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Effects of Inorganic Arsenic on Seed Germination and Photosynthetic Characteristics of Various Rice Cultivars
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Abstract: It is important to screen out rice cultivars that are higher tolerance and lower accumulation for arsenic (As). We investigated the
effects of inorganic As on seed germination and photosynthetic characteristics of nine rice cultivars collected across Jiangsu province using
seed germination and seedling hydroponic experiments. Germination rates of rice seeds and growth of rice spout and root were stimulated
under As concentrations less than 0.6 mg+ L™, but inhibited at As greater than 0.8 mg+ L. However, the initial As concentrations that inhib—
ited rice germination varied with rice cultivars. They were 2.0 mg+L™, 3.0 mg-L™" and >3.0 mg-L™ As for Wuyunjing 24, Zhendao 16 and
Liangyou 6326, respectively. However, these As concentrations were <1.0 mg <L for the rest. Compared with the control, the lengths of
spout and root of Ningjing 1, Nanjing 44, Zhendaol6, Wuyunjing 24 and Liangyou 6326 were decreased slightly, while decreased greatly for
other rice cultivars and even died at As concentration of 3.0 mg-L™. Under As stress, SPAD values of rice leaves didn’t significantly de—
creased except Ningjing 1 and Nanjing 44. Photosynthetic characteristics of nine rice cultivars responded differently to As stress of 24 h. Net
photosynthenic rates of rice were increased except Suliangyou 124 and Yanliangyou 888. Intercellular CO, concentrations, conductance to
H,0, and transpiration rate of most of rice cultivars were decreased under As stress. The present results provide important information for
screening out rice cultivars with high tolerance to As.
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Table 1 Germination rates of different rice cultivars under inorganic arsenic stresses(% )

i Arsenic concentration/mg- L™

SRR Cultivars

0.0 0.2 04 0.8 1.0 2.0 3.0
THE 1 90.0£2.9abAB  93.3+1.7aABC ~ 93.3x4.4aA 83.3x4.4bcB 78.3+1.7¢B 33.8+2.4dD 13.8+2.4eE 5.0+£2.0eD
FERE 44 93.3+4.4aAB 88.3x1.7aC 95.0+2.9aA 91.7+3.3aAB 91.7+4.4aA  62.5+11.1bBC  37.5+6.3¢CD 22.5+6.3¢C
FHE 5505 93.3+1.7aAB 98.3x1.7aA 96.7+1.7aA 95.0+2.9aA 75.0+7.6bB 62.5+8.5bBC 30.0+4.1cD 0.0+0.0dD
R 10 91.7+3.3aAB  95.0+2.9aABC  90.0+5.0aA 83.3x1.7abB  85.0£5.8abAB  72.5+4.8bB 45.0+6.5¢C 0.0+0.0dD
HHFG 16 98.3x1.7aA  90.0+2.9abBC  91.7+4.4aA  90.0+2.9abAB  95.0+2.9aA 100.0+0.0aA 92.5+4.8aA 80.0+4.1bA
B HE 24 93.3+3.3aAB  90.0+2.9aBC 93.3x1.7aA 98.3+1.7aA 93.3+4.4aA 95.0+5.0aA 65.0+£6.5bB 37.5+8.5¢B
IRHAL 124 96.7+1.7aAB  96.7+1.7aAB 88.3x4.4aA 98.3+1.7aA 93.3x1.7aA 50.0+8.2bCD 15.04£2.9cE 0.0+0.0dD
Wil 888 86.7£6.0aB  95.0£2.9aABC  91.7+4.4aA 91.7+1.7aAB 96.7+3.3aA 60.0+4.1bBC 30.0+4.1cD 0.0+0.0dD
Wit 6326 96.7+3.3aAB  95.0+0.0aABC  95.0+2.9aA 98.3+1.7aA 95.0£2.9aA 100.0£0.0aA 90.0+4.1aA 85.0£8.7aA

T : {7 AR NG TR R AP AL B8 22 57 .35, [F)— B OR Rl K S - BRI 22 5 35 3k 0.05. TRl

Note : Different lowercase letters in a row indicate a significant difference between different arsenic levels at 5% level ; Different uppercase letters in a col—

umn indicate a significant difference between different rice cultivars at 5% level. The same below.
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Table 2 Sprout length of different rice cultivars under inorganic arsenic stresses(cm )

i JiF Arsenic concentration/mg -1

AR Cultivars

0.0 0.2 04 0.8 1.0 2.0 3.0

THE 1 2.19+0.06¢F 3.33+0.28aC 2.81+0.08bD 2.14+0.07cE  1.90£0.09cDE  1.41+0.16dDE  1.29+0.03dC 1.20+0.12dB

FAAT 44 2.69+0.13abE  2.19+0.12¢D  2.35+0.12bcEF  2.81+0.12aD  2.09+0.27cdD  2.11£0.09¢cdC  1.70+0.06dB 1.76+0.07dA
FHE 5505 2.18+0.10dF 2.21+0.36¢D  2.77+0.16bD 3.23+0.20aC 2.32+0.01cD  1.61+0.19dCD  1.15+0.06eC 0.00+0.00fC

R 10 1.88+0.13abF  1.74+0.20abcD  2.10£0.03aF  1.81+0.15abE  1.65+£0.20bcE  1.37+£0.05¢cDE  0.50+0.02dDE  0.00+0.00eC

HHFG 16 3.57+0.16cCD  4.63+0.06aB 4.17£0.08bB  3.87+0.04bcB  3.74+0.05bcB  3.02+0.10dB  2.81+0.10dA  1.49+0.26eAB
HiZHT 24 3.29+0.11bD 3.71+0.02aC 3.80+0.05aC 3.95+0.15aB 3.32+0.04bC 2.64£0.15¢cB  1.41+0.22dBC  0.30+0.02¢C
S 124 3.69£0.09aBC  3.48+0.21aC  2.50+0.09bDE  2.05+0.11cE  2.01x0.12¢cDE  1.21x0.32dDE  0.3320.03¢E 0.00+0.00eC
LWL 888 4.00+0.13aAB  3.48+0.21bC  2.52+0.08cDE  2.06+0.08dE  2.09+0.08dD  0.88+0.0leE  0.69+0.07eDE  0.00+0.00fC
Wit 6326 4.38+0.24ba 5.31£0.23aA 5.34+0.16aA 5.98+0.15aA 5.30+0.06aA 4.62+0.27bA 2.74+0.22cA 1.40+0.19dB

& 3 THERNE TR @A KFERIRK (cm)
Table 3 Root length of different rice cultivars under inorganic arsenic stresses(em )
A Cultivars i JiF Arsenic concentration/mg -1
0.0 0.2 04 0.8 1.0 2.0 3.0

THE 1 5.06+0.06bBC  5.61+0.06aA 3.80+0.06cC 3.24+0.14dC 2.59+0.17eB 1.04£0.04fDE  0.27+0.04gD 0.17+0.03gD

FAAT 44 4.39+0.13bE  4.01+0.06cD 3.97+0.04cC 4.84+0.19aA  3.27+0.10dA 1.96£0.12eA 0.82+0.14(B 0.31£0.04gC
FHE 5505 5.65+0.14aA 4.76+0.23bC ~ 4.73+0.10bB 5.29+0.17aC 3.11+0.01cA  1.31£0.09dCD  0.27+0.03eD 0.00+0.00eE

R 10 3.98+0.11bF  4.98+0.16aBC ~ 4.01+0.11bC 3.07+0.06cC  1.82+0.15dCD  0.80+0.02eE 0.30+0.02fD 0.00+0.00gE

A 16 5.40+0.19aAB  4.81+0.07bC 3.03+0.15¢D 2.50+0.11dD 1.66+0.11eD  1.43+0.08efBC  1.15+0.06fgA  0.89+0.03gA
HIBHE 24 4.91£0.14abCD  4.7520.14bC 5.21£0.16aA  4.70+0.24bA 3.32£0.15¢cA  1.14+0.19dCD  0.64+0.01eC 0.52+0.08¢B
TG 124 4.38+0.11bE  5.35£0.29aAB  4.02+0.08cC 3.06+0.08dC  1.79+0.08eCD  1.28+0.08fCD  0.21+0.03gD 0.00+0.00gE
LWL 888 4.66+0.15¢cCDE  5.51x0.14aA 5.05+0.06bA 3.78+0.07dB 2.08+0.09¢C 0.52+0.01fF  0.27+0.02fgD ~ 0.00+0.00gE
Wit 6326 4.60+0.17bDE ~ 4.68+0.19bC 5.14£0.11aA 3.99+0.16¢B 3.12+0.15dA 1.68+0.09¢B 0.97+0.03fB 0.94+0.05fA
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JKFE b A Different Rice Cultivars
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CK: Control, As1:1 mg-L™" inorganic arsenic, As2:2 mg- L™ inorganic arsenic. Different lowercase letters indicate significant difference between different

arsenic treatments at 0.05 level ; Different uppercase letters indicate significant difference between different rice cultivars at 0.05 level. The same below

B 1 ZTHmEME TR mMAFE SPAD &

Figure 1 SPAD values of different rice cultivars under inorganic arsenic stresses
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Figure 2 Net photosynthetic rates and intercellular CO, concentrations of different rice cultivars under inorganic arsenic stresses
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Figure 3 Conductance to H,0 and transpiration rates of different rice cultivars under inorganic arsenic stresses
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