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Introduction

Atmogpheric emissions of 802 ere a maejor pollution
problem, that has been continually growing due to the
increasing use of fossil fuels "ceal and tar" to generate

electricity.

Regulations have been passed in many countries to
set legal limitse to SO2 eaissiona. High levels were
permitied within the industrial workplaces. Stokinger
(1972) menticned that, 5 ppm 502, 13 the justified indu-

strial limit of 502 emissien,

Complience has been made difficult, due to, the
relavively short supply of "clean" low sulphur fuels
end the cost of the alternative methods of 302 control

(Collins 1971, Dunhem et al., 2974 and Abelson 1975).
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In Bgypt, 802 levels are very high when compared
with other parte of the world, In thc polluted Abu Zaai .
area (40 km north east Cairo), it rangsd from 23 to 1> o
5 ppm at 50, 500 end 1000 meters away - »ue..val? {(Koxd
1981),

RKord (1981) found that, trestipg Gi.f:.. o planit
with so2 (5, 10 and 25 ppm) caused retaruation of growth.
She found also thet, fumigation of Rappaaus ritivus end
Eruce pative with 5 and 10 ppm sulphur diucide (>°S-laballed
sodium sulphite, specific activity = 53 ©Ci/fg) for 30 and
60 minutes, increased the sulphur content of the fumigated
plaﬁts.

Fumigation of Yicie faba plents with 5 pza 8Cy Ler 2
period of 5 hours ceused the imduction of & highly ajiaifi-
cant percentage of abnormal F¥Cs/plant. Such effect ino-
reased pteadly with the increase of the gas concentration

and the period of fumigetion (Amer et al. 1987.I).

In the present investigation, the cytogenetic effect
of 50, after fumigation of Viola faba plants with different
concentrations of the gas (5 - 30 ppm) for 4 hrs /day X 4
dayas has besn studied on the meioais and pollen viebility,
Such effect has been followed in groups of treafed plants

which were 1eft to recover for 6 and 12 days.
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Materials and Methods

Yiola fabs (Y. Gilza 2) plants, were fumigated for
4 hra/day X 4 successive days with different concentra-
tions of S0, (5 - 60 ppm). Compare Amer et sl. (1987 ~I)
for the detailed method,

4 group of the treated plants were left to recover
for 6 and 12 days.

Results

Pollen mother cella :

Fumigation of Yicie fabg plants with 5 ppm 50, 4 hra/
day X 4 deys affected the induction of 26 % abnormal FMCa/
plant. Such percentage increased to 8 great extent as the
concentration of the ges was increased. A high depreseion
in the percentage of abnormal P¥Cs/plant occurred when the
treated plants were left to recover for 6 and 12 days

(Pig. 1).

The highest percentage of thé induced &bnormalities
wag observed in the anaphase stages. The percentage of
abrormal PMCB 1n melotiec dlvielon II was higher than that
in meiotic division I (Table 1),
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Table (II) represents, the differznt types of
abpormalities observed in the PuCa of the planta fumig-
ated with 502 and those which wers lef’ -o recover fer

6 and 12 days,.

Tetrads : '

The percentage of abnormal tetret~ ez 8.6 % after
fumigation with 5 ppm 50,, and reached 61 % after fumig-
atlon with 30 ppm of the ges. Such percenteze decreased
to a great extent after recovery for 6 end 12 days (Table
I). ¢

4

The presence of more fhan tetre-grenp of c:lls (pen-
tads, hexsds end heptads) end dyeds (e.g., Fig. 2) instead
of the usual tetrads dominated. Its percentage reached
20 % and 27 % of the scored tetrads respectively after
funigation of the plants with 30 ppm 302. Tryads were
obeserved in a lower frequency, its perceniege did not
exceed 6 % of the scored tetrads after fumigation with
the different concentrestions of 302. Tetraplold monads
(Syncytes e.g. Fig. 2) were observed (4 %) only after
fumigation of Vicia faba plents with 39 ppm of the gas,




Women's Coll. Ann. Rev.
Vol. 15 (1990).

Pollen grains 3

The percentage of abnormal PGs was genarally,
much lower than that of abnommal tetrads after fumig-
ation of ¥Yicia faba plants with the differsat conoentr-
ations of S0, (Table I).

The nonviable PGs end the smell oneB Were the
doninating types of abnormalities observed after treat-
ment with the different concentrations of the gas, The
percentage of the smsll PGe reached 4 % of the scored
PGa after fumigation of the plents with 30 ppm 802.
Tetraploid pollen monade (Syncyte pollen formations
e.g. Fig. 4), pollen dyeds (e.g. Fig. 3) apnd tryads as
well as deformed PGe were also observed, but, in a lower

frequency.

Discuseion

Repeated fumigation (4 hrs/day X 4 deys) with the
different concentrations of SO, (5 — 30 ppm) affected
the induction of = high percentage of abnormsl PMCa/
Viola faba plant, Rapid waes the increase in this per-
centage with the inoreaeme of the ges concentration.
Almost all the PMCs were abpnormal after fumigation
with 30 ppm 502, and some dead PLCs were oﬁﬁerfed in
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the flower buds of the plants fumigated with this com-
centration of 502. Thus, a dose about 20 ppm can be
considered as the most tolersble copcentravion Zor

4 hras/day X 4 deys fumigation of Vicis faba plante
with S0,.

The percentage of abmormal ©3ir«li’ was high, eap-
ecially, after fumigation of the plants with the bigher
concentrations of 802, and was preporticual to the ges

concentration.

More than tetra-group of cella was the dooipant
type of abnormalities observed In this stage after Tumig-
ation with 5 ppm 502. Suoh eggregates of cells nmay zeocult
from multipolar telophase II cells am Amer and Farah (1976)
suggested in thelr atudy on the effect of the cerbamate

pesticides” IPC;"Rogor” and"Duphar”on Yicia faba plants.

The dipleid dyads, unequal dyada and tryads, seemed
to be formed a8 & result of the observed irregular distri-

bution of the chromosomes in the different meiotic stages,

Small polien grains seemed to be formad as a result
of the induction of multipolar or unequal distribution
of the chrompsomes, Syncyte pollen formation seemed to

be formed as a result of the absence cytokinesis,
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Sudharshan end Jagedishchendra (1981) reported on the
.occurrence of syncyte formation and other meiotic irre-
gutarities -during microsporogenssis in a wild populetion
of Qymbopogan -caesiug (Poacene). MontezumasDe.Carvalho
(1973) 1in Hte:study on the effect of nitrous oxide (X,0)
on meiosis of Tradescentia peludose reported that, nitrous
oxide under premsure inhibited the weiotic spindle end

- igave. rise o ~restitution nuclei (C-interphase)., FWhan

= guch cells were allowed to recover, they entered In the

» 2pd division -of meioefs and the spindle was reformed

agein, Such oells would form diploid pollen dyeds.

‘s »» It 18 worthy to mention that, a much higher perceat-
.« age of sbnormal : PMCs; tetrads and nonviable PGs wes

observed in the plants fumigated with SO, for 4 hre/dey

T 4 days then that observed in the plants fumigeted with

S0, for 5 hrs (Amer et al, 1987-I). Such effect mey be

ettributed to the greater ability to fa.k.e up 802 displeyed

by young leaves (Surrounding the flower buds) then mature

.+ or seneacent leaves (Guderien 1970).

Yicle febe plents fumigeted with 50, did not recover
after )2 days, A statistically significaent percentage of
abnormal FMCe and nonviamble PGa/plant was still observed,
even, in the plants fumigated with the lowest concentra-

i tion of SO, {5 ppm). In this concern it Is worthy to.
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mention that, after daily exposure of the Bruooly culy ust.
oxidase~deficient rats to 10 and 30 pmm 50, for 6 nfée
95 days, the testes of the rats were ..7oxaly ctrophic &
end devoid of spermatogenie ocells, T e <u Lo avifcooe
for recovery 4 wk following the termif «*imu cf GXpOAWTE
(Guonison et 21. 1987),

Taking chromospme‘fragmentation as tik: oriterien for
putagenic potential, it was found that, ths percentagc
of PEC3 with frepgments increesed Progreazively aith tha
increase of 80, concentration (Fig. 5).

It 18 evident from this study that, repsating 2zps-
sure to different conoentrations of the oomca exs poline
tant 50, caused adverse gemetic hazards for Ficie fuba
plants., The gag may cauge hazardous effects for other
cultivated plents, So, arise the need, for more developed
not expensive methods for 802 emiesion conrol, for the
proteciion of the genetic information from a mutagen

contaminating the blosgphere.

Summar[

In the present investigation, the cytogenetic effect
of funigation of Vicig faba plants for 4 hra/day X 4 days
with different concentrations of 50, (5-30 ppm), has beem
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studied on the meiopis and pollen viability. Such effect
hes been followed in groups of treated plants which were
left to iecover for 6 and 12 days.

Repeated fumigetion (4 hrs/day X 4 days) with the
different comcentrations of SO, (é - 30 ppm) affected
the induction of & high percentege of ebnormel FCe/
!lgig_zélg_plaht.. The highget percentage of the induced
abnormelities was observed in the anaphese otegea. The
percéntage of'abnormal PMCe in meiotic division II was

higher than that in meiotic division I,

The percentege of ebnormal tetrads was high, especi-
elly after fumigetion of the plents with the higher con-

centrations of SO The presence of more than tetra-

2.
group of cells (pentads, hexeds and heptaeds) and dyads

instead of the usual tetrads domlnated,

The pereehtage of ebnormsl PGs8 was generally, much
lower then that of abnormel tetrads after fumigation of
the plants with the different concentrations of S0,. The

nonviehle PGs and the small ones dominated,

Yicia fabe plants fumigated with 5-30 ppm 50, for
4 hre/day X 4 daye did not recover after 12 days, A
statistically eignificant percentzge of abnormal FPiCs
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and nonviable PGa/plant was still abocrved, evon, is
the plants funigated with the loweot cornratration {5
ppm).

Taking chromomoma fragmentetion aé L eriverion
for mutagenic potentinl, it wes foupd ot bl pLeeonte
ege of PMCe with Tragmenis incresped proKreasivaly with
the iporesse of S0, concentration,
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Table I ; Parcantage of abnormal PMCa, tetrads and nohviebls PGa/plant, after fumigation with diffarent
concentrationa of mom for 4 hrs/day X 4 days and recovery for & period of 6 and 12 days,

Cono. Period wmnm Tetrads L PGo
of % abn, Abn,.PGa
(ppm) recovery Scored Soored 4 Scored Z ”
Yo, Mean + 8.E.,
15t div. 2ad ddv. No. avn. No. viable nonviable
30 - 3665 89.51  93.02 1500 60,53 18000  11.66 6.917 + 0.820"%
6 days 3595 25.26 33.14 1800 8.33 6000 3,09  3.583 + 0.300™%
12 daye 4345 10.40 14,02 2400 2,29 6000 1,43 1,400 + 0,245%
20 - 7290 59490 71,10 3100 40.29 12000 7.29  4.383 + 0.520™
6 days 4370 16.71 22,78 2400 3.75 6000 1.24 2,333 + 0.247"%
12 deys 5750 6.45 9.26 2400 1,67 6000 0.69 0.983 + 0,079"* _
L1
10 - 5350 16,39 42,68 3460 21.67 12000 4.47  1.883 + 0,260°F
6 days 6050 9,20 16,61 2400 1.67 6000 0.77 0.900 + 0,155
12 days 5355 4.03 5.13 2400 0.71 6000 0.25 0.417 + 0.060™F
5 - 4932 26,96 26,25 2250 8,58 6000 1.70 0.683 + 0,100™*
6 days 5800 5,56 . 9.44 2400 0.33 6000 0.35 0.366 + 0.049™*
12 days 5260 2,15 2,31 2400 0,08 6000 0.17 0,133 + 0,032**
Conts = 4390 1.17 2,86 . 2400 1.04 6000 0.57 0.100 + 0,040
6 days . 4580 0.66 1.30 2400 0,08 6000 0,07 0.083 + 0.017
12 days 4040 0,42 0.65 2400 - 6000 0.02 0,050 + 0,022

gﬁ.m»ﬂh%&»nﬁbd from contrel at 0.01 lavel (t-teat).

a T
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Table IT 1 Humber 'and percentage of tha oocurring ahnoranlitios in the meiooes of Vioie feba plants, after fumigation
with differont conoentraticns of 30, for 4 bra/day X 4 daye and rceoovory for a psricd of € and 12 days,

.- ’ o [ , ®

Delative to the oucber of abmormal Ry

Pariocd.

of Conos Ho. abd. " w o¢ thg aiffereont typos of aba. < of PuCa
vory (ppw) PMCw = " OB =D
reco - 3 Roterd. Unequal Lulti, Tetra- Hioro~ tiplas t
Stlok, Brid. Dasp. ,.m.u,nw...r.“»p..““.. uwh«. sup. Aist. poler, ploid. Lage gu. ot .urhwvo
= 30 3363 16,09 10,35 4.67 15.79- 5.53 135,56 0.56  2.85  9.76  0.09 17.54.0.18  15.97
20 4959 7.06 12,16 1,65 .15,11 2.44  29.54. 054 5.71 15,94  0.24 24.54 0.48 13.75
10 2103 18.07 10,34 0.3) 18,40 2,28 12,00  0.66 7.35 16.83 - 29.30 0,96 14.53
] 1110 8.18 18.86 - 17,41 3.45 8.14° 0.99 2,97 18.56 = 26.13 0.87 5.66
6 daya 0 1046 8,90 18,08 2.5  9.56,11,17 11.86 0,76 1.82  24.75 - 19.49 = 8.26
20 846 8,37 18,08 2.74 10,74 11.00 12.40  0.57 1.65 20.09 = 24.02 - 9.09
10 T64 10.T7 14.02 3.25  9.90 T.05 16.47 0.6} 2.46  19.40 - 25.90 9,09
) LB )l 4.58 27.59 0.84 9.15 5,38 7.00 = 3.2) 15,07 = 35.28 - T4l
12 daya O 523 14,07 27.39 - T.51 4.32 7-69 - 0.7 2§.2) - 20,26 = 6.54
20 455 13.41 2428 -~ 4.62 7.69 B.79 - z2.42’ 22.20 = 21l.98 - 4.76
10 240 14,58 23,75 ~ 5.00 4,17  5.42 - 2.92 28,33 ''- 28,33 11.50
5 117 5.98 34,19 - 7.65 4.27 1.71 - - 17.09 - 35,90 = 6,45

» The sum of ths percentages of the different typos of abnormalities ia more than 100, becanse tha YMCa which have
more than ons type of abnormalities was reocarded under those typee in the same time,.

Women's Coll. Ann. Rev. )
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Percehlage of abnormal PMCs 7/ plant
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Fig. 1 : Percentage of abnormat PMCs/ Yicia faba piant, after fumigation
with differenl concentrations of SOy for 4 hrs/dsyX 4 days and
recovery for 6 and 12 days.
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Pigev2-4 : Dyad consisting of two equal cells {left) and
other consisting of two unequel cells (right)
and tetreploid moned {Syncyte formation) below
(Fig. 2) pollen dyad (Fig. 3) and tetraploid
pollen monad (syncyte pollen formation, Fig.4),
after fumigation of Vicig fabg plents with:;10 ppm
(Fig. 2) and 30 ppm (Fige, 3 and 4) 802 for 4 hrs/
day X 4 days.
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Percentage of PMCg with fragmenls/ plant

1 1 1L 1 ) |

Q S 10 15 20 25 30
50, concentration {ppm)

Fig. 5 z Percenlage of the abnormal PMCs with fragments/¥icia faha
" plant, after fumigstion with different concentrations of S0z
for 4 hrs /day X 4 days .

]
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Legends

Pig. 1 1 Percentage of abnormal PMCs/Vicia feba plant
after fumigation for 4 hra/dey X 4 deys with
different concentrations of 502 and recovery
for 6 end 12 days.

Figs.2-4: Dyad consisting of two equael cells (left) and
other consisting of two unequel cells (right)
and tetraploid monsd (Syncyte formation) below :
(Pig. 2) pollen dyad (Pig. 3) and tetraploid.
pollen moned {Syncyte pollen formation, Fig. 4);
after fumigation of Viéia fabe plants with:10 ppm
(Pig. 2) and 30 ppnm (Fige. 3 and 4) 50, for 4 hrs/
day X 4 days.

Fig. 5 : Percentege of the abnormel PMCe with fragments/
Vicie faba plant, after fumigation for 4 hra/day
X 4 deys with different concentrations of S0z
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