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Abstract

1%

Aims Our objective was to analyze the calcium absorption and distribution characteristics of pteridophyte spe-
cies, and to determine their adaptation to high calcium.

Methods Eleven pteridophytes were collected from Maolan National Nature Reserve and the surrounding area.
We analyzed their calcium absorption and distribution behavior by comparing the calcium content in each organ
and the rhizosphere.

Important findings In acidic soil, calcium availability in the rhizosphere of Nephrolepis auriculata was much
higher than that of other species. Because of low calcium content in acidic soil, the calcium content of calcifuge
was significantly lower than that of exclusive calciphytes. Except for N. auriculata and Parathelypteris glan-
duligera, the calcium content in various organs of plants that lived in acidic soil were mature leaf > roots > young
leaf, and the calcium content in various organs of plants that lived in calcareous soil were roots > mature leaf >
young leaf. In addition, calcium content in various organs of Pteris cretica var. nervosa had differences between
calcareous and acidic soils. Calcium content of exclusive calciphytes had significant interspecific differences.
Results suggested that N. auriculata could meet its calcium needs by enriching and activating calcium in the
rhizosphere. The calcium content in plants could be reflected by the calcium supply in the soil. In different soils,
the calcium-content differences in various organs might be related to their adaptive behavior towards changes of
soil calcium content. The demands for calcium of the five exclusive calciphytes species were disparate. When they
encountered high calcium stress, their primary adaptation behaviors differed. Cyrtogonellum fraxinellum,
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Cyrtomium fortune and Pteris vittata had calciphilious features, but Adiantum capillus-veneris was a low calcium

species.

Key words calcareous soil, calcium content of plant, exclusive calciphytes, high calcium content adaptation
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T ¥ (exclusive calciphytes) H 737 T ik 2 &5 7 55 i
S, R e RS BT L — M (B R,
1995). 1T A2 AT AL R P £ 25 405 15 55 5 THI A7
ZE 5w, MRy WE A UK A (calciphile) . 3
T8 ) (calciphilous plants) « B 1& 74 44 ¥ (calcium-
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Table 1 Total and exchangeable calcium content in rhizosphere soil, and total calcium content in each plant (mean + SD)

iEE7)| e Hi o - 44 HR B - A Ha e - 45 R A5
Species Soil property S pES Ly PSR Total calcium
Total calcium  Exchangeable cal- Availability of ~ content in each
content in ri- cium content in ri- calcium in ri- plant
zosphere soil zosphere soil zosphere soil (mg-g™)
(mg-g ) (mg-g) (%)
LA A B g% Fxt 24,15+ 8.45° 11.08 +4.36™ 49.75+20.45°  8.57+1.43™
HFh Cyrtogonellum fraxinellum  Calcareous soil
Exclusive bl FRA+ 14.31+£9 44 6.46 +2.85" 50.97 +14.58°  7.71+0.81*¢
calciphyte Cyrtomium fortunei Calcareous soil
ferns I VoY s 17.65 £ 9.71%° 5.49 +2.84"¢ 31.11+£16.52°  8.66 + 1.69™
Pteris vittata Calcareous soil
PR TR FRA+ 19.53 + 6.48™ 6.69 +2.16" 3129+ 11.65°  6.07+0.77%
Adiantum capillus-veneris Calcareous soil
JH R R FIK A 24.26 £ 4.59° 7.23 + 1.68™ 29.78 £3.24>  10.42+0.38"
Hypodematium crenatum Calcareous soil
JRAE RS AR (A 2.05+1.24° 0.78 £0.48° 38.56 + 4.43° 2.14 £0.34¢
Calcifuge Dicranopteris linearis Acidic soil
ferns Pk - 2.59+0.99° 0.92 +0.39° 35.54+2.67° 2.95+0.69®
Woodwardia japonica Acidic soil
155 Pt 1 238+ 1.67° 133 +1.25% 5215+ 17.75"  3.41+125%
Stenoloma chusanum Acidic soil
I AT RS W 15 ikt 18.29 £ 3.26™° 10.82 + 3.46° 59.83 £ 18.21"  9.06+ 1.77%
Dispersed Nephrolepis auriculata Calcareous soil
ferns Ptk 528 +£231" 436+ 1.54*¢ 82.53+8.63°  822+0.75"
Acidic soil
&R FRA+ 15.62 + 18.03™ 4.49 + 2,24 4041 +17.69°  6.46+1.22%
Parathelypteris glanduligera Calcareous soil
R+ 3.96 +2.26™ 1.79 £ 1.12°% 4517 +£7.45° 4.46 +0.70°f
Acidic soil
R FRA 16.24 + 12.20™ 5.17 £2.09°¢ 38.15+12.68°  7.73 +1.99*¢
Pteris cretica var. nervosa Calcareous soil
R+ 11.58+1.19™ 471+ 1.76"¢ 39.95+£10.92°  4.16+ 1.03°®

Acidic soil

[ FEHE J5 AN [F] 7 BER 7R £ Duncan it Games-Howell £2 5 LU A 6 22 57t 11 2 (p < 0.05).

Values within a column followed by different letters were significantly different (p < 0.05) according to Duncan or Games-Howell multiple compari-

son test.

HORE DR IRR PR A AN T30%-60%2 [1], 1%
P P DX R AR B -5 K =18 82.53%, W
T4 IR A DB R S A Rl AR B A5 R (o
<0.05). EAEK RKEBIRRES HA5a MY+
ﬁﬁfimﬁﬁﬁﬁ
22 HEMEREHGERFE

HR TR, RS RE M R ARES & 3 /N T4
mg-g ', ST L A A R el RN A R
(p < 0.05); PREIRIRRRAS & 2 2 E K T HAR4Fh
LS AR R (p < 0.05); | A K FAE A K+ X
AR I AR 1 1 W 3 o TR X <
0.05); ¥4k L&, AKX I A iy PR RS
5 LS AR C W 2 R, RYE X
AT R AR A & & W T IR R P (p <
0.05).

AN IR EE S A PR AR T 2 TR %))
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22 18] AR 22 T8 85 & A7 AR o 25 7 (e 2
df =13, F = 10.763, p < 0.001; 4 df = 13, F =
3.494,p <0.01; M df=13, F=17.740, p < 0.001).
A2 0] DL, 4k b, DRAS R 0 & 2% o B
B W FR T AR (p < 0.05). AKLIX, )4
DA ) SR B B oy T B MR AR A . =
RAHDA) &2 85 B S o A DU AR, Bk
5 A A A PR AR & A A O A AR A > g
(R, DR AR ) (53 5 ok ) 0 4o 2 oGk ) R R A5
HOA SRS G o A KR B R AR AT
TR TS S, TR T L X R AR S
HIZZAR T 24575 & (p < 0.05).

PR 2 ZE AT o, AR AE A K I R
R ok 45 5 1 5 AR AT R A2 R R R R
PRk 5 w2 e AN B2, (HIHRAN & AT B2
Z 5B BRI df =1, F=0.001, p = 0.984; %)
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B2 MHERETNSSECPFYERERZ). W EKX, YDA R R RS Duncan® E LRI ZR BE@p <

0.05).

Fig. 2 Calcium content in different parts of plants (mean + SD). In the same growing zone, different letters of each plant show sig-
nificantly different (p < 0.05) according to Duncan multiple comparison test.

- df=1,F=0.016, p=0.902; R:df=1, F=4.903,
p <0.05. RBERIIA: df =1, F = 1.067, p =
0.342; Zhif:df=1, F=2.818, p=0.144; #: df=1,
= 19.398, p < 0.01); HHE MR BIRAF], 44

AW% SRR T TR K R AR R 22
T AR 5 A1 3K P b L R PG R TG 2 2 2 (ke
B df =1, F=9.686, p < 0.05; 2 df=1, F =
5.582,p<0.05; #:df=1, F=2.690, p=0.132),
23 HEYMERGIEFESE

WU, AR A AR 2 5 S A AR R R 75
EPNE B RE ZER (P <0.05). AT R
ﬁ%%ﬁ%ﬁﬁi%@%%%&&%m%%mﬁ

o DUREPR S & 8 S L L AR 5
Eﬁ&h‘m%&&ﬁ%MWﬁgﬁﬁﬁ PR
Wi, A LA N R2M R AT V2R (K 3),
DA R B 25 S oA R, W] DKE 128k 4 4 43 5K
s

(WHEHES & &S, H2EPERR D e
W%

Q)RS & & m, H 28 e e 5
Bk

Q)RR & i SR et v 5 B
MR TiAk BRIRE RKURBBR(A K 1);

(DR & AL T &K, S8 EE S ER

Bl Rk SRR K L),

(SRREG & RAR, & E 8 & i &2
BRORYME 1) KEBR(RYE ) B, S0 k.
3 itig

3.1 EYMIEEESH

SR E A A B A AP B AR T A K
IR R, DA R R (R RAR A 5 AR T
AR R PR AR R AN AT R R L
DRI IR, ARG 5 SRR e 4 A7 S8 ) 2
e T IRES AR, SIS B TR R ) IE R AR P
RSP IRt SR B v, RN BBk AT RE S AE HIEA 3R
I, AR AR R R s NS AR
M, R R B R e g R E, DMET B 5K
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AR 22 W7 9% R A ol % 85 7 A 55 R R L ) 2R
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BRERPR: AHIR S M & A 85 S I mK, &
WAZAE A ot 1) 2B P RO B 32 1) SR AL D, L
SRR 5 B BTS2 5 3, AR DR EF
B TS i A T AR K PR TR] I A A PR B
RIER AT, AR R T NG KSR, 2009) 7
FEH RS BRI o RN, 475 245(2000) HIAHC
Kl 7Bk SR I BS E M OBCR BRAIR, D928.9%,
IRF] T BRE R AT AR A5 R i g

R BR: AEPREG S AR, (H 3 AP AR,
ARG R T A, R A K
PR B B T SRANK, (H B 85 2l
(RIREI AT R, X v A P05 38 1 3 B AR R 42
P55 R AR 23 T b (s R SE ), i i
MR 1 € fE ) B T S AR (Musetti & Favali,
200355 )y AR RS 45 A EAR

B BR . BUAR BRIAEC: REARELES 5 & AR
JRA A S R R . T, XA RS A O IX 3
FOREL A 1) A B SO0 95 28 (R 7 SR ey 0 — it
FIRE S T3 TR A A Py e R A T AR R A
184 5 11 P L AR ol At 3 [ 56 1R
322 THEVHSISERAR
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TR, RF AR B i JLAEIR I 1 AR,
MBS A R AR 3 WA P A B B0t
B (R SR v, TR R M S S R AR A e, T
T T AR B R A 3R R e K PR bl A2
SRR o AN B A B o mARRAE 1, LS
THEN 5, 20094 B 2R RN . 7
LRI, MBS (2009) I A &R T, #
B Bk e A S R A AR Y, 5 A S &l 4
AN, I 5K S B K E AR G
B S A R 12.8 megrg  AE A, g TR
RS & B (R F 1S mgrg ! (ER4EAE, 2007),
AT LK B B Ay v 5 B A A

SEBK. RERK: 85 BRENIRE T,
JCR MRS & AR, HAES 8 E 0 BOIM,; fia K+
mh, JCRE RS & AR A T . R ) 14
R LB AR R AR BV B I K, AR AT
T IREE R, A R O i A A 2RI g OR 4
R PR & s AT L AT & B Va8 2 T4
JEL o R T KA 2% (MR AC B A A 5 T R B )
S T8 3 R ) A 3 MR AL B A o B as o g R R 4
SLRERE, e s (45 5 K, JRnT R B
KRB BRAR R0 A7 45 (1) e 1 58k o

ZE L RTIR, RERRE N 5 R BT A A A
PRI R, Ca® E AR 4N 5 75 B o i A
& IR 7 2GR P B 2 A S i R 4 it 21 2R 3k
AR, Frm) Bis® . (Ho, MP 240 ke T
REAL L A T BH 1 Ca™ ) T/ MAIZ Hii(Moore et
al., 2002). L] WL, AS[RIRE A PAR 28 2540 1) Rt
25 3BT B, = e A . AT R,
A1 IK AT L WK 77.91%, FA{E 450.9% (E
RS, 2003; WIIHAESE, 2007), MBRE RSN, A K
A XA AR AR B - 45 R AR T i A K
TR, FEAEERIA R Bl R R . T
b, B R A DX AR Bl AT B AT P AR B
BT T TR RE ), T G AR R R 2 T O R
IR REGA 5 2 I R AR R 23 A ) B AR G Uk AT
UERA

I, AR 1 45 126 R 1 IR e A i R
EEEENER . MRS TS B, H
A RHOR, RIZAS B A B S AE e ) AR
() e 52 B R, S T 5 55 AR T 45 U T LA
Se. M T Cat AMNR RGN R S, W)
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