BIOLOGIA PLANTARUM 41 (4): 601-606, 1998

BRIEF COMMUNICATION

Influence of Cd*" on growth, chlorophyll content,
and water relations in young barley plants

A. VASSILEV* M. BEROVA and Z. ZLATEV

Department of Plant Physiology, Agricultural University, BG-4000 Plovdiv, Bulgaria

Abstract

Barley (Hordeum vulgare 1., cv. Hemus) plants were grown in nutrient solution with
or without 54 M Cd”* for 12 d. A treatment with Cd”* inhibited the growth of young
barley plants. The main factor limiting plant growth was net assimilation rate, due to
decreased photosynthetic rate and accelerated dark respiration rate. One of the
reasons for the reduced photosynthetic rate was the lower chlorophyll and carotenoid
content. Cd>" decreased water potential and transpiration rate, but relative water
content in leaves of the treated plants was not significantly changed.

Additional key words: chlorophyll, growth analysis, Hordeum vulgare, transpiration rate, water
potential.

The inhibitory effect of Cd* on plant growth is known for a long time, but the
physiological nature of its negative effect is not fully understood. High internal cd*
concentrations in plants disturbed mineral nutrition (Siedlecka 1995), water relations
(Barcelé and Poschenrieder 1990), photosynthesis (Krupa and Baszynski 1995),
enzyme activity (Van Assche and Clijsters 1990} and other processes.

A growth analysis is an usefull method for evaluation of the main factors limiting
plant growth. In Cd**-treated plants this analysis was rarely made. Greger ef al.
(1991) and Landberg and Greger (1994) established that Cd*" inhibited relative
growth rate (RGR) in sugar beet plants. Abo-Kassem et al. (1995) reported that the
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toxic effect of Cd®>" on RGR of wheat plants is due to net assimilation rate (NAR)
retardation rather than to leaf area ratio (I.AR) inhibition.

Plastid pigments have offen been shown as one of the main sites of the toxic cd*
action. Tt was established that Cd*" decreased chiorophyll content in many plant
species, e.g., tomatoes {Baszynski et al. 1980), wheat and cucumbers (Buczek 1984,
Malik et al. 1992), maize (Stiborova ef al. 1986, El-Enany 1995), beans (Barceld ef al.
1988, Siedlecka and Krupa 1996). The reduced chlorophyll content in Cd* -treated
plants are due both to inhibition of its biosynthesis (Stobart et al. 1985) and the
activation of its enzymatic degradation (Somashekaraiah 1992). Lang ef al. (1995)
related the decreased chlorophyll content to the Cd**-induced iron deficiency in plants.

The negative effects of Cd*" on water uptake, water movement and transpiration
was observed (Barceld ef al. 1986, Poschenrieder ez al. 1989, Costa et al. 1994, Leita
et af. 1993, Marchiol ef al. 1996). The adaptation of Cd* -treated plants to disturbed
water relations can be associated with osmotic adjustment as Kamenova-Yuchimenko
et al. (1995) and Chen and Kao (1995) confirmed the accumulation of free proline in
Cd**-reated plants. Alia and Saradhi (1991) established that Cd*" was a strong
inducer of proline accumulation, but without finding any relationship between this
effect and osmotic adjustment. Shah and Dubey (1997/98) suggested that proline
played role of enzyme protectant. The present report describes the main factors
limiting plant growth in Cd*"-treated young barley piants.

Seeds of barley (Hordeum vulgare L. cv. Hemus) were germinated for 2 d on a
wet filter paper at 25 °C. The seedlings were transferred to a 1/2 strength Knop
nutrient solution, enriched with microelements according to Hoagland, and with or
without 54 pM Cd*" in the form of 3 CdSQ, . 8 H;O. Plants were grown for 12 d at
photon flux density of 120 pmol m? s (PAR), day/night temperature 22 £ 2/18 £ 2 °C,
and a 14-h photoperiod. The nutrient solution was aerated automatically and changed
weekly. Dry mass of 15-d-old plants was determinated after drying of plant material
at 105 °C to constant mass. The leaf area was measured using an clectronic area
meter NEO-2 (TU, Sofia, Bulgaria). Growth analyses were made according to Beadle
(1993). Chlorophyll and total carotenoid contents in leaves were estimated in 80 %
acetone extracts according to Lichtenthaler and Wellburn 91983). The water potential
(V,) in shoots was measured with a pressure chamber EL540-305
(ELE-International Lid., Hertfordshire, England). The relative water content (RWQO)
in leaves was determined according to Morgan (1986). Transpiration rate (E) and
stomatal conductance {g,) were measured by LI-6000 (LI-Cor, Lincoln, USA) at leaf
temperature 26 - 28 °C, CO, concentration 400 pmol mel-1, and photen flux density
800 pumol m™ s, For each measurement the first fully developed intact leaves of
5 plants were put in the leaf chamber giving a total leaf area of 10 em’.

The free amino acids were extracted from leaves in 80 % ethanol, the extract was
passed through the ion-exchange resin Dowex® 50X2-200 and eluated using
1 M NH,OH. The content of free proline was determined using an automatical amino
analyser AAA-881 (Mikrotechna, Praha, Czechoslovakia). Cd and Fe content in plant
organs was determined by inductively coupled plasma-atomic emission spectrophoto-
metry (ICP - AES) using Spectroflame (Speciro, Kleve, Germany) after dry
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mineralization of samples, Three independent experiments were carried out. All
parameters were measured in five replications. Significant differences were
determined by the Student's #-test.

The Cd*"-treated young barley plants were distinguished by their inhibited growth
and the presence of obvious phytotoxic symptoms. An unspecific spot chlorosis,
turning to yellowing and complete dying of leaf tips was observed. There was some
browning of the root system and reduction in the number of primary root branches.
These phytotoxicity symptoms correspond to those established by Arduini er al.
{1944) and Vazquez er af. (1989) in other plant species subjected to heavy metal
treatments.

Table 1. Cd* concentrations in roots and shoots and growth paramecters of young barley plants,
subjected to Cd*" treatment (54 M Cd*™" for 12 d). Means of 3 separate experiments + 8E (1 = 13)
and percentage of control. * - P < 0.05; *** - P<0.001.

Parameters Control plants Cd*'-treated plants [%4]
Cd* [mg kg '(d.m.)] in roots 0.15+ 0.05 433,70 £ 16,5%**

Cd* mg ke (d.m.)] in shoots 0.08 + 0.02 188,10  §.40%**

Shoot height [em| 19.15 £ 0.85 13.35 + 0.42%** 70
Root length [em] 7.35 % 0.41 440 + 0. 19%** 60
Dry mass [mg per plant] 44,01 + 1.70 30.68 £ 1.14%%* 70
Leaf area [cm’] 15.60 + 0.90 10.00 £ 0.70%+* 64
RGR [gkg' d "] 34.60 £0.20 510 4+ 0,10%%% 13
NAR [gm™d] 0.96 £ 0.01 0.15 £ 0.00%** 16
LAR {m” kg (plant)] 3540+ 1.40 32.60 +1.20 92
LMR [kg(leaf) kg '(plant)] 0.37 £ 0.01 0.59 £ 0.01 103
SMR [ke(stem) kg (plant)] 0.26 + 0.01 0,26 +0.01 101
RMR [kg (root) kg (plant)] 0.17 £ 0.01 0.15 £ 0.07%%* 88
SLA [m® kg''(leaf)} 62.40 £2.50 55.60 £ 1.90% 39
Root/shoot mass (.21 £0.01 0.18 £0.01* 86

The height of Cd*"-treated plants and the length of their longest primary roots were
inhibited by 30 and 40 %, respectively. A 30 % decrease in the dry mass accumulated
and 36 % in the leaf area developed were established as compared to the respective
control values. The Cd* concentrations in the leaves of control plants were within
the background limits, while those in the treated plants were high, reaching
434 mg kg’l(d.m.) in the roots. The heavy metal concentrations in roots were about
2 times higher than those in the shoots, which is an evidence for the barrier function
of roots against Cd*" uptake.

RGR in the Cd* -treated plants drastically decreased by about 85 %. RGR is
determined by two indices: LAR and NAR. NAR was inhibited by 84 %, showing
that the changes in that component were most important in RGR inhibition. The
results obtained by us are in line with those of Abo-Kassem ef al. (1995) concerning
Cd-treated wheat plants. NAR depends on Py, Rp and the relative ratio of non-
photosynthesizing plant organs. This was in agreement with our earlier investigations

603



AL VASSILEV et al.

showing that Cd*" accelerated Rp and decreased Py (Vassilev ef al. 1994, 1995). We
have already shown that Cd®* causes disorders in chloroplast ultrastructure and
functioning (Vassilev e al. 1997). Non-photosynthesizing organs in young barley
plants are roots, whose relative mass ratio (RMR) decreased. Hence, NAR inhibition
was due mainly to changes in Py and Rp. Although to a lesser extent, the RGR
inhibition was also related to changes of LAR. In the Cd*'-treated plants, slight
tendency to a LAR decrease of about 8 % was observed. LAR is determined by two
components - leaf mass ratio (LMR) and specific leaf area (SLA). No LMR
differences existed between the control and the Cd**-stressed plants, while SLA
decreased by 11 %. The SLA decrease resulted from the stronger inhibition of leaf
area formation as compared to dry mass accumulation (Table 1).

Table 2. Influence of Cd*" on chlorophyll (Chl) a and 4, carotenoid (Car), Fe, and proline contents,
water potential (‘¥,,), relative water content (RWC), transpiration rate (E), and stomatal conductance
(8s) in young barley plants. Means of 3 separate experiments + SE (n = 15); * - P < (.05;
** P <0.01; *** - P<0.00].

Parameter Control plants Cd*'- treated plants (%] of control
Chl a [mg g"'(d.m.)] 7.895 +0.381 6274 £0.395* 80
Chl & [mg g *(d.m.)] 4.428 +0.150 3.643 £ 0.178%* 82
Car [mg g'(d.m.)] 3.085+0.162 2.475+0.317 80
Chl a/h 1.782 + 0.090 1.722 £ 0.120 94
Chl a+&/Car 3.994 £0.135 4.001 £0.210 100
Fe [mg kg''(d.m.)] 7740 £6.00 62.00 +5.70 80
proline [nmol g (f.m.)] 108.60 +8.70 27210 + 14.2%%+ 251
¥, [kPa] -280.0 £20 . -630.0 £ 70%** 225
E [mmol(H,0) m? 57 1.98 £0.09 173 0.07* 87
g, [mol m? s7] 0.123 + 0.01 0.080 £ 0.01%* 65
RWC [%] 9361 £0.02 91.14 +0.46* 97

Cd* decreased the plastid pigment content by about 20 %. No considerable
changes in their interrelations occurred. The negative effect of Cd*", might be due to
the reduced concentrations of iron. We established that the Fe concentration in the
Cd**-treated plants decreased by about 20 %, which did not lead to the development
of Fe deficiency. According to Benton er af. (1991) the critical value of Fe in young
barley leaves is 25 mg kg'(d.m.) Thus the reduced plastid pigment content was
probably due to accelerated ageing of the photosynthetic apparatus in response to
Cd*" stress (Skorzynska ef al. 1991).

Water potential (‘F,,) of leaves decreased by about 450 kPa, indicating that the
Cd* -treated plants were in a state of mild water stress {Pii'shchikova 1993). This was
confirmed by relatively small changes in RWC. The proline content increased by
151 %, but it is known that under strong water stress the proline accumulation can
reach significantly higher values (Paleg and Aspinall 1981),

Transpiration rate (E) in the Cd-treated plants was inhibited by 13 %, and g, was
decreased by 35 %. The Cd™ effect on the transpiration resulted from decreased
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root/shoot ratio (Table 1), leading to hampered water supply of shoots, and to the
negative Cd>" effects on the stomata functioning. According to Barcelé and
Poschenrieder (1990) ca* may induce closing of stomata. The Cd* effects on water
regime of barley plants were in agreement with the results obtained by Poschenrieder
ei al. (1989), Barceld er al. (1986), Costa et al. (1994) and Marchiol
et al. (1996) for other plant species under Cd stress conditions.

Our results may be summarized as follows: 34 uM Cd* inhibited the growth of
young barley plants. The main factor limiting plant growth was NAR inhibition, due
to decreased Py and increased Rp. One of the reasons for the reduced photosynthetic
rate was the lower plastid pigment content. The Cd* treatment decreased both W,
and E, but RWC in the treated plant leaves was not strongly changed.
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