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Study on enzymatic and biochemical changes in cucumber plant treated with
potassium phosphite under Fusarium oxysporum f. sp. radicis-cucumerinum stress
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ABSTRACT

In this study, we evaluated the effects of five levels of potassium phosphite (KH,PO3) on Induced Systemic Resistance
(ISR), and also defense related enzymes and metabolites activities during different days in cucumber plants inoculated with
Fusarium oxysporum. The experiment was designed as a split-plot in time based on a completely randomized design with
three replications. The activity of defense-related enzymes including, catalase (CAT), guaiacol peroxidase (GPX),
superoxide dismutase (SOD) and also the accumulation of secondary metabolites such as lipid peroxidation (MDA) and
hydrogen peroxide (H,0,), were evaluated in a period of 11 days after pathogen inoculation. Results revealed that defense
enzymes activities and metabolites accumulations were significantly increased i in plants treated with potassium phosphite in
comparlson to control. The highest concentration of CAT enzyme (18.7 U mg™ protein) was measured in plants treated with
4 gr I'* potassium phosphite (KPhi4) and 5 days after inoculation, that showed 2.81 fold i increase in comparison with control
(no moculate with the pathogen). Also the highest concentration of enzymes GPX (233 U mg™ protem) and SOD (10.8 U
mg™ protein) were recorded at 3 days after inoculation in plants treated with KPhi4 in comparison with control plants.
Results showed that accumulation of H202 in plant tissues and it's time was in accordance with increasing of defense
enzymes CAT, GPX and SOD and it would indicate that the H202 production is the prerequisite for production of defense-
related enzymes. It was also revealed that MDA accumulation in KPhi4 treatment was less than other treatments, indicating
reduced tissue damage and alleviated disease symptoms.

Keywords: Cucumber, defense enzymes, Fusarium oxysporum, potassium phosphite.

* Corresponding author E-mail: gharanjik@shahroodut.ac.ir



o kol L ou‘)a@wy5s~ﬂulw su)ﬁ:ol)l&o.ﬁjobl})q? oY

Sl aile oLS elis sla S5l G5 bt
Jib 0eST slaaisS 5 bl wly
Gl izl 8ley0 Cusi 5 da PR ol (' (ROS)
ol 00ls las olagss (Lobato et al., 2008)
O e S el slagul WL ailes
Phytophthora ~ slaz,B 4 cowles  ialS
Erwinia <osac 4 Fusarium solani .nfestans
Rakha & .(Lobato et al., 2011) »4. carotovora
Cawd az opl 4 095 (sl o, 4o (1990) Lu
L oplaslidos o a5 gl lels des il
S dgy §len sloailis Widg oadled b
ol lid g3 5l (6 xeS A,

5 o sl Jold ame calizee la s
OrST T G Sesl, a5 e o
Shas) Jele a5 (LS 000 sl JS00l, wigd e
Cll Alogt wiies  SauSanS] s
Nsdse Sy (eI D oSl slage 5l
oote il loenST T slaes 31 (Selote, 2004)
SrSs ol 3 o5eST S slaaisS (s5lesl 4o
Jolis Lo 2Ty el oS o Lyl ooz sla2aSTs
oy G390 sy & JSGol, 5SS oS
SISl 2jCen 5 jUsenns wnSTpse w3l
ozl goute Slampl Abwy @ g
05Ul 5 VB Ty SlysSl gy
(Neto et al., 2005) ccul ;LS g,

ST 5T slage ] o poadasslis 5 YIS
9 O3 denSln (G3LaSh 50 (soge A 45 Zun
£ SIS 5 p3iomSTn 8 ol (o236 Sl als
Foyer & Nector, ) (s,u5 5 o (Seckin etal., 2010)
Oigpdee denSln (mizes WS bl (2000
b oS e 43,25 |, SOD collad & o sudadss
S9dise s 53eeST 5 Ol 4 HO, o3l ool cudlab
5! 5lowSTy oo (Blokhina & Fagerstedt, 2010)
L 4 B Sl B9 ,00ST Sl 3l 09 S
Gl Gl sbonT o 43S O cows b0k

2. Reactive oxygen species
3. Pathogenesis-related protein

o0
Sl s 'ISR) Seatn b o515 Sl Caoglie
as sou\i)’ ).a& Lu c.ﬁ)’ LSLDJ)DLA ).v‘).v B w‘ LS)lS?)L"‘"
b glagis Rl 5o Cuwglie 4 e Wl oo
LS 5o 03,8 jboay 513 S Cooglie 35
S 0 ddsb g diy ) Saaws ke (et al, 1992
F.oxysporum f. sp.  radicis- z,8 lawg
(Vakalounakis, 1996) s o sl! cucumerinum
ooliiul Lo 257,65l el (o bows opl b alilio (sl

S 1 0958 (oliends pgons (pl 5l colatil aS 5ed oo
Oladl oM g G jlanme 4 ol @ it (5 jle

oS 5l eolaul ol wyaz Sg5le 09 oo 5
ol o oS il bl Slesd

oo ol o (Daayf et al, 2000) ol gl oo
Slogzg ek (5,0 sl (Gase sloSed) boiand
Alas 5 18 axg5 0,90
(HoPO3) olosds Joo 8 b SLS 5 laceans
L Giomed 5 OS] Sled Bl 5l oS s
4 Coded aites ploe DS HPO,?) clis
koo« Sland 5l eSS SO og Tl cde
ooy e by oo i e O] oS>
5 wbigo Tl LS Slaphil by 43 o p2l55S
@ e olS Sy g (ohagy WD) oS p e
5 lilen Jolse 5l (gles S il S
oaoly Coand (Adams & Conral, 1953) sgi oo
5 78 slmslen Jelss ade 1518 con (lyica
Soge a &S el Sliles g SlSL oL ST
EWEEIRRFE JRCK SRR SRR 3
(Thao, 2008) s,ls leys 5 gilw el (6 mXinn
Slow 9 peites b Wl il
Slogly So20 b rditans é 586 L g (0355
Deliopoulos et al., ) sal axils L £l
GalS g 2B s, lee Jeld ditess 36 (2010
peiies 3 3l g S Lo jlagidge i b

1. Induced Systemic Resistance



sy VA5 5ol ¥ 5 Les FA 8,90 ol SLEL asle

2 9o eSS e b ere Gt b g
hdslxe slp PHEFIY L sl cudusd colys
o b G a0 a5 (bl b aygs oS Sy
A eSS P s TN ekl b b Sy
@ sy R )l o g ead led el Cpald

.wa:é:.;aE)lé@ooyTJlé

oS JU! 5 S 53 00901 1,6 ol gl dntd
03l SB &

S A W e 4,3 0,0 g awle jglate pl
Sl wiz g oad bglsue ()3 8,108 Ve g ale
e 8 LS Ty Cagls, yaals (5l s slaiie
g g Az 0 VVY gled j0 adBo Ve Soe @
T CES W AR SLIEPY 'L 1 RSCE-FO| B R
Oyl a4 askad Jlor Bk a4 dabglie (ud
g b Lol g6 8y, ez cuiS Lo I e
b aw oo & ogades 40 YO sloo ;o laloglxe
o Faule bgle 0 7B 5 wios (g laeSs aan L
S | blin oyl s S A, Lol 5y &,
O T ) S oy 9 ol g5 95) oadyg i
ol gl lals o al belse bigae,0 ¥ Cond 4
Molavi ) o eolaiwl g yiw &,d oj 9 duwle boglsxs 3
hordsn s arli ¢ Soslul 1y (et al., 2009
2 oolitul L3 sladiy ddbarwy S )5
oboy @ o bl 9,50 (LS des 5 (S dged
bzl 5l o o203k 5 i ey g oJ3l 59))
5 WS 8 seseiegll gladdyy o g 4 (g8
G503l 0loj B g yeabod wle (159, )3 Sy0 2
WA (IS g A )3 A+ las o

o Jalxe gl il
LS GV sl ladsle gl ol
Bges 5l a5 10 Bgemss aeSTnsw 5 jlaeSTy
0395 9 03 3 JolS oz pgle jleslinad b (S
Sl Bl 5l pddhes B a5 (03500) (K02 le
ol 4 Ve deo /0 EDTA (gol> (HEY/D) oy
Slady & JEE ) e boaipKes b sl

g aiBs o Veeeo 190 b aids V0 G 4 iales

2 odlital 953 eSS lgicar (53lslS
o35 A o asalls yglle (Dixon et al., 1998)
Nl 9790 satiglidl Cyz slaoenl sloausTy
Ol 095 arine sl Sl Sy lpey &S
39550 54 o) 4 (glownsST)  cioluST glacaw]
26 by Sty GRS e 4 e Ol Ol
(Davey etal., 2005) coul &glaie g
Cellad (e )0 Dl (o) 2 B b G ()
ol & buiye lacoslie 5 (sl slomzl (>
(CAT) WU «(GPX) jlapsTy JsSLEE  Lols
5 (MDA) 25015 (ylle (SOD) 5bgamgs dusST 3500
9 el Coted Jlod U Cod g yaeeanaSTy
okl o jlS elS s Caglie Wl g

&% |,>| F. oxysporum f. sp. radicis-cucumerinum

95 9 3o

sl oS Luls 0 YYAY 5ol o Gieleyl ol
Saw) oy SeE) SaSiagh e (Slides LLS
5 SogkeS pele olRasls po Wy (i b (55l
oS aales] ol 5ol pbowl gole ek milie
oS i) olale o8, (Cucumis sativus L.) L=
alyg, sl L a8 o (K 0l 525 Seminis
L g wsmbs 82,0 VOV ailis glos 5 YE-YA
Celw A g olidy, Cels V7 (05 2528) (5555 8,90
Grogilo Yox Y1) Sdl sloslals jo (o6
g o Sl olagl g o] 8l 5 sl jo aS
CES NV ) S b Sy g Sl CnsS S sl
5 45 1 Kbl slo s 5o boplals s
Ceond 5l QoS 355 6l p wlSse o138 Jloxe S

Al ool 1y p3

oS slo 3 ol oo A
sly pH=#IY L (KH2PO3) pwly coaud
ol A Gl wd A oS (Fn bl
9 KOH Voo Ve Joloeo yid oo Fo il oS 5
Al gl g id Sl Voo O Joloe ] e Y



o kol L ou‘)a@wy5s~ﬂulw su)ﬁ:ol)l&o.ﬁjobl})q? 7. f

20,0 B0 lee 4 ymie oS al ad S L5 o eyl
D9 s paadsl ghe s (559 sL

STy JoSLE 0 35T cddlad (g 503101 g
Voo olind 3 e ) Jolb STy uSlaS
S\ EDTA iy Ses YO+ «(PHZY) Yo Lo
V Vaaske 0 JsSUE iddes V oVea ks
FgSas 00 g Veadeo VO 0SSy ) e
WLl b 2Ty ool oads gyl ol sbne
2 i Gl ST el Jslre (08
A S A ) e 4 egill TV zoe Jeb
L s oSt J5SUBTS olin Bl pmil ol
a4 WYY mmoltem™  igels oo solinul

(Chance & Maehly, 1955) o] cews

ol b o GgmlianSTyy ol (S ol
asuifs

(1980) Stewart & Bewley g, LU 5 ja>ls oyl
Vo 0o S, 5l a5 /0 sga jo 0l (5,505l
Al Silg ST (65 doyoe N Joloe 51 2 s
\&H~rpm )501.354.3.35.) 0o UMAJBQ)}Q.D
VL Jolo Sblbpgm 5l 2 doe Yool iy il
sl Sl lS (55 a0 sle | i s
IOV EN =SSN VW] N SRV ST IV IR VESRLY AP PV E9
0 sleo jo agds v Guw 4 Jobb uSLeS
Sy 2l ploz ) G 5 5SS ogenls A2 )0
590 b ddBs 00 Do o)ligd ladiged ol Jalie
30 bdiged iz aidd jeai il Veeeerpm
a0 d egil Fe 0 g OYY zsosb
3 @8 slageedsb om DSl gz (ab
ol Cawsay 100 mmolt.em™ Lsgels o yo

O399 a1 (3o (5 010!
koo O 1 a5 0 San (5 Biged )5 10 Tz
“$39) el Se)lS g5 oy N gl
VO Sae 4 \Yeeorpm o0 b g 00,5 adlsl (o>
Sl iSly eSS e o Gaei il adBs
Slawd 8l ol Lo /0 (ibl g 31 Lo /0

olp b ek mle grede Az Tl
dadigai Jgia g g slozl JLil; il 5l (5Kt
B 5 ol Coomd duw s odaliawdts cou il Jgloma
oo A2y Ve gles e gRSejll e

.(Sairam et al., 2003) ui (5,l0e S

Ol (5T slaw 3T clled eod

YU o 3T cadlad (g puFo3lusl hg,

Sland B e VO Jold STy uSheS
FdeSe 00 g Yae o VIO (59,08 0Ty
STy 09380 b Lol oail, ks ¥ oy hade
e o als g osd e slel STy 5g,00e
48,385 S Oaw 50 yiegil Y zoe Job jo ladiges
S obey ,0 sdslcwsa Ll s A oS
Ap 8 8l Gl Jge (Bgals o po 4 addo
5 ool cllad § o s ol YE/# MM em™
bogs oalay o 59 e STy (i Al
(Aebi, 1984) 0l dloes 1y

35 g0t 3t 53 9 03 351 edlad (g 5503100 (33
5hlses euSTge izl pSelul sl
Voo Vgadhee 00 Sland 3L 5y )Se V0
Voo Ysede 00 o olos gy S
FdgSan Voo Vga oo WY gt 1oy S
Voo GYoegSee VO WIS asdsil sk s
oS Voo g Voag,See V (ngdlism; yidg S
bolico a1 3 L b oolitasl gyl 6yl
00 Do 4 eslaind ialeyl slaalg) Wb o0;ena
Alold 4y Ol VO cawysld CwY G 4o s ds
oY (50,5 hgels Lol el 18 e oole YO
zoedsb o STy bole Qi 5 aBgie STy
&9 ek oliws L gl 0F-
(Giannopolitis, 1977) ol oailes (egids xSewl)
4 G2y byl gl (talesl Al S 5l (peizeon
A oslaiwl (SOM) walss ylaicds cou 3l 6 lac 3>
Ol Olgeds Bgensd dpnSTngw collad vty S



540 VA5 5ol ¥ 5 Les FA 8,90 ol SLEL asle

U mg™ protein) o codld ol oo %eS 5 @6
595 9 @0 b eaiizmdl) vall plals o (VA
3 e ol Hlis isres gl (ol 00g) pgw
Voble b pely coand cdale fal8 Lol
5 8l Gl 5 YU @l clld ) 68
hdobre baboe Gals chile cnl Gl
2eS PN e Glcdile o el Cobnd
NS NSY AN sy oyl ol cdlnd 2]
ools Lt il aals & Cams il V/EY 5 VAN

! OQ;LL.J HKWQ])‘WB

JoTUE 0 3T Cadled (l5n0  eamility Coand 53T
Sl

Clled i 0eb e 0y ¥ JSKS 0 a4 jobles
o loss )L sloazalS o jlannsy JoSLE o3l
Shom po 59y 50 B)led e (0 ey Cobud L
Cadled e oy i ol 009y diin B L il
2 S F ks Lo (YYY U mg™ protein) o3l ol
Oliee (7S 9 2B Ll 5l g 595 ooy 00 5
50 g el les o (FF/A U mg™ protein) T el
M.JL’.‘B doolen f°"]',—| U"‘ u..Jl.rﬁ o 0dg M )5)
pely Cohed ) S F Ll o VUK
2 rely Cobed (Bbslme Loy edp i
G il 185 5 YIYY EY /AN IAY 5 &y
sl ool las al38l sels 4

ppl b Gl by Codud U
U goanns S dunsS T 5 guw

5o sxbee i bgenss waSlhge @3l colled
b ol Sbed ot )0 5500 (Gl (3l 3
Umgh) gl ot sl » oS ¥ cdile
5 @B L gdli 5l oy po 39, 53 1) (1 /A protein
(V10 U mg™ protein) ol oo yieS aals Jles 5o
Ot (¥ SE) el ool lid eoo5h 59, 0 1,
Ve glacdile b el Coind gl jles den o
Y iy mpl Gl cdld i e Y
gy azily Sl s+ 8Y 5 V/E 150 /P

9 4xs Yse V KI ooV 9 H=Y) Voo oo V-
b i 7ol Y40 zoasb 1o bagl i (liee
o lailiwl goie 3l eslaiwl b (59,000 a5

.Sergiev et al., 1997) ol s

Wosls Judoxi gas 3225 g oolaiml 3590 5 bl 4k
ado > Gla S Gulol Syge 4 G
sl SIS 2o &l s ol 5 (S5 Sl
Sdad Jlod gl gy 28513 adlllae 3,90 1SS
Ol Gl S P s ¥V e lacdile) penly
oy g sl 59)) SRS oil Olej &y g Shel el
Jole Olyeas (@8 L mdli 5y posl g piie
ooliceal b baosls (Lol g5 o a8 5 i 5 e b
Excel l33ls 5 lawg b loges musy 9 SAS l38ls 5
LSD y5051 5l osls cySiles fuglie (gl 2,5 plov

A oolaiul Hlai 8550 Jleiol las o

L’

Gomyl colled by Cohud b
T8 L endmdl Hls (LS 5o Slas]

F. oxysporum f. sp. radicis-cucumerinum
Tobm b ols olas aesls il ly &35 b
A izen 5 ooy sl 5 rmly Codad cilisee
SYBS slamzl coled 5, Jole 5o cnl lie
3 Bgemad wSlhsw 5 SlanSly  JsSLE
F. oxysporum f. z,8 L calpmali L slbs,
ae s ) Jis| mlaw (o sp. radicis-cucumerinum
] Cdled liee rizmen () J5uz) o losine
Gilies lacdale b Lo 5 cilises slagle; ,o JS
5 ools Glis (g lasine Bslis 5 el Sk
St Rl 4 e aldly el Cudad

YW 6cl.éo GLQM}JT

VB 0 5T cdload ol 2 ety Cosdand 1
ppl blae Sl bosls Sl dslin b
Sodled e o i ol Glas (V JSS) YL
2S5 ¥ ks ;o OAY Umg™ protein) a5l oyl

Lozl 51 59y @ 5l o 9 iy Coid 2



...l,tou\.i.»)Lo.:J)L;}okf)é&w%5soﬂ}j¢‘xgﬁsu)ﬁzol)&oﬁﬁoél})q? Fer

059598 dpnS Ty 3lg0mnsd ATy g SlaanS Ty JsSLIE GBI o 3T dlad Slaypo nSilio 5 il lg a3 ) Jgor
aalls oglle 5

Table 1. Analysis of variance and mean squares of enzymatic activity of the catalase (CAT), guaiacol peroxidase
(GPX), superoxide dismutase(SOD), hydrogen peroxide(H,0,) and malondialdehyde (MDA)

Mean squares (MS)

Sources of Variance df CAT GPX SOD 202 VDA
Potassium phosphite (KPhi) 5 156.401" 30592.489™ 21.3797 0.1537 7198.656"
Error(Ea) 12 0.137 11.007 0.001 0.00 0.95
Time 4 150.693™ 7065.213" 18.896™ 0.359" 5783.032"
KPhi x Time 20 7.462" 1285.691" 1.216™ 0.015™ 294.533"
Error(Eb) 48 0.126 4.386 0.000 0.00 1.437
CV (%) 3.719 1.825 0.175 1.219 1.30
** Significant at the 1% probability level. oy ) il mhaw )8 o Jxe s
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Figure 1. Changes in activity level of catalase (CAT) in tissues of cucumber plants treated with different amounts of
potassium phosphate during days 1, 3, 5, 8 and 11 after infection with fungus F. oxysporum f. sp radicis-
cucumerinum. (Sh, KPhi0, KPhil, KPhi2, KPhi4, KPhi6 are control, concentrations of 0, 1, 2, 4 and 6 g/l potassium
phosphite, respectively).
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Figure 2. Changes in activity level of guaiacol peroxidase (GPX) in tissues of cucumber plants treated with different

amounts of potassium phosphate during days 1, 3, 5, 8 and 11 after infection with fungus F. oxysporum f. sp radicis-

cucumerinum. (Sh, KPhi0, KPhil, KPhi2, KPhi4, KPhi6 are control, concentrations of 0, 1, 2, 4 and 6 g/l potassium
phosphite, respectively).
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Figure 3. Changes in activity level of superoxide dismutase (SOD) in tissues of cucumber plants treated with different
amounts of potassium phosphate during days 1, 3, 5, 8 and 11 after infection with fungus F. oxysporum f. sp radicis-
cucumerinum. (Sh, KPhi0, KPhil, KPhi2, KPhi4, KPhi6 are control, concentrations of 0, 1, 2, 4 and 6 g/l potassium
phosphite, respectively).
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Figure 4. Changes in hydrogen peroxide (A) and malondialdehyde (B) in tissues of cucumber plants treated with different
amounts of potassium phosphate during days 1, 3, 5, 8 and 11 after infection with fungus F. oxysporum f. sp radicis-
cucumerinum. (Sh, KPhiO, KPhil, KPhi2, KPhi4, KPhi6 are control, concentrations of 0, 1, 2, 4 and 6 g/l potassium

phosphite, respectively).
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