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ABSTRACT: Quantification of seed vigour — a very important qualitative chalractel.’, has been.attemp.ted
in this review-cum-reappraisal paper taking into account a number of physiological and bl()cherT\lcal
parameters that are positively or negatively correlated with germinability. Efforts have been made to §c01ie
each of them individually on a scale ranging from 0 to 100 (as with germination percentage) anq .then, if
necessary,combining them into a unified score value for a clear and easy understanding of the ability of a

seed lot to make a predictable stand establishment.

Important negatively correlated vigour parameters
like electrical conductivity of seed-steep water,
leaching of sugars and amino acids from the seed
due to loss of integrity of biomembranes, lipid
peroxidation and emanation of volatile organic
compounds from deteriorating seeds as well as
positively correlated parameters such as activity
of dehydrogenases and amylases, lesser inhibition
of growth of jute seedlings (bioassay material) in
presence of germinating high vigour seed stocks
than with low vigour ones have been taken into
consideration in formulating the vigour scores.

The basic (original) data for the purpose have
been selected from mostly published literature on
clover, cotton, soybean, wheat, mustard, rice,
sunflower and onion from authoritative sources
from abroad as well as from the laboratory of
the author in the University of Calcutta and then
variously transformed before subjecting to
correlation-regression analysis. With germination
percentage as the independent variate (x),
different ways of transformation of the dependent
variate (y) such as reciprocal conversion (dividing
1 by the observed variate), deducting from 1 the
value of observed parameters expressed in

fractions (decimals) less than 1, would convert
negative correlations to positive correlations and
in certain cases significantly minimize the
deviations of the observed values from the
statistical estimates predicted by the regression
equations. In case of positively correlated traits,
necessary conversion to percentage values has
been done by taking the value of a very well
preserved material of the same kind as the
reference or benchmark value (= 100). With the
transformations stated in details in the text it has
thus been possible to mathematically score seed
vigour as percent values such as electrical
conductivity resistance score (ECRS), lipid
peroxidation resistance score (LPRS), volatiles
emfmation resistance score (VERS), sugar leaching
I'ES.lStance score (SLRS), amino acid leaching
res%stance score (ALRS), dehydrogenase enzyme
activity score (DEAS), amylolytic enzyme activity
score (AEAS), jute seedling bioassay score (JSBS),
all with positive scale values ranging from 0 to
100 enabling average or weighted-average
calculations to reach a final score value.

Tbe .incorporation (by multiplication) of
germination factor (GF, obtained by dividing
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germination percentage by 100) has been shown
to further improve the positive correlations
(division by GF in case of negative correlations)
with considerable lowering of the deviations of
observed variate from those predicted by the
regression equations. The coefficients of
determination (r*) multiplied by 100 (i.e. > x 100)
for vigour scores such as ECRS x GF, LPRS x
GF and VERS x GF have gone up to 90-99% in
the different materials showing  vast
improvements in vigour rating that is attributable
to data transformation prior to statistical analysis.

The correlations between germination of
soybean at planting and the individual vigour
scores, ECRS, LPRS, VERS and JSBS, all
multiplied by GF, have been found to be highly
significant, with the coefficients of determination
(%) reaching over 90 % coverage of the residual
variances in case of a number of GF incorporated
vigour ratings, and tentatively a correlative seed
vigour score obtained by multiplying r’ with
mean germination percent (r* x G %) has proved
useful in comparing the aforesaid individual
vigour scores. Interestingly, the correlation with
field emergence is still better and in case of LPRS
x GF vigour rating it is as high as 0.99. The
combination of the aforesaid vigour scores (all
with incorporation of germination factor) that has
been done taking simple arithmetic averages of
the individual scores (combination of 2, 3, and 4
of the above noted four scores), has not given
any additional advantage and all of them, with
minor exceptions, have shown around 95% value
of the coefficient of determination (expressed on
a percent scale) suggestion thereby that a single
or a selected combination of a few scores such
as VERS x GF or JSBS x GF, along with the major
score, ECRS x GF, many give reliable prediction
of field emergence under usual planting
conditions. Most likely, a seed lot with high
vigour rating would do better than those with
lower vigour scores even under relatively stressful

edaphoclimatic conditions.

The present approach, particularly the
technique of data transformation prior to bivariate
correlation-regression analysis, though specifically
made for seed vigour rating, may be useful for
similar correlation-based studies in other fields
of biology as well.
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BACKGROUND

Seed vigour is a vital qualitative character of a
seed lot and is of great importance for successful
establishment of plants in the field especially
under relatively stressful growing conditions. The
issue of seed performance vis-a-vis seed
deterioration and loss of vigour in storage and
its assessment has been receiving a lot of
attention from researchers over a long time as
Id be evident from published literature on

wou

the subject (Heydecke_r”, Heydeckerﬁ}aﬁrz?
Coolbear'?, Coolbear’, McDonald '23'24,
Hamptong'g, Hampton and TeKron%];, Powell™,

Wilson®!, Wilson and McDonald™"™, Dornbos’,
and others), but despite sustained individual,
institutional and organizational efforts no vigour
test has official sanction in terms of inclusion in
the seed testing certificate as an important
parameter of seed quality. Only two vigour tests,
namely the electrical conductivity of the seed-
steep water and the accelerated ageing test are
considered to be of sufficient merit by the
International Seed Testing Association (ISTA) to
be recommended as official but optional tests
(Hampton and TeKronym). Perhaps, in future
more such tests may have to be seriously
considered for acceptance. But more than the tests
themselves, the issue regarding quantification of
test results to serve as vigour scores (vigour
rating) needs critical adjudication in view of the
fact that quite often the tests results are masked
by undue deviations and variances due to
sampling errors, uncontrolled test conditions, etc.
Many of the important vigour test parameters are
negatively correlated with seed vigour while the
morphological vigour test parameters, such as
seedling length, dry weight, etc. are positively
correlated. Thus, the most acceptable vigour test,
electrical conductance, which is one of the easiest
vigour testing methods, is negatively correlated,
along with tests based on leaching of sugars
(Matthewszqand Bradnock'®, Takayanagi and
Murakarr;i ) and amino acids (Basu and
Rudrapal’, Rudrapal and Basu™?°), from seeds
dipped in water. The conductivity and leaching
tests are based on sound physiological
considerations in that they measure the integrity
of semipermeable cell membranes and the loss
of integrity is most probably one of the earliest
indications of seed deterioration leading to loss
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of seed vigour, and ultimately "i"'bimyfll-'lv(d:"i];
properly with due consideration to VARIADLIRY g
moisture content of seed lots (often roquml:,
moisture stabilization and moderately controllec
laboratory conditions), the test results would l:e
free from personal errors. Unfortunately, however,

variations in test results have been noted that

may be attributed to uncontrollable seed lof
diftjerenc('s and often due to confounding of
germination percentage and vigour status of those
seeds just surviving (many of which may not be
included as normal seedlings in a standard
germination test) and those with relatively high
vigour indices, and commercial seed lots may be
heterogenous enough to have variable proportions
of such seeds. A large number of samples drawn
from a seed lot in conductivity as well as in other
tests may partly overcome the problem. Other
important physiological and biochemical tests,
besides the membrane permeability tests that are
negatively correlated with seed vigour include
lipid peroxidation (possibly the reason behind
loss of membrane integrity), volatile compounds
emanation (again, most likely lipid peroxidation
byproducts, vide Wilson and McDonald™, Sur and
Basu™, Sung”) which have shown considerable
promise as effective parameters for vigour tests.

The positively correlated biochemical
parameters that are used for certain specific
purposes include dehydrogenase enzyme assay
(the basis of topographical tetrazolium, TZ, test
as the enzyme turns TZ into red coloured
formazan enabling identification of dormant
viable seeds, with the additional advantage of
eluting the colour from excised incubated
embryos with solvents like methyl cellosolve and
assay the enzyme colorimetrically, as discussed
later), and amylolytic enzyme activity (widely
used in the laboratories of brewing industry
requiring highly germinable cereal seeds), and
bioassay vigour tests (based on the emanation of
growth inhibitory volatile substances produced by
germinating low vigour seeds).

. A major problem of quantification would be
forming a suitable scale (preferably in the range
f‘_f 0 to 100 as in case of germination) and then
I so required, combining positively as wel] a‘,
negatively correlatedscores into a unified scorb
for a seed lot. A simple approach towards suclﬁ
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quantification could be the. use ‘of Corfelat.ion
coefficients (r values) obtained from bivariate
analysis, and ignoring the + or - Signs,
multiplying the r value by 100 to get a positive
percentage value. Even bctt'cr would be use of ;2
(coefficient of determination) because' that ig
always positive and gives a bcttgr estimate of
the éoverage of the observed variances by the
two variates). The coefficients of determination
expressed as percent values (on multiplication by
100) may be amalgamated with other parameters
to get a tentative vigour score. .Howe_ver‘, tbere
are problems such as the question of viability
differences (similar correlations may be noted at
different levels of viability) and of undesirable
deviations that have been discussed later. Prior
transformation of the data to improve the
correlations and minimize the deviations of the
observed variates from those predicted by the
relevant regression equations would be necessary
for the purpose. With the aforesaid background,
a range of vigour related data on membrane
functions, notably electrical conductance, sugar
and amino acid leaching, lipid peroxidation,
volatile inhibitory substances emanation, bioassay
vigour scores, dehydrogenase enzyme activity,
amylolytic enzyme activity have been variously
transformed and scored for subsequent
correlation-regression analysis with a view to
determine the efficacy and predictability of the
different approaches. The data for the study have
been obtained from a number of outside sources
(published materials in international journals) as
specifically mentioned in the tables as well as
those originating in the laboratory of the author

?n the University of Calcutta (mostly published
In national journals).

COLLECTION,
TRANSFORMATION AND
ANALYSIS

PROCESSING,
STATI-STICAL

Data from severa] kinds of seeds have been used
Fo have a generalized view on the issue and those
included are: crimson clover, cotton, soybean,
whefit, Mustard, rice, sunflower and onjon. The
pgrtlculars On methods, units, etc. of different
\’Igogr Parameters are given in the respective
grliblrlz?:rc;ns Cited in the tables and in the section

nces. Emphasis has been given on
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clectrical conductivity and data for the same have
peen available for each of the materials. For the
other seeds, the available data on parameters
such as lipid peroxidation, volatile inhibitor
(mostly aldehydes) production, dehydrogenase
and amylase activity have been analyz.ed. Further,
an attempt to combine individual vigour scores
has been made only for soybean.

The methodology for transformation of data
is outlined below for the different parameters
starting with electrical conductivity.

Electrical conductivity (EC)

Usually conductance is measured in pmhos; for
the purpose of transformation, the value is first
converted to millimhos (mmbhos). The conductance
in mmhos is then deducted from 1 and the
remainder is multiplied by 100 to get a
percentage value which is named electrical
conductivity resistance score (ECRS).

so, ECRS = (1 - 0. millimhos) x 100

Thus for the first value in Table 1, namely 70
pmhos, the transformed value is:

ECRS = (1 - 0.070) x 100 = 93%

The other transformations of electrical
conductivity are: EC reciprocal (abbreviated as
EC reci), obtained simply by dividing one (1) by
the EC pmhos value and is actually the resistance
in ohms. Another transformation of the EC data
is division or multiplication by germination factor
(GF), which 1is equal to germination percentage
divided by 100, and is 1 for 100% germination
and always less than 1 when germination is
lower. As would be evident (and expected as
well) the inclusion of GF (multiplication in case
of positive correlations and division for negative
correlations) would considerably improve the
value of correlation coefficients and minimize the
deviations of the observed variates from those
predicted by the regression equations. For EC
readings 1n pmhos, the transformations are thus:
ECRS, EC reci (in ohms), EC pmho = GF (value
in pmhos), ECRS x GF and EC reci x GF.

Leaching of sugars and amino acids

As mentioned earlier leaching of metabolites such

as sugars and amino acids is attributed to loss
of membrane integrity (the leaching of
metabolites is, however, slower than electrolytes

such as K' ions).

Sugar leaching is calculated by measuring the
optical density (OD) of the anthrone colour
reaction product. The transformation is done by
deducting from 1 the optical density value and
then multiplying the remainder by 100. Thus
sugar leaching resistance score (SLRS) for the first
item of Table 8(B) for sunflower, namely 0.205
OD would be equal to 79.5% as shown below:

SLRS = (1-0.0 OD)x100 = (1-0.205) x 100 = 79.5%

Although the optical density values for the
purpose should be theoretically less than 1,
optical density values should preferably lie
petween 0.5 OD to 0.05 OD, corresponding to
transmission percent (% T approximately from
30 to 80 (that indicates the avoidance of 1,
corresponding to log 10% T, as the upper limit
of usual OD readings (logarithmic) in the scale
of 0 — 100% transmission). Incidentally, the direct
transmission reading (that are positively
correlated with seed vigour, higher % T values
showing lower concentrations of a solute in
solution), can be used directly as a parameter
for negatively correlated traits as has been tested
in case of lipid peroxidation and volatiles
emanation.

Amino acid leaching resistance score (ALRS)
can be calculated in the same way as sugar
leaching.

Thus, ALRS = (1 — 0.0D) x 100; for the first
item 8 (B) namely, 0.238 OD for ninhydrin colour
reaction it is equal to 76.2%.

Sometimes the amount of sugar or amino acid
leached out is given in pg per g of seed. In that
case the value has to be converted to mg (upto
three decimal places) and deducted fmn‘: | and

then the remainder multiplied by 100 as shown
below:

SLRS/ALRS = (1 - 0. mg) x 100

The aforesaid transformation would be useful
for conversion of violatile aldehyde production
data given as pg aldehyde (as formaldehyde) per
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g seed (or per 100 seeqs,

Table 1C continued

(Germination (%) versus ECRS ~ GF
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»~ _—
Y = B 5 % 3 % McDonald [32].
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manner as ;.b(,.,,,’
multiplied by 100 and
Vf))ixl’j],..)
emanation resistance scqp,.
(VERS), the term aldehyde
has been excluded to y,.,,p
uniformity as a  4-letter
abbreviation (also partly
due to the fact that MBTH
colour reaction is  ne
strictly specific and certain
other wvolatile substances
may be absorbed). The
VERS value for the first ot
(T,) of soybean derived
from a VE OD value of (.30
(given in Table 7 as OD »
10> = 30) would be as
follows:

cxpressed as

VERS = (1 - 0.0D) »
100 = 0.70 =« 100 = 70%

When the volatiles are
expressed as pg per g or
per 100 seeds, conversion of
Hg to 0. mg would be
necessary for VERS
transformation, as
mentioned earlier. The other
transformations of VE OD
data are: VE OD = GF, VE
reci, VE reci x GF, VE %T,
VE %T x GF, all of which,
except the first one, are

positively correlated with
germinability.

Bioassay vigour score

The jute seedling bioassay
score (JSBS) is based on the
growth of very high vigour
jute seedlings (other similar
small seeded, if possible
just sprouted, materials
characterized by rapid and
uniform  growth, e.g.
lettuce, amaranthus etc.
may  also  be  used
depending on ambient
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expressed as a percentage

. N - value, as shown for rice and
. . = BTSN =T > ) . :
A R Bl -(: e T onion in Table 8.
‘,’) -+ O e e ]
A — e o -
- If no well preserved
reference material is available,
e ole Sl © an estimate of the benchmark
O DNIDe] Dieihnd boiJh: enzyme activity may be
. C 1 ~ 4 ) .
al - - indirectly obtained by using a
set ()f JSBS (]Ut{' 5‘:‘,’(1]1”%
o S~ ~a G bioassay score) data along
o el =1 o lo = D en . ) : . ;
%,:,* Flin|en| B e N oz ala S = :—" “ with correspondmg enzyme
RO o] Bl o Bl = K N =T ~ “"é activity readings of the seed
t‘)_, § g lots being studied a‘nd
H o —~ - —~| & estimating through regression
> vl SR Gl Bl alE i tivity at
> = L ole el el o analysis the enzyme activit
IS i ' -
= =y || o) en w ST e e b 3_5 100% JSBS value.
12 |=5|2|2|ele = g
K o " b The amylotic activity of
A S G . .
&0 Q k= o A - la usually o- and 3-amylases is
a & n g |9 28 Cf, o - determined by extracting
o]
2 3 |5 ~|ca|len| o] - g 9 crude enzymes from duly
Q Qv ™y =1 . - :
= B g‘ by A ) g s g o imbibed and incubated seeds.
(7] = \ , - I~ o) 7 .
= 2 |u il el el 8~ < o | = © = The extent of hydrolysis of a
(=1 (€3] - (%] . .
E = o S| @ | = standard starch solution by
& 3 2, E  th d tract i
& ; > e crude enzyme extract is
o | 2 5 i
T B ) = et obtained by assaying the
= = &) o - ~1 QO I~ o “;.? e w s = -
£ ::)El 2E |2|2lagls = Q| = _ |8 amount of unhydrolyzed
= — . .
5 % = @ i B ™ = residual starch using starch-
w
- o ﬁ, s iodine colour (blue) reaction.
¢ A 2 § Th t of h
- 0 = ot - 53 e amoun o starc
e ' c [ Wy 1 N -2 X
= oo = _ _g B = e i E hydrolyzed, is converted to a
EF l2|gz gl "‘E .E percentage value by dividing
g & ) with the value obtained
O - 1 o~ -~ B parallelly from a very high
1% : ' e : ’ :
g & 8 - vigour reference material
o followed by multiplication
o | T ) i J P
; = 7| 5| - g = with 100. The amylolytic
- nf =) 0 e O ¥ g ¥ "
5 . g Gk o L &~ = ~ e enzyme activity score (AEAS)
A ol <8128 k o | o | o |»n .7
e 7 EIE E| = P Iy b, shown for rice in Table 8 can
= | & . .
S <2213 S be transformed to improve its
. - . vigour rating efficiency by
o o o multiplication with GF (i.e.
5 o o AEAS x GF; the same is true
for the dehydrogenase enzyme
- activity score, DEAS).
& | o S
5 ,é It needs to be mentioned
¢ n ’ : ,
z 1| é here that all vigour rating
' T o values ; i y
b} e o ULZ?\ | for originally
negatively correlated
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characters (vis-a-vis original/basic data) which
have become  positively correlated  on
transformation, such as ECRS, EC reci, H!»I{S,
ALRS, LPRS, LP reci, LD %T (recalculated from
LP OD), VERS, VE reci, VE %T (recalculated from
OD), each wilh or without GF incorporation
(multiplication by GF), would actually give an
estimate of physiological resistance of the seed
to the occurrences of the untoward processes and
events leading to the loss of vigour and viability
and, as such, would measure the intrinsic vigour
of the seed. The use of the term ‘resistance’ (with
‘R’ as its abbreviation) must not be mixed up
with electrical resistance which has a specific
connotation in being the reciprocal of “mho” (i.e.
ohm); the term resistance (meaning physiological
resistance) has been preferred to other synonyms
such as deterrence, hindrance, opposition, etc.
because of its easy understandability and general
but more meaningful appeal in the present
context. The CR value in Table 2 (Andersen ef
al.") that stands for conductivity resistance would
be equivalent to EC reci values in ohms and
ECRS is a totally different mathematical entity.
The scores, namely ECRS, LPRS, VERS, ]JSBS,
DEAS, etc. and all such values in the present
discourse with their abbreviations ending with a
capital ‘S” (S for score), with or without GF, are
actually percentage values strictly within the scale
ranging from 0-100 (the upper limit will not be
exceeded even on GF incorporation as the
maximum value of the latter is 1). As such, the
term “score” in the context of this paper has a
specific connotation that singles it out from the
general term “parameter” of vigour which stands
for all measurements and indices of vigour
including scores.

Statistical calculations

Correlation-regression analysis of the original data
obtained from the different sources, and of their
various transformations, have been done
following standard methods (Panse and
Sukhatme®) with special emphasis on bivariate
analysis. The regression equation, y = A 4+ By
?where y is the dependent variatey is the
independent variate, A and B are the two
regression coefficients) would yield informati

on the deviations of observed values from thg:;

on of Seed Vigour 170

predicted by regression. A perusal of data iy
Table 1 dealing with the original data of ('_'hing
and Gehooleraft’ and  their transformations ang
correlation-regression analyses would be of he|
in understanding the approach. Table 1(A) shows
the original data and their transformation ready
for statistical analysis, Table 1(C) gives examples
of three sets of data with detailed correlation.
regression analysis that has been presented only
in case of the first table (only the summarized
versions of the analyses are shown in Tables 2 -
7), Table 1 (B) gives the summary of the
correlation-regression analysis for critical
comparative study and as mentioned earlier, the
same is available for all the materials covered in
Tables 1 to 7. The statistical terms, notations and
abbreviations mentioned in the tables and in
different places in the text are as follows (full
name in parentheses): r (coefficient of correlation),
r? (coefficient of determination), x(mean of x
variate), y (mean of y variate), SC (sample
covariance), Reg. Eqn. (regression equation), Reg.
coeff. A (regression coefficient A), Reg. coeff. B
(regression coefficient B),x(estimated value of x),
y (estimated value of y), x—x (deviation of a x
variate from the estimate), y-y(deviation of a y
variate from the estimate), ©(x—x)?, ©(y—y)2(sum
of least squares for the x and y variates,
respectively). Below the columns of sum of least
squares and also of mean deviations, certain
values have been given in parentheses which
indicate the extent of deviation as % of x and V.
Those below the sum of least squares column
were obtained as follows: ©(x-x)’+ n, the mean
sum of squares is square-rooted () and then
expressed as % ofxi.e. (mean deviation + X) X
100; thze procedure is exactly the same in case of
©(y-y)". The values under the simple deviation
column ©(x-x) or ©(y-y) have been obtained
fron.q i deviations (summing up the mean
:re:;la;;?/?;i rl\ggn(;rinf the positivs: or negative signi
would give Zer}c’)) ¢ e;s otherwise the summatior
for the res A ak .eXpressed as % of x QI V
pective variates; however, for obvious
'n;athematical reasons, the latter e'stimates are
2 f“l':;':t L‘:‘;’;?: t?lan those obtained from the Suﬂ;
checks. lAl es; they nevertheless, serve as usef}l
a I these % deviation values In
Enzli’::;e;‘:_s have been calculated for eésy’
Ing of general seed scientists regarding
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. effect of data transformations on the
s of observed values of the variates from
dicted by the regression equations
when the x and y values are very

deviation
thos€ pre
L,Specially
different.

[n bivariate correlation-regression analysis, if
Al the data in either x or in y set of variates are
exactly the same, the calculation will be subjected
to mathematical error. Sometimes that may
happen in very high vigour seed lots, all showing
100% germination; in that case r may be
calculated taking the seedling length as the x
variate (which may even be converted to percent
values against a reference or benchmark value)
or by taking corresponding JSBS values as the x
variate.

The regression analysis for most of the data
has been done keeping values upto 3-4 places of
decimals for accuracy but for presentation in the
tables, those have often been rounded off to a
fewer places to save space and, as such, may
show minor differences on recalculation.

THE FINDINGS AND IMPLICATIONS

The data analyzed in this paper literally speak
for themselves. Beginning with the data of Ching
and Schoolcraft’, the need for transformation and
analysis has been clearly brought about in all the
materials considered in Tables 1 to 9. The salient
findings are very briefly narrated hereunder for
a general overview of their relevance in seed

vigour rating:

(1) The original data of Ching and
Schoolcraft® on electrical conductance in EC
pmhos have shown negative correlation with
germination percent but the r value is very low
and statistically nonsignificant. When the
conductivity data are reciprocally converted to
ohms (resistance) there is a marginal
improvement in r value which becomes positive
but still far below the level of statistical
significance (Table 1A). ECRS transformation does
not show any change in r value but it greatly
reduces the deviations of the observed values of
dependent y variates from the statistical estimates
provided by the regression equation (Table 1C)
and with the incorporation of the germination
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factor (GF), the correlation with germination in
ECRS x GF versus germination % has reached
the level of statistical significance at 0.01P. The
inclusion of GF has improved the r value in EC
reci x GF and EC pmho + GF approaches as well
but those are still statistically nonsignificant
(Table 1B). Further, ECRS x GF transformation
has greatly minimized the deviations of observed
and statistically estimated values of both x and
y variates that show a fall from around 25% in
the original data to less than 2% demonstrating
a vast improvement in predictivity (Table 1 B,
L 8

(2) In cotton, the original data of Andersen,
Hart and French' have been provided in ohms
as a conductivity resistance value (Table 2). There
has been no change in the value of r with ECRS
or EC pmho (the sign becomes negative)
transformations but the former (ECRS)
considerably minimizes the deviations between
observed and estimated values of y variates.
Following incorporation of GF, the correlation has
improved and the ECRS x GF transformation has
reduced the deviations between the observed
values of the two variates (x and y) and the
respective predicted values to less than 1.5% of
x and y.

(3) In case of soybean, the data from
McDonald’s group (Table 3, A, B) have shown
similar improvements in correlation and
predictive abilities. The data of Wilson and
McDonald® on ECRS transformation show
reduced deviation of y variate to around 0.5%
and on inclusion of GF (i.e. ECRS x GF), to
lessthan 0.4% for both x and y variates. The r
values as well as the coefficient of determination
have nearly touched the theoretical maximum of
1. The deviations in the y variate side of the
original data of Van Toai, McDonald and Staby™
were less than in the former study but on ECRS
x GF transformation there has been further
overall improvement in correlation and predictive
efficiency.

(4) The data of Rudrapal and Basu® on
electrical conductivity of wheat seeds vis-a-vis
germination percent fully confirm the benefit of
transformation, and in ECRS x GF, the value of
r and r° (coefficient of determination), similar to
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that of Wilson and McDonald , have almost
reached the theoretical limit of 1 along with
minimization of deviations between observed
values and statistical estimates (0.48 - 0.62% of
x and y). Unfortunately, in the case of onion, the
originayl data of Choudhuri and Basu® show very
higAh deviations between observed values and
statistical estimates. ECRS x GF transformation
has not minimized the deviations to the level seen
in the other seed materials (only to half in case
of x variate) though correlation coefficient has
gone up to +0.943 from the original -0.742 and
the coefficient of determination (r°) from 55% to
about 90% (both in percentages on multiplication
bv 100). A close scrutiny of the data would reveal
certain shortcomings of the data for the purpose
of transformation for correlation-regression
analysis. The very wide range of germination (22
- 84%) and very high EC pmho value could not
be duly taken into account by the present ECRS
x GF transformation. Perhaps, a relatively narrow
range of germination and lower EC readings
(with greater dilution of the leachates) would
have surmounted the problem. That would,
however, not be in conformity with the objectives
of the study of Choudhuri and Basu® the source
from which the data have been collected.

(5) The transformation and analysis of
electrical conductance data of mustard (Rudrapal
and Basu®™) once more categorically bring out the
benefits of transformation and incorporation of
germination factor (Table 5).

(6) In mustard, an important oil seed crop of
the country, the role of lipid peroxidation in seed
deterioration was studied with the view to control
the process by exposing the seeds to low
concentrations of iodine vapour to stabilize
unsaturated bonds in lipid fractions with great
success (Basu and Rudrapal®), the data from that
project, as well as those of Rudrapal and Basu?’
as presented in Table 5, very clearly show that
lipid peroxidation can be used as an Important
indicator of seed vigour and lipid peroxidation
resistance score (LPRS) is very highly correlated
with germination (r and r* values nearly reaching
t}:ectheoretica] limit of 1); with the inc;)rpuralion
of GF (i.e. LPRS x G rati
observed values a::i, Stt:t(;stidc:]aho'ns petween

estimates have

been further minimized (Table 5). As would p,,
statistically and logically expected the “””‘fl*"inﬁ
between LPRS » GF and ECRS » GF s hiﬂ,hly
significant along with concomitant luwvring of
deviations between observations and estimates.
From the physiological viewpoint, this correlatiqp,
would most likely indicate a cause-effect relatio,
between lipid peroxidation and loss of membrap,
integrity. The highly significant correlatioy
between LPRS x GF and ECRS » GF in whea
also would indicate such a possibility (Table ¢,

(7) Further confirmation of the benefits
transformation of LP data prior to regression-
correlation analysis is brought out by the findings
in wheat (Rudrapal and Basu®’). The
transformation of LP OD values to the lipid
peroxidation resistance score has not shown any
effect on r value except changing its sign from
negative to positive but has greatly reduced the
deviation in the y variate. However, LPRS x GF
has vastly improved the correlation with
concomitant minimization of deviations in both
x and y variates. LP %T x GF transformation is
also almost equally good.

As in case of mustard (Table 5) and soybean
(Table 7), the possibility of using LPRS x GF for
vigour rating of wheat seed is very strong at least
for specific purposes.

(8) The data presented in Table 7 originating
from a paper of Mukhopadhyay, Pal and Basu"
on soybean bring out the benefits of transforming
volatiles emanation (VE) data in the same manner
as in case of lipid peroxidation (LP) data. The
VERS x GF score giving the best correlation
amongst the seven approaches made on the
original VE OD data. It needs to be emphasized
here that in all correlation-regression analyses on
soybean, the r values have always been over 0.9
and it is the minimization of deviation of
observed values of variates from the statistical
estimates that has been the major advantage of
the transformations. Incidentally, a testing of the
efficiency of transformation has been done in case
of active absorption by MBTH of volatile
aldehyde released by sovl:;ean seeds (Wilson and
McDonald™) during 27-48 hr versus field
emergence (%) after VERS x GF transformation
of the same (data in png converted to 0.mg
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Cormelations between germination and some vigour parameters of rice, sunflower and onion seeds to evaluate the use ot coefficient of

determination as possible vigour scores

Rice: Data of Pal and Basu-!
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deducted from 1 and
mnllil:hml by 100 and then
by GF of 7-day germination
test), the transformation has
r ovalue of +0#878%*

the

(169 that was

shown a
(against original
correlation of

statistically non-significant)

secdling

The
bioassay score (|SBS)

jute
is by
itself a percentage value, it
has shown good
correlation with germination
and demonstrates still higher
correlation with the
incorporation of GF (Table 7)
with requisite minimization
of deviations in both x and
y variates. When laboratory
conditions are inadequate for
other biochemical tests, with
a little practice this test can
be done to get a very reliable
Techniques
the
author

very

score.
developed

of the
that

autobioassay (the same seed
test material)
an

vigour
being
laboratory
suggest

in
even

acting as a

would give effective

vigour score.

Taking advantage ot the
transformation
data  on vigour
parameters of rice, suntlower
and  onion
subjected to bivariate
correlation analysis with the
view to evaluate the relative

techniques,
several

have been

efficacy of several wvigour
emploving the
coetficient of determination
(r’) as a measure tor the
purpose. For the sake ot easy
understanding the
comparative efficiency ot the
ditferent scores, the v values
have
percentage

sCores

ot

to

by

been  converted

values
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multiplying with 100 or
with mean germination

ar  field  emergence
percent values (Table %,
9. It 15 revealed that
the transformed EC
data are much more
reliable as Vigour

p;x!ar{wiort of rice than
dehydrogenase o
amylase-based indices,
In sunflower also, the
ECRS » GF ALES
+ GF, both concerned
with
integrity, would prove
useful. In onion,
however, LPRS » CF
and DEAS » GF have
shown good efficiency
as vigour scores. The

and

membrane

vigour  scores  for
soybean (Table 9) have
demonstrated good
correlations with

germination singly as
well as in combinations
of two, three and four
scores. But more
important is the high r

and r° values when
correlations are worked
out with field
emergence. The

percentage values of
coefficient of
determination (r* x 100)
have shown B89-98%
efficiency for most of
the calculated scores
The present statistical

treatment would not,
however, allow the final
determination of
superiority ~ of any

particular vigour score
or a combination of two
or more vigour scores
over other scores for
which there could be
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Table 9 continued

s with field emergence

SxGF

ur scores and their correlation
* GF. (c) VERS ~ GF, (d) JSB

(=

B. Different combinations of GF-incorporated vigo

(a) ECRS ~ GF. (b) LPRS

t vigour scores, a. b, ¢, d (see respective columns in Table 9A).

Different combinations of
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several —options. M,
detarled  analysis with
npprnprl.m- Computey
based software p.’uk;.;;‘.()’
rather than "'d“"é!ry
scientific calculators, Wotld
be  required for  the
purpose. For the present,
however, EC data witp
required  transformation,
namely ECRS » GF g
recommended for practica]
use in seed and crop
production oriented
practices, and if necessary
in seed trade and
commerce. In due course,
there would be a
possibility of combining
ECRS x GF score with
VERS » GF or JSBS » GF
score for even more
reliable vigour rating of
crop seeds.

Lastly,  this  paper
highlights the very

important role of
germination percentage in
vigour rating; if

germination factor is not
incorporated in vigour
scores, the predictions
would  be  unreliable,
thereby vindicating the
emphasis given to standard
germination tests by the
two major international
organizations deeply
concerned with research
and development in seed
science and technology -
the ISTA and AOSA.

Although the present
paper deals specifically on
the issue of seed vigour
rating, it is hoped that
some of the data
transformation techniques
may be useful to other
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fields of biology 1n which masking of data due

(o various factors has been a long standing

problem in correlation related studies,

Note: The individual vigour scores have, in general,
successfully brought out the differences between seed
Jots (in case of mater tals from the author’s laboratory
attributable  to seed  invigoration  and ngvin;«;
conditions). Howeoer, the details of issues concerning
differences between Kinds of seeds, differences in seed
lots within a kind and the statistical treatments of
imteractions between vigour scores and kinds of seeds
and seed lots, have been  taken up separately,

clsewohere. — Author.
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