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Effect of basal application of sulfur fertilizer on cadmium uptake
and accumulation in rice

JIANG Chao'23, WU lJinbiao 23, WU Junyil?3, YANG Jie>?3, ZOU Zhu'23, WEI Xiangdong’23"

(1.College of Environment and Ecology, Hunan Agricultural University, Changsha, Hunan 410128, China; 2.Hunan
Engineering Research Center of Irrigation Water Pollution and Purification Technology, Changsha, Hunan 410128,
China; 3.Southern Key Laboratory of Pollution Prevention and Control in Producing Areas, Ministry of Agriculture and
Rural Affairs, Changsha, Hunan 410128, China)

Abstract: Through field plot experiments, the effects of basal application of NaS(S1), sulfur(S2), Na:SOs3(S3),
Na2S04(S4), and cysteine(S5), on cadmium(Cd) uptake and accumulation in various organs of two rice cultivars
(Yuzhenxiang and Xiangwanxian13) with different cadmium accumulation characteristics at different growth stages were
investigated, and the underlying mechanisms were explored. The results showed that adding 5 types of sulfur fertilizers
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all reduced the cadmium content of paddy rice of the two rice varieties. Compared with the control treatment(CK)
without sulfur fertilizer application, Yuzhenxiang’s cadmium content was reduced by ranging from 27.03% to 83.78%,
and Xiangwanxian13’s was reduced by ranging from 14.28% to 57.14%. And, the paddy rice cadmium contents of
Yuzhenxiang’s S3, S4, and S5 treatments and Xiangwanxian13’s S3 and S5 treatments were lower than the national food
safety limit standard(GB 2672—2017). Adding 5 types of sulfur fertilizers all reduced the cadmium accumulation
coefficients and translocation coefficients of paddy rice of the two rice varieties, and the reduction of S3 and S5
treatments were larger. The contents of non-protein thiol compounds(NPT) and glutathione(GSH) in rice roots, stems, and
leaves were greatly affected by rice variety, growth period, and type of sulfur fertilizer. However, the contents of NPT and
GSH were mostly increased under each condition, with the largest increase during the booting period among the three
growth stages, larger increase in Yuzhenxiang than that in Xiangwanxian13, and the largest increase in cysteine treatment
among the 5 types of sulfur fertilizer treatments. Applying sulfur fertilizer as a base fertilizer could significantly reduce
the rhizosphere soil exchangeable cadmium contents of rice at maturity for both varieties and the carbonate-bound
cadmium contents in the rhizosphere soil of S3, S4, and S5. It could also increase the residual cadmium contents in the
rhizosphere soil of all treatments except for Xiangwanxian13’s S2. And the contents of the other two forms of cadmium
were affected differently by the types of sulfur fertilizer, but the trends of the contents of different forms of cadmium in
the two varieties were basically consistent with the changes of the types of sulfur fertilizer. All base fertilizer applications
could significantly lower the rhizosphere soil pH of rice except for Xiangwanxian13’s S1, with the greatest decrease in
the S2 treatment, which was significantly lower than those of the other treatments. To conclude, the cysteine sulfur
fertilizer had a better effect on inhibiting the absorption and accumulation of cadmium in rice, and its effect on Yuzhenxiang

was stronger than that on Xiangwanxian13.

Keywords: rice; Cd; sulfur fertilizer; non-protein thiol compounds; glutathione
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Table 1 Cadmium mass fractions in various organs of rice at different growth stages with basal application of sulfur fertilizer

BRI (Mg kg

o 2
T HEEM piszi = = i e
BRI Ll CcK (5.19+1.29)a 1.1620.62 0.4140.16
s1 (3.570.25)b 0.8140.26 0.3040.03
S2 (4.3820.20)ab 0.8310.11 0.3540.12
S3 (4.9140.67)a 1.09246.45 0.3540.05
S4 (3.21246.82)b 0.760.18 0.2940.13
S5 (3.4120.29)b 0.7820.19 0.3940.07
il CK (3.4340.27)a (0.7940.05)b (0.2546.03)b
s1 (2.7120.34)b (0.9440.14)b (0.2620.05)b
S2 (2.3820.12)b (0.4740.12)c (0.1320.01)c
S3 (1.4246.14)c (0.9540.01)b (0.3440.09)ab
S4 (1.5640.33)c (0.9440.20)b (0.4126.02)a
S5 (1.5440.02)c (1.3940.27)a (0.3340.13)ab
A CK (3.4840.58)b (1.1546.10)c (0.5140.05)a (0.3740.11)a
s1 (4.1620.63)ab (1.5020.26)b (0.4420.06)ab (0.2620.05)ab
S2 (3.1021.10)b (1.0240.14)c (0.4420.10)ab (0.2740.08)ab
S3 (3.3920.72)b (1.7240.15)b (0.370.08)b (0.1820.01)b
S4 (4.1040.69)b (2.4940.25)a (0.3440.05)b (0.1740.02)b
S5 (5.4240.43)a (0.6120.11)d (0.4540.05)ab (0.0640.01)c
HmERIL3S P CK (2.8940.93)a 0.6020.05 0.3240.07
s1 (1.6026.33)b 0.5020.07 0.2840.15
S2 (2.4320.38)ab 0.5320.26 0.3040.02
S3 (1.9620.28)b 0.4920.04 0.3140.06
S4 (1.8146.16)b 0.5140.06 0.2440.04
S5 (2.2140.32)ab 0.5540.13 0.2940.04
e CK (1.3140.06)c (0.5940.23)bc (0.1640.02)b
S1 (2.5040.31)a (0.4540.02)c (0.2426.04)b
S2 (1.2746.45)c (0.8540.06)a (0.1526.03)b
S3 (1.5126.32)bc (0.65240.04)b (0.3926.19)a
S4 (1.5820.16)hc (0.390.07)c (0.1626.02)b
S5 (1.8040.15)b (0.6540.03)b (0.1540.03)b
A CK (1.9240.45)c (1.1140.05)ab (0.3840.11)ab (0.2840.03)a
s1 (3.7340.10)ab (0.8140.15)b (0.2440.03)b (0.2340.09)ab
S2 (3.2140.27)b (0.9640.15)ab (0.3240.12)b (0.2440.03)ab
S3 (2.3920.46)hc (0.9040.26)ab (0.2626.06)b (0.1246.02)c
S4 (2.8126.10)b (0.9940.08)ab (0.4720.06)ab (0.2026.01)b
S5 (4.2120.87)a (1.1840.29)a (0.5246.11)a (0.1526.02)bc
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Table 2 Cadmium enrichment coefficients in various organs of rice at different growth stages with basal application of sulfur fertilizer

B g H 4 2 R AL EHEERR MR AR R AL E&f%‘ﬂﬂ;q*ﬁyk
EZEE:/ I 1177229 (I v N 117511 1'% 8 ] AT AR dedl WEERE
EEHEHE  CK 2.62 1.73 1.76 0.59 0.40 0.58 0.21 0.13 0.26 0.18
s1 1.80 1.37 2.10 0.41 0.47 0.76 0.15 0.13 0.22 0.13
S2 2.21 1.20 157 0.42 0.24 0.52 0.18 0.06 0.22 0.14
S3 2.48 0.72 1.71 0.55 0.48 0.87 0.18 0.17 0.19 0.09
S4 1.62 0.79 2.07 0.39 0.48 1.26 0.15 0.21 0.17 0.09
S5 1.72 0.78 2.74 0.39 0.70 0.81 0.20 0.16 0.23 0.03
Wk CK 1.46 0.66 0.97 0.30 0.30 0.56 0.16 0.08 0.19 0.14
135 s1 0.81 1.26 1.88 0.25 0.23 0.41 0.14 0.12 0.12 0.12
S2 1.23 0.64 1.62 0.27 0.43 0.48 0.15 0.08 0.16 0.12
S3 0.99 0.76 1.21 0.25 0.33 0.46 0.16 0.20 0.13 0.06
S4 0.91 0.80 1.42 0.26 0.20 0.50 0.12 0.08 0.24 0.10
S5 1.11 0.91 2.13 0.28 0.33 0.59 0.15 0.07 0.26 0.08

2.3 EEHAEX/KIEE SR RFZ R R
HIZR3AI A, SCKAHLL, SIS AL PR 5T

REE . RSS2 RBCCW] el ; fiES20y

HRZE | HEMREL 12 2B, (HILARAEHRA 2 1T

B 5 b B R AR K R e s RECARRAL, Hrp
S5/, FE(KT90.00%, S3. SAMHE/N.,
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Table 3 Cadmium transport coefficients in various organs of rice at different growth stages with basal application of sulfur fertilizer

GE g 2R I8 R A -5 s REL ﬁ&zfx%qmﬁfyk
PATHA Eilig=S:] et L GIEY iRl I il ia 7 AL
F£#F  CK 0.22 0.23 0.33 0.08 0.07 0.15 0.10
S 0.23 0.35 0.36 0.08 0.10 0.11 0.06
s2 0.19 0.20 0.33 0.08 0.05 0.14 0.09
S3 0.22 0.67 0.51 0.07 0.24 0.11 0.05
S4 0.24 0.61 0.61 0.09 0.26 0.08 0.04
S5 0.23 0.90 0.30 0.11 0.21 0.08 0.01
WMk CK 0.21 0.45 0.58 0.11 0.12 0.20 0.15
135 S 0.31 0.18 0.22 0.17 0.10 0.07 0.06
S2 0.22 0.67 0.30 0.12 0.12 0.10 0.07
S3 0.25 0.43 0.38 0.16 0.26 0.11 0.05
S4 0.28 0.24 0.35 0.13 0.10 0.17 0.07
S5 0.25 0.36 0.28 0.13 0.09 0.12 0.04
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S BRI A AR AR FR 1] 25 R RO B
I, TTSSRARE K R i R AR/, S3MHLRE
Ktz REE N
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HME R ; SCKHMEL, S2MIMGSH & 7 B 3
fN712.10%; S4. S5HYZEGSH &4 &1 hn T
39.86% . 53.36%, S2MZEGSH & it i HFEA% T
12.03%; M-GSHE & i E YN T 27.66%~76.82%.
F it HEAE XM £ FHRNPT S R & %
M, 25, NPT BN Z G IER 2R R ; 5CK
FHEE, SRR E A SIMARNPT & &34 /1 773.13%,
H Ay 44 b PR A NPT 2 & 0 F% X T 3.90%~
15.54%; S2(HZENPT & i i ML 740.09%, Hx
A4 b PR ZE NPT & & U] I 25 35 h0 T 24.84%~
140.54%; S2IMNPT % 2 i S FF-IK T 27.43%, S3.
S4 . S5M-NPT & & W 43 51| 2 25 15 i 1 37.19% .
54.22%, 77.02%. flEIHESFMHR . Z2£. HGSH
ARSI R s SCKAHLL, S5IYMRGSH
SR T 15.80%; S1. S2. S4. S5ZXGSH
SR ER N T 14.70% . 12.52% . 51.45% .
12.75%; SARIGSH & it g E i T 25.35%.
SRR AT I E AT FIENPT & A B
Wi, AR . ZENPTE 2B R K 5 CKAH
Fo, B EEES2 . SIHHENPT & 2 A% T
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6.64%. 4.14%, S1. S4. S5MAHINPT & 4351 .
EHN T 22.46% . 19.43%. 66.56%; S2Z5NPT it
WA 17 6.88% , Hivib FHAYZENPT & & I3 1
0.21%~33.00%, H:H1S4. S5/ ER; NPT S
NI T 49.89%~81.74% ., LAY T AT FAR
25 MGSHE R Z HAE N4 SCKARLL,
S2. SSIHRGSH & 43 i i & 3 i 1 28.53% .
15.52%; S1. S5MY25GSH ¥ it 43 5l W& 1 T
23.75% . 50.60%; S1fGM-GSH& & BEMM & HLHhEINER; ST EEMALL I ZEFICK,
13.58%, S3. S4, SHHYMGSHE R /MM BHIEML T S1.,S2. S3. SARYIM-GSH & R 1 LI REII ) fre i .
®4 ERHIEKEAREEHERE NPT GSH 28
Table4 The NPT and GSH content in various organs of rice at different growth stages with basal application of sulfur fertilizer

NPT & #&/(nmol g?) GSH % it/(ug'g ™)
=] _— 1
At AEH AbE ) = T W = m

21.98%. 15.02%. 10.57%.

A ZRAE T AL, AT AT X A [ A 35 10 h e il
1354, 25, MNPTHIGSHE BIUIRAI . FiE K
A, HIMRII3 S AICK, S1. S2. SHAYHINPT
OrHLRFSL TR, S2. S3MZENPT & itk FLl s S3.
SARYHRFICK , S1. S4. S5HYZE K AT A FEAYIH-NPT
SN DA R AR, SEIMGSHE b A &
W SRS T R I A FRAAR FICK AU ZEGSH & &

EEF B CK (129.0747.43)e  (296.32#14.74)c  (3215.07+108.36)d (1 951.55499.27)b  (625.26416.36)c (1 534.194150.65)c
S1  (326.09429.89)c  (297.51#18.36)c (4 081.492100.09)c (2 082.79#181.62)ab (623.46449.19)c (2 140.84+131.50)b
S2  (392.61+11.42)b (496.49427.88)a (2 852.24453.74)e (2 187.73#151.67)a (550.07432.43)d (2 712.82484.36)a
S3  (239.63215.49)d  (254.38423.15)d (3851.32497.36)c (1 921.66+118.72)b  (624.89428.49)c (2 175.92:+138.93)b
S4  (396.42428.11)b  (329.3149.91)c  (5270.84262.98)b (1 956.16479.28)b  (874.4918.94)b (2 601.174225.04)a
S5 (451.43423.86)a (373.86220.76)b (5607.62475.30)a (2 139.82438.41))b  (958.89+19.74)a (1 958.55471.67)b
JEES] CK  168.88232.95 (262.44417.64)d  (1829.77427.02)d  (2474.01#125.20)a (488.57457.73)c (1 436.17340.05)bc
S1  142.63423.23 (327.64413.71)c  (1646.9843457)d (2 535.454295.43)a  (560.37444.95)b (1 593.84:484.46)b
S2  162.30426.67 (157.24412.92)e  (1327.904105.78)e (2 525.894231.56)a (549.73428.02)b (1 587.51+109.32)b
S3  174.1649.42 (373.9927.07)b  (2821.89429.15)b (2 309.10+100.56)a  (544.89216.03)bc (1 608.09:+144.94)b
S4  148.16423.26 (333.89410.72)c  (3239.08427151)a (2273.10#44.71)a  (739.94420.08)a (1 800.31443.22)a
S5 144.0436.40a (631.28424.95)a (2 510.284154.61)c (2 083.15483.85)b  (550.8529.48)b (1 352.55134.00)c
W CK  (45.644.84)c  (797.6145.24)cd (2 329.63+217.08)c (747.39432.71)b  (635.7628.30)c (2 140.20+43.23)b
Sl (55.89#4.51)b  (799.25434.42)cd (3 507.194121.81)b (728.1445.02)b (786.77479.57)b (2 430.88+94.06)a
S2  (42612223)c  (742.72430.8)d (3 491.914317.4)b (960.64479.47)a  (603.00454.10)c (2 015.99461.98)hc
S3  (43.75H.67)c  (843.29423.78)c (3 728.23163.74)b (751.92413.31)b  (642.14427.06)c (1 669.87+27.73)d
S4  (5451+1.66)b (1060.8444.42)a (3885.024136.80)ab  (725.83459.14)b  (681.04450.28)c (1 818.83469.22)cd
S5 (76.02#4352)a  (968.35329.59)b (4 233.834275.11)a (863.354101.67)a  (957.43450.54)a (1 913.94429.93)c
WHEGRD #1573 CK (322.78#13.69)a  (360.45+12.09)b (1 793.67+141.84)f 1 907.00487.46 (556.41451.49)c (2 396.34+127.54)b
135 S1  (231.71426.61)bc (367.70223.99)b (3 192.70459.32)d 1924.92+179.36  (558.64453.73)c (2 496.052117.28)b
S2  (264.36426.24)b  (262.60420.95)c (2 600.04493.77)e 2 031.35426.74 (594.2322.53)c (2 487.44:157.32)b
S3  (212.17#19.14)c  (396.76430.66)b (4 064.17+15.63)c 1 991.99475.29 (675.32427.87)b (2 415.39455.35)b
S4  (191.04423.92)c  (455.96420.67)a (4 488.02483.00)b 1 952.33473.20 (645.60226.01)bc (2 389.00475.74)b
S5  (190.12:#18.18)c  (430.09426.61)ab (5 889.89494.20)a 2 054.00499.90 (753.26422.33)a (2 798.13+151.38)a
JFEM] CK  (145.94#18.21)b  (258.20431.67)c  (1210.82467.00)c (2 360.674222.86)a (632.77428.27)a (1 223.31474.96)c
S1  (160.362350)b  (171.91427.05)d (1 558.914240.78)b (2 067.76438.27)b  (528.40234.79)b (1 126.40+128.40)c
S2  (136.25#21.60)b  (265.36420.59)c (1 279.444148.28)bc (2 151.95+155.65)ab (517.50433.86)b (1 223.55+124.30)c
S3  (265.68#18.79)a  (420.8536.73)a (2 942.504187.24)a (2 240.90432.10)ab  (479.3926.46)b (1 391.09469.87)b
S4  (229.20230.16)a (352.73424.48)b (1 122.784200.68)c (2 048.91424.72)b  (572.98462.07)ab (1 449.67+29.79)b
S5  (151.19425.09)b  (406.37428.01)a (1 320.094241.88)bc (2 331.07+159.02)a (526.03430.82)b (2 018.73475.92)a
WA CK  (54.8742.60)c  (838.41428.79)b (2 314.03+145.47)c  (704.67428.68)b  (626.08425.37)b (1 824.68346.26)a
S1  (66.9543.99)b  (753.8948.64)c  (2572.694341.15)bc  (645.32427.41)b  (643.52:17.69)ab (1 361.44438.51)c
S2  (835943.35)a  (842.4849.92)b  (2420.97#58.07)c  (680.93#41.97)b  (593.2046.70)b (1 592.55455.37)bc
S3  (37.7621.88)d  (841.35421.51)b (3750.944248.96)a  (762.52460.14)ab  (678.54480.72)ab (1 626.89429.51)b
S4  (64.9842.83)b  (880.24439.33)b (2 805.832253.90)bc  (811.06470.46)a  (661.48246.23)ab (1 488.28495.40)bc
S5  (56.0644.38)c  (961.67+12.55)a (2958.62+167.85)b  (740.32429.50)ab  (717.83463.29)a (1 442.9055.50)c
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FEMEARNE X BT AR AN L3 54 . NPT & i
HBELW, ZENPTS 2N Z G LR R
HCKAMH, EEMmARALERE, 75 WM kI 1354
NPT & I Z 4% 1 18.10%~41.10%; S2(9ZENPT
S B RAK T 27.15%, HAth4 N AbBEAIZENPT &
HIE TN T 2.01%~26.50%, HrpS4fy @ E RN, 0
NPT &5 T 44.96%~228.37%,, Kefiti il xf 4k 17
WM MR 13 S5 MR GSH & = L B 5, (H2R | 1)
GSH & S 2 ALFP 22 K, HCKALEL, S3.
S5HZEGSH % 143 1| i 4 i 1 21.37%7F135.38%,
S5 GSH 5 i 3 N T16.77%, AT R
ER I

SRR, FEEEIMMRIL3 A, 25 0t
NPT HIGSH & 4 Z i IEFh 2L M ks 5 CKAH
E,  Fh e 0 9 B Al 1355 S2 (W M NPT & & B IK T
6.64% , H fth4 4~ 4b R AY AR NPT & 2 0 38 m T
3.60%~82.05%, H:H1S3, S4fY R EHEN; S1A)ZE
NPT & 15 0 25 WK T 33.42%, Hiftha N b FRZENPT
SR T 2.77%~62.99%, HH1S3. S4. S5y
WEYEIN; SARMENPT & &R T7.27%, HAha4
ALERINPT & 5 U 4 0 1 5.67%~143.02%, H:HS1,
S ERN ., SCKAMIEL, S1. SAMMRGSHE HE
3B AR T 12.41% ., 13.21%; S1. S2. S3. S5
22 GSH & it 47 il i E B AIK 1 16.49% . 18.22%
24.24% . 16.87%; S3. S4. S5MMH-GSH P43 71 i
FHNN T 13.72%., 18.50%. 65.02%; HiAhH I

ERIN I

STt AT AL R S S MR 13548 (25 (NPT
T NEF SR NAL A s HCKAH ML, I
K135 S3FARNPT 75 1 B F#IK 17 31.18%, HoAh4
A E PR ANPT & 2 3G AN 1 2.17%~52.34%, Hirp
S1. S2. SARYFIBERN; SLAZENPT & & B EkF
1K 710.08% , HAth4 b B IS4 /i1 T0.35%~14.70%,
Horp S5 @ & s NPT & &2 3 il T 4.62%~
62.10%, HHS3. S5 EIE M., FEERNEXT K
PRI 13 5 GSHE A B &, M. =X
GSH & M Z R K HCKAHLL, S4
AYFRGSH & 2 i 2 18 1715.10%; S5AYZEGSH &
HE NN T 14.65%; 5L HRAG I GSH £ B i 2 [k
Ik 710.84%~ 25.39%; AT B ELIL,

Lt FRA 2 SRR R A B IR . 25 0
NPT. GSHE EAfFfEZERYE, (HNPTHIGSHE K
EZ5% b kDO E L RE Gl {0} A N i1 RS
WIE, BT T4 014 I A M e AL 135 A o
K, Db Ak FE A A At At T A B P 348 i B
2.5 EMEFREXKIERPR T IE RS R pHE R

MFESATAL, it AN [RGB X T B Al b AR
bRt S AN . SCKAI L, St ie b B
F17o it i RAI% T 23.31%~56.64% , FLHS21y i A%,
A Lt BN AT R - 3] se e S 4w i S1F2
S N 17 79.31%, S2 LAk, HAh3 Ak
PR A F2 55 D S 25 AR T 31.03%~62.07%, KB A

&5 HEhEFRALKFER AR R IR h AR SR B E 4 80 pH

Table5 Cadmium mass fractions of different forms and pH in rhizosphere soil of rice at maturity stage with basal application of sulfur fertilizer

HRAT R 418 (mg kg )

LG oH
F1 F2 F3 F4 F5
EEEF - CK (0.36940.017)a  (0.02940.001)b  (0.58140.025)c  (0.05120.001)d  (1.34620.016)d (5.140.02)a
s1 (0.20140.008)c  (0.05240.002)a  (0.59340.004)c  (0.06620.001)b  (1.3670.026)d (5.0240.04)b
s2 (0.1600.006)d  (0.02920.003)b  (0.50640.014)e  (0.08820.001)a  (1.4580.018)a (4.7840.03)c
s3 (0.19540.010)c  (0.01520.001)d  (0.74840.012)a  (0.062#0.001)c  (1.4280.001)b (5.0340.03)b
s4 (0.21040.006)c  (0.011#0.001)d  (0.55520.008)d  (0.04620.002)e  (1.4070.001)c (4.9740.02)b
S5 (0.28340.005)b  (0.02040.001)c  (0.71620.001)b  (0.06120.002)c (1.44620.010)a (4.9940.04)b
WAl CK (0.31440.002)a  (0.02640.001)b  (0.69120.016)c  (0.05320.002)b  (1.2530.037)b (5.180.04)a
139 s1 (0.16640.005)de  (0.05240.002)a  (0.76620.022)b  (0.05920.003)b  (1.27520.018)b (5.1040.03)ab
s2 (0.15740.003)e  (0.02940.003)b  (0.54720.018)d  (0.06820.003)a  (1.23320.002)b (4.7740.03)c
s3 (0.20140.005)c  (0.01540.001)d  (0.81020.005)b  (0.05720.001)b  (1.259:0.029)b (4.9740.03)b
sS4 (0.17640.002)d  (0.020#0.001)c  (0.66020.023)c  (0.03820.001)c  (1.377+40.018)a (4.96:40.04)b
S5 (0.25540.007)b  (0.02040.001)c  (0.92940.014)a  (0.06820.001)a  (1.30540.013)ab  (5.0120.04)b
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BRI T L IERIRER S5 A 4R, TEARER SN . i
FREN . Pt PR AEA SR 1 IR PR Eh 455 5 5
S2. SAMMF3 & B EFEN 712.91%. 4.48%, S1.
S3. S5AYF3 & W43 Ji e 1 2.07% . 28.74% .
23.24%, HrpS3. S5 N; S1, S2. S3. S5
B R4S A ) S 1A N 17 29.41% . 72.55% . 21.57% .
19.61%), S4MFAT SRR T 9.80%; 57AbHf
HFS & N 7 1.56%~8.30%, H:iS2, S3. S4,
S5IA B E LN, ISR IE BN N L sk S
BT

AFRSIBRI AL, it AN [F) AL IE X6 3 el 135 B
BHARRPR LRI S AR . H5CKA L, SEHtiaR
HE AL BEFL 75 B 5 AR T 18.79%~50.00%, H:HS2
ARV, 2% BH it NS AT I 8 ]SS e A i
5 S1. S2fF2& 4 I fin 7 100.00% . 11.54%,
o S1AY i 8 T, HAb A HR Y F2 55 ) S 2 FAAIR
723.08%~42.31%, FHISIALFEREAN T +HERRRER
SGEOTSER, MIS3. S4. SHAbFHRERFAR - IRk AR EL 45
AR 3 S2.. SARF3F i 4 IR 120.84%.4.49%,
HAS2 5 FRAL, S1. S3. S5AYF3 & &4l i
N T10.85% ., 17.22% ., 34.44%, FHWIS24bFHFAEAR
T B A A A S L, S1. S3. SHAabEE
AN+ SRR E A A S AR S SARFAT
i AR T 28.30%, oAt Ab LAY FAS RGN T
7.55%~28.30%, H:FHS2FIS5/Y N, S2AUF5
T ER T 1.60% , oAb PR B RS A i T
0.48%~9.90%, H:hSaffrry, W&,

27 KA G AR B - e T 25 7 A [ Ak B s
WATE—EES, EARESM S AR
AR b FEAAIA— 3, HARPR 55 pH G [l A BE A AL
AL SCKALE, BRMmEAIL3 51
S14b, HASLRGATIE Y + e pHYY BB R, Hhs2
AP pHRE IR R, IR T HADAN R, RIS
T A X L IEpH A AL K, {HS1, S3. S4. S5
A PR pH P 2= S TG T4

3 HiL5ie

MR DO R B, S NBRIL S 2 5m 1 /KA
XPRASR R AW A I, FEMESF AL X2
AR BOKAEHR . 25 MRS R IR, (H2R0K
REAR . 25, L REOKBOER & BRI R, HL2F

IR KSR & SRR, SCKAMILL, S bH R4
. MR35 PR K5 B 40 S BRI T 27.03%~
83.78% . 14.28%~57.14%, H.S3. SSHEAKR &Y
T EZ & LR AETMEGB 2672—2017), A
WAL Z 0] i 22 S AT RE S iR 2 5 LI AR A
FIpHA AT 5. WANZERSIR i sy 45 I R 01, it
FHBRNE 5 1 v AT 52 8 8550 2 ] BN ASE 14 Bt 45
G ARG SR . RIS A B, i
mIE S ALY ST 34 L, 3 SEpH TR,
TS KRR R IR SRR B2 o AN [] it e (B 25
0 25 5 AT B RO [RIK AR SR AE IR 25 52
HANTRIP RIS S50 . Az BRAE AL K6 H A ik
Wi ML ASARIA], DT S 35X - B R i
o, BREFSE F AR 2 72022

52580, [l EYA S E N ESR S
ERRE I 22 REOR . ABFFEHr, PIFIKAE R
KM REKRE S RBURRBUN, X 5T
PIRFREE R —8 AFSFEXEESRNES Hitis
REIFEAE 2 P R BOLE E RECR AT, A5,
Bt A () Bt N A A B ARG T 451 B K A 45 4 1 4
R, TENABT R B3N TR E R
FE, (AR T Hoh IR E AR R, UL ERE
R T REKE R R, WL TROR R 2 R,
o e PRAN I ORISR A . SRR F K
KA EREE . s RBUFEERME, Xhes
ENGEN=REE RS ¥ S S TR SV Sy
FEREEI AR AR AR 1 R i OGS 1],
I 2 LR i K R AR A 25 A R RL A i
P EAERHE . AEWEY) A TEEHE EAAE— e 22
5, MM E 4 E M AEs, Frm&sgmHaE
B, Bt s Sy, M=, . Ban
W R —BB/NTL, B IRNES S 5w
— WA, AT, FESE S ARAT A A b AR A
25, it BRI Ao/ N T, Wik—2
FERETHL, 25, I RERER & AR A IR A
TP AR R A, TERRAN AR N S AT
K. @EmEN . AVRESGITEEETEUW
W AR AT PR 4y 2, 8 4R
EERRME GYIAAAE, BahthAs s, M sgmH:
] T —#F B SR, TR RK R . 25, it
BEAHR S Uk ) =2 A
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A, BRANMBESS A RS RS, R4
JERRINPT S E 48 & T4 S R B A &
—EBIFEEELE], NPT & i 2/ Dhn B KR T
HEEJR M Z AR, VI HFERU TR, SN
Jit fI0 S LA D T 4 i %o A o R A ML
AW : —J7 T, RN K] LG B 2
WIFRNGSHAE Y A MOt SHE B B T4 5
F—J7 1, GSHWE R B B A bk JEAE R K biiR
IR~ B KGRI T BRIG P48 A 3, A4
O AEAI A B T . AT, R AEXT K
RO AL A Y (NPT FIGSH) B SE A 1E 22 Tk, 32
KRR SR AR A B 0 SR AR AR A K, X AT RE S
TR R AR R RE F R R 6, (HAEA ENPT
FIGSH & B Ak, Fedic1y ARG it 4
TSR BRI A B ., X T RE KRS AR B
ANE AR BB K B R T 1 A KSR R
S ST KRR E SR A K, FEZ KA
SRBEWBCEFRCR, FEOZ KRR AN SR
YRR m T HMR . AR EHR, 5
IKFERAR AR IR L, e AR A S i Ak 5
FIRENA R, X SRR AR N B 18 Bk i
AV 4 28 2 5 1 48 7 7 S R SE A 3 7 XA A
KA KB, AR AT AR SR A T, H A
MR EA T, FEE AR T B EORR P A LA R,
o rh SRR AL A R S TR AR B Y

ARG, 28 KRR R AR bR 1 SR S 7R
AR AE— 2 25 5%, X UL R e S22 5
AL IFASE 5 3 [ B PP AR S, AN [E] F
FERRAR 22705 S A ) X AR B - e T 25 AR A A7 1
—ERIRZI, X A] RE R SRR R A RIAR 2R 00
AN RGP, ARIFFEIR LB, FEMATAL L
FAIR T 3T S S o i, 0 T BRIl 135
S2 My HAt A FR ) + A A S i, X ST AR
WFFEEE A —5. FEFE N ] R R KR A Kl 2
Hh - SV K B 4B 2 TR (SOB) & PEFRAIL, AR +h
W JE T (SRB)IEME T, SRBAE LRI HAE FH oKt
+ 3 SO I JFS?, T S* &5 Cd* 54 i CdS
UUGE, PEMFEAR b e 15 pERe,

PR IR R GT FRI, Jii S A i e 25 1
BEpHFFMIK . A WFFE RO, 2R iy Mg i 13 pH
RAR 1Y = i PR T 2R 2 7 i 4R T A4 1T 14 1

FEANSOZ . AWFTEERA A, FitiSF AL
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T BSEAD 13- 5B K ) T o AR A R I L iR
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