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Total salt content and ion composition in tillage layer of soils
in the main vegetable production regions of China
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Abstract; [ Objectives] The investigation on the total salt content and the main ions will provide a scientific basis
for prevention and remediation of secondary soil salinization caused by fertilization in vegetable production.
[ Methods] In this study, 501 representative soil samples in plow layers were collected from the main vegetable
production regions in the Northeastern, North, Northwestern, Southwestern, Central, East and South China. The
total salt content and the ratio of main salt ions NO; , SO, HCO; , C1”, Na*, K*, Ca’" and Mg’* in the
samples were analyzed. [ Results] 1) The contents of total salt and individual salt ions (NO; , SO, C1™, Na*,
K*, Ca’* and Mg’*) in the vegetable soils of greenhouse (with back wall and without back wall) were 69. 3% ,
36.2% to 170% higher than those in open fields (P <0.05) , respectively. 2) The percentage of soil samples with
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total salt contents beyond the critical value of secondary salinization ( soil total salt content = 2 g/kg) in the
greenhouse vegetable fields was distinctly higher than in the open fields. The greenhouse vegetable fields were still
in generally light degree of salinity, 38.2% of them belong to light salinity (2 -5 g/kg), and 4.7% belong to
medium and above medium salinity ( = 5 g/kg). 3) The total salt contents and main ion composition ( NO; , SO
and Ca’*) in greenhouse vegetable soils tended to accumulate fast at first, and reached peaks in the 5th to 6th year
of vegetable production, then slowed down and kept stable. 4) In greenhouse vegetable fields, NO; and SO} were
the dominant ions, averagely accounting for 27.9% and 26.9% of the total salt content, respectively. The
contribution of NO; and SO} to the total salt content varied in different greenhouse vegetable production regions.
Ca’* was the second main contributor to the total salt contents, averagely accounting for 15.3%. In the open
fields, the major salt ions were SO}, NO; , Ca’* and HCO; , their contribution to the total salt contents was
generally in order of; SO > NO; > Ca’* and HCO; , the SO, NO; , Ca’* and HCO; contents accounted for
29.0% ,21.1% , 16. 1% and 14. 1% of the total salt content, respectively. In Northwestern China, HCO; was
the major salt ion in open vegetable soils, followed by SO; , NO; and Ca’*. [ Conclusions] Although the
percentage of soil samples with total salt contents beyond the critical value of secondary salinization was distinctly
higher in greenhouse than in the open vegetable fields, the greenhouse vegetable fields were still in generally light
degree of salinity. The major salt ions contribution to the total salt contents was generally in order of; NO; , SOF >

Ca’* for the greenhouse vegetable fields, and SO > NO; > Ca’* and HCO; for the open vegetable fields.
Key words; main vegetable production regions; land use patterns; soil total salt; salt ion composition

HRE B R RN, ISR RSB SR
A B TE K S B 8 S8 T WA B AL R
. FRAF G RG R S, BoEs | s
MERERAEFECEFLZRES, fEH
&BIShIAR, ITT . WHRFM)I G EE R, R IE
SEHEEYARTRA RSN, 40% — 89% i)
TS B T HIEIE R A KW Rk E (EC
& > 0.50 mS/cm); +3EESFIE T LI NO; Al
SOy W, HBEFU Ca** K™ HE, b g
BIds i, IR X EHEETA 60% B E L
1%,26% g 4k s RSB AR NOS K
E, HWR Ca’ M1 S0y . ERME! BHiE, &
PO ARS8 F 39 T2 AT o B 2 ALK P 9 1
15 3 i 53% 1 21% , £y 8 T LA NO; 1 Ca’* i
PR BT R EAME, Shi & SHKIT = MAMHIX
R RE T B, BOESE A LA R 1/3 MBIk
LD, TSP 4 4R BB I E T BB R AR K
B, BREes IR, RMsEE gk
el BB TR S R AR IR 2 ) R AR B R
(r=0.92""), BHEsEH P HETF B NOS
S, Behl A B IR R TR A R T A,
HEBARES S 1 ES No; WRE™  Hm
TERHMRE MBS S 3L SO ZEHIEPRETE™,
TR B DL R R BB T B R — R

B LS T REARREBNRA, T EER A
T8, RFEEL, T ERERFHC AT ARG
BERAFHEERBET,

BARSHER T EES KB FHBRNTERFE
AL, PR B3 HR . BIEHE . i
JEBETEMER, B85 KB FHBRREIFA
—3, Mit,2013 FERRFER =L EAK R
BT 2EFEEX HIER S LB THBRRANEE
TAE, e E R EE X AR IR 4 BLACE AT R
T ERH AR R T AR, W TR E R L v RS
REARZEXEENE L
1 ARSI
L1 TEHEARRE

HEBEEREIS 3 MR (RIL., EILfE
JLH X)) FIEg 4 X4, TUEE . BARMERE
HIX), HEXNSABRE(CHERE) . KU(FTEH)
MBS 3 PR, DEERBEERKRER
K FEARKER 34 M ARB A TURE, AEA
AT BB AR RIS T LB RET 3 ~
4 A~ HAISE AR B (B AR 3 ~5
ARTEEME, 1 N 1 NMESH) , 8RB
RS ANAGHE LI BURERE 2 /Eik
R HE TR B KGR BT ERTEER



434

BAX%: REFERXHE RS BB EBETHR

967

WiE S T M BT (TR, i,
Wi, IEESERERERAL) , AN RSB T
HRBGEZE 0—20 em +3EHE ., NeEFEEX
FEREL 501 MR LA, R EE ., KR

M3 H AR B B 112, 155 71234 A5 A [H
BT P AR EAEME R 1, B3R
R R, 305 (2 mm T 38 pH 580 BB K
BTHANE,l mm T HEEFRNE) , /.

x1 FRMEFEHEFEAARELREFERYE
Table 1 Number of soil samples collected under different land use patterns in

the main vegetable production regions of China

BT p: 4 #ib [iiE[4 e )] #R s

Land use patterns Northeastern North Northwestern Central Southwestern East South
H=E GHW 23 64 14 0 3 8 0
Kl GH 20 38 4 22 9 58 4
&l Open field 20 37 22 43 25 40 47
£t Sum 63 139 40 65 37 106 51

1% (Note) ; GHW—jH % Greenhouse with back wall; GH— Gl Greenhouse without back wall.
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Table 2 Grade of salinity in vegetable soils
+IEE L ZE % Salinity grade JE#4k No salinity 2 JF Light i fF Medium & Heavy +h + Saline
8435 B Total salt content ( g/kg) <2 2~5 5~7 7~10 =10
i EE Cl (%) <0.02 0.02~0.04 0.4 —~0.1 0.1~0.2 =0.2
TR A& SOy (%) <0.1 0.1~0.3 0.3~0.4 0.4~0.6 =0.6
L4 HiELE
L HL &
5T % 3 Microsoft Excel 2003 F1 SPSS 16.0 2 ’n% %ﬁ}ﬁ
G HTEIE T 2.1 FAKEAXKALBEESRBEFABRR

) 2EFEREXBE HEREAREKT 10 MK
X Rk 3 M X (FRIk, fdefvEdn) , K+
BREABRTF 10 MY X O ARIL, 4L, g
R4 MR, AP 7 A KRG R AR K
F10M(FE 1), AR F T XK 18
AHUNF 10 AN &R B MBS .

2) RIEHE —E KT Bl 38 5 — ALK
TR BB E 5

NFTEE BB =FE—-EI-EFY
B/8SBE x100% ",

2.1.1 REFRFFFZHLESE S BEME SR
RO F3ME4 R0, BEMKWED LTSS
REDERTHEMZEH %, B TFRERLKTER
HeBIER , BB HsE H R b 4y B2 R AL TIEEh ik
Ko WREFAM LIEE 4 B2 HIFH N 2.18
M 2.12 g/kg, BRI IR (T3 1.27 g/kg) 53 71F
¥IE 71.7% 1 66.9% , WEM KM +IEL S EE
TR ( < 2 gkg) B ELHI 23 3 56. 3%
1 58. 1% , T E& 3 138K 86. 3% ; TR A KHY 3%
B BEATREERMLKF(2 ~5 gke) LG
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Table 3 Total salt content and electric conductivity ( EC) of soils under different land use patterns

BT AR 5% EC(pS/cm) b4 M B Total salt content (g/kg)

Land use pattern Sample No. i Range SE34] Mean 5[ Range .44 Mean
HZE GHW 112 83.6 ~1950.0 494.7 +364.9 a 0.60 ~6.72 2.18+1.23 a
K GH 155 58.9 ~2690.0 510.2 +441.3 a 0.36 ~7.39 2.12+1.44 a
FEHs Open field 234 30.3 ~1121.0 219.1+165.6 b 0.33 ~8.60 1.27+0.89 b

&5 Mean 30.3 ~—2690.0 370.8 £350. 1 0.33 —8.60 1.74+1.24

1 (Note) ; GHW—jH 2 Greenhouse with back wall; GH— ] Greenhouse without back wall. FF¥HEEARIERRTRARRIE TR HZE
5% B3 Values followed by different letters in a column are significantly different among the land use patterns (P <0.05).

F4 FABBEAXKEIRBUSRHITEEDI (%)

Table 4 Distribution of frequency in salinity grades of vegetable soil under different land use patterns

+3EE 43 BB Soil total salt content(g/kg)

HBIEH ReA % <2 2~5 5~7 7~10 =10
Land use pattem  Sample No. (bt (s Gil: 3 (B (#h+
No salinity) Light ) Medium) Heavy) Saline)
HZE GHW 112 56.3 40.2 3.5 0.0 0.0
Kl GH 155 58.1 36.1 5.2 0.6 0.0
% Open field 234 86.3 12.9 0.4 0.4 0.0
JE 5 Mean 70.9 26.1 2.6 0.4 0.0

1% (Note) ; GHW—jH % Greenhouse with back wall; GH— Gl Greenhouse without back wall.

H 2 40. 2% F1 36. 1% , 8258 1+ 38 43 H = 27. 3 A
23. 2 ANEG A WEMAW RS BBETRE
HALLEAKF (> 2 gkg) B HLBIST 51 43. 7% F
41.9% , B s 3R 50 5 30. 0 F128. 3 NE o

TEBEIRSH S BEKNEBEMER, Bk
TEEHBRET LOES DR I RREE, IR
3HUAN, RiEsEH RGP ERTEH
SEH 3, EEMKR L EE RS H R
494.7 1 510.2 pS/cm, 3 5& . + % (F 1y 219.1
wS/em) ¥R 1.3 £, Sygt— 2SR E T EE T

x5
Table 5 Electric conductivity calculated with correlati

RIS BBIRAR,ETEIH ST T 14 EC
(x) 5 B8 (y) RARE, HRHREAMT .

y = 0. 6454 +0. 0029x

(n=501,r=10.83"")

rEEARTRBEIFRSES BBZFJLEES
HK, WA EC RAS R H HBE RO RIE3R
H 0 BRI E, IHeE EBERX 3
o B85 EC X AME, W45 H3RH % EC 4
FBHIEIR(RS) o

ET2EEEXRIREC(x) ERA/EZE(y) XARETHEMXHELTRECH

ion formula between EC(x) and total salt contents(y) in

main vegetable production regions of China

mE ek Btk Wb RN #®+
Item No salinity Light Medium Heavy Saline
N =X
LR B8R (¢/ke) <2 25 5~7 7~10 =10
Soil total salt content
RO EC (mS/om) <0.5 0.5~1.5 1.5—2.2 2.2~3.2 =3.2

Estimated EC
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Table 6 Ion contents and proportions in total salt content in vegetable soils under different land use patterns

BF B T4 & Ion content(g/kg) 45 Proportion( % )

ITon BZE GHW K40 GH #E 1 Open field BZE GHW KM GH il Open field
NO; 0.677 £0.576 a 0.613 £0.676 a 0.256 £0.251 b 29.1+13.4 26.6+13.9 21.1+13.1
HCO, 0.158 £0.080 a 0.138 £0.061 a 0.142 +0.081 a 9.4 +6.8 9.8+£7.5 14.1+9.7
S0 0.594 £0.454 a 0.609 £0.627 a 0.436 £0.586 b 26.5+13.5 27.2+15.5 29.0+16.6
Ccl™ 0.161 £0.129 b 0.196 £0. 168 a 0.113 £0. 080 ¢ 7.8+3.8 10.1+5.7 10.6+5.9
Na* 0.113 £0.110 a 0.089 +£0.089 b 0.042 £0.053 ¢ 5.4 +4.5 4.7 +£4.9 3.9+4.9
K* 0.098 £0.105 a 0.069 +£0.086 b 0.037 £0.042 ¢ 4.7 £3.4 3.5+3.1 3.3+£3.6
Ca’* 0.327 £0.217 a 0.359 £0.289 a 0.219 +0.188 b 14.6 +4.3 15.9+5.1 16.1 +£5.2
Mg** 0.052 £0.028 a 0.046 £0.033 a 0.022 £0.017 b 2.5+0.9 2.3+£0.9 1.8+1.0

1 (Note) ; GHW—jH 2 Greenhouse with back wall; GH— ] Greenhouse without back wall. FfT¥EEARIERRZRARRIE TR HZE

5% B3 Values followed by different letters in a row are significantly different among the land use patterns (P <0.05).

Wi sk H - EE B AR NO; | SOy K
E,HKE C’ B H RSB TARE
E R S0y > NO; > Ca’* | HCO; (%£6), HEMK
1138 NO; &% S0 AR THHHE 14.0%
0.7% #2114 NO; | SO 71 Ca’* & & & 3
SrEE B 5r B 29.1% ., 26.5%
14.6% , KHi 1 3% NO, | SO 1 Ca’* & & /5 +-3Eh
BB B F 3 4 Bl R 26.6% ., 27.2%
15.9% , Migg# + % SO, FT B NO, S RFEHHE
70.3% ,+3% SO . NO, . Ca’* 1 HCO, &84+
B BB W LHIF 5 58 29.0% ., 21.1%
16. 1% 1 14. 1% , {HA54E H B2, BEM KR H
TENO, FEF G WIS THRMERTIE, M
HCO; &5 Nk T EE 3 H 3%,

e 7 fiZk 8 W0, BL sk M 3% C17 A SOY
B UL FI B E R TR E R, BE
AR 13E C™ F 24 TR EHRILKF(0.02% ~

0.04% ) By LB 5y B K 12.5% 1 15.5% , @+
B 6.9 M 9.9 NE 4 A IREM AW LT
Cl" FE4TRERML, EAKFE(>0.02% ) i H.4
SRR 17.9% F127. 1% , B8 1 34y B5 10.2
194 NEF

BEMAH L% S0 S BB TRERMAFE
(0.1%~0.3% ) B EL 4> 514 17. 9% F1 18. 7% , %%
BHTIESRHRO.3MI0.1 MERE; BEMK
i SOy S BBTRERML FAFE(>0.1%)
B L5351 R 17. 9% F1 20. 6% , 358 3h 3855 H =
8.5 FM11.2 NES Ao
2.1.3 AR\ FAFEH T ELFESETFSHS
BRERMEXR £I B, BEAMRMLELSES
BFaE580 88X RINHRRTSHE 0. 54
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¥4y 514 0.85, 0.71 71 0.89, K £ 458  HCO, . Cl™, Na" M K" FEE5HHS BEZHILH
0.81,0.68 1 0.94, FH LM L4 NO; . SOy . Kbk, MIWPTELHER (F9) , 7EE KM+
Ca" MM " SES|AOBEBZMYERBEENE BOEERR, THXHLEFEESEFSEHRT
X ML ZABE 0.48 ~0.95 ZJH], LA SOF f1Ca®r  FAW; ANERHITEE - FTERIETFITER,
HIF LA A H R R F R 0.90 #10.95, 1  BRIXSER HER B E TN,

R7T FABRBEAXKEIRESUDSESEHEELIH(C17, %)

Table 7 Distribution of frequency of Cl~ content in vegetable soils under different land use patterns

e bk A PR AL B et
No salinity Light salinity Medium salinity Heavy salinity Saline
Land use pattern
(Cl” <0.02%) (Cl”0.02%—~0.04% ) (Cl” 0.04%—~0.1%) (Cl”0.1%—~0.2%) (Cl"=0.2%)
HZE GHW 82.1 12.5 5.4 0.0 0.0
K4 GH 72.9 15.5 11.6 0.0 0.0
% Open field 92.3 5.6 2.1 0.0 0.0
B2 Mean 84.0 10.2 5.8 0.0 0.0

1% (Note) ; GHW—jH % Greenhouse with back wall; GH— Gl Greenhouse without back wall.

%8 TRAHEAXNEHTBRBESBIRHHIELH (S0, , %)

Table 8§ Distribution of frequency of SO~ content in vegetable soils under different patterns of land use
3 thtk B e A BRI Ht
No salinity Light salinity Medium salinity Heavy salinity Saline
(SO <0.1%) (SO;™ 0.1%~0.3%) (SO;™ 0.3%—~0.4% ) (SO;™ 0.4%—~0.6% ) (SO;" = 0.6% )

BT
Land use pattern

= GHW 82.1 17.9 0.0 0.0 0.0
X4 GH 79.4 18.7 1.3 0.6 0.0
B4 Open field 90.6 8.6 0.0 0.4 0.4
B4 Mean 85.2 13.8 0.4 0.4 0.2

1% (Note) ; GHW—jH % Greenhouse with back wall; GH— Gl Greenhouse without back wall.

R9 FEAREAXAEELEENBFSE(x) 5P EE(y) AR RERE
Table 9 Linear regression of individual ion content (x) with total salt contents (y) in vegetable soils

under different land use patterns
B Ion HZE GHW (n= 112) K GH (n = 155) &k Open field (n = 234)
NO; y=0.9503 +1.8179x (0.85% %) y=1.0624 +1.7241x (0.81" ") y=0.8318 +1.7028x (0.48" ")
S0y y= 1.0267 +1.9433x (0.71° %) y=1.1729 +1.5537x (0.68" ") y= 0.6757 +1.3564x (0.90° ")
Cl™ y= 1.2128 +6.0183x (0.63° ") y= 1.0981 +5.2045x (0.61° ")
Na* y= 1.4017 +6.8692x (0.62° ") y= 1.5288 +6.6562x (0.41° ")
) )
)
)

K* y = 1.5636 +6.2701x (0.54°* y= 1.5403 +8.3598x (0.50°*
Ca’" y= 0.5178 +5.081x (0.89"%) y= 0.4452 +4.6687x (0.94°* y= 0.2811 +4.5055x (0.95° ")
Mgt y= 0.4821 +32.55x (0.75°%) y= 0.5001 +35.184x (0.80°* y= 0.5422 +32.523x (0.62° ")

1 (Note) : GHW—}E % Greenhouse with back wall; GH—J ] Greenhouse without back wall; %5 P Jy 4855 Z ¥ Inside brackets are the
r values; = * —P <0.01.

2.1.4 RiiRE RS KB THREFERENL  FRIEIEH (R 10) A RMEAER B S E 5%
Fim BEMAMIEL > BEBAERESET HOBEEL 61 ~2.52 g/kg ZIH],F12. 03g/kg;
(NO; , SOy il Ca™* ) A BIK LAEESMIAS ~6  HLRA S —6 FRYZEH T4 BE T4 2. 52




434 BAX%: REFERXHE RS BB EBETHR 971

g/kg RELEFIE 3 — 4 4FF1 7 — 8 EM B
14.0% f121.2%
AEMHEEREERHLIEFETERTE T
NO; . SOF 1 Ca** & 8437 0.38 ~0.72, 0.41
~0.74 1 0.22 ~ 0.43 g/kg Z 8], 34> B K
0.56. 0.57 #10. 34 g/kg; RMEHESFMES ~6
4+ NO; | SOF #l Ca’* & B34 5124 0. 72,
0.74 F10. 43 &/kg, BELMHE 3 — 4 £ FH53 7

520.0% . 4.2% F1 19. 4% 35 SR 7 — 8 4EHY
SFHARIE16.1% . 42.3% F1 7. 5% . A EFE
AFFRIEHESE B 3% HCO, | C1™, Na* | K* 1 Mg’
& BT B, A HI7E 0. 14 — 0. 17, 0. 15 ~
0.21,0.08 —0.13, 0.06 —0.12 #1 0.04 —~ 0. 06
g/kgZ 8], E343 8% 0.15, 0.18, 0.10, 0.08 FI
0.05 g/kg,

R10 FEBBERAEHRLRETSRERERIEFRIE (ke)
Table 10 Individual ion and total salt contents of greenhouse soils with different vegetable production years

PR RMEAERR Greenhouse vegetable production years

|
o <2 34 5~6 78 9~10 11—~12 13—14 >15
(n=16) (n= 44) (n=38) (n=29) (n=42) (n=15) (n=13) (n =70)
ijl?f 2.10+£1.28 2.21+£1.25 2.52+1.48 2.08+1.47 1.90+1.33 2.01+£1.25 1.61+1.10 1.81+1.40
NO; 0.65+0.90 0.60+0.50 0.72+0.60 0.62+0.53 0.50+0.46 0.59+0.48 0.44+0.33 0.38 +0.36
HCO, 0.16 £0.08 0.15+0.08 0.14+0.05 0.15+0.08 0.15+0.07 0.17+0.06 0.14+0.09 0.14 £0.06
S0 0.56 £0.39 0.71+£0.75 0.74+£0.54 0.52+0.42 0.60+0.72 0.57£0.48 0.41+0.34 0.42+0.32
Ccl- 0.20+£0.15 0.17+£0.15 0.21+£0.19 0.17+0.15 0.15+0.12 0.15+0.11 0.15+0.14 0.20+0.17
Na* 0.09+0.09 0.09+0.09 0.11+0.14 0.09+0.08 0.10+£0.10 0.08 £0.09 0.13+0.12 0.10+0.09
K* 0.06 £0.07 0.07+0.06 0.12+0.14 0.07+0.07 0.08 £0.10 0.09£0.13 0.10+0.09 0.08 £0.09
Ca’* 0.35+0.24 0.36£0.22 0.43+£0.26 0.40+0.31 0.28+0.21 0.31+0.21 0.22+0.18 0.34 +£0.30
Mg** 0.04 +0.04 0.05+0.03 0.06+0.04 0.06+0.03 0.04+0.03 0.04+0.02 0.04+0.03 0.05+0.03

2.2 FAEAREEATHRLESREFARRRE
2.2.1 BEFRHITEHRSEEFHRWNXED R

WM& 11 T LIE S|, B E 3R HA R X E 118
BE (CF¥TE 2.179 ~ 2.294 g/kg Z18]) & NO;
SOy, Cl™, Na*, K*, Ca’* fl Mg"* S BZRHA
BFE WML XEE L% HCO, & (CF¥h
0.271 g/kg) BEB TARILAEIMX B E TR (5
BIH% 0. 136 F1 0. 143 g/kg)

BEZREA R X845 0 5 7 43U
NO; . SOy ¥, HkRE Ca* (F 12), BE+E
NO; | SOy # Ca’* &8 5+ EH S BEBRHH o
BIFE 23. 2% ~29. 7% .. 21. 9% ~ 30. 8% 1 14. 6% ~
16.0% = 8], ¥ ¥ 4 Bl % 26.7% . 26.8% i
15.1% , FEIEHPE, BB XBERH L8
HCO; &k A K (F¥15.9% ) ,WHeE
E5md XS L5 HCO, F8R/A XK.

2.2.2 KHWiZEHTIEE S REFHBM X2 7
R 11 70, RisEE L BB R HBE T4
BB RENAE, RIGAERKHEEH L EE

5 BETFHN 2.80 F12.36 g/kg, B THEIL LS
i 1.63 1 1.75 g/kg; ZRALFIAER 14 NO, | SOF
Mg S B & Tadbfikd 13; HCO, 8%
Rivfdedb HE R TP MELRLE; CI-FEN
R TIEETRICANES L, 58 X E T4HLL
; Na* SRR LEER, Kdum4edn+ 5K
Z R R KSR AR EERR, KK
R, P AER T E; C FRUERILTIE
B, AR R b IR

3R AR X 8+ ek 43 B 4 B i ik LA
NO; . SO7 AE(ARFRXHE NO,; ., SO S8 G
BIRBFAFIARR) , K2 Ca’* (£ 12) , Xl
+3% NO; | SOy 71 Ca’" &85 HIEL D BEHLL
B4 B AR 22.7% — 29.4% ., 24.9% ~— 34.6% Fl
13.8% ~ 19. 7% Z 8], -3 53 54 25.6% - 29. 0%
f16.2% ., HrpZRIbF4dui X + 3% S0T S8
o LB T 158 NO, & B BT o Hofil, e AR
X 13 NO; &8 57 & el T 3 SO &8 r
o e, KHISE AR E X 13 NO, M1 SOy &8
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#11 (BEFREFEARXNTAERE LI RESZERERSBFEE(g/ke)
Table 11 Contents of total salt and salt ions in vegetable soils under different patterns

of land wvse from different regions

TH BT p:e (4 4t e i) #R g
Item Land use pattern Northeastern North Northwestern ~ Central ~ Southwestern East South

NO; H=E GHW 0.661 a 0.700 a 0.628 a

Kl GH 0.785 a 0.400 b 0.520 ab 0.691 a

% Open field 0.232 abec 0.215 be 0.208 be  0.335 a 0.334 ab 0.177 ¢ 0.275 abe
HCO; H=E GHW 0.136 b 0.143 b 0.271 a

K4 GH 0.154 a 0.158 a 0.135 ab 0.119b

&l Open field 0.121ed 0.184 Db 0.289 a 0.129 ¢ 0.111 ed 0.114 ¢d 0.099 d
SO R% GHW 0.663a  0.633a  0.525a

Kl GH 0.854 a 0.515 a 0.480 a 0.681 a

% Open field 0. 709 ab 0.783 a 0.227 ¢ 0.370 ¢ 0. 495 be 0.314 ¢ 0.279 ¢
Cl~ HZE GHW 0.142 a 0.155 a 0.194 a

K4 GH 0.187ab 0.141Db 0. 188 ab 0.251 a

&l Open field 0.087 b 0.108ab 0.143 a 0.115ab  0.129 ab 0. 106 ab 0.111 ab
Na* H=E GHW 0.106 a 0.103 a 0.165 a

Kl GH 0.077 be  0.086 b 0.030 ¢ 0.122 a

% Open field 0.028 ¢ 0.039 ¢ 0.115 a 0.023 ¢ 0.019 ¢ 0.066 b 0.025 ¢
K* H=E GHW 0.095 a 0.102 a 0.105 a

K4 GH 0.124 a 0.050 b 0.055 b 0.063 b

&l Open field 0.042ab 0.034ab 0.038ab 0.033ab  0.034 ab 0.028 b 0.049 a
Ca’" BE GHW 0.333 a 0.340 a 0.350 a

K4 GH 0.567 a 0.244 ¢ 0. 308 be 0.376 b

&l Open field 0.270 ab  0.330 a 0.201 bed 0.228 be  0.237 be 0.171 ¢d 0.142 d
Mg** H=E GHW 0.045 a 0.054 a 0.056 a

Kl GH 0.048ab 0.038 b 0.033 b 0.056 a
- &l Open field 0.018 b 0.030 a 0.030 a 0.021 b 0.017 b 0.022 ab 0.019 b
:I:o: HZE GHW 2.179 a 2.230 a 2.294 a

K4 GH 2.797 a 1.632 ¢ 1.750 be 2.359 ab

&l Open field 1.506 ab 1.725 a 1.250 be  1.252bec  1.376 abc  0.999 ¢ 1.000 ¢

1 (Note) ; GHW—jH 2 Greenhouse with back wall; GH— ] Greenhouse without back wall. FfT¥EEARIEREZRE—-RBIZEFRATA
[7] X 3 [A] £ 57 3. & Values followed by different letters in a row are significantly different among different regions under the same land use pattern (P <

0.05).

i Bl R e R S REEHE 2576 Ko
2.2.3 SR IR E 0 KB T HRE X5
MR 11 AT LUE @ B R B B R HE
THRX S FH R, Bk H g K48 n
EEHET 2. 0 g/kg, RALFIAEIL AN B, T
b, PP E RERZ, R e TR,
13 NO; S &M IEE R, Rk, 4

b, wadL R AE R R, AR R B 1R
HCO; FEUFAIL TR, b HIRKZ, KL,
b TS, AR TR S0 FELUA
JuFndede AR, TR R, TEE . B, AR
ARAAER HREE; Gl &2 LI AP R 85
B4R, P R R, R R
fi6; Na" FEUPIL HEB R, BRLIERZ R
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R12 RRAFRABEAXNTARARELRE®RSEFLH(%)

Table 12 Proportion of different salt ion in vegetable soils under different pattern of land use from different regions
BT BIE T p:e (4 #ib [iiE[4 e i) #R g
Ion Land use pattern Northeastern North Northwestern ~ Central ~ Southwestern East South
NO; HZE GHW 27.1 29.7 23.2

K4 GH 22.7 23.1 29.4 27.2

&l Open field 20.9 14.5 14.4 25.6 23.8 18.1 26.6
HCO; H=E GHW 8.5 8.0 15.9

K4 GH 6.8 11.8 10.1 8.9

&l Open field 12.7 14.1 28.2 13.6 10.6 12.4 11.7
sor {H%E GHW 30.8 27.7 21.9

Kl GH 34.6 29.9 26.7 24.9

&l Open field 33.9 36.9 15.8 25.9 33.3 28.8 27.5
Cl™ H=E GHW 7.2 7.5 8.4

K4 GH 7.1 9.9 11.1 11.7

&l Open field 9.4 8.7 10.8 10.8 10.2 11.4 12.0
Na* H=E GHW 4.7 4.8 8.1

K4 GH 3.1 5.5 2.0 6.0

&l Open field 2.8 3.0 9.5 2.3 1.8 6.9 2.6
K* H=E GHW 4.8 5.0 3.7

K4 GH 4.1 3.4 3.1 3.4

&l Open field 3.2 2.9 2.9 2.8 2.0 3.5 4.8
Ca’* HZE GHW 14.6 14.7 16.0

K4 GH 19.7 13.8 15.9 15.4

&l Open field 15.4 17.8 16.0 17.4 17.0 16.6 13.1
Mg** H=E GHW 2.2 2.6 2.7

K4 GH 1.8 2.5 1.8 2.5

&l Open field 1.7 2.1 2.3 1.6 1.2 2.3 1.7

1% (Note) ; GHW—jH % Greenhouse with back wall; GH— Gl Greenhouse without back wall.

db. 4dk. 4, PRI FIAEEs ARG KT HF &L
AL EE R, 44, B, EPAHER L
R R FIERAL; Ca’t UL EmEE,
b, WL, P HMEE EERZ, EAMER L
EEG; Mg S BT ER®E, Rk,
e FOES . AL T EBK,

FEHLSE HAS ] X3 - 4 40 B 4 BB AR R DA
SOy M, HWE NO; , R Ca**, L 3k
EEII/J HCOs_ /ngi, ﬁ:ﬁ% SOZ_\ NOs_ ﬂ] C32+ (%
12) , $EHi+3E SO , NO; 1 Ca’* & & &gy
BB H 4 BT 15.8% ~ 36.9% ., 14.4% ~
26.6% F 13.1% ~ 17.8% Z 8], SE-3 Fy 28.9% .
20.6% 1 16.2% , Z=db. #dbh. FEAM4ER 5

SOy fT i Hpl BT T NO, B s b, Fe L, 4
FI4ERT 3% SOy A1 NO; Jr o5 th Al A K s AL
+3% HCO; ., SOy , NO; Ml Ca’* (5 b Ay BB R
LB 2K 28. 2% |, 15. 8% ., 14. 4% F116.0% ,

3 g

3.1 XHIEESEETURHE

AT RY, 2 E EERX B R EMK)
RETEESEEDER THEMEE TR, 08
B FHIR 69. 3% 5 sk H R AE S B T4
R (42. 8% ) B3 B T B i3k FH T3, B 3R
H 588 29. 2 N E R W B R & R B SR
Mk AR H A EERE R &
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BT FE P A T BRI MER A R KBS R
ERAENRE N T B SR, BRSR B R R SR BLIE R
BARK, MIEME RN RARZE TR,
HRKERFERFSFRE. LAEBRIRMEHRE
FERA(N) | B (P,0,) F14 (K,0) SE ¥ A& 22 51
7 4670, 1409 F1 1916 kg/hm*, 43 B 4 F X B4R
% 7.0, 12.8 F1 18.6 5, B BEEFEE N H
B, ARl AR E RSB R
WEE LR, AVELEZEREE R E,56% HRE L
HAEREE S (N:P,05:K,0 =15:15:15) , iR ¥
ILEAE N, P,05 f1 K,0 W FHH|RAEDHEF
4088, 3656 13438 kg/hm’, Huang #1 Jin'* st 5%
i REEW ., WILAEMILERE 4 NMETH 10 MR
B AR B DL A 2R B, IR MR S AN 28 LB SR Y
RIGIEE (Fa) 2R R EEYRS.2 2.5
. WHEHRER N RER A, HE— MRk
W ) P 1 7 0 B BB ) B RS 43, e e 20> Bk K R
HEE AT, KEZRBAELIED IR TET
B EZORIE, 74h, i QREMKM) ARE.
BE R, SKSFEERK, LIEREEL BRI, K
53 BATR R IEEE S RRESMES ) . (EASTR I
B2, BT B ME (YR 2 RN M ) 3 3Rk A 035
AL ARG B AR B R TR SR R, HiR
MR H LR E B L RR, ETRERMAK
F(HEPBEE2 ~5 gky) WHBAIB K (FY
38.2% ) b FHEELL EAKFE(> 5 g/kg) B HL
BIB/NCER4.7% ) . ARG SEHE—LHGE
AR, G EZMERT , RiE3EH LR AR
RS X RER BT — BRI R A
BFAL AR, I E IR TTRER R
B+ AL P AR RN B 5T X SRR B AR ] o
3.2 EHIEESBFHEHRTLEE

AR H, 2EEEEX B E MWK -8
NO; . SO;,Cl" Na* K", Ca®" MIMg’ " HEBH B
ERTHRMBIER, BT 483 i E7E 36.2% ~
170% 22 J] , $40 B F 41 B LA NO; | SOF 3,435l
b M B Y 27. 9% F126. 9% ; HIKE Ca®* , 4%
15.3% , BHSEH HIER N EFHREER SO; .
NO; . Ca’* il HCO; , fF i A5l 53 - 354 29. 0%
21.1% . 16. 1% M1 14. 1% , PAEEBFIEIA S, T 1R
RIR AR B2 T | i M3 H R I AR S b R E R
HZ—", AP MR IR T
NO, -N FEMNENHE, RS ERE L 1BV
B L5 f5, T SOy S BN 38.0% , X 5REMK

WSS HIEEEEE T HEMER, Bkt
BRMBTEDBEIH X, REHEAZEF BIE
WFRM, T TR H L NO, -N F 2Nk
Z R EREER, 148 NO, -N S &3 &
B F B8 67% MEksn BEK 63%, kR
PP hdg i, EWH AR X BOE3E B S
BFHAMU NO; BE, HE4 BEW HLEIF N
34.9% ; HYKE Ca’* 1 SOY , 5 b5 BE Kt 5
BT R 14. 4% 1 13. 5% , RIEZE 5311048
FTRMESEH LB R T R, LIEHEASE
BF S B RN E LR 6.5 15, mAESE IR
HEHRGEEHAESERERN, T EESESEEM
PRHEK 4 — 10 £, HIEMEREN BHREE MR
MEERAMERNEEREZ — XEEH TR
N H T EMRENKE BRSE MBS, 81
W, AR EINE , B BB PR S
BHE", FR, B0 THRESEMEENS
SGRHERE EREXRERLABEEZ AL
H#E,

T3 S B F I E YA K R AR AR SRR
2 C1™ >S07 >NO; , TR B Tk B i, 3kl
B, AR, R E 8% M
SOy WAETRBR A LR B BE B TR
43, Eitisk 1 3 Ol S 24T REH4AF
(0.02% ~ 0.04% ) fE EEH LU EAKF (>
0.02% ) B He51 53 B % 14.0% F122.5% ,S0T &8
BTREHRKF(0.1%~0.3% ) fiRE £
EARF(>0.1%) By He B 53514 18. 3% F119.3%
B, Btk B 1 S8R AR SR IR AL A BB U R T NO;
SHE ) Y f 3, N 3R XF C1 A1 SOy LR
il

{1548 B2, AR AR R L5 HIE
+#EHCO;, SEEZFARE , HREMAMWERL
2 HCO; J&F 4 WHI(FH9. 6% ) KT HKEH
(F¥H14.1%), HERFESRGEEHAKARE
KRBT S BH 1 4% pH TREEVIMEX, LEpH 5
FEFRE . TIBIOMB S NLRE ., LIERAEF LR
FYL,RE AR LB L ERRIL T R, B
W, AL T FER X FAEITARERE SR
3EH 3% pH, AR FRIEFH RN A R E AR H
138 pH R, REJL7 X 2 F B MAR 5
SEMHEX , A5 B, L RS B IR
AL, FESEX & 1 pH H (P34 7.2,n =
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163) BE MR TRMEB LE(FH 7.7, = 79),
ABSTEMIE H 3 NO; | SOy, Cl™ SR PR
TSR BER THEMSEHE 1%, SEsE M 3% pH
THESXEERREETHREFG X ™™, HK,
KSR B, CO, LR A BBk 3E K & T #E
J ¥ BB 2 PO CO, MR, o3T R T 13
CO, 5 HCO; K1, M T 8w 2 ¥ 36 + 38 o
HCO; W& &4k,

Wt 58 3 F R A X R - 3 Eh 40 s T4 A
HLLNO; | SO N ¥, HRE Ca’* (B,
i HCO; & &G AR (F315.9% ) ,3X
TESFHIEXES L HCO; HEBEA %,

3.3 WEXETESORROERTHE

BESE FIOR RIRMEAR R S 0 1k, Bk
R&EC B 8, b B AR E RS e
RALNDE T & BREAIIERM 3 £518 N3 &
Ko BEEE TR, 7RSI 4 ~ 6 4F
EATEEN R /REESEIRE, Rt H
TSR 4 4E 264 AR B EIEL, Ty
T R R, BIEEME S 10 £ 4R
TELUL S BAIREME, AR E -
S REREBELNET NO; | SO7 7 Ca¥* FEM
Balk LR ERIFB T FENE, —REE
SRS — 6 ER T HER SR ERAETHRE
BRI, BEA TR MBI 2. 52 gkgo K
BATR T R E LS B RS EC HX A8
FUEER EC{H % 0.6 mS/cm, BB HENET
BRI 5 & (EC i >0.5 mS/em) , MR, i F M
3% F R R B AL, RS R R P e
FARLHBAE A 7= B, IR BURHE (1% 4
B2 ARTKRI W) . B, AR ER
PTG LIS 28 4 72 b R Ok, T L S i
SEBE—ERENEK, BNBESTBHEN
4, YEHA R AR SR AL — BB A I LA
BE. YBAMRE SR, R PR XS R R
A, AT B T S5 b3k B AR - R -
FIR - EROR R BIE T, (B RA S 2R Mtk
B+ e R B R BALE

4 Zhg

1) WEAKWISE H 53R B L, 2R
BEFIIR69.3% ; Wik EE BEETR
BEERALK R BN 38.2% , T 28 3% H + 3R
AT IEERAAKF

2) ¥R MK M 3E M + 3% No, | SO, Cl7,
Na*, K", Ca’" Ml Mg”* §BH BER THBMER
445 BEIMIE BETE 36. 2% ~ 170. 0% 22 [,

WMEMAEH L EE G RB R EEER S
BF(NO, | SOy il Ca’* ) & BM R Bk EFEfE
FERMERK A EREIFBTFENELEE, &
SETPHE 5 — 6 ER B RIS,

4) REMKHIZE B 3B F AL NO;
SOy AE,FHarH G HERL D BB 27.9% M
26.9% ,Ca’* fi i LB Z (F ¥ K 15.3% ) ,fBF
JeH X IR 3 H 13 HCO;, 25T il ik
(F¥15.9% ) , BEHSEH T I|EEHEL 3B FHM
Mk E R SOF > NO; > Ca**, HCO; , 115 SOT .
NO; ., Ca’* il HCO;, S &35 HEhn ig
[29.0% . 21.1% . 16.1% 1 14. 1% , (B 7G4t X
ISR H | B T L HCO, A (R
28.2%), K & SOY. NO; fi Ca®* (14.4%
~16.0% ),

Bg: LEHBRBREEFRXRRES LEHEKL
RAEBLZSREEBRA T, A K+ T4 54
%HTTHF, R

& % X W
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