%* -0.903%*%* 10
0917 0.951%* 0.536 0.933%* -0.498 -0.023 —0.347%%* 8

T #FR P<0.05 7K B 3 A 2E , ++FR P<0.01 K I B 3 A2

Notes: *Correlation is significant at P<0.05,** Correlation is significant at P<0.01.
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Figure 7 Variation characteristics of event mean concentration of nutrient during monitoring
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