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Table 1 Fluorescence parameters of photosystem
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The maximum quantum yield of electron transport between PSII and PSI
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Fig. 1 Phenotypic changes in Picea pungens with

high temperature treatment for 6 hours (A) and
recovery for 28 days (B)

F2 $tHEMEKEFESH
Table 2 Variance analysis of the relative water
content of needles
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Fig.2 DUNCAN comparison of the relative needle water content under different temperature treatments, and the
lowercase letters represent the DUNCAN analysis results
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Table 3 Variance comparation of chlorophyll fluorescence parameters of photosystem
) KhPE6 h f5 WET d k5228 d
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DF MS DF MS DF MS
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Notes: The lowercase letters represented the DUNCAN analysis results. The same below
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Fig. 3 DUNCAN comparation of chlorophyll fluorescence parameters of photosystem under different
temperature treatments of different spruces
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Fig. 4 OJIP curve of the three temperatures under CK, 45, 50 and 55°C for 6 h (A) and the
recovery period 7 d (B) and 28 d (C).
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Note:from left to right are the seedlings that treated at CK, 6, 12, 18,
24 hin order
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Fig. 5 Phenotypic changes in Picea pungens with
high temperature treatment for 6 hours (A),
recovery for 7 days and recovery for
28 days (B), from left to right
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Table 4 Variance analysis of the relative water
content of needles of Picea pungens
under different duration with 45 °C treatment

HEE 5

(ER7{=L 7N Variance source D€dree  Mean
freedom square
T K
) Buion 4 ooz
SEELE AN E KR (WCy) e
US
Eier 10 0.005
T 4K -
= Duration 4 0.013
WET dFIXT &K= (WChg) e
US
Eier 10 0.001
i 40t .
Duration 4 0.075
PIT28 dfIX &7k R (WCp) i
v 10 0.014

Error

b B S A A X S K B 0.77~0.79, & E = TR
I8, 6h 124 h4b3E (43514 0.67. 0.64, 0.68),
A 28 d i, XHIR. 6 h, 12 h ZbBRAGET AR X &
KEZRITREES, BEST 24 h b3 (0.24),
18 h b3 fmrh (0.47, K16),

223 tHERKAK 45 CLLHE, EHn
PSI 2628 (Y(I). ETR(I). Y(ND). Y(NA)) 7£
T 4 B Ak B ] 2% S A B 3 ( P<0.01, % 5),
2 DUNCAN Z & i, XHRTF Y(I) {5k 0.36, &
FET6h(0.14), 12h (0.11) ZE4ER0FE, 12,
18 il 24 h3 Fh i K 4b B[] 22 % AN 2 2% (1 0.08~
0.11). ETR(l) #1 Y(I) % —%(, Y(ND) & # ]
FHI, XFRRALEE T {H &K (0.27), 6 h AbFE T 5%
5 0.64, 12, 18 h A LEHEZS (055, 0.49),
Y(NA) 7EXFBE . 12, 18 h 4bFA] 22 R 2, ik
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Fig. 6 DUNCAN comparation of the relative needle water content under different duration with 45 °C treatment
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Table 5 Variance analysis of chlorophyll fluorescence parameters of needles of
Picea pungens under different duration with 45 °C treatment

45 C
A5 RIR

45 °C treatment

AbFE A &ET7d

Recovered for 7 d

W28 d
Recovered for 28 d

WBRGAK WA BB :
HRGHFE KRG 1S Variance Source DF
MS MS MS
fiif ¥4 & Duration time 4 0.08** 0.08** 0.011*
Y(1)
%% Error 10 0.001 0.003 0.003
it #4AK Duration time 4 632.96** 646.05** 86.33*
ETR() )
) %7 Error 10 5.80 27.87 27.76
HFR G
i} #4if & Duration time 4 0.12** 0.023 0.009*
Y(ND)
%% Error 10 0.002 0.011 0.002
fiif ¥4 & Duration time 4 0.070** 0.055 0.006
Y(NA) )
%% Error 10 0.003 0.018 0.002
fiif #4+ Duration time 4 0.135** 0.061** 0.04**
Y(Il) R
%7 Error 10 0.003 0.003 0.002
i} #4if & Duration time 4 1092.34** 493.59** 324.03**
ETR(II)
%% Error 10 3.45 27.22 14.59
fiif ¥4 & Duration time 4 0.667** 0.326** 0.278**
KRG FulF .
%% Error 10 0.001 0.004 0.021
ffif $i5F Duration time 4 0.171** 0.109** 0.108**
©Eq
%7 Error 10 0.001 0.021 0.003
o i #As K Duration time 4 163.73* 642.31 6.77
ABS
%% Error 10 51.06 409.22 15.07
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Thermal Stress Photosynthetic Response of Picea pungens

OUYANG Fang-qun"?®, CUI Xia'??, ZHANG Hui"*?, DENG Jun-yu'??®,
SHI Qing-song'?3, LI Yu-ling"?*®, SUN Meng'?*
(1. Key Laboratory of National Forestry and Grassland Administration on Plant Ex situ Conservation, Beijing 100093, China;

2. Beijing Floriculture Engineering Technology Research Centre, Beijing 100093, China; 3. Beijing Botanical Garden,
Beijing 100093, China)

Abstract: [Objective] The continuous global warming will be detrimental to the growth of Picea pungens.
Studying the growth and photosynthetic response mechanism under high temperature stress would
provide a reference for the introduction and cultivation of P. pungens. [Methods] Three temperatures were
set at 45, 50 and 55 °C, and treated for 6 hours using P. pungens seedlings. Among them, three different
durations of 12,18 and 24 hours were also set under 45 °C treatment, and room temperature was used as
a control. The growth phenotype, relative water content and chlorophyll fluorescence parameters of P. pun-
gens seedlings after treatment, 7 and 28 days of recovery were studied, and the effects of high temperat-
ure and stress duration on the growth and photosynthesis of P. pungens were analyzed. [Result] The
growth of P. pungens could basically be restored after 6 hours treatment at 45 °C, while those treated at 50
and 55 °C, their needles turned yellow, withers and falls, accompanied by the decrease of relative water
content. The fluorescence parameters photochemical efficiency for photosystem | (Y(l)), relative electron
transfer rate of photosystem | (ETR(I)), non-photochemical energy dissipation due to donor-side restriction
(Y(ND)), non-photochemical energy dissipation due to receptor-side restriction (Y(NA)), photochemical effi-
ciency for photosystem Il (Y(ll)), the relative electron transfer rate of photosystem Il (ETR(ll)), PSIl maxim-
um light energy conversion efficiency (F,/F,) and the maximum quantum yield of electron transport
between PSIlI and PSI (pE,) were significantly lower than those treated and controlled at 45 °C. Although
the phenotypic change could not be seen after treatment at 45 °C for 6, 12, 18 and 24 hours, it was found
that the needles continued to lose water and turn yellow at 12 hours and 18 hours during the recovery peri-
od, and the whole needles turned yellow after 24 hours treatment, basically dried up and fell off, and the
relative water content of the needles was the lowest. When recovering for 28 days, ¢Eo at 18 and 24 hours
was almost 0. [Conclusion] P. pungens can withstand high temperature treatment at 45 °C for 6 h, but it is
not resistant to high temperature of 50 “C and 55 °C. The seedlings with a high temperature treatment time
of 45 °C for more than 12 hours will suffer severe water loss and dry needles, which will have a significant
impact on the photosynthetic characteristics and make it difficult to resume normal growth.

Keywords: Picea pungens; heat resistance; needle water content; photosystem | and Il; fluorescence
parameters
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