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Mitigating Effects of Chloride Channel Inhibitors on Potassium
Chloride Injury in Apple Leaves
YU Ying, CHEN Xiao-lu, YANG Hong-giang"

College of Horticulture Science and Engineering/Shandong Agricultural University, Tai’an 271018, China

Abstract: To alleviate the damage of high concentration KCI to apple leaves, this study uses young ‘Red Fuji’ apple trees as
materials, and sprays KCl solutions (added the ion channel inhibitors of primidone, abamectin, ethiprole and phenyl benzoate
chlorine, respectively.) on the leaves. Then it analyzes the photosynthetic performance, antioxidant capacity and chlorine ion
content of the leaves. The results show that spraying 75 mmol-L™ KCI alone causes chlorosis and scorching of leaf,
significantly reduces net photosynthetic rate and water use efficiency of leaves, and increases levels of reactive oxygen
species (ROS) and malondialdehyde content. After adding the four types of chloride channel inhibitors to KCI solution, the
phenomena of leaf chlorosis, the decrease of photosynthetic rate and water use efficiency, and peroxidation damage are all
alleviated to varying degrees. Among them, the addition of primidone significantly reduces the chloride ion content of leaves
under high concentration KCl treatment, indicating that primidone can alleviate the damage of high concentration KCI to
leaves by reducing chloride ion accumulation.

Keywords: Apple; potassium chloride; chlorine toxicity; chloride channel inhibitor; primidone
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Fig. 1 Chloride ion channel inhibitors on the phenotype of apple leaves under potassium chloride treatment
7 CK: TGt 25 15 77K, K AT it 75 mmol- L™ KCL/K I, KB : T WE it 75 mmol-L™' KCI+200 pumol- L™ 2% HH R 2K i /K %5
R, KA : - TH 3 75 mmol-L™' KC1+200 pmol- L™ Fif 4 B 22 7K A3, KY « FFIHI B 75 mmol- L™ KC1+200 pmol L™ £ HUE KK, KP:

RIS it 75 mmol-L™' KC1+200 pmol- L™ MK ER/K 7 ; R I .

Note: CK: foliar spray of deionized water, K: foliar spray of 75 mmol-L™" KCI in water, KB: foliar spray with 75 mmol-L™" KCI+
200 pumol-L™" phenyl benzoate aqueous solution, KA: foliar spray with 75 mmol-L™" KCI+200 pumol-L™" abamectin aqueous solution, KY:
foliar spray with 75 mmol-L™" KCI+200 pmol-L™" ethiprole aqueous solution, KP: foliar spray with 75 mmol-L™" KCI+200 pmol-L™" primidone

aqueous solution; The same applies hereinafter.

1 ST RE T EEIFIFIX AL A BRK S FI AR

Table 1 Chloride ion channel inhibitors on leaf photosynthesis, transpiration, and water use efficiency under

potassium chloride treatment

b3 oA E/ (umol CO, m™+s™") ZEH %/ (mmol H,0-m™*s™") S fLFE/(mmol H,O0-m™+s™) /K4 FI 3/ (pumol -mmol ™)
Treatment Pn Tr Gs WUE
CK 7.27+0.93a 3.87+0.64ab 155.03+2.08a 1.90+0.26a
K 2.43+0.93¢ 2.33+0.68¢c 82.67+2.08d 1.03+0.25¢
KB 3.33+0.46¢ 2.47+0.32bc 117.00+6.08¢ 1.37+0.32bc
KA 5.90+0.87b 4.83+0.12a 128.00+2.65b 1.22+0.21bc
KY 3.17+0.25¢ 3.00+0.80bc 124.00+2.65b 1.11+0.30bc
KP 7.70+£0.35a 4.97+£0.83a 156.67+4.16a 1.58+0.25ab

T A B RPE ST 2% 52 535 (P<0.05) .
Note: Different letters indicate statistically significant (P<0.05).
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Table 2 Chloride channel inhibitors on photosynthetic pigment content of apple leaves under potassium chloride

treatment

Ab 3 M2k EK a i/ (mg-g™) 243K b % B/ (mg-g™") MR B o/ (mgeg™) SPAD i
Treatment Chlorophyll a content (FW)  Chlorophyll b content (FW)  Total chlorophyll content (FW) SPAD value

CK 0.56+0.08ab 0.42+0.03a 1.04+0.12ab 64.3+1.1a

K 0.40+0.05¢ 0.25+0.02¢ 0.69+0.07¢ 49.3+1.5d

KB 0.45+0.07bc 0.29+0.02bc 0.82+0.11bc 58.2+1.8¢
KA 0.57+0.07ab 0.34+0.03b 1.03+0.11ab 60.5+1.4bc

KY 0.60+0.13a 0.35+0.06b 1.08+0.22a 61.1+1.4b
KP 0.61+0.04a 0.36+0.01ab 1.11+0.06a 62.2+1.4ab

AR REFRORTE ST 2 57 3 (P<0.05)
Note: Different letters indicate statistically significant (P<0.05).
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Fig. 2 Chloride ion channel inhibitors on the content of
malondialdehyde in apple leaves under potassium
chloride treatment
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Table 3 Chloride ion channel inhibitors on reactive oxygen species and antioxidant enzymes in apple leaves under

potassium chloride treatment

gl H,0, & it/ (pmol-g™") O, % g/ (pumol-g™") SOD i/ (umol - g™) POD {ii#/(AOD,,, pmol - g™")
Treatment H,0, content(FW) 0, content(FW) SOD activity(FW) POD activity(FW)
CK 7.98+0.52b 80.36+1.20b 176.08+6.63a 360.00+20.65¢
K 14.86+2.00a 111.25+1.02a 107.61£9.21d 656.25+26.34¢
KB 11.0042.07ab 86.90+4.78b 140.80£2.12¢ 794.17+15.28b
KA 12.67+3.71ab 87.49+7.89b 161.39+4.28b 815.00+5.45b
KY 8.59+4.22b 90.51£13.60b 135.57+4.83¢ 522.92+26.88d
KP 9.55+0.31b 81.304+2.51b 158.66+4.11b 912.92+23.23a

TE AR RN EGET 22 22 7 3 (P<0.05) .
Note: Different letters indicate statistically significant (P<0.05).
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Fig. 3 Chloride channel inhibitors on chloride ion content
in apple leaves under potassium chloride treatment

3 Wig

A ARSI VI KRS
A ROK K G RS R I X
CLCs ) ZAFAE TR 24, ICLCs I, 1
00 1) 0] 2> B A0 i A A o S PR PR A, 3
A TR E R E  H& , AN A CLCs #iiil]
TR RAEAE Y 257 . BB Fe 48 e, 4k
JI1 CLCs #1551 Zn* 7] AZZ fif F £5 (NaCD X K &
41 B3, T AN 3 —Ff CLCs #1771 J8 9K
PR AR F R 2 5 o BBR2O 55 NI it R B Zn™ X
LR B NP G AT R NS RS NI
MR . AR TR, BARAFEE T
R TE A1) 22 B8 AN ) P M A v 9 R L A
RV E BRI N TR E S S TE v S
B, B % M Sh 4 CLC 38 38 41 1) 751 v 977 18 38 2 1)
24550 FH T 22 Ml S R e xS A A 43 3

o o =)
w IS n

Chloride content (FW)
j=]
38

A& &/(mmol-L)

j=J
—_

FE DA PR BB A0 553 ol A b A UK , Wt it 1
WESAH G, b El R SILSE AN
TR R FEAR . Peil® 4 A IR 5T B, AH ¢
1S BB & FiEE Re i S 55 AL, AE T A
G AL T AN A W AR A =k E KCL
BRI AL B, g i ek 28 0 K, 31X R Y
HEE AL . Wit Fh R R BH 1B
T R KCLAREE R 7K 4 I 23R 10 B D A
CI iR o W/ N =AU I e ) R i 5] = S ]
T, BRAR T I 2 SRS T O TL40 A, AN T 4
FET R PAIM RS B, H155 7 SFLE8h 4
R RN 7 T AR AR I AR A, T AERE T R
FE KCUARHE R /K 3 R 2% . @& ERe%
et B e EEH L HCId B RS pii
JL 25 16 5 T R, HE R A T A L PR 4%
FIEfR, B FBOLAEH TR, AR
IH- T 155 i 75 mol- L™ KC1# I F SPAD. 4% % a.
2R 2% b I 2f 3RS 5 0 35 PR AIG , 1T VR & Mo i e
P 2 £ HUE IR TR I AN R R M) 55 T %
A EEMN T, KRR E MR B E
(R 2), X WIRA R T HERF =ik B &4 E b3 T
[ oGk Re .

FEIEFEOUN , AR i M P A S5 T
BR AL T Bh A PR AR ARG Hh , T 15 it 1
W KClG, W O, HO, 250G | K ER A,
SR T AL, S EUMDA & & T & s 1w
KA R T i A A 2R, I B AT ROS i
B POD A1 SOD 3 14 & 2 5y T KC1 AL, g 3L
J& POD , 3X 1] 8 /2 KB 22 A i vk P K C1AA b 3%
PR R R 2 — o Eh s 23T AR YA 4 1 S T
P, S RE AR B IR A e &AL
B — Bl R I W R B KCL i, e
R R SRR, T Wit oK S, i S =
AT B it KCLCEE 3D, 350 B 0 K B AN 1
P FLBh ) K B U AU I IE , AR S 0k
/U 1 VA P AL B A B R AR AR CRA IR A, X 2
HZZ R = I FE KCHG E FIARA TR A

S LU IR B A5 TR A v T A A
A AF BB T SR A7 AR T S0 B 7 SR 4 SRR
PEY) E 10 B 52 BIAR KRR ) o 5088 1 38 38 417 1)
F, IEFHAE A KB , BE 085 AR = ik FE AL
SERI R, X — AR R 58 S SR B
JH 3 Bl % B8 A1 SR AR 4 L I Y AR SR T — AN



- 954 +

AR A R 224 (H SRR A R

56 %

JiEAHE R, RN B NS AR & L RH &t
PresttisRst r ZEES%, H, ARKMY
P S8 1 3B A ) 700 £ P RS AL B AR AN TR AR
Y LR R AR ZER, H R
NIRRT I DAL R A U R ) 22 57 B
ASERF 7]l G 12 3 ) 5 1 S MLt A7 A
ZE), PRIk, SRS - A 0 1 7R A SR BRI B2, £
Az BARRIE ] e it — B0 FU i E -

4 Eig

5% it 77 ¥ B (75 mmol-L™) KCl % i 5 23
T Fr R aRFEA , G T F AN K 73 P H Rk
E TR EMEAEA N S 2 BT AR KCHE |
3 N DU o G 2 3 0 o) 7 CHS K 2
TR G B 4E B 2R £ HUI)D JE Wi, BB 8 A [F] R
FE Hb s 2 v R FE KGN I 2 JF Hp K
IR B 02, HF HAN KR R 0% 5 35 FRAK =k 2
KCLAR BTy S8 18 &, s FhoK i g8
I/ GRS AR BRI ek A% v R FE KCLG it
I o
S 3k

[1]  Raven J A. Chloride: Essential micronutrient and
multifunctional beneficial ion[J]. Journal of Experimental
Botany, 2017, 68(3): 359-367.

[2] Raveh E. Methods to assess potential chloride stress
in citrus: Analysis of leaves, fruit, stem-xylem sap,
and roots[J]. HortTechnology, 2005, 15(1): 104-108.

[3] Henderson S W, Baumann U, Blackmore D H, et al.
Shoot chloride exclusion and salt tolerance in grapevine
is associated with differential ion transporter expression
in roots[J]. BMC Plant Biology, 2014, 14(273): 1-18.

[4] Visconti F, Intrigliolo D S, Quifiones A, et al.
Differences in specific chloride toxicity to Diospyros
kaki cv. “RojoBrillante” grafted on D. lotus and D.
virginiana[J]. Scientia Horticulturae, 2017, 214: 83-90.

[5] WangY, Cheng C, Du ZY, et al. Pre-inoculation with
Bradyrhizobium japonicum confers NaCl tolerance by
improving nitrogen status and ion homeostasis in
wild soybean (Glycine soja L.) seedlings[J]. Acta
Physiologiae Plantarum, 2022, 44(2): 1-13.

[6] Pace C R, Vann M C, Fisher L R, et al. Implications
of chloride application rate and nitrogen fertilizer
source to flue-cured tobacco[J]. Agronomy Journal,
2020, 112(4): 2916-2927.

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

TRV 407 . 1--MCP Xf AL A AN+ 5 il R 37 2R Ak R
T F A A B AR AR IR 5 R [D]. 28 22l AR ARl
K2,2023.
Geilfus CM. Chloride in soil: From nutrient to soil
pollutant[J]. Environmental and Experimental Botany,
2019, 157: 299-309.
Wei P P, Che B N, Shen L K, et al. Identification and
functional characterization of the chloride channel
gene, GsCLC-c2 from wild soybean[J]. BMC plant
biology, 2019, 19(1): 1-15.
Johanson C E, Preston J E. Potassium efflux from
infant and adult rat choroid plexuses: Effects of CSF
anion substitution, N-ethylmaleimide and C1 transport
inhibitors[J]. Neuroscience letters, 1994, 169: 207-211.
TR y- 2 TR P U T B TE A S A b
A BRI, 1 74 24,2022,44(02):38-53.
E T AR . A 2 BN HR T [J]. A R
254),2005,(09):45-49.
Wolstenholme A J, Rogers A T. Glutamate-gated
chloride channels and the mode of action of the
avermectin/milbemycin anthelmintics[J]. Parasitology,
2005, 131(S1): S85-S95.
Degani-Katzav N, Gortler R, Weissman M, et al.
Mutational analysis at intersubunit interfaces of an
anionic glutamate receptor reveals a key interaction
important for channel gating by ivermectin[J]. Frontiers
in molecular neuroscience, 2017, 10: 1-15.
SRR 8,5 BB R R s
SRR SR ALMTs FERE Y 57 5 A2 B i) H
[J]. R AE P 224 ,2023,59(06):1072-1082.
Lv Q D, Tang R J, Liu H, et al. Cloning and
molecular analyses of the Arabidopsis thaliana chloride
channel gene family[J]. Plant Science, 2009, 176(5):
650-661.
Song J F, Han M Y, Zhu X Y, et al. MhCLC-c1, a Cl
channel homolog from Malus hupehensis, alleviates
NaCl-induced cell death by inhibiting intracellular
ClI" accumulation[J]. BMC Plant Biology, 2023,
23, 306.
G A A AR A T JE AT R (M. B R
e A BUA R, 2000.
Omran R G. Peroxide levels and the activities of
catalase, peroxidase, and indoleacetic acid oxidase
during and after chilling cucumber seedlings[J].
Plant Physiology, 1980, 65(2): 407-408.
ERE,D T YR A A d 3SR RN
145 B % AR [J]. R AR HE 21 T, 1990(06):55-57.



i 6 1]

T A - R T A P RS 3 SR A O T A AR AN

° 955

(21]

[24]

[26]

(27]

AR AR B e NS L1 1 8 S N A
a1 R SO 1 L AR (). A B IR R 4,
2001,10(01):25-29.

AR P SRS ME AR R T R
PRIV S8 3R 4 D' 6 VA LU [0, R AR B S dl i,
2007(06):1163-1166.

Wei Q J, LiuY Z, Zhou G F, et al. Overexpression of
CsCLCec, a chloride channel gene from poncirus
trifoliata, enhances salt tolerance in Arabidopsis[J].
Plant Molecular Biology Reporter, 2013, 31(6):
1548-1557.

Zhou C, Wang H P, Zhu J, et al. Molecular cloning,
subcellular localization and functional analysis of
ThCLC-a from Thellungiella halophila[J]. Plant
Molecular Biology Reporter, 2013, 31(4): 783-790.
JEE SE IR T TR 2 GRS 3 T A A R0 e T
A FUR R K S Ay 1 A A AR bR ) S ).
B A R 2222 47,2008(02):17-21.

W, BEEE S, BT B AR S N SR Tl
FURAREE RGBT Fa f w2 ], 74
b 22417,2020,29(12):1814-1821.

Pei Z M, Baizabal-Aguirre V M, Allen G J, et al. A

(28]

[29]

[30]

[31]

(32]

transient outward-rectifying K channel current
down-regulated by cytosolic Ca*" in Arabidopsis
thaliana guard cells[J]. Proceedings of the National
Academy of Sciences, 1998, 95: 6548-6553.

Sudhir P, Murthy S D S. Effects of salt stress on
basic processes of photosynthesis[J]. Photosynthetica,
2004, 42(2): 481-486.

Yeo A. Molecular biology of salt tolerance in the
context of whole-plant physiology[J]. Journal of
Experimental Botany, 1998, 49(323): 912-929.
Willson B J, Chapman L N, Thomas G H.
Evolutionary dynamics of membrane transporters
and channels: enhancing function through fusion[J].
Current Opinion in Genetics & Development, 2019,
58-59: 76-86.

Wang X, Lan Z, Tian L, et al. Change of physiological
properties and ion distribution by synergistic effect of
Ca™ and grafting under salt stress on cucumber
seedlings[J]. Agronomy, 2021, 11(5):1-15.

52 X0, 5K /INER, R OC A L S E T\ AR SRR R
R T IR I8k 5 o BE ). M A B AR 42021,
57(09):1829-1838.



