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Abstract: In order to explore the physiological adaptation mechanism of calcicole-type golden Camellia to high
calciumion environment and analyze the main reasons that the calcifuge-type golden Camellia can not grow on calcareous
soil ,a pot experiment was conducted with two species of calcicole-type golden Camellia ( Camellia multipetala and
C. limonia) and two species of calcifuge-type golden Camellia ( C. nitidissima and C. tunghinensis) seedlings. To
exclude the influences from other confounding factors, each pot was filled with sand instead of soil. The seedlings were
treated with four Ca levels, 5, 25, 50, 100 mmol - L. The photosynthetic and physiological indexes of two different
types of golden Camellia were measured. The results were as follows: The net photosynthetic rate (P, ), stomatal
conductance (G,), actual photochemical efficiency (@PS II), electron transfer efficiency (ETR), Chl a, Chl b and
total Chl of the calcifuge-type golden Camellia decreased with the increase of Ca’ concentration, which indicates that
the photosynthetic capacity of these two species decreased under the high calciumion environment; While these indexes
in the calcicole-type golden Camellia did not change significantly under different Ca™ concentrations, indicating high
calciumion environment did not affect its normal photosynthesis. The content of malondialdehyde and the PS Il maximum
photochemical efficiency (F,/F, ) of the calcifuge-type golden Camellia did not change significantly under high
calciumion environment, indicating that its photosynthetic membrane system has not been damaged. With the increase of
Ca™ concentration, the proline content of the calcifuge-type golden Camellia increased significantly, while the soluble
sugar content did not change much; The proline and soluble sugar content in calcicole-type golden Camellia were not
obviously changed under different Ca™ concentration, but the soluble sugar content in calcicole-type golden Camellia was
significantly higher than that of the calcifuge-type golden Camellia. Calcicole-type golden Camellia were not sensitive to
the external calciumion concentration, its physiological mechanism of adaptation to high calciumion may be related to the
higher content of soluble sugar in leaves; However, the adaptability of calcifuge-type Camellia to high calciumion
environment was poor, which may be the main reason for its inability to grow on calcareous soil.

Key words: golden Camellia, calcicole, calcifuge, photosynthesis, fluorescence, physiology
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Data with different lowercase letters between different treatments in the same species represent significant differences at 0.05 level.
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Table 1  Chlorophyll fluorescence parameters of four golden Camellia species under different calcium ion concentrations
5 B T IO FEROR SRR R R 8
Py Fp calcium ion Maximum photochemical Actual photochemical Electron transfer
Species concentration efficiency efficiency rate
(mmol - L) (F/F,) (@pPSIl) (ETR)

EIZ 5 0.815+0.011a 0.636+0.054a 14.68+1.24a
Camellia nitidissima

25 0.820+0.011a 0.641+0.053a 14.80+1.25a

50 0.817+0.007a 0.633+0.037a 14.64+0.84a

100 0.805+0.028a 0.578+0.065b 12.85+1.13b
R 5 0.811+0.006a 0.642+0.012a 14.82+0.32a
C. tunghinensis

25 0.807+0.006a 0.630+0.028a 14.55+0.62a

50 0.813+£0.004a 0.618+0.019a 14.30+0.46a

100 0.799+0.011a 0.537+0.04b 12.42+0.24b
Bk S % 5 0.816+0.011a 0.639+0.021a 14.75+0.48a
C. multipetala

25 0.818+0.008a 0.622+0.010a 14.36+0.27a

50 0.824+0.007a 0.642+0.008a 14.85+0.76a

100 0.826+0.009a 0.631+0.03a 14.35+0.24a
e 5 0.812+0.011a 0.656=0.017a 15.15+0.40a
C. limonia

25 0.820+0.005a 0.638+0.025a 14.78+0.58a

50 0.824+0.005a 0.627+0.068a 14.50+1.56a

100 0.823+0.006a 0.630+0.043a 14.62+0.98a

T FR Y R FUA /NG TR R 22 57 B35 (P<0.05) . T,

Note ; Data with different lowercase letters in the same column of the same species are significantly different ( P<0.05). The same below.

FEYITEA [R5 B 1Yk B T R I IJF A 58 & — 2L,
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30 mmol - L™ Ca™ ¥ £ kb B F 5 & , 7€ 100 AT 200
mmol « L' Ca® ¥R BEAL BT 2 T PR (P 259 5%,
2013) . FRWIAIRIE 45 48 ) %45 1) 75 5K A 78 4
—3,

BE Ca™ M B2 Y FH i, AR R A0 B B AE 25 1 P,
G EFEER ¢RI RS THE, T 0%
PR ETHE R AR, 5 5 mmol - L' Ca™ ¥k Ab B

AHEE,25 mmol - L' Ca® VR BEALFE R A9 P, G, A1 T,
e 7254k, e 25 mmol - L7 Ca® ¥ )& 4b 31 I
RN 45 B FIAR 2% 4 AR 2% B AR K 72 RN RS2 i)
£ 50 A1 100 mmol « L Ca’ W EEALFE T X ILAHE
PRt R, B BT 50 mmol - L7 Ca® ¥ JE b
PR T P b 85 7Y B AR 2% O G e (AR
A2 F 52 ), 3X 55 0 A — S 0 4T 0 ) 1 BF 5 4
R, MEES S THREN I &, W
( Camellia sinensis) 1 P, F G 32 & FEAG , H AT R
B BE | e | i T AR B R A T B BR
R4 2010) 5 Bk E5 A W K A AL Y ( Rhododendron
decorum) W& W5 | I 8 H055 48 b Bl A1 IR 5 25
TURPE W T = AR B DT R Y B (5 A
2012), 7F 50 mmol - L Ca® ¥ EEAL T | 345 AU
GRS P BRI R AEBE C A FEAR, WIS
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Table 2 Chlorophyll contents and proportion of four golden Camellia species under different calcium ion concentrations

¥ % 5 s b= =
o _ %S.fﬂ?%%fﬁ . MHEEE a egE b R S PE8s W2 o D
Species calcium ion concentration Chl a Chl b Chl (a+b) Chl a/Chl b
pee (mmol + L") (mg-g") (mg-g") (mg - g")
SR 5 2.27+0.15a 0.88+0.04a 3.16+0.14a 2.56+0.21a
Camellia nitidissima
25 1.98+0.16ab 0.80+0.04ab 2.78+0.19ab 2.46+0.18a
50 1.74+0.16b 0.69+0.03b 2.43+0.15b 2.51+0.25a
100 1.59+0.14b 0.550.03¢ 2.1320.12b 2.71+0.38a
RN 5 1.55+0.13a 0.65+0.04a 2.20+0.18a 2.37+0.18a
C. tunghinensis
25 1.4920.15a 0.63+0.03a 2.12+0.20a 2.36+0.20a
50 1.27+0.16b 0.54+0.04b 1.81+0.19b 2.35£0.19a
100 1.19+0.12b 0.52+0.03b 1.71+0.17b 2.29+0.10a
HPk&AEAS 5 2.07+0.20a 0.81+0.06a 2.88+0.26a 2.55+0.05a
C. multipetala
25 2.04£0.19a 0.82+0.08a 2.87+0.27a 2.48+0.06a
50 1.86+0.15a 0.76+0.05a 2.62+0.18a 2.45+0.08a
100 1.96+0.02a 0.86+0.03a 2.83+0.04a 2.28+0.08a
Frig & e 2% 5 2.27+0.26a 0.83+0.08a 3.10+0.34a 2.73£0.06a
C. limonia
25 2.26+0.14a 0.83+0.06a 3.09+0.22a 2.74£0.07a
50 2.35£0.11a 0.84+0.04a 3.19£0.14a 2.81+0.08a
100 2.20£0.15a 0.81+0.04a 3.10£0.19a 2.73£0.09a

T AL 05 B AR BRI AT AR 3 28 UL BR 1 A
Z A, M7 100 mmol - L' Ca® ¥RJEALHF , P, %
ICAERE C TR, IR & 3R 1 A% AT ik
Bl AL ZE 5| # ( Farquhar & Sharkey, 1982) |
Lb R 55 i i A 4 I PR R e D) Bl R R AR
A % (Candana & Tarhanb,2005; % 2535145 1 2013)

2R R 6T LIAE R 66 VR IR, it 2%
R IOCHARM K e Ak R OGRE 9 40 e 5
Ho G v T 535 3R PR T 0] BB ( Anderson, 1999 ; 9
455 ,2011) ., f£ 100 mmol « L™ Ca™ ¥ i &b #f
T, IR A B S A8 R F /F, 5 HAl 3 A b BEAR
PR A REA , fH T T 3 22 5% (P>0.05) , R W 45
Qb P R 7 4 A8 A5 I RO A v O R B I
I X 5 HA — LE B A D FE = B 5N FL/F, W
BEEAMRIF A — 3 (FBRAESE, 20105 F #1855,
2012) ,3X 75 5 a0 I [ AR 65 38 R X R R 40
PR EAR K A R — DR IR A R 5

Jip3a R H M R MDA & &0 3 TS A B W
R4S 0 42 46 2576 100 mmol « L™ Ca® WAL FE T
1) @PS I H ETR 25 1% T HoAth 4 B, 3 B i 475 B4
BRI PS TR H ARG RERCR A G i T2
18 TR R B AR, 1 IS ' A A Y TE R AT
FEANTR] Ca™ Vi B Ab BT, W B 545 480 4 16 A5 11
F/F, @PSIH ETR ¥ R A W35 2 7, R HE
RYGIBATIER JCEEHARZEmW, X 506628
)2 IUAH— 3L,

M2 R S R WO G g B AR DR B ) B2
fEAE bR, & m e — e B R we TRy A KR
MGG ERRE S, Wrl RIEW SR P 420 28 E
15 2R ( Nieva et al., 2005 ; B2 /N2L 46 2015)
PR, S ALY M A rh i 4 R S B AN RS
B BE I T TG A, D6 G e T B R 2 R (5K )
B4 ,2013) |, T ERES A TE R A A R
ERAKIBEZ B 45107, a5 R, DCEERIZ M
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Table 3 MDA, Proline, and soluble sugar contents of four golden Camellia species under different calcium ion concentrations

i 5 T M B [ If R IREE i
Species calcium ion concentration Malondialdehyde ( MDA ) Proline ( Pro) Soluble sugar
pecies (mmol + L") (mmol - g") (ng-gh) (mg - g")
SR 5 0.06£0.00a 5.41£1.20a 12.10+1.54a

Camellia nitidissima

25 0.06+0.00a 9.17+2.17b 7.35+1.10c¢

50 0.06+0.01a 12.51+3.95¢ 7.49+0.49¢

100 0.07+0.01a 15.90+4.54d 9.64+1.16b
TRMSEAEH 5 0.03+0.00a 7.01+1.52a 10.88+2.19ab
C. tunghinensis

25 0.03+0.00a 13.27£1.05b 10.71+1.31ab

50 0.03+0.00a 21.07+2.82¢ 8.60+1.31b

100 0.04+0.01a 29.99+3.56d 12.17+0.81a
Hk4a b2 5 0.06+0.01a 7.04+1.18a 27.23+2.68a
C. multipetala

25 0.05+0.01a 5.83+0.55a 22.78+3.27a

50 0.06+0.01a 5.71+0.42a 21.60+1.49a

100 0.05+0.01a 6.19+0.64a 27.74+5.65a
Frig & e 5 0.06+0.02a 4.67+0.94b 19.95+1.02b
C. limonia

25 0.06+0.02a 4.89+0.94b 28.74+4.81a

50 0.07+0.01a 5.79+0.45ab 25.3120.89ab

100 0.06+0.01a 6.51+1.81a 21.79+1.93b

il (CEBRAESE 2010 ; HUINE S ,2014) o AWF5ET,
A Ca® Wk FE MY F- &, WRES B & 6 A5 Jr Chl a,
Chl b Chl G5 3 2 Bk JUHZAE 50 F1 100
mmol » L' Ca> ¥ EALBE T | BE LT 5 mmol - L
Ca™ MR B Ab B | 3% B VR 5 PR 05 7 5 28 4 A6 2%
LA AR ERL, R R G Bz 2, &
B Fr A G RE 1 RO G I R AR, O G B T T R
FEANTA] Ca® W BER, I D 245 70 & AR 25 il 7 &
ROt B 25, RS8R &R A
IFi) 465 85— Yk 32 114 355 I 3 PR 8¢ ), 3 AT g 5 IR S 3
35T A ) AT B IR R 0 A A IR IR RE T A R
(JpiH A ,2012)

FER T i Al B o AR TV 2 L
HEHCOMIS B A5 . AE— 2L R 45 1 TR AE Y AT LA
I HE 0 R A RR | ATV M S BT R
B B 7 YR8 7, 1 I B R AE A X b Y K
PLRE S (ML IRIESE 2010) B A HFIEIN A, A

TR T et 1) T v LA ) T 306 5 2 A 1 — o A B e
N (ZEELAE,1999) o AWFIE, AR B Y 4 B %
M Il 20 R & S BE Ca® Ve BE A9 T b 2 18, (H
ATV PENE B B SR AR A TT AN R, 3 RS A 4 AR
X v B PR R ) N RE AT B, T S A 4 AR
AAEANTA] Ca® W EE T it R i 2 R Al s Ml 55 1
AR IEAN B G, R B HOIEOR 32 B aa X 055
5 AT AR ARG 035 1 XS B A AR
T K ( Swida wilsoniana ) 5516 A R F5 55 oY 3
BUARL (5K > #5055, 20135 5K 55 55 ,2017) . fEAN A
pubescens) ' 7~ POD 7% & i /& T Bl 55 A8 9 i 2%
( Camellia oleiferal) ,POD B9 = 50 X R UE T =45
)T 52 B P55 Joih 300 1) R AR G 1 O 47 200 i I 235
g R G At AR B A= Ak o B OR 32 5 e (5RO AR
2008) , AFFFE A, FEAE Ca™ W BN, 545 81 4
FEZS M ] s P B D T R A AR,
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X ARES POD A7 AL ROR | LU IE 45 24 43 4E
A REAR G 3 17 g 5 PR

LE LTI B0 1Y G A6 28 X OD LR B e
A 7S A T A IR i v 0 R AR 5 R 58 R B BE IR
A, LI ) g S Y A BEAL TR AT RE 5 i A B Y
AV S A O T A R AR 2R A S R
PR¥EAR, XRATGEREH AR R L LK
i EZ RN

p=
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