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Response of growth and development of rice cultivars with different cadmium
accumulation to removing NO
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Abstract: [ Objectives ] Nitric oxide (NO) is an active signal molecule that can influence plants response to
various stress. This study evaluates the regulatory effect of NO on the physiological, biochemical and nitrogen
metabolism of rice seedlings under Cd stress. [ Methods ] Rice cultivars of high and low Cd accumulation (TN1
and Chunjiang 06) were investigated in Cd stress (40 pmol/L) hydroponic trials. The treatments included Cd stress
solution (i.e., control), the addition of sodium nitroprusside to increase NO content (Cd+SNP), the addition of
CPTIO to remove NO (Cd+CPTIO), and the addition of NR inhibitor to inhibit NO (Cd+TU). Data was collected
on NO; -N distribution, root development, photosynthetic characteristics, and growth of the rice seedlings.

[ Results ] The effects of NO on the rice varieties with high- and low- Cd accumulation was different (P<0.05).
1) The cultivar with high-Cd accumulation recorded low NO, -N content in the aboveground and underground
parts of the rice seedlings, however, no inhibition effect was found in the biomass and N uptake of the seedlings in

response to NO regulation in Cd+SNP treatment. Cd+CPTIO treatment increased growth, N accumulation, and N
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use efficiency of rice seedling ( P<0.05). The addition and elimination of NO significantly reduced the Cd

contents in the aboveground and underground parts of rice seedlings. 2) The treatments (Cd+SNP, Cd+CPTIO and

Cd+TU) had no significant effect on seedling growth, N uptake of the low-Cd accumulation cultivar.

[ Conclusions ] The rice cultivar with high Cd accumulation is sensitive to NO regulation but not the cultivar

with low Cd accumulation. For the high Cd rice cultivar, removing NO inhibits the absorption and movement of

Cd from the root to the shoot, but promotes the absorption and utilization of N and the growth of seedlings. The

effect of inhibiting nitrate reductase activity concerning the alleviation of Cd stress to promote seedling growth

was instability. For the low Cd accumulation rice cultivar, the elimination of NO has a certain effect on alleviating

Cd absorption. However, this effect is less important than the Cd rejection of gene itself. Therefore, removing NO

could be considered a useful way of alleviating Cd stress in high-Cd accumulated rice cultivars.
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2.3.1 Cd BUE 2 RKRE P A0 Cd &t
WE 3 fR, @& Cd BLEMF (TNT) 1, 39 mak
R AT NO 59tk 35 [ AT /K 8 &0 1 b L350 0 R 35 %)
Cd & (P <0.05), ik Cd LR MF (FIL06) f,
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Table 1 Biomass and nitrogen use efficiency of seedlings of high- and low-Cd accumulation cultivars (TN1 and
Chunjiang 06) under different treatments

i b3 At (g/plant) MR A (mg/plant) FF A FRCE (ke/kg)
Cultivar Treatment Biomass Total N uptake Physiological nitrogen use efficiency
TN1 Cd 0.14£0.019b 2.48 £0.27 ab 54.88£2.35b
Cd+SNP 0.12+0.036 b 2.08+0.59b 5828 +1.18b
Cd+TU 0.13+£0.012b 2.07+0.23b 64.49+513a
Cd+CPTIO 0.16+0.012 a 2.58+0.16a 63.84+091a
#1106 Chunjiang 06 Cd 0.14+£0.011a 2.12+0.16 a 65.10+1.48 a
Cd+SNP 0.14+£0.017a 2.01+020a 6926 +1.42a
Cd+TU 0.15+£0.014a 2.14+025a 72.06 £6.51 a
Cd+CPTIO 0.15+0.009 a 220+0.16a 68.79+3.58 a

H (Note) : FHPRIFIEIEE ARF/ING AR AL B ) 22 5734 18 %7K F (P < 0.05) Values followed by different lower case letters in the
same column represent significant difference among treatments (P < 0.05).
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Fig.1 NO, -N content in above- and under-ground part of seedlings of high- and low-Cd accumulation cultivars
(TN1 and Chunjiang 06) under different treatments
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Different lower case letters above the bars represent significant difference between treatments (P<0.05).]
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Fig. 2 NO,-N content ratios of roots to shoots in seedlings

of high- and low-Cd accumulation cultivars (TN1 and
Chunjiang 06) under different treatments
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Fig.3 Cd content in seedling shoots and roots of high- and low Cd-accumulation cultivars (TN1 and Chunjiang 06)
under different treatments
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Fig. 4 Cd content ratios of roots to shoots in seedlings of
high- and low-Cd accumulation cultivars (TN1 and
Chunjiang 06) under different treatments
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difference between treatments (P<0.05).]

5 (P>0.05), Uil CdiHE T, NO X Cd IR & i
T 7K A v WA R AR R TR ARG f 25

XFF TN fhifh, CA+CPTIO AbBH i HIAR Sl
M A &, Cd+SNP AbHIRZ , Cd+CPTIO Ab¥Es
Cd+TU AbH 25 1 2 (P < 0.05); HI3G BRI i i AL
AL PRIE] 25 AN (P> 0.05), XTI 06 fifh, %
A 3P H 1A AR U2 WA TR B RITARL 3% BB R A T AR X B AT

BEER (P>0.05), Wi CdHE T, NO XK Cd L

S TP 7R R T SR TR MAC TR R AR R 7% BB B WAL 1T R
RIE SN

2.5 CAdREER/KERMEIL SR

2 AT, Cd AT, 350 NO fit4h % 1%
K Cd FLE AP (TN 4 - SPAD B, {HXDEG
AR SALTREE . MR R iR v RN 2R R R
YA B i NO RN s & #H NR 767
A2 AR A B 1 SPAD H, i 3 AR 4N
LA R, MifEMK Cd B (BT 06) 1,
NO HER; AL ST LB 1Y 4 DA RCRIEF R IE B 3%
IR (P> 0.05), {H#EFE NO W& mah i Az
i 3% (P < 0.05).

3 e

31 NOXMCAdRBERKERM Cd ER
NO,-N 5T BLAI M

S HAME S4BT EMEL, Cd ¥ 5 Y Ik
W, Feiz MREE, FEREAEMA T, & EWRE RS
5 NO P i 41w A R Bt 480 F Tl 2R 6 1) T 42 R 2% fi
Jipaa s, JEAEHELR Ak 2R -G BRGNP 0] 4 1Y
WA AR e SRR AE L B, 1.5 mmol/L
SNP A 5 2% i Cd e XsF Al /R 1 300 A 1 4 i
Hil, EEEEIX Cd MPE . AT, B NO &
e cd BLRM AR A K, 1 Cd AR S
T NO R IR i [ BT E AL RE Y, SRR
RN Cd it TR 1

Michele SF2V& 8, Cd BHa 75 FHI R T 202 410
B FEMESE TSR T NO, H. 100 i1 150 umol/L
Cd e Jei55 NO WYk &, I NO B {55 DI g
5 H,0, (KRR, FEAMNTEFEET, A0



328

MY E IR 50 R

il 27 %

[ S . )

EARE A (cm?)
Total root surface area

MHTIWI

— OCd @Cd+CPTIO @ Cd+SNP mCd+TU
S 1600 | E 70 .
::‘3 1400 <= 60 }
> 1200 | £ 50|
= 1000 | -

= o 40 |
g 800 | e

S 600 | g 07
j; 400 | ; 20
s 200 F = 10
Vﬁ 0 ag!

< I 06

Chunjiang 06

0.14
0.12
0.10
0.08

0.06
0.04
0.02
0
HIL 06
Chunjiang 06

SRR (m?)
Total absorption area

AL 06 AL 06
Chunjiang 06 Chunjiang 06
0.06
<
Eg 0.05
=5 004}
=L 00|
=S I
Kg 0%
&Eg 0.01
0

L. 06
Chunjiang 06

B 5 ARLETS Cd MK Cd MRKBRF (TN1 F1ET 06) RIEHIR R
Fig. 5 The root characteristics of seedlings of high- and low Cd-accumulation cultivars (TN1 and Chunjiang 06)
under different treatments

[ (Note) :

ITkE EANR/ING SRR AL ) 25 5 B 2 (P<0.05)

Different lower case letters above the bars represent significant difference between treatments (P<0.05).]
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Table 2 Photosynthetic characteristics of seedlings of high- and low-Cd accumulation cultivars (TN1 and Chunjiang 06)
under different treatments

A Qb3 SPAD plinagr & LGB Ml CO Ve B AR
Cultivar Treatment Pn [CO, pmol/(m?s)]  Gs [H,O mol/(m?s)]  Ci (CO, umol/mol)  Tr [H,O mmol/(m?s)]

TN1 Cd 393+09a 11.83+0.23 a 0.068 +0.003 a 39893+ 14.11a 1.62+£0.019a
Cd+SNP 359+0.7b 11.66 +0.18 a 0.059 £ 0.008 a 382.45+33.58a 1.54+0.21 ab
Cd+TU 363+1.1b 7.76 £0.32 b 0.055 +0.006 ab 355.15+74.25a 1.48+0.10 ab
Cd+CPTIO 373+03b 774+£1.13b 0.047+0.016 b 338.62+63.56 a 1.17+£0.38b

#Y1 06 Chunjiang 06  Cd 383+1.6a 7.19+0.76 b 0.027 £0.007 a 256.83 £40.07 a 0.71+0.19b
Cd+SNP 363+18a 9.83+0.61a 0.041 £0.009 a 284.69+£51.02a 0.99 +£0.15 ab
Cd+TU 364+26a 10.02+0.44 a 0.041 £0.007 a 297.77+27.74 a 0.79+0.083 b
Cd+CPTIO 372+19a 10.17+0.91 a 0.046+0.011 a 302.32+53.76 a 1.18+0.27 a

7 (Note ) : Pn—t&H* Photosynthetic rate; Gs—<fLFJ¥ Stomatal conductance; Ci—/ifi[i] CO, ¥#€J¥ Intercellular CO, concentration;

Tr—Z7% % 3R Transpiration rate, [R50 5 AN F/INE

FEARFEW], NO Y RS ERRAS Cd A9 UK
P, TIA NO #IHIFRIFNE BRI Z IS, KBk NO #Y
o T B A A5, FRAR NO W B 22 ) WA Rk 52 i
Cd 30 X AR B3 45 1 o SESEECA B, BN
NOS il . NR 50 . NO 5 R Al 2540 i 52

B 1 R AL B R 24 53 8 35 (P <0.05) Values followed by different lower case letters in the

same column represent significant difference between treatments (£<0.05).
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