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Abstract:[Objective] The effects of exchangeable calcium ions in soils of Karst area on seed germina-
tion characteristics,organic osmotic adjustment substances and antioxidant enzyme activities of Cyclobal-
anopsis glauca under drought stress were studied,and the optimal exogenous Ca’" concentration for germi-
nation of Cyclobalanopsis glauca seeds was investigated. The research would provide reference for the pro-
motion of afforestation,vegetation restoration and reconstruction in Karst areas. [Method) The Cyclobal-
anopsis glauca seeds with similar size and fullness were selected for two-factor experiment including
drought stress and addition of CaCl,. Six environmental water potentials (0, —0.1,—0.3,—0.6,—0.9 and
—1.2 MPa) were simulated using different concentrations of polyethylene glycol (PEG)-6000 (0,50,125,
200,250 and 300 g/L),and exogenous calcium with four different concentrations (0,10,20 and 30 mmol/L
CaCl,) was installed to simulate calcium-rich soil environment. A total of 24 treatments were conducted to
determine germination characteristics (germination rate,germination potential,germination index and vigor
index) ,contents of malondialdehyde (MDA) and organic osmotic adjustment substances (free proline, solu-
ble sugar and soluble protein) and activities of antioxidant enzymes (superoxide dismutase (SOD) , peroxi-
dase (POD),catalase (CAT), and ascorbate peroxidase (APX)). Subordinate function analysis was also
carried out for comprehensive evaluation of drought tolerance of Cyclobalanopsis glauca seeds in different
treatments. [Result] (1) Exogenous CaCl, . drought stress and their interactions had significant effects on
germination parameters of Cyclobalanopsis glauca seeds. All the germination parameters reached maximum
when environmental water potential was — 0. 3 MPa and CaCl, concentration was 10 mmol/L. Seeds
stopped germination when the environmental water potential was —1. 2 MPa and CaCl, concentration was
30 mmol/L. (2) Exogenous CaCl,, drought stress and their interactions had significant effects on physiolo-
gy and biochemistry parameters and antioxidant protective enzymes of Cyclobalanopsis glauca seeds. MDA
content increased significantly with increase of drought stress under same exogenous CaCl,. MDA content
decreased first and then increased with the increase of CaCl, concentration under same environmental water
potential. When environmental water potential was 0 MPa, the contents of organic osmotic adjustment sub-
stances tended to increase with the increase of CaCl, concentration. When environmental water potential
was —0.1——1. 2 MPa, the contents of osmotic adjustment substances increased first and then decreased
with the increase of CaCl, concentration under same environmental water potential. When environmental
water potential was 0 MPa,POD,CAT and APX activities in CaCl, treatment groups increased significantly
compared with calcium-free groups,while there was no significant change in SOD activity. When environ-
mental water potential was — 0. 1 — — 1. 2 MPa, the activities of antioxidant protective enzymes (SOD,
POD,CAT and APX) increased first and then decreased with the increase of CaCl, concentration under
same environmental water potential. (3) The result of subordinate function analysis showed that the
weighted average of subordinate function was the highest when environmental water potential was —0. 3
MPa and CaCl, concentration was 10 mmol/L,and the drought tolerance of Cyclobalanopsis glauca seeds
was effectively improved. [ Conclusion) Soaking seeds with 10 mmol/L CaCl, before sowing can increase
drought tolerance of Cyclobalanopsis glauca seeds in Karst areas.
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Effects of drought stress with exogenous calcium on germination parameters of

Cyclobalanopsis glauca seeds (n=4)
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Fig. 2 Effects of drought stress with exogenous calcium on
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Fig. 4 Effects of drought stress with exogenous calcium on antioxidant enzymes activities

of Cyclobalanopsis glauca seeds (n=3)
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#h 0 MPa i}, CAT 15 M CaCl, ¥R B 3G K 3%
F 5 (P<<0. 05) s 44K —0. 1~—1. 2 MPa
B FER — B K R B CaCl, Wk B 3% K,
CAT &2 F G Rt %, H Y CaCl, ¥k 10
mmol/L. K #F K —0. 1 MPa i}, CAT 75 M i
B8 1240.13 U/(min * g).,

J5 2T e R R L T R a0 Ak B  IX] AR R
T POD {F A 2 5 (P<<0. 05) , T 4 5 45 & H:
5T 2 WA 52 5 AR X POD I v 3 4 % 5 35 5% i
(P<<0.00D, HHE 4 v LEH. B TRhiEYS
w54 POD WG PES m T IR, 2 CaCl, ¥R
i 0 mmol/L B, T 5 B 38 58 B2 1 Nk, POD {4
BTG RER B Y CaCl, ¥EESN 10 mmol /L, j
TS hE g POD 36 M SRR T a3, H XY ER 8
K# K — 1. 2 MPa B}, POD §F ¥ ik 3] w5 {4
(1 084.44 U/(min « g)); 4 CaCl, ¥ & /%K 20

IS7A
w

130 mmol/L i . i - 5 JHr 38 in il POD 375 4 8 4

T3 220y B2 BT A IR AT T SR JB 0 S A2 HAE
Bxf APX G PEA 2 3 32 0 (P<<0. 01) . fi[&] 4
A LA L B[] — W CaCl, ZbFRR L Bl T 5 it fin
JEl s APX 3 P SR SRR e, B — T B A b
THT APX IEHEHERF A: — 1. 2 MPa<{0 MPa<C
—0.9 MPa<<—0.1 MPa<<—0. 6 MPa<< —0. 3
MPa., 385K Hh — 1. 2 MPa if . APX % # s AI% .
X 0.21 U/(min » @), 2 ¥R 55K F AR ] B g
SMEES AL B APX WS VEY E T ICAS AL, Horb 2 PR
IK# K 0 MPa,CaCl, ¥ &}y 20 mmol/L {& M & »
4 28.11 U/(min * g),
2.3 HNIRES I E KRR R0 59 O

HRAE 12 AN S F0 AR B A A6 35 AR 1 SR & of B0
BV YAE » 25 PP IR AT X TR 5 0 5 ) o 295 2R L
%1,

B
w

V=
SN A

IS4
w
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Table 1 Subordinate function value of drought resistant and comprehensive evaluation of Cyclobalanopsis glauca
seeds in different treatments
G BT
Treatment Subordinate function value
ﬂl‘:lﬁjkﬁ“/MPa 5[‘7)&'@%/7l ‘ B)ﬁyti ‘ E)ﬂ?’iﬁ‘ %7;2*5%( VP FE 5 AR AT
‘nvironment (mmol « L™1) Germination Germination Germination . . Soluble Soluble
water potention CaCl, rate vigor index Vigor index MDA protein sugar
0 0 0. 686 0. 267 0.575 0. 459 0. 951 0.101 0.019
10 0.752 0. 589 0. 730 0.521 1. 000 0. 390 0.125
20 0.557 0.245 0.543 0.410 0. 966 0.636 0.234
30 0. 288 0. 164 0.134 0.067 0. 904 0. 696 0.631
—0.1 0 0. 764 0.718 0.727 0.629 0. 880 0.293 0.023
10 0. 868 0.773 0.797 0.679 0.978 0.590 0. 486
20 0. 650 0.465 0.602 0.474 0.934 0.533 0.661
30 0.426 0.178 0.228 0.118 0. 834 0.468 0.371
—0.3 0 0. 855 0.781 0.931 0. 884 0. 835 0.637 0.042
10 1. 000 1. 000 1. 000 1. 000 0. 940 0.774 0. 787
20 0.695 0.536 0.693 0.693 0. 888 0.601 1. 000
30 0.472 0. 285 0. 306 0.143 0.732 0. 322 0.242
—0.6 0 0.537 0. 341 0.324 0.188 0. 759 0.742 0.026
10 0.590 0. 264 0.399 0.202 0. 841 0. 816 0.551
20 0.278 0.116 0.186 0.091 0. 640 0. 541 0.623
30 0.146 0.068 0.065 0.030 0. 550 0. 280 0.235
—0.9 0 0.285 0.159 0.177 0.092 0.622 0. 605 0.031
10 0.297 0.199 0.241 0.123 0.785 0.930 0. 489
20 0.117 0.073 0.061 0.029 0.531 0. 397 0. 366
30 0.036 0.030 0. 047 0.023 0.375 0.102 0. 000
~1.2 0 0.095 0. 069 0. 063 0. 034 0. 485 0.438 0. 049
10 0.096 0. 064 0. 085 0.046 0. 646 1. 000 0. 369
20 0.033 0.054 0.033 0.016 0.183 0. 240 0. 280
30 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0.018
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& 1(&) Continued table 1
Qb S Ja R EUfE
Treatment Subordinate function value H HER
o F-ry 353
%iﬁ{kﬁ‘/MPa ShRES/ Vi A . Mean value Sort
Environment (mmol « L™ 1) . ; SOD CAT POD APX
. T Free proline
water potention CaCl,
0 0 0. 150 0.565 0. 006 0. 000 0.002 0. 315 4
10 0.175 0.437 0.115 0. 327 0.521 0.473 2
20 0.192 0. 490 0.138 0. 645 1. 000 0. 505 1
30 0.171 0. 548 0.211 0. 804 0.574 0.433 3
—0.1 0 0.172 0. 284 0. 009 0. 069 0. 005 0. 381 3
10 0. 287 0.493 1. 000 0.430 0.225 0.634 1
20 0.419 0.520 0.647 0.514 0.146 0. 547 2
30 0.181 0.339 0. 289 0.251 0.133 0.318 4
—0.3 0 0.302 0. 381 0.021 0.202 0.063 0.495 3
10 0.902 1. 000 0.741 0.506 0. 306 0. 830 1
20 1. 000 0. 685 0.542 0.403 0. 204 0.662 2
30 0.232 0.270 0. 045 0.274 0.166 0.291 4
—0.6 0 0.595 0. 344 0.002 0.214 0.042 0. 343 3
10 0. 686 0.682 0.543 0. 645 0.194 0.534 1
20 0. 817 0. 444 0.432 0.375 0.078 0. 385 2
30 0.220 0.198 0.026 0.236 0.052 0.165 4
—0.9 0 0. 390 0.338 0.002 0. 140 0.002 0.237 3
10 0.601 0. 444 0.392 0.783 0.170 0. 454 1
20 0.470 0.263 0. 294 0.270 0.067 0. 245 2
30 0. 095 0.102 0.020 0.164 0.017 0.084 4
—1.2 0 0.270 0.294 0. 000 0.076 0. 000 0.156 2
10 0.428 0. 344 0. 310 1. 000 0.135 0.377 1
20 0.321 0.127 0.092 0.163 0.052 0.143 3
30 0. 000 0. 000 0.015 0. 095 0.008 0.011 4

£ 1 BIRAEERHK &M T (0 MPa) , AN [A] ik
JE CaCl, AL B A Mt B LG HE AN O
mmol/L< 30 mmol/L<10 mmol/L< 20 mmol/L;
TERBE(—o0. 1 il —0. 3 MPa) fil 1 JiE F 5 i 38
(—0.681—0.9 MPa) T, AR BE CaCl, 4bHFf 1
M S 25 S HE 4 9 8 30 mmol/L<C0 mmol/L<C
20 mmol/L. <10 mmol/L; fE HEFE T 2 HiE F
(—1.2 MPa) . Rl fE CaCl, ib 3 F0 -1 14 ifif 5 1
ZE A HE 2 N 30 mmol/L << 20 mmol/L < 0
mmol/L<C10 mmol/L. £5& H 8 #4573 1% &
AL, M ERBE K #ly — 0. 3 MPa, CaCl, ¥ J& & 10
mmol/ L 4573 fi 8 » O de 3 B 7 R B 5 8 &
A RE B = b T BT SAE

3 iS4
FE PG 1L 0 055 M X7 0L 1 L 6 A8
BEGE S I AT R B0 T K O T A X

[l R T R B B B AR A A T S G
B B - B i B X6 B 35 ik i O SEURK L 2 VO R T

PUI P Y T B T R BRI B
5 R RS AT i R I SR R L AN S T
Fria 251 &R N — R IR A AR ROV . SE T
i ot - W A, L 32 AR AR B kR Ll R B R AR
GG PEAR BOE mt. ARR K A5 R BRI
5 T 5 38 B 52 B ¥ 0 XUAR B K g
30 A B AR AR B AR TR )RR B 5 ) . AT
O XA R0 8 i %o ] R b 498 1) K o R R R SR &
AT RAE

WS KB BT S GREBEK# Sy —0.1
F—0. 3 MPa) B, ¥ X KR FP 7 85 & 280 & %
R B R A BORE PR AR B0 ¥ 8 T R (A B K
b0 MPa) ; Z 5 bifi 45 T 5 38 Jin ) CR 55 K 345y
—0.6~—1.2 MPa), # & Z ¥ 5 %I BEAH £ 3 BH 5
ek, eI mr 0, 5 B T 52 0 30 6 5 X BR Bl 8 &
A3 E T se 08 02 (5 4R mir iy 2l o o0 iR+ 8 &
HAE L A AE 2 A Al o & L AR ) A B A 7K D5 e
B A A TR . A A AR A K T A T Y
LEZ— S H5HWAEKEE TR & 5581
AP FEREE A TSR TS5 P E S R



%2 B

S A TR0 T AR Yo A T I S R DX AR T B 2 B R 77

2 A3k R 5 Gk B m AP BTN . A
FEINN A6 A [F] - 54 0 38 A6 BE R it n AR e B (10
mmol/L) CaCl, fig B & 5 Tl B -1~ 1) 13 256 L 7 45
WY 8 B0 5 1 48 8, B K #0 — 0. 3 MPa
I 21 K S B IR B s 2 CaCl, W 20~
30 mmol/L i}, % CaCl, % J¥ 9 T . 45 0 & 25
{EX TR b CaCl, W 35 30 mmol/ L FRIEEK
#Fly—1.2 MPa i} . & X BRFh 715 1L 07 & . RBITE
50 R R R B T R B A R I R SN R AT RE
B A A0 B v b - ZF I R RS ST R L TR A
TP B A AR A B A B T AT e A (] A 1R
SR IR AR XS T R A F T AT R T A A S A
PRL 11 29 38 R0 3 B I {6l R 0 7 0 P 4 0 3 T 2 i)
Pk g K ERE R T 2 LR
RE {67 40 i PN 92 35 ~F- 1 R B S 1 6 1 T AT T
L0 15 T e T 32 BT 7 A B R AR AT 4R R 7
ROV ARDYIX 5 5 B 0 SR i g A
(Koelreuteria paniculata) Fj 185 K& 09 0F 5% 45 5 40
Lo AR B0 T I A5 B 5 R B R I VR BB A S X
AR F (Lespedeza bicolor) Ff ¥ 85 & JC W i 2
HEVEFH S T e vl B A/ 68 45 e JEC 117 2% A B S 4 ol 4
Wl B A [R) ol 2R A ) /050 8 T 52 0 45 A 3R O
A AR

MDA A8 ¥ 40 i i g i A e E =R - 2
— S RV R G R R R L T A
W32 45 AR B Y B A B A MDA & 5 Ry L 0
WA 52 405 3 AR B EE Y RIS TR i
& CaCl, & .5 W #RAH 5 MDA & & B+ 5 B30
JE A 8 M s R [ T SRR AR R R Ik EE (10
mmol/L)CaCl, A] LLA & i ] MDA 5 55 /938 i ;
Jiti i1 v v B (20 mmol/L) CaCl, A 72 %% B 1 52 it
(—0.1~—0.3 MPa) i fil 4] T MDA & & i i,
BAE B (—0. 6 MPa) fl 8 & T 58 (—1.2
MPa) F , MAD & & 1853 800 ; 75 3 B (30 mmol/L)
CaCl, ZLFE MDA &5 £ Bl 1 5 30 0% i k) i i e 4%
. BAEE T 28 (—1. 2 MPa) i), MDA & &
B3k TR . OB RE IR CaCl, BT RLA Sl
il R T XBR AR B A RN i A AR Y i
e X 200 i JE ELAT DR AP R S A T T il B
ARGt E AL L R W CaCl, MR BEA 2 4%
fifk 240 JLJEE i T 32 1 o A . X S AR Y R
Yo 42 (Picea mongolica) FMFIT 25— 2,

TRIE THEY 2l F M RB B TY
JoT s 0 R A T R W R I8 AR L 4R

2 MR T A A A TR T B Lk D A BT R K
NIE B A A G gh B AR Y. AR KB, Y
CaCl, ¥R 0 mmol/L B, 5 Jilp 38 A0 3 AT 5 14 25
P BT AT P A U0 I 2 R i Y L R R A [
AR BG A0, UL AE T B RN W XK AP ] DL
F R AG BB PR 1Y) 0T ok R R A BEAR
1 i R S S - S N ) 07 9 Q@ KO
mmol/L) CaCl, , KA HLB BT Y & /A Em T
JCE5 AL 3, HORT v 1 A A R T 5
S B8 i P e BE (20 mmol/ L) CaCl, J5 a] &M
I 5 I 2R R R T A A . HL 2 R B K
g —0.3 MPa B, A ¥ P 8 R 2 0 2 R & ik
P e, Z R B T 5B B B e rTEs P A
IR B3 2 IR 2 it 24 5 L U/ A s T >
e B (30 mmol/L) CaCl, 4bFRT, bl 52 Wy 26 72 B i
Jil AW ) T R AR 2R RS B AE
IEEK Ry —1. 2 MPa I T BB ARAE . 358 B it fin
Rk CaCl, HAHFF Ca* 2 5T EhEnfES
13 015 3 2 1 B G L A R R Ak, AT 1
BB YR . BEE CaCl, YRRy K ) T 5 1A
B I TSR B A SO RS2 B i I R
RV PR BE RN R A s R Ut A7 B e A A RE A K
R AV 40 i 7K A, 20 i 5 oK, BELAR T R T R
KD Guler YAy LR E Ca® AT T 5
Joip 38 25 A5 T A W 92 3 R VT W) B AR SR L A R T LA
3k A 2 £ 1 J5T 0% WA AR DR AR AR B AR e
HAR N 3 2 0 2 26 W BT iy o 3 AT 9820 1 5 e
M5 L 52 bt R

92 £ W . SOD,CAT,POD fl APX JEH Y
BUAA AL R A Bl . AT LAV BR R A P 7 AR B TR PR AR
(10, .0; \H,O, it HO « ); H:p SOD ¥k O, . 4
O, F H,O,, Bl CAT.POD, APX t[a] /£ H
IR H, O, AT RUEBRAE YR N 2 22 00935 7E 4 AE
B0 REL Lk 39 PR SR AR ) AR P B R R RIS T A AR
IR I al R I NNTITE: - 7K I e N0
F AR Y CaCl, ¥ FE A 0 mmol/L B, 7E AN [a] - 5
8 2% R B SOD i P B IR T X5 B POD,
CAT APX i P B T 5 J0r 38 58 B2 00 i K 2 5 1 ) ik
By, BEEER BT R E T L KRR AT RLAR
R R R A ven 1 A AL T O L B R T M 3 e
P A A DR 37 il 05 M AR VG BR By BERE 05 . 7R
Jt AN R e B2 CaCl, Ji5 . AT S A2 & 45 T 52 1 3e 4b
KA T SOD.CAT.POD Fl APX %%, Hrh
YR FE (10 mmol/L) CaCl, V£ SR B 5. 59
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RV B2 85 1 ) A T 53 R i X BR T AL R B
T PEAT 20 0 5 1S o, DT 3 B AR ) AE 1 58 T AR
14 3ok e 9 PR AR E — o R B 2T U AR
[ 36 0 195 3% . Gong S5 1 BIF 53 A UE 52, 3 TR B
YA IR Ca” " 3 43 P8 15 Ca®' -CaM {55 fff R 4t $2 = 4
Yy B A Bl T

A FE R 0 & 38 s A AR BRAE AL 8 b X 7 X B
Pl Tt 0 1 255 VAN R L 75 KIAR A ARk B
(10 mmol/L) AR5 CaCl, &b P )5 ] B I FEAIK T 52
186 XIAR AP K L R e R B R
PE AR HERD 70 & AR T B A FR BT L R 2
MIEE KR —0. 3 MPa BE AT 5 . B 78
e 0T 4 b X R AT A XD S AR B A AR v, W] LA
FEFP AT 10 mmol/L i CaCl, = Fp, DU &+
[P
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