SUMMARY

Legume plants contain approximately 30% of protein, which contain the most valuable amino

acids, essential for the proper functioning of animal organisms. They also constitute 
a valuable source of protein in the human diet. Investigated legumes’ seeds have a low glycemic index, contain less anti-nutritional substances, fats and starch than soybeans, and do not include phytoestrogens which may cause cancer. Popularization of native legumes cultivation can provide cheaper protein both for people and animals, as well as improve the soil quality by breaking cereal monoculture. The factor which directly determines the level of legumes’ yield is the amount of water in the soil. In the last years drought has become in Poland one of the main cause of crop yield reduction. Soil drought, as a result of irreversible biochemical processes, causes permanent plants wilting. Water shortage inhibits plants development and accelerates their maturation. For legumes the most dangerous are water shortages in critical phases, that are the period of the greatest biomass increase, as well as in the phase of generative organs formation. In legumes drought reduces yield by premature and insufficient seed filling and as a result of rejection of flowers and young pods. Therefore, it is important to specify the parameters of the yield obtained in the soil drought conditions. 
The aim of the study was to investigate the response of pea, yellow lupine and faba bean plants to soil drought stress. This aim was achieved through the implementation of intermediate objectives, which included determination of: the contribution of selected chemical compounds and physiological parameters in response to soil drought stress and yield components formation; critical phases during legumes growth to soil drought tolerance; the rehydration effectiveness in legumes treated with soil drought in restoring the physiological activity; the contribution of polyamines in response to soil drought stress and the content of selected chemical compounds In the seeds of legume plants under soil drought conditions.

The plant material consisted of selected cultivars of three legumes species: pea, yellow lupine and faba bean, obtained from the Polish Plant Breeding Companies. The study was conducted under conditions of soil drought at 25% of field water capacity (FWC) and the optimal soil hydration for legumes as a control (70% FWC). Measurements of the relative water content in leaves (RWC), total chlorophyll content (SPAD), chlorophyll fluorescence parameters, protein content, phenolic compounds, sugars, antioxidants, and polyamines were determined. Also the analysis of yield components were made. Stress Susceptibility Index (SSI), Drought Susceptibility Index (DSI) and correlation coefficients between measured parameters were calculated. 
The relative water content (RWC) in leaves was reduced under drought regardless of the developmental phase of the plant. Legume plants in the stage of 5 – 6 leaves were more sensitive to soil drought in comparison to the plants in the stage of pods’ setting. Soil drought in the leaves of pea and yellow lupine reduced the chlorophyll content and the values of selected parameters of chlorophyll a fluorescence kinetics. Among the measured parameters, Fv/Fm and Area appear to be the best indicators of the functioning of the photosynthetic apparatus exhibiting a lower values under drought conditions than in control plants. Legume plants in the phase of 5 – 6 leaves are more sensitive to soil drought than legumes subjected to stress in the phase of pods setting. Soil drought caused a decrease of phenolics content in the leaves of pea plants, and in the leaves of yellow lupine did not affect their contents. An increase in the content of proline and soluble sugars in the leaves of both tested species was found. Pea plants had a 3-4 fold higher content of proline in the leaves under drought conditions compared to yellow lupine. In the seeds of pea, yellow lupine and faba bean soil drought caused a decrease in the content of antioxidants and polyamines. The pea seeds showed only increase in proline and protein content, phenolic compounds and sugars did not change. In the yellow lupine seeds, drought reduced the amount of proteins and sugars, and did not change the content of proline and phenolic compounds. In the seeds of faba bean an increase in the content of proline and phenolic compounds, and no change of proteins and sugars content were found. Legume seeds contained 3-fold less polyamines than the leaves. In seeds in comparison to leaves besides putrescine, spermidine, and spermine, agmatine was synthetized. The polyamine biosynthesis inhibitor – DFMA did not affect the total polyamine content in leaves of pea, and reduced only the amount of spermine in the leaves of yellow lupine after rewatering. Regardless of the application method, spraying or watering, DFMA increased the mass of thousand seeds and the dry weight of the shoot of pea plants. Spraying of DFMA reduced the number of seeds per pod and the number of seeds per plant of yellow lupine. Rewatering did not restore full physiological activity that plants had before soil drought. As a result of rewatering no increase in the content of phenolic compounds in pea plants and protein and proline content in yellow lupine in comparison to control plants was found. Soil drought reduced the values of most of the yield components of pea, yellow lupine and faba bean. The only exception was the weight of thousands seeds, which in soil drought conditions increased in pea seeds, and was not changed in yellow lupine. Pea plants were less tolerant to soil drought compared to the yellow lupine. SSI values for the parameters related to the functioning of the photosynthetic apparatus and the content of proteins, phenolic compounds and proline confirm the increased sensitivity to stress of pea plants in comparison to yellow lupine plants. Correlation analysis for all measured parameters showed a negative correlation between the content of tested biochemical compounds in the leaves and their content in the seeds and legumes yield excluding the number of seeds per pod and dry weight of seeds. The majority of this correlation showed a high statistical significance at p = 0,001 and had at least moderate strength.
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