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Table 1  Soil physical and chemical properties of the studied soil
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Table 2 Particle distribution of the studied soil

EPHRFNR K53 1% ERI% pH f& & mA(m? g™t ECs4/(mS €m™) T E/(gLY
INERERT A IR 52 86 8.5 13 1.89 43
FRREFT AN R 5.0 82 8.6 12 2.02 46

RIS K ELFER K SHUS0K, IR 281K,
WOROK AL R 3 glL. RS R MUR K AR 241
Hu R 7K SR M e S 56 = L B A4S, e K sile{k
JEh 3.02 g/L, 4k 25 i =R S NaHCO3(0.539
g/L) . NaSO, (0.497 g/L) . NaCl (0.554 g/L) . CaCl,

(1.023 g/L) »
12 REEE

RIS B A K B ARG A, BUKEE N
AN ARG 2 S K, BIENER
8cm. = 50 cm; I EAENIE 8 em. 5 90 cm, ]
[l 10 cm LA R4E 5 om JFA R EURE /ML, T A2
SRR BRI E K. S8 AWK E
W (D HEDY, 5y 14.86 cm.

M=H(Onax-60) 7 » (D
b H Oy EEEHRNEEZREE, B 40 em;s Opax N
TRV R VR RS K (AR ] RF K
)y Omax=26.62%; Oy Sy EETHRIVRIE E )46 F K
#, B 1.00%; y NHIEARF R, y=1.45 glcm®.
1.3 RI Tt

EE N AT — 4 BB, 3R TS K
S6F T M 02 ok ok Bl 5 R R R A S, ARG 3
WHE 10 MEB 3 REH: CK(EET/K) . W (3g/L
UKD X1 ONEREFFAEDIHR 10 thm?) . X2 (/)
FEREFAEYR 20 thm?) . Y1 (EXRFBEF4AD%R 10

thm®) . Y2 CEKFEFF A% 20 thm?) . WXL (3 g/L
TORUK+ N EREFT A% 10 thm?)  WX2 (3 g/L %
K+ NEFEFF AP 20 thm?) + WYL (3 g/L Tk
K+ FKFEFF AR 10 thm?) A WY2 (3 g/L R
K+ T KFEFTAER 20 thm?) o RIS & 25 11
FARFA T B 1.45 glem® 4y 16 235+, L k%1 80 cm,
0~20 cm AW R S5 8) L IRA L4F, 20~80 cm
P L, BEZEATITE, RIEABE. K
BHFUETTE 2 om e Kk, LRI B3OS AR >
VE KT LRI R R
1.4 ¥e¥R KON E 7%

FIEEK A BT EDSY, AR
NHEFEHET . AR SR

AR PR T A H GBS, 0, HE
KAE 5 1 1 BRI, FIFH DDS-11A B &
FACI5E + IR IR L G R, Rz X R
R SRS TR ENLMELR, BHESREN
NS Eh B, #EHR AN y=2.281 1EC34-0.001 5.
A, Yy ALIES (g/kg) H EC5;1j"j 25 CF+
KEN 105 BRI S5 (mS/em)

pH {H: 18 o7 RSP AR BRI RE B 6 g0 TN
OEZIK T 25 D LINANZE 7K, BO/EH pH
i CHEMREE-FE R 2 AERA IR A FD W5E .

FiEh (ryf%) « T3t 23k b s

99



FEBLHEZK 23] http://www.ggpsxb.com

SYHIE A L,
i 3 X VR E (Dgem) -
ae B L EIREE .

S R RACT L)

L ERTRFE REL (fos) + BEER X IR E 5 NIB 45 IS
R s IR I L

IEFR AR X IR (Dgfom) : 13585 E 8K T 2 g/kg
[y 3R g .

IEFRME L X VR BB (foss) = IAR R X IR B
5 R RIS R TR R LA
1.5 BiESH

F Excel 2019 At R I 22 iR s IR L |
BRNBEERNIMKE AL, DU F LI PR
AR . FIFH Kostiakov f5% 55 Philip A58 Mxk A
BT, X IR i 2 MR s M. 50

(2) « X (3 AAREAE,
Kostiakov N\ B A
i) = Kt*, 2
X iR)ANBEE (cm/min) 3 K WANBRE
(em/min) ; o NABIRE: t HABHE (min) .
Philip A N
i(t) = 1/2St*°+A, (3)

X i)AANBEE (cm/min) ; S ATHERIER
Cem/min®®); t Y NIBET R (min); A HF&32 2% (cm/min).
45 ¢
L -
j\% 30 F W IoFE .
{H? 25 —8—CK
20 | o
= X2
’]]i_; 15 F —a— W
7= 10 —a— WX1
5 WX2
0 . . . . !
0 500 1000 1500 2000 2500

FiJ 8] /min

lﬁ 1 'fniﬁkt7k/%/% )ﬁiﬁhfiiﬁﬁn—]‘-w_/lﬂéé&

Wetting front depth versus time curves under brackish water irrigation and biochar application
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Fig.2 Cumulative infiltration versus time curves under brackish water irrigation and biochar application
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Table 3  Fitting parameters for the two infiltration models
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Fig.3 Relationship between soil moisture content in different soil layers treated with different treated
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Fig.4 Redistribution characteristics of soil salinity in different soil layers
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Table 4 Comparative analysis on evaluation index of

salinity distribution among different treatment

st rd/% Ds/cm fos Dss/cm foss
CK 74.22a 36.88a 0.9175 36.12a 0.898
X1 73.92b 36.81b 0.9737 36.04ab 0.953
X2 73.77c 36.64c 0.9705 35.87b 0.950
Y1 73.96b 36.83b 0.9535 36.07ab 0.934
Y2 73.73c 36.69¢c 0.9850 35.96ab 0.965
W 47.36f 35.7e 0.953 6 35.03d 0.933
WX1 53.74d 35.89d 0.9780 35.16¢ 0.958
WX2 49.81e 35.87d 0.9590 35.13c 0.939
WY1 52.45d 35.83d 0.9810 35.1c 0.962
WY2 49.43e 35.77¢ 0.9631 35.07cd 0.944
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Fig.5 Soil pH values of different soil layers among different treatment
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Impact of Biochar Amendment and Brackish Water Irrigation on

Water and Salt Movement in Saline-alkaline Soil
GUO Xianglin®, GAO Peiling®™", WU Wei?, ZHANG Xue®, LI Mengzhao®, WANG Shibin
(a. School of Agricultural Engineering and Food Science; b. School of Resources and Environmental Engineering,
Shandong University of Technology, Zibo 255000, China)

Abstract: [Objective] Biochar amendment has been widely used to improve soil quality and remediate soil

contamination. The objective of this paper is to elucidate the impact of its combination with brackish water irrigation

on water flow and salt transport in saline-alkaline soils in the Yellow River Delta. [Method] The experiment was
conducted using soil columns. Soil taken from the delta was amended with biochar of wheat or maize straw
respectively. There were 10 treatments by applying 10 t/hm? (X1) and 20 t/hm? (X2) of wheat biochar (X1), or 10
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thm? (Y1) and 20 thm? (Y2) of maize biochar. The control was irrigation with deionized water (CK). The
concentration of the brackish water was 3 g/L. In each treatment, we measured the movement of water, salt and soil
pH. [Result] Amending soil with biochar combined with brackish water irrigation improved soil infiltration
capacity and water retention in the soil. The wheat straw biochar worked better in improving infiltration than the
maize straw biochar. Biochar amendment combined with brackish water irrigation also facilitated salt leaching,
reducing salt content in the soil by 7.3% to 10.44%, compared to the CK. Wheat straw biochar worked better in
de-salinizing the soil than maize straw biochar, especially the X1 whose desalination rate was 53.74%. The addition
of biochar combined with brackish water irrigation increased soil pH, albeit not significantly, especially the maize
straw biochar in X2 which affects soil pH most. [ Conclusion] Amending the soil with 10 tthm? of wheat straw
biochar combined with brackish water irrigation was effective to improve the quality of the saline soils in the Yellow
River Delta region. Results of this study provide guidance to sustainably utilize brackish water and biochar to
improve productivity of the saline-alkaline soils in Yellow River delta and areas with similar conditions.

Key words: brackish water mineralisation; biochar; moderately saline soils; water-salt distribution; pH
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Using Vegetation Health Index to Calculate Spatiotemporal Variation in
Drought and Its Determinants in Inner Mongolia

YIN Hang™?, ZHANG Zezhong®, ZHANG Weijie'?, LAl Hexin®", WANG Fei®
(1. Institute of Water Resources of Pastoral Area, Hohhot 010018, China; 2. Yinshanbeilu Grassland Eco-hydrology National
Observation and Research Station, China Institute of Water Resources and Hydropower Research, Beijing 100038, Ching;

3. School of Water Conservancy, North China University of Water Resources and Electric Power, Zhengzhou 450046, China)

Abstract: [Objective] Drought is the most important abiotic stress affecting crop production in North China.
Understanding its characteristics is essential to agricultural management. This paper is to investigate the
spatiotemporal variation in drought from 1982 to 2020 and its underlying determinants in Inner Mongolia. [Method]
The vegetation health index (VHI) measured from 1982 to 2020 was used to analyze the temporal and spatial
characteristics of the drought. The cross-wavelet method was used to elucidate the effects of ElI Nifb-Southern
Oscillation (ENSO), Arctic Oscillation (AO), and sunspots on the drought. [Result] Drought in the studied region
varied intra-annually, with the most severe droughts occurring in the summer. The main drought period is 8 years and
12 years. The central-northern region in Inner Mongolia experienced more severe droughts than other regions.
Drought was more severe in the middle and northeast, while the south had seen a relief in drought. The region had
witnessed a total eleven droughts in the studied period, with the most severe droughts occurring from October 1989
to March 1990. The worst and least severe droughts were in the 1980s and 2010s, respectively. Atmospheric
circulation and sunspots correlated with the drought, with ENSO having the greatest influence and sunspots having
the least impact on drought. [Conclusion] From 1982 to 2020, drought in Inner Mongolia had been worsening.
ENSO influences drought most. These findings improve our understanding of the reasons behind the droughts and
can help improve effective drought management in Inner Mongolia.

Key words: drought; vegetation health index; spatial-temporal evolution; driving force analysis; Inner Mongolia
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