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Abstract:  Objective Temperature and exogenous arsenic are important factors affecting rice growth. Due to climate warming,
rice growth is affected by a combination of temperature and arsenic in rice fields contaminated by arsenic. Clarifying the
combination can provide a theoretical basis for rice management and safety production. Method Germination and culture
experiments were carried out in the artificial climate chamber under the condition of different exogenous arsenic concentrations
[0(As0), 0.5(As0.5) and 1(Asl) mg-L™'] and different temperature simulations [daytime/nighttime 30°C/25°C(T0) and 35°C/30
°C(T1)] using eight common rice varieties in Jiangsu Province. Seed germination, seedling growth and arsenic uptake of different
rice varieties were analysed.  Result The results showed that exogenous arsenic inhibited sprout length and vigor index of rice.
Compared with TOAsO, TOAs1 reduced the sprout length and vigor index of different rice varieties by 13.69%-43.34% and
28.14%—52.88%, respectively, and the effect of temperature on rice seed germination was related to rice varieties. Under the
condition of T1 treatment, the germination rate, sprout length and vigor index of Yanliangyou 1618 were better than those of other
varieties. The interaction of temperature and exogenous arsenic significantly decreased the sprout length (P < 0.05). Compared
with TOAsO, T1As! decreased sprout length by 5.66%—43.34%. Also, single temperature or exogenous arsenic had a significant
effect on rice root length and root vigor. Compared with TOAsO, TOAs1 reduced root vigor by 3.01%—58.21%. The interaction
of temperature and exogenous arsenic inhibited rice root length and root vigor. Compared with TOAsO, T1As]1 significantly
reduced root vigor of different rice varieties by 53.80%—-89.01%. The seedling height and root vigor of different rice varieties had
significant differences (P < 0.05) under the same treatment of temperature or exogenous arsenic, among which the seedling height
and root vigor of Yanliangyou 888 were at higher levels. The arsenic concentration in rice stems and leaves increased significantly
under exogenous arsenic while the arsenic concentration in rice stems and leaves decreased under the increase in temperature.
Furthermore, compared with single arsenic treatment, arsenic concentration in rice stems and leaves decreased under the
interaction of temperature and exogenous arsenic. Conclusion From the above results, it can be concluded that temperature and
exogenous arsenic affected rice growth and arsenic uptake. However, rice growth conditions and arsenic concentration were
significantly different among rice varieties. The germination and growth of Yanliangyou 888 and Yanliangyou 1618 were better

than other rice varieties under the condition of temperature and exogenous arsenic.

Key words: Rice; Temperature increase; Growth; Germination; Arsenic uptake
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Table 1 ANOVA of the effects of temperature and arsenic on germination of different rice varieties

152

AL

Influencing factors

fnf Varieties

i3 Temperature

¥ As concentration

SR Varietiesxtemperature

iR <A B VarietiesxAs concentration
HRLEE < i TemperaturexAs concentration

PR EE < f R B VarietiesxtemperaturexAs concentration

RIFE R [GPAE =R
Germination rate Sprout length Vigor index
0.000 0.008 0.000
0.057 0.013 0.716
0.421 0.000 0.000
0.105 0.304 0.574
0.287 0.360 0.245
0.072 0.045 0.503
0.952 0.514 0.742

W BN 22 M ) P{H. Note: Data are P values in two-way ANOVA.

F 30 B A b R B S KRR R R, T
KRG S PO R K R R ZER (1), Hik, &
WIFGEIE 3T [6) — 7K e it ol A [i) 5 A Ak 3L £ 7 g
KAFERNEEME (n=18), &5 89T 1. - 1 8%,

100 a
be ab 1
—1 + c c
4 I
60+ Jr

40t

80

2% Rice germination rate/%

20

IKFE

WYG NGI NG2 YLY XLY YLY1 YLY2 N5Y
JKFE P Rice variety

T AE/NG FRER R KA R 2 S AEA R S Rh R 22 5 35
(P<0.05) . RiZH 31, FME 9108, Rk 8055, Y Wifh 5867,
B 6. Ehilk 888, EhHIIL 1618 FIPY 5 1 8015 43 HI4E 5
WYG. NGI1.NG2. YLY. XLY. YLY1. YLY2 #MI N5Y, F[.
Note: Different lowercase letters indicate rice germination rate is
significantly different among rice varieties ( P < 0.05 ) . Wuyungeng31,
Nangeng9108, Nangeng8055, Yliangyou5867, Xinliangyou6,
Yanliangyou 888 , Yanliangyoul618 and neiSyou 8015 are
abbreviated to WYG, NGI1, NG2, YLY, XLY, YLY1, YLY2

and N5Y, respectively. The same as below.

BT T ROk RS % 28 5

Fig. 1 Germination rate of different rice varieties
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Table 2 Sprout length of different rice varieties under different treatments/cm
s i 4bPE Treatment
Variety TOAsO TOAs0.5 TOAsI T1As0 T1As0.5 T1Asl
WYG 4.64+0.42aBCD 3.58+0.40abcB 3.30+£0.17bcBCD  4.27+0.29abAB 3.68+0.11abcBC ~ 2.68+0.55¢C
NGl 4.38+0.60aCD 3.96+0.20aAB 2.80+0.16bD 4.13+0.45aB 3.34+0.19abC 2.34+0.17bC
NG2 5.38+0.18aABC 4.56+0.16bA 3.1840.28¢cCD 4.32+0.22bAB 3.46+0.09cBC 2.94+0.37¢BC
YLY 3.98+0.11abD 3.44+0.22bB 3.43+0.08bABC 4.29+0.17aAB 3.94+0.20abABC  3.87+0.32abAB
XLY 5.92+0.11aA 3.61+0.16bcB 3.36+0.22¢BC 4.24+0.24bAB 4.34+0.27bA 4.00+0.35bcAB
YLY1 5.52+0.24aAB 3.514+0.14cB 3.914+0.11bcA 4.40+0.44bAB 3.594+0.18¢cBC 3.884+0.30bcAB
YLY2 5.94+0.10aA 4.50+0.34cA 3.77+0.15dAB 5.16+£0.11bA 4.00+0.20cdAB 4.0240.16cdA
N5Y 5.114£0.38aABC 4.14+0.27bAB 3.624+0.04bcABC  4.01£0.33bB 4.00+0.18bAB 3.01+0.14cABC

e AT PARFE/NEG FREFR R A — SR b B R 25 5 B, RS TS [ RS F R R W — AR A R 25 S B 2 B
FVEIKEN 0.05, AsO, As0.5, Asl FREIHE M0 0, 0.5, I mg L', TOFI T1 F/R iR AT/ 318 30°C/25°CH 35°C/30°C (A

K/ ) o T, Note: Different lowercase letters in the same row indicate significant differences between treatments within the same

variety, and different capital letters in the same column indicate significant differences between varieties within the same treatment; the

significance level is 0.05. AsO, As0.5. Asl represent the arsenic concentration of 0, 0.5 and 1 mg-L™,

respectively. TO and T1 indicate

temperature treatments of 30°C/25°C and 35°C/30°C ( day/night ), respectively. The same as below.

[ JwyG [CINGI EEING2 [ YLY

2501 XLY 2 YLYI E5 YLY2 R N5Y

200}
>
3
£
s 150f
=
>
e
3100+
R
s

50t

0 3 L L
As0 As0.5 Asl
AbFR Treatment

e A R R]/NG SR 3R R K ARG T 1 48 e AR TR
A la] i 22 5 (P <0.05 ) . Note: Different lowercase letters for the

same As treatment indicate vigor index is significantly different
among rice varieties.

2 ANl av BE R AN [ i R oK R 5 48 2
Fig. 2 Vigor indices of different rice varieties under different
arsenic concentrations
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T A A B 0] AR B 25 5, HorP R RE 9108
Y Wit 5867 BT = 7E AsO A1 As1 AbFH R ARk
BRI, N 5 40 8015 FY 1 i 2 AN vk J3E 52 i
BN,
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Table 3 ANOVA of the effects of temperature and arsenic on the growth and arsenic content of rice

) N 2R
Al i:3:N T = LISV
As content of stems and

Influencing factors Root length Seedling height Root vigor
leaves
fhAh Varieties 0.130 0.000 0.000 0.495
% Temperature 0.005 0.346 0.040 0.040
ik JE As concentration 0.000 0.003 0.000 0.000
<R B Varietiesxtemperature 0.600 0.128 0.218 0.082
iR [ VarietiesxAs concentration 0.083 0.766 0.303 0.704
HREE < i TemperaturexAs concentration 0.500 0.413 0.241 0.054
R EE < B VarietiesxtemperaturexAs concentration 0.805 0.782 0.540 0.739

e BN 22 M ) P{H. Note: Data are P values in two-way ANOVA.

a

| il

K Root length/cm
~
o

TOAsO TOAs0.5 TOAsl TIAsO TI1As0.5 TI1Asl
AbFE Treatment

E: ARNSFRHRRARRKAEANFLABBEEZR (P
<0.05) . Note: Different lowercases indicates root length is

significantly different among treatments.

K3 ANl BT KRS AR Y 50

Fig. 3 Effect of different treatments on rice root length

5867 Ab THARIKY- o TEF—IREETS , ASIE] oK g
R 223 77 Bl A D 3 348 n 2 R AIGE 35, 7 Asl 3B
B/ ME . EFR—MRET , BRI 9018 4F T1 1
AN TR R B R T AT SRR RSB AR 2R 96 1 FERT AT
AEEERR D BR Y AL 5867 Ab, ZRASRERUMR ARG S
e TR
23 BREMBAETHKEBIEEHHESE
Wb 3 A, R R R A — R 3R R

[ IwyG NGt EEING2 [ YLY

25 ¢ XLY 2 YLY1I B YLY2 R N5Y
a abaab
20
=
2
'§n C
3 15+ %
ohn
£
S
3 10t
iz
=
5 L
0 .
As0.5 Asl
AbFR Treatment

e [ — A b BN [R) /NG SR 28 7R 1 R FE S [R] i b ) 25 5
2% ( P <0.05) ., Note: Different lowercase letters for the same As

treatment indicate seedling height is significantly different among
rice varieties.

K4 IR 3R AN TR] b oK R e
Fig. 4 Seedling height of different rice varieties under different
treatments

TOKAE L ZE R 0 A, (B SRR S R a2
HAE A B2 . TOAs1 AR 19 7K A8 4l i 25
- T AL B, O 20.92 mgkg o FETA]
— R BET, ZE NG S R R A v B S 0
P TEPVR BEAE R, BGIR BEAR T KA 2R A
®(ESs) .

http://pedologica.issas.ac.cn



1162 + o IR 61 &
x4 ARLETAEGEMKFERATED
Table 4 Root vigor of different rice varieties under different treatments / (pg-g '-h™")
rn AL PR Treatment
Variety TOAsO TOAs0.5 TOAsl T1As0 T1As0.5 T1Asl
WYG 81.32+17.05aC 48.13+13.33abDE  33.99+8.85bcDE 55.24+15.60abC  31.55+0.63bcCD 10.88+1.11cC
NGl1 15.55+3.17aD 18.58+5.09aE 15.09+2.26aE 58.99+15.10aC 20.92+3.88aD 16.28+0.49aBC
NG2 70.71£13.68aC 59.95+1.42abDE ~ 56.91+14.57abCD 49.93+17.59abC  47.22+23.43abCD  32.45+11.61bBC
YLY 61.68+13.46aCD  26.85+10.38bE 26.59+6.07bDE 48.81+11.52aC 24.97+0.98bD 21.22+1.16bBC
XLY 146.6+20.10abB  183.6+28.02aA 117.1£5.36bA 149.7+5.27abB 123.4+4.64bB 29.11£1.50cBC
YLY1 234.2427.26aA 125.2430.05bBC ~ 111.8+12.92bAB 212.6+3.63aA 231.0+11.74aA 108.2+18.51bA
YLY2 196.9+110.3aB 135.1£27.04abB ~ 86.39+25.57abABC  60.53+10.84abC  132.0+20.38abB 35.97+3.90bB
N5Y 153.243.54aB 83.41£3.38bCD 81.25+£7.31bBC 168.7+15.91aB 64.214£32.55bC 16.84+3.10cBC

T =47 R /NG B 2R W) — i A AR B 22 53 2%, ) — 81 O ) RS 5 B 3 [ — A B A A ) i ol ) 22 55 25

FMEIKSEN 0.05, Note:

Different lowercase letters in the same row indicate significant differences between treatments within the same

variety, and different capital letters in the same column indicate significant differences between varieties within the same treatment; the

significance level is 0.05.

257
@ a a
: +
E 20t a %—
]
H2 15t b
e
g £
=2
Me 107
5
=
S s
o L
5
¥ ¢ ¢
o= . . e o B . .
TOAsO TO0As0.5 TOAsl TI1As0O TI1As0.5 TI1Asl
Ab ¥R Treatment
TE: ARVNG FRERR A RIAL P 2 2257 (P <0.05)
Note: Different lowercases indicates significant difference among
treatments.

Bls A )4 B K AR =5 A5 A 52 )
Fig. 5 Effect of different treatments on rice arsenic content in stems
and leaves
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