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Introduction 
 

Historically, stomata have been considered as 

passive portal of entry for plant pathogenic 

bacteria. However, recent studies suggest that 

stomata can play an active role in restricting 

bacterial invasion as part of the plant innate 

immune system. Some plant pathogens have 

evolved specific virulence factors to overcome 

stomata-based defense. Interestingly, many 

bacterial disease outbreaks require high 

humidity, rain, or frost damage, which could 

promote stomata opening and/or bypass 

stomata defense by creating wounds as 

alternative entry sites. Microbial entry into 

host tissue is a critical first step in causing 

Stomata plays vital role for entry of plant pathogens. Plant pathogens like bacteria, 

viruses enter through stomata. In citrus also the stomata plays important role in 

infection of bacterial canker caused by Xanthomonas axonopodis pv. citri. Studies to 

investigate the role of stomata in bacterial canker infection were conducted under 

screen house condition on different stomata aspects like count, size (length and 

breadth) and pore size in different six different citrus genotypes. The observations 

were recorded on per cent disease intensity and incubation period. These observations 

were correlated with stomata factors. The stomata size, pore size and frequency were 

positively correlated and increased the per cent disease intensity. There was negative 

correlation between stomata factors and incubation period. Maximum ‘r’ value was 

observed in positive correlated stomata pore size and per cent disease intensity (0.768) 

followed by stomata width (0.764) and stomata length (0.714) whereas; minimum ‘r’ 

value observed in stomata frequency (0.230) which found positively non significant 

with per cent disease intensity. Highly significant but negative correlations were 

observed between stomata factors with incubation period. However, maximum ‘r’ 

value was observed in negative correlation between stomata pore size and per cent 

disease intensity (-0.786) followed by stomata length (0.714) and stomata width 

(0.764) whereas; minimum ‘r’ value was observed in stomata frequency (-0.230) 

which found negatively non significant with incubation period. 
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infection in plants. In plants, it has been 

assumed that microscopic surface openings, 

such as stomata, serve as passive ports of 

bacterial entry during infection. The 

attachment of X. citri to plant cell surfaces is 

essential for its pathogenesis. Bacteria grow 

and persist as epiphytes, forming bio films on 

the host surface prior to endophytic 

colonization of the mesophyll tissue through 

natural openings, such as stomata, or through 

wounds  

 

Xanthomonas citri pv. citri naturally 

penetrates the host tissues through stomata, 

hydathodes, lenticels or wounds (Bock et al., 

2010., Gottwald and Graham 1992., Graham 

et al.,1992., Schubert et al., 2001.). Plant 

pathogenic bacteria are known to enter mainly 

through stomata; it is important entrance 

points for large number of plant pathogenic 

bacteria (Hung,  1998).  

 

However, some evidence indicates that there 

is little relationship between the variability in 

susceptibility to citrus bacterial canker and the 

morphology or frequency of stomata on the 

leaf (Graham et al.,1992), suggesting that 

resistance is mostly due to differences in 

bacterial growth after access to the leaf. 

However, recent studies have indicated that 

stomata morphological characteristics or other 

external characters might play a role in 

infection (Favaro et al., 2014. Yin et al., 

2011). As part of the plant innate immune 

system; stomata plays an active role in 

limiting bacterial invasion (Meletto et al., 

2008). Information on stomata characteristics 

of different acid lime varieties will help to 

provide further information about this 

potentially important aspect of host defense.  
 

The aim of present study was to study and 

compare the resistance of different varieties of 

acid lime to acid lime bacterial canker by 

screening against Xanthomonas axonopodis 

pv. citri, as well as to investigate the 

morphological characteristics of the stomata in 

relation to the varietal resistance to acid lime 

bacterial canker. 

 

Materials and Methods 

 

Plant host assay for defense mechanisms 

 

Screening of acid lime clones against 

bacterial canker 

 

The acid lime varieties Sai sarbati, Vikram, 

Pramalini, Phule Sarbati, NRCC-7 and 

NRCC-8 were collected from central nursery 

scheme, VNMKV Parbhani. 

 

Screening tests were conducted on one year 

old acid lime seedlings of the above said 

clones under green house conditions. The 

seedlings free from infection were selected 

and inoculated by spraying the bacterial 

inoculum at 10 am for three consecutive days. 

Suitable controls were maintained without 

spraying the inoculum. The experiment was 

conducted using design CRD with tree 

replications. Data for disease severity were 

recorded and was scored using 0-4 scale 

(Table A). Per cent disease index was 

calculated all the verities using the following 

formula (Wheeler, 1969). 

 

Percent Disease Index (PDI) 

 =   

 

Here, ΣXi = sum of individual disease rating, 

Xt = total number of leaf examined and Gm = 

maximum grade. 

 

Based on PDI the varietal resistance was 

classified as described in Table no. 1. 

 

Anatomical bases of disease 

resistance/susceptibility 

 

The leaves of acid lime varieties viz., Sai 

sarbati, Vikram, Pramalini, Phule Sarbati, 

NRCC-7 and NRCC-8 were collected from 
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central nursery scheme, VNMKV Parbhani 

and studied in vitro for stomata shape, stomata 

frequency, stomata size (length and width) and 

pore size. Images were taken by using 400 and 

1000 magnifications per (mm) microscopic 

field and further measurements were taken by 

using Image-J software. 

 

Stomata count 

 

Fevicol method was employed to record mean 

stomata number. Fevicol was smeared on both 

the surfaces of leaf to form a thin film. After 

five minutes fevicol layer was peeled off and 

mounted on clean glass slide and observed 

under microscope. Number of stomata on both 

surfaces were recorded at 400 magnifications 

and expressed in terms of number of stomata 

per microscopic field (mm) area of leaf 

surface (Tanuja et al., 2016). 

 

Stomata size 
 

The slides prepared for stomata count was 

observed to measure the stomata size(length 

and width) and stomata pore size by using 400 

and 1000 magnifications and further 

measurements were taken by using Image-J 

software and expressed in µm (Tanuja et al., 

2016). 

 

Plant host assay for defense mechanisms  

 

Screening of acid lime cultivars against 

bacterial canker 

 

Six varieties of acid lime were evaluated for 

the bacterial canker disease by pot culture 

technique under screen house conditions. All 

the varieties showed different levels of disease 

index and incubation period as shown in the 

Table No. 2. 

 

Results (Table 2, Fig. 1) revealed that, average 

per cent disease index significantly varied 

from 13.50 to 28.50. However, the maximum 

per cent disease index scored on variety Sai 

sarbati (28.50) followed by Pramlini (25.00), 

Vikram (21.75), Phule sarbati (21.50) and 

NRCC-8(19.50) while minimum per cent 

disease index scored on NRCC-7 (13.50).  

 

Significant variation in incubation period was 

observed among these verities However, 

maximum incubation period was in variety 

NRCC-7 (16.75) followed by NRCC-8 

(14.25), Phule sarbati (13.00), Pramalini 

(8.75) while minimum incubation period was 

observed in Sai sarbati (8.25).  

 

Data recorded on disease reaction of different 

varieties revealed that, Sai sarbati and 

Pramalini showed susceptible response against 

the disease while Vikram, Phule sarbati, 

NRCC-7 and NRCC-8 were moderately 

resistant against the X. axonopodis pv. citri 

causing bacterial canker.  

 

Anatomical bases of disease 

resistance/susceptibility 

 

The leaves of acid lime varieties viz., Sai 

sarbati, Vikram, Pramalini, Phule Sarbati, 

NRCC-7 and NRCC-8 were studied in vitro 

for stomatal shape, stomatal frequency, 

stomatal size (length and width) and pore size.  

 

Images were taken by using 100 and 1000 

magnifications per microscopic field (1.8 mm 

and 0.18 mm, respectively) and further 

measurements were taken by using Image-J 

software. 

 

Results (Table 3, Fig. 2) revealed that, shape 

stomata of all six verities were slightly oval to 

oval in nature. However, two of them viz., Sai 

sarbati and NRCC-7 were showing slightly 

oval shaped stomata while stomata of rest 

varieties viz., Vikram, Pramalini, Phule 

Sarbati and NRCC-8 were oval.  

 



Int.J.Curr.Microbiol.App.Sci (2020) 9(12): 3497-3506 

 

3500 

 

Table.1 Disease rating scale  
 

Scale Grade (Per cent leaf area covered) Reaction 

0 No infection Resistant R 

1 Trace to 10% Moderately resistant MR 

2 11-25% 

3 26-50% Susceptible S 

4 More than 50% Highly susceptible HS 
(Gopi et al. 2012) 

 

Table.2 Varietal screening of acid lime against X. axonopodis pv citri 
 

Tr. 

No. 

Variety name Percent Disease Index 

(PDI) 

Incubation period 

(DAI) 

Disease reaction 

V1 Sai sarbati 28.50 

(32.25) 

08.25 S 

V2 Vikram 21.75 

(27.78) 

10.50 MR 

V3 Pramalini 25.00 

(29.98) 

08.75 S 

V4 Phule sarbati 21.50 

(27.60) 

13.00 MR 

V5 NRCC-7 13.50 

(21.53) 

16.75 MR 

V6 NRCC-8 19.50 

(26.18) 

14.25 MR 

S.E. + 0.55 0.33  

C.D. (P=0.01) 1.17 1.00  

*Mean of four replications 

Fingers in parenthesis are angular transformed values 

 

Table.3 Leaf anatomical study of different acid lime varieties 

 
Sr. 

No. 

Variety Shape Avg. Stomatal 

frequency* 

Stomatal Size 

(µm)* 

Pore size 

(µm)* 

Abaxial Length Width 

1 Sai sarbati Slight oval 235.75 

(15.38) 

22.00 

(4.79) 

18.00 

(4.30) 

4.00 

(2.23) 

2 Vikram Oval 242.00 

(15.58) 

19.00 

(4.46) 

13.50 

(3.74) 

3.00 

(1.99) 

3 Pramalini Oval 175.25 

(13.27) 

25.00 

(5.09) 

16.00 

(4.06) 

4.00 

(2.23) 

4 Phule Sarbati Oval 182.00 

(13.52) 

20.00 

(4.58) 

15.00 

(3.94) 

3.00 

(1.99) 

5 NRCC-7 Slight oval 195.75 

(14.02) 

14.00 

(3.86) 

10.00 

(3.24) 

2.00 

(1.72) 

6 NRCC-8 Oval 219.00 

(14.83) 

19.00 

(4.45) 

16.00 

(4.06) 

3.00 

(1.99) 

S.E. + 0.03 0.13 0.10 0.06 

C.D. (P=0.01) 0.11 0.39 0.30 0.19 

*Mean of four replications 

Fingers in parenthesis are square root transformed values 
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Table.4 Correlation coefficient estimates between stomata factors and per cent disease index / 

incubation period 

 

 Stomatal 

frequency 

Stomatal 

Pore size 

Stomatal 

Length 

Stomatal 

Width 

PDI Incubation 

period 

Stomatal 

frequency 

1.000 0.056 -0.140 0.159 0.230
NS

 -0.230
NS

 

Stomatal Pore 

size 

 1.000 0.906 0.850 0.768
**

 -0.786
**

 

Stomatal 

Length 

  1.000 0.825 0.714
**

 -0.750
**

 

Stomatal 

Width 

   1.000 0.764
**

 -0.660
**

 

** Significant at 1% level,                                                 Table value- at 1% = 0.372, at 5% = 

0.288 

 

Plate.1 Microphotographs: Stomatal size of different acid lime cultivars (1000x) 
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Plate.2 Microphotographs: Stomatal frequency of different acid lime cultivars (100x) 
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Fig.1 

 

 
 

Fig.2 

 

 

Average leaf stomata frequency varied 

significantly from 175.25 to 275.25 However, 

maximum stomata frequency was found in 

variety Vikram (242.00), followed by Sai 

sarbati (235.75), NRCC-8 (219.00), NRCC-7 

(195.75) and Phule Sarbati (182.00) while 
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minimum was in Pamalini (175.25). 

Significant variations in stomata length were 

found. However, maximum length of stomata 

was found in variety Pramalini (25.00 µm) 

followed by Sai sarbati (22.00 µm), Phule 

Sarbati (20.00 µm) while in two verities 

Vikram,NRCC-8 recorded same stomata 

length i.e. 19.00 µm. The variety NRCC-7 

showed minimum length of stomata (14.00 

µm). However, Maximum stomata width was 

found in variety Sai sarbati (18.00 µm), 

followed by two varieties Pramalini and 

NRCC-8 which exhibited same stomata width 

i.e. 16.00 µm. The stomata width in Phule 

Sarbati was 15.00 µm. Minimum stomata 

width was recorded in variety NRCC-7 (10.00 

µm) which was followed by Vikram (13.50 

µm). Average stomata pore size in all verities 

was in the range 02.00 µm to 04.00 µm. 

However, maximum stomata pore size was 

recorded by varieties Sai sarbati and Pramalini 

(4.00 µm) followed by two varieties Vikram 

and NRCC-8 pore size i.e. 3.00 µm while 

minimum pore size was found in variety 

NRCC-7 (2.00 µm).  

 

Correlation coefficient estimates between 

stomata factors and per cent disease index / 

incubation period 

 

Correlations were estimated between stomata 

factors /characters and per cent disease 

intensity as well as incubation period. Stomata 

factors /characters like frequency pore size, 

length and width of all acid lime varieties (Sai 

sarbati, Vikram, Pramalini, Phule sarbati, 

NRCC-7 and NRCC-8) was taken in to 

consideration. 

 

Results (Table 4) revealed that, highly 

significant correlations were observed 

between stomata factors with PDI. Correlation 

coefficient ranged between 0.230 to 0.768 for 

stomata characters and disease intensity. 

However, maximum ‘r’ value was observed in 

positive correlation between stomata pore size 

and per cent disease intensity (0.768) followed 

by stomata width (0.764) and stomata length 

(0.714) whereas; minimum ‘r’ value observed 

in stomata frequency (0.230) which found 

positively non significant with per cent disease 

intensity. 

 

More or less similar trend was observed in 

correlation between stomata characters with 

incubation period. Highly significant but 

negative correlations were observed between 

stomata factors with incubation period. 

Correlation coefficient ranged between -0.230 

to -0.786 for stomata characters and 

incubation period. However, maximum ‘r’ 

value was observed in negative correlation 

between stomata pore size and per cent 

disease intensity (-0.786) followed by stomata 

length (0.714) and stomata width (0.764) 

whereas; minimum ‘r’ value was observed in 

stomata frequency (-0.230) which found 

negatively non significant with incubation 

period. 

 

Per cent disease intensity, as stomata pore 

size, stomata size and stomata frequency 

increases percent disease intensity was 

increased and positive correlation was 

observed whereas; as regards with incubation 

period, as stomata pore size, stomata size and 

stomata frequency increases incubation period 

was increased and found negative correlation. 

 

Correlation between structural, physiological 

characters and intensity of disease caused by 

Xanthomonas spp. was demonstrated earlier 

by many workers. Shukla and Ganopadyhaya 

(1981) studied the role of leaf stomata index 

and size of 12 cultivars of rice with varied 

disease reactions against bacterial blight 

disease. They reported significantly low 

stomata index in resistant and moderately 

resistant varieties as compared to susceptible 

varieties. Ramos and Volin (1987) reported an 

association between the frequency of stomata 

on adaxial and abaxial leaf surface and the 
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number of leaf lesions per square cm. 

developed 12 days after inoculation with X. 

compestries pv. vesicatoria cultivar flora dad 

found highest range of stomata 140-185/ mm
2
 

and 237-296 / mm
2 

of adaxial and abaxial 

surface,, respectively and reported 9-12 leaf 

lesions / cm
2 

12 days after inoculation. While 

the another cultivar PL 127826 DI having the 

lowest range of stomata 34-98 / mm
2 

and 185-

230 on adaxial and abaxial surface, 

respectively and found 4-9 leaf lesion. Melotto 

et al., (2008) studied the role of stomata in 

plant innate immunity and foliar bacterial 

diseases and reported that stomata can play an 

active role in limiting bacterial invasion as 

part of the plant innate immune system. 
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