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Control over exogenous NO on black spot of apple
WANG Di, LI Yong—cai*,BI Yang, YU Xiao—yan, TANG Ying,PAN Jing—yu, WANG Ting,ZHANG Xi-tong

(College of Food Science and Engineering, Gansu Agricultural University, Lanzhou 730070, China)

Abstract: Effect of nitric oxide (NO) donor sodium nitroprusside (SNP) on the growth,colonial morphology and
microstructure of Alternaria alternata were studied in vitro,and its curative and preventative effect for apple
black spot control were also evaluated. The results showed that SNP could significantly inhibit spore germination
and mycelia growth of A. alternata and the effect was in dose dependent manner. The inhibitory ratios of spore
germination and mycelia growth reached to 70% ,and 75.9% respectively when treated with 1 g/100 mL SNP.
Rough surfaces,uniform thickness,distorted cell and ruptured cell membrane were observed after treatment
with SNP by scanning electron microscopy (SEM) and transmission electron microscopy (TEM). Meanwhile,
SNP treatment not only could cure the black rot on inoculated apple,but also induce the increase of fruit
resistance to prevent disease developmemt,the optimum inhibitory concentration was 0.5 g/100 mL SNP. Results
suggested that NO,as a safe preservative alternative to synthesis fungicide,might have potential application for
postharvest disease control.
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Fig.4 The effect of NO on incidence of inoculated apple fruit

3 itit5%ie

A I A R TILAN [R5 N O X L [ A B 70 1
HZBORAFAEIR L MATN, 1 /100 mLAEAARS N FE 35
O G R BT 22 72 K KA T R (p<0.05) o 1X 5 Wills
SEBISE T NOXT P2 Hh 5% (Aspergillus niger) < Bk J5 93
W (Monilinia fructicola) ~ ¥~ J#% ¥ B (Penicillium
italicium) « 25 8% 3 IR JHIN 1 (Colletrotichum coccodes)
ERHIE L5 3. LRI R INOTE B h A
IS TR, K2 5T KA1 %7 (Botrytis
cinerea 5 F. 27 T AR TAE FHM, J4E - S8 2 H
95 B (Colletotrichum coccodes) 53 01 H2 &, FE0]
A5 B ) B (Fusarium eumartin) 91 B4 44 g 94
T, R L BRI N O B I A2 Ak i T2 25 45 44 Rl
TRESA VAR P A W B AR E S F e HEDI T BB JENO
BEN T AR 4H M P 38T 5 40 il 38 & 54 H , Carreras!™)
PRI 9 A I AL &5 18, NO Rl 1 F8 —~— & i )
W ATPE & 03 AR, Ho4i i % st 4% E 11350
Sy CUn ki AN A DH I S0 , 40 i €0, 22 A0 I 45D W
PR 2 B FN ], 28 B NOE I AF H T S 470 B fr A4, 1)
T LA 1) I I 3 ok 1 A U 2R 5L, AT S5 8006 i
WA M T

0.5 ¢/100 ml. SNPHE W] 1 B A B2 Fh ai Jo 52 R R
S BE AR, X 3R ANO AL AR ) g 5 H AT 36 i
e dgEE KRR W SMNENOXT 3 R 75 2 M R B A
PRI RO, ELAR B s ) O B . EAFHE
DA AL AT 2 T AR A .

A SLBG AT L AR W, AN IENO BT E i R
903 DA A2 A T 5 S5 R ST B A P SR A s i S AR e R

1



e R

@étﬂ%&l

BEIps » A - HAE M LBE A S 2%, I fy it 20 oy
TR B W AR IENOAE Dy 45 5 43 1 X g S5 R A1)
AN 25 EPUVES S AL

2%k

[1] %133, 04,3 G T, KRG H R BAETER Latm A
H BRG] AR T kA ,2014,35(4) :327-330.

[2] Z=ms 5, K25, T, 4. 304 b xR G i AL B AR &
Yeag A AR, T R R LAt 2008(6) :246-248.

[3] B R, G4 &, B0, 5. NOXTRIG 0 3 e 8 2 R
#%al]]. &Rt 5,2007,28(2):327-329.

[4] Millar A H, Day D A. Nitric oxide inhibits the cytochrome
oxidase but not the alternative oxidase of plant mitochondria[]].
FEBS letters, 1996,398(2):155-158.

[5] Caro A, Puntarulo S. Nitric oxide generation by soybean
embryonic axes. Possible effect on mitochondrial function [J].
Free radical research,1999,31:5205-S212.

[6] Thomas D D,Ridnour L. A,Isenberg J S,et al. The chemical
biology of nitric oxide : implications in cellular signaling[J]. Free
Radical Biology and Medicine,2008,45(1):18-31.

[7] Wills R B H,Ku V V V,Leshem Y Y. Fumigation with nitric
oxide to extend the postharvest life of strawberries[J]. Postharvest
Biology and Technology,2000,18(1):75-79.

[8] Lazard E E,Wills R B H,Ho B T,et al. Antifungal effect of
gaseous nitric oxide on mycelium growth,sporulation and spore
germination of the postharvest horticulture pathogens, A spergillus
niger , Monilinia fructicola and Penicillium italicum|]]. Letters in
applied microbiology,2008,46(6):688-692.

[9] Wang J, Higgens V J. Nitric oxide has a regulatory effect in
the germination of conidia of Colletotrichum coccodes|J]. Fungal
Genelics and Biology,2005,42(4):284-292.

[10] Manjunatha G, Nniranjan-raj S, Prasnanth G N,et al. Nitric
oxide is involved in chitosan —induced systemic resistance in
pearl millet against downy mildew disease[J]. Pest management

science,2009,65(7):737-743.

Vol.36,No. 18,2015

[11] Lai T,Wang Y, Li B,et al. Defense responses of tomato fruit
to exogenous nitric oxide during postharvest storage[J]. Postharvest
Biology and Technology,2011,62(2):127-132.

[12] Zk A, Hermm. FER AL L5k W kA2 R R F A R[)).
H R ALK F F4R,2005,40(4) : 516-520.

[13] Yao H J, Tian S P. Effects of a biocontrol agent and methyl
jasmonate on postharvest diseases of peach fruit and the possible
mechanisms involved[J]. Journal of Applied Microbiology,2005,
98(4):941-950.

[14] Bi Y, Tian S P, Guo Y R, et al. Sodium silicate reduces
postharvest decay on Hami melons : induced resistance and
fungistatic effects[J]. Plant disease,2006,90(3):279-283.

[15] B e re, 4k 23, Wik e 5 #ran £ 7 B2 38N
TAAATA T & F AR 4 A K 4R ,2004,25(4) :27-
29.

[16] BFa, 3k 2 —. Romah R R 52 09 oF R, T Rt A4y B
TACHY BT[] HL A2 F 4R, 1993,23(1):69-73.

[17] MR 2, 54 R 5. B AR R EERERE
JEE L RS F e % R[J]. Rk 24254k ,2007,22(10):
208-211.

[18] Samalova M, Johnson J,Illes M, et al. Nitric oxide generated
by the rice blast fungus Magnaporthe oryzae drives plant infection
[J]. New Phytologist,2013,197(1):207-222.

[19] Terrile M C, Mansilla A Y, Albertengo L, et al. Nitric—oxide—
mediated cell death is triggered by chitosan in Fusarium eumartit
spores[J]. Pest management science,2015,71(5):668-674.

[20] Carreras M C,Franco M C,Peralta J G,et al. Nitric oxide,
complex I,and the modulation of mitochondrial reactive species
in biology and disease|J]. Molecular aspects of medicine,2004,25
(1):125-139.

[21] #F &, 3 3,488, F bR — AR RARE R EF
Penicillium expansum & & %1% A [J]. Journal of Agricultural
Biotechnology,2013,21(3):253-262.

[22] 245, & AN, H¥F, F. — BRI RARE AFH ALK
B H AR A AR FH],2013,40(3):243-248.

1111111111 1111111111111 1111111111111 1111111111111 1111111111111 1111111111111 1111111111111 1@

(EHH357TR)

(6] T k. K= nb-4k K S HENIRZ ). Hinb4R,2014
(3):25.

[7] 29+, 3& ,INEE, 5 BBEREHAZHRE YR E
SATAAR[]]. LB Rk K 53R, 2013,35(5) :940-944.

[8] ik, AR, ZFT A, 4. PR EEM o 35 2 0 Bk R B AR K B
EHHa Al A ,2013,38(2):26-31.

(9] Bk, x| 4k, Sk S, 5. ARB AN EFRER AN
Frall] ZHR LK F$R,2014,41(5):871-874.

[10] E3, x4 TR U3, 5. 0B st 3 B8 Mok R A
EmeHall] FTERFZFR: A RFFHK,2011,32(2):
172-175.

[11] K&, IR ALHNE, . B WIPRBRSFH AL 5

R[] R =S T5F),2011(3) :4-6.

[12] k3%, T, 40T, 5. RE SAF R ALAG K 08 F A L #
iy B F o AHT[)]. BRI AR 1R,2013,31(4):37-41.

[13] W& ,iE R, EXHE. 124 AL A0 R 20k 655 a9 )
F Lo B E 5] d ARk K S F 4R ,2011,34(1):35-
40.

[14] 23, F 24, A0 RREERSRATEEEBHEF
X FOGFFR)]. R4 FIR,2005,26(1):14-18.

[15] 4P &4, KRB, /R, . Rafk b5 A2 A LA X &
BT[] A T kA4 ,2011(2):76-78.

[16] F = , R —. BEFmE@m T EM]. 7w FEAR
Ak K 5 pRAE, 2001 1 79.

20155 £188H 361





