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Long-term dynamic quality of flowing surface water and shallow groundwater in the agricultural ecosystem
of eastern Henan and analyses of influencing factors
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of Grassland Agriculture, Northwest A&F University, Yangling 712100, China; 4. Graduate School of Chinese Academy of Agricultural
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Abstract: Our research is aimed at exploring quality differences in different water sources, and the quality influence from precipitation,
shallow groundwater depth, and other factors in an agricultural ecosystem. Samples of flowing surface water and shallow groundwater were

collected from four and five locations near the National Agro—ecological System Observation and Research Station of Shangqiu in Henan
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Province to monitor water quality from 2010 to 2020. Quality of these two water sources was studied as a dynamic process to identify
influencing factors using descriptive statistics and a time series analysis method. Ca™, Mg*, Na*, HCO3, SO:™ and CI™ content and electrical
conductivity were usually higher in poorly renewed shallow groundwater than in flowing surface water. Rises in the underground water table
caused by increased precipitation could promote salt ion migration from top soil to groundwater, thereby amplifying discrepancies between
these two kinds of water. Spanning 10 years of monitoring, peak values were observed for all ions, during which Na*, Ca® and SO% in
flowing surface water and K’ in shallow groundwater reached their maxima in March 2012 and September 2011 respectively. The
hydrochemical types of these two waters were consistently similar over time. Although seasonal variation exerted less influence on
periodical ion content changes, the long—term dynamic interaction between precipitation and the groundwater table notably regulated the
hydrochemical type and ion flux in the waters. In the scenario in which increased precipitation raised the water table, shallow groundwater
SO, and CI levels could easily exceed the threshold for agricultural production suggested by Standard for Groundwater Quality (GB/T
14848—2017), rendering it unsuitable for irrigation. This study confirmed that long—term quality in flowing surface water and shallow
groundwater was dynamically influenced by long—term changes in precipitation and groundwater depth in a typical agricultural ecosystem

in eastern Henan, which can provide a reference for water quality risk management in farmland environments and water source selection in

local agriculture production.

Keywords: eastern Henan; flowing surface water; shallow groundwater; water quality
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Figure 1 Layout of agricultural water sample collection site

in Shangqiu
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ANRIZK AR SR v Mg A7 A S 35 22 5 0 B[] BB 4 331 o
20114F4 H—20114£9 J] 201249 ] —20154E3 /7 |
20164E 3 J1 2017 4 3 J1 #2018 4E 3 J1—20204E 9 J
(P<0.05) , 265 il 3 PN 35 T 2 S e KA R e/ IMEL
4351 132.7 15.1 mg- L7,

7E 2012 4F 9 ] —2014 4E 3 F 12016 4E 3 J] —
20204F- 3 J1 VR JZH T K K5 B B AR T s b3
K AL R B L F K A 18.7%~76.7% (K 5C) ., i 7E
20114E9 —20124E3 F 201449 [ \20154E9 ] Al
202049 H ,RJZH T /K K5 fe 4 (HE 5 T i ol
FOK B Hh R K P K E AR E TR KB
23.6%~90.3%. T£20154F3 H (201643 H—9 H &
2017 48 J 38 K & B AFTE B % 22 57+ (P<0.05) , R
IR RIS K5 it s e R, LI a] 2 b R 7K
o Na il 5 T sl 3K (B15D) , 76 2014423
1201649 A i sl F K H Na* & 55 T2 H Tk,
B =R 2284 R 0.1~1.9 mg- L', 7E20114E4 H—
20124F9 H 2017 48 H—20184F9 H .20194:9 H fil
202049 1, A A #2255 (P<0.05 ), 22 I 3 [H]
Iy B M 20.4~1 266.7,22.0~174.8, 139.0 mg - L™ Al
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HCO3H1 COT 23 X 7K A48 B2 7™ A 52 i), 76 7K 44 v
(1) 5 0 2 I o () B T & 2 e s (I SE IR SF) L B
201549 H Ak, ¥ 2 H T /K HCOs & 3w Fifi sh i
FK, R ZEMEIE RN 18.9~719.4 mg- L' 42015
49 H 201649 H 201748 H K 2018 4£9 A 4, H:
RIS 3% HCOS & A 7E B % 22 5% (P<0.05) . 1M
AR COT & AR b A AN B &, 7E 2011 47 9
H 201249 H—201543 H .20164F3 J—2018 43
JERJZHT K CO it T sh b 2K , 76 2011 4F
9 H .20124£9 H \20144£9 H 2016 49 H 12020 4F
9, & COr & EH 454 15.8.8.6.9.4.8.2
mg-L_lﬂl 14.0 mg'L_1 , HAAE R E 2257 (P<0.05) .,

2T K SO AT CL 3 i 2 K W v T B
oK (F5G ESH) . 7E20114E9 A (2012429 A |
20134E3 F 2013 4E9 H \20154E 3 A #2016 4E3 /1,
TR SO EAAE B 2 5 (P<0.05) IR JZHL T K
A 2l b2 7K SO & it fi KAE ST 0 1 667.3 mg- L™
M 681.3 mg- L™, X CI & &1 & , 76 2011 42 9 J |
201243 H 201443 A .201942 H .2019 49 A Al
2020 4% 9 H L 1R 2R K B S T sl ML R K (P<
0.05) , 3 [Alf K 22 M RN f5c /N 22 1 43 391 o4 248.4 mg -
L' f113.6 mg-L7",

UL Bl 4 K R 7 2 iR K K AR S AR R A Bl
Z AT RIAME R w5 (R D) U BRI 1E
FAABR i Jo 4 B i A AR (L B ., 3843 85 F (Ca™
Mg** \Na* \HCO; SO & CI") A b #a 34AS ] 2R A E—
SE AL
2.3 FEhibRAKIN R B TAKRIEFRXEMES T
2.3.1 KAE2ERAY 3 A

2010—2013 4, Jii 3 Hh F K KAk 225 7 (K] 6A)
F %4 Ca—C1-HCO; Na—Cl Na-S0, & Mg+ Ca—SO., Ifil
1E 2013 423 H—2016 429 H /K fb2# 25 R 332 4 Na -
Mg-HCOs - SO, Na - Mg—Cl - HCOs - SO, Na - Mg—Cl -
HCO;. Na—-S0,. Na - Ca-S0,, Mg - Ca—Cl - HCO; - SO,
Na—Cl-S0..Na-Ca+Mg—Cl-SO., Bl 5 , /K fb 25 25 B 4%
7% >4 Na » Mg—Cl - SO, Na - Mg—Cl - SO, Na - Mg—Cl -
HCO;-S0,.Na+Mg—Cl-HCOs - SO, . Na—Cl - HCO; - SO, .
Na-Mg—Cl-HCO3+SO4.Na+-Mg-Cl-HCO;-SO4 Na+Mg-
Cl-HCOs+S0s0 HIMLAT UL, Z2 5B HA Na'i 5 A 3 2
M Fe K H R, i €L COY \HCOs & SO i
R FER T

K2 KK 2= 2R (& 6B) 2N Mg -
Ca-HCO;-S0,.Na—Cl,Na-S0, Mg+ Ca—SO,, 7EHb T 7k
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Figure 5 Dynamic change of water quality of flowing surface water and shallow groundwater
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Figure 6 Piper analysis of flowing surface water and shallow groundwater in different periods

SO, .Na-Mg—~Cl-S04.Na-Mg-HCO;+S0, Na-Mg-Ca—Cl -
HCO;-S0,.Na-Ca—Cl-HCOs -S04, Na-Mg—Cl - HCO;-
SOs0 X FHLERZHL T /K Na® \Cl”\SOT R I H
SR H

T sl M 2 K RTR 2 MR K K A 27 25 80 2y i B
B4 A% 1 4 A e AE o MR ks R K IR A 43, 2013 4F
4 H—20164F 10 A A3t R K AL AR AT, FEA T 3
KA, HL2010—2013 4E i1 7K A3 2 00 341 ]
PN o (AT o 2 KA B S B AT, K {2y TR
() s 3 2% ) OO R SR BTARI S - 1 o e T
B T 24 T A T B D S Qi 1) 30 L 10 B R s
B (AN CUATSOT) i 1 & S .
2.3.2 HARARA ST

TEREA WD FEA P, 9 sl Hh 2K 5 1R 2 R /KA
[ 8 bR (B K4h) B2 30 15 AH 5G4 , o Mg . SO5,
HCO; Na' 2 2 2 1EAHSE (P<0.01), i Ca™ .COT
CI™.pH &£ 5 1IEAHE (P<0.05) , 32 B 3 sh b e K Fnvk
ST K UL A b B B8k 2) . K 4
FURT L SR AH DG A 1 25, L rp R 2 R /K 5 i sl i
FAK KA M R BN AR, W] —F AN A28
2.3.3 sl HLFRK AR )2 1T KK T AR A R A

PEICREAR AR R TR 2 T /K3 DR B , X 45 it
BT YERR HEAL , 25 5 (B 7A) &8, 201349  —
2016 -9 J1 , i sl F 7K i Na® K" . Cl" \HCO5.CO5 .
SOF Mg™ . Ca™ R I N R EH, MAE20174E3 A J5
DI TR UL HA ] P R £ 0 Na®, SO%
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R2 IR GERE M TKETUHEIRIBXED
Table 2 Correlation analysis of each index of flowing surface

water and shallow groundwater

Ca™ Mg SO COY HCO; cr
0.532%  0.746%*  0.843%%  0461*  0.678%%  0.474*
K Na' £ 3l HLGR pH
-0.005  0.890%* 0.016  0.642%* 0.001  0.550%

¥ Note: * P<0.05;** P<0.01,

SRR 25 o AN [R) B 3K 3 i KAB K e /IME g
[ AFAER R 225 . 7E 201349 F Z i, 45 8 ik 8l
KAB B s8] 98 )5 UOF 9 €03 (2011-04) , Na* (2011 -
09),80% \Mg*.Ca*(2012-03) ,K* \HCO;5.CI (2013~
03). FE20144E9 1, T /K HEGRAR fh e 345 K b R 7k
HRGR YR B de R, AN R B IR R B A Tl a3, 4% 25
TR E R/ MA I R] Y6 J5 7 Na™(2013-09) , CO3
SO \Mg*.Ca* ,K*,Cl"(2014-03) ,HCO3(2015-03) .
il 7 b KA A6 T R R W S A, A [ S
dre KA B B 8] 5 5 U Sy €1 (2016-09) , SOE
Mg (2017-08),C0O3 (2018-03), Ca* \HCO; ,K* . Na*
(2019-02),

TRJZHL T K & iR A i s M KRR
[ A LA R I S B (K1 7B) o #£ 2013 4F 9 J]—
2016459 H HIH] )2 H F KR & & o m kM T
R ke A, T it o 3% R 42t 9 8 1 (2016-09 %22 2018-09)
FEFTRAERAE LI EE, EMR TR, &
— 1303 —



ML FEIREG PB4 - 5 404 - 5 0 ] - X

(A) Y sl IK Flowing surface water

GRW-T F
PR-T -
GRW -

PR -
pH -
EC -
TP -

i1 Index

GE

K =

i

~~~~~~~
SoocooC
AN

J2 1T 7K KU A R BRI 55 0800 9 ) P e T
{14) e K V& (B A7 7E — 22 AH LR (2011-09,2014-09 Fil
2017-08) . ¥ JZH T 7K T 2 125 38 B AR AR Y R [R] [+]
FEAFAEZE S 7R 201349 J] Z 01, 4588 ik Bl KM
) B 1) 56 J5 YRR S K*(2011-09) , 803 . Mg™ . Cl™ \Na*
(2012-03) , Ca** (2012-09) , CO3 (2013-03) , HCO;
(2013-09) . 7E2014 49 1, #h T /KBRS fb#a 3 )t
bR KRR I 3R 3 de K, A [A] B IR B R A [R]
P, K B TR R /MBI ETH RS S IR T R COT S0, I8 oK AR S A 25 5
K* . Na"(2014-03) , Mg** . Ca® \HCO;(2015-09) , CI"
(2016-03) . P& K Fa 2t 38 I An b K A2 9 46 7
AL R B B AR A B ) 58 5 7R K (2015-09)
SO Mg (2017-03),C03 (2018-03),Ca* \HCO; .CI",
Na*(2020-09) .

3 i

3.1 REH TR RAKRERERER

Zhang 558 H, XS HEZK
R A AR U R A7 B T A A R KRR Y
LEAR . TR RN, KR A
DRGSR 2 A RO , 24 R KA 55 v B, K A 4
R, HARA R U N 7E 3 h i B i g
HAFRE PR R , o LA BB e 55 1R 2 b R K
E U AT AN Y A SR KO R ety )
B IR, pH 3 A 55 K2 o 4 R AR A W
R, A5 L PR PR ] K A e

+ & Na W P42/ Na® £ 2 A 1575 K IR
A= Gy L, H Na b Bl Hb A2 30 KB AR R iE A 3R
B KA R KA R Nat 728 Ak 0 A 5 e FR A AR 1

— 1304 —

PR -
pH -
o - L
Na® =
CI
Heo: =

)

ate(Year—Month )
E7 pEME . HTKIEREKEETISRIEET U RES

Figure 7 Peak value analysis of precipitation , groundwater depth and each index’s dynamic tendency
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S AIESE R I, B A A R 0 K R KA 4R
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