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Steda of the fallowing varietie • of ragi wort uaed 
for tht present investigation i
(1) Indaf-1 (2) Indaf-8 (3) Indaf-10 (4) Indaf-11 
(5) Puma (6) PH-202 (?) HH-374 (8) 4NH-981-1
(9) HBP 7-6 (10) CO-7 and (11) CO-11.
Tht at sttds ware obtalntd through tht courtesy of diffarant 
agricultural rtatareh atationa in India.

2*

A. Gemination Studies

Ha a 1 thy attda of ragi wtrt aortad out w»d aurfaca 
sterilised with 0.1 % HgCl2 aolution for 5 minutes. Aftar 
8 minutes of soaking in HgCl2 aolution, tht attda wtrt waahtd 
thoroughly and air dritd. Twanty fivt attda wtrt kspt in 
atarilitad pettidiahes for gemination ovtr Whatman No.l 
filtar paper. Tht filter paper waa moistened with 18 ml of 
diatilled water. The exparinant waa carried out (in tripli- 
oato) at 28°C in gemination eh taker for 120 houra (8 daya). 
Tht taergtnet of radicle froa aeed coat waa acknowledged aa a 
criterion for gamin at ion counts.

In order to have a prtliainary idea about the aetaboliea 
ofoo ragi attda during gemination at different atagea of 
germination the analysis of attdlingt wtrt aadt with rtaptet 
to meiatwre pare ant age, aoluhle sugars and ansymea like
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a-any1as*, acid phosphatase, alkaline phosphatase, 
dehydrogenase, peroxidase and catalase, Tha noisture 
percentage was detemined by subjecting a known anount (wt,) 
of saadXiny to high teaperature (60°C) in ovan until a 
constant weight is obtained and noticing the difference in 
those weights,

Tha soluble sugars in tha acid hydxolisod alcohol extract 
of seedling ware datarainad by following tha aethed of Nelson 
(1944).

For tha study of enxyae a-amylase (EC.3,2.1,1) a aodified 
blue value aethed of Katsuai and Fukuhara (1909) was fellswed. 
For this 0,9 9 of diffaroat stages of geminating seeds wore 
crushed in a chilled aertar with pestle in 10 al cold acetate 
buffer (pH 9) and filtered through four layers of cheese cloth. 
The filterate was centrifuged at 10,000 g for 20 ainutes and 
the supernatant was used as the enzyao source. Two sots of 
aixtures were prepared one serving as *0* ala. control and 
the other serving as reaction aixture. One al of acetate 
buffer (pH 5) and one al of enzyao solution were nixed in a 
test tube. After a 10 ainutes of equilibration period one al 
of ,2 % aayloze solution (200 ag of aaylose were dissolved in 
4 al of l N NaGH and kept in a refrigerator over night to 
dissolve eoapieteiy. Then it was diluted to 80 al with 
distilled water and adjusted to pH 7,9 with 1 N acetic acid 
and brought to a final volume of 100 al with the addition of 
distilled water) was added. The reaction in control (*§* ain)
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set was terminated immediately following the addition of 
subttrata by adding 10 *1 of 0,5 N aeatic acid. Tha roaction 
mixture in othar sat was shakan for exactly 30 minutes and 
aftar this pariod tha reaction was tarainatad by adding 10 ml 
of 0,3 N acatie acid, Ona ml of aaeh reaction mixture was 
sampled and mixed with 10 ml of IgKI solution. Tha O.D. of 
tha solution was read at TOO nm against IjKI solution used as 
blank. Tha enzyme activity was expressed as change in O.D./ 
mln»/g fresh wt.

For tha study of enzyme acid phosphatase (BC 3.1.3.2) tha 
method was adapted from the procedure described by Da Leo and 
Sacher (1970) and McLachlan (1930). For the same, 0.5 g ef 
seedling tissues were macerated by grinding in cold acetate 
buffer (pH 3) in an ice cooled glass mortar and pestle. The 
resulting suspension was filtered through four layers of choose 
cloth and the filtrate was centrifuged at 10,000 g. A suitable 
aliquot of the supernatant was used in the assay. The assay 
mixture used was contained 3 ml of P-nitrophenyl phosphate 
(0.1 mg P-nitrophenyl phosphate/ ml of acetate buffer pH 5),
2 ml of acetate buffer (pH 5) and 1 ml of enzyme. The reaction 
took place at room temparature for 30 minutee and was stopped 
by the addition of 1.5 ml of 1.63 N NaQH. Tha reaction 
terminated immediately (0 Min) served as control. The optical

densities of the developed colour were determined at 420 nm.
The enzyme activity is expressed as change in optical deneity/ 
hr/g fresh wt.
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The tetraxolium method of Kittoeh si jJL» *(1968) was 
followed for tho estimation of dehydrogenase (l.C.1.1.1.*) In 
tha different stagas of ragi toad germination. 50 embryos were

carafully isolatod from aaadllng* of dlffarant stagas with tha 
halp of forcep* and naadXa. Than tha embryos wara ineubatad 
for 4 hours in 0.2 % 2-3-5 triphanyl tstrazollum chloride, 
solution in dark. Aftar this tha embryos wara washad wall 
with distilXad wator, surfaea driad and eovarad with 5 aX of 
2-methoxy athanoX for axtraction of tha rad oolaurad formazon. 
Tha optical dansity of tha coloured foraazon was recorded at 
470 na, Tha enzyme activity is expressed as O.D/Seedling.

For the study of enzyme peroxidase the (EC 1.1 ,1.7} the 
method employed was of Machly (1954). Enzyme was extracted in 
cold distilled water by homogenizing 0.5 g of ragi seed, of 
different germination stages in cold mortar with pestle. 
Filtered through moist chaes cloth (fotftt la^ens) and tha 
filtrate was centrifuged at 10,000 g for 20 min and tha 
supernatant used as enzyme source. Enzyme assay mix was 
prepared by adding 2 ml of phosphate buffer (pH 7, 0,1 M),
X ml of guiecol (20 mM) and 1 ml of enzyme. Tha reaction was 

started by the addition of 0.04 ml of H20? (10 mM), Change in 
optical density due to oxidation of guiacol was recorded per 
minute at 470 mm on colorimeter with frequent stirring of the 
reaction mixture with glass rod. Activity of enzyme is 
expressed as change in O.D.min'^g*”^ fresh wt.
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Citilut 2 (EC 1.11.1.6) was studied by following tho 
method of Herberts (1955). For this 0.5 g of difforont stages 
of goruinating soods woro erushod in chilled mortar with pestle 
in 10 *1 of cold distilled water* filtered through four layers 
of cheese doth. The filtrate was centrifuged at 10*000 g for 
20 minutes in refrigerated centrifuge and the supernatant was 
stored at 0°C and used as the enzyme source. The assay 
mixture was prepared by mixing 1 ml of H^O^ (0.045 M) and 1 ml 
of enzyme. Assay mixture was incubated at room temperature for 
1 minute and after that the reaction was terminated by the 
addition of 5 ml of H^SO^ (5 N). Then to this 1 ml of Kl(10pi) 
solution and a drop of Ammonium mollbdata were added. The 
amount of H202 utilized by liberation of iodln was determined 
by titrating the reaction mixture with 0.01 M sodium thio
sulphate using starch indicator. The difference between 0 
and 1 min reaction was used as enzyme activity. For 0 min. 
reaction and blank reaction mixture was the same as in ease 
enzyme assay mixture but for blank without enzyme and for 
0 min. reaction was terminated immediately after or before
the addition of enzyme. Activity of enzyme is expressed at 

—1 —1H202 broken min g of fresh wt.

For the study of enzyae alkaline phosphatase (EC 3.1,3.1) 
the method was adopted from the procedure described by 
Weimberg (1970). For the same 0.5 g of seedlings tissues were 
macerated by grinding in cold Tris-chloride buffer pH 8.0 
containing 1 M KC1* 0.01 M SOTA (sodium salt) (pH 8.0) md 
0.4 % 0 mecraptoethenol in an ice cooled glass mortar md
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pestle. The resulting suspension was filtered through four 
layer cheese cloth and the fllterate was centrifuged at 
10,000 g in refrigerated centrifuge. A suitable aliquot of 
the superlatent was used in assay. The reaction Mixture 
contained 1 il 0.1 M trichloride buffer pH (7.5), 0.1 ad 
of 0.05 M MgCl2# 1.7 ml H^O, 0.2 ml enzyme extract, and 
0.1 ml 0,02 M o-nitrophenylphosphate. The reaction was 
incubated for 30 minutes at room temperature. The optical 
densities of the assay mixture were measured at 0 min and 
30 min. at 420 nra. The assay mixture without enzyme served 
as blank. The enzyme activity is expressed as change in 
optical density/ /g fresh wt.,

B. Studies of germination under stress conditions

The influence of various environmental stresses on 
gemination of ragi were studied by imposing different types of 
stress on germinating seeds.

e) Salinity tolerance studies

An extensive work on salt tolerance of rice at Inter
national Rice Research Institute has shown that the salt 
concentrations (0,4 % w/v) gives an SCe of approximately 
8-10 mm hos/em at 25°C and this can be considered as the 
discriminating level of salinity {Ponn amp eruma, 1977). Hence, 
for the present studies this level and a hlghar level 
(15 mm hos/cm) of sodium chloride salinity wore chosen.

Healthy seeds of 11 varieties of ragi were sorted out end 
surface sterilized with O.X % HgCl2 solution for 5 minutes.
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They were washed thoroughly with distlllod water and air 
dried. Twantyfiva saads wara kapt in sterilized petridishas 
for germination ovar Whatman No.l filtar papar. Tha filtar 
papar was moistened with 15 ml of distillad watar (control) 
or salt solution. Tha axpariaant was carriad out (in tri- 
plleata) at 28°C in garaination chamber for 120 hours (5 days). 

Tha aaarganea of radiola froa tha saad coat was aeknowladgad 
as a critaria for germination and germination percentage in 
every treatment was recorded after 24 hours interval. After 
120 hours the seedling growth with respect to root length, 
shoot length, fresh weight and dry weight was recorded and 
statistically analysed by determining standard deviation.

The seeds of ragl variety HA-374 were used for the study 
of the behaviour of enzyme a-amylase, acid phosphatase, 
dehydrogenase, peroxidase and catalase during germination 
under saline conditions. The methods followed for the study 
of those enzymes are essentially similar to those described 
earlier.

b}

For imposing wator (osmotic) stress, polyethylene glycol 
(PS6) with molecular weight 6000 was employed. The osmotic 
potentials - 5 bars and - 10 bars of aquoous solution of PEG 
were selected and these were adjusted according to the method 
described by Michel and Kaufmann (1973), The germination 
studies of eleven ragi varieties were performed as described 
under salinity tolerance.
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The seeds of regi variety HJW374 wax* us ad for studying 
the behaviour of enzymes <*-amylase, acid phosphatase, dehydro

genase, peroxidase and catalass during gamination under water 

stress conditions. For those studies also two osaotic 

potentials (-5 and -10 bare) of PEG ware employed and 

enzymatic studies ware performed according to tha aethods 

described earlier.

c) Boron tolerance studies

For studying the effect of boron od germination and 

varietal responses to boron toxicity, two concentrations of 
boron (25 ppa and 50 ppa) were chosen as recommended and 

practiced by Mehta (1970). Effect of these treatments on 

the developmental pattern of o-aaylase, acid phosphatase, 

dehydrogenase, peroxidase and catalase were also investi

gated. The procedure followed for germination and enzymatic 

studies is essentially similar to that described earlier.

All experiments including enzymatic studies were 

performed in triplicate and mean of three determinations 

were regarded as final results in order to represent them 

graphically.


