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Abstract 
Basal kernel blight disease of barley due to Pseudomonas syringae pv. syringae (Pss) is known for remarkable crop losses 
worldwide. Current investigation was carried out for assessment of physiological and biochemical changes induced due 
to natural infection of Pss in barley seed samples. It was observed that moisture, fibre, ash and total carbohydrates were 
variable with significant values in all infected samples. Total phenols increased significantly in all Pss infected seed 
samples. Notably protein content was increased significantly in the infected samples, whereas crude fat, crude fibre and 
total carbohydrates decreased significantly. However, the enzymes such as polyphenoloxidase (PPO), catalase (CAT) and 
peroxidase (POD) were remarkably higher in the infected samples. The results suggest that interaction of Pss with host 
metabolism interferes with biochemical pathways and production of various defensive enzymes and other products in 
process to bring disease symptoms on the barley. It is concluded that this study will serve as a pool of information to 
understand the response of barley to Pss infection on biochemical basis. 
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Barley is known as a member of the oldest crops and 

most consumed globally. Barley is mainly used in production 

of malt and as an animal feed. However, in the recent era 

people’s interest is being increased for using barley as an 

important component of healthy foods because of the presence 

of bio-actives reported in it such as tocols and β-glucans [1] and 

phenolics [2]. In the present decades, barley is utilized for 

production of well-designed foods [3]. The plenty of phenols 

present has made barley an exceptional dietary source of natural 

anti-oxidants for prevention of many diseases and promoting 

good health [4]. 

Barley is also hosted by many pathogens; one of the 

important bacterial pathogen is Pseudomonas syringae pv. 

syringae (Pss) which causes kernel blight with typical necrotic 

symptoms on the plant [5-6]. Barley is an important common 

rabi cereal of India, particularly grown in Bihar, Haryana, 

Himachal Pradesh, Jammu and Kashmir, Madhya Pradesh, 

Punjab, Rajasthan and Uttar Pradesh states. These are reported 

to face a lot of field loss due to this disease [7]. As a normal 

phenomenon after pathogen invasion, changes in metabolism of 

host plant occurs which are associated with some significant 

biochemical alterations in the host tissues. It is also noted that 

plants try to protect their cells against pathogen by launching a 

cascade of defence response pathways by producing enzymes 

chemicals like pathogenesis related (PR) proteins and sugars 

[8]. It is evident that the altered host-metabolism due to 

pathogenic infection is identified by the physio-chemical 

alterations in the magnitude and actions of defensive enzymes 

viz. Peroxidase (POD), polyphenol oxidase (PPO) and 

enormous oxidative enzymes [9-10]. 

For an appropriate understanding of the host-pathogen 

interactions it becomes mandatory to estimate quantitatively the 

proteins, carbohydrates, enzymes, etc., so as to make significant 

conclusions on it. Hence, an attempt has been made to study the 

changes in the biochemical profile of healthy and diseased 

barley seeds after infection of Pss.  

 

MATERIALS AND METHODS 
 

Isolation and categorization 

Farm seed samples of barley were grouped as healthy 

(accession numbers Hv-17-09, Hv-17-35, Hv-17-48, Hv-17-83) 
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and diseased (accession numbers Hv-17-21, Hv-17-53, Hv-17-

71, Hv-17-97) on the basis of blemishing and presence of 

wrinkles on seed pericarp in dry seed examination. Both the 

categories of samples were sterilized with 2% sodium 

hypochloride (NaOCl), transferred directly on nutrient agar 

(NA) medium and placed in incubator for the next 2-3 days at 

25±2 °C. Clusters of bacteria with distinctive features of Pss 

were refined on NA by the method of serial dilution and 

streaking. Thus, obtained pure colonies were exposed to various 

biochemical tests and confirmed by pathogenicity tests on 

barley and other host plants. 

  

Biochemical changes  

For estimation of biochemical changes following 

procedures were followed using four barley seed samples each 

of healthy (control) and infected samples: 

 

Moisture 

For moisture estimation 10 g of the ground barley seeds 

from each sample were taken and moisture was estimated by 

oven drying method [11-12]. The moisture content in 

percentage was calculated using following formula: 
 

Moisture (%) =  
Initial weight – final weight (after drying)

Weight of the sample
 ×100 

Crude fat 

The crude fat estimation of each sample was completed 

as crude ether extract of the dry material (2 g) in a Soxhlet 

continuous extraction apparatus by solvent extraction method 

[11-12]. The crude fat content (%) was calculated as:   

Crude fat (%) = 
Weight of ether extract

Weight of the sample
 ×100 

Crude fibre 

For crude fibre estimation, 2 g material from moisture 

and fat free sample was taken and 200 ml of acid was added to 

it. Further, it was first boiled with acid and then with alkali for 

30 min every time. After cooling it was filtered to a pre-weighed 

ash dish (W1) and dried in oven at 100 °C for 2 h, cooled down 

and weighed (W2). Then the sample was burned at ignition 

point for 30 min at 600 °C, cooled and reweighed (W3) [11-12]. 

The percentage of crude fibre in diseased and healthy 

(control) seed sample was calculated as:  

Crude fibre (%) = 
(𝑊2−𝑊1)−(𝑊3−𝑊1)

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑆𝑎𝑚𝑝𝑙𝑒
 ×100 

Crude protein 

 Quantitative estimation of crude protein in each sample 

was estimated by Folin-lowry method [13]. The absorbance of 

the complex molecule formed in this reaction was measured 

spectrophotometrically at 660 nm [14]. 

 

Ash 

Per cent ash content was estimated by using methods 

given in literature [11-12]. 5 g of the grounded seed sample was 

taken into a pre-weighed crucible (W1) and burnt entirely by 

heating at a low flame and then left for ignition in a muffle 

furnace at 600 °C for about 3-5 h. This crucible was cooled 

down in a desiccator and weighed (W2). The ash content was 

calculated by using following formula: 

Ash content (%) = 
(𝑊2−𝑊1)

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑆𝑎𝑚𝑝𝑙𝑒
 ×100 

 

Total carbohydrates 

The total carbohydrate content for each sample was 

calculated by difference using following formula [12]: 

Total carbohydrate (%) = 100 - (moisture% + crude fat% + 

crude fibre% + total proteins% + ash%) 

 

Total phenols 

For estimation of total phenol content, Folins ciocalteau 

phenol reagent method was used and it was measured 

quantitatively at 650 nm in spectrophotometer. The amount of 

phenol was calculated by plotting absorbance of sample on 

standard graph prepared by using standard phenol solution (50 

µg/ml) [15]. 

 

Enzymatic activity 

 

Peroxidase (POD) 

From naturally infected and healthy (control) seeds of 

barley samples (incubated for 7 days using moistened blotter 

method), 300 mg was taken and ground in 3 ml solution of 0.1M 

of phosphate buffer (pH 6.5). The supernatant was taken after 

centrifugation at 10000 rpm for about 15 min maintained at 4 

°C and enzyme assay was performed in it and the OD was taken 

at 430 nm [16-17]. 

 

Polyphenol oxidase (PPO) 

Some seeds of barley were incubated for 7 days using 

moistened blotter method and 3 ml (0.1 M) phosphate buffer pH 

(6.0) was used to crush it. Centrifugation was applied to the 

homogenate same as for POD. Enzyme assay was done in the 

supernatant and OD was taken at 495 nm [16-17]. 

 

Catalase (CAT) 

Enzyme catalase was estimated by the procedure 

mentioned by Mahadevan and Sridhar [18]. The reaction 

mixture containing 2.7 ml (0.1 M) phosphate buffer (pH 6.5) 

stored at 4 °C was used. The enzyme was measured by 

spectrophotometer at 230 nm at 15 s interval for 2 min. 

Statistical analysis: Statistical analysis was performed for each 

factor and exposed to independent sample t-test. The mean 

values were matched for importance. 

 

RESULTS AND DISCUSSION 
 

All the barley seed samples displayed variability in the 

extent of infection with significant changes in biochemical 

constituents in the samples collected from fields. Different 

percentage of infection observed for barley seed samples. Ac. 

nos. Hv-17-21, Hv-17-53, Hv-17-71, Hv-17-97 was 53.50%, 

49.50%, 66.75%, and 61.25% respectively. A total of 19 

isolates were identified as Pseudomonas syringae strain in 

primary screening on agar medium and 11 isolates were 

confirmed as Pss based on biochemical tests and host sensitivity 

confirmation by pathogenicity reactions on barley and other 

host plants. 

In three seed samples Hv-17-21, Hv-17-71 and Hv-17-

97 moisture content was lower in comparison to the healthy 

samples tested whereas in Hv-17-53 the moisture content was 

increased (Table 1). It was found in the present study that 

infected seeds were shrivelled and less viable. The decrease in 

the fat content in seed samples of barley studied due to P. 

syrinage pv. syringae (Table 1), may be induced due to lipolytic 

activity of the pathogen. Similar investigations have been 

reported by various researchers in plants infected with P. 

syringae pv. syringae in sunflower [19] and R. solanacearumin 

cluster bean [20]. It is also supported by the fact that during 

invasion of bacterial and other microbial pathogens plants start 

a defence signaling cascade which includes fatty acid 

derivatives to produce protective biopolymers such as proteins 

and fats [21-22]. 

In the present findings, total proteins have increased in 

three diseased seed samples as compared to healthy (Table 1) 

with the fact that is stated earlier in individual studies on 
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different plants which produce PR proteins to overcome the 

bacterial load. To escape infection, plant cells exploit 

mechanisms in which they alter CWI (cell wall integrity) and 

on the other hand pathogens produce effector proteins which 

eventually increases total protein content of the cell [23]. The 

crude fibre content of all the seed samples infected with Pss was 

significantly low in comparison to the control samples (Table 

1). Ash content was found higher in the infected samples of 

barley as compared to healthy samples in three seed samples 

(Table 1). It is an important fact that the degradation of host cell 

wall during plant–pathogen interactions have a major role for 

establishment of virulence by some bacteria and fungi [24]. 

Additionally, glucanases and lytic polysaccharide 

monooxygenases are known to digest some amount of the 

crystalline cellulose [25]. This fact supports the results obtained 

for decreased crude fiber in the present study. Similar pattern of 

results was also observed by Lahouar et al. [26] in barley seeds 

compromised with biotic stress.  The results obtained for ash 

and crude fibre are in accordance with the fact that cellulolytic 

activities and toxic effects induced by pathogens as well as 

aging of plant tissues due to biochemical injury has been 

identified as a reason to cause a proportional change in ash 

content of various plants [27]. This might have occurred due to 

cellulolytic activity of cellulases and hemicellulases which 

generally happens after fungal and bacterial infections [28]. 

In the present study, the carbohydrate content was 

variably lower in three infected seed samples of barley (Table 

1). The results of the study are explained by the fact that some 

pathogens enhance sugar metabolism that lead to a significant 

adjustment in the synthesis of carbohydrates in the cells 

diseased with pathogen. This may also contribute to the 

declined in cytoplasmic carbohydrates [29-30]. It is also noticed 

that every pathogen has differential regulation and its own 

specialized mechanism to take over host carbohydrates. It is 

also reported earlier that pathogen infection increases 

carbohydrate assimilation and their conversion in amino acids 

which are used for protein synthesis [31]. It is noticed in the 

present study also that carbohydrate content is reduced and 

protein is increased substantially. 

Phenolics are naturally occurring compounds of plants; 

well characterized for their antimicrobial properties and famous 

for their role as precursors to structural macromolecules such as 

lignin [32]. Accumulation of the phenolic compounds in the 

infected seed samples of barley was found significantly higher 

in comparison to healthy control (Table 1). In many of the 

plants increase in phenolic compounds due to pathogen 

infection has been studied; as in tomato seeds infected with 

blight [33]. Researchers suggested that these have a significant 

role as signaling molecules which activate genes of defence 

mechanism in plants [34-35]. 

Means of replicates of moisture, crude fat, crude fibre, 

crude protein and ash are presented in (Fig 1). Similarly, means 

of replicates of total carbohydrate and phenol are presented in 

(Fig 2-3), respectively. 

 

   

Fig 1 Changes in biochemical constituents of barley seeds 
naturally infected with Pss 

 Fig 2 Changes in total carbohydrate content of barley seeds 
naturally infected with Pss 

Table 1 Changes in biochemical constituents of barley seeds due to Pseudomonas syringae pv. syringae infection 

Test samples 
Replicates of 

test samples 

Moisture 

% 

Crude 

fat % 

Crude 

fibre % 

Crude 

protein % 
Ash % 

Total 

Carbohydrate % 

Phenol 

% 

Check (Healthy seed samples) 

Ac. No. Hv-17-21 R1 10.28 2.72 5.82 11.86 2.46 78.82 2.11 

R2 11.4 1.84 5.86 10.52 2.62 81.46 2.02 

R3 10.56 2.04 5.35 12.21 2.51 79.39 2.64 

Ac. No. Hv-17-53 R1 11.68 1.93 5.4 9.67 1.96 77.38 1.86 

R2 10.39 1.65 5.3 10.84 2.06 78.36 1.44 

R3 11.54 1.21 5.2 10.57 2.38 79.61 1.67 

Ac. No. Hv-17-71 R1 11.47 2.05 6.05 8.12 2.17 79.37 1.27 

R2 12.86 1.89 5.94 9.84 2.11 80.16 1.93 

R3 12.05 1.97 5.98 9.28 2.13 81.27 2.41 

Ac. No. Hv-17-97 R1 14.11 1.35 5.95 10.99 1.99 82.37 1.94 

R2 13.85 1.18 5.87 11.53 1.91 80.83 2.68 

R3 13.69 1.21 5.92 10.48 1.83 81.68 2.38 

Mean - 11.990 1.753 5.720 10.492 2.177 80.058 2.029 

SD - 1.350 0.457 0.309 1.147 0.256 1.499 0.444 

SEM  0.389 0.132 0.089 0.331 0.073 0.432 0.128 
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Infected seed samples 

Ac. No. Hv-17-09 R1 9.04 1.37 3.93 13.26 2.68 67.31 4.02 

R2 8.52 0.93 3.98 12.68 2.73 70.25 3.96 

R3 8.91 1.02 3.62 12.92 2.82 68.11 4.11 

Ac. No. Hv-17-35 R1 13.47 0.99 3.75 13.78 2.98 85.89 4.07 

R2 14.48 0.83 3.65 14.39 2.59 85.71 3.28 

R3 14.45 1.06 3.71 12.93 2.75 84.63 3.19 

Ac. No. Hv-17-48 R1 9.38 1.01 3.85 7.92 3.75 65.88 3.17 

R2 8.49 0.92 3.11 8.98 3.76 61.69 3.46 

R3 7.11 1.12 3.19 8.79 3.89 62.43 3.61 

Ac. No. Hv-17-83 R1 9.85 0.72 3.51 13.57 3.98 65.55 3.95 

R2 9.29 0.55 3.45 13.83 2.82 64.85 4.01 

R3 10.04 0.75 3.53 12.04 3.77 65.01 4.69 

Mean  10.252 0.939 3.606 12.090 3.210 70.609 3.793 

SD  2.467 0.212 0.269 2.224 0.558 9.216 0.456 

SEM  0.712 0.061 0.077 0.642 0.161 2.660 0.131 

Difference (2-1)  1.737 0.814 2.113 -1.598 -1.032 9.449 -1.764 

SED  0.812 0.145 0.118 0.722 0.177 2.695 0.183 

t Value  2.140 5.594 17.839 -2.212 -5.823 3.506 -9.595 

Df  22 22 22 22 22 22 22 

P  0.044** 0.000* 0.000* 0.038** 0.000* 0.002** 0.000* 
SD – Standard deviation; SEM – Standard error of Mean; SED – Standard error of Difference; 
*Significant at 1% (P ≤ 0.01); **Significant at 5% (P ≤ 0.05) 

   

Fig 3 Changes in phenol content of barley seeds naturally 
infected with Pss 

 Fig 4 Changes in enzymatic activity of barley seeds naturally 
infected with Pss 

Defence-related enzymes are part of effective protective 

system of plants against pathogen attack. The most important 

defensive molecules determined to protect plants against biotic 

stress are catalase (CAT), peroxidase (POD) and polyphenol 

oxidase (PPO) [36]. POD and PPO are the key antioxidant 

enzymes which play an important role in preventing membrane 

lipid peroxidation as well as oxidative stress of cells when plant 

encounters a deadly pathogen [37]. In the present study, the 

infected seed samples displayed considerably greater 

peroxidases, polyphenyloxidases and catalases (Table 2) in all 

of the infected samples explored. For coffee also, a rise in 

activities of POX, PAL and SOD was reported along with 

accretion of phenolics in the infected cells [38]. Many other 

similar studies have been reported on banana, rice, and grape 

for response of these plants against pathogens in relation to 

interference of oxidative enzymes in defence mechanism 

provoked [39-41]. 

The increased PPO, POD and CAT activities are 

explained by the fact that these have potential role in first line 

of defense of plant which leads to modifications in secondary 

metabolism ultimately resulting in eradication of the pathogen 

[42]. The present findings are in accordance with the fact that 

Polyphenol oxidases, peroxidases, and catalases are known to 

have shared properties related to seed defence. These enzymes 

are heat-stable and present in the pericarp of seeds [43-44].  

Mean of replicates of peroxidase, PPO and catalase 

activity of barley seeds infected with Pss is presented in (Fig 4). 

 

CONCLUSION 

 
The consequences of a pathogen infection in a plant are 

assessed by its ability to effectively invade the host cells, 

occupy the apoplastic space and start a cascade of biochemical 

and physiological changes in the entire system of plant which 

evokes plant’s defence system also. The initiation and the 

manifestation of all defence molecules in response to any 

pathogen invasion depend on every plant pathogen interaction 

type. Biochemical studies on these defensive and anti-oxidative 

enzymes as well as other biochemical components can also be 

applied as markers to trace early infection. Our findings have 

indicated the fact that the phenolic compounds, protein, POD, 

CAT, and PPO are the molecules that play a dynamic role in 

barley seed’s defence mechanism to control P. syringae pv. 

syrinage. Thus, it can be concluded that there is a correlation 

between changes of these biochemicals and disease 

development in barley seeds when they are encountered by Pss. 

It is expected that this finding will help in better understanding 

of nature and mechanisms of pathogenic effects of Pss on seed 

quality of barley and also in selection of resistant varieties. 
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Table 2 Changes in enzymatic activity in seeds of barley naturally infected with Pseudomonas syringae pv. syringae 

Test samples Replicates of test samples Peroxidase PPO Catalase 

Check (Healthy seed samples) 

Ac. No. Hv-17-09 R1 0.729 0.027 0.246 

R2 1.018 0.015 0.102 

R3 0.537 0.036 0.075 

Ac. No. Hv-17-35 R1 0.58 0.09 0.01 

R2 0.62 0.10 0.03 

R3 0.69 0.08 0.02 

Ac. No. Hv-17-48 R1 0.56 0.18 0.05 

R2 0.52 0.19 0.03 

R3 0.59 0.15 0.04 

Ac. No. Hv-17-83 R1 0.51 0.07 0.033 

R2 0.47 0.16 0.029 

R3 0.45 0.06 0.028 

Mean - 0.606 0.096 0.057 

SD - 0.153 0.060 0.064 

SEM  0.044 0.017 0.018 

Infected seed samples 

Ac. No. Hv-17-21 R1 1.712 0.071 0.593 

R2 1.964 0.083 0.294 

R3 1.231 0.086 0.357 

Ac. No. Hv-17-53 R1 1.86 0.56 0.17 

R2 1.59 0.62 0.11 

R3 1.68 0.66 0.13 

Ac. No. Hv-17-71 R1 1.94 0.44 0.17 

R2 1.99 0.52 0.27 

R3 1.72 0.58 0.19 

Ac. No. Hv-17-97 R1 0.93 0.38 0.18 

R2 1.21 0.48 0.17 

R3 1.33 0.31 0.19 

Mean  1.596 0.399 0.235 

SD  0.345 0.215 0.132 

SEM  0.099 0.062 0.038 

Difference (2-1)  -0.990 -0.302 -0.177 

SED  0.109 0.064 0.042 

t Value  -9.078 -4.679 -4.167 

Df  22 22 22 

P  0.000* 0.000* 0.000* 
SD – Standard deviation; SEM – Standard error of Mean; SED – Standard error of Difference; *Significant at 1% (P ≤ 0.01) 
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