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Effects of water stress and recovery on the physiological and ecological
characteristics of Micheliaxalba sapling

ZHOU Peng', TIAN Yang’, LI Zhiqi', QI Yuegiang'

(1. Guangzhou Institute of Forestry and Landscape Architecture, Guangzhou Urban Ecosystem National Field Station, Guangzhou
510405, Guangdong, China; 2. Guangdong Forestry Survey and Planning Institute, Guangzhou 510520, Guangdong, China)

Abstract: [Objective] To investigate the effects of water stress and subsequent recovery on the water potential, photosynthetic and
chlorophyll fluorescence characteristics of Micheliaxalba sapling, a widely utilized greening tree species in the south subtropical
region. [Method] Twelve open-topped chambers (OTCs) with isolated groundwater were utilized, each containing one Micheliaxalba
sapling. A randomized block design was employed to set up four water gradient treatments, incorporating both rainfall interception in
the undercanopy and artificial irrigation: Over-irrigation (OW), control (CK), moderate drought (MD), and high drought (HD). The
dynamic changes in instantaneous water potential, photosynthesis and chlorophyll fluorescence parameters of the Micheliaxalba leaves
were measured under different water stress treatments (3 consecutive months) and subsequent water recovery (2 consecutive months),
and the differences between treatments were analyzed. [Result] Compared with CK, drought stress (MD and HD) significantly reduced
the leaf water potential index (midday water potential), photosynthetic indices (net photosynthetic rate, stomatal conductance, etc.), and
chlorophyll fluorescence indices (maximum photochemical efficiency, electron transport rate, etc.) of Micheliaxalba saplings. In contrast,
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excessive water irrigation had no significant effect on the leaf water potential, photosynthesis, and fluorescence indices of Micheliaxalba

saplings. After continuous natural atmospheric precipitation, the leaf water potential, photosynthesis, and chlorophyll fluorescence

indices of Micheliaxalba saplings under drought stress (MD and HD) recovered and showed no significant differences compared with

those of the CK. After the soil moisture was restored, there were no significant differences in the water potential, photosynthesis, and

fluorescence indices among different treatment groups. [ Conclusion] Drought stress limits the leaf water potential, photosynthesis, and

fluorescence of Micheliaxalba sapling leaves, causing wilting and negatively affecting growth. Timely watering can restore the plants to

normal conditions. Specifically, before the soil moisture falls below 25% of the field capacity, timely artificial watering should be applied

to replenish the soil moisture. Atmospheric precipitation effectively mitigates the suppression of Micheliaxalba sapling’s water potential,

photosynthetic fluorescence due to soil drought, promoting recovery and growth. In the maintenance and management process of urban

landscaping plants like Micheliaxalba, when continuous drought occurs, attention should be paid to the soil moisture index. Timely

watering can help Micheliaxalba recover from water stress and avoid death.

Keywords: Micheliaxalba sapling; water stress; water recovery; photosynthetic characteristics; chlorophyll fluorescence

R BT, AR KK
(T2 e SR 3~ 2 I NG ¥ N BT S
AR, SEFEREREREY. RERKER
B MM & A BRI, TR A A
R, ELELIREAET Y. KRR
PRERAL AR, Hh 507 K G ST, MY
HIgS VIR AES RGTIRE, IR e 5 S IR
BILTAER N T BORME A2 T fdE M R,
W FTIK 73 138 2 7K 73 VRS20 3 T el AR SR AL K 40
EAEBRRER S, X R A IR B R AT B
SEEEAME -

YD EBEAEE (oK Jem Moot
5t 7K 43 e UK B it K 354y SPAC &R
gr (LI - WY - KAGESAR) Korisk ) B2
bR, BE B YR K S BRI . AR A
REAEPD R REF L N AR E A RERI GBI R, X
KGR S AU T K43 e 2 % ol A VR
R P RSO R S A R E
AT BN B RO REAT RE R LI BE /T, fiE
eSS R RG T (PS 11D MRS 1Y,
Bz TP R GEIR S A T R TR,
DA B s 00 L o A i AR U K Gy i dE
SR F TR EBEA LA . EAREEZR
Ky pp B AR L RE R, A BT RE AR R
REIEAERE 22 5 U Mk, FRAEREIM K
T ARG A G A AR B ONS 7K 3 e ae K K 73 Tk
SR, A BT PP A AR X K S 38 Y
PE, AR & BRI R A AR

HHT, R T /K23 Bl 57K o0 kS A B
IR EERBOEEEE G B R R R (AT 7T
TFREE % Bl LLA TR TR G K00 45 SR A 3 T
FEl AR TR 978 B SE B A AR E W RBR T, T ER
B VATR PSR 3k T el AR 2 A 77 R BUBG 42
KTF5 om BIGIREE 1, HRS K S3 b de 1 i 2 ]
Re SRR R R EE S — Rl

2 2 RIS 2% A JC VAR AL IR T e AR AR M 1 B AR AR
KRBT, e DU A 48 7 35 11T el AR A A0 6k 7K 2 i
1 B sz SR U TR, I AR B
(EaIEE A R B N DS i 7 S E R U =R AR Gk
RETFRE . A2 Michelia X alba 7& W HAH 5 ST,
A A G [ < TR T R 1 0 A e 2, AR
I BB . 28 Bl 2 & IR BT IE LM o, Pods G
e IR RIFAESENME, Iz HAR R KA.
X b A IR D R AR SRR AL, SR IR T e Ak
SALBIPLIE R Bl EAERHLIX N JCN 2. AR
AN S SR 7 v S DU R 9 T 5 i & 7 S e
JR R B AR HRALS, WE T H =2
FoKF . BRI GG SR S 2K RSB R br,
B E B /K 43 8 S S0 B 22 4 Ol & AR B Ry
PERIRZIE, 9 22 B RF TR R AL RIS S HY

1 #MR55EE

1.1 HHREXER

ARHEFEXALT TN T 4IX, 8 T B A g Ry
TR, FHIRET 01770 ~ 1940 h, 4
K PHAR S B 4 400 ~ 5 000 MI/m3 A 4FIR A,
PRI N 21,5 ~ 222 °C; TP HIBKE N
1 689.3 ~ 1 876.5 mm, 4—9 HNWNZE, KFKEZL
AR 80%. T EERAUN IR 2 2
WA A H 2. #8 Camphora officinarum. 14
W Ficus microcarpa. =F i ¥ Bauhinia purpurea.
F1E T AE Saraca dives 25

1.2 itiustsy

(DY 7 S ERTN i e X VA RPN\ Wy v 7 |47 1 !
MEBFERFFEBE (113°16'48"E, 23°0926"N) W,
BN 20 m, T 2020 FEE. WK FEHM T
N RS, JFTi4H (Open-top chamber, OTC) #f



546 %

A2 S A s AN e O 31

ALK 5 B B &M R, &> OTC [T A
HN3mX3m, WRENO0.8m, &4 OTC 2 I8 AHkE
1.5 m. 1% OTC [IAEIRFIAR SR I RG . KRR R
e, ATLARRRRH R /K. OTC A3 E H ki
T AR AR L8, JFi% AR L EHEIH. &4 OTC
W, TRERREX AEER T 1 m ik, 25 37E 30 cm
+ 2 s E — A K o % AR (TEROS 12,
METER, USA) , H & il + 458 & f1 & K &
OTC FE IR B HHEAFE 10 min T3 1 Ik, HF-FH
J B UK PR A7 AE B H R 4 48 (CR-1000, Campbell
Scientific, USA) H1. 2020 4E, M EFEHH5 36 11
MREEA R R R B 1 4R AR 22 4 Pl T
OTC W, &/~ OTC Rt 1 #k, HIRAEK ZE 2023
F6H, AXTFHMAAE 8em, FHIME N 3.5m.

1.3 REHEE

1.3.1 RE&it

AT TR 56 Ak B 4y R 7K G Pl A Ak BT 7K 4 Pk
AL EE, K 4y e ik B ) A 2023 4F 6 H
20 H—9 H 21 H, #FEmmL34NH, ¥ 6 H 20
H—7 H 20 HE SRR e B3, 7 H 21 H—
8 H 20 HE CAKs et i, 8 H21 H—9 H
21 HiE SChK e 58 T 9 A 22 HAF MR HHAT
KRS AL BE, B8 IK o Pk S RS ] 2 2 /S H
O H2H—11 H16 H) o A5 8] 75 51
Wit EE S T KA A 0T 7 10358 77 72,
XSGR IG RK o e AL BRI B — A 2 ~ 4 AN H
KA VR B LB [ — B 1 A H BLE B2, ks
iR IG AR RT, WIS OTC A 3 e kF /K &,
g G 2 46 i, 338 7K o0 A TR W 1) 3B AR B K
®= (VWC) , ~034, IXFTE OTC Fk % 1%
FH R 3K e 7K 2 e 6 L % B 4 AN b FR A,
SRR D S EEBE (OW, BEKE) , +
BEEKESETHEFRKERN (12515 %, XM
] VWC N 0.41 ~ 0.44; 2) X4 (CK) , +
KBS T HERKER (75£5) %, XN
VWC } 0.24 ~ 27.00; 3) FEFF4H (MD) ,
TIEEIKES T HIEFIKER (50£5) %, XM
] VWC 5 0.15 ~0.19; 4) HEFF4] (HD) ,
TIEEOKEE T HIERKER (25£5) %, XM
) VWC 4 0.07 ~ 0.10. 7ERERM 18:00 47, 1R
i OTC H 7K 7045 RS HAR AT K, ST
S Ia AR B, A 7K 53 e Ab 35 2H 43 G5 AR RE R R
ISR E . KASREIEN B, 3 AN K5 Ha
HAEE KEWIKE 2 CK K, Hrh HD 4bFE %k
KECKAKTFHHIAN10 H 18 H (26d) , OW

WEEE AR TR A CK /KB N 10 H25 H (4
33d) o WRICRABENLX A, A EE 3
ANEHE, M 124 OTC. OTC 4k B 7 Ai £ #,
MY SN 1 Frs

El 1 OTC &EHHMBMIRHE
Fig.1 OTC treatment distribution map and rainfall
interception facilities

132 fekrillE

2023 4F 6—11 H, AK# RGN, E#H7d
T U b 6] B (RS RO 22 AT e A RS
IR E M, BT 5 a2 R0 7K AR HT A
%, T 8 A 23 HAITk 2 Ja a3 AT /K H ALl
S (RRAERF, 10 H 12 HARMAKER DG .
o A 45 A K 35 R 71 % (PMS-1505D, PMS
instruments, USA) & REARE KB 3 F Al
I K, TR BET 5:00—6:00 KA F,
e BT K (P MPa) 5 T IE 4 13:00—
14:00 SKAEM F, W€ IEFKH (P, MPa) o
7E 9:00—11:30 I B, AR ERAE R B 1 FH K 3 Fr
m, K HE % O6 A 4 (Li-6800, LI-COR,
USA) M52 BRB SR S8, WG LG HE
(P) . HBla] CO,iKkE (C) « RILTSE (G) M
AREEE (T) , W 3 Rk EEIFICFE. £
T SE R, 2l 58 A R R 45 15 B S IR s B R Y
SFIME, MXHEE N 60%, KA CO,HKE (C)
9 400 pmol-mol ', &SI A 500 pmols '
jR (5:00—6:00) =K F] LI-COR 6800 Yt & 1 % )
= E AR E O, A I E R/ W IR Ok
(F) « k¥ (F) « PS I ROt 224
(FJ/F,) ;s BRIFRGCAESEN R, R
PS I S2hrlttb 228 (PPS 11) . HL AL %
(ETR) | JabF K Z2E (¢, ESH.

1.4 BIRZITS 9

R B I K 43 A B R (WUE, Eyy)
AR #IE (L) 43 3 K B A R Ew=P,/T. F



32 FWG, S KO RE SN SRR RO S A AR S

5 1

L=C,~C)/C,X100% TI %5 . iz FH B[R & 77 2 o i
SE K B AL BT 22 ) Pogn Proas WK
%2 (AY, Yy ¥ ~ G T,n P,v WUE. L. F,.
F,F/F,.®PS Il \.ETR.q, 548 br R 1 2
PR H Tukey %0 MNVEREAT 2 E LI 0T, HEA
KB GBI TR FRAE AR K 7 118 b 2 (8]
25, REMEAWIRAER P <0.05. FrE%it
Sy BRI I RAE 5T, HlRAFIME £
FREIR TN o

2 HFERE55H

2.1 IKGTBMHBRIK ST IRE T Ak S

22 7K 36T 7K G5 il A P v 7 0K (11 2)
R R (8 H 23 H) , NE AL FEF 15
¥ N 928 MPa (CK) + —7.76 MPa (OW) .

-11.70 MPa (MD) . -19.49 MPa (HD) , HD [#
Yo B EET CKATOW (P <0.05) o fEK5 W
BEW (921 H) , HD I ¥, E & CK /K,
ANEK RS A B ER (P> 0.05) . 1
AT e BB B, ANFIALERR) P, 5 AP Y
KEREZER (K2, B3, P>005 , 8 423
HA9 H21 HI ¥, 4 A -13.8 ~ -4.15 MPa
Ml -547 ~9.56 MPa, 8 H23 H A9 H21 HW
A 73518 3.61 ~ 6.20 MPa £ 5.07 ~ 7.55 MPa.
TEKDREI, Vo oo BT AY LEASRI AL FE [R] S
FEEREZER (P> 0.05 .

22 KSHBRRE THASEZRESH

KAy B AL FE ST 25 Go T, A1 P, [R5 Ak
PRI (] 1 A& AR AR . FE KA RS 3 (8 H
I0H—8 A 23 H), 5 CK L%, MD f1 HD #J

o KoSHHE ]

<
falts;
=
Q
g T o= & I
S a
=
£ .10
Gy
<
Q
—
ﬁ
~
i 15
=

a

08-23 0921 10-23 11-16
H #f Date
0 KoSHRE KaiRE
<
[al)
=
= 5
=
k=
g ai
Q
g -10 2
<
a

& ab w
3 .15 a
= a
#R
%
B
= 20

a

08-23 0921 10-23 11-16
H #f Date
m ow [ CK [ MD W 0D

NN FREF ORI FLR ZE S B (P <0.05) ; REENHER: R,
Different lowercase letters indicated significant differences between treatments(P << 0.05), the error bars represent standard error, the same below.
B2 KoppamikEH HKERIEME

Fig. 2 The effects of water stress and recovery on water potential in leaves



46 %

A2 S A s AN e O 33

SBEER T AZH G T, (-4, P<0.05) .
TEREAS Koy e Ab BB B, OW [ 1 =21 v G, Al
T35 CK B REER (P> 005 , HEKYD
i ia A B AR (8 H 10 H—9 A 21 H) ¥
BEET HD (P <0.05) o fE/K5Wrif 4b 3 o 1)
MEH (8 H10 H—8 H23 H) , HD =0t
FP, ¥ AL T CK ATOW (P < 0.05) . fE/K
PRE 21 dJE (10 A 12 HD, /K5 a4 FE(OW
MD f HD) W H=MF G T, f P33k &,

KaHHE
a
a _a_
<
Ay
=
8 75
5 a a
o]
g I a
=
=
E a
£ 5.0
o
5]
= a
-3
b
—
o2
R
%
iy
=

09-21

08-23
H# Date

= ow 1 CK

5 CK AMEHEREZER (P> 0.05) . {EBEANKS
Filp 36 AR S B B, % AL FE R () WUE AL 2599% 4
SFEER (FS5 P>005 .

23 KTRHBRIRE THARMHERERASH

TEKAT AR B, AR KNS HE
AL B AL (6) o FEKS G S (8
H 23 H) , BEELEEKS WA, FJF,. ETR,
OPS 11 fil g, 55 S 1) & R4, HD 43

XOWE

I F 7K %428 Leaf water potential difference /MPa

10-23 11-16
H# Date

MD 0 HD

B3 KaBFREIITRKEE (AY, 7,7, KRN

Fig.3 The effects of water stress and recovery on water potential difference (A¥, ¥,,~¥,,4) in leaves

‘m
g 025 AR AEHE e
£ 020
[=} a a
#E 0151, 7, 2
010 3 3
op g a
= 005
= a
rs o
g 06-01 06-12 06-28 07-27 08-03 08-10 08-23 09-21 10-12 10-23 11-16
H ¥ Date
=
S KRS
o v
.a.?' 3
2
g
B
=g 2 a
HE
i“f); 1 aa . a
R 5 2 a
e 06-01 06-12 06-28 07-27 08-03 08-10 08-23 09-21 10-12 10-23 11-16
H ¥ Date
I ey KpHha HRE
LB Tab
=k al
®EE 10 .
g EL a ab i
53 2
z & 5
06-01 06-12 06-28 07-27 08-03 08-10 08-23 09-21 10-12 10-23 11-16
H ¥ Date
W ow I CK I MD W HD

B4 KEMBFIRENM R ESHIEME

Fig. 4 The effects of water stress and recovery on photosynthetic parameters in leaves



34

Ji M8, EEe KRR KRB A RO A A BRI A

% 53

KAFIARE
‘Water use efficiency /(umol-mol™)

SILIRFIE
Stomatal limitation value

AN

Initial fluorescence

BB ERE

Maximum photochemical efficiency

LR HEES

Electron transport rate

XOEME
a
20
a
15 a
aa
a a
10 a a a a?
a a aa aa
a
5taa% a aa add 133, ag 22
aa a a
a aa
06-01 06-12 06-28 07-27 08-03 08-10 08-23 09-21 10-12 10-23 11-16
H# Date

0
06-01 06-12 06-28

E5 sKkoyEMBFRIRE X7k 5 FI AR S FLBRFIER

07-27 08-03 08-10

W ow I CK

08-23
B # Date

7 MD

09-21

10-12

W HD

E/
5

i

10-23

11-16

Fig. 5 The effects of water stress and recovery on water use efficiency and stomatal limitation value

KoHHE XDWE
750
500
250
0
08-23 09-21 10-23 11-16
H # Date
KoHHE KOHE
aaabb a a g g aaaaaaaa

0.75
0.50
0.25
0
08-23 09-21 10-23 11-16
H #i Date
KOME KORE
100 a a

75

50

25

08-23

09-21

10-23

11-16

H #A Date

= ow

W CK

KOEHE KORE
a a
a
£ 4000
E
0 -5
£ §3000
ol
ﬁ 52000
1 %
21000
0
08-23 09-21 10-23 11-16
H # Date
S KHRE

0.4

KPR FEEFRE

Actual photochemical quantum

08-23

09-21

10-23

H # Date

11-16

KA

e E R R

Photochemical quenching coefficient

08-23

" MD

El6 KoBmammmExtnt hHRRRASHZ

Fig. 6 The effects of water stress and recovery on chlorophyll fluorescence parameters in leaves

09-21 10-23
H # Date
W HD
i

11-16



46 3%

A2 S A s AN e O 35

N FJF,» ETR. ®PS Il fl g, ) N/, HE
FZALF CK Al OW (P < 0.05) . fE/K% il )5
¥ (9H 21 H) , HD &4# N A0 1 FJ/F,
©PS II. ETR M g, RE/NF CK f1 OW, {H%ALL
HEEHBEEHEER (P> 0.05) . fEKMKE )G
(10 H23H—11 H16 H> , AXM AW F,.
F, FJF,. ETR. ®PS Il g, {75 &K kb ELA]
VMR EEZR (P> 0.05) .

3 % i

3.1 KB A=At Rk, EEFR

e

BFRRAER, BIEEKE TR, LK
bE 2 FEAR, HEY AT PR K SR A m R K
B P Sk, MBS EESILSER
PREFIK AT 7, 10 %) 28 W5 4 FH A &4 &%
AR R ST I AT U XSGR PR
GG R KIMIT, AL 2
WK AR EN, BETFhERE
I, 2 A3 R Malus domestica # ' (Hongro
A Fujid) ST IR KA. RILSEE . & H
SRR R Y R FFAL B Rt Bl AR IR S,
TE IR AT X (CK) KR, MR R AT
RN Ky, AR R KBRSt
BT EETSE (HD) KPR, 1E4F/KEE
FBRAR, 12K BARAL L [F) — S 7 0 RO AR 54
oot = 52 (g i AR 2K PR AL Y £ K e 4,
TR (MD) AL T [ 220 IR 28 H S
LS EBEEKT CK, H HD A FHFNFE &
F, ABEFNSALFEYEEET CK, K2R
NERNAE T A= A AR, AR E
AN, T B MG T 2 B 25 PR AR, RAAEEE
T B O B R T B2 A L EE R
FEFEA Ky ia i 1], KM (OW) AL~ H
AR KH . SR BB EE, O
HHFE, PS R AZERE. PS 1T Lbrafl sy
R, HARRIERS, e R RIS CK K
FBREZES, VWA FT G E 17K E K- 7
AKX A Z AR AR RS, E 22X KA
BEA & M.

K3 F] 203 R % B0 3 S A P00k B4 855 £
WENRE S P FEAKAY IS R, MY SR EK
I3 H R R Y IEH DA ER, I RLS
JEE N 758 1 R 2R PR AR, I 5 3 R (%) A Bl Rl
T A B E IR, LR T, RE

SEUKSFIHBERRE ™ — R, B5ALS
FEREAR AALBRBNME T & 51 AP G I F N P,
TG 2 () PRI = 2 AL IR B R T4
SALFREERRIC. SALIRGME RSB HE T
B RF, U] 32 L AZ S AL PR B R s U o A SR B
ERA e (8 H 10 HD , RE KSR H %%
RAASLIRFMEE SO BB AEEEES, H
FEXF T CK, MD &3 1) 7K 73 ] H 28023 A0S AL PR )
fE2 EFHES, 1 HD 7K 5 R B R A S FLBR 1
HIRIAN T EEE . X5 FEME Betula ermanii,
Ty J& ¥ Pinus massoniana 1 R 75 Ginkgo biloba
SR o S 5 Ml 3 T (A 9T 45 R — P
H 2 2 R T BN, nldd
HiHEERL R EREAK. SALRKIE LA, Hi
AT LA A E 2006 T R P 3 252 LR 1) Y 52
Wl FEADE IR R, R LA R
K, KAFHMEM 2 EHAES. MEETF
T, AT R S kA, AL H, AALIR
HIME TR, 2RI A 22 0] RS2 B RS FR fi1l () s,
LG E . KRR N IERILA .
2R 3R L RE A AU R AV KDL& BE T,
H R et b ae iR, A& s A ik
Bl B, ERBE AR, RS EE
e RS A VE RS P BT 2Ha R, Y
ST R SR 2 SR G RE IR YL, DARE
Jef5 s BN R SR, B TR A AR R RN,
Y4 s IR RO B R EE TS,
1M PS I & KB 30C% . PS T SLRRyetb S 850% |
A RIBIE R, LR K RBE GRS
SN T S E 2 R N 5 W L (Vo SED =
(8 23 H) , HD ALH AR L HEK 7> & B
ma, Fr R PS I KRG 2E. PS 1T SERrt
R, BB IR IR K R
SGERRNESHEETHR, HIKT CK. X5/
Wit B A% Eucalyptus grandis X urophylla 14T )
Salix spp. X -5 [Pyt Jb B )97 fRIRF 7 45 S — 50
PS I IO 2E R AT B PS T fE i 7
EHERETEPIE T, A2=m A PS IH A%
R T, U PS I1 B 0 il 57 — e F2 1)
IR, HA L™ B (eI PS T SRRt 5 243
HL AR I T RN 22 K RECH B, UiE PS I
S BE A (R BB AN T RS2 B2, RIS AR T
R R AR, B HI99 7YX LRIk
e, FEAL R BE 71, MD Al OW X FH 2256 B
HUIE [ 8L R 4) 2 R S B G e & %2 5, R Y
FERAZAE R, 220 5 PS 1T R B



36 Ji WS, S5 KON BRI A AR oA AR ERRE S

5 3

O IF R BIBIR, X W] RE S A KA K I
K I BB TVEAT %

32 KDREITEZMHAHKE. AT
A

TEK S E AR (9 A 21 H) , &lllEmt
KL GERRIESEAT A, MD M HD A2 TR 5
YR IIE KR SALFE. BBEE, §
JeEHE, PS I SEPr S R8E . b K &
B AL R ) 5 CK A B ZE . #ENYS
PURALHIAEOG: M RIS AL M= R 1 ER
A S G5 A HL A WO SK 3 I RE T, FE SRR K
ZAFR W RIS 7K 43 T R S 4 3 R A R
Y 2 TR PR 4T B DA W A A 4 R B Sy B
T I A SN A IR R S, A SN T BRI
VPD, e ERITRILT . ARG
FIRF fEARIEEE I (8 H23 H—9 A 21 HD,
HARBE KRR, BEASI R A B, KA,
SN YESROL TN VN NTE/SAd WAt
KB RIS Z T % Yl SN i i
il B8 UE S22 UM AT DA 25 59 A A i K
RIUEE RN 2Bk K3 B T, 2
fife 7 3B B 2R A R e G 2 HU B A
fEH, ff MD #1 HD &3 N FLFE. ZEBHE
E, EOLEEERIRKE, UL HD 2B H) 5.
PS T Sbryafb 22203, Jefb 5 K REOR 1%
IR RS HIRANKE . XK (220 AT R
R A S K 43, T2 fif 3% 50 3 22 %)
W (R A EE e

K E T (10 H 12 H—11 A 16 H),
F Koy A BRIAN I 2= 2 K H . S E AR Ot
Tabr ¥ A BE Z R, XU BT R E X A
ARG R T W, R P AR R S 2 R
BRI, R A RO RS sIE A 2
iy, Bk E .

4 £ B

AW FUER BT 13 B AR AT i A Sk vl [l
PRERACAR I —— 1 22 D - (R0 & 2 RS 10
K3 38 B RS N BF TR, T R E Al
FI B K3 DB AuOL 2 2], A
WIME, W IEFKHE. SAFE. BBEE,
IO E R PS I SERR b2 RCR . etk
B HORIY HL A 3 3k R A8 5 s 5 T R B A J T
3 AP S - P NS BN -/ T3 7 o= b
LR AN P RE e chz 1 B ER S ol Ul AT PN

SRRy, RBONIEF K. SRR &
A, F A A, PS ITEPRbb R, b
A2 R AR ORT F 7 A 38 S R S AR A B FF AR
KA E R BRI 20 K. AR 3K
BB, ANIRIK 43 B AL 3G 1 1 22 B D A A B
R 8 AT A R A X RO, R A2 T R A A B
M E G B e KRy i BRI
XA LRI R K L ESEAN IS B
AR, RIS R IA B H % — 52 1T 52 g
e ASWFFEEE BT R4 R AR AL BT 30
MREAAE VIR 73 FR 97 BRI B L 25 ik dfs

S 3T

[11 ZHANG W X, ZHOU T J, WU P L. Anthropogenic amplification
of precipitation variability over the past century[J]. Science,2024,
385:427-432.

[2] DUANHL,LIYY, XUY, et al. Contrasting drought sensitivity
and post-drought resilience among three co-occurring tree species
in subtropical China[J]. Agricultural and Forest Meteorology,
2019,272-273:55-68.

[31 JAEAME, W, W, S REERT 9 MR I R A KA
2R RIS EIRANA [T]. WAL AR ,2025,52(1):37-44.
ZHOU X J, TANG L, JIANG L, et al. Effects of drought stress on
growth and chlorophyll fluorescence parameters of nine Catalpa
chinensis clone[J]. Hunan Forestry Science & Technology,2025,
52(1):37-44.

[4] ZEEERL, AL, B, SE L K S AR AR AR 0 g 2R b

TEA Fr 7K 3 B & R AR 20 (], A JB AR K 2 22 4
2024,52(1):30-37.
LIJY, HOU L W, LU S W, et al. The impact of changes in
water conditions on leaf water potential and photosynthetic
characteristics of typical garden shrubs[J]. Journal of Northeast
Forestry University,2024,52(1):30-37.

[5] BHUSAL N, HAN S G, YOON T M. Impact of drought stress
on photosynthetic response, leaf water potential, and stem sap
flow in two cultivars of bi-leader apple trees (Malus X domestica
Borkh.)[J]. Scientia Horticulturae,2019,246:535-543.

[6] MIRFENDERESGI G, MATHENY A M, BOHRER G.
Hydrodynamic trait coordination and cost-benefit trade-offs
throughout the isohydric-anisohydric continuum in trees[J].
Ecohydrology,2019,12:€2041.

[7] ASHRAF M, HARRIS P J C. Photosynthesis under stressful
environments: an overview[J]. Photosynthetica,2013,51(2):
163-190.

[8]  Ax/hum, EMean, 20K, 4 RIS IAE N S BUC 2R
YOG AR E SO SR PO S B 0], A R



46 3%

A2 S A s AN e O 37

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

2024,48(8):1050-1064.

QUAN X Q, WANG Y R, LI X Y, et al. Effects of nitrogen addition
level and NH,'-N to NO,-N ratio on photosynthetic characteristics
and chlorophyll fluorescence parameters in Cunninghamia lanceolata
seedling[J]. Chinese Journal of Plant Ecology,2024,48(8):1050-1064.
WU T, TAN N D, TISSUE D T, et al. Physiological traits and
response strategies of four subtropical tree species exposed to
drought[J]. Environmental and Experimental Botany,2022,203:
105046.

EUN IR I 7B ke N 3 RN B e L g S )
T 538 K K WA R [J]. mh R MO R OR S 2R 2021,
41(9):45-52.

SUN Y N, ZHAO Y, ZHAO Y X, et al. Effects of drought and
rewatering on photosynthetic characteristics and chlorophyll
fluorescence of Trachycarpus fortunei seedlings[J]. Journal of
Central South University of Forestry & Technology,2021,41(9):
45-52.

BAKER N R. Chlorophyll fluorescence: a probe of photosynthesis
in vivo[J]. Annual Review of Plant Biology,2008,59:89-113.
ZHUANG J, WANG Y L, CHI Y G, et al. Drought stress
strengthens the link between chlorophyll fluorescence parameters
and photosynthetic traits[J]. PeerJ,2020,8:¢10046.

SR, A AL, EEVE S M I AR Ot AR R £
FPGHRIE B [J]. v R AL RO 4 4R ,2021,41(4):
31-38.

ZHANG Q Q, ZHOU Z Z, WANG X Y, et al. Effects of
fertilization on photosynthetic and chlorophyll fluorescence
characteristics of Tectona grandis[J]. Journal of Central South
University of Forestry & Technology,2021,41(4):31-38.

FCAE , G, T EZSF, & PN 4 B RS
FEPEANI SR RO SRR (1], B A4S 244 ,2020,31(3):
769-771.

WANG Y N, DONG L N, DING Y F, et al. Effects of shading
on photosynthetic characteristics and chlorophyll fluorescence
parameters of four Corydalis species[J]. Chinese Journal of
Applied Ecology,2020,31(3):769-777.

XINEWN , ERRK, M , 45 . /Ko Wit ot B A 6 v AR K Aok
FRFPEIRIEI [J]. AR AEARL 244 ,2011,39(4):33-36.
LIUY L, WANG Q C, YANG Y B, et al. Effects of water stress on
growth and photosynthetic characteristics of red pine seedlings[J].
Journal of Northeast Forestry University,2011,39(4):33-36.
J7INTIT T8 B B R . Bl MR SR AL AE 44 KL - DB4401/T 37—
2019[S].

Guangzhou Municipal Market Supervision and Administration
Bureau. Landscaping plant materials: DB4401/T 37-2019[S].
TOtEG R, R AR, A B A R G B ] SE

(18]

[19]

[20]

(21]

[22]

(23]

[24]

FRIBIF I 70 BB AR 2 D). R AR 25 54 ,2021,32(7):2275-
2289.

YU G R, NIU S L, LI F D, et al. Manipulative experiments
networks on response and adaptation of terrestrial ecosystems
to environmental changes: building the research methods and
technology system[J]. Chinese Journal of Applied Ecology,
2021,32(7):2275-2289.

DUAN H L, DE DIOS V R, WANG D F, et al. Testing the
limits of plant drought stress and subsequent recovery in four
provenances of a widely distributed subtropical tree species[J].
Plant, Cell & Environment,2022,45:1187-1203.

R, B, A R RA R, RO A
Rk S R BLVE R & B OGOR R [J]. 235274 ,2024,44(5):
2100-2114.

ZHAO N, LYU J K, LI S N, et al. Relationship between
photosynthetic characteristics and endogenous abscisic acid
content of Robinia pseudoacacia and Platyclus orientalis
under different drought treatments[J]. Acta Ecologica Sinica,
2024,44(5):2100-2114.

HOU J Z, D’ANDREA W J, MACDONALD D, et al. Evidence
for water use efficiency as an important factor in determining the
oD values of tree leaf waxes[J]. Organic Geochemistry,2007,38:
1251-1255.

FARQUHAR G D, SHARKEY T D. Stomatal conductance and
photosynthesis[J]. Annual Review of Plant Physiology,1982,33:
317-345.

KW i, i gk G, AF . R 5 A AR A A O
B R TE R [T, 1l AR A K AR AR (AR B ),2018,
49(3):467-472.

LIU X J, LIU PY, ZHANG Q, et al. Effects of soil drought stress
on photosynthetic characteristics of Ginkgo biloba seedlings[J].
Journal of Shandong Agricultural University (Natural Science
Edition),2018,49(3):467-472.

XF5F5 , MAE , B0k, & T SRR X 1 B2 A &y i A K AN
AR AR [7]. ZE 2524 ,2020,40(8):2735-2742.

DENG X X, SHI Z, XIAO W F, et al. Effects of drought and
shading on growth and photosynthetic characteristics of Pinus
massoniana seedlings[J]. Acta Ecologica Sinica,2020,40(8):
2735-2742.

I R SN S5 L IE A O R VAT AR £ R Tk
T KA B MR 00 S I 2B R A R [, R AR 25 22 3R 2021,
32(2):513-520.

MAY, SU B L, HAN Y G, et al. Response of photosynthetic
characteristics and non-structural carbohydrate accumulation of
Betula ermanii seedlings to drought stress[J]. Chinese Journal of

Applied Ecology,2021,32(2):513-520.



38

Ji WS, S5 KON BRI A AR oA AR ERRE S

5 3

[25]

[26]

[27]

(28]

[29]

EINFD, XU, 25N 45 AN IR ORI KT R A 24 U
EEFREE T AR A1 G 5 4R DO (7], RS S
2025,49(4):624-637.

YAN X L, LIU G M, LI X Y, et al. Photosynthetic characteristics
and chlorophyll fluorescence parameters in Schima superba
seedlings under different level of nitrogen addition and NH, -N
to NO;-N ratio[J]. Chinese Journal of Plant Ecology,2025,49(4):
624-637.

VRS, PR, BT, A . O o T I o B A9 AR ot
ERFEAIH R IO S BT [1]. Z5F MBI TT ,2022,40(2):
225-231.

TAO L J, TU S P, JIN LY, et al. Effects of light intensity on
photosynthetic characteristics and chlorophyll fluorescence
parameters of leaves of Euscaphis konishii[J]. Non-wood Forest
Research,2022,40(2):225-231.

P ARG, AR, AT AT A ik A 4 A A
AU S SRR VOGS BN (1], R 2017,37(5):
1515-1524.

LI Z, TAN X F, LU K, et al. Influence of drought stress on the
growth, leaf gas exchange, and chlorophyll fluorescence in
two varieties of tung tree seedlings[J]. Acta Ecologica Sinica,
2017,37(5):1515-1524.

BB, 9575, BIkiE & TR ARG AT o
R POUAI R BTS20 [J]. BT AE S 244 ,2018,29(8):
2485-2492.

WEI Q J, FENG F F, MA Z Z, et al. Effects of drought and
rewatering on leaf photosynthesis, chlorophyll fluorescence, and
root architecture of citrus seedlings[J]. Chinese Journal of Applied
Ecology,2018,29(8):2485-2492.

R, BRI R, & TR DA SSGEL DA

AR ERREVE R R [J]. RS 244 ,2018,38(6):2041-2047.

[30]

[31]

[32]

[33]

[34]

LI R J, CHEN X Z, YUE C L, et al. Effects of drought stress
on the photosynthetic characteristics of Viburnum japonicum
seedlings[J]. Acta Ecologica Sinica,2018,38(6):2041-2047.

E b, AR, 2R IR, A TR 2 Tl A A A £k
FRVOCRFEMISE [J]. R AR 2224 ,2015,36(1):85-90.
BAIJJ, WU J W, L1]Y, et al. Effects of drought stress on
chlorophyll fluorescence parameters of two fast-growing tree
species[J]. Journal of South China Agricultural University,
2015,36(1):85-90.

WAL, B, Eh S ISR S R BT SRR (0], A
AEPEEAAR 2021,57(1):19-32.

PAN Z L, GUO W, WANG T, et al. Research progress on foliar
water uptake[J]. Plant Physiology Journal,2021,57(1):19-32.
S 2R T3] SRR I T AR K 20 B T2
Wiy [D]. 3%« IR R 2023,

SANG Q T. The effect of drought on water use efficiency of
Populus alba X P. berolinensis was studied based on control
experiment[D]. Luoyang: Henan University of Science and
Technology,2023.

JTMHARRE L2023 4FT M T AR AR [2].2024.

Guangzhou Meteorology. 2023 Guangzhou climate bulletin[Z].
2024.

T FRTEM SR, SF NS X RORT
TR R B AT FA LA s (0], AR RS 41 ,2022,46(9):
1077-1085.

LI'Y D, SANG Q T, ZHANG H, et al. Effects of air and soil
humidification on the growth of young Pinus sylvestris var.
mongolica trees in semi-arid area of Inner Mongolia, China[J].

Chinese Journal of Plant Ecology,2022,46(9):1077-1085.

[ ASCHRL: WEHRT ]



