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Fig.1 Location and channel system distribution of groundwater observation Wells
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Fig.2 Spatial distribution diagram of sampling points
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Fig.7 Spatial and temporal distribution characteristics of groundwater salinity

FKREHI KR (H) EAFAEFHRCRM s A i N KBRS B R A KB vE
LN 8 oo 8 H EOKAERT I, SR AR NI, R KRRV AT R T 0K B R R 1 KT
BN AR R KRV 200 1.2~1.7.1.3~1.8 vy HE TR KSR R T BAEY) AR K TS I,
1.3~1.8 mo M F/KEREUING, BORMUNAKAMEEL  RUKIEAAGEAM S B A, ORI R AELL B IA AN
Z, (HHRAKHEEAT ) EAbag Ny, seibplihER ORI, SO R ESE R AN SR AE Y A K BT K o)
i+ HERR, AT AT REAEVE AR K 2 B Eh s, 3t

NDVISE{H NDVISF-E{H NDVIFF-E{H
040 045 050 0.73 0.75 0.77 078 079  0.80
0.6 0.7 0.8
p<0.01 - 0.8  p<0.01 p<0.01
08 | 0.8 09 I 1.0
Lo 11 r 12
12 1.2 I
™ € 13 i 1.3 £14
g0 L4 X5t 15 =
o6 | | : = 16
X7 17 X7 x
= - e =
ﬂ 18 ﬁ [ 1.8 ﬁls
20 197 20
22 1 2T 22
24 23 r
25 3 2.4
26 25 L 25
(a) &7 (b) HhEEHA (c) #EHxM

B8 EARATEAFHNDVI FHMEE T AKILEXF &
Fig.8 Curves of the relationship between NDVI mean and groundwater depth at different growth stages of maize

R CAH T FR2, NG, Bk A ESHCOTH IAR DL SRR ] 3 ME B HIN, &
R, ARA NI, AN R A TOKE TR HA KK N KERVERE 2508 1.1~1.6. 1.1~1.6.
1.0~1.5 m Zifi. Bk, #COE, N KEVRESE  1.2~1.7m.
HIE 1.0~1.5 m EAHFT/NZAEK, SR KEE 6—8 AT A K AR, FEAKIREE 5 AR AE
AR YA, MR AR N AR TR K AN R E T SREN, MU RO BRI A [ K oAb . AR
R /K BR BRI /), U BRI R KA FRIE & 10 HhEEE S TOKEIER (H) fEAREFHIRR R
REREM HAEAT AN . IR N ZAEAFAE IR T iR m R, B N K HARAE 1.1~1.6 m JEHIN .
IR (H) 5 NDVIFEEIRRIMZE 9 nl k1, /v BERIIM TOKIEARAE 1.2~1.7 myEE NI, NDVI F1Y

10



H/NE A TR RO S B ERE XA A A B R KT R BRI

B HIIELS, NDVI ~FMEECR. Bk, ISR
WIS B AR K R AKSERYE L 4 A 1.1~1.6 m Al
1.2~1.7m.
24 NDVI 5 TDS 8z EH* %

R Kl HIEEANE B IR B KR, UK
HH D ER 23 I BE 7 ISR R R I AR AR, TR R
IKBLARIE (26 A HT 7K e 58 ey ) - 38 bk

PEEE, & 11 AT%N, NDVI 3545 BB G 1 A0
B> . 24 TDS<C3.0 /L I, BS54 H NDVI &
B U PSR, EVAE KR & Bl s 24 3.0<TDS<5.0 g/L
I 0 2 P8 e e A b, TR A K R B AT
24 TDS>5.0 g/L B, S Ms o sE s, Ak
L=

NDVISF-#){E NDVI-F-#){H NDVIF-#){E
041 046 051 0.68 0.69 0.70 0.54 0.58 0.62
0.6 0.8 0.7
0.7 p<0.01 I 0.9 p<0.01
08 | 10 | 0.9
- 1.1
10 | 1.2 11
1.1

12 13 1.3
€ 13 £ 14 ET
K 14 r x K15
oy = 1.6 B
% 16 | ® X7
= 18 i
218 | =2 26 E 19

20 | :
2.1

22 ¢t 22
2.3

24 24
25 2.5

(a) KT (b) FhEEY (c) #EFRIM

B9 METRRAHHNDVI FHELE T KIZE£E R L
Fig.9 Curves of the relationship between NDVI mean and groundwater depth at different growth stages of wheat

NDVIFEEI1E NDVIF- 2118

0.45 0.50 0.55 0.72 0.74 0.76
0.7 0.9
0.8 . 1.0 p<0.01
09 | p<001 11 b
1.2
11 1.1 13 |
13 , r 1.4
£ L3 £15 t
& ®
] =
ffl.? i é17 1.7
Fiol K19
21 2.1
23 23 |
25 Lo 25 25 25
(a) B (b) I

B 10 FHFERF NDVI B8 53 T AKIZIR X 7 &
Fig.10 Curves of the relationship between NDVI mean and

groundwater depth at different growth stages of sunflower

10
59/L

5.0 7.0 90 110 130
R KA (g LY

B 11 TDS 5 NDVI # &4 %
Fig.11 Scatter distribution of TDS and NDVI

33T #

T RE X T AR R PR DX etk A7 5] 2
W, SECZH X R KHEARRGR, Rk R K 481k
SHEYI AR R B A ] R, SN R 7K 3R
FE TR AR A KR B G R FEM ALK
KB NTFREE M EEX YA PRI KA,
ARSI FH 38 SRS AG A 5 DX At R K SR i A
ghE, MIX IR Gt Arid BAEYAE K R KRR
FUHL R ZKH b E (0 BB S R - 3 b 3R B LE AT Sl
ML T KRV A, NDVI P51 5 R KR
] 5 NDVI “F-HE Se ki 5 T K B 18 K6k,
{H 4 R /KRR ES K3 — @ 2 LR NDVI P {E b
KRR Z A i 2 SOk 4%, T M R K HE R4k
SERIANRT, AT SR NDVI F 48 BEHE T 7K B 4
KNS, X PRI G 32 22 R b R K
PR B R 2R EM AR KE, RAAE
B R KR A =GR TEMRIAEKKE . PR
X PR KA AR ) S A AR S e S R B AR K
H, HE LA, (EYRAKKREREE T K10
JE FR 3G N T 32 2404, TDS>5.0 g/L i X3k JL - Ak
YIrEK, 30 I XS R K R RO B AR AR
K, Fk, B NE B AEY AR K I T K
1L RI{E N 5.0 g/L.

CLA W50 22 et g R XL b XA 7K HE R

11



FEBLHEK 23R http://www.ggpsxb.com

e PR R SO A R T I, 45
HH A X S5 0 ol B AR AR B R /K AR
B, AT T A A — AR (NDVD JOBiff:
P F b I s 1E B AR E A B R KV B BRI
A DA S i b UL 2 T 2 H A BT XV A
R KBRSt T KA AL BV o A S A S
EREX & EAR AR A T OKBRVE HEAT 204, 2
5K o EROTE IR X EEARY N . BOKL 2
FEMEANAIERT T, RN TR G A
TAKHRRYEEIFE 1.5~2.0 m, MR H IARE B R K
HEIRAE 2.0~2.5 m; FARESFENI R /KIRER 5 £k 5%
RNTAHHN A E BN E BN ZE AR /KR
REKT 1.4m NH, SKREFHAKT 1.6 m NH, %
AEEMART 1.0 mAHE: BTHAIEEXES 54
BERL, WETEROR, HAERMERIBEKIE L. A
B, SFBOTEEXBAGELENE 2, T
AT FRE RS CH M TG RAFAE—E R
TEMIIAE R R B 2 2 2 R R, I E
ST IR AR RV AR, 2 T A
W HEAE LSS AO S B PR B E A s [
TR DX R R A ™ B, HOH A K AR i
FEANTT BALI o ASSCHER PR B A5 [X 3 B30 3
PR A R T K HEER Y B B A B R ELE AT 20 A7
i, AHEE T Hi R KK NDVI RS20, 20 T 4Ol
BN ER 3K A EE 7 S A 52 o DR
T J5 BB T I B PR AV A PR R L 3K 7y AR
IR IR, AP E B R Ak
AR KR 1 9 B K B A

4 45 i

D WRFX A FRAER A Sl S SR A A
& AR A R KBRS FEL 3y 1.2~1.7, 1.3~1.8,
1.3~1.8 m; /NEELEIRATH. ARIALL AR 3 MR
AW, &EA KN TGRS 58 1.1~1.6.
1.1~16. 12~1.7 m; FEI/EDE SHER NGRS
KAt /KRG R 73 A 1.1~1.6. 1.2~1.7m.

2) fETR HESS AR AE K M R Kl A E BRI
5.00/L. TDS<3.0g/L i, EEIEWELK; 3.0<TDS<
5.0 g/L i, BU&EHEA/EYER: TDS>5.0 g/L I, A
NEEEDEK.

S WK

[1] TUCKER C. Red and photographic infrared linear combination for
monitoring vegetation[J]. Remote Sensing of Environment, 1979, 8(2):
127-150.

[21  TEEEE, BROCME, EI. HYDRUSEUR SR AR & /R 2380k [H16
P K BB FE[I]. ARk TR 24K, 2017, 33(14): 166-172.

12

31

[4]

[5]

[6]

[71

[8]

[9]

[10]

[11]

[12]

[13]

DING Jianli, CHEN Wengian, WANG Lu. Improvement of soil
moisture monitoring accuracy by HYDRUS model and remote sensing
ensemble Kalman filter assimilation[J]. Transactions of the Chinese
Society of Agricultural Engineering, 2017, 33(14): 166-172.

WH, P, BRfPE, & BT MODIS B 1 4 /N P T AR
BRI S KA M. RALAURSR, 2012, 43(7): 163-167.

HUANG Qing, LI Dandan, CHEN Zhongxin, et al. Rapid extraction
and growth monitoring of winter wheat planting area based on MODIS
data[J]. Transactions of the Chinese Society for Agricultural Machinery,
2012, 43(7): 163-167.

LI Wenjie, HUANG lJingfeng, YANG Lingbo, et al. A practical remote
sensing monitoring framework for late frost damage in wine grapes using
multi-source satellite data[J]. Remote Sensing, 2021, 13(16): 3 231.

KRBHFS, EAEfe, T30, %% HT GF-115 Landsat8 OLI A4 fEPp
TELER 57 & [I]. ARk TRE#4R, 2017, 33(11): 147-156, 316.
OUYANG Ling, MAO Dehua, WANG Zongming, et al. Analysis of
crop structure and yield based on GF-1 and Landsat8 OLI images[J].
Transactions of the Chinese Society of Agricultural Engineering, 2017,
33(11): 147-156, 316.

SWEYR, Ji77, BN, A ETIE DT EIVIR) B R E it
TAKRKRFERF[]. TR BHE S, 2008(1): 129-132.

JIN Xiaomei, WAN Li, XUE Zhonggi, et al. Study on the relationship
between vegetation development and groundwater in Yinchuan Basin
based on remote sensing method[J]. Arid Land Resources and
Environment, 2008(1): 129-132.

KWK, AFF, EEGE, & BEGEM N AR S SRR
B R AL D], AL UM R 2SR (B AR IR), 2014, 50(5):
549-554.

SONG Pengfei, BAI Liping, WANG Guogiang, et al. Effects of
groundwater depth and climate change on vegetation cover in Heihe
River Basin[J]. Journal of Beijing Normal University (Natural Science),
2014, 50(5): 549-554.

SEAENE, SR, BN L, A SRR AR ISR A MR K B EL[J].
FKSCH T TFEH, 2019, 46(3): 1-8.

DANG Xueya, LU Na, GU Xiaofan, et al. Groundwater threshold of
ecological vegetation in Qaidam Basin[J].
Engineering Geology, 2019, 46(3): 1-8.

G, S, A0, S TR DR ORI RS TR K
HREE R RN Kb fREREER, 2021, 35(1): 301-306, 313,
ZHENG Qian, SHI Haibin, LI Xianyue, et al. Quantitative relationship
between vegetation index and groundwater depth in Jiefangzha

Hydrogeology and

irrigation area of Hetao irrigation Area[J]. Journal of Soil and Water
Conservation, 2021, 35(1): 301-306, 313.

2, WRRWe, ZRTF, 2. BB TENEAIE KRR /N2 7= A Y
DEIMFARRIE ] ol TSR, 2011, 27(2): 57-64.

DU Jun, YANG Peiling, LI Yunkai, et al. Effects of irrigation,
fertilization and buried depth of shallow water on Wheat Yield and
Nitrate leaching loss[J]. Transactions of the Chinese Society of
Agricultural Engineering, 2011, 27(2): 57-64.

RAst. PERE AT KRS EM] dos: Rk, 1986:
271-272.

WU Jingui. Encyclopedia of Chinese Agriculture, Water Conservancy
Volume[M]. Beijing: Agriculture Press, 1986: 271-272.

TRERE. 1A 5 VA DR SO R AR, 55 AR 17K 23 277 32 PR A [D].
Jent: pERREE, 2015.

HAO Yuanyuan. Hydrological process simulation and crop water
productivity assessment in Hetao irrigation area of Inner Mongolia[D].
Beijing: China Agricultural University, 2015.

RER, P o, BURE, &R T BRI BRI A R AR E
BRG], HERLEE R, 2016, 35(5): 655-663.

YUAN Yujuan, YIN Yunhe, DAI Erfu, et al. Remote sensing



/N AR BT HERE B TS B B R A R T KT L A e

recognition of forest types in heilongjiang province based on threshold [18] #E=Z, W, ArcGISHLIE(E B R 2 [A) 0 i LI #FE[M]. db i
segmentation[J]. Progress in Geography, 2016, 35(5): 655-663. Bh2E it 2012.
[14] 275, JERR, R, 55 ARAbH X 3 ZAEYIFR R S5 08 BRI & TANG Guoan, YANG Xin. ArcGIS Spatial Analysis Experiment
KAAMEII]. Ak TFE243], 2010, 26(9): 218-223, 386. Tutorial[M]. Beijing: Science Press, 2012.
HUANG Qing, TANG Huajun, ZHOU Qingbo, et al. Remote sensing [19] FA8f, HGE. MRS IM]. dbat: HUsEH RA:, 1988.
extraction and growth monitoring of main crops in Northeast China[J]. WANG Renduo, HU Guangdao. Linear geostatisticsfM]. Beijing:
Transactions of the Chinese Society of Agricultural Engineering, 2010, Geological Publishing House, 1988.
26(9): 218-223, 386. [20] 5K EE, AT5HE, Foek MEREXHTACGE IR, FKEIE. K
[15] R, fa#Ud, XIEkE. FF MODIS [ B TLA RAE VIR -1 EPETERIF[I]. FEBEHEK #HiR, 2019, 38(S2): 83-86.
HURF7E[9]. HLEE 2= [A)45 2, 2018, 16(1): 79-82, 8-9. ZHANG Yigiang, BAI Qiaoyan, WANG Huiyong. Study on suitable
ZHOU Si, HE Qisheng, LIU Baozhu. Study on extraction of crop groundwater depth, water-saving threshold and water-salt balance in Hetao
planting structure based on MODIS in Heilongjiang province[J]. Irrigation Area[J]. Journal of Irrigation and Drainage, 2019, 38(S2): 83-86.
Geospatial Information, 2018, 16(1): 79-82, 8-9. [21] W&k, FIEFEX AR M AT KRR KA [F) e 5 U ) o i
[16] MA Pea, BRENNING A. Assessing fruit-tree crop classification from KEWFF[D]. MAERE: SRR, 2015,
Landsat-8 time series for the Maipo Valley, Chile[J]. Remote Sensing CHANG Chunlong. Study on groundwater depth and optimal irrigation
of Environment, 2015, 171: 234-244. amount of crops in different planting modes in Hetao Irrigation area[D].
[17] ZEYL, R, EFHE. T GF-1 54 AR IR )% G L) Hohhot: Inner Mongolia Agricultural University, 2015.
FArZ0). ARk TAE2AH, 2018, 34(10): 245-252. [22] BRI, MR KRR VR B 5 K 3 I R B S S AR R 3
LI Hengkai, WU Jiao, WANG Xiuli. Land use classification based on AF(B[I]. HF /K, 2011, 33(4): 20-23.
GF-1 image in Dongjiang River Basin[J].Transactions of the Chinese WU Chaobao. Effects of groundwater depth on crop yield and water use
Society of Agricultural Engineering, 2018, 34(10): 245-252. efficiency and crop coefficient change[J]. Groundwater, 2011, 33(4): 20-23.

Suitable Groundwater Depths for Crop Growth in Hetao Irrigation District

MA Xiaoming?, LI Ruiping'*, YAN Zhiyuan?, LI Xinlei!, LI Zhengzhong?,
PAN Hongmei?, WANG Xiangdong?, LI Yumin®
(1. School of Water Conservancy and Civil Engineering, Inner Mongolia Agricultural University,
Hohhot 010018, China; 2. Shahao Canal Test Station, Jiefangzha Sub-center,
Water Conservancy Development Center of Hetao Irrigation District, Bayannur 015000, China;

3. Inner Mongolia Hetao Irrigation District Water Conservancy Development Center Jiefangzha Sub-center, Bayannur 015000, China)

Abstract: [Objective] Hetao irrigation district is one of the largest surface water-irrigation districts in north China.
Keeping groundwater table below a critical depth is essential to preventing salt accumulation in the root zone, and
the purpose of this paper is to study the suitable groundwater depth for healthy growth of different crops. [ Method ]
The experimental area is at Jiefangzha within the irrigation district. Planting structure in the area was analyzed using
decision tree classification method, and groundwater depth was estimated using the Kriging interpolation method,
from which we calculated the mean NDVI. The suitable groundwater depth and salinity threshold for crops at
different locations were obtained from the scatter diagram of groundwater salinity and its NDVI. [Result] (WThe
suitable groundwater depth for maize at its jointing, heading and filling stages was 1.2~1.7, 1.3~1.8 mand 1.3~1.8 m,
respectively, while for winter wheat, the suitable groundwater depth at its jointing, heading and filling stages was
1.1~1.6, 1.1~1.6 m and 1.2~1.7 m, respectively. The suitable groundwater depth for sunflower at its bud and filling
stages was 1.1~1.6 m and 1.2~1.7 m, respectively. @The groundwater salinity critical for crop growth is 5 g/L, with
groundwater salinity in the range of TDS<3 g/L, 3<TDS<5 ¢/L and TDS >5 g/L being most suitable, suitable and
not suitable for crop growth, respectively. [ Conclusion] Controlling groundwater table at suitable depths with
groundwater salinity not exceeding the critical concentration is essential to improving groundwater use efficiency
and sustaining crop production in Hetao Irrigation district. For the area we studied, the suitable groundwater depth
varies with crops and their growth stages, but the critical groundwater salinity is approximately the same for all
crops.

Key words: NDVI; crop growth; Hetao Irrigation area; groundwater depth; groundwater salinity
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