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ABSTRACT 
 

In this paper experimental investigations on morphological aberrations of the peas with 
variation in doses of pesticides are studied. The present study reveals that the test pesticides 
exerted not only a large varieties of cytotoxic and clastogenic effects, but also induce micro 
as well as macro mutations affecting various growth and yield traits and also brought about 
gross morphological aberration and other teratogenic effects. Thus, these pesticides are 
radiomimetic in their cytogenetic and teratogenic effect. Several pesticides are known to 
have teratogenic effect like that of Captan, Folpet, Difolatan etc. Most of the aberrations 
comprised stunted growth, bushy habit specially on the top portion of the plant and partial or 
complete sterility. 
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INTRODUCTION 

Problem of environmental pollution 
through agricultural  chemicals has gained 
enormous dimension worldwide in recent 
years. This is particularly so in developing 
countries including India. More and more 
agricultural  chemicals are being used by the 
farmers for obtaining high crop yields, but 
these chemicals are all toxic in varying 
degrees if used indiscriminately. In the late 
1960s, with the introduction of high yielding 
varieties of wheat from Mexico and later 
introduction of HYVs of rice, hybrid maize, 
cotton, sugarcane, etc. in India, the use of 
pesticides suddenly increased as these crops 
need better health cover to give their 

expected high yield. Consequently, 
pesticides are being sprayed in ever 
increasing amount to protect these crops. 
Although the exact quantitative data on the 
consumption of pesticides in India are not 
available, it has been estimated that roughly 
80,000 tonnes of pesticides are annually 
applied in the field crops of this country, in 
more than 80 million hectares of fertile land, 
of which nearly 50,000 tonnes are 
insecticides, 200,000 tonnes are fungicides 
and rest are herbicides. Relying on the use of 
toxic substances to protect crop plants is 
dangerous, as it not only accelerates the 
insects’ immunity to pesticides, but also 
exerts an oppressive impact on the 
microfauna and microflora of the soils 
upsetting the ecological balance. The * Author for correspondence 
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residual effects of pesticides may persist at a 
toxic level for longer period in the soil, 
specially by their repeated applications, 
which may become hazardous not only for 
sensitive crops subsequently cultivated on it, 
but also for milch/meat animals that feed on 
them. Human beings are affected directly or 
indirectly through food chain (Anonymous, 
1989 Anonymous, 1993). Use of such huge 
quantity of pesticides also indirectly affects 
the public health through : 

 Treatment of consumable like fruits, 
leaves in the field and the grains 
during storage. 

 Inhalation by the workers in the 
pesticide industry and during 
agriculture operations. 

 Indirect exposure via food chain. 

Literature review 
The chemicals not only destroy the 

environment, but also pose health hazards to 
the animals and human being. In the past 30 
years the production of fertilizers all over the 
world has gone up by 4 times, but the 
increase in grain crops has been only 20-30 
percent. Thus, this excess fertilizer either 
goes waste destroying the microfauna and 
microflora in the rhizosphere or is washed 
down with natural precipitation from the 
field into the river, lakes and ponds, which 
promotes excessive growth of phytop-
lanktons on the surface and oxygen 
insufficiency below the top layer. This, in 
turn, kills the fish and makes the water 
unsuitable for human consumption and even 
for bathing. About 400 basic pesticidal 
chemicals are in use all over the world 
constituting about five thousand formulation 
on a conservative reckoning. Other estima-
tions ranges between 800-1500 basic 
chemicals and 100,000 formulations in the 
U.S.A. alone, which is the most premier 

consumer in the world.   India is,  presently, 
the biggest producer as well as consumer of 
the agricultural pesticides in South and South 
East Asia. 

Worst still is the genotoxic effects of 
these agrochemicals on man and other 
organisms interlinked in the intricate web of 
life. These may lead to mutagenicity, 
clastogenocity and teratogenocity. Even 
certain heritable diseases, still births, 
abortions, sterility, birth defects, mental 
retardation, etc. may also be caused as a 
result of the genotoxicity of these chemicals. 
American biologist Russesl Carson in his 
book “The Silent Spring” has picturised the 
dangerous after-effect of these pesticides in 
animals and man. According to him, the 
D.D.T. may cause cancer and change the 
chromosomal make-up. In human beings also 
D.D.T. has adverse effect on the tissue 
system as well as brain. B.H.C.  is reported 
to be more dangerous causing cancer, 
abortion and also affecting liver and kidney. 
Plant based residues of most of these agro-
chemicals have been reported to be 
genotoxic (cytotoxic, clastogenic and 
teratogenic) .The genotoxic effect of a 
number of these agro-chemicals on plant 
growth, cell division and mutagenic 
properties have been investigated in past 
using such test plants as Vicia faba, Allium 
cepa, Lycopersicon esculentum, Hordeum 
vulgare, etc. The adverse effect of these 
agro-chemicals in India could not be 
ascertained till 1984 when United Nations 
Food and Agricultural Organisation sponso-
red a centre to analyze samples of various 
food stuffs. Over fifteen thousand samples of 
food grains, pulses, oil, milk and meat were 
analyzed and almost all the samples showed 
residues of D.D.T. and B.H.C. Worst still 
was the revelation that 25 percent of the 
samples contained residues of these 
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chemicals much above the safe level 
established by W.H.O.  

At Indian Toxicology Research Centre, 
rabbits were fed their normal meal with very 
small amount of B.H.C. and Endosulfan 
added to it, to see the effect of these 
chemicals. After some times the test animals 
were found to suffer a high blood pressure 
accompanied by heavy damage of their heart 
and, in many cases, there were signs of 
blindness also. A widely used Fungicide-
Mandocarb has been reported to cause 
tumour in rats. C.F.T.R.I., Mysore has 
reported the continuous use of D.D.T. in the 
food of rats to cause excessive damage to 
their reproductive system .  Difoltan which 
has analogous molecular structure as 
Thalidomide (a notorious medicine 
responsible for “Thalidomide babies” in 
Europe in 1950s and 1960s) produced 
teratogenic effect as high as Thalidomide. 
Keeping in view of the facts stated above, it 
was planned to study the genotoxic effects of 
three most commonly used agro-chemicals : 
a fungicide (Captaf), an insecticide (Endosu-
lfan) and a weedicide (Atrazine) on two 
varieties of pea (Pisum sativum L.) which has 
been used as test material. The choice of 
agro-chemicals has been based on the large 
extent of their use by the local farmers of this 
region, while the selection of pea as the test 
material has been necessitated because of its 
large scale cultivation as a pulse and a 
vegetable crop. Other important considera-
tions in favour of pea, are its large flower 
size, self pollinated habit and small number 
of large sized chromosomes (2n=14) which 
helped in study of the chromosomal and 
karyological changes affected by the agro-
chemicals. Of the two varieties of pea that 
have been used in the present studies, one is 
the field pea variety (Swarnarekha), the ripe 
mature seeds of which are used as pulse, 
chhole, sattoo etc., the other is a vegetable 
variety (Arkel), the green seeds of which are 

used mostly as vegetables. The two varieties 
also differ from each other in their growth 
habit and maturity. 

In addition to this the following works 
have been done in this area recently and it is 
directly or indirectly related with the present 
investigations. 

Alan et. al1 and they worked on 
Cumulative risk assessment of pesticide 
residues in food and their findings are the  
followings. There is increasing need to 
address the potential risks of combined 
exposures to multiple residues from pestici-
des in the diet. The available evidence 
suggests that the main concern is from dose 
addition of those compounds that act by the 
same mode of action. The possibility of 
synergy needs to be addressed on a case-by-
case basis, where there is a biologically 
possible hypothesis that it may occur at the 
levels of residues occurring in the diet. 
Cumulative risk assessment is a resource-
intense activity and hence a tiered approach 
to both toxicological evaluation and intake 
estimation is recommended, and the 
European Food Safety Authority (EFSA) has 
recently published such a proposal. Where 
assessments have already been undertaken by 
some other authority, full advantage should 
be taken of these, subject of course to 
considerations of quality and relevance. 
Inclusion of compounds in a cumulative 
assessment group (CAG) should be based on 
defined criteria, which allow for refinement 
in a tiered approach. These criteria should 
include chemical structure, mechanism of 
pesticide action, target organ and toxic mode 
of action. A number of methods are available 
for cumulating toxicity. These are all inter-
related, but some are mathematically more 
complex than others. The most useful 
methods, in increasing levels of complexity 
and refinement, are the hazard index, the 
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reference point index, the Relative Potency 
Factor method and physiologically based 
toxic kinetic modeling, although this last 
method would only be considered should a 
highly refined assessment be necessary. Four 
possible exposure scenarios are of relevance 
for cumulative risk assessment, acute and 
chronic exposure in the context of maximum 
residue level (MRL) setting, and in relation 
to exposures from the actual use patterns, 
respectively. Each can be addressed either 
deterministically or probabilistically. Strate -
gies for dealing with residues below the limit 
of detection, limit of quantification or limit 
of reporting need to be agreed. A number of 
probabilistic models are available, but some 
of them are geographically constrained due 
to the underlying data sets used in their 
construction. Guidance on probabilistic 
modeling needs to be finalised. Cumulative 
risk assessments have been performed in a 
number of countries, on organophosphate 
insecticides alone (USA) or together with 
carbamates (UK, DK, NL), triazines, 
chloroacetanilides, carbamates alone (USA), 
and all pesticides (DE). All identifiable 
assumptions and uncertainties should be 
tabulated and evaluated, at least qualitatively. 
Those likely to have a major impact on the 
outcome of the assessment should be 
examined quantitatively. In cumulative risk 
assessment, it is necessary, as in other risk 
assessments, for risk managers to consider 
what level of risk would be considered 
“acceptable”, for example what percentile of 
the population should be below the reference 
value. Criteria for prioritizing CAGs for 
cumulative risk assessment include frequ-
ency of detection in monitoring program-
mers, high usage, high exposure relative to 
the reference value, large number of 
compounds (e.g. five or more) in a group. 

Menard et. al2 worked on relevance of 
integrating agricultural practices in pesticide 

dietry intake editor his findings are the 
followings. The aim of this study is to 
develop a new indicator of pesticide dietary 
intake to screen pesticides to include in 
monitoring programs. This new indicator 
called the adjusted TMDI (TMDI_Ad), 
taking account actual pesticide agricultural 
uses in France, is more precise than the 
theoretical maximum dietary intake (TMDI), 
based on maximum residue levels (MRLs) 
that is usually used. This new modeling of 
dietary intake is refined according to actual 
agricultural pesticide uses on 44 raw 
agricultural commodities (RAC), among the 
most consumed in France, and the rate of 
food importation of these RAC. The 
TMDI_Ad was below the TMDI for 322 
pesticides (79%). The TMDI was above the 
ADI, for 46 substances. Although 43 of them 
had a TMDI_Ad below the TMDI, still 36 
had a TMDI_Ad above the ADI, which 
corresponded to substances with the lowest 
ADIs. Overall, these results indicate that the 
TMDI_Ad is a useful tool to plan monitoring 
programs and to refine dietary exposure, 
according to actual pesticide uses. However, 
for very toxic substances, having a very low 
ADI, such as unauthorized substances, other 
studies have to be conducted in order to 
better estimate consumer dietary intakes 

Williamson et. al3 worked on trends in 
pesticide use and drivers for safer pest 
management in four African countries and 
their findings are: 

Patterns in pesticide practice were 
studied among smallholder farmers in Benin, 
Ethiopia, Ghana and Senegal, growing 
cotton, vegetables, pineapple, cowpea, mixed 
cereals and legumes, for export and local 
markets. Quantitative and qualitative meth-
ods were used to examine pesticide use and 
handling, costs and access and health,      
welfare and sustainability issues. Drivers 
encouraging pesticides as the dominant form 
of pest management include food staple      
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varieties highly susceptible to insect attack; 
increased pest incidence; lack of advice on 
alternative methods; a growing informal 
market in ‘discount’ and often unauthorised 
pesticides; subsidy; and poor attention to the 
economics of pest control. The paper 
contrasts the situation of food crops for 
African consumers with the increasing 
attention to food safety and pesticide 
restrictions in export horticulture to Europe 
and the growing demand for organic cotton, 
and discusses challenges for implementation 
of IPM and safer practice  

Sarkar et. al4 worked on occurrence, 
distribution and possible sources of 
organochlorine pesticide residues in tropical 
costal environment of INDIA and his 
findings are as follows : 

Organochlorine pesticides (OCPs) are an 
important potential component of chemical 
pollutants used extensively for agriculture 
and sanitation purposes in India as these are 
comparatively cheap and effective. These 
persistent organic compounds such as HCH 
isomers, DDT and its metabolites are the 
predominant chemical contaminants found 
along the Indian coast and thus constitute 
both alluring and grave areas of scientific 
research. Our objective in the paper is to 
provide a comprehensive account of the 
distribution of organochlorine pesticides in 
biotic and abiotic compartments of the Indian 
coastal environment, make some comments 
on their environmental sources, their 
movement through the food chain and 
possible ecotoxicological risk of health in 
biota including humans. The prevalent HCH, 
DDT and HCB concentrations differ 
markedly in eastern and western coast of 
India reflecting differing agricultural and 
other usage and their ultimate input into the 
coastal environment by several rivers and the 
bioturbation activities of macrozoobenthos 
(bivalve mollusks, polychaetous annelids, 
etc.). In several cases, the DDT levels 

exceeded the effects range-low (ER-L) and 
could thus cause acute biological 
impairments, in comparison with the 
sediment quality guidelines. Contributions of 
DDT metabolites (DDT, DDD and DDE 
residues) vary in different Indian coastal 
regions predominated by pp′-DDT and pp′-
DDD. Measured concentrations of HCHs 
were lower than DDTs that might be due to 
higher water solubility, vapor pressure and 
biodegradability of the latter. HCH and DDT 
residues in fish in India were lower than 
those in the temperate countries indicating a 
lower accumulation in tropical fish, which 
might be related to rapid volatilization of this 
insecticide in the tropical environment. The 
concentrations of other chlorinated pesticides 
(aldrin, dieldrin, eldrin, methoxychlor, 
endosulfan sulphate) were lower and not 
generally of great concern. 

Abhilash et. al5 worked on pesticide use 
and application: An Indian scenario and his 
findings are the  followings. Agricultural 
development continues to remain the most 
important objective of Indian planning and 
policy. In the process of development of 
agriculture, pesticides have become an 
important tool as a plant protection agent for 
boosting food production. Further, pesticides 
play a significant role by keeping many 
dreadful diseases. However, exposure to 
pesticides both occupationally and envir-
onmentally causes a range of human health 
problems. It has been observed that the 
pesticides exposures are increasingly linked 
to immune suppression, hormone disruption, 
diminished intelligence, reproductive 
abnormalities and cancer. Currently, India is 
the largest producer of pesticides in Asia and 
ranks twelth in the world for the use of 
pesticides. A vast majority of the population 
in India is engaged in agriculture and is 
therefore exposed to the pesticides used in 
agriculture. Although Indian average 
consumption of pesticide is far lower than 
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many other developed economies, the 
problem of pesticide residue is very high in 
India. Pesticide residue in several crops has 
also affected the export of agricultural 
commodities in the last few years. In this 
context, pesticide safety, regulation of 
pesticide use, proper application technolo-
gies, and integrated pest management are 
some of the key strategies for minimizing 
human exposure to pesticides. There is a 
dearth of studies related to these issues in 
India. Therefore, the thrust of this paper was 
to review the technology of application of 
pesticides in India and recommend future 
strategies for the rational use of pesticides 
and minimizing the problems related to 
health and environment. 

Khakbazan et. al6 worked on effects of 
alternative management practice on the 
economics, energy and GHG emissions of a 
wheat-pea cropping system in the Canadian 
prairies and their findings are the follow-
ings. In recent years alternative farming 
practices have received considerable 
attention from Canadian producers as a 
means to improve their net return from grain 
and oilseed production. Enhancing the eff-
iciency of nitrogen fertilizer use, including a 
pulse crop in the rotation, reducing tillage 
and pesticide use are seen as viable options 
to reduce reliance on fossil fuel, lower input 
costs and decrease the risk of soil, air and 
water degradation. The objective of this 
study was to determine the effects of 16 alte-
rnative management practices for a 2-year 
spring wheat (Triticum aestivum L.)–field 
pea (Pisum sativum L.) rotation on economic 
returns, non-renewable energy use efficie-
ncy, and greenhouse gas emissions. The alt-
ernative management methods for wheat 
consisted of a factorial combination of high 
vs. low soil disturbance one pass seeding, 
four nitrogen (N) fertilizer rates (20 kg 
 N ha−1,  40 kg N ha−1,   60 kg N ha−1     and 
80 kg N ha−1), and recommended vs. reduced 

rates of in crop herbicide application. Alter-
native management practices for field pea 
were high vs. low soil disturbance one pass 
seeding. The resulting 16 cropping systems 
were evaluated at the whole farm level based 
on 4 years (two rotation cycles) of data from 
field experiments conducted on two Orthic 
Black Chernozem soils (clay loam and loam 
textures) in Manitoba, Canada. The highest 
net returns on the clay loam soil were for the 
high disturbance system with 60 kg N ha−1 
applied to wheat and the recommended rates 
of in-crop herbicides. The lowest application 
rate of N, together with low disturbance 
seeding, provided the highest economic ret-
urns on the loam soil. Energy use efficiency 
was highest for the lowest rate of N 
application for both tillage systems. The 
highest rate of N fertilizer and recommended 
rates of in-crop herbicide produced little add-
itional yield response, lower net returns, and 
higher GHG emissions. An increase in N 
fertilizer application from 20 kg ha−1 to 
80 kg ha−1 increased whole farm energy 
requirements by about 40%, while reducing 
herbicide rates had negligible effects on 
grain yields and total energy input. Overall, 
as N fertilizer rate increased, the associated 
GHG emissions were not offset by an 
increase in carbon retained in the above-
ground crop biomass. Moderate to high soil 
test NO3-N levels at experimental sites 
reduced the potential for positive yield 
responses to N fertilizer in this study, thus 
minimizing the economic benefits derived 
from N fertilizer application. 

Hauggaard-Nielsen et. al7 worked on 
pea-barley intercropping for efficient symb-
iotic N2- fixation, soil Nacquision and use of 
other nutrients in European organic cropping 
system and their findings are  followings. 
Complementarily in acquisition of nitrogen 
(N) from soil and N2-fixation within pea and 
barley intercrops was studied in organic field 
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experiments across Western Europe (Den-
mark, United Kingdom, France, Germany 
and Italy). Spring pea and barley were sown 
either as sole crops, at the recommended 
plant density (P100 and B100, respectively) 
or in replacement (P50B50) or additive 
(P100B50) intercropping designs, in each of 
three cropping seasons (2003–2005). 
Irrespective of site and intercrop design, 
Land Equivalent Ratios (LER) between 1.4 
at flowering and 1.3 at maturity showed that 
total N recovery was greater in the pea–
barley intercrops than in the sole crops 
suggesting a high degree of complementarily 
over a wide range of growing conditions. 
Complementarily was partly attributed to 
greater soil mineral N acquisition by barley, 
forcing pea to rely more on N2-fixation. At 
all sites the proportion of total aboveground 
pea N that was derived from N2-fixation was 
greater when intercropped with barley than 
when grown as a sole crop. No consistent 
differences were found between the two 
intercropping designs. Simultaneously, the 
accumulation of phosphorous (P), potassium 
(K) and sulphur (S) in Danish and German 
experiments was 20% higher in the intercrop 
(P50B50) than in the respective sole crops, 
possibly influencing general crop yields and 
thereby competitive ability for other 
resources. Comparing all sites and seasons, 
the benefits of organic pea–barley intercrop-
ping for N acquisition were highly resilient. 
It is concluded that pea–barley intercropping 
is a relevant cropping strategy to adopt when 
trying to optimize N2-fixation inputs to the 
cropping system. 

Corre-Hellou et. al8 worked on 
adaptation of STICS inter crop model to 
stimulate crop growth and N-Accumulation 
in pea-barley intercrops and their findings 
are following. Cereal legume intercrops are 

gaining increasing interest in Europe. Mode-
ling, by taking into account the complexity  
of species interactions, can be a very useful 
tool to study such systems and to test new 
strategies in various soil and climatic 
conditions. The present work describes the 
adaptation of an intercrop model for pea–
barley intercrops through the extrapolation of 
the STICS sole crop model and its paramet-
erization from experimental data recorded on 
sole crops. Several improvements have been 
added to the existing crop model to allow an 
inversion of dominance in height between 
species during the crop cycle and a trophic 
link between crop growth rate and the 
potential for N2 fixation. A 2-year dataset on 
pea and barley sole crops grown under non-
limiting water conditions and with full crop 
protection was first used for calibration. The 
intercrop model was subsequently tested on 
experimental datasets of pea–barley inter-
crops grown under the same conditions as the 
sole crops. The intercrop experiments used to 
test the intercrop model differed in soil type, 
soil N supply and plant densities of each 
species. The development of the intercrop 
model through the extrapolation of the sole 
crop model and its parameterization from 
experimental data recorded in sole crops 
allowed an accurate simulation of the intera-
ctions for nitrogen between intercropped 
species. The simulated crop growth, N accu-
mulation and N2 fixation in intercrops were 
in agreement with the observations from the 
experimental dataset. Moreover the behavior 
of the model was consistent with the general 
knowledge about those intercropping 
systems. However the simulation of com-
petition for light needs to be improved, 
especially the simulation of height growth. A 
thorough validation on many data sets, 
independent of those used for parameter-
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zation, is still required. This model needs to 
be tested under a wider range of situations 
and for other limiting factors than nitrogen 
occurring in low-input farming systems. 

Launay et. al9 worked on exploring 
options for managing strategies for pea-
barley intercropping using a modeling 
approach and their findings are the 
followings. 

A modeling study was carried out into 
pea–barley intercropping in northern Europe. 
The two objectives were (a) to compare pea–
barley intercropping to sole cropping in 
terms of grain and nitrogen yield amounts 
and stability, and (b) to explore options for 
managing pea–barley intercropping systems 
in order to maximize the biomass produced 
and the grain and nitrogen yields according 
to the available resources, such as light, 
water and nitrogen. The study consisted of 
simulations taking into account soil and 
weather variability among three sites located 
in northern European countries (Denmark, 
United Kingdom and France), and using 10 
years of weather records. A preliminary stage 
evaluated the STICS intercrop model's ability 
to predict grain and nitrogen yields of the 
two species, using a 2-year dataset from 
trials conducted at the three sites. The work 
was carried out in two phases, (a) the model 
was run to investigate the potentialities of 
intercrops as compared to sole crops, and (b) 
the model was run to explore options for 
managing pea–barley intercropping, asking 
the following three questions: (i) in order to 
increase light capture, would it be worth 
delaying the sowing dates of one species? (ii) 
How to manage sowing density and seed 
proportion of each species in the intercrop to 
improve total grain yield and N use 
efficiency? (iii) How to optimize the use of 
nitrogen resources by choosing the most 
suitable preceding crop and/or the most 

appropriate soil? It was found that (1) 
intercropping made better use of environ-
mental resources as regards yield amount and 
stability than sole cropping, with a noticeable 
site effect, (2) pea growth in intercrops was 
strongly linked to soil moisture, and barley 
yield was determined by nitrogen uptake and 
light interception due to its height relative to 
pea, (3) sowing barley before pea led to a 
relative grain yield reduction averaged over 
all three sites, but sowing strategy must be 
adapted to the location, being dependent on 
temperature and thus latitude, (4) density and 
species proportions had a small effect on 
total grain yield, underlining the interspecific 
offset in the use of environmental growth 
resources which led to similar total grain 
yields whatever the pea–barley design, and 
(5) long-term strategies including minerali-
zation management through organic residue 
supply and rotation management were very 
valuable, always favoring intercrop total 
grain yield and N accumulation.  

Karabelas10 worked on impact of 
European legislation on market pesticides- a 
view from the stand point of health impact 
assessment studies and their findings are the  
followings. The very significant impact of 
European legislation (Directive 91/414/EEC) 
on the authorization of plant protection 
products is reviewed herein, which has resu-
lted in withdrawal of 704 active substances 
(AS) out of 889 assessed so far. The list of 
currently approved 276 AS includes 194 AS 
“existing” in the market before 1993 and 82 
“new” AS introduced during the last 15  
years. Results of toxicity characterization of 
the approved AS are also summarized, 
utilizing several well-known databases. 
Although significant data gaps exist for a 
rather large part of the approved AS, it is 
found that 84 AS are positive for at least one 
health effect (after chronic and/or acute 
exposure) including carcinogenicity, repro-
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ducetive and neuro-developmental disorders, 
as well as endocrine disruption. The toxicity 
characterization results of this study are 
compared to those of recent assessments by 
other organizations (KemI, the Swedish 
Chemicals Agency, and the Pesticide Safety 
Directorate of the UK), where interpretation 
and use is made of AS “cut-off” criteria 
foreseen in new EU legislation. These studies 
report a comparatively smaller AS number 
with positive toxicity characterization. The 
possibility of some additional AS withdrawal 
in the near future, combined with the rather 
small rate of new AS introduction (approx. 5 
per year) suggest that the list of approved AS 
over the next 10–15 years may not change 
very drastically. Consideration of the above 
trends is necessary and instructive in 
evaluating results of existing health impact 
assessment (HIA) studies, as well as in 
planning new ones. Due to the very drastic 
change in the number and type of marketed 
AS, that took place within the past 8–9 years, 
it is suggested that new HIA studies (based 
on epidemiological data after year 2000) 
should focus on a rather short time frame 
and, therefore, on appropriate cohort groups, 
e.g. young children. For the same reason, 
results of epidemiological studies of the past 
(involving banned AS) should be carefully 
interpreted and used with caution. 

MATERIAL AND METHODS 
The main objective of the present 

investigation is to determine the genotoxic 
effects of Captaf, Endosulfan and Altrazine 
at 3 levels of concentrations on two varieties 
of pea. A parameter of genotoxicity, varia-
tions brought about in growth and yield 
parameters, gross morphological characters 
as well as cytotoxic and clastogenic effects 
on deviding cells in root meristems and 
pollen mother cells have been studied in M1 
generation. Most of these studies were also 
extended to M2 generation. M2 Generation. 

In M2 generation varieties of abnormal 
plants appeared in Swarnarekha and Arkel in 
all the treatments (Plate IIa-f). The frequency 
and types of morphologically abnormal 
plants are presented in Table 8(a) and Table 
8(B), respectively for variety Swarnrekha 
and Arkel. As evident from the tables and 
photographs, most morphological abnormal-
lities were concerned with the leaf lets 
changing into tendrillar structure. Normally, 
the leaf of pea consists of a foliaceous stipule 
and one or two pairs of leaf lets with 
foliaceous lamina of ovate of elliptical shape 
followed by one or two pairs of tendril like 
leaf lets with the odd tendril at the top. The 
aberrations included : 

 Complete transformation of leaf let 
lamina into tendrils and found in 
Lathyrus sativus. 

 One of the leaf let of the pair 
changing into tendril. 

RESULTS AND DISCUSSION 
Mutagenic treatments with x-ray, 

Gamma rays, EMS, DES, etc. are well 
known  to cause a variety of micro and 
macromutations with the resulting change in 
the gross morphology of the plants including 
different types of chlorophy-II mutations. 
There may be other teratological effects also 
of the mutagens leading to such morphologi-
cal irregularities as lateral fusion of branches 
and leaves, change in leaf shape (margin, 
apex, leaf surface), interplolation of leaflets 
or even complete change of leaf or leaflet 
into tendrillar structure or their gross reduc-
tion in one or the other plant part. 

The present study reveals that the test 
pesticides exerted not only a large varieties 
of cytotoxic and clastogenic effects, but also 
induced micro-as well as macroumtations 
affecting various growth and yield traits and 
also brought about gross morphological 
aberration and other teratogenic effects. 
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Thus, these pesticides are radiomimetic in 
their cytogenetic and teratogenic effect. 

Several pesticides are known to have 
teratogenic effect like that of Captan, Folpet, 
Difolatan, etc. The reason of attention on this 
group of fungicide would be clear from the 
fact that, these fungicides have very similar 
chemical structure to that of Thalidomide the 
motorious drug known, to cause monstrosity 
in developing human fetuses. Mclaughlin et 
al (1969,8) and Robens, 1970 had clearly 
shown teratological effect of a single dose of 
Folpet in the golden hamster and mice, 
respectively. Verrett et al (1969) also showed 
teratogenic effects of Captan and related 
compounds in the developing chick emgryo. 
From the present investigation it becomes 
quite evident that there is a high degree of 
concordance of the morphological or 
teratogenic effect of the pesticides between 
animal and plant cells. Although in most 
cases the extraplatability of plant responses 
have been carried to the animal system, the 
teratological effect of fungicides cited above 
on the animal system has found similar 
response in plant system, confirming the 
view of Grant (1978, 5). 

Further, in the present studies it was 
observed that, in general, the morphological 
aberrations increased with the concentrations 
of pesticides; low and medium concentrate-
ions of Endosulfan and Atrazine either did 
not produce any morphological aberration or 
their frequencies were relatively quite low. 
On the other hand, low and medium doses of 
Captan produced comparatively more such 
abnormalities. High doses of all the pestici-
des had much more teratogenic effect ; 
Endosulfan (high) being the most potent 
teratogen of all producing as high 34.87% 
morphological aberrations in M2 generation.       

In case of the present test material (pea), 
the maximum morphological aberrations 
concerned the change of leaflets to tendrillar 
structure, observed in 29.78% of the aberrant 
plants. Other common aberrations were 
observed in the change of the leaflet margin 
and leaflet apex followed by reduction or 

complete elimination of leaflet of one or 
more leaflet, full leaflet of one side of the 
leaf. There were other gross changes in the 
leaflets and various degrees of fusion 
between the rachis and main stems, stipule 
and the main stem of midrib of the rachis of 
the two leaves. All such changes in the 
various parts of plant have been reported for 
various physical and chemical mutagens, but 
observations on the teratological effects of 
pesticides on plants are very few (13, 5, 10, ). 
The results of the above workers are in 
conformity with the results of the present 
investigation. Frequency of different types of 
morphological aberrations are given in  
Table 1 and Table 2 for peas. 

CONCLUSION 
Some morphologically aberrant plants 

were observed in M2 generation. Such 
aberrations were much more frequent in the 
high dose treatments as compared to medium 
or low dose of the respective pesticides. 
Linear relationship was observed between 
the treatment concentrations and percentage 
of morphological aberrations. Most of the 
aberrations comprised stunted growth, bushy 
habit-specially on the top portion of the plant 
and partial or complete sterility. In M2 
generation also morphologically aberrant 
plants of a number of varieties were       
observed, which affected leaf shape and size 
and various degrees of fusions of vegetative 
parts and other deformities. Again, high dose 
treatments of the pesticides induced higher 
frequency of aberrations as compared to low 
or medium dose. Both the varieties behaved 
similarly in this respect. The occurrence of 
various types of teratogenecity in the M2 
generation clearly indicates the accumulation 
of (recessive) micro-mutations which were 
expressed in M2. The morphological      
aberrations met with M1 could be ascribed to 
direct Physiological effect of pesticides or 
perhaps also to dominant mutations. 
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Table 1 : Frequency of different types of morphological aberrations after pesticide treatments in  

Pea (M2 generation) Variety Swarnarekha 
 
Treatments  Stunted 

growth 
Bushy 
top 

Lateral 
fusion of 
rachis 
with 
main 
branches 

Unequal 
size of 
leaf lets 
in the 
pair 

Changes in leaf 
appearance  

Bifid 
leaf 
lets  

Leaf 
lets 
changed 
into 
tendrils 

Interpolation 
of leaf lets 

Lanina 
of one 
half 
leaf let 
present 

Total 
aberrations 

Percent 
values of 
total 
aberration 
 Shape Margin Apex 

                CONTROL - - - - - - - - - - - - - 

 
CAPTAF 

Low - - - 1 - 2 3 3 3 - 1 13 9.2 

Medium 1 2 - - 1 1 - - 3 2 - 10 7.1 

High 1 5 1 - 3 3 3 3 10 1 1 31 21.9 

 
ENDOSULFAN 

Low - 1 - - - - - - 1 1 - 03 2.1 

Medium - - - - - 1 1 - 1 - - 03 2.1 

High 2 - 3 5 6 7 7 3 9 - 7 49 34.8 

 
ATRAZINE 

Low - - - - - - - - - - - 00 - 

Medium - 1 - - - - - - 1 - - 2 1.4 

High 2 1 2 2 2 2 3 1 14 - 1 30 21.2 

           TOTAL 6 10 6 8 12 16 17 10 42 4 10 141 - 

     PERCENT VALUES 4.25 7.09 4.25 5.67 8.5 11.3 12.1 7.09 29.78 2.83 7.09 - - 
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Table 2 : Variety Arkel 

 

 
 
 
 
 
 
 

Treatments Stunted 
growth 

Bushy 
top 

Lateral 
fusion of 
rachis 
with 
main 
branches 

Unequal 
size of 
leaf lets 
in the 
pair 

Changes in leaf 
appearance  

Bifid 
leaf 
lets  

Leaf 
lets 
changed 
into 
tendrils 

Interpolation 
of leaf lets 

Lanina 
of one 
half 
leaf let 
present 

Total 
aberrations 

Percent 
values of 
total 
aberration 
 Shape Margin Apex 

                CONTROL - - - - - - - - - - - - - 

 
CAPTAF 

Low - 1 - - - 2 2 4 4 - - 13 8.7 

Medium 1 1 - - 2 1 1 1 4 - - 11 7.4 

High 2 4 - 2 - 2 2 4 8 1 3 28 18.8 

 
ENDOSULFAN 

Low - 1 - - 1 1 1 1 2 - - 07 4.7 

Medium 1 2 - - - - 1 - 1 - - 05 3.4 
High 1 1 1 1 5 3 3 3 8 2 - 28 18.8 

 
ATRAZINE 

Low - 1 1 - - 2 2 1 1 1 1 10 6.7 

Medium - 1 - 1 2 1 1 1 3 - 1 11 7.4 

High 2 1 3 1 2 4 3 3 14 - 3 36 24.2 

           TOTAL 7 13 5 5 12 16 16 18 45 4 8 149 - 

     PERCENT VALUES 4.69 8.72 3.36 3.36 8.05 10.7 10.7 12.08 30.20 2.68 5.37 - - 
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