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Allelopathy is a term that describes biochemical interactions between plant species. These interactions are most commonly manifested as reductions in growth of the target plant species. While hydroquinone (HQ) has been implicated as an interfering allelochemical in natural and agroecosystems, the mechanism of this interference remains poorly understood. We conducted experiments to test the hypothesis that growth interference upon exposure to HQ begins with a disruption of normal root membrane function which then leads to changes in photosynthetic activity which ultimately effects plant growth. 

Seeds were germinated in vermiculite and seedlings transferred to nutrient solutions after 13 days and allowed to equilibrate for 2 days prior to treatment. For treatment (day 1) with HQ, nutrient solutions were amended with HQ in various amounts representing millimolar (mM) concentrations ranging from 0.001 to 0.25 mM. Plants were exposed to HQ for 14 days. A subset of 6 plants were harvested on day 1 in order to determine any changes in relative growth rate (RGR) of treated plants compared to controls (plants grown in nutrient solution without HQ). At harvest (day 14), stems were separated from leaves and roots and oven-dried at 104oC for 48 hours. Plants tissue was then weighed and data analyzed using one-way analysis of variance with means separated with Duncan's Multiple Range Test. 

For determination of the effect of HQ on photosynthesis, measurement of chlorophyll fluorescence was conducted on day 14 prior to harvest. Leaves were dark-adapted for 10 minutes and chlorophyll fluorescence was measured using an Opti-Sciences OS-30 fluorometer. Fluorescence variables were analyzed using one-way analysis of variance with means separated with Duncan's Multiple Range Test. 

The effect of HQ upon root membrane function was tested through measures of the acute effects on bean root membrane potential. For these experiments root tips (2-3 cm in length), excised from approximately 13 day old seedlings, were secured within a small flow through chamber and subjected to a constant irrigation with 0.1 mM KCl,  1 mM Mes/Btp pH 6.0, and 1 mM Ca2CL. Membrane potential recording was then achieved by impaling root tip cortical cells witha conventional microelectrode filled with 300 mM KCl. Once a stable recording ( -100 mV or lower and changing less than 1 mV/2 minutes) was established the flow through medium was changed to one also including HQ. 

Treatment with as little as 0.01 mM HQ resulted in significant (p< 0.05) reductions in plant growth variables including relative growth rate, leaf area, leaf weight, root weight, stem weight,  root weight/length ratio, and leaf weight ratio (leaf weight/plant weight). Plants treated with 0.25 mM HQ experienced changes in photosynthetic activity as indicated by a reduced Fv/Fm ratio. 

Preliminary results indicate the membrane potential of cortical cells exposed to various concentrations of HQ invariably responded with an immediate small (2-4 mV) transient (2-3 minute) hyperpolarization. This was followed for the higher concentrations of HQ by a larger (10-40 mV) sustained depolarization lasting at least 30 minutes. Root tips exposed to the lowest concentration of HQ so far tested (1 µM) depolarized only 7.7 mV +/- 5.5 mV (S.D., n=5).

Results of these experiments suggest a mechanistic relationship between root membrane potential, photosynthesis, and plant growth. While exposure to HQ clearly interferes with the growth of the common bean, the exact nature of the physiological mechanisms of action remain elusive. 
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