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Mechanisms of spraying external nitric oxide to alleviate injury of
pepper seedlings caused by low temperature
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(College of Horticulture ., Jilin Agricultural University ,Changchun,Jilin 130118 ,China)

Abstract: [Objective] The possible mechanisms of using NO to alleviate pepper seedling injury under
low temperature stress were studied to improve NO application. [Method) Seedlings of Capsicum annuum
L. ‘Jinfu 803" were treated under low temperature stress before foliar application of exogenous NO donor
sodium nitroprusside (SNP) and endogenous NO inhibitor L-NAME (N-nitro-L-arginine methyl ester
hydrochloride). First,a total of 6 treatments were set including normal temperature (H,0,25 *C/17 C),
low temperature (H,0O,15 °C/5 C), and SNP treatments with concentrations of 0. 05,0.1,0. 2, and 0. 3

(R HB] 2019-10-10

[FEATH] AR T X 5 JE 4 0 2 T B i 33 kb i e B AL A 7= H AR RHIOR LT B 7

[AEHRAT XA IC1994—) B3 AR EION  AE BB 1 o 32 90 N i 53 A FEAF 7Y . E-miail : 271705888 @qq. com
LEEEE] REMAIT8—) L Gl T MR E N BB W L A A 30 BN R SR SRS

E-mail: wuchunyan@jlau. edu. cn



64 PE JEAMB R 722 4R CB AR B 4 O 948 %

mmol/L (15 °C/5 °C) to determine the best SNP concentration. Then,with the obtained optimal concentra-
tion (0.2 mmol/L), L-NAME (0. 2 mmol/L,15 °C/5 C) and SNP+ L-NAME (0. 2 mmol/L SNP+0. 2
mmol/L L-NAME, 15 °C/5 °C) treatments were conducted using above normal temperature and low tem-
perature treatments as control to study the effects of different treatments on seedling growth, photosyn-
thetic parameters,active oxygen accumulation,antioxidant enzyme activity and contents of osmotic adjust-
ment substances. [Result] The growth of seedlings was significantly inhibited under low temperature
stress,and the cold injury index reached 62. 8. Compared with low temperature treatment, spraying 0. 2
mmol/1L. SNP significantly increased biomass,root activity,chlorophyll content,net photosynthetic rate,an-
tioxidase activity,contents of osmotic adjustment substances such as soluble protein,soluble sugar and free
proline, significantly reduced cell membrane permeability,and inhibited O; production and H, O, accumula-
tion with cold damage index of 33. 1. Compared with low temperature treatment, L-NAME treatment sig-
nificantly reduced biomass,photosynthesis,antioxidant enzyme activity and contents of osmotic adjustment
substances,and significantly increased reactive oxygen accumulation with cold damage index of 79. 2.
SNP+L-NAME treatment resulted in higher biomass, photosynthesis, antioxidant enzyme activity, con-
tents of osmotic adjustment substances and active oxygen accumulation than L-NAME treatment with
chilling injury index of 65. 1. [Conclusion] NO had positive effects on improving low temperature tolerance
of pepper,and it alleviated the damage caused by low temperature stress on pepper seedlings by enhancing
photosynthesis,inhibiting accumulation of active oxygen, and increasing activities of antioxidant enzymes
and contents of osmotic adjustment substances.
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Table 1

Classification criteria of cold injury symptoms in seedlings

Level of chilling injury

BRI

Chilling injury symptoms

0 FEAR TCHEMR No symptom

1 B TCHREAR . M0 K The leaf had no symptom,and the cotyledons were partially withered
5 E i, T2k DL A

The edge of a few leaves was scorched,and more than half of cotyledons was withered

F L — 2B L A A A

3 The leaf was scorched,more than half of leaf was withered,and cotyledons all withered
4 B A4l A B A K B The leaf and cotyledons all withered and only growth points were retained
5 FMR#E S8 T- The whole plant died
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Table 2 Effects of SNP with different concentrations on dry weight and fresh weight of

pepper seedlings under low temperature stress

I S Ak SNP ¥ /(mmol « L™1) S/ (g o BRTD Thih/ (g« kD
Temperature treatment Concentration of SNP Fresh weight Dry weight
I8 Normal temperature 0 5.05 a 0.76 a
0 3.66 ¢ 0.49 d
0.05 3.89d 0.54 ¢
K Low temperature 0.1 4.53 ¢ 0.61b
0.2 4.82 b 0.74 a
0.3 4.60 ¢ 0.66 b

VE « 7 B0 K 5 B R [ /N5 5 9 2% T b L ] 22 5 583 (P<<0. 05) . F 2l
Note; Different lowercase letters show significant difference (P<Z0.05). The same below.
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Table 3 Effects of SNP on growth and root activity of pepper seedlings under low temperature stress

e J i/ TR/ AXEKE/ % WA/

P /em ZEH/mm

I </ ! - ati . )
Kb 7 Plant Stem MK /cm (g B (g B D Relative Eyg 1 N
Treatment . . Root length Fresh Dry water glte«h b
height diameter . . ..
weight weight content Root activity
W Normal temperature 19,54 a 4.28 a 12.72 a 5.02 a 0.85 a 88.37 a 104.41 a 0

fiki#H Low temperature 17.58 b 3.35b 11.33 b 3.86 ¢ 0.70 ¢ 79.66 b 62.76 cd 62.8
SNP 19.27 a 4.09 a 12.26 a 4.50 b 0.78 b 85.12 a 84.35 b 33.1
L-NAME 16.38 ¢ 3.06d 10.40 ¢ 3.31d 0.60d 61.26 ¢ 55.83d 79.2
SNP+ L-NAME 17.88 b 3.49 ¢ 10. 88 be 3.74 d 0.62d 72.42 be 73.60 ¢ 65.1
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Table 4 Effects of spraying SNP on chlorophyll content and photosynthesis of pepper
seedlings under low temperature stress

MR/ P./ G,/

Ak (mgeg b (pmol « (mmol « G/ o Tri, B
Treatment Chlorophyll content m Zes 1) m Zes ') (pl- 17D (mmol » m™* « 571
R Normal temperature 3.92 a 13.99 a 0.39 a 400. 36 a 8.16 a
{K i Low temperature 3.56 b 6.76 ¢ 0.33 b 210.15 ¢ 5.46 b
SNP 3.89 a 9.25 b 0.42 a 321.83 b 7.67 a
L-NAME 3.10 ¢ 4.43 d 0.25 ¢ 146. 66 e 3.33d
SNP+L-NAME 3.33 be 4.94 d 0. 30 be 181.56 d 4.92 b
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Table 5 Effect of spraying SNP on antioxidant enzyme activity of pepper seedlings under low temperature stress
fib SOD &P/ (U g™ CAT fitk/(U - g~ 1) POD{&E /(U g
Treatment SOD activity CAT activity POD activity
I8 Normal temperature 171.46 a 116.10 a 235.22 a
{K i Low temperature 158.66 b 107.95 b 195.75 b
SNP 176.45 a 115.55 a 227.97 a
L-NAME 136.99 ¢ 100. 76 ¢ 130.22 d
SNP+ L-NAME 161.35 b 106.67 b 169. 84 ¢
2.5 SNPX{EBBETHMS EHENBEE, NAME 4b SIS 4)) 1 /9 A8 X B 5 2% . MDA 5 & Fl
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Hi 2% 6 AT LA o AR B 38 T B4 B A A X
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B AL R R . SR b B A Lk, SNP Ab 3 i
B AN HL % MDA & . O PP AR R
H,O, &4y M TR 6. 65%.18.17%.,41. 11% Fi
37.89 %0« Uk BAE BV FE 19 NO ] LAY/ 41 i B A %
A e SR R U0 A R R R R T A e A 3
FH . L-NAME &b B {5 B{AR &) B 00 A X H 5 5
MDA & 4. O, 7/ R H,O, & & 4 4 -7t
11.38%,12. 37%, 16. 24 % 1 43. 67% ; SNP + L~

AbRE, Ho4 IUEE bR 8 TSNP AR B, AR T L-
NAME /4b # . 0] UL 25 il W 38 T &l 8 4 2k NO
] s 2 T B2 M OB P 0 O 3 A R AR A R
SRVR I PR AETE AR N e AR R 0 A A
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Table 6 Effects of SNP on relative electrical conductivity, MDA content and accumulation of
pepper seedlings under low temperature stress

e X 55/ % MDA & it/ O AR 0. E i

Treatment Relative conductivity (nmol + g=1) (anl: g n_lm ) (pumol + mL™1)

MDA content Oz production H, 0O, content
I8 Normal temperature 79.59d 11.08 d 64.14 d 22.08 ¢
{K i Low temperature 86.47 ¢ 16.73 b 127.24 b 40.85 b
SNP 80.72 d 13.69 ¢ 74.93d 25.37 ¢
L-NAME 96. 31 a 18.86 a 147.90 a 58.69 a
SNP+L-NAME 91.09 b 17.44 b 105.32 ¢ 41.90 b

& 7 SNP HRIEMIE T R4 85 E R TR

Table 7 Effects of SNP spraying on osmoregulatory substances in pepper seedlings under low temperature stress

JIsT] TR B 2] W LA & B 7 AR & (g - g
Treatment Soluble protein content Soluble sugar content Proline content
‘H ¥ Normal temperature 3.07 be 2.58 ¢ 169. 23 ¢
MK Low temperature 3.22 b 2.66 b 178.48 b
SNP 3.54 a 2.96 a 192.98 a
L-NAME 2.74 d 2.35d 151.09 d
SNP+L-NAME 3.27 b 2.71b 180.68 b
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