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XA, RTAGRAS SGE T HbR 0 520 R ) B Bk 45 R | 38 23 (A P 10K 73 b3 3 SRR ) 7K T 235 5 P B, 52 ke
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Abstract: In recent years, the frequency of extreme climate events in subtropical regions has increased, and changes in the
frequency and interval of heat waves have made the patterns of heat waves and their stress on plants more diverse. High
frequency heat waves not only affected the carbon sequestration rate of plants through heat stress, but also hindered the
hydraulic structure of plants through water stress, affecting the transportation of carbohydrates. However, the response of
subtropical tree hydraulic structures and non-structural carbohydrates ( NSCs) to complex heat wave patterns is still unclear.
This study conducted a heat wave simulation experiment on the seedlings of the main subtropical broad-leaved tree species
Phoebe bournei and Schima superba , focusing on the effects of different heat wave frequencies (once or twice) and different
interval times between multiple heat waves (short interval, medium interval, and long interval) on the hydraulic structure
characteristics and NSCs of the stems of the seedlings. The hydraulic conductivity (K, ), maximum hydraulic conductivity
(K,,.) , specific hydraulic conductivity (K, ), percentage loss of hydraulic conductivity (PLC) in the hydraulic structure
were measured using a flushing method, and the content of non-structural carbohydrates in the stems was determined using
an anthrone sulfuric acid colorimetric method. The results showed that (1) there were significant differences in the
hydraulic structure and non-structural carbohydrates between Phoebe bournei and Schima superba in tree species. (2) The

frequency of heat waves had significant impact on the K and PLC of Phoebe bournei and Schima superba. (3) The interval

between repeated heatwaves became longer, and the embolism of Schima superba stems decreased, while the embolism of
Phoebe bournei stems increased. The more severe the embolism, the less NSC content in the stems. Overall, the water
conductivity of the stem of Phoebe bournei seedlings was relatively fragile, with severe embolism and decrease in water
conductivity after heat waves, and NSC had litile effect in alleviating embolism function. However, Schima superba had
strong water conductivity. If sufficient recovery time is obtained after a heat wave, its water conductivity can be fully
restored, and its recovery degree is closely related to NSC content. The results of this study indicate that the occurrence of
high frequency heat waves significantly affects the hydraulic conductivity of the stems of Phoebe bournei and Schima superba
seedlings, and there are differences in the effects of repeated heat wave intervals on the hydraulic structure of plants.

Additionally, there are differences in the tolerance and tolerance mechanisms of the two subtropical broad-leaved tree

species to high temperature and water stress associated with heat waves.

Key Words: heat wave; frequency; intervals; Phoebe bournei; Schima superba; hydraulic structure; non-structural

carbohydrates

TR — TP 3T AF R AT A 114 B i A =71, JFC T R B 1 2 S T IR R 0 P %) 1 iR SR AORAB A | A R A B
T B R R DA, R AR TR A B 1 R T A T B K G R A i R B e I8k A S
YA LD R v MR AR ) 0 - 38K 73 i 2 A Bl A Bt ) e TR PSR 3B A B B D T R G 0 A B BB
38 AR | AR I T BT M R b DX iR R SRR, HL SR R K D B i e R T
S BB A I T XA IR AY | R RE 008 Bk R A AR SR R e S B R A T
SEBINT  SEIRE PR VO RE IR AR RS E AT E A R X R AT R R R g (A =
AT b, DX o v T S 21 T SR S 3 e 1 A9

PR T i W 1 2H & PORB Y S 2 1, 46— 4 N 2 IR S 2B 8 AT BEME AR QB PIR 5
2D ) B e ) 94 2 S A6 P R AR5 8 AT B it AR S XA 400 ) 532 T 7 P A0, BRI Xt A 40 144 5% i)
PSS IR EE RN S EIH R ) R 2 1IN 8] 56 UV S, 1005 AN [ AR 490 il 5 Ak 52 EF ] K A [] s ]
PR AR B S A e 22 S0 1A b, 2 RARIR & A S AR W B4 5 R A AE RO ( cumulative
effect) ™, RIS SEHGR 095200 25 F/AR TR R MR F R A2 m At 5 BRI B s [ B e T
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R TE B UCHRIR T BT 3RAS RO PR SIS TR] | 5 5200 5 SERTR R A I AR DR S | 22 St 25 52 e 381 3R &k sz
RS, HAT, ST AR X 2 e R RIS AT A A 32 =, YA 22 ORI 118 SR N 2800 1) 5 B B HG 5 1)
BRI [ 14 5 2, X s AL R T HEAY “ 1812 A I R S 3

TR AR BE 0 RS 38 S 52 2% (0 T R 5 e, PRI 7K S 52 PR AR 55 X8 A8 400 A 1 ) 352 il 7 PR
Mg oy S BRSE R, AR TR R R XA A P 1) SR 2 (HR A SR AR A AN 2 i -
HEK oy 25 K RS 7% 1 | v i HEK R R D/ D AR R KA IR ) TRl R IR S T 2 SRR SR 5 Bk
(VPD) b TF, i ik AL HT S8 B 5 A1 DRIt RS A s S A AR S (R A A 1 S o, S
TR N 7K 5 sh 2SR AN T /D) 7K 1 i ( Hydraulic failure ) FIERYL ( Carbon starvation ) f& 7K 43 i nf
REF BRI ASET- A EZEHLE | I S iR AR S SR ARSE T LR w5, Ko 2 BRIREE N A AT LA
AP AR K S | i AR AR A R AR K G e AT T B g RN T AR A 2R AR K Y R T 5
(T e, BN T R AR s A S AR FE R TLR (8K T 2R A RGBS B N1 L R 23 5 e A A O A Y
T A A G ORI )7 AT 7K 3 3 255 | R R A S P AL T e A T R A 174 [l ek
R IEATAEYIEAE F Bt LAAERER R . oK AL & WA G AR T 8 AN U2 Al 08 R A
R E B RRIEY) BT, X T YRR R E R 0 AR RS S B IO S A Herh AR MK AL B
(Non—structural carbohydrates, NSC) 48 P EAEYI A& NG AT A2l FNCI 10 Bk IR, = B 3G A A 0 S0 e
WS AT S PERE (Soluble sugars, SS) FIVERS ( Starch, St) 2RI AR B Y, T LRSS
R AEAC AR R I HAT 5 A0 32 15 T i B AR T DM SR AR AR N 1) SR A R 5T, W 2 ) TR Lo
e SRR YRR AR BTSRRI T PR I i A T AR S R
K AE P AR R T BERS AR K A B IL AR AR K 3 SR A8 1) JRURS: , iz 22 W) 3 BH R0 %o FATR i A7 s AL
19 Gk A Bl S T ) el R B SR GTE P b B R RIS SR R A AR 25 R M oK A6 B B i R TR, A
TPPAR AR X TR T30 P 48 7 A 40 38 17 ) B

] £ ( Phoebe bournei ) IS ( Schima superba ) &% [/ W 1) T ZE3E MO B, 76N TAR N B 24k 85, B
AWME AT ESESE X SRR R T, WA M XA 5 76 2R B B A A ) ]
U BRI 81, 7K A% i B et RO ) Btk 7 T ) 28 A A 2 B HRIR X A 52 0 I AN T 2 R PR STt A
WF5E A AT 2 2 i) A e R AR RN A7 S 8% R 3o N T ASE DA [] A3 A [] 1] B 1) AR 2R A7F B9 PO
95 5 TR 0] 8 s 1) 6 o) A AR AR i 7 A S5 7K O G54 AR S5 AP E iR K b & 9 2 B B2 ), MR AK 25 F Fn Al 45
FPERR KA G ) O 2 AR BE AT 50T FRIR 38 XA A 7K T 45 1) T A 25 46 P B K A6 00 18 52 i) B AR AR 1) i
M

1 #RFnrEE

1.1 BT XA

WF5E Hb 5 Ry 4 A8 RO B IIFFE B P 0 7 7 (26.15°N, 119.28°E) |, 14 [X Sy IV $HE 28 KU A e, 47 24 %
JKER 1342 mm, AP HS0R 19.6°C 1 EHA0R 10.5°C,7 H 300 28.2°C, 4F H BB% 1700—1980 h, 3 BT
TERE A AR B 125
1.2 SCERAPR

BT A A 8 8 ML B 22 RIS e i A Ay T AT A o] Al RA 7y S A AR, JEL v o) A Sy KR AR PR IR K R
[ N ik R =YTieR ) ARS RSN S50 NG v B Y 7 N L R B = e N e 2 e AT T R R e R
HIEBK A — MR TORENTAR, B2 720, R R AR 25 44.4 om, 142 6.0
mm , B AR5 60.9 em, HiA2 5.9 mm, fEACNBIMIE  HAZ 44 em, 5 30 em, A AR R A KHRAE T
e RZSE], I AT 204 b (WO T AR JE SR 500 mo LA Ab ) RN BT TR A, S BLAR i
47.3 o¢/kg, BVE T 3.2 ¢/kg,pH N 4.9, [ZH NIRA 1 20 kg B0 AR B AR LSRR A 2RS4 K H 28U

http ; //www.ecologica.cn



&t
B

1254 la SRS Bl 44 %

HORTFAA
1.3 SEmiit

N TAHUBGR M H AR PRI 1) 8 A IFIG , B IR PIRAFEE 3 d, 5250 b AL A5 AN [ A5 2 (AN [] 430 4 [ B g
[]) B FAIR - TCRAIR (W BRE )\ FARERIR (HW ) Jac 1] R o 52 AT ( T R TR TR B 7, 2HW ) | o i) o i 4 A
R (PIUCERIRIIRS 30 d,2HW ) A IFf A IR (T UCHIR % 45 d,2HW,) 3631 5 AR BEL, BUR AR
YA UL AT A DA — 25, {H R YRASAEL AR B (R 48— , 20 b R IE AR YR AR 5 A P 52 B () AR S5 R ) — 35, AR T
5515 OTC ( Open top chamber, FFTHAS ) Fl FE A S ) 1 A O Qe AT AR AR e b B R Ry — A
OTC,OTC H E4% 28 mm AY450 B ERMTAL, 1 4.8 m 58 2.2 m & 2.2 m , R FRAL 55 (R ARG A0 A for 25 8 ok
VEE S, TERIREI B, OTC M iE LR LM AT AL TG , DU T /NG, PRIEN /b2 i, fERE1 OTC
W — 3.5 kW Tl In#ES ( BGE, Germany ) , ISR i & 7E OTC Hfiy 2.0 m &b, 1 XUE ZKF- 1o R
20°, B7 1 BB R B A i PORBABOR . ORI ET e — X B R D7 OTC 3047 = i# '6 3R LM 0 A 46 5
PORINAGE T 5 —PFbr . TCHIRATERIR A BRI BE A7 = 70 R LM WA 3 o, (B A By 1k A7 B
i X0 FRGE I B0 5 e S e 2 R

TE OTC ToFS B4 2s SR i 32 /Y 1-Button ( information button) , 15 DS1922L, #(E 2 | 78R E]
Jn# OTC 23Sl BE T 24038 1.89°C , FARALFR2H 9 25 IR B2 W I v TIC AR AL Al , HOMAAZE 5 25 X
TR TG AR B XK, B TR B AR (2HW ) A A YRR DL IR 3 [ A 23 SR B 5 e SR Al k47 06
P, 45 5% R AU TR U TR b BAH 1) 25 SO EE — B AEFRFTE ORIk 2 b BIF RS — 3R A 7E S H AR
PR —E R BRI FRIE IR ( H RS2 4.36°C , B2 EIHE R 2.04°C) .
1.4 EFEtR Sk

WFFERI], S HIR AF B Y PR 45 b 38 = B rh 7R PR I B, (B RAGIR X R W 14 52 0 2 R S K — B
)12 A A ARIR BN 12 25 5 R W e AR B B HCHT T AT S i S A T R
FER T L VA TR AT 1 A PIR M , 7ERTRUS 25 B AR R 8% A8 S5 IR B2 I 1], 1 v AR5 ) 22
SRR AR 25 B | S5 2 3k PR IS B AR B A A 350 22 S VP A Ao 0 B ART P AR R M . BE TR 9
ZEERDT R BEREE SRS S 55 60 R TRIBRFE T 1 58—k
1.4.1 FARZEBIK IG5 I E

K T3 G5 I 32 BB A 2 1 2 BE 3—5 em AL B 322K B T AR ]It DR B B R 225 B BT IS AT
BB HAR B Tk R K T R B 1R b AZE BN A A 25 7k . BTHUR 7RG PRI T S Pk
FEmZE B M SEg % 7R 2 PRI 32 227K N AT VTR 5—10 em B9/ B (52 Rl & i 22 B
JE9(8.58+0.71) em) VI H T4, FI AT RS A9 b sk i g 7K ) S5 A 50t f 22 B SO IR B R, 22 B
AR 1) it B RS | A T I i A s P10 B B 2 B A Y MR B B ] BT R A
T 0.1 mol/L i KCL WG 1 = I B A AR TR SR F(K,) o FARFIEAZLN .

K, =F/(dp/dx)

Ao, PR, B (/) , (dp/dx) SRR IR

SRR E LSRG o LB AT v F 2R BT i 4 AR R 150 kPa 5 4ERR SR AL f)
F§ 5 min, ZJFARSE TR M E Ik, A ZE B K TR R (K, ) o BUARBY R ZERE B S K R4 % B 4041
(Percent loss of hydraulic conductivity , PLC) 27/, I A N .

PLC(%)= 100(K,. -K,)/K,.

SEMLCFKCRIN 5 R R i 25 B AR, JT R 2L — [ G0t 2R BetFA T X e 8, 3 i 62 W i i e
52 I FH Tmage] AT 25 BEAAR BB AE AL (Aw, em®) | [RIBSHE8 bA A (A 2k S AR ) |, AR5
FARBEGHM R REITE SR K,) .
1.42 AW EE

AR SIS 25 A H 5 ORI SRR M o3 2 g 5 B AR 3, 105C A E | h JFE T 65°CHLAE
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WL R E S A TRRE
1.4.3  ZEAESS PR K AL & I

2Bt R E S A BRI ( R, 10 ) e i 7 o A 0 5 25 rhn] s MERE RN e by 15 1, DU
J5oh B SERREL 100 mg AYFER T 10 mL B0 T A 7 mL S EERE B (W EE R 80% ) , SR J5 F il A i A
AR (KRR 80°C , B [B] 7 30 min) HEAT R, O ¥ A0 2 %, A B DAL (%3 R 3000 rpm, 7 4%
10 min) ,YSAE B, AR SR 3 Ik, URIFH_LIFRBEIA 50 mL A2, (2R K e 28, 1T Rl s vk

R, AR DIEY PN 2 mL ZEK, BT K AL 15 min, B HIG A 2 mL #EE A

9.2 mol/ LI iy @MW , B HF 42 15 min Ftn/\ 4 mL ZEIR7KIR A A B DAL (%38 3000 rpm, $54%
min) K FIEBRAEIA 50 mL 22, FHRTIE T I 2 mL #RE 4 4.6 mol/L Y = SRR, B PEHEHL 15 min
JEIA 4 mL Z8IR7KIEA , FRR B O UR EIS TR T2 50, S fa /K PR DTVE IF B0 MO T 50 mL 5 i
R, FHZE IR K E 2 ﬁﬁ?ﬁ%ﬁ%ﬁ@iﬂl%o T R FH RN LY €23 3 2ok 43 66 BE T (INESA , 1) 625 nm 3%
BOZE . ARSI AG G B o T R RIE R i 2
1.5 BdEgeitsrdr

W R 4.1.2 B doBy " 42 2 A0 TS M RIS 1 52 2%, © multcomp ” 42 3% A AT LR R U5 22
(ANOVA) 43H7 (level =0.05) FIZ2 & 45 (Tukey HSD) |, “ datasets” 2234 A 3£ 7 XA K J5 22 ( Two-way, ANOVA)
53 H7 (level =0.05) , “ corrplot” &2 2% £, % 25 2 BE HEATAHOCHE 0 A IFAEIEL . >R origin 2021 ( OriginLab, USA ) %3
A PR P R YR ) 8 i ] P00 L % (1) B AR 5% T A ) 1 AR A DG F8 FR 1Y PCA ( Prrincipal component analysis )
I3, BB - A bR IR 22

2 HREHSH

2.1 R[] EGR AT 0 A RO AC faf I 2E i ZE RS R TR NSC 35 152 )
FEFPE]ZE Aw  Lw .SS Fil NSC BIFE7E B 3525 7 (P<0.05) , AS[RIAb PR E] St FE7E B % 2% 5 (P<0.05) , R [A]
B [a] St Al NSC FETER % 25 7 (P<0.05) (£ 1),

F1 FELE BRI REFRH B EEMATEAEZEEER HTE . EA MR ZEMMEEENB KU EDEHHARNEEZF =
S
Table 1 Two-way ANOVA results of Phoebe bournei and Schima superba seedlings woody area, leaf weight, stem soluble sugar, stem starch

and stem non-structural carbohydrates under different treatment, heat wave frequencies and intervals

P
ZEARZE

K% i BRI Aw T L ZERVE MRS SS ZETER S/ K fb A9 NSC
Factors Woody area/ Leaf wei ltV; Soluble sugar/ Starch/ Non-structural

(x10° m?) el w8 (mg/g) (mg/g) carbohydrates/

(mg/g)

R Species(a) 1 0.003 * <0.001" <0.001* 0.3258 <0.001*
AbHH Treatment(b) 4 0.521 0.479 0.328 0.008 * 0.172
axb 4 0.212 0.985 0.83 0.116 0.635
PIRMIK Frequency (c) 2 0.144 0.103 0.803 0.871 0.799
axe 2 0.625 0.76 0.454 0.842 0.478
FF Species(a) 1 <0.001 " <0.001" <0.001 * 0.763 <0.001 "
PR AIBE Interval (d) 2 0.552 0.284 0.117 <0.001* 0.038*
axd 2 0.203 0.39 0.44 0.126 0.66

w RN B EME(P<0.05)

HAFALFE T A Aw F1 Lw & & F AR, (DA SS I NSC B R T AT (& 1) o MIAETE 2HW, J5 SS St
HINSC #4825 T 2HW, ( P<0.05) ,Lw .35 T HW(P<0.05) ,Aw RN B FER . KHAE 2HW, 5 St it
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F T 2HW 4( P<0.05) {2 Aw Lw .SS Fll NSC R I 2 F

R E
Woody area/( X 10°m?)

0

2 20
i 5
T
RS

5 10

0

gg 75
gE
Eal

x50
E,m
k=

2 25
wn

0

18

e
Starch/(mg/g)
©

90

/(mg/g)

60

30

AR A ORI B
Non-structural carbohydrates

&4 Phoebe bournei ) K1 Schima superba
L %
a
b
E ab ab L
b K
a o
ab RS
ab b b + §K X2
- =
a
a
ab ab L ab
b b ab ab b
a X,
ab b ab b i & 3
S %
C HW 2HW; 2HW3, 2HWys C HW 2HW; 2HW3, 2HWys

Kb Treatment

B1 FEEXARCENEENATEAZEEER A TE ZTAER. ZRMRFENEEBRKUEM S BN P E R

W)

Fig.1 The effects of different heat wave treatments on Phoebe bournei and Schima superba seedling stem woody area, leaf weight, stem

soluble sugar, stem starch and stem non-structural carbohydrates ( mean+SE)
C TEPIR (X ARZE) s HW : BAUREAIR  2HW L i o B A2 3R 5 2HW 5 - R IT R B A TR 2HW s K RIBR TR PR, AN TR) - RER R 45 b B 2 i)
TA7E i 5255 (P<0.05, BRI & 5 22 4T, Duncan £ 5;)

2.2 N[R] AR ABE 2 ] A RD A 7K 7 45 44 Y R I
RIFREI2E K, K, K Fl PLC S77E B35 25 5 (P<0.05) , A[RI4bBEE] PLC 7775 .35 25 5 (P<0.05) , R
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SR E] K F PLC 7E7E 35 2% 5 (P<0.05 ), FATRL 6] B8 S [71) BEL DR 25 A b ) el 1A i 7K 7 235 40 6 ol i 5 5 )
E FRGR [i) o B[] R %) 22 AR B & 2 1 31 K, K FiT PLC(P<0.05) (% 2),

R2 TRLE RGO B R ES BEARERSKE EASKE MSENSKERETIBORNERFTESN
able 2 Two-way ANOVA results of Phoebe bournei and Schima superba seedlings hydraulic conductivity, maximum hydraulic conductivity,

specific hydraulic conductivity and percentage loss of hydraulic conductivity under different treatment, heat wave frequencies and intervals

P
FREK, HRBAEK,, S K, AR
EES . . : -~ . [y PLC
Factor: df Hydraulic Maximum hydraulic Specific hydraulic
actors o S o Percentage loss
conductivity/ conductivity/ conductivity/ of hydraulic
1 -1 -1 -1 R -1
(gms™ MPa™) (gms™ MPa™) (gm™ s~ MPa™") conductivity/ %
FFf Species(a) 1 <0.001" <0.001"* <0.001 " <0.001 ~
AbFE Treatment(b) 4 0.08 0.079 0.302 0.009 *
axb 4 0.015* 0.063 0.11 0.575
PIRIFIR Frequency (c) 2 0.296 0.045 " 0.345 <0.001*
axc 2 0.46 0.21 0.43 0.295
W Fh Species(a) 1 <0.001" <0.001"* <0.001 " 0.001
IR Tnterval (d) 2 0.356 0.936 0.105 0.711
axd 2 0.03" 0.371 0.011" 0.044 "

#* 5 R B (P<0.05)

AR ER  RAF AR ZE K, (K, KBS TR, 1B PLC SV T[4 (14 2) . [AETE 2HW, 5 K, |
K, MK ¥ T HAbS 4, 2o K, M K 23 & T 2HW,,(P<0.05) ,7£ 2HW 5 PLC 23 & T C AbH#4 (P<
0.05) , Afi7E 2HW,J5 PLC B# & T C Al HW(P<0.05) ,K, K, H1 K 1E4 b3 0] I B 25 5.

2.3 AN[EIRFon) B A2 AR [ RGBT %) 2 S5 i

AR K, 1K, B 52 AR ) B e (] () SR T RATR , {HL PLC i i 52 FAVTRE ) o s ] 7 B4 1T 84 5 A i
IKIIEEF A NIAR S [FIRE , BRI Af Aw AT K55 5 53 AR [ I B ] 719 4 1 G Rt Al e, e ) 4l KB
% (] F Esf [] A2 4 MR A AR AR R B A3 . b, B AR A A7 25 NSC ¥4I 25 H 52 AR (1) o Fsf T A8 K 177 3R A1
(E3),

V] 1A Af 257K ) 2548 S 400R NSC. 5 5 %) 8 52 IR %) 1) B R B AE S M OC & (HL AR i SR T A — 3L
(B 4) AR A IR ) I ) Al R AR 467 B AR OK ) G5 A R IR S 400R NSC S 8047 £ 18043 731, PC1 1 BTk
FH 37.3% ,PC2 W TTHRF N 31.2% (1l 4) , Horp ] il 22200 A 78 PC1 A1 PC2 19 1E 3, 1 A feg £ 2200 AR 7E
PC1 A1 PC2 Gl U BF I i i AR X6 B A2 AT M oy A7 25 5

] A A A g Xt S [RASE A TR ) 2 S P 7 b 36 BT 7K T 5 R R AIE 5 AR S5 40 PRl K AL 5 9045 T 7 2 )
KRARB(ES) , Hrp A5 FRIKZ RIEMXEE R, ARMF SS. St NSC 5 HE & H T KL 2 k¢
. MBS K, Aw Lw K, ZRAHOCTE B8 . AR PLC 5 K, St NSC.,SS 2 HfAHXER,PLC 5
Aw K, Lw K, K SFIEAISEEER AR St NSC . SS 5 HAh 4G N T R MR R,

3 g
3.1 BRI AR5 A i 7K 1 G5 R R 5 )

IKAERE G A G AR TP R 1 2 T B () s o BIR Sk A A 0 A 2 KA BE R S S B T i S B0 A
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