i E S
CARSOLOGICA  SINICA

F40E 3
2021 4£6 A

Vol. 40 No. 3
Jun. 2021

TREERE, T 8 B B, 26 ARHR KR 5 R S Rp A ) B AR SR RSB mA N [T . v B, 2021, 40(3) :459-465.
DOI:10. 11932/karst20210302

[RIE S 7K T 5 FIZHr 4 i B it
M43 2= o St Y Al [z

A, F £, %L, ZLEALRERL,E K AR
(1. ARRLELEEBEARAA TR EL LT/ I HARFRELELE ISR, L 44T
212013; 2. RFEHFEALF AR T ETHLE/PEMAFRLEALFHE, TN KM
550002)

T OE W E MK RS S K AL B SR AR A Y 5 R T RE A A R, T L SR SR, Ay
e 25 4 ) 6 £ o R B 0 LR E o AR R - SR AR (Rhus chinensis ) PSTLRL R H G I VB HL -4 i 52
R K AR E 19 G RS A TG 2 OR AR £ T 2 M B Y AN WIS N 5 A ( Broussonetia
papyrifera) M 48R4 ( Lonicera japonica ) W P2 22 Wk B 32 W7 T w5 B 5 48 T A2E , F9 AR PSTL SR H o %
IR MU, FLE P T e % A X B 5 4 22 0 KB T A IV . A AR AR G A 45 H T PSIL R 0 R IR
JE 5 J(Pyracantha fortuneana ) W 4% 28 W 8 2R 4 /NI IR BRSO & S50 ¥ TH2 € | i T8 1

KA HEFE A B Wi 48 0 s ¥ 4E (Myrica rubra ) B F 15 136 R K G 22 ROR B 8AIG
K KGR R D LA VR K i TR I R A A

& 42 5:Q045. 11 X ERFRIAFG:A
X E 4 S:1001—4810(2021) 03—0459—07

0 35l

[

H I Y T e A0 DX Ak T By e AU T X
X, R S, A 30 70 A AN 2, H bR = %
VAR 5 52 B i i) A0 B 0 2 iR KOs RS |
R R R A OB T rEE | IR AE
2& , P B B T R A0 B S A A i P R 2R
S B AR AR K S R RERD A IR
PRGN 2 NZEAN G B TF A AT, A p— L
BEREIR , K L 8 ™ L AR PR 1) £ AR T 1) A e,
FOE SR b XK B8 U A 2 AR 2 ) B
LR VR A2 S PG o Vi 30T A A BT A S E Y
KREEL PR, 1 AT 55 R £ A E R A

FH R (FFEARS ) FRIRE (0SID) :

DR TR 8 07 R A 25 2R 40 il b ) R M el e
W 30T R 3 A ) B AR A b TS 7 e T RE IR LA 3R
AR ) RETE A SR P AR K, BETE TR A K
T EAERKBREEE IS TR AT AR,
SR, W58 4 5 B 58 E A e JBE S o e, A ) s X 1 S
IKBE T 28 5 255 | R P 45 S ) i A 1 SR 30 5
B4R AE (Lonicera japonica) 3 .4 Fh B4 & 2 4F
A2 SR G N H R 2R RE R, A ROE R e AR
TR 2y, A T IR N BB AR b, A2 36 g 5 L
P Kl (Pyracantha fortuneana ) F 3% 1% Bk K K
J& R REAR TN AR, B RAFRYIE R ROCR 0 R
At A AR 55 1) W FIRBTRE 1), B X LR ™,
it 5 9 , PL T 5, A 1R . M (Myrica rubra)

FHAWH  FERE S LRI E (2016 YFC0502602); FFK B AR FLF 34 (U1612441) s V1548 H AR A5 4 (BK20180863) 5 YL i AL A 2 B

B T AR B H R Bl & (2014)37 %)

SE—AEZ WA TWAERH1983—) 3 W, Lol 5 1) AR B A #/E S . E-mail: xingdeke@ujs.edu.cn.
WAFVER R A (1966— ), 5, W5 51, 1 B g p e 2 22 /2 b BR AL 2% 5% .- E-mail:wuyanyou@mail.gyig.ac.cn.

Wk H A : 2020—02—01

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



460 I

2021 4%

R IR NI R B, AT AR e 25
B AR SR B AN A, 32 200 A 1R 2R 1 T R
TLULI AR T AR ARG = F L B A5
ShBA DA o HEGRARE 2R A B XD
A MR LR K RAF NIRRT . ER KK (Rhus chi-
nensis) BB RFER IRA & v /N R BGRER, 23K
) 2 PR A, A= T 1) BH L VA A R B AR
Rt NG LT A A [ S O (152 S (O )
( Broussonetia papyrifera) J S FHA J& % TR AR, A
B B 25 RN (E I AT AR R G AR Rl 3 P
S, T T SR MR AR TR, 2R T A KA I
Moo b A A RE A ST R M DX R AL, 7 B
17K 3 2% T T B AR (R R AR R
JE R 555 A 18 AT i AN ), O e KR JEE
545 AR ) T i S0 R G 555 A 5 A IR O i R v A
A, %k HEOG 5 3 AL ) 22 66 1 T T ) A9F 5 A R T AR
Yy 5 5 Btk v ke T RAE B RO PR R E L s
BEEAE.

TRMHA S YK R R R 2 AN
[ FR K, B 3 AL G D B E 2 IR,
SFHOCAME NS Z 8 Ot E TR
B A 5 BT A 0 A R e A A SRl
A8 J5A] S 7 R T WA B DG BE A% 128 B Ak Dy v BE A it
FErh, A —ER L RE UK w5 oy B i
LR RV I FRORAE N E M RG-S 1E i R ot
R GEXCRE RN A i AR 3 S T T B AT 0
FREOME T, 5 RMLE” B SRS AE B AR 1L, 20 R
POCSHE A M NTEE RO 0 RS
L) 32 30 e JEE 4 AR 5, T LAPRE | SR ORI JC 168
RO e 38 N e A VR R L5247, A )
Ve R TP AOERRE A TR AT LA T ff A 52 i B
WO BT, EEE N T BT AR R IO
TE PN 9 AR B A0 2 B0 I s SR F 58 R ) B 0 A
RRIPIEFER R (IR 2%, BRIy 1a] m] Lo
B AR SCE S AT ST LR I SR A i A
TR T EE SRR R i s R PO S B 284k
0L, 70 A HOE B i R R R AE , S R B0 P A PR
AT ZE B AL AR Al 328 117 S B & 0T 5 s 559 2 B A S 1B
S ok AR PR Y BRC DA O 48 s v AR A
P05 18 A S AR ) -5 I SO A A 5 AR LA A, A
FHAE 75 16 R 0y BRI S 55 14 8 S0 e 2R A5 B3 4
PERR AR

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

1 HREXEE

SETE 2018 4F 6 H Ay AT, RAE A T BN A
FEPE T 2 AR KU S A 5 X, 1% M 3 2 s 3
5 M 50 2H A, VR E 1.000~1 600 m , 4F 34 [ FR & 7E
1200 mm 7547, 2017 4 °F- B[ K 528 1 167 mm, i
KgAK EAE 6-7 A Ay, BARKEIK 78 2 (AR 25 0 A A
Y &V Bk AP RIRAE 15,3 CAE A, B i i
5 24.0 °C, BRI E HF 4.6 C;4E ¥ H BB HCh
1400 h, 725 AR BE M 63.7 %
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SR (6 42 ) B e g SRR B RE . G AT I B B 4%
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TR AR I, SRAR P i B A 2 L R A — (5 4,
5 R SEA T ) Mt F 18 R AR A K I 28 4
030 min F7 790 30 min J5 L BUABZCIRES , U
RALJE KM R 18 A, AR TR A i e R ik
O PR R R T, T AR R XU s kA
FRIK  E IR R 23 C, 28 SARXHRIE K 46.7 %,
TEM R TR KRG BIER 001,246 8 /NI B Fh AL YY)
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JHA% [ 7 IMAGING-PAM i 1 =X i 28 25 58 6 il
1% % 4 (PAM~2000, Walz, Germany ) Il & 4% #8541 76 A~
[ 2 K B 2] By it 5 R ek T 8l 1 S8 MR &
538 1 30 min J& B 56 H 5500 6 E Wl LR 26 (F,)
Bt 5 FH 5 DR Y6 Ab 2 (6 000 pmol »m2-s™", Jhk it it i)
0. 8 ) MAF i Ko (F,) , R 58 (PSID) J7 4 6 RE
EAVKCR(FF )il (F, - F)IF 3K . RIGTT
FAERDG, FF 98 G ERR 2 )5 (3~5 min) , 1 s HOG F i
KAIC(F',) T /NI (F ) SRS 6 &
(F) o Hr Jetbz= K 25 (qP) @ (F, - F)/
(F', - F')IF5ARAS A B & HOR (ETR) W) 38
if PPFDx @, x0. 85x0. 5 115 4515, Hoh 2%k 0. 5 )&
KR 1A L AR 3 5 B 2 A4 17, 1T 3R 880, 85 3%
INTEA ST BT O 5 85%, PPFD J&2 b
A R S R E

2.3 HiEAE

S A 1R B B4 % FH SPSS 13. 0 8o 154 M Excel
A AT 25 5 S B R (LSD 725 ) B AR

3 HREH

3.1 AEKKEZEDMF KB RAMEERERN
T

WA HIACIRES T, S ARAE R IR A R B 41 55
I I R KB OB A o BB K 43 W 3E R ok
R R TR A A I R A A B B A Ol B G R R
BN UL, S ARAE A M RN B I 5 K R T B
BREER /N, TERIRESS K 8 h I BL T, SRR A - F 7k
NN B A, R G I R KB A7 AR v T Al R
W(ED.,

F1 TAEKRKEZIEYM R ABEEL

Table 1 Variation of plant leaf water potential at different dehydration time

FNE LSRN

Z1/h AL JR FRIRA bty L)
0 -0.98 £ 0.02a -1.58 £ 0.09 -0.87 £ 0.08a -1.34 £0.08a -0.85+0.0la
1 -1.65 £ 0. 13bc -1.77 £ 0.02b -1.32 £ 0.06b -1.71 £ 0.09b -1.56 £ 0.09b
2 -1.42 £ 0.06b -1.69 £ 0. 08ab - 1.49 £ 0. 09bc -1.56 £ 0.08ab -1.71 £ 0. 06bc
4 -1.87 £ 0.07c -2.02 £ 0. 06c -1.64 £ 0.02c -1.7540.13b -1.92 £ 0.15¢
6 -1.84 £ 0.09c = 2.20 £ 0.00d ~2.36 £ 0.01d ~2.20 £ 0.08c -1.98 £ 0. 09¢
8 -1.98 £ 0.12¢ -2.29 £ 0.04d - 2.64 £ 0.09% -2.11 £ 0. 0dc - 1.80 = 0. 08bc

TE P BUE R DR 2E (n=5) J5 T FHERRE [l — B E KT P < 0.05 T, il 8L R 225007 5 o R 06568 ) — 3 A 2508im 4 47 25 57 S 35 1R 40 HT o

IR ACIRASTS |, KR - 200 M0 0 e, 2
BRAE R IR AT B AR XS LA . B i R e K Y
TR e JUR A 2 0 930 2 8 T e e K, KOBRAI A A
AR AR, HL ORI A A - R 48 M 9 8 A

K S/NBFIE S5 6 /NI AL IR R E X F . &
BRLAE I P 200 R B IS OK B 4 /st LR O (A
AN o AR R 4 TR SR U A S K 5 2 /N L
JR A B (R 2) .

F2 AERKEZIEWHFAERRENEZL

Table 2 Variation of plant leaf cytosol concentration of solute at different dehydration time

RIKIEF LLR/EIN
Z1/h AL Kk FRIRA A L
0 0.40 £ 0.01c 0.64 £ 0.04d 0.35 % 0.03e 0.55 % 0.03c 0.35 =% 0.01c
1 0.67 4 0.05b 0.72 £ 0.01c 0.54 £ 0.03d 0.70 = 0. 04b 0.64 £ 0.04b
2 0.58 4= 0.02b 0.69 = 0. 03cd 0.61 = 0. 0ded 0.63 == 0. 03bc 0.70 = 0. 02ab
4 0.76 =4 0. 03ab 0.82 £ 0.02b 0.67 £ 0.01c 0.71 £ 0.05b 0.78 = 0. 06a
6 0.75 = 0. 04ab 0.90 = 0. 00a 0.96 £ 0.01b 0.90 = 0.03a 0.81 = 0. 0da
8 0.81 =+ 0.05a 0.93 = 0.02a 1.08 + 0.04a 0.86 = 0.02a 0.73 =+ 0.03ab

TE P BA bR R 2 (n=5) )5 I FREFRORTE R — B E KV P < 0.05 3l id BRI R 7 22 5047 5 ¢ K36 5% [R)— B iR B8l A T 28 e 8 35 1R 40T o
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FOKFECEIAL F, 035 T R H AR K
N 220 6] B {2 [R) A 3 25 5 o ORREY Fo7E it 2k
JKER 2 /NI B R e (L, 2R 7K 55 6 8 /NI 1 DU e
i FRBRAR F 2 7 R K 5 8 /N H B (i, 2%

KGR 2 /N AR AR, A 2 K s 22 [ (9 (0 AT 3
5t MR F AR B JKES 8 /NI B AR, HiAy
25 K st Za ] B 0 T A 22 5 . MR B F A T
R IKES /N A e i, R 7K 0.6 Fl 8 /N ) 4B F
i S5HAAEYIH L, BE S K i 20 38 i, 4R AL F,
AL IR RE R /IN (K 3)

®3 AREKRKBZIEDMF FEZEL

Table 3 Variation of plant F, at different dehydration time

LR/R2N
RIKIZ/h
S I ERIRA L i
0 0.17 £ 0.0la 0.18 £ 0.01b 0.14 = 0. 01bc 0.18 £ 0.0la 0.14 £ 0.00c
1 0.14 4 0.01b 0.18 =4 0.00b 0.17 4 0.02b 0.17 £ 0. 0lab 0.20 £ 0.01la
2 0.16 £ 0.01b 0.21 £ 0.0la 0.12 £ 0.01c 0.18 £ 0.0la 0.17 £ 0.01b
4 0.15 4 0.00b 0.17 4 0.01b 0.13 = 0. 00bc 0.16 £ 0.0lab 0.17 4 0.00b
6 0.15 = 0.00b 0.14 £ 0.00c 0.13 = 0. 00bc 0.14 £ 0. 00b 0.14 =+ 0.00c
8 0.14 £ 0.01b 0.15 £ 0. 00c 0.22 % 0.02a 0.11 £ 0.01c 0.13 4 0.01c

TE PR bR R 2 (n=5) )5 0 FRERORTE R — B E KV P < 0.05 T, Jlad B R R 7 22 5047 5 « R 36 x [R)— B (X Bl A T 28 e 8 35 k43 HT o

KA B S FAE ) B B FJF, 35 5 AN [
FEPE AT R R AE AN JOBRAE 2R K 5 1/ BT B
N R ERJRARTESE 4 F0 8 /NS 14 B 0] g 21K T

AT ZN W e K ES 6 /NI T IR i 3% T I L 48
PFESE 8 /NI A (B e 1K o Bl 2R A [] 8 158 in A7 A 1)
FJF AHBRE/IN R e (K 4) .

x4 AERKBLIEIM R F/FHIZEL

Table 4 Variation of plant Fv/Fm at different dehydration time

ek i T4 F
Z/h SHRAE Pe A it Hat
0 0.71 £ 0. 00a 0.72 £ 0.00a 0.65 £ 0.00a 0.74 £ 0. 00a 0.71 £ 0. 00a
1 0.68 £+ 0.01b 0.66 £ 0. 01bc 0.64 + 0.01ab 0.73 £ 0.01la 0.63 = 0.01b
2 0.66 + 0.01c 0.67 £+ 0. 0lbc 0.61 + 0.01ab 0.73 £ 0. 00a 0.66 + 0.01ab
4 0.63 £ 0.00d 0.68 £+ 0.01b 0.58 & 0.01b 0.73 £ 0. 00a 0.63 £+ 0.01b
6 0.68 =+ 0. 00bc 0.65 + 0.01c 0.65 + 0.01a 0.71 £ 0. 00b 0.65 =+ 0.01ab
8 0.64 £ 0.00d 0.65 £ 0. 00c 0.40 £ 0. 05¢ 0.65 £ 0. 00c 0.50 £ 0. 05¢

T EIE PR IERRZE (n=5) J T T REFRORTE R — B3 K P < 0.05 T il i BN R 7 28 004 55 1 A 3006 ] — 51 ) Bl 2 A7 28 S 8 20

GARAEIY qP (H3 WFaE , 2 KK /N, Eh
A B qP (ETE 2 K A5 4 /B P R B R g, A
RIKE 4 /NI qP (B 5 o A A A 2 K5 1 /DNt
() P {EL 50 3R B, HL R Rl O KRR S R T B g R
R o JRAKAE LT R ) P (B 3 I T 2 7K O B 210 1Y
fH(%S5).

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.
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Table 5 Variation of plant qP at different dehydration time

RIKI H) 2K

Z1/h BHAE PR FRRA L it

0 0.41 £ 0. 0lab 0.24 £ 0.02¢ 0.42 £ 0.03a 0.37 £ 0.00a 0.49 £ 0.01a
1 0.34 = 0.01b 0.27 £ 0.01c 0. 33 £ 0. 06ab 0.17 £ 0.01b 0. 28 £ 0. 02bc
2 0.33 £ 0.01b 0.37 £ 0.01b 0. 38 £ 0. 00a 0.19 £ 0.00b 0.34 £ 0.03b
4 0.43 £ 0.01a 0.43 £ 0. 02a 0.15 £ 0.02b 0.17 £ 0.00b 0.27 £ 0. 05bc
6 0.26 = 0.02b 0.24 £ 0.02¢ 0.24 £ 0.02b 0.16 £ 0.00b 0.24 £ 0.01c
8 0.43 =+ 0. 06a 0.34 £ 0.02b 0.20 = 0. 04b 0.13 £ 0.00b 0.24 £ 0.02¢

T PR 2E (n=5) J5 T - B R TE ) — K F- P < 0.05 T,

W B RO 22 00T T KB ) — B ) B AT 2 S R

®6 AREIKKMZIEWMHAFETRIOEN
Table 6 Variation of plant ETR at different dehydration time

skt Hi 47
Zi/h LHTE il A talfy Haly
0 70.07 £ 2.05a 38.27 £ 3.14b 68.90 + 5. 31a 12.77 = 0. 27a 85.93 £ 7.02a
1 53.07 + 3.27b 38.93 + 1.05b 54.00 + 10. 17ab 16. 20 + 2. 80a 42.43 + 2. 25¢
2 47.53 £ 2. 49bc 55.47 = 0.72a 58.83 + 0. 32a 17.37 = 0. 69a 56.93 = 1. 74b
4 50.77 £ 1.74b 57.83 + 4. 37a 21.70 £ 1. 76¢ 16.97 + 3.97a 38.03 £ 0.46¢
6 38.60 + 2.40c 42.67 £+ 2. 44b 42.67 £+ 2.44b 18.80 £ 1. 55a 42.67 £+ 2. 44c¢
8 52.97 + 5.43b 52.93 + 2.43a 15.27 + 2. 00c 12.90 + 2. 10a 13.57 = 0. 33d

T PR E SR 22 (n=5) J5 T 7 B RN TE ) — K F- P < 0.05 T,

K3 W 3865 AEL) O B A FH B B2 22 7 T 1Y
AU E S BRI E S0, R 2 m e A
TFAE 38 F 5 5 RN AT S B TEE, F R PSR
IO H RS (B3I e B PSTT S 07 Hh O 345 1 R
iK™ F/F, W PSTT R H 0 3Z 4501 O, R AFE A
SEA RS R F AR, B IR /N R B PSIL N ot
S B AR R AR AE 15 P I 32 B 52 (R i)l i R
KW ETR Rt B 2 U6 i 1% 1 30K | P &
TG ZF K FAE I R WU i SRR FH T G2
A3 B A AR I R 20 R4y A K R T R
A MR RS T AN A — e R
AT R e S 2R B RN

SRAEM 7 B A B ROKBE T, SRR T g
RURPBEA TGN . PSIL I Hp o T M AE R 252 2 K 1

W PR R T 220 S KRB R — B A B AT 28 S AT

DL RIBNAGTE , i 11538 B v W i i) D't g
T AR 2 B /N . X ] BE S T
A AR A A B TR AR B 1 M R A G, i
T AEPITE A AR b A P B R AR T Y A
RENZ Dy il 1 5 8 7 i 7R 6 1) s I S vz 88 116 v 1, 4
FRHASE Al TR A

R 7 IR 3 Rt K SR BT, i 2
W BEAE SR 4 /NI A T B 2 0 . PSTL R 0 i
PEAE R IR 2 /NE B B B B SR T I 2 3 JEE 1Y)
A HO A A5 TRE , TR
- R W DG RE T e Al ) 3 B 2 T

FRIRAI TR 6 /NI IF 46 B 35 A9 K 2 O
R, I 30 5 R o AR A A L i K o AR ICRE T
I 7K 23 B DR IR 51 M2 3 L 3 0, L PSTT
SIS TR AR XA BB Tt AR 7K 7 E R AR
(K 22 -2. 64 MPa i) A TF U632 B, LA 45
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(1) FL 1% 32 S R SR 2 s il LG AL 4300
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AR, PR K s O A 25 AR 5E L T1%
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AR 3, S ARG ) R 1 12 3 Sk A SR T O A
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Response traits of the chlorophyll a fluorescence to saturation and
subsequent continuous dehydration in five karst plants

XING Deke', YU Rui', CHEN Lu', WU Yanyou®, ZHAO Yuguo', LI Lin', FU Weiguo'
(1. Key Laboratory of Modern Agricultural Equipment and Technology , Ministry of Education/Institute of Agricultural Engineering , Jiangsu

University, Zhenjiang , Jiangsu 212013, China;2. State Key Laboratory of Environmental Geochemistry/Institute of Geochemistry , Chinese
Academy of Sciences, Guiyang , Guizhou 550002, China)

Abstract The heterogeneity of karst habitat together with the diversity of plant adaptive mechanism makes the
reasonable allocation of pioneer plant in karst regions very difficult, which affects the efficient governance of the de-
graded karst ecosystem. Research on the diversity of plant photosynthetic adaptive mechanism can help complete
the anchorage of plants and heterogeneous karst drought habitats. In this work, the naturally-grown leaves of five
karst plants were selected as materials and treated with saturation and subsequent continuous dehydration. The
chlorophyll fluorescence parameters were determined, and the response traits of photosynthetic process were in-
vestigated, which provides a basis for the rapid evaluation of plant drought resistance. The results indicate that the
leaf photosynthetic process of Rhus chinensis exhibits better adaptability to great variation of leaf water content,
and the activity of PSII reaction center and electron transport rate are inhibited by high water stress. However, the
stable light energy conversion can help maintain the photochemical efficiency, which is attributed to the increasing
chlorophyll concentration. The leaf water retention capacities of Broussonetia papyrifera and Lonicera japonica are
relatively high, the chlorophyll concentration increases with water losing and maintains stable subsequently. The
PSII reaction center of Broussonetia papyrifera is sensitive to water loss, but the activity of PSII reaction center
and light energy conversion efficiency show adaptability to the long-term continuous dehydration. The photosyn-
thetic structure of Lonicera japonica is not damaged seriously, and the activity of PSII reaction center is stable.
The leaf water retention capacity of Pyracantha fortuneana is worse than that of other plants, but the chlorophyll
concentration increases significantly from the fourth hour. The stability of photosynthetic structure, electron trans-
port rate and the portion of light energy absorbed by leaf that is used for photochemistry are better than that in
Lonicera japonica under continuous dehydration conditions. Myrica rubra is a non-karst plant, of which the chloro-
phyll concentration decreases under long-term dehydration. The activity of the PSII reaction center is inhibited,
and the photosynthetic structure is damaged. Meanwhile, the electron transport rate of Myrica rubra is too low to
show significant variation as water losing continues, and the photochemical efficiency would be inhibited by the

low electron transport rate.

Key words water potential, chlorophyll fluorescence, photochemical quenching, electron transport rate,

photosynthetic structure
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