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Effects of compound passivators on growth and physiological characteristics of Panax notoginseng in
cadmium—contaminated soil

LIU Juan'?, LI Jia—jia‘, ZHANG Nai-ming”"", FENG Guang—quan’

(1. College of Plant Protection, Yunnan Agricultural University, Kunming 650201, China; 2. College of Resource and Environmental
Science, Yunnan Agricultural University, Kunming 650201,China; 3. Yunnan Soil Fertility and Pollution Restoration Laboratory, Kunming
650201, China; 4.Shanxi Jinhuan Keyuan Environmental Resources Technology Co., Ltd, Shuozhou 030024, China; 5. Wenshan Sanqi
Research Institute, Wenshan University, Wenshan 663000, China)

Abstract: Panax notoginseng is the most important Chinese herbal medicine in Yunnan Province. In order to explore the effects of
compound passivators on plant growth and Cd absorption in Cd—contaminated soil cultivation, taking 1 year old Panax notoginseng as the
experimental material and using a pot experiment, the effects of different dosages of passivators (0, 0.50%, 1.00%, and 1.50%) on the
growth, physiological indexes, biochemical indexes, and Cd absorption and accumulation of Panax notoginseng were studied. The results
showed that the growth of Panax notoginseng was promoted by using passivators; the plant height, leaf length, leaf width, stem diameter,
and chlorophyll content increased; and the aboveground and underground biomass of Panax notoginseng increased significantly; the

compound passivator could reduce the MDA content in the main root and leaves of Panax notoginseng, but the CAT content increased with
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the increase in the passivator content. Simultaneously, the contents of free amino acids and soluble proteins in the main root and leaves of

Panax notoginseng decreased; and the compound passivator not only reduced the content of available Cd in the soil, but also affected the

absorption of Cd in different parts of Panax notoginseng. Compared with that of the control, the content of Cd in the main root of Panax

notoginseng decreased by approximately 21.4%~57.1%, that in the cutting decreased by 58.9%~62.6%, that in the stems decreased by

47.4%~67.4%, and that in the leaves of Panax notoginseng decreased by 25.0%~53.1%. Thus, the application of compound passivators in

Cd-contaminated soil can not only effectively promote the growth and development of Panax notoginseng, but also reduce the accumulation

of Cd in various organs of Panax notoginseng. The recommended dosage among the three passivator additives is 1.50%.

Keywords : passivator; Panax notoginseng; physiology and biochemistry; cadmium pollution
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Table 1 The physical and chemical properties of

the test passivator

Bl u AL ]
Passivators P Organic matter/% Cd/(mg-kg™")
Bgd e 9.1 0 0.38
Modified phosphogypsum
i3 1 Diatomite 8.5 0 0.23
Az 5 Biochar 9.8 64.0 0.64
A1 K Lime 13.0 0 0.45
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Table 2 Effect of different passivator contents on biological characters of Panax notoginseng

WA b K W% BB o BEBRR RLTRE RFBURE R
Passivator ~ Plant height/  Leaf length/  Leaf width/ Stem diameter/ Sp A]/)\ Overground Overground Underground  Underground
addition/% cm cm cm mm : fresh weight dry weight fresh weight/g  dry weight/g

0(CK) 7.87+0.55b  4.15+0.07b  2.06+0.17b  2.16+0.17b  39.20+£3.33b  0.96+0.09¢ 0.13+0.01b 1.14+0.13b 0.13+0.03¢
0.50 9.90+0.85a 4.57+0.32ab 2.38+0.22a 2.42+0.29ab  44.52+2.00a  1.20+0.09b 0.15+0.02b 1.33+0.06b 0.16+0.02b
1.00 9.40+1.02a  4.85+0.58ab 2.40+0.28a  2.50+0.17a  40.73+3.79ab  1.21+0.05b 0.14+0.01b 1.41+0.02b 0.18+0.03b
1.50 10.53+0.67a  5.37+0.78a 2.45+0.15a  2.70+0.26a  42.56+3.36ab  1.44+0.05a 0.18+0.02a 1.87+0.24a 0.24+0.03a

T [ —F PR RNG 5 B3R R R HITE P<0.05 K- 225 3% . Tl

Note : Different lowercase letters in the same column indicate significant difference in P<0.05 level among different treatments. The same below.

R3 AEFEAFRMEN =L AL TR

Table 3 Effect of different passivator contents on antioxidation of Panax notoginseng

BlARFG MDA/(nmol-L™) SOD/(U+g"'+min™) CAT/(U-g "+ min™") POD/(U+g"'+min™)
Passivator
addition/% F M2 Root - Leaf FH2 Root M Leaf FH2 Root - Leaf FH2 Root - Leaf
CK 0.88+0.01a 2.10£0.05a 17.32+0.11a 33.43+0.17a 0.35+0.04d 0.21+0.02d 156.83+2.03a  284.03+3.04a
0.50 0.73+0.06b 1.87+0.06h 16.72+0.31b 32.12+0.19b 1.19+0.08¢ 1.54+0.09¢  137.02+0.31ab 271.83+2.41ab
1.00 0.43+0.02¢ 1.09+0.06d 15.54£0.21¢ 28.97+0.32¢ 2.65+0.11b 7.27+0.80a 132.81+4.06b  260.60+1.00b
1.50 0.78+0.09h 1.71+0.06¢ 10.83+0.17d 20.43+0.21d 4.46+0.30a 6.28+0.50b 122.51+1.00c  257.80+0.21¢
F4 AEAHUFIRMEN =S BN
Table 4 Effect of different passivator contents on the permeability of Panax notoginseng
AL RN A% B H Soluble proteins/(mg-g™) W2 FHER Free amino acids/(pg-g™)
Passivator addition/% FH Root I Leaf 4 Root M Leaf
0(CK) 19.34+0.22a 8.59+0.72¢ 1 556.72+0.58a 1 725.02+0.59a
0.50 12.93+0.21b 16.52+0.22b 913.12+0.60b 1478.67+1.51d
1.00 7.92+0.12¢ 17.12+0.13b 471.28+0.57d 1 674.49+0.60¢
1.50 6.80+0.18d 17.96+0.12a 629.56+1.16¢ 1 683.80+1.15b
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Figure 1 Effect of compound passivator on pH and organic matter content in soil
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Figure 2 Effect of compound passivator on available Cd

content in soil

L2r _f_ 0 0(CK)
N | a  [00.50%
3 10 1 71.00%
é“ osl 1.50%
\\/ . a
§ 0.6F b
o L L T |
3 0.4 d 2/
= 7
I %
B EX i
FBA Part

B3 EAHAAIM=LtRBUEERRSENZIT
Figure 3 Effect of compound passivator on the content of heavy

metal Cd in different parts of Panax notoginseng
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B ZE bR CH AR 2™ S0l =) (GB/T 19086—
2008) A AIBR (0.5 mg-g™) , W7E =& FH P, G
i 1.00% F1 1.50% B, % 5 = A8 T 3 = 1 5 pn
(GB/T 19086—2008) Y FR 1t
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Pl . R LS AL LS, — D7 g
SRR 1 w3 =L R# FAE, 55— Jr | 3R
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b AW B WA R REAN TR RR M A R R A K B
FORMR R TR AR RRRL TR, e e oK
ARl X SR I R B, AL S R AN I AR W)
Bl LISENIA S N /NS SRR e R o [ P i
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M2 K A AR, 32 B2 R PR A T RE RS 1
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WA Y 340 AT i o 2 pH A0 R AR b S b R 0 7
Fo BEE LR TH LY, R EBUR, HEh =0
FRL AT, T LA 3 R BRSNS R A
YRR, B AR b B 4 B A o 2 R DT e
X =L WagE . AEWpIe—Fp LR, A
FuT A FL B A 2 T AR RE AT, ELA IO AR
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(), 2B 90 2 R R AN ASCRT LA i 1 38 rh U WG T

P R XS e B AR BE T R T LR R 2
TR0 B A e 2P, DT 38 380 4 35 4 498 o o LA % A
= EARKMER . A KE TR, & nT LAk AR
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=AU

A B 15 P R BUE RN 7 A KR TSR A
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T 1.50% B 5 e, AT RE S PR AR08 Th s in T oK
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FEAHIE G, it P A2 AR 6 = A 45 BB A W i
BErE A —E R, S IEA = EARER O R R
KT 21.4%~57.1%, 55 T BEfIK T 58.9%~62.6% , 257
WA T 47.4%~67.4% , =L M BAK T 25.0%~53.1%.
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SRR AR FE B BGOSR S
I 1 A RS R T 52 ) A B AR T
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