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Acidification and salinization in greenhouse soil of different cultivating years from
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Abstract; The acidification and salinization in greenhouse soil of different cultivating years of Shouguang City in Shandong
province were studied. The results showed that the pH and total salts in greenhouse soil were 6. 86 and 2.47g-kg ™',
respectively, and the significant acidification and salinizaion were found in greenhouse soil compared with open vegetable
soil and natural soil; In two planting periods of 1 —12.7a and 12.7 —15a of greenhouse soil, the trends of pH values were
observed to decrease gradually and then it increased again, but the opposite changing trend with pH was observed for the
total salts and the turning point was 8.4a. With the increasing of cultivating years the contents of Na*, Mg**, Cl~, SO?~
showed (P <0.05) to increase gradually and then it had decreasing trends and it had similar trends with the changing trend
of the total salts, the change in Na®, Mg’*, Cl™, SO}  contents brought about the change for the total salts with the
increasing of cultivating years. Studies on salt ions in greenhouse soil indicated that a large part of total salts was accounted
by SO .Cl~ .Ca’", the proportions were 62.4% .10.6% .9.3% , respectively. The very significantly correlations were
obtained between SO}~ .Cl~ \Mg’* .Na " and total salts, However, it was most to SO; (r =0.9291)and Mg** (r =0.7224)
among these correlations ; The correlation between SO}~ and pH was very remarkable, and a large accumulation of SO~ was

one of the important reasons for the acidification in greenhouse soil.
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MESEHALAE T34 A 10.6t-hm > a ™', Fr @ik 38.9 t-hm >a ™' G HLAEF XM I &% 207.2 t-hm >a ™',
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Table 1 The pH and total salts content in greenhouse soil from Shouguang City, Shandong

MER (gkg™)

3} H
R R ‘F]SE# zl':ﬁ P Total salts
. . ample . " . "

Soil using styles e FHE GEE  BRAR PHE EE BRAK

Average Std Dev CV% Average Std Dev CV%
Pt Greenhouse soil 28 6.86 0.63 9.16 2.47 0.70 28.29
& RK3EH Usual vegetable field 3 7.86 0.32 3.52 1.17 0.59 50.19
A+ CK 3 7.68 0.59 7.67 1.41 0.44 30.82

2.2 VMR pH (H A3 SR R A A B T o R BERIHAR FR e

2.2.1 BUSRIG pH FERMEFIRAY A T =0.0069x% - 0.1895x + 7.7696
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RN T U 4347 , 7T 75 4 AR I 1) B T 0136 Rk Moy = -

0. 0069x> — 0. 1895x + 7. 7696 (n =28,r =0.5877*" ) , &, 5 I I ! ! I ! | .

W,y A+ 4% pH {E, » NI TEFAEFERR. AR IE I cmﬂﬁfﬁm
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E‘J%iﬂ’,(ﬁ’*ﬁﬂamﬂﬂ Oa)*ﬁtlﬁ,_FF%Tg’g 1. 30,?5%']]5]; Fig. 1 The relationship between pH and cultivating years of
53 16.73% . ﬁﬁéﬁ%&iﬂ‘—%ﬁﬁé% ,ﬁﬁﬁi%ﬁﬁﬁ greenhouse soil from Shouguang City, Shandong
P — BB ]S , e pH (B 7E — e 2 LRI T R % , B EREARIEE S ER B EMEX, X5HHFR
2 OV B S A5 L G i Y5 M S i - 398 pHL (B 7 1—8a P A 4 PR i T W, J A B 3 L B 3
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b, [, YL AR D  H AR & BRIt — e B L T HRmik.
2.2.2 1EEHEEMEAESRYZEL

XA [F R AR BRI 2 3h & B A R IATHRL T, R S B A BEFP A A PR A3 i b A i % (&
2). AILAEH 24 0—8a B FEE FIAHAEFR 3G I, LIRS & B ZIIE NS, WTE 8—15a [&], WA BEF
FEAE PRGN T R AR AR S o 33— 25 X R 4 PR AN + 98 4 b A BBt A7 A SR 1S 404, T45 H — 25 () 4 [
HEZRR Ky = —0.0213x% +0.3873x +1.2388(n =28,r =0. 6469 ) , Xrp,y HTIELEHEE (g kg™ ) 2
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AR, BRI EA YRR 8. 4a i, B2 HIR SIS B 155 3.00 g-kg 'K
BUE-S5 WITT 4R AT BOREAR B B3R (R AEFR A Oa) AH sp
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BUBAMTA R, T R 96.4% W S it s - 4 ’
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EAMEMER A RERTRAEW T, BAE, L 2 2f . .
A BBHERE 40 115 RMSHIERT 5 :
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igiﬂﬁgﬁ;;ﬂiiﬁg;ﬁ;éiﬁﬂgﬁtgggiz;1_:]'; B2 WHREATRERETHESESEESMEFRXR
TLIBR= ’ N Fig. 2 The relationship between total salts and cultivating years
HE%% Bﬁ ’ HE*"I E‘J%Fﬁ %&%ZF&{& ’ lﬁlﬂﬁ ’ Eﬁﬁﬂ: *E of greenhouse soil from Shouguang City, Shandong
#)8a Jg LIRSS BAE R BT RES
2.2.3 HRALOHETIRSMEFRPMALRR

X Beht t e A TR B A B S AR AR R AT £2 RHFETBERSETFSMEERGEEXR
MRS RFEH, ZELEPHK K ,Na*, Mg2+ , Table 2 The relationship between cultivating years and ions in
Cl™,S0;" SrEBEFAEAEFR A N B [F] 44> Breenhouse sol :
SRS, W ERNEARIERSY 5T SwaeRes ot
3T 18 0, 22 S5 S B R 4 R 0 T A, Ca®

coefficient r

HCO; ﬁ%’}“%ﬂﬂ*ﬁfio E—b"ﬁiﬁ@%%ﬁﬁ}%? K* y = - 0.1023x% —1.0274x + 60. 551 0. 1982
_ Na* y = — 1.34874% +21.056x + 36.139 0.3745*

A B 4 | 4E )

'_:"Eﬂﬁﬁfﬁmﬁﬁ*ﬁ%ﬂﬁﬂﬁﬁiﬁtﬂUTE(JE Ca®*  y = 0.0248x” +3.6898x +201.63 0.1356

FARAA(FK2,n =28) 3,y LM i B 73 Mg@*  y = - 1.5665+% +25.916x +23.64 0.5539**

B(g-kg™'),x NFHER(a), He,Na*, Mg, Cl”  y = - 4.23642% +63.831x + 89.935 0.5036 **

Cl™,SO0}” & B S5MEERKMHEEENERI BEK SOi™  y = - 16.7792% +292.84x + 564.01 0.5875**

S‘F,ﬁﬁﬁﬁiﬁﬂi"‘ﬁﬁ%tﬂ,iﬁ‘" ﬁﬁﬁ%%ﬁ%ﬁ HCO5; y = 0.9501x2—18.985x + 262.87 0.3764 *
SRR 7. 8.8.3.7. 5a FI 8. Ta BBk NGRS I G o AT
8, 54 A RSB A ORI . e B 1, VS K B M MR Na® | Mg?* | L™ ,S02~ & RAY 2%
MR R e BRI AR RS (R BB R . G OO, 4 BRI HLAE M A B T 5 2L 4 B
TR A BAR R B S, BOe HCO; SRR R A AR b B 5 5K 7, 5 7T B S B AL A R B, 390
BRI F BT R H Y FTRE T 40 CO, 5 HCO; HOF45, T4 HCO; ik BR AL 47 BRL Ay 8
L A T
2.3 WG T AR LS B AR % R

TR , P 4 BT o B 5 1 S M LA BT B B AL, B HCO, (K Ah, s S o B
SOi_ .Cl~ .Ca®>* Na* \Mg“ﬁﬁ‘ﬁ:}'j“glj LR REHIE N T 24 191. 5% 152. 6% .24. 4% 470. 2% .535. 3% , |
HCO; K" WA IMEIE T 25 24. 0% 37. 5% , B MG HIX 88 e S Mo R A WR FE R 0 R B B b
4 TRESR AR M E BRI . b MR 6 2 1 R FISE b b 5B T 1O FI5 8, T
SRR I 2 Iy A 55 3 e 3 A I T S RS M - e S 4 B T BV B T
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el , KEA H B TR T H389 CO, 5 HCO, M P4, T S8 + - HCO, £ B4 58 i W B
)T S i Y R R S i R ) B A 5 A G P A R AR T RE R AR B 3 P K S B AR
HEHE . N HIEEFA R, RSP T Ca®* ¥, 5288 9.3% , B FEEL S02°
Cl™ R, 705 d th B 62.4% 10. 6% , X &FETHES HELLRIATHENT,S0; .Gl Mg®" |
Na' & B 5 ERERBEME, ML R ARM N S0~ (r=0.9291"" ) fl Mg®* (r=0.7224""),
Bt 3Pk B TR BE IO B T M X B 4 DA K B T BRI A B 5 B AR Ak, AL XHE A K
P EERREERAEE, F AT SRR IR B3R T A, AT VR 0 7 B R A 4R 7 DA % 3
PRI R B BT A

®3 REXMTERNBFEARRAESRRSNBEXR

Table 3 The ions composition in greenhouse soil and relationship between ions and total salts

[CER FHME/ (mg-kg ') di gz i/ % HEHEEXR HARREr

Tons Average Percent from the total salts Relationship with total salts Correlation coefficient r

K* 0.05 1.90 y = 0.7078x + 2435.2 0.0548

Na* 0.09 3.90 y = 5.0048x + 1986. 1 0.4922 **

Ca’* 0.23 9.30 y = 0.079%4x + 2449.2 0.0141

Mg?* 0.10 4.20 y = 9.2536x + 1503.5 0.7224**

Cl- 0.261 0.6 y = 2.6628x + 1771.2 0.5937 **
S0%- 1.506 2.4 y = 1.1009x + 772.78 0.9291 **
HCO; 0.19 7.70 y = —2.9648x + 3030.6 -0.2881

* % FRPERMEE] 1% BEKF

2.4 BEHISRMT SO;T (C17 \HCO; B T& &S pH 2RI EM T

MRS HTEERE, Bt SO, 5 pH ZBLFFAER BE FAHSE (r = -0.5508"" ) ;7 C1~ 5 HCO;
BFEaRS pH BMACHENA BE . ZERRY, A XS5 L5 H S0, BEMR RN EE
JRIA X AT B85 20 X AR RO R FH B R % B R B 45 3 A 9 A B R PR FE SR AR IR AE %675 K o Huan SEBFFER
B, RSB g R R SO, ARIAEI1.2 g-kg ™, R RN 35% ,S0; KR BME LN LRI
e LT —E R0 s Shi Z MBI tIA Sy, 130 SO7 (9 BB 158 pH M FEIRA BB IR A
Jy 8O3 x¢ L HRRAL I TR E A THRRARIBIF ™ s Wang 55 Li 000y, it -4 i K & SO; \Cl &+
SR B AL 3 pH T I EER R, HA Xk 5 IR AR 5 P P LB R A B —E R,
REE SAPREERAR . (BWA TR NIRRT IR B M BESEAT T HHFE, Il o it 3% pH (H
(9T 2 ERER B R A K, pH (RS NO; S B AR INTIREAR" ), HF A A 2 it 39 v ZRUIE 1o 28 i P
FEEERIEKNE BRITE I RBORR, T & A TR BB 7 B AE , BEE T AE 2 34 i T R &
H B3 EC {6 B 7+, T pH {8 FREMIE , ERFEF BT & C1- >S0;” >No; ' ABsgH, % &
FINO; BE+FEKE RIEH AN E T RAMIE &4 RIS O .S0;” HCO; BFARS pH MHEE
RE—-RIFARWBKR, BE BB IHER XF
gﬁ, u&iﬂfﬂﬂ%ﬁﬁ?ﬁké’éﬁlﬁ ,ﬁiﬂejﬁ NO; E(Jéi\ Table 4 The relationship between Cl~ \SO§' +HCO; and pH in

BASLHFTHIBITI . AR MO AT R, i Eeenhouse sol
BB HpHXR MERE

%;H\:E:%‘ﬁﬁﬁ ’ A5 ﬁ% h i@@ﬁg ﬂﬁ;&ﬁf Soi _\ Anions Relationship with pH Correlation coefficient r
Cl~ % 3 FR AL B 520 a- y=-75.132¢+776.76  r = -0.3032
3 itie S03- y = —0.0006x +7.7618 r = -0.5508**

r = 0.2095

B SR R T ST AE N 2 0 B B G Bl HC; —— ;;0;;] :Z«' ;9;;@
b AT TR R MRS R %, B R GE 5F ‘
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SEABK BB S5, RN, P75 A P PR R — G it A B o BT, T EL ARG ok P 4
HIBE R 2B ), BOES AR T MYE, IR BE B DL R X A B B R R R 1, R I R
P T AL, R SR A A BIR , RAIE ¥ BT aR B —ERE, 5K H LM, 506 +
SETE i S 0B BUAE 22 5 A T 4 th B — S MM REAR L 1 3 A PR I B, 0 3 BR AL BRI 45 . AR ST
B R TR MR 2 K I AL 2B G, A S B RSEH . AR AR L E A 5 B iRk Bh AL
A%, ORGSR A I % T o X% X0 3 pH E . &3 & B SFHEER X R KPR £
B, ZEESE R 10 a 245, 338 pH ARk R MRS , T 4xth & 12 0 Bl 4F IR A 38 i 17 38 1 5 75 £ AR 249 10
a J5, 138 pH (B b T s Tidh & BN R B S8 TRt %, b ml I, 500E 3 -+ 39 O PR b 5 5%
T EA —E R, R R AT E7E T, BEAT BOMAE P2 B P A1 3Bk 5 7 5 AR, ik 7 PRk f o P &, £
FAB AT TIEWN R R KR, NS T LS & B I0FHR , T BRI AR5 i K B0 F S
W T SR e, S I SRR IS . B Ah, TP R 2 BN AT pH TR, G0
Ca’ W BRYERCHE B H BH3) DD, il b Db 2217 o Brid, 3hii b S5 BR b v 5t L ek
P, B — MR A AR o AR 40 22 A e 45 b X s - 3R AL 5 BRI R LR FE A , pH (BRI 2 3%
e - BV AE BB AL RS AE T 5 M S B AU AR RIS BRI 5 Eh AL O BFSE tAg AR R 45 e o

VRS I BR IL 5 205 AL BN B 5 A2 VR R, 5 IR 855 43 B B A B R LA A 3o
FOHIBBTANTT T o JAEE X IRBiE L P ERE T SO, SRIATIS RN 62.4% , MEAR T HE
WA R A b B 40% ,SO; ZEBENE T3P B KB BN, RAUBER T S B BRI , S 0 2 IX 4 4
ImRAL , T ELR KB AR B i SO; ™ MEbFEE |t il REFTE L3R 40 T4 , T 3 VE R0 35 23 i 2 A R K
Wk T —E M, AT ESHEY =B S B R TH; Gl S R]ERSEE 15 pH MR HAEEARE A
BT &I, 93% 28 A Cl S #8130, 10 g-kg ™', P 0 GEURIBHRT & BAETT ML i 3 C1 & &
ArBIKE 0.75.0.62 g-kg ™', A YORIEM, Y Cl & 353 0. 10 g-kg ', (A B SRAE M AL K 7= A 1 b 1
FIYS o P IR B A 7 e A AR R A B, A T BRBROT-A , DR 3R 4 i b 5 A B
FRAE BV E Y I 7 R, A RE L IE SE MG L i AT Hr 5 & JB o BRIt , 0o T8t 43 b 2% AR IR AL (3
BRI T LA BE T, MR T 5 L AR A M B R AR 72 ) R WAL (AR , SR BN T 1
M (1) & BMIAR , BN SR FRRC A MEIE R AR , B HUIE 5 TAUEEC & , ARSI 5 R T X IR LA 06 A, B 1R E
FREIE ; (2) SRFRHE AT MM HE K B AR , B “ 2hBk 2275 3) HE £ &+, B HER B R B MR Z +, % 1
BB i R 395 (4) RAVK R RAER S R RS RAEE KIEYHITRAE, b7 k575 BF.
4 Zip

(1) INFRFCBE M 5 58 K3 . B AR TAH EL A B B RR AL S R AR b B AL TG, IR L HIA 38 % 7 Rk
SLMRIBR S B 7= B R B, 7 2 ) A0 X B AR b B T 4 R R o

(2) B LA pH (450 & B AR L AR IT 45 BUEE e AP 10a 2245, BIZE T SEFHHE 24 10a BT, BEE
PR AERRIOIEK: , 138 pH [ FFE 2308 BN A SR L 10a 5, BE% &80 45 j sk s, +358 pH ERI4
& BRI AR R R A R %, W Na® , Mg®*, CL™,S0; ™ & B Bl Al 47 FR i 34 fim
PRI S L & B R % R R et & B M AR R A L EERA .

(3) &HisEHp SO2 (€l Mg®* \Na' & BS54 E B EMBEEME, K S0l Mg’ S 54
SREMAXRYCER (A K" Ca®" \HCO; Seih&RRmMHEERK,

(4)S0;" FE5EESM pH MR LER B EfARX,H C1° 5 HCO; &5 pH EAHENARR
%, mT S0} 5 Cl XFif PR TE P & B8, B, 45 BRI R B ek B AT L3RR L F S0
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