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Abstract

In order to explore the spatial distribution law of different base ions on soil salt at different depths
under micro topographic characteristics, this study takes the riverside area of Xiao Bai reach of
the Yellow River as the research area, and analyzes the spatial variation characteristics of base

ions (Caz+, Mg?+, K+, Nat, NO;, F, CI", SOi‘) and total salt at different soil depths. The results
show that: 1) The order of the total ion concentration of soil species is SO;” > Caz* > Cl” >

F~ >Na*> NO, > Mg?* > K*. The saline alkali substances in the soil of the study area are mainly

calcium chloride and calcium sulfate. The unique soil salt composition and structure of Xiao Bai
River basin is chloride sulfate soil. 2) Comparing the ion contents in different parts, it can be seen

that the ion contents of Nat, F, SOi’ and Ca2* show that sample 2 > sample 3 > sample 1, and
Nat+, F, SOf{ and Ca?+ are mainly concentrated in the center of the slope of the basin; Compar-
ing the concentrations of CI” and NO, it is shown that the concentrations of CI- and NO,

are sample 1 > sample 2 > sample 3. CI” and NO; are mainly concentrated in the center of the

basin with low altitude. 3) Comparing the ion concentration of soil layers at different depths, ex-
cept that the total content of surface ions is very small, the content of base ions in each layer is
higher than 1500 mg/L, which shows that the content of middle soil layer is high, the total ion
concentration value between 20~30 cm is the highest, and the values on both sides are symme-

trical. In the soil, the divalent Ca2* and SO}  which are not easy to migrate are the main cations.
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B A BR A ARIE 1) H RN [1], 38R Ab 12 B & [ 23 OO R s )i —[2] [3] [4]-
TR BT AR R BRSNS BRI 5 —Fp R BRI . 245 4AERAfA 8.31
12 h? (i 39852 B0 ER BRI, L A R A A R A S R N T A [5] . fEIRE, Ehivb g
OARITZ, ATSBIX b o, HERE 3600 5 hm?, & 4 WA AR 5%, EEOAATIL. .
LR, BB E B B HL g B AR W mE. L B ISl PSS 19 MEIX[6] [7] [8].
HE S R ERH T HIERZ 8 T KM EE K EFBME, KB EERIRRAERZE L
B R [9]. b IR b AR R - 2T RHLIX, PR E LR KA 2R kT DA S SR K A 1
ZRE, HOKER o HIE RO FIFEE G, FRBE Lt EE R HE, i b4k H 25 N EE[10]. 3 —

AR IR KGR, A2 B ARSI ARG Y AAE 2 B . BT ) O 2 O AT
WA 2 RGP KRR K R THI G 1) K Az —[11].

Rl 3 P K o AN AR B T s B LRI SO AAZ O ) B[ 12] [13] [14]. EARAE T I I A 1A L
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MR KRESE b 73R IOTT RIS . MG IL[19]. Bhht, SZHfelth EhHE B T 1EX 3 A A EhmliAL
R A AT B B S AR [20] [21] [22].

T AE AL T 1 X BRI —, ADNET AL T 5 - B R IX, BHOK A KEKR. JEl,
I ER B I E 2SN . R BT N PR B b B A M N R B B A (R A A A TR, AR
W FC3E S B AR A RR AR 3R o A0 AT 1 SRR b ] B T T % e 0 R R B B A (]
YA, BRI B R AR A B B b R SR AR A

2. XIS

BN R AR E TS, HER RS, SR SkIBHE SR X T R A KR PR R
AR, AR R 35.5°C, #RR 8.5°C. AT HIFEIK A 300~400 mm, ZZFE[EAKEUD, (HAEERE
IK ) 5.6%. HFHK = 5% A 900 m~1000 m 2 [a], M 4 = e A Ry FEAE 4 R ik 22 WL 38 [ Tribulus terrestris
L.]. #i¥[Leymus secalinus (Georgi) Tzvel.]. )& %i[Setaria viridis (L.) Beauv.]%.

WX A N EE A X, AMZ . SFERKEEEPERK, FLAHEFWRKED, R
HZEKEKR, F#EKAE 300 mm~350 mm Z[A], TMiz& K& N7E 1300 mm DL b, EHRREED . Hig i
1EE, MR FE G M, HERREE AR WL A A ERME . SRR, ERBS HAREOR, A
BT WK SORIRHAL R, A b v e AR ) R SR A (R A B L 1 AR 1)

Table 1. Location of each sampling point

F* 1 ENERME

G HURE b — st — HURE =
A 40.534568°N 40.535186°N 40.537058°N
Z 109.87981°E 109.879818°E 109.879759°E
F=is H: 976.00 m H: 976.93 m H: 979.00 m
5
3-2
{f 33
22 3-4
/’1: 2-3
1 2-4
1-3
1-4

Figure 1. Relative positions of sampling points

Bl 1 &R AR
3. HmRES I

3.1. FHEARIER
B FCIX LA /N TR K38 TS 5, 45 & Wt b 3R 45 338 DOk g iF 78 XA AR 3R 14 A R il 12 338/ X
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W E R TIRE . AR RN E A I RS TS EARE N, AR SR AR AL B
AT EREREE, TIEREARE AR ER L, HoR0A T RN ZHh [Natural micro basin] ¥ il Zh
WL A I 25 = ANERAL,  Z RS S S T v 22 KECh 3 m.

3.2. BFIMERRE

F 2018 4F 11 ALERF T XCOREE LI RE b, JLIRER 3 A (dn 4 L7 2, AL B L7 1), 43 Al iEAT GPS
TENL, BEASKAE p B B K 20 10 em, 4% AR RIRFE 73 DY J2(0 em~10 cm. 10 cm~20 cm. 20 cm~30 cm.,
30 cm~50 cm)HUFE, AN R REER R E TR B AR, (EAE DT, RFE L) 600 g A
e, SRR A ] B Y [ S 0l KAk B SRR o AT S 4T TWHES G i FLAR K/ A 0.20 mm
T, wIE LA, ST R A R E

Table 2. Depth and range of various soils from the surface
2. BHELTREMRRERTE

TS TS TS TR XSG FEl (cm)

1-1 2-1 3-1 0~10

1-2 2-2 3-2 10~20

1-3 2-3 3-3 20~30

1-4 2-4 3-4 30~50
3.3. FEEE

ARSI RIS TR, MR TEAE. BBk, BP0k, hAR e R ROEE 2
PRSI0 R, R AR BT 7T X e Eh i SO A B T TR I 1 g BFES 10 ml
[ K — AR (KL 10:1)R A, £REH1X 200 r/min, 30 min fE%FIRANAE 800 BYES.LoPiE 4%
[Sedimentation centrifuge] 4000 r/min &5.0» 5 min 2 J5, FhHL 2. @idfLA2 0.22 pm 1 g s i
JERORL A S, IR thermo-ics600 2 T (it AT T35 [ BH & A8 & E 19 E .« 1% 1CS600 &1t
WAACHATIE SR, EERHE TS B IS TS CS12A, EFHALS: AS22).

3.4. WHRALE

RIEEFAMAE TR W22 S R, RASHEEIE SR Excel BT Brill Bt 3t 47 9720 4b 3
Fffiie, KA EEERAR K HBT I HE &, 51 RERE A& I & 123 8] 4
4. WRD
4.1. BFREXTEL 47

SO . Ca*. CI'v F . Na'. NO;. Mg*. K'&E T adEuE R, ZHH A R m A m R
M Lerh s 7 RAPE M ESR . LRMETAERIRERNERTFA: SOF > ca > CI” >
F~ >Na"> NO; >Mg*>K".

HIE 2 ATH, Ca** 5 S0 M P& Eim. K THEME LT Em %, B 7
ML REI#OCME 0. F . Na's NO; . Mg® % AbT 0~50 mg/L 2 [f]. HA B 740N 2 1) SO2 & E &
THALE FHI N 1 AT, SRV —ME T 20~25 ff. —IhET 5 T8, BUEEmih s
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Figure 2. Total base ion content
2. HEBFREE

FELSOF NE. CIikz, HETFNEEL CafEL. £/ \FihEE 7 so? . ca®. CI §&
255 S 2 98.78%. CaSO, BA X H, #h b 2 5H41E (CaS0,2H,0), LIk [Frf BIBHE ¥ Na”
SR CI R, AT UL T g R BRI R S S AR RS, B X R R B R A
Y- BRERA 3, IS T /N TR A 1 g R o A R A MR A N AR - BRI

4.2. BFEESHSHR

421 AEMSEBABTFRES RO
AN[EA R AR F R [ BH B T 4 B FE Sy B W36 3 o FTREHD 1. 2. 3 590] [ BE BS 43 ) A0 |
BGIE B3 = 0, FEASTT LUK A SRPIR USRS N — R B, 55 i, BB = (B A - ).

Table 3. Statistics of total content of ions in soil samples at the same depth

%3 A—RETHPEETRERL%H

R Bt 1 Fith 2 Bt 3
Na* 0.35 20.48 9.85
F 4.68 19.27 12.01
sox 289.38 420.79 305.71
Ca?* 229.99 1052.88 735.36
clrr 234.41 80.87 40.13
NO, 9.01 5.94 4.93
K* 0.00 0.00 0.00
Mg?* 0.21 0.00 1.61
B 524.40 5300.53 1062.93

Na'. F . SO Fl Ca* &% B Tl RMIEh 2> Feih 3> Frth 1, BT & R iR /N
R, FEHL 2> FEd 3> AEHb 1o XU FERBAL B & B rr A, R s 1A s T AR AL E
A BN 5 15, NEHKIN 10 52 2. XL CIm AT NOG 7 B vl Sk B S UREHL 1> R
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2> FEHb 3, TEAEHL L EONFERL 2 1 2~3 fif. FEHD 1 B FIREE A BN AR 3 1 2~5 £i%, WL CIT Fl NO;
FERE TR BRI 2 g,

I ZANEE R B FIREE T, P DA H B R AR 1 T K o BE AN A AR AR . FE AT AN [
FER =AM, TR L BB REUR AL, R G AR AR, R KA E, AR AR A B
BT G rhve, IS FIRE RN EIUH AL LR TR 2. SO; A CI SR TERE L 2 S B R %,
FEdh 3 S RAEN D, FEd 1 SR T ERGIE IR R b e R I TS
THAXALE, R E BT, SR A A A AR AN TR B . B R KBS (11
GUR, NI B IR A A TR RO, TR, B2 BT ORAE ARG, ZEH TR KA E
RIS, B ERar — MR K.

422 FRABNEFRESRIH

WE 3 FizR, FEA L. 2 3 00 Tt T (0 2 e, e rp e R T, HAERASRAR SR

SRANL)R, TR AR R B 5.

27001 2498. 12
(mg/L)
1952. 74
18001 1626. 03
900+  785.57
T 10-20 20-30 30-50(cm)

Figure 3. Total ion concentration of each soil

B3 &Ert@BETFRESSE

m i 3 T, ERFENREE I8 ZEd, 20~30 cm 22 (8] B 1 Rk B i, AT L1 HAT 1] 20 cm~30
cm SRR A fEHLR 0~10 em [ L3RR, H T ERK; 10~20cm 125 30~50 cm L E SRR
e RIS, BT RBMRET S TRASEMN D24, KRB EE TSR & T 1500 mg/L, 2 AE
TR, BRI X A 0 R R AT A2 AR R AT HE 3% 20 om 4.

Table 4. Cation content of various soils

T4 ERLIHEBTEE

LK ca?t Mg?* K* Na*
1--1 37.27 0.08 0.00 0.00
1--2 119.72 0.00 0.00 0.35
1--3 51.77 0.12 0.00 0.00
1--4 21.23 0.00 0.00 0.00
2--1 85.96 0.00 0.00 1.30
2--2 407.24 0.00 0.00 5.12
2--3 273.75 0.00 0.00 10.98
2--4 285.93 0.00 0.00 3.08
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3--1 221.07 1.54 0.00 1.34
3--2 446.90 0.00 0.00 2.71
3--3 15.20 0.00 0.00 2.83
3--4 52.20 0.08 0.00 297

TIRARHE T B (LR AR AR, ZAE R LA B ES L AR BRI K N, mTHES
TIGUF: Ca®* > Mg? > Na' > K*, Ca®'{E % 2 & 5 i, Hk Na™ & B iim, Mg Bk, KHRfik. ca™'.
Na' 31 Z85 %, MoP 7ER I h SR I A%, MR A TG A A oy A, BANAER S K 20 cm
LLR LR AEAE . Ca®'y Na BIZH I 2 b s e ke 34

TR TR TARE TEARCEAE S ZHERE, HREAR.

Table 5. Anion content of various soils

H#=5 BHEIBEETEE

4 F NO; = cr SO;
1-1 2.28 151 27.08 35.48
1--2 2.00 0.98 55.00 116.39
1-3 3.35 1.21 93.04 74.14
1--4 1.38 0.9 59.29 63.37
2--1 1.67 2.19 5.18 282.01
2-2 1.41 3.79 19.90 802.96
2-3 1.66 7.15 4351 1752.54
2--4 1.22 6.14 12.28 1370.40
3-1 1.15 2.13 5.32 71.14
3-2 1.98 2.93 10.57 28.20
3-3 1.11 2.60 11.18 152.22
3--4 0.72 435 13.07 54.16

XFEEFE 4, % 5 T A, RS R IR E IS B HPF £ 808 S0 > CIT > NO; > F . SO; .
Cl". NO;. F £ 10~20 cm i) +J2(10~20. 20~30 cm)#) Hi LA K AE, AT WLBH B F76 3 B_F 140 A R
R FEEPTHE . =4HE. WE TS0 S8&E, LU CE, HESHEABHI T =2,
SRR, ME— WESENHSEMKIER. NO; . CI” 7EZLH IR R LT H A AL,
SO . F fEfihyimiREK £, HS0? . CI'. NO,. F #JlfE 2-3. 1-3. 1-3. 2-3 A KME, 7T
BT EE AP T A A CEAL, JF HAE 20~30 cm 12 EIREER K.

BRI S, ZX B ERE . MERE:, HRRONE MY —— IR S L, BT/ A
TR AT (1 1338 8 93 2 R A R RFAE

5. &

1) FIERE RS EIRE KN ERHF N: SO0 >Ca® > CIT > F >Na"> NO; >Mg* >K',
15\ PR B P so2 | Ca®. CI S 5B 98.78%. HF 78 Hh 13 h SR A4 5 3= B2 Sl AL 5 F0
TR, CaSO, AA LIRS, RFE s L 25 H 45 (CaS0,2H,0), RIiZIX 448 3 Z R & -
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BRI, [N T /N AR AT (1 38 5 0 A RS AR HE N A - BRER T 145

2) XFEAFEFRALES o AT, Na's F . SO Al Ca™* & P IR A 2 > FEHL 3 > #f
i 1, Z I P T B T A AN B X L CI AT NO; W AT LR R 1> R 2 >
FEHL 3, CIT A1 NO; F2 B R Tilg kB AR M 2 e

3) XFEEAFREM LIRZEE TIRE, BROETFRTEWM AN, SESREEFETEYET 1500
mg/L, RIH AR LZE S EEE, 20~30 om B IR B S, PIEMER AR IR . LR

SEXIEA Ca? > Mg¥ > Nat > K. Ca?'. Na'tHil b2k £, Mo? 7E 2t v ek BE %, 2t

JEEIBATIERA > Al FANIERIZ K 20 cm LA ZH 4778, Ca®'y Na' BRI H M 7 bk vh s 4 b
. IR R TR B P S R HENT 2508 S0 > CIP > NO; > F . SO . ClI'. NO;. F
£ 10~20 cm H[H] 1 /Z(10~20. 20~30 cm)i IR, P E FEREE LRy BT R
ferp T AR AL, HAE 20~30 cm 2 BIRIE R K.
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