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Effect of salicylic acid and chitosan on response of rice against Fusarium fujikuroi the
causal agentof rice root and crown rot
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Abstract

This study was carried out to investigate the effect of salicylic acid (sa) and chitosan (chi) on the response of rice to Fusarium
fujikuroi, the causal agent of root and crown rot of rice plant. The effect of chitosan and salicylic acid with the concentrations of 200 and 400
ppm on mycelial growth of the pathogen was measured. Furthermore after 0, 24, 48, 72, 96, 144 and 288 hours of inoculation, growth traits
of the plant and enzyme activity of peroxidase and catalase were evaluated in rice seedlings of a susceptible cultivar namely Tarom. Salicylic
acid and chitosan in 400 ppm had the most mycelial inhibitory effect with 35.57 and 24.29% respectively. Both treatments could
significantly reduce disease symptoms; the least disease severity was assessed 37.8 and 41.7 % in 200 and 400 ppm concentration of salicylic
acid and chitosan respectively. Sa-200 and chi-400 pretreatment could significantly (P<0.05) increase the shoot and root length and root
volume of seedlings compared to control. The maximum level of peroxidase activity was assessed 96 hours after inoculation in 200 and 400
ppm concentration of salicylic acid and chitosan respectively. The minimum level of catalase activity was assessed 48 hours after inoculation
in 200 and 400 ppm concentration of salicylic acid and chitosan respectively. Thus salicylic acid and chitosan could effectively induced
systemic resistance in rice resulted in the reduction of disease severity.
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Table 1. The effect of concentrations 200 and 400 ppm of chitosan
and salicylic acid on mycelial growth of Fusarium fujikuroi in PDA.

i i ibiti 0,
Concentration Mycelial growth inhibition (%)

Salicylic acid Chitosan
0 (Control) 00c 0.0b
200 25.37b 18.93a
400 35.572a 24.294 a
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Different letters show significant differences at the probability level of 1%.
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Fig 1. Comparison of changes in the activity of A) Peroxidase and B) catalase in different time after inoculation with
Fusarium fujikuroi in sensitive (Tarom) and resistance (Domsiah) rice cultivars.
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Table 2. The effect of concentrations 200 and 400 ppm of chitosan
and salicylic acid on disease severity of rice crown and root rot.

Disease severity (%)

Concentration

Salicylic acid Chitosan

0 (Control) a 916 a 91.67
200 b 38.79 b 58.33
400 b 52.78 b 41.67
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Different letters show significant differences at the probability level of 1%.
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Table 3. The effect of salicylic acid at concentrations 200 and 400 ppm, on agronomic traits of healthy rice seedling,
and after inoculating with Fusarium fujikuroi.

Treatment Root dry Shoot dry Root wet Shoot wet Root volume Leaf length Root length Plant height
weight (g) weight (g) weight (g) weight (g) (cm?®) (cm) (cm) (cm)
Healthy control 1.38a a3.2 a201 262a 168a 19.47a 23.7a 35.53a
Infected control 093a a 2.65 b 1.39 b 1.87 b 0.9 b 13.27 b 11.5 b 16.7
Sa-200 1.08a a 2.89 b 1.726 ab 2.22 a 1.46 b 13.93 18.67 a a305
Sa- 400 a0.97 a2.68 b 1.734 ab 2.24 b 09 b 13.97 12.00b b 175

I KA L gl e Dt (PLO.05) (g bl s 5l il o S mie Gy ghls oS ol sles
There is no significant difference (P<0.05) between means having the same letters.
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Table 4. The effect of chitosan of concentrations 200 and 400 ppm, on agronomic traits of healthy
rice seedling, after inoculating with Fusarium.

Root dry Shoot dry Root wet Shoot wet Root volume Leaf length Root length Plant height

Treatment
weight (g) weight (g) weight (g) weight (g) (cm?) (cm) (cm) (cm)
Healthy control 1.38a a3.2 a2.01 2.62a 1.68a 19.47 a 23.7a 35.53a
Infected control 0.93a a2.65 b 1.39 c1.87 b 0.9 b 13.27 cl115 c16.7
Chi- 200 0.79a a2.78 b 1.41 c1.88 097b b 13.27 17.33b b 275
Chi-400 all7 a28 al193 b 2.22 147a b 13.0 17.67b b 29.5

I KA L gl e Mt (P<O.05) (gl s 5l il o S mie Gy shyls S ol les
There is no significant difference (P<0.05) between means having the same letters.
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Fig. 2. Comparison of peroxidase activity in control plants and plants treated by different concentrations of A) Chitosan and B) salicylic acid in
different times after inoculating with Fusarium fujikuroi. (control-) and (control +) are healthy and infected plants respectively. (Chi-200) and (Chi-

400) showed chitosan at concentration of 200 and 400 ppm. (Sa-200) and (Sa-400) showed salicylic acid at concentration of 200 and 400 ppm.
Different letters show significant differences (P<0.05).
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Fig. 3. Comparison of Catalase activity in control plants and plants treated by different concentrations of A) Chitosan and B) salicylic acid in
different times after inoculating with Fusarium fujikuroi. (control-) and (control +) are healthy and infected plants respectively. (Chi-200) and (Chi-
400) showed chitosan at concentration of 200 and 400 ppm. (Sa-200) and (Sa-400) showed salicylic acid at concentration of 200 and 400 ppm.

Different letters show significant differences (P<0.05).

Olals 5o s bl s s coud esls 0L Sildlas sl
55 a0l Ol U5 558 0 M5 0381 5151 e dI0sl,
doas il i ol Sl B b e a5l olS
5 Sy by Sl VLSS (Hassibi et al., 2007)
S LaROS Ly adlin 53 pgo slap 31 adher 1 51081

L3l s (Hy05) 05 a0 Ly o Lo

03 7S o3 ek 53 HO, J> e 53 .(Kulikov et al., 2006)

Sl 4 S 3 A 5 Dl 288 o (82200 315 Ll
55 B 0bas b slas cal 53 sl SMEe e 5 Al
AT Ll sl 0L 1y e G0t (g 3luos I 51 g 09
Aoy 35 gl a SYBIS b Olpe ¢ ale 51 g sl
ol ol Oley Of s dals e b (gls e Dl oS
02 S edallin dald jles 588400 [les o SlE Cele

oles ('-ifT ol el @l s (g iy J1Sa-200 [l I€and



Yy

Tores et al., ) L3l o )15 HOp Gl )5 (5 S 90 A& 55
5 el o=l YL el ol = ol s (2006
VLl s o ai Jds & Klg e Sl sl ol
SNl I lps G 5 S i 5 50
S35 e cela AT 650 53 0T YU A5 e
S0 asl Jsko S cWillys oF 28 W 4 Ll e
S ol osls Ol Sl dules Cles (olew S i
(S Caslie Gl (g 55 ST sla S sle 3550 5
e U 5o 5 el S50 Slaest ) Sane 5 Ll L
Ll oS 55 Conglie IS lagss opl WIS e 55
3,5 53 m—oeea (Guest and Brown, 1997) 54 &
VY (Sl es53 on S Sl F. fUjiKUROI- i w5
Sl 5 Yt O cle &8 Wil o 3abe Sl dm csla
33,5 s oo ilbedled o as o oS glais,
Sl 31 Ol SSIu= W55 sl ) (Zainudin et al., 2008)
Ll o a5 Sodl 5l e AN csle o1, el
slis e ous S Jlasl Lo cul 536 Ol 28
Linetal, ) dl LAl |, oLS ols sla [iSTs o slawdl
5 3eS Ty T sl 3 s 01558 Sl (2005
Cedl 5 (Liu et al, 2012) oD o s 035 &=
o=l @l b aS el els 518 (Rodriguez et al., 2007)
Lt Sl 5,0)LS e o)ls Cdlle Gt
Slam 3l W5 Ol ol 0391 536 Y g ke Y-0 e
G e 5 03l 530 1 5lsS] dsle ilins] ol
asJls (Ganesan and Thomas, 2001) 5,5 sslansl jis
Jle 5 (Hekmati et al., 2014) el 4 o351 Er S
s#lie gl (Thanh et al., 2017) L L S el
LS Ol Ol asd Lol Guie s .l ails ol e s
dy Sl 3 g psbde 5 el 21 s LT
) S e el Jol (ol Sl a5 (solen:

o 6)[».:.: gﬁ-‘ J"‘J" BE] eL_s Jf—bb vi.wt.w BE LAV"")’T

A4 5 08 ) oyled M Al 1 alE sla s lew 5 ST

o 3 430 8 Il ol oSl (L1 2 S
YL cble Ll a3 S o (gole ole 3580 o 2alS
SLa Sy 550 o Sl (S a0l b ool ()
Syt Jn S e el s s Lie 5 s Sl
il sla sl S8 L 0T whle ol 03V cnl b
UK asle slae sl hu s Clel oS 55 5 b ol
.(Foyer and Noctor, 2005) > .8 o &) 50
L obsilar 5 Lag B o Jle 0lalS s Sl
el 6313 O U o S o 13 JLasl SYBIS oo 5T
5 Sl YU L3 51 ol sl slap 3T aon &S
pliny S5 G el ol i e et OF 4 5lS]
Sl cmles 5 il L aS crul 0lalS s 5 56 (godias
o J sk 53 Ha0s Slde il 33l sl GYBIS o 5T e
Ruffer et al., ) &S _» Jls |, OlalS gls b has e lalss
Dlad e a8 das e Ol g ol glaasl (1995
Ole 3 o ymimn S2alS s (Sndlotl L OLS
Ol Sialnsl ol 53w 8133, o SV 5T ey
0L dalpd Ll ol 0l (6,8 631000 3L 55 5 4 50 Hy0,
el el 2alS L el 5l i OLLS S das e
Olse 4 H0p pelar 253l o ¢ (S5 4J1 51 g SYBIS
S e Ll 3ladlad LB L 8 e olS s IS S
OF 51 el 55 (S50 PR) (olons b das o sla003 5 J sk
b EalS (WU, 2007) digled cdablne Sl 4l 5o
Lol Slasd ey 50— ouLjﬁﬂutst
.Qing et al,, 2007) Cul odi 3,58 Sl wdlod
52l L edls gla SIS o Gl bajlast,
A S ok Caslie OF JLis a5 il o SR80 OaLS
o aellae ol Al e Rl 5 Db el s
OLalS s 3laasSt o 5T Cdlab ls me 2l 51 S
L alie o 058 5 Shdlodnl Lol jlas
5> B 354 T H0, A 5 L Slas) vw'j Sy dals

ﬁﬂigﬁ\dbﬁ)bﬁu‘éﬁk°kﬁfd,ﬁl‘”°ﬂﬁb



Fusarium fujikuroi &b 5 a2y, (S olo Jolo 4 g ol 2515 p Shdludonl 5 005538 S50 10,08 5 5513035 (outl 5! Y¥

5 dolo slnasily A o s ) il Ol
o el ol e SLalS s (gilen Sl (g S oIl
o84 e 93 53 (ol DA e (S WS g5k
Sl i 3 et gl 30 ooy s S el
o=l 25lS faame 53 A0 8 i ) ol S5 50 e
O35 g o ole — P J_,”J: o lacasl
(et sla So T sl oo 5 VL (s p i
Sls dals 5l S sligslen belye d S oL

Q:L.doibgﬁws_.&:&u@wb@ug@jk{

Loagrlse 5o pslie Glacdi 55 53 s s Sise S15 Glal)
blazal ol Guims 5l a8 cul (6,505 a5 da $ e

polin o) 53 L8> Slap sl ol M5 Gl 250
Al Ll e mlam 055 4 Cod (Solo 4 (slp)
Shamiles 5 Solen Lagrlse 5o o35 cpl adyl S5 LUl
23 Fdn Sl a3l 2B ol 5 nlS s
AU e 5 2Bl al s ol 05 Ol i wes

AL e 5L ) ge e iSWl (sla e

References

ABDEL-MONAIM, M. F., M. A. W. ABDEL-GAID, and H.
A. H. ARMANIOUS, 2012. Effect of chemical
inducers on root rot and wilt diseases, yield and
quality of tomato. International Journal of
Agricultural Science, 2: 210-220.

ABU-MURIFEH, S. 2013. Effect of chitosan on common
bean plants grown under water stress conditions.
International Research Journal of Agricultural
Science and Soil Science, 3:192-199.

AHMED, H. U.,, M. A. T., MIA, and S. A. MIAH, 1986.
Standardized test tube inolulation for bakanae disease
(Bak). International Rice Researsh Notes, 11, 21-22.

ALVAREZ, M. 2000. Salicylic acid in the machinery of
hypersensitive cell death and disease resistance. Plant
Molecular Biology, 44:429-442.

S S o
sl ol 2 Slagaly 55 amgt oS 5l cblis
S 035m0l e OVLl 5 Jad Jsb s a5
Ll Jlisas | oS Satiw Cosslin 5 ol Ol s
L dl s e ol SacS s Ol oty LaodeS Wl 5 ool
A B a1y (Sl ans y oenglin e (53Ludled
oS s oy glac s S5l Sl 5 015528
(s slam 5T e s a3l 5 ol 3L il e
LS 5o LapanSlgnd 5 2lisslen 4 ately Gbaontis
30l G ol S el el e asllas
S a0l s St ool s 4 L & sl s
L3 slam 5l W5 Ol Sl is 53 b0 28 s
HB soles oo 2alS 5 Fo fujikuroi a3 T i 5 olS )
Yoo gbackle ol G Gi\:l ol ol e an i
B i O S el b s Sl sl g
e 3l OLE S olay gl LS, 2alS 3
s 03,5 s 5 6 SV oS S glaclals

T s 5T Ol Olgn 53 i slml Gk 31 oS 2

AMBORABE, B-E., J. BONMORT, P. FLEURAT-
LESSARD, and G. ROBLIN, 2008. Early events
induced by chitosan on plant cells. Journal of
Experimental Botany, 59(9): 2317-2324.

AMBORABE, B. E., P. FLEURAT-LESSARD, J. F.
CHOLLET, and G. ROBLIN, 2002. Antifungal
effects of salicylic acid and other benzoic acid
derivatives towards Eutypa lata: structure activity
relationship. Plant Physiology and Biochemistry, 40:
1051-1060.

BHATTACHARYA, A. 2013. Fungicidal potential of
chitosan against phytopathogenic Fusarium solani.
Journal of Experimental Biology and Agricultural
Sciences, 1(4): 259-263.



Yo

CUMAGUN, CJ.R., E. ARCILLAS, and E. GERGON,
2011. UP- PCR analysis of the seedborne pathogen
Fusarium fujikuroi causing bakanae disease in rice.
International Journal of Agriculture and Biology 13:
1029-1032.

da ROCHA, N. A. C., M. MARASCHIN, and R. M. DL
PIERO, 2015. Antifungal activity of salicylic acid
against Penicillium expansum and its possible
mechanisms of action. International Journal of Food
Microbiology, 23(215): 64-70.

DAW, D. B., L. H. ZANG, and Z. Z. WANG, 2008. Salicylic
acid enhances antifungal resistance to Magnaporthe
grisea in rice plants. Australian Plant Pathology, 37:
637-644

DHINDSA, R. S., P. DHINDSA, and A. T. THORPE, 1981.
Leaf senescence correlated with increased levels of
membrane permeability and lipid peroxidation and
decrease levels of superoxide dismutase and catalase.
Journal of Experimental Botany, 32: 93-101.

EFATI LAKEH, S., F., PADASHT-DEHKAEI, and H.,,
SAREMI, 2018. Diversity between different
Gibberella fujikuroi isolates on their gibberellins
hormone production and disease severity in rice
plant. Iranian Journal of Plant Protection Science
49(1): 81-90.

FALCON, A. B., J. C. CABRERA, D. COSTALES, M. A.
RAMIREZ, G. CABRERA, V. TOLEDO, and M. A.
MARTINEZ-TELLEZ, 2008. The effect of size and
acetylation degree of chitosan derivatives on tobacco
plant protection against Phytophthora parasitica
nicotianae. World Journal of Microbiology and
Biotechnology, 24: 103-112.

FOYER, C. H. and G. NOCTOR, 2005. Oxidant and
antioxidant signaling in plants: A re-evaluation of the
concept of oxidative stress in a physiological context.
Plant, Cell and Environment, 28:1056-1071.

GANESAN, V., and G. THOMAS, 2001. Salicylic acid
response in rice: influence of salicylic acid on H,0,
accumulation and oxidative stress. Plant Sciences.
160: 1095-1106.

A4 5 08 ) oyled M Al 1 alE sla s lew 5 ST

GUEST, D., and J. BROWN, 1997. Plant defence against
pathogens, In: Plant pathogens and plant diseases
263-286. Citeulike.

GUPTA, A. K., I. S., SOLANKI, B. M., BASHYAL, Y.,
SINGH, and K. SRIVASTAVA, 2015. Bakanae of
rice-an emerging disease in Asia. The Journal of
Animal Plant Sciences 25: 1499-1514.

GUPTA, AK., Y. SINGH, AK. JAIN AND D. SINGH,
2014. Prevalence and incidence of Bakanae disease
of rice in Northern India. Journal of Agricultural
Search. 1(4): 233- 237.

HAJIPOOR BAGHERI, A.,, M. M. SOHANI, S. H.
HASSANI, V. BABAIEZAD, and S. M. ALAVI,
2015. Symbiotic effect of endophytic fungus
Piriformospora indica with rice (Oryza sativa) on
resistance against Bakanae disease. Cereal Research,
5(3): 219-230. (In Persian with English abstract)

HASSIBI P, F. MORADI and M. NABIPOUR, 2007.
Screening of rice genotypes for low-temperature
stress-using chlorophyll fluorescence. Iranian Journal
of Crop Science, 9: 14-31. (In Persian with English
abstract)

HEKMATI, Z. H., A. AALAMI, and M. M. SOHANI, 2014.
Effect of salicylic acid on expression of some
defense-related genes in rice. Genetic Novin, 9(3):
363-372. (In Persian with English abstract)

JANDA, T. S., G, SZALAI, K. RIOZ-GONZALESE, O.
VEISES, and E. PALDI, 2003. Compareative study
of frost tolearence and antioxidant activity in cereals.
Journal Plant Science, 164: 301-306.

JING, C., Z. H. U. CHENG, L. LI-PING, S. ZHONG-
YANG, and P. XUE-BO, 2007. Effects of exogenous
salicylic acid on growth and H202-metabolizing
enzymes in rice seedlings under lead stress. Journal
of Environmental Sciences, 19 44-49

JOHNSON, S. W,, and R. C. COOLBAUGH, 1990. Light-
stimulated gibberllin biosynthesis in Gibberella
fujikuroi. Plant Physioliogy 944: 1696-1701.

KHIAREDDINE, H. J., R. S. EL-MOHAMEDY, F. ABDEL-
KAREEM, R. A. BEN ABDALLAH, M.
GUEDDES-CHAHED, and M. DAAMI-REMADI,
2015. Variation in Chitosan and Salicylic Acid



Fusarium fujikuroi &b 5 a2y, (S olo Jolo 4 g ol 2515 p Shdludonl 5 005538 S50 10,08 5 5513035 (outl 5! \i4

Efficacy Towards Soil-borne and Air-borne Fungi
and their Suppressive Effect of Tomato Wilt Severity.
Plant Pathology and Microbiology, 6: 11

KULIKOV, S. N, S. N. CHIRKOV, A. V. IINA, S. A.
LOPATIN, and V. P. VARLAMOV, 2006. Effect of
the molecular weight of chitosan on its antiviral
activity in plants. Prikl Biokhim. Mikrobiol, 42 (2):

224-228.

LEE, S. B.,, N, KIM, Y. J,, HUR, S. M., CHO, T. S,, KIM, J.
H., LEE, J. H., CHO, J. K, LEE, Y. C., SONG, S. S.,
YOUNG, M. K., JONG, and D. S. PARK, 2019. Fine
mapping of gBK1, a major QTL for Bakanae disease
resistance in rice. Rice 12(36): 1-10.

LEE, S. B., Y. J, HUR, J. H.,, CHO, J. H, LEE, T. H., KIM,
S.M, CHO, Y.C,SONG, Y. S, SEO, J. K, LEE, T.
S., KIM, Y. J.,, PARK, M. K., OH, and D. S. PARK,
2018. Molecular mapping of gBK1WD, a major QTL
for Bakanae disease resistance in rice. Rice 11: 3.
https://doi.org/10.1186/s12284-017-0197-7

LI, B,, B. P. LIU, C. L. SHAN, M. IBRAHIM, Y. H. LOU,
Y. L. WANG, G. L. XIE, H. Y. LI, and G. C. SUN,
2013. Antibacterial activity of two chitosan solutions
and their effect on rice bacterial leaf blight and leaf
streak. Pest Management Science 69: 312-320.

LIN, W., X. HU, W. ZHANG, W. J. ROGERS, and W. CAl,
2005. Hydrogen peroxide mediates defense responses
induced by chitosans of different molecular weights
in rice. Journal of Plant Physiology 162: 937-944.

LIU, H., W. X. TIAN, B. LI, G. X. WU, M. IBRAHIM, Z. Y.
TAO, Y. L. WANG, G. L. XIE, H. Y. LI, and G. C.
SUN, 2012. Antifungal effect and mechanism of
chitosan against the rice sheath blight pathogen,
Rhizoctonia solani. Biotechnology Letters 34: 2291
2298.

LIZARRAGA-PAULIN, E. G., I. TORRES-PACHECO, E.
MORENO -MARTINEZ, and S. P. MIRANDA-
CASTRO, 2011. Chitosan application in maize (Zea
mays) to counteract the effects of abiotic stress at
seedling level. African Journal Biotechnology., 10:
6439-6446.

MENG, X.H., L. Y. YANG, J. F. KENNEDY, and S. P.
TIAN, 2010. Effects of chitosan and oligochitosan on
growth of two fungal pathogens and physiological
properties in pear fruit. Carbohydrate Polymers
81:70-75.

RODRI'GUEZ, A. T., M. A. RAMI'REZ, R. M.
CA'RDENAS, A. N. HERNA'NDEZ, M. G.
VELA'ZQUEZ, and S. BAUTISTA, 2007. Induction
of defense response of Oryza sativa L. against
Pyricularia grisea (Cooke) Sacc. by treating seeds
with chitosan and hydrolyzed chitosan. Pesticide
Biochemistry and Physiology 89: 206-215.

RUFFER, M., B. STEIPE. and M. H. ZENK, 1995. Evidence
against specific binding of salicylic acid to plant
catalase. FEBS Letters 377: 175-180.

SAREMI, H. 200°. Study on root rot and crown rot of rice in

Guilan and Zanjan provinces and introduction
relatively resistant races to disease. Journal of
Agricultural Science 11(2): 41-52. (In Persian with
English abstract)

TAVARES, L. C,, K. A. RUFINO, S. OLIVEIRA, A. P.
BRUNES, and F. A. VILLELA, 2014. Treatment of
rice seeds with salicylic acid: seed physiological
quality and yield. Journal of Seed Science 36(3): 352-
356.

THANH, T. L, K. THUMANU, S. WONGKAEW, N.
BOONKERD, N. TEAUMROONG, P. PHANSAK,
and N. BUENSANTEAI, 2017. Salicylic acid-
induced accumulation of biochemical components
associated with resistance against Xanthomonas
oryzae pv. oryzae in rice, Journal of Plant
Interactions, 12(1): 108-120.

TORRES, M. A, D. G. JONATHAN, and J. L. DANGL,
2006. Reactive oxygen species signaling in response
to pathogen. Plant Physiology. 141: 373-378.

WU, Y., 2007. Study on the interaction between salicylic acid
and catalase by spectroscopic methods. Journal of
Pharmaceutical and Biomedical Analysis 6(1): 796-
801.

ZAINUDIN, N., A. A. RAZAK, and B. SALLEH, 2008.

Bakanae disease of rice in malaysia and indonesia:



vy A4 5 08 ) oyled M Al 1 alE sla s lew 5 ST

etiology of the causal agent based on morphological, strip rust (Puccinia striformis f.sp. tritici) resistance
physiological and pathogenicity characteristics. gene in new wheat germplasm. Pak. J. Bot 42(6):
Journal of plant protection research 48(4): 475-485. 4253-4266.

ZENG, X., C. WANG, M. ALI, H. ZHANG, X. LIU, W. LI,
and W. JI, 2010. Profiling gene expression patterns of



