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FMMXEB Effect of elevated soil temperature on productivity of tuber ‘and
legume crops under cool climate ‘
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Increasing global temperature has been threatening crob production in the world.
However, there is a huge bias of information on the effects of global wérming on crbp
production among regions as limited information is available for developing countries
espe(:lally in Africa with poor mfrastructure and experimental equipment, even though
developang countries are more semously and directly affected by global warming. Crops

~grown in the field can experience increase in aboveground and root-zone temperatures

| independently, but scarce information is available on the effects of root- zone temperature
for crop species with different sink positions. F1rst1y, 1 overv1ewed the current
understanding of the effects of global warming on crop productivity in chapter 1, and then
evaluated the effect of different colors of plastic mulch to simulate elevated soil
tempe'rature with relatively low cost in chapter 2. This methbd was used to evaluate the

' effect of elevated soil temperature on tuber and legume érops in3 years field experiments

using sweet potato and soybean as model species in a cool climate, respectively in chapters

3 and 4. General discussion on the future perspectlve of crop productmn under global

warming was on chapter 5.

In chapter 2, mulching system to control soil temperatures was tested in the field at
Iwate University, Japan. For sweet potato, three colors of polyethene films (green, black,
and white color) gave temperature ranged of 21~24°C especially during vegetative stages
(to ca. 60 days after transplanting). The tempefature increase was expressed as a function
of solar radiation, with 0.22~0.47°C increase in soil temperature per 10 MdJ m-2 increase in
solar radiation. However, the magnitude of increase in soil temperature decreased with

canopy development. Similarly, for soybean, mulching system successfully produced soil



temperature ranged of 19~26°C especially during early vegetative stages (to ca. 60 days
after sowing). The result indicated the effectiveness of using this method to simulate
elevated soil temperature especially during vegetative stages with low cost using solar
energy. ‘

In chapter 3, the effect of elevated soil temperature was tested on sweet potato with
belowground harvestable sink position. Elevated soil temperature promoted vegetative
growth - number of leaves, leaf area development, and chlorophyll content. Despite the
faster grbwth of vegetative organs at increasing soil temperatureé, there was no
significant difference on tuber fresh yield at maturity. Number of tubers was smaller for
high soil temperatures and individual tuber weight was greater than low soil
temperature. This result was consistently obsefved over 2 years, indicating the less

‘responsiveness of tuber crops to global warming.

In chapter 4, the effect of elevated soil temperature was tested on soybean with
aboveground harvestable sink position, that are differ in terms of sink size - determinate
or indeterminate types, and N source from soil or atmosphere - nodulated and non-
nodulated type. First, in the experiment using determinate and indeterminate soybean,
elevated soil temperature promoted végetative growth - number of branches and nodes,
leaf area and phenology. However, the magnitude was differed by cultivar types, and
greater responsiveness was observed for iﬁdeterminate with greater sink size than
determinate types. In contrast to sweet potato, the effect of soil temperature on vegetative
growth was carried over to influence final yield in soybean, with significant increage in
yield due to the higher total number of flowers and pods under elevated soil temperature.
There was significant interaction of soil temperature X cultivar on final yield. Second, in
the experiment using nodulated and non-nodulated soybean, similar response was
observed in final yield. The magnitude of increase was greater for nodulated than non-
nodulated type. The results indicated that higher sink capacities with supporting N
requirement is the key phenotype to promote positive impact on soybean uhdef elevated
soil temperatures. .

" In conclusion, the 3-years field experiment using tuber and legume crops confirmed
that, mulching systems are useful to evalﬁate different crop-temperature response with
low cost. Positive impacts of increasing soil temperatures were observed only for soybean
through sink formation processes with stimulated N supply from nodules, but not for
sweet pdtato within the tested soil temperature range of 24~30°C in a cool climate of

Iwate, Japan.
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