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Abstract: Calcium is one of the essential nutrient elements for horticultural plants and plays an indispens-
able role in plant growth, morphogenesis, stress regulation and signal transduction. Horticultural plants
mainly absorb calcium ions (Ca**) through the apoplastic and symplastic pathways in the root vascular
bundles, and the above ground parts of plants can absorb Ca* through non-vascular bundles. Keeping in-
tracellular calcium homeostasis plays an important role in plant growth and development and response to
stress. Calcium homeostasis in the cytoplasm of horticultural plants involves a variety of calcium trans-
porters and organelles which forms a complex regulatory network. When the concentration of free Ca* in
cytoplasm is high, plants can promote Ca* efflux through Ca**-ATPase and Ca®/H" anti-transporter pro-
tein. While the concentration of Ca* in cytoplasm is low, Ca® enters the cytoplasm by the calcium ion
channels on the plasma membrane, endoplasmic reticulum and vacuole membrane to increase the con-
centration of Ca® in the cytoplasm. In this paper, the absorption and transport of calcium in horticultural
plants and the mechanism of calcium homeostasis in cytoplasm were reviewed, and the related research
in the future was prospected.

Key words: horticultural plants; calcium homeostasis; calcium transporter; calcium ion channel

Fs  2022-08-31 &E 2022-11-02
#EE [ KE SR RI(2019YFD1000103).




14 TP A B 244 www.plant-physiology.com

i (calcium, Ca)2HEY)E KK BT TR MICE,
TEEPAEKKE . WSS A
4 EEE R (Perochon2011), 452 -3 778
B T iR —, AR, MY 2EiE
TAR 28 M A3 R RASAS, i -3 P T B LS
PRI LA PRI, Hor KR 4% LA TG LA S 1)
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PSRV R BRI S . R RS d
1. Ca’/H' [ |r/iz 5 [ F145 42 (PAICa® - ATPase)
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Table 1 Major Ca* inflow channels in horticultural plant cells
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V) ol A RTAEL ) 2B A (Wang 5520225 White A1
Broadley 2003). [d ZEY 4. HE H B &
H S HUPESE 7 AU S S M iE . WuSE(2011) & B
Y1 e Ca™ I8 B AN, 424 4E (Lonicera confu-
sa) 5 F 2 R Ca TR AL HE AR SN i
FHCa™ £ 2k (Colocasia esculenta)F 7] LLiE IS
FrKFLIE K B 07 2R, TRk Py Ca” IR I,
FRAEFE ) 1 1F 5 A2 K (Islam flK awasaki 2015). &
R I Ca™ R T HRAB P 41 M 1E 55 1) A= BE Th R,
Ji P Ca® IR T B AR RRAE AR K K P . ZE4IIA,
R R B T AR5 5 R GE . B Sl S,
N I AR BB T, I i Rl DA B R N LAt 1
e A 2R AL, 5 T 40 I Y &5 749 R 2 i (Kacprzyk
£2017) DR ik, B ) 25 A 4 4 i P Ca™ 4 BT
fxs Tl 2 E R A K R EEER . KRE 8
] LUK £ (¥ Ca™ Ak i IR (Ca,CL0,) i 1A
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LAE YDA N R A AR B B ol i — B A
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THP K 2 43 1 Ca®" IGH 53 &0 3145 2 55,

a4k, YEFR40 BT  Ca® ) 3Rt 7K 1 2 Fh Ca® /BH 25
F S IE A (CaCA)BE K B FIP A Ca® -ATPase (%2)
SR A (SanyalZ52019; Emery2$2012). Na'/Ca™ %¢
PR (NCX) BH B /Ca” 32 i fA (CCX) A BH 5 7/
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Table 2 Major Ca’* exchangers in horticultural plant cells
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fitr£7-(Lindberg#52012). 4 5 B _E A7 7E I 4E ik 4%
P FH S Il FOAAR ] TE AU RO TE, W
VLR b A7 AT 1 R AR 2B 45 55 1 JE (voltage-de-
pendent calcium channel) FFC A7 A4 335 445 25 1@
1# (ligand-activated calcium channel) LA & P4 Jifi % -
FEAE (1 H A 50 28 405 55 1 J@ T8 (3R 1) 55 3 <45
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S 7T 20 LB B A & I E (B 1) 32 24
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TS P OO, AR IR A S, WA
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Fig. 1 Main Ca® transporters in horticultural plant cells

ACA: P B X, B 47 %] Ca™-ATPase; BCC15LCCI: o B4R #i bk Ca™ i@ i ; CAX: A & F/H R4IK; CaC,0, F B 45;
DACC: £MAL#E 9 Ca’ 18 ; ECA: Py A R ERA Ca’-ATPase; GLR: A& B % /Kl i ; MCA: MRS & Tl E; SV:

12 R a8 i VICC: W B AU B Filid,

TEAML TR b, BRI, AR . I SRR TR
JRAIRZ b 32045 7 ££ (Baxter5£2008) . 43 2R 32 1A
JH & (glutamate receptor-like protein, GLR)J& T-Ac /A&
I, AT A B, 7E R Ca I LA B
XA AN AR A a5 7 T B A H 24 F (Yoshida
£52021; JTha%$2016; Dodd%52010), ZEHL AU E
1E (mechanosensitive-like channel, MSL). &5 % &
211 J7 3% 1138 3 (hy perosmolarity-induced [Ca’],,, in-
crease channel, OSCA)A 1 i 44 i 1& (midcomple-
menting channel, MCA)¥J& T-HUWAUR B 7
(mechanosensitive ion channel, MCA), 5 Ca>" I Vi
£ 7%(Hamilton%Z:2015).

TR A R4 I B K IR 2™ (Costa®5:2018).
MY R Ca® R FEAR A, W i Ca® 2 i ik 45
B IEE AT, P MR A AR . R e R Y
P A S VR B O R P A s o, AR N S
2 B JoT 2 ) ) B P 22 R IR, S TE G AT T, 1%
I TE X Ca™ [ E M K, VT2 AL (G
) O AL AR O 2R B - TE S M IR IR

1% ¥ (cyclic ADP ribose, cADPR) &Y, = i )L % (ino-
sitol triphosphate, IP;) 3G, X & P B M = (Mar-
tinoia%$2007). 34k, RN FIAEAE — IS 12,
JIE A, FRIS A 12 AL VR (slow vacuole,
SV)ili . SVAIHE T RA LS, 2 e
TR AP B sy ] e i e d T, S A AR 1
R A A FH 4%, 3 14 14-3-3 2 41 (White £
Broadley 2003),

5T I (ER) S5 40 68 B HAH I, N S5 A% I
HMIE E A IE, 52 A SRR A A IE . ER
V4 4 L PN 1) % o 8 AL TG & i — S A, l i A B
A 251G 0 e N T AR, B AR R 4 R N Y s
A A A R EE/EH . Klisenerd:(1995)7E
15 (Bryonia dioica)lt) 2576 2020 23 1) P Jo I |
L7 B HR AR . 6 Ca® BAT sk M 1 45
BEIEBCC; KPR Ca® IR FE R P, Gd™
aJ DL % G . Kliisener £l Weiler (1999)
15 T~ 10 g A2 4 AR AE AT 22 (Lepidium sativum)
MR 2 4t it PR 53 DX b R BT 5 — ol R A B H
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R A, o Ca® FL A 15 8 % 9% 1tk 1) 45 38 3 LCCl.
LCCHF JBGE FERL, FF TSR [R]85 s 5 25 1
(La*")FIGd> 4741 »

FERRE & — Mo i+ )iz, Sk R E
WA, TEE . AMRE RN H i R 3B A . &
PR HAT PP RN RR AN Ca” B3 . RIS T (Na )il
B (K) P T b &1 R34 215 R
FAEM(H A 2016). HKGERZ HIEE R Y], ]2
0 200 L P 3 22 1) Ca™ DA B R 415 45 5 1 T s
TR AR gE, B 16 P Ca® e B 3o v X 41l g
774 B FEAE B (Paiva 2019). J4, 24 d 240
Ji PN I 2 Ca™ B MR FE R S, B A e TS A4
fi#, F A Z PR ECa™? Volk5:(2002) 4 tH 7E K
5 (Pistia stratiotes) A K kG I FE HH E RS
mn PRI 2 AN, M ERLIRAES & 2 T BRI AR A A
B 5 FE IR AL R AR 2, S B R A it A ] DA AR
Voan L i oy e WK 3R (Germin) S W) A N 2
AR T B Y R SRR A A, W] DA e
FRATS, TERR L H 3L A S [ I B 208 Ca™ BRI
Ko 201557 X1 HE ) AR M- 1 A% 1€ (Rhododen-
dron simsii) X KI5 /N 220 & 28 H(Germin
protein) /5> F1| AHALPE 55 & 1) S 1 & 3 £ 1 (Germin-
like protein, GLP)H, A7 L S AV i vty P AT 5 i
LR ) T g (Sakamoto®52015) . 5y S (2016)iiE
1Bk 0 BR (Dimocarpus longan) F1 W& =¥ 74
(Litchi chinensis){TE R SLAE KRBV =H 2 R
5 DL B R A 4 1 7 A ARk, AR K KB G
AR, LA 2 SR S AR KT B 7 SRk . A
W 4 FLRHE ) S 2 6 VE 16 (Tinantia anomala) 1 W
T E 53 ARAR T I N A BT CaOx i 4 43 i B i Ca™,
T B R S FL 0 At r= s A6 K B (1) T B B A B
FAE H (GeburafliWiniarczyk 2016).
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7] bl 2R A & B 22 UK. VR 22 T 2 AE SR
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B 5T 40 2 1 S 48 s A 5] el 2508 4 85 W SR
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95 PR AL B AR AR AR, T [l 22077 Ml i R S Ak R
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