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communication embodies the results of observations relating to the effect two heavy metals, Co and Hg in the seedling

n i.-smcs campestris var toria PT 303. Significant differences have been observed for all the concentration of the two metals
sstb I on and seedling establishment. The [I0-"M concentration of HgCIl2 has the highest toxic effect, whereas 10'SM

>« 0f CoCK shows retarded growth of seedling. Maximum tolerance has been observed at 26.69% of 10"*M concentration

aFCJCL A: IQ*-M concentration of HgCIl2they failed to establish. The seedling vigour shows positive and highly significant correlation
nrii hypocotyl length, seedling length, radicle and hypocotyl elongation rates. The seedling length and absolute seedling water

highest positive and direct effect on seedling vigour.

Cobalt. Mercury, Variability, Tolerance-index, Correlatioon and Path Coefficient.

Thbe pollution caused by heavy metals has cre-

| significant ecological disbalance. Being non-
-jejracaMe. they persist in the environment and
*cE-~znalane m different parts of living organisms.
Tuc jccmzulauoon of such components which do
net ooasmute a part of any biogeochemical cycle iIs
harmful. It was with this intention that we

mjcrkx"k a study dealing with the effect of heavy
meafts particularly Co and Hg on various phases of
lacriferi establishment of Brassical campestris var

wrm FT 303

Tbe information on the toxic effects and Co and
m Brassica campestris is very scanty. Sethi et al.,
1990'. Gupta (1991) and Mahajan and Dug (1993)
lari contribute a little on germination and seedling
rmfelreftmem of this plant. The present investigation
aafo with the variability in toxicity level, degree of
fflierEioc- correlation as also the direct and indirectt
e£b5scz cc vinous parameters of seedling vigour, the
K3KS beitherto unexamined by these workers.

MATOOALS AND METHODS

Tie certified seeds of Brassica campestris var.
FT_ 303 were procured from National Seed
New Delhi. Germination of seeds has

orraed. :r four replications according to inter-
mits foe seed testing 1976. The speed of
lade* was calculated using modified

and Quales (1968). The seedling

seed * £0ur Iindex has been calculated by

tear.1 Oajfce. 199“

using the method of Abdulbaki and Anderson (1973).
The tolerance index has been calculated with the
help of Wilkins (1957) formulae. The speed of organ
elongation (i.e., radicle and hypocotyl), absolute
seedling water content and specific seedling water
content have been determined in the following man-

Nner. .
Mean Increase

in the length from
previous count
Days last count

Mean length

] of the organ
(A) Speed of Elongation = pays first count ++"

(B) AbDbsolute Seedling = Seedling Fresh Weight
Water Content Seedling Dry weight

Absolute seedling water content
Seedling Dry Weight

(C) Specific Seedling
Water Content

10'5, 106 and 10*7 molar concentration of
CoCl2 and HgCI2 were prepared in tapwater. Seeds
were soaked In these solutions for 24 hours alongwith
the control (in tap water). The visual emergence of
protrusion of radicles was taken as criteria for germi-
nation. The observations on germination were re-
corded upto 5th day after sowing and the length of
radicle and hypocotyl was measured from 5th day of
sowing to the 7th day. All experiments were con-
ducted at room temperature. The data accumulated
during the course of Investigation has been statisti-

cally analysed.

RESULTS

Analysis of variance :The analysis of variance
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Table It Analysis of variance among different concentration for 15 characters (mean square)

Source df Percentage Germina-  Radicle Radide Hypocotyl Hypocotyl Seedling  Cotyledo-  Seedling  Seedling Absolute Spec?fic Seedling  Seed KIT)
of variation gexmina-  tion rate length elonga-  length  elongation ~ length nary fresh dy seedling  seedling  vigour - vigor seud ht
fan index tion rate rate area weight weight water water Indsx Welg
content content
Replication 17.6562 6357.3333 0.01984 O0IM979 0.01342 0022321 0.061686 0.0002166 U010416 0.047170 0.710937 1.152018 468.3333 249.75(1*) 00022881
Treatment 1146.3036* 75809029** 6.163521** 0251269** 19J45994* 08665(15* 47.91735** Q0241357* 1936J0737* 4.776328** 1750.7868** 198.4236** 465647.86 45375/W3** (00017918
Emr 7340178 14518*5 00054481 0X1)13363 00064057 0.026192 00183163 0.00009286 0.669642 0X120909 0488467 1.21884 598.1428 168.65476 0XX1164649

** Exceeds 1% level ofsignificance.

Table 2: Estimation of variability for various seed germination characters in different concentrations

S. Characters Mean S.E. of difference Coefficient of Genotypic co then_otypic co-
N.o between means variation (C.V.) efficient of efficient ofvaria

| variation tion (PC

(G.C.V.)
1 Percentage germination 73.7969 1.9416 3.7209 22.86 ;2(132
2. Germination rate index 1681.6250 85.2022 7.1653 25.604 ,
3. Radicle length 2.3594 0.05219 3.1284 53.59 52.68
4, Radicle elongation rate 0.4431 0.02584 8.2497 56.41 57.01
5. Hypocotyl length 4.3134 0.05659 1.8555 51.65 51.68
0. Hypocotyl elongation rate 0.8231 0.11432 19.6430 55.68 gigg
7.  Seedling length 6.6731 0.09569 2.0281 51.86 .
8. Cotyledonary area 0.1762 0.006814 5.4675 43.99 44.33
9. Seedling fresh weight 49.5062 0.57863 1.6530 44.43 44.46
10. Seedling dry weight 2.42606 0.10224 5.9591 44.93 jjii
11 Absolute seedling water content 47.1000 0.49420 1.4839 44.41 41.39
12. Specific seedling water content 17.1734 0.78065 6.4286 40.89 62.95
13. Seedling vigour 543.0844 17.2936 4.5033 62.78 .
14. Seed Vigour index 194.1403 9.18299 6.6893 54.76 55.17
Table 3: Comparison of toxicity level of the different concentrations of both heavy metal and control one by C.D. values
Mean values
Characters/ Percent- Germi-  Radicle Radicle  Hypoco- Hypoco- Seedling Cotyle-  Seedling  Seedling Abso_lute Speci_fic S_eedling S?ed
Treatments age ger- nation length elonga-  tyllength tylelon- length donary fresh dry seedling seedling  vigour ylgour
mination  rate tion gation area weight weight water water index
rate rate content ~ content

Unsoaked 91.25 2170.75 3.78 0.75 6.56 1.54 10.34 0.24 67.18 341 63.80 18.72 943.84  311.62
Control
Soaked 95.00 2217.00 3.48 0.66 6.78 1.22 10.26 0.24 69.68 3.36 66.30 3.36 974.55 319.22
Control
io-5coci?2 58.75 1311.00 151 0.25 2.91 0.51 4.43 0.16 51.92 2.17 39.75 18.41 260.17 i%%
|OMCoCl 71.12 1496.00 2.01 0.33 4.20 0.73 6.21 0.19 51.80 2.50 49.43 19.77 442.81 e : X
1o-7c:oc|é 84.88 1986.00 3.06 058 5.46 0.96 852 0.22 59.77  3.12 56.65 18.15 728.(56 3(51)
10-5HgCI2 45.62 1009.00  0.00 0.00 0.00 0.00 0.00 0.00 0oo 000 000 0.00 , ] 2
10"HgCI2 65.00 1433.00 1.98 0.37 3.37 0.67 535 0.16 49.12 2.24 46.90 21.07 347.18 :
10-7 HgCl2 78.75 1830.25 3.05 0.60 5.23 0.% 8.28 0.22 56.58 2.60 53.97 21.52 651.55  205.44
C.d. 5% 3.783 166.144 0.10177 0.05040 0.11035 0.22294  0.186609 0.013282 1.1283 0.19938 0.9636 1.5222 33.7226  17.90683
C..d..l% 5.0052 219.821  0.13465 0.06666 0.146010 0.29496 0.24689  0.017574 1.4928 0.263801  1.27/50 2.01408 44.6176 23.6921

for all the above characters was carried out for testing
the significant difference among the control and the
various concentrations of the two heavy metals. The
mean square for all the characters are presented In
Table-1.

The ‘F’-test indicates significant differences In
the three concentrations used 1.e., 10'5, 10'6 and

10'7 mole of both the heavy metals with respect to
the control experiment. The value of standard error
difference between means (S.E.D.M.), coefficient of
variation (C.V.) genotypic coefficient of variation
(G.C.V.) and phenotypic coefficient of variatioon
(P.C.V.) are presented in Table-2.

Comparison of toxocity level : The comparision



-ffcct of cobalt

- z\ : e Ir-e* :: different concentrations for both
A c heavy metals on the seedling establishment has
l « s studied. This has been done with the help of
zrzx al difference’ (C.D.) values, by comparing the
AHerace at 5% and 1% level of significance. These
vealts ire given in Table-3. The characters show

| variation in different concentrations which

that these differences are not merely due to

ce rc fluctuation of sampling.

Icierzrxe index : The seed or the seedling can
the degree of tolerance to a certain limits,
ar he shown by the extent of colonisation iIn
contaminated environments. According to

rvocascc ex al, 1991, there is a lack of knowledge
»-r respect to the quantitative limits of tolerance.
Tic actua. dosage level at which a chemical became
rad the point beyond which no further adap-

cajc be achieved by aspecies is variable. Wilkins,

-5~ 1978 determined the relative tolerance by meas-
mrifdifferentorgans of seedlings in metal contained
The results of degree of tolerance for differ-

scetiliag vigour have been tabulated in Table-4.

Co”eUnion coefficient : The corelation studies
zsm cd out to find out the suitability of varioous
for indirect selection of one or more traits.
] KXnaeace in correlated response for several other
The results of correlation coefficient esti-
froca 15 characters at phenotypic level are

n Table-5.

Cotficient: The correlation coefficient refers

of association between two variables

nspectne of their cause and effect relationship,
results have been given in Table-6.

MSCTSSION

Tke present investigation embodies the resultts
rfrtri mnil ofdifferent concentrations of Cobalt
Mnccr* oo certain seedling characteristics. The
a: $£20d=rd error difference between two means

of variation are low. Therefore, they

manabciitv and significantdifferences among
ttrations for both the heavy metals,

farther suggests that the seed germina-
estabiishment are significantly

tor environment l.e., due to different

of the heavy metals. The phenotypic

jar dtfferect concentrations of these metals

for the different genotypes. This

15

Table 4. Response of seedlings establishment to heavy metals In
the form of tolerance index (%)

Tolerance Index

Treatments/Characters CoC12 HgCl2

107* M io6 m 10'7 M io®m 10-*M 10*7 M
Percentage germination 61.84 74.86 89.34 48.02 68.42 82.89
Radicle length 43.39 57.75 87.93 0.00 56.89 87.64
Hypocotyl length 42.92 61.94 80.53 0.00 49.70  77.13
Seedling length 43.17 60.52 83.04 0.00 52.14  80.70
Cotyledonary area 66.66 79.16 91.66 0.00 66.66  79.16
Seedling vigour 26.69 45.43 74.34 0.00 38.39  66.85

contention supports the work of Wilkins, 1978 as
also of Coughtrey and Martin, 1979. They suggested
that use of single metal and application of a single
concentration in determining the heavy metal toxic-
Ity effect may not give a true picture with respect to
the nature of variation. Accordingly, we used atleast
three concentrations of two different heavy metals in
determining their toxicity effect on certain charac-
ters.

The characters selected during the course of
present study, have high phenotypic variance. It
Indicates that these characters are very sensitive to
their modified environmental influence. A signifi-
cant difference in seedling vigour between unsoaked
and soaked control experiments has been also ob-
served. The highest toxic effect has been found at
10'5 molar concentration of HgCI2 for all the charac-
ters under study. There was a total inhibition of radi-
cle and hypocotyl growth under this concentration.
These results are thus in agreement with the those of
Gupta, 1991 in bean and mustard.

The toxicity effect of 10°5 molar CoCl2 concen-
tration has been studied on seed germination and
seedling vigour. It shows retarded growth of radicle,
hypocotyl and cotyledonary area. While assessing
the threshold value of toxic concentration of Co and
Hg on the growth of 28 day old maize plant, Kamenova
et alt 1983 reported retardation of growth at higher
concentration of both heavy metals. Vergano and
Hunter, 1952 reported production of adverse effects
In many crop plant even in 0.1 ppm concentration of
Co in solution culture. A similar observation was
made by Austenfield, 1979 in beans and corns.

The seedling growth inhibition is similar to what
was reported by Mukherji and Ganguly, 1974 in rice,
Puerner and Siegel, 1972, incucumber and Janardahan,
1989 In groundnut, sunflower and sesame. Siegel et
al., 1984 reported that elemental Hg and non-ionic
Hg were the active toxicant.
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During the course of present study it was ob-
served that the 10'6 and 10"7 molar concentration of
both the metals did not inhibit seedling establish-

ment. However,

In these concentrations,

more de-

pressant effect of Hg was observed in the establish-
ment of seedling. These findings are In agreement
with those of Xu et al.,, 1993. They observed arrest
of growth at 1 M.M. concentration in groundnut.
Thus, Hg has been found to be more toxic than Co

Jain et al

In seedling establishmentt. A similar result has been
reported by Hara and Sonoda, 1979; Gupta, 1991, In
Brassica oleracea.

The seedling vigour showed the maximum
tolerance at 26.69% at 10'5M CoCIl2, whereas they
failed to establish 10'5M HgCI2. The hypocotyl elon-
gation showed less tolerance in comparison to radi-
cle. To sum up, the tolerance limit sequence stand as
10'5<10‘6< 10'7 for the both the metals. Our findings

Table 5: Correlation coefficient estimates among 15 characters at phenotypic level

Characters Germina- Radicle Radicle Hypoco- Hypoco- Seedling Cotyle- Seedling  Seedling  Absolute Specific Seedling Vigour 1000
tionrate  length elonga- tyl length tylelonga- length donary fresh dry seedling  seedling  vigour index seed
index tion rate tion rate area weight weight water water weight

content content

Percentage 0.784**  0.304 0.306 0.060 0.014 0.170 -0.363 -0.290 -0.265 -0.291 -0.078 0.547 0.118  -0.494

germination :

Germination index 0.261 0.261 0.052 -0.001 0.147 -00.359 -0.340 -0.330 -3.340 -0.037 0.519 0.048 -0.511

Radicle length 0.771**  0.222 0.365 0.577**  -0.089 0.621 0.621* 0.620* 0.178 0.638* 0.759** -0.007

Radicleelonga- 0.260 0.388**  0.597 -0.118 0.598* 0.603 0.5%* 0.156 0.650 ** 0.737** 0.027

tion rate

Hypocotyl length 0.764**  0.724** 0.524* 0.477 0.438 0.478 0.284 0.790 0.790  0.357

Hypocotyl elongation

rate 0.466 0.576* 0.580* 0.530* 0.581 0.336 -0.719* 0.566* 0.354

Seedling lenght 0.405 0.643** 0.643* 0.308 0.811** 0.711**  0.296

Cotyledonary area 0.436 0.282 0.442 0.551* 0.163 0.151 0.623*

Seedling fresh weight 0.751** 0.806**  0.357 0.429 0.763** 0.685**

Seedling dry weight 0.746**  0.057 0.419 0.724 0_56l

Absolute seedling 0.370 0.428 0.758** 0.689**

watercontent

Specific seedling water 0.209 0.028 0.485

content

Seedling vigour 0.660** 0.02

Seed vigour index 0.380

* Significantat5% level.

** Significant at 1% level.

Table 6: Path coefficient analysis showing the direct and indirect effect of various characters on seedling vigour at phenotypic level.

Characters Correlation  Direct Indirect Effect

with effect 1 2 3 4 5 6 7 8 9 10 1 12 13 14
seedling
vigour

Percenttage 0.547 0.350 0.091 -0.058 -0.009 -0.032 0.001 0.238 0.014 0.396 -0.013 -0.294 -0.009 0.036 0.019

germination

Germinate 0.519 -0.090 0.341 -0.050 -0.008 -0.028 0.000 0.205 0.014 0.464 -0.016 -0.344 -0.004 0.015 0.020

rate index

Radicl lenght 0.638 -0.182 0.106 -0.024 : 0.030 0.118 0.023 0.798 0.X)3  -0.847 0.030 0.627 0.020 0.230 O.(HK)

Radicle 0.650 -0.031 0.107 -0.024  -0.186 -0.139 0.024 0.836 0.004 -0.815 0.030 0.603 0.018 0.224  -0.001

elongation rale

Hypocotyl length  0.790 -0.533 0.021 -0.005 -0.043 -0.008 : -0.060 1.294  -0.020 -0.651 0.021 0.484 0.032 0.150 -0.014

Hypocotyl 0.719 0.062 0.005 OKK)  -0.070 -0.012 -0.514 1331  -0.022 -0.790 0.026 0.588 0.038 0.172 -0.014

elongation rate

Seedling length 0.811 1.2(H) 0.060 -0.014 -0.111 -0.018 -0.492 0.059 : -0.015  -0.877 0.030 0.451 0.035 0.216 -0.012

Cotyledonary 0.163 -0.038  -0.127 0.033 0.017 0.004 0.278 0.036 0.567 -0.594 0.014 0.447= 0.062 0.046  -0.024

area

Seedling fresh 0.429 -1.303  -0.042 0.032 -0.119 -0.018 -0.254 0.036 0.900 -0.016 0.047 1.012 0.040 0.260  -0.027

weight

Seedling dry 0.419 0.049  -0.093 0.031 -0.119  -0.018 -0.233 0.033 0.854  -0.011  «1.296 0.958 0.(X)6 0.280 -0.022

weight

Absolute seed- 0.428 1.000 -0.102 0.032 -0.119 -0.018 -0.255 0.036 0.900 -0.017  «1.363 0.046 0.042 0.260 -0.027

ling water content

Specific seedling 0.209 0.112  -0.027 0.003 -0.034  -0.005 -0.152 0.021 0.431 -0.021 m0.486 0.003 0.375 0.008 -0.019

water content

Seed vigour 0.660 0.303 0.041 -0.004 =0.146 -0.023 -0.263 0.035 0.896 -0.006 -1.176 0.045 0.868 0.003 -0.015

index

1000 seed 0.380 -0.039 -0.173 0.047 0.001 -0.001 -0.190 0.022 0.415 0.023  +0.934 0.028 0.698 0.055 0.115

weight

Residual effect = 0.0008
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e Ijtoerrrcre. in agreement with what was recorded
by Kamenovaera/., 1983. The metal tolerence
remonstrated in members of Brassicaceae

T* tltHinson. 1984; Dueck et al., 1987 as also by
sr asd Procter. 1990. According to them the de-
:? solerauce Is due to either genetic variability
3r N~ 2leractive effect of contaminaters. Gartside
19”4 reported that only those plant spe-
rossess the required genetic variation can

mcmsac iterance in their population.

basis of present study some interesting

irr. coefficients have been established. The

jem aie germination is positively correlated with
fom m m kx3ti rate index and seedling vigour. The
le*£th Is also positively correlated with radi-
axpDon rate, seedling length, mean fresh and
s.t.r.L absolute seedling water content and seed
ir"Yar ndev The seedling vigour too shows posi-
mnr corrdaoofi with percentage germination, germi-
Index, radicle length, radicle elongation

*>0000.1 iength. hypocotyl elongattion rate,

« gt
c i1 a -DO ~as ?een found to be positively correlated
kjpocotyl elongation rate, cotyledonary area,
rrrsfe md dry weight, absolute seedling water

arc seed vigour index. The vigour index

eec positive correlation with all characters
percentage germination, germination rate in-

for* iedonarv area, specific seedling water con-

c 1000 seed weight. All the correlations de-

are significant at 5% and 1% level of

A&sctae seedling water content shows the sig-
pos&iYe correlation with seedling vigour

MOQO seed weight. It suggests that in higher

oe m»e uater absorptioon and the mobili-

se' -escr-.e food occurs In low quantity. In this

I :s similar to the results of Siegel et al.,
WBLMm perhaps due to inhibition of seedling growth
~ lea 1 - til 5 7> Its association with cell
mEfene inhibits water absorption and also

| livdre. . 1 - Doilization of reserve food from coty-
ac Je~eioping seedling. Mullettt and
reportted that shoot length had sig-
tpOHfevecorrelation with fresh and dry weight
Sa”eess ar.d Deshpande, 1987, observed

a&del had significant positive correlation

racc leagrh fresh and dry weight of seeding
Maha;an and Nayeem, 1989 reported

£ ierrth and seed vigour index. The hypocotyl

the significant positive correlation of root length and
vigour index In the same plant.

A perusal of path coefficient analysis at phenotypic
level reveals that the seeding length, absolute seed-
Ing water content showed highest positive direct
effect on seedling vigour. The percentage seed ger-
mination and seed vigour index directly affected the
seedling vigour to some extent. The path coefficient
studies of Nayeem and Deshpande, 1987 In wheat
revealed that seed index and root length had direct
effect on dry matter. The residual effect was associ-
ated with the values of standard partial regression to
the limit of 0.0008 at phenotypic level. This indi-
cates the contribution of remaining factors other than
those studied for the present investigattion.

The information gathered on variability, com-
parison of toxicity levels, tolerance index, correla-
tion and direct and indirect effects of component
characters on seedling vigour can be used further.
These findings indicate that germination, radicle,
hypocotyl, seedling length and vigour index are the
iImportant character for seedling vigour. They are
primarily affected by heavy metal pollutants. In case
of mercury, 10'5 molar concentration is the last limit
for the degree of tolerance. However, for cobalt the
last limit of degree of tolerance may vary between
10'3 to 10'4 molar concentration.

We are grateful to the authorities of National
Seed Corporation I.A.R.l., New Delhi for supplying
the seeds of Brassica campestris var. toria PT. 303.

for the present study.
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