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Abstract
Rapid population growth and the increasing need for food make
it inevitable to increase agricultural production. At the same
time, the use of conventional methods to increase agricultural
production, including the use of chemical fertilizers and
pesticides in crops, has caused environmental problems,
regardless of the high cost. Therefore, in the last few decades,
increasing the quantity and quality of crops through
environmentally friendly methods has received much attention
and emphasis. The use of chitosan, a cationic polysaccharide
derived from chitin, is obtained from waste materials from the
processing of seafood containing crustaceans such as shrimp and
crab, and has recently attracted the attention of researchers.
Chitosan increases vegetative growth, increases the quantitative
and qualitative yield of crops, reduces drought and salinity stress,
repels some pests and diseases, and increases the shelf life and
storage of crops and horticultural products after harvest. As a
biodegradable and environmentally friendly material, this
compound increases the yield of agricultural products by
increasing the absorption of nutrients, stimulating germination,
increasing photosynthetic pigments, and vegetative growth.
Chitosan also increases the resistance of plants to drought stress
through antioxidant activity, reduced stomatal density, and
reduced transpiration rate. Increasing the quality of agricultural
products, including increasing the percentage of oil, protein and
carbohydrates, are other benefits of using chitosan in sustainable
agriculture.
Keywords: Chitosan, Growth promoter, Stress, Sustainable
agriculture, Yield
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Fig 1- Geometric shape of the chitosan molecule

Ormer 3 el O3aS Saee S 35
oS che s Ly olS 5 g ria e fis kS
(Y1) 01, s Mondal .55 5 s sl Ol 528
5 als Wy il Sl Lo olS s a8 asly )
5 dis s (i wle IS WS mhan oS sl
o hle s OlhssS 58 L ks, ol
OLes 5 DzUNG s S ol= &) 2 L
Glachle s O35S 5,5 oS dlys (Y0)Y)
0568 oS 3 Jedu NS lsme 1 e S ke Ar
O35 Ll mamen 303 Siulsl o3 VO L
et 3 S i iy 5 ol Gleeltl S
L oS 5l 250 Cod 88 sy
skl 18 L olS js doys /Y slackale
5 Zeng .(Sheikha and Al-Malki, 2011) ..
sk s JS (s gmen 4 ils SLebl (Y+1Y) Luo
AE o ol e LS sl
ol Kiagl o b3 Oldses ol s syl 3
A g p S YA B L O aS g S
sbha L9 mess sy, Ol
s Boonlertnirun sls Jaull 1y oS (WS 555,08

als s Sas il a5 wsls OLES (YY) O, K

S 3 oS el s A, s Ol sS Clte O
U'i‘ BE NGO S W+ g_,\.slq LSQL’ 9 JDb) QYW
S SHuslS 53 sS 3, e Dl 4 Al
g g atls p s S e 0lS 5 Sles 55 o
5 A K Ses 5 g,y A sl -
Loy OS5, 00 cow s S )53
4 U Lo s ol odwy OU 4 golen Olide
OblS ai, oy baS Jes Sl J
S S 5l Ylaal ool sl 3L ans Ll
Sl e p2ny b g oS sad 5 AS) 5 e35e)
Uthairatanakij et al., ) Jas il oL gg 5
Slpe cd Ll e OIS A, o i 4 (2007
;,:SJS BL) ‘_;LJ\ s aS ‘d)‘}},w:} °j-,{j “ ch.bu
e O 528 5 )18 s 4 Ol g 5 Shee 21538
Lgl.za.x;.ﬂj_é oS s ol J:.sl.s M el
JUl OF JLis &y 5 phasy Ao 35 oS5 sl b
Ope Sl 4y e 3L b Dol 53 30
sdalis Gé=s -l .(Abu-Muriefah, 2013) .Lil



r))a)La...:cMaJ}}gO‘ﬂ‘éjijmﬂj}aLﬁMM 3

Olyen ORI & e 053 olS 5o 2 e S b
robe ol I (da)s 00 YY) L S
(Ao 33 AIYV=AE) 055 8 ol o2 2lde
Yeo£0) el s (dons WWAESTYY) ald
kel 5 (YeVe) Oles 5 Irit A3 S (do s
Rl el 0558 L L) sl Simnl 5y 45 58
s S 53 s S elS s BN 5 Ll slue
Y=Y cklE L Kl Sge 4 RS 3,8
5 axalyy Jsb (ol Do sse e o3
ol 03 8l ol oS 3 Lo 4y et ld 5 4zl
0L 5 Mihiretu .(V\e+ & OLKen 5 o 2)
Ly s Kl o O3 555 4 i3S p3lel (Y1)
Lol das (RIB1 L Geed s o s
Calis 5 Lo s IS (6 g Sl oS A S s
Tl 02 6555 (S15 el izmen 5 S JSSS
oxb s s 4 OlEsy e e S WL
5 Sl s s ek S Bl 5l slepll
OLas 5 Mondal .l e il 5l olS 5 Slas
3 VO 00 (YO io) OlisaS chle (YY)
5ol 53 s 3 b G p Sk Ve
Didg 00 U oS chale Aol b as sl s
sy B osbe S 5 S sl
Jsb 8 Ad (g Semd rmmen L ZSL 5
OLLS 3 ls Sl 055 5 BME 5 &ls sl (M
Vo 50 glackls 53 OIS L sk 86 e
WS gy ol bl Rl ) e S
Sl SRl O S el Vet o 2,8k sl
ol VL slachle (s ol caen S SL

Avochle b oolsS aldses Gk 5l =
b Sugm ale Gl s e 2 e S e
53 O35S el olS 55 azey 5 adi e sl ol
O3 Ol pamsods ol Sl elS o gl o o 00 hle
S osba eslsyl 3 5b cou |, S cldls IS
S Jolo g JS w5 5 03101 3 Do s
Limpanavech etal., ) .3 S edlel oS Wi, oS
S J5 S Olin Sl oemmes (2008
g o Shee Sl Colg s 5 Sy e axls
S 2o (S a4 3 o310V Ol e
Ore—Teor glackle ;5 08 b abdslos
Reyes-Pérez ) ol odys S 5518 ) 5 p 8 e
sHe ole 5 Of Gl a3l (et al, 2025
O35S b3 [k Simal ok 516l (6,52
sGUaN Lu g 2 5o S0 /Y0 /N0 clachle )
iz ol il el SOLS (Yeed) Ol Ses
Sl e a bge Gl ) oS L sas o3l
e dlas 5 LoluesS| 5T 3 pe 5 Jobe (5 5emd
oS 3 Shas 5 Ay ol 534S w3y by e 5]
ol do 3 W VY Ol o LS 5w |y o3
S L 08 A sk b i b s
534S s Ol K3 ax 58 olS 55 Sl 5 Y-
2L OlsaS wslind 35 glachle sl
Sy e 5 2S5 Tl Rl
o33 sl sty by S5 s i sladnl
o Sl 5 Shae Sl Gl 3l s a3
O O 5 0L s S Ll sle
L3 g0l sdaline (Y0OY) 0L, Kan 5 Van ol o sdle

Voo chle L oolieS oldel Libd g oS


https://www.sciencedirect.com/science/article/pii/S1878818113000649#!

OB o LSy s G Gib Ol DS
St 5 e f S el amT 53 5 5%
Glao sS55I OF w3 4 5 5 1S 5
oS e o b 335 0 oS 5550
i s e 02 S VL e s G5,
Mihiretu et al., ) a3 samlin O3S 30 Co
& e Kl 5 gn 4339, (S15 Sl (nl ol (2016
ol Cand 5 0s S G om s o Gl zals
3 wlie i b disy sep |, OblS
oL 35 fs ddy S e K Olge 4 O 5S
sals Ve Ohs s 5o B Sluws Ll e
S g Sl e b 1) G s Ll s Shes
s Oeit=s cpl .(Janmohammadi et al., 2014)
SLSis wile (2 Ol S Wl g e 01358 a5 s
E55 sl My Al e s &S sy feab e
Sl o Sl ol s e EalS | 3
ol Lolasl (il 5 b sl bodle |LSas
335 o sl Sl G 4 0t L 4l
allae S (Y4IV) 0L s Emami Bistgani
Glachle L O35S 5,8 &5 Ls,y o Al o
g Bl o ) Ay S Jhote
oS i osle 3 Shas Wil o ol 25 Cilosis
ol s EalBl dss VoY saas |y ol
Ll oo O35S (oAb sloms 45 L5 S 3ol Olides
Jio a Lo Shas ol oS 525 sl
L OLsS 5,8 &S 2 (el oS a3l
S Al b 3l ) o p S ShenY slahil
Syl 5 S p05sde 5 oy S
T 350 oS a3 s Ll S DT

SO A5 SR s 4 O RS 508 6 s
Sl iman 5 o3 YOIV Ol 4 6 o
el 03 51 g3l 5 Shes 4 St osle ol
I DS Hg,5d (KE5) A5 fals -
D VIR PYRU-F PR R Eg g RV -] P PYCIN [P
&S Sl o3y QLI suate Dladlas Lol 03 S LA
Lo Gt osedl S Olgeay O sS
DNA 5l 55,0 o 511, 025 OH 53T (ladICsl,
.(Harish Prashanth et al ., 2007) Ll cldle
Sl a8 S e b Gk peaees
53 St 5 5 VB ST 5T slag 5T
OB 0558 gl b e o Olmasly 4l
S5 slaallles 3 (Mandal, 2010) <ol asly
5 3enS1 s Glap 5T dlad 2153 013 1S
(Guanetal., 2009) s S =3 458 55 55 HVBIS
23 e S 0r Chle 53 O RS SLd e
il la s S Co Gl i Lo oS
s oS Ol o Gl Ol oS
035 3 odam O 5B sas eS| s (slags 5
Do o s SIS s Sl sl S
P2 (Alencar et al., 2025) ..l osls ZalS 1,
Sl sl ol 5 s Ol s sl
b e 3l o SlST 5 VB Sl
GlaazalS 55 O3S Aoy oY glackle L
(Mahdavi et al., 2011) il ilpl S8
Ol suS 054580 a8 sl osls QLA Olallas -y ioman
oS S lame 0 1 e S Je Ve e L
Sphe M bS5 Ol lB e OLS
5> ,5,8 .(Esmaeilzadeh Bahabadi et al., 2012)



r})bjwchJ};ﬁO‘ﬂl&)}uwjjklsMM ht

SFE Glroben Jodse Sl s b 4 o |
Hamel and) .5 o Jose olss slaplll
Solpl Olge 4 Ol S -l oLy (Beaudoin, 2010
b el el sleln (65,5l olul sl ke
ZoB kil o3 les xS Sl S S S
LT anme 5 31 wile gn sboay 5 3 a0 sl 1 ley
335 0 OblS Swj e il ol
oot 3555 ik 5 OLLS 3 2B slagsle
oS Ol oy s 3l sl dad sl |21 4 58
b S T e Gl 325k ol Sl 5 L5800
S S S e A b kas e S
2 D558 A e 53 ¢85 e /0= Slalils
w8 edalin >0 Ao Clle CuiS b
5 g RlBl Sl Ul edle &S sk
L35 oS als laplll 5 i) D55 Rl
<laa~s .(Jabnoun Khiareddine et al., 2015)
S ol s 4 DS S dase 0L
S O gDzl A3 5 J5SIse 055 4 45 O
S 5 onl XS e les | O SL s L) )l
S o (ml Le el edle
Ses See s AS Gl
se L OLS 3, chde sl S
oLS ;> .(Gallegos-Morales et al., 2022) .z
oo pl 0o ) (B A s Ol S
=134 Rhizoctonia solani = ; M (g5 ke
55 sl i L olS s (Liuetal, 2012) 515
Loms 53 7 oS ke 11 Slaclale L 0l 1S
Fusarium oxysporum s les 55, 3l CuiS

(Berger etal., 2016) > 5o Cxilos

s oedlnle) cl sdn § Six i il
ol Bl S cl eas oIS (V) O
oS A5 il m sl 4 s S olS sl
Vockle U oohgS sbdsdes 80 cos
e dlad 3 L ) e e S e
Sals sk 5l el Sl sl T glss
Lis e o Jslo La> daid O seneliinST
e dbos 5Ll (6514 5 S Ol (5 g
5 Gonzélez .(\YAA OKen 5 o)l5) 355 s
S g i asle 5 gl 2l (Y410) O Ses
SO bl Ll Sl b
ol oss S kil o OS2 p e S e
5 odan e B AWl Ol Jtals s
STV (WU JURPRS ISP CT PRI
5 5V0 GlanS e 5T glaadles jmlsl sl
ol sl p S laazealS 55 50 sams ST 5
Sl ol odalle 55 (658 W5 Cawd Ol3saS L

(Maetal., 2012)
bl o OB oLl Foh Al -
basslo SRS e o5 oS 5 S Ol S
5 Sk ekl W5 el S5 ol o
53 AL Gladls 5 3L 5l aS 50 e eS| s
Skl Lalyd 5 S S SO
53 S s & Ol aS A8 e clible e
Sl Ak asly o)l ol sz B 4l 5
ol o O5aS A e diS g 58 O
slee SN 2alS G Dol Ll ol iy e
e o LGP NI SIS RT SR PICIPRTREY
OlalS 038 b les (Kerch, 2015) 555 o o 50



sl OVE Y O 5 0L ) cl sl il 58l
oS ke Tor B L Ol S L L) L kS
Sl ol Col 5 O 5 5 kil pd 5 2 o
Olsen sials3l (32ms ! .(Abu-Muriefah, 2013)
Loals Shdeas S 5 oS (2l sobe Ol
Ol SRl 508 A1 058 5,08 0 s
o 6 o p a8 55 o il ol olS 43 85
sdalive Aoy /=) clale s Ol sS L LA Kl
8 08 OLKes 5 ope) Sl sas S
o n chl (SIS s liaS WS glackle
et ) el 0313 50 O 350aS 25 S |y J gl
chle U abd does omes ((Mahdavi al., 2011
(a3 g O3S A 08 Jea V0
Artemisia annua s LS s |, (Artemisinin)
odalis (Lei et al, 2012) ol esls i3l
2 S Ll epe oSl o S il s S
OS5l 6, Sl e Ao V-V/0 glachile
PH s BB anienl (J gowe ol 3l 50 Lai> 035
YT RC R OU R W ICHPUY WP CCI P I
o8 P e Al o DL g e dS
e sl Glaege CdS L 5 oL

Y OLSn 5 03l35,558) 335 5 Vb
) W B PR ] PP B LY PR L
SLS 5 o0 e aas ki b gs rgh,0liS
Y pan (Gt 5 SIS L3 Sl Sl Grie
oot sy sl b aes oy sla SIS 1S
Ll s g oL sl 306 10 ol axils
Lo 5 s S b ol s sy LS S L
(Putra et al., 2025) .l a5 5 &y =6

5l Ol 5o 4 O35S 1d peames keSSl 1 -
56 sl e L5l g LTS 3
ol s 3515 00l 5550 g3date o gls OLALS
G,k Sl e iS4 .(Cheng et al., 2006)
5 A s dob Rl s 0 s sl 8
ol 55158 0558 sled 55 0 gm0 SO 0y oo
O35S s5Ldsk=s .(Mondal et al., 2013) ..l
Bl 5o 2 (’;JL:‘ 0ve=Yoer clackle s
Ol b Sl esee oS 3 gy o (S5 S
L 55 olanS sl e b s b L Ol
Reyes-) ol sis S & el g 5 e o5 5,18
S0 s i S > (Pérez et al., 2025
S A3 S edaline J oS il glals L Ol S
O35 23 OGRS huy Lpp IS 05y Sl
Vo LBle s s Ol S AVe 50 JSse
il 1y O s cpdizes cpl el s Ao s
2014) Wssas el La JS 5 aasls Sy sl
53 Ol 518 ke 1 .(Salachna and Zawadzinska,
ooyl o5 535 Tl s Cpllael I el
Sl ol Sl 4 R, 0 Shas 5 S
MeS1 Ao e S8 5 s e b
Emami et al, 2017) <ol oa odls s
Ly Sl sl (YY) OLs 5 Van .(Bistgani
L OLAS s bus o8 slhenalS
—00) by IS Olpee bl a1 lsm o3 VY clale
0355 e 3 oo 2l jols Cdor (7.
£0) aslty 5 (INV/Y = ¥4/8) Jins (Q1/YV-A/E)
b Olipe O35S 3,8 adls Jag e (Fe7m

B S arS oS w0558 e



r))a)La...:cMaJ}}gO‘ﬂ‘éjijmﬂj}aLﬁMM A

5 G o3 Uk s eds cils &Y pas
Sl 313 0L gl S e S sl B 5 e
—ogp S 5 SRIBI oL e Ol S &S
5 LLL lae s dile (g5l g (5 mmme S sl
(Hewajulige et al., 2011) Jas o alS |,
2 P DS e sy g O5S ALdsls
bogbeges Mg oo by e
(Saavedra et al., 2011) s> S » i 8L
Loy /Y= glackle L ol S AL sl
L (P T VI I W
ol Bl i J s el sl e Sl 5 I sl
o) el s S S S0 ese L
o s O b 5 OVEY QL 5 A
Sl g doys N =Y slackale U ol S
Bl waest fﬁ)fj ok axls I8 o Bl
ool 4 8513 ASE 550 oy Sdae L OT 034
0744 O 5 Slm))

IS S

S 3 S GRIP s S A e GRS
oo deoskely o ousliS SN WS
b s 2,08 G o ) Slem 55 Il (g5,5Ls
el 03 g0 o Gl Sl SLS S
L obpl cmio o5 03515 S Ol g @ Ol 1S
P Ly BB Jeily 3 4 jamie gla S
osls OLA 2l 5 ol OV s hlssl Cgr
S a2 pole Sl GLIBIL O S ol
Sl sn 5 S Gy, e dyl
238 VLS 5 Slas 5 dd) S5 e LS
RS b Sdg Y S PSS LSS

bl Jamle O35S Jslme 5 Sonds Cools
5o B b Shs s SIU Gy S
Libw Wl S Do 4 S il Ol
Y gams slud cb bl s sl
O3gai Loebss b Ahd o 358 0 530508
FSES s Ol S e 3 (55,558 DY o
oo 50k S OV pame o) p Il Saes Ady
ol b s o alS e s 0 15 L3 e
SR I R S S PN PRSP L P
OV gz culal O 51 S oS J peaes
5 ommen AS e (6,8 sl il sl s
PRSI 5 O3St H e Lo S G b
Opamn 1515 3 a8l i jiad] 5 sl sy
SN A5 5 oS Olsn (28I O et o8 i e
Jyame Sy 5 Odews T a8 IS 5k
S S50 D8 e Y S L O S
Sl s 53 5 GRS | o gen kS Ol o0
Aas el e oS s S Ol
o33 deopy V0 chle L OsaS AL sl
Lim 5 2 ,Se 5L IS L o e (LIS
O 5 osl3lal) cl esls 2ul58) 050 oS
5l b S5 G Ulss 4 O3S (e
Rl Ll (Shs Sl 0o Lls W
s mbe Jol= dolaze sla il s 6l ool
Sl 5 S s 4 plees 4 AL e
D35S oS e SaS Sl Lot slse 5 as
03,5 Jad b Jseams 4 (23 25y bl e e
A s bl 5 SUT 4 Cuslie Glagtew
2 b Sty wrns Sl e IS0 S



5 wliiel e pdie wp wsliple (0
OS5 S Gl VY L Sl s 63 samme
050 bl Ol 5 plonndism (i) b S5
e Sl i S b il sl co
Y=LV (V0 (ol pske
(Sp e s e sl a8 (A
e 5 O sS Cedls 3l e 308 N ENY
(Cucumis L= Bl il 5 CoasS Lai>
Ol gl gl s psle de sativus L.)
AV =Y (Y EE)Y
o (sl g LS VL:;;—\ Gkl el (VY
Ao VY pBI@ gled o 5 7 Lgn g
P 5 OS5 S A sl
oo Spoy Gl e s CwiS n Jses
AT (T (alS A5 sl s el
“p (S ey & o ol (A
5okl s3I AYA (63 gama KL
Slosar  (Fp oz OGRS (G
ST 5T Glag 5T Cdlad Olpe 5 (S50 5 58
g “i; (Malva sylvestris) Jsoxs S,
N YWYV (S

9) Abu-Muriefah, S.S. 2013. Effect of chitosan
on common bean (Phaseolus vulgaris L.) plants
grown under water stress conditions.
International Research Journal of Agricultural
Science and Soil Science, 3(6): 192-199.

10) Alencar, R. Sd., Viana, P. MdO., Dias,
G.F., Bonou, S.1., Ribeiro, L.D., Lourenco, De.,
Araujo, Y.M., Cavalcante, L.E., Almeida, H.
Ad., Viégas, P.R.A. and A.Sd, Melo. 2025.
Chitosan mitigates water stress in cowpea
plants through modulation of growth,

homeostasis, and antioxidant
activities. Frontiers in. Plant
Science, 16:1591920. doi:

10.3389/fpls.2025.1591920.

S5 L el 3 1 OllS ol G s 5 G
5 bde pmes Ll el Six
G shoes )3 ($3u5LAS OV gmmee 05 5ad 5 el 52
o gen peba 31 T O 51 Comilae s D13 28 0
w53 9 DY game O3 4 5 slen Jelge 3580 5
L .;sjfda SN pame gols,Ll o8l e 33
wipr oS gty aleld B8 sl 4 ax s
2 eSS gl e s 0sS gl S
Lol ool S Sl (55,5008

@L'.o

5ok g e bl cowsbilal O
5 OBAS sy Al e Ml o
bt S b (AS Do sar p s oslas
2 IS b e e S s
(2l sl IS 5 sl w s s .
AY=YY (Y

€ 5o p B e (S ol (Y
el I8 S e il VAL S
doblasss OS5 eslimal bopasssl ok
No=Y :(ONY (a8 Sl 5 g5k

¢ 5 e sl md L e oL (7
S Ses 5 O35S 5,8 ey p NEY Bl sls,
ok (S S A b Sk Fe s
JAA=YA0 ()oY (((53,5LiS ke adme) 2155

A Gl g s d SRl d o e (¢
5 Sl g Shs » S Ll Suwly
Blsolw  glaazalS  Slacdyn  Oloyar
wllagsy pgedlS U5 —>s(Nigella sativa L.)

NOASYETE (DWW (sl OS5l



r})bjwLMDJ})LJ\J{J&)}QWJ}QL*S/MM Vo

Inca Ip-5 in saline medium. Cultivos
Tropicales, 36(1): 136-142.

19) Guan, Y.J.J., Hu, X., Wang, J. and C.X,
Shao. 2009. Seed priming with chitosan
improves maize germination and seedling
growth in relation to physiological changes
under low temperature stress. Plant Science,
10: 427-433.

20) Hamel, L.P. and N, Beaudoin. 2010.
Chitooligosaccharide sensing and downstream
signaling: Contrasted outcomes in pathogenic
and beneficial plant-microbe interactions.
Planta, 232: 787-806.

21) Harish Prashanth, K.V., Dharmesh, K.S.,
Jagannatha, R. and R.N, Tharanathan. 2007.
Free radical-induced chitosan depolymerized
products protect calf thymus DNA from
oxidative damage. Carbohydrat, 342: 190-195.
22) Hewajulige, 1.G.N., Wilson Wijeratnam,
R.S., Perera, M.G.D.S. and S.A, Fernando.
2015. Extending storage life of commercially
important tropical fruits using bio-waxes. Acta
Horticulture, 1091: 283-290.

23) Iriti, M., Giulia, C., Sara, V., llaria, M.,
Soave, C., Fico, G. and F, Faoro. 2010.
Chitosan-induced ethylene-independent
resistance does not reduce crop yield in bean.
Biological Control, 54: 241-247.

24) Jabnoun-Khiareddine, H., EI-Mohamedy,
R.S.R., Abdel-Kareem, F., Aydi Ben Abdallah,
R., Gueddes-Chahed, M. and M, Daami-
Remadi. 2015. Variation in chitosan and
salicylic acid efficacy towards soil-borne and
air-borne fungi and their suppressive effect of
tomato wilt severity. Journal of Plant
Pathology and Microbiology, 6(11): 1-10.

25) Janmohammadi, M., Mostafavi, H.,
Kazemi, H., Mahdavinia, G.H.R. and N,
Sabaghnia. 2014. Effect of chitosan application
on the performance of lentil genotypes under
rainfed  conditions. Acta  Technologica
Agriculturae, 4: 86-90.

26) Kerch, G. 2015. Chitosan films and
coatings prevent losses of fresh fruit nutritional
quality: A review. Trends in Food Science and
Technology, 46: 159-166.

27) Limpanavech, P., Chaiyasuta, S.,
Vongpromek, R., Pichyangkura, R., Khunwasi,
C., Chadchanwan, S., Lotrakul, P., Bunjongrat,
R., Chaidee, A. and T, Bangyeekhun. 2008.

11) Berger, L.R.R., Stamford, N.P., Willadino,
L.G., Laranjeira, D., de Lima, M.AB.,
Malheiros, S.M.M., de Oliveira, W.J. and
T.C.M, Stamford. 2016. Cowpea resistance
induced against Fusarium oxysporum f. sp.
Tracheiphilum by crustaceous chitosan and by
biomass and chitosan obtained from
Cunninghamella elegans. Biology Control, 92:
45-54.

12) Boonlertnirun, S., Suvannasara, R.
Promsomboon, P. and K, Boonlertnirun. 2012,
Chitosan in combination with chemical
fertilizer on agronomic traits and some
physiological responses relating to vyield
potential of rice (Oryza sativa L.). Research
Journal of Biological Sciences, 7(2): 64-68.
13) Cheng, X., Zhou, U. and X, Cui. 2006.
Improvement of phenylethanoid glycosides
biosynthesis  in  Cistanchedeserticolacell
suspension cultures by chitosan elicitor.
Journal of Biotechnology, 121: 253-260.

14) Dzung, N.A., Khanh, V.T.P. and T.T,
Dzung. 2011. Research on impact of chitosan
oligomers on bio-physical characteristics,
growth, development and drought resistance of
coffee. Carbohydrate Polymers, 84: 751-755.
15) Emami Bistgani, Z., Siadat, S.A.,
Bakhshandeh, A., Ghasemi Pirbalouti, A. and
M, Hashemi. 2017. Interactive effects of
drought stress and chitosan application on
physiological characteristics and essential oil
yield of Thymus daenensis Celak. Crop
Journal, 5: 407-415.

16) Esmaeilzadeh Bahabadi, S., Sharifi, M.,
Safaie, N. and M, Behmanesh. 2012.
Enhancement of lignin and phenylpropanoid
compounds production by chitosan in Linum
album cell culthure. Journal of Plant Biology,
11: 13-26.

17) Gallegos-Morales. G, Sanchez-Yafiez, J.M.
and F.D, Hernandez-Castillo,. 2022. Chitosan
in the protection of agricultural crops against
phytopathogens agents. Horticultre
International Journal, 6(4):168-175.
DOI: 10.15406/hij.2022.06.00261

18) Gonzélez, L.M., Guerrero, Y.R,
Rodriguez, A.F. and M.N, Vézquez. 2015.
Effect of seed treatment with chitosan on the
growth of rice (Oryza sativa L.) seedlings cv.


https://doi.org/10.15406/hij.2022.06.00261

G. and A, Juarez-Maldonado. 2025. Chitosan
application improves the growth and
physiological parameters  of  tomato
crops. Horticulturae, 11, 878.

37) Rojas-Pirela, M., Carillo, P., La'rez-Vela
squez, C. and G, Romanazzi. 2024. Effects of
chitosan on plant growth under stress
conditions: similarities with plant growth
promoting bacteria. Frontire in Plant Science,
15:1423949. doi: 10.3389/fpls.2024.1423949.
38) Roman-Doval, R., Torres-Arellanes, S.P.,
Tenorio-Barajas, A.Y., Gbémez-Sanchez, A.
and A.A, Valencia-Lazcano. 2023. Chitosan:
Properties and its application in agriculture in
context of molecular weight. Polymers, 15(13):
2867. doi: 10.3390/polym15132867.

39) Saavedra, G.M., Figueroa, N.E., Poblete,
L.A., Cherian, S. and C.R, Figueroa. 2016.
Effects of preharvest applications of methyl
jasmonate and chitosan on postharvest decay,
quality and chemical attributes of Fragaria
chiloensis fruit. Food Chemistry, 190: 448-453.
40) Salachna, P. and A, Zawadzinska. 2014.
Effect of chitosan on plant growth, flowering
and corms yield of potted freesia. Journal of
Ecological Engineering, 15(3): 97-102.

41) Sheikha, S.A. and F.M, Al-Malki. 2011.
Growth and chlorophyll responses of bean
plants to chitosan applications. European
Journal of Scientific Research, 50(1): 124-134.
42) Sreethu, M.J. and V, Venugopal. 2025.
Chitosan nanoparticles as biocompatible tool in
agriculture. International Journal of
Environment and Climate Change, 15(2):123-
137.

43) Uthairatanakij, A., Teixeira da Silva, J.A.
and K, Obsuwan. 2007. Chitosan for improving
orchid production and quality. Orchid Science
and Biotechnology, 1(1): 1-5.

44) Van, S.N., Minh, H.D. and D.N, Anh. 2013.
Study on chitosan nanoparticles on biophysical
characteristics and growth of Robusta coffee in
green house. Bioctalysis and Agricultural
Biotechnology, 2(4): 289-294.

45) Wang, X., He, M., Wang, X, Liu, S., Luo,
L., Zeng, Q., Wu, Y., Zeng, Y., Yang, Z. and G,
Sheng G. 2024. Emerging nanochitosan for
sustainable agriculture. International Journal
of Molecular Sciences, 25(22): 12261.
https://doi.org/10.3390/ijms252212261.

Effect of chitosan on floral production, gene
expression and anatomical changes in the
Dendrobium orchid. Science Horticulture, 116:
65-72.

28) Lei, C., Ma, D., Pu, G., Qiu, X., Du, Z.,
Wang, H., Li, G, Ye, H. and B, Liu. 2011.
Foliar application of chitosan activates
artemisinin biosynthesis in Artemisia annua L.
Industrial Crops and Products, 33: 176-182.
29) Liu, H., Tian, W.X., Li, B., Wu, G.X,,
Ibrahim, M., Tao, Z.Y., Wang, Y.L., Xie, G.L.,
Li, H.Y. and G.C, Sun. 2012. Antifungal effect
and mechanism of chitosan against the rice
sheath blight pathogen, Rhizoctonia solani.
Biotechnology Letter, 34: 2291-2298.

30)Ma, L., Li, Y., Yu, C.,,Wang, Y., Li, X., Li,
N., Chen, Q.Y. and N, Bu. 2012. Alleviation of
exogenous oligochitosan on wheat seedlings
growth under salt stress. Protoplasma, 249(2):
393- 398.

31) Mahdavi, B., Modarres Sanavy, S.A.M.,
Aghaalikhani, M., Sharifi, M. and A,
Dolatabadian. 2011. Chitosan improves
osmotic potential tolerance in safflower
(Carthamus tinctorius L.) seedlings. Journal of
Crop Improvement, 25(6): 728-741.

32) Mandal, S. 2010. Induction of phenolics,
lignin and key defense enzymes in eggplant
(Solanum melongena L.) roots in response to
elicitors. Journal of Biotechnology, 9: 8038-
8047.

33) Mihiretu, H.C., Du Toit, E., Steyn, J.M.,
Laurie, S.M. and S, Robbert. 2016. Chitosan
improved in vitro growth, leaf ultrastructure
and acclimatization of micro propagated sweet
potato. World Congress on Root and Tuber
Crops Nanning, Guangxi, China, January 18-
22.

34) Mondal, M.M.A., Malek, M.A., Puteh,
A.B. and M.R, Ismail. 2013. Foliar application
of chitosan on growth and yield attributes of
mungbean (Vigna radiata (L.) Wilczek).
Bangladesh Journal of Botany, 42(1): 179-183.
35) Putra, P.S.U., Adhika, D.R., Asri, L. A.T.W.
and S, Suprijadi. 2025. Performance
enhancement of chitosan for food packaging:
impact of additives and
nanotechnology. Journal of Renewable
Materials, 13(6): 1043-1070.

36) Reyes-Pérez, J.J., Llerena-Ramos, L.T.,
Tezara, W., Reynel, V., Herndndez-Montiel, L


https://www.sciencedirect.com/science/article/pii/S1878818113000649#!
https://www.sciencedirect.com/science/article/pii/S1878818113000649#!
https://www.sciencedirect.com/science/article/pii/S1878818113000649#!
https://www.sciencedirect.com/science/journal/18788181
https://www.sciencedirect.com/science/journal/18788181
https://www.sciencedirect.com/science/journal/18788181/2/4

r))a)l.‘»w:;Ma)jégd\ﬂ\‘_gjjucmﬂj}a%guw \'Y

46) Ye, Y.P. and Y.Q, Lou. 2009. Effect of
chitosan with different concentration on
drought resistance of sugarcane under drought
stress. In Henan Agricultural Sciences, 11: 47-
50.

47) Yokamo, S., Wang, B., Ishfag, M., Huan,
W., Irfan, M., Wang, Y., Nkoh, J., Lu, D,
Chen, X. and H, Wang. 2025. Comprehensive
assessment of the agronomic, environmental
and economic benefits of localized fertilizer
placement in China's intensive cereal
production systems. Agricultural Systems, 228:
104372.https://doi.org/10.1016/j.agsy.2025.10
4372.

48) Zeng, D. and X, Luo. 2012. Physiological
effects of chitosan coating on wheat growth and
activities of protective enzyme with drought
tolerance. Open Journal of Soil Science, 2: 282-
288.


https://doi.org/10.1016/j.agsy.2025.104372
https://doi.org/10.1016/j.agsy.2025.104372

Iranian Journal of Plant & Biotechnology
Summer 2025, Vol 20, No 2, Pp 1-12

S——, § é
A

Iranian Journal of Plant & Biotechnology (1JPB) Edemic Axad Cinioerss

Garmsar Branch

Application of chitosan as a new method to increase sustainable production of agricultural
products
Mohammad Aziz Rezaie!, Babak Pasari (Corresponding author)?”, Khosro Mohammadi®, Asad Rokhzadi*and Ezzat
Karami®
1- Ph.d Student, Department of Agronomy and Plant Breeding, Sa.C., Islamic Azad University, Sanandaj, Iran,

azizrezaii@yahoo.com

2- Associate professor, Department of Agronomy and Plant Breeding, Sa.C., Islamic Azad University, Sanandaj, Iran,

b.pasari@iau.ac.ir
3- Associate professor, Department of Agronomy and Plant Breeding, Sa.C., Islamic Azad University, Sanandaj, Iran,
khosro.mohammady@gmail.com

4- Assistant professor, Department of Agronomy and Plant Breeding, Sa.C., Islamic Azad University, Sanandaj, Iran,
asadrokh@yahoo.com

5- Assistant professor, Department of Agronomy and Plant Breeding, Sa.C., Islamic Azad University, Sanandaj, Iran,
ezzatut81@yahoo.com

Received: July 2025 Accepted: September 2025

Abstract

Introduction: Rapid population growth and the increasing need for food make it inevitable to increase
agricultural production. At the same time, the use of conventional methods to increase agricultural production,
including the use of chemical fertilizers and pesticides in crops, has caused environmental problems, regardless
of the high cost. Therefore, in the last few decades, increasing the quantity and quality of crops through
environmentally friendly methods has received much attention and emphasis. One of the strategies to increase
production stability and reduce environmental risks is the use of compounds derived from the environment that
are biodegradable and capable of returning to the production cycle in the environment. One such compound is
chitosan. The use of chitosan, a cationic polysaccharide derived from chitin, is obtained from waste materials
from the processing of seafood containing crustaceans such as shrimp and crab, and has recently attracted the
attention of researchers. Chitosan increases vegetative growth, increases the quantitative and qualitative yield of
crops, reduces drought and salinity stress, repels some pests and diseases, and increases the shelf life and storage
of crops and horticultural products after harvest. As a biodegradable and environmentally friendly material, this
compound increases the yield of agricultural products by increasing the absorption of nutrients, stimulating
germination, increasing photosynthetic pigments, and vegetative growth. Chitosan also increases the resistance
of plants to drought stress through antioxidant activity, reduced stomatal density, and reduced transpiration rate.
Conclusion: Increasing the quality of agricultural products, including increasing the percentage of oil, protein
and carbohydrates, are other benefits of using chitosan in sustainable agriculture.
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