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Abstract : Seed health refers primarily to the presence or absence of the microorganisms of various 

kinds. Leguminous crops generally contains more protein commonly carry seed born mycoflora 

which is a major factor affecting seed health. Concentration of electrolytes leachates were increased 

in seed leachate may be due to altered permeability of cell membrane caused by seed borne 

mycoflora as the storage period increases. Neutral to slightly acidic nature of seed leachate were 

observed as the pH values shows decreasing trend over the storage period. These seed leachate when 

titrated with strong alkali solution (NaOH and KOH), the consumption of alkali solution shows 

increasing trend with the increase in storage period. Staining of seed leachate with basic stain 

Methylene blue, shows some promising results toward the development of colour chart of varying 

colour intensities for reference. Both titration method and staining could be further developed as 

diagnostic technique(s) for seed health assessment of seed lots before sowing. 
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I. INTRODUCTION 

Pulses are being environment friendly, major source of protein and complementing cereals 

both in production and consumption will have a vital role to play under the circumstances. In the 

production process, pulses improve soil fertility, require less water than cereals and their rotation 

with cereals help in controlling diseases and pests. On the consumption side, pulses are relatively 

cheaper source of protein. In India, more than a dozen of pulse crops are grown on an area of 23.09 

million hectares with annual production of 19.27 million tonne of food grains [5]. 

 In Chhattisgarh state pulse crops are grown in sizeable area of 2.31 lakh hectares in Kharif 

and 6.54 lakh hectares in Rabi season, with 0.55 million tonnes total production [3]-[4]. Pea, 

Pigeonpea, Chickpea, Black gram and Green gram are the most important pulse crops grown in 

Chhattisgarh. 

Seed is dormant phase of future crop and reviewing constant global attention due to the 

demand for high yields and increasing agricultural co-operations. Good and healthy seeds are not 

only essential requirement but also an important component for any successful production 

programme. Seeds are regarded as means of transporting plant pathogen [1]. Seed born pathogen 

may cause seed abortion, seed rot/seed necrosis, reduction or elimination of germination capacity, as 

well as seedling damage [17].  

 It has been realized time and again that seed health, a paramount importance for crop stand 

and yield returns. Hence, aptly quoted “A healthy seed leads to a healthy harvest’’. The seed borne 

mycoflora plays a vital role in deterioration of seed quality during storage [26]. It is due to 

traditional and non- scientific procedure of seed storage which facilitates the free entry of storage 

fungi which subsequently cause bio deterioration of seeds. This is due to either mechanical damage 

caused by tissue colonize or due to production of toxin by the seed borne mycoflora, leads to alter 

the cell membrane system and thereby increased leakage of various substance/ electrolyte from the 

seeds during imbibition [18]. 

Till date, no related study was conducted on mycoflora derived seed leachate in pulses, as a 

measure of indicator of seed health, it’s quality and quantity. So, it is felt needed to carry out the 

present study in order to develop diagnostic technique(s) for seed health assessment. 
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MATERIAL AND METHODS 

1. Development of diagnostic technique(s) for seed health evaluation through seed leachate 

caused by seed mycoflora  

1.1 Seed mycoflora derived electrolyte leakage from pulses seed 

 For the evaluation of the effect of associated seed mycoflora on electrolyte leakage derived 

from five pulses seed viz. Pigeonpea (Asha), Mungbean (HAM-16), Urdbean (Indira urd-1), 

Gardenpea (Arkel) and Chickpea (Vaibhav) were kept in cloth beg and stored at room temperature 

(26+20C). Electrolyte concentration in seed leachates in terms of electrical conductivity (EC) were 

determined periodically at monthly interval from 1-6 months of storage. Two hundred seeds of 

Urdbean and Mungbean and 100 seeds of Pigeonpea, Chickpea and Pea were soaked in 150 ml of 

sterile distilled water for 24 hrs, than water decanted and termed as seed leachate. The EC of the 

seed leachates was determined by using a systronic direct reading conductivity meter in six 

replications of each treatment [30]. After measurement of EC the seed leachate were stored at 40C 

for further use. 

 

1.2 pH and titration value of seed mycoflora derived seed leachate from pulses seed 

 Seed leachates (10 ml) of different pulses with each month of storage period were taken to 

estimate the pH value by using direct systronic pH meter. 

 For the titration of different seed leachates sample, 10 ml of each sample was taken by using 

pipette and poured into a beaker of 50 ml volume and added 2-3 drops of phenolphthalein (95% 

alcohol with 1 g phenolphthalein) as an indicator solution. It was chosen on the basis of pH range of 

seed leachate. 

  According to the estimated pH value (weak acid against strong base), the strong base NaOH 

(Sodium hydroxide) and KOH (Potassium hydroxide) solution of 0.001 N were used in burette for 

titration of leachates. Finally record the end point of titration with appearance of light pink colour 

and note down the reading of burette at that time. 

 

1.3 Staining of seed mycoflora derived seed leachate from various pulses seed 

 Three drops of seed leachates of various pulses and storage period were stained with one 

drop of basic or alkaline stain Methylene blue in the well of cavity slide. Since seed leachates 

thought to be acidic in nature and confirmed by pH value, the basic stain was selected on the basis of 

chemical theory of staining. It reacts with acid part of seed leachate and gives various intensities of 

colour according to acid- base reaction. A suitable control was maintained with three drop of 

sterilized distilled water with one drop of stain for comparison of colour development. 

 

RESULT AND DISCUSSION 

1.1 Seed mycoflora derived electrolyte leakage from pulses seeds 

 Electrical conductivity (EC) of seed leachate of all the pulses and storage periods 

were measured (Table 1). Gradual increase in EC values with increase in storage length duration was 

observed. Lowest EC values were recorded after first month of seed storage which increased linearly 

and reached maximum after sixth month of storage. It is speculated that associated seed mycoflora 

and /or tissue damage may be responsible for the seed leachate. Our observations on associated seed 

mycoflora which showed an increasing trend when assessed during different lengths of storage. 

Increase in EC values with increased frequency of seed mycoflora over a period of time might be 

due to altered permeability of cell membrane by the associated mycoflora resulting in leaching of 

electrolytes. It was also observed that seedling vigour declined when assessed during different 

lengths of storage and therefore revealed an inverse relationship with storage period. Similar 

observations were also reported as in [11]. Various metabolic products; e.g, amino acids, proteins, 

nucleic acids, sugars, etc. have been observed to be given off by some seeds when immersed in 

water or placed in moist surroundings. The nature of the substances has been studied by many 

authors from different points of view [29],[2],[19],[25]. 
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 The alteration of permeability of cell membrane for increased leakage over a period of 

storage could be the reason for the changes in the electrical conductivity of the seed leachate [10]. 

Increase in electrical conductivity might have been induced by the presence of pathogen during 

storage which also influenced in the loss of membrane integrity during storage. Similar result was 

obtained in soybean [7]. The possible reason for the increase in EC value may be due to the 

development of moderate to severe fissures on the seed coat infected with mycoflora which showed 

excessive electrolytes leakage and high conductivity levels [21]. Different mechanisms were 

involved in seed deterioration by associated fungi, of which fungal enzymes and toxin [37] and 

physical damage due to tissue invasion were important factors. The phyto-toxic metabolites were 

also released by dormant fungal structure like spore [13]. The fungal toxins generally disrupt 

permeability of cell plasma membranes [38],[39]. All these factors will contributes to enhanced 

leakage of electrolyte from the seed. Seed aging also results in the gradual loss of semi-permeability 

of membranes [11]. 

The eluates have mainly been studied in aqueous solution by physicochemical methods, e.g. 

by optical measurement of leached materials [40] or by measuring electrical conductivity of the 

water used for steeping [23],[8]. This method has already been reported to be an adequate technique 

for assaying vigour of several seed types such as pea [6],[34], soybean [10], sorghum [11], cotton 

[14], french bean [23], lentil [36], rice [30], fennel [28] and pigeonpea [27].   

 Measurement of electrolyte concentration in the seed leachate in terms of electrical 

conductivity (EC) is one of the standard and rapid methods of seed health testing [24]. The electrical 

conductivity test for garden pea (Pisum sativum) is one of only two vigour tests included in the ISTA 

rule for seed testing [15]. 

 

Table 1: Electrical conductivity (dsm -1) of seed leachates (associated mycoflora induced) 

derived from stored pulses for six different duration lengths 

 

S.N

. 

   

      Pulses 
Electrical Conductivity (dsm -1) 

 

Storage period (month) 

I.  II.  III.  IV.  V.  VI.  
 

1 

 

2 

 

3 

 

4 

 

5 

Black gram 

(Indira urd-

1) 

Green gram 

(HUM-16) 

   Pea 

 (Arkel) 

Chickpea 

(Vaibhav) 

Pigeonpea 

(Asha) 

0.63 

 

0.61 

 

0.78 

 

0.67 

 

0.31 

 
 

0.65 

 

0.94 

 

0.84 

 

0.74 

 

0.45 

0.69 

 

1.02 

 

0.98 

 

0.92 

 

0.57 

0.70 

 

1.09 

 

0.99 

 

1.02 

 

0.61 

 

0.75 

 

1.15 

 

1.81 

 

1.05 

 

0.65 

2.20 

 

1.87 

 

2.90 

 

2.90 

 

1.21 

 

1.2 pH and titration value of seed mycoflora derived seed leachate from pulses seed 
 The pH value of all the seed leachates were measured (Table 2) which indicates almost a 

decreasing trend with increase in storage period. Overall the seed leachate exhibit neutral to slightly 

acidic reaction after sixth month of storage period. The acidic pH value prompted to choose 

phenolphthalein indicator for the titration with strong base i.e. NaOH and KOH (0.001N). 

 Seed leachate when titrated required increased consumption of alkali solution (NaOH or 

KOH) to neutralize and therefore increased values were recorded in the seed mycoflora derived seed 

leachate stored for different lengths. It was hypothesized that increased titration values reflected 
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increased acidic leachates over an increased period of storage conditions and therefore poor quality 

of seeds. The data presented in the support of the hypothesis and findings of the present study.   

 Seed leachate seems to be connected with low viability of the seeds, quick determination of 

seed quality/germinability, based on the specific properties of the eluates, needs to be developed. 

The titration method may have promise or an option with further verification for rapid seed health 

assessment and may be developed as one of the diagnostic techniques for seed health assessment. 

Table 2: pH and titration value of seed leachates (associated mycoflora induced) derived from 

stored pulses for different durations  

 

Pulses Storage period (month) 

I II III IV V VI 

pH value 

Black gram (Indira urd-1) 8.05 7.93 7.73 6.90 6.36 6.19 

Green gram (HUM-16) 7.93 7.91 7.07 7.02 6.25 6.19 

Pea (Arkel) 7.93 7.74 7.70 7.68 6.98 6.30 

Chickpea (Vaibhav) 7.97 7.76 7.62 7.49 7.03 6.73 

Pigeonpea (Asha) 8.65 7.62 7.55 7.39 7.26 6.63 

 NaOH (0.001N) Titration value (ml) 

Black gram (Indira urd-1) 0.7 0.9 1.1 1.1 1.3 1.5 

Green gram (HUM-16) 0.8 0.9 0.9 1.1 1.2 1.5 

Pea (Arkel) 1.0 1.0 1.1 1.1 1.2 1.4 

Chickpea (Vaibhav) 1.0 1.1 1.2 1.3 1.4 2.0 

Pigeonpea (Asha) 1.3 1.1 1.0 1.4 1.6 1.8 

 KOH (0.001N) Titration value (ml) 

Black gram (Indira urd-1) 1.3 1.4 1.6 1.9 2.1 2.3 

Green gram (HUM-16) 1.2 1.3 1.3 1.7 1.8 2.0 

Pea (Arkel) 1.1 1.5 1.7 1.9 2.0 2.1 

Chickpea (Vaibhav) 1.3 1.4 1.6 1.7 1.9 2.4 

Pigeonpea (Asha) 2.1 2.1 2.2 2.4 2.7 2.8 

 

  1.3 Staining of seed mycoflora derived seed leachate from various pulses seed 

 An attempt was made to known the reaction of seed leachate with basic stain and thereby 

development of colour intensity. Hypothesis in this study was slightly acidic nature of seed leachate 

(sixth month) reacts with the basic stain and due to chemical reaction (chemical theory of staining) 

variation in colour development or intensity results. 

 The blue colour of methylene blue stain remains unchanged in control (without leachate), 

gradually become slight lighter blue (1-4 months) and greenish blue in the fifth and sixth month’s 

seed leachate of green gram. 

 The control was remains unchanged, slight greenish blue in 1-3 months and become darker 

blue in 4-6 month’s seed leachate of chickpea. 

 In comparison to unchanged colour in control, light green colour developed in 1 and 2 

month’s seed leachate, greenish blue in 3, 4 and 5 month’s seed leachate and dark blue in 6th month 

seed leachate of pigeonpea. 

 The blue colour of methylene blue stain was remain unchanged in control and seed leachate 

of 1-5 month’s while light purple colour developed in 6th month’s seed leachate of pea. 

 In seed leachate of black gram, stain colour was unchanged in control, greenish blue in 1st 

month’s and then gradually become darker from 2-6 month’s seed leachate. 
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 The above results gives an indication that staining or colour development techniques may be 

used as one of the techniques for seed health assessment after standardization of procedure 

separately for each pulse. 

The eluates have been studied in aqueous solution by biochemical methods, e.g. by 

determination of exudates of sugars [12],[31]-[33] or by colour intensity of KOH solutions in which 

the seed had been placed [20], [35]. 

 

CONCLUSION : The titration and staining of seed leachate could be the possible technique(s) for 

seed health assessment. 
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