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Effects of nitric oxide on nutrient uptake, respiratory electron transfer
and endogenous phytohormones contents in roots of tobacco seedlings un-
der aluminum stress
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(1.College of Biology and Pharmacy, Yulin Normal University, Yulin 537000, China; 2.College of Life Sciences, Jinggangshan University, Ji'an 343009, China)

Abstract: Two tobacco cultivars of Yunyan 100 (aluminum-resistant) and Yunyan 105 ( aluminum-sensitive) were
selected to explore the effects of sodium nitroprusside (SNP, as the nitric oxide donor) with different concentrations (0
pmol/L, 50 wmol/L, 100 pmol/L, 200 pmol/L, 400 pmol/L) on plant growth, root nutrient elements uptake, respirato-
ry electron transfer and endogenous hormones contents under aluminum stress (200 wmol/L) with solution culture. The re-
sults showed that aluminum stress significantly inhibited plant growth, decreased root nutrient elements (Ca, Mg, Fe, Cu)
uptake, respiratory rate (total respiration, cytochrome respiration, alternative respiration) , root apical auxin and gibberel-
lin contents, but significantly increased the contents of reactive oxygen (0, and H,0,) and abscisic acid in root apex of

tobacco seedlings. Application of SNP concentration dramatically relieved the aluminum-induced inhibition of root and

aboveground growth, increased root nutrient elements
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FEBRA X (19802 B ILPHEM A ML 202 BRI i b of auxin, gibberellin and abscisic acid in root apex, but
R F 50 5 B 5 40 FAE )% . (E-mail) gliu2006 @ dramatically decreased reactive oxygen (0, and H,0,)
163.com contents. In this experiment, SNP at 100 pmol/L had the

(Ca, Mg, Fe, Cu) uptake, respiratory rate, the contents
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best effects on relieving aluminum toxicity in tobacco seedlings, while the alleviating effects were suppressed when SNP

concentration was 400 wmol/L. In conclusion, treatment with SNP at 100 pmol/L could alleviate aluminum toxicity in to-

bacco seedlings through promoting root nutrient elements (Ca, Mg, Fe, Cu) uptake, increasing respiratory rate in order to

decrease reactive oxygen (0O, "~ and H,0,) accumulation, maintaining balance of endogenous phytohormones in root apex.
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pmol/L + SNP 50 pmol/L ) ; @ Al + 100 ( AICI, 200
pmol/L+SNP 100 pmol/L ) ; & Al +200 ( AICI, 200
pmol/L+SNP 200 umol/L) ; @ Al + 400 ( AICI, 200
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Fig.1 Effects of sodium nitroprussid (SNP) on root and aboveground biomass of tobacco seedlings under aluminum stress
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WA SZ IR T4, ARt SNP 5, 4R AR 28 64
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NRERY aHY, I EHE SNP 100 pmol/L i 1k F] & K
fli. 5 Al AbFHZHAH HE, Al+100 &b FE 2 4H 100 I =
A 105 FiL F B 5 500 T 3. 8% F1 8. 9% , B i
TR 16. 1% 27. 1% 8 & 8 WITH e 12.2%
F120.4% (1), R W NO 7] i 02 2840 FAR R %
B BETTER ML,

2.2.2 $MR NO st4Bmhia TR EAR A%k 45 475
WMEERTERMG Y w R 2 AIH, S5XF R
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Table 1 Effects of SNP on contents of K, Ca, Mg in roots of to-

bacco seedlings under aluminum stress

Py L A sy
BB Gge  Gwe (o
=M 100  CK 10.72+0.37a  8.27+£0.22a  3.85+0.09a
Al+0 10.23+0.64a 6.51+£0.19¢  3.12+0.22¢
Al+50 10.28+0.41a 6.87+0.21c  3.37+0.25bc
Al+100 10.62+0.79a 7.56+0.27b  3.50+0.11b
Al+200 10.48+0.53a 7.38+0.25bc  3.44+0.14b
Al+400 10.28+0.48a 6.96+0.29¢  3.30+0.16bc
=105 CK 10.12+0.51a  9.05+0.73a  3.66+0.15a
Al+0 9.13+0.32b  5.86+0.26d 2.65+0.08d
Al+50 9.47£0.44ab  6.52+0.15¢  2.99+0.14bc
Al+100 9.94£0.68a  7.45+0.38b  3.19+0.20b
Al+200 9.42+0.47ab  6.40+0.23¢  2.89+0.07c
Al+400 9.04+0.55b  5.45+0.19d  2.54+0.09d

BALPRULIE 1, RS R — S R A B RS )N R SRR
1 0.05 K EZERBE,

HIF R 23. 6% F11 38. 2% i 7 12430 T K% 13. 7%
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26. 9%, 1z M 100 #2 R 50 FIEF & i 0 W & 81k, =
M 105 W) 35 R, ARt SNP J5 , M AR 2 %4k |
B AR BERGE B SR OC R DY IR SNP vk FE B i 2
SeTtma TRER G, Hrb Ml 100 AL AR 2 &
HAE SNP 100 pumol/ LA 15 Fll 5 KA, 53] b 4R Ak 3
HBETE 16. 7% M 9. 2% %k & RN R

R2 HEWIEME THEERRK GG ESENIR

T 248 105,76 SNP 100 wmol/LINHE R4k 4 |
RN B R OR, O HL AR A PR AL B
25.2% .8.9% . 19.2% 1 9. 4% ; {H 4 SNP 400
pmol/LE , 4 105 R R P i L AR A FR AL 3% F
R 10. 1% (£ 2) , R EVRIE SNP JE— L4 T 48
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Table 2 Effects of SNP on contents of Fe, Mn, Cu and Zn in roots of tobacco seedlings under aluminum stress

i b B Fe &1 (pg/g) Mn & (ug/g) Cu & (pg/g) Zn & (pg/s)
Z W 100 CK 512.31£5.97a 182.52+2.43a 24.71£0.71a 38.52+1.08a
Al+0 391.443.15¢ 172.28+1.83ab 21.32£0.58b 37.22+1.11ab
Al+50 423.32+3.76bc 178.62+1.97a 22.01£0.53ab 36.78+0.96b
Al+100 456.78+3.88b 180.93+2.12a 23.28+0.42a 37.89+0.82a
Al+200 450.03+4.03b 181.41+1.26a 22.91£0.21a 36.62+1.04b
Al+400 405.12+3.37¢ 165.28+1.13b 22.18+0.46ab 36.21+1.19b
=4 105 CK 498.73+3.41a 173.91+£2.21a 25.62+0.63a 36.69+1.22a
Al+0 308.18+2.89d 156.58+1.46b 18.72+0.39d 33.11+0.88c
Al+50 343.03£2.72¢ 164.08+2.02ah 20.38+0.48¢ 35.32+0.95ab
Al+100 385.92+3.09b 170.52+1.49a 22.31+£0.44b 36.22+1.06a
Al+200 328.4122.85¢d 168.91+1.92a 19.7220.51cd 34.88+0.91b
A1+400 277.08+1.94e 153.22+1.17b 19.11+£0.26d 33.01+0.76¢

AP 1 E, RS A ] R AR A A R [N SRR ORTE 0.05 AKOF B2E R .
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2.3.1 #1R NO 48 it TR AR & oF Rk 5 %
v A 3 AT, FRA B B AR T A I A
(AT 3%, 2500 100 Fl Al 105 Fi 2R ST H% H
it BRI 25 I 20. 5% 1 31. 6% , 41 £ 2 -1 5ok
RO 26. 7% 41. 2% , S FI R4 51 F [
8. 1% 15. 7%, SNP BRI R 1 M0 GEAR A 45 P I
AR R | H G SNP e 10, 2 Rl AR R
AP AAR () W IRH R e TR A T R, H
tr S 100 76 SNP #REEH 200 wmol/ LI S M1 FI 40
i€ 3% I R 3 A e A, A A TR A O ) A 3 T
13. 4% 15. 7% , 1 = K1 105 W 7E SNP ¥ & Ry 100
pummol/ LA G 8% 0 240 i €2 2R I WG 3 o3 e K, R At
FRLH 4399 5 35 T+ 17. 6% A 20. 8%, [ 25 K 100
F2 0 105 28 %5 I g 56 % Y9 75 SNP ¥k E 2 100
ol /LIt i 51 45 KA, 43 51 2 1 b B4 1 35 7 75
7.53%A113. 2%, 4 SNP ¢S 400 pmol/ LI, Z A
105 AR AR A WP R AR AR AR AL L0 25 e, T =
100 Jo i #2557 (K 3) , KWK SNP St — 540

il U L Al 20 105 AR AR IFIAE

#3 HETWIEHETHEERRZRSFR MAHEERFERMZEF

W k9 54 i)
Table 3 Effects of SNP on total respiration, cytochrome respira-
tion and alternative respiration in roots of tobacco seed-

lings under aluminum stress

wn g AVPUGER  AMEEITIGER TR
[pmol/ (h )] (ol (h )] (ol (h - )]

=/ 100 CK 20.42+1.25a 17.29+0.82a 6.21+0.19a
Al+0  16.23+0.88¢ 12.68+0.37d 5.71+0.21b

Al+50  17.08+0.93bc  13.51+0.46¢ 5.98+0.25ab

Al+100 18.22+0.85b 14.53+0.51b 6.14+0.14a

Al+200 18.41+0.76b 14.67+0.58b 6.02+0.31a

Al+400 15.57+0.62c 12.21£0.30d 5.64+0.17b
=105 CK 18.91£1.03a 16.18+0.93a 5.94£0.31a
Al+0  12.93+0.37d 9.51+0.17d 5.01£0.09¢

Al+50  14.48+0.41b 10.51£0.64¢ 5.42+0.21b

Al+100 15.21+0.36b 11.49+0.55b 5.67+0.19b

Al+200 13.87+0.21c 10.32+0.33c 5.32+0.23be

Al+400 11.42+0.29¢ 8.28+0.16e 4.47+0.13d

FARPEVLPE 1, [RIB HR IR]— R A A B R R R NG SRR
1£0.05 KF 25 BE,
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{H, B, =40 100 Rz M 105 ARZS 0, 7= 4F i R 45
FRALFRLH 43 ) R R 14. 3% 1 29. 5% ,H,0, 2558435
TR 16.9% 1 36.5%, 1 24 SNP ¥ B & 400
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Fig.2 Effects of SNP on contents of O;~ and H,O, in root apices of tobacco seedlings under aluminum stress
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FIZH 105 R AE K2 5 200 Fb X BT R 17. 6%
F123.1%, 7% 5 3 7 1 43 0l LG X RN B 25, 1% il
32.9% 1M Bt T W2 % 12 43 ) b X BR T i 76. 4% F
65.2%, SNEIA SNP J&  MHEARI A K B AR R
P kH SNP YR EERG N 2 e SR N RS, =
16 100 Flz=4H 105 Y978 SNP ¥ EE R 100 pmol/ LA ik
B ARAE, A KR i i LUAR AL BRZH 73 01 b 2 T v
19. 8% 26. 6% , #5355 2 5 it 43 | LU AR AL BRZH b 2 T+
11 50. 4% 1 62. 6%, 24 100 Fl 2 K0 105 AR I V%
PR O T AR SNP VR EEXE I iy, 76 SNP Y B2 400
pmol/ LA 3K 1| 5 KAH, 43 ) L 41 Ak 38 20 &b 35 T &
80. 5%K1190. 4% (F 4) .

3 9

RO 4075 B I I PR, JLs ik
TR IUN AR AN | 7K 4R34 W B 15
TS SO R 2B i T I ARG R

AN TR A AR50 ~ 200 pmol /L
SNP ¥y nlH M HL 4553, Hrb DL 100 pmol/L

SNP Ze fift R b, A W I8 B E 1) NO R A R 2%
AR X HER T NP AT
PSSR —2, (524 SNP ¥ T+ & 400 pmol/L
IF,NO G fif A A 5 el 55 B 22 0 0 SO A b =
105 P B E R REF AR . X AT RES NO 22—
M EATG PR RUE S, Hod 5 B R S B A i ia
NIV B PR R ik S S
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Table 4 Effects of SNP on endogenous hormones in root apices of

tobacco seedlings under aluminum stress

o fbm EREGE FEESE MERSE
(ng/g) (ng/g) (ng/g)

=M 100 CK 52.30+2.21a 29.38+0.66b 81.19+3.31e

Al+0 43.09+1.54¢ 22.02+0.64¢ 143.20+4.33d

Al+50 48.12£0.97b 27.77+1.02b 216.51+6.41c¢

Al+100 51.61+£3.16a 33.11+1.23a 233.78+5.79b
Al+200  50.52+1.31ab 31.62+1.48ab 251.21+4.95a
Al+400  48.73+0.89b 28.50+0.54b 258.53+5.78a
=105 CK 49.50£1.12a  27.71x0.36b  85.58+2.65d
Al+0 38.09+0.98d 18.58+0.41d 141.39+3.91c

Al+50 43.71£0.77b  22.48+0.96¢ 232.91+5.12b

Al+100 48.21+1.26a 30.21+1.18a 259.00+4.92a
Al+200 44.88+1.01b 25.82+0.75b 262.31+5.11a
Al+400 41.37£1.09¢  22.27+0.57¢ 269.23+5.58a

BACPEULIE 1, [R)F r Ia]— Ah  AR B R R TR NS TR R
£ 0.05 KF LR BE,
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pIve AL @ N S N IR 2 T S
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FRAT B T T 0 R MR T AMA S A 7 B
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DB T 2 AR SRR AR T AR R B Bk
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FEME TN 400 pumol/L SNP Ji , iX b 22 fit R4 1 ik
EIRGGEE EXT 2 AH 105 BRI O™ A8 B i, vT
DL B NO 2 P R R0 AR 28 % o 76 38 1 WA,
SyHTELE R AT BE 5 ACHIESE s B NO 1 LR 15
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FEHUR B, AR AE T AR ZR PR T R A0 i
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