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Abstract

In Abelmoschus esculentus L. uniconazole brought about a marked decrease in
cadmium-induced loss of chlorophyll and Hill reaction activity, but it did not
completely prevent cadmium toxicity.
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Cadmium severely inhibits several growth processes and chlorophyl! (Chl) synthesis
(Ernst et al. 1992, Singh 1993, Fodor et al. 1995, Thomas and Singh 1996, Vassilev
et al. 1997, Ernst [998). The triazoles belong to a class of compounds that have been
developed for use as either fungicides or plant growth regulators. They also protect
plants from various environmental stresses including chilling, drought, air pollutants
(Fletcher and Hofstra 1988), and heavy metals (Singh 1993). Hence, the triazoles
have been considered to be "multiplant protectant”. The objective of this study was to
assess the effect of uniconazole (8-3307), a triazole derivative, on Abelmoschus
esculentus L. with particular emphasis on fresh and dry masses, Chl content, and Hill
reaction activity.

In the present study, the response of A. esculentus to toxic levels of Cd was studied
in plants growing in thermocol cups. Uniconazole was applied as a seed treatment for
which the seeds were soaked in 5gm3 uniconazole solution for 5h and
subsequently dried. Both treated and non-treated seeds were raised in 300 cm3
thermocol cups with perforated bottoms, each of which contained 200 g oven-dried
soil. These cups were placed in second non-perforated cups which served as a
reservoir for excess water. Prior to sowing, seeds were treated with different Cd
concentrations (0, 50, 100, 200, and 400 mg kg-!) supplied as CdCl,. The plants were
raised in a growth room with photon flux rate of 500 umol m-2 s-! and 16/8 light/dark
cycles. Fresh and dry masses were determined 30 d after the date of sowing. The
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Table 1. The effect of different concentrations of cadmium on growth [mg plant-'], chlorophyll
(a+b) [g(Chl) kg'(f.m.)], and Hill reaction activity [mol(DCPIP red.) s”! kg-!(Chl)] in non-treated
and uniconazole-treated 30-d-old plants. Values in parentheses show percent reduction relative to

0 Cd or 0 Cd + uniconazole treatments. Means = S.E. of 3 replicates from each treatment.

Cd concentration  Fresh Dry Chlorophyll (e+b) Hill activity
[mg(Cd) kg'" mass mass
0 792+ 1(0) 93.3+15(0) 2907.9+£1.3(0) 26.1£0.2(0)
50 774 £3 (2) 90.3+5(3) 245.0+0.8(17) 21.9+0.1(15)
100 7053 (10) 82.2+3(11) 2195+ 1.5(26) 20.0+0.2(23)
200 632+1(0) 73.4+£21(21) 195.1+ 1.1 (34) 18.2+0.1 (30)
400 515£2(34) 563+4(39)  148.6=1.8(50) 12.9+0.1(50)
0 + uniconazole 708+ 1 (0) 83.3£6(0) 5809+ 1.1(0) 56.0+£ 0.2 (0)
50 + uniconazole 690 £2 (2) 82.6+11(0) 551.0x 1.1 (5) 52.2+0.3(6)
100 + uniconazole 651 = 8 (8) 77313 (7) 517.0£03(11)  49.1£0.1(12)
200 + uniconazole 618+4(12) 723x7(13) 470.8+£0.9(18) 44.0+0.1(21)
400 + uniconazole 501+2(29) 573+7(31) 4425+0.6(23) 38.6+0.1(31)

pigments were extracted in 80 % acetone from 100 mg leaf tissues and Chl content
was determined as described by Strain and Svec (1966) by measuring the
absorbances at 665 and 649 nm using a UV-Vis spectrophotometer. Hill reaction
activity (HA) was determined following the DCPIP reduction method.

The plants grown from seeds treated with different concentrations of Cd2* had
reduced fresh and dry masses, Chl contents, and HA. The reduction increased with
increasing concentration of Cd (Table 1). Plants grown from seeds treated with
uniconazole also had lower fresh and dry masses than controls. The reduction of
shoot height caused by uniconazole treatment was accompained by a reduction in
plant mass. The percent protection gained by uniconazole treatment against Cd
toxicity was between 5.00 and 5.75 % as determined by effects on Cd-induced fresh
and dry masses, respectively. A shift in balance of gibberellin may account for this
plant growth regulatory activity of uniconazole (Fletcher and Hofstra 1988).

Uniconazole treatment resulted in significantly higher Chl contents and HA in
control plants and in all Cd-treatments (Table 1): even at high Cd-concentrations
(400 mg kg!), Chl and HA were protected. The higher values of Chl and HA in the
uniconazole-treated leaves, even in the presence of Cd, suggest that uniconazole
prevents the symptoms of Cd phytotoxicity on these physiological parameters.
According to Stobart et al. (1985), Cd inhibits biosynthesis of 5-aminolevulinic acid
(ALA), a precursor of Chl. Cytokinins stimulate Chl biosynthesis by promoting ALA
synthesis (Fletcher and McCullagh 1971). Uniconazole also increases cytokinin
concentrations in rice (Izumi et al. 1988). Therefore, it is likely that the stimulation
of Chl synthesis in uniconazole-treated plants is mediated through an effect on
cytokinins.

Ernst (1998) reported that isolated chloroplasts could be affected by heavy metals,
and metals such as Cd and Zn directly inhibited photosynthetic electron transport
reactions, especially photosystem 2 (PS2), both at the oxidizing (donor) and reducing
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(acceptor) sites. Another mechanism of metal injury is a direct effect on the Calvin
cycle, which results in accumulation of ATP and NADPH and finally in loss of PS2
function (Ernst 1998). These effects would decrease HA in the presence of cadmium.
Inhibition of HA by Cd is shown in the present study. Triazole-treated chloroplasts
are larger than those in control (Deshpande et al. 1991). Leaves with more Chl and
more chloroplasts may have a more effective free radical scavenging system.
Damage to the chloroplast by Cd (Stoyanova and Tchakalova 1997) may be
prevented or delayed by effective removal of free radicals. The triazoles are effective
inhibitors of catalase and peroxidases as well as of other enzymes. This would lead to
a decrease in free radical scavenging capacity, and thus it is difficult to explain our
results in terms of increased antioxidant defences. The uniconazole-treatment must,
however, change gene expression that enables the seedlings to tolerate high Cd
concentrations.
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