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Research advance on nitric oxide inhibiting diseases in fruits and vegeta-

bles
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Abstract: Nitric oxide (NO), as an important signal molecule, has been reported to play a very impor-
tant role in postharvest ripening and disease resistance in fruits and vegetables. Postharvest diseases are
the important cause of postharvest loss of fruits and vegetables. There are physiological diseases and in-
fectious diseases. Chemical reagents are generally used to treat the postharvest fruits and vegetables for
disease control, but this may cause harmful effects on human health. The application of exogenous NO
has been reported to induce disease resistance in postharvest fruits and vegetables, which provides a sus-
tainable and safe approach in the control of postharvest decay. The quality of postharvest fruits and veg-
etables is related to respiratory intensity, VC content, moisture content, soluble solids and hardness. Ex-
ogenous NO treatment is effective to inhibit the respiration rate and chlorophyll degradation in fruits
and vegetables, delay the decline of VC, soluble solids and hardness, and reduce the loss of water.
Therefore, the commodity and edible values of fruits and vegetables are well maintained. Low-tempera-
ture storage is widely practiced to control the quality deterioration of various plant products. It reduces
the rate of cell metabolism and delays the process of ripening and senescence. However, some tropical
or subtropical fruits and vegetables are susceptible to chilling injury. NO treatment inhibits the occur-
rence of chilling injury in postharvest fruits and vegetables such as peaches, bananas, cucumbers and to-
matoes. Researchers have revealed the mechanism of NO inducing chilling tolerance of postharvest
fruits and vegetables through active oxygen metabolism, proline metabolism, energy metabolism and
membrane lipid metabolism. NO also induces chilling tolerance by regulating the expression of related
genes. The CBF anti-cold pathway is considered to be the most critical and well-researched pathway for
cold response in plants, and the CBF genes are the hub of this pathway. The CBF genes may play an up-

stream role in regulating the expression of downstream cold-tolerant genes, thus increasing the toler-
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ance of plants to low temperatures. Pathogens are the main cause of infectious diseases in postharvest
fruits and vegetables, and the infectious diseases of fruits are almost all caused by fungi, while the de-
cay of leafy vegetables is chiefly caused by bacteria. Major infectious diseases include anthracnose,
botrytis cinerea, brown rot disease and so on. Inhibition of different diseases usually requires the use of
different types of fungicides, and more efficient antimicrobial methods are highly desired. Plant induced
resistance refers to the use of inducing factors to induce plant disease resistance, which can protect
fruits from pathogen for a long time and has the advantage of being environmentally friendly. Inducing
factors include physical, chemical and biological factors. The mechanism of different inducing factors is
different. NO as a chemical factor has been reported to induce the disease resistance in postharvest
fruits and vegetables. NO promotes the synthesis and accumulation of secondary metabolites in fruit
and vegetable cells by inducing the activities of phenylpropanoid metabolism-related enzymes and dis-
ease-resistant related proteins, which inhibit the infection of pathogen. The research on NO inhibiting

the diseases in fruits and vegetables has attracted increasing attention. In the future, the achievement
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from these studies may be applied to practice.
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Table 1 Study of NO on the chilling tolerance of postharvest fruits and vegetables
ME b i Wb BTk
Material Cultivar Treatment method
Bk Peach" eIk Feicheng peach I5pL-L'MINOS Mk JEZ2h
15 puL-L"' NO gas fumigation for 2 h
# £ Banana"? Musa spp,AAA group ‘Brazil’ 0.05 mmol - L™ ) SNP % #iZ i1 10 min

# ) Cucumber'"” Cucumis sativus L. ‘ Deltastar’

Jift 7% Navel orange"” A& Washington
H A7 Japanese Plum™”
53 Mango™ Mangifera indica L. ‘Brazil’
% %5 JIN Hami melon®” Cucumis melo L. 86-1"
7 Tomato™ N Lichun

#1455 Bamboo shoots™”

P, salicina Lindell.  Amber Jewel’

Phyllostachys praecox f. prevernalis

Soaking in 0.05 mmol- L' SNP solution for 10 min
25 uL-L'MINO Ak HZ12h

25 puL- L' NO gas fumigation for 12 h

0.5 mmol - L™ [¥] SNP ¥ {2 5 min

Soaking in 0.5 mmol-L" SNP solution for 5 min
10 uL-L'"HINOAfE  HEZ2h

10 uL-L" NO gas fumigation for 2 h

10 uL-L'INO Sk HEF2h

10 uL-L"' NO gas fumigation for 2 h

60 uL-L'INO Sk HE#%3h

60 puL-L"' NO gas fumigation for 3 h

0.02 mmol - L {#] SNP ## {2 2 min

Soaking in 0.02 mmol- L' SNP solution for 2 min
0.07 mmol - L" ¥ SNP ¥ #{{¥2 {2 30 min

Soaking in 0.07 mmol- L' SNP solution for 30 min
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Table 2 Study of NO in inhibiting infectious diseases of fruits and vegetables
ok LREL I T 28 Jib 3 75 5
Material Cultivar Type of disease Treatment method
A Citrus sinensis cv. ‘ Valencia’ TRIE 50 umol - L' ) SNP ¥ 12 i1 10 min
Citrus™” Anthracnose Soaking in 50 pmol-L"' SNP solution for 10 min
TRk Bruno — 0.2 mmol- L' i) SNP ¥& ¥R 10 min
Kiwifruit"” Soaking in 0.2 mmol- L' SNP solution for 10 min
7 i H15%45 Zhongshu 4 IKE 0.02 mmol - L [¥) SNP ¥ 28 30 min
Tomato"™ Botrytis cinerea  Soaking in 0.02 mmol- L' SNP solution for 30 min
ELR T4 Qianxi YR AT 0.2 mmol - L™ f¥) SNP V& i1, I 7E-35 kPa K] [ 3 23 0.5 min
Cherry toma- Botrytis cinerea  Soaking in 0.2 mmol - L' SNP solution and permeated for 0.5 min at a
o pressure of -35 kPa
K3 “£# Fengxiang — 5 umol- L™ ) SNP % ¥ ¥Zf 10 min
Strewberry™” Soaking in 5 pmol - L" SNP solution for 10 min
LIRS S Guifei IR 0.1 mmol - L™ /) SNP ¥ #3234 5 min
Mango"" Anthracnose Soaking in 0.1 mmol-L" SNP solution for 5 min
Bk Prunus persica (L.) Batsch 55 15 pmol - L") SNP ¥ ¥R 10 min
Peach™” Brown rot disease Soaking in 15 pmol-L"' SNP solution for 10 min

3 s —SCHR TP R S 25
Note: —The type of disease is not specified in the literature.

ROS & AL FE i H AL A (H0,) 2 H H £ (OH«) PA
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AR EMER . NO HSR% 5 O, )R M AE it
FAL AR 2 T (ONOO) , W) I BE % B33 2% 4L
JEFA ) T 2 5 B R S5 B R B H . NO
A DL T R S S S e R 5 RS PR T g,
PE B 205 202 S-TE A 24k , B NO 5 2 e & R
T B ] 3 b AN 255 R R HEAE . NO X ROS 7™
A BRI ) — M) TR S- Y AN AR E A
il NADPH % A4 B v 14 , 5 809 9% ) Mg 72 H ROS
WG Bk
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Ky 28 I, e 1 5 SR 4L 2300t B s TR B ) g
73 ORAF 4 B A 5295 J&L 1R 1) 20 i [ B 19 R 02 i 3
PHAS I 9 8 E L o 55 406 K T R AT A4
R SR 2R S AR TEE O e R0 5 S i 8 o 4 A 420 1)
A KR B — i BRI E . 2R AR R
O B T B HE 2K TN R AR B (PAL) « R EE iR -4- 72 3
1L (CHD 4-FF HE R -CoA- 7E 21 (4CL) Al 5 /R il
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B K CH 5 e B B2 R F1 A 5 3 X L TR
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CHI /& 5 75 Wi & B 72 v 1 S S g, [R] 0 245 74 e AR
I R R G I 11 v M T DU 1 2 R ER o T i 5
BB E AR 2 — . NO &b FHAd 753 48 P ke AR i it
T X A O e R D 9 1 A v A B Y R R B A
VIR A R SR T AR PR e
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VAR 2 290 AR A B UK A B T SR IR
1k B (GO & 1, 3k 1M 1 0 48 B N 3 B R S 1
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Fig. 1 Mechanism of NO inhibiting infectious diseases of fruits and vegetables
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