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Comparison Study on Calcium forms in Plant Leaves under Different Geological

Backgrounds—A Case Study in Maolan, Guizhou Province

CAO Jian-hua'?*,ZHU Min-jie' , HUANG Fen'?,LU Qian'*
1. Institute of Karst Geology ,Chinese Academy of Geological Sciences, Key Laboratory of Karst Dynamics ,
Ministry of Land and Resources ,Guilin,Guangzi 541004 ,China; 2. International Research Center
on Karst under the Auspices of UNESCO .Guilin,Guangxi 541004 ,China

Abstract; The Maolan National Natural Reserve is a rare subtropical karst forest around the world. To clarify the
different conditions of calcium forms in plant leaves under different geological backgrounds,a karst area of Banzhai
Underground River catchment (limestone and dolomite) and non-karst areas of Yaopai catchment (sandstone or
shale)in the natural reserve were selected for comparison study. 13 different plant species were collected from the
study areas,6 of them are endemic species for karst or non-karst areas. The total contents of calcium in leaf sam-
ples,the distribution of calcium in subcellular fractions,and the forms of calcium were analyzed. The results showed
that 1) the average content of calcium in the plant leaves from the karst area was 1216. 82 mg/kg, which was
58.45% higher than that of leaves from the non-karst areas; 2) calcium pectate, which accounts for 27. 91 %—
32.82% of the total calcium in the leaves of calciphile plants,is the main form of calcium in the calciphile plant leav-
es in the karst area; whereas., calcium oxalate, which accounts for 33. 69 % —34. 34 % of the total calcium in the cal-
cifuge plant leaves,is the main form of calcium in the calcifuge plant leaves in the non-karst areas; 3)59. 05%—
66.54 % of the total calcium exists in cell-wall of calciphile plant leaves in the karst area,in contrast,36. 67 % —
43.77% of the total calcium exists in cytoplasm of the calcifuge plant leaves in non-karst area. The comparative re-
search provided a new approach in better understanding of the karst ecosystem.
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S 8 R 5 ST B Bl A 32 B A7 b T A M- RS R
MR 295 . R T ER A 7S 5 76 A S IR 1 AT
X5 R PR B By 52 L A W] AL 2R A5 B ) 2P By
JiE R

T D UL A A B8 X T b R A AR ER R BT
AR R i B A R S I RRAED T vk
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WA A AL, N R D 1 P R B O R U Y
B b Ay b A K 22 107°52710"~108°05"40", 4t 4
25°09'20"~25°20"50", % = #E Ik 1078, 6 m., i ik i
K 430 m, PR AE 800 m DL I 5 J& rh BT 22 X
T S AR B 15,3 CLAE R KA 1 320, 5
mm, FEHZE K 1 343. 6 mm",

TEOR B DX 6 4 0 v XM 288 it Bl L AR e 3 X 58
HE WA 58 X, P X AR BE 35 km., g 28 i 3k 9
A FENARR . ZEBRIE LA =i, 115
Sy EAn AR A K (R DL )2 R H L pH N
7.5~8.0, 15 Ca.Mg & BB 1M K\ P &A%,
SeHER B A B R T A AL A S
ZH R AT 1511 = 38 s MR 4T B (5R DL £
R pH R 5.5~6.1,
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Table 1 Basic properties of limestone soil and red-yellow soil %

A SiO, Fe,0; Al O; CaO MgO K:0 P, 05
o1 Wi 40. 23 12.94 28. 04 0.15 0.46 1.79 0.09
B A7 K+ 45. 45 8.34 26. 59 1.58 1.95 0.55 0.05
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Table 2 Collection list of the old and the tender leaves in karst and non-karst areas

%* A A EE % /G |
ELYIWN Eurycorymbus cavaleriei N N
ARigA = Magnolia mulunica N N
PN EAT Ampelocalamis calcareus N B
RS LA WG Michelia martini N R BR
4N Handeliodendron bodinieri N
B R 2% Kmeria septentrionalis <
oA Liquidambar formosana N/ N
E N Rhus chinensis. N N W & R
L7 Myrica rubra N N e
i [a] 50 A8 ) T i Choerospondias axillaris N
PR cinnamomum parthenoxylon N/ b HA 72 P
* % Toona sinensis N X By R4
-y L. comunis Hemsl N N
BT ¥ Castanopsis concinna < N
ITREA Desmos chinensis N/ N
LD/t Alniphyllum fortunei N
IIpEy;s| Sapium discolor J
VN Schima superba N

U/ WO R
2.2 WEFHIE

(1) A4 it 805 < 05 5 o 114 0 2 R FH i R -
EAIRE AL . FREULL 0 g BEAL T 150 mL =
A 10 mL ¥ HNO, , 584312, RIGA 3
mL 60% HCIO, I 1 35 VLN ). 78 8 #0i B
PR IR R Ak S 2= HNO, JLT#izE 8.
WA & A Al B S FE A 10 mL HNO; 422
PER HEEAMNIE. BEFEMA 10 mL 1:1
HCL. %% A 50 mL A E% . H ZEEnit 700 J&F
WS ' B T

(2) FY R NS IE S #i2 Ohat 20 J5 30
A HLARPE G K 4 iR I 28 W3R 3, FREX 0. 5000
+0.0005 g FE& LT 100 mL WZ W B O, T K
T TE R P 25 R R AR 2 i 3R B %% 1 h
J5 54000 r/min B.0> 10 min, ¥ IER K E 25 mL &
b, 5 260 i R R 2 4% . H ZEEnit 700 J5F WL
Gy IEEEE T AT E .

(3) I IV 40 M 20 43 5 43 A 45 4 Hans 2600
& Rathore &% ) Jy i, FRUR 0.5 g AHY e, SR
TV 1 50 HMBCK A o S0 ST M A AR
FUFE 15~20 mL 2247 ARG % A 50 mL .04,

xR3 HEUENEHERUZERESH
RESBREBFERS
Table 3 Extraction procedure and chemical

fractionation of calcium from leaves

2B 2 B 4 1 P94 T A T 5
1 80% 2. Tl B 5 RN S AL A5 (15 4 ALcCa)
2 FEAR K KA MR E5 (H, O Ca)
3 1 mol/L NaCl KRS (NaClCa)
4 2 %% itk iR T R 4% MR 2 4% ( HAC-Ca)
5 0.6 % M LR 45 (HCl Ca)
Tl 4% Bk — FEFRES (7] 5 K ResCa)

W 20 250 AR 5 VS VR B0 LT 2200 r/min 2%
PEFE L 30 s, N HBUCTE A JZ B8 R Sk 400 M B 21 43
CELAE LR B » L35 WA 5500 r/min Z 4T 250 45
min, JiKJZ WA 8 40 M 25 4145, b1 O I R 4 A
CAL 5 20 L 5T AT ) &

A3 B3 5 Y A0 R RE R 5T RN A M 8% SR O HINO; -
HCIO, 41k . &5 4 ZEEnit 700 J§ Wik 43t
S RE T AE
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1216. 82 mg/kg, tLIE A 7 X AE 4 (767. 94 mg/kg)
w448, 88 mg/kg. A X & 0 OF WA N
1233.90 mg/kg, W ¥ {E A 1179. 81 mg/kg, Ik
FRXCEMFRE N 779. 14 mg/ kg, WY (E

AR A /AN [ M ST A R AR I ep O S LU Y DA BN 0 =2 S 4

743.66 mg/kg, M E TN . B LA ) S
HASL G A 1193, 37~1711. 62 mg/kg, W& & T
(] AR 4 (719. 875~1515. 75 mg/kg) , i & T HE 45
RUAY M (398. 62~1037. 25 mg/kg) (& 4),
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Table 4 The average total content of calcium in leaves from karst area and non-karst areas mg/kg
ik Afe Bt M g g ) )
. AAEAR FE AR TR HmIkAR B MRAE B Tt
B3] PN BT WA A=
sy M 127962 1711.62 1314.50 1229.37 1482.37 1604.62 912.75 1173.25 966.62 1406.37 971.12 1024.87 963.62
X gt 1193.37 1526. 00 1515.75 1122.87 786.75 934.12
MR fEREE TR fIEAR S BEA WA L AR i WA EBRAR Bl ERE B T
e &M 1037.25 617.87  917.37  619.37 429.50 673.00 810.62 749.25 1170.25 783.62 748.50 852.37 719.87
WX B 629.12  398.62  859.75 723.87 1120.37 730.25
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Fig. 1 Comparison of calcium concentration in leaves of calciphile,intermediacy and calcifuge plants
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5 B R BR AR XY A OR F ST A
BB KNI - FERRES (410, 01 mg/kg) > B iR 45
(290. 36 mg/kg) > R KL #5 (235. 95 mg/kg) > K
WEPESS (125, 13 mg/kg) =B FR £5 F Ak iR 55 (123. 89
mg/kg) > HRES M &AL 45 (31. 49 mg/kg) . HAE A
Vo DX ) A A TRD 1 R B . A DX B v Rk R S
HE I 149. 52 mg/kg, JE A IO 2 M &
th 71,73 mg/kg, HAWIE &5 &2 K T 0o

M 6 25 B 0], g 55 AR ) e A B S T S AE
2 W R e A SR R Sy« SR TR G > R B > K

A > e R A > 1 A6 AR T 65 > il T 5 0 S A
R O S R TR A TR A A o R R A
32. 82000 27. 91 % .yl A 379. 55~473. 64 mg/kg;
IRKEA IS R 2. 43 9 16, 53 % #1115, 93 %, 30 Ky
216. 54~238. 5 mg/kg; fif BR 55 A S AL TS Fe /)N 3 0l
2.45% 1 1. 58% .y [l Ry 21. 44~35. 3 mg/kg.

e () BAR ) i 0 5 JE A A S i AR rh 4 R
TR A « e R > R R > M T S kTR S > R I TR
5 > 7K I P A > Y TR 5 R AR Ak S L S I R B v e
PR A5 2503 0 o B A Y 47, 48~48. 18 %0 Fll 55. 35
~60.87% ,Ju A 403. 39~663. 43 mg/kg; H R4



) A L BR A2 T 255
x5 AAMREZGHTEYHAFEESSENERTS I
Table 5 Content and percentage of different calcium forms in leaves from karst and non-karst areas mg/kg
i 12 45 1 . . W2 25
9 ) K M 4 SRR S ) LIRS fif R 45 B
AT T R 55
% 32.5(2.63) 138.96(11.26) 273.77(22.18) 127.04(10.29) 298.84(24.21) 362.79(29.40) 1233.9
HIRX W 29.28(2.48) 95.18(8.07) 153.99(13.05) 117.07(9.92) 271.99(23.05) 512.31(43.42) 1179. 81
ooy 31.49(2.58) 125.13(10.28) 235.95(19.39) 123.89(10.18) 290.36(23.86) 410.01(33.69) 1216. 82
% 22.15(2.84) 96.31(12.36) 97.91(12.56)  75.47(9.68) 225.14(29.89) 262.17(33.65) 779.14
JE AT X e ot 16.5(2.22) 39.52(5.3D) 73.88(9.93) 59.89(8.05) 220.57(29.66) 333.3(44.81) 743.67
o 20.37(2.65) 78.38(10.21) 90.32(11.76)  70.55(9.18)  223.7(29.13) 284.63(37.06) 767.94
T AR5 BT B Y
x6 FAEXBEYHAFFEESAENERESR
Table 6 Average content and percentage of calcium forms in leaves from calciphile, intermediacy and calcifuge plants  mg/kg
- A S i s MO B
AT B R 55
P ¥ 0 35.3(2.45) 238.5(16.53) 473.64(32.82) 154.69(10.72) 338.59(23.46) 202.35(14.02) 1443.07
e oot 21.44(1.58)  216.54(15.93) 379.55(27.91) 206.28(15.17) 325.8(23.96) 210.08(15.45) 1359. 69
o] 74 ¥ 29.23(2.77) 53.63(5.09) 102.46(9.72) 103.34(9.81) 264.76(25.13) 500.31(47.48) 1053. 73
CHE XD g M 33.2(3.05) 34.5@3.17) 41.21(3.78) 72.46(6.65) 245.08(22.49) 663.43(60.87) 1089. 88
o ] 7Y % 24.68(2.95) 50. 83(6.07) 88.77(10. 6) 68.48(8.18) 201.16(24.02) 403.39(48.18) 837.31
AEHmx) e 19.58(2.28) 28.23(3.29) 61.85(7.21) 48.39(5.64)  225.1(26.23) 475.02(55.35) 858. 17
o 780 % 19.98(2.74) 135.29(18.55) 105.7(14.49) 81.46(11.17) 245.69(33.69) 141.12(19.35) 729.24
- 13.43(2.13) 50.81(8.08)  85.91(13.65) 71.39(11.35) 216.05(34.34) 191.58(30.45) 629. 17

U A R B %
W A e R 24, 02~25. 13 % Fil 22, 49~
26.23% A 201. 16~264. 76 mg/kg ; iR 45 Fil
AL /N A g 2.0 7T7% ~2.95% 1 2. 28 ~
3.05% ,JEHl Jy 19. 58~33. 2 mg/kg.

S BUAR Py 0 A5 IR A S i R I - R R A
=Tk TR A > 7K I M G > R TR > R R Ak TR
= TR S R AL S 5 S i R AR DL R R S R T2 L 4y
W AR 33, 69 %0 Fl 34. 34 %, Yl 216. 05~
245. 69 mg/kg; FEM IR Z, 45l b B & EN
19.35% M1 30. 45%, 5 Ml A 141. 12 ~ 191. 58
mg/kg; i {R 5 A& Ak 55 B/, 43 5 20 74 % N
2.13% i M 13.43~19. 98 mg/kg.
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TR 55 A B A T A B v 20 0 i 5 ) 7 1
(7] i 3 BE A 45 LAVC 3 A9 1 2CRH B T B A A1 ik i
AR B I AR

Hess R A ) i R b R DL R RS CRERRES
B PR TR A DR A 6 R AT Lk LU RS | I A AR A
P TR M AE M N I S ot A A T AT 4
] BT BT AR AR 45 2% T AR B AR DAL A
T A By 5k e PR A LR G A SRR A A L X
SR I I B AR ) % A 4 B T AR T R 2 —

M2 AT LU H o () B R ) 64 45 b 85 O 25 75
HE DX A IR AR B R A e dl AT A
0 5/ ST SO08 R () B R A R A R AT IR S
R AN R S I 25 2 AR W) o i R P B R R R T
Mo J5/ - e SR
3.3 SSETHEMASHTHNEERSH

i 7 TTAL S DR A i R rb S A I 46 D 24

G TS 5 S a3 A L Ry 4 i BE (687. 86 mg/kg)
> (369. 06 mg/keg) >N %% (159. 93 mg/kg) .
) 2 W A R Y B v S O 177,86 mg/kg . {H
LB T 240 L o A A T B T IR A X A
A5 S i B (335, 8 mg/kg) = 4 iy BE (284, 74
mg/kg) > 4 I #5 (147. 42 mg/kg) . % i 5 i HE
FEAEE S mHEA R,

FH 2% 8 1], I 5 AU AR ) 85 A i R I 4 2 A3
FF A 0 A IR S 40 i B > i S5 > 20 i BE L S i A i
W55 0 R DA A T 40 B RE R Ry L A ) R
B 66. 54 % Al 59. 05 %,y Fl & 802. 92 ~956. 36
mg/kg; Ml BT K 2, 4 ) A A& 230 6000 Al
25.76% ,J5 A 339. 08 ~350. 22 mg/kg; 4 it #%
/Nl 9,86 % 1 15,19 % L Ju Ky 141, 63~
206.55 mg/kg.

R7T FRAERERTEIH P HEETIABASHEENERB S

Table 7 Average contents and percentages of calcium in sub-cellular constituents

of leaves from karst and non-karst areas mg/kg

i 4 ffd BE ML il 2% JEN s

% 744.02(60.29) 339.72(27.53) 150.2(12.17) 1233.94

HIFX e 566.16(47.99) 432.63(36.67) 181.02(15. 34) 1179. 81

¥ 687.86(56.53) 369.06(30.33) 159.93(13.14) 1216. 85

% 284.56(36.52) 340.53(36.67) 154.09(15. 34) 779.18

AEEHEIX i 0t 285.14(38.34) 325.56(43.77) 132.97(17.88) 743. 67

o 284.74(37.08) 335.8(43.73) 147.42(19. 20) 767.96
A5 WECFE B R %

RS AREBEYHREETMABMASPEEHERBTNLL
Table 8 Contents and percentages of calcium in sub-cellular constituents of calciphile,
intermediacy and calcifuge plant leaves mg/kg

g # 2 Jf0 BE ML 2 il 2% Mo

— % 956. 36(66.54) 339.08(23.60) 141.63(9. 86) 1437. 08

B et 802.92(59.05) 350.22(25.76) 206.55(15.19) 1359. 69

o [ 7 o 562.02(53.03) 340.26(32.11) 157.54(14. 86) 1059. 82

CHTETXD [/ 447.79(41.09) 473.83(43.48) 168. 26(15. 44) 1089. 88

o ] 74 ¥ 292.63(34.95) 346.37(41.36) 198.35(23.69) 837.34

CIEB v %) o n 308.55(35. 95) 366. 63(42. 72) 183(21. 32) 858.17

4 % 277.65(38.07) 335.53(46.0D) 116.14(15.92) 729.32

- e 261.73(41.60) 284.49(45.22) 82.95(13.18) 629.17

0 BTSN %

rRRI B FE bR T A X B Al R i R > A
i BE = 20 Jifg % . A% £k Y5 [ 43 Sl 7E 340, 26 ~473. 83
mg/kg.292. 63 ~562. 02 mg/kg.157. 54 ~ 198. 35
mg/kg Z[A],

IS 7R A ) 5 b () YR ) o A AR TRD L 2R
= 4 i BE > 40 2%, AR Ak [ A 0 AE 284, 49 ~

335.53 mg/kg.261. 73 ~277. 65 mg/kg.82. 95 ~
116. 14 mg/kg = [a] .

H & 3 T LU Y, g 5 TR0 A ) 4N i RE 45 5 i B
Sk 5 T L 5T R 240 P 8 L T L ST R 40 B A R 25 RO
.
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Fig. 3 Calcium contents in sub-cellular constituents of calciphile,intermediacy and calcifuge plant leaves

A WFFT I g 5 R ) 5 S TR A ) TR
i I Ca® -ATPase i A L 3X 0] BE A2 08 55 AU A 9
T IV A R S PR R R AL EE 2 — , PRI A ) e 4 A
FE W) 40 I 5 Bt - Ca® " -ATPase 3 P Fb 3§ 45 70 k4 4
Y ff B I Ca®" -ATPase 76 P &1 . A8 K5 41 g 5T+ 45
iz BT EE A A7 A 20 i BE v

4 H B

i 2o X B M 2% T G AR AR XA TR X O
KA KO BEES RUE Y 6 Fh JE A5 0 IX (b s
U DO BiES BUAR Y 6 A i DCREE 5 i XA
1A B R R R Y 7 AR R AR R B L 2R i AR B
J& a3 B T R R A B I S B g A R A (I
AL ) 4B s T N/ AR 0 22 57 L 3 2k
Pyt R eb G A R A B 25 3 R0 AL AN TR G

JREA T ILA @ TR ER S & 551, 330
FE B S A B DA T R O U XA A
Fr A B B 1216, 82 mg/ kg, AR A
X 75t 58. 45005 @ 5 ¥ X W H5 B A Y 0t b A L
TR ST A hy 32 Hofr i o RS R 27, 91 %
~32.82 06, Al DX RS RO A I b ) 5 DA
FRASTE A R 3, o5 RS BT & 9 33. 69 ~34. 3400,
] AUAE ) 1) 25 A S JE S TE A X SRSl XA M
RL B A2 b #4375 o B A A ) L I R R AR )
H ) 2R 4 24 EL A R G M 5/ A 49 B8 R A ) O ]
BLH s @ 50 X g 85 RUAR Wy it 5 rh () 45 3 2R A
S B BE B Y 59. 05 % ~ 66. 54 % , i JE
Vo5 DX IS AR i R e ) G S A AE T P,
MG TR 36, 67 %0 ~43. 77% , MWK & A IF X LW 41
i LA g A 5 A R e R L A R T A 4
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