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Abstract:  Objective  Low pH stress is one of the major factors limiting crop production on acidic soils. It often coexists with
metal ion toxicity and this makes it difficult to explore directly the effect of pH in acidic soils. So far, the mechanisms of low pH

stress in rice is poorly understood. = Method Two rice varieties with different low pH tolerance, Kasalath (low pH-tolerant) and
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Jinguoyin (low pH-sensitive), were selected to (i) study the relationship between low pH stress and the accumulation of nitric
oxide (NO) and reactive oxygen species (ROS), and (ii) explore the regulatory relationship between NO and ROS under low pH
stress.  Result Low pH caused the accumulation of NO and ROS in the root tips of Jinguoyin, but there was no significant
change in Kasalath. The NO scavenger cPTIO reduced NO and ROS accumulation in root tips of Jinguoyin. Feedback inhibitor of
nitrate reductase Gln significantly reduced NO content in the root tips of Jinguoyin under low pH, while L-NAME, a nitric oxide
synthase inhibitor, did not affect NO content in the root tips of Jinguoyin. Low pH significantly increased the expression of nitrate
reductase genes NIA1, NIA2 and NIA3 in Jinguoyin, and also increased the activity of nitrate reductase. Conclusion Low pH

stress of Jinguoyin was related to the NO-mediated ROS accumulation. The NO signal generated under low pH stress is mainly

synthesized by nitrate reductase through increasing the expression of N/41 and NIA2.

Key words: Low pH tolerance; Rice; Nitrate reductase gene; Nitric oxide; Reactive oxygen species
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Fig. 8 Effect of pH on the expression of NIAI and 2 (a) and NIA3 (b ) in the root tips of Kasalath and Jinguoyin

AL A O, MR TR T SOD #E O, %, 5
# Jinguoyin FF 4 ) SOD 7itE 5 NADPH A fL
AL R Oy T TEA B IF A —3k, s e 2.
NADPH AL B HEAL 7 A2 Oy B A T B AMAD 3,
TEBEEBA 7 DT TEBR Oy B4 5E-SOD ( LA sk £ 25
T MRS SOD) |, H—BIMAR ROS THRHL
AR, H IS Tinguoyin FH 2 O, i 7 4E

32 NOiFEHIRE ROSFRAE

TERYIRN,, NO FERSUR(E 5 40+ i G
LA AL R Gem ) $E 5 % ROS, IR Al B #%5 ROS [
M7 B ROS, P I B 8 B A IR Gebit S Ak 7120 il
KRG —E LA A WA 0 R NO @k, il s
HRRPUEARE ST, AR K o W 5 S 1 E Ak B A5 1S
KGR R SR BB NO 38 i 3 5 AR R TR i iR -
BWEHBRAEER, o DU BRI S M A eia . No
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WA LT 2500 KGR/ S A AR
ARFFE T, BN NO BRI cPTIO [F] H i Bk i ek
i Fh Jinguoyin AR 42 f5 NO 1 ROS ( & 5b, Kl 5c),
BERE Jinguoyin 7EMK pH FHIMR AR (F 5a),
X AL pH X} FREBUE S Rl Jinguoyin 7 FE/E S
i pH i 5774 1 NO A 56 1 FLER 7175 5+ NO 15
SAbF ROS 550y L, RT3 Ak R AR R SRR
Jinguoyin 71 NO {555 IMij B AR 2 AL a0 ok 22 i PR 25
B2, NO 7EMRE H 15 T IR U 5L A Jinguoyin ROS
B RHLEI HAERE . AU R, EREHME
Hh, NO G i 2 2 5 7 20 i - 6- i 1R 5t S 1k
T 5 NADPH AL Eg 35 1, 5 ROS 1
2, UEAEAR AT ARBIE R, BR AU S Fh
Jinguoyin #34RfY NADPH FEfLEEE ML pH Tk
EdEm (18 3e), H NO &t A W& 4w (&l 5¢),
{HREA I NO i 1 5 2 B -6- B 1 Mo 0 il 3% M T 5 1
i NADPH 4 ALRHE T =, A58 ROS LR,
v e 2 — 2 A B IE
33 WERIEFREEEHR NO

HAj, CHMY NO WEYA &R 204 i
MR Sl iR 70 A — AL A A R R 25 7 Fh0T AT
i, ik pH $:3% Jinguoyin 46l IR 146 S5 I M 1 4
T G 5 AL A G (K 7), HAMEE
TR 6 J5 T R R K Gln B B AR pH
Jinguoyin H24R NO 1554, WisMERIN—% ik
A A HHNH 7 L-NAME XK pH T Jinguoyin R4
NO {55 I T m( & 6b), FIL, fik pH F Jinguoyin
HONO YA B 8 1 A R A R IR AR . KRS R
Jinguoyin HLJSAH R I I G P A 85, — TR
TR pH vl BRSSP A IR, 5 — 7 i ik pH
2 U0 SV R A D M, T O A A R A
f L NI — A i 0 Al R A S 7 1 NOM Y, ik 4h,
L 5 S BT A A TR A it v 2 2 Jinguoyin
HRQA R 30 I B M A 42 35 . /KA Th AT PR A 1R i
Jiilg, —FiiE NADH (KM SRR 0 g, H NIAI
M NIA2 4ifih; —7FhJ& NADPH i Al 1R 8 J5 il
H1 NIA3 Jiiht . — K A A R 40 J5t il 9 7% M L NADH
WA T R JE Al g =12 #E R SUBK RS Jinguoyin
W, ik pH i NIAL. NIA2 Fl NIA3 (#3353 K E 7+
(8, FIAE MR I IR Bl () 6 T =, (R EAR 2R
NO R 5 M E&E (K Sc). MTERRM /K FE Kasalath

' NIA3 BRIBZHME pH 55 (K 8b), {H NIA3
SRt NADPH S 14 AF 12 10 J5 it o) i T 10 5L it 1
PR TTIR I A P2, B bR ] R A S T
FHE HE AR E AR (E 7a), HRGERE NO fF
SR AR

4 %5

A B 5% F T AR ME AN 18] 0y P S kD AE L A
Kasalath il Jinguoyin, & 7R UK A Jinguoyin
Fi A pH 5HEMIR RS NO /1Y ROS &M,
TR #ET AT NO 55 32 5 W IR 140 J5E il % 1 1 42
A, T R 30 T T P 1 i v 5 i T 3 i g R K]
NIAI I NIA2 B)ZR3% BAT G
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