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Abstract 

The biochemical changes in leaf sugary disease / disorder (LSD) affected, healthy leaf and Neem Leaf Extract 

(NLE) was reported in the present investigation.  Protein, total reducing sugar, total sugar, total chlorophyll, total 

proline and total phenol contents were estimated in LSD affected; healthy leaf and NLE treated sorghum bilijola 

variety.  In LSD affected leaf, the protein, total reducing sugar, total sugar and total chlorophyll content was 

decreased to 64.52%, 58.54%, 58.34% and 79.37% respectively.  Whereas, the total content of phenol and proline 

in LSD affected leaf has shown four fold increase when compared to healthy plant. 
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INTRODUCTION 

Sorghum bicolor (L.) Moench is the fifth most 

important cereal crop after wheat, rice, maize, and 

barley in terms of production.  The total world annual 

sorghum production is over 60 million tons from a 

cultivated area of 46 million ha.  Rabi sorghum 

suffers from leaf injury, resulting in exudation, which 

crystallizes after the evaporation of water.  The 

exudates contain 52.15% sucrose, 4.2% glucose, 

2.7% maltose and 1.0% free amino acids (AICSIP, 

1975).  The secretion encourages the development of 

black sooty mould, which affects the photosynthesis 

of the plants and in severe cases, ear emergence is 

inhibited.  Annual loss of 10 to 15% was reported 

(Chavan et al., 1959) in LSD affected field.  There is 

no report of physiological changes associated with 

biochemical changes in the leaf sugary disease.  

Hence, in the present investigation, biochemical 

changes in leaf sugary disease/disorder (LSD) 

affected leaf compared to healthy leaf and NLE 

treated leaf was studied.      

MATERIALS AND METHODS 

Protein was estimated (Lowry’s et al., 1951) method.   

Phenol was estimated (Bray and Throne, 1964) 

method.  Proline was estimated (Bates et al., 1973) 

method.  Total chlorophyll content was estimated 

(Arnon’s, 1949) method.  Total sugars were estimated 

by Anthrone method (Morris, 1948).  Reducing sugar 

was estimated (Miller’s, 1972) method. 

RESULTS   

Estimation of protein  

Protein content in the Sorghum leaf variety bilijola 

was 0.62 to 0.82 mg/g on 15
th

 and 45
th

 day of the 

treatment.  On 15
th

 day of treatment (27
th

 day of 

emergence) leaf sugary disease was observed in 

which protein content was decreased to 0.22 mg/g 

(reduction of 64.52%).  In the 10%NLE treated plant  
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protein content was 0.45 mg/g, which was 51.2% 

more than protein content in leaf sugary disease 

(LSD) affected plant.  Similarly in 20 and 30% NLE 

treated plants the proteins content has increased 

slightly to 0.47 mg/g and 0.50 mg/g respectively, with 

percent increase of 53.2% and 56% when compared 

to protein content of leaf sugary disease (LSD) 

affected.  This trend continues even at 30
th

 day and 

45
th

 days observations.  This clearly indicates Neem 

leaf extract of 10, 20 and 30% have decreased the leaf 

sugary disease (LSD) by inhibiting aphids (Table-1). 

Estimation of reducing sugar 

The total reducing sugar in the healthy Sorghum 

bicolor variety bilijola was 0.41 mg/g in the leaves of 

leaf sugary disease (LSD) it has decreased to 0.17 

mg/g with the percent decrease of 58.54%.  When 

compared to leaf sugary disease (LSD) in the NLE 

treated plants total reducing sugar as increased 

gradually.  On the 15
th

 day of observation, the total 

reducing sugar was 0.18.0.31 and 0.32 mg/g with the 

percent increase of 5.6, 45.17 and 46.88% 

respectively. This trend is same in the 30
th

 day and 

45
th

 days.  This clearly indicates that because of LSD 

the reducing sugar in the LSD plants decreases, but 

due to NLE treatment less LSD and less aphid 

population was observed, that increases reducing 

sugar content in the NLE treated plants (Table-2). 

Total Sugar content  

Total sugar content in the Sorghum bicolor variety 

bilijola was ranged between 0.6 mg/g to 0.89 mg/g 

between 15
th

 days to 45
th

 days of observations.  On 

the 15
th

 days of observation (27 days of emergence), 

the total sugar in the healthy plant was 0.6 mg/g but 

the LSD plants showed reduced sugar contents of 

0.25 mg/g with 58.34% decrease.  In NLE treated 

plants the total sugar was raised gradually to 0.32 

mg/g 0.38 mg/g and 0.41 mg/g at 10, 20 and 30% 

NLE treated plants respectively.  This increase was 

gradually with 21.88, 34.22 and 39.05% increase 

respectively.  This trend continues even at 30
th

 day 

and 45
th

 days observations respectively (Table-3). 

Total Chlorophyll content 

The total chlorophyll content of the leaf is an 

important factor for normal growth and development 

of the plant, in the healthy plants the total chlorophyll 

content was 6.88 mg/100g in the leaves of Sorghum 

bicolor variety bilijola, but when plant was affected 

by LSD the total chlorophyll content decreases to 

1.42 mg/100g with 79.37% inhibition.  On 15
th

 day of 

observation the total chlorophyll content was more 

with 4.5 mg/100g when compared in the LSD plants 

with 68.45% more than LSD plants. In 20 and 30% 

NLE treated plants Chlorophyll content was increased 

to 5.74 mg/100g and 6.36 mg/100g respectively, with 

75.27 and 77.68% increased, when compared to LSD 

plants.  This trend continues even in the 30
th

 day and 

45
th

 days of observations respectively (Table - 4). 

Total Proline content  

Proline content in the Sorghum leaf variety bilijola 

was 1.70, 1.27ug/100mg on 15
th

 to 45
th

 days of the 

treatment.  On 15
th

 day of treatment (27
th

 day after 

emergence) leaf sugary disease was observed to this 

stage proline content was 6.80 mg/g which was about 

five fold increase in the 10% NLE treated plant, 

Proline content was 1.66 mg/g which was 28% less 

than proline content when compared to LSD plant.  

Similarly in 20% and 30% NLE treated plants the 

proline content has decreased slightly to 1.50 mg/g 

and 1.34 mg/g respectively, with percent decrease of 

22.05 and 19.70%.  When compared to proline 

content in LSD.  This trend continues even at 30
th

 day 

and 45
th

 days observations.  This clearly indicates 

Neem leaf extracts of 10, 20 and 30% have decreased 

the LSD by inhibiting aphid (Table-5). 

Estimation of phenol 

Phenol content in the Sorghum bicolor variety bilijola 

was ranged between 1.58 mg/g to 2.40 mg/g between 

15
th

 day to 45
th

 days of observations.  On the 15
th

 day  
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of observation (27
th

 days of emergence) the total 

phenol in the LSD plant was 6.26mg/g, but the 

healthy plants showed reduced phenol contents of 

1.58 mg/g with four-fold decrease.  In NLE treated 

plants the phenol was decreased gradually, to 1.40 

mg/g, 1.32 mg/g and 1.22 mg/g at 10, 20 and 30% 

NLE treated plants respectively.  This decrease was 

gradually with 22.36%, 21.08% and 19.48% 

decreased respectively. This trend continues even in 

30
th

 day and 45
th 

days treatment respectively.  This 

clearly indicates NLE of 10, 20 and 30% have 

decreased the LSD by inhibiting aphids (Table-6). 

DISCUSSION 

The Physiology and the Biochemistry of the Sorghum 

leaf showing leaf sugary disease (LSD) has not so for 

being understood well.  So, in this direction Protein, 

Reducing sugar, Total Sugar, Chlorophyll, Proline 

and Phenols contents, were estimated in healthy, LSD 

affected and NLE treated leaves shows with 10, 20 

and 30% NLE at 15, 30 and 45 days of intervals.  

There was a decrease 64.52% of protein content that 

was observed in the LSD affected leaves and a 

general phenomenon that occurs in the host during 

pathogenesis and physiological disorder. 

The results indicate that total phenol content increases 

four times in the LSD leaf, when compared to healthy 

plant leaf.  Increase in the phenolic content may be 

attributed to the action of enzymes catalyzing various 

biosynthesis processes (Davis et al., 1953) suggested 

enzymes may act on the native conjugated phenolic 

causing an increase of phenolic substances in 

diseased plant parts.  The phenolic content in the leaf 

of LSD was high which reduced the aphid 

(Melanaphis sacchari) population about 20 times 

less.  Similar results were observed (Mote and 

Shahane, 1988) with Delphacid and Aphid infestation 

on Sorghum leaf of different varieties. Phenolic 

compounds are the most widely distributed secondary 

metabolites.  Ubiquitously present in the plant 

kingdom.  Among the cereals, Sorghum has the 

highest content of phenolic compounds, reaching up 

to 6% (w/w) in some varieties (Deshpande et al., 

1986; Beta et al., 1999; Doka et al., 2004; Awika and 

Rooney 2004 and Dicko et al., 2005).   

CONCLUSION 

In the present study phenolic content in the healthy 

plant ranges between 1.58-2.4 mg/g. whereas, LSD 

affected leaves showed increased concentrations of 

phenolic compounds ranging from 6.26 to 9.4 mg/g 

dry weight. 
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 Table-1: Protein content (mg/g) of healthy, leaf sugary disease (LSD) affected and NLE treated leaves 

Data represents an average of 10 replicates indicates ± SE  

 

Sl. No. Treatments (%) 
Protein content (mg/g) 

15-day 30-day 45-day 

01 NLE 10 0.45 ± 0.025 0.47 ± 0.054 0.50 ± 0.054 

02 NLE 20 0.47 ± 0.053 0.48 ± 0.025 0.51 ± 0.048 

03 NLE 30 0.50 ± 0.042 0.51 ± 0.033 0.53 ± 0.060 

04 CWS 0.27 ± 0.051 0.22 ±0.050 0.23 ± 0.063 

05 LSD 0.22 ± 0.042 0.19 ± 0.044 0.19 ± 0.039 

06 HPL 0.62 ± 0.047 0.73 ± 0.033 0.82 ± 0.032 
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Table-2: Total Reducing Sugar content (mg/g) of healthy, leaf sugary disease (LSD) affected and NLE 

treated leaves 

Data represents an average of 10 replicates indicates ± SE 

 

Table-3: Total Sugar content (mg/g) of healthy, leaf sugary disease (LSD) affected and NLE treated leaves 

Data represents an average of 10 replicates indicates ± SE   

 

Table-4: Total Chlorophyll content (mg/100g) of healthy, Leaf sugary disease (LSD) affected and NLE 

treated leaves 

Data represents an average of 10 replicates indicates ± SE  

 

 

 

 

Sl. No. Treatments (%) 
Total Reducing Sugar content (mg/g) 

15-day 30-day 45-day 

01 NLE 10 0.18 ± 0.016 0.20 ± 0.055 0.22 ± 0.070 

02 NLE 20 0.31 ± 0.09 0.34 ± 0.091 0.36 ± 0.074 

03 NLE 30 0.32 ± 0.089 0.35 ± 0.076 0.37 ± 0.074 

04 CWS 0.18 ± 0.016 0.20 ± 0.025 0.22 ± 0.070 

05 LSD 0.17 ± 0.047 0.19 ± 0.047 0.21 ± 0.083 

06 HPL 0.41 ± 0.023 0.45 ± 0.094 0.49 ± 0.048 

Sl. No. Treatments (%) 
Total Sugar content (mg/g) 

15- day 30-day 45-day 

01 NLE 10 0.32  ± 0.089 0.39  ± 0.020 0.55  ± 0.048 

02 NLE 20 0.32  ± 0.089 0.42  ± 0.038 0.67  ± 0.083 

03 NLE 30 0.41  ± 0.075 0.42  ± 0.050 0.65  ± 0.083 

04 CWS 0.26  ± 0.091 0.24  ± 0.047 0.27  ± 0.032 

05 LSD 0.25  ± 0.055 0.22  ± 0.083 0.26  ±0.078 

06 HPL 0.60  ± 0.015 0.58  ± 0.030 0.89  ± 0.083 

Sl. No. Treatments (%) 
Total Chlorophyll content (mg/100g) 

15- day 30-day 45-day 

01 NLE 10 4.50 ± 0.64 4.26  ± 0.86 4.51  ± 0.45 

02 NLE 20 5.74 ± 0.39 5.28  ± 0.30 5.26  ± 0.48 

03 NLE 30 6.36 ± 0.09 6.18  ± 0.15 6.30  ±0.35 

04 CWS 2.37  ± 0.36 2.20  ± 0.16 2.22  ± 0.47 

05 LSD 1.42  ± 0.53 1.34  ± 0.18 1.33  ± 0.96 

06 HPL 6.88  ± 0.80 6.32  ± 0.25 6.23  ± 0.81 
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Table-5: Total Proline content (mg/g) of healthy, Leaf sugary disease (LSD) affected and NLE treated leaves 

Data represents an average of 10 replicates indicates ± SE   

Table-6: Total Phenol content (mg/g) of healthy, Leaf sugary disease (LSD) affected and NLE treated leaves 

Data represents an average of 10 replicates indicates ± SE  
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Sl. No. Treatments (%) 
Total Proline content (mg/g) 

15- day 30-day 45-day 

01 NLE 10 1.66 ± 0.05 1.76 ± 0.04 1.76 ± 0.09 

02 NLE 20 1.50 ± 0.03 1.62 ± 0.07 1.70 ± 0.47 

03 NLE 30 1.34 ± 0.05 1.58 ± 0.89 1.64 ± 0.44 

04 CWS 4.50 ± 0.02 5.60 ± 0.00 4.60 ± 0.44 

05 LSD 6.80 ± 0.05 6.00 ± 0.16 5.60 ± 0.44 

06 HPL 1.70 ± 0.02 1.21 ± 0.09 1.27 ± 0.47 

Sl. No. Treatments (%) 
Total Phenol content (mg/g) 

15- day 30-day 45-day 

01 NLE 10 1.14 ± 0.09 1.42 ± 0.60 1.56 ± 0.20 

02 NLE 20 1.32 ± 0.60 1.26 ± 0.09 1.48 ± 0.34 

03 NLE 30 1.22 ± 0.81 1.40 ± 0.94 1.38 ± 0.27 

04 CWS 3.78 ± 0.71 5.48 ± 0.83 5.98 ± 0.83 

05 LSD 6.26 ± 0.09 7.78 ± 0.08 9.40 ± 0.07 

06 HPL 1.58 ± 0.08 2.22 ± 0.18 2.40 ± 0.15 


