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Abstract; Calcium (Ca) is an essential nutrient for plant growth; however, high Ca concentrations have detrimental

effects on several plant species, while a few plant species have adapted to high levels of Ca via multiple mechanisms. The
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limestone soils of karst regions in southwest China are characterized by high levels of Ca, which have substantial influ-
ences on plant physiological characteristics and distribution. High Ca concentrations influence photosynthesis and might
even destroy organelles resulting in death of the plant. Adaptation mechanisms of plants to high concentrations of Ca are
very complex processes and are relative to all aspects of plant growth. Selection of suitable tree species plays a key role in
ecological restoration. In order to investigate the physiological adaptation mechanisms of plants to high calcium conditions
in the karst region of Southwest China, a pot experiment was conducted with seedlings of two species, i.e., Swida wilso-
niana and Choerospondias axillaris. To exclude the influences from other confounding factors, each pot was filled with
sand instead of soil. The seedlings were treated with five Ca levels, i.e., 5, 35, 70, 150, 300 mmol « L. The growth
and enzyme activities of the two plant species were measured. The results showed that the both species were the highest at
5 mmol - L, and tended to decrease with the increase in Ca concentration. The biomass of roots, branches, leaf and to-
tal biomass of both species demonstrated a downward trend as Ca concentration increase, but those of C. axillaris showed
a tendency to increase for the 300 mmol + L' treatment. The biomass allocation ratio was in the order of root > branch >
leaf for Swida wilsoniana, and root > branch > leaf for S. wilsoniana at 35 mmol - L. The biomass allocation at other Ca
levels showed a variation pattern of branch > root > leaf for both species. MDA content was the greatest at 150 mmol - L'
for both species. MDA content of Choeropondias axillaris was lower than that of Swida wilsoniana. The soluble sugar con-
tent and CAT activity of S. wilsoniana under calcium stress were higher than those of Choerospondis axillaris. The physio-
logical indices reached optimum levels at the Ca concentrations of 5 and 150 mmol « L™ for both species, while were in-

hibited at the concentration 300 mmol « L', which led to a decline of photosynthetic capacity. Our results also revealed

37 %

that S. wilsoniana had better adaptability to high Ca concentrations relative to C. axillaris.

Key words: seedling, biomass, solube sugar, karst plant, antioxidative enzyme
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TR0 A P R A B IRV TR AR S R G
DA FE s P B B P S, AR 16 ~
20 C, B A 1 A CEEREE 10.1 °C il fik
REE-5.2 C A HAMZE 7 A, FIRE 28 C i)
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FW
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1.3.3 B A ALy HACH (SOD) t9ml 2 WA i
0.25 g AT J5 BIBFER A 2 mL %% J5 ) %
FRSZ PR, TEVR VS T RIS A0 3K, Z I Nk R 22 v ik
MUK SE 53 10 mL, IE7E 4 °C .10 000 r - min”
B 20 min, B RIS A SOD B o

B0 21 . VR BGE BA B G M SR ) A A 4
2,2 2 oRMAE, 2 oA XT IR, 3 mL SR P 50
mmol -« Ll@i@ﬁ%{q‘{&_(pH70) , 13 mmol - L&
2,75 wmol « L' & # PUME (NBT) ,0.1 mmol - L' 2,
TV £ (EDTA) A1 0.1 mL [, i J5 fn 4
wmol - L' ¥R, HUETE 4 kix HIGAT Z T TR
R EE R 25 °C RN 10 min JRUCE 7R B HR
7, FHEE G ot BEOAAE /R 25 1, 78 560 nm JEKZ T
IA5-25 8 AR OB (£ ER R, 1986)
1.3.4 & =B-(MDA) a9 & FRECETRE A4 37 e 41 k)
0.5 g, A 10%[¥) TCA 2 mL FIfTHERD | 2 J5 BF B ik
1M SRJG TN TCA 3 mlL 4KEEBFBE | 213 5.0, 4 000
r - min” 30 min, B IERAE R SRR, WCE
D Z IR E W 2 mL (XS BN 2 mL 2608 7K ) ,
B2 mL 0.6%I1) TBA #1821 W) IHCE Wl /K I B L
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15 min, Z J5 G E HI B EO . B IEWRAE 532,450

A1 600 nm K2 R HITH G ( EHRFE,1986)
AR,

Lo MDA #e B xH B AR FR

MDA (ol + &)= = e

- HHp B AT P BT

1.3.5 =T

=1
Table 1

TR FRBGH LS 0.5~1.0 g( B THRER R 5~100
mg) ,SRIGHLAGRAE 5, I 15 mL 258K, 367K
P 20 min 5, HUR A SRS 3085 A 100 mL
D, 2RI K th BEEOR G, 45 A il Ze i il
P el 6 ST 15 0~5 il 5, Z S5 R 1| E
SRIMAARH

BERE A A R AR X 8

Reagent volume of soluble sugar standard curve measuring by Anthrone method

iR %5 Tube number

{7 Reagent

0 1 2 3 4 5
HFIPER M Glucose solution 100 wg + mL'(mL) 0 0.2 0.4 0.6 0.8 1.0
ZEIIK Distilled water (mlL) 1.0 0.8 0.6 0.4 0.2 0
TR Anthrone reagent (mL) 5 5 5 5 5 5
AR Amount of glucose (mg) 0 0.02 0.04 0.06 0.08 0.10

SJeb AR EIR A S e AE WK TS THBCE 10 min, FRHK
R H SRS HE 620 nm PR Z R Ml 2 R
JE e SR EE W0 BEAE N AR bR, S 045 2
i () ME R AR AR 58 AT 26

FE A 2 O R B HORE A 1.0 mL S5 5 mL
BRI AR5 I G B R 3 IREE

AIEVERE S B (pg - o) = AR 2 A 7 0k
A (g ) x B BOR AR FR (mL) xH BEA5 50/ [ 2 H
FE SRR AR FR (mL) xFE 5 B (g) X106 ] x100
1.4 B

Kdls H1 Excel 2003 317 %4 4b 38 F0 15, 1
SPSS 19.0 #4722 5 A 7 22 3 B AR G 73 #r, ]
Origin 9.1 HIVEE 2, ] Pearson #5¢ R F0ik 5 AF
T AR SG

2 HER54H

2.1 AEABBEFIRENAMHEDRSTHHNE

H L 1 AT 20 A B A R g R AT P R v 2 A
THREHN S mmol « LK, 2 J5 Bl 5 45 2 71k
BT mE R AR S AE 5 mmol - L7 151.6
em, 3 T T HAD R BE AL PR 7E 150 mmol - LI
i, 101.1 em, Fi& M2 49.95% . Hi45 A AIkE =
£S5 mmol « L' 4 113.2 em, 7F 300 mmol - L B &%
%, M 72.7 em, BEH 22 55.71% ; i 4 D AKERRE
R AR (B EE ST 300 mmol - L', M2

:l B Swida wilsoninan
V7 mafs8 Choerospondias axillaris

5 35 70 150
4EBS T SREE Calcium ion concentration(mmol = L)

K1
ANR)/ING FREFR R A BRI 25 52 .25 (P<0.05) o T IA],
Fig. 1 Effects of different calcium concentrations

AN TR g 5 ok P R AL R e P 2

on heights of two plants Different small letters indicate

significant differenes( P<0.05). The same below.

B M0 E ARRR S B R R B A OC TR
WG EA
22 AEIFEEFREXNRHAHEYEYER

FH &L 2 ATRN, J i AR g i R AR e Y Bl 5
WL L T T R AR B AR i R/ MR R 35> 70>
5>150>300 mmol - L, FERAL MM A ARA ALY
AR L S B TR B Y TR R R (HR A
AR L AR ACAN R, ok RO ) A2 9 B BR 5 mmol -
L' S HMAWEN M EFEE, HhER AR
MR A RERES AR E mEFR2 T, M
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C_ A8 Swida wilsoninan [ZZ)FABR™R Choerospondias axillaris
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< 18 B 504 ;i_ — b 1
o 16 - C.
é 14 ab é 40 1 2 Z
f ]3 = 30- Z
e : £ 5. /
S . Z
H okl 1l

0 r-—lvvl = 0 /

2 - 8 35 5 35 70
;i" 50 ] 217 51007 2 .
N el alar
I% 304 a Z > 01 é é ab
@ / +§ | / / qrb
1 20 - ;;ﬁj =1 A1 = ab
S / ] / /
10l = 201 % %
il V%f% il Ol 7

’ 5 150 300 ’ 5 35 70 I

BT IR Calcwm jon concentration (mmol * L")

& 2

$EEFRE Calcium ion concentration (mmol L

AN T 5 - X A AL A A R L A W ) R )

Fig. 2 Effects of different calcium concentrations on biomass of leaves, branches, roots, and the total biomass of the two plants

BRI K MR A S R IR B
FHOG, R AT TC i ARG

T H A B A A S R B L T R R
£ 300 mmol « LA} J& 5 mmol - LA AY 33.18%, B
PR A e A ) i R Ak 5 0 B AR ABL, #E 300 mmol -
L' Fr[m FF 76 150 mmol - L7 B3k 3 B AR AR, & 5
LB 48.69% , % LA B AR RE R A Y B AR
Y] R, 76 5 F1300 mmol - L7 AR RAT A A=
EERTHEA, M 35,70 F1 150 mmol « LB A8
AW SAEDRK TR, Mg RS EYR S
TURIE B E TG, MR B (R 2) .
23IAEAHEEFRENAMENENENEILEY
=AU

HH & 3 AT, 0 AR A LE AR DL Bl S 255
W EE ) FHE I T, S A B R B Y O B A G
H A BHARL LK/ R 70>35>150>5>300 mmol -
L e i) s Sk A, 5 S v B T B A O,
LA TT0, J0 8 AR A0 4 A W f AR > > 1
R BB L AR HE /N R 35>300>150>70>5

mmol -

AESEFREXNAFEDEDNE,
RS SN H 4 X 93 4

Table 2 Correlation analysis on the relationships between calcium

x2

concentrations and biomass, height of the two plants

AHIERAL
Correlation coefficient
A R AT B R BB TR B
Biomass and (HFA) (HERATE)
height Calcium ion Calcium ion

concentration
( Choerospondias
axillaris)

concentration
(Swida

wilsoniana)

A4 Leaf biomass -0.909 = -0.572
Fe A=t Branch biomass -0.906 = -0.492
HRA: P15 Root biomass -0.928 = -0.572
S ) Total biomass -0.953 * -0.780
Pk Height -0.915 * -0.479

T+ FIRAE 0.05 A ORI ERFMG, TR,
Note: * mean significantly correlated at the 0.05 level (bilateral). The same

below.

L 5858 TR T A OG, IR
. HI

mmol *

KA LR/ R 35570>300>5>150 mmol - L
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Table 3  Correlation analysis on the relationships between different calcium concentrations and biomass stoichiometry of the two plants

B B Tk 2

Calcium ion concentration (mmol - L)

HRRE

g ; =y
iR Species 1845 Index Correlation coefficient
5 35 70 150 300
HEAR /M Branch/Leaf 1.43 1.97 1.74 3.30 6.61 0.993 = =
Swida wilsoniana
MR/ Fi Root/Branch 1.78 2.13 2.78 1.97 1.56 -0.470
#/1t Root/Leaf 2.55 4.21 4.82 6.51 10.32 0.980 * *
MRE K&/ Branch/Leaf 6.92 75.64 9.86 22.16 52.85 0.270
Choerspondias
axillaris H/#% Root/ Branch 0.70 1.49 0.81 0.66 0.76 -0.067
/1 Root/ Leaf 4.82 112.88 8.00 14.73 40.18 -0.339

T # = KIRTE 0.01 K OB b BRI

Note: * * mean significantly related at 0.01 level (bilateral).

)

i3
MDA malondialdehyde (pmol
I I I I I
o <) o o o
w N [} o ~

A=

—a— 8K Swida wilsoniana

a

800 -

700 4

“min")

600 1

-1

500 1

HELSES

400 4

300 A

CAT catalase (mg- g

200

—o— FHERE Choerospondias axillaris

100

5 35

$EBSFIREE Calcium ion concentration (mmol - L")

B3 [RS8 11k B P AP AR 4 MDA (CAT . SOD FIR] 7 HBE I 520

70

150

300

Tan 240 A
2
© 220 1
o
X5
& & 200 A
85 b
S
%@FE 180 1
o
g
2 160 1 b
(=)
3
140 : . . .
5 35 70 300
— a
®0.14-
g be b
. 0.124 bc
©
oo
o |
(%]
© 0.10-
Q
—z ab ab ab
% 0,08
i
o
¥ 0.06
=4
5 35 70 150 300

4EBFIRE Calcium ion concentration (mmol - L")

Fig. 3 Effects of different calcium concentrations on MDA, CAT, SOD and soluble sugar of the two plants

{ELRT AT, R AR R AR i A 25 AN K (L A i

MERD,

2 AEBBEFIREMNAHEYHR B (MDA) &

ERFM

Hi 1 3 AT, R ALY MDA & B & 41 2 vk

JE 1 18 R B A S b s BERE N, #E 5 ~ 150 mmol -

L' 2Z 8] MDA & & i 45 25 -1 B2 T imi %, 7 300
mmol + LB H LKW T, AH EE 150 mmol « L7 A
FhiE T 113.82% , SE AR RS 2 A 55 5 T
W RIG RTINS TS TR LT A
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5~70 mmol « L 2 [i] MDA & 2 B 45 85 19 B T v
i b FF, 78 150 mmol - LB M B F [, 2R 5 300
mmol « L' SCH/NIE F T, mBRAN & R
KTHH A, 7E 70 mmol - LI —F A E &/, K
2.33%, fE 300 mmol - L' B —F M Z & K, N
118.72% ., 3% 4 A B K MDA 555 55 1 ik i
Y J0 AR O T e R AT J A OC
2.5 AR5 B F iR B XT % FhAE 9 48 | L 9 15 L B
(SOD) & E/ %M

1 & 3 AL M B A SOD £ 5 mmol - L7 HHE
B, 7E 70 ~300 mmol - 1™ v Fifi 5 45 525 11 & () Tt
=R B, B {E AF 300 mmol - L7, P AH 2
32.56% ., FERRAN SOD ¥ & 5 M i A AR Ak A1
o1, 7F 35 mmol - L' B[ 2 F K, SR J5 7E 35 ~ 150
mmol L™ B 25 % 25 ¥R B2 (%) FH a1 i, 7E 150
mmol - L H#ﬁ?ﬂﬁ%%ﬁ,%}ﬁﬁ 300 mmol - L'H TR
WA, H: e ey {5 e (IR 2 TR AH 25 21.49%, 7E 5
mmol - LB B KK SOD & B EE A mRAe, 2
S B 1 - R 1 0 e R A 1 SOD % i 2 v T M)
B, R4 g B R R IR SOD 545 5
TR B TC A
2.6 AESBBEFIREX WAEY T R SEE (CAT)
EEMMN

HT 1] 3 AT R0, Bl 51 25 - vk BE A G R, R R
CAT Fr i AR/, Hodme AR A e /IMELS3 1 R 5
35 mmol - L', FiE A% 37.5% . MH KK CAT &
WA FWEN KRR LA EE, ML S
mmol « L' R CAT & i, BESS 25 1V B /3 m , 43
BN T 50% .60% . 70% .79.3% ., 7E 5 mmol » L
i g R A A o Sk SR e R R, 2 Bl
VAR B R T B R A S S i TR
FRAe, I 4 nIAL B AR CAT 5558 FIRIE N B
A G R R A TG B A G
27T AR EFRENMMEN T AEESEN
A

H L 3 1T, A B A T g R ST 1 T s R o
W 125 i B8 1) T v 3540 1 B Bl AR Ak, MR AR AT
RS R AEA R B85 5 AL N RIS 5>70>
300>35>150 mmol - L, g FR A 1Y v] {5 PR & = 7E
ANE A5 B AL B R R B 5> 150>300>35>70
mmol - L' XF e BIFN AT s M A0 5 1=, ] DA BAE
5 mmol - L™ 5 g R 2 A4 vl V5 M0 & 1 B i
AR 22 B 12— Y B2 S ) i R P T S T B

TR TR, t 3 4 AT A6 AR R R AR AL Y AT
T PERE S 85 B TR R B ARG

*4 TRABEFREXNAFEY MDA, CAT.SOD
FOALA MR R I B A K 3 A
Table 4  Correlation analysis on the relationships between
different calcium concentrations and MDA, CAT,

SOD, and soluble sugar of the two plants

AHIE REL
Correlation coefficient
HiH BB TR BE BB T YR BE
om (fk) ()

Calcium ion
concentration

Calcium ion
concentration

(Swida ( Choerospondias

wilsoniana ) axillaris)
I _F% MDA -0.044 0.756 *
Malondialdehyde ( pmol - g™)
fuE-N ey 0.822 * = 0.228
CAT Catalase (mg + g" - min™)
AL AL -0.593 -0.132
SOD Superoxide dismutase (U - g")
R -0.234 -0.220

Soluble sugar (pg - g")

3 W hE&E®

PR X AR 7 A T X B A A Ak s R
YRS, YRR B R e E B
B, HAE 454 B Y o L 252 40 B I 8 1 5
(Karel et al,2006;Schmid et al,2002) ., AHF5E Fh Bl
BB WM TS AR Z ) T B
FA Y B 0 IO () 2 B A BRI, 0 i A A 5 5 A
B2 T 080k e R AE ) R IR T 5 W 3R 1 T 22 1 1y %
TR BUCMITE #E ( F PR %4, 2012), X 5 Zhu et al
(2015) WFFE 25 R — B, M)B A F R IR AL 1 3 1 7
AN, 200 B A 3 0 5 65 118 W AL I e 3 RS AL )
AR R RS B /KO (KB, 2009) |, R R A i
o8/ 1) W WS et A A AR P 85 7K B G [ b33
A (W« ,2009) , PR T S5 2
() 9 25 B 43, SR 38 AR R AR (B 52K ,2013)
AL By 43 e 3R AT R K B A ) 4 T R AR
S A K W iy e SR o, WO 22 i 4
R IE N F S IAEE , RN B AR AP RS R
/NBR 35 mmol « L7 B A AR > A > I A B vk
TR S IR AR B Y AR 22 AR, i
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37 %

AWy oy /D T RE S A A I U R A S T HERR
PRSI AR R N BLARES W JE ( B ZE %Y, 2014) , MDA
B e R A 1 — bR, R TR AR AT
I FERE (Weng et al ,2015) , BT RSXT A
PURAN ™ A B T A R, 5 0 A D BE 52 2 i IR
(Javadian et al,2010) , 7E 0~ 150 mmol - L' 2Z[d],
BEA 55 B TR BE R 0, 05 AR Hh B T R R B
A T P AT 5 1 B W AR, S 4E 150 mmol - L
IF MDA &5 e flG, i i s I 2 i i A5 24 X% MDA
Frit U W, 7E 300 mmol - LA MDA 1 H4
I, X UL AR 2 2038 T TEERBE I AR, IR AR 5
2 BN A AL (JE W RS, 2005) , X 5 HIP
A5 MDA 784k — £ ( Benhamdi et al, 2014 ; Zhou
et al,2015) ., FAFRAC) MDA & K TH0E A, Ui
T AP AZ I8 /N A B R T ES RE ), SEA ) T
e B PREE HARAE

SOD HI CAT fEAE AN B FEIFEHT, fE8E 5 e
TR R B S R AR PR A A R A — R
J& B2 22 SCHRAR 3 58 W38 40 F (Liang et al,
2003) o A ST H A R F R R ALY SOD 7% Ak AH
oL, 2595 S AR S 38 0 PR ARG, PR AR AR ) 43 I 7E 5
150 mmol « L35 I H ., 7E 300 mmol - L4541
SOD 7y B R B, 7T R A2 45 2 7~ 1Y vk B2 K ey, %t
M AR R PRI W) 7 T i AR 1A
SR TR S T B, ok 3 WY et T ) B VR R R T
BRI PR AL B i 52 JE . 31X 55 BR 55 (2011) Al
Sy UERSE (2016 ) BOBF TS5 AL, AL 1E 32 51 i
B E A Se e A H, 0, MBI PE4, CAT AE4r
fift H,0, , T BRad A A i P iy H,0,, ARBF5FE
FPRALHY CAT & f 28 AL-F48, T B AR 1 CAT B
B R EE RS g, CAT 7E 5 mmol - L
I ERARR , A % 15 M B G i 4, A3 R T A g
FRAE R A N i A W A B 3R | PRAIETE 10 A A I
AT . FERRATAZ AL R BE B/ T8 BR AR AR 9 2o AL
YINRE 1 55 , ¢ B A B R X s 5 14 38 N M EE e R
A,

VE AR NS A L&Y B — B AT i
W, FERE A2 20 WA s A AR T T A T )
8 v R AR T 200 L2 25 A, DA T 8 i I 38 6T AL 40 124 434
o AR VA PR S Y D R AR S 0 T
T IR S N BE ) (S F 5 ,2009) o S AR T]
TR & G S B ) B B s,
SR/ T A R A 1Y AT i PR S 5 7E 70 mmol -

LA BRI ™ R o 400 L 5 e et o 2 5 SOA
PIFET M AR TSP R B
PR K R B S B PR 7 A R B A, AR 1

PIRHAE I TE 5 mmol - L™ REHDL 3 5 (1% R 11 +
150 mmol - LA K 4 B9 45 B 7 1 B T 45 0148
FRAL T B3 7K, 52 B 4 060 B A R R 1R A A 3 3 1)
R £ K 385 v S B Al 0 38 1 T L
LAV YIAE 300 mmol - L WY E 55 85 Tk ¥ T %2
£ ISV T 051017/ STEI ) SR ST (= 07 N S T e 7 =
KRR DLORSE I S B ok Jihan , BE A A5 B
FUWRE T, 0 E AKX TrRRARER SN
CAT | FIVA MR & it , W RBJE =0 85 i 3 i 45 A
L, JFS Ca® ilif, Ca’' 5 CaM 458 GE NI E
AT 5% T 0 55 {5 (0 58 8115 g 0 35 7 , 7T 9
AR I AU R BB M A R TR S A A
HAEAE  ASHIFSE 35 BRI 7 o 30T R B 5 )
P47 Ay W ST AR v G P 85 )3 A A, R AR A A T
(AR A AT — 2 IR R, AT A8 LU BB 5 Hh i A B
FREINE XS T

S

BENHAMDI A, BENTELLIS A, RACJED O, et al, 2014. Effects
of antimony and arsenic on antioxidant enzyme activities of two
steppic plant species in an old antimony mining area [ J]. Biol
Trace Elem Res, 158(1) : 96—104.

BUSH DS, 1995. Calcium regulation in plant cells and its role in
Signaling [ J]. Plant Biol, 46(46) ; 95-122.

CHEN T, WANG GM, SHEN WW, et al, 2011. Effect of salt
stress on the growth and antioxidant enzyme activity of kenaf
seedlings [ J]. Plant Sci J. 29(4) :493-501. [ f5i%, 503, Ik
s, 55,2011, EEMOXTLRRAHT A 1 St S AL RIS L Y 72
W [J]. HRR2E2E,29(4) :493-501. ]

HAN H, CHEN XJ, HOU XL, et al, 2016. Effects of cadmium
stresses on growth and antioxidant activities of Neyraudia reynau-
diana [J]. J Agro-Environ Sci, 35(4) :647-653. [ #ifjii, 55
W I, 45, 2016, Cd Mokl X 28 A 4 L i P ) 52 1
[1]. AV IREERI #2437, 35(4) :647-653.]

HIRSCHI KD, 2004.The calcium conundrum. Both versatile nutrient
and specific signal [ J]. Plant Physiol, 136(1) ; 2438-2442.

HUANG YR, LIN WX, NIE S, et al, 2014. Changes of antioxidant
metabolism and organic solute accumulation of Pittosporum pen-
tandrum and Koelreuteria elegans seedlings under salt stress
[J]. Chin J Ecol, 33(12):3176-3183. [ # A, MRl 2, 5%
AR5, 2014 R0 T 5 VSRR A O 1 2 AR A A AT
PUR BRI [J]. 4857240, 33(12) :3176-3183. ]

JAVADIAN N, KARIMZADEH G, MAHFOOZIL S, et al, 2010. Cold-
induced changes of enzymes, proline, carbohydrates, and chloro-
phyll in wheat [J]. Russ J Plant Physiol, 57(4) ;540-547.

JIFT, LI N, DENG X, 2009. Calcium contents and high calcium
adaptation of plants in karst areas of China [ J]. Chin J Plant
Ecol, 33(5): 926-935. [fli Wi, Z=4f, XBAE, 2009.1% B4k



6 1] K7 AN[RIEG IR BE XS PR A TR AR A A I SR TR ) 5 715

H DX AR A5 & SRR 5 = A5 IS R T ()] A A S
#, 33(5): 926-935.]

JI1ZB, WANG JX, LI JW, et al, 2009. Dynamic changes of soluble
sugar in the seedlings of Robinia pseudoacacia under drought
stress and rewatering in different seasons [ J]. Acta Bot Boreal-
Occident Sin, 29(7): 1358-1363. 5, Tk, 24k,
4, 2009. 8 R Z8 45 5 B KO R &)y i m] v Mol i i)
s [T]. PR, 29(7) 1 1358-1363.

JING DW, XING SJ, DU ZY, et al, 2013. Effects of drought stress
on the growth, photosynthetic characteristics, and active oxygen
metabolism of poplar seedlings [ J]. Chin J Appl Ecol, 24(7) .
1809-1816. [ JF R4, Mw 4%, kLR, 25, 2013. 5+l
XA A K DA R B AR R s [T, R
HZS2ER, 24(7) :1809-1816. ]

LIANG Y, CHEN Q, LIU Q, et al, 2003. Exogenous silicon (Si)
increases antioxidant enzyme activity and reduces lipid peroxida-
tion in roots of salt-stressed barley ( Hordeum vulgare 1..) [J]. ]
Plant Physiol, 160(10) :1157-1164.

LIU YL, LI TL, SUN ZP, et al, 2010. Impacts of root-zone
hypoxia stress on muskmelon growth, its root respiratory metabo-
lism, and antioxidative enzyme activities [ J]. Chin J Appl Ecol,
21(6) : 1439— 1445. [ XIXF%, Z2TOK, AMEAF, 25, 201042
FRARAE RS P SO AR AR TR A B A T 1 1
o [1]. AR ER, 21(6) :1439-1445.]

LONG MH, TANG XF, YU WJ, et al, 2005. Effects of different
calcium levels on photosynthesis and protective enzyme activities
of melon leaves [J]. Guihaia, 25(1) :77-82. [ JEWH4E, B/
5, T, 4, 2005 [FF5 R KT E RN AR
FHRGRE RS PG50 ()], ) PaAES, 25(1) : 77-82.]

LUO XQ, WANG SJ, ZHANG GL, et al, 2013. Effects of calcium
concentration on photosynthesis characteristics of two fern plants
[J]. Ecol Environ Sci, 22(2): 258-262. [ B4, Fit7,
TREEFY, 4, 201345 8 IR EE X TR AT YL SR RS
W (1], AEASEREEEAR, 22(2) : 258-262.]

LU XG, ZHOU MD, LI M, 2016. Effects of low temperature stress
on growth and physiological characteristics of grafted and own
root melon seedlings [ J]. Chin Veget, (5):53-57. [ B2,
JAIR M, 2R, 2016, AR 30 X I 0 R AR i A
LA revEngsgm (1], mEBSE, (5): 53-57.]

MA C, WANG Z, KONG B, et al, 2013. Exogenous trehalose dif-
ferentially modulate antioxidant defense system in wheat callus
during water deficit and subsequent recovery [ J]. Plant Growth
Regul, 70(3) . 275-285.

PENG WX, WANG KL, SONG TQ, et al, 2008. Controlling and
restoration models of complex degradation of vulnerable karst
ecosystem [ J]. Acta Ecol Sin, 28(2): 0811-0820. [ BZHf &,
Everk, RIENE, %, 2008w drRiiss £ S R G GiB L
i 55 R (1], AR, 28(2) :0811-0820. ]

SCHMID I, 2002. The influence of soil type and interspecific com-
petition on the fine root system of Norway spruce and European

beech [J]. Basic Appl Ecol, 3(4) :339-346.

SONG TQ, PENG WX, DU H, et al, 2014. Occurrence, spatial-
temporal dynamics and regulation strategies of karst rocky deser-
tification in southwest China [ J]. Acta Ecol Sin, 34(18) : 5328
-5341. [ RN, ZWE, A58, 5, 20144 = 7Y p e
AL S HARRHIE R AENLH SRR (1], SR,
34(18) : 5328-5341.]

WANG ST, 1986. Experimental guide for plant physiology
[M]. Xi” an; Shaanxi Science and Technology Press. [ T ##
. 1986. AHY A BIE AR [M]. PIZE: BRVGRHEH
JRAt. ]

WANG ZX, ZHU JM, WANG ], et al, 2012. The response of pho-
tosynthetic characters and biomass allocation of P. bournet young
trees to different light regimes [ J]. Acta Ecol Sin, 32( 12).
3841-3848. [ LHR4, MM, T, 55, 2012. [HFHLIRIOG
BRI R A Y Ay BCXOC IR B Ay L [J]. RSB, 32
(12) . 3841-3848.]

WENG M, CUI L, Liu F, et al, 2015. Effects of drought stress on
antioxidant enzymes in seedlings of different wheat genotypes
[J]. Pakistan J Bot, 47(1) : 49-56.

WHITE PJ, BROADLEY MR, 2003. Calcium in plants [ J]. Ann
Bot, 92(4) .487-511.

YANG CX, LI XL, GAO DS, et al, 2005. Effects of chilling stress
on membrane lipid peroxidation and activities of protective en-
zymes in nectarine flower organs [ J]. J Fruit Sci, 22(1): 69—
71 [, 2R, mARTE, 45, 2005 AR MHE XAk TE
A B RN o E AR R B TG P R ()] SRR R, 22
(1): 69-71.]

YANG HT, LI XR, LIU LC, et al, 2013. Biomass allocation patterns
of four shrubs in desert grassland [ J]. J Desert Res, 33(5); 1340
-1348. [M3RK, Bk, XIS, 4%, 2013, Sk G 4 Fii
RAYEATBURHE [T A EVNEL, 33(5) :1340-1348. ]

YI XY, JIANG LJ, CHEN JZ, et al, 2016. Effects of lead/ zinc
tailings on photosynthetic characteristics and antioxidant enzyme
system of Ricinus communis L. [J]. Chin J Ecol, 35(4) . 880—
887. [ Lok, TEANMH, RS, 45, 2016. HiBFRE6T I E
WROCERHE R A AL RGN [J]. AR¥AR6E, 35
(4): 830-887.]

ZHANG Y, ZHAO LC, WANG HQ, et al, 2014. Effects of salt
stress on growth and antioxidant enzyme activity of Kostelezkya
virginica seedlings [ J]. Jiangsu Agric Sci, 42 (7). 370 -
372. [okbR, A, T, 4%, 2014. Shh0 Xt i 5%
YR BT AL B M [J]. TLoR LR, 42
(7): 370-372.]

ZHOU F, WANG J, YANG N, 2015. Growth responses,
antioxidant enzyme activities and lead accumulation of Sophora
Japonica , and Platycladus orientalis, seedlings under Pb and wa-
ter stress [ J]. Plant Growth Regul, 75(1) : 383-389.

ZHU XC, SONG FB, LIU FL, et al, 2015. Carbon and nitrogen
metabolism in arbuscular mycorrhizal maize plants under low-

temperature stress [ J]. Crop Past Sci, 66(1) : 62-70.



