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Agriculture is being done under increasing atmospheric CO, concentration
([CO,]) and temperature in tandem at present. It is important for the future
agricultural development to understand the responsiveness of crops to elevated
[CO,] at different air temperatures. However, the responses of taro plant species,
including eddo, to [CO,] at different air temperatures remain largely unknown. To
determine the effective strategies for eddo cultivation under the future climatic
change, it is important to understand how eddo responds to elevated [CO,] at
different air temperature and what kind of mechanisms occurs the responses.
There is a hypothesis that sink constraints limit the CO, fertilization effect, and
root and tuber crops may have a more significant response to elevated [CO,] than
the other plant types because their sink size is often unlimited. Eddo has a large
sink capacity in the corms. Therefore, this study was carried out with the purpose
to clarify the characterizations of effects of elevated [CO,] on growth,
photosynthesis, leaf blades morphology and corm germination in eddo at two
different air temperatures in comparison to rice and soybean.

In chapter 2, the responses of plant growth and photosynthesis in eddo and
rice plants to elevated [CO,] (ambient [CO,] + 200 pumol mol ') were investigated
at low and high temperatures during the early-to-intermediate growth stage in
temperature gradient chambers (TGCs) in 2018 and 2019 at The National
Agriculture and Food Research Organization (NARO) at Morioka city. In this
experiment, the dry weights (DWs) of the eddo leaf blades, petioles, roots, and
above-ground parts as well as the DWs of the rice leaf blades, leaf sheaths and
stems, above-ground parts, and whole plants significantly increased under
elevated [CO,]. The number of leaves, leaf area, and SPAD value of eddo



significantly increased under elevated [CO,], whereas the leaf area and SPAD
value of rice did not. The net photosynthetic rates of eddo and rice increase
under elevated [CO,]. The increasing ratio of the total DW in elevated vs ambient
[CO,] was significantly higher in eddo than in rice. The result indicates that
elevated [CO,] increases the eddo biomass more than the rice biomass, possibly
because of the increasing eddo leaf area and SPAD value induced by elevated
[CO,]. Thus, this finding may support the hypothesis that plants with a large sink
capacity, such as root and tuber crops, are more responsive to elevated [CO,]
than the other plants with a limited sink capacity. The total DW of rice increased
significantly in response to the high air temperature under elevated [CO,]
conditions. However, the effect of [CO,] on the total DW of eddo was similar at
both temperatures, reflecting the non-significant interaction between [CO,] and
temperature.

In chapter 3, the effects of elevated [CO,] on leaf blades morphology of eddo
at two different air temperatures to compare with rice were investigated in the
same experiment conditions as described above the paragraph. Both bright-field
optical microscopy and scanning electron microscopy were used to investigate
the inner structure of leaf blade tissues and, stomatal density and size in eddo
and rice. In eddo, the thickness of the whole leaf blade, number of chloroplasts
per mesophyll cell in palisade layer, number of chloroplasts per unit profile area
of mesophyll at both palisade and sponge layers, and stomata density were
higher in elevated [CO,] than in ambient [CO,]. On the other hands, the thickness
of the whole leaf blade, and the number of chloroplasts per unit profile area of
mesophyll were higher in elevated [CO,] than in ambient [CO,] in rice.
Considering both the results of chapter 2 and 3, it was concluded that the higher
sensitiveness to elevated [CO,] of the leaf area, SPAD values and stomata
density may contribute to the higher increasing rate of biomass in eddo than in
rice under the elevated [CO,] conditions.

In chapter 4, the effects of elevated [CO,] on the seed corm germination in
two eddo cultivars and seed germination in two soybean materials, and on the
seedling growth of eddo and soybean were investigated at different temperatures.
For eddo, the experiment was carried out in chambers at Fujisaki field of Hirosaki
University and in TGCs of NARO at Morioka in 2019. The treatments in TGCs
were conducted under two [CO,] conditions: ambient (average 400 pmol mol™?)
and elevated [CO,] (ambient [CO,] + 200 pmol mol™!) with low- and
high-temperature regimes. The treatments in chambers of Fujisaki field were
used under two conditions in a control chamber (ambient [CO,] with low
temperature) and an elevated [CO,] and high temperature chamber (ambient
[CO,] + 300 pmol mol~! with high temperature), separately. The results suggest
that the germination percentage of seed corms in eddo cultivars showed an



increasing trend under elevated [CO,] conditions in the treatments of TGCs. In
addition, it was suggested in this chapter that the seedlings of Dotare may has
the positive sensitivity to elevated [CO,] under high temperature. On the other
hand, elevated [CO,] had no significant effects on the seed germination
percentage, and the growth and DW of the seedlings in soybean.

It was shown in the chapter 2 that the actual mean values of corm DW and the
number of lateral plants in eddo in 2018 and 2019 were higher under elevated
[CO,] than under ambient [CO,] and both values were the highest in elevated
[CO,] conditions under the high air temperature, although not significantly so.
Regarding eddo, increases in the number of lateral plant parts are associated
with increases in the number of corms. The tendency for eddo plants to respond
positively to elevated [CO,] in the early-to-intermediate vegetative growth stage
might contribute to the final eddo yield in northern Japan. This study is one of
case studies but shows first information related with elevated [CO,] response of
eddo at different air temperatures. These knowledges will be valuable case
information for speculating of eddo response to the future’s environment and for
making the strategy of eddo cultivation in the future.
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