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Monitoring salt and water dynamics in farmland and drainage ditch in a saline

environment under reduced drainage intensity

PAN Yanxin, LUO Wan ", JIA Zhonghua, LIU Wenlong, LI Shan, WU Di
Northwest Key Laboratory of Water Resource and Environment Ecology ,Minisiry of Education Xi'an University of Technology, Xi'an 710048, China

Abstract: The fast population growth and rapid urban development in China have made it necessary to develop marginal
lands for agricultural use. One approach to meet such land requirement is to reclaim the existing salinized wasteland through
engineering measures through artificial drainage. As salt content in soils poses potential threat to crop growth, understanding
the relationships of salt and water exchange between farmland and drainage ditches is of great importance for salinity control
in the saline agricultural environment. In this paper, we present a 2 year monitoring study on salt and water dynamics in a
reclaimed salt affected farmland area in Shaanxi, China. In 2 strip fields of 100x400m, we observed water table depth and
measured electrical conductivity (EC) of water samples taken from monitoring wells, those wells were installed at 1, 2 and
3 m in depth in a cluster in each field; in the mean time, we measured the depth to water level in drainage ditches along
the strip fields and sampled the ditch water for their salinity levels. Weather data analysis showed that the rainfall during the
monitoring period was close to the long term average values. Rainfall pattern in the study area is generally in accordance with
the potential evapotranspiration, making irrigation only necessary when prolonged dry period appears during the growing
season. The monitoring data showed that the drainage ditches have effectively controlled the water table in the crop fields;
the depth to water table varied between 1.69 to 2.27 in field A and between 1.24 and 2.18 in field B, while the depth to
water level in drainage ditches varied between 1.84 and 2.05 by the field A and between 1.16 and 2.0 by the field B. The
salinity of the groundwater in the fields, however, was less variable than that in the drainage ditches; the EC in
groundwater varied between 4.72 and 7.51ms/cm in field A and between 6.58 and 11.4 in field B, while the EC in drainage
ditches varied between 4.86 and 8.69 by the field A and between 1.9 and 14.75 by the field B. The greater variability of EC
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in the drainage ditches was caused by the dilution effect of freshwater recharge in the end of the irrigation season, when a

large amount of irrigation return flow from an upstream irrigation district was discharged to the study area due to its lower

elevation. The elevated water level in the drainage ditches had no significant impact on field water table depth due to the

short duration. When no additional freshwater recharge is available, salinity in the drainage ditches increased with time due

to evaporation concentration. Findings from this research may provide technical guidance for salinity management in the

similar salt affected agricultural regions.

Key Words: salinity; drainage ditch; electrical conductivity (EC) ; water table depth; farmland

HEK FRGeAE R AR HH KR Al 3 it 1Y) fe 32 2 ) g
SR B IR FH ) 3k 22 19 7K G5 A ke 380 HE 5
W HERRE XK ER P R ) R Ak
MVERT . JEAFR, KR oe AR BoR iF 2 IX
WA BIHEK R GEAFAEAG HEAKE BE )8 3 AN A 3 ik
U2 AR BE Ye I ELIRYR B T 5 B K B
YEEYOT e sk TR B R I A K
P | AT 2 AR A 7 8 AT 45 2 R S 2 iy Bk
2% I SN IR B AR AP o m A A R (22 )

FE—Le2 5L AR DN HEZK I8 B TRk
Hi A2 BE, I 32 B K SRR LA ROk A F iR
KRN 5 | A A5 HE K T8 Sl ST 1 PR AR 48 v 7K AL
IBAT LT HEK R & AR G 1 I DK 36 - 52
BT A A R A 2 R AR R IR AR
IEH AR RO G AR R, N, & N San
Joaquin Valley TE DX PRI HEK e A il e 2R SO HEK
Hh g S RHIT BT R T R S TR TR AL
18 A VA [ Rl A 2 S 2 T TN (3
R R E R XK R G TR AN )5, i
> R4 FH A7 8 B It T LA JE ARl A= 77 AT 4B R
JEREK

(LT RRVEAE 5 - B0 Y o A ERE AR s
WO WA, $hor Bt Z I OT B oK
F fEER A R — AR ™ E 1999 4F, AT T
I 308 2ok~ 2 i 4 R AR G, S T TE
MEER B VR B VA L, fEVR B R Z B A TR
AP ORAP SR BR ], 38 73 ¥ A0 1 HE K T8 oK g ¢
A, PE 2T A HEK R B i BR R HE A AR i — A
N, T AR, pIAREHE KA RGERR T
FHAS DX P A HE B HE K LLAE 38 32 B WA 1l 5 | 8 e
DXCAETE 219 1R /K A 52, V) A 7KL SR S 18 T g
R T HEARKIEE KSR, 3T 10 40k, KR K AR
T AR ER AL, R Y oK R AL S AR AR A K AR

B . N T AEYHGEE K S AR SHKEZ
(] 7K i Bl (8 AR B, A2 Rk P 4 11 TH R Bl i
R J 1 W AF 7K 3 s D0 A0 36 A AR 4 ik e
b M RS, 9T 1 R XA T 5 HE K 78 Z TRl K 3R
SAEBEMICTR  AMEIRITA B K SO A 22 Ak 253
A8 A% LA KA A 7 Y 5, RS0 AT DA 2 AB) DX sl i
Mo P AR SRR AR P S P I

1 #R57EE

1.1 ARG

HRPERE VG & 7 B EB 1 T A B, v I
ERGIH I R DX AR S BE R 5O 498mm, [T 24
e 7—9 H, H&EREW R 49% , K ZF= 18 T
B AAEZE KR 1000—1300mm , R R 2—2.3
5, YRR 13.4C, B Bl | AR 41.8°C, F
SEXZAEE Y A B LRSI M ZE K BENE 1
PR o

£ 100 430

E INN\FE
i g 420
%5 50p—=—"Rid %
& E 103

3 2

£ 9 0 3

£ £
mg 0r 1-10&
&S 1001 =
i g 12047
~ & 150

z 1-30

200

6 7 8 9 10 11 12
H 4 Month

1 2 3 45

Bl HRRSKAN
Fig.1 The long term average monthly weather data in the

study area

1.2 WS A E
W 2 Fros, 76 5 1A ME Al ol il — 1100 H X
(b i B BT R 400m x 100m 4 FH HE 4T 00

http ; //www.ecologica.cn



34 WIS A5 HEK I E KR T AR T S HEK A K 599

2009 4F 6 H #| 2010 4 10 H AWM Ik B, R A
FREEAR AL, B B Rl Bk, 7R8> B [a) A &
ORI U AT B BT A A 3 2 LI R4 4y
FIAEBRE R 1m,2m,3m 19 3 AH(E 2), FH R0
T KA AN [ HEA A 7 B, [) 196 4 SO0 B T
A — M HE K A V8 B2 e 1 K R, JF e 1 K i
U A5, AR ] st 00 3000 K 98 7K A7 55 ) T 7K A

11
R e t0s
— KT
FTABTE
KRBT
FoRA G

Ag
= %Ell\llii\
WW““MM\“\\\\

N{’J

PARK BRI ZAEAG . BeAh, FEWF5E XN 3 254K 11
(K29 P N M#) M BRI F PR A3 T
WS, SACH Wi A B[R] B R A7 7K 5T 5 7K o7 1 U
P 2 i Sk AR KGR T 1), L 3 DR UK A P
ARTAME, A M I8, K BRI 3550 K R T A
JrEHEA NS Py, AR SCHETE AR T34 1
5 IR VA KR Bh AR 34T

3
dl d2d3

1 2
KR d1d2d3 did2d3

¥y Y ¥ K
Sml10m  25m 25m 40m Sm

A BT LA BRI

0 1000 2000m
S

B2 5T X MO B TR M R A i

Fig.2 Layout of the monitoring fields and sampling locations in the study area

1.3 Wi H 55045k

T IS ST X K SCRRAB B, TR L3 %4
T AN Gk SR S M R R AR
ZHE . KA 5 K B B 2—3 FiEAT 1K,
[l R 8RR B 6T H R KU A U BURE ik
R, S A SR AL G SOOI S i K A
SR FH TR KA 3 v i BUK RS B vhoK i 5 3
Je AR BOKAE M1 5252, HEZK TR K AL K B -5
HT AU 3k AR [ 20 AT . ARE A ST H AR, K B
HIARMUR TEL i, PRI K R 9200 =5 I 56
[E W5 VE Sension156 &SI A€ HL 5%

=

£

g 300 0

£ L]
g g 250 B u U L] {50 £
B £ 200 PET ol 1100 i 2
R 2150 {150 = £
% 5 100 1200 g5
EE 50 ‘ 1 1250 3

g0 5? 8 9 % W Rl? =

7
ey
Hﬁ}Month

2 ERENH

2.1 WEIEA AT XA R M TS AE I R

3 s 2009 4F 6 H 25 HF| 2010 4 10 H 18
H IR, ZEAM 9 DX PN S0 i e e 2 DA SR 3 <l
TR XU 55 R4 W RHE FAO-56 #E%7 /) Penman-
Monteith ARG ERS k&, 5K 1 BR 248
SR LSRR L, W DU PN K 5 ZE Ok O T DA ER
5T DX AR AE B AR D, X5 U800 e FH 7K 43 2% 13RI by
R AKA B R L A

=

S

E 300 Cee 0
E'2 250} S UU UU s0 £
& E 200 100 =

g I i s
K2 150} —150@8
# = B
w5 100} 1200 £ 5
gwE 50} 5 H g—zso 8

5 oL 300 &

s 1 8 9 10

H 1 Month

B3 {IE 20096 525 H—2010 £10 A 18 HELERWE
Fig.3 Monthly PET and precipitation during the monitoring period

http ; //www.ecologica.cn



600 VST

S

34 4

2.2 AHHL T K-S HEK I KA W S5 5 Hr
LA, A (B HHM 2 1m H b — A
K, 2m HHAE K, 3m UKL B TE BE IR
A N ACGIVR IR 2m 2647, 3 ADULINH: ] —
JEH AR S A — 3, F B H E) 4 R K P4, B
Wesh—3, Hk A B HHrf R KRS 3m F:
NLIZE AP, SR R T 4 K 5
4 7 2009 4F 6 H Z 2010 4 10 H 6] A Wi
A FH T 7K 3R DA R AH SR HEK 78 ( Ag) P9 /K TR
AAEAB I, H PR A MR 7K 5 K V8 K A7 B

BEEA 8, BRI K ZE R 2 K R I O
P AR AR = 78 R ZE AR E | B AR R £
JEUREEHE T 2m , B W AR BB P O 1l K 19 A %50 %b
25, 2009 AFEWLINEN Y A Wi B Ry 2.2m , I
HEK 78 N KAV 15 T FH TE] 24 20em 52010 4F LI £ (1) A
W T e IR Ry 2. 3m, T DL S HE K 1 P K A7 v
]2 30em, WM IIA Kk A F I XY iR K o
AR X N HEK Y R G0, E P A WG IfT FH BT Ak 1
7 B 5 A T3 1 K ) 3% 3 A 22, HEOK VA Sk T
Hi T AR A 32 B B 5

H i Date
el wy vy vy vy vy vy vy vy wy wy vy vy vy vy vy
g g Q@ g g g g qgq g q g q g qg q q
O o~ © =y =} — — — o < v O o~ 0 =y
SO D D G S S SR R SR S SR
e e = T = - N T T S S S Y= S
S 2 3 3 3 2 & 5 o o o o o o oo 9o
& & &8 & &8 8 &8 & &8 &8 &8 &8 a & a ««

0.5

—_
(=} (=]
T T T
I I
P [Ne] (=}
(=] (=

(=N
S

25

H KBRS HEK A 7K R

Between groundwater table depth
and drain ditches water depth/m
&

3.0 -

o

CoOMmE —e— AWfH3ImIF ——HikHAg

H BT B
Daily precipitation/mm

o0
(=}

- 100

B4 A BEAEKAKERR B TFAKIERETLE
Fig.4 Depth to water table in field A and its drainage ditch Ag

K5 s B W T A R A AR HE/K 78 ( Bg)
KT AR ARG B . 52 31 X3 T 7K DA AH 4B HE K+
RS2, B KT M /KRR A A Wi &, LI sh4s
Ko 5 A WK A AR, 2009 4 6 H 415 7 H
HrRJHATR], BRI JCBA SR RN A AR HEZK I 5k b T K
PEEE T RS B AL 2.2m, 25 SZ BRI &

HEW K B AMNG KOG T, 5 A BT [F A2, B B
T AR M HE K 3532 58 1 308 DX 1R 1R 7K 52 e 458
Ko 412009 4 8 H iy, AHE8srKE# A B Wik
A 1 HEK 18 (Bg) , A IE K A7 b 4 B R 7K
P TG THEK A, 5 A Wi AN A A HEK A
IR IR 245 T AR ML R K724 15em,

H #A Date
el v vy v vy el wy el Vel el v el vy el el el
g oq g g g § 4§ 4 q g 4 d d & & dq
o ~ o0 D (=) — — — (o] o < vy O [y 0 D
S £ ¢ % = 3 9 g g 2 s & g s & 3
D D D D D D (=) (=} (=} f=} < (=} (=) (=) (=] (=]
(=3 (=) (=) (=) (=) (=) o — — — — — — — — —
(=3 (=3 [=3 (=3 [=3 (=3 (=3 (=3 (=3 (=3 [=3 (=3 (=3 (=3 (=3 (=3
(9] [\ [\ [\ [\ o™ o™ (9] (9] (9] [\ (9] [\l [\ [9\] o™
0 0
=
= 8
1@%%\ 0.5
K3 < 20 g
(=9 g
XET 107 =
52 1 40 g -2
X35 = =g
=22 15 F (=9
rs3s 460 m 2
k23 20B &
B T 2
g3 i
}%EE 2.5 18 ~2
B2EE COFemi®  —e—BEif3mi —a—HkiEBg
304 4100

B 5 BHIEHEKA KRR AT KIERELE
Fig.5 Depth to water table in field A and its drainage ditch Bg

http ; //www.ecologica.cn



3

WIS A5 HEK I E KR T AR T S HEK A K

601

1 BoRnHACH A B Wi R /K HE
BN R H T K AR R, HoAHEK I8 Bg
IRAEAS 5 ZAE WK T8 Ag, M S AT 0L, HEZK 34

ﬁl‘Bg

F1 REAMTRSHIKAKAGE

Bg JIr RE ) 437 B A T 5 2 B YA AR B
BAREZ M, Bl H K A7 AR B T HE KA Ag N
7J<MI§I’J”’r S BN R Z BR K A AR N

M BES T — R

Table 1 Depth to water table measurements in monitoring fields and drainage ditches

W 7 B/ m e/ ME/m B/ m BRI 22/ m LT/
Monitoring location Maximum value Minimum value Average value Standard deviation Variable coefficient
A< H A WiTi Monitoring A field 2.27 1.69 2.06 0.14 0.07

A H B Wi Monitoring B field 2.18 1.24 1.79 0.22 0.12
HE7K 75 Ag Drainage ditch (Ag) 2.05 1.84 1.98 0.06 0.03
HE7K 74 Bg Drainage ditch (Bg) 2.00 1.16 1.65 0.23 0.14
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Table 2 Salinity measurements in monitoring fields and drainage ditches
JKEEHL TR/ (ms/em)
AllIEAC - N
Monitoring location RAH /ME YE b w22 AR 2 A -GiiHE (ai)0.0S) Statistical
significance

A WiTH 3m I 3m well in A field  7.51 4.72 6.55 0.60 0.09 1.83 0.092 NEFH
HEZKI Ag Drainage ditch (Ag) 8.69 4.86 6.32 1.15 0.18

B Wil 3m 3 3m well in B field  11.40 6.58 9.66 0.97 0.10 3.32 0.003 e
HEZK 4 Bg Drainage ditch (Bg) 1475 1.90 7.05 4.14 0.59

3 g
ASCIIBIFFE X GBI U 48 5 1 B 1 70 e R B b 2

R DAL T — AN 3 K is sl 4z | 52 X3k
KL RS A B A T A 3R A B . i

IKIEE IR FRAFAALEGE T A /Nl i LR 1
A R oo A IR BN e ER I R AR Xt
K R B H R o 8 6 05 X34 22 P AT Y 7K
I GORLEA T AT AR B A5R
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