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Attempts were made to find out if it was necessary to repeat the
operations once a month to control thrips effectively. Treatments once
in two months with -nicotine sulphate and. Gammexane were tried and
compared with trestments once a month. The object of the trial was
[to reduce the cost of operations without loss of efficacy. Such attempts
proved unwise, The yield was reduced when the intervals between
operations were prolonged beyond a month. The loss thus caused was
more than the saving in the cost of treatments,

The experiments detailed so far go to show that Gammexane D-025
as a dust and nicotine sulphate 0'05% as a spray are quite effective
in controlling thrips. Tata’s Torch Brand DDT 0-25% is in the trial stage
against cardamom thrips, This insecticide is promising, but final
-conclusions.can be drawn only after completing the experiments now in
“progress, '

The authors feel it a pleasure to acknowledge the waluable work
done by their predecessors in the Cardamom Scheme in the campaign
egainst this serious pest on cardamoms,
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Testing Seed Viability by Chemical Means
(A biochemical method of tesling seeds for germinabilily )

By

T. B. NARAYANAN and 8. LAKSHMANAN,
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Agricultural College and Research Institate, Coimbatore.

Intreduction: The standard method of testing the germination
capacity of seeds is by germinating 100 seeds in either moist sand or
blotting paper and counting the number that actually germinates, There
are however two drawbacks in this method. One is that a poriod of
4 to 10 days is often needed to get the full count of seeds that germinote
ont of every 100 that are kept; the actual nnmber of days required being
difierent for different erops. The other is that in the ease of certain erops
and varieties, the seeds seom 10 have a period of “after-ripening” or
dormant stage, during which the géermination is poor and oftfen nil. iIn
such cases, the ordinary germination tests become inconclusive and
valueless, '
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In recent times various attempts have been made 0" assese. geed
viability more rapidly without having to use the ordinary . germination
tests. Organic dyes like methylene blue and indigo carmine have been
tried, where dead seeds get stained and live ones remain unecoloured, and
also various salts of selenium and tellurium and chemicals like dinitro-
benzene and 2, 3, 5 triphenyl - tetrazolium chloride and bromide, where
viable seeds get stained and non - viable ones remain uncnlﬂumd

The use of such chemicals for rapid assessment of seed viabillity
has progressed considerably in recent ycars and the present paper is an
account of tests made to see how far the chemical 2, 3, 5 triphenyl-
tetrazolium chloride would prove useful in assessing . the viability of some
important grains and seeds,

Previous work and literature: The earliest record that is available
of the use of a chemical for detecting seed wviability is in 1876, when
Dimitriewicz observed, on applying sul_.phurm acid to cut sections of grarm
seeds, that a deep rose colour developed in viable seeds within 2-
minutes, while in poor seeds the colour appeared only after 15 m_u:lutes
Loew and Bokorny (1882) used a very dilute solutign. of iLlLa.hne silver
nitrate for the same purpose and Molisch (1918) used silver sulp]mte
solution. Lesage (1922) reported that wviability could be tested within
four hours by soaking seeds of Lepidium sativum in certain concentrations
of potassium hydroxide. Attempts have also been made to utilise the
relationship between germinative capacity and the respiratory activity of
grains (Qvam, 1906) and by measuring the amoult of heat given off by the
seeds under conditions favourable for germination (Darsie et al, 1914:]
but these methods have the drawback that some- special equipment is
needed, for measuring respiration and temperature variations, Electrical
methods were tried ont by Waller (1901) and Fraser (1916) who found
that “ blaze current " response of seeds could be used as an indication of
viahility. ’

Fick and Hubbard (1926) reported that a correlation existed
between seed viability and electrical conductivity. Besides these, a
number of workers have attempted to make use of the activity of various
enzymes and especially of catalase in seeds, as there was always a good
deal of cavalase activity when there was vitality in seeds. But these
attempts were not in general very successful as tests of seed viability,
dae to the fact that dead seeds also contain catalase. '

Another line of study was the effect of organic dyes on seeds, as for
example, indigo carmine (Neljubow, 1925) which are capable of staining
dead tissue, but do not penctrate living tissue. The chief difficulty in
this method is that for each species the relation between the - intensity of
staining and germinative capacity has to be worked out separately
(Mirov, 1936). Thus Sakata {1933} fonnd that when . the soaking period
was too long in indigo carmine, even viable sceds got stained.
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{}ther chemicals like para and ortho - dinitrobenzene have the
property of getting reduced through the respiratory activity of living cells,
into compounds that develop a characteristic colour reaction in the
prosence of ammonia (Gurewitsch 1935, Weise, 1937, and Dobrokhotoy,
1937).

Even bacteria have been pressed into service for testing seed
viability. .Thus Scheurlen (Ref. Eidman 1936) is reported to have found
that anthrax bacteria were able to reduce selenium and tellurium salts to’
form - the free elements which could be readily distinguished by their
colour reactions.

Sakata (1933) and Hasegawa (1935) reported satisfactory results
with selenium and tellurium_compounds on seeds of Japanese Cedar,
cypress and pine, but Eidmann (1938) found that tho selenium salts were
more satisfactory. The selenium method was later modified and
improved by Johnson (1947), as Hao (1939) pointed out that the selenium
reaction was dependent on a number of factors such as respiration rate,
temperature and sulphur content of seeds. Tlemion (1936, 1938, 1941)
found that a quicker assessment of viability was possible, by excising the
embryos (peach, apple, pear, hawthorn ete.) and germinating them in
moist peat moss or on moist filter pap&r in petri-dishes at room

temperatures,

The chemical 2, 3, 5 triphenyl - tetrazolium chloride was synthesised
(Pechmann and Runge) as long as 1894, but it was not until 1940, when
Kubn and Jorchel prepared & number of “tetrazolium salts that its
usefulness as an indicator of germinability was realised. Since then, a
number of workers (Cottrell, 1947, Porter et al 1947, Dufrenoy and Pratt
1048, Goodsell, 1948 and Hyde 1949) have tested this compound and
reported on its utility as an indicator for seed wiability. The salt is
colourless in agqueous solution, but in confiact with soaked sceds, it gets
reduced phytochemically to the insoluble, réd (or carmine -coloured)
triphenyl-formazan (Dufrenoy and Pratt). Micrescopical examination of
longitudinal freehand sections showed that the precipifate form (which
indicates reducing activity) was localised at the sites of plasmodesmata
and in lipidie parts of the cytoplasm, It was also observed that many
sther viable materials, in addition to sceds and yeast will reduce this
chemiecal to give the staining reaction, at pH. 69 ; such as the fleshy parts
of apples, oranges, white and sweet potatoes ; young leaves: the stigmas
and ovaries of certain pollinated flowers ; bull sperm and the hlastoderm
of hens' eggs (Matteon et al, 1947).

Maferial and Methods: A representative colleclion of secede of
importent émps was first obtained, to serve ns material for testing ont the
method, and 2, 3, 5 -triphenyl - tetrazolivm  ehloride was fried in various
concentrations and soaking periods, following preliminary presoaking in
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distilled water. The effeet of light and darkness on the qhﬁn"iﬂgrmﬂpuﬁﬂrs
of different seeds was alsa studied and the effect. of dehusking: the seed;
particularly in paddy was also Hﬂught to he determined

The gencral method was as follows: A Lunaiﬂnt number -of seeds
was tiken and soaked in distilled water for a specific period and t.hﬁn kept
immersed in difflerent strengths of the reagent 2, 3,5 ‘l'ul‘l'pl]ﬁﬂ}"l tﬁtra.zuhum
chloride for a definite number of hours, six or eight hours as the case may
be, according to the schedule of treatmenis drawn up lmfr}reh&nd At
the end of the period, the seeds were taken out and examined, where
nceessary under a hand lens or dissecting microscope, after longitudinal
bisection, to note the depth of red colouration developed: .The pereentage
of vmh:hi;y thus obtained was compared in each - case, _with actual
germination tests that were started at the same tmm a8 1;113 faﬁr&zulmm
treatments.

The details of crop seeds and the treatments tried are given below :
(a) - Seeds

(i) Paddy - Varieties G. E. B. 24, Co. 3, 4, 10, 13, 25, 26, AKP, 3,4.8;
ADT 2, MTU. 7, 18, PTB, 10
(ii) Millets - Sorghum Co. 1, 2, 3, 5
Cumbu Co. 1,3
Ragi Co. 1,2
Tenai  Co. L. _ -

(iii) Pualses - Redgram No. 37, Greengram No. 62, _Blal-ukgrz}m_ﬂa. 212,
Cowpea No. C. 57

(iv) Oilseeds - Groundnut TMV. 1, 2, 3
Gingelly TMV. 1, 2, 3

(v) Cotton-MU. 1, No, 4433

(b) Treatments:
(i) Concentrations - 10, 20, 50, 100, 200, 500, 1000 parts per million and
0-1¢4, 0:29%, ﬂu‘}{,, 1:0%
(ii) Huaking-Pniidy-lntact; . Cotton - intact
v dehusked: - ,, ‘testa reméx'eﬂ._;
(iv) Soaked - (1) dry seed treated with chemical

{2} Soaked in distilled water for 1 hour before treatment
in chemieal

(3) Boaked in distilled water for 2 hr.:-ura 4 huum
(4) Sonked in distilled watér for 16 hours

(v) Light x Darkness,
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.Results : The results are presented in detail ‘in t-a,hlaﬂ in the
. Appendix and summarised below : -

- The chemical is capable of gwmg an index of viability which

]E ¢losa]y s:m.ﬂar to what can be determmnd by ordinary germination
tests, -

2. This result can be achieved more speedily than by ordinary.
germination, i. e., 24 hours’ time as against fcur to ten days’ time by
ordinary methmis ' '

_ 3. The percentage of wviability as indicated by the reagent is
nearly always lower by about 3 to 4%, than the percentage obtained by
straight germination tests, This can be considered as an advantage, as
it gives a safer estimate in assessing the viability of seeds of improved
strains that are intended for distribution {o farmers.

4. Dehusking the seeds, especially in paddy, gives a higher
percentage of stained seeds and lower concentrations of the reagent are
sufficient, but dehusking does not seem to be essential to secure a reliable
index of viability, exceptin the case of dormant varieties as in Co. 3 in
paddy and in the case of cotton. This again may be considered as an
advantage, since, if dehusking had really been necessary for a correct
assessment of viability in all seeds by this chemical, the method would be
too tedious for general adoption.

Further work is however, needed to settle the point whether
dehusking is essential for certain crop seeds and especially dormant seeds
i. e., seeds that need a certain period of *after - ripening ”’ before they
germinate,

5. The optimum soaking period in the chemical would be 8§
hours, after a preliminary soaking in distilled water. Six hours in the
reagent is also sufficient in some cases, Dut taken as a whole, an eight-
hour period is preferable as a general rule.

6. Soaking in the reagent for 24 hours, as was suggested by
some previous workers does not appear to be necessary, but a preliminary
soaking in water is necessary.

7.. Tests were also earried out to'sce if there is any difierence in
response betireen seeds kept in the dark and those kept in light, after
treatment with the reagent. No difference was perceptible in tho
gtaining response and it may therefore be concluded that seed treatmont
with triphenyl tetrazolium chloride may be done in ordinary light without
any extra precantions to ensure darkness,
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8. A certain amount of varietal diflerence apypenrs to-exist, at
least in paddy, in the staining response to tetrazolium chloride. * This
aspéct nceds further study on a more exhaustive basis, to assess the extent
of these wvarietal differences in various crops and decide how far it is
related to dormancy and how far such differences could be avoided or
overcome,

9, In view of the high cost of the chemical, nuiﬁely R, 21—8—0
for 5 grams, further work is also desirable to find out means of fmﬁurmg a
reliable viability index with lower concentrations of the GI‘IEI]I-I.G"I.-]. than the
0'5% and 19 that are now found necessary. The use of some other
chemicals, acids or oxidation-reduction reagents as adjuvants and the
use of different temperatures are also possibilities that deserve exploration.

Discussion: The potentialitics of tetrazolium salt as a reagent for
testing viability in living tissues in general, are sufficiently promising to
- deserve a fuller investigation. The work of Mattson et al (1947) das shown
that the enzyme systems responsible for the reduction of tetrazolivm salts
are present in a wide variety of living tissucs. Thus Dufrenoy and Pratt
(1948) utilised the reagent for testing the wviability of sugarcane culms,
Lakon soaked the seed for several hours in water to initiate the
germination process and bisected the sced longitudinally and then treated
with 19 tetrazolium for 2 to 10 houxs in the dark at room temijemt.ure
Porter and his co-workers soaked rice grains in water for 16 honurs, then
bisected them longitudinally and treated them with 1% tetrazolium
in the dark for 4 hours, A large variety of grains was tested viz., corn,
- wheat, barly, oats, rice, r;nrghum, cotton, legumes, soybean, pea; buckwheat
and bahie grass ; using different concentrations %, 1 and 2% and different
periods of soaking in the reagent. They coneluded that the method was
likely to prove useful in physiological experiments, although it was not
found to be entirely dependable in the case of legumes and in sorghum,
The sectioning method adopted both by Lakon and Cottrell involves
considerable time and labour and in the light of subsequent work does not
seem to be quite essential, Similarly it is not also necessary to keep the
treated seeds in the dark, to get staining reactions cumpmmh]e to actual
germination tests,

Dehusking was recommended by L. Venkataratnam ' (1951) as
necessary in rice and particularly in the case of rice varieties that have
an appreciable dormant period ; this aspect requires a fuller investigation
before definite conclusions can be made regarding its necessity. In view
of the time and labour involved in dehusking the seed without injuring
the embryos it seems advisable to explore methods where dehusking can be
omitted even in the case of dormant varieties where it is how considered
to be necessary. Further work is #lso needed to settle the limits of
reliability of the tetrazolium method. Thus Goodsell (1948) found the
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‘method unreliable when applied to immature maize seed which had been
exposed to frost and Porter et al (1947) found that this method needed
opbsidemble modification when used for Paspalum notatum.

' Summary and Conclusions: The results of tests made on represen-
tative collection of crop seeds, namely rice, millets, pulses, oilseeds and
cottou with the chemical 2, 8, 5-triphenyl-tetrazolium chloride are
presented and discussed.

The use -of this chemical is helpful is assessing seed viability more
expeditiously than by the ordinary germination tests.

The lines along which further study is needed to make the fullest
use of the potentialities of the chemical as a test reagent for wviability in
living tissues are briefly indicated.

REFERENCES
1. Cottrell, X, J. 1947 Tetrazolium ealt as a seed germination
indicator; Nature, 159, p. 748,
2. Ibid 1058 Ann. App. Biol., 35, 123.
3. Darsie, M. L., 1014 A study of the germinating power of sceds,
Elliot C, & G. J. Bot. Gaz. 58, 101—100.

Pierce,

4. Dimitriewicz, N. 1876 Inaug. Diss, Leipzig. pp. 34 (Refce: Contrib.
Boyce Thom Inst. (1938) 9, p. 349.)

5. Dobrokbotov, V. N,, 1937 Plant Breeding Abstracts 7, (2) 543. (Refce)
Dufrenoy J. & 1948 Histo - physiological localization of the site

Pratt R. of reducing activity in stalks of sugarcane.
Amer, Jour. Bot. 35, 333. .

=1

Eidmann, F. L. 1938 ‘Soclenite’ teatf for seed viability, Ref. Chem.
. Abs. 32, 5029, 8012,

§. Eidmanp, F. E. - 1938 A new biochemical method of evaluating the
sowing value of secds. Proe. Intern. Seed
Testing Assoc. 10, p. 203—S.

9. Enders, C. 1839 Evalustion of Barley and Malt. Refce. Chom.
Ab. 33, 9535.

10. TFieck, C. L. and 1926 A method for determining secd viability by

' Hibberd, R. P. oloctrical conduetivity measuroments. Paper

Alichignn Acad. Science, Arts and Laotters,
5 (1925) 95—103.

11. Flemion, F. 1936 A rapid method for determining the germi-
nating power of peach sceds. Contrib. Boyce
Thom Inst. 8, 250203,

12, Flemion, I.- 1938 Ibid. 9, 350—01.

13. Tlomion, I'. 141 TIhid. 11, 445—04.

11. Ilemion & Poole 1045 Contrib, Boyee Thom lnst, 15, 243.—48,



298

15.

16.

17.

18,

19.

21.

22,

23.

27.

28,
29,

a0.

31,

33-

The Madras Agricullural Jouinal,

Frasor, M. T.

Goodaell, 5. I7
H_yd.ﬁ.. I, Q. U'l-

Hao Kin - Shin
Hasogawa, K,

Johnaon, L. P. V.

Kuhn, B. & Jorchel

Lakon, G.
Leggatt, C. W,

Lesapge, P.

Loew & Bokorny

Mattson, A. M.

Jensen, Co &
Dateher, IR, A,

AMohs, K. &
Tornov, E.

Muli.ﬂuh

Pechmann & Runge

Porter, R. H.
Darrell, M. &
Romm, H. J.

Qvﬂm' D-

Ratnam, L. V. _

Ratovsky. R.

Bakata, T,

1916

_1943

1049

1030
1936

1047

1941

1939

1938

1922

1882

1947

1840

1618

1804

1937

1006

1851

1939

B33

Parallo]l tests of saeds by gﬁrmmn‘bmh ‘wnd by
alectrical response:  AnniBob.. 3[I IE’I-E;
Triphenyl fetrazolium chln:ndu fnr vm'l::t[ty
dotormination of frozen seed’ sorn. :Imn-. A,
Soc. Agron. 40, 432-42 -

Methods for debtermuung  wuu viswiouy: o
various geeds by tetrazolium atrnql:ung, New
“Zealand Jﬂur Bei. Tech. 31 P H-—-El.'l

Zeitschrift I- orest Jagdwesen, 71, 141—260,°
{Rof. Boyes Thom 11, p. 464) =

On a mothod of dnterminiﬁ'g aeed vitality by
a certain reagont; Jap. Jour. Botany 3, p. 1.

Embryonic reaction to noﬂmm bigelenite as o
test of seed vitality; J. Amer. Soc. Agron.
39, 438,

Ber. Dteh, Chem. Ges. 74, 949—51. (Refce.
Mattson - et -nl, 1947.)

The disappearance of germination capacity in
geeds with epecinl referenco to rerenls. Ref,
Herbage. Abatr, (1940) Sep. p. 246.

-A further note on catalnse activity as =

measure of sead viability ; Canad. Jour. Res.
9, 571—573.

Compt. Rend, Acad. _Seci. {E‘jariaj 174, 766, 7
Refce. Boyce Thom. Inst. 8, p. 350,

Refee. in Hasogawa Jap. Jour. Bot. 8, p. 1.

Triphenyl tetrazolium {-h!nndﬂ a8 A dya for
vital tiesues. Science 106, 204—5,

Germination energy and solenjum’ reductior
(Abst.) Jour. Soe. Chem. Ind. 59, 483 B.

Reice in Jep. Jour. Bot. 8, p, 1

Ber. Dtsch., Chem. Ges, 27, 2020, (Rofeo.
Mattson, 1947)

The uvse of .2. 3. 5- - triphenyl - tetrazolium
chloride as & measare of seed germmah:hty
Pl. Physiol, 22. 140—59, _

Jehresber, Vercin f. Aungen. Bot. 4, 70—87.
Refee. Boyce Thom. Inst..9, 351.

Seod viability test with 2, 3, &- triphenyl -
tetrazolium chloride. Mndrns Agrl. Jounr. 3B,
b. p. 248—251.

The Bt:mulnt-mn of the germinaetion of ﬂaadn
by uranyl nitrate, Biol. Abs. 21, 15584.

The use of chemicals to determine the viability

_ of seeds, - Seed. World 33, pl. 04,



f

_aib.
a7,

A5,

Pesiing Sced Viability by Chemical Means 299

i ﬂnman, B.

Thomas, B.
Waller, A. D

Waugh, T. D.

1938

1940
1801

1948

s Splanite*" test for seed wiability. Chem.

Abs, 32, 8012,
Ibid. 34, 1754,

An attempt to estimate the vitality: of seeds
by an electrical method. Proe. Roy. Soc,

{(Lond) B. 68, 79, 02,
Scionce 107, p. 275,

APPENDIX.
TABLE I

Experiment to determine if presoaking in water is needed, before
tetrazolium tregtment. '

Dry seeds soaked in

19 Tetrazolium

Treatments 16 hours
in water <= 8 -hours

Control -

chloride . in 19}, Tetrazolium
for 16 hours chloride
‘Paddy - .
' AKP 3 4%, 92 (in 0°5%) 5%,
AEP 4 Wil. 90 (in 0-5395) 100
AEP & 12 86 100
AEKP 8 4 96 (in 0-59%) 100
ADT 2 4 a6 Tuy
Co 3 4 44 100
Co 4 4 80 (in 0'5%) 100
Co 10 8 06 100
Co- 13 4 g0 IIU'EI
Co 25 4 90 - he
Co 26 8 a6 o8
GEEBR 24 3 o0 a6
‘Ragi z
Co 1 40 a6 100
Co 2 78 a5 94
Gingelly : .
™MV 1] 30 78 HTH
T™V 2 a8 11 59
TMV i 24 92 Hili]
Cumilae 2
Co 1 B2 04 Uy
Ca 1 a0 2 e

D2 (0,569)
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Uonclusion : Progoaking of the seeds in distilled wator is noceasary, . to give
rolinble staining by subseguent soaking in totraxolium chloride golution

-

Note ; IIu this table as well as in those that follow, the figures given _represent

: poreentages of sead-vinbility as indicated either by sctual germination in- the
case of ** Control' or by the numbor of sceds that' develop the carming
rod strain after treatment in tetrazolium chlorids, e '

TABLE IL

Experiment to deteymine the presonking peried in water- that is necessary
before tetrazolinm treatment:

Concentrations of triphenyl tﬂti-agqlium Eh!orida
10 20 50 100 200 500 1000 ppm= -. ;o ]
ppm ppm ppm ppm ppm- ppm-(1°0%) 0:2% 0:6% 109 Control

Paddy ; GERB 24 ;
(1) Dry seed in -
tetrapzelinm for Nil - Nil Nil Nil XNil il 2 4 G 8 el
8 hours.

{2) D. Weater 16 _ .
hours -+ tetrm- 24 28 . 40 76 23 932 <02 a6 95 G40 6%
zolinm 8 hours. :

Ood:

(1) D. Water 1 . ’ ' '

hour <4 tetra- Nil Nil Wil Nil Hil (i} a4 98 18 12 1009%
zolinm 8 hours,

{2) D. Water 2 .
hours -+ tetra- Nil Wil MNil HNil il 4 10 10 20
znllium & hours.

{3) D, Water 16 . ' :
houre -+ tetre- 8§ .20 26 G8 70 82 38 o0 90 36 1009
zolium 1 hour.

[

-100%,

Conclusion): A preliminary soaking in water for 16 houre followed by 8 hours
in 0'5 or 1'0%, solution of the reagent is best.

TABLE III (a) and (b)

Optimum concentration of Tetrazolium Chloride, for Paddy.

(The graina are sonked first in distilled water for 16 hours and then in the
reagent for 8§ heurs and examined for red stajning.) ’

(a) With Husk.

' _ Control”
G“ﬁgﬁ“;;“' 10 20 60 100 200 600 1000 02 05 - 10 Germina-

reagont ppm ppm ppm ppm ppm “ppm ppm . % % 9% tion per-
- ' T centage)

Strains , _ : .
1. GEB 24 24 28 40 7 92 092 06 08 96 . 90 96%

‘2, ADT 2 46 . 50 56 82 86 94 904 94 96 96 _!uufraa

&

IR M
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TABLE II1 (&) and (b)
Optimum concentration of Tetrazolium Chloride, for Paddy.

(a) With Husk.

b .

““ngl“z;“' 10 20 50 100 200 500 1000 02 05 10 ??;‘L?EEL.

reagent PPm ppm ppm ppm ppm ppm{ :ﬁr]n%} 70 % % E::tf“'

ge)

3.Co 3 44 40 44 44 46 44 58 48 58 44 100

4, Co 4 8- 20 26 6 76 82 8 50 00 36 100

5. Co 10 S84 100 100 08 94 985 100 100 96 96 100
6. Co 13 20 920 93 ° 96 98 94 96. 98 100 96 100

7. 0o 25 18 20 40 50 74 84 82 Y2 "84 a0 a6
8. Co 26 94 04 . 94 06 94 100 100 100 96 96 08

0, AKP 3 14 40 900 98 100 86 78 88 92 §2 98
10, AEP 4 4 2 14 4 16 34 74 T2 80 72 100 -
11. AKP 5 20 8 24 20 44 58 T4 70 84 B6 100
12, AKP 8 40 42 HE ! 46 66 80 51 G0 96 88 100
13, MTU 7 4 4 34 50 100 90 98 100 86 90 100
14, MTU § 40 40 40 50 -66 80 72 92 92 84 100
16. PTB 10 18 26

36 40 GG 88 100 84 a3 84 100

(b) Without Husk.

10 20 50 100 200 G600 1000 02 05 10 .
PPm Pppm Ppm ppm ppm ppm ppm % Y% %

GEB 24 68 70 70 80 a0 94 92 06 06 96 100
ADT 2 54 G4 60 52 02 a6 96 04 100 96 100
Co 3 100 100 100 100 100 100 100 100 100 100 100
Co 4 80 o2z 92 72 06 96 96 94 88 90 100
Co 10 28 © 24 66 76 820 80 n4 88 92 06 a8
Co 13 14 14 73 90 94 04 88 04 96 9 100
Co 25 42 20 50 62 74 90 96 100 82 88 100
Co 26 86 30 60 64 70 86 90 %0 as 90 100
. AKP 3 04 28 Bu 80 g2 01 88 a4 94 100 100
10. AKP 4 8 e -20 6 20 40 a2 78 88 72 100
11, AEP & 24 G 28 20 66 70 80 B4 84 90 100
12, AKP 8 52 48 72 6% 78 8 08 02 96 88 100

T

8

ERAP PP @K

15. MTU 10 16 48 86 88 88 BS 80 94 9% 100

14, MTT 4 8 40 oo 72 74 76 76 88 &4 100
6. PTE 10 . 20 30 44 40 SO 100 100 100 88 160

Conclusions: (1) The optimum concontration i.e. the minimuom etrongth cf
the reagoent that gives the nearest approach to the ordinary germinntion test, liee
betweecn 0°2 and 0-5 per cent.

{2) Dehusking the grains beforo treating with tetrazolium chloride does
not eeem to be necessary ; oxeept probably in varietics thot have a dorroant period
after harvest e.p. Co. 3. In Co 10, deohusking bas not improved the percontage of
staining.

() The perminative capacity indicatod hy the rongont is nearly always
lower than in direct permination tosts, by nbout 3-4 per gent,
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