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Effect of the Combined Pollution of Perchlorate and Hexavalent Chromium on Rice Seedling Growth
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Abstract; A pot experiment with sand cultivating was conducted to study the stress effects of different concentration levels of perchlorate(ClO; )
and hexavalent chromium(Cr®) as well as their combination( C10;+Cr®) upon rice seedling growth. Results showed that an increase in ClOx,
Cr®, and ClO; +C1* concentrations inhibited the root length, plant height and fresh weight of rice seedling significantly which showed dose—ef—
fect relationship. At the same concentration level, the inhibitory rate of rice seedling growth such as root length, plant height and fresh weight
increased gradually as exposure time were raised, which showed time—effect relationship. The inhibition of the C10;+Cr® combined treatment
were higher than that of individual C1O; or Cr* treatment. And as ClO;+Cr% concentrations and exposure time were raised, the inhibitory rate
increased obviously. The interactions between perchlorate and hexavalent chromium had complicated influences on its inhibitory rate of rice
seedling growth under the condition of the binary mixture, which were dependent on their concentration combinations and exposure time.
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Table 2 Effect of concentrations of perchlorate , hexavalent chromium and their combination on root length of rice seedling(cm)

Ab P8 Treatment 15 Timeld
3 6 9 12 15
0 5.13+0.19bc 5.57+0.24ab 5.97+0.29ab 6.50+0.12a 8.27+0.29a

ClO; Py 5.57+£0.23ab(-8.6)  5.70+0.29a(-2.3)  6.13+0.19a(-2.7)  6.57+0.19ab(-1.1)  6.87+0.27b(16.9)
Py 5.67£0.09a(-10.5) 5.77£0.23a(-3.6)  5.80+0.12ab(2.8)  5.90+0.21bc(9.2)  6.47+0.29bc(21.8)

Py 5.67£0.12a(-10.5) 5.73£0.12a(-2.9) 5.50+0.35abc(7.9)  5.70£0.12¢(12.3)  5.97+0.32¢d(27.8)

Cr* Crs 4.63£0.22¢de(9.7)  5.40+0.32ab(3.1)  5.50+0.23abc(7.9)  5.67+0.19¢(12.8)  5.80+0.27de(29.9)
Cryo 3.87+0.09fgh(24.6) 4.30+0.06cd(22.8) 4.47+0.27def(25.1) 4.7320.09gf(27.2)  4.97+0.09{g(39.9)

Cry 3.53£0.03h(31.2)  4.3320.18cd(22.3) 4.50+0.12def(24.6) 4.60+0.10fgh(29.2) 4.87+0.09fg(41.1)

Cl0;+Cx*™ Pyot+Crs 4.87+0.09¢d(5.1)  4.93+0.07bc(11.5) 5.07£0.20cd(15.1)  4.97+0.10ef(23.5)  5.17+0.09¢f(37.5)
Pig+Cryg 4.13£0.15fg(19.5)  4.30£0.21cd(22.8) 4.47+0.09def(25.1) 4.80+0.15efg(26.2) 4.97+0.03fg(39.9)

Py+Cry 4.07£0.12{g(20.7)  4.33£0.20cd(22.3)  4.37+0.27ef(26.8) 4.43+0.12ghi(31.8) 4.43+0.09g(46.4)
PoytCrs 4.37+0.26ef(14.8)  4.33+0.34cd(22.3) 4.83£0.23cde(19.1) 5.17+0.19de(20.5) 5.40+0.27def(34.7)

PoytCryg 4.00£0.06fgh(22.0)  4.1320.19d(25.9)  4.30+0.20ef(28.0) 4.67+0.09fgh(28.2) 4.83+0.18fg(41.6)

Payt+Cry 3.90+0.21fgh(24.0)  3.73x0.15d(33) 3.90+0.10£(34.7) 4.10£0.10i(36.9)  4.43:0.34¢(46.4)
Pyt+Crs 4.20£0.0efg(18.1)  4.40£0.21cd(21.0)  5.30£0.22bc(11.2)  5.53+0.45cd(14.9) 5.43+0.20def(34.3)

Py+Cry 4.00£0.15fgh(22.0) 4.27+0.15c¢d(23.3)  4.23+0.12¢f(29.1) 4.73+0.45gfde(27.2) 5.00+0.15fg(39.5)

PytCry 3.70£0.11gh(27.9)  3.90+0.21d(30.3)  4.33£0.09¢f(27.5) 4.30£0658hi(33.8) 4.43+0.12g(46.4)
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Table 3 Effect of concentrations of perchlorate , hexavalent chromium and their combination on plant height of rice seedling(cm)

Ab 3 Treatment FF) Time/d
3 6 9 12 15
0 13.17+0.38abcd 17.87+0.40ab 22.47+0.95a 23.87+0.72a 27.53+0.78a

Cloz Py 14.30+0.49a(-8.6) 17.40+£0.49ab(2.6) 22.17£1.6a(1.3) 22.57+0.42ab(5.4) 23.43£0.71bc(14.9)
Py 13.57+0.17abe(-3.0) 16.80+£0.63abc(6.0) 19.17£0.58abc(14.7)  21.20£0.59bed(11.2)  23.50+1.25bc(14.6)

Py 13.70+0.42ab(-4.0) 16.00+027¢d(10.5) 18.07+0.68bc(19.6)  20.63+0.73bcde(13.6)  21.23+0.81cd(22.9)

Cr* Crs 13.20+0.46abcd(-0.2)  18.07+0.17a(-1.1) 19.17+0.88abc(14.7)  21.30+0.52bc(10.8) 24.63+1.14b(10.5)
Cryo 12.43£0.52bcdef(5.6)  15.17+0.35def(15.1)  17.23£1.34bcde(23.3)  20.33:0.82cde(14.8)  20.43+1.25cde(25.8)

Cry 12.40+0.25cdef(5.8) 12.60+0.44h(29.5) 13.87+1.14efg(38.3) 14.57+0.44h(39.0) 15.53+0.20£(43.6)
Cl0;+C1™ Pig+Crs 13.17 +0.48abed (0.0) 16.60+0.15bc(7.1) 19.77+0.61ab(12.0) 21.47+0.38bc(10.1)  22.37+0.87bcd(18.7)
Py+Cryo 12.60+0.99bcde(4.3)  15.00£0.66def(16.1)  16.40+0.35bcdef(27.0)  19.30+0.67def(19.1) 20.20+0.67de(26.6)

Py+Cry 12.20+0.36defg(7.4) 14.40+0.63efg(19.4)  15.830.61cdefg(29.6)  17.87+1.20fg(25.1) 18.40+1.30e£(33.2)
Poy+Crs 12.63£0.3%efgh(4.1)  15.70£0.49cde(12.1)  17.53+0.99bcd(22.0)  19.10+0.35efg(20.0)  21.40+0.32bed(22.3)

Py+Cryo 11.37£0.15efgh(13.7) 14.23+0.50£g(20.4) 14.30£1.99defg(36.4)  18.93+0.29¢fg(20.7) 19.43+0.97de(29.4)

Py+Cry 11.20+0.36fgh(15.0) 13.53+£0.49gh(24.3)  14.30+0.90defg(36.4) 17.30+0.78g(27.5) 20.10+0.83de(27.0)
P+Crs 11.00+0.46f(16.5) 15.67£0.24cde(12.3) 17.87£0.97bc(20.5)  19.67+0.56cdef(17.6)  20.00+1.56bcd(27.4)

Py+Cryo 11.03+0.41{g(16.2) 14.33x15efg(19.8)  15.93+0.55cdefg(29.1)  17.70+0.20fg(25.8) 19.30+0.99de(29.9)

Pi+Cry 10.50+0.06£(20.3) 12.87+0.65h(28.0) 13.23+1.33fg(41.1) 15.00£0.40h(37.2) 15.730.79(42.9)
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Table 4 Effect of concentrations of perchlorate , hexavalent chromium and their combination on plant fresh weight of rice seedling(g*plant™)

A 18] Time/d
AbFH Treatment
3 6 9 12 15
0 0.117+0.006ab 0.158+0.010abed 0.240+0.008a 0.285+0.008a 0.325+0.008a

ClOx P 0.120£0.006a(-2.6)  0.169+0.011abc(-7.0)  0.233x0.009ab(2.9) 0.273+0.008ab(4.2) 0.287+0.005b(11.7)
Py 0.120£0.011a(-2.6) 0.164+0.0010abcd(-3.8) 0.190+0.017¢d(20.8) 0.248+0.011abcd(13.0) 0.266+0.006bc(18.2)
Py 0.120£0.007a(-2.6)  0.152+0.005abcde(3.8) 0.183+0.008cde(23.8) 0.231+0.026bcdef(18.9) 0.246+0.008cde(24.3)

Cr* Crs 0.107+0.011ab(8.5)  0.180+0.019a(-13.9) 0.182x0.013cde(24.2) 0.241+0.015bcde(15.4) 0.273+0.012bc(16.0)
Cryp 0.101+0.143ab(13.7)  0.140+0.006bcde(11.4) 0.183+0.006cde(23.8) 0.204+0.016cdef(28.4) 0.221+0.006def(32.0)

Cry 0.104£0.006ab(11.1)  0.117+0.007e(25.9) 0.128+0.007g(46.7) 0.133+0.012g(53.3)  0.155:0.013Ag(52.3)

Cl0;+Cr* Pio+Crs 0.124 +0.011a(-6.0)  0.176£0.016ab(-11.4)  0.205+0.006bc(14.6)  0.250+£0.015abc(12.3)  0.263+0.006bc(19.1)
Pio+Cryo 0.111£0.006ab(5.1)  0.169+0.012abc(-7.0)  0.20620.010bc(14.2) 0.235+0.008bcdef(17.5) 0.250+£0.010cd(23.1)

Py+Crx 0.097+0.006ab(17.1)  0.153+0.006abcde(3.2) 0.182+0.006cde(24.2) 0.205£0.020cdef(28.1)  0.204+0.011£(37.2)

Py+Crs  0.093£0.007Dab(20.5) 0.147+0.009abcde(7.0) 0.178+0.008cde(25.8) 0.225:0.013cdef(21.1) 0.229+0.012def(29.5)

Py+Cryo 0.098+0.018ab(16.2)  0.130+£0.015cde(17.7)  0.166+0.010def(30.8) 0.211£0.014cdef(26.0)  0.215+0.013e£(33.8)

Py+Cry 0.093+0.010ab(20.5)  0.139+0.010bcde(12.0) 0.153+0.006efg(36.3)  0.193+0.014£(32.3) 0.2110.013£(35.1)

Py+Crs 0.082+0.004b(29.9)  0.148+0.101abcde(6.3) 0.177£0.011cde(26.3) 0.218+0.011cdef(23.5)  0.217+0.014ef(33.2)

Py+Cryo 0.098+0.004ab(16.2)  0.134+£0.017cde(15.2)  0.154+0.009efg(35.8)  0.203+0.009def(28.8)  0.196+0.013f(39.7)

Py+Crx 0.087+0.006b(25.6)  0.131£0.013cde(17.1)  0.145£0.013{g(39.6)  0.199+0.004ef(30.2) 0.198+0.007£(39.1)
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Table 5 Types of interaction of the combined pollution of perchlorate and hexavalent chromium on rice seedling growth
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