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1.1 R XHEER
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TRHy, B KRS E, K2 EFHR
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Table 1 Basic physical and chemical properties of soil in test site

ZBEElem F bR (g kg™ FH 85T 22 et/ (cmol kg™) HEFR R (gem®)  ANUFERN(gkeY) LML HIEEKR%
Depth Salt content Cation exchange capacity PH i Bulk density Organic matter Soil texture Field capacity
0~20 8.28+2.41 15.8240.23 7.840.2 1.4540.27 9.89+2.67 Tl 23.4140.33
20~40 7.91+1.86 14.4140.44 7.440.6 1.6140.11 7.124.47 Tl 26.1440.12
40~60 7.4441.02 15.2340.21 7.540.3 1.6740.08 6.9742.31 T 26.5310.64

1.2 R E

RIS T 2018 4 5—9 HIFJE, KH HE/NX 5
75 2 R A H 2R R EY), W CKLHG,
SWC I SG L 4 Mk B, AN EEE 3 k. DX
1120 m?, &/NXAE R —Hubk Y BEAL R0 A ¥, I H.
TEFF U6 2 BN b AT 8 — BT 5, AR Ab PR AR
2. FEAEANCYG R BHE R REE I nibE M e, i
B % F At b AR ¥ R 24 s T 20, e A B AR
—8, RRMTT S (NS HTEREX S g Him
H 2640t i e s B R R ) o0, kit T FH A 4 3
LB A B FE AR A I T AR 3 ISR 4, HATEI/KFS
S S SRR R R A ) P R SR
TR K REBE USRI E 2 M7, BIFEIRAESE
M RK e AN HEYS SR F BT K R 2, AR 2 AbTE
TAEVAE BN, BTE KSR NI KB, Ja3 i
TR R EE, T AT P UK R 1B S b B 3
R AKKFE, Ho WEE 5. FEERME 2 17 H¥%,
e A AR R, RRETT AR 1.6 m, JiSk[AIFE 30
cm, VKR 2.7 Lihe FEBEHI BRI (NN ER

X 3 44 X ) I S B R R MR ) BT, 1
W% 60 BRI K HEIR K Fe 52 i FH TR A
W) CTD-Diver KRG, AAMEE WK 1, B 1H
HIRBRE . IR FEE— K MZEAE KA =
A [a) WA 6 o, 1 EAK AR RS /NMX LR IR
FrRr ) oK BRI kAT e R, HEMEE N
120~150 mm,
k2 RBpRE
Table 2 Test treatment table

Qb H W7 R AR 24 RUFPREF Rt hm?)
Treatments Irrigation method Amendment material ~ Application rate

HG WIS/
CK UK

swc UK EEX7/l3 15
SG UK Pt A 10

% 3 AR AR

Table 3 Basic physical and chemical properties of biochar

A% HERER(m? g )

0, 0, 0, 0,
Cl%  H% — Of%  NI% Ash content  Specific surface area

pH 18

6713 384 3966 1.28 41.72 220.25 7.96
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Table 4 Basic physical and chemical properties of desulfurized gypsum

pHE  #FE/(g em™)Density i 257K & Free water content/%  CaSO; 2H20/% CaCOy/% Mg(OH)o/% K% J2 4% J5i/% Ash & impurity content
5.3 1.07 6.05 88.4 3.73 0.43 221
% 5 BB MBS B BT BRI
Table 5 Salt composition of brackish water used in drip irrigation mg/L
JKJ5i Water quality COs% HCO5 cr S0.> ca** Mg K*+Na* 44 & Otal salt content
Mo K 0.0040.0 508.54155.7 395.94161.4 820.54361.8 203.7454.4 120.5445.1 412.5#192.1 2461.74728.6
Brackish water
F K
0.0040.0 205.2417.6 70.740.7 90.245.1 68.6143.6 10.9+.1 74.143.1 519.7#18.2
Yellow River water
%6 R ERTE
Table 6 Irrigation scheme of test land mm
e AEA: H WM Off-season irrigation A H WIHERE The growth irrigation
. N \ BRI 1N it S —
Treatments  fki2 (20171005)  #ifE (20180507) gL e K i
(20180704) (20180720) (20180802) (20180821)
CK 180 120 225 30 30 225
SWC 180 120 225 30 30 225
SG 180 120 225 30 30 225
HG 180 120 105 105 /
0 S— [ 47
02 | -e----- B 5§ Electrical conductivity
. e [T Hi R /K HI% Groundwater depth 6
04 - >
15 e =
06 F | L £S5
‘ %)
£ 08 ‘ 1428
& SR N ¥ 3
010 The second - 43 i ‘=
£ spring i‘ \ # 3
S irrigation w
S Hctim N T 35K 12
1.4 The first . _e s(_econ The first %
irrigation of e A H &K
the corn irrigation of The second 11
16 r the sunfiower irrigation of the
sunflower
1‘8 L L L L L L L L L L 0
0421 0506 0521 0605 0620 0705 0720 0804 0819 0903 0918
i 1] Time

B 1 XA T ARIE R SR T AR

Fig.1 Depth and conductivity of groundwater during the experiment
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5 L
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5
X
25 r
iz
Eee
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Fig.2 The change of the salty soil layers under different irrigation methods
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BN “Em MR 8, @dFEZSE, KZE0H
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1 AMEBMRREEREZ G, HG KRN “ E
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R ZI R ER IS

B A EL S ZE RS, CK T
20~40 cm LJEAEAEF TG 0 NN E e T
HG 4b#E, 1fii 0~20 cm 25 HG A AHIL, 40~60
cm LR HG ARBAK. M APt FE Al fE 343 (10748
th#kE, CK T 0~20 cm 2 Eh 4R i 35
FHAMEZ, tHET HG AP, 1 20~40 cm L2k
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Table 7 The soil salt content under different irrigation methods and its rate of change

& EhB/(g kg™ Salt content

27442 /% Rate of change

Ak B BREE/em
Treatments Depth 0421 0531 0920 EHWIRR Lokt

0~20 9.6940.32 4884053 6.8740.22 40.78 -29.10

CK 20~40 7.1620.29 5.1840.75 7.1520.08 38.03 0.14
40~60 5.8840.30 5.0940.26 5.65:40.09 10.89 -3.91
0~20 9.49:0.05 6.01:0.08 8.48:0.03 41.10 -10.64

HG 20~40 6.79:20.07 5.2140.05 6.6320.16 27.26 -2.36
40~60 6.5640.21 5.3240.07 6.1020.10 14.60 -7.01

2.2 MBOKEEN TIEE B AR E SR RIS

Bl 3 45t 7RI B R WE 75 3T % = 145
BB TTRE. XS5 H 31 H GERi) M9 A 20 H
SRS D2 A [8) A B 5 5 T 43 A0 R 28 o F P T
2 FPAL PRI & B TR R Z AR, Ca®™. Mg,
SO,%. CIHFE “rhlalmpiilfk” A, Na'#f% “ bk

m M e —ANMEFHE, MUSUKEE (CK)
WFF, CaEAT “ b R AL Na'fl CI Ry
TR e B, B xRS N, HAl
TR HIEEKER (HG) AFLF, Bk ca® ¥
R ARG, HAhE AN T “ B MR R
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Fig.3 Contents of soil salt ions in different layers under different irrigation methods
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Table 8 Changes of soil salt ions under different irrigation methods during the growth period %

A4bFR Treatments HCOy cr S0 K* Na* Mg** Ca®"

CK 6.48 47.21 40.27 -16.74 91.12 4591 -14.70

HG -2.81 26.79 50.58 -6.76 48.37 52.85 53.21
100 =HCO,- gi b, 2 PRERE T A A e AR R T 2
go0 | ecL RK, AERFHFIKHE R, 8 T R i B
£5 60 as0,2 WA, % BT M4tk i LRI K, T sk i
22 0| ake I TR AR I VS i (hog MROE 1A
SR e SERIUE S BTHIR 5 b F A . BB T
*ﬂ@;ﬂ 0 0;3'1 oo | oo oo | OV ER BT AR AR T R AT KR ) R e VEAE T
. he =Ca= ONa" g I 235 5 T B /K, Na'7E 4 #hrh

CK
i (7] &AL PR Time&Treatment
B4 RE#EBETXTLEESB TR

Fig. 4 Composition of soil salt ions under different methods
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THILFERT 5, SWC AL H I FR £ % 5T SG A #AT CK.,
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2 L FARAN [FIRE R MR B B SRR (Bh Btk
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BB AL ER (B AR AT, R T AR N e R
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AWy R AL BRI R SR A (PR FR I G, A N 5 R A
BHOALEE R 2, B AR 555 . MO 34350 THI 1)
SO ZE S 7 T, G0t — AN AR AR BIGRZETR (9
H 20 HD, CK By#harHITH 43 Ay« H ) sy i ik
B, SWC AWK Ny « b K" Y, SG AbBEALEE
WAy “Hrlafikpid e ” 8, JE AEd— A~ afiEi
T, CK M SG AL % = 35 5 7 # R I tH AN [F]
FERE PR, {H SWC A 78 Hofth 1 2 £ 40 PR 1K)
[, 20~40 cm 20 HFH Frigin.
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Table 9 Soil salt contents and their rates of change under different treatments

& /(g kg™ Salt content

454k % /% Rate of change

AbH W Elem
Treatments Depth ot 051 0020 S T W Lot
Spring irrigation Growth period Overall process
0~20 9.6940.32 4.8840.53 6.8740.22 -49.64 40.78 -29.10
CK 20~40 7.1640.29 5.1840.75 7.1540.08 -27.65 38.03 -0.14
40~60 5.8840.30 5.0940.26 5.65+40.09 -13.35 10.89 -3.91
0~20 16.540.76 8.3340.09 13.9840.23 -49.50 67.79 15.27
swcC 20~40 12.1640.19 8.8440.08 13.0940.34 -27.26 47.99 7.65
40~60 11.1040.34 5.9340.19 9.3640.31 -46.53 57.71 -15.68
0~20 19.0340.42 7.4940.39 10.2240.56 -60.64 36.45 -46.30
SG 20~40 15.1340.46 6.8340.39 8.6140.64 -54.84 26.07 -43.07
40~60 9.9140.50 6.5740.30 8.99+40.53 -33.68 36.91 -9.20

2.4 PXRMRIX R BOK R IR R S B TR AR

R 10 ML 11 gy 7 ASFESE B R R T
HEHRAETERAHEME, FENE, HESANE
T AR AL R AR I N 25 BRI AR B EE A BN
SRR A FE R i I AR, R B RATREAY
gl B BRI, a5k B T A B
A, X HCOq, Fr A AbBEHSR I 9 H a8,

AL FE AR BB /ME A SG ARFE>SWC 4 HE>CK.,

XtF CI'S0.7, ANFALEE T #5R B >, H SWC
1 SG AFET, b2 BT EMMEREE T CK,

H AL CIPEIEMR YN SG A FE>SWC ALFE>CK, SO,
BRI SWC 4L FE>SG 4 FE>CK. Xf T K, SWC

ALFR TR KRG N, T SG ALRE & K& KR FRIL,
CK msAHEm. T Nat. Mg®. Ca®", AN[FEkbrE
THCRDUNS B T2 5 E K, B SWC AH#HE &
T CK.

EAFRG S, AFRLE AR E TS
MEIHEKZESR . 5T HCOs, SWC Fl SG Ab#k
TEFAG, T CK BRI N, X+ CI, Py kbBE T 3
BRHRIAGN, H 2 SWC A 1 HGE Tk T SG
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Bflk. xHT Mg™, BT AbBRRI N KRR, &4k
F AR IR UG CK>SG /b FE>SWC 4bFE ., %+T Ca?,
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Table 10 Soil salt ion contents under different treatments cmol/kg
IFAE] Time ib¥ Treatments HCO3 cr S0% K* Na* Mg ca**
CK 0.4120.03 3.1140.53 8.4941.13 0.1420.06 3.5840.31 4.2641.29 3.7120.8
0421 SwWcC 0.3620.02 3.9940.66 20.5843.77 0.240.06 5.790.83 7.474.44 10.2242.31
SG 0.3820.01 3.7740.51 11.58+4.26 0.2840.08 4,8330.84 5.0841.11 4.8742.82
CK 0.4340.03 2.5440.65 6.17+1.26 0.1440.02 2.7340.52 2.340.76 3.140.37
0531 Swc 0.4420.01 2.400.32 8.7240.72 0.3740.06 3.8940.40 2.540.32 4.7740.66
SG 0.570.04 1.5340.29 5.940.88 0.1520.03 3.1140.52 1.6240.27 2.24).88
CK 0.4320.01 3.3020.34 6.3740.62 0.1320.03 5.4640.44 2.3740.29 23640.36
0920 Swc 0.3820.01 2.6240.64 11.94.37 0.2940.04 45130.75 5.5140.56 3.3341.19
SG 0.4240.01 2.3140.19 5.2442.09 0.1240.03 3.5540.46 2.2440.52 1534163
211 FRAXRETLRES;HTEHENLE
Table 11 Change rate of soil salt ion contents under different treatments %
1) Time 4bFE Treatments HCOy cr S0 K* Na* Mg** Ca®"
CK 4.60 -18.35 -27.23 2.80 2370 -46.03 -16.51
R )G swc 14.99 -38.20 -57.31 12.56 -31.38 -72.67 -45.89
SG 19.38 -47.28 -29.92 53.71 -17.61 -57.15 -12.52
CK 1.39 29.86 31 -11.56 99.60 2.91 23.77
EER=p kg swc -16.82 70.40 65.17 18.03 60.01 178.84 9.60
SG -15.80 32.93 40.85 16.03 18.11 67.43 41.22
CK 6.05 6.03 -24.97 -9.09 52.30 -44.46 -36.36
T A AR swc -4.36 5.31 -29.49 32.85 9.79 -23.81 -40.69
SG 0.52 -29.92 -1.30 -46.29 2.69 -28.25 2354
100 wnco, | CYHORTRIBERPRLIN . L P4 i
£ & o UEBWIBGL 2 MERR, LR BT IR
g% 4 nsoz  DLHE B PUR. B, FieRBEEBBLRLE (5
fg"g " - A 31 H) A EMREEEZE (9 A 20 H),
- mNa©  SWC A1 SG AbF Y AR Lt CK RHL H — s Bk,
=8 omgz BB T CIif & LLEA, SO, i s s, 1M B
0 sca=  Frit Ca® i LLH R, Na' LS, HIR, A%
0531 0920 VEML R FESS, MALL CK, SWC Ml SG 4b# -4 CI

i ] &AL FE Time & Treatment

B5 TRAETR LSS & T HRFIL
Fig.5 Composition of soil salt ions in

different treatments and periods
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KBRS S SRR UK EAR T S 0 o0 A 5 S 1 AL R R

The Effects of Soil Amendment with different Materials on Soil Salt
Distribution and Its lon Composition under Brackish-water Drip Irrigation

ZHENG Fule?, YAO Rongjiang™®", YANG Jingsong™*, WANG Xiangping™*, CHENG Qiang”, LI Honggiang™?
(1.State Key Laboratory of Soil and Sustainable Agriculture/Institute of Soil Science, Chinese Academy of Sciences,
Nanjing 210008, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Dongtai Institute of Tidal Flat
Research, Nanjing Branch of Chinese Academy of Sciences, Dongtai 224200, China; 4. Centre of Agricultural and Animal

Husbandry Technology Extension of Hanggin Rear Banner of Inner Mongolia, Shaanba 015400, China)

Abstract: [Background] Inferior irrigation and drainage management has resulted in soil salinization undermining
agricultural production and water resources use efficiency in Hetao Irrigation District. Combing soil amendment and
brackish groundwater irrigation could control soil salinity and has been widely studied. However, most existing
research has focused on its impact on total soil salt and crop yield, while the associated change in ion composition
has been overlooked. [Objective] The purpose of this paper is to study the influence of drip irrigation with brackish
groundwater, along with different soil amendments, on salt dynamics and its ion composition in soil. [ Method] The
experiment was conducted in a moderate-heavy saline field in Hetao Irrigation District with sunflower as the model
plant. It consisted of four treatments: (DConventional flooding irrigation without soil amendment. @Brackish water
drip irrigation without soil amendment. (®Brackish water drip irrigation with soil amended by biochar. @Brackish
water drip irrigation with soil amended by gypsum. In each treatment, we measured salt content and its ion
composition. [Result] The average soil desalination under brackish water drip irrigation was 13.46%, up 7.14%
against the conventional irrigation. Drip irrigation did not lead to a noticeable salt accumulation, but compared with
conventional irritation, it increased Na" and CI” content by 91.13% and 47.21% respectively, giving rise to sodication
and salt accumulation in the 20~40 c¢cm soil. Brackish water drip irrigation coupled with soil amendment by biochar
or gypsum enhanced soil desalination and reduced soil sodication, especially the gypsum amendment which
increased soil desalination by 46.30%. Compared with other treatments, brackish water drip irrigation coupled with
biochar amendment increased salt content and proportion of K*, Mg?* and SO,* in the topsoil during the growth
season of the sunflower. On the contrary, brackish water drip irrigation with gypsum amendment reduced the
proportion of Na*, CI" and Mg?* at the expense of Ca?* and SO,* in the topsoil. [ Conclusion] Brackish water
irrigation coupled with soil amendment not only affected soil salinity but also alerted its ion composition. Combining
brackish water drip irrigation with soil amendment with biochar and gypsum improved soil desalination and
ameliorate sodium accumulation — a typical phenomenon accompanied with brackish water irrigation. Our results
have important implications for improving saline-alkali soil management and water use efficiency in irrigated
cropping systems in arid areas like Hetao Irrigation District.

Key words: brackish water drip irrigation; Hetao Irrigation District; soil salinity; ionic composition; biochar;

gypsum
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