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Abstract

Zine sulphate affected the germination of seed of Vigna unguiculata (L.) Walp. The treatment of
0.1 mg/ml of zinc sulphate showed the adverse effect on the phenology. It caused decrease in the
fertility of pollen with an increase in the concentrations. This proves the gametocidic behaviour of
the heavy metal. Though it affected the fertility of pollen, however, none of the concentration
could bring down the fertility to zero percent. Potentiality of the germinability of pollen was noted
in all the 4 series #.e. F, F-24, F-48, F-72 investigated. The heavy metal stimulated the germination
of pollen of F, F-24 and F-48 series. All the concentrations of zinc sulphate inhibited the germination
of pollen of F-72 series as well as the pollen tube growth of all the 4 series. The present investigation
also shows that pollen germinaticn and tube elongation are two different processes differing in their
sensitivity to different concentrations of the heavy metal. It is also confirmed that the pollen
development and activity are more sensitive indicators of adverse factors in the botanical environment
and the use of an entire vascular plant as an indicator of pollution is a very crude method and rather
a wrong choice.
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Materials and Method

Certified seeds of Vigna unguiculata (L.) Walp.
Var Pusabarsati (cowpea) of Delhi were obtained
from the authorized dealers from which healthy
seeds were selected. To study the effect of zinc
sulphate, 20 seeds of ¥ unguiculata were sown in
white-transparent polythene bags (35x25 cm)

Introduction

Zinc increases the fibre strength of cotton. It has
been also seen that if cotton seeds are soaked in a
zinc before sowing or if zinc applied to the roots of
cotton seedlings, the zinc is translocated to actively
growing parts of the plant. However, an excess of
zine in soil suppresses phosphorus uptake by plants

and can cause leaf chlorosis (Bertrand and Wolf,
1961). ;
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containing garden soil and each bag was treated
with a 500 ml of different concentrations (0.001, 0.01,
0.1, 1, 10, 100, 1000 mg/m) zinc sulphate immediately
after sowing the seeds. The treatment was given
on every alternate dzy till the life cycle of the crop.

Copyright by ASEA
Allrights of reproduction in any form reserved

(83)



Salgare and Gawade

A set of control plants was also grown
simultaneously with only water in the same quantity
as the treated sets. Excess plants were removed
after 15 days of sowing leaving the identical and
healthy 5 plants in each bag. There were 10
replicates of each treatment. The observations
regarding mortlity, morphology, anatomy,
phenology efc. were recorded on every alternate
day. After 4 weeks of an uniform flowering,
successive flowers (viz. F, F-24, F-48; F-72 series
i.e. open flowers and the flower buds which require
24,48, 72 hours to open respectively) were plucked
t the same time after the dehiscence of anthers (in
open flowers). Pollen viability was tested by using
2,3,5-Triphenyl tetrazolium chloride (Hauser and
Morrison, 1964). To find out the germination
potential of pollen in the bud stage of floral
development, the flower buds of various sizes
marking the various stages of development and the
open flowers were phicked at the same time, after
the dehiscence of the anthers (in open flowers).
Germination of pollen grins of successive flowers
was studied by standing-drop technique in an
optimum concentrations of sucrose as; 10%sucrose
for F-24 and F-48 series, 20% sucrose for F-72 series
and 50% sucrose for F series. The cultures were
then transferred to a moist filtered chamber, stored
at room temperature (27-31°C) having RH of 53%
and in diffuse laboratory light. The experience were
run in triplicate and average results were recorded.
Observation were made by 24 hours after
incubation. For each experiment a random count of
100 grains was made (from different fields of the
slide) to determine the pollen viability and
germination. For measurement of length of pollen
tubes, 50 tubes were selected randomly and
measured at a magnification of 100x. The data
obtained was statically analyzed applying ‘t’ test.

Results and Discussion

Zinc sulphate affected the germination of seed of
Vigna unguiculata. The treatment of the lowest

concentration of the heavy metal showed 38.00%
seed germination against 50.00% in control, while
only 3.50% was noted with the treatment of 1000
mg/ml. Zinc sulphate could not cause cent percent
mortality. The treatment of 1 mg/ml of zinc sulphate
showed the adverse effect on the phenology, as
the result of which F-72 series stopped further
flowering after 29 days of their initiation. The
treatment of 100 mg/ml inhibited an initiation of
flowering of all the series except for F series after 31
days of their initiation, while further an initiation of
all the series had been completely suppressed after
32 days of their onset.

Zinc sulphate caused decrease in the fertility of
rollenofVigna unguiculate with an increase in the
concentrations (Table 1). This proves the

‘gametocidic behaviour of the heavy metal. Salgare

and Suwarna Gawde (1991) recorded the
gametocidic effect of the heavy metal on the
leguminous crop. It should be noted that though
zinc sulphate affected the fertility of pollen of ¥/
unguiculate, however, it could not bring down to
zero percent (Table 1).

As a rule the percentage of pollen germination is
always less than the pollen viability (Table 1).
However, Banerji and Gangulee (1937) and
Dharurkar (1971) reported higher percentage of
pollen germination than the pollen viability in
Eichhornia crassipes. The claim of Banerji and
Gangulee (1937) and Dharurkar (1971) is challenged
by Salgare (1986a, 95, 2000b, 2006a, 20061, 2006j,
2006k, 2006m, 2007a, 2007b, 2007d, 2007¢, 20071,
2007h, 20071) who stated that the observations of
Banerji and Gangulee (1937) and Dharurkar (1971)
are exaggerating, )

Potentiality of the germinability of pollen was noted
inall the 4 series i.e. F, F-24, F48, F-72 investigated
(Tables 2 and 3). The treatment of 0.001, 0.01, 0.1
mg/ml concentrations of the heavy metal stimulated
the germination of pollen of F and F-24 series. The
treaiment of all the concentrations of zinc sulphate
inhibited the germination of pollen of F-48 and F-72
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Table 1: Effect of zinc sulphate (supplied through water) on the fertility of pollen of successive flowers of
Vigna unguiculata

Successive flowers
F F-24 F-48 i F-72
Conc.
Tin% DFC% Tin% DFC% Tin% DFC% Tin% DFC%
0.001 66.20+1.98 | -14.03 | 63.20=3.05 | -17.92 | 57.00£3.47 | -2597 | 53.20+£3.02 | -309!
0.01 63.80+2.19 | -17.14 | 61.60+13%9 | -20.00 | 53.20+£5.98 | 93091 | 50.60=3.42 | -34.29
0.1 61.20£2.79 | -20.26 | 56.80+£2.17 | -26.23 | 49.20£2.17 | -36.10 | 44.00£3.08 | -42.86
1.0 60.20+4.55 | -21.82 | 56.20+£2.08 | -27.01 | 48.40£2.37 | -37.14 Nf Nf
10.0 57.80+£2.39 | -24.94 | 55.00=4.50 | -28.57 Nf Nf Nf Nf
100.0 56.00+£2.55 | -27.27 Nf Nf Nf Nf . Nf Nf
1000.0 APD APD APD APD APD APD APD APD

Nate: APD, all plants died; Conc,. Concentrations of heavy metai in mg/ml; DFC, difference from control; NI, no flowering; T, pollen viability in treated sets.
Values given are mean £ SE of 500 (Tested 4 weeks after initiation of flowering)

Table 2: Effect of zinc sulphate (supplied through water) on the germination of pollen of successive
flowers of Vigna unguiculata

Successive flowers
F F-24 F-48 F-72
Conc.
Tin% DFC% Tin% DFC% Tin% DFC% Tin% DFC%
0.001 24.00+£2.82 | +60.00 9.40&1.;9'.'7 +56.67 | 5.00+£1.09 | -13.79 3.20+0.86 -33.33
0.01 20.80+1.85 | +38.67 | 8.00+1.89 | +33.33 | 4.20+0.86 | -27.59 2.00£0.55 | -558.33
0.1 17.80+2.19 | +18.67 | 7.00+2.02 +1§.67 3.40+0.68 | -41.38 Ng Ng
1.0 7.80+1.28 , -48.00 | 3.00+0.89 | -50.00 | 2.00+0.45 -65.52 Nf - Nf
10.0 4.20+1.32 -72.00 | 1.00+0.32 | -83.33 Nf Nf Nf Nf
100.0 2.00+0.71 -86.67 Nf Nf Nf Nf Nf Nf
1000.0 APD APD APD APD APD APD APD APD

Nate: APD, all plants died; Conc,. Concentrations of heavy metal in mg/ml: DFC, difference from control; Ng, no pollen germinationNf, no flowering; T, pollen
viability in treated sets.
Values given are mean £ SE of 500 (Tested 4 weeks after initiation of flowering)

series (Table 2). The treatment of all the germination and tube elongation are two different
concentrations of the heavy metal inhibited the processes differing in their sensitivity to different
pollen tube growth of all the 4 series of V.  concentrations of the chemical (Tables 2 and 3).
unguiculata (Table 3). This was also pointed out earlier by the author (1986,
The present investigation also shows that pollen = 2006¢). However, Nair, Nambudiri and Thomas
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Table 3: Effect of zinc sulphate (supplied throngh water) on the polien tube growth of successive flowers

of Vigna unguiculata.

Successive flowers
F F-24 F-43 F-72
Conc.
Tin (mm) DFC% Tin (mm) DFC% Tim (mam) DFC% Tin (mm) DFC%
0.001 158.00£1591 | -21.78 | 194.00+22.89) -19.17 : 10'090;]6'_ -26.67 | 32.00£3.74 | -36.00
0.01 146.00+£15.97 | -27.72 184.00:!:26.52. -23.33 | 96,00+18.02 | -36.00 30.00+7.06 -40.00
0.1 136,00+34.38 [ -32.67 | 170.00+18.13| -29.17 | 68.00+10.66 -54.67 Ng Ng
1.0 128.00£1527 | -36.63 | 160.00+£14,12| -33.33 | 40.00+10.47 | -73.33 Nf Nf
10.0 122.00+£19.81 | -39.60 | 150.00+£18.68| -37.50 Nf Nf Nf Nf
100.0 70.00+£7.06 -65.35 Nf Nf Nf Nf Nf Nf
1000.0 APD APD APD APD APD APD APD APD
<ini3s APD, all plants died; Conc,. Concentrations of heavy metal in mg/ml; DFC, difference from control; Ng, no polien gerntinationN(, ne flowering; Tinn, pollen

tube length in mm in treated sets

Values given are mean + SE of 50 (Tested 4 weeks after initiation of flowering)

{1573) stated that it has been significant that the
optimum percentage of germination and tube length
were attained in the same growth medium. Present
work (Tables 2 and 3) as well as previous extensive
work of Salgare (1979, 1983, 1986b, 2004, 20054,
2005¢, 2006b, 2006 g, 2006m, 2007h, 20071), Salgare
and Bindu (2002, 2005), Salgare and Tessy Mol
Antony (2005a, 2005b) and Salgare and Joshi (2007)
it could be concluded that the observations of Nair,
Nambudiri and Thomas (1973) are superficial and
misleading.

Thus it is confirmed that the pollen development
and activity are more sensitive indicators of adverse
factors in the botanical environment and the use of
an entire vascular plant (Berg,1973; Brandt, 1974;
Vick and Bevan, 1976; Rasmussan, 1977; Navara,
Horvath and Kaleta, 1978; Mhatre, 1980-
Ph.D.Thesis; Mhatre, Chaphekar, Ramani Rao, Patil,
Haldar, 1980; Shetye, 1982-Ph.D.Thesis and Giridhar,
1984-Ph.D.Thesis) as an indicator of pollution is a
very crude method and rather a wrong choice. There
is no evidence of any entire vascular plant exhibiting
this much degree of sensitivity. This is confirmed
in the present critical review (Table. 1) as well as by

the previous extensive work of Salgare (1984, 85a-
¢, 86¢-d, 2000a, 01a-b, 05b, d-e, 06a, c-f, b, j-0, 07a-
k), Salgare and Theresa Sebastian (1986, 2006),
Salgare and Phunguskar (2000), Salgare and Sanju Singh
(2002, 06a-b) and Salgare and Sanchita Pathak (2005).

References

Banerji, 1. and Gangulee, H.C., 1937. Spermatogenesis in
Eichhornia crassipes Solms. J. Indian Bot. Soc., 16:
289-296,

Berg, H., 1973. Plants as indicators of air pollution.
Toxicol., 1: 79-89,

Brandt, C.C., 1974. Indicators of environmental quality.
In: WA, Thomas (ed.) Plenum Press, New York.
pp: 101,

Brewbaker, J.L. and Kwack, B.H., 1963. The essential role
of Ca ion in pollen germination and pollen tube
growth. Amer. J. Bot., 50: 859-865.

Dharurkar, R.D., 1971. Effects of herbicides on the
cytomorphology of Eichhornia crassipes Solms
(Mart.). Ph.D. Thesis, Univ., Bombay.

Giridhar, B.A., 1984. Study of interactions between
industrial air pollutants and plants. Ph.D. Thesis,
Univ., Bombay.

Hauser, E.J.P. and Morrison, J.H., 1964. The cytochemical
reduction of nitroblue tetrazolium as an index of
pollen viability. Amer. J. Bot., 51: 748-752.

Environment Conservation Journal ,®
o

(88) &

&



Monitoring of heavy metal (zinc sulphate)

Mhatre, GN., 1980. Studies in responses to heavy metals
in industrial Environment. Ph.D. Thesis, Univ.,
Bombay.

Mhatre, GN., Chaphekar, S.B., Ramani Rao, 1.V, Patil,
M.R. and Haldar, B.C., 1980. Effect of industrial
poliution on the Kalu river ecosystem. Environ.
Pollut. Series A 23: 67-78,

Nair, PK.K., Nambudiri, EM.V. and Thomas, M.K., 1973.
A note on pollen germination at various stages of
development of flower buds of Balsam (Impartians
balsam). J. Palyno., 4: 29-33.

Navara, J., Horvath, I. and Kaleta, M., 1978. Contribution
to the determination of limiting of values of SO, for
vegetation in the region of Bratislava, Environ. Pollut.
Series 4 16: 249-262,

Rasmussan, L., 1977. Epiphytic bryophytes as indicators
of changes in the background levels of air borne
metals from 1951 to 1975. Environ. Pollut Series
A 14: 34-45,

Salgare, S.A., 1975. A Criticism of Nair, Nambudiri and
Thomas’ (1973) paper entitled, ‘A note on pollen
germination at various stages of development of
flower buds of balsam (/mpatiens balsam)’. Proc. of
66™ Session of the Indian Sci. Cong. held on January
3-7, 1979 at Hyderabad, Section of Bot., 3:61-62,
Abstract No. 131.

Salgare, S.A., 1984. Further Evidence of a Criticism of the
Hypothesis of Berg (1973), Brandt (1974), Vick and
Bevan (1976), Rasmussan (1977), Navara, Horvath
and Kaleta (1978), Mhatre (1980 - Ph.D. Thesis),
Mhatre, Chaphekar, Ramani Rao, Patil, Haldar (1980),
Shetye (1982 - Ph.D. Thesis) and Giridhar (1984 -
Ph.D. Thesis). Proc. 4" Indian Palyno. Conf,, held
on March 19-21, 1984 at the Deptt. of Environ,
Sci., Andhra Univ., Visakhapatnam — 530 003, Abstract
No. § III-06.

Salgare, S.A., 1985a, A Criticism on the Findings of Mhatre
(1980 - Ph.D. Thesis), Mhatre, Chaphekar, Ramani
Rao, Patil, Haldar (1980), Shetye (1982 - Ph.D,
Thesis) and Giridhar (1984 - Ph.D. Thesis). Proc. 2
Ann. Conf. of the Nat. Environ. Sci. Acad., held on
May 25-27, 1985 at the Awadh Univ., Faizabad.
Abstract No, 2.

Salgare, S.A., 1985b, Further Evidence of the Findings of
Mhatre (1980 - Ph.D. Thesis), Mhatre, Chaphekar,
Ramani Rao, Patil, Haldar (1980), Shetye (1982 -
Ph.D. Thesis) and Giridhar (1984 - Ph.D. Thesis).
Proc. Nat. Symp. on Environ. Sci. and Warm Water
Aquaculture — Finfish, held on Noyember 6-9, 1985
at the Depit. of Zool., M.J.K. College of Bihar Univ.,

Bettiah — 845 438, Abstract No. 2.

Salgare, S.A., 1985¢c. A Criticism on the Findings of Mhatre
(1980 - Ph.D. Thesis), Mhatre, Chaphekar, Ramani
Rao, Patil, Haldar (1980), Shetve (1982 - Ph.D.
Thesis) and Giridhar (1984 - Ph.D. Thesis). Proc.
Nat. Symp. on Environ. Sci. and Warm Water
Aquaculture — Finfish, held on November 6-9, 1985
at the Deptt. of Zool, M.JK. College of Bihar Univ.,
Bettiah — 845 438, Abstract No. 73.

Salgare, S.A., 1986a. A Criticism on Ph.D.Thesis of
Dharurkar (1971) entitled, ‘Effect of herbicides on
the cytomorphology of Eickhornia crassipes Solms
(Mart.). Ph.D. Thesis, Univ. of Bombay. Proc. 1%
Nat. Symp, on Environ. Biol., held on December 30-
31, 1986 at Deptt. Zool. and Microbiol., S. K. Univ.,
Anantapur — 515 003, bstract No. 6.

Salgare, S.A., 1986b. A Criticism on the Findings of Nair,
Nambudiri and Thomas (1973). Proc. 1¢ Nat. Symp.
on Environ. Biol., held on December 30-31, 1986 at
Deptt. Zool. and Microbiol., S. K. Univ., Anantapur
— 515 003, Abstract No. 13,

Salgare, S.A., 1986¢. A Criticism on Ph.D. Thesis of
Giridhar (1984) entitled, ‘Study of Interactions
between industrial air Pollutants and plants’,
Ph.D.Thesis, Univ. Bombay. Proc. 1 Nat. Symp. on
Environ. Biol., held on December 30-31, 1986 at
Deptt. Zool. and Microbiol., S. K. Univ., Anantapur
— 515 003, Abstract No. 14,

Salgare, S.A., 1986d. A Criticism on Ph,D. Thesis of Shetye
(1982) entitled, “Effect of Heavy Metals on plants’.
Ph.D. Thesis, Univ. Bombay. Proc. 1% Nat. Symp. on
Environ. Biol., held on December 30-31, 1986 at
Deptt, Zool. and Mierobiol., S. K. Univ., Anantapur
— 515 003, Abstract No. 16.

Salgare, 5.A., 1995. Interesting observations on the
physiology of pollen of Eichhornia crassipes. Solam.
(Mart). Proc.13th Nat. Symp. on Life Sci., Proceeded
with Ann. Session of Indian Soc. of Life Sci., held on
December 30-31, 1995 & January 1, 1996 at CH. Charan
Singh Univ., Meerut - 250 004, Abstract No. 83.

Salgare, S.A., 2000a. Additional Evidence of a Criticism
on the Hypothesis of Berg (1973), Brandt (1974),
Vick and Bevan (1976), Rasmussan (1977), Mavara,
Horvath and Kaleta (1978), Mhatre (1980 - Ph.D,
Thesis), Mhatre, Chaphekar, Ramani Rao, Patil,
Haldar (1980), Shetye (1982 - Ph.D. Thesis) and
Giridhar (1984 - Ph.D. Thesis). pp 64-65, Proc, 1+
Nat. Conf. on Recent Trends in Life Management,
held on October 22-23, 2000 at Bipin Bihari P. G.
College, Jhansi - 284 001 (U.P.). Abstract No. 92.

Environment Conservation Journal

(89




Salgare and Gawade

Salgare, S.A., 2000b. A Criticism on the Findings »f Banerji Salgare, S.A., 2005e. Monitoring of herbicide (dalapon)

and Gangulee (1937) and Dharurkar (19, i- ria.D.
Thesis). Him. J. Env. Zool., 14: 159-160.

Salgare, S.A., 2001a. Monitoring of herbicide (nitrofen)
toxicity by using pollen as indicators — A Critical
Review ~ 1. Website www.microbiolegyou.com.
U.S.A’s Publications (35 pages).

Salgare, S.A., 2001b. Monitors of pollution — A Criticism
on the Hypothesis of Berg (1973), Brandt (1974),
Vick and Bevan (1976), Rasmussan (1977), Navara,
Horvath and Kaleta (1978), Mhatre (1980 - Ph.D.
Thesis), Mhatre, Chaphekar, Ramani Rao, Patil,
Haldara (1980), Shetye (1982 - Ph.D. Thesis) and
Giridhar (1984 - Ph.D. Thesis) — A Critical Review —
V. Biojournal., 13: 39-44.

Salgare, S.A., 2004. Whether optimum pollen germination
and tube length attained in the same growth medium
(sucrose + 2,4-D) by some species of Apocynaceae —
A Criticism to the Hypothesis of Nair, Nambudiri and
Thomas (1973) — A Critical Review — IV. Him. J.
Env. Zool, 18: 53-56.

Salgare, S.A., 2005a. Whether optimum pollen germination
and tube length attained in the same growth medium
(sucrose + 2,4,5-T) by some cultivars of Apocynaceae
and Further Evidence of A Criticism to the Hypothesis
of Nair, Nambudiri and Thomas (1973) - A Critical
Review. Flora and Fauna, 11: 42-44.

ioxicity by using pollen as indicators — Pollen of
some cultivars of Apocynaceae and further evidence
of a Criticism on the hypothesis of Berg (1973},
Brandt (1974), Vick and Bevan (1976), Rasmussan
(1977), Navara, Horvath and Kaleta (1978),
Mhatre (1980 - Ph.D. Thesis), Mhatre, Chaphekar,
Ramani Rao, Patil, Haldar (1980), Shetye (1982 -
Ph.D. Thesis) and Giridhar (1984 - Ph.D. Thesis)
— A Critical Review. Flora and Fauna 11: 49-50.

Salgare, S.A., 2006a. Monitoring of herbicide (fernoxone)

toxicity by using pollen as indicators — pollen of
five cultivars of Petunia axillaris; Further evidence
of a Criticism of Banerji and Gangulee (1937),
Brewbaker and Kwack (1963), Dharurkar (1971 -
Ph.D. Thesis), Berg (1973), Brandt (1974), Vick
and Bevan (1976), Rasmussan (1977), Navara,
Horvath and Kaleta (1978), Mhatre (1980 - Ph.D.
Thesis), Mhatre, Chaphekar, Ramani Rao, Patil,
Haldar (1980), Shetye (1982 - Ph.D. Thesis) and
Giridhar {1984 - Ph.D. Thesis) - A Critical Review.
Enviren. Conservation J., 7: 1-7,

Salgare, S.A., 2006b. Whether optimum pollen

germination and tube length attained in the same
growth medium (sucrose + sodium arsenite) and
Further Evidence of a Criticism of the Hypothesis
of Nair, Nambudiri and Thomas (1973) - A Critical
Review. Internat. J. Plant Sci., 1: 132-133.

Salgare, S.A., 2005b. Monitoring of herbicide (simazine) Salgare, S.A., 2006c. Monitoring of herbicide (basalin

toxicity — A Criticism on the hypothesis of Berg
(1973), Brandt (1974), Vick and Bevan (1976),
Rasmussan (1977), Navara, Horvath and Kaleta
(1978), Mhatre (1980 - Ph.D. Thesis), Mhatre,
Chaphekar, Ramani Rao, Patil, Haldar (1980), Shetye
(1982 - Ph.D. Thesis) and Giridhar (1984 - Ph.D.
Thesis) — A Critical Review. Him. J. Env. Zool., 19:
69-71.

Salgare, S.A., (2005c). Whether optimum pollen

EC) toxicity by using pollen as indicators — Pollen
of Petunlia axillaris and further evidence of a
Criticism of the hypothesis of Berg (1973), Brandt
(1974), Vick and Bevan (1976), Rasmussan (1977),
Navara, Horvath and Kaleta (1978), Mhatre (1980
- Ph.D. Thesis), Mhatre, Chaphekar, Ramani Rao,
Patil, Haldar (1980}, Shetye (1982 - Ph.D. Thesis}
and Giridhar (1984 - Ph.D. Thesis) - A Critical
Review. Him. J. Envi. Zool., 20 269-271.

germination and tube length attained in the same Salgare, S.A., 2006d. Alteration of resting period of

growth medium (sucrose + nitrofen) - A Criticism to
the Hypothesis of Nair, Nambudiri and Thomas (1973)
- A Critical Review, Him. J. Env. Zool., 19: 93-95.

Salgare, S.A., 2005d. Monitoring of herbicide {basalin EC)
toxicity — A Criticism on the hypothesis of Berg
(1973), Brandt (1974), Vick and Bevan (1976},
Rasmussan (1977), Navara, Horvath and Kaleta
(1978), Mhatre (1980-Ph.D. Thesis), Mhatre,
Chaphekar, Ramani Rao, Patil, Haldar (1980), Shetye

pollen of Apocynaceae by herbicide (nitrofen):
Further evidence of a Criticism of Sudhakaran
(1967-Ph.D.Thesis), Saoji and Chitaley (1972),
Berg (1973), Brandt (1974), Vick and Bevan (1976),
Rasmussan (1977), Navara, Horvath and Kaleta
(1978), Mhatre (1980 - Ph.D.Thesis), Mhatre,
Chaphekar, Ramani Rao, Patil, Haldar (1980),
Shetye (1982 - Ph.D.Thesis) and Giridhar (1984 -
Ph.D. Thesis). Infernat. J. Agri. Sci., 3: 239-243.

(1982-Ph.D. Thesis) and Giridhar (1984-Ph.D. Salgare, S.A., 2006e. Effect of herbicide (acrolein) on

Thesis) — A Critical Review. Infernat. J. Biosci.
Reporter 3: 298-300.

pollen germination and tube growth of twelve hours
stored pollen of five cultivars of Apocynaceae:

Environment Conservation Journal

(90)




Monitoring of heavy metal (zinc sulphate)

Further evidence of a Criticism of Sudhakaran (1967-
Ph.D.Thesis), Berg (1973). Brandt (1974}, Vick and
Bevan (1976), Rasmussan (1977). Navara, Horvath
and Kaleta (1978), Mhatre (1980-Ph.D. Thesis),
Mbhatre, Chaphekar, Ramani Rao, Patil, Haldar (1980),
Shetye (1982-Ph.D. Thesis) and Giridhar (1984-Ph.D.
Thesis) - A Critical Review*. J. Narcon, 18: 283-
290.

Salgare, S.A., 2006f. Monitoring of herbicide (2.4-D)

toxicity by using pollen as indicators — Pollen of
Apocynaceae and further evidence of a Criticism of
the Hypothesis of Berg (1973), Brandt (1974), Vick
and Bevan (1976), Rasmussan (1977), Navara,
Horvath and Kaleta (1978), Mhatre (1980 - Ph.D.
Thesis), Mhatre, Chaphekar, Ramani Rao, Patil,
Haldar (1980), Shetye (1982 - Ph.D. Thesis) and
Giridhar (1984 - Ph.D. Thesis) — A Critical Review.
Internat. J. Plant Sci. 1: 134-136.

Salgare, S.A., (2006g). Whether optimum pollen

germination and tube length attained in the same
growth medium (sucrose + atrataf 50w) - A Criticism
to the hypothesis of Nair, Nambudiri and Thomas
(1973) - A Critical Review. Internat. J. Biosci.
Reporter, 4: 145-146.

Salgare, S.A., 2006h. Evaluation of MH as male cametocide

on Phaseolus aureus and a new method of plant
breeding and further evidence of a Criticism of the
hypothesis of Nair, Nambudiri, Thomas (1973), Berg
(1973), Brandt (1974), Vick and Bevan (1976),
Rasmussan (1977), Navara, Horvath and Kaleta
(1978), Mhatre (1980 - Ph.D. Thesis), Mhaire,
Chaphekar, Ramani Rao, Patil, Haldar (1980), Shetye
(1982 - Ph.D. Thesis) and Giridhar (1984 - Ph.D.
Thesis). Internat. J. Plant Sci., 1: 352-356.

Salgare, S.A., 2006i. Further Evidence of a Criticism of

the Findings of Banerji and Gangulee (1937) and
Dharurkar (1971)*. Internat. J. Biosci. Reporter, 4:
169-170,

Salgare, S.A., 2006j. Alteration of resting period of poflen

of five cultivars of Petunia axillaris BSP. by atrataf
S0W: Further evidence of a Criticism of Saoji and
Chitaley (1972), Berg (1973), Brandt (1974}, Vick
and Bevan (1976), Rasmussan (1977), Navara,
Horvath and Kaleta (1978), Mhatre (1980-Ph.D.
Thesis), Mhatre, Chaphekar, Ramani Rao, Patil,
Haldar (1980), Shetye (1982-Ph.D. Thesis) and
Giridhar (1984-Ph.D. Thesis) — A Critical Review. J.
Natcon, 18: 353-360. '

Salgare, S.A., 2006k. Monitoring of herbicide (2,4-

dinitrophenol) toxicity by using pollen as indicators—
Pollen of five cultivars of Apocynaceae: Further

evidence of a Criticism of Banerji and Gangulee
(1937), Brewbaker and Kwack (1963), Sudhakaran
(1967-Ph.D.Thesis), Dharurkar (1971 - Ph.D.
Thesis), Berg (1973), Brandt (1974}, Vick and Bevan
(1976), Rasmussan (1977), Navara. Horvath and
Kaleta (1978), Mhatre (1980 - Ph.D. Thesis), Mhatre,
Chaphekar, Ramani Rao, Patil, Haldar (1980), Shetye
(1982 - Ph.D. Thesis) and Giridhar (1984 - Ph.D.
Thesis) — A Critical Review*. Res. Hunt, 1: 1-6

Salgare, S.A., 20061. Alteration of resting period of pollen

of five cultivars of Petunia axillaris BSP. by atratal
50W: Further evidence of a Criticism of Saoji and
Chitaley (1972), Berg (1973), Brandt (1974), Vick
and Bevan (1976), Rasmussan (1977), Navara,
Horvath and Kaleta (1978), Mhatre (1980-Ph.D.
Thesis), Mhatre, Chaphekar, Ramani Rao, Patil,
Haldar (1980), Shetye (1982-Ph.D. Thesis) and
Giridhar (1984-Ph.D.Thesis) — A Critical Review. J.
Natcon, 18: 357-364.

Salgare, S.A., 2006m. Whether optimum pollen

germination and tube length attained in the same
growth medium (sucrose + simazine) by five cultivars
of Apocynaceae !: Further evidence of a Criticism of
Banerji and Gangulee (1937), Brewbaker and Kwack
(1963), Sudhakaran (1967-Ph.D. Thesis), Dharurkar
(1971 - Ph.D. Thesis), Nair, Nambudiri and Thomas
(1973), Berg (1973), Brandt (1974), Vick and Bevan
(1976), Rasmussan (1977}, Navara, Horvath and
Kaleta (1978), Mhatre (1980 - Ph.D. Thesis), Mhatre,
Chaphekar, Ramani Rao, Patil, Haldar (1980), Shetye
(1982 - Ph.D. Thesis) and Giridhar (1984 - Ph.D.
Thesis) - A Critical Review*. Res. Hunt, 1: 146-
1535.

Salgare, S.A., 2006n. Effect of herbicide (acrolein) on

pollen germination and tube growth of twelve hours
stored pollen of five cultivars of Apocynaceae: Furthe
evidence of a Criticism of Sudhakaran (1967-
Ph.D.Thesis), Berg (1973), Brandt (1974), Vick and
Bevan (1976), Rasmussan (1977), Navara, Horvath
and Kaleta (1978), Mhatre (1980-Ph.D.Thesis),
Mbhatre, Chaphekar, Ramani Rao, Patil, Haldar (1980),
Shetye (1982-Ph.D.Thesis) and Giridhar (1984-
Ph.D.Thesis) — A Critical Review*. J. Nafcon, 18:
361-368.

Salgare, S.A., 20060, Alteration of resting period of pollen of

five cultivars of Petunia axillaris BSP. by Gramoxone:
Further evidence of a Criticism of Brewbaker and Kwack
(1963), Saoji and Chitaley (1972), Berg (1973), Brandt
(1974), Vick and Bevan (1976), Rasmussan (1977),
Navara, Horvath and Kaleta (1978), Mhatre (1980-
Ph.D. Thesis), Mhatre, Chaphekar, Ramani Rao, Patil,

Environment Conservation Journal

O




Salgare and Gawade

Haldar (1980), Shetye (1982-Ph.D. Thesis) and
Giridhar (1984-Ph.D. Thesis) — A Critical Review .
Enviren. Conservation J., 7. 51-57.

Salgare, 5.A., 2007a. Effect of herbicide (basalin EC) on

pollen germination and tube growth of twelve hours
stored pollen of five cultivars of Apocynaceae:
Further Evidence of a Criticism of Banerji and
Ganguiee (1937), Sudhakaran (1967-Ph.D.Thesis),
Dharurkar (1971 - Ph.D. Thesis), Berg (1973), Brandt
(1974), Vick and Bevan (1976), Rasmussan (1977),
Navara, Horvath and Kaleta (1978), Mhatre (1980-
Ph.D. Thesis), Mhatre, Chaphekar, Ramani Rao,
Patil, Haldar (1980), Shetye (1982-Ph.D. Thesis)
and Giridhar (1984 -Ph.D. Thesis) — A Critical
Review*, Environ. Conservation J., 8: 1-8,

Salgare, S.A., 2007b. Effect of Herbicide (simazine) on

pollen germination and tube growth of twelve hours
Stored Pollen of five cultivars of Apocynaceae:
Further Evidence of a Criticism of Banerji and
Gangulee (1937), Sudhakaran (1967-Ph.D.Thesis),
Dharurkar (1971 - Ph.D. Thesis), Berg (1973), Brandt
(1974), Vick and Bevan (1976), Rasmussan (1977),
Navara, Horvath and Kaleta (1978), Mhatre (1980 -
Ph.D. Thesis), Mhatre, Chaphekar, Ramani Rao,
Patil, Haldar (1980), Shetye (1982 - Ph.D. Thesis)
and Giridhar (1984 - Ph.D. Thesis) - A Critical Review.
Internar. J. Agric. Sci., 3: 313-317.

Salgare, S.A., 2007c. Effect of atrataf 50W on the Rate of

Pollen germination and tube growth of successive
flowers of five cultivars of Petunia axillaris BSP. and
Further Evidence of a Criticism of Berg (1973),
Brandt (1974), Vick and Bevan (1976), Rasmussan
(1977), Navara, Horvath and Kaleta (1978), Mhatre
(1980 - Ph.D. Thesis), Mhatre, Chaphekar, Ramani
Rao, Patil, Haldar (1980), Shetye (1982 - Ph.D,
Thesis) and Giridhar (1984 - Ph.D. Thesis) - A Critical
Review. Him. J. Env. Zool., 21: 377-379.

Salgare, S.A., 2007d. Monitoring of Herbicide (nitrofen)

Toxicity by Using Pollen as Indicators — Pollen of five
cultivars of Apocynaceae [Further Evidence of a Criticism
of Banerji and Gangulee (1937), Brewbaker and Kwack
(1963), Sudhakaran (1967-Ph.D. Thesis), Dharurkar
(1971 - Ph.D. Thesis), Berg (1973), Brandt (1974), Vick
and Bevan (1976), Rasmussan (1977), Navara, Horvath
and Kaleta (1978), Mhatre (1980 - Ph.D. Thesis), Mhatre,
Chaphekar, Ramani Rao, Patil and Haldar (1980), Shetye
(1982 - Ph.D. Thesis) and Giridhar (1984 - Ph.DD. Thesis)].
Plant Archives, T7: 397-400.

Salgare, S.A., 2007¢. Effect of Herbicide (MH) on pollen

germination and tube growth of twelve hours stored
pollen of Apocynaceae: Further Evidence of a
Criticism of Banerji and Gangulee (1937), Brewbaker

and Kwack (1963), Sudhakaran (1967-Ph.D.Thesis),
Dharurkar (1971 - Ph.D. Thesis), Berg (1973), Brandt
(1974), Vick and Bevan (1976), Rasmussan (1977),
Navara, Horvath and Kaleta (1978), Mhatre (1980 -
Ph.D. Thesis), Mhatre, Chaphekar, Ramani Rao,
Patil, Haldar (1980), Shetye (1982 - Ph.D, Thesis)
and Giridhar (1984 - Ph.D: Thesis) - A Critical
Review*. Internat. J. Plant Sci., 2: 215-219.

Salgare, S.A., 2007f. Monitoring of herbicide (MH) toxicity

by using pollen as indicators - Pollen of five cultivars
of Petunlia axillaris BSP.: Further evidence of a
criticism of Banerji and Gangulee (1937), Dharurkar
(1971 - Ph.D. Thesis), Berg (1973), Brandt (1974),
Vick and Bevan (1976), Rasmussan (1977), Navara,
Horvath and Kaleta (1978), Mhatre (1980 - Ph.D.
Thesis), Mhatre, Chaphekar, Ramani Rao, Patil,
Haldar (1980}, Shetye (1982 - Ph.D. Thesis) and
Giridhar (1984 - Ph.D. Thesis) - A Critical Review.
Environ, Conservation J., 8: 9-16.

Salgare, S.A., 2007g. Alteration of resting period of pollen

of five cultivars of the Apocynaceae by herbicide
(2,4-Dinitrophenol); Further Evidence of a Criticism
of Brewbaker and Kwack (1963), Sudhakaran (1967-
Ph.D.Thesis), Saoji and Chitaley (1972), Berg (1973),
Brandt (1974), Vick and Bevan (1976), Rasmussan
(1977), Navara, Horvath and Kaleta (1978), Mhatre
(1980 - Ph.D. Thesis), Mhatre, Chaphekar, Ramani
Rao, Patil, Haldar (1980), Shetye (1982 - Ph.D.
Thesis) and Giridhar (1984 - Ph.D. Thesis) — A Critical
Review*. Res. Hunt, 2: 107-114,

Salgare, S.A., 2007h. Whether Optimum Pollen

Germination and Tube Length Attained in the same
growth medium (sucrose + sodium penta chloro
phenate) -by five cultivars of Apocynaceae [Further
Evidence of a Criticism of Banerji and Gangulee
(1937), Sudhakaran (1967-Ph.D.Thesis), Dharurkar
(1971 - Ph.D. Thesis), Nair, Nambudiri and Thomas
(1973), Berg (1973), Brandt (1974), Vick and Bevan
(1976), Rasmussan (1977), Navara, Horvath and
Kaleta (1978), Mhatre (1980 - Ph.D. Thesis), Mhatre,
Chaphekar, Ramani Rao, Patil and Haldar (1980),
Shetye (1982 - Ph.D. Thesis) and Giridhar (1984 -
Ph.D. Thesis)]. Plant Archives, 7: 403-408.

Salgare, S.A., 2007i. Whether optimum pollen germination

and tube length attained in the same growth medium
(sucrose + basalin EC) by five cultivars of Petunia
axillaris BSP.: Further evidence of a criticism of
Banerji and Gangulee (1937), Sudhakaran (1967-
Ph.D.Thesis), Dharurkar (1971 - Ph.D. Thesis), Nair,
Nambudiri and Thomas (1973), Berg (1973), Brandt
(1974), Vick and Bevan (1976), Rasmussan (1977),
Navara, Horvath and Kaleta (1978), Mhatre (1980 -

Environment Conservation Journal

(92)

Ve §



Monitoring of heavy metal (zinc sulphate)

Ph.D. Thesis), Mhatre, Chaphekar, Ramani Rao,
Patil, Haldar (1980). Shetye (1982 - Ph.D. Thesis)
and Giridhar {1984 - Ph.D. Thesis) - A Critical
Review. Environ. Conservation J., 8. 21-30.

Salgare, S.A., 2007j. Monitoring of Herbicide (atrataf’ S0W)
Toxicity by using Pollen as Indicators — Polien of
five cultivars of Petunia axillaris BSE.: Further
Evidence of a Criticism of Berg (1973), Brandt
{1974), Rasmussan (1977), Navara, Horvath and
Kaleta (1978), Mhatre (1980-Ph.D. Thesis). Mhatre,
Chaphekar, Ramani Rao, Patil, Haldar (1980), Shetye
{1982-Ph.D.Thesis) and Giridhar (1984-Ph.D.
Thesis) — A Critical Review. Asian J. Bio Sei., 1: 191-
195.

Salgare, S.A., 2007k, Effect of fernoxone on the rate of
pollen germination and tube growth of successive
flowers of five cultivars of Perunia axillaris BSP.:
Further Evidence of a Criticism of Saoji and Chitaley
(1972), Berg (1973), Brandt (1974;. Rasmussan
(1977), Navara, Horvath and Kaleta (1975), Mhatre
(1980-Ph.D. Thesis), Mhatre, Chaphciar, Ramani
Rao, Patil, Haidar (1980), Shetye (1982-Ph.D.Thesis)
and Giridhar {1984-Ph.D. Thesis) — A Critical Review.
Internat. J. Plant Sci., 2: 231-234.

Salgare. S.A. and Bindu, 2002, Whether opt: num pollen
germination and tube length attained in the same
growth medium (sucrose + calcium chloride) by pink-
flowered Catharanthus roseus !: A Criticism to the
Hypothesis of Nair, Nambudiri and Thomas (1973) —
A Critical Review - 1. Bigjournal, 14: 21-23.

Salgare, S.A. and Bindu, 2005. Whether optimum pollen
germination and tube length attained in the same
growth medium (sucrose + calcium chloride) by white
- flowered Catharanthus roseus and Further Evidence
of A Criticism on the Hypothesis of Nair, Nambudiri
and Thomas (1973) - A Critical Review. Flora and
Fauna, 11: 183-184.

Salgare, S.A. and Joshi, AN., 2007. Whether optimum
pollen germination and tube length attained in the
same growth medium (sucrose+boric acid) by red
missile cultivar of Capsicum frufescens L. and Further
Evidence of a Criticism of Nair, Nambudiri and
Thomas (1973) — A Critical Review. Asian J. Bio
Sci., 1: 174-176.

Salgare, S.A. and Phunguskar, K.P., 2000, Monitors of
pesticide {aiphamethrin) toxicity by using pollen as
indicators — Pollen of pink-flowered Catiaranthus
roseus — A Criticism on the hypothesis of Berg (1973),
Brandt (1974), Vick and Bevan (1976), Rasmussan
(1977), Navara, Horvath and Kaleta {(1978). Mhatre
(1980 ~ Ph.D. Thesis), Mhatre, Chaphekar, Ramani

Rao, Patil, Haldara (1980), Shetye (1982 - Ph.D.
Thesis} and Giridhar (1984 - Ph.D. Thesis) — A Critical
Review - IIl, Biojournal, 14: 1-.

Salgare, S.A, and Sanchita Pathak, 2005. Monitoring of
heavy metal (bismuth nitrate) toxicity by using pollen
as indicators - Pollen of white-flowered Catharanthus
roseus and further evidence of a Criticism on the
hypothesis of Berg (1973), Brandt (1974), Vick and
Bevan (1976), Rasmussan (1977), Navara, Horvath
and Kaleta (1978), Mhatre (1980 - Ph.D. Thesis),
Mhatre, Chaphekar, Ramani Rao, Patil, Haldar (1980),
Shetye (1982 - Ph.D. Thesis), and Giridhar (1984 -
Ph.D. Thesis) - A Critical Review. Flora and Fauna,
11: 69-70.

Salgare, S.A. and Sanju Singh, 2002. Monitors of heavy
metal (ferrous sulphate) toxicity by using pollen as
indicators - Pollen of white-flowered Catharanthus
rosens - A Criticism on the hypothesis of Berg (1973),
Brandt (1974), Vick and Bevan (1976), Rasmussan
(1977), Navara, Horvath and Kaleta (1978), Mhatre
(1980 - Ph.D. Thesis), Mhatre, Chaphekar, Ramani
Rao, Patil, Haldara (1980), Shetye (1982 - Ph.D.
Thesis) and Giridhar (1984 - Ph.D. Thesis) - A Critical
Rarw —IL Biojournal, 14: 5-7.

Salgare, S.A. and Sanju Singh, 2006a. Monitoring of heavy
metal (copper sulphate) toxicity by using pollen as
indicators - Pollen of white-flowered Catharanthus
roseus and further evidence of a Criticism on the
hypothesis of Berg (1973), Brandt (1974), Vick and
Bevan (1976), Rasmussan (1977), Navara, Horvath
and Kaleta (1978), Mhatre (1980 - Ph.D. Thesis),
Mhatre, Chaphekar, Ramani Rao, Patil, Haldar (1980),
Shetye (1982 - Ph.D. Thesis), and Giridhar (1984 -
Ph.D. Thesis) - A Critical Review — 1. Him. J. Env.
Zool., 20: 276-278.

Saigare, S_A. and Sanju Singh, 2006b. Monitoring of heavy
metal (cobalt nitrate) toxicity by using pollen as
indicators — Pollen of pink-flowered cultivar of
Catharanthus roseus and further evidence of a
Criticism of the hypothesis of Berg (1973), Brandt
(1974), Vick and Bevan (1976), Rasmussan (1977),
Navara, Horvath and Kaleta (1978), Mhatre (1980 -
Ph.D. Thesis), Mhatre, Chaphekar, Ramani Rao,
Patil, Haldar (1980), Shetye (1982 - Ph.D. Thesis)
and Giridhar (1984 - Ph.D. Thesis) - A Critical Review
— L. Him. J. Env. Zool., 20: 283-284.

Salgare, S.A. and Suwamna Gawde, (1991). Effect of mercury
(supplied through soil) on pollen viability of
successive flowers of Vigna radiata (L.)Wilczer. J.
Natcon, 3: 68-75,

Salgare, S.A. and lcssy Mol Antony, 2005a. Whether
optimum poilci germination and tube length attained

Environment Conservation Journal

(93)




Salgare and Gawade

in the same growth medium (sucrose + potassium
chloride) by pink-flowered Catharanthus roseus and
Further Evidence of A Criticism to the Hypothesis of
Nair, Nambudiri and Thomas (1973) - A Critical
Review. Flora and Fauna, 11: 61-62,

Salgare, S.A. and Tessy Mol Antony, 2005b. Whether

optimum pollen germination and tube length attained
in the same growth medium (sucrose + sodium oxalate)
by white-flowered Catharanthus roseus and Further
Evidence of A Criticism to the Hypothesis of Nair,
Nambudiri and Thomas (1973) - A Critical Review.
Flora and Fauna, 11: 75-76.

Salgare, S.A. and Theresa Sebastian, 1986. Further Evidence

of a Criticism of the hypothesis of Berg (1973),
Brandt (1974), Vick and Bevan (1976), Rasmussan
(1977), Navara, Horvath and Kaleta (1978), Mhatre
(1980 - Ph.D. Thesis), Mhatre, Chaphekar, Ramani
Rao, Patil, Haldar (1980), Shetye (1982 - Ph.D.

Thesis) and Giridhar (1984 - Ph.D. Thesis). 1* Nat.
Symp. on Environ. Biol,, held on December 30-31,
1986 at Deptt. Zool. and Microbiol., S. K. Univ,,
Anantapur — 513 003. Abstract No. 15.

Salgare, S.A. and Theresa Sebastian, (2006). Monitoring

of herbicide (dalapon) toxicity by using pollen as
indicators - Pollen of urid and Further Evidence of a
Criticism of Berg (1973), Brandt (1974), Vick and
Bevan (1976), Rasmussan (1977), Navara, Horvath
and Kaleta (1978), Mhatre (1980 - Ph.D. Thesis),
Mhatre, Chaphekar, Ramani Rao, Patil, Haldar (1980),
Shetye (1982 - Ph.D. Thesis) and Giridhar (1984 -
Ph.D.Thesis) - A Critical Review — I*. Internat. J.
Biosci. Reporter, 4: 323-329,

Shetye, R.P., 1982, Effect of heavy metals on plants.

Ph.D. Thesis Univ., Bombay.

Suwarna Gawde, 1988. Effect of industrial pollution on

crop physiology — I Ph.D. Thesis Univ., Bombay.

Environment Conservation Journal

64)




