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MATERIALS Asm METHODS 

Plant material 

All experiments of the present investigation were carried out with certified seeds 

of gram {Cicer arietinum L. cv. B-108), soybean (Glycine max L. cv. DS-73-16), 

sunflower (Helianthus annuus L. cv. Morden) and safflower {Carthamus tinctoriusL. cv. 

JLA-900), procured from the Government 'Oil Seeds and Pulses Research Station', 

Berhampore, West Bengal, India. 

Design of the experiments 

In this investigation, experiments were designed to analyse the effect of Na-

dikegulac on storage potential of seeds of gram, soybean, sunflower and safflower 

cultivars. Detailed experiments were performed with the seeds of a dwarf sunflower 

cultivar only with a view to analysing the effect of the growth retardant on seed 

germination behaviour, plant growth, metabolism and crop yield of the plant. Altogether 

four separate experiments were performed under the following directions : 

I. Effect of short-term accelerated ageing (0, 7, 14 and 21 days) and long-term 

accelerated ageing (0 and 112 days) of gram, soybean, sunflower and safflower 

seeds, pretreated with Na-dikegulac on biochemical changes and TTC (2,3,5-

triphenyl tetrazolium chloride) stainability of seeds. 

II. Effect of accelerated ageing (10, 20, 30 and 40 days) of sunflower seeds, 

pretreated with Na-dikegulac on germination behaviour, seedling growth and 

biochemical changes in seeds. 

III. Effect of accelerated ageing (0 and 30 days) of sunflower seeds, pretreated with 

Na-dikegulac on changes in growth and metabolism of plants at three 

developmental stages and their impact on crop yield. 

N.B.: . Accelerated ageing treatment (95% RH, 19 ±. 1°C) for 30 days on sunflower seeds 
showed almost identical level of changes when seeds underwent natural ageing 
for 112 days under ambient environmental conditions of Darjeeling during 
monsoon months (data not shown). Thus, 30 days accelerated ageing is 
considered equivalent to 112 days natural ageing and this is the adverse climatic 
conditions for seed storage at Darjeeling hills. 
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IV. Effect of accelerated ageing (0 and 30 days) of sunflower seeds, pretreated with 

Na-dikegulac and PEG-induced water stress treatment on germination behaviour, 

seedling growth and metabolism of plants. 

I. Effect of short-term accelerated ageing (0, 7,14 and 21 days) and longrterm 

accelerated ageing (0 and 112 days) of gram, soybean, sunflower and safflower 

seeds, pretreated with Na-dikegulac on biochemical changes and TTC (2,3,5-

triphenyl tetrazolium chloride) stainability of seeds. 

Experimental conditions and seed pretreatments 

This experiment was performed under artificially imposed environmental 

conditions called accelerated ageing for obtaining a relatively uniform and expeditious 

result. Two separate sets of this experiment were performed where the seeds of the four 

species were allowed to experience accelerated ageing of two kinds - one is 'short-term' 

accelerated ageing and the other is 'long-term' accelerated ageing. In case of former, 

starting from 0-day, analyses were made at 7-day intervals up to 3 weeks after imposing 

ageing conditions and then the experiment was terminated. In the latter case, analyses 

were made twice - one after 0-day and the other after 112-day of accelerated ageing. That 

is, in short-term accelerated ageing experiment, altogether 4 samplings were made 

against two samplings done in case of long-term ageing experiments. 

After surface sterilization (0.1% HgClj for 90 seconds), certified freshly harvested 

seeds of gram, soybean, sunflower and safflower were separately presoaked in the 

aqueous solutions of 1000, 2000 and 4000 pg/ml Na-dikegulac or distilled water for 6 

hours and then dried back to original weight of the seeds with the moisture contents of 

6.4%, 6.7% 6.0% and 5.8% respectively. At an interval of 48h, such soaking/drying 

treatments were repeated three times to make the total duration of pfe-treatment 18h. This 

mode of seed pretreatment enabled maximum infiltration of the chemical while avoiding 

the commencement of germination (Bhattacharjee and Choudhuri, 1986). In short-term 

accelerated ageing experiment, the pretreated seed lots (200 grams each) were put into 

separate cloth bags and thus stored in a desiccator in which an accelerated ageing 

environment (98.2% relative humidity, RH) had been preimposed with 250 ml 5.96% 
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HjSO^ (v/v). This experimental set-up was kept at 19±rC allowing the seeds to 

experience forced ageing treatment and H^SO^ was changed periodically to restore the 

desired RH within the desiccator throughout the experimental period of 21 days after 

accelerated ageing. In long-term accelerated ageing experiment, seed pretreatment with 

Na-dikegulac was the same as in short-term one, but here the pretreated seed lots (200 

grams each) were allowed to undergo accelerated ageing in a separate desiccator in which 

an ageing environemnt of 95% RH was maintained by placement of 250 ml 12.64% 

HjSO^ (v/v). This experimeniai set-up was also kept at 19±1°C and H^SO^ was replaced 

periodically to maintain the desired RH up to 112 days of seed ageing. 

Biochemical analyses 

In both the short-term and long-term accelerated ageing experiments, the 

biochemcial parameters analysed include : soluble carbohydrage, free amino acids, 

protein, RNA, insoluble carbohydrate and dehydrogenese enzyme. In addition, 

percentage TTC (2,3,5-triphenyl tetrazolium chloride)-stained seeds was recorded. Seeds 

pretreated with distilled water prior to imposition of accelerated ageing served as the 

control set. Sampling procedures and the methods of the parameters analysed are 

described here in considerable details. 

Soluble carbohydrate (from seed leachate) : Soluble carbohydrate level from the seed 

leachates of different samples was analysed after immersing 1 gram seed sample of gram, 

soybean, sunflower and safflower cultivars in 20 ml deionised distilled water for 16 

hours. This was determined following essentially the method of McCready et al, (1950) 

with slight modification. For quantitative measurement of sugar, 1 ml of the seed leachate 

from each sample was taken in a test tube and to it added 4 ml freshly prepared, 

precooled, 0.2% anthrone reagent (200 ihg anthrone dissolved in 100 ml concentrated 

analar H^SOJ. After 30 minutes, the intensity of green colour in terms of optical density '' 

(O.D.) was measured by a spectrochem spectrophotometer (model No. CL 24, Elico Pvt. 

Ltd., Hyderabad) at 610 nm after necessary dilution. Actual quantity was evaluated from 

a previously prepared standard curve with glucose. 
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Free amino acids (from seed leachate) : Sampling procedure of free amino acids was 

the same as done in case of soluble carbohydrate, and from the same leachate stock free 

amino acid level was quantified following the method of Moore and Stein (1948) 

modified by Bhattacharje (1984). Test tubes containing 1 ml seed leachate and 3 ml of 

0.1% ninhydrin solution (in 80% ethanol) were kept in a water bath for 15 minutes with 

glass marbles at the top of the test tubes. When the reaction mixture turned to violet 

colour, the test tubes were taken out, cooled and the volume was made up to 4 ml with 

80% ethanol. The absorbance of the solution was measured at 580 nm. The quantitative 

estimation was made by comparing the O.D. values of the standard curve prepared from 

glycine. 

Protein : Samples for protein were taken from seed kernels of each cultivar. Seed 

kernels (100 mg) were homogenized in a mortar with 80% ethanol and centrifuged at 

6000 g for 10 minutes. To make the pellet free from phenol, it was washed successively 

with 10% (w/v) cold trichloroacetic acid (twice), ethanol (once), ethyl alcohol : 

choloroform (3:1, v/v, once), and finally with solvent ether as per the method of Kar and 

Mishra (1976). The pellet was then evaporated to dryness. The protein was solublized by 

treating with 0.5 N NaOH at 80°C for 1 hour. A definite volume (4 ml) was made with 

the extraction medium. It was then estimated by reacting the protein solution with Folin 

phenol reagent and measuring the O.D. values at 650 nm according to the method of 

Lowry et al, (1951). The quantitative determination was made by comparing the O.D. 

values with a standard curve previously prepared using bovine serum albumin (BSA, 

Fractin-V, Sigma Chemical Co., USA). 

Ribonucleic acid (RNA) : Extraction of RNA was made from 100 mg seed kernels 

following the method described by Cherry (1962) with some. modification and 

quantitative estimation was done as per the method described by Markham (1955) 

modified by Choudhuri and Chatterjee (1970). 

For the estimation of RNA 3 ml each of seed kernel extract (in 5% perchloric 
acid) in separate test tubes was treated with an equal volume of freshly prepared orcinol 
reagent (1 gram AR grade orcinol dissolved in 100 ml concentrated HCl containing 0.1% 
FeClj, 6H2O), and boiled in a water bath for 20 minutes with glass marbles at the top of 
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the test tubes. The mixture was then cooled, and the intensity of the blue green colour 
was measured at 700 nm in the spectrochem spectrophotometer. The blank used 
contained a mixture of 3 ml distilled water and 3 ml oicinol reagent which were treated in 
an identical manner. RNA level was calculated from a standard curve prepared with yeast 
RNA. An outline of extraction procedure of RNA is as follows : 

Plant tissue 
I 

* Homogenized in 2 ml cold methanol and washed the 
insoluble pellet thrice with 2 ml methanol 

I 

1 
Supernatant 
Methanoi-soluble phosphate 

(discarded) 

1 . 
Supernatant 
Acid soluble phosphate 

(discarded) 

1 
Supernatant 
Ethanol soluble phosphate 

(discarded) 

1 
Supernatant 
Lipid phosphate 
(discarded) 

1 
* Residue 
Extracted with 4 ml of cold 
0.2 M Perchlorice acid (PCA) 

1 

1 
Residue 
Extracted with 4 ml 

ethanol 
1 

1 
Residue 

Extracted with 5 ml 
ethanol: ether (2:1) 
at 50°C for 30 min 

1 

1 
Residue 

Extracted with 5 ml 5% PCA 
at 70°C for 40 min (Refrigeration 
overnight aids in clarification) 

1 

1 . 1 
Supernatant Residue 

RNA is estimated using this supernatant (Discarded) 
as the extracted source sample of nucleic acids 

* After homogenization of plant sample and extraction of each residue filtration 
was done. 
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Soluble and insoluble carbohydrates (from seed kernel) : For both these parameters, 

samples were taken from seed kernels after dehusking seeds. Extraction was made from 

100 mg kernels of each seed type with 80% boiling ethanol in a mortar which was 

followed by centrifugation of the extracts at 6000 g for 10 minutes. The supernatant was 

taken in a test tube. This was repeated thrice, and from the pooled supernatant (10 ml) 

soluble carbohydrate was analysed. 

For the analysis of insoluble carbohydrate, the residue after centrifugation of the 

sample was digested with 5 ml 25% H2SO4 (v/v) at 80°C in a water bath for 30 minutes. 

The extracted material was taken as a source of insoluble carbohydrate. 

For quantitative measurement of both the carbohydrate fractions, 1 ml of each 

source sample was taken in separate test tubes after necessary dilution of the stock 

solution. Subsequently, carbohydrate levels were determined with anthrone reagent as per 

the method described earlier. 

TTC stainability of seeds .: Dehusked seeds of the cultivars in 4 groups of 40 seeds of 

each sample were allowed to imbibe 1% TTC (2,3,5-triphenyl tetrazoHum chloride) 

solution (w/v) in separate beakers and kept them overnight in dark condition. Latter on, 

percentage TTC-stained (red coloured) seeds was calculated on the basis of the total 

stained seeds of each cultivar. This method was adopted essentially after Haider (1981). 

Dehydrogenase activity : To analyse dehydrogenase activity 10 uniform dehusked 

seeds of each treatment were immersed in 1% TTC solution in test tubes and incubated 

for 12 hours in dark. The hydrogen atoms relased by the total dehydrogenase enzymes 

which are involved in the respiration process of living tissues, reduce tetrazolium to red 

coloured formazan (Moore, 1973). This formazan, produced after incubation, was 

extracted with 10 ml of 2-methoxyethanol and O.D. values of the solutions were recorded 

at 520 nm. The activity of total dehydrogenases of intact seeds was analysed by the 

reaction of tetrazolium chloride according to the method of Rudrapal and Basu (1979). 
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II Effect of accelerated ageing (10, 20, 30 and 40 days) of sunflower seeds, 

pretreated witti Na-dikegulac on germination behaviour, seedling growth and 

biochemical changes in seeds. 

Experimental conditions and seed pretreatments 

In this experiment, seeds of a dwarf sunflower cultivar only was used. After 

surface sterilization with 0.1% (v/v) HgCli for 90 seconds certified freshly harvested 

sunflower seeds were separately presoaked in the aqueous solution of Na-dikegulac 

(1000, 2000 and 4000 |ag/ml) or distilled water for 8h and then sundried back to their 

original weight. This was repeated three times in quick succession, thus the total period 

of presoaking was 24h. Subsequently, the individual seed lots (200 g each ) of sunflower 

were put into separate cloth bags and thus stored in a desiccator in which an accelerated 

ageing environment of 95% RH was preimposed by keeping 250 nil 12.64% (v/v) H2SO4 

within it. This experimental set-up was kept at 19±1°C allowing the seeds to experience 

forced ageing treatment (0 to 40 days) and H2SO4 was changed periodically by quick 

replacement of the beaker containing the H2SO4 to maintain the desired RH within the 

desiccator up to 40 days of seed ageing. In this experiment water-soaked seeds which 

experienced accelerated ageing treatment served as 'control' set and seeds without 

undergoing presoaking and accelerated ageing treatment considered as 'check' sample. 

Data were recorded after 10, 20, 30 and 40 days of accelerated ageing treatment taking 

samples from the chemical pretreated and untreated seeds. 

Analyses of seed germination behaviour and seedling growth 

Seed germination : To analyse germination behaviour, four groups of 50 seeds i.e. 200 

seeds of each treatment were transferred to separate Petri dishes containing filter paper 

moistened with 10 ml distilled water. Germination data, in terms of percentage seed 

germination, were recorded Jifter 120 hours of seed soaking following the International 

Rules for Seed Testing (ISTA, 1976). 

Field emergence : For determining field emergence capacity of seeds, sprouting seeds in 

four groups of 50 seeds were .sown in the experimental field containing well prepared soil 
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mixed with vermicuiite. After 240 hours of sowing emergence of plumule above the soil 

was considered as field emergence of germinating seeds. This method was followed after 

Haider (1981). 

Speed of germiantion : Speed of seed germination was recorded by analysing 

percentage germination of individual seed lots at an interval of 24 hours up to 120 hours 

of seed soaking following the International Rules for Seed Testing (ISTA, 1976). 

Root length, shoot length and seedling dry weight : Data on root length and shoot 

length and dry weight of seedlings were recorded from 20 uniformly grown seedlings of 

each treatment after thorough washing of carefully uprooted root system under running 

tap water. Dry matter content of seedlings was simply determined by ovendrying method 

at 70°C for 7 days (Bhattacharjee and Gupta, 1984). 

Analysis of biochemical changes 

DNA and RNA : Extraction of nucleic acids (DNA and RNA) were done from 100 mg 

cotyledonary tissue as per the method mentioned earlier. Estimation of both DNA and 

RNA were analysed from a common stock where the sample was finally extracted with 

5% perchloric acid (vide outline of extraction procedure mentioned in the previous 

experiment). 

Method of RNA estimation was mentioned earlier. For the estimation of DNA 

1ml of the nucleic acid extract in a test tube was mixed with 5 ml freshly prepared 

diphenyl amine reagent [100 ml glacial acetic acid (BDH, AR) + 2.7 ml Cone. H2SO4 + 

Ig AR grade diphenyl amine]. The mixture was boiled in a water bath for 30 min with a 

glass marble at the top of the test tube. After cooling in running tap water, intensity of 

bluish colour was measured spectrophotometrically at 610 nm. DNA content was 

quantified from the O.D. values of a standard curve prepared with herring sperm DNA. 
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Soluble carbohydrate and Amino acid : Soluble carbohydrate and amino acid levels 

were analysed taking samples from 100 mg cotyledons of the seeds. 

Extraction of soluble carbohydrate and amino acid was done after thorough 

homogenization of the tissue with 80% boiling ethanol. After centrifugation of the 

homogenate at 6000 g for 10 min the supernatant was taken in a watch glass. This was 

repeated thrice, and the pooled supernatant was then taken as the common source for 

analysing soluble carbohydrate and amino acids. Methods for estimation of both the 

variables were described earlier. 

Dehydrogenase activity : The method for determining total dehydrogenase activity was 

described in the previous experiment. 

Amylase activity : This was estimated following the method described by Khan and 

Faust (1967) with some modification. Cotyledonary tissue (Ig) was homogenized in a 

glass homogenizer with 10 ml distilled water. The homogenate was centrifuged at 500 g 

for 10 min. The debris was rejected and the supernatant was mixed with 7 ml ethanol. 

Then the content was cooled for 30 min in a refrigerator and subsequently recentrifuged 

at 4000 g for 10 min. The precipitate was suspended in 3ml distilled water and this was 

used as the enzyme source. Three ml of the enzyme solution was mixed with an equal 

volume of 0.1% starch solution (in 0.1 N sodium acetate buffer, pH 5.0) and incubated at 

37°C for 20 min. The reaction was stopped with 3 ml lodine-HCl solution (600 mg KI 

and 60 mg I2 in 100 ml 0.05 N HCl). The intensity of blue colour was measured at 620 

nm. A blank was prepared using heat-killed enzyme source. 

Catalase activity : Five hundred milligram cotyledons of each seed treatment was 

homogenized with 8 ml chilled O.M phosphate (Na2HP04/NaH2P04) buffer (pH6.8). The 

homogenate was centrifuged in cold condition at 3000 g for 15 min followed by 10,000 g 

for 20 min. The volume of the supernatant was made up to 10 ml with the same buffer, 

and this was used as crude enzyme source. The activity of the enzyme was assayed 

following the method of Snell and Snell ("1971) modified by Biswas and Choudhuri 
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(1978). The reaction mixture for catalase consisted of 1ml of the above extract and 1ml of 

H2O2 (0.05 M), incubated together at 37°C for 5 min. The reaction was stopped by 

adding 2ml 0.1% titanyl su'phate in 25% H2SO4 (v/v), and the mixture was centrifuged at 

6000 g for 15 min. The intensity of yellow colour was measured at 420 nm. The blank 

was prepared by inactivating the enzyme with the addition of titanyl sulphate prior to 

H2O2 addition. 

Protease activity : Extraction procedure of this enzyme was the same as that of catalase 

except that the pH of the buffer solution used was 6.5. Protease activity was measured by 

incubating the reaction mixture consisting of 1ml enzyme extract, 0.1 ml MgS04, 7H20 

(O.IM) and 1 ml BSA [(0.5mg/ml), dissolved in distilled water] for 1 hour at 37°C 

followed by adding 1ml 50% trichloroacetic acid and subsequent analysis of residual 

protein by Folin-phenol reagent (Lowry et al., 1951). This assay procedure was followed 

as per the liiodified method of Biswas and Choudhuri (1978). 

III. Effect of accelerated ageing (0 and 30 days) of sunflower seeds, pretreated 

with Na-dikegulac on changes in growth and metabolism of plants at three 

developmental stages and their impact on crop yield. 

Experimental conditions and seed pretreatments 

In this experiment seeds of the dwarf sunflower cultivar were allowed to 

experience accelerated ageing at 95% RH for 0 and 30 days after pretreatment of the 

seeds with aqueous solutions of Na-dikegulac (1000, 2000 and 4000 |ig/ml) or distilled 

water as done in experiment No. II. After the stipulated period of accelerated ageing, the 

seed samples were taken out from the desiccator, again surface sterilized with 0.1% 

HgCl2 for 90 seconds and allowed to sprout in plastic trays containing blotting paper 

sufficiently moistened with water. The, sprouted sunflower seeds of each sample were 

then sown in the experimental field. The main plot was divided into subplots of 3x3M. In 

each subplot the sprouted seeds were sown at a spacing of 50 cm x 50 cm (plant-to-plant 

as well as row-to-row). After 10 days of sowing, unwanted seedlings were thinned out 
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keeping only only uniformly growing and healthier seedlings (one seedlings per pit), and 

the plants were carefully maintained throughout the experimental period. 

Some growth and biochemical parameters were recorded from the plants raised 

from the accelerated aged as well as nonaged seeds at seedling stage (14-day-old plants), 

preheading stage (28-day-old plants) and head development stage (42-day-old plants). 

Changes of the number of days required for the inception of important stages in the life 

cycle of the plant was recorded right from radicle emergence to crop harvest stage of 

plant growth. 

Analyses of plant growth : Changes of plant growth were recorded in terms of plant 

height, stem circumference, leaf area and plant dry weight. The mean value of 10 plants 

were considered for recording of the growth data. Stem circumference was recorded 

from the first intemode of each plant. Plant dry weight was analysed by oven drying 

method (80°C for 10 days). Leaf area was determined by measuring the maximum length 

and breadth of all the leaves of a plant multiplying them with a predetermined 

multiplication factor 0.808 (Bhattacharjee and Gupta, 1984). 

Analyses of biochemcial parameters : Biochemical parameters recorded include : 

chlorophyll, protein, RNA, soluble carbohydrate and activities of the enzymes catalase, 

superoxide dismutase, lAA-oxidase and protease. For the biochemical analyses, samples 

were taken from uniformly grown leaves of plants, raised from accelerated aged and 

nonaged seeds. 

Chlorophyll : Leaf tissues (100 mg) were immersed in 5 ml methanol and kept in a 

refrigerator for 48 h. The supernatant was decanted off and leaf samples were rinsed 

repeatedly with a little volume of methanol until they were completely free from green 

colour. Thus the final volume of methanol was made to 10 ml and the intensity of the 

green colour was measured at 650 nm in a spectrophotometer. The chlorophyll content 

was estimated following Amon' s principle (1949). 
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Protein : The chlorophyll free above leaf samples were homogenized with 80% ethanol 

and centrifuged at 6000 g for 10 min. To make the pellet free from phenol, it was washed 

successively with 10% (w/v) cold trichloroacetic acid (twice), ethanol (once), ethyl 

alcohol : chloroform (3:1, v/v, once)* and finally with solvent ether as per the method of 

Kar and Mishra (1976). The pellet was then evaporated to dryness. The protein was 

solubilized by treating with 0.5 N NaiOH at 80°C for 1 h. A definite volume (4 ml) was 

made with the extraction medium. It was then estimated by reacting the protein solution 

with Folin-phenol reagent and measuring the O.D. values at 650 nm in the 

spectrophotometer according to the method of Lowry et al, (1951). The quantitative 

determination was made by comparing the O.D. values of a standard curve previously 

prepared using bovine serum albumin (BSA, Fraction-v powder, Sigma Chemical Co., 

USA). . 

RNA : Methods of extraction and estimation of RNA have already been described. Here 

the sample was taken from leaves of plants raised from accelerated/and nonaged 

sunflower seeds at three developmental stages. 

Soluble carbohydrate : Soluble carbohydrate level in leaves was determined following 

essentially the method of McCready et al., (1950) with minor modification. Fifty mg leaf 

samples were homogenized with boiling 80% ethanol, and centrifuged at 6000 g for 10 

mih. The supernatant was taken in a watch glass. This was repeated thrice, and the pooled 

supernatant was then evaporated to dryness. Chlorophylls adhering on the surface of the 

watch glass was carefully removed using solvent ether. The remaining material in watch 

glass was taken in a test tube by washing it several times with 80% ethanol and the 

volume was made up to 10ml. This was used as a source of soluble carbohydrate. 

For quantitative measurement of the soluble carbohydrate level, 1 ml of the 

source sample from each was taken in a test tube and to it added 4 ml freshly prepared, 

precooled, 0.2% anthrone reagent (200 mg anthrone in 100 ml analar sulphuric acid). 

After 30 min the intensity of the green colour was measured by spectrophotometer at 620 
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nm. Actual contents were determined from the standard curve prepared by using different 

concentrations of glucose solutions. 

Catalase : Methods of extraction and estimation of the activity of catalase enzyme have 

already been described. Here the sample for determining the enzyme activity was taken 

from uniformly grown leaves of plants, raised from accelerated aged and nonaged seeds, 

at three developmental stages. 

Superoxide dismutase : For the determination of superoxide dismutase (SOD) activity, 

the enzyme was extracted by crushing 500mg tissue in 5ml O.IM phosphate buffer (pH 

7.8) containing 0.1% (w/v) insoluble PVPP (polyvinyl polypyrrolidene) and was then 

centrifuged at 4°C. The supernatant was used as enzyme source. The enzyme activity was 

determined by measuring its ability to inhibit photochemical reaction of NBT (nitro blue 

tetrazolium) according to the method of Giannopolitis and Ries (1977) with some 

modifications. (Roychowdhury, S. and Choudhuri, 1985). The 3ml reaction mixtue 

contained 0.05M Na2C03, 0.1 mM EDTA, 63 |iM NBT, 13 |iM methionine, 20 |iM 

enzyme extract and 1.3 | JM riboflavin. The riboflavin was added last. The test tubes were 

placed under two 4W florescent lamps at a distance of 30 cm at 25°C. After 15 min, the 

light was switched off and the absorbance at 560 nm was recorded. The nonirradiated 

sample served as control and was deducted from A560. The reaction mixture lacking 

enzyme will develop maximum colour due to maximum reduction of NBT. The reduction 

of NBT was inversely proportional to the enzyme activity. Thus, to obtain A A, A560 of 

the particular set was deducted from A560 of the blank set (without enzyme). 

lAA-Oxidase : Extraction of this enzyme was made from 4 g leaf tissues with 12 ml of 

cold 0.2 M sodium phosphate buffer (pH 6.1). The activity of lAA-oxidase was assayed 

following the method of Gordon and Weber (1951) as modified by Ramadas et al., 

(1968). The reaction mixture contained 1 ml (1 mM) of 2,4-dichlorophenol, 1 ml MnCb 

(1 mM), 6 ml of 0.03 M sodium citrate buffer (pH 4.5) and 1 ml of the enzyme extract. 

This was incubated for 50 min at 35°C temperature and then the reaction was stopped by 

pouring 1 ml of 20% perchloroic acid (HCIO4) to the reaction mixture. One ml of the 
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assay mixture was reacted with 3 ml of Salkowski reagent (50 ml 35% HCIO4 + 1 ml 

0.5N FeCls), and the reading was taken at 525 nm in a spectrophotometer. 

In each case of enzyme assay, value at zero time was taken as blank, and the 

activity of each enzyme was expressed as ̂  A x Tv)/(t x v), where A A is the absorbance 

of the sample after incubation minus the absorbance at zero time, Tv is the total volume 

of the filtrate, t is the time (min) of incubation with substrate and v is the total volume of 

the filtrate taken for incubation (Pick and Qualset, 1975). 

Protease : Extraction procedure of this enzyme was the same as that of catalase except 

that the pH of the buffer solution used was 6.5. Protease activity was measured by 

incubating the reaction mixture consisting of 1 ml enzyme extract, 0.1 ml MgS04, 7H2O 

(0.1 M) and 1 ml BSA (0.5 mg/ml, dissolved in distilled water) for 1 h at 37°C followed 

by adding 1 ml 50% trichloroacetic acid (TCA) and subsequent analysis of residual 

protein by Folin-phenol reagent (Lowry et ah, 1951). This assay procedure was 

followed as per the method of Biswas and Choudhuri (1978). 

Analyses of days to attain important developmental stages : After accelerated ageing 

treatment of sunflower seeds for 0 and 30 days plants \yere raised in the experiment field. 

Number of days required for the inception of important developmental stages (viz., 

radicle emergence, leaf emergence, head initiation, ray floret opening, 50% floret 

opening, 100% floret opening, head yellowing and harvest) in the life cycle of the dwarf 

sunflower plant was recorded mostly from the field grown plants. The data on radicle 

emergence, however, was recorded from the germinating sunflower seeds under 

laboratory condition. This result was also compiled from the average data of three 

consecutive years (1991, 1992 and 1993). 

Analyses of yield attributes : Yield attributes of plants, raised from accelerated aged 

and nonaged seeds, recorded include : head diameter, total seed weight per plant (g), 

percentage filled seeds per plant, 1000 seed weight per plant and percentage seed oil. 

Seed oil of sunflower was analysed using the peripheral seeds of the capitulum with the 
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help of a Soxhlet apparatus and extraction and estimation of percentage seed oil was done 

following the method of Bhattacharjee (1984). The yield data presented in the result 

section of this dissertation were the average results of three consecutive years (1991, 

1992 and 1993). 

rv. Effect of accelerated ageing (0 and 30 days) of sunflower seeds, pretreated 

with Na-dikegulac and PEG-induced water stress treatment on germination 

behaviour, seedling growth and metabolism of plants. 

Experimental conditions and seed pretreatments 

In this experiment, like experiment No. HI, sunflower seeds were pretreated with 

aqueous solutions of Na-dikegulac (1000, 2000 and 4000 |ig/ml) oif distilled water and 

subsequently allowed to experience accelerated ageing treatment (95% RH and 19±1°C) 

for 0 and 30 days. After the stipulated period of seed ageing, seed lots of each treatment 

were treated with polyethylene glycol (PEG-6000) solution at -1.0 MPa for 48h in cold 

condition (5°C, to prevent onset of seed germination) (Maity et al, 1999). From the 

stress-induced seeds percentage seed germination and T50 of germination were recorded. 

In a separate experiment, four groups of 10 seeds i.e. 40 seeds of each treatment 

from the seed lots which had undergone 0 and 30 days accelerated ageing were grown in 

separate Petri dishes containing sufficiently moistened mixture of sand and saw dust 

(1:1). Seven-day-old uniformly grown seedlings of each treatment were carefully 

uprooted and then subjected to water deficit stress for 48 hours by inamersing the tender 

root system in PEG-6000 solution at -1.0 MPa. Root system of seedlings immersed in 

distilled water (water potential 0 MPa) served as control set (nonstressed). Stressed and 

nonstressed seedlings were then grown in separate plastic trays containing sand and saw 

dust (1:1). Data on seedling growth (recorded in terms of height and dry matter of 

seedlings) and metabolism (recorded in terms of chlorophyll and protein contents as well 

as catalase and superoxide dismutase activities) were recorded from 15-day-old seedlings 

which experienced or did not experience stress treatment. 

56 



Percentage seed germination and T50 of germination : Method for recording of 

percentage seed germination has already been mentioned. The time for 50% germination 

of seeds (T50) was determined following the method described by Coolbear et al., 

(1984). 

Seedling height and dry matter : These two growth parameters were recorded from 10 

uniformly grown 15 day-old-seedlings which underwent stress as well as accelerated 

ageing treatment. Dry matter content was analysed by oven drying method (Bhattacharjee 

and Gupta, 1984). 

Chlorophyll, protein, catalase and superoxide dismutase : Methods for extraction and 

estimation of these biochemical parameters have already been described. 

Statistical analysis: 

All the data recorded in this investigation were statistically analysed at the 

treatment and replication levels (Panse and Sukhatirie, 1967). In tables, LSD (Least 

significant difference) values (at 5% level) and in figures SEM (standard error of mean) 

values were incorporated. 
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