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Abstract: To investigate the physiological and biochemical adaption mechanisms of Xanthium sibiricum to man-
ganese (Mn) stress, Xanthium sibiricum seeds were treated with different concentrations of Mn (0, 1000,
5000, 10000, 15000 and 20000 pmol/L) and subsequently germinated on filter paper. Seed germination, seed-
ling growth, physiological and biochemical characteristics of seedlings were examined. 1) Compared with the
control, germination rate, bud length and root vigor increased significantly at 1000—5000 pmol/L Mn. Germi-
nation potential, germination index, vigor index, root length, fresh weight, dry weight and root-shoot ratio
significantly decreased with Mn concentrations over 5000 pmol/L. 2) Soluble sugar, soluble protein, proline
and superoxide dismutase (SOD), ascorbate peroxidase (APX)., guaiacol peroxidase ( GPX) and catalase
(CAT) initially increased and then decreased with the rising Mn concentration. 3) Reactive oxygen species

(ROS) and malondialdehyde (MDA) in seedlings increased significantly with the increase in Mn concentration.
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The O, =~ (superoxide anion radical), OH® (hydroxyl radical), H,0O, and MDA content increased by

154.69%, 47.29%, 100.09% and 200. 96 % at the highest Mn concentration, respectively. It showed that X.
sibiricum has strong Mn tolerance and adaptability, and is potentially utilizable for phytoremediation.
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65.83% .24.52% .51.54%.68.94% 51.52%, .

1

Table 1 Effect of manganese stress on seed germination and seedling root activity of X. sibiricum

Concentration Germination Germination Fresh seed Dead seed Germination Vigor index Root activity
(pmol/L) energy (%) rate (%) %) (%) index [pg/(g+ ]
0 44,2544, 35a 57.76+4.76¢ 40.02+3.51a 2.2241.92b 40.39+4.12a 15.6541.45a  430.07410. 05f
1000 35.5543.85b 68.9446. 20b 27.73%6. 20a 3.3340.00b 33.8443.18b 14.07+1.32b  475.10+13.61e
5000 21.1141. 92¢ 66.8544.91b 32.0444.98a 1.11£0.96b 19. 63+ 1. 30d 6.34+£0.42c  653.21414.73c
10000 19.90+2. 33¢ 78.1546.03a 18.52+6.03b 3.33740.00b 24.62+2.40c 4.53%0.44d 1059.71+£28.76a
15000 16. 87+2. 36¢ 54.0843. 94c¢ 43.70+4. 14a 2.2241.92b 17.15+1.61d 3.73£0.35d  806.12417.72b
20000 15.56+1. 93¢ 57.7344. 43¢ 35.6044. 34a 6.67+3. 34a 14,361, 24d 2.73+0.24d  585.18413.95d

(P<C0.05), o

Note: Different lowercase letters within the same column show significant difference (P<Z0.05). The same below.

2

Table 2 Effect of manganese stress on X. sibiricum seedling growth

Concentration (pmol/L) Shoot length (mm) Root length (mm) Fresh weight (mg/plant) Dry weight (mg/plant) Root-shoot ratio
0 35.1542. 70¢ 46.82+3.15b 335.95413.97b 31,2642, 20a 0.198+0.016b
1000 42.94+2.23a 114.144+5.57a 370.23+9.47a 32.5442.10a 0.244740.036a
5000 39.0441. 16b 38.0242. 62¢ 321.28412. 36b 30.7841.79a 0.16840.022¢
10000 32,6041, 54¢ 24,7242, 72d 262.28+10. 87¢ 27.02+1.75b 0.144+0.019¢
15000 28.1941.76d 15.4841. 27e 213.03+9. 85d 24.624+1.81b 0.11040.016d
20000 23. 1442, 15¢ 11.48=+1. 34e 173.15+12. 43¢ 21.5541. 98¢ 0.10240.015d
2.2 N
N ,
, N
o 1 , . )
. 1000 pmol/L .
35.37%.6.75% 15.38%., 10000 pmol/L
\ . 15000 pmol/L
. . 39.97%.22.07%  69.23%, .
2.3
N s o 2
, 4 s > 0
1000 pmol/L GPX , ,CAT ,CAT.SOD APX
19.63%.13.39% 19.91%., . 5000 pmol/L SOD
L APX  GPX . 37.61%  76.71%. . SOD

10000 pmol/L , 65.49%, . .
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3

Table 3 Effect of manganese stress on X. sibiricum seedling active oxygen accumulation and membrane lipid peroxidation

Concentration Superoxide anion free radical Hydroxyl free radical Hydrogen peroxide Malondialdehyde
(pmol/L) [O;", nmol/(min + g FW)] (OH", A « 1000/g FW) (H202, pmol/g FW) (MDA, nmol/g FW)
0 0.6440.09d 1106.29474. 23d 10. 7540. 92e 3.1240.37e
1000 0.7940.07d 1048. 71463, 25d 11.5340.91e 3.69+0. 35e
5000 0.82%0.11d 1224.35%79. 89¢ 13.85%1. 25d 4.700.43d
10000 1.06=£0. 11c 1315.46463. 71c 16.1241.17¢ 5.7940.51c
15000 1.3840.09b 1482. 64+40. 75b 18.53+1.31b 7.514+0.67b
20000 1.6340. 12a 1629. 48155, 61a 21.51+£1. 60a 9.3940. 81a
3
3.1
[24]
b o
b b o
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9 o
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