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Abstract

The effects of 0, 2.5, 5.0, and 10.0 mg(Cd?*) m-3 [Cd(NO5)2x4 H,O] and 0 and 10.0
mg m-3 gibberellin on certain parameters of photosynthesis and growth in soybean
(Glycine max L. cv. Pershing) plants were studied. With increasing Cd2*
concentration in the Hoagland nutrient solution, the contents of chlorophyll and CO,
compensation concentration decreased. The addition of 10 mg m? gibberellin
reduced the negative effects of Cd2* in shoot and root growth. With increasing of
Cd?* concentration in the culture medium, the dry matter production in both the roots
and shoots decreased as shown by the decline in growth rate (PGR), net assimilation
rate (NAR), and leaf area ratio. The addition of gibberellin caused a partial
elimination of the Cd effects on the roots and shoots and the PGR and NAR and it
increased leaf area and length of stem.

Additional key words: chlorophyll; CO, compensation concentration; dry matter production;
growth rate; leaf area; net assimilation rate; root; shoot; starch.

Cadmium intake by animals has created interest in the distribution and state of this
metal in plants (Rauser and Glover 1984). Low concentration of Cd is not toxic to
plants, but at high concentration it is toxic to plants (Usha-Keshan and Mukher 1997)
and causes leaf chlorosis accompanied by a retardation of plastid development
(Ghoshroy and Nadekavukaren 1990) and degradation of their ultrastructure
(Stoyanova and Tchakalova 1997), inhibition of nodule development at early stages
of development (El-Kenawy et al. 1997), and decrease in photosynthetic rate (Collins
et al. 1976, Baszynski ef al. 1980, Siedlecka and Krupa 1996, Vassilev et al. 1997).
Physiologically Cd interacts with other heavy metals thus limiting plant growth (Root
et al. 1975, Woltz and Ghambliss 1976, Wallace et al. 1977, 1980, Malone et al.
1978).
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Table 1. The interaction of Cd and gibberellin [mg m3] treatments on chlorophyll (Chl) content
[g kg'(FM)], CO, compensation concentration, ' [umol mol'], leaf area, LA [cm? plantl], stem
length, SL [cm plant!], stem fresh mass, SFM [g plant-!], root fresh mass, RFM [g plant’!], stem dry
mass, SDM [g plant'!], root dry mass, RDM [g plant'!], leaf water content per unit leaf area, LMCA
[e(H,0) m2), leaf dry mass per total plant dry mass, LMR (kg kg-}(DM)], relative growth rate, RGR
[kg kg! &1, relative leaf growth rate, RLGR [kg kg'! d!], net assimilation rate, NAR [kg m2 d!],
total soluble sugars, TSS [g kg-}(DM)], and starch [g kg'(DM)] contents in soybean plants (means +
SE).

Parameter Gibberellin Cd

0 (control) 2.5 5.0 10.0

Chla 0 1.77+0.89 1.55+0.76 1.15+0.48 0.55+0.30

10 1.70+0.62 1.2540.50 1.42+0.45 1.27+0.54
Chl b 0 0.85+0.36 0.96+0.4 0.63+0.03 0.47+0.07

10 0.92+0.15 0.67+0.01 0.80+0.20 0.63+0.04
r 0 109.89+2.8 203.10%5.36 300.00+0.95 334.88+4.19

10 89.50+6.8 76.40+2.71 233.10+1.88  259.74+7.51
LA 0 14.20+1.42 4.13x1.00 3.16+0.64 3.26+1.04

10 21.50+1.51 15.69+1.72 7.4240.67 7.76+0.65
SL 0 13.12+2.28 71.12+1.03 10.00+1.08 9.75+0.64

10 28.01+4.25 25.25+3.79 19.37+4 26 16.25+2.62
SFM 0 0.47+0.12 0.43+0.01 0.45+0.08 0.4240.03

10 0.67+0.01 0.56x0.12 0.44+0.01 0.28+0.06
RFM 0 0.36+0.05 0.36+0.02 0.36+0.09 0.34+0.06

10 0.30%0.02 0.26+0.05 0.25+0.05 0.23+0.05
SDM 0 0.06+0.01 0.06+0.02 0.09+0.01 0.88+0.00

10 0.05+0.01 0.07+0.01 0.06+0.02 0.04+0.01
RDM 0 0.02+0.01 0.02+0.01 0.02+0.01 0.02+0.01

10 0.02+0.01 0.01+0.00 0.01+0.00 0.01+0.00
LMCA 0 172.5 163.0 146.0 133.0

10 196.2 168.0 148.0 142.0
LMR 0 0.62 0.49 0.48 0.35

10 0.83 0.40 0.46 0.46
RGR 0 0.213 0.145 0.126 0.086

10 0.231 0.182 0.131 0.109
RLGR 0 0.159 0.142 0.123 0.115

10 0.192 0.162 0.149 0.142
NAR 0 0.080 0.003 0.003 0.002

10 0.030 0.004 0.003 0.002
TSS 0 66.29+7.07 55.17+1.16 50.64+19.21 20.71+0.00

10 64.25+£5.37 52.43+4.28 41.17+18.60  27.994+4.35
Starch 0 227.02+424.68 121.05+5.76 106.32+£11.95  108.29+15.55

10 206.00+£15.22 102.01+14.42 86.77+4 .47 75.62+7.39

When plant growth substances are applied to the roots of plants grown
hydroponically, their maximal uptake and low concentrations are required to affect
photosynthesis (Arteca and Dong 1981, Dong and Arteca 1982, Arteca et al.
1985a,b, Tsai and Arteca 1985, Arteca and Tsai 1988, Arteca ef al. 1991). Because
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there are only a few studies on the effect of gibberellin and Cd on growth and
photosynthesis in Glycine max L., we studied these effects.

Seeds of soybean were germinated for 7 d in petri dishes with distilled water at
27 °C. Young seedlings were transferred to 1000 cm3 plastic containers (3 plants per
container) with nutrient solution containing 5 mM KNOs, 5 mM Ca(NOs)x4 H,O, 2
mM MgSO4x4 H,0, 1 mM KH,PO,, 0.09 mM NH,Fe(SO,), and micronutrients.
The plants were treated with 0 (controls), 2.5, 5.0, or 10.0 mg (Cd2*) m-3 either with
or without adding 10 mg m-3 gibberellin. All solutions were kept at a pH 5.8 and
aerated throughout the experimental period. The amount of water was adjusted daily
using distilled water, and renewed every 10th d. The environment conditions were
16 h photoperiod [irradiance of ca. 700 W m2], 57 % relative air humidity, ambient
temperature of 25+2 °C. The plants of four container sets (replicates), each container
holding three plants, were harvested for growth analysis after 12 d of experimental
growth using the methods of Evans and Hughes (1962) and Watson (1952).

Prior to harvest at the end of experimental growth period, CO, compensation
concentration (I') was measured in plant shoots using an infrared CO, analyser (225
MKS, Analytical Development Co., UK) (Khavari-Nejad 1986). The contents of
chlorophyll (Chl) @ and b were measured spectrophotometrically using the method of
Arnon (1949). The contents of total soluble sugars and starch were measured by the
method of Kochert (1978).

Interaction of Cd and gibberellin positively affected growth rate (expansion
growth of leaf, shoot, and roots) and reduced poisonous effects of Cd on soybean
plants. Decreased cell wall extensibility may cause reduced cell expansion
(Poschenrieder et al. 1989). The I', NAR, and contents of total soluble sugars (TSS)
and starch decreased in Cd-treated plants: our results agree with those of Singh and
Singh (1987). The gibberellin effect on Cd-treated plants was positive. Chl a is more
susceptible to Cd than Chl b (Stobart et al. 1985). The inhibitory action of Cd is
probably in structural and ultrastructural disorders in thylakoids (Barcélo er al.
1988).

The enhancement of growth rate by gibberellin might result from an increase in
effective leaf area, stimulation of photosynthetic rate, modification in partitioning of
photosynthates, or from their cooperative effect (Arteca 1995). In the present work,
gibberellin decreased poisonous effects of Cd. In plants treated with gibberellin and
Cd, increases in LA, LS, RGR, and RLGR were demonstrated.
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