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Abstract 
 

   Temperate forests serve as long term carbon storage and are affected by 

increasing carbon dioxide (CO2) concentration in the atmosphere. Norway spruce 

(Picea abies (L.) Karst.) is the most abundant conifer in the forests of the Czech 

Republic, therefore I studied the response of its photosynthetic aparatus to elevated CO2 

concentration. The aim of my thesis was to analyze the impact of CO2 concentration on 

chloroplast ultrastructure in both shaded and exposed needles, focusing on the volume 

density of starch in the median cross-sections of mesophyll cell chloroplasts. The next 

aim of the study was to test whether the chloroplasts of the first subepidermal layer 

of mesophyll are representative for the whole needle with respect to starch volume 

density. 

 The study was performed on eleven years-old Norway spruce trees that had been 

exposed to ambient or elevated concentration of CO2  for six years; the experiment had 

been carried out at the Bílý Kříž experimental station in the Beskids Mountains 

in cultivation chambers with automatically adjustable windows. First year needles 

of trees grown under abient (382-395ppm) or elevated (700 ppm) CO2 concentration 

were collected in October 2011. The needles were used to prepare ultrathin sections and 

the images of median chloroplast cross-sections were acquired under a transmission 

electron microscope. Starch volume density was analyzed using the point-grid 

stereological method and the interactive segmentation method; both methods turned out 

to provide identical results. 

 The chloroplasts for starch content analysis were selected from the first 

subepidermal  mesophyl layer or from the whole mesophyl with the systematic uniform 

random sampling. I confirmed that the chloroplast area in the first subepidermal 

mesophyl layer is representative of the whole needle. In case of starch grain area and 

starch volume density, the first subepidermal mesophyl layer was representative 

of the whole needle in all samples except the exposed needles at ambient CO2 

concentration, where starch volume density was lower compared to the chloroplasts 

selected with the systematic uniform random sampling. 

 Both observed environmental factors studied affected the size of chloroplasts and 

starch grains; however, the effect of irradiation was stronger. Starch was more abundant 

in exposed needles regardless of CO2 concentration, which affected mostly the amount 
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of chloroplasts containing starch. More than a half of the chloroplasts from needles 

grown at ambient concentration of CO2 did not contain any starch grains, while most 

chloroplasts of exposed, CO2-treated needles contained at least one starch grain. 
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