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AWBETE A TR pH . B EBBRLE.
T2 EBLREE 5% 5 # R [ 107 #5538 , I At
DL MG 2 SR AR X B L S BRBUR AI AR 4D
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1 HWEMBEFE

1.1 #EWiEsEmaE

L TF 2014 4 4—7 A WAL o BB B R
EMAEFMATBERNFT, HMBAERN
26. 35 °N,106. 42 °E, FR M HI W47 #h F 345k B L5

HEEIHRHERERAEE S L, 4 A 2088
YT 2 LRERNBE, ARKRERE, FKY
hil BERERAGN . HWR/BRNA 22 T/28 C,%
SBEN 6515 %, AN 14 h, R RIERE N 300
pmol *m™2« s PPFD, B X 1/4 IREMEK =
BERBEFMEYHE> ™, 6 H2¢ B, WERK R
H—S Y 4 R 5 #1475 MORESE B L3 (R
D, HABFE MK NaHCO, i 6 C H ¥ H — 6. 69%
PDB,LIERK L EFR WIS H,iEH CK, 23
REEE 15.25 RFITHASEHR E , B MR
BEEWE 5 K.
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Table 1 Simulation of 5 different adversities

1] mEF &
SEANBCK) BREERME
MHEBEHRZE pHNS 105 MEKRZERE,HM 10 mM
B (MH) 1 NaHCO; ,NH, H; PO, B3 FE 7 0. 25 mM
pHN 8 1+0.5 MEHMZERME, K 10
mM # NaHCO; ,NH, H, PO, # ¥ BE 4 0. 25
F8(DS)
mM, % fil 60 g/L # % Z = B (Polyethylene
glycol ,PEG 6000)
pH X 8.1+0.5 WEMZEFHRW,HM 10 mM
EBE(LP)
& NaHCOQ; ,NH, H, PO, B ¥ & % 0. 02 mM
BEEBBEL pHWS2L05MERLERE. B0 20 mM
(HB) # NaHCO; ,NH, H: PO, B9¥& ¥ H 0. 25 mM
H¥8.1+0. 58 1/8— B2 , ¥
EERLN) pH X M1/ BRZERE. BN
10 mM £ NaHCO;
1.2 MEHZE
1.2.1 kARG RE

E49:30 3 11.00 #E, AEHEXLEGME R
% Li—6400(LI—COR, Lincoln, NE, USA) | €t
MELARSBEFHNERAERP), BBESR
(Y5508 F (g0 . THREF 5 K, KAFHBE
WUE= P./EGERZ% X#R[250).
1.2.2 *@FRALHNAR

HEREXSHEAEEXNRSWERSE Li—
6400 (LI —COR, Lincoln, NE, USA M E. W&
B BB B HEAT RS E L 30 min, BARATE R O
LTI, HYE 4 FTEeRAMEATIRIE.
EHE—-AMUBEREICRMETE(F),E 0.8 s
B 1 ALK i (6 000 pmol « m™2 « s71) BEHE I
BRFEN(F) RS IIPSID Rm¥ R RE L3 %
(F,/F)O MBS (F.—F.)/F.itE#%74E,
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1.2.3 8CealzE

EYHE 1 hE2RAHEHT CCHNE.
HYH R BT 08, 5, IR — & B LAt i
17 B CO, &4k s 7 MAT — 252 i I (Mat —
252, Finnigan MAT , Germany) F #4781 E, &
WEHR/DNT +0.2%, 4R 6 CPDB £5 (i
R&E3W27]).
1.3 HESH

Fif S B R Al SPSS 13. 0 4 it 844 & Ex-
cel MHHTERBERHRE (LSD ) RIEHE,

2 HZREHSW

2.1 XEERX S Fhik 554 M &

EE IS K. MKW HE INLATHAERR
e A EE(P,), i DS 4B T HREMLE K P,
W/, LP & HB At BT RK W S B 0 P BE{K T
CK X MH At FRREM M P, (% 2), F¥iEibH
THmshE M PS/NT CK AT HEN P, K,
DS BT P &K, LP.HB #1 LN 43
THBGEN P.BRAEBEERP <0.05), 25
R, EHEETHEMLGEHN P.H/NF CK BT
WK P,,DS LB T RKW L EH P. AR B,
MH.LP.HB #1 LN &t F MM HH P.RA R
EERP<0.05), FHBABTRAEHEH P
ARB/NF CK BT HWAZR P, e MH #1 LP &
BTHBEN P RABEXEF (P <0.05),HB
A3 T WAR LR PR, DS AL T M R4 4h # 4
BEFET:,

B15 X, LN HETHKREWOEHKILEE
(g)E CK BT HERH g REBEER(P <
0.05), HAZMEAB TR HH g X F
CK A BT RIE B E B/ (FE 3),DS AL BT BB 4h
WK g Bk, MW BAESTEETH ¢ WH/NF
CK B TRME, A, DSAETHBSEN ¢. &
R MHM HBABETHZHE N s BEBEER
(P<0.05, %25 X, & AT KW H 8
g HAX T CK ALE T W{H S 8 F W/, DS 43 F K
P Sh B8 g AR B AK,LP.HB A1 LN 43 F BRI
WHHH ¢ BEBEER (P <0.05), MH.LP Ml
LNZETHGHER ¢ RREF/EERT CK &b
HTHEH g, RA HB LB THRGSEN 2. B F
KF CK A TR HIE, LP A TR 8 g,
BH.

% 15 X,CK.MH.DS 1 LP 4b 38 T BRI 4 i

F2 FEAFRLRTHRRENRNESHN
BHREER(P, ,pmol » m™2 « 57"}
Table 2 Net photosynthetic rate (P,, pmol * m™? « s7') of
Jatropha carcas and Pterocarya stenoptera seedlings

under different adversities

i A i SRS 4 LSl
CK 4.987 + 0.398 b 2.728 £ 0.038 a
MH 4,390 £ 0.066 bc  0.858 + 0,032 f
DS 0.271 + 0.098 e 0.051 £ 0.012 g

15 R
LP 2.583 £ 0.210d 1.057 & 0.067 e
HB 3.075 £ 0.503cd  1.022 £ 0.034 e
LN 6.256 £ 0.561 a 1.137 £ 0.079 e
CK 6.717 £ 0.339 a 2.7974 0.054 a
MH 4.094 £0.323 bc 2,502+ 0.068 b
DS 0.658 & 0.101 e -

25 K
LP 4.570 £ 0.374 be  2.359+ 0.042 b
HB 3.826 & 0.063 c 1.780% 0.023 d
LN 4.043 £ 0.428 be 1.989% 0.036 ¢

B —RrEPRC, ARERE. PHEIEREREG=FEY
BRRER-BEKFP<0.05 T, BdREEFEMNE (BB

MR- EHETERBER.

£3 FRASEHLETHREBNNGL S

HMSASE(g. ,mol * m™?

Stomatal conductance(g, ,mol * m™? « s7')of

Table 3

e s7)

Jatropha carcas and Pterocarya stenoptera seedlings

under different adversities

B} 1] i8] FRPCH S Bigsh
CK 0.040 £ 0.004 b 0.034 + 0.001 ¢
MH 0.022 + 0.001 ¢ 0.011 % 0.000 {
DS 0.001 £ 0.001 d 0.004 £ 0.000 g

15K
LP 0.023 £ 0.002 ¢ 0.020 & 0.000 e
HB 0.024 & 0,005 ¢ 0.011 =+ 0.003 f
LN 0.041 + 0,008 b 0.023 £ 0.004d
CK 0.077 £ 0.004 a 0.019+ 0.000 e
MH 0.029 + 0.002 ¢ 0.025+ 0.001 d
DS 0.004 £ 0.001d —

25 K
LP 0.034 £ 0.002 be 0.061+ 0.002 a
HB 0.037 £ 0.004 be 0.012+ 0.002 {
LN 0.037 £ 0.005 be 0.050%+ 0.000 b

- RAENRT, EMERE. PHEIFEREREG=5FEF
BRRER-BEKFP<0. 05 T.EBIRERFENFE KRB
X —SBERTER B EEIN.

KK FAMEBEWUE)EEM®XT HBM LN AR T
BB B 1H (% 4),MH.DS #1 LP 43 F BRI 4
W WUE 5 CK Zb3 F R WUE ML EHE &
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NETHREE FEAELBEABEER(P <0.05),H
HORMRENEBERTEMAE. %825 X, &1MAR
AETRRRMSEN FEYIREEEER (P <
0.05), MH B T WA E 8 FEDR KK, DS
A FR T RAZ Y F N 8 ,CK 1 HB At B K
FEEEBEZR(P<0.05),

FES 15 K, BT DS b E TR & 1 F,/
F.EHBETHMAET QEAFTEES, HREL
BEFRRME F,/F.EREREER(P < 0.05),
CK.MH #l HB - B T H#Hm4E M F./F.HERAE
EZERP<0.05), HALTFHEASLETWEY
BEE. DSH LP 4B TRBLHEW F./F.HR
R EWMEZRBEFBEER(P <0.05), F 25
AR EBRT DS A T RRRM L H F,/F.EH
BT HALET fEH TR AR K AR T AKX
WH F,/F. HBAEBEEF (P <0.05, CK.MH
MHBABTHRBSEM F,/F.EHRREAREE
BMP <0.05),DSABETHHEM F./F.EHE
=K.

2.3 6BC Xf 5 Fhidki 5% i na B

% 15 X,MH fl LP 43 T RRBUR 4 9 6°C 1E
55 ,DS A BRRK A #Y 6 C W &K ,CK . HB #
LN 4 H T BB 0B C EEF AW B (P <0.05)
(£5), MH fl HB &t B T MR B 4 H NAAES

£5 FRAPELBRTHRRBMRNGLEHRE
BB RARK (6°C, %)
Table 5 Stable carbon isotopic composition (6" C,%;) of
Jatropha carcas and Pterocarya stenoptera seedlings

under different adversities

it [ i3 RSO B
CK —29.68+ 0.013

R SE
—35. 28+ 0.023

MH —28. 34+ 0.006 —34.01% 0.013

DS —32.91% 0.007 —35.16% 0.017
15X
LP —28.57% 0.022 —37.01% 0.033

HB —29.75% 0.015 —34.89%£ 0.015

LN —29.84% 0.010 —37.02+ 0.010

CK —32.34% 0.005 —35.621% 0,002

MH —26.98+ 0.006 —33.44+ 0.016

DS —31.34+ 0.011 —32.23% 0.009
25 K
LP —31. 60t 0.007 —35.83% 0.017

HB —29. 29+ 0.002 —32.93+£ 0.012

LN —30.57% 0.009 —35.31% 0.003

#oBC {E,LP 1 LN b BT W ## o C EHEK.
CK fi DS B TWBZE ) “CEHERAUE(P
< 0.05), %25 K,MH & BT HRKW G H K 6°C
ERRE,CK LB T RRRM K o C BRI RARE,
DS F LP At FAREM B O“CHERAHE (P <
0.05), DSAABE T WL E K s C EHMEF, T
CK.LP # LN 2B T M4z o C (E &k, B
6] 2 5 A 8 & (P<0.05),

3 3t i

A ERREYBUATNERER, ARED
T 7 [5) W 3 4 1 0 LA O TR G Ot e T T
THBEREZ £ 5% ATP L X NADPH #9452
FR, %M RuBP RIF 4, SBOL S HE TR . K
WA B A B h YR BE (0. 02 mM) M R $2 4 R
B, EEH (15 R AR TR, R ZER
M8 %S, W 1 E A Y AR R 0T DGR A A AL
1 77 ROEAR T 3 LB A R B , IR B 1
A #T™ . E, FE P8 R 22, IR 40
HHEERNBIAKRE.

S5EBAEARKNE, KEFRLRBTHAERT
ZONR BB METR D) MY T RAE YA B
Mk, BRZAETHBESEMXN TR HEAE
. BRRANE KA RIEHNEA B )
0.13 mM MBS EKFEA/B-—ERZEFRBOA
SMFRERMAESEAT=ENH. ARFERTR
ERBBRZHEAAMNTFHOAGERBETH
FET BRI B LSRR Z KRB DOREF
B MR B T B

W 7y 4 3 A 0 E RO DL B E R R R AR
TxtHlA HCO; BEARRNAMHES, REHMT
LB R R A R F A EFEF ST, TR
KA EERBEMBSERRE VR T UREBHE
RIFBANRENICA RS, AT H LR 5
R . B4 6 BE X 4% 3 4R i 8 B
WA R 3 A R, A N 2 R R AR R,
SR T 45 Foh 3 B (F B2 BR A1) K 3 B 38 84 0% & v B 1
I AT 38 R

ETTEREHE, EREHTRKHHE, B
BB FIBR A 4 B & 3 R 1 K IRBRR, MY S
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FABL, ST, A X T 00 4h R 1, BRI 4 8 B9
BHREREURKGHNAREETRESETHERNR
HiFFRG, TEMNRBEEEIHMEHBERERT
R, R ERREREEFRMET, ESLR
BN, KR CO H#AMAARZRERT , BRRA
20y 838 1L 3 0K 43 ) P AR R 4R R RALBRIRBUS
T f Bk A0 8 R BR L 38 T, 4 391 3 1 A ) 38 1R
{5 804 &0 ¥ 38 I K 43 ) R 35 6 o 8 o L X T AL Y
KB, LR EEERMER#HT. AR
FIMHR RN, BREH KSR ARREHYE
o7 W& e i B Y — P R L

PSIL B i ORI RE @ ot F, 9 {8 Sk R Bt
F fER38 i 8A PSIT i R 0 1 o B ARES , R BAR
4 1 PSIT KR o0 15 4 TR 78 S A 8 R K 3 0 4
BT ARERERE, RZHEFAWENE, T
WAz PSII R PO ZEMEEH TR KB
HREFRKEW, MIEE TR, F./F. 072006
WRRHYEEE R EEHZHE" . REWLE
ERFSIRARLEE B TR F,/FEHR#EHA,
HPSHRMHORAZHRG  LEERRIRE.
0 52 AR B 3 5 X A 4 1 B O B 45 1 1 RRLBE K
BEIR, ME T PSII RO S,

P ALRESE F K S P CO, , [RIRT & BEF) F
Qb HCO; ERBEMIEY, A B S R4 T LK
WL WRAERYIX HCO; M A EEKBT CAKS
fEETERDY, YRR P CEBERRBER
53415 i3 8 LB R R A L AR LY, A
3T o B i NaHCO, B9 6% C 5 7 —6. 69%0, &
ELERBHASR COH SPCHEN—14.09%., L&
B L EFW PR REOR 4 i, 40— Bt [ 1)
B R AR, HOb A LGSR R4 BE 7 g B i 5&, 25
Kt 0% C EAMXF 15 R EAE w1 .
ZEFHN 10 mM # NaHCO, J5 , BRI 4 8 ik Fr 6 C
BB ERRE, A HX A HCO; #F| A 7EH
I, WAR A 40 8 X B HCOS 4 1) R 38 2R A F Bk
PR, HOUCHBRAEBERNRE. EFRE P NaH-
CO; ¥R iy 3 4m (20 mMD) 48 3 P 3 1% A 12 7+ BRI
FMRBLESTIRA HCO; BWFAIA, &3 KBEFH K
PR IR X BN HCO; B R AR A Bl in, 18

B HOCCHEMM T BYE/ENRE., F
WMEMHHRERBER, MY FAH HCO; &
&, H i o"CEBMIE, ¥ HCO; W oCHEW®
AR CO. M “CHEENRE. KBRMEERLE
TR PGS E 2T KA REHERN. A
BENBFRARTEM K CE S B LYE
FREZEER, WHEIEA HCO; WRIABRHE
B EEk,

4 & iF

A Y S5 R e A S A WL B R
P, (75 B N — R 0 e R TR B R L
SFROE RN, AEY S SR T S 0 B, T
ERB ST RN EA R EE RS
fErm.

EWRFABERXRE S HCO; HRERMKELR
FLRSUS S E 0 HCO; MiFFIfE HES TR
A T B AR 78 7 B 58 % 180 b 0 0 LB O
HCO; HyREH A=A B0 . BRBUR 4l i 56 7 Fh TG4
BRIR A0 P RS I B B R A EREBCE R A K,
BT I A B BB H

C2) BRBUR 40 85 76 (B . R0 ok 4 01 75 EE R R B0 3
BRI BTSN, SR ERTERARE
EWAO R T BB KR4 BN 2. PRSI
A 8N IR 2 BULF S (F RN [,
ZEBEWKE YRGB, T2 RMHEN LS %E
HI A5 DR R AT S 1 A X 3R BB 4 T B O
BENEH TR,

[ O, 7E L1 3 f5 K 55 5 B R R OB, T S
Y% 0 AT A OB 48 U 5 B A LA

% ik
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Photosynthetic physiological response of Jatropha carcas and Pterocarya
stenoptera seedlings to five simulated karst adversities

XING Deke', WU Yanyou’, WU Yansheng', YU Rui', LI Minghong', YAO Xiangping'
(1. Key Laboratory of Modern Agricultural Equipment and Technology, Ministry of Education/Institute of
Agricultural Engineering , Jiangsu University, Zhenjiang,Jiangsu 212013, China;

2. Research center for Environmental Bio-Science and Technology , State Key Laboratory of Environmental Geochemistry/

Institute o f Geochemistry, Chinese Academy of Sciences, Guiyang,Guizhou 550002, China)

Abstract The karst ecosystem is vulnerable and rocky desertification in karst regions develops rapidly. The
situation of karst ecosystem becomes increasingly severe. In order to quickly build a stable forest ecosystem,
it is better to select the appropriate plant species to carry out revegetation. Research on photosynthetic re-
sponse traits can help to quickly identify plant adaptability to karst environment. In this study, 5 different
karst adversities including high pH, high bicarbonate, drought, low phosphorus (P) and low nutrient were
simulated, and Hoagland solution was taken as control. Jatropha carcas and Pterocarya stenoptera seedlings
were cultivated with these treatment solutions synchronously. Photosynthetic response traits of these two
plant species to 5 different simulated adversities were analyzed through determining the photosynthetic char-
acteristics and variation of stable carbon isotopic compositions (8 C). On the 15" day, the net photosynthet-
ic rates (P,) of J. carcas seedlings under alkalescent, drought, low P, high bicarbonate and low nutrient
were 4. 39, 0. 27, 2.58, 3.08, 6.26 pmol * m™% « 57!, respectively. On the 25" day, the values became
4,09, 0.66, 4,57, 3.83, 4,04 pmol * m™? = s7', respectively. P, and water use efficiency (WUE) of P,
stenoptera seedlings were all lower than J. carcas seedlings. P, of P. stenoptera seedlings under alkalescent,
low P, high bicarbonate and low nutrient excepted for drought condition all increased on the 25" day com-
pared to the values on the 15® day. On 25 days from the onset of adversity treatment, WUE of J. carcas
seedlings under drought stress increased significantly, and was higher than the value under other adversities.
However, WUE of P. stenoptera seedlings under drought stress remained the lowest compared to the values
of WUE under other adversities. Initial fluorescence (F,) and primary conversion of light energy of PSII
(F,/F,) values in J. carcas seedlings were independent of adversities, there was no significant change. But
the value of F, of P. stenoptera seedlings under drought stress increased significantly and F,/F, value de-
creased significantly, photosynthetic apparatus of P. stenoptera seedlings suffered more serious damage un-
der drought stress than J. carcass seedlings . On the 25" day, 8"°C values of J. carcas seedlings under those
adversities were more positive compared to that under control, the intracellular bicarbonate use capacity of
J. carcas seedlings was higher than P. stenoptera seedlings . The utilization of two different inorganic car-
bon resources in J. carcas seedlings enhanced its photosynthetic carbon fixation efficiency and growth poten-
tial, improved the adaptability of J. carcas seedlings to adversities. Meanwhile, higher WUE under drought
stress conditions helped improve the inorganic carbon capture efficiency of J. carcas seedlings . And the
damage of drought stress on photosynthetic apparatus of these two plant species was irreversible, but J. car-
cas seedlings exhibited better photosynthetic capacity under drought stress conditions compared to P.
stenoptera seedlings . Therefore, in the water deficit hillside environments, it is better to plant J. carcas,
whereas along the river streams dank environments, it is better to plant P. stenoptera.

Key words photosynthesis, chlorophyll fluorescence, water use efficiency. stable carbon isotopic composi-

tion, stress
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