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Impact of Elevated Carbon Dioxide, Temperature, and Drought on Potato Canopy
Architecture and Change in Macronutrients
Yun-Ho Lee', Hyeoun-Suk Cho', Jun—Hwan Kim', Wan-Gyu Sang', Pyong Shin', Jae-Kyeong Baek', and Myung—Chul Seo"'

ABSTRACT Elevated atmospheric carbon dioxide concentration (CO;) is a major component of climate change, and this
increase can be expected to continue into the crop and food security in the future. In this study, Soil-Plant-Atmosphere-Research
(SPAR) chambers were used to examine the effect of elevated CO,, temperature, and drought on the canopy architecture and
concentration of macronutrients in potatoes (Solanum tuberosum L.). Drought stress treatments were imposed on potato plants 40
days after emergence. Under AT+2.8C700 (30-year average temperature + 2.8°C at 700 umol mol™ of CO,), at maximum leaf
area, elevated CO», and no drought stress, a significant increase was observed in both the aboveground biomass and tuber, and for
the developmental stage. Even though CO, and temperature had increased, AT+2.8C700DS (30-year average temperature + 2.8 C
at 700 pmol mol™ of CO, under drought stress) under drought stress showed that the leaf area index (LAI) and dry weight were
reduced by drought stress. At maturity, potatoes grown under CO; enrichment and no drought stress exhibited significantly lower
concentrations of N and P in their leaves, and of N, P, and K in tubers under AT+2.8C700. In contrast, elevated CO, and drought
stress tended to increase the tuber Mg concentration under AT+2.8C700DS. Plants grown in AT+2.8C700 had lower protein
contents than plants grown under ATC450 (30-year average temperature at 400 umol mol™ of CO,). However, plants grown under
AT+2.8C700 showed higher tuber bulking than those grown under AT+2.8C700DS. These findings suggest that the increase in
CO; concentrations and drought events in the future are likely to decrease the macronutrients and protein concentrations in
potatoes, which are important for the human diet.
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Table 1. Details of experiment treatments in Soil-Plant-Atmosphere-Research (SPAR) chambers.

Treatments” Temperature’ (C) Carbon Dioxide (umol mol™) Drought stress
ATC450 Max: 23.1, Min: 7.6 450 No stress
AT+2.8C700 Max: 25.9, Min: 10.9 700 No stress
AT+2.8C700DS Max: 25.9, Min: 10.9 700 With stress

“ATC450 : 30-year average temperature at 450 umol mol” of CO,, AT+2.8C700 : 30-year average temperature + 2.8°C at 700
umol mol™ of CO,, AT+2.8C700DS : 30-year average temperature + 2.8°C at 700 pumol mol” of CO, under drought stress.

Y30-year average (1980-2010) in Joen Ju city.
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Fig. 1. Daily average soil water contents during potato plant growth

DAE: days after emergence.

ATC450: 30-year average temperature at 450 pmol mol” of CO,.
AT+2.8C700: 30-year average temperature + 2.8°C at 700 pmol mol” of CO..
AT+2.8C700DS: 30-year average temperature + 2.8°C at 700 pumol mol” of CO, under drought stress.
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Fig. 2. Changes in potato plant length (A), number of lateral branches per plant (B), leaf area index (LAI) (C), water content
per LAI (D), dry weight of shoot (E), and dry weight of tuber, (F) under elevated CO,, temperature, and drought stress.

Error bars indicate S.E.
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Fig. 3. Concentrations of C (A, B, C) and N (D, E, F) in the leaves, stems, and tubers of potatoes grown under elevated CO»,

temperature, and drought stress. Error bars indicate S.E.
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Fig. 5. Concentrations of Ca (A, B, C) and Mg (D, E, F) in the leaves, stems, and tubers of potatoes grown under elevated
CO,, temperature, and drought stress. Error bars indicate S.E.

Table 2. Response of tuber protein concentration and percentage change to tubers under elevated CO,, temperature, and drought

stress for plants grown.

DAE” ATC450° AT+2.8C700* AT+2.8C700DS™ Percentage change
(%0, A) (%, B) (%, C) (%, B/ A) (%, C/ B)
31 12.60 15.10 12.84 19.80 17.57
42 8.88 9.56 8.81 7.75 8.48
52 8.31 7.50 9.56 -9.77 -21.57
68 8.19 8.81 8.73 7.63 0.97
78 9.13 6.69 8.39 -26.71 -20.30

‘DAE: day after emergence.
YATC450: 30-year average temperature at 450 pmol mol” of CO..
*AT+2.8C700: 30-year average temperature + 2.8°C at 700 umol mol' of CO..

YAT+2.8C700DS: 30-year average temperature + 2.8 Cat 700 pmol mol” of CO, under drought stress.
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