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Abstract 
Bacterial leaf spot caused by Xanthomonas campestris 
pv. Cucurbitae (Xcc) is an important disease of bottle 
gourd that hampers quality production. This study was 
conducted at Sher-e-Bangla Agricultural University from 
October 2016 to January 2017, toinvestigate how 
exogenous application of silicon influenced bacterial leaf 
spot disease of bottle gourd. Applied silicon (3 ml L-1) in 
foliar and soil drench method mitigated disease 

severityin Xcc challenged plants especially the earlier 
one. Silicon treated plants showed reduced lesion 
diameter and increased latent period, accompanied by 
higher accumulation of silicon in leaf, particularly in 
foliar application method.Likewise, silicon treatment 
augmented peroxidase, catalase, Total phenolic 
compound and Phenylalanine ammonia-lyase activity in 
plants after Xcc inoculation compared to control at both 
foliar and soil drench method but comparatively it was 
higher in foliar application method. Silicon showed 
momentous performance on disease attenuation,wherein 
foliar application method showed best performance and 
soil drench method showed moderate performance 
compared to control. This finding suggested that 
application of silicon has elicited some biochemical and 
physiological events which induced resistance against 
Xcc in bottle gourd. 
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1. Introduction 
 
Bacterial leaf spot is an important disease of 
cucurbitincited by the bacteria Xanthomonas 
campestris pv. Cucurbitae (Xcc) which is a gram-
negative bacterium. This disease occurs in many 
cucurbits including bottle gourd (Jarial et al., 
2011). Quality production is hampered due to this 
disease (Babadoost, 2012). This bacterium has 
wide host range and difficult to manage(Trueman 
et al., 2014). Till now, it has been trying to manage 
the disease with the use of chemicals like copper 
bactericide (Jarial et al., 2011) or other mechanical 
approaches (Salamanca, 2014). Nonetheless, use of 
chemicals is hazardous for environment as well as 
for human being. Hence, it is required to find out 
alternative ecofriendly management approach to 
manage this  
 

 
 
disease. Induced resistance (IR) is an active 
physiological process wherein plants own defense 
mechanisms are activated upon challenged with 
abiotic or abiotic stress (VanLoon et al., 1998). It is 
a safe approach of disease management since it is 
eco-friendly and does not lead to pathogen 
resistance. Induced resistance can be enhanced 
through application of some chemicals called 
elicitors such as silicon (Si) (Diogo and Wydra, 
2007). Silicon is a beneficial element that intensify 
plant resistance against abiotic and biotic stresses 
(Sakr, 2016). Besides, it improves plant’s 
morphological and physiological characteristics 
and enhances plant resistance by augmenting 
enzymatic activity (Datnofft et al., 2007). Silicon 
triggered resistance in plants either through 
physical defense or biochemical defense which 
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includes thick silica layer bellow cuticle, papilla 
formation (Fauteux et al., 2005; Datnoff et al., 
2007) and increased activity of enzymes such as 
polyphenoloxidase, peroxidase (POD), 
Phenylalanine ammonia-lyase (PAL) etc. (Dann 
and Muir, 2002). Again, it works as an activator for 
protein mediated cell signaling and phenolic 
compounds during pathogen attack (Fauteux et al., 
2005). Although Si is vastly used against fungal 
disease, it has been attaining concentration in the 
control of bacterial disease (Chang et al., 2002; 
Diogo and Wydra 2007; Silva et al., 2010). Silicon 
is capable of regulating plant metabolic process, 
host pathogen interaction by activating defense 
related gene through signal transduction (Song et 
al., 2016). However, very meager information is 
available about the role of Si in augmenting 
resistance against Xcc in bottle gourd. 
 
2. Objective of the Research 
 
The objective of the study was to understand the 
role of silicon to mitigate bacterial leaf spot disease 
of bottle gourd and to investigate the influence of 
Si on phenolic compounds and defense related 
enzyme and their pertinence to disease resistance. 
 
3. Materials and Methods 
 
3.1. Collection and culture of causal organism 
The causal organism of bacterial leaf spot 
(Xanthomonas campestris pv. Cucurbitae) was 
collected from molecular plant pathology Lab, 
Dept. of Plant Pathology, Sher-E-Bangla 
Agricultural University and maintained in Nutrient 
Broth (NB) at 28 0C for 48 hours at shaker 
incubator and then cultured in Nutrient Agar (NA) 
media and subculture at one month interval 
following the method of Goszczynska and 
Serfontein (1998). 
 
3.2. Cultivation of planting materials 
Bottle gourd plants cv. BARI lau-4 were grown in 
twenty-five-inch earthen pot and kept in shade for 
two days. Sterile loamy soil, sand and cow dung 
(2:1:1) were used as potting media. Potted 
seedlings were irrigated everyday early in the 
morning with distilled water. No additional nutrient 
was supplied during the study period. The growth 
condition of net house was: relative humidity 60-
73% (night-day), temperature 26-32 0C (night-day), 
daylight 14 hour and UV in sunlight 734-810 mW-
cm2.Seeds were treated with provax-200 @ 0.4% 
following the method of Haque et al. 2014. 
 
3.3. Application of silicon treatments 
Silicon was supplied in liquid formulation 
(Potassium silicate liquid, Titan Biotech Ltd). 3 ml 
of liquid potassium silicate was added with one 
liter distilled water to get a concentration about 3 

ml L-1 which contained approximately 0.6 g SiO2. 
Prepared Si solution was applied in two method 
such as foliar application and soil drench method. 
In this study, there were three treatments viz. 
control (-Si), Foliar application (+Si) and soil 
drench application (+Si). Each treatment had three 
replications.Each plant was sprayed and soil 
drenched with 330 ml solution respectively. Silicon 
solution was applied after ten days of interval thus 
the treatments were maintained for seven weeks. 
The plants got total five spray solutions. Silicon 
was first applied at 30 days after sowing. The 
concentration of silicon was determined on the 
basis of preliminary investigation in the lab (data 
provided as supplementary materials), the 
concentration above 3 ml L-1 gave the same result 
as 3 ml L-1. 
 
3.4. Inoculation of pathogen in plants 
Before inoculation, bacteria were cultured in 
Nutrient broth(300c, 24 hours). Then the 
concentration of approximately 108 cfu/ml (OD: 
0.5650nm) was obtainedby resuspendedit in sterile 
distilled water. Then bacterial inoculums were 
injected in to the lower surface of the healthy leaf 
with syringe. Three leaves were inoculated from 
each plant and each leaf was inoculated with 0.5 ml 
bacterial solution. The plants were inoculated with 
bacteria after seven days of first spray. Data on 
latent period, lesion diameter, disease severity, 
TPC, POD, CAT, PAL were recorded at 15, 30 and 
45 days after inoculation. The disease severity was 
recorded by using0-5 grade disease severity scale 
developed byRai and Mamatha (2005). The grades 
were, 0=0 % infection, 1= 1% infection, 2=1-10% 
infection, 3= 10-20% infection, 4= 20-40% 
infection and 5= 40-100% infection. The following 
formula was used to determine disease severity: 
Percent Disease Index (PDI)= 

 
 
3.5. Extraction and estimation of silicon from 
leaves 
Total silicon from leaf was estimated by 
spectrophotometry by following the method of 
Novozamsky et al. 1984. 10 mg of grounded leaf 
dried in oven at 65 � for 3 days were taken and 
500 µl mixture of HCl (1 M) and HF (2.3 M) were 
added. 20 µl of supernatant was taken after 
centrifuge at 10000 rpm and 0.2 ml boric acid was 
added and kept for overnight. Then color reagent 
(1:1 mixture of 0.08 M H2SO4 and 20 g/l (NH4) 
6Mo7 4H2O) was added and kept for 30 min and 
then 0.25 ml tartaric acid and ascorbic acid was 
added. Absorbance was measured at 811 nm in 
spectrophotometer (Micro Quant, Biotech, USA). 
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3.6. Extraction and estimation of total phenolic 
compounds from leaves 
Extraction of total phenolic compounds from leaf 
was done by using the method of Biswas et.al 
(2012). At the beginning, 1g dried ground leaf 
added with 80% ethanol (1:10 w/v) was centrifuged 
at 10,000 rpm for 30 minutes at 25 �. Then 
supernatant was separated and renovated. After five 
times repetition, 5 ml of distilled water was added. 
Another test tube was utilized as blank which 
occupied only distilled water. Afterward, 0.5 ml of 
FCR was added and after three minutes, 2 ml of 
20% Na2CO3 solution was added in each tube. 
Then the tubes were heated in boiling water for 1 
min and cooled at room temperature. Using Ultra 
Violet Visible (UV-VIS) spectrophotometerthe 
absorbance at 650 nm against blank (water) was 
measured and the standard curvewas prepared 
using different concentration of catechol. From the 
standard curve, phenols concentration was 
determined in the test sample and expressed as mg 
g-1 of fresh sample materials. 
 
3.7. Extraction of the enzymes from leaf 
Enzymes were extracted from fresh leaf was 
carried out following the method of Hassabi et al., 
(2014). 0.5 g of leaf sample was homogenized at 4 
0Cin potassium phosphate buffer (2 ml of 50 mM, 
pH 7) containing 5mMβ-mercaptoethanol and 1% 
(w/v) polyvinyl-polypyrrolidone (PVPP)and 
centrifuged for 20 min at 10,000 rpm. This crude 
enzyme extracts were used to assay the enzyme 
activities. 
 
3.8. Phenylalanine ammonia-lyase (PAL) activity 
measurement 
PAL activity was measured according to Yao and 
Tian (2005) by spectrophotometer. Potassium 
phosphate buffer (1 ml of 50 mM at pH 7) with 0.1 
ml of enzyme extractand 0.5 ml of 1 mML-
phenylalanine (Merck, Germany) was added and 
kept for 1 hr. Then the samples were kept in ice for 
termination of reaction and the absorbance of the 
supernatant was measured at 290 nm. PAL activity 
was measured from standard curve prepared 
bytrans-cinnamic acid (Merck, Germany). The 
PAL activity was defined as an increase in the 
trans-cinnamic acid produced by the amount of 
enzyme extract per mg of total protein per hour. 
 
3.9. Peroxidase activity measurement 
The peroxidase activity was measured following 
the method of Reuveni et al., (1995). Potassium 
phosphate buffer (700 µl, 50 mM, pH 7), guaiacol 
(100 µl of 4%), H2O2(100 µl of 1%) and 100 µl 
diluted enzyme extract were mixed. Changes in the 
absorbance were measured spectrophotometrically 
at 470 nm for 3 min. POD activity was expressed 
as unit min-1mg-1 protein. 
 

3.10. Catalase activity measurement 
Catalaseactivity was measured following the 
method ofDihindsa et al., (1991). phosphate buffer 
(50 mM, pH 7), of H2O2(15 mM) and 100 µl 
diluted enzyme extract were mixed in a total 
volume of 2 ml. The H2O2decomposition was 
measured by a decline in absorbance at 415 nm. 
 
3.11. Statistical analysis 
The experiment was carried out in a complete 
randomized design (CRD) with three replications. 
Data were subjected to analysis of variance 
(ANOVA) and significant differences of the means 
among treatments were analyzed using 
STATISTIX 10 software (Analytical software, 
USA). Standard deviation and correlation was 
calculated using Microsoft excel. 
 
4. Results and Discussion  
 
4.1. Bacterial leaf spot disease development in Xcc 
inoculated plant treated with or without silicon  
In this study, both the treatments +Si (Foliar) and 
+Si (Soil) significantly attenuated disease severity 
compared to control, particularly the former one in 
agreement with (Chang et al., 2002; Diogo and 
Wydra 2007;Xue et al., 2010; Oliveira et al., 2012; 
Song et al., 2016). Latent period showed significant 
variation at different treatments (Fig 1 A). Plants 
treated with Si in foliar and soil drench method 
showed symptoms at 13.4 DAI and 12.36 DAI 
respectively when challenged with Xcc, whereas 
the control showed symptoms at 8.7DAI.This 
proved that Sirestricted the infection process of 
pathogen and led to a belated occurrence of 
bacterial leaf spot diseaseLikewise, the treatments 
differed greatly in DS, 3.76 % and 10.60 % for +Si 
(Foliar) and +Si (Soil) treated sample compared to 
control (21.03 %) at 15 DAI (Table 1, Fig 1 B-C). 
Disease severity gradually increased till the end of 
experiment at all treatments, but at +Si (Foliar) 
treatments, plants had lowest DS (9.40 % and 15.63 
%) compared to control (33.50 % and 47 %) at 30 
DAI and 45 DAI. However, Si treated plants in soil 
drench method showed moderate DS (20.90 % and 
32.10 %) at 30 DAI and 45 DAI. In addition, LD 
varied significantly among the treatments at 15, 30 
and 45 DAI (Table 1). The lowest LD was found in 
+Si (Foliar) treatment (0.90 mm2, 1.53mm2, 
2.20mm2) at 15, 30 and 45 DAI compared to 
control (6.23mm2, 7.20mm2 and 8.33mm2) 
respectively. However, Si treated plants in soil 
drench method showed moderate LD (1.93mm2, 
2.86mm2 and 4.06mm2). The above 
findingsconclude that application of Siin foliar and 
soil drench method could mitigate DS of bacterial 
leaf spot wherein, foliar application method was 
more effective than soil drench method. 
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Table 1: Effect of silicon on disease severityand lesion diameter of bacterial leaf spot of bottle gourd
 
Treatments 15 DAI
Control (-Si) 21.06 a
+Si (Foliar) 3.76 c
+Si (Soil) 10.60 b
CV (%) 7.39
LSD (0.05) 1.74
DF 8 
Level of significance ** 
**- significant at P=0.01. data represent mean of three replications (n=3). Different lowercase letters beside the mean value indicate significant at P= 0.01.

Figure 1: Latent period (A) and disease symptoms at 45 DAI in Si (Foliar) (B) and Control (C). Close view of lesion 
diameter in Si (Foliar) (D) and Control (E). Different lowercase letters above the bar indicate significant at P< 0.01. Data 
represent mean of three replications (n=3).

C

Figure 2: Silicon content (A)and Total phenolic compounds (TPC) (B) at different treatments in Xcc inoculated plants at 15, 
30 and 45 DAI. Different lowercase letters above the bar indicate significant at P< 0.01. Data 
replications (n=3). 

 
 

                                                                                                                                                                                    

e severityand lesion diameter of bacterial leaf spot of bottle gourd
Disease severity (%) Lesion Diameter (mm

15 DAI 30 DAI 45 DAI 15 DAI 30 DAI
21.06 a 33.50a 47.00a 6.23a 7.20a
3.76 c 9.40c 15.63 c 0.90c 1.53c
10.60 b 20.90b 32.10b 1.93b 2.86b
7.39 7.62 7.26 7.80 8.40
1.74 3.23 4.57 0.47 0.64

8 8 8 8 
 ** ** ** **

of three replications (n=3). Different lowercase letters beside the mean value indicate significant at P= 0.01.

Latent period (A) and disease symptoms at 45 DAI in Si (Foliar) (B) and Control (C). Close view of lesion 
diameter in Si (Foliar) (D) and Control (E). Different lowercase letters above the bar indicate significant at P< 0.01. Data 

replications (n=3). 

C D

Silicon content (A)and Total phenolic compounds (TPC) (B) at different treatments in Xcc inoculated plants at 15, 
30 and 45 DAI. Different lowercase letters above the bar indicate significant at P< 0.01. Data 
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e severityand lesion diameter of bacterial leaf spot of bottle gourd 
Lesion Diameter (mm2) 

30 DAI 45 DAI 
7.20a 8.33a 
1.53c 2.20c 
2.86b 4.06b 
8.40 12.48 
0.64 1.21 
 8 

**  ** 
of three replications (n=3). Different lowercase letters beside the mean value indicate significant at P= 0.01. 

Latent period (A) and disease symptoms at 45 DAI in Si (Foliar) (B) and Control (C). Close view of lesion 
diameter in Si (Foliar) (D) and Control (E). Different lowercase letters above the bar indicate significant at P< 0.01. Data 

B 

 E 

Silicon content (A)and Total phenolic compounds (TPC) (B) at different treatments in Xcc inoculated plants at 15, 
30 and 45 DAI. Different lowercase letters above the bar indicate significant at P< 0.01. Data represent mean of three 
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Figure 3: PAL (A), POD (B) and CAT (C)activity at different treatments in Xcc inoculated plants at 15, 30 and 
45 DAI. Different lowercase letters above the bar indicate significant at P< 0.
replications (n=3). 

4.2. Amount of silicon accumulated on leaves at 
different treatments 
Amount of accumulated Si varied significantly 
among the treatments at 15, 30 and 45 DAI (Fig 
2A). The highest accumulation of Si was found in 
+Si (Foliar) treatment (0.86 mg g
1.86mgg-1) at 15, 30 and 45 DAI compared to 
control (0.33mg g-1, 0.9mg g-1 and 0.96mg g
respectively. However, moderate accumulation of 
Si was found in +Si (Soil) treatment 
1.06mg g-1 and 1.26 mg g-1). Above findings 
indicate that Si was more accumulated in plant cell 
at foliar application method than soil drench 
method.This excess Si could play role in 
strengthening physiological process of plants 
against Xcc. Although other possibility could exist.
 
4.3. Amount of total phenolic compounds on leaves 
at different treatments 
The accumulation of TPC was notably significant 
in +Si (Foliar) and +Si (Soil) treatments than 
control at 15 DAI, 30 DAI and 45 DAI 
(Fig 2B).At +Si (Foliar) treatments, plants had 
threefold highest TPC content (11.3mg g
DAI compared with control (4.7mg g
at+Si (Soil) treatments, plants had a moderate TPC 
content (7.66mg g-1).Same results pattern was 
found at 15 DAI and 30 DAI.TPC of +Si (Foliar) 

                                                                                                                                                                                    

PAL (A), POD (B) and CAT (C)activity at different treatments in Xcc inoculated plants at 15, 30 and 
45 DAI. Different lowercase letters above the bar indicate significant at P< 0.01. Data represent mean of three 

 
4.2. Amount of silicon accumulated on leaves at 

Amount of accumulated Si varied significantly 
among the treatments at 15, 30 and 45 DAI (Fig 

accumulation of Si was found in 
+Si (Foliar) treatment (0.86 mg g-1, 1.4mg g-1, 

) at 15, 30 and 45 DAI compared to 
and 0.96mg g-1) 

respectively. However, moderate accumulation of 
Si was found in +Si (Soil) treatment (0.56mg g-1, 

). Above findings 
indicate that Si was more accumulated in plant cell 
at foliar application method than soil drench 

This excess Si could play role in 
strengthening physiological process of plants 

lthough other possibility could exist. 

.3. Amount of total phenolic compounds on leaves 

The accumulation of TPC was notably significant 
in +Si (Foliar) and +Si (Soil) treatments than 
control at 15 DAI, 30 DAI and 45 DAI respectively 

+Si (Foliar) treatments, plants had 
threefold highest TPC content (11.3mg g-1) at 45 
DAI compared with control (4.7mg g-1).Besides, 

+Si (Soil) treatments, plants had a moderate TPC 
).Same results pattern was 

und at 15 DAI and 30 DAI.TPC of +Si (Foliar) 

and +Si (Soil) treatmentsshowed continuous 
increase from 15 DAI to 45 DAI, whereas in 
control it remained static. It is proved that buildup 
of TPC attenuated DS (Maddox et al., 
et al., 2016).Phenolic compounds produce reactive 
oxygen substances such as super oxide anion, 
hydrogen peroxide which deter pathogenic growth.
 
4.4. Enzyme activity of inoculated leaf treated with 
or without silicon 
PAL, POD and CAT activity was higher in +Si 
(Foliar) and +Si (Soil) treatments than control at15 
DAI, 30 DAI and 45 DAI respectively (Fig 3). PAL 
activity was higher in +Si (Foliar) treatments than 
control, whereas plants treated with Si in soil 
drench method had moderate PAL activity at15 
DAI, 30 DAI and 45 DAI (Fig
with (Rodrigues et al., 2005; Cai et al., 2008, Song 
et al., 2016). It has been revealed that PAL 
synthesized secondary phenolic 
and is of lavones (Dixon and Paiva, 1995). This 
phenolic compound hadimperative role in 
restriction of pathogen multiplication and plant 
microbe interaction (Gurr and Rustan, 2005). 
Alluringly, we observed that Si treated plants had 
higher total phenolic compounds than control,
particularly in foliar application method which may 
be triggered by PAL, although other probability 
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PAL (A), POD (B) and CAT (C)activity at different treatments in Xcc inoculated plants at 15, 30 and 
represent mean of three 

 

and +Si (Soil) treatmentsshowed continuous 
increase from 15 DAI to 45 DAI, whereas in 

It is proved that buildup 
of TPC attenuated DS (Maddox et al., 2010; Song 

compounds produce reactive 
oxygen substances such as super oxide anion, 
hydrogen peroxide which deter pathogenic growth. 

.4. Enzyme activity of inoculated leaf treated with 

PAL, POD and CAT activity was higher in +Si 
Soil) treatments than control at15 

DAI, 30 DAI and 45 DAI respectively (Fig 3). PAL 
activity was higher in +Si (Foliar) treatments than 
control, whereas plants treated with Si in soil 
drench method had moderate PAL activity at15 
DAI, 30 DAI and 45 DAI (Fig 3A)in consistence 
with (Rodrigues et al., 2005; Cai et al., 2008, Song 

It has been revealed that PAL 
synthesized secondary phenolic compound, lignin 

(Dixon and Paiva, 1995). This 
phenolic compound hadimperative role in 
restriction of pathogen multiplication and plant 
microbe interaction (Gurr and Rustan, 2005). 
Alluringly, we observed that Si treated plants had 
higher total phenolic compounds than control, 
particularly in foliar application method which may 

although other probability 
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could exist. Similarly, plants treated with Si in 
foliar method had the highest POD and CAT 
activity compared to control. However, plants 
treated with Si in soil drench method had moderate 
POD and CAT activity (Fig 3 B-C). The PAL, 
POD and CAT activity were gradually increased 
from 15 DAI to 45 DAI.However, it is known that 
POD and CAT maintain H2O2 level and quench 
free radical in cellular level thus constructive for 
cross linking of protein and phenolic compounds 
(Yao and Tian, 2005; Hasabi et al. 2014). 
 
Conclusion 
 
Siliconis a beneficial nutrient that has a 
multifaceted role in plant physiology and host 
pathogen interaction. Xcc is a perilous biotic stress 
for cucurbits specially for bottle gourd. we found 
that application of Si in foliar spray method 
provided better protection than soil drench method 
against bacterial leaf spot disease of bottle gourd 
and mitigated disease severity. Silicon treatments 
induced resistance against Xcc in bottle gourd by 
augmenting TPC, and disease related enzyme 
activity such as PAL, POD and CAT. 
 
Recommendation 
 
Our study found that silicon applied in foliar spray 
method or soil drench method reduced bacterial 
leaf spot of bottle gourd particularly foliar 
application method showed best performance. 
There is huge scope to work in molecular level to 
find out how foliar application method worked best 
than soil drench method. 
 
Justification of Research 
 
Our research showed that silicon application 
quenched bacterial leaf spot disease of bottle gourd 
by activating some defense related enzyme. In a 
word, we found that silicon has the capacity to 
induce resistance against bacterial leaf spot disease 
in bottle gourd. This finding will lead us to further 
research with silicon. It’s an innovative and 
mesmerizing article for the international audience. 
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