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RN EN S, IWARFEE 271018)

MT5 5, RAFM R e dh i . B 54l

B BB . pHL B B SR AR BT T RGOS, AR EI . XIS M 5 A O R Y

FECOTAFAE, TEARTT U 8 5% 13 hNa® |

Cl", SO .

HCO A A EPEER B 7 0 5 i, AR L dh s

HE, A IR B T SO+ G E AR NSO +HCO R T H3EpH . Bk B FILE B B9 28 Ak #a e —
B, A E A A R T LR M O B K, BRI MRz . RS EE (y) ISR (1)

] SR S L R IR A OG, onT R S R R A R

HEAT IR XA R AL R B 22 . WFST 4 Rl o 1)

Wl LR O R ER RIS | AR IR R RS

K7 TR TR AT PEER B BReRAL; IR Ok
FEINES §728.5 Xk tRIR S

3 R A R T R 1 R A R B, R AY
AT UR IR T EL A 4 PR B R 2 U R R ok
TofeE, R A E Bl kR
W AR E =R =AMz —, R
4 T = N P RO AR AR B = A
—, BN A =M A, EREE S LEF
KX B R e R AR R o, 3
A b T AR RS BRI AL 1720 b, SR AE
WM . BEMEEh R R, R
Hegr b, BHOKA AR, TR I%HL X R
W oM A . MRS I 2R B AR K B 32 e R o PR
F U ERT, A R B AL T X 3 B
FEME e R AL I S AR TG . e BRI % )
HREE G E ML A B >0, o B AR R B R
300 ARE A BB R 3 A R R T A R B
BRI 7 S R I = A N R B AR )
AR X - SR B B A BRI, A AL A
SECIEE b 375 £ 060 0 119 81 35 MR A ok b B Yo 1 25 44 Sy
BFFEAT S, R [R) 3 bk b S SR Bl AL B IE AT T &
GeWR5E, LA ER IR X A SE RIS A M . b s e
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1 MRS

1.1 AREXER

TF 5% DX L ARV v 5 b A 285 3 AR H IX
AT 1L ZR A VN T 3 AL EL PSR Y T R AR
HiFRARFR A37°43'92" N, 118°02'70" E., W5 X )&
B T R AW X, ZAEFHRE12C,
K610 mm, FFKZERT6—9H; 4F7%
KHEH2 095 mm, ZHFHHBEE2 699 h, £
AR RN [E]21 d, Z2AE3—5H My k4. X

Mo H T30, SR 2 B Sy BT e AR D e
P16 ~2.4 m; LHERT A+, &EE

1£0.3% ~ 1.0% 2 18], JRy il & 1%2.0% ~ 3.0%,
pH>7.5, B FLICI . SO K E, HE T
Na"h 3.

B U 5% DX PN 83t AR b A b Sl AIF S X 42
S FER (Morus alba 1..) . H ( Fraxinus
chinensis Roxb ) . MM (Amorpha fruticosa
Linn.) . %% ( Populus spp.) . Z& ( Zizyphus
jujube Mill) . HI# ( Robinia pseucdoacacia
L.) . #if ( Ulmus pumila 1..) M ( Tamarix

(SEAP-JC-2) %th)h

INZRWI N, WA A, WMl A A TR . E-mail:xaiqian@163.com

http: //pedologica. issas. ac. cn



3 4] FHEE:

T T 8 T A [] 3 AR bR i - S8 R el A 45 707

chinensis Lour.) , & WMAIH T 20104 F 1%
M, 20134F A RIS ao RAEIEATEREL . M
o R TAE . S ARET S M O T, A
W E<10%, THEFTHL A L, RIERE SN
1.41 ~ 1.65 g/em’, A HLF R HCF#40.33%),
B AU R E028.5 mg kg, TR Ay
#03.2 mg kg™, AL TSP 4876.5 mg kg

1.2 Hm5H&

20134F 107 1 f), HEHE8 P i AR Hb J FE 1 AR
H1150 mAME S M PSRt &, BER AR>S =4
o, 7E R b BB A AR M BL i 370, 1
hom® 14 [ 52 s o 1, MR B 3 OB AR R A K 5 o A
ARBL, B HBER N B ARES, BRE S0 ~ 20
em. 20 ~ 40 em 140 ~ 60 cmHUFES00 g, 4 [F]% N
HARK TG, Bhade, 48R &F AR mEA
A, PR AR, i mm0f, FERGE LRES .
1.3 oHA%

F 13 [ R KU I A I 4R 2R 47 AT 5 1R AR e 1
o, 2. pH. HSRRERIRNE . g
AIEPEHCO;. COY . Cl7, SOT . Mg™, Ca™, K'fll
Na B, S M T SR 07 7 3k 107
S RIFRELERESO ¢, FKE RS - HRA, B
3 miniS U8, A3 UEJE AU VRO TN B R v AR
BToE,

Ca’ ., MHISOY FIEDTAT EV:, K FINa™H k
YOG T, ClTHAgNOLIRE R, HCOZMCOS A
WA RAE . DB e, BAOFSEE3IR,
FIES IR (g kg™) IBHEF (K'. Na*, Ca™,
Mg™ ) FIFHE T (CO5 . HCO;, CI™, SOF ) Wyt
SPEUR R, A pH L, BRI E R A K R
WS - A EEMOR, pHR AR BEpHIT LAk
e, HF SRR REDDS-308A HL SR AU 22 .
1.4 HUELE

FrA B ¥R FMicrosoft Excel #4748+ 5
Bro HI Pearson MK RBEME G B, BT
R pH . BRLEE . EERE Z R A .
SPSS17.0 Xf HEAT IE 408, I &7 mH 5 2,
T I L R R ) 0 R A

ESPRMZ WA s, A
T: ESP=-55.5+7.25pH+0.866SAR+7.7RA, W[
FLSAR=Na'/ [ (Ca®™+Mg™") /21", BRATERA
(emol 1™') = (COY+ HCO;) — (Ca™™+Mg™) , b
TR U T AL 3 il FHEE R B R emol 171

2 R51HE

2.1 AREHR MK LIESHRESEFAR
AFF 5 DX AN [R] 3 MR b A b B %of 25 b, - 38 o
¥HCoy, MEFEZRHCL, SO, HCO; (£
1) o ZSHEFEELICI+S0% A £, ik
BFHELHCO; + SO E, 5XIEAMAHL, &4
i C1 5 i WY W B AIG s ARMIAR - SR R SRR, R
95.35% ; MMM IIREIE /N, H48.84%;
SO &7 f W] FAIG s ARMIMR ML B e K,
79.80% ; KUY REIRE /DN, H34.62%; i
HCOS & i 1T SRR F S5 TR e K, o
147.13% ; 2T TR /N, H43.68%
MELIATA, St ais, FHE
H3.89 g kg™, AHEIRB L, BRA A + K
(2.09 g kg™ ) 4b, £k £ 58 4 b B (E /)N
F2.00 ¢ ke™', AREETL L, HAPROIMA L
A EIRAL, FHME R3] g kg™ o K MM FH
AL AR 46% ~ 66% , AN [R) T AR 4 55 2
O i PR LN BRSSP S A AR S R ARERR
> AR AR > S FH AT bR S A B R > 4 TR
e R 2 (4 B BT AL A R R AL AR B AN TR
BRIy H L R LIHCOS - CI—Na® -+ Ca™™h
F, dwEAMLICI—NahFE " WJUELS
AR UGEER, TR BT, H
b R e fb . PR TS AN,
A S A R R, X e E R R
RAAE . — e, o] iR+ PN, (COY+ HCO3)
5N, (CI” + SOT ) Y ELAA R b i - 28 /0, Hop
N, (COT+HCO;) #/x+3EdCoy FIHCO A& &,
N, (CI"+S0%) FR HHRCI RSO &, 4
N,/N,WABTE L ~ 42Z 8] )& T A A0 Y 500 IR 1 95 4T 1
BAEE, E/NT s T & somi i 5 3 i
JawE P A R AR R T NN, B (R T
T, BRI AR AR M I AR ~ 222 8], R
FEAY SRR T ER B 1, oAk L 3ErhCl
& B B/N TSSOV &, 8 T B 95 41 #h Bt
+ o HA b K s - EN SN HEN L, TR
TEAY SRk Eh w1+, HARH Rl &
BE/NTSOTME &, B TR+,
MR, Bt heheS5HE T
Cl™, SOTFE0.01/KF T 2R FEHME , MXHR
B oh0.895. 0.913, HSHCOHIHM R E N
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Table 1 Concentration of soluble salt ions in soil as affected by soil depth and species of the trees afforested (g kg™)

W Fh T2 o
Tree Soil layer HCO; cr SOy Mg Ca™* K* Na*
Total salt
species (em)
0~20 0.39 0.11 0.66 0.20 0.03 0.03 0.11 1.53
S
20 ~ 40 0.42 0.85 0.08 0.18 0.03 0.02 0.35 1.93
Mulberry
40 ~ 60 0.44 0.14 0.81 0.17 0.04 0.02 0.26 1.88
0~20 0.44 0.06 0.65 0.18 0.02 0.02 0.13 1.50
SL
20 ~ 40 0.53 0.04 0.82 0.15 0.03 0.02 0.29 1.88
Chinese ash
40 ~ 60 0.55 0.01 0.71 0.09 0.03 0.02 0.33 1.74
0~20 0.53 0.03 0.58 0.12 0.03 0.03 0.22 1.54
Egr
20 ~ 40 0.82 0.09 0.54 0.05 0.03 0.03 0.48 2.04
Amorpha
40 ~ 60 0.80 0.24 0.30 0.01 0.02 0.05 0.53 1.95
0~20 0.51 0.03 0.58 0.17 0.03 0.01 0.13 1.46
7L
20 ~ 40 0.35 0.20 0.81 0.16 0.03 0.02 0.29 1.86
Poplar
40 ~ 60 0.49 0.10 0.76 0.12 0.03 0.03 0.33 1.86
0~20 0.42 0.01 0.82 0.20 0.03 0.02 0.13 1.63
2
Winter 20 ~ 40 0.21 0.26 1.44 0.27 0.05 0.02 0.35 2.60
jujube
40 ~ 60 0.37 0.17 0.95 0.16 0.03 0.02 0.35 2.05
0~20 0.49 0.07 1.02 0.23 0.02 0.03 0.24 2.10
TR
Black 20 ~ 40 0.44 0.06 0.74 0.17 0.02 0.02 0.20 1.65
locust
40 ~ 60 0.42 0.23 0.57 0.16 0.02 0.02 0.24 1.66
0~20 0.60 0.09 0.87 0.13 0.03 0.03 0.40 2.15
Ty
20 ~ 40 0.58 0.26 0.38 0.07 0.02 0.02 0.40 1.73
Elm
40 ~ 60 0.39 0.54 0.51 0.09 0.03 0.01 0.53 2.10
0~20 0.71 0.03 0.27 0.07 0.04 0.03 0.22 1.37
KD
20 ~ 40 0.64 0.06 0.11 0.05 0.03 0.03 0.18 1.10
Tamarisk
40 ~ 60 0.46 0.01 0.61 0.11 0.02 0.02 0.22 1.45
0~20 0.28 0.68 1.89 0.12 0.06 0.02 1.14 4.19
25 i
20 ~ 40 0.33 0.53 1.76 0.11 0.05 0.02 1.03 3.83
Bare land
40 ~ 60 0.26 0.94 1.26 0.12 0.05 0.02 1.01 3.66

http: //pedologica. issas. ac. cn
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0.614, WAATEE W] 5 1 A AH G

AN Tr) 3 MR b b Ml B %o R 25 M A 358 PH B T
8 BRI I Na >Mg?>Ca®>K" (£1) o Xt
HE A HENa & 8 24 TR B R = AY85%, A
IFi) s MR Aol A b - N B 2 o T T BH S T A
HIN50% ~ T7% . GeitsrAr R, Na Fal i1k i
B EEAE0.0LKF 2 B MG, HIERECH
0.983, XULHAINa" B F1E R R 1Y = 2 H &1,
HAAEYuE THE 7R RN, S 35k
7= 2R e PR R Y R B Na TS AR A
RN e S (N NS 1 R 7/ DO N
Ca™ . Mg  Bymic 1>, MK, Ca™. Mg™ Wik iy
WA 2B G R CEERT
BT RN RL A KA
Lt S, Na i & SR R IR A, filf
PHHE W AR AZ R BE Wl o AN [RIR XE Na ™ 1) B AIG
YERIARTE], AEXT T 25 MR 0R 8% ~ 35% , HirhA%
G107 NN TR 5 N T N S A S N

MR, holt+ et m S5 HEF
Na®, Ca®7E0.017K V- T M i F M5, MR EIr
BIoH0.960. 0.824, HK'. Mg HIAHEMEAN B E .
Vb A AN ] - 9628 700 v 4> b it 5 BH B 1 19 f 38 A DGk
B, ZNa WMk,
22 TEWWE. pHSE RWEE S

- e AR B 2 AT P9 AN ER A DA A
B kAL R FR AR AR TS . £ p HIE N £
BEER AL R B 1 — A AR AR, 4 R A LR
R UTTE AR R SR RN C B N A Y S AR
FT 20020 M P O H 3 R 3o H e i B
BE RN, T IEpHBCK, BBk AT
PR 00 VB RE th n] DL T A R L R
HHCO;MICOY B T/ Bz M, B RHEE (cmol
ke') = (HCO3) + (COP) . MAEEAE R |-
S e A HE UK T BB RR B, AT LAAE S R AL AR
FEA IR bR — 1

N T) 3 A b A st B o 2 s+ SR AL T
pH 5 BB FRAE L2, 2 m s, +Hen kg
T A [R) 3 MR Bl bRl 1) 25 SR A, P SR R AR
H S H B AL R B K, M10.55%, R ARMIAK
i, }8.90%, Wiz }5.95%, pHITET.OLL I,
S, pHSHRAL BRI M, DL R
AL, BRMIAMHB IR 22 o SRR A - 3 - 1
RO B, M1.17 emol kg™, FURERMIMML,

490.99 emol kg™, 23 Hb A 1A X AR A, N
0.48 cmol kgflo

X AN [R) 1 AR A Fob Ak b 5 6 BR A 58 b ) B AR
B (y) H5pH (x) #A7#IEG KB, pHS AL B
] S A 2 PR G . HOG &R py=8.452x-63.92
(R*=0.876, p=0.002<0.01) ; BfLE (y) 5
TEEGE (x) ZE2BFLMEMELE, RN
y=8.47x+0.051 (R*=0.773, p=0.015<0.05) ; SHi
B (y) HpH (x) ZEEZEBELEML, KRN
Hy=0.691x-4.992 ( R’=0.786, p=0.012<0.05) .
M T4 Mo H R W P JECOS 77, Ik, HCO;
TR AL E S pHI R ZFH . NaHCO 27K
W, M R P e, SCHRPENa K R
SEORAE RN, PRI — i H, HUERAR T Na'Ti ok
FEPE, G4 TOHT, iR pHAE 2,
XA AR AL Y FEERRAE

TR B S 7 N NI A S S N
AL T RGN, A 2R R T 2 A,k
T KRR ERREE s W E RS LA
D FIH TR A R B LA B AR A X6 3 43 B 1 iR
M, S EEEEIC. ARt
T IERARTE LA RS, BT I
VR IR T B B R BHLAE T se e R B R K A, ITLL, +-
BEARAEW . RA Y s — e B, T
RPN R A KR, IR R AR o B
At B 5 MR R R A B R A o BT A YN U I R
M IX, AFEREK R EEE T To—8H MmN, RlE—
WA BEN, BRsE— Ik L5y, KIE 5 iR
PRI 2 S T EOR AR R . FEIXFEER 4 SO bk e . AR
Mty IS kA miAk . Y g AR R AR
SO T Jtake e o N 11874 s R R /N e 91T AN D
WS BER T, LEEENR AL L St &k
SrEEAER, IR LR B REAL, Bk R
EAEEAL, AR R SRR R A AR, A5 M
T ENE TS0, WipHS T4,
23 TEEHESHSEMXR

8 AR A RN AT D s B AL R B
TS ENAS MM, B SR e, &
Ur. MR, EE A ARk R LR, HH
I FL AR 580k FROR 1 3R 23 i R S AR A SR A LU 3R
e g L3

XA TR H R AT o, AR TS i
FRIEUNER 2 Frn, R0 FH, 0~60 emt s
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Table 2 Analysis and comparison of soil salinization indexes in different woodlots
T} il T2 B3R Total BRALEE || T + 2 B3R Total Ak
ota ota
Tree Soil layer EC pH ESP Tree  Soil layer EC pH ESP
. alkalinity . alkalinity
species (em) (mSem™) . (%) species (em) (mSem™) . (%)
( emol kg ) (emol kg )
0~20 1.35 7.97 0.64 2.56 sl 0~20 1.34 8.24 0.80 4.81
ZR
20 ~ 40 1.47 7.98 0.69 3.27 Black 20 ~ 40 1.32 8.27 0.72 5.00
Mulberry
locust
40 ~ 60 1.58 8.02 0.72 3.33 40 ~ 60 1.41 8.37 0.69 5.86
i 0~20 0.57 8.16 0.72 4.01 0~20 1.70 8.30 0.98 6.41
EL
. T
Chinese 20 ~40 1.00 8.17 0.87 4.78 £l 20 ~40 1.57 8.60 0.95 9.38
£lm
ash 40 ~ 60 0.94 8.50 0.90 7.97 40 ~ 60 1.51 8.79 0.64 10.41
0~20 1.74 8.40 0.87 6.54 0~20 0.33 8.45 1.16 7.72
ESE FEM
20 ~ 40 1.55 8.59 1.34 10.49 20 ~ 40 0.66 8.70 1.05 9.50
Amorpha Tamarisk
40 ~ 60 1.49 8.85 1.31 14.62 40 ~ 60 0.74 8.81 0.75 9.48
0~20 1.32 8.33 0.84 5.32 75 1 0~20 4.53 7.97 0.46 5.65
7 ) >
B0 40 1.42 8.59 0.57 758 | B 5040 475 8.02 0.54 5.86
Poplar land
40 ~ 60 1.38 8.54 0.80 7.82 40 ~ 60 4.27 8.11 0.43 6.34
& e 0~20 1.54 8.34 0.69 5.29
Winter 20 ~40 1.58 8.22 0.34 4.84
Jujube 46 _ 60 1.64 8.27 0.61 5.43
Mo SR, R 4.52 mS em™, BRHIARML R, 5.0
40.58 mS em™, MM EIEHR FRFHER 1.29 mS y=0.64x+0.958 .

em” o XIS E
iR . HHES R

S L GO A R T AT R LR 43 2
3 45 i

AL ST )

A, HeER A
(y) P (x) g pEHE
HRERGAF] 0.941, MW FENEMIE, WHIZXH
LS80k R R B HA R AT, mT DAE

EEWER T R P R B F /e Na®, R
FIEF NS0T . Cl7, JCOYAAHE, Zid AR Mk
fER, Na™ & iFEAL, BB SOy +Cl oy AR
SOT+HCO, A o A[FRFh ek B 1 & 36 i RcR
AN, DI, HBSRZ .

TR E SR TR IEA B RS, R
EESER N i s LAl S R e Ul e Ry 8
M S TR IR ER IR T #h 5t 1, H AR S 25

R*=0.941

£y &b Salt content (g kg™)
[\
(=)
T

1
0.0 1.0 2.0 3.0 4.0 5.0
5% Electrical conductivity (mScm™)

K1 s R SR S RER
Fig 1 Relationship between soil salt content and EC
TR Ta R R . S &M GEER], +
SR BUC R EERRAR, dih e m i l, 1
Jod i A 5 A R AT, A b S e e S A
T, MipHE Ta M, T pHALE G 128 1k
N, R O, pHBE . R
AR Bt 15 0 B DD RSN, B SR A DT 4
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SALINIZATION CHARACTERISTICS OF AFFORESTED COASTAL SALINE SOIL AS
AFFECTED BY SPECIES OF TREES USED IN AFFORESTATION

Li Hongli" Dong Zhi

( Shandong Provincial Key Laboratory of Soil Erosion and Ecological Restoration,

Wang Heyun Chen Xinchuang Shao Shuixian

Forestry College of Shandong Agricultural

University, Taishan Forest Ecosystem Research Station, Tai’an, Shandong 271018, China )

Abstract Soil samples were collected from afforested woodlots different in tree species for in-lab

analysis of total salt content, anion and cation compositions, total alkalinity, pH, electrical conductivity,

and alkalization degree, of which a systematic study was done. Results show: no CO3 was detected in a tract
of clearing as control and all the woodlots; afforestation significantly changed the content of soluble salts,
like Na*, CI°, 504 and HCOj3 and reduced the content of total salt in the soils; in afforested soils, anions
SO +HCO; replaced SO;+Cl™ in dominancy; soil pH and alkalization degree and total alkalinity varied
in a similar trend; and among the woodlots, the one of Amorpha fruticosa was the highest in alkalization
degree, and followed by Woodlot Tamarix chinensis; Correlation analysis indicates that soil total salt content
(y) is in extremely significant positive linear relationship with electrical conductivity ( x ) , so it is feasible
to calculate total salt content with soil electrical conductivity in grading the area by salinization degree. The
findings of the study may serve as reference in elucidating salinization-alkalization processes of the coastal
saline soil and in ameliorating the soil in the Yellow River Delta.
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Afforestation species; Soluble salt ions; Salinization; Coastal saline soil
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