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Effects of low temperature stress on photosynthesis in potato leaves

QIN Yu-zhi', CHEN Jue?, XING Zhen', HE Chang-zheng', XIONG Xing-yao'"

(1.College of Horticulture and Landscape, Hunan Agricultural University, Changsha 410128, China; 2.Tea Research Institute
of Guangxi Guilin, Guilin, Guangxi 541000, China)

Abstract: The effects of low temperature stress on photosynthesis in leaves of seven regular potato cultivars and two
Hunan endemic potato species have been studied. The results showed that the photosynthetic rate (Pn) was significantly
reduced with decreasing environmental temperature for all the species, however, every species exhibited different
declining rate. For example, the maximum net photosynthetic rates(Pn,,,) between 10 C and 20 C treatments of
Jinshanshu, Zhongzaihuangpi, Zhongshu3, Zhongshu5, Xiangshul, Favorita were reduced by 51.0%, 33.4%, 44.5%,
42.6%, 14% and 17% respectively, where the Pn,,, variations in these two groups of treatments reach significant
level(P<0.05). On the other hand, the decreasing rates of Png,, of Kexin series (1, 3, 4) were within 4.5% , and
insignificant variations were found between 10 ‘C and 20 ‘C treatments(P > 0.05). The apparent quantum yield(AQY), the
light saturation points(LSP), the light compensation points(LCP), stomatal conductance(GSs) and transpiration rate (Tr)
were significantly decreased under 10 ‘C temperature stress(P<0.05).The Pn,, values of Favorita, Zhongshu3 and
Xiangshul under 5 ‘C temperature stress were 9.85, 7.54, 5.13 pmol/(m>s) respectively, while Pn values of the other
materials were essentially zero. Increased intercellular CO, concentration (Ci) were observed after an obvious declination
when the environmental temperature decreased from 10 ‘C to 5 ‘C. The above results indicate that the photosynthetic
rateunder 5 ‘C low temperature stress can be served as a promising index in for evaluation of seedling cold tolerance.
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Fig.1 Response curves of photosynthesis of potatoes leaves under different temperatures
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Tablel TemperatureonPnm, AQY LSPand LCP

/ /(umol'm*s™) /(umol-m*-s™")

C ¢, €L CLs CLy CLy CL¢ CL, CLg ClL CL, CL, CL; CLy CL; CLs CL; CLg CLo
20 1736 13.26 19.56 23.17a 22.90a 14.90a 17.32a 17.32a 24.87a 475a 497a 542a 483a 533a 397a 418a 666a Sl4a
10 17.15 12.70 19.03 13.28b 12.69b 12.72b 14.35b 11.53b 12.17b  384b 361b 512b 353b 348b 352b 340b 527b 335b
5 — — — — 7.54c  5.13¢c  9.85¢ — - - = = = = = = =

/ /(umol-m-s™")
Qc CL] CLZ CL3 CL4 CL5 CL(, CL7 CLg CL() CL1 CLZ CL3 CL4 CL5 CL(, CL7 CLg CLg
20 0.067a 0.058a 0.062a 0.07la 0.06la 0.06la 0.073a 0.097a 0.070a 67a 115a 67a 39a 4la 35a 34a 49a 4la
10 0.052b  0.042b  0.055b 0.051b 0.058b 0.054b 0.065b 0.073b 0.068b  48b 89b 56b 28b 25b 22b 21b 46b 38b
5 _ _ _ _ _ _ _ _ _ - - = = = = = = =
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Table 2 Effects of temperatureson Gs  Tr and Ci
/(mmol-m™>s™)
/'C
CL, CL, CL; CL, CLs CL¢ CL, CLs CL,
20 0.43a 0.38a 0.39a 0.34a 0.35a 0.3la 0.31a 0.39a 0.48a
10 0.24b 0.20b 0.21b 0.25b 0.19b 0.20b 0.18b 0.06b 0.07b
5 0.02¢ 0.03¢c 0.04c 0.05¢ 0.10c 0.09¢ 0.10c 0.02¢ 0.01c
/(mmol-m™-s™)
/C
CL, CL, CL; CL4 CLs CL¢ CL, CLg CL,
20 4.59a 3.71a 3.69a 3.34a 3.51a 3.55a 3.77a 4.32a 5.00a
10 2.65b 2.46b 2.21b 2.25b 2.10b 2.19b 1.99b 1.02b 1.97b
5 0.13¢ 0.15¢ 0.14c 0.13¢ 0.96¢ 0.70c 0.85¢ 0.04c 0.09¢
CO, /(umol-mol™)
/'C
CL, CL, CL; CL, CLs CL¢ CL, CLg CL,
20 350.78b 350.21b 344.20b 327.03b 333.61a 343.82a 330.07a 343.82b 336.13b
10 301.99¢ 301.99¢ 319.30c 318.29¢ 301.67b 300.75b 294.30b 300.75¢ 237.80c
5 367.50a 363.44a 357.19a 338.42a 339.01a 346.13a 332.20a 356.13a 466.87a
B S5 3 1
3 FHESIHE .
Co, (20 C)
[5-6]
B 5C
10°C
57C
(7]
[8] 91 (1 34 )
CO, CO, 10 'C
20 C 93%
10°C CO, 5C
10 C 5C
1 3 4
CO, 5C
20 C
CO, [11-12] 10C
CO; 50%



30 ( http://www.hnndxb.com 2012 12
3 1 10 °C Advance in Ecological Research 1995 26 1-69
(21~25 umol/(mz-s)) [71 Schulze E D Caldwell M M  Ecophysiology of
5 photosynthesisfM] Beilin Springer Verlag 1994
(8]
J] 2001 28(1) 41-46
[9]
J] 2007
S 3Lk : 3527) 8435-8437
[1] M] [10] Xu D Q Xu B J The role of stomatal limitation in
2006 18-19 photosynthetic induction of plant leaves[J] Acta
2] Phytophysiol Sin 1989 15(3) 275-280
] 2005 19(4) 208-211 [11] Buckley TN Farquhar GD Mott K A Carbon-water
[3] balance and patchy stomatal conductance[J] Oecologia
] 2005 31(5) 1999 118 132-143
518-520 [12]
[4] (7]
] 2006 39(10) 2063-2068
2005 21(8) 76-79 [13] (M]
[5] 2004
J 2011 27(16 . g
N Ul (1) Tt TR
} WAL HE: Edward ZHANG
[6] Ruimy A JavisPG BaldocchiDD etal CO, fluxes AR S A war

over plant canopies and solarradiation A review [J].



