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Combined Effects of Perchlorate and Lead on Seedling Growth of Eight Ipomoea aquatica Forsskal Varieties
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Abstract: Perchloratte (C10; ) and lead (Pb) are both inorganic contaminants in soils. However, their interactive effects on plants have not
been well investigated. Here the root length, shoot length and biomass of 8 Ipomoea aquatica Forsskal varieties were examined under differ—
ent rates of ClO; and Pb and their combinations. Results showed that increasing C10z, Pb, and ClO; +Pb concentrations increased inhibitory
effects on the root length, shoot length and fresh weight of I. aquatica seedlings, with the most obvious inhibition found in the root length, in
which a significant dose—effect relationship( P<0.05) was present. Different varieties of I. aquatica responded differently to C10; and Pb.
The root lengths of Thailand and wide-leaf white skin(Hong Kong) I. aquatica were only 31.66% and 38.64% of that of the controls. The
interaction of ClO; and Pb showed synergism for most varieties of I. aquatica at low concentrations, but antagonism at higher concentrations.
The narrow—leaf( Thailand ), narrow—-leaf green—skin( Hong Kong ) and narrow—-leaf white—skin I. aquatica were relatively tolerant to, where—
as the Thailand and wide-leaf white—skin( Hong Kong ) varieties were susceptible to perchlorate and lead stresses.
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Table 1 Effects of perchlorate, lead and their combinations on root length of different I. aquatica varieties

Z& = n HeFP T4 sl LBl Lyl uli AL
o 26.62+1.30bc  23.29+1.99¢ 36.56x1.24a  30.8+2.57b 15.04+2.07a 20.48+2.41a 8.39+0.22cd 13.25+0.44bc
(100.00) (100.00) (100.00) (100.00) (100.00) (100.00) (100.00) (100.00)
Cl0; P, 36.23+x1.45a  40.57x1.5a 36.77x1.32a 40.85+2.47a 11.12+1.75ab 21.38+3.25a 10.88+1.19b 17.15+1.83a
(136.10) (174.21) (100.59) (132.65) (73.91) (104.37) (129.76) (129.45)
Py 29.07+1.83b  24.29+2.06c 33.46+1.32ab 23.15+1.33¢  10.73%1.7ab 14.97£2.90abc 8.64+0.65c 11.72+0.86¢
(109.21) (104.29) (91.52) (75.16) (71.32) (73.09) (103.05) (88.51)
o 26.84+1.38bc  17.78+0.88d 29.31+1.26b 20.28+1.08cd 7.95£1.09bc 14.33+£3.24bc  8.15+0.77cd  7.99+0.61d
(100.85) (76.37) (80.17) (65.84) (52.82) (69.98) (97.15) (60.28)
b Phs 28.49+1.25b  28.49+2.05b 37.62+1.25a 30.93+1.43b 13.58+0.86a 20.48+2.41a 7.46+0.4cde 16.36+1.39ab
’ (107.04) (122.34) (102.90) (100.42) (90.29) (100.00) (88.92) (123.48)
Phe 17.23+0.9d 16.37+0.81d  31.22+1.19b  22.93+1.12¢ 12.05£1.52ab 19.91+0.96ab 6.14+0.36de 15.96+1.07ab
(64.73) (70.28) (85.40) (74.44) (80.07) (97.22) (73.19) (120.52)
Phay 7.05+£0.49¢ 7.98+0.42¢  23.24x1.99¢ 16.42+1.08de 4.26x0.41c 7.1320.37¢  6.27+0.25cde  5.39+0.31d
(26.49) (34.25) (63.57) (53.32) (28.32) (34.80) (74.73) (40.67)
ClOw+Pb Pt Phs 23.95+1.44¢c 28.74+1.58b 33.79£1.78ab 19.51£1.03cd 14.44x1.81a 18.14+1.59ab 16.32+1.46a 14.17x1.13abc
; (89.96) (123.42) (92.42) (63.33) (95.99) (88.55) (194.56) (106.98)
Pyt Phe 19.86+1d 21.76£1.29¢  30.37+1.22b  19.85+1.1ecd 10.55£0.97ab 17.91x1.61ab 11.61x1.14b 13.55+0.74hc
(74.62) (93.46) (83.07) (64.45) (70.11) (87.46) (138.40) (102.31)
Pt Pha 8.43+0.54e 10.9320.56e 24.67+1.38¢ 13.57+0.81e  5.81+£0.67c 11.72+4.09bc  5.29+0.33e 6.29+0.57d
(31.66) (46.93) (67.49) (44.05) (38.64) (57.23) (63.01) (47.45)

T R B A P I AR HEDR (n=30) ; [ —F R [l /NE 5 B4R 22 53 . 35 (P<0.05 ) s 155 B AT VS £, TRl

Note: Values in table are mean + SE(n=30); Data with different letters within one column differ significantly(P<0.05); data in parentheses are tolerance

index. The same below.
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Table 2 Effects of perchlorate,lead and their combinations on bud length of different /. aquatic varieties

) - L RENI BMESE FB4A By BiBaiE AT
BT, FE 23 mespsg TV A e s R oon.
JEAR Treatment REZOR TE0R b b AMDR R0 BRLE B
- 48.04+1.6b  39.88+1.86bc 53.54+2.67abe 43.9+1.73b 27.91x1.81ab 33.65:1.92a 25.39+1.88ab 24.71+0.89h
(100.00) (100.00) (100.00) (100.00) (100.00) (100.00) (100) (100)
clo: . 54.86+1.46a 50.08+1.63a  59.67+2.5a  52.15+1.84a 26.25:t1.35abc 29.13+1.67ab 24.59+1.52bc 28.86+1.98a
: ! (114.2) (125.58) (111.45) (118.8) (94.05) (86.57) (96.85) (116.8)
. 44.92+4123b  41.11+1.44b 52.69+1.47abe 45.63+1.53b 2322+1.51bc 28.18+2.8bc 23.33+1.19bc  24.34+0.9h
0 (93.5) (103.09) (98.41) (103.94) (832) (83.74) (91.87) (98.53)
. 45.02+1.38b  35.72+133¢  50.69+1.56c 42.39+2.26b 21.28+1.16c 19.48+0.56c 18.37+0.71d  22.94+0.78b
w (93.71) (89.57) (94.67) (96.56) (76.26) (57.89) (72.32) (92.86)
- - 49.08+£1.57h  46.57+1.97a 58.73+3.22ab 43.46:1.62b 27.63+2.78ab 28.14+1.55abc 23+1.45bc  30.13:1.67a
s (102.17) (116.77) (109.69) (99.00) (99.01) (83.64) (90.56) (121.96)
- 46.72£1.43b  41.62+1.98b 5831+1.72ab 42.04+1.29b 29.24+2.71a 27.05:1.68abc  19+1.12d  29.71+1.02a
0 (97.25) (104.37) (108.9) (95.75) (104.78) (80.38) (74.82) (120.23)
- 33.05:091c  27.75+0.89d 42.99+1.72d  35.83xlc  20.8+1.59¢  16.30£52¢  14.86:0.5le 24.38+1.01b
0 (68.81) (69.58) (80.29) (81.62) (74.52) (48.45) (58.51) (98.68)
N _—— 45724222 47.82+1.22a 53.21:2.47abe 42.18:0.92b 23.42+134bc 31.62+0.52a 28.910.87a 28.83+1.06a
) e (95.17) (119.91) (99.37) (96.08) (83.94) (93.96) (113.83) (116.69)
—_— 472+1.66b  46.52+134a 51.84+1.54bc 36.85tl.1dc  22+1.57c  27.82+1.56abc 26.47+1.65ab 28.38+1.64a
o (98.25) (116.66) (96.82) (83.93) (78.82) (82.67) (104.23) (114.85)
e Ph 3029+133¢  30.06x0.95d 43.31:1.75d 33.79+1.11c  21.67+0.71c  20.79+6.9bc 21.05:1.03cd 21.69+0.81b
o (63.05) (75.37) (80.89) (76.96) (77.66) (61.79) (82.89) (87.79)
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oy (N R NS = DR e 1 RTINS N -y A k= ]
23 032 g i 5 0 BTG S Pk 22 S 2 40, At 4 A~
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Table 3 Effects of perchlorate, lead and their combinations on seedling fresh weight of different /. aquatic varieties

) . . ZREWI BRESE Fbain Bl Bl SHAE
bEf Treatment  REZELK Mo 0T Bl o e e e et
453 Treatmen REZORE WE0R ol pbsod Absoi BEOR B0 BIEOR
_— 156+1.69ab  165.53+6.69a 111.67+13.01a 156.43+2.88¢cde 92.61+15.72a  65.8+1.86a  312.00£3.38a 107.08=1.9de
(100.00) (100.00) (100.00) (100.00) (100.00) (100.00) (100.00) (100.00)
o P 167.3£10.67a  165.19+6.01a 102.14+20.97a 171.2+13.66abc 52.98+5.16cd 28.4+2.44cde 289.92+44.82a 192.07+0.57a
¢ ! (107.24) (99.79) (91.46) (109.44) (57.21) (43.16) (92.92) (179.37)
P 139.63+4.73bc 147.54+5.25ab 110.69+10.85a 143.8+1.59def 46.85+8.1cd 26.88+4.71bc 285.96+3.65a 118.16+1.1bcd
» (89.5) (89.13) (99.12) (91.92) (50.59) (40.85) (91.65) (110.35)
P 125.76+3.1cd  116.58+5.73b  99.07+7.91a 141.27+5.5def 43.95£12.49cd 24.57+5.33e 282.08+11.93a 97.93+0.62¢
w0 (80.62) (70.42) (88.71) (90.3) (47.46) (37.34) (90.41) (91.46)
- - 06.27+4.46e 144.41+26.71ab 102.97+18.15a 180.4+2.71ab 61.43+3.14hc 43.10+£2.28hcd 106.89+7.15b 122.15+4.45hc
> (61.71) (87.24) (92.21) (115.32) (66.33) (65.50) (34.26) (114.08)
- 09.28+3.48¢ 136.45+5.06ab 126.93+4.29a 161.67+1.49bcd 54.31x1.8¢c 31.57+4.23cde 95.83+1.08h 115.37+8.08cd
0 (63.64) (82.43) (113.67) (103.35) (58.64) (47.97) (30.72) (107.74)
- 76.87+7.28f 120.56+11.27b 106.2+6.12a  133.39+9.94f 46.05£1.5lcd 30.82+3.09cde 113.53+5.58b 94.53+4.99
0 (49.28) (72.83) (95.10) (85.27) (49.73) (47.97) (36.39) (88.28)
ClOMPh P ph.  129-57£1.03cd 150.24x4.43ab 923216231 189.77+7.97a 80.63£10.06ab 53.62:10.23ab 141.84210.16b 130.39+5.27h
¢ e (83.06) (90.76) (82.67) (121.31) (87.07) (81.49) (45.46) (121.77)
oy pp.  1127153.74de 145.61216ab  87.05+1507a 179.53£6.77ab 60.05:4.31be 43.721.76bc  106.639.3b  128.98+2.35h
wr P (72.25) (87.96) (77.95) (114.76) (64.85) (66.44) (34.18) (120.45)
— 97.99+10.38¢ 127.59+4.46ab 99.28+10.42a 135422.56ef 30.24+4.09d  17.46+7.15¢  96.31+4.85b  81.61+5.55f
o (62.82) (77.08) (88.90) (86.55) (32.65) (26.53) (30.87) (76.21)
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Table 4 Interactive effects of perchlorate and lead on 1. aquatica seedling growth
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Figure 1 Dendrogram showing relationship of eight I. aquatica
varieties based on cluster analysis of three growth parameters under

different perchlorate and lead levels
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