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Amelioration of salt-affected soils via combination of leaching and plant

cultivation

TANG Rangyun, CAO Jing" , DONG Fang, DONG Liping, KONG Xiaole
State Key Laboratory of Grassland Agro-ecosystems, School of Life Science, Lanzhou University, Lanzhou 730000, China

Abstract ; Salinization of soil is a major limiting factor for sustainable development of irrigated agriculture in arid and semi-
arid regions. At present, the majority of comparative studies suggest that a plant-assisted approach is more effective in
ameliorating soil salinization. Cultivation of salt-tolerant plants improves physical properties of salt-affected soil due to
penetration and extrusion of extensive and thick root systems of plants, which promote leaching of salts from top to deeper
soil layers. Furthermore, due to physiological activities of plant roots, there is a marked difference in physical and chemical
properties of soils between the rhizosphere soil and bulk soil. Based on a background of calcareous salt-affected soil in the
irrigated region of Qingwangchuan, Gansu, a pot experiment with rhizobag was carried out for five salt-tolerant plant species
to investigate the coupling effect of leaching and plant cultivation on salt-affected soil and to compare the changes of the
dynamics of salt ions in the rhizosphere and bulk soils at different plant growth stages. Results indicated that soil pH was not
influenced by leaching alone compared to initial soil pH before plants were grown, but leaching and plant cultivation

combined significantly decreased soil pH, resulting in lower pH in rhizosphere soil than in bulk soil. Reduction in soil pH in
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the rhizosphere of Zygophyllum xanthoxylum was the highest among the five salt-tolerant plant species, by up to 0.6 units,
whereas in the rhizosphere of Medicago sativa cv. Xinjiangdaye, pH was reduced to a smallest extent, by only 0.25 units.
The enrichment with K™, Ca™, Na®, Mg™, CI, SOX, and HCO; varied greatly in the rhizosphere soil of the five salt-
tolerant plants. The enrichment levels were dependent on plant species and fluctuated as incubation days increased.
Combining leaching with plant cultivation was more efficient in salt reduction than using leaching alone. Thus concentrations
of six major salt ions in both control soil ( soil without plants) and soils cultivated with five plant species significantly
decreased with the extension of incubation days and leaching times. After 120 days of cultivation, total concentrations of six
major salt ions in the control soil were reduced by 51.5% , whereas those in the treated soils were reduced by 77.7%
compared to those in the soils before plants were grown. Among them, K*, Ca®™, Na*, Mg™", C1", and SOi_ concentrations
in soils exposed to leaching alone were reduced on average by 33.3%, 26.1%, 35.6%, 32.5%, 35.5%, and 36.3%
compared to those in soils before plants were grown. The concentrations of these cations and anions that were absorbed by
plants accounted for 46.2%, 8.1%, 30.2%, 7.2% , and 21.6% respectively. Among the cultivated plants, Zygophyllum
xanthoxylum removed more salt ions than other plants, whereas the cation and anion concentrations in soils with leaching
and plant cultivation combined were reduced on average by 67.25%, 63.73%, 83.8% , 67.5%, 81.55% , and 78.46%
compared to those in soils before plants were grown. Therefore, leaching and plant cultivation combined were more efficient
than leaching alone in significantly reducing the main salt ions in salinized soil such as Na*, CI” and SO,’. The analyses
showed that of total reduction of CI~, SO and Na about 37.73% of Na", 38.22% of Cl~, and 35.14% of SO} were

derived from the physical and chemical mechanisms caused by plant roots.

Key Words: leaching and plant cultivation; salt—affected soil; salt—tolerant plant; rhizosphere soil
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R B 51 R HE X Ehwifb 1 EAEK R AFA 5 R R AE . B 88 K i ( Medicago Sativa. L. cv.
Xinjiangdaye) . % —"5 ( Medicago Sativa. L. cv. Zhonglan No.1) ] &E08 3 ( Puccinellia chinampoensis) | % T
( Zygophyllum xanthoxylum) 18] H %% ( Heilanthus annuus L.) .

F1 L TEAERELER
Table 1 Basic physical and chemical character of tested soil

L% EC HHLR

o L ] 5K 5 & LN
4 R TR TR ES Electrical il j?‘] Kt Organic 2R L)dl@é S
pH .. Field Total N/ Available P/ Total K/
Agrotype CaCO3/ % conductivity/ apacity/% matter/ (o/ke) /(me/ke) (e/kg)
(dS/m) capacity/ % /(e/ke) g'kg mg/kg g/kg
WKL sierozem 16.27 8.31 6.87 21.43 10.75 0.03 64.66 2.05

1.2 fHYISEFR PR SR A

IRISAE KA AT, R A AR ALY R e = AT 3 2 mm AR MEERAS AR RS I AT
(JRZEMBERR S8 , BN 40F ;200 mgN/kg T 1,100 mgP,0,/kg T+, IFFE4MR G457, A4S 320 H
LB E IR LA ST AL, B4R 7 em, 5 13 em, BEAREE A 0.8 ke #4510 3 A ) 1 it 1 et ke A
#4519 em, PAE 23 em ZEHT, RIS AE 25 h U A A5 AP AR AS 1A (e i 8k 5.5 ke (BIELER A 6.3 kg) o
FHPR 5 ) L Skl S KRR F 140 o/kg £ . TR MRAR NG A B H BRI AP 1 20 K7,
WG R 12 Pk, B 18 N 7 AMNE 18 ZAE X B (RIS A A A B - 38) . AE KR IINE: 14
d Pe— K, BERERADE 1 L 250K, e AR IAT TR # ™ ) 25 7E 85 3% 60 d,90 d F1 120 d B AT RAE, &
FRHIPIE R 6 7 ARAS NI BIAR R 2—4 mm AL MY 3960 AR BR -, ST A0 20 A0 30 AR PR £ | [l Bt
TEHR 6 7 %F e+ 558
1.3 FES TN 2

B RAEM EREEZ AT I 0.5 mm G, BUXT £k £ e 501 HIES AR, FF nl v kR o i B ik
A3 I E s EC A PRk s Na ™ (K* |\ Ca®™  Mg™ A5 SR D IR I 43 6 6 B 3% 5 €L . SO3 Fl HCO; Al
FE R R HEER A H U e vk . DL S IR AR B9 B I WS SR
1.4 HdEab

H Excel 1EE, H spss17.0 #4751 087, R H LSD ¥,
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AR T R Ik 45 pH A,
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H1 2% 2 T LA X RN AR ) 114 398 v m] 37 1 0 Bt 5 AR 0 Y 50 55 7% B[] 1) 3B < T A1,
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Fig.1 Dynamics of pH in the rhizosphere soil and bulk soil of different plants
R: Rhizosphere soil; S: Bulk soil; 0D: 0 K; 60D: 60 K; 90D: 90 K; 120D 120 K ; /NE F1} IR [ — W 2L A [A] 55 70 191 19 S 2 pE o b

i, 5 A ERAE Y AR bR 3 ER 3 B i R THEAR PR 8, b 5 AR BRI 4y S dn i, BRI W EAR PR e 2R
Iy E TR e

HI 38 2 IR FT LR ) IRV 5 5 A P P 1) - 498 b m Vs P A 4 I 5 5 R[] ) S AR P [R] B, 7 A4
I B S EAEARPRFIAEAR PR AR LA R IR, 5 i E A P 78 25 A 35 57 01 ], HCO; & = 7EAR BN
AR BRI TR ETAIXS IR M AR 2 85 (0 2 W 5 22 A0 S AEAS R BEFRAHNT, X T L iR AR B
HIRZONTAEMRPR , 1 H A 4 FPRLPN R B SRAS . XF SOT , FERT 3R 60 d I {2 — 5 R IR PR
RFAEMPR ; FEEE 35 90 d B, SUBSARMHR bR & /N T AR MR bR 2255 9% 120 d B, 5 Rl 435 R BUR PR & K
FHEMRPR, X F K", 768557 60 d B, (I EERCE AR PR & i /NP IRAR BR, i ZE R 3% 90 d Al 120 d BHIRTHEMR
Brefr it oAt 4 FRAE P 7 45 B SR R 2 BN AR PR & /N FARARPR X U6 KB T 76 W1 B G AR PR 43 v
EHESN, TEH A 4 FORYARPR RIEP LT T B, XF Ca™ L BR T I H 284, Hifth 4 R TE A AR R
R FRIMARPR & R FARMRPR . X T Na®, 5EEGE A8 A8 4 55 75 B AR PR & i dn A K TR PR, 1
HoAth 3 FAEYAERE TR 60 d BIARER & 5/ THEMRPR, 7E35 5% 90 d A1 120 d BAARBRS K TAEMRBR . XF T Mg™,
TEHEFR 60 d I ,5 P PR PR & X R TARMRPR s TERE 37 90 d I, BRABTEE I Al H 2241, Hofth 3 FhAg 12
AR B AR T ARMRES 7685537 120 d 1 X1 H ZEMRBR & /N TARRBR

R2 MESENERBENIEESBETFSENIIM(g/ke)

Table 2 Influence of leaching and plant cultivation on salt ion contents in soil ( g/kg)

i H X 3% K e 5 £ B £ TR AR hor Bt
Item Zones Days K* Ca®* Na* Mg?* cl- S0%” HCO; Total salt
Xt CG 0 0.08 0.702 1.77 0.396 3.11 2.91 0.049 9.02
R 60 0.059 0.58 1.21 0.27 2.15 2.01 0.047 6.33
90 0.048 0.491 1.06 0.234 1.83 1.64 0.048 5.35
120 0.041 0.415 0.84 0.191 1.48 1.34 0.049 4.36
S 60 0.058 0.577 1.2 0.272 2.14 2.02 0.047 6.31
90 0.047 0.496 1.06 0.233 1.83 1.6 0.047 5.31
120 0.039 0.408 0.84 0.191 1.48 1.38 0.048 4.39
skt XD R 60 0.032 0.398 0.68 0.217 1.08 1.05 0.058 3.52
90 0.024 0.368 0.626 0.183 0.917 1.03 0.059 3.21
120 0.029 0.284 0.255 0.131 0.496 0.743 0.061 2.00
S 60 0.059 0.369 0.774 0.199 1.35 1.13 0.053 3.93
90 0.05 0.34 0.597 0.189 0.902 0.59 0.056 2.72
120 0.031 0.114 0.25 0.067 0.355 0.446 0.082 1.35
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T H X 35§ xR bl 5 i B £ BRI RIREAR oy i
Item Zones Days K* Ca® Na* Mg?* cl- 803" HCO; Total salt
%87y R 60 0.038 0.426 0.542 0.26 0.892 1.1 0.059 3.32
90 0.03 0.369 0.512 0.17 0.784 0.93 0.051 2.85
120 0.021 0.34 0.49 0.157 0.858 0.735 0.065 2.67
S 60 0.056 0.368 0.642 0.209 1.01 1.08 0.055 3.42
90 0.035 0.284 0.294 0.144 0.451 1.01 0.053 2.27
120 0.029 0.227 0.129 0.109 0.237 0.488 0.061 1.28
BT AG R 60 0.035 0.398 0.69 0.287 1.17 1.2 0.053 3.83
90 0.029 0.369 0.647 0.169 1.02 0.659 0.056 2.95
120 0.024 0.34 0.512 0.157 0.984 0.454 0.06 2.53
S 60 0.044 0.369 0.653 0.22 0.969 1.928 0.053 4.24
90 0.027 0.255 0.456 0.131 0.725 1.665 0.059 3.32
120 0.019 0.17 0.324 0.111 0.584 0.798 0.063 2.07
HHF CB R 60 0.032 0.426 1.14 0.303 1.77 1.03 0.053 4.75
90 0.036 0.425 0.734 0.197 1.15 0.973 0.055 3.57
120 0.033 0.397 0.66 0.185 1.01 0.953 0.057 3.3
S 60 0.044 0.284 0.67 0.169 0.88 1.22 0.051 3.32
90 0.041 0.283 0.552 0.149 0.814 0.905 0.054 2.8
120 0.035 0.198 0.282 0.121 0.444 0.565 0.058 1.7
] H ¥ SF R 60 0.053 0.369 0.822 0.255 1.32 0.879 0.057 3.76
90 0.029 0.283 0.377 0.131 0.586 0.837 0.06 2.3
120 0.018 0.226 0.256 0.105 0.348 0.65 0.064 1.67
S 60 0.054 0.397 0.988 0.253 1.58 0.913 0.055 4.24
90 0.051 0.369 0.236 0.246 0.512 0.6 0.056 2.07
120 0.023 0.25 0.213 0.144 0.422 0.437 0.061 1.55

CG : control group; XD : Xinjiangdaye ; ZY : Zhonglan No.1; AG : Alkaligrass ; CB ; common beancaper ; SF; sunflower

2.3 BMVERPLEHIT 23858 708 1 E A5

R 3 WTLAE ARG SR 120 d B 6 IR - s afiabk a2 19 K* . Ca® Na® Mg \Cl™ ,SO% my%iit V3453
I G A 3 T R 45 B T D M 81.8% .59.65% (62.1% . 70.57% 61.63% 64.39% ; AW T
) K Ca™ \Na® Mg™ [CI” SO7 155 - 25 45l o5 FE 0 AR S5+ 398 v 4% X6 g 6 43 2 7k 2 i 19.4% |
1.2% ,0.17% 0.74% ,0.15%F1 0.47% , It LAWK Uk S A YV FIRR &4 A8 1Y K L Ca® \Na" Mg |Cl™ SO MI%=
SR A RSO AR S A A X N 4% R 43 B e B B Y 101.2% ,60.85% ,62.27% . 71.31% ,61.78% Fl
64.86% , H ILHER | 2381 39.15% (1) Ca®™ \37.73%1 Na* .28.69% ) Mg™ .38.22% 1 C1”Fll 35.14% 1) SOF
A/ 2 AR AR R Ak 2= O E AL S DR A, B3R 6 FhEs1rp  BR T K™ iy i KPR ok e
T Erh R B R DR S R R BT S A A 5 R B R AN T S R A s Y R
s, AN ERAE AR 43 B8 sk ) B R AN T

TEREFRE 120 d J5 , % RE 3 R aliph b iy JE 00 B8 T B ¥ 0 256.6 ¢/kg (35 3) , WRIRFEA T~ L84
B FRCE WD T A €17 >80T >Na™ > Ca® >Mg™ >K*™ > >HCO;, 40 51 i bk 3 20 BB 1) 35.07%
33.54% .19.83% .6.26% 4.4% .0.88%F1 0.006% .

T4 b b SR S R 0 5 - i i U RPN R TR [R], HY B FIFE 0.97—3.52 o/kg Z00], A A6 K
1 SOT MM AC 22 5 1 L b 3 43 8 -, oo 3 0 X 4% 5k 43 85 - 1 W A o o 1 G A AR 4 , 3 B8R R X Ca™* |
Mgl CI WIS /> o 22 —5 %6 Na™ Mg Fl CI B It b 3520

WUt SHEYE RS S AR R YA =R TN #8005 Pk UE I 3 I =2 7F 133.3—160.3 g/kg Z ], Hirp
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Clr #RxM £, .Eﬂéz‘ﬁwfi‘ﬁn () B 1Y 32.97%—39.80% , Hi k& SO, b £k 40 bk v 388 i il B
29.06%—38.56% , % = & .ﬁi“éﬂfrﬂﬁti‘bnm Y 19.29%—22.76% ; + 34 K* B8 FRUBIAA R T 22—
SRIEEAN, HoAth 4 Wﬁ%i’aﬁﬁi{a AT RE S AR X KB R s R T 5 A ), 2R AR 3200 8 - iy ik
P RORIR S RSN A )

®3 JBWERANH T LESE B DOBLES (2/kg)

Table 3 Proportion of different salt ions removed from the soil under different mechanisms ( g/kg)

niH BT P oNUY 5 LT SR HE il H %%
Ttem Tons XD Y AG CB SF
Xof B b S P bk i A 4% B T i 2.25 2.25 2.25 2.25 2.25
Total amounts of each salt ion were 5 16.07 16.07 16.07 16.07 16.07
removed by leaching from control soil Gl 50.89 50.89 50.89 50.89 50.89
B 11.28 11.28 11.28 11.28 11.28
£ 89.98 89.98 89.98 89.98 89.98
TR AR 86.07 86.07 86.07 86.07 86.07
TR AR 0.016 0.016 0.016 0.016 0.016
BT AR 256.6 256.6 256.6 256.6 256.6
T b b RO E 45 B 7 A # 0.44 0.39 0.41 0.50 0.93
Total amounts of each salt ion were i 0.25 0.14 0.023 0.95 0.26
taken away by shoot absorbing £ 0.02 0.10 0.023 0.38 0.19
B 0.06 0.06 0.05 0.28 0.14
£ 0.20 0.11 0.12 0.35 0.34
TR 0.49 0.38 0.34 1.06 0.88
BT AE 1.46 1.18 0.966 3.52 2.74
A=A T &5 ap -0.11 0.23 -0.18 -0.20 -0.01
PR Y S 5 14.13 9.01 11.79 9.09 8.71
Leaching total increase amount of each ok 31.47 36.14 26.85 27.31 32.80
salt ion under root physical and B 6.23 4.04 3.98 5.95 2.73
chemical effects & 60.52 63.21 45.9 50.97 58.38
TR AR 47.94 46.15 50.89 40.17 48.75
BT A 160.3 158.8 139.2 133.3 151.4
YNGR G L b 48 i ae A 2.68 2.87 2.48 2.55 3.17
Total amount of salt ions were 5 30.45 25.22 27.88 26.11 25.04
reduced after harvesting plants ok 82.38 87.13 77.76 78.58 83.88
B 17.57 15.38 15.31 17.51 14.15
£ 150.7 153.3 136 141.3 148.7
T AR AR 134.5 132.6 137.3 127.3 135.7
TR R -1.68 -0.73 0.94 -0.29 -0.66
B 416.6 415.8 397.7 393.1 410.0

O RZH -1 i S T Bk (g/kg) = (BEFRAIARPS - X AOARARMRIE x ARSI B > B T RUEE /R i + KR SRR aR bR+ rh X Y
AT x AEMRBR M BTRL x B F 1B KT iE) /100 — (X BRZIAR Br+ v X Mk B > ARAS b 38 x BT IR R BT ik + %ot HE AT ARAR B £ o
X BRI x JEARFR+ A BTt x B TR EEIR il ) /100

QR H L3RI T B T (g/ke) = 4 100g i B3 T4 B8 X it > SE 4 3 F

@m%%gw%ﬁm?ﬁxﬁ(kiﬁﬁm;@&y HEPIGR S bt/ i X BT — o B+ S Pl D i B 7 I — A e
MBI

@RYIGR)E + 5 X BB R (g/kg) = (FEFRATIRER + P X AR IAVREE x R4S rh IR R x B FRYBE /R E + BEaRnidiaibe £ X
BT x AERRPR BB x B T RYEE /R Tt ) /100 — (REARFR i X AOMRIE x #R4% ¢iiﬁ% BF B R Bt + A AR 1rh X
BIHERE x AEMRBR B x B F IR B st ) /100

X: 7 FpEs 7 i s —F
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YRS, 3P E T I BN 393.1—416.6 g/kg, K /D e/ A 38 370 3 1o
/D 0.624%—0.773% , Cl /b R £, i 34.2%—36.87% , FeUk & SOY | i 31.89%—34.52% , % = &
Na®, 5 19.55%—20.95%, A[RIFEYE], FRe e H 2200 38 Kb i £, B Rk iy 3 Ca™ A Mg™
W2 25 R Naf CLU b i 22, RV S B 08 (1 3 b SO Wi 2, MRS, R K
Hb, L3 Ca®™ (Na™ Mg™ | CI™ I SO J80/0 it B £ 24 K T30k BE - SRR R 17 5 1 RAEL 0 W ity S =2 A, e
Na® C1 1 SO W/ By BEAE K, Na A 1L Ca®* Mg> 143 BIRAR T 44.06% 52.83% , C1 A 1L Ca®* Mg> -3
SRR T 63.02% ,68.82% ,S05 AHLL Ca® \Mg™ 2153 KR T 66.4% 23.9% , AT LA, ik 544
VEFRE G 3 rh R R 8 7 & i I R AT

3 e

— BB SE R | Eh AL - SR T AR 40 pH () T T AR A X it S A AT R I, R
3 pH (B B SE B AT 22 AR ARl B R R U A i SR A A ] AR AR Bk 1 pH L, HL
FRER A1 pH (E/NTAERBR . AT 25 SRR W 4k T L3 pH (AIRAAE ke S E A G
A RUHB PRI 4% pH A, BLAERTFE 120 d AR PR 358 pH (B R ACIR AR, R IR SR AT 9 1 AR B A EAR B
458 pH (BRI BEAS ], 95 AR B 498 pH (BRI B fpe K, iR AR B - 496 pHL (BB IR 2 e /)y, HL 22 5%
25 (P<0.05) . YA PR 138 pH (BT K AT B A9 IR B2 . 1. Al 9%t B BH B8 WA S i 5 | S A9 pHL A AR
B2, IR 2R MR B fH A W I FTAR 28 20 WA LR LA B AT HILIR 43 B ik O, 512 1 3% pH B R &™) ;3.
LA X SR 2 TR 25 5 107 L B A [ T 285 R 3% A A4 i g el AR B pHL (B AR A8 A ) AR SY. pH (B AEG 174 i
PRI A 2 FH T A P RS Y

— PR VKR PR ARG - 4R 43 ACHE it ) U ) 56 P () 0 R I, AR b 22 38 — AR AR R o, i
IRV 7= A 4 B Ry Bt B R B Y 899 10 THE K R ) 22/ D MR B B 06 AR B IR AT IR Y 2/ i
VR - OB FE T, R R A B ER R T bk ki /N O Bt R Ak 2T 2 DK kiR IS, R 2
(0—20 cm) +- 1AL G R FFARR LK 53%—64% " 58X 1] I S5 A 7 2 WA A6 4 SR o S b 358 - b R if b A 4
—AE )G B2 S R R IR A 10%—20% ) 78 S 3 i R 0.3% i35+ E AR e T, — 4 e M
WA A A E 150—200 kg/hm® 553" Tl M ] 45 X 45 i 05 58 50 3 7K O O R 1ok 38 1) LA F 5 S < 7
0—40 cm )2, 535 5 Hi A0 I E6 TR = TR b, 8 MK AR A I Sk o B 25 AN B (RS R i A
ER OB 177 (RIS —1/3 (R cRIIN) 2, DAL BFoe s SRR, ke S A e IR & g 1 &
SR AR R SN T BN B T AR ER R R AR SR v, A MR 43 B A B R U BN 8 SR
[i) P B A T REEAR , 5 o0 i e A 400 2L R L R Bl o 190 o) R - 4888 0 o0 BRI T 72.3%—82.2% F142.9%—
61.7% , X UL IR PSS SRR A AT -4 ER

SEA RIS ARSI A5 2 SR i R AR 4 T DA AT R A 0t - S R T RE A DL 2
A5 1. MR E SR D T RO 28 K AR T HR R R R R A A AT R 2.
HIPIAT B T B BE BRI > RISR IS B RE 5 b — 40 Eh 4%, (o 3 & SR R AIG , AR SC I R U 4 TAR
PraEh /B AERE A 300 W T A E A 3R ¥ HuAth 4 AN o o0 BH B, 26 0H 95 E R ok R Eh ik
- SEAA AL T D 45 FE i) 6 2 T P A 7 A 4 R e T B R R A 8990, LAl A
SRR - HeEh 4y, AR YIS | B TR B 1 F 2 B 2 0 b4y ) AR BF R 45 R 5 Ahmad 250
FE—H ) TR SR RS A AR T Ak R 4 B KRR A T B AR e it {ELIR R 45 AR AN [
ERHEY T ER A e R PRI,

ARG RS AR FI RS , R R B D i 2 A €17 SOY R Na®, Zead TH, X R 4 ik
VR E M E R/ B CL7 SO Al Na* 233l (AR WO I - 43 voxof g 8 -0 20 B i 19 61.63% ,64.39% Fil 62.
1% , FEPIWRSCHT AE 1) C17 (SO A1 Na® di MR 5 398 rhox iz 25 7 /b BB 1Y) 0.15% ,0.47% 11 0.17% , B4
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T 431 38.22% 14 C1™ . 35.14% 1 SO H137.73% 1 Na* n] e 2 FHALYIAR 2 P BRIk 24 A9/ E AL 5 R ), X Fp R
FAMLEHI AT RER - 1. I HEYIAR 22 0 28 BF TR AR, (o - B0 Rk Pk 28 i Ak A5 4 B o 745 31 ek 3, A F
FER B TP RIBEZ LR A AR 7 52, R AR PR 0690 T2 S8 7 40 mT e 4R I B 7K R A 58 A ) 5 44
T, BETRE N T - B IS Y 3. ARSI AR O S I G R Ak | AR R AR R A R
PERETO 2O FIAR bR R AL A (200 R A MLER B ) AR T 398 pH (S 0 HUR AR B - 4% pH (E (WL 1), fifi £
BT RS B S RN AR Ca® B e IR Y Na®, FRAR T B A 0 I B T A Na D
R B e AR X DL RO AR SE RS AT Y ke s A R Rl RS, o 309% L B - HEER 4 BT
BRI AV AR 2R P BRAL AR TR 5 R Y, (HR A B9 A R /N A R 7 K 2R R G — 25 R 36 00E

4 it

(1) gyt 38 pH (BB 520 1 bk Bk S AV HTRE G e 65 W] 10 AR 1233 pH . P 3% pH {H
5 K R AR B P AH L R R A [ T A T 2 S B 5 3 I ] £ S K AR B+ 038 pHL i/ TAEMR bR, b % F
(AR BR t48 pH (EFEACE B &, A ELFR AT TR T 0.6 ANERA

(2) RV S AEPIVE ARG X Eh B Ak T 8 R AR OL T gk e VE . 788537 120 d J5 , BRalk e i +
Herp K Ca® \Na® Mg™ [CI"Fl1 SO A9 A LU AR ET-F- 2453 BRI T 33.3% ,26.1% ,35.6% .32.5% ,35.5% Fl
36.3% , IRVELS SAH Y FIAE Y 3 b bR 45 B 00 & f A LU R T2 23 AR T 67.25% .63.73% ,83.8% ,67.
5% 81.55% 1 78.46% , Wkt 5 AW/ PR G 0 R Ak 3 1 ek R ABCR B0

(3) 38 MW VE S AR VE AR & AR A2 B 0 R AIK 49 5 0 Rk 45 S AW R 5 38 v 46 0 88 7 b e
Z I CI7 S0y Ml Na® Bt 143 C17 SO Al Na 9/ 9 it HP A 38.229% 11 C1™\37.73%1¥) Na™ 1 35.14%11)
SO7 Nl fig &t HE AR R P B 2# B VE AL 5 DR AY

(4) FE R UM PR 13 o R R K TARMR PR L3RI S AE W AR Br iy « 3 55 2500 SR 4L 1 BSR40
o TARPR IR AR SR R B ok, ol R AR ot Ak ISR et
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