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Recent studies on cyto and chromotoxic effects of environmental chemicals 

(Amer and Farah 1974, 1976, 1979, 1980, Panda and Sharma 1980) and their pos
sible genotoxic effects have prompted several international agencies to recommend 
the screening of mutagenic and chromotoxic effects of almost all the chemicals being 
used commercially (Alacevic 1980). We are screening the mutagenicity/chromo
toxicity of organophosphorus pesticides (Grover and Tyagi 1979, 1980a, b). The 

present report deals with the meiotic effects in barley induced by some commonly 
used organophosphorus pesticides.

Material and methods

Barley grains (Hordeum vulgare L. CV. C164) were treated with eight different 

organophosphorus pesticides (Table 1) and irradiated with gamma rays (80Co) 

with courtesy of Indian Horticultural Research Institute, Bangalore. Seeds with a 

moisture content of 8.15% were got irradiated with different doses of gamma rays 

(10, 20, 30 and 40 kR) at a dose rate of 4.35 kR/min. Gamma irradiation was 

used as the positive control. Two types of pesticide treatments were carried out.

1. Seed soak treatment: The procedure of Wuu and Grant (1966) was 

followed. The grains were soaked in water for 16h at 25•Ž and then treated for 

4h with various concentrations of each pesticide. The flasks were continuously 

shaken on SH2 type Horizontal Shaker during the treatment. Seeds were then 

washed thoroughly in running water to remove excess of pesticide sticking to seeds. 

200 seeds of each treatment were sown in (5'•~5' soil beds) three randomized 

blocks.

2. Spray treatment: Barley seedlings of the age of 15 days (which were not 

previously treated with pesticides) raised in three randomized blocks, were sprayed 

with maximum concentration (used in seed soak treatment) of each pesticide. The 

second spray was done about 15 days before the initiation of flowering (Amer and 

Ali 1968). Control plants were sprayed with distilled water.

Young inflorescences from both seed treated and spray treated plants were 

fi xed in Carnoy's fluid (6:3:1:ethanol:chloroform:glacial acetic acid) for 24h 

and subsequently stored in 70% ethanol at 4•Ž. Anthers were smeared in 1.5 

aceto-carmine stain following the procedure of Darlington and La Cour (1962). 

Approximately 400 PMCs (pollen mother cells) from each treatment were analysed 

for abnormalities at M-I (metaphase-I) and A-I and A-II (anaphase-I and anaphase



200 Parmjit Kaur and I. S. Grover Cytologia 50

II). PMCs from both control and treated plants were scored for abnormalities 
like stickiness of chromosomes, fragments at M I, multivalents and univalents at 
M I, chromatin bridges (single, double and multiple), lagging chromosomes at A I 
and inhibition of spindle formation. The slides were scored blind. Care was 
taken to exclude incomplete cells so as not to have any confusion regarding aneuploid 
cells.

Table 1. Names, structure and manufacturers of organophosphorus pesticides

The linear relationship between dose and mean was obtained by simple regres

sion and correlation analysis.

Observations

The PMCs from untreated plants revealed seven bivalents at diakinesis and 

metaphase I (Fig. 1). Majority of the cells revealed six rings and one rod bivalent 

configuration. The chromosomes disjuncted regularly at anaphase I and the
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subsequent stages were normal.
Meiotic analysis of gamma irradiated and pesticide treated plants revealed 

various abnormalities which included:

1. Multivalents and univalents: In contrast to the usual metaphase configura
tion of 7 bivalents, trivalents and quadrivalents were noticed with both gamma ir
radiated and pesticide treated plants. The quadrivalents were of ring (_??_), open 
ring (_??_) or rod (_??_) type (Figs. 2 and 3). In many cases, single or three unpaired 
chromosomes were accompanied by a trivalent. The trivalents were of (_??_) or 
(_??_) type (Fig. 4). The maximum frequency of quadrivalents was 45.11% at 40kR 
dose of gamma rays (Table 2). The number of univalents when present, varied 
from one to four.

Figs. 1-4. Pollen mother cells (PMCs) showing variable configurations at metaphase I. 1, a 
PMC from untreated plant with 7 ring bivalents. 2, a PMC with a ring quadrivalent and 5 ring 
bivalents (Gamma irradiated). 3, a PMC showing one ring quadrivalent and 5 ring bivalents. 

4, a PMC showing an open ring trivalent (Gamma irradiated).
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2. Stickiness/despiralization of chromosomes: The chromosomes with no 
sharp boundaries at metaphase I were observed with dursban treated plants. This 
feature (stickiness) was more predominant at 0.2 and 1.0% treatments of dursban.

Table 2. Meiotic analysis following treatments with different doses 

of gamma rays in barley

Figs. 5-8. PMCs showing laggard chromosomes at anaphase I. 5 , a PMC showing one laggard 
chromosome. 6, a PMC with five chromosome laggerds. 7, a PMC with two laggard chromo

somes. 8, a PMC with one chromosome lagging near each pole .
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Besides this, despiralization of the chromosomes was also observed at M-I in 

predominant cells with dursban treatments.
3. Fragments: A small ring like chromosome in addition to normal comple

ment of 7 bivalents was noticed at M-I with almost all the pesticide treatments. 
Normally it was lying away from the equatorial plate.

4. Lagging chromosomes: Laggards resulted may be due to delayed ter
minalization or perhaps stickiness of chromosome ends were common with almost 
all the pesticides tested. The size of laggards varied from a small fragment to a 
full chromosome (Figs. 5-7). One PMC was found to have two laggard chro
mosomes each lying near to the either pole (Fig. 8). As many as 5.91% of PMCs 
had a laggard chromosome with 0.75% methylparathion treatment (Table 3).

Figs. 9-12. Aberrant pollen mother cells at anaphase-I. 9, a PMC showing chromatin bridge 

and laggards. 10, a PMC showing two chromatin bridges . 11, a PMC with three chromatin 

bridges. 12, a PMC showing inhibition of spindle formation .



T
ab

le
 

4.
 

M
ei

ot
ic

 
an

al
ys

is
 

fo
ll

ow
in

g 
tr

ea
tm

en
ts

 
w

it
h 

di
ff

er
en

t 
co

nc
en

tr
at

io
ns

 
of

 
du

rs
ba

n 
an

d 
ek

al
ux

 
in

 
ba

rl
ey

* 
S

pr
ay

 
tr

ea
tm

en
t



206 Parmjit Kaur and I. S. Grover Cytologia 50

5. Chromatin bridges: Chromatin bridges (single, double or even multiple) 
were encountered following treatment with different pesticides (Figs. 9-11). The 

occurrence of single bridges was very common whereas the frequency of multiple 
birdges was very low (Tables 3-6).

Fig. 13. Relationship between aberrant pollen mother cells and different concentrations of 

Anthio (A), Diazinon (B), Dursban (C) and Ekalux (D). Observed, ƒ¢-ƒ¢; Expected, •›---•›.

Fig. 14. Relationship between aberrant pollen mother cells and different concentrations of 

Methylparathion (A), Phendal (B), Rogor (C), Sumithion (D) and Gamma rays (E) . ƒ¢-ƒ¢, 

Observed; •›---•›, Expected.
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6. Inhibition of spindle formation: The inhibition of spindle formation lead
ing to mis-orientation/non-orientation of chromosomes was observed with all the 
test pesticides (Fig. 12).

The chromo/cytotoxic effects observed with spray treatment were qualitatively 
similar with those obtained with seed soak treatment. However, the frequency of 
aberrant PMCs was comparatively higher with the latter treatment. A maximum 
frequency of 18.87% of aberrant PMCs was encountered with 0.05% treatment of 
rogor with seed soak treatment whereas a frequency of 9.43% was encountered 
with 1.0% treatment of phendal with spray treatment (Tables 5 and 6). The 
statistical analysis revealed that chromotoxic effects are dose dependent and there 
exists a positive correlation between chromotoxicity and different concentrations 
of various pesticides (Figs. 13 and 14).

Discussion

A critical analysis of PMCs at metaphase I following pesticide treatment 

revealed the occurrence of quadrivalents and univalents. The quadrivalents were 

noticed with all the pesticides except sumithion. Quadrivalents normally re

present the induced exchanges between the chromosomes. However, their low 

frequency suggests the involvement of a small segment in the exchanges. DDT 

induced chromosome exchanges have been reported in cultured mammalian cells 

(Palmer et al. 1972). Grover and Tyagi (1980b) reported folithion and lebaycid 

induced translocations in barley. Malathion induced exchanges in barley have 

also been reported (Grover and Mittal 1982).

As many as 4 univalents have been encountered in a few cells at metaphase I. 

This is in accord with the observation of Amer and Farah (1980) who noticed uni

valents in Vicia faba following seed soak and spray treatments of phosvel (an or

ganophosphorus pesticide). Amer and Ali (1968) observed univalents in flower buds 

of Vicia faba following treatment with a/ƒÀ-naphthol. Sevin (a carbamate in

secticide) induced univalents in V. faba are known (Amer and Farah 1968). Singh 

et al. (1978) reported univalents in barley following seed soak treatments with some 

organophosphorus pesticides like cythion, ambithion, thimet, dimecron, disystox 

and counter. Univalents may arise due to the consequence of chromosomal aber

rations (Morgan 1950) or due to cryptic structural changes (Jain and Basak 1965). 

Amer and Farah (1980) opined that univalents may result due to early disjunction.

A few PMCs in some of the treatments had a fragment at metaphase-I. The 

fragments at metaphase-I in PMCs of Vicia faba have been reported by Amer and 

Farah (1980), Soliman and Al-Najjar (1980). Panda and Sharma (1980) observed 

paired and attached fragments in PMCs of barley following treatment of trichlorfon 

and dichlorvos.

The stickiness at metaphase I was observed with dursban and methylparathion. 

Stickiness may be either due to genetic or environmental factors (Mehra and Rai 

1970). In the present studies, the stickiness was noticed in meiotic preparations 

where grains were treated at the time of sowing, the possibility of genetic factors or 

cryptic structural changes may be the possible reason. Stickiness due to genetic
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factors is known in Zea mays, Trillium and Collinsia tinctoria (Beadle 1932, Martini 
and Bozzinni 1965, Mehra and Rai 1970). Stickiness of chromosomes has been 
noticed with a number of insecticides by Singh et al. (1978), Amer and Farah (1980) 
and Panda and Sharma (1980).

Some other interesting abnormalities observed were the lagging chromosomes, 
bridges and spindle inhibition. Lagging chromosomes may result due to delayed 
terminalization or perhaps stickiness of chromosome ends. The bridges noticed 
in the cells are probably formed by breakage and fusion of chromosomes and 
chromatids. Bridges may result due to the failure of terminalization in a few cells. 
Unequal separation of chromosomes at the first anaphase and telophase was en
countered following treatment with all the pesticides.

The comparative effects of seed soak treatment and spray treatment revealed 
that seed soak treatment, in general, did not reveal any qualitative difference. 
However, quantitatively chromotoxic effects were more following seed soak treat
ment. Perhaps, the quantitative differences may be due to differences of the phys
iological conditions at the time of treatment. Probably, in spray treatment, the 
actual amount of the pesticide coming in contact with the meristematic cells may 
be comparatively less.

Summary

The meiotic effects of eight organophosphorus pesticides (anthio, diazinon, 
dursban, ekalux, methylparathion, phendal, rogor and sumithion) were studied 
in barley (Hordeum vulgare L. CV. C164). Seed soak as well as spray treatments 
were conducted. Critical analysis of pollen mother cells (PMCs) of treated plants 
revealed chromosomal aberrations including multivalents and univalents, stickiness 
and despiralization at metaphase-I whereas chromatin bridges, lagging chromosomes 
and mis/non-orientation of chromosomes were observed at anaphase-I. The 
cyto/chromotoxic effects as observed by spraying the plants with various pesticides 
were same as above. However, the frequency of aberrant PMCs was comparatively 
less as compared to that of seed treated plants. The statistical analysis revealed 
that dose-response curve was linear and there existed a positive correlation between 
the concentration of the pesticide and the aberrations.
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