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Abstract: By making a deep investigationg and research through various links in the production chain, the result showed
that there were five restrictive factors for vegetable industry’ s developmen: High-quality and high-end vegetable products
were relatively insufficien; The agroecological environment worsens day by day along with the growth of vegetables
planting agelimit; The vegetables commercial and intensive processing had lagged behind; The level of mechanization for
vegetables planting was low; The excellent varieties of intellectual property rights were insufficient; The peasantry quality
was relatively low .Based on these restrictive factors, some strategies on how to carry out the sustainable development
were offered. Suggestions contain carrying out the new soil management system; Expanding the organic vegetables
production and enhancing the intensive processing; Using the experience of other countries for reference and enhanang
mechanization and automation for vegetables industry. Strengthening cooperation with research institutions and raising
widely the level of domestic vegetables seed; Reinfordng training to improve the peasantry quality.

Key words: vegetable industry; substainable developmen;issues and countermeasure

189



LA E Z 2010022, 189~ 194

» NADPH

NADPH
° OH
» Rho G
NADPH )
, NADPH

H>0:

ROP GTPase
1.2

[14
[15 .
:37°C 447C

2.3 2.5 U9,

[

, PI3K
190

PI3K s
. DNA NADPH ,
’ [ 8]
, (SAR)
—NPRI1, SAR'™;
s NO s
s NO
e 100 #M
, (MeJA) , H-20:2 )
, 10X PAL 21 Xia
s (BR) H202 3h~3d
[19 ,
, H20:2 (DPI DMTU)
NADPH
027, H-0. BR
(2 i
) ’ 0. 1%H2 02 )
07,07 23 H:0:
o PAL (Phenylalanine ammonia-lyase). GST
RHD2/ A trbohC (Glutathione s-transferase)  mRNA 4
2 Jones , ABA NADPH
NS (SOD.CAT .APX GR)
- NADPH DPI (Diphenylene-iodonium )+
imidazole pyridine 23
[71 [X] ;
” (Oxidative burst). (2 ; H202 .
(28,
, H20: HCN S
1 h H20: 2
2.1
(100 ~
-3 (PI13K) 200 nmol/ L), ( Ca® ) (
) Ca )

~ ~ ~



b7 A T 2010022 189 ~ 194

\ 1 ~10 mmol/ 11",

[32

33 . 3
B, Knight % )

b

(Spatio-temporal characteristics)'™ .

2.2
’ CaF ’
[
, La
EGTA 2
Ca
(Pyrroline-5-carboxylate synthetase (P5CS)
(3637
, Ruthenium Red (RR)
(ADH) ,
) ADH
1 . CBIS(
B )

49 (Am-

aranthus lividus 1.) ,

, (Amaranthus
lividus L.) e 4°C
20 min 15~20

“Ca® , Ca” BAPTA
45 CaZ‘F ,

(Cold acclimation specific genes cas15
cas18) , (Tonophore
A3187) fca ,
casl5 , Ca®"

42
3
3.1
Ca®’ . Ca’
(5]
];)SII . b
~ Caz‘ )
CaH 143
(Centaurea di ffusa) , Catechin
Ca®"
(4]
(Fucus serratus) ,
(Fucus serratus)
[ AS] ) ~
, (Abscisic acid
ABA) , ABA
ABA
(44 . Murata (47 .
2C(PP2C) abi2-1
ABA Ca®™ . ABA
, ABA )
, NADPH
. Kwak
[+ Ca®~  NADPH ,
NADPH Ca®"
Ca , Ca2+

191



LA E Z 2010022, 189~ 194

, NADPH
Ca®" R
Ccl K‘ ** " Foreman "
. NADPH .
, Ca . Ca2+
( ),
NA DPH
, [51]
3.2
. Ca” NADPH .
. NADPH .
NADPH N 2
EF- (359 Michie " .
NADPH N Ser-82  Ser-87
, Ca2+
NADPH , . Kadota
[q s
0: H:0: ., NADPH
DPI 0y H20:2
. . NA DPH
. Song
53 , ATP
. ATP Ca .
NADPH .
ATP , Ca
. Jiang  Zhang™ ABA
NADPH
.07 (SOD.CAT .APX GR)
. EGTA
La’  verapamil NADPH DPI.
imidazole pyridine , ABA
, NADPH
. , Ca® -AT-
Pase
. Beffagna ' ,
H20: ; 10~15 min
H.0: . Ca -
ATPase EY , s
Ca’' -ATPase
. Choi

192

(Agrobacterium spp. ) CaCaM
b NO b
HR .
NO , CaCaM
(57
3.3
. Ca NADPH
[ ]
’ C 32+ ’
Ca ( e
. Susana ' ,
’ Ca’
ca
Ca®" Ca>" ,
Hu '* . ABA
H202 Ca>
. CaM 1
CaM ,
; CaM
s ABA
H202 ,
ABA CaM . Ca’ -CaM
ABA . Cad -CaM  H20:
(Crosstalk)  ABA
4
C a2+ )



b7 A T 2010022 189 ~ 194

[1] MedvedevS S.Calcium signaling system in plants[ J]. Russian J Plant
Physio} 2005 52 249-270.

[2] Tamas L, Mistrik I, Huttova J, et al. Role of reactive oxygen species-
generating erzymes and hydrogen peroxide during cadmium merairy and os-
motic stresses in barley root tip [ J] . Planta 2010 231(2); 221-231.

[3] Oracz K El-Maarouf-Bouteau H, Kranner I et al. The mechanisms in-
volved in seed dormancy alleviation by hydrogen cyanide unravel the role of
reactive oxygen spedes as key factors of cellular signaling during gemination
[J] .Phnt Physiology, 2009 150(1): 494-505.

[4]  Yoshioka H, Asai S, Yoshioka M, et al. Molecular medhanisms of gener-
ation for nitric oxide and reactive oxygen species, and wle of the radical burst
in plant immunity [J] .Moleales and Cells 2009 28(4).321-329.

[5] Gapper G Dolan L. Contwl of plant development by reactive oxygen
species [ J] . Plant Physiol 2006 141.341-345.

[6] Kadota Ys Goh T, Tomatsu H, et al. Cryptogein-induced initial events in
tobacw BY-2 cells: pharmawlogical characterization of molecular relationship
among cytosolic Ca?" trarsients, anion efflux and production of reactive oxy-
gen species [ J] . Plant Cell Physiol 2004 45. 160-170.

[71 Apel K. Hirt H. Reactive Oxygen Species: M etabolism, oxidative S tress,
and Signaling Transduction [ ] . Annu Rev Plant Biol, 2004 55: 373-39.

[8 Sagi M, Fluhr R Production of reactive oxygen species by plant N AD-
PH oxidases [J] . Plant Physiol, 2006, 141: 336-340.

[9 Skopelitis D S, Paranychianakis N V, Paschalidis K A, et al. Abiotic
stress generates ROS that signal expression of anionic glutamate dehydrogen-
ases to form glutamate for proline synthess in tobacco and grapevine []] .
Plant Cell 2006 18 2767-2781.

[10 Ort D R, Baker N R A photoprotective rok for 02 as an altemative e
lectronic sink in photosynthesis [ J] . Curr Opin Plant Biol, 2002(5):193- 198
[1] Vignais P V. The superoxide-generating NADPH oxidase structural as-
pects and activation mechanism [ ] . Cell Mol Life Sd, 2002 59: 1428- 1459.
[13 Carol R J, Takeda S, Linstead, et al. A RhoGDP dissociation ivhibitor
spatially regulates grow th in root hair cells [ J] . Nature 2005 438: 1013-1016.
[13 Jones M A, Raymond M J, Yang Z B. NADPH oxidase-dependent reac-
tive oxygen species formation required for root hair growth depends on ROP
GTPase [ J]. ] Exp Bot 2007 58(6): 1261-1270.

[14 Friedman H, Rot I. Characterzation of chilling injury in Heliotropium
arborescens and Lantana camara cuttings [ J] . Posharvest Biol Technol, 2006,
40.244-249.

[1§ Marino D, Gonzalez E M, Arrese-Igor C. Drought effects on carbon and
nitrogen metabolism of pea nodules can be mimicked by paraquat: evidene for
the occurrence of tw o regulation pathways under oxidative stresses[ J|. J Exp
Bot, 2006, 57: 665- 673.

[ 16 Roman A, Volkov I } Panchuk P M, et al. Heat stress-induced H,0; is
required for effective expression of heat shock genes in A rabidopsis[J] . Plant
Mol Biol 2006, 61: 733-746.

[17 Smadar P G, Hanne V, Alex L. Root hair curling and Rhizobium infec-
tion in Medicago truncatula are mediated by phosphatidylinostide regulated
endogytosis and reactive oxygen spedes [ J] . Joumal of Experimental Botany,
2007, 58(7): 1637-1649.

[ 18] Levine A, Tenhaken R Dixon R, et al. H>O, from the oxidative burst
orchestrates the plant hypersensitive disease resistance response [ ] . Cell
1994, 79 583-593.

[ 19] Mou Z Fan W, Dong X. Inducers of phnt systemic acquired resistance
regulate NPRI function through redox changes| J] . Cell, 2003, 113: 935-944.
[ 20] Yoshioka H Asai S, Yoshioka M, et al. Molecular mechanisms of gener-
ation for nitric oxide and reactive oxygen spedes and role of the radical burst
in plant immunity [ J] . Moleailes and Cells 2009 28(4). 321-329.

[2]] Wang J W, Wu J Y. Nitric oxide is involved in methyl jasmonate-in-
duced defense responses and secondary metabolism activities of Taxus cells
[ J]. Plant Cell Physiol 2005 46 923-930.

[ 2] Xia X J. Wang Y J: Zhou Y H, et al. Reactive oxygen species are in-
volved in brassinosteroid-induced stress tolerance in cucumber [J] . Plant
Physiology, 2009, 150(2); 801-814.

[ 23] Lin WG, Saltveit M E. Oxidative stress and chilling injury of mung bean
seedlings [ J] . Acta Hortic 2005(2): 1293-1296.

[ 4] DesikanB, Reynolds A, Hancock J T, et al. Harpin and hydrogen perox-
ide both initiate prograrmed cell death but have differential effects on defence
gene expression in Arabidopsis suspension cultures [ J| . Biochem J(London),
1998, 330: 115-120.

[ 25] Jiang M, Zhang J. Cross talk betw een calcium and reactive oxygen spe-
cies originated from NADPH oxidase in abscisic acid-induced antioxidant de-
fence in leaves of maize seedlings[ J] . Plant Cell Environ 2003 26, 929-939.
[ 26] Chen S, Polle A. Salinity tolerance of Populus[ J]. Plant Biology, 2010
12(2): 317-333.

[ 27] Liu X M, Willams C E, Nemacheck J A, et al Reactive oxygen species
are involved in plant defense against a gall midge[ J] . Plant Physiology, 2010
152(2):985999.

[ 28] Tamas L, Misnk I, Huttova J, et al. Role of reactive oxygen spedes-
generating enzymes and hydrogen peroxide during @dmium, mercury and os-
motic stresses in barky root tip[ J] . Planta 2010, 231(2). 221-231.

[ 29 Oracz K EFM aarouf-Bouteau Hs Kramer L et al. The mechanisms in-
volved in seed dormancy alleviation by hydrogen cyanide unravel the role of
reactive oxygen spedes as key factors of cellular signaling during gemination
[ J]. Plant Physiology, 2009, 150 1); 494-505.

[ 30] Knight H. Caldum signaling during abiotic stress in phnts[ J] . Int Rev
Cytol 2000 195:269- 324.

[ 31] White P J. Caldum channels in higher plants[ J . Biochim Biophys A c-
ta, 2000, 1465: 171- 189.

[32] Reddy A S N. Calsium: silver bullet in sgnaling [J] . Plant Science
2001, 160: 381-404.

[ 33] Knight H, Trewavas A J, Knight M R. Cold caldum signaling in Arabi-
dopsis involves tw o cellular pools and a change in calcium signature after accli-
mation [ J . Plant Cell, 196(8). 489-503.

[ 34 Knight M R, Smith S M, Trewavas A J. Windrinduced plnt motion im-
mediately increases cytosoliccaldum [ J] . Proc Natl Acad Science, 192, 8%
4967-4971.

[ 35] McAinsh M R, Brow nlee C; Hetherington A M. Calcium ions as second
messengers in guard cell signal transduction [ J]. Physiologia Phntarum
1997, 100: 16-29.

[ 360] Knight H, Trewavas A J, Knight M R. Cakium signalling in A rabidop-
sis thaliana responding to drought and salinity [J] . Phnt } 1997 (12).
1067-1078.

[ 37] Henrksson E, Henriksson K N. Salt-stress signalling and the wle of

193



LA E Z 2010022, 189~ 194

aldum in the regulation of the Arabidopsis ATHB7 gene []] . Plant Cell En-
viron 2005 28 202-210.

[3§ Subbaiah C G Bush D S Sachs M M. Involvement of intracellular calci-
um in anaerobic gene expression and survival of maize seedling [J] . Plant
Physiol 1994a, 105: 369-376.

[39 Subbaiah C G Bush D S, Sachs M M. Elevation of cytosolic calcium pre-
cedes anoxic gene expression in maize suspensomcultured cells [ J]. Plant
Cell, 19%b(6):1747-1762.

[40 Cheong Y H, Sung S J, Kim B G, et al. Constitutive overexpression of
the aldum sensor CBLS confers osmotic or drought stress tolerance in A rabi-
dopsis[ J] . Molecules and Cells, 2010, 29(2); 159-165.

[4]] Soumen B.Involvement of caldum and calmodulin in oxidative and tem-
perature stress of Amaranthus lividus L. during early gemination [ J] . Joumal
of Environmental Biology, 2009, 30(4). 557-562.

[43 Monroy A F Dhindsa R S. Low-temperature signal transduction: induc-
tion of cold acclimation specific genes of alfalfa by @aldum at 25 degrees C
[J] .Phnt Cell, 1995(7):321-331.

[43 Kratsch H A, Wise R R The ultrastucture of chilling stress[]J] . Plant
Cell Environ 2000 23; 337-350.

[44 Mori I C, Schroeder J 1. Reactive oxygen spedes activation of plant Ca2*
chamels. A signaling mechanism in polar growth, hommone transduction,
stress signaling, and hypothetically mechanotransduction [ J] . Plant Physiol,
2004, 135, 702-706.

[43 Coelho SM B Brownlee G Bothwell ] H F. A tip high, Ca?"-interde-
pendent, reactive oxygen spedes gradient is associated with polarized growth
in Fucus serratus zygotes [ J] . Phnta 2008 227(5): 1037-1046.

[4§ PeiZ M, Murata Y, Benning G, et al. Calcium channels activatd by hy-
drogen peroxide mediate abscisc acid signaling in guard cells [ ] . Nature
2000, 406 731-734.

[47 Murata Y, Pei Z M, Mori 1 G, et al. Abscisic add activation of plasma
membrane Ca?" channels in guard cells requires ytosolic NAD(P)H and is
differentially disrupted upstream and dow nstream of reactive oxygen spedes
production in abil-1 and ahi2- 1 protein phosphatase 2C mutants [ ] . Plant
Cell, 2001, 13:2513-2523.

[48 Kwak J M, Mon IC, Pei ZM, et al. NADPH oxidase AtibohD and A tr-
bohF genes function in ROS-dependent ABA signaling in Arabidopss [J] .
EMBO J, 2003, 22 2623-2633.

[49 Cazak A G RouetMayer M A, Batbier-Brygoo H. et al. Oxidative burst

and hypoosmotic stress in tobacco cell suspensions[ J]. Plant Physiol, 198
116: 659-669.

[ 50] Foreman J, Demiddik V, Bothwell ] H F et al. Reactive oxygen species
produced by NADPH oxidase regulate plant cell growth [J] . Nature 2003
422 442-446.

[ 5] Camwl R J, Dolan L. The wle of reactive oxygen species in cell growth
lessons from root hairs[ J). J Exp Bot 2006 57. 1829- 1834.

[ 52 Keller T, Damude H G, Wemer D, et al A plant homolog of the neutro-
phil NADPH-oxidase gp91phox subunit gene encodes a plasma membrane
protein with Ca?" binding motifs[ J]. Plant Cell. 1998(2). 255-266.

[ 53] Volotovski I D, Sokolovsky S G, Molchan O V, et al Second messengers
mediate increases in cytosolic calcium in tobacco protoplagts[ J] . Plant Physi-
ol, 1998 117:1023-1030.

[ 34 Michie K Ikuko O, Kazuhito K. et al. Calcium-dependent protein kina-
ses regulate the production of reactive oxygen species by potato NADPH oxi-
dase[ J]. Plant Cell, 2007, 19(3): 1065-1080.

[ 55] Song C J, Steinebrunner I, Wang X 7 et al. Extracelldar ATP induces
the accumulation of superoxide via NADPH oxidases in Arabidopsis[J] . Plant
Physiol, 2006 140: 1222-1232.

[ 56] Beffagma N, Buffoli B Busi C. Modulation of reactive oxygen species
production during osmotic stress in Arabidopsis thaliana cultured cells; in-
volvement of the plasma membrane Ca?"-ATPase and H'-ATPase [ ]|.
Plant Cell Physiol, 2005, 46: 1326-1339.

[ 571 Choi H W, Lee D H, Hwang B K, et al. The pepper calmodulin gene
CaCaM1 is involved in reactive oxygen spedes and nitric oxide generation re-
quired for cell death and the defense response [J] . Molecular Plant Microbe
Interactions, 2009, 22(11): 1389-1400.

[ 58] Sagi M, Fluhr R Superwxide production by plant homologues of the
gp91(phox) NADPH oxidase: modulation of activity by calcium and by tobac-
co mosaic virus infection [ J . Plant Physiol, 2001, 126, 1281-1290.

[ 59] Susana M G, Alison RT, Keith P R, et al. Spati otemporal patterning of
reactive oxygen production and Ca?" wave propagation in Fucus Rhizoid cells
[ J]. Plant Cell, 2002, 14:2369-2381.

[60] HuXL,Jiang M Y, Zhang J H, et al. Calcium-calmodulin is requiredfor
abscisic acid-induced antioxidant defense and functions both upstream and
dow nstream of H,0, production in leaves of maize(Zea mays) plants [ J].

New Phytol, 2007, 173: 27-38.

Relationship between Reactive Oxygen Species and Calcium Signaling in Plant Stress

WANG Hai-bo"*, HUANG Xue mei’s ZHANG Zhao-qi°
(1.Guangdong Food and Drug Vocational College, Guangdong, Guangzhou 510520; 2. College of Horticulture, South Agricultural University,

Guangdong, Guangzhou 510642)

. . 2+ .
Abstract; Accumulating evidence suggests that Ca~  serves as a messenger in plant responses to stresses. Recently many

results suggest that the reactive oxygen spedes also serve as signal molecules and be involved in plant stress resistance.

This text summarized that the form mechanism of reactive oxygen species and caldum signaling in plant, the mechanism

of reactive oxygen spedes and calcium signaling in plant responses to stresses. And the relationship between reactive

oxygen spedes and calcium signaling in plant responses to stresses are also described.

Key words: stress; reactive oxygen spedes signaling; calcium signaling
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