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Mycorrhizal colonization and lead uptake of weeds in lead-polluted soil
WU Chun-Hua, TANG Jian-Jun, CHEN Xin" ,CHEN Jing, YANG Ru-Yi, JIANG Qi-Qing  (College of Life
Sciencess Zhejiang University, Hangzhou 310029, China) . Acta Ecologica Sinica.2005,25(6) :1325~1330.
Abstract :Mycorrhizal colonization and lead (Pb) uptake of weed species in a simulated Pb-polluted soil were studied by pot
experiments in growth chamber. Thirteen species Kummerowia striata, Digitaria ciliaris, Ixeris chinensis, FEchinochloa
crusgalli var mitis, Plantago virginica, Trifolium repens, Veronica didyma, Gnaphalium affine, Vicia cracca, Avena fatua.,
Lolium perenne, Poa annua, Oxalis corniculata from orchard were used in this experiment. Under monoculture, the growth of
13 weeds was not significantly affected when soil Pb concentration was 334. 53mg/kg. Height and biomass of plants did not
significantly differ from those grown in Pb elevated soil and their controls (p>> 0.05). Compared to control, Pb concentration
in roots of all species significantly increased under Pb treatment except Amarathus spinosus and Amaranthus paniculatu.
However, only 7 species of weeds were found increase in Pb concentration in shoots under Pb treatment. In Pb elevated soil,
root Pb concentration in all species except Amaranthus paniculatus, was significantly higher than that of shoot Pb
concentration, indicating that Pb was mainly accumulated in roots. Weed species differed significantly in Pb concentration of
root among specie, following the order Oxalis corniculata > Lolium perenne > Gnaphalium affine > Vicia cracca > Lolium
perenne=>DPlantago virginica™>Poa annua>Kummerowia striata>Veronica didyma Digitaria ciliaris> Echinochloa crusgalli
var mitis>>Ixeris chinensis >Trifolium repens.

Mycorrhizae were positive, negative or neutral influenced by Pb treatments among 13 species. Compared to the control,
mycorrhizal infection rate of Echinochloa crusgalli var mitis, Plantago virginicas Gnaphalium affine, Ozxalis cornculata and

Eragrostis pilosa was enhanced significantly (p<C0.01), Ixeris chinensis, Poa annua, Lolium perenne, Avena fatua, Vicia
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cracca and Trfolium repens was reduced significantly (p <C0.01), and Kummerowia striata, Digitaria ciliaris, Veroncia
didyma, Amaranthus paniculatus, Amarathus spinosus, Eleusine indica, soybean and rice was not significantly affected. The
vesicular numbers in mycorrhizal roots were also impacted by Pb treatments. In Pb elevated soil, vesicular numbers of Poa
annua, Lolium perenne., Avena fatua, Vicia cracca, Amaranthus paniculatus, Amarathus spinosus, Eleusine indica, Eragrostis
and rice did not change, but vesicular numbers of Veroncia didyma. Plantago virginica, Gnaphalium affine, Trfolium repens,
Oxalis cornculatas Echinochloa crusgalli var mitis increased significantly, and vesicular numbers of soybean decreased.
Mycorrhizal fungal spores were significantly influenced by Pb treatments. Except Vicia cracca, Trfolium repens, Oxalis
cornculata, Amaranthus paniculatus. Eleusine indica, Echinochloa crusgalli var mitis and rice, mycorrhizal fungal spores of
other species decreased significantly in Pb treatments (p<0. 01).

No significant relation was found between mycorrhizal infection rate and Pb uptake among weed species. Higher
mycorrhizal infection rate did not enhance Pb uptake under Pb treatment.

Key words :lead pollution; weed plant; vesicular arbuscular mycorrhizal fungi
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Table 1 The effects of Pb on plant height and biomass of different weeds
(em/plant) (g/pot) (g/pot)
Species Treatments Average height Shoot dry weight Root dry weight
Avena fatua CK 59.6+6.0 31.11+£8.82 13.3945. 54
+Pb 52.842.4 30.28+6.19 12.83+3.04
Digitaria ciliaris CK 26.942.4 6.3143.01 1.5540. 24
+Pb 27.443.5 5.154+2.10 1.5740. 15
Echinochloa crusgalli var. mitis CK 46.8+5.7 12.96+2.97 3.01+0.88
+Pb 45.9+3.3 13.85+1.45 2.4540.62
Gnaphalium affine CK 29.7+1.1 11.4644. 67 1.96+0. 87
+Pb 23.5+3.2 12.82+4. 60 1.9340. 96
Lxeris chinensis CK 55.7+2.9 19.98+3.68 2.44+1.48
+Pb 56.9+3.7 18.30+£5.12 2.304+1.13
Kummerowia striata CK 32.1%+3.2 53.47+£6.22 4.01+£1.14
-+Pb 31.6£5.4 54.05+9. 55 4.3841.06
Lolium perenne CK 57.4+6.9 19.91+4.15 18. 66+5.07
+Pb 55.7+5.9 16.48+1.87 18.13+6.53
Oxalis corniculata CK 22.6+3.9 4.99+0. 36 2.3440.39
+Pb 23.3£2.0 5.734+0. 22 1.554+0. 21
Plantago virginica CK 20.4+2.1 12.96+5.03 12.88+5. 06
+Pb 22.0+2.8 12.62+4. 31 12.62+4. 31
Poa annua CK 34.9+2.4 17.84+3. 66 3.06+1.09
+Pb 33.3+3.8 16.48+1. 87 3.50+1.10
Trifolium repens CK 21.14+2.4 14.44+3.01 2.89+1.26
+Pb 23.0x1.5 15.80+2.75 2.75+1.41
Veronica didyma CK 17.843.2 11.20+2. 84 3.05+1.07
+Pb 19.7+2.5 10. 31+1. 66 2.96+1.02
Vicia cracca CK 80.9+5.9 10. 06+5. 18 1.3140.55
+Pb 79.2+14.6 9.0844. 44 1.294£0. 46
* 4 (SPSS10.0), + ;ns I <<
0.05  p=<<0.01 5 Data in the table were statistical results from four replications, Value are mean+sd; “ns” no significant

difference;“ * ” significant difference p<C0.05; “ x x ” significant difference p<C0.01, the same below
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Table 2 Effects of Pb on mycorrhizal colonization and spore numbers of weeds
Species Treat s Percentage of mycorrhizal Number of vesicular Number of spore in soil
ppeaies reatments colonization (%) (number/mm root) (spore/kg dry soil)
Avena fatua CK 9.50+1.29 2.0 296934994
+Pb 2.45+0.18" 0 102874898 *
Digitaria ciliaris CK 46.60+15.01 5.0 289044667
+Pb 47.24420. 41 5.4 16359+316" *
Echinochloa crusgalli var mitis CK 78.2842.49 8.1 296674861
+Pb 91.36+6.83" 53.0 18861+432**
Gnaphalium affine CK 16.38+1.82 4.0 38880+1545
+Pb 30.37+£3.87"" 26.5 1187041354 *
Lxeris chinensis CK 82.2145.65 7.2 203174867
+Pb 74.6446.40" 6.8 14250+£562* *
Kummerowia striata CK 94.51+0. 85 4.0 2881441002
+Pb 96.13+£1.50 6.0 279134532ns
Lolium perenne CK 7.34+2.22 2.0 241204659
+Pb 1.1940. 07 * 2.0 16323+£9372*
Ouxalis corniculata CK 21.03=£1.23 4.0 30780+3307
+Pb 44.9649.30" ¢ 51.7 294704 5448ns
Plantago virginica CK 17.61+6.53 10. 3 501134911
+Pb 31.54+2.87*" 24.7 187234£4985*
Poa annua CK 19.10+4.07 3.0 282804583
+Pb 3.144+0. 74" 3.0 97354+600" *
Trifolium repens CK 29.55+6.98 1.0 3494942951
+Pb 19.83+4.71"" 43.7 3253243048ns
Veronica didyma CK 7.23+1.82 1.0 286684340
+Pb 10. 80+ 2. 86ns 8.0 908341717~
Vicia cracca CK 33.204+38.18 5.5 277804412
+Pb 14.88+3.47"" 5.3 24107+3875ns
2.3
3 s 13 s o s
N N N N N N . o
0.83~28.99, . Pb mg/kg )
> > > > > > > > > > > o
( ) « = ( ) ‘ \
¢ D, s . .
3
3.1
s . . Weissenhorn
g (Cd, Zn, Pb,  Cu) . Hildebrandt "% ,
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Cd) . Weissenhorn  Leyval %]
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Table 3 Pb concentration in shoots and roots of weeds
/
Species Treatment Pb content in shoot Pb content in root Pb content Ain root/Pb
(mg/kg) (mg/kg) content in shoot
Avena fatua CK 6.6+0.4 13.0£1.0 2.0
+Pb 25.5+F1.2"" 185.2422.8" " 7.3
Digitaria ciliaris CK 74.542.0 79.642.5 1.1
+Pb 77.7%2.3 ns 133.5£7.5" " 1.7
Echinochloa crusgalli var mitis CK 20.34+3.9 20.5+0.8 1.0
+Pb 47.045.4"" 129.9+11.47" 2.8
Gnaphalium affine CK 2.64+0.1 21.64+3.2 8.3
+Pb 6.9+1.5ns 200. 6427.4" " 29.0
Lxeris chinensis CK 77.4+1.5 77.3+3.0 1.0
+Pb 79.341.2 ns 98.8410.4** 1.2
Kummerowia striata CK 17.6+£2.3 14.6+1.0 0.8
+Pb 23.3+2.7ns 149.5+10.5" " 6.4
Lolium perenne CK 6.2+1.6 11.6+1.2 1.9
+Pb 21.943.4"" 226.24+62.0"" 10.3
Oxalis corniculata CK 12.0+0.7 17.343.0 1.4
+Pb 20.0E1.4"" 227.9+7.2% 11.4
Plantago virginica CK 2.84+0.9 10.9+1.1 3.9
+Pb 22.140.9" " 171.2+13. 2" " 7.7
Poa annua CK 21.6+£2.6 24.4+2.2 1.1
+Pb 18.2+3.3 ns 166.1+11.3" " 9.1
Trifolium repens CK 2.34+0.1 18.4+1.0 8.02
+Pb 4.740.5 ns 92.5+12. 7" 19.7
Veronica didyma CK 4.640.3 17.441.0 3.8
+Pb 5.3+0.5 ns 146.34+17.7% 27.6
Vicia cracca CK 2.54+0.3 6.040.3 2.4
+Pb 22.041.3"" 191.74+13. 7"~ 8.7
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Fig. 1 Total lead uptake in root and shoot of various weed plants
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A Kummerowia striata; B Ixeris chinensis; C

Digitaria ciliaris; D Echinochloa crusgalli var. mitis;
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