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TR, a3 i B S 2 R IR AR S K s
Wi, TR RS IS KRG SRR R Y, S
BRI e U A A AT R R . LU
Y FREHr 5 e s X A R R ™, B AR
TR ER B IR AE 3%0~10%02 0] HHT ELBRIMAA/E, &
FOZHL X KL BN NG FEA R SR A
FoE « AR IERE O™ A S W, XK R
JERERAEAZHIX (1) S i SR BR 1, i B B ATk Z A2 A A
RN 2R, MRS I I K AR AR T
AE [ IR0 B . CHOLAAR G Ot ) Y (R, B
HLBkiE T 37 L% W) 3 A FDR 11 3 ## TDR &/#4%,
HIF 58 LA T RS [R) SRR T W 3 K R 3R
T, [ B R 2 A A 0 ol N A f AR AR R R R,
TG, AR R SRR .

1 RS

1.1 RIemat

56 7E 7 58 BT R 7R B8 — U K R SR R R K 5
(409 'N, 812 'E) i##47. i4%i%kH FDR Al TDR 1%
R BLS RVEMS LR 1. W51t 5 N
B, KR 15 IR S % ECys

AN 2. 3. 5. 7. 9mS/em, FHi 2~3 mS/em A
b, 5~9 mS/em N A, ECs 5T 13
I3 BRI BN B 0% R y=3.04%-0.74, X N[+ 3£
Iy RSB BN 5.3%0 8.4%0 14.5%0+ 20.5%0 A1
26.6%0 1550 F5 i - I HN 151 VR Xt ] A0 ) TS i
VERGH, SRR 0~30 cm 2 4%, HIEHLANER
ECis 9 1.8 mSlem (¥h4r &0 4.73%0), 3%
JR AN R 3 S AR 2. K EUAS ) A A
PEfE L 2 mm 5, AR4E IR A SR A B AR T B
HhiE, HEIFMAFFENREE GhaREs BN
802%0, HirtFEiE 8kg), RA GRS, Ft
HIRAEWE . 2 FEBRARFERNH LU —EARBRE
(1.59 glem®) 1% 5 Er %I 2R, Wi E R
1lcm, @& 17 cm, EEIRE 15cm, AN ERE R
53k CRAMEAN L IRERD. RN LI brik
MU HEFKE, HEFMNEERZERK, Bt
/KBTI R HERKE, ZEARER,
RARIEAREE 25 A 2R FE R, S 20K i B 47 o
1825 CHA . AL LRSI R AN,
FERARRET i N e . TEZ RIS FEF, 45K
MDA B BT B 1) 338 5 /KR, A U A ) R B R
i, FIHFREE T ESCbR RS KSR, kDT
R R, THEAA R LR AR SRR FLE AT
[EFEKCRE R TR S B 3.

k1 BHERESHK

Table 1 Parameters of each sensor

ek A5 AEFETRK FIEREMEN % SRR GEEem® S REMEE/(mMS em™)  ARIUREE%  HEFKEem
EC-5 Meter 0~100 200 0~8 3.0 5

FDR  CSFi11 BAUERER 0~60 200 TC B 3.0 6
ML2x Dynamax 0~100 75 0~20 5.0 6
CSF15 BRI 0~60 10 0~5 3.0 11

TDR  CS655  Campbell Scientific 0~100 3600 0~8 3.0 12
TDR305H Acclima 0~100 150 ik CEMRTERED 2.0 5

k2 THRMEAH
Table 2 Soil physical parameters
T

WORLE/% KRR Bk £ FiR/ i) b

DMLET70 Df MLET/ A== S IRTT )\2_3 B I% 2K %1%
(gem™)
74.84 9.21 1595 gt 159 313 395
%3 THBESHK
Table 3  Soil sample configuration parameters
e s T e
oy B BARRRE Wb R T M MK
Jil==N

K$Egﬁﬁ§mwﬁ%m@ﬁ%%mkimdj%ﬁm%%mkim

2 5.3 6.1 1575

3 8.4 36.4 1575

5 802 8 145 97 159 313 1575

7 205  157.7 1575

9 26.6 218.3 1575

1.2 M iEHR

TR I AR IR AR (PR B B 42 22 AR FTAH
PR Z RE FE&, M #ERG 480z 2 ks dE 2 SD
Forno AE [HAI RE {EAAIK, UL RSB, K2
RN Z . SD E#k/N, UiBAI R EARES,
i, R RS

2 BERGSH

2.1 AEIKTERSENBSNESEE

AR SR (RS 25 73 26 A, AS AR S B A &L
R 2 /K R & VE ) W3R 4.EC-5.CSF11. ML2x.
TDR305H f&/& 28 7F 13 EC 5 {H N 2~9 mS/cm T~ #45¢E
IEH 4, CSF15 f£ IR #31E ECys {H N 2~3 mS/cm K
I AEBL B K RLN B%EE R, HAaBAHET,
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PR IE #5240 . CS655 £ B4 7 ECy5 {H N 2 mS/cm
AT LLIE &, 7E ECys {8 =3 mS/em i T3k EL
Bofl . JHIEB SR —gn, M-SR
WA, SEUL IG5 A RE, MRS
P, FE, HTIEESKR—ER, HntigEs s
R [F RS R I 6 SR ), I TTRE R CSF5.
CS655 f&I& Ay iz th T LIS /KR R 1R S
FRKCF R EBE IR .. STk, A)jsEss At
EC-5. CSF11. ML2x. TDR305H A% g 8% 47K 1 &
AR () 3 47
A4 RRAMRBEAHRERG LESKELE

Table 4 The range of soil moisture with

effective reading of different sensors %
o . ECy:s fH/(mS em™)

[543 e 5 3 : Z S
EC-5 v v v v
FDR CSF11 J x/ 3 J 3
ML2x Vo v v v

CSF15 5 5 TEGE iEgE EdE

TDR CS655 v 5-15  5-15 5~10 5~10

TDR305H N v v v

HE NRIRTE 5%~30% 34585 7K 2 78 B Py 2T BLIE 3 5
2.2 REL M T (EC15=2~3 mS/cm) 7K SHE LSS AE
mESERt
FEALEE (ECu5=2~3 mS/lem) 254 N &AL B A% 1
#i xR 2 AE MM IR 2 RE 205 WA 1 A 2. i
1 AIE 2 a7k, 143 ECy5 fEAHIFIIS, EC-5. TDR305H
fEIRZR ) AE [HBE 3K T R Bl e ok, N

40 pEC, - 40 fEC, -
—a— 2 mS/cm —a— 2 mS/cm
30 F—s—3ms/em 30 ' —s—3mS/em
S S
o 20 3 20 F
< <
o | o L ?ﬁ\m
0 1 1 1 1 1 1 J 0 1 1 1 1 1 1 J
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
IS KEI% TS KEI%
(a) EC-5 {38 (b) CSF11 1/ 3

1.32%~30.39%, CSF11. ML2x 1%/&2%) AE {H45 1L
WEFER/N, AE 184 7.35%~17.21%. 3% EC, 51 3
mS/em B}, FEAME RS EA R T E/KE T AE
¥IRTF 2 mSlem W AE fH. 24+ ECus BN 3
mS/cm i, 4 FLIRER{E 4K VB I AE “FI{E
43514 20.47%. 14.76%- 11.68%. 13.25%, +3 ECy5
B4 2 mS/em B, AE ~F-35{E 43 1l 9 14.25%.12.19%.
8.66% . 4.96% . 413 ECys {EAH[E K, EC-5.
TDR305H f&/245 111 RE {HBE 1138 & /K IR (P
2%, CSF11. ML2x f&J&&%1) RE (HZMif#(C. 3%
ECys {4 3mS/em I, 4 P& &1 RE “F3{E 535
A 109.82%-. 98.83%. 84.11%. 52.64%, +3% ECys
B4 2 mS/em B, RE “F351H 43 71124 70.93%.73.34%
57.71%- 21.51%. X 15 B A% B 1 Il 2 VR Al P 52 A%
AeanhE, IR SR LIRS KRR, 5 Ah 2
FhAL AR FH EL , CSFL1. ML2x A% a8 i R i v
N -t RS TR UERA T, (H24 13 ECys fH—
SEI A B R WA 5 B 3 S K R I AR AN
EC-5. TDR305H f& B fEfff 55 i T 52 38 o T 232 A
TR KR ME s, AR . X RE S 1%
JRESRE BB A 0, 5 TEME R L, =4
AR R SRR VS AT ) B, 7 T3 vl 5 2R v
FE e 8, TDR30SH 14 /&as A 3 MEER, HHHF
ERIABERTE, 1K 2300 rEL R AR I [a], 3 KA
WL FEINELRAKR, HEFEFEK.

40 pEC, - 4001 LmEC, ot
—a— 2 mS/cm —a— 2 mS/cm

0 I —s—3msiem 30 [ —s—3msiem
o\\" 20 2 20
e E

s 8 on
L e 10 }
0 1 1 1 1 1 1 J 0
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35

TS KK %
(c) ML2x &% 3%

L3985 K 2%
(d) TDR305H f&/#%a%

B 1 A&EFHT (EC1s=2~3 mSflem) &5 B & 69 AE AR 2 & KT AL

Fig.1 The change of AE value of each sensor with soil moisture under low salt condition (EC;5=2~3 mS/cm)

2001 JsgEC, o 200 r HIREC, of:
160 | —a—2 mS/cm 160 L —a— 2 mS/cm
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£ 120 B/Q/fo g 120 ¢
|
€ g | A—A—/\ x gy |
40 40 F
0 1 1 1 1 1 1 ) 0 L L 1 1 1 1 ]
0 5 10 1520 25 30 35 0 5 10 15 20 25 30 35
TIEE KR % TIEE KR I%
(a) EC-5 fk ke (b) CSF11 fh: /s

200 ¢ - IEC, o : 200 pagEC, ff:
160 | —a— 2 mS/cm 160 L —=—2mS/cm
—a&— 3 mS/cm —=— 3 mS/cm
g 120 < 120
3 <N
x go } % 80
40 t 4
0 1 1 1 1 1 1 ) 0 1 1 1 1 1 1 )
0 5 10 15 20 25 30 35 0 5 10 1520 25 30 35
THEE KR I% T HEEIKEI%
(c) ML2x fL & &% (d) TDR305H 14 &k #%

B2 &5 T (EC1.5=2~3mS/cm) %1% R %69 RE AR 138 A K E 6T L

Fig.2 The change of RE value of each sensor with soil moisture under low salt condition (EC;.5=2~3 mS/cm)
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B 3 &AL IR B AR MK R 245 1 (EC1.5=2~3 mS/cm)
TS KRN SD {H. P 3 W%, +3 ECs{H
N 2 mSlem B, 4 FifEIKER T SD {HIEAR, N
0.27%~2.30%. 4+3% ECys (342 3 mS/em i,
EC-5. TDR305H f&/E&#%1) SD {AFE T3 & /KR KT
FEIZWE K, HI SDAEY KT T3 5% 5 2 mS/em

) SD {H - Fifi%E T35 ECy.s (3G N, CSF11. ML2x
16 16

[ +HEEC, fH: [ T3EEC, fH:
—a— 2 mS/cm —a— 2 mS/cm
12 F 5 3msicm 12 r —g 3ms/kem
£ g
9} 8 8 8
4 4 }
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
THEEKEI% TIEEKEI%
(a) EC-5 fE /a8 (b) CSF11 14 /&2

L IRER 1) SD B I, A Bl 438 5 /K 2R MR A B .
T U A S (RS B I A7 3 e B R S KR
SO, T AR N 3 B R AR RS PR AK, A
-5 A SRS TR R P T 338 B /K e R AR AN ] .
A%, CSF11. ML2x &K ks AR T
(EC15=2~3 mS/cm) LI FEF2E.

16

[ T3EEC, fH: [ LHEEC, -
—a— 2 mS/cm —a— 2 mS/cm
12 F 5 3msicm 12 F 5 3mSicm
g S
9) 8 9) 8
4 4 |
N el T

0 5 10 15 20 25 30 35
TS KEI%
(d) TDR305H f& /4%

0 5 10 15 20 25 30 35
K%
(c) ML2x &l s

B 3 &K HHT (ECis=2~3mSlem) &1& & £ 69 SD AR IR A KET L

Fig.3 The change of SD value of each sensor with soil moisture under low salt condition (EC;.5=2~3 mS/cm)

2.3 PEEEHT (EC5=5~9 mS/cm) (£ RN ERY
R SRS

K 4 ME 5 AL E R # (EC1s=5~9
mS/cm) ZAF R AE AT RE fH. B 4 fifE 5 w]
&, LEE S ERAER, 3 Fh FDR L&A1 AE {H5E
TIREREIPIE R RS TH R &S, TDR (R
AE fHBE-LIEE KT 2 BT . TIEE KA
FIRS, 3% ECys (N, [l —fLIas AE (84 n,
I L4 L 3 BN S SO B PRI Lt S A
IR, IS KR R B AE A .
e #E (EC15=5~9 mS/cm) JKF R, ML2x f&/&4%
£ 5. 7. 9mS/em T 35 /K 4 B E B 9 1-F- )

AE 258 16.02%. 17.64%. 18.09%, /% i,
130 - ™ 130 .
LHEEC, 5fH: T HEEC, ofH:
104 F —=—5 mS/cm 104 } —=—5mS/icm
—&— 7 mS/cm —8— 7 mS/cm
o 78  —o—9 mS/cm < 78 | —e—9mS/icm
] |
<52 <52
26 r / 26 r 'Aki
O 1 1 1 1 1 1 J o 1 1 1 1 1 1 J
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
T HEEIKEI% T HEEIKEI%
(a) EC-5 fE /4% (b) CSF11 f&JEk2%

H. AE Bl 438 57K 1A A B 25 . TDR305H 1% /8%
M AE i K, fE13% ECisfi N 5. 7. 9 mS/cm
i, AE 1543519 31.87%. 54.79%. 53.27%, ¥ &
ik, AE BTSRRI 28E0% M, £2H
AT KEF KT 100% A& B E G . EC-5 121K 8%
185 K FART 12.89%00 , RE 1 — BOS T 14,
B )55 CSF11. ML2x f& /24525180, RE {E #3185 7K
RGN BEAK, FDR B EARAE HIESKE KT
12.89%IHf 1413 B A 35 /K Rl S T RE R R
TDR &R LS /K F AL (<6.23%) I AE 18
A RE fEHi/DN, MR R, ZJamZIEm, s
SERMAGHE

LIEEC, oA : [ H3EEC,fH:
104 | —=—5mS/cm 104 F—#—5mS/cm
—&— 7 mS/cm
<78 T —e— 9 mS/cm < 78
i} i
<52 < 52
26 26
EAEﬁH
0 1 1 1 1 1 1 J 0
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
TIEE K% TIEE KR I%
(c) ML2x fLJa% (d) TDR305H 14 &4t

B4 P i&mT (ECs=5~9 mS/cm) &R HE 69 AE (A 138 A K E 6T ik

Fig.4 The change of AE value of each sensor with soil moisture under medium and high salt conditions (EC;.5=5~9 mS/cm)

K 6 AR IR AR E 5 (EC1.5=5~9 mS/cm)
A SDAH . FH Il 6 AT %1, 2R (EC1.5=5~9 mS/cm)
ZAFF, 4 MRS SD AL FES, W
I A RS RS A FE 8 T-A20E . WA KE, CSF11.
ML2x &S AE s h 26 1 SD fE /D, 7l
1.12%~8.82%7F1 3.42%~8.46%, SD {# Bt 1355 /K 4

IAREAS K o EC-5 & 2% 1) SD AH Bl 3 5 /K R 138
hn S SE 16N 5 B3, TDR305H 1% %48 ) SD {ii [
FIES KRN E B F S, HESKER
24. 75%I L B K AE, 3 ANHIEHFEIKFE R SD
PEL S| 7 51.71%.
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450 +IHEC, 1 450 +HEEC, 4ff:
375 —a— 5 mS/cm 375 —a&—5mS/cm
—&— 7 mS/cm —8— 7 mS/cm
300 | e—Imslem ¢ 300 | —o—9mS/cm
G225 f & 225 |
150 150
75+ 75t
0 1 1 1 1 1 1 J O 1 1 1 1 1 1 J
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
T A K% FHESIKERI%
(a) EC-5 14 /&% (b) CSF11 1 /&2

RE/%

450 . 450 r+-HEEC,MH:
IEEC, +i . glhi{SE/cm
375 1 —a—5mS/cm 375 g 7ms/cm
| —&— 7 mS/cm |—e— 9 mS/cm
300 —e— 9 mS/cm 2 300
225 | g5
150 150 f
5 Bt
0 1 1 1 1 1 1 J O 1 1 1 1 1 1 J
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
TS IKEI% S IKE %
(c) ML2x &% (d) TDR305H 14 #%2%

B5 ¥3#& %84T (ECus=5~9mS/cm) &5 %6 RE AR LR 4 KEW TN
Fig.5 The change of RE value of each sensor with soil moisture under medium and high salt conditions (EC;.5=5~9 mS/cm)

80 pamEc,.ff: 80 pamEc,.
—a—>5mS/cm —a—5mS/cm
60 [ —s—7ms/cm 60 r —=—7mS/icm
© —e— 9 mS/cm © —e— 9 mS/cm
< L = 40
3% 3
20 /P\=’a 20
N .« S I crtioon. ~
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
TS IKEI% +HEEIKERI%
(a) EC-5 L/ 3% (b) CSF11 1% /&8

SD/%

80 psgec, - 80 LamEc,.fif:
—a— 5 mS/cm —a— 5 mS/cm
60  —=—7mS/icm 60 F & 7msS/icm
—e— 9 mS/cm < —e— 9 mS/cm
4 t 540 t
[%p]
20 20
N e — 0

0 5 10 15 20 25 30 35
T AR R 1%
(d) TDR305H f&/#% 7%

0 5 10 15 20 25 30 35
T A KR %
(c) ML2x &%

B6 ¥&H&LiEmnT (ECs=5~9mSicm) &+ & H4 SDIAMEE S KEMN T
Fig.6 The change of SD value of each sensor with soil moisture under medium and high salt conditions (EC;.5=5~9 mS/cm)

2.4 ROEREN R RSN EREIEHENKE
BT K L HOK AR R UL B T KA R
GARHE T FE, A SCEARAEAN A FL 3 3R 6 A A7 5 b
B 7K R A SR A I B 1) 4 K R 2 T ) %
F. CSF11 &8st T R da Rt 47 hdk; EC-5.
MI2x B IRASEARER 251 T 2 T IR AR R 7 R AT 2

B, A Eh 2R N AR T R S A ) 22 T e A

TDR305H f&EERAEMR. Hmidh o ki N RS
55 R U TR R B o 8 ) T A SRR DN R ) T 4 K
L SEPR B KRR R, G M PSR
PR B AL AR R AT 5 1 3R SRR RHE TR
AE ff. RE{H. SD{ERIEEFELR, iR MK 5. HE
5 v, AR FMET, did s dEL A,
B3 BT (RS HE DT AR, IRER RN, I &R

J5 RS 3 (3 A K 2 R? 7E 0.901~0.943 2 |1l

s Eh 4R, R 1E 0.834~0.947 2 [a] ARER 140 R,
EC-5. CSF11. ML2x. TDR305H 1% #&%s 2 it ke J5
(1) AE fEBRHAERT 73 PR T 86.515%- 85.098%.
82.840%. 70.415%, RE fH 77 7B T 84.713%.

85.033%. 82.927%. 57.198%. H i ih &, EC-5.
CSF11. ML2x f&JKEREHEIG 1) AE {H 5 5 FRAE T
94.105%. 87.246%. 91.524%, RE 7} 4K T 94.340%.
90.714%. 93.099%. AZEANHE R T & G TE,
W T R R . SECHERTAHLL, IR E&1F T,
EC-5. CSF11. ML2x f&/#&#s1) SD fH 2 I BEAR T
72.200%. 4.094%. 15.790%, %%/ 0.768%- 1.331%.
1.041%. HEEhs& N, EC-5. CSF11. ML2x f&)&
(%) SD {H 2 HIBEK T 93.071%-71.597%.84.942%,
i5%)] 0.821%. 1.293%. 0.814%. TDR305H f£/& 2%
KUK, KK T, HEBM SD HEKT
72.888%; miEh kMR, fEIEKAS M) SD fHFEAK T
98.336%. M, AR A% B s A B AR 1 P
BB R, RS, AE. RE. SD {H %2 5 w]
PLiE %] 1.462%. 8.537%. 0.50%. 5 JEAAKHETTFEAH
b, R HE T R K A iy T S AR AR EAN R 3R
AT R R IE S KR M B A T S U E, Hp o
EC-5 fEBaR B AR B N 2 .

25 ARALREENPFHTEHEBE LIRS KER AL
Table 5 Calibration results of soil water content of each sensor under different soil salinity conditions

35 KR I%

TRARFEAR F 20 be/%

=t on L dEE <) > 2

eI +HEEh o R prre= B2 R AE RE ™
EC-5 &2k 36.37 19.02 y = 0.474x+1.902 0.901 86.515 84.713 72.200
ik 50.26 18.36 y = 0.014 5x>-0.73x+14.559 0.907 94.105 94.340 93.071
CSF11 ik 32.49 19.02 y = -6.005+ 0.770x 0.911 85.098 85.033 4.094
i 37.43 18.33 y = 19.523 -1.396x + 0.035x 0.834 87.246 90.714 71.597
ML2x ik 29.19 19.02 y = -7.526 + 0.909x 0.943 82.840 82.927 15.790
R 35.56 18.28 y = 1.250 -0.062x+ 0.014x2 0.947 91.524 93.099 84.942
&2k 28.88 20.25 y = 2.064x>%? 0.912 70.415 57.198 72.888
TDR30SH e 67.17 20.58 =2.930x4%7 0.882 92,589 87.223 98.336
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Fig.7 Fitting diagram of the measured values of each sensor
after calibration and the actual soil water content under

low salt conditions (EC;.5=2~3 mS/cm)
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Fig.8 The fitting diagram of the measured values of each
sensor after calibration and the actual soil water content under

medium and high salt conditions (EC;.5=5~9 mS/cm)
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The Effect of Soil Salinity on Accuracy of Soil Moisture Sensors

HU Huiling"?, WANG Feng', FENG Quanging®?, HAN Qisheng’,
NING Huifeng", LI Xiaogang®, WANG Jinglei'”
(1. Farmland Irrigation Research Institute, Chinese Academy of Agricultural Sciences/
Key Laboratory of Crop Water Requirement and Regulation, Ministry of Agriculture and Rural Affairs, Xinxiang 453002, China;
2. Graduate School of Chinese Academy of Agricultural Sciences, Beijing 100081, China;

3. Xinjiang Production and Construction Corps First Division Hydrology and Water Resources Management Center, Alaer 843399, China)

Abstract: [Objective] Soil moisture sensors have been increasingly used in different fields to measure soil water
content at high temporal resolution, but its reliability depends on many factors. In this paper, we investigate the
effect of soil salinity on their accuracy. [ Method] The laboratory experiment was conducted at the Irrigation Test
Station of the First Division of Xinjiang Alaer Corps. FDR and TDR sensors were used in the experiment. We
compared five salinity treatments: 2, 3, 5, 7, 9 mS/cm; the soil moisture was adjusted to the field capacity followed
by natural evaporation. The absolute error (AE), relative error (RE) and standard deviation (SD) were used to
evaluate the accuracy and consistency of the sensors. [ Result] Soil moisture and salinity both affected accuracy and
consistency of the sensors. Without calibration, the accuracy of the CSF11 and ML2x sensors was high and
measurements were consistent, while the EC-5 and TDR305H sensors were less accurate and consistent due to the
combined influence of soil salinity and moisture. Calibration significantly improved the accuracy and consistence of
all four sensors. [ Conclusion ] Considering accuracy and consistency, the expensive ML2x sensors worked best when
salt content does not exceed 9 mS/cm. The less expensive CSF11 sensors also worked well when soil salt is low. The
EC-5 sensors can measure soil moisture reasonably well for soil with moderate and high salinity. When the soil
moisture is less than 20 cm®cm?®, TDR305H sensors is accurate and reliable.
Key words: soil moisture; FDR; TDR; soil salt content; precision; accuracy; calibration
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