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Effects of arbuscular mycorrhizal fungi on Cd leaching loss in contaminated soil and its preliminary
mechanism

ZHANG Jinxiu"?, SU Lin', JIANG Ming', LI Mingrui', WANG Can’, HE Yongmei', CHEN Jianjun', ZHAN Fangdong'""

(1.College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China; 2. Kunming Institute of Ecological
and Environmental Sciences, Kunming 650032, China; 3.Kunming Geological Exploration Institute of China Metallurgical Geology Bureau,
Kunming 650203, China)

Abstract: The effects of arbuscular mycorrhizal fungi (AMF)on growth and cadmium (Cd) uptake in maize, soil aggregate composition, Cd
concentration in interflows, and leaching loss were investigated. Cd—polluted soils were sampled from farmland around a lead—zinc mine in
Lanping County, Yunnan Province. Maize (Zea mays L.) with or without AMF inoculation was planted indoors in pots. The results showed
that the AMF inoculation significantly increased the maize biomass and decreased maize’ s Cd content and uptake. AMF significantly
increased contents of total glomalin-related soil protein (T-GRSP) and easily extracted glomalin—related soil protein (EE-GRSP) in the 0~
40 cm soil layers. Furthermore, AMF increased the content of soil aggregates with a size (R)>0.25 mm by 55% and decreased the content of
soil aggregates (R<0.25 mm) as well as the available Cd content by 26%~43%. Moreover, AMF significantly reduced the Cd concentration
in the interflow in the 0~30 c¢m soil layer by 14%~22% and caused a decrease of 29% in Cd leaching from the polluted soil. Correlation
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analysis indicated that the content of soil aggregates (R>0.85 mm) was positively correlated with the T-GRSP content, and the aggregate

content (R>0.25 mm) presented a very significant negative correlation with the Cd concentration in the interflow and Cd leaching from the

soil. There was a very significant and significant positive correlation between the available Cd content and Cd concentration in the interflow

and Cd leaching loss from the soil, respectively. AMF increased the content of macroaggregates (R>0.25 mm) and glomalin related soil

protein in soil, which contributed to reducing the available Cd content in soil and the Cd concentration in the interflow thereby decreasing

Cd leaching from polluted soil. Therefore, AMF has an important impact on the effects of soil Cd leaching and loss.

Keywords : arbuscular mycorrhizal fungi (AMF ); glomalin related soil protein; interflow; Cd leaching; soil aggregate composition
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Figure 1 Schematic diagram of test device
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The image is magnified 20 times under the microscope
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Figure 2 Typical structures of AMF in maize roots
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Figure 3 Effects of AMF on contents of GRSP in soil
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Figure 4 Effects of AMF on aggregate contents in soil
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Figure 5 Effects of AMF on available Cd contents in soil

J&i , AMF A BT 9 i 2% B PR AL 29% . % B 422 Fil
AMF BB P A 30S Cd & i Sk i
2.6 EMSHT

2% 3 A1, R>0.85 mm A A B4R B 5 5 P i
Cd Oy 1 52 W 47UR 06 5 0.85 mm>R>0.25 mm (1) AT 1k
e T-GRSP & i 2 IEAHOC, i Cd & Al Cd
IR T AR e S I 3 17 R 56 50.25 mm>R>0.075 mm 1Y
RS Cd bk i 2k 1 5 3 1IE A K 5 R<0.075
mm [ A B 55 T-GRSP HI EE-GRSP & 5t L 2%
TS, 5 CAMRAETR R 2 B A, HEaRES
Cd & B SR Cd 3 A Cd I i 2 0 ) S e
EEBE ML,

F1 EMAMFEERCIEEMERENHIN

Table 1 Effects of AMF inoculation on biomass, Cd content and accumulation in maize

B (e k- 0k - Rl e
it 13 Shoots R Roots M- Shoots L T3 Roots Hb 1 Shoots R Roots coefficient
CK 33.98+1.10 5.70+0.80 0.31+0.05* 1.35+£0.61* 10.50+1.32% 7.69+1.04* 0.23+0.17
AMF  46.31£2.10% 6.59+0.68 0.17+0.05 0.81+0.17b 7.87+1.53 5.34x1.20 0.21+0.04

T R AP BUE NI AR EZE (n=6) 5 *fQUFRAL BRI 22 57 .35 (P<0.05) . K21

Note: Data are presented as means+SD(n=6) ; * indicate significant differences between AMF and CK treatments (P<0.05). The same as table 2.
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Figure 6 Effects of AMF on Cd concentrations in interflow

3 iFig

EESEPEE T, 5 CKA L, M AMF 131y
T-GRSP Fl EE-GRSP % 1t i & 14 I, 38845 20 Cd
T A . GRSP & AMF AR 43 0 1 — B 2R
AL e S HEhEESRS A, W EESENEYE
Bk, GRSP &5 M5 F e RIS R R e 1 M RE
P27 BB 3 2oL 3 5 8 W B - e A - L UTIEAE
P A - 1 1 T A R S A 1) R i A AR
A5 R, GRSP fE [t & T4 rh Cd . Pb 25 H 43 J& 15
T, H.GRSP 55 - $EA # 25 Cd . Ph & H 5L 7R 560, H:
gE R 5 AR 45 R — 5L

ARG 7R 4 B WA T, 2 Rl AMF J5 L 0~40
em 2 R>0.25 mm A R K& BB 5 T CK.

AMF 12 3% 25 ARG 00 A 0K ARSI 22 5 o3
W) GRSP M HLARIE S , 15 JE5 AR IRR 21 ) Jo ) o o 28
A AT L e URE B 58 3 5 P B L S SRR T
22 GRSP A% JB5 AR R A5 1 SR ARG P v 4 0 4 T
A €, CRERE /N T S ORE 8 1 R<0.25 mm 4 3141 3R
PR, TR BOK AR S TR R (R>0.25 mm) ™, £ 4
FWTFEA R LR A SRR R A BN, - S A
AMF Ji5 87 1 DT 5 1 5 o vy T ol AT SR AR 5 i 5 A
S E WA [a] LB KRR M R A R AR 1 A
FAS R L B9 18 UK AR R AT IR AR Y 5 i
T RN L (HH R T R AR
B R, AMF ARSI 22 . GRSP DL B A# R 25 ) ot
WO Al DR 2% o = A7 G Oy B D B R AT T 45
R BT — 2Rk

R2 EFMAMFITECISENMRELENZN

Table 2 Effects of AMF inoculation on Cd content and loss in soil

T H Item AbH Treatment WK Cd 75 3 Cd concentration/(pg-1.™")  {AF Leachate volume/mL  Cd L3 2K 2 Total Cd loss/pg
U CK 6.62+1.12 225+35 1.48+0.22
First leaching AMF 5.29+0.93 205428 1.08+0.11
S R CK 5.60+1.06% 216+39 1.21+0.14*
Second leaching AMF 3.94+0.83 202129 0.800.28

3 GRSP MARCIAE .CAMIAES TBARSARE HRECIEEMEXME

Table 3 Correlations between contents of available Cd and GRSP, Cd concentration in interflow and leachate with

contents of aggregate and available Cd in soil

5UH ltem + B B Soil aggregates with a diameter i%ﬁgﬁ/& cd é\fé '
R>0.85mm  0.85 mm>R>0.25 mm  0.25 mm>R>0.075 mm R<0.075 mm Available Cd content in soil
T-GRSP 0.554 0.708% -0.631 -0.777* -0.724%
EE-GRSP 0.178 0.585 -0.332 -0.716* -0.478
BRI Cd 54 Cd concentration in interflow  —0.800% -0.890%* -0.808* 0.693 0.938%
Cd it 2k i Total Cd leaching loss -0.663 -0.870% 0.734% 0.777% 0.792%

10 A OE (P<0.05) , Uil B A 96 (P<0.01) .

Note: * indicates significant correlation (P<0.05) ,and ** indicates extremely significant correlation (P<0.01).
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