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Abstract

The germination and early growth of pea, particularly, secondary root development, were highly inhi.
bited by fensulfothion (Dasanit), an organophosphorous pesticide. Various light t]";atmfnts like red
far-red and whitelight (18 hr light and 6 hr dark cycle) as well as difierent phytohormones and acetyl:
doline treatment had no influence on the seed germination either independently or in combination
with each other, nor could these treatments reverse the fensulfothion jnduced toxicity. On the other
hand, the development of shoot, tap root and secondary roots were variously affected by these factors
ad there was significant interaction among the different treatments. The most severe effect of the
psticide wason the development of secondary rootsand often simujtaneous application of phyto-
hormones enhanced the toxic effect of fensulfothion. The statistical 2nalysis of the data showed that
the intzraction among the light, the hormones and pesticide were found to be highly significant
prticilarly, in acetylcholine treatment, where maximum interactions among light, acetylcholine 2nd,
fensulfothion were noticed with respect to growth and development of pea seedlings.

by words : Pe2, fensuifothion, red light, far-red light, phytohormones, acetylcholine, germination
ad early growth,

1. Introduction

A number of pesticides, including organophosphorous compounds, have been often
found to be phytotoxic. But, the biochemical basis of such toxicities except in the casc
of herbicides is not known. It has been reported, in many cases, that the growth
inhibition caused by growth retardants, like AMO-1618, phosfon-D, CCC, B995 and
ErPTC can be counteracted by the application of gibberellic acid*-5. The influence of
Bbberellic acid (GA) and growth retardants in altering the growth of plants are sugges-
ted to ke mutually antagonistic. Apart from GA, mild reversal of the action _o.f CCC
¥as obtained by the application of choline, betaine and adenine °. The inhibition .of
the growth of wheat seedlings ty CCC could be reduced strongly by the root application
of acetylcholine?. Thus, many chemicals, in addition to GA, totally unrelated struc-

wrally, were found to be antagonistic to growth retardants. However, there arte' v;z
*¥Teports available on the alleviation of phytotoxicity of organophosphorous pestici

Y Phitohormoness:s. |

.Tl_le Phytotoxicity of organophosphorous pesticides attains intcrcszng bb:fl;;ﬁ::::c:
"Biificance in view of the fact that, in recent years, acetylcholinesterase fias Be€
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. a number of plants!®-1? and acetylcholine (ACh) has .been implicated in Many p

chrome or phytohormone mediated Qrocessesfo—fﬂ__ ‘It 1s well known that Organg Yio-
phorous compounds exert their action by mhibiting acetylcholinesterase ip anjm
Studies on acetylcholmesterase from pea revealed that one of the major bioche% ]
targets for fensulfothion (organophosphorous pesticide) phytotoxicity, is s ,:
cholinesterase'™ 24, et

Phytochrome and phytohormones are the important factors which regulate the £ro
of plants®!> #-%", Since this regulation is altered by pesticides and growth 1'<=:tar¢1amswt!1
is obvious to expect strong interactions between these factors in affecting the ]:ll
growth. In the present study, the effect of fensulfothion [0, o-diethyl (P'melhyl-su]gn "
phen, 1) phosphorothioate], an organophosphorous pesticide widely used for ﬂematc:;g
control, on the germination and early growth of pea has been studied. Attempts werp
also made to find out whether plant hormones or different light treatments Jike red
far-red or white light alter the pesticide action. The results of these studies are pl’t‘.;enlcd
in this paper.

2.9 Expcrimental

Materials

Gibberellic acid (GA), indole acetic acid (IAA), kinetin and acetylcholine were obtained
from Sigma Chemical Co., St. Louis, Mo., U.S.A. and fensulfothion (959 technical
grade) from Bayer (India) Ltd., Bombay, India.

Source for light treatment : The light source used was 60 W tungsten lamp. The
filters, Red-2444, FRF-700 and Green-2092 were used for red (660 nm), far-red (730 0m)
and green (520 nm) lights respectively. The filters were obtained from Rohm and Has
Chemical Co., U.S.A. The light from tungsten lamp was filtered through 10cm of
water layer and then through the corresponding filter which was kept at a distance of

10cm from the petri plates containing surface sterilized seeds. The temperature Was
maintained at 25° C throughout the studies.

Methods

Effect of fensulfothion on seed germination : The surface sterilized seeds were treated
with different concentrations of fensulfothion (0, 25, 50, 75 and 100 ug/ml). One s¢!
of seeds was germinated in total darkness and another set of seeds was exposed ©°
18 hf.ﬁgh't and 6 hr dark cycle, referred hercafter, as white light treatment. Percentag*
germination was recorded at the end of 48 hr.

Infiuence of light, hormones and fensulfothion on germination and carly growth of e oﬁ
In order t? see whether red (660 nm) and far-red (730 nm) lights have any i“ﬂueml:g)
seed germination and growth, the pea sceds were exposed to red (R) or far-red {

illumination for 10 min, immediately after fensulfothion addition to surface SI€%
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ceeds. The concentration of fensulfothion used was 50 pug/ml

the seeds were germinated in total darkness. After light treatment,

Seeds germinated under complete darkness without any jipht
ite 1i treatm
seeds exposed to white light were also used in the study. g ent and the

To investigate whether any of the phytohormones or ACh have any mfluence on the
fensulfothion treated and untreated seeds, the seeds were treated with different concen-
trations of GA, TAA, Kinetin (0, 0-1, 1, and 10 pg/ml) or ACh (0, 0-1, 1, 10 and 100 ug|
ml) immediately after fensulfothion treatment and before light treatment of surface
sterilized seeds.

The percentage germination was recorded after 48 hr. On the 10th day of growth,
the lengths of shoot and primary roots of the seedlings were measured. The number
of secondary roots was counted for each plant.

In the case of dark, R and FR treatments, all observations and mecasurcments were
carried out in the dark room under dim green safe light (520 nm).

Statistical analysis : The data were statistically analysed following factorial design
for three factors, with unequal number of samples in each treatment, according to the
method suggested by Moroney?® and Snedecor and Cochran®,

3. Results

Effect of fensulfothion on pea seed germination : Germination of seeds was inhibited
in the presence of fensulfothion and the inhibitory effect increased with the pesticide
concentration (Table I). Germinating the seeds in total darkness or in the light pad
similar effect on the germination, both in the presence and absencc of fensulfothion.

Table

Effect of fensulfathion on germination of pen seeds™

Concentration* * Dark White
0 93-3 95
25 860 79
50 73-0 79
75 710 58
100 31-0 48 B

* -
“Mcm percentage of germnation.
Concentration of fensulfothion in ug/ml.
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Influence of light, phytohormones and ACh on fensulfothion treated gng untr

_ i . K . ; ; €ated Seed
germination : Germinating the seeds in _toFal dar‘ ness or in white light hag p, of
on germination as mentioned earlier. Slml!arly, 1I]um1nat-1ng. the seeds with o et
light for 10 min after soaking had no significant effect, indicating that pe, seeds
non-photoblastic. ~ Different concentrations of the hormones too had pq Si;?

ficant influence on the pea seed germination.

Fensulfothion inhibited sced germination was not influenced by any of the light 1req
ments. The effect of various hormones at different concentrations on the fensulfotho,
toxicity revealed that they had no cflcct.

Effect of light, hormones and fensulfothion on the growth and development of peg Seedling,

Shoot growth : Effect of different hormones and different light treatments o the
shoot growth of both fensulfothion treated and untreated seedlings are detailed in Figs.
1, 2, 3 and 4.

Effect of light on shoot growtli . Exposure of seeds to white light resulted in the re.
tardation of the clongation of shoot in comparison to the effect of total darknes
R or FR light treatments (Figs. 1, 2, 3 and 4).

Effect of light and hormones on shoot growth : Treatment of seeds with different con-
centrations of GA had no significant effect on the shoot growth of pea seedlings that
were cxposed to FR and those grown in total darkness. But shoot growth was retarded
in R illuminated seedlings and stimulated in those exposed to white light, at all con
centrations of GA tried (Fig. 1). In the case of seedlings that were exposed to whe,
R or FR, 1AA had no effect at lower concentrations, but at higher concentrations
it reduced the growth of shoot. However, inhibition of elongation of shoot was observed
at all concentrations of IAA in dark grown seedlings (Fig. 2). Kinetin had no siga
ficant effect on the growth of shoot in FR or white light exposed seedlings. But it re
tarded the growth in the case of seedlings exposed to R or darkness at high concentré
tion of kinetin (Fig. 3). Acetylcholine elicited no significant effect on the shoot growih

at any of the concentrations tried, both in dark grown and light exposed seedlngs
(Fig. 4).

‘Eﬁ"ecf of light and fensulfothion : Fensulfothion treatment inhibited the elongation
of shoot both in light exposed and dark grown seedlings (Figs. 1, 2, 3, and 4).

Effect of light, hormones and fensulfothion on shoot growth : Gibberellic acid treatment
along with different light treatments had no significant effect in reversing the fensulfo
thion toxicity (Fig. 1). Indole acetic acid, along with different light treatments, had 10
effzct in allaviating the fensulfothion toxicity. In fact, the toxicity was accentuated &
high concentration of LIAA in dark, white and FR exposed seedlings and was seVer® i
all concentrations of IAA in R illuminated seedlings, except at 10 ug/ml concentratwt:
(Fig. 2). Kinetin ha¢ no significant effect on the reversal of fensulfothion toxicity ®°
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i dark grown and light exposed seadlings (Fig. 3). High doses of ACh accentuﬂtfd
the Fensglfmhion caused growth inhibition in R and dark grown seedlings. But there
Vas 2 slight improvement in growth at a concentration of 0-1 ug/ml in dark grow sl
FR irradiated seedlings and at 10 yg/ml in R illuminated seedlings (Fig. 4) rﬂsl{l};f

o .Of seedlings exposed to white light, there was no significant effect of ACh of
fothion induced toxicity,
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Growth of primary roof

gffects of different hormones at various concentrations and different light treat
ments

on the growth of primary root in fensulfothion treated ang untreated :
" were investigated. The results obtained are presented in Figs. 5, 6, 7 andpcga seedlings

Effect of light on primary root growth : Even the elon
cetarded when the white light treatment was given
darkness, R or FR exposure,

. gation of primary root was
» I comparison to the effect of total

Effect of light and hormones on primary roor growth : Tt was observed that high con-
centrations of GA was deleterious to root elongation both in dark grown and light
exposed seedlings in the absence of fensulfothion. It was found to be highly signiﬁc;mt
in the case of dark grown and FR illuminated seedlings (Fig. 5). Even IAA applica-
tion caused the retardation of primary root growth especially at high concentration
(10 pg/ml) and was more pronounced in the case of FR illuminated seedlings (Fig. 6).
Kinetin also reduced the growth of primary root and it was highly significant in the
case of R illuminated seedlings, particularly, at high concentration (10 ug/ml) as shown
in Fig. 7. Acetylcholine appeared to slightly enhance the root growth at very low con-
centration (0-1 ug/ml) in dark grown, R and FR illuminated seedlings. But increasing
concentrations proved less effective in reversing the fensulfotnion induced toxicity. But
in the case of white light exposed seedlings, all concentrations of ACh were inhibitory
(Fig. 8).

Effect of light and fensulfothion on primary root growth : Fensulfothion treatment
inhibited the elongation of primary roots both in light exposed and dark grown seed-
lings.

Effect of light, hormones and fensulfothion on primary root growth : Application of GA
to the fensulfothion treated seedlings was found to stimulate the primary root growth.
However, high concentration of GA was deleterious t0 100t elongation (Fig. 5). Indole
acetic acid treatment failed to overcome fensulfothion induced toxicity at all concen-

trations, under different light conditions (Fig. 6). In the presence of kinet.in, the primary
root growth in pesticide treated seedlings was affected differently depending on the con-

Centration and the light treatment given (Fig. 7)- Ho?vever, there was no reversal of
fensulfothion induced toxicity by kinetin. Acetylcholine treatment slightly enhanced

the root growth at very low concentration (01 yg/mi), but increasing doses of ACh
were less effective in reversing the fensvlfothion toxicity.

Formation of secondary roots

Inﬂuence : . of
: of fensulfothion on the formation ; ’ w
10 different light treatments as well as to different concentrations of hormones was stud

and the results are shown in Figs. 9, 10, 11 and 12.

- pesticide or any hor-
Effect of light on secondary root Jormation: In thc. ab;encc ;t];er of secondary roots
mone, there appeared to be no significant difference 1n the nu -

secondary roots of pea seedlings exposed
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effect was most pronounced in the inhibition of initiation of secondary roots F
11 and 12) 9,19

Effect of light, hormones and fe{tsulfa.rhfan on the secondar:y root farmmion; &
case of fensulfothion treated seedlings, increasing concentrations of GA resyjteq . the
suppression of the nurber of secondary roots formed under different light ¢, nd"&
However, at 0-1 ug/ml of GA, in dark grown seedlings, the fensulfothiop induced gy
city was overcome (Fig. 9). Indole acetic acid also had the same effect. Ay high eqg
centration of [AA, the fensulfothion toxi. ity was enhanced in both dark gTOWR ang
exposed seedlings (Fig. 10). It was found that, even kinetin was not able to overcop,
the fensulfothion induced toxicity at the concentrations tried (Fig. 11). In kinetig treae
seedlings, the pesticide induced toxXicity was more pronounced in ail different figy
treatments than in dark grown seedlings. In fact, in R illuminated seedlings g
secondary roots were formed. The influence of ACh on secondary root formatigg g

fensulfothion treated seedlings was dramatic. It enhanced the fensulfothjon toxicity
in all the light treatments (Fig. 12).

Thus, it is apparent that during the very early stages of growth soon after germmation,
50 ug/ml of fensulfothion retards shoot and root elongation as well as secondary ro
formation. This toxicity was found to be severe with respect to secondary root forms
tion (Table II). The toxicity due to fensulfothion could not be overcome to significan
extent by the addition of various phytohormones and ACh.

Exposing the seeds to different light conditions caused different effects. A summan
of the interaction among the three factors i.e., light, hormones and fensulfothion
on the growth and development of pea seedlings is presented in Table III. The mter-
action among light, fensulfothion and hormones was found to be highly significan,
especially in ACh treatment, where maximum interaction among ACh, light an
fensulfothion on the growth and development of pea seedlings was seen.

Table 11
Effect of fensulfothion on the growth and development of pea®

— —

Light treatment Shoot Primary  Secondary
root root
Dark 67 72 - 42
White 75 89 49
Red 63 63 38
Far-red 69 71 42
* The values of no hormone controls from all the experiments were pooled and the "::gl;';rfa;

are the pasticide treated plants expressed as the peroentage of treated over the untrea
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Table IIY | - .
Abstract of analysis of variance data of the effect of light, hormone and pesticide on the the growth and development

of pea
Gibberellic acid Indole acetic acid Kinetin Acetylcholine
Iﬂtel'aCtiOIl S : ' = o 3 P — Al e ——— : vt s et T :, e O e T
Shoot Primary Secon- Shoot Primary Secon- Shoot Primary Secon- Shoot Primary Secon-
root dary root dary root dary root dary
root root root root
Light * % oh * * * cEE R Ekk
Pesticide * * *
Hormone 3 %8 % 2 % 5 3 * * * 4
Light X — ' & ’ e . ' .
Pesticide
Light X
Hormone e . * . * *s & PP 4% ik
Hormone X
Pesticide "
Light X
Hormone X
Pesticide * » * .

* Significant at 59 level,
** Significant at 19 level. -
*** Significant at 0-5% level, | -
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4. Discussion

It is evident from the results that fensulfothion is toxic to growth ang develo
pea seedlings. Several explanations have been given for the biochemical bagjs
tion of seed germination and seedling growth and development by Organophosphg,

pesticides. The pesticides are known to affect a number .of processes fike, inhibit?lul
of a number of hydrolytic enzymes, interfering with the functions of hormone meon
brane transport and translocation phenomena and energy metabolism. O

- - T’

Pmem of
of inhih;.

The growth and developmental processes are regulated by the complex Interactions
between various hormones and light?'-*~27, In fact, in spite of the extensive studies op
the above phenomena, one finds a monotonously repetitive theme, i.e., the diversified
functions controlled by the hormones are sometimes overlapping, sometimes opposi
and sometimes each hormone controls the functions of the other, either directly b
indirectly. These, in turn, are controlled by the amount and the type of light. the plant
receives. In this array of phenomena, a general poison, like, an organophosphorgy
pesticide may affect many of these processes either specifically or non-specifically, |;
may affeci many of the enzymes, notably, a¢tylcholinesterase®®. In addition, it migh
affect several unknown functions and disturb the normal development. Occasionally,
such toxicities of pesticides have been alleviated by the ac dition of various honnoncsﬁ.'.
This could te due to making available the hormone whose synthesis might have bet
inhibited by the pesticide. Atternatively the addition of hormone externally might be indu-
cing the production of the enzyme(s) whicbh the pesticide might te inhibiting. It is well
known that organophosphorous pesticides are anti-acetylcholinesterase compounds
which inhibit acetylcholinesterase d4ctivity by .phosphorylating it. Acetyl:holir
esterase has been shown to .e present in seve:al plants’®1®. The probable biochemical
target for fensulfothion toxicity in pea is also found to be acetylcholinesteraseas m
animals!® 2431, However, in this paper only the data concerning the phytotoxic effect
of fensulfothion as well as the interactions among light, hormones and fensulfothion
affecting the growth and development of pea are presented. These data often show that

there are complex interactions between light and hormones. With the pesticide the situ-
tion had become much more complex. : .

The retardation of shoot growth by fensulfothion is seen both in dark and light
exposed seedlings (Table TII). The shoot elongation is more under the control ?f GA
than on IAA or cytokinins. The results also show that the recovery is better I GA
treatments than in the others. Root elongation is highly sensitive to the presence
the pesticide, often there being complete stunting of growth. Inhibition of root Bt _
has been observed in several pesticide treated plants and this could be due ' mt;;
ference of several hormonal and light functions. It islikely that the effect on the sh "
growth is a reflection of shoot growth for not only nutrient uptake during the efis':"
stages but even hormone production is monitored by the growing root tip and G a
synthesized i£1 lgrgc. amounts ‘in the root tip. | : - !

] o ) .
v Ay % . 514 ’ »
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The most significant effect of pesticide applicat; '
tion. It is also most profoundly affected EgliszOTh::shl;O;id t,?h ]Iatem] ool fetia-
tested. I _the abserce of‘ the pesticide, ACh had no effect yin : t l1(:: other horm?nes
but increasing concentrations of ACh steadily decreased the num;;r grown seedlings, .
: FR and white light treated seedlings. Inm red illuminated seedl'“ of roots formed
increase up to 1 ug/ml followed by a reduction under stiil higher Tﬁic;;;:io‘:? v

It has been shown‘ that fensulfothion gets metabolized in plants, i %
snalogues like, sulfoxide, sulfone and o-suifone and also it is hydrol ’Z:::lti Its oxygen
qulfinyl-phenol and di-ethyl phosphorothioic acid™ . Most of these Tnetabol'p-me{hy"-
cularly sulfoxide and o-sulfone, are highly toxic to animals. However. the ?.1;63, pﬂl‘tl;
these metabqlites on plants i1s not known. But several phenols and Ph;noli ‘:I:ul;i?ce 0
are known to affect the synthesis and the activity of phytohormones which regUIa::nf;Z |
activity of many enzymes. At the moment, it is not clear whether fensulfothion itself
or 1ts mctabqli;_:ed products like, sulfoxide, sulfone, o-suifone and p-methyl-sulfinyl-phenol
are involved in the phytotoxicity, though acetylcholinesterase has beer shown to be
one of the major targets. | -
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