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Abstract: Under the background of global warming, the frequency of extreme climatic heat wave events continues to
increase in subtropical region. The high frequency heat wave events severely reduced plants photosynthetic properties,
especially when the combined thermal and drought stresses occurred, it will inhibit plant growth, and further lead to plant
mortality. However, the response of subtropical tree species photosynthetic characteristics and growth to high-frequency heat
waves and their complex stresses is still unclear. In this study, we created a heat wave simulation experiment on subtropical
tree species, Phoebe bournei, focusing on the influences of heat waves on the photosynthetic characteristics and growth rates
with or without water supplement during heat waves. The results showed that the single heat wave event in wet environment
with water supply can resulted in 34% decrease in net photosynthetic rate (Pn) and also decrease in water use efficiency
(WUE), but transpiration rate (7r), stomatal conductance ( Gs) and leaf vapor pressure deficit ( Leaf ,) showed
significant increase (P<0.05). This indicates that the Phoebe bournei in sufficient water environment can regulate leaf
temperature via accelerating the water evapotranspiration consumption under high temperature stress, which could enhance
the resistance of plant photosynthetic characteristics to heat waves. However, there was no significant increase in Tr and Gs
in the single heat wave treatment group in drought habitat without water supplement, as well as the different slopes of the
linear fit between Tr and Leaf, , in dry and wet environments. It suggests that without water supply, heat waves can cause
drought stress, reduce the efficiency of leaf cooling, and exacerbate the effect of heat wave on photosynthetic characteristics
of Phoebe bournei. The combined drought and high temperature stress also prolonged the recovery process of Phoebe bournei
photosynthetic characteristics after heat wave, while Pn recovered to the undisturbed level at 15 days later after heat wave
influences, but failed to recover in the combined stress group. In addition, there was a cumulative effect when successive
heat wave occurred, which showed a reduction of Phoebe bournei resistance to heat waves, evidenced by the significant
variation (P<0.05) of Tr, Gs and WUE during multiple successive heat wave events. But the multiple successive heat wave
events did not significantly influence the recovery process of photosynthetic characteristics after heat wave, even caused an
increasing of plant height. Under the wet environment with water supply, the Phoebe bournei seeding height relative growth
rate of cumulative effect of continuous heat wave was significantly higher than other treatments, but no significant difference
was observed in the relative growth rate of ground diameter. Our results indicate that the subtropical tree species, Phoebe
bournei, has a strong heat wave resistance in wet environment, but such resistance will largely reduce in dry environment,
and the successive heat wave events may also increase the probability of seedling mortality in dry environment. Therefore,
studies of plant response to climate change should pay more attention on compound environment stresses or changes in

extreme climate patterns.

Key Words: heat wave; photosynthetic characteristics; growth rate; Phoebe bournei; high temperature; combined stress
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1.1 5 A

TR0 Hh (7 T MO B 2R RIS B v ], MR AR BR R 26°972"N ZR 4 119°17'27E 134K 153.9 m, {50 Hh
JITAE DX 358 L 7R (1) ST By e XU, KA, TR IR VR, A SF SRR K B 1342 mm iR A 1 HSEE
10.5 °C e 7 A V440 28.2 °C AR F-H1R N 19.6 °C  AEAHRHR 2 77% , 4 F-3 B BECKH 1700—1980
h, HUBOTH 38 BT R A A i AR B U5
1.2 5wt
1.2.1 EAb P

FHBA A AR R N TR IR AR P, $OR A TCHIR R (FF2E 5 d H,) IR
TR (ERRFREE 5 d, KA RIFGIE 30 d,H,) . K45 MEEKLAL(D) FFhKA (W), 36 4B, 4350 2. TG
PIREKA (D) IR PGRIZKAL (DH, ) PRI FGR YK ZH (DH, ) TEHIR KM KA (X R C) (LR IR MK 21
(WH,) FIF R BIRANK L (WH, ) o BRI R — S FF T4 (OTC) ,0TC K 4.8 m 58 2.2 m 75 2.2 m [
JEIE , B 28 mm MYZS NS AL g, B OTC N 6 BRIEIAM I A, 2L 36 H4 .
1.2.2 5K

MR BE PR S — MR R 5CHE  TOH F A0 W4T A S A ) 4l ( Phoebe bournei (Hemsl.) Yang) 1 ARi#E17 05
ARBESEIRE RS 60.9 em, MR 5.9 mm, B HT, P AFRAE T4 28 MO R B B 7 0 e AR R
AR B, EE BT NS B 44 em, 55 30 em, 1% P RARAE 2 N 30 2 6] A 1 AR AR £ 2E
KARME T R 2S8R T Aa M ik 500 m LT3+ | A LK 47.3 ¢/kg, MR 3.2 ¢/ke,
pH 4.9, 57+ 15 20 kg, [FIHPEAE 20K V- HE7E b A %) 398 b | sk G0 A8 2000 T 2 ST HE XTI AR R A5
1.2.3 AN THIRBIT 2k KoK oy S A5

AMFFE L OTC FA S A 3k [FVE 0 05 Qb A7 SRR 7R R BB B, OTC B Y63 &M
WA 7 5, VO R T /NG RIE N A2 S0 . TR OTC N ZE3EPAS 3.5 kW Tl s i 2§ ( BGE, 5 ) , %
BN CE AR P LA B BB EEN 2.0 m, F R 200, LA 1k $OXURT 40 WO i PR BDROR . SR
DAl ] 38 20 04 XU AR EEZE AR A B ), o OTC P2 il . #E2  FH AR UE OTC PR AR R 71 30—
40 °C 456 Wi e ik KA AR AE Y DR H ISR IR A 5—10 °C &R 3—5 °C, SE3L T R IR ASCR
e AN KR Ul (1 R TR B T E), FR 2SR ) (I 1) o o 13k SR OTC 8 5 7 AR U A A0 5% F
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JB3H R (Trymmol m™ s7") W R FIZK VAR 75 5 ( Leaf, , , kPa) FISEFRICAF AR (D ) S d0bR . W BT
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Fig.1 Microclimate variation during heat wave simulation
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FHEE S Wt 77 26 3 B IR 5 7K o Sk 2 55 AN [) BRIRSEUR K 52 1) 1) 52 B A FH I B A D6 45 Rk A R 2
K H Excel 2019 #AF A T4 L 2], SPSS 26.0 24748 53 B MK 55, Origin 2018 {1 74514

2 HREHSH

2.1 B R AR A AR

S B B BRI A ) 27 L W AR S 4 1 2 2 35 S B 00 2 2 (P ) (36
(Tr) SRALGHE (Gs) AASNFIFCR (WUE) (8 2) |, FLIZE AR 2 B2 IR 0 25 T 5 1305 5, 47 16 91 B 19
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x1 TRLEEERSHFENRNERTEZSM0

Table 1 Two-way ANOVA results of Phoebe bournei photosynthetic characteristic under different treatment

P
X e N s 52 o e 2 . . N K P
% o D R ST RN R SALFE kaFIRRCR YR B SRS
Factors Pn/ Tr / Gs/ WUE/ Loaf. ./ EALRICR
(mmol m™?s7™") (mmol m™2s™") (mol m™2s7") (g/kg) ’kawl Doy
a
27K Water control (a) 1 0.004 * <0.001* 0.001 * 0.077 <0.001* 0.002*
IR Heat wave (b) 2 0.111 <0.001* 0.432 <0.001* <0.001* 0.467
axbh 2 0.356 0.207 0.801 0.504 0.001* 0.312

Ge it 43 T4 R R AL B S — H (10/19) HAE, * 53R B3P (P<0.05)

5%t HRAA HE , BOR A & A 2 BB T A Tr( P<0.05) , HLFf#E BGR & A UoBsE i, (B FIREREE T I+
R BE AR TR] , BV BIR AN K2 (WH ) AT R BIR AN K 2 (WH, ) FE TCHGR AN K ZH (C) 43 53600 118% .207% , B
PR $EKZH (DH, ) AR 27K 20 ( DH, ) ISR KA (D) 43 513 N 91% ,243% (181 3) . Tois#aK
b BRIA SRR I 25 b BRI MIAR Y P, PR HGRZH WH, A WH, L C BEAIK 34% 25% , 75K #UR 20 DH, Fl
DH, [ Lt D B4 6% 24% (& 3) , TCiefE/KErh KA, ORI & A3 3 WUE 198 3% F R (P<0.05) , Hr
DH, #l DH, [t D 3[4 58% 1 83% , WH, il WH, [t C BEWRAK 75% F1 77% (18 3) o 1AE Gs Fl @ 15 HIR
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Fig.2  Daily value variation of Phoebe bournei net photosynthesis rate ( Pn), transpiration rate ( 7r), stomatal conductance ( Gs) and
water use efficiency ( WUE) under different treatments
D: JTCHIRFEIKAL; DH, . BRIRHIRTAIKAL; DH, . MIIRHIRTEIKAL; C. THIRAMKAL; WH, . BRKHIRAMKAL; WH, . PHUCHRIR#MK AL ; &
rRO A DX PR PRIR AL B

AEFER T AH 22 5 B 2 (B TEROK K AR 22 5 (8 3) o eAh TR & A 25 12 2 S N U4 Leaf,
(P<0.05) , Hiza# e s K b Kl —20 (K 3)

FIRBTBE Pn [ Tr (Gs Ml WUE 5 Leaf, NEL G AT (B 4) o HOKAARG Pn, Tr #1 WUE 5 Leaf, , 2.
FAHIE(P<0.05) , H Pn Fl WUE Y Leaf, 22 UAIOC, Tr 55 Leaf, , R ILIEAASC, #EKAL AR Leaf, , 5 Tr Gs
M WUE 34156 (P<0.05) , 1 WUE 5 Leaf, , S HAHC, Tr Fl Gs 55 Leaf, , SRBLEA,

2.2 PRI ARG A R r A i

A5 1 IR AR DG S AR PETE 30 d N Y BhASAS A ik B DAk A 7 28 I3 A [R]AREC HAGIR JBh 3 5 K 52
feJ1, PIRAEAJGIME Pn Tr Gs Fl WUE )23 Bl K2 0] A 1 284k (3R 2) , DI HR S-S [ A Ot
AR HEAEAE M S AR v FATRNT ] AR ' A R 1) 5 i 5 2 i o A A2 ) B T AR Ak, WK B2 e R T LA
i 3 PRGR AL R [ ARG A R AR bR S AR PR A A 22 H HL R B (& 5) , Ho  BURJEZ5 AT 14 d(A14) ,#hK
41 WH, Pn F1 Tr 3575 T WH, . DH, # DH, (¥ 5) . #MK41 WH, Gs .3 T DH, Fl DH,( P<0.05) , i #h /K20
WH, 5 WH, .DH, #1 DH, 2 5 A @ (& 5), WH, fl WH, WUE .2 & T DH, #l DH,, #UR45H45 31 d
(A31) , /K41 DH, Al DH, A3 Pn Tr F1 Gs %25 5 F 4K 41 WH, 1 WH,(P<0.05) (K15) , DH,4b3 WUE &
F 5T DH, \WH, Fl WH,(P<0.05) ,DH, 43 WUE &3 & T WH, 1l WH,(P<0.05) , 1 WH, il WH, JC i 3 22
s (Kl5),

pd

pd
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Fig.3 The effect of heat waves on Phoebe bournei transpiration rate ( 7r), net photosynthesis rate ( Pn), water use efficiency ( WUE),
stomatal conductance (Gs), PSI operating efficiency in the light (®,q ;) and leaf vapor pressure deficit (Leaf, ;) during heat wave stage

under different treatment
BT R T R R AR S — H (10 A 19 H) HAE ; AR T REFR R 45 AL 3L 2[RI A7 76 3 25 57 ( P<0.05, B K 2 J5 224317, Duncan £
5 ) 5 s S E AR R 2

*2 RREEEELEGHEE EBEE SILSEMKSMNANENESENERESH
Table 2 Repeated ANOVA results of Phoebe bournei net photosynthesis rate ( Pn), transpiration rate ( 7r), stomatal conductance ( Gs) and

water use efficiency ( WUE) since heat wave occurred

I
i df e pr e I R KoL K43 F IR
Factors =P ZR NS 1A ILTRE 7] pIES
Pn (mmol m™2s™") Tr (mmol m™2s™)  Gs (mol m?s7") WUE (g/kg)
7K water control (a) 1 <0.001 * <0.001 * 0.001* 0.230
IR Heat wave (b) 2 <0.001 * 0.016* 0.081 0.003 *
axb 2 0.151 0.130 0.600 0.843
PRI BT Time (c) 2 <0.001" <0.001 * <0.001 * <0.001 *
axec 2 0.875 <0.001* 0.028 <0.001 =
bxc 4 <0.001" 0.001 * <0.001"* 0.025*
axhxe 4 0.489 0.148 0.121 0.170

GEit o AT BE UL 5, o+ 5 R B TE(P<0.05)

2.3 FATRONT [ A A < R 1Y R T

T3 225 A SRR AN [R) A R AR AL 390 S 35 5 il R A 40 17 7 A A B3R FLIZO I E A [R] 7K 43 458 T A7 7E
25 (F3), PIREEHG , WH, B S Ko i 3 5 T b b ¥ 2H , D % 3% % T DH, \DH, \WH, F1,DH, fil C &
F =T DH, AT WH,, 1l DH, Ml C Joig 3255 ,DH, fl DH, 2 R A B3,
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e Dm DH ¢ DH; ¢ C m WH, ¢ WH, — #Kk4l — Jk#%Kk4l
12 -6
Ml =-1.70 #h =129
R2=038 R>=0.67
9 o P=001 P<0.0001 %o
o 14 &%
o % =055 = ° =
i:,;)a 6l R=023 W ® ’@'E
2 P=0.04 - =7
&I 1, HE
= ‘ g
& 3+ 0‘ ¢
-]
0 Ch 0
K =0.02
R2=033 % =-0.01
P * ° P<0.0001 %o
D - R
3 010l e pa--00 | ES
=g ° R*=0.75 =5
re % P<0.0001 & D
S ° oy
0.05 | ° 4 0.01
0 1 1 m 1 1 1 1 1 1 1 1 0
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- KIKE 0k Leafypa/kPa

B4 RRMERSNRGEE(Pn) EBER(Tr) SILSFE(G) MASFIARBER(WUE) GKEETER(Leaf, ) FIKEXRE
Fig.4 Linear relationships between net photosynthesis rate ( Pn), transpiration rate ( 7r), stomatal conductance ( Gs) and water use

efficiency (WUE) to leaf vapor pressure deficit (Leaf,,,) during the heat wave period
G TR TS TR IR A RS — H (10 A 19 B) B Y, U553 536 2 (P<0.05)

K3 FRIER EFEAERKERRE

Table 3 Effects of different treatments on Phoebe bournei seedling growth rate

IS iR 7 HF AR i it MR
Treatment Hy/cm H,/cm SHRGR/ % Dy/mm D,/mm GDRGR/ %
D 45.95+2.75 ¢ 63.60+3.32 be 0.21+0.04 ab 4.77+0.32 a 6.19+0.29 b 0.17+0.05
DH; 53.42+1.04 abe 61.97+3.23 be 0.09+0.04 ¢ 3.94+0.20 b 5.77+0.13 b 0.25+£0.04
DH, 54.33+2.34 ab 69.38+1.51 ab 0.16+0.03 be 4.90+0.22 a 6.65+0.37 ab 0.20+0.04
C 49.65+2.96 be 58.37+1.28 ¢ 0.11+0.03 be 5.14+£0.27 a 7.25£0.42 a 0.23+0.03
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Fig.5 Changes of Phoebe bournei net photosynthesis rate ( APn), transpiration rate ( A7r), stomatal conductance (AGs) and water use

efficiency (AWUE) variation since heat wave occurred
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