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ABSTRACT

Changes in air temperature, CO, concentration and precipitation due to climate change are
expected to have a significant impact on soybean productivity. This study was conducted to
evaluate the climate change impact on growth and development of determinate soybean
cultivar in the southern parts of Korea. The high temperature during vegetative period, which
does not accompany the increase of CO, concentration, increased the canopy photosynthetic
rate in soybean, but after flowering, the high temperature above the optimal ranges interrupts
the photosynthetic metabolism. In yield and yield components, high temperature reduced both
the pod and seed number and single seed weight, resulting in a reduction of total seed yield.
On the other hand, the increase in CO, concentration dramatically increased the canopy
photosynthetic rate over the whole growth period. In addition, high CO, concentration
increased the number of pods and seeds, which had a positive effect on total seed yield.
Under concurrent elevation of air temperature and CO, concentration, canopy photosynthesis
increased significantly, but enhanced canopy photosynthesis did not lead to an increase in
soybean seed yield. The increase in biomass and branch by enhanced canopy photosynthesis
seems to be attributed to an increase in the total number of pods and seeds per plant, which
compensates for the negative effects of high temperature on pod development. However,
Single seed weight tended to decrease rapidly by high temperature, regardless of CO,
concentration level. Elevated CO, concentration did not compensate for the poor distribution
of assimilations from source to sink caused by high temperature. These results show that the
damage of future soybean yield and quality is closely related to high temperature stress
during seed filling period.
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Table 1. Mean air temperature and CO, concentration in the SPAR chambers for environment treatments, ambient
(Control), High air CO; concentration (HC), High temperature (HT) and Concurrent elevation of air
temperature and CO, concentration (HTHC) conditions during the growing season

Mean air temperature (°C) Air CO,
Treatment| June July August September October  |concentration
Late | Early Middle Late | Early Middle Late | Early Middle Late | Early Middle (ppm)
Control | 23.8 | 247 256 270 | 27.5 264 252 | 240 227 201 | 17.8 16.0 400
HC 238 | 247 256 27.0 | 27.5 264 252 | 240 227 201 | 178 16.0 800
HT 285 | 294 303 31.7 | 322 31.1 299 | 287 274 248 | 225 207 400
HTHC | 285 | 294 303 31.7 | 322 31.1 299 | 287 274 248 | 225 207 800
| 2= U] oA 2= e FeA E AASS o5 7] &k A5t weo] glo] E]Itk o A7
ZZ18kchal k9t Boote et al, 1997; Hatfield et al, o] & Z7L control2 Hi & 27.5°C, 1l &%
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Fig. 1. Daily net photosynthetic rate of soybean canopies at vegetative (DAE 23), flowering (DAE 49) and
Seed ripening (DAE 87) stages for environment treatments of elevated air temperature and CO,

concentration.
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Fig. 3. Soybean canopy at 50 days after emergence under (A) ambient (Control), (B) High air CO, concentration
(HC), (C) High temperature (HT), (D) Concurrent elevation of air temperature and CO, concentration

(HTHC) conditions.
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Fig. 4. Time series of distribution of dry mass production for soybean grown under (A) Control, (B) High
air CO, concentration (HC), (C) High temperature (HT), (D) Concurrent elevation of air temperature

and CO, concentration (HTHC) conditions.
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Table 2. Response of yield and yield component to the treatments of control, high air CO, concentration (HC),
high temperature (HT), concurrent elevation of air temperature and CO, concentration (HTHC) for
Daewon cultivar

Treatment Branch number Pod number Seed number 100 seed weight Seed yield
(plant™) (plant”) (plant”) (® (g plant’)
Control 5.0 be 84.5 ns 146.0 a 29.1 a 423 b
HC 6.3 ab 90.8 ns 162.9 a 31.7 a 513 a
HT 38 ¢ 77.3 ns 90.8 b 20.5 b 17.7 d
HTHC 8.0 a 92.2 ns 1515 a 21.1 b 315 ¢
B immature 1 4.7mm [ 5.6mm [ 6.75mm M 8mm
AT
HC

HTHC A

0 20 40 60 80 100
Ratio(%)

Fig. 5. Analysis of seed size under high temperature and elevated CO, concentration treatments.
AT, HC, HT, and HTHC indicate control, high air CO, concentration, high temperature,
concurrent elevation of air temperature and CO, concentration treatments, respectively.

oJAH 21A417] & 7% & LL2+31CO; FE 220l A= 5.6mm o|5te] A7 HlEO] 51.4%715F Ab
SR s 2dolA deet " A 715t vlas] AJBHIaL ol 2|3t Aok L2+31C0O, = TEA
Apol7} gAY 23] Frlskl o of2dt anpt & 312%% 48] &2 vEe Bde o Ak
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Rl
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Fig. 6. The PCA interpretation of yield and yield components for the soybeans
grown under four different climate treatments of Control, control, high air
CO; concentration (HC), high temperature (HT), concurrent elevation of
air temperature and CO, concentration treatments (HTHC).
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