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Introduction

One of the most important diseases of cucumber is cucumber stem and root rot by agent Fusarium
oxysporum f.sp. radicis-cucumerinum. The use of resistance inducers, which on the one hand activate the plant's
defense mechanisms before confronting the pathogen and on the other hand do not pose environmental risks, has
been considered by researchers in recent years. Recently, the use of sodium silicate as a potential activator of
acquired resistance is being developed. Sodium silicate plays an important role not only in systemic acquired
resistance but also in the expression of genetic resistance and stimulates the production of pathogen-related
proteins (markers of systemic acquired resistance). The use of sodium silicate increases the tolerance of plants to
environmental stresses and increases the quality and quantity of agricultural products. Hence it modulates the
time and amount of plant defense responses and acts as a secondary messenger in induced systemic
resistance.The effect of sodium silicate was investigated in order to induce defense reactions in cucumber
cultivars and control the disease.

Materials and Methods

First, different concentrations of sodium silicate were applied on the growth of the pathogen in the
laboratory. The effect of different concentrations of sodium silicate on pathogen growth was tested by mixing
with culture medium. Different concentrations of sodium silicate (1, 2, 4 mM) are each combined in 100 ml of
PDA culture medium and poured into 9 cm culture dishes. The percentage of sodium silicate inhibition on fungi
is calculated according to the following formula: N = A-B / A. The effects of different concentrations of sodium
silicate were applied in the soil on cucumber in the greenhouse. At time intervals of 0, 48, 72 and 96 hours after
inoculation with pathogen, sampling of treated seedlings was performed to measure secondary metabolites and
enzymatic activity. Disease severity, growth factors, production of secondary metabolites and activity of defense
enzymes in cucumber plant and thus disease control were evaluated. Disease severity and growth factors were
studied in a completely randomized design and Biochemical factors in a completely randomized design with
factorial arrangement in which the main factors are the applied treatments and the sub-factors are the sampling
times with three replications.

Results and Discussion
Sodium silicate showed a direct antifungal effect on fungal growth after 5 days and by increasing its
concentration up to 4 mM caused a significant increase in antifungal effects. A significant decrease in colony
diameter compared to the control was observed only at concentrations of 2 and 4 mM . This effect was observed

as termination the growth of fungi at 72 hours after cultivation of fungi in culture medium containing sodium
silicate. This effect remained stable with increasing incubation time. Fusarium fungi are root pathogens and
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reduce the absorption of water and minerals and clog the vessels, thus directly affecting the growth parameters in
the roots and green parts of the plant. Infected control compared to healthy control showed a significant decrease
in all growth parameters measured. Disease severity and growth factors were significantly affected by the effects
of sodium silicate at a probability level of 1%. Application of sodium silicate in all concentrations had favorable
results in significantly reducing the symptoms of the disease .Application of sodium silicate in diseased plants

improved growth parameters. The mean value of growth parameters in different treatments and their treatment
grouping based on LSD test is done at 5% probability level .Based on the results of this study, a decrease in

chlorophyll and carotenoids and an increase in phenolic compounds and antioxidant enzymes and proline were
observed in infected control plants compared to healthy controls. In this study, in the presence of sodium silicate
in diseased plants, the amounts of pigments, phenol, flavonoids, anthocyanins, proline, protein and the activity of
oxidative enzymes were significantly increased compared to the infected control.

Conclusion

According to the results, sodium silicate had direct antifungal effects in culture medium. In addition, a
reduction in disease severity was observed in plants treated with sodium silicate in the greenhouse. Sodium
silicate can be used as a chemical stimulant of plant defense and plant growth enhancer, for effective protection
of cucumber plant against disease. Therefore, induction of resistance has found its place as a new technology for
controlling plant diseases and its effect has been proven in laboratories and some farms.

Keywords: Defense enzymes, Disease contorol, Secondary metabolites, Soil born disease, Systemic
resistance
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Table 1- The effect of sodium silicate on fungal growth in culture medium

Sodium silicate Colony
Concentration (mM) Diameter (cm)
0 8.3a
1 8.1a
2 6.8b
4 5.6¢
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Figure 1- Effect of different concentrations of sodium silicate on fungal growth in culture medium
Contorol (A), ImMSodium silicate (B), 2mM Sodium silicate (C),4mM Sodium silicate (D).
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Table 2- The effect of application of different concentrations of sodium silicate on growth factors in greenhouse conditions
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height height(cm) height Shoot wet weight Shoot dry Root dry
(cr%) (cm) weight (gr) (gr) weight (gr) weight (gr)
H I:Jll: — trol 28.53b 13.33b 41.87° 29.04° 4.75° 2.86° 0.718
ealthy contro
Lj:'
Inf )tl&;“m trol 17.77¢ 7.708 25.47¢ 15.29¢8 2.224 1.61°¢ 0.34°
niectea contro
(e u;ﬁ(\l) M;;)UM 18.474 8.30d 26.77¢ 19.13¢ 2.77° 1.75¢ 0.40°
1(1m
(Yoo (e V) e Sl
Si(2mM) 24.50° 12.10°¢ 36.60°¢ 26.83¢ 4,972 2.952 0.748
(Voo e ¥) oo Sl
Si(4mM) 31.002 15.172 46.172 30.432 5.272 3.142 0.782
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Means within each column followed by the same letters are not significantly different at P< 0.05,
using LSD test.
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Figure 3- Comparison of mean effects of different concentrations of sodium silicate on physiological characteristics at
different sampling times
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ok;  Chlorophylla  Chlorophyll b Total c S - A"‘;“ e :ﬁj’i"’ Phenol FI“” »
Treatment Time Chlorophyll arotenol nt ocyanin rolin avonol
(h) (mg g-1 1g-1 mg g-1 mg g-1
ma a-1 E.w ma g-1 E.w _ g g (umol g _ (mgg (mg g
(mg g ) (mgg ) (mgg-1Fw) Fw) Fw.) (nmol g-1 F.w.) Fw) Fw)
o aals 0 0.98900g 0.41300fge 1.4030ehfg 0.46867fg 3.3630p 2.42000jhi 0245001  1.6507gfe
E'gﬁi:g?’ 48 1.15233¢ 0.41767fde 1.5700ecd 0.46667hg 3.5753n 2.40000j 0256331 15950gfh
72 1.25833b 0.42967ch 2.35500 0.48233cd 3.5857n 2.44967h 027900k 1.6340gf
96 1.33033a 0.44233a 2.7733a 0.55433a 3.6863m 2.41000ji 030167k  1.3063i
o 2L 0 0.98700g 0.41200fge 1.3993ehfg 0.45933i 3.4540 0 2.43967hi 0267671k 1.6010gfh
'Qgﬁ‘f}gf 48 0.88667h 0.40067h 1.2877hfg 0.43067] 42723k 2.44967h 0595331  1.6787fe
72 0.86067h 0.37100i 1.2323hg 0.42800jk 4.8077i 2.49933g 0.80467h  19173b
96 0.85500h 0.35167] 1.2073h 0.42367k 5.3027g 2.50900g 1.08733f  1.8620bc
0 0.99233g 0.42967ch 1.4227ehfg 0.47900ed 3.6460mn 2.55900¢fd 027900k 15453h
SilmM) 48 0.96400g 0.42667cd 1.3917ehfg 0.46067hi 4.4943] 2.56900ecd 103633g  1.7230de
72 0.95533g 0.41033fg 1.3660ehfg 0.45900i 4.7673i 2.50933g 1.38667d  1.6507gfe
96 1.09967ed 0.40733gh 1.5077ecfd 0.46700hg 5.5147f 2.54900¢f 126767¢  1.9007b
0 0.99600g 0.43867ab 1.4350ehfdg 0.46033hi 3.90871 2.57900ecd 031867j  1.7783dc
siemM) 48 1.04267f 0.42000de 1.4630ecfdg 0.46100hi 5.1307h 2.67900b 1.05333fg  1.6563fe
72 1.08133fed 0.41667fe 1.4987ecfd 0.47433¢f 5.8077¢ 2.52900fg 1567330 15673gh
96 1.07967fe 0.41300fge 1.4930ecfd 0.48567cd 6.6663c 2.67900b 135833d  2.1897a
0 1.12667cd 0.44367a 1.5710ecd 0.47900ed 4.4337j 2.59900¢ 032433)  1.7330de
Si(4mM) 48 1.16400¢ 0.43500cab 1.5990ecd 0.48667¢ 6.1103d 2.82900a 123400 1.6340gf
72 1.25000b 0.43033¢h 1.6807¢d 0.48067ecd 6.94900 2,58933¢d 163500a  1.5177h
96 1.27000b 0.43167ch 1.7023¢ 0.50667b 8.2117a 2.83900a 152200c  2.2063a
LSD
S 0.0456 0.009 0.2528 0.0069 0.0877 0.0358 0.0373 0.087
(P =0/05)
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Figure 4- Comparison of mean effects of different concentrations of sodium silicate on protein and oxidative enzymes at
different sampling times
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Time oo 3laamsT S % 3laamST CAT 3Wligel
Treatment Total Protein PPo GPX APX : PAL
(mg g-1 F.w) . (um min-1 g-1 FM) : (pmol min -1 -
(h) gg-1F. (unit/min/mg n g (pmmin-19-1  mg protein-1) (unit/mg
protein) FM) protein)
Wlo aals 0 0.98900n 17.147KI 0.88000m 0.32267jk 3.5360i 12,713
Healthy 48 0.96067n 18.170k 0.946671k 0.36833fe 3.7967gh 12.6271
control
72 1.09400ml 18.003kI 0.98400jk 0.38567d 3.8093gh 15.917jki
96 1.16400k 19.350j 1.06400hi 0.33167jki 3.8027gh 14.997k
Hlow Sald 0 1.06567m 17.790kI 0.88533m 0.31867k 3.7453gh 13.287I
Infected 48 1.12900kI 22.573i 1.10667h 0.33300jki 3.7070ih 15.743jk
control
72 1.16900k 26.770h 1.25600g 0.36433fg 3.7623gh 16.837jhi
96 1.35733j 31.017g 1.36267f 0.35033hg 3.8817gh 16.837jhi
Si(ImM) 0 1.65233i 17.0371 1.01333;ji 0.33233jki 3.9140g 15.563k
48 1.67067ih 26.233h 1.33333f 0.32767jki 4.3050fe 16.883hi
72 1.74733g 32.307f 1.56533d 0.33600jhi 4.3390fe 19.293ef
96 1.7173gh 37.737e 1.47467¢ 0.36833fe 4.2177f 20.697cd
Si(2mM) 0 1.62233i 17.900kI 1.07800hi 0.34167hi 4.5550dc 17.627hg
48 1.84900f 31.610fg 1.36533f 0.33533jhi 4.4763de 19.820ed
72 2.00233e 37.738e 1.74400c 0.38100de 4.2753fe 22.147b
96 2.05567d 42.900c 1.72533¢c 0.41333¢c 4,7390bc 20.170ecd
Si(4mM) 0 1.83567f 19.563j 1.30933fg 0.40700c 4.8050b 18.020g
48 2.22067¢ 39.510d 1.33333f 0.41200c 5.1897a 20.960c
72 2.47067b 47.147b 1.85067b 0.48733b 4.6940bc 24.863a
96 2.81567a 54.563a 2.10133a 0.5493a 5.1983a 19.160ef
LSD
(P =0/05) 0.0511 1.0689 0.0652 0.0153 0.205 1.1001

P75 S 5 ol e e 3 i D9 oo Fiw 29l S
S5 53 s > ) 5o Slgn s Sl o i b
2 5 M g S b Sl el b s sl L6 el
Loyl odle iy oy wSlgud calo (1d e Al
Alonso-) as,ly yiss saad cooMe sl Jsse0 b 5 (o ls b
oo P i aSST 5 i LS s (Villaverde et al., 2011
B S0 lgis 4 g 00 )l 4 s WadSgigMe g oo 3y
Oj=ST JLsbd (sladiss (5luSly )3 maiitene yobo 41 (555 (S
S5k 5l Basggdls SlasT (il jolgs WS o Jos

e mat Sl j9a> 3)len GlaLS 5> (g cnl

Cllad g (g g IigMb S b (pliwgtl daliSs)
Sl o381 1ol 4y o (2> sime S 4y Sl (gl 3l
2 s ials pw Gl b olyen jlow LS 4o .l assl
b 03 (pow Go) U il 3 L9 51w ) il 5l am p)le o)
o)l 3 S g (i dlge gy Gl oo |y el ol S
dnwgh pios Jud> 4y (B dlge a)gs aoms ) ey ol Jsle
b (il pgw o) jl dm Sy la UK Sl pas 5 )8
e 3 (8 OS5 5l (S5 i 4 58 oS K Sk



1Fe) olausli oY o Lol F'F ale (55,9l aulo g pale) ol pl (LS cblas by pdgh 4 yid A

St 581 9 ST 4]y (59,00 STy o sl Gl (5]
Sl i gailinaSly w1 olS cplplh 48 e

sl e bl b5 Loy alos 53 geilapnS] clacaul 5 olié
CFimgn o 93 PAL o 51 cdlsd asuis s (Mittler, 2002)
o=l il SA s 4 bgrpe b yue opl 5l (S5 a8 2545 0 Jlud
5 99 e 4l 1 3gilign Sy 3] olpe 13 (19050
1 Spotnss S| Cangliio sl 5 SAR ys 03 Jlub sy
&8y 55 Wligel YT Jis (Chen et al., 2009) i Aalgs oLS
S5 d e g Cusl 15595 Jiid mudiplio 3 (608 3l S
Lo dgigMo g Lo aSllgind S aile 4l slacu)glio
OluS 5 ol Hilj8l opl b (Campos et al., 2003) 55,5
Collab ol Sl 4 Dl oo o ilngil g loadgighe (s L8
oy Jlows LS 53wl ol olsee 5 Lialjl sl by pe PAL
b S 0350l g Wl aali bl 1 b pade el |
clac s ks as coul ol Lowl s oy ol ass
b i Shms ol s laploj o 3 (Sl 5]
a8l G5 b Lasye IS 3 sl sse b 5l
oS 5l s 4 ol cnl clleb il a8 0 Sz 8L
L st Jlosl 5 oy el (o5l dilio (ol Lo Jsbo
e 3l calld p> ouds W Ol s piorod WAl s SIS
oS (s § 4365 et 5 slagd Sido g S 4y Sl (]
O 3153 e yobo & maes Sl Sl (S Bl o il
claaiss ol (LS b g asb ausly jis ol a0l o,
S i 1S Sl s el Gl 5 JU
Sldiuilys o 3l gt Sl 3l Glas & 8,8 ais g o
b dsbo Sl 9 2l |y selasT oljlud (o5 dw sl Glgis &
e phalS ams (alS lagsli ] 5T pudilio polaio 4
159 3o I8l alasly 4o ) 5T slae
» (Trovato et al., 2008) -,Js s 4 (Sangtarash et al., 2009)

Lol ol y Sl 4 Gls |58

Sangtarash et al., ) 59-5 o bgsye (ol )8 gise uiis ) Lol
ot glo sl (3,8 HMS dlawsg & wedtas o 3l 4 9 (2009
5 bl ol (Seyoum et al., 2006) xg-5 o guilnS]
ol a8 el il 8l Wl aals 4 s S low 0 ogll oS
Gl gy i o) 5 80 sl dsdis I Bb i3]
d92g 4 5] Jub SloisS (gouiiS gyl lsie 4 il
51 aielinl gy (Apel and Hirt, 2004) uS' o Joe ool
9 ol Sy gy i3 4 ol 3 o ] ]
02 Ol e g (nBgp Can ) LS (el
30 (g aieliwl (Berbara and Garcia, 2014) uS' o Jos
L basye s dbox 5l baiuSgn (S 4l )isle JSuis
s> >l osd gl s slaS el P i e
S (e Ceaglio ey Jlde SRl L posslis (g
3L e sla piie e SIS (Kauss et al., 2003) u_uS' -
ol S 53 oS (Jgbs 0)lg 53 39290 (g (oS gy en
6o oo erd 1 s 62,5 o gl ingli
2 853 Ol I3 25550 LS & Iy slasy Jolye b
ol L oS a8l (Sewly cde 4 Cunl (oo o ol
ados 4 ali)len b badye it slonSon Mg 9 05 ol
b ks 9> ) ($)lon S Do Gy 1o )S Lo
3 OgroliaST o) lajla ST 8 b i el L
(s 5 o 132 Lo Jolgs (6l 45 o9 & o Jid (ouSg)00
ol edld il (Mayer and Harel, 1979) 4 0 ibgie
o9 i3 55 ess dile plaislag @S Ll 5 laS],
Maetal., ) cowl oas (535 3550 (sloghd (St g dilgin
L 5luuSly ©byeSwl ( Madadkhah et al., 2012;2013
3l Jajgtim Ly oMo IS 51 50,00 STy (5)5laex
STy 8ol o512 1S 1) gl (clo b5 e
P H202 e lale o 5 )b jl Ladijs) collad )5 cage 38
Ol jpan b jlan LS 53 9 1) (a5 cod Glals Jsh
;YUK (Chen and Gallie, 2004) 5> 1y (6 YL culled ooius

&l

1. Agrawal, A A, Tuzun, S., & Bent, E. (2002). Maternal effects associated with herbivory: mechanisms and
consequences of tansgenerational induced plant resistance. Ecology 83: 3408-3415. https://doi.org/10.1890/0012-

9658(2002)083[3408:HAMEMA]2.0.CO;2.

2. Alonso-Villaverde, V., Voinesco, F., Viret, O., Spring, J., & Gindro, K. (2011). The effectiveness of stilbenes in
resistant Vitaceae: ultrastructural and biochemical events during Plasmopara viticola. Physiology and Biochemistry

49: 265-274. https://doi.org/10.1016/j.plaphy.2010.12.010.

3. Apel, A., & Hirt, H. (2004). Reactive oxygen species: metabolism, oxidative stress, and signal transduction. Annual
Review Plant Biology 55: 373-99. https://doi.org/10.1146/annurev.arplant.55.031903.141701.

o s

Arnon, A.N. (1967). Method of extraction of chlorophyll in the plants. Agronomy Journal 23: 112- 121.
Bates, L.S., Walderen, R.D., & Taere, |.D. (1973). Rapid determination of free proline for water stress studies.


https://doi.org/10.1890/0012-9658(2002)083%5b3408:HAMEMA%5d2.0.CO;2
https://doi.org/10.1890/0012-9658(2002)083%5b3408:HAMEMA%5d2.0.CO;2
https://doi.org/10.1016/j.plaphy.2010.12.010
https://doi.org/10.1146/annurev.arplant.55.031903.141701

AN

- BE L 4 Lugl ilisio Bl iiSTg (b5 ¢35 50d 9 (50 5B (o

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

Plant and Soil 39: 205-207. https://doi.org/10.1007/BF00018060.

Beers, G.R., & Sizer, LW. (1952). A spectrophotometric method for measuring the breakdown of hydrogen
peroxide by catalase. Biological Chemistry 195(1): 133-140.

Benhamou, N., & Blanger, R.R. (1998). Benzothiadiazole-Mediated induced resistance to Fusarium oxysporum f.
sp. radicis-lycopersici in tomato. Plant Physiology 118: 1203-1212. https://doi.org/10.1104%2Fpp.118.4.1203.
Berbara, R.L., & Garcia, A.C. (2014). Humic substances and plant defense metabolism. Physiological Mechanisms
and Adaptation Strategies in Plants under Changing Environment 1; 297-319. https://doi.org/10.1007/978-1-4614-
8591-9 11.

Bonfig, K.B., Schreiber, U., Gabler, A., Roitsch, T., & Berge S. (2006). Infection with virulent and avirulent P.
syringae strains differentially affects photosynthesis and sink metabolism in Arabidopsis leaves. Planta 225: 1-12.
https://doi.org/10.1007/s00425-006-0303-3.

Bradford, M.M. (1976). A rapid and sensitive method for the quantification of microgram quantities of protein
utilising the principal of protein - dye binding. Analytical Biochemistry 72: 248-254.
https://doi.org/10.1006/abi0.1976.9999.

Bybordi, A., Saadat, A., & Zargaripour, P. (2018). The effect of zeolite, selenium and silicon on qualitative and
quantitative traits of onion grown under salinity conditions. Archives of Agronomy and Soil Science 64(4). 520-530.
https://doi.org/10.1080/03650340.2017.1373278.

Cameron, K.D., Teece, M.A., Bevilacqua, E., & Smart, L.B. (2002). Diversity of cuticular wax among Salix
species and Populus species hybrids. Journal of Phytochemistry 60: 715-72. https://doi.org/10.1016/S0031-
9422%2802%2900198-X.

Campos, A.D., Ferreira, A.G., & Vozari Hampe, M.M. (2003). Induction of chalcone synthase and phenylalanine
ammonia-lyase by salicylic acid and Colletotrichum lindemuthianum in common bean. Brazilian Journal of Plant
Physiology 15: 129-134. https://doi.org/10.1590/S1677-04202003000300001.

Chen, C., Zheng, Z., Huang, J., Lai, Z., & Fan, B. (2009). Biosynthesis of salicylic acid in plants. Plant Signaling
& Behavior 4: 493-496. https://doi.org/10.4161%2Fpsb.4.6.8392.

Chen, Z., & Gallie, D.R. (2004). The ascorbic acid redox state controls guard cell signaling andstomata movement.
The Plant Cell 16: 1143-1162. https://doi.org/10.1105%2Ftpc.021584.

Chérif, M., Asselin, A., & Bélanger, R.R. (1994). Defense responses induced by soluble silicon in cucumber roots
infected by Pythium spp. Molecular Plant Pathology 236-242. https://doi.org/10.1094/Phyto-84-236.

Eifediyi, E.K., & Remison, S.U. (2010). Growth and yield of cucumber (Cucumis sativum L.) alnfluenced by farm
yard manure and inorganic fertilizer. Journal of Plant Breeding and Crop Science 2: 216-220.

Epstein, E. (1994). The anomaly of silicon in plant biology. Proceedings of the National Academy of Sciences 91:
1. 11-17. https://doi.org/10.1073/pnas.91.1.11.

Etebarian, H.R. (2012). Diseases of vegetable and cucurbit and their control. University of Tehran press. 600 pp.
Fielding, J.L., & Hall, J.L. (1978). A Biochemical and Cytochemical Study of Peroxidase Activity in Roots of
Pisum sativum Il. Distribution of enzymes in relation to root development. Journal of Experimental Botany 29(4):
983-991. https://doi.org/10.1093/jxb/29.4.983.

Janovitz-Klapp, A.H., Richard, F.C., Goupy, P.M., & Nicolas, J.J. (1990). Inhibition studies on apple polyphenol
oxadase. Journal of Agricultural Food Chemistry 38: 926-931. https://doi.org/10.1021/jf00094a002.

Justyna, P.G., & Ewa, K. (2013). Induction of resistance against pathogens by [-aminobutyric acid. Acta
Physiologiae Plantarum 35: 1735-1748. https://doi.org/10.1007/s11738-013-1215-z.

Kauss, H., Seehaus, K., Franke, R., Gilbert, S., Dietrich, R., & Kroger, N. (2003). Silica deposition by a strongly
cationic proline-rich protein from systemically resistant cucumber plants. The Plant Journal : for Cell and
Molecular Biology 33(1):87-95. http://dx.doi.org/10.1046/j.1365-313X.2003.01606.x.

Kaya, C., Tuna, L., & Higgs, D. (2006). Effect of silicon on plant growth an mineral nutrition of maize grown
under water-stress conditions. Journal of Plant Nutrition 29: 1469-1480.
https://doi.org/10.1080/01904160600837238.

Khan, Sh., Bagwan, N.B., Igbal, M.A., & Tamboli, R.R. (2011). Mass Multiolication and shelf life in liquid
fermentation final product of Trichoderma viride in different formulations. Advances in Bioresearch 2(1): 178-182.
Krizek, D.T., Kramer, G.F., Upadyaya, A., & Mirecki, R.M. (1993). UV-B response of cucumber seedling grown
under metal halide and high pressure sodium/deluxe lamps. Plant Physiology 88: 350-358.
https://doi.org/10.1111/j.1399-3054.1993.tb05509.x.

Ma, Z., Yang, L., Yan, H., Kennedy, J.F., & Meng, X. (2013). Chitosan and oligochitosan enhance the resistance of
peach fruit to brown rot. Carbohydrate Polymers 94: 272-277. https://doi.org/10.1016/j.carbpol.2013.01.012.
Madadkhah, E., Lotfi, M., Nabipour, A., Rahmanpour, S., Banihashemi, Z., & Shoorooei, M. (2012). Enzymatic
activities in roots of melon genotypes infected with Fusarium oxysporum f. sp. melonis racel. Scientia
Horticulturae 135: 171-176. http://dx.doi.org/10.1016/j.scienta.2011.11.020.

Marschner, H., Oberle, H., Cakmak, I., & Romheld, V. (1990). Growth enhancement by silicon in cucumber
(Cucumis sativus) plants depends on imbalance in phosohorus and zinc supply. Plant and Soil 124: 211-219.


https://doi.org/10.1007/BF00018060
https://doi.org/10.1104%2Fpp.118.4.1203
https://doi.org/10.1007/978-1-4614-8591-9_11
https://doi.org/10.1007/978-1-4614-8591-9_11
https://doi.org/10.1007/s00425-006-0303-3
https://doi.org/10.1006/abio.1976.9999
https://doi.org/10.1080/03650340.2017.1373278
https://doi.org/10.1016/S0031-9422%2802%2900198-X
https://doi.org/10.1016/S0031-9422%2802%2900198-X
https://doi.org/10.1590/S1677-04202003000300001
https://doi.org/10.4161%2Fpsb.4.6.8392
https://doi.org/10.1105%2Ftpc.021584
https://doi.org/10.1094/Phyto-84-236
https://doi.org/10.1073/pnas.91.1.11
https://doi.org/10.1093/jxb/29.4.983
https://doi.org/10.1021/jf00094a002
https://doi.org/10.1007/s11738-013-1215-z
http://dx.doi.org/10.1046/j.1365-313X.2003.01606.x
https://doi.org/10.1080/01904160600837238
https://doi.org/10.1111/j.1399-3054.1993.tb05509.x
https://doi.org/10.1016/j.carbpol.2013.01.012
http://dx.doi.org/10.1016/j.scienta.2011.11.020

1Fe) olausli oY o Lol F'F ale (55,9l aulo g pale) ol pl (LS cblas by pdgh 4 yid \AY

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49,

50.

51.

https://doi.org/10.1007/BF00009262.

Mayer, AM., & Harel, E. (1979). Polyphenol oxidase in plants. Phytochemistry 18: 193-215.
https://doi.org/10.1016/0031-9422(79)80057-6.

Mittler, R. (2002). Oxidative stress, antioxidants and stress tolerance. Trends in Plant Science 7:405-410.
https://doi.org/10.1016/s1360-1385(02)02312-9.

Nakano, Y., & Asada, K. (1981). Hydrogen peroxide is scavenged by ascorbate-specific peroxidase in spinach
chloroplasts. Plant Cell Physiology 22: 867-880. https://doi.org/10.1093/oxfordjournals.pcp.a076232.

Orabi, S.A., Salman, S.R., & Shalaby, M.A. (2010). Increasing resistance to oxidative damage in cucumber
(Cucumis sativus L.) plants by exogenous application of salicylic acid and paclobutrazol. Journal of Agricultural
Sciences 6(3): 252-259.

Reuveni, R. (1995). Biochemical marker of disease resistance, In RP Singh. and US Singh (eds). Molecular
methods in Plant Pathology. Boca Raton .CRC Press, Florida.

Safdarpour, F., Khodakaramian, Gh., & Solimani Pari, M.J. (2013). Induction of systemic resistance against
cucumber marginal leaf blight disease by using silicon application. Plant Protection (Scientific Journal of
Agriculture) 36(1): 29-38 (In Persian with English abstract)

Sahebani, N. (2004). Interaction M. javanica with Fusarium oxysporum f. sp lycopersici and evaluation some
defense biochemical mechanisms. PhD thesis, University of Tehran, Tehran, Iran.

Sangtarash, M.H., Qaderi, M.M., Chinnappa, C.C., & Reid, D.M. (2009).Carotenoid differential sensitivity of
canola (Brassica napus) seedlings to ultraviolet-B radiation, water stress and abscisic acid. Environmental and
Experimental Botany 66: 212-219. https://doi.org/10.1016/j.envexpbot.2009.03.004.

Seevers, D.M., Daly, J.M., & Catedral, F.F. (1971). The role of peroxidase isozyme in resistance to wheat stem rust
disease. Journal of Plant Physiology 48: 353-360. https://doi.org/10.1104%2Fpp.48.3.353.

Seyoum, A., Asres, K., & EI-Fiky, F.K. (2006). Structure— radical scavenging activity relationships of flavonoids.
Phytochemistry 67: 2058-2070. https://doi.org/10.1016/j.phytochem.2006.07.002.

Shahrtash, M. (2018). Silicon fertilization as a sustainable approach to disease management of agricultural crops.
Journal of Plant Protection Research 58(4): 317-320. https://doi.org/10.24425/jppr.2018.124645.

Shen, G.-H., Xue, Q.-H., Tang, M., Chen, Q., Wang, L-N., Duan, C-M., Xue, L., & Zhao, J. (2010). Inhibitory
effects of potassiu,m silicate on five soil-borne phytopathogenic fungi in vitro. Journal of Plant Diseases and
Protection 117(4):180-184.

Shen, X., Zhou, Y., Duan, L., Li, Zh., Eneji, E., & Li, J. (2010). Silicon effects on photosynthesis and antioxidant
parameters of soybean seedlings under drought and ultraviolet-B radiation. Journal of Plant Physiology 67(15):
1248-52. https://doi.org/10.1016/j.jplph.2010.04.011.

Tolaei, M. (2013). The compendium of cucumber and tomatto soil cultur in greenhous condition. Ministry of Jihad-
keshavarzi press, Tehran. 97 pp.

Trovato, M., Mattioli, R., & Costantino, P. (2008). Multiple roles of proline in plant stress tolerance and
development. Rendiconti Lincei 19: 325-346. http://dx.doi.org/10.1007%2Fs12210-008-0022-8.

Vakalounakis, D.J. (1996). Root and stem rot of cucumber caused by Fusarium oxysporum.f.sp. radicis-
cucumerium f. sp. nov. Plant Disease 80: 313-316. https://doi.org/10.1094/PD-80-0313.

Van Loon, L.C., Bakker, P.A., & Pieters, C.M. (1998). Systemic resistance induced by rhizosphere bacteria.
Annual Review of Phytopathology 36: 453-483. https://doi.org/10.1146/annurev.phyto.36.1.453.

Vlot, AC., Fkhassig, D., & Park, S.W. (2008). Systemic acquired resistance: the elusive signal(s).Current Opinion
in Plant Biology 11: 436-442. https://doi.org/10.1016/j.pbi.2008.05.003.

Wagner, G.J. (1979). Content and vacuole/extra vacuole distribution of neutral sugars, free amino acids, and
anthocyanins in protoplast. Journal of Plant Physiology 64: 88-93. https://doi.org/10.1104%2Fpp.64.1.88.

Wang, M., Gao, L., Dong, S., Sun, Y., Shen, Q., & Guo, Sh. (2017). Role of Silicon on Plant-Pathogen
Interactions. Plant Science 8: 701. https://doi.org/10.3389/fpls.2017.00701.

Wang, Y., Hu, Y., Duan, Y., Feng, R., & Gong, H. (2016). Silicon reduces long-term cadmium toxicities in potted
garlic plants. Acta Physiology Plant 38: 211-219.

Yoshimura, K., Yabute, Y., Ishikawa, T., & Shigeoka, S. (2000). Expression of spinach ascorbate peroxidase
isoenzymes in response to oxidative stresses. Plant Physiology 123: 223-233. https://doi.org/10.1104/pp.123.1.223.


https://doi.org/10.1007/BF00009262
https://doi.org/10.1016/0031-9422(79)80057-6
https://doi.org/10.1016/s1360-1385(02)02312-9
https://doi.org/10.1093/oxfordjournals.pcp.a076232
https://doi.org/10.1016/j.envexpbot.2009.03.004
https://doi.org/10.1104%2Fpp.48.3.353
https://doi.org/10.1016/j.phytochem.2006.07.002
https://doi.org/10.24425/jppr.2018.124645
https://doi.org/10.1016/j.jplph.2010.04.011
http://dx.doi.org/10.1007%2Fs12210-008-0022-8
https://doi.org/10.1094/PD-80-0313
https://doi.org/10.1146/annurev.phyto.36.1.453
https://doi.org/10.1016/j.pbi.2008.05.003
https://doi.org/10.1104%2Fpp.64.1.88
https://doi.org/10.3389/fpls.2017.00701
https://doi.org/10.1104/pp.123.1.223

