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Effect of Foliar-spraying Nitric Oxide on the Nitrogen Metabolism
Enzyme Activities and Nutrients in Leaves and Roots

of Reaumuria soongorica Seedlings under NaCl Stress
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Abstract: The objectives of this experiment were to study the effects of foliar-spraying nitric oxide (NO)
on N metabolism enzyme activities and nutrients of Reaumuria soongorica seedlings leaves and roots under
NaCl stress and to determine the ability of exogenous NO to alleviate NaCl stress in R. soongorica seed-
lings. The current-year R. soongorica seedlings were used as test material to measure the activities of glu-

tamine synthetase (GS), glutamate synthetase (GOGAT) and nitrate reductase (NR), the concentrations
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of soluble protein, free amino acid and NO; N in roots and leaves by different concentrations of NO (0,
0.01, 0.10, 0.25, 0.50 and 1. 00 mmol « L'

this pot experiment. Principal component and subordinate function analysis were used to select the best N

sodium nitroprusside) under 300 mmol + L' NaCl stress in

metabolism indexes and optimal NO concentration for evaluating the ability of NO to alleviate NaCl stress
in R. soongorica seedlings. The results showed that: (1) GS, GOGAT and NR activities and soluble pro-
tein and NO, N concentrations all decreased significantly under 300 mmol * ™' NaCl stress. (2) Exoge-
nous NO can significantly increase GS, GOGAT and NR activities and nitrate nitrogen concentrations in
R. soongorica roots and leaves, and increase soluble protein and free amino acid concentrations in roots.
(3) NR and GOGAT activities can be used to evaluate the mitigation effect of NO on R. soongorica seed-
lings under NaCl stress and order of the mitigating effect of exogenous NO on R. soongorica seedlings un-
der NaCl stress is 0. 25 mmol « L "SNP >> 0. 50 mmol « L' SNP > 0. 10 mmol * LSNP > 1. 00 mmol
« L7"SNP > 0. 01 mmol « L™'SNP by principal component and subordinate function analysis. The study
found that 300 mmol « L™" NaCl stress inhibited N metabolism. Exogenous NO helped R. soongorica
seedlings adapt to NaCl stress by increasing NR activities and promoting NO; -N transformate to NH, "
and by promoting the assimilation of NH, " via the GS/GOGAT cycle in R. soongorica roots and leaves.
The results showed that 0. 25 mmol « L. "SNP treatment was the most effective for alleviating NaCl stress
in R. soongorica seedlings. NR and GOGAT activities can be used to evaluate the ability of NO to allevi-

ate NaCl stress in R. soongorica.
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> 300 mmol « L™'NaCl, iR¥i%E 7 MbHEAH S, %
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T R T A 1k 6 B R Bl NaCl Ak B % it 25 &
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1.2.4 BREBMA®HE (GOGAT) &M GOGAT iF
PhI A2 2 8T/ S5 B ik . FR 0,200 0 g i
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=
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Different normal letters indicate significant difference between
treatments at 0. 05 level (P<20.05); The same as below
Fig. 1 Relative dry weight and relative plant height
of R. soongorica seedlings under NaCl

stress with different concentrations
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T8 43 S5 0,0, 01,0, 10,0, 25,0. 50,1, 00 mmol « L™ 'SNP; T [
Bl 2 AME NO X NaCl i & 20ab iy AR FR rf ] 5 P4 25 1 R0 I 2 2 25 192 179 52 il

CK(Control) was watered with 1/2 Hoagland, foliar sprayed with distilled water, while T,~T; treatments

were all irrigated with 1/2 Hoagland configured 300 mmol « L™ ! NaCl and foliar sprayed 0, 0.01, 0.10, 0.25,

0.50 and 1. 00 mmol » L™ "SNP on leaves respectively; The same as below

Fig. 2 Effect of exogenous NO on soluble protein and free amino acid contents in leaves and

roots of R. soongorica seedlings under salt stress
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Fig. 3 Effect of exogenous NO on GS, GOGAT and

NR act

ivities in leaves and roots of R. soongorica

seedings under salt stress
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R v A I e U 07 e
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IR 25 HH R TR 3 i 336 7 AN () Ab 38T 78 A e A
[a], BiZE T, (300 mmol « L™ NaCD) &b B F 4 1v AH W
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Fig. 4 Effect of exogenous NO on NO; N
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concentrations in leaves and roots of R. soongorica

seedings under salt stress

F1 AELETLR NREEROHERE

Table 1 Salt tolerant coefficient of R. soongorica nitrogen mentalism indexes from different treatments
5 b7 AL PR Treatment
Index CK T, T, T, T, T, T,
% 2 1 Soluble protein 1.145 . 000 0. 836 0.727 0.698 0.721 0.795
7 B % FL R Free amino acid 1.027 . 000 0.928 0. 837 0.767 0.879 0.911
- BHMAE GOGAT 1.087 . 000 1.267 1.594 1.875 1.540 1.311
Leal & WA R GS 1.291 . 000 1.030 1.170 1.186 1.173 1.119
A R 1 B NR 1.337 . 000 1. 107 1. 264 1. 261 1.115 1.025
MAA NO, N 4. 649 . 000 4.216 4.919 2. 892 2.541 1.081
Al P2 [ Soluble protein 1. 292 . 000 1.122 1. 549 1.937 1. 484 1. 549
UiiF B % SR Free amino acid 1. 290 . 000 1.458 1.170 0.956 0.994 0.918
BE B HRE M GOGAT 2. 808 . 000 1.572 2. 141 2. 889 1.632 0. 952
Root BABM A WA GS 1.863 . 000 1.247 1.438 1. 769 1.152 1.133
il R I8 J5 i NR 1.258 . 000 1.132 1. 305 1.194 0.987 0.868
MAA NO, N 3. 349 . 000 1. 264 1.519 1.791 1. 969 1.349
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R2 AWPEERSHFAEE

Table 2 Component eigenvalues of R. soongorica seedlings

S %y FHIEAE fi BTy 22 R R T 22
Principal component Characteristic value(Q) Variance explained/ % Cumulative variance explained/ %
1 8.262 68. 846 68. 846
2 2.549 21. 242 90. 088

R3 AWHEESERNRHLZ0]

Table 3 Coefficients [Z(x)] of comprehensive indexes of R. soongorica seedlings

40 %

F 5y CIRGY i g S Ui 29 AL R BAMR A AL il iR 38 5L il AR
Principal component Soluble protein Free amino acid GOGAT GS NR NO, N
A —0.185 —0.006 0.333 0.310 0.277 0.238

Z, 0.318 —0.079 0.014 —0.080 0. 309 0.125

F4 AEAVETIAURRHERTHREIBERIEF
Table 4 Average subordinate function values and rankings of R. soongorica nitrogen metabolism
indexes from different treatments
ER Ab PR Treatment

Index CK T, T, T, T, T, T,
Al v PE 2 [ Soluble protein 0. 834 0. 888 0.108 0. 441 0. 823 0.922 0. 424
B A IR Free amino acid 0.670 0.222 0.928 0.953 0.518 0.712 0.492
- ¥ SN & T GS 0.334 0.063 0.035 0.243 0. 880 0.301 0.435
Leal AEMAM GOGAT 0.931 0. 880 0.231 0.517 0. 663 0.611 0. 450
iR 18 J5 i NR 0.128 0.042 0.052 0. 494 0.874 0. 840 0.658
f&A NO; N 0. 844 0. 070 0.316 0. 560 0. 881 0.924 0. 501
A M H Soluble protein 0. 670 0.222 0.928 0.953 0.518 0.712 0.492
B & IR Free amino acid 0.931 0. 880 0.231 0.517 0.663 0.611 0. 450
Wz & A& U GS 0.128 0. 042 0. 052 0. 494 0. 874 0. 840 0.658
Root HEAMAM GOGAT 0.334 0.063 0.035 0.243 0. 880 0. 301 0.435
iR 14 J i NR 0. 844 0.070 0.316 0. 560 0. 881 0.924 0.501
MAA NO, N 0.955 0.073 0.119 0.283 0.575 0.767 0. 500
- 157 5 J@ PR B Mean subordinate function value 0. 742 0.256 0. 322 0.589 0.777 0.721 0. 481

HeJF Order 2 7 6 4 1 3 5

90. 088 %0 Y5 B, Al X 2 A~ F WL 40 1F it NO Xt
NaCl il T 2000 &)y 1 1) 22 e/

R 3 A HLTE Z, M RBEE KR F 22N
MRG0, 333)  AF 2 Bk Wi &5 BB (0. 310) FlAH iR
W R 0. 27T BTG ML Z, R A R IS b £ E
SR M S 0. 318) FIAN R 6 TR R TR
(0.309), 3 H 5 MM R IEAHC, Hit, #F—5 Xt
2D EW LA R A C R BT AT S AR S
it 0l 2 38 JEL O P P A S NO XF NaCl e T 20
b &)y 1 92 % 2800 1) PEAN 48 A

HW, LLELib ity fAR & op 6 TR AR 48 br A
A THE A HE AR 1 X SR JE eR B JF AT AN

NO XF LN Z A G HBE 18 A7 78 NaCl W38 T 1Y 22
AT Gk O SR BRI NO X4 b 72
NaCl Jiir 38 T 9 22 i SR 98 55 WU ARl T, (0. 25
mmol « L' SNP)> T,(0.50 mmol « L' SNP)>
T,(0.10 mmol » L™" SNP)> T, (1. 00 mmol « L'
SNP)> T,(0.01 mmol « L™' SNP),

3 i
WS TR () — e B o R B85
W3 9 B0 K40 1 7R — B /N4 T A B 5 1 L

TE—E R JE LA R T MmAE Y ik i
PR R A A Y T 1) Y e A R

i®
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HYAAYHNEEAFAEMZRE 58 EhEA
TR A BRI R i B I R E — L ke D
9% A R ER 038 T B A e R OR Ui B A SR R i T
B TR R A N R I R S R X R
AL o S R e A2 S T T S B ER T G0 R Rk U
B ER M E A S ® Y R, AR,
Jop 38 R £0RD e RAR R b AT R 1 RR N 2 S R
B YA TR R B AR L 3 5 1 A 45 B F 9 45 SR A
— B0, 33X B DR A A ] B it R AN [ T AR it
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e B LR & A AE 0. 01~0. 10 mmol « L~ 'SNP
AEFRR W PR L IR EHLBE NO ¥ T B i R
VAN NO it BEAR T 2080 it R v Z0A0 38 9 336 BR
TR T B 8 T AR R U Y 0 BRRE B L 3 Y Ah
P8 NO Jiti A I F L0 AR R XN 718335 07 Y o
P18 8 2 ok e A 200 R V5 3 T % 6 T 3 X 21 D 3 K
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MY A S RFZ R EERAEE kA X+
BOR R BN, 3 rh i B R B A LS A
TS E T F ISR (NO, -N) Fl g & A
(NH, -N) ZAEY Py 2 2 BERERS., A
WFFE R R Ml 2 PR 2 1 NO; -N &Y L1
MRS LM DA NO, -N a5k
JEBE I 5E T+ M. A DF S & B, 300 mmol ¢ L
NaCl B T 2L /b nt 5 fR & b NO; -N & 2 3#
R, TG AN IR NO fiE % 32 050 20 D - R AR
™ NO, -N & i, X 5 A0 55 X5 & il (Atropa
belladonna ) AR BT FE 45 B A — 8™, Ui B 26 i aa
T X NO, -N Bk, T NO, -N 2%
WA YA AR R RS NO; -N #AEY)
WS R A R RS ) NH, -N A R ik 9 1k
#E— L DA DL AL X F A . 682 iE )5 i (NR)
SR AT ) R 00 R B T L 3 R R RPN A A
TR B B AR . AT R B N NOS -N
TS NRE MR IE L ESMNE NO, -N JE#H T
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W E T 2% i W0 XA P B 05 ED . AR5

whL LR R FTRR & NR IS PEFE 300 mmol ¢ L
NaCl i T i 2 FEAR . SRR NO A 248 = NR I
PE X U B it H AR IR NO g 98 {2 #F 20 80 X NO, -N
(] 2L Rl A AE T 38 i & s BRAR

W FRYARN NH, -N 2R X —E 7
BE EREAR T AR A R R ALY B R, (A 4 A
FRHACREMS . NH -N KBRS XY 7
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CANASFAR DL o 0 ok 38 T AR 4 A e AL 17 A1 7 4 R
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Fa 9 B A e R W ia R oinsE Xt NOS -N =9 NH, )
i — 25 A P i B 43 I R BILD . S A
B (GS) A4 & IR A WU (GOGAT) & 4L 8 18 1
GS/GOGAT R B2 Y R S A FEE
£, NH, -N & Gs i 1k & W & & Wt e, /5 &
GOGAT fER/ R ER . — 5 FA AR SER GS
MIHEALIE Y O — 4> 4 &R AE & LR B 3T KR
S RAE YRR . B b b R T
LLRP I F AR B b GS/GOGAT 1R, &K T 2 Fif
it 3 P L SRR NO Jiti T DA S 3 v 20D i R AR
Zof 2 Al ML UL MR NO RE 98 7 B 58 b 20 X
2L GS/GOGAT 1iF 4 i BRI AE F . vl gl i 1
NH, -N FUZE 36 7 NH, -N iy g - X 1
— R LA TIRESAaERME THARE R
FRUBR B AR W i it bk . T RE SR R NO 1B —
FEENESY, 25 7 8 0hE TR s a0
XF i B R AE 5 A . R T ONR W PGS/
GOGAT ¥ . 3T NO; -N Ay 5 [F] AL 3415,
RAH B TARNE B R, FRATE o X h ) v
WA REREZ,

W) T R PR 0 P 8 A — AR A kR, R —
AR B X LA 4 T A A b sz i AR O i R A
it $hPE B R 55 . A 32805 3 B b 2 A dE ok A
DBULAFE AR R i B I b 48 br 5L 4 3 9 05 2R AT
AWM SEEW G5 R T A5, EMy AR,
NR %18 Ry a0 ge 46 s A B 55 3 5 36 40 4
Brig it NR f1 GOGAT J& NO %} NaCl 38 F 4L w5
R % A 00 B 38 B PE A 8 AR B NO X 6
TR LRl 25 R B AR RN X e 1k 7 g % ) A 2 L
W EACH A R, WA, AT o — 4
1 SR R B BT & B NO 78 NaCl i F k2w
SRR X 0 110 2 fife 5507 5 559 1 VAR R A B, b L
I H W% 0. 25 mmol « L' SNP 8 #54E itk
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