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Abstract: Global temperatures are now predicted to be 1—6 “C warmer than today by the year 2100. Environmental
warming is likely to have significant effects on plant carbon relations, particularly through its effects on photosynthesis and

respiration. In terrestrial environments, the nighttime daily minimum air temperatures in recent decades have increased
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more than the daytime maximum air temperatures. Understanding how plants respond to differential day/night warming may
help scientists to predict the responses of plants to global warming. Most published studies of the effects of warming on plant
growth have focused on either dominant species or invasive species. Little attention has been paid to endangered plants, but
understanding how such species adapt in the context of global warming may be critical to their survival. Sinocalycanthus
chinensts is an endangered plant belonging to the family Calycanthaceae. Here, we analyzed the effects of differential
simulated day/night warming on the photosynthesis characteristics and chlorophyll fluorescence parameters of S. chinensis
seedlings. Three different simulated day/night warming treatments were included in the experiment; 1) warming of 2 C
above ambient temperature at daytime; 2) warming of 2 °C at nighttime; 3) warming of 2 °C at both day- and nighttime.
Seedlings exposed to ambient temperatures without warming were used as the control treatment. In three seasons, the net
) in all three warming treatments were higher than

photosynthetic rate (A, ) and the maximum net photosynthetic rate (A

net max

in the control, indicating that simulated warming could increase the photosynthetic ability ofS. chinensis. Simulated
warming also increased the daily mean stomatal conductance ( G,) and the dark respiration rate (R,), while it decreased
the daily mean intercellular concentrations of CO,. In three different seasons, A, and A, ofS. chinensis seedlings
subjected to daytime warming were the highest, indicating that S. chinensis seedlings with daytime warming had the highest
photosynthetic ability. The apparent quantum yield, light saturation point, and relative chlorophyll content of S. chinensis
seedlings subjected to daytime warming were significantly higher than plants in the other warming treatments and the
control. Simulated warming significantly decreased the F /F  value of S. chinensis seedlings. During the period from 12 :00
pm to 2:00 pm, the F /F_value of S. chinensis seedlings treated with daytime warming was the highest, followed by those
treated with nighttime warming and all-day warming, with significant statistical differences among the treatments. In
conclusion, the different warming treatments increased the photosynthetic ability of S. chinensis to different degrees. The
maximum values of A, and A, of S. chinensis seedlings subjected to daytime warming suggested that the highest
photosynthetic ability of S. chinensis seedlings occurred under daytime warming. This might be due to the increase in
relative chlorophyll content, the enhancement of the light adaptation ability, and the lower levels of light stress in the leaves
of S. chinensis seedlings under daytime warming. The results of this study suggested that warming conditions in the future

will improve the photosynthetic physiological activity and promote the growth of S. chinensis, perhaps benefiting this

endangered species.

Key Words: Sinocalycanthus chinensis; warming; photosynthetic characteristics; relative chlorophyll content; chlorophyll

fluorescence parameters
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Fig.1 The daily variation of photosynthetic active radiation( PAR ), air temperature(7, ), air relative humidity (RH) and atmospheric

CO, concentration(C,)
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W, 2R ZES B3 (P<0.05) , BV L ANFESEEAL BS BEEHEAY A, 29 TXIR, AR A,

.
B[R o

153 A= 3 R AL B Z A AL (G,) HAZAL ULIE 2, i B3R ER 7 9 16:00.,18:00, 10
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Fig.2 The daily process of the net photosynthetic rate (A, ), stomatal conductance ( G, ), intercellular CO, concentration ( C;) and

transpiration rate( 7, )
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TXIHR(P<0.05) ; FIRIGEER 7 H 19 6.00,14:00 Ak, Hw B[] Br 44 2 KT X B ( P<0. 05) 5 4 KR4 HEBR 7
H#56:00.8:00.16:00 #b, Hog it [a] Bed4) i K T IR (P<0.05) o 3 R iR AN HAY ¢, 3 % 2 e BRAIG, o
R Y TR AR

183 A2 rh 3 Pl it A 2 ) S S A A S R A8 (T, ) G TR IR P LU R 0 T, e (A
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HE 1 A3 AT SR AL IR B B KOG AR (A, ) S48 TR b R | 4 RS R 5 X R
225 (P<0.05) W F IR 50 B2 5 AN .3 (P>0.05) 33 AR RS E 3 S5 1 DL R i sy, 42
R 2 W E 3R AR, ORI S HE 2 b P25 5 B3 (P<0.05) 34 H (10 A &K B & T L
KR (P<0.05) ,7 H ARG S50 FIGE2E 58 8.3 (P>0.05) . HEIRAL A GHR R A (LSP) 78 3 MR A
TR E R TR (P<0.05) 33 AN ASFEIGEANBRR LSP K/NE R R > 4 K > i FHR, &
T2 #2273 0% (P<0.05) , 4 H 10 H R4 THR A CME s (LCP) 1 3 & T4 #. (P<0.05) |7
A H RGBT TR (P<0.05) ;3 PR AN FAE 3 D45 LA KRR R, 5 FE 2 5% (P<
0.05);4 H .10 H&RKHMRKZ , SARMRZERS A RE (P>0.05) , 58 F#iR 22733 (P<0.05) ;7 H&XK
BR S FRIRE R ARE (P>0.05), RMETHCR(AQY)4 H 10 A 3 Fi i i Ab ¥ i 3 = F X i (P<
0.05) ;7 A FRIEA AQY W& TXF IR (P<0.05) ,%f I8 i 2w T 3R 4 KI4IE (P<0.05) , 3 Fplig
TRARFRIY) AQY 7E 3 Ny Hh LA KR i, S e IR RIE 22 57 3% (P<0.05) ;M B3R5 4K
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F1 TEBELEFTEELESH

Table 1 Photosynthetic characterisitics of Sinocalycanthus chinensis seedlings in differential simulating warming treatments

RGO A AR JEAAR JERME R E USRI ES
Qb (Apa) (LSP) (LCP) (AQY) IR B (R,)
Treatment Maximum net Light saturation Light compensation ~ Apparent quantum Dark respiration
reatmen photosynthetic rate point point yield /(wmol-m™+s71)
/(wmol-m™2+s7") /(umol-m™+s™')  /(pmol-m™2-s7!) /( wmol - wmol ™)
L XK
4 H April . 4.1033+0.0923a  349.4579+0.9483a  2.9995+0.0498a 0.0689+0.0007a 0. 1596+0. 0086a
comparison
M b 3R
. . 4.1697+0.0834a  362.4736+0.8546b  3.0009+0.0671a 0.0845+0.0008b 0.3000+0. 0075b
night-warming
H R R
. 4.8967+0.0352b  410.5569+0.4657c  5.9995+0.0669b 0.1011+0.0005¢ 0.5100+0. 0093 ¢
day-warming
LRI
. . 4.4017+0.0628¢c  391.8387+0.6765d  5.1298+0.0448h 0.0834+0. 0005b 0.2987+0. 0089h
daily-warming
X IR(CK)
7 A July . 4.3320+0.0660a  336.0274+0.578a 4.0004+0.0577a 0.0750+0. 0006a 0.1827+0. 0064 a
comparison
M L3R
. . 4.5086+0.0584ab 339.2716+0.6380b  4.0004+0.0577a 0.0630+0. 0006b 0.3000+0. 0058b
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R
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SRR
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10 X (CK
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October comparison
M- 3R
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night-warming
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day-warming
EPN:

daily-warming

4.6067+0.0518¢

400. 8387+0. 6322d

6.5342+0.0887b

0.0723+0. 0006b

0.3421+0.0064b
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Table 2 The morphology and biomass of S. chinensis by different warming treatment

Ab 3 PR A AR A )
Treatment Plant height/cm Basal diameter/cm Plant biomass per hill/g
% H8 ( CK) comparison 17.20+0.34a 0.412+0.0075a 3.3133+0.0525a
B 138495 Night-warming 20.20+0.73b 0.612+0.0055b 3.8634+0.0272b
H K34 Day-warming 26.98+0.49¢ 0.623+0.0061b 5.3464+0.0808¢
R4 Daily-warming 23.90=+0.24d 0.616+0.0059b 4.6131+0.0402d
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3 itig
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JECC) TMET X IR, BFDCEAE R B S, PR AR T A6 6 A B i BE I, RIS TR i 17O 5
VEFHAHDCRE Y% 1 , 35 1 PNl S AR FHRE D A5 ¢, BRAR, gEmife gt T <ALBY TR, 6, &, A AT
CO, P HERIM K, oG AR P S B 22 0 JsURE 1 52 A 1) D' 5 e S imble g e 398 1 ) 2 DI 5 R
(52 S5 3R T3 R, BIINAT 56 . Turnbull 552 UEH 38 W 2447 ( Populus deltoids ) M A W b3 1R 1 K (15
BRESI TR . W IR TR AT LB R A R G A DT 5 B R K A 1 i T R, DA T AKX Sl
FIRMH A EERDCE R BOFEE R M [ 388 85 7 ( Cinnamomum burmanni) M 7 R 164 3
A WL AR TS B RO AR RE I M & S B RIIRE S 2L BR 5 g FIG RS
S04 PP 33K 23R 14 8 YA O BV 4 DR TR T v T I e B v 0l B TSR RN G R ) 3 AT AR AR Y
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