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ABSTRACT

The effect of the growth retardant
"Cycocel” has been studied on root-mitosis
of Pisum sativum and Vigna unguiculata. The
root-tips were treated with 25, 50, 100, 250,
500, 1000, and 2000 ppm of the growth retardant
for 24 hours.

The growth retardant "Cycocel" showed
an obvious effect on the mitotic activity and
ceused a reduction in the mitotic index values
of both plants. The frequencies of different
mitotic stages in the treated roots in both
plants were changed than those in untreated
toots due to the accumulation of the metaphase
stage.

Cycocel treatments induced several types
of mitotic abnormalities. The total percentage
of abnormalities was found to be time and
concentration dependent. The percentage of
abnormalities in Pisum was higher than that in
Vigna. C-metaphase was the most frequent abno-
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rmal type in [Pisug but chromosome stickiness

was the main domian>nt type of abnormalities in
Vigna root-tip cells. Cther types of abnormalities
were recoreded in Pisum, e.g. stickiness, bridges,
lagzing chromosomes, chromosome fragments,
C-anaphase and cisturbed =2naphase. Also, very few
interphase cells with micrcnucleus were observed,
In Vigna, the other induced types of abnormalities
were C-metaphase, lagging chremosomes, unecual
chromoscmes distribution and disturbed anapnase.
Also, irregular prophase, vacuolation and caromosome
fragments were observed in very low percentages.

IHTRODUCTION

The grewth retarding chemical (cycocel) Z-chloroethyl
trimetnyl ammonium chloride was found to be have a retarding
eifects on the growth and metabolism of a number of planks
(Thomas, 1964; El-Sharaawi, 1976; Wareing and Phiilips, 1976
and Farghal, 1990). Similar to other grcwth retarding chemicals
e.z. alar, Amo-16.8 and phosphon, the most obvious effect of
cycocel is shortening of plant heigh or inhibiting shoot
growth (Sachs, 1961 and Cathey, 1964; El-Xhodary,
1972 ; Wareing ard Phillips, 1976). Moreover, Sachs and
Kofranek (1963) reported that cycocel and other growth
retardants (Amc-1618 and Phosphor) have a direct inhibiting
effects on nuclear cell division in the subapical mneristems

of Chrysanthemum. Later on, Kabarity and El-Khodary (1974 a; b)

studied the effect of different concentrations of cycocel on
V. faba root-tips. They concluded that the cycocel caused :
a reduction in the mitotic index and induced several types

of chromosomal abnormalities.
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The cytological effects of cycocel on the.pea and cowpea
plants have not been investigated..The purpose o the present
study, is to investigate the behaviour of the root-mitesis in
both plants following treatment with different concentrations

cf cycocel.

MATERIALS AND METHIDS
t

Seeds of two plants (Pisum sativuem L., "var. vectory

freezer", and Viena unpuiculata L. Walp) and the growth

retardant "cycocel" were used in the present study. The growth
retardant was dissolved in distilled water ard the applied

concentrations were, .5, 50, 160, 250, 500,-1000 and 2000 ppnm.

Seeds were immersed in water for 24 hours, then germinated
on moistened filter paper'in large petri dishes. Young
seedlings with root 3 tm in length were transferred to other
dizhes containing the used concentrations of cycocel for 24
hours. After the trestment, seedlings were washed throughly
in water and root-tips were cut and immediately fixed in
freshly prepared glacial acetic acid and absolute ethyl
alcohol (1:3 v/v) overnight. Another group of young seedlings
wes treated with distilled water as control. Germination of
the seeds and treatment of the voung seedlings were carried

out at room temperature (23-25 °C).
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For each concentration, examinations were made on 5
roots in permanent root-tip squash preparations stained by
the Feulgen technique. Mitotic index was estimated as the
number of dividing cells to all counted cells. Chromosomal
abnormalities percentage and types were determined in the

different mitotic phases and in interphase.

RESULTS AND DISCUSSION
Results given in Tables 1 and 2 show that all treatments
of the used growth retardant "cycocel" caused a reduction in

the mitotic index values in root-tips of Pisum sativum and

Vigna unguiculata. Such reduction was increased with increased

cycocel concentration. This was clearly noticed when roots
treated with the highest cycocel concentration of 2000 ppm.
In both plants, pea and cowpea, MI reduction was about 50%
or less of the respective control values at concentrations
more than 50 ppm. Minimum MI values of 1.127 and 0.88% were
recorded in pea and cowpea, respectively, at the 2000 ppm
compared to the control values of 6.61% and 5.78%, respectively.
A marked depression in the mitotic index was previously
obtained following treatment of Vicia faba root-tips with
different concentrations of CCC ranging from 800 to 12000
ppm and applied for 4 & 24 hours (Kabarity and El-Khodary,
1974a). Also, These authors noticed that the treatment for
12 hrs showed a similar trend in all the applied concentra-
tions except the lowest two (800 .& 1200 ppm CCC). The

inhibitory effect of cycocel and some other growth retardants
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on the subapical cell division in Chrysanthemun had been

observed by Sachs and Kofranek (1963). Our results also agree
with that obtained by El-Sharaawi (1976) on wheat plants. He
observed a reduction in stem length and suggested that cycocel . °
decreased or retarded cell division in subapical meristems.
The reduction in the mitotic indices of pea and cowpea was
also observed after treatment with the growth retardant B-9
(El-Ghamery and Abd Al-Moaty, 1991). Similarly, El-Khodary
(1980) reported that high dosage of B-995 caused a reduction
in the mitotic index of Allium cepa root-tips. She suggested
that the decrease in the value of the indices could be mainly
attributed to a corresponding decrease in the prophase.
Similarly ouf results could be attributed to ti.. accumulation
or arrest of cell division at the metaphase since high
percentage of abnormal cells was recorded at this stage
(Tables 3 & 4). Also, the reduction of division rate in this
study, could be produced either by prolonging the time of
mitotic cycle as a whole, or through the permanent inhibition
of mitosis of some cells. This is in accordance with the
results recorded by El-Sadek and Ashour (1983).

Results in Table 1 also reveal that the percentages of
the different mitotic stages in pea root-tip cells as compared
to the controls show no appreciable changes at the lower
concentrations. Increasing the concentrations directly

decreased prophase frequency and increased metaphase and
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ana-telophase frequencies. A positive correlation was observed
between the percentage of metaphase and the applied concentra-
tions of the cycocel. On the other hand, the percentages of
ana-telophase fluctuated with the concentrations. At 2000

ppm, prophase frequency reached a minimum value of 40.60%

. compared to control value of 66.20Z. On contrast the
metaphase and ana-telophase frecuencies reached a -miximum
values of 31.20% ard 18.20%Z, respectively (see Table 1).

The data in Table 2 also show a decrease in the percentage
of prophase and ana-telophase in cowpea root-tip cells with
all treatments of the cycocel. No correlation was observed
between decreasing the percentage of prophase and
ana-telophase and increasing the applied concentration of
cycocel. A minimum percentage of prophase and ana-telophase
frequencies of 43.65% and 18.50% was found in the concentra-
tion of 250 ppm of cycocel. The concentration of 500 ppm of
cycocel showed the highest frequency of metaphase (38.20%)
compared to a control value of 24.14%. Similar results
obtained after the treating Vicia faba roots with different
concentrations of cycocel (Kabarity and El-Khodary, 1974a),'
treating Allium cepa roots with B-995 (El-Khodary, 1980) and
treating pea and cowpea with B-9 (Ei-Ghamery and Abd Al-Moaty,
1991).

The percentage of total chromosomal abnormalities

recorded in treated root-tips of pea and cowpea plants
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increased as the concentration :increased with one exception
the highest concentration (2000 ppm) (Tables 3 & 4). At all
concentrations, the percentage of total abnormalities in pea
root-tips was higher than that in cowpea. The minimum values
of total:chromosomal abnormalities in both plants, pea and
cowpea, were 32.83% &nd 13.7% respectively, and were recorded
after the treatment with 25 ppm of cycocel. As the concentra-
tion increased to 1000 ppm, the total percentage of abnormali-
ties reached a valve of 71,187 and 47.91% in pea and cowpea,
respectively. In this respect, the effect of cycocel cn both
plants simulates its effect on Vigia faba (Kabarity and
Ll1-Fhodary, 1974a & b) and the effect of B-295 on Allium ccpa
roots—tips (El-Yhodary 198C) and B-9 on pea and cowpea plants
(El-Chamery and Abd Al-Moaty, 1991).

Cycocel induced different types of abnormalities at all
stages of division. The most conspicuous was at metaphase and
anaphase stages. The percentage of abnormalities at metaphase
increased with increasing growth retardant concentration, and
this was higher than that at ana-telophases, at all applied
concentrations. The percentage of each type of abnormalities
differed in relaion to the applied concentration of cycocel
in both plants. In cowpea, few interphase cells with vacuolated
nucleus and irregular prophase configurations were observed
with the treatment of 1000 and 2000 ppm of cycocel. In pea,
zicronucleated cells were induced at interphase following

trestment with cycocel concentrations higher than 500 ppm
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(Fig. 6). C-metaphase (Fig. 2) was the most frequent tvpe of
abnormalities in pea, but chromosome stickiness (Fig. 7) was
the most common type in cowpza. Inducticn of chromosome
fragmentation was recorded with concentrations less than 100
Ppm in cowpea, on tne contrary with the concentrations mors
than 5C0 ppm in pea. The frequency of chromosome stickiness
(Fig. 7}, C-metaphase (Fig. 8) and lagging (Fig. 9) in cowpea
root~tips were higher than these in pea root-tips (Figs 1,2 & 3),
in contrast to the chromosome disturbance including multipolar
anaphase and disturbed ananhase (Figs 4 & 10). Other types of -
abnormalities were also abserved in pea with all applied
concentrations. These are chromosome bridges (Fig. 5) and

C-anaphase.

One ¢of the major type of abnormalities was ghromosomal
stickiness. Such stickiness was mostly evident at prophase
and metapnase in both pea and cowpea plants, Stickiness
frequency increased with increasing concentration. Darlington
and Mc Leich (1951) and La Cour and Rutishausen (1954) have
suggested that chromosome stickiness could be due to
a polvmerisation of DNA which made the chromosome surface
to be sticky. The occurrence of chromoscme stickiness was
previously reported after treating V. faba roots with
a relatively high concentrations (8C00 ppm) of cycocel
(Xabarity and El-Khodary, 1974a) and treating Allium cepa
with a high dose (5000 ppm) of B-995 (El-Khodary, 1980).
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These authors concluded that high doses of the growth
retardants increase the viscosity of the protoplasm. In this
study, the induction of this anomaly thatwas recorded at ail
applied concentrations could be due to the effect of cycocel
on DNA protein cross—-links (El-Sadek and Ashour, 1983; Ashour,
1988).

C-metaphase configuration was another frequent abnor-
mality at metaphase. This type was approximately similar to
that induced by colchicine treatment (Levan, 1938 & 1956).

A partial effect of the growth retardant on spindle fibers

led to the formation of C-anaphase, disturbance of the spindle
fibers and the distribution of the chromosomes complement to
more than two poles resulting in the formation of multipolar
anaphase cells. El-Khodary (1972) concluded that cycocel
disturbed the extra-chromosomal mechanism. This disturbance

is restricted to the abnormal diffusion of the spindle organisms
in many directions insteat two poles. Similar types were
observed by Therman and Timonen (1950), Kabarity (1966),
Kabarity & El-Khodary (1974a), El-Khodary (1980) & El-Ghamery &
Abd Al-Moaty (1991).

Irregular prophase was recorded in few cells of cowpea
plants and might be attributed to the irregular break of
nuclear membrane. Similar type was observed by Kabarity (1966),
Shehab (1979 & 1980) and El-Ghamery & Abd Al-Moaty (1991).
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Anaphase bridges induced in cowpea after cycocel
treatments involved one or more chromosomes. Chromosomal
bridges at anaphase may be due to the general stickiness of
chromosomes. These results were similar to those obtained
by Kabarity (1969), Cudkova et al., (1970), Kabarity &
El-Khodary (1974a) and El-Khodary (1980). The presence of
acentric fragments may point out that all bridges are not due
to chromosome stickiness. Consequenltfrsome of the chromoscmal
bridges could be explained on the basis of chromosome breakage

and reunion (Tomkins and Grant, 1972).

Lagging chromosomes and micronuclei were observed in
some treatments of cycocel in both plants, Micronuclei cbserved
in interphase cells may be attributed to lagging chromosomes
or chromosome fragments. Beth types (lagging chromosome and
micronuclei) may be formed as a results of disturbances. The

same results were obtained by Kabarity and El-Khodary (1974b).



182

Delta J.Sci 15 (3) 1691

REFERENCES
Ashour, F.M. (1988): A study of some aspects of chemically
induced chromosomal aberrations in plant cells.
Ph. D. Thesis. Bot. Dept., Fac. Sci., Alex. Univ.
Cathey, H.M. (1964): Physiology of growth retarding chemicals.
Ann. Rev. Plant Physiol., 15: 271-302,
Darlington, C.D. and Mc Leish, L. (1951): Action of maleic
hydrazide on the cell. Nature 167: 407-408,
El-Ghamery, A.A. and Abd Al-Moaty, A.A. (1991): Cytological
effects of the growth retardant '"B-9" on mitosis

in the root-tip cells of Pisum satvium L. and Vigna

unguiculata L. Al-Azhar Bull. of Science (In Press).

El-Khodary. S. (1972): Effect of certain chemical on cytology
of the plant cell. Ph. D. Thesis, Bot. Dept., Fac.,
Sci., Ain Shams Univ.

El-Khodary, S. (1980): Differential effect of the growth
retarding chemical B-995 on mitosis. Proc. Egypt.
Acad. Sci., 31: 179-188.

E1-Sadek, L.M. and Ashour, F.M. {1983): An assessment of
cytotoxic effects of dicuran. Bull. Fac. Sci. Alex.
Univ., 23: 45-53.

El-Sharaawi, A., (1976): Cell divisicn and enlargement and
stem elongation in wheat as affected by chlorocholi-
nechloride (CCC) and gibberillic acid (GA3). Annals
of Agri. Sei., Moshtohor 5: 54-39.



183

Delta J.Sci 15 (3) 1991

Farghal, I.I. (1990): Effect of growth retardant cycocel on

Gudkova,

Kabarity,

Kabarity,

Kabarity,

Kabarity,

the growth and some metabolic activities of cowpea
seedlings under different levels of salinity. Delta
J. Sci., l4: 1090-1114.

E.V., Mitrofanov; Y.A. and Shavelzon, R.A. (1970):
Cytogenetic effect of 2,6-diaminopurin. IZV. Akad.
Nauk. USSR SER. Biol., 4: 508-514.

A. (1966): Induction of multipolar spindles in the
meiosis of Triticum aestivum as affected by acetone.
Cytologia 31: 457-460.

A. (1969): Virkung von Aceton auf die chromosomen

verteilung bei menschlichen leukoeyten. Virchows
Arcb, Abt. B. Zell path 2: 163-170.

A. and El-Xhodary, S. (1974a): Cytological studies
upon cycocel as plant growth retardant. Beitr.
Biol. Pflanzen., 50: 1-19.

A. and El-Khodary, S. (1974b): Further studies upon
cycocel as plant growth retardant on Vicia faba

root-tips. Acta Biol. Acad. Sci. Hung., 25: 9-24.

La Cour, L.F. and Rutishauser, (1954): X-ray breakage

Levan, A,

Levan, A.

experiments with endosperm. 1. Subchromtid breakage.
Chronmosoma 6: 696-709.

(1938): Effect of colchicine on root mitosis in
Allium. Hereditas 24: 471-486.

(1954): Colchicine-induced C-mitosis in two

mousascites tumours. Hereditas 40: 1-64.



184

Delta J.Sci 15 (3) 1991

Sachs, R.M. (1961): Gibberellic, auxin and growth retardant

) effects upon cell division and shoot histogenesis.
Adv., Chem., Ser., 28: 49-58,

Sachs, R.M. and Kofranek, A.M. (1%63): Comparative cytohisto~
logical studies on inhibiticn and promotion of
stem grewth im chrrsanthenus mesifelium. Amer, J.

Bot., 50: 772-776.

Shehab, A.S. (1979): Cytological effects of medicinal plants
in Qatar. I. Mitotic effect of water extract of
Pulicariz crispa on Allium cera. Cytologia 4é:
€07-613.

Shehab, 4,8. (1980): Cytological effects of medicinal plants

-
ha

1 Qatar. TII. Mitotic effects of water extracts of
eucrium nilosum on Aliium cena. Cytologia 45:
57-64.

Thermen, E. and Timonen, S. (1950): Multipolar spindles in

human cancer cells. Hereditas 36: 393-405,

Thomas, R.0. (1964): Effect of application timing and
concentration of 2Z-chloroethyl ammonium chloride
on plant size and fruiting responses of cotton.

Crop. Sci., 1: 403-406.

Tomkins, D.J. and Grant, W.F. (1972): Comparative cytological
effects of the pesticides menazone, metabromuron and
tetrachlorpigophthalonitrile in Hofdeum and Tradescantia.
Can. J. Genet. Cytol., 14: 245-265.

Wareing, P.F. and Phillips, I.D.J. (1976): The control of

growth and differentiation in plants. Pergamen

Press Ltd., Oxford, England.



185

Delta J.Sci 15 (3) 1991

Table 1. Mitotic index and the percentage of the mitotic stages in
Pisum sativom root-tips after treatment for 24 hours with 7
concentrations of the growth retardant "Cycocel",
iconcen-|i ! t ! ! Mitotic staqes !
itzationf | ! R T
tppmt H count| Divia.l w1 | i Prophase Hetaphase | kna-telo-
{ celisi cells | I l \ 1Y phase %
cont, fi 1800 { 119 i 6.61 | 100.00 | 66.50 21.15 12.35
! I . i
' 25 | 4000 | 201 i 5.00 I 75.64 I £7.30 22.40 10.30
! ! i
| sp } 3ses | 123 | 3.3% 50.68 67.70 22.90 9.40 |
100 E 4400 116 2.63 39.78 67.15 23.10 9,75 |
250 ; 4400 130 2.50 37.82 64.10 25.60 10.30
500 | 5166 114 2.07 1.3 60.45 26.40 12.15
1000 5500 59 1.50 | 22.69 55.50 30.40 14.20 i
2000 I 3100 35 | 1.12 16.94 40.60 31.20 1e.20 ¢
L i ”
Table 2. Mltotic Index and the percentsce of the mitotic staces n
V.vnouviculats root-tips ziter treztment feor 24 hours with 7
Ceonicent-etions of the growth retardant "Cycocel™. ‘
%Concen-i i ¢ ! FKitotic ctages
ftrat:on} ! | Control - — :
i{ppm) I ceurnt Divid.] I 1 Proshase Metaphase ! kna-telo-
{ | cells| czelis i f E % % |  bphase %
; ; i
! cont. i 4000 256 { 5.75 i 10G.00 £5,19 i 24.14 ! 23.77
P 1 '
} 25 i 3600 149 : 5.05 | 70.43 51,30 I 26.40 20.30
I i
i 50 E 3666 95 i 2.59 45.04 50.75 27. 45 22.20
} 100 i 4333 { 66 | 1.s8 34.43 50.90 26.10 21.00 {
| }
I: 250 [ 3730 67 { 1.79 | 31.13 43.¢5 35,85 16.50
'
II so0 | ¢eco 73 : 1.52 26.43 4¢.40 [ 38.20 | 19,15 1
I
! 1000 H 4133 ; 48 ! 1.16 { 20.17 | 46.55 ! 33.00 ! 20.45 i
1§ ! 1
f 2000 ; 46E6 i 41 | o.ee ; 13.30 | 45.30 33.60 ! 21.30 5
1 1 ] :
H i i : ] : i
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TABLE 3. Percentaces of the different tvpes o! abnormalities in P. sativum roots,
after root-treatments with the Towth rerargant “rycocel” for 15 hours.

| {Percentaqes of the different types of abnormalities

COncen~h Mitoses lrelatlnq te the number of abnormal mitoses. !
trationh— d Agﬁ!
divid. | abn.i 3 S3tick C-meta‘ Bzidi Lag. |C-analDist |Fraa.{ Micr,||

{ppm) Icells lcellsi abn. I 1 ana. f
Cont. ﬁ 119 - - - - ! -0 - - - - - i

25 201 | s 32.83! 4.32 |[20.00 | l.64] 0,50 5.62] 0.74 - - {
50 123 40 |32.50f 4.32 |17.00 l.GJI 0.55 | 7.00] 1.10] - -

100 116 48 141.37] 7.30 19.50 ! 3.40 - 9.40! 1.70f - -

250 130 39 45.60110.00 | 20.46 3.39| 0.76 2.30( 0.76] 1.00 -

500 114 57 50.00]12.00 {18.46 6.42] 0.87 T7.300 2.331 1.75 0.87
1000 59 42 71.18§16.40 130.50 6.77] - 10.16( 3.10( 2.20] 2.00
2000 a5 24 10.50!15.50 24.60 ix.so; - t11.50 z.90] 2.30| 2.00

L ] ] | I |

TABLE 4. Percentages of the different types of abnormalities in Y. unguituiata roots,
after root-treztments with the growth retardant "cycocel” for 24 hours.

Percentages of the different types of abm:rna].itles'l
2oncen—| Mitoses relating to the number of abnormal! mitoses. |
:ration - |

aivia.| abn.! % Istick Ic-meta| Brid| Lag. |C-analDist |Mult: Fraq.

(ppm} llcells ;cells! abn. ana. |polar
Cont . { 250 | - - | - - - - - _ - -

25 149 ! 20 13.70} - - 11.60] - 0.68! 0.68| - 0.45

50 95 I 26 | 27.36) - - 2o.ssl 1.05 | 3.25| 0.35| 1.25 1.42
100 66 I 21 |31.82] - - 20.53| 2.50 | 4.54| 1.00| z.00l 1.00
250 I g7 i 23 |34.32) - - 26.62f 2.50 | 2.00| o0.s0l 2.50] -

500 13 E 30 I41.90 - - 34.84f 2.21 | 2,73 - o.%0] -
1000 59 } 23 ta7.31} 0.68 | 0.69 |38.28] 1.37 | 3.45| o0.68| 2.10] -
2000 : 35 { 15" |36.58l 1.62 ] 0.81 I25.00 1.62 | s.72| - O.SIL— - :
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Figs 1-&. Different types of abnormalities induced in  Pisur
sativus rooi-tips cells after treatment with girfferent
concentrations of cycocel for 24 hours.

Fig. 1. Chromosome stickiness at prophzse and metaphase.

Fig. 2. C—metaphase. Fig. 3. Chromosome lagging.

Fig. 4. Diaggonal anaphase. Fig. 2. Douule chromosomal bridges.
Fig. &. Interphase cell with micronucleus.
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Figs 7-10. Diffarent types of abnormalities induced in Vigna
unguiculata root-tip cells after treatment with different
concentrations of cycocel for 24 hours. .

Fig. 7. Chromosome stickiness. Fig. 8. C-metaphase.

Fig. 9. Lagging chromosome. Fig. 10. disturbed anaphase.
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