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Abstract: Bicarbonate (HCO; ) is the product of karst weathering of carbonate rocks, which profoundly affects the
growth and development of plants and the ecological environment in karst areas. Previous studies mostly focused on the
negative effects of HCO; on plant growth and metabolism, such as inhibiting plant photosynthesis, reducing the activity
of key enzymes in carbon and nitrogen metabolism, and damaging ion balance, while few people paid attention to its
positive effects on plant growth and metabolism. Based on the results of previous studies, this paper reviewed the role of
HCO; in promoting plant growth and metabolism. Previous studies have shown that HCOS is not only provides short-term

carbon and water sources for plants under stress such as drought, but also promotes stomatal opening and restores
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photosynthesis. At the same time, it also promotes plant carbon and nitrogen metabolism by regulating the key enzyme

activities of carbon and nitrogen metabolism, and participates in the regulation of complex physiological processes such

as carbon assimilation and nitrogen reduction in plants. In addition, HCOJ can also change the distribution of glycolysis

pathway and pentose phosphate pathway by affecting glucose metabolism disproportionation, so as to enhance the stress

resistance of plants and obtain survival opportunities. These positive effects of HCO; not only make it a key factor to

promote plant physiological metabolism, but also become a link connecting photosynthesis and karstification. Clarifying

the positive effect of HCO; on plant growth and development can provide a theoretical basis for maintaining the

biodiversity and stability of karst ecosystem and optimizing the function of karst ecosystem.
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HCOS 2R IR £h ' 28 A W AE XU 7= ), B
TR 220 b 52 M 25 A8 400 1 A A A R 25 b DX 1) A 2
WhE, DM KRERHGE T HCO, XA A= K AR
%) 0T 52 W 40 B0 1 AR 90 1) 6 A VB H ( Zhang et
al., 2019) | B % e 20 A 33 O 5 B 1% M ( Gong et
al., 2013) BEIRES F7-45 (FMBEAE S, 2020) %5, Bk
ZA K HCO; X1 A R AR 1 1 1 4E
AR AR, TR AEY e T HCO;
AT A AR R A A A A R R KR (R K
2011 ;Tang & Lian, 2012) 2% fi# LK ( Wu et
al., 2011; Wang et al., 2017) 7B A4 15 56 b
il 3% 1 (SR A2 A5, 2018 ) K 52 Wi 4 45 WA 1 05 1k
(Yao & Wu, 2021) S5 HAE Y ER EE &
R, IR ZIFZ W 45« A - 7 LI BB IR £ A 1 1
PATCRRAE T, 260 HCOS J& & 36 &1 I A 7%
EHBRA B+

ETOHWR, ZSCNmRIEEN KLz 3,
T A AT | A A A B A6 55 5 T 3R T HCOS X
T A & F IR AR T, LU S 2 4 w8 37 e A=
BRGEM LY 2R R M b s 7 e 2R 2
ARG Re e BEEB AR

1 HCO; # 5 J§ 1E A

HCOS & T R4 W% T~ M) ) B Z kR, — 7
TAT, ) 22 B Al 1 6 25 T R i B0 1 25 5 A AR i
TR R ERIREL (R pH SFE TR IE N, &
FoAa Y 7 AL T T O AR, i R
W FY) CA T E L E KR R A HCOS L A
CO, Fl H, 0, ffi i J S ALFTFF, LA A6 & 7E H
(Wang et al., 2015; UL 55 ,2018) . EA¥%H
FT HCOS W AR JF RE 1 A e i 58, HCO; #)
FHREJ1 /23R AE HCO; i U3 /E A 0 2 2248 A5 ( Wang

etal., 2017; ¥ A% 2018) . AME HCOS M FE Ny
5.10.15 mmol - LB, HCOZ 34 i 5 20i 5 5% 1Y &
HeAVERBEAL, (A HCOS R B 1 B & HCO; Ve &
AR B K, A R 5.28% . 13.28% Al 17.31%
(Hang & Wu, 2016) , T AT, R AH
SEHE B3R 10 mmol - L4 HCO; R JTTBE 143 51
H15% 30% 2% 37% , W T HB FNig &5 38 oA
W) HCOS MR 1 (RIB A% ,2018) o BT
BEMERIREE A T, Wa %5 (2011) 3T B A Bk
[l v ZARCEE T S R R G HCOS R BE /1,
FR B HCOS ) FH 3 %0 /=5 35 30% , 1T S 44 0, 3R
B HCOS X #4 B i o U6 4 B J 2. Rao Al Wu
(2017) W% 7 0,100,200 - L' PEG L4l 5 e
T HCO X 5 B (1 e 5 A T, HCOS iy B 44 8 TE AL
B AL BTSRRI T 6.26% ~9.71%, HCO; fE
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A e Ty, M H oG v 4% 5 PSIL 2t 2%
A A e s AR Ak R AR (R A
2011 ; Banerjee et al., 2019) ., % —J5 [, HCO; fi¢
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PEBIIE 1, X6 5 5 A FH R 08 30 4R A 355 47 7 22 1Y
IE WA ER (RIEASE,2018) , DL EBFE R,
HCO; BB A Y 1) 8 2 A IR, 2 % A Y66 1
MM EERNEZEMER (B 1),

2 HCO; A8 4 H AR 34 19 IE o) 9
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CO,. —5AfLhk; HCO;. TIREMREF; P680. S RG T (PST) Wil Ry 680 nm 4k ; P700. YL RS (PS 1) Wk milé
P& 700 nm 4b; HY. A #F; H,0. 7K; C(H,0). BKEY; PGA. =M H iR ; RUBP. 1,5- —BERRIZ AN

CO,. Carbon dioxide; HCOj. Bicarbonate ion; P680. Absorption peak of PSII is at 680 nm; P700. Absorption peak of the optical system (PS
I) is at 700 nm; H*. Hydrogen ion; H,0. Water; C (H,0 ). Carbohydrate; PGA. 3-phosphoglycerate; RUBP. Ribulose-1,5-bisphosphate.

Bl 1 HCO; X6 A 1E FH G R0 S0N, A e BE VAR (R0 A& 46 ,2018)

Fig. 1

W CA B3 ¥ HCO 43y CO, I H,0, 2 5y
P TS FLAZ 3, TR AL P T 800 o,
BERAS R AT AR BUE FERL 25 (R U &, 20115 HL
£1%,2016; Shahsavandi et al., 2020) ., Stefan %5
(2010) B9 R, = HCO, HEE T A1 S AYBH
B FliE (SLACY) g 30E R i C1 sk NO, ™ 45 [T
THE 4 A, R B R oE R AL B ( AtALMT12/
QUACYT) HE 3= R 2, UL 4, HCOZ /2 Bt 7% 2
(ABA) SRR Z5 5, 1 ABA 18 i 3006 2 H %
fitf (RHC1) 2235 Ml #M & 1 (HT1) R 35 IE
Tf) 5 B B 3 0 A 11 (OST1) |, %2 37 200 Jf HE 1 B s
-, AT 38 755 A ) i R 19 AL 3B Bl (Meyer et al.,
2010) ,

HCO; compensation effect on plant photosynthesis and carbon sequestration

2.2 BRE i

— B AR T HCO, 2 5 W A Rk E AT
9T, B R BUAE A 7 ik B AR S s il A HLAR AR
A OGS PR i Rk S (B 3), — U T,
HCO; 5 & Bt % a R 1t B ( Acetyl-CoA
carboxylase, ACC) Fl ff [2 ¥ B N i /2 #R 1k i
(PEPC) 3L [F 2 5 Yr i #  wc R AR, G i 1R S
25 = RIRIGH ML E T A A YA R R A
B 5 ( Yukiko & Yukio, 2004) , 2 584 245
& AR (Nikolau et al., 2003) , 1 HCOZ WU & i
S ACC Ak Z WL A ¥R AL SR, VA 45 IR 1 AR
FIAA TN Z Bk 4 ¥ A ( Malonyl-CoA ) BT 1, 75—
Jrifi, HCOZ 5 PEPC A= 5 C4 il CAM HHY 1Y
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CA. WRILHFA; ABA. Jii%2; PYR/RCAR. MLIE R ABA
ZAR(RCAR) BB (PYR) P83 #1843 ; ABIL/PP2C2. fiit
EIRAEURAE AR C2; HCO;/RHCL. i = e 1Y
CO, , I} MATE BI%%i2 5 (gt HCOS 3 ; HT1. M A il
i ; OSTL. Tl ALEE H % ; SLACL. 18 B & 7 il
IE 1; QUACL. PR e T8l 1,

CA. Carbonic anhydrase; ABA. Abscisic acid; PYR/RCAR.
Pyrabactin resistance (PYR) regulator component of ABA receptor
(RCAR ); ABII/PP2C2. Abscisic acid insensitive protein
phosphates C2; HCO;/RHCI. Resistant to high CO,, MATE-type
transporter specific activated by HCO; ; HT1. High leaf temperature
kinase; OST1. Open stomatal protein kinase; SLACI. Slow anion
channell; QUACI. Quick anion channell.

Kl 2 HCO, MY <fLizsh
Fig. 2 HCO, regulates the stomatal movement
of plants (Charlotte et al., 2018)

BRACH S B, PEPC 2 [N i 3 ik A 2 c4 A
CAM A5 ¥y 3 N7 396 85 1) AL BLTR] , HCOS 7 PEPC i
PO B R R R (OAA) T OAA 7EJHFE ALY
SpE R TR AR A A TR A b R AR A
NADPH &, NADP #fi B) T OAA 2837 21 2 It = i
( malate dehydrogenase , MDH ) f# {b I iS¢ SR 1R 55 A
HLER fiff A7 76 F 0 AR N, DL 4 & A 4 1% e ot
( Doubnerova et al., 2011), HCO;Z 5 #5 Y
P AL A8, NaHCO, Wr i BB 15 R 3 2 5 75
GsPEPCs 2 [H o 3 ik, 3 SR 2 il & B8 ( malate
dehydrogenase, MDH ) . N [ R ¥4 B ( pyruvate
kinase,PK) 45 % K 55 Gs PEPCs 3 A7 16 i & 1)
3K (Zhang et al., 2019) , fik NaHCO, i3 F,
EORIKN Y PEPC I M 3538 5k, A LR & 1 3¢
=, PEPC {f P B 35 T BT, A AL & it R IR BE
IR (B AU AF,2020) , 55 5 5% 5E XK e
PEPC i 335, BE & 22/ T R X Y6 & 1 T
i ( Doubnerov et al., 2011) . It4h, HCO; & 5
PR 9 ZUARH, HCOS 78 PEPC ML R A W] ik
AR LR (OAA) FIBEIRREL (Pi) , Horh —#R 7>
1 OAA 25 TR AR AL, 27 h KA
FIR (Asp) BEREL P ACEFH GO, 2019) 4

——> Fatty Acids

—— Ring of Flavonoids

> MACC 4{ Ethylene

| Regulaion | | NI
Root nodules N, asimilation
Oxalacetate+P1 % J |
l . Aspartate
. Malate - Krebs
J ‘ Cycle

C4/CAM —_—

CA. TRIRTIHE ; PEPC. BRIIGRENERIRAR LN ; ACC. ZMEAiNE A R ILHE; MACC. TN Btdk-1-ZZEHR N - 1R
CA. Carbonic anhydrase ; PEPC. Phosphoenolpyruvate carboxylase; ACC. Acetyl-coa carboxylase; MACC. Malonyl-1-aminocyclopropane-1-
carboxylic acid.

& 3 HCO; A5 H 4 i i AR

Fig. 3 HCO; regulates carbon and nitrogen metabolism in plants ( Charlotte et al., 2018)
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Hl Rubisco — Ribulose-1, 5-bisphosphate (RuBP) 123
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F‘
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Atmospheric CO,

123
Rhizospheric HCO3
THR. 1/2 Hogland & F# ; T1. 1/2 Hogland & F7# +50 g - L' PEG6000; T2. 1/2 Hogland EF7¥+ 50 g - L' PEG6000+3 mmol -

L' NaHCO, ; T3. 1/2 Hogland & 3##+50 g « L"' PEG6000+6 mmol + L NaHCO,; T4. 1/2 Hogland & 3%#+50 g - L' PEG6000+9
mmol + L NaHCO, . 3k [ b A1 R 3 551 2 ) ek (EL38 Jon s | S Ja) 4 3 P (0 (2 8 Ak 2065k (1) 3R T1 50 B
HH EC A TR S PR 5 S 6 3 S R 2R (2) 378 T2 AN T T1 RYIR TR B3k (3) 308 T4 AN T T1 RYIR AT/

Control. 1/2 Hoagland nutrient solution; T1. 1/2 Hoagland nutrient solution +50 g - L' PEG 6000; T2. 1/2 Hoagland nutrient solution + 50
g - L' PEG 6000 +3 mmol - L' NaHCO,; T3. 1/2 Hoagland nutrient solution + 50 g - L' PEG 6000 + 6 mmol - L' NaHCO,; T4. 1/2

Hoagland nutrient solution + 50 g - L' PEG 6000 + 9 mmol + L' NaHCO,. Arrows indicate, whether measurements have increased or
decreased, and short dash indicate measurements have no significant changes. Red arrows (1) indicate moderating effect of T1 compared with
control ; Blue arrows and short dash (2) indicate moderating effect of T2 compared with T1; Black arrows (3) indicate moderating effect of T4
compared with T1.
B4 BT 5 BA T ARER HCO XA A 2 2 W A 5 RN BT 305 P 1) 52 i)
Fig. 4 Schematic representation of rhizospheric HCO, modulates glucose metabolism and stress tolerance

of paper mulberry seedlings under simulated drought stress ( Yao & Wu, 2021)

2.3 BE BRI H EMP i 12 RAER Y 1096 & 2R 1 (RIS K5,

TRAGWE A T, HCO @ f A 4 f1k 2018) o PPP @A%™ A/ NAD(P) H L& 1E
B AT B RE ), M e A AURERE R BT NAD (P) H 7 AR IR DTS 5
R & & 35 B 1 f# 1% 12 ( embden-meyerhof AR HEEAER, W H PPP ik RAFAEY) &
pathway , EMP ) Fl # 2 [\ H 7% 12 ( phosphopentose L3 BE I RE T o WA iR H AR A PR e il 0
pathway, PPP) ,EMP i&f&7=A: () ATP NIRSIHEY)  JIRIR S B M VBl ( PFK) 1 % B -6-1 iR
B AR A5 A o R AR T R EOR R, BLAEE (GOPDH) 2 3= B e AL FR 34 i ( Mutuku
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Fig. 5 HCO, regulates the water-carbon cycle of “rock-soil-plant” in the karst ecosystem and its interface

& Nose, 2012; Zhao et al., 2015), PFK /&2& EMP
TR AR 0 R SH A, & BB AS AT i Ak SRR -6 iR A K
SME-1,6- W2 , (i 40 B E A EMP 3R 26T
7oA ATP PFK {51 ] FH R RAEAEY) EMP i 12 1)
555, GOPDH J& PPP k42 0 PR Bl , & BE A vl i
i T 5 2 -6 TR R 6- Ml TR A 25 R IR, o A
WEEA PPP iR CHIT ™42 NAD(P) H %38 J5 1
Wi, GoPDH 16 v FOR RAEAE Y PPP iR 42 1158
55 (Mutuku & Nose, 2012; Li et al., 2020; Yao &
Wu, 2021) ,PFK G6PDH J& 48 4 & i 306 5% (1) 1 %2
Yk, 5T 3 I AR E HCO; BE IR B2 F 48 90 1)
EMP ik 12 fl PPP & 152, $2 & FH 9 19 B 3 A

Yao Ml Wu (2021) #& , L8+ 2 Wi T, 3
mmol + L HCO & #F T #9151 FH 4 245 AR
WAL, Rubisco BEIGPE 146 A R EMP & 45
PPP 32 FH 5 5 10 9 mmol - L™ HCOZ WU BRI T F )
W 5 4 M AL B, N R R AR 6 A VR R
A HEACH (B 4) . RIE A SF (2018) A PFK,
GO6PDH 1 1439 e m A W 1 6 A AR K T A AR 1
ZM RuBP AU FFAEfEJ7, 10 mmol « L NaHCO, I
BT REMEEAR T, MUMsGER NS

PFK 3 /1 & H AR (AP) RIEF L R,
RuBP Hi4ERE J1 5 G6PDH 1% 71 & H ¥4 3 %
(APy) RIE KR, R E M8 T AH Y 1T e 2
e PPP AR 4E R A 5=y,

3 REMmEZ

ABEGE T, HCOS X AE Y A K & & AR i £
PAEARBAE LN . (1) T REWE T MY
MR HCOS fEAFAEMT R 76 CAfER R
AP HCOS#%46=h H,0 1 CO,, LLZZ ff <AL BR il
I E G 1 5 (2) HCOS BE 4 i 1 40 52 35 A1
CO, Ml HCO; [ RE 1, I 38 2k i A8 A7 HIL R A i 45 5%
Wi AR 40 %) B R AR5 (3) HCO; 38 3 g 28 A8 ) 1 2
EPHEAC IR AR, AR (AT P 10 SE 3k 5 PPP iR 42 L) 4k
Frbanih 1%, e nl W, HCO S 2 A i MR FH ADE
B RRIE B, E TR A S R K ik A
K ZITCEEA T kG HEAE ., XL 5E Al L
Sy i S AE B M ) A A FE B R T T R A R
FEAI LA B 4 w8 v 37 e A A5 R e A 7 Ty SR L B
WA
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