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Bai tong quan

Anh huéng ctia chitosan 1én kha niang chéng chiu véi stress mudi

cua thuc vat

Lé Thi Thuy Tién"2"

TOM TAT

Stress mudi dnh hudng nghiém trong dén su sinh trudng va phat trién clia thuc vat. Stress mudi
xay ra do néng d6 Na™ va CI~ trong dét tang cao. Su hdp thu nudc tir ré dua cac ion nay vao cay
gay ra sy nhiém doc ion va mét can bang ndi moi. Stress mudi dan dén stress tham thau, stress ion
va stress oxy hod & thuc vat. Su kich hoat cac co ché chéng stress xay ra qua cac con dudng truyén
tin hiéu thong qua ROS, NO, hormone. Chitosan la polymer sinh hoc, khdng doc, dé phan huy va
¢6 tinh tuong thich sinh hoc cao. Chitosan cé nhiéu ing dung trong néng nghiép do co thé kich
hoat hé théng phong thi bdo vé thuc vat chéng lai stress sinh hoc va phi sinh hoc. Nhiéu nghién
cliu da chiing minh sy hién dién cla céc thu thé chitin trén mang té bao thuc vat, 1a noi khéi dau
clia cac con dudng truyén tin hiéu kich thich phan tng phong vé chéng stress. Chitosan duy tri
su sinh trudng clia cay trong diéu kién stress mudi, bdo vé bd may quang hgp, lam tang su téng
hop céac chat diéu hoa tham thau, kich hoat enzyme chéng oxy hod, kich thich su dong khi khau
dé gidm su hap thu Nat va CI~ tir ré. Tac dong cla chitosan 1én phan Ung phong vé clia thuc vat
phu thudc vao kich thudc phan tr, do deacetyl hod, ndbng dé clia chitosan cliing nhu dac tinh di
truyén cla loai thuc vat.

Tu khoa: chit dicu hoa thdm thau, chitosan, con dudng truyén tin hiéu, enzyme chéng oxy hog,
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ROS, stress mudi

GIGI THIEU

Cing thing do mudi (stress mudi) 1a mot trong nhiing
loai cang thing phi sinh hoc phé bién va gy hai
nghiém trong dén céy tréng va de doa an ninh luong
thuc!. Trong nhiing thip nién t6i, dién tich dit nong
nghiép bi nhiém man sé ngay cang m& rong do sy bién
ddi khi hiu va ca sy can thiép caa con ngudiz.

Stress mudi han ché sy sinh trudng va phat trién cua
thuc vat do c6 nhiing tdc dong bat 1gi dén cac qua
trinh sinh ly va sinh hoéa. Viéc tao ra géc tu do (ROS -
reactive oxygen species) dugc ting cudng c6 thé lam
bién d6i céc dai phén tt nhu lipid, protein va acid nu-
cleic, tit d6 han ché niang sudt cay tréng?. Sy nhiém
man dét giy ra do su tich luy céc ion trong dat véi
noéng d6 cao, dic biét 1a Nat va Cl™. Sy hdp thu
lugng thiia Nat va Cl~ sé din dén tinh trang cay bi
stress mudi. Stress mudi gay mat sy cAn bang dp suit
th4m th4u, ion, hormone, dinh dudng va tao lugng
16n ROS*.

Chitosan, mot loai polymer sinh hoc, ¢6 ngudn géc
tii chitin. Chitosan khong doc hai, c6 kha nang phan
huy sinh hoc va ¢é tinh tuong thich sinh hoc cao nén
dugc ting dung rong rai trong néng nghiép. Chitosan
dugc chling minh ¢6 thé cdm ting mot s6 co ché dé
chong lai tac dong bat lgi ctia stress phi sinh hoc, tit
d6 duy tri sy sinh trudng 8n dinh ciia cay”.

DAP UNG CUA THUC VAT VG
STRESS MUOI

Duy tri su cdn bang ion

Lugng thlia Nat gay mat can bing thdm th4u 2 bén
mang té bao va quan trong hon 1a lam mdt can béng
ty lé¢ K™/Na* trong céy, ty 1¢ quan trong trong nhiéu
phan ting sinh héa ctia t& bao thyc vat. Néng do Na™
cao sé canh tranh vi tri trén kénh van chuyén K™ &
mang té bao, thay thé vao cdc qua trinh sinh héa phu
thudc K+ gay tc ché enzyme, phin ting hodc ca mot
qué trinh sinh héa®.

Dé gidm n6ng do Na™ trong ciy, lda thudng tich liy
Na™ trong khong bao ctia 14, déng thoi KT ciing dugc
chuyén tii khong bao ra té bao chit d€ tao sy can bing
K*/Na* 78, Ngoai ra, khi néng d6 Na™ trong té bao
cao, khong bao sé ddy Ca®* tit trong ra va hdp thu
Na*t du thita vao. Nong d6 Ca>* trong cytosol ting,
cuing v6i ROS phat tin hiéu cho céy san sinh acid ab-
scisic, diéu hoa dong mé khikhong, lam gidm sy thodt
hoi nuéc qua 14, tii d6 gidam su hdp thu mudi qua
ré>10, Sy déng m& khi khéng xay ra do hoat dong
ctia cac kénh mang & té€ bao bao vé, trong do, kénh
SLAC1 (slow-type anion channel) déng vai tro quan
trong trong viéc di€u chinh ap sudt truong ctia cac té

Trich dan bai bao nay: Tién L T T. Anh huéng ctia chitosan lén kha niang chéng chiu véi stress mudi
ctia thuc vat. Sci. Tech. Dev. J. - Eng. Tech. 2024; 7(1):2149-2155.
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bao bao vé bang cach van chuyén cac ion bao gdbm K™,
Cl~ va malate 112, Khi khéng déng, nong do CO,
trong 14 gidm dén, cudng d6 quang hop gidm manh,
trong khi O, trong té bao tich tu sé dan dén sy ting
hoat dong ho6 hdp. Qud trinh ho hip trong t€ bao dién
ra manh mé nham cung cdp nang lugng cho cac hoat
dong khang stress clia cdy. Song song véi sy giam
quang hgp, nhiéu qua trinh sinh héa ngin chén céc
yéu t6 bat lgi cho cay dién ra mot cich manh mé nhu
san xudt ROS, tdng hgp cac hgp chit diéu hoa ap suit
tham théu.

Giam néng d6 ROS gay hai

ROS ¢6 vai tro rit quan trong trong hoat dong diéu
hoa, l4p trinh apoptosis (chét theo chuong trinh) va
lién két v6i cac phan ti tin hiéu khac trong doi sdng
thuc vat. O nong do thép, ROS Ia tin hiéu kich thich
céc gen chdng chiu & ciy nhung & néng do cao, ROS
la chét gay doc, gay ra nhiing t6n thuong khong thé
hoi phuc. Luyc lap va ti thé la nhiing trung tim kiém
sodt trao d6i chit va san xudt ROS, diéu phdi phan
ting chéng cang thing. ROS dugc sinh ra qué nhiéu
sé gdy phan huy sic t6 quang hgp, oxy hod bd may
quang hgp, tdc dong lén mang ti thé, oxy héa mang
peroxisome. Nong d6 ROS cao (dédc biét HyO;) 6 thé
tao ra cic lién két chéo v6i DNA lam thay d6i hodc sai
léch tinh 6n dinh ctia gen !4,

Dé gidm tdc hai ctia ROS, thuc vat kich thich cdc co
ché chéng oxy hda, bao gébm hé théng enzyme va
khong enzyme. Hé thong enzyme gém superoxide
dismutase, peroxidase, catalase, ascorbate peroxidase
va hé théng khong enzyme nhu carotenoid, flavo-
doxin, a-tocopherol, melatonin, ... gitp loai bo cac
chét oxy héa manh ma hé thong enzyme khong lam
dugc!®. Trong d6, ascorbate peroxidase 13 tic nhin
chinh gitp loai bdo H,O,, ¢6 mit & nhiéu bao quan
trong cay nhu luc lap, ti thé va peroxisome 6.

Duy tri su can bing tham thau

Chit bao vé thim thiu la cdc hgp chit hiiu ¢ va nuéc,
trong lugng phan tt thap, c6 nhiéu vai tro khic nhau
lién quan dén co ché bao vé thuc vat. Cac hgp chit
nay khong gay hai cho t& bao khi & néng d6 cao 1”18,
Trong diéu kién stress, cac chit bdo vé thdm thiu
dugc tang cudng téng hop nhu proline, ectoine, tre-
halose, polyol, fructan, glycine betaine, alanine be-
taine, proline betaine, choline-O-sulfate, hydroxypro-
line betaine va pipecolate betaine °.

Vai trd ctia chit bao vé thim thiu khi thuc vat bi stress
mudi la duy tri 4p sudt truong clia t€ bao thong qua
diéu hoa thim thiu va béo vé cdc thanh phan t€ bao
bang cach lam gidm ddc tinh cta ion. Béng cach loai

bd ROS nguy hai dugc tao ra do stress va bao vé cac
enzyme chong oxy héa quan trong, cac chit bao vé
thdm th4u nay gidp ting cudng hé théng phong vé
chéng oxy héa & thuc vat??. Ngoai ra, chit bao vé
thdm théu con cé chic ning kich hoat céc gen lién
quan dén su phong vé cta thuc vat dudi nhiéu tac
dong bt loi khac?!.

Proline la amino acid phd bién trong thuc vét, c6 vai
tro quan trong trong qué trinh trao déi chdt so cép,
thuong dugc tich lay véi s6 lugng 16n khi thuc vat
gip diéu kién bat lgi nhu han hdn hodc nhiém min.
Proline dugc t6ng hgp trong cytosol va luc lap gitp
diéu chinh 4p suét thdm thiu cta t€ bao, gép phan
6n dinh céac cdu tric dudi t€ bao, loai bé cic gbe tu
do va ddng vai tro la dém oxy hda khii cua t€ bao
& diéu kién bt 1gi%2. Proline con c6 thé hoat dong
nhu mot hydrotrope tuong thich véi protein gitup duy
tri ty 1¢ NADP'/NADPH tuong tng véi sy trao ddi
chit. Sau khi yéu t6 cing thing giam, proline bi phan
hay nhanh chéng thanh cac chit khi hé trg qua trinh
phosphoryl héa oxy hoéa & ti thé va tao ra ATP giup
thuc vat phuc hoi va stia chita cdc tén thuong do cing
thing gay ra?3.

Tém tét cac phan ung cta thuc vat khi gap
stress mudi

Stress mudi chii yéu géy stress ion va stress thdm thau.
Khi cdm nhan dugc néng do Nat va ép sudt thim
théu cao, thuc vat sé tich lay Ca2*, kich hoat tin hiéu
ROS va thay ddi thanh phan phospholipid trén mang
t€ bao. Nhiing tin hiéu nay dan dén mot loat cac qué
trinh thich ¢ing d€ gidm bt stress, bao gdm duy tri su
can bang ion, can bang ap suit thdm thau noi bao, tao
tin hiéu hormone, diéu chinh hoat d6ng ctia b xuong
t€ bao va gia ¢ cdu tric thanh t€ bao. Qua mot loat
cdc con dudng truyén tin hiéu, qud trinh trao déi chét
phu hgp dugc kich hoat d€ ting kha ning chiu min
cho cay (Hinh 1).

CHITOSAN

Chitosan thu dugc ti chitin, dugc coi la polysac-
charide ty nhién phé bién thi hai sau cellulose?’.
Chitin dugc tao thanh bdi nhiéu don vi lip N-
acetylglucosamine. Sau khi chitin dugc khii acetyl,
san phdm chitosan thu dugc 1a moét polymer mach
thdng gébm cdc don vi D-glucosamine va N-acetyl-D-
glucosamine lién két véi nhau béng lién két glyco-
side. Trong nong nghiép, chitosan dugc ching minh
c6 tac dong tang cudng phan tng sinh ly va giam tac
dong bat lgi clia stress phi sinh hoc théng qua cac con
duong truyén truyén tin thit cdp. Khi thyc vat gap
stress, chitosan thuc ddy quang hop, déng khi khéng
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Hinh 1: M6 hinh don gian vé phan (ing vdi stress mudi clia thuc vat 4.

thong qua su téng hop acid abscisic; ting cudng hoat
dong ctia enzyme chdng oxy hda tii con dudng truyén
tin hiéu NO va H,0O,, dong thoi tao acid hiiu co,
dudng, amino acid va cdc chit chuyén hoa khéc can
thiét cho viéc di€u chinh ap sudt thdm thdu, truyén
tin hiéu stress va chuyén héa ning lugng2®. Chitosan
hién dang dugc stt dung trong néng nghiép nhim
phét trién nén nong nghiép bén viing duéi tdc dong
bat lgi ctia su bién d6i khi hau?’.

Co ché tdc dong cua chitosan trén thyc vit van chua
dugc hiéu ddy du. Tuy nhién, c6 nhiéu bdo cdo cho
théy chitosan cam ing mot s6 phan tng phong vé &
thuc vat 282, Céc nha khoa hoc tim théy sy hién dién
ctia cac thy thé dac hiéu chitin trén mang t€ bao thuc
vat. Khi dugc xti ly véi chitosan, thuc vét sé kich hoat
co ché bao vé theo cach tuong tu nhu d6i pho véi cac
sinh vét gay hai c6 vo chitin. Céc protein lién két v6i
thu thé chitin (chitin elicitor binding protein CEBiP)
da dugc phan 1ap 6 nhiéu loai ciy trong khac nhau 29

Cac con dudong tin hiéu cua chitosan trén
thuc vat

Tin hiéu dugc tao ra bdi chitosan dugc tiép nhéan béi
céc thu thé trén mang té€ bao, sau d6 dugc chuyén di
boi chit truyén tin thi cdp nhu ROS, H,0,, Cat,
NO va hormone thuc vt dé tao ra cic phan tng sinh
ly. Su ting do deacetyl hoa chitosan lam ting kha
ning tc ché géc superoxide va géc hydroxyl. O nong
d6 5 mg/mL, chitosan 90 (d¢ deacetyl hod 90 %) c6

kha nang tic ché géc superoxide & miic 65,34% trong
khi chitosan 50 (d¢ deacetyl hoa 50 %) tic ché & muic
58,81%. Véi gboc hydroxyl, chitosan 90 noéng d6 0,25
mg/mL tic ché€ 91,67% trong khi chitosan 50 & cling
ndng d6 thi kha ning tic ché dat 85 %3°. H,0; hoat
dong nhu mét phan ti truyén tin hiéu tao ra kha nang
chéng stress thdim thdu & hai gidng lda LPT123 va
LPT123-TC171 béng cdch ting cudng su phat trién
clia ciy va tdng hgp céc sic t6 quang hgp khi gip stress
th&m thiu3!. Chitosan d4 dugc dp dung trén lia mi
dé cai thién tinh 6n dinh cia mang té€ bao thong qua
viéc kich hoat hé théng chéng oxy héa?, va trén dau
tuong dé€ ting téng hgp oligosaccharide nhim ting
kha ning chiu han 3. Ca?* diéu chinh hoat dong téng
hgp callose & cay dau tuong d€ dap ting véi kich thich
chitosan 4.

Chitosan cam ting su tich luy acid jasmonic & nhiéu
loai thuc vat khi gép stress mudi va han han. 0] cay cai
dau Brassica napus, acid jasmonic va ethylene dong
vai tro tin hiéu trong phan ting bao vé thuc vat khi chi-
tosan cdm ting sy phién ma ctia gen ma hod jasmonic
acid synthase va cc gen lién quan dén sy sinh tng
hop céc thu thé ethylene trén mang t€ bao 35Sy hoat
héa gen ma héa phenylalanine amoniac lyase va chét
tic ché protease & 14 cay dau tuong dugc kich hoat boi
chitosan thong qua acid jasmonic®. Chitosan c6 thé
kich hoat tdng hgp acid jasmonic va acid abscisic gitip
diéu tiét sy st dung nudc ctia thyc vat. 0] caylaa, cé sy
gia tang tich tu acid jasmonic va 12-oxophytodieonic
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thong qua con dudng octadecanoid khi dugc xt ly véi
chitosan, trong khi acid abscisic ciing dugc cam ting
thong qua tin hiéu HyO, din dén déng khi khéng3”.
Ngoai ra, chitosan con cam ting cac phan ting phong
vé lién quan dén viéc kich hoat H,O; thong qua con
duodng octadecanoid va NO trong luc lap, tang lugng
16n ROS dé kich thich phén ting siéu man cam. Toan
bd cac phén ti tin hiéu nay gop phén vao co ché thich
ung & cic ciy dugc xt ly v6i chitosan dé€ phén ting véi

stress 38,

Phan ting cta thuc vat duéi tac dong chi-
tosan trong diéu kién stress mudi

Khi gip stress mu6i, ham lugng Na™ trong cay ting
cao 1a nguyén nhéan dan dén su sy tich luf MDA (mal-
ondialdehyde). MDA dugc xem nhu chit danh ddu
(marker) qué trinh peroxid ho4 lipid xdy ra khi thuc
vat gdp stress sinh hoc va phi sinh hoc 3 Viéce xti ly
cay bi stress mudi v6i chitosan noéng do thap cé thé
lam giam b6t cac tdc dong tiéu cuic do stress mudi gay
ra. Trong diéu kién d4t bi nhiém man, sy ting ty 1é
nay mam cta hat Carthamus tinctorius L. va hat He-
lianthus annuus L. dugc ghi nh4n khi hat dugc xu ly
véi chitosan n6éng d¢ thdp. Bén canh d6, ham lugng
MDA va proline giam. Piéu nay chiing to chitosan
c6 thé€ lam giam stress oxy hoa do mudi gay ra & hai
loai loai thyc vat nay?. Tuong tuy, xi ly cay trong
véi chitosan khi bi stress mudi dan dén sy ting hoat
dong ctia enzyme chong oxy hoéa, giam nong 6 MDA.
Hiéu qua tac dong cua chitosan khac nhau tuy thudc
vao trong lugng phén ti, nong do va d6i tugng nghién
ctu. O lta, néng do chitosan 50 ppm t6 ra hiéu qua
hon néng do 25 ppm*!. Nguoc lai, chitosan néng d6
25% lai c6 tac dung lam tang hoat tinh catalase va per-
oxidase, giam MDA t6t hon so v6i nong d6 50 va 75%
khi dugc diing d€ tao 16p vo boc hat bip va lda mi*2,
o] cdy dau xanh, nano chitosan kich thuéc 500 nm cé
hiéu qua tich cyc hon trong sy thuc ddy hoat dong cta
catalase so véi chitosan *. Nano chitosan néng d¢ 1%
khi dugc xt ly trén 14 ciy Catharanthus roseus trong
diéu kién min da lam gidm sy thodi hod sic t6 quang
hop, tang hoat tinh enzyme chéng oxy hod, dong thoi
lam ting ham lugng alkaloid*4. Ngoai ra, thi nghiém
trén lua mi cho thdy khi hat dugc xt Iy v6i nano chi-
tosan 0,0625% da c6 su ting ding k€& hoat tinh cua
enzyme chéng oxy héa nhu superoxide dismustase,
peroxidase va catalase 6 cAy ma khi gip stress mudi
va tli d6 1am giam stress oxy hoa®®.

Stress mudi lam gidm dédng k& ham lugng diép luc t&
trong 14 do su thay d6i s6 lugng, kich thudce luc lap,
46

t6 chiic ctia phién mang két néi cdc granum*°, cling

nhu sy ting cudng téng hgp chlorophyllase®”. Mit

khéc, sy tich lity qué miic Nat gay déng khi khéng,
lam gidm CO, trong 14 va dan dén giam quang hop.
Chitosan lam gidm céc bat lgi do mudi nong do cao
gy ranhu duy tri ctt dong binh thudng ctia khi khdng,
duy tri tinh 6n dinh cta céc protein lién két vé6i diép
luc t6 gitip 8n dinh nang suft cay 6t ngot 3. O cy ma
lGa, nano chitosan duy tri hoat dong quang hop va sy
sinh trudng trong diéu kién min. Tac dong ctia nano
chitosan phu thudc vao trong lugng phan tt, ndéng do
ciing nhu phuong thtc xt ly. Nano chitosan trong
30.143 Da, 11.126 Da, 5.994 Da, va 4.592 Da dugc
cat boi tia blic xa gamma tu chitosan lugng 573.170
Da, d¢ deacetyl hod 85% dugc stt dung d€ khao sat tac
dong bao vé cdy ma lua trong diéu kién mén (ndng do
NaCl 0,6%). Trong d6, phan doan 5.994 Da c6 hiéu
qua cao nhét trong viéc duy tri sy phat trién cta cay
ma laa in vitro & di€u kién méan thong qua su cai thién
hinh thai, cdc chi s6 vé sinh ly (ting ham lugng séc
t6, ting quang hop, gidm ho hip), gidm ham lugng
proline & 14, kich hoat sy biéu hién ctia gen t6ng hop
enzyme quét goc tu do (ascorbate peroxidase) trong
céy49’50. Nano chitosan hién dang dugc tap trung
nghién ctiu d€ ting dung trong néng nghiép do hoa
tan dugc trong nudc va cé nhiéu tinh chdt vat Iy, hoa
hoc doc ddo lam ting hiéu qua st dung trén céy trong.

KET LUAN

Stress muo6i gay nhiéu bat lgi dén sy sinh trudng va
phat trién cta thyc vat, anh hudng nghiém trong dén
nang sudt cay tréng. Thuc vat c6 cac co ché thich nghi
v6i stress mudi nhu diéu chinh dp suit thdm thiu nodi
bao, duy tri sy can bang ion, thu don ROS theo con
dudng enzyme va phi enzyme, ... Tuy nhién, thuc vat
sé kho chdng chiu khi stress mudi kéo dai. Chitosan &
céc trong lugng phan ti khéc nhau dugc chiing minh
¢6 tac thé gitp thuc vat ting kha nang chéng chiu véi
stress. Cac nghién ctiu vé co ché tac ddng ctia chitosan
1én thuc vat 1a co s& cho viéc 4p dung hop chit nay 1én
cay trong nhim dam bao an ninh luong thyc va phét
trién nong nghiép bén viing.

LOI CAM ON

Chung t6i xin cadm on Trudng Pai hoc Bach Khoa,
DPHQG - HCM da hd trg cho nghién ctiu nay.

XUNG POT LOI iCH

Tac gia tuyén b6 khong c6 xung dot lgi ich.

DONG GOP CUA TAC GIA
Lé Thi Thuy Tién doc tai liéu, tom tat thong tin va viét
ban thao.
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Effects of chitosan on plant tolerance to salt stress
Le Thi Thuy Tien2"

ABSTRACT

Salt stress seriously affects plant growth and development. Salt stress occurs mainly due to in-
creased Na™ and CI~ concentrations in the soil. Water absorption from the roots brings these ions
to the plant, causing ion toxicity and loss of homeostasis. Salt stress leads to osmotic, ionic, and
oxidative stress in plants. Anti-stress mechanisms are activated through ROS, NO, and hormone
signalling pathway . Chitosan is a non-toxic biological polymer, easily degradable and highly bio-
compatible. The applications of chitosan in agriculture are essential because chitosan can acti-
vate plant defence systems against biotic and abiotic stress. Many studies have demonstrated the
presence of chitin receptors on plant cell membranes, which are the starting point of signalling
pathways, stimulating defence responses against stress. Chitosan maintains plant growth under
salt stress, protects the photosynthetic apparatus, increases the synthesis of osmolytes, activates
antioxidant enzymes, and stimulates stomatal closure to reduce the absorption of Na™ and CI~
from roots. The impact of chitosan on the defence response of plants depends on the molecular
size, deacetylation, and concentration of chitosan and depends on the genetic characteristics of
the plant.
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'Department of Biotechnology, Faculty of
Chemical Engineering, Ho Chi Minh
University of Technology (HCMUT),
Vietnam

*Vietnam National University Ho Chi
Minh City, Vietnam

Correspondence

Le Thi Thuy Tien, Department of
Biotechnology, Faculty of Chemical
Engineering, Ho Chi Minh University of
Technology (HCMUT), Vietnam

Vietnam National University Ho Chi Minh
City, Vietnam

Email: Itttien@hcmut.edu.vn

History

o Received: 16-11-2023

o Accepted: 12-4-2024

e Published Online: 30-4-2024

DOI : https://doi.org/10.32508/stdjet.v7il.1309

‘ '.) Check for updates

Copyright

© VNUHCM Press. This is an open-
access article distributed under the
terms of the Creative Commons
Attribution 4.0 International license.

< \=
‘\_

Cite this article : Tien L T T. Effects of chitosan on plant tolerance to salt stress. Sci. Tech. Dev. J.
VNUHCM PRESS —Engineering and Technology 2024, 7(1):2149-2155.

2155


https://crossmark.crossref.org/dialog/?doi=10.32508/stdjet.v7i1.1309&domain=pdf&date_stamp=2024-4-30

	Ảnh hưởng của chitosan lên khả năng chống chịu với stress muối của thực vật
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	Các con đường tín hiệu của chitosan trên thực vật  
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