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Potassium pyridine-2,3,4,5,6-pentacarboxylate protects
Artemisia selengensis under acid rain stress

CHEN Juntong' XIE Enyao'’ JIN Jin'™
(1. School of Chemistry, Biological and Materials Engineering, Suzhou University of Science and Technology, Suzhou, 215009, China;
2. Shanghai Qizhen Environmental Technology Co.,Ltd, Shanghai, 201403, China)

Abstract; An investigation on plant resistance under simulated acid rain stress was carried out in
this paper, where the plant-Artemisia selengensis seedling was treated by a novel compound potassium
pyridine-2,3, 4, 5, 6-pentacarboxylate. As a experiment, some physiological indexes of Artemisia
selengensis seedlings without any treatment were also studied. The results showed that they were
obviouslysimproved for CAT, PRO, MDA, intracellular plasma membrane permeability and free
radical generation rate, while a significant decline was found in the root activity and chlorophyll
content under acid rain stress (pH=3). However, a totally different phenomenon was observed when
they were sprayed with 10 mg+L™" potassium pyridine-2,3,4,5, 6-pentacarboxylate aqueous solution
and exposed to the same acid rain stress. In that case, the chlorophyll content and root activity has
been alleviated, and some time were increased, while the physiological indexes, such as CAT,
PRO, MDA, intracellular plasma membrane permeability and the rate of oxygen free radical
generation was significantly reduced. It suggested that spraying the new compound potassium

pyridine-2,3 4,5, 6-pentacarboxylate aqueous solution can improve the acid rain caused-damage
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which was mainly on the physiological function of Artemisia selengensis seedlings, it was concluded
that potassium pyridine-2,3,4,5, 6-pentacarboxylate can protect plants from harming by acid rain
stress.

Keywords : Artemisia selengensis seedlings, potassium pyridine-2,3,4,5, 6-pentacarboxylate, acid

rain, protection, physiological index.
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FIAYY 0 7K A2 RIS, 2 X6 R A2 e 3™ o i 475 3 | i) it R T 0 2 6 A K X - 33 i B A R e o 7 A — o 5
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1 # 8K 5 ( Materials ‘and methods)

1.1 SEEbr et

% TG 22 PR P45 5925, SO :NO; = 4.7: 1 (V= V) R ik pH = 1 AR A, AR AR BT 58 75 B s
T/ B R -ER 2% P P T B pH 3.0 (R , 3T pHS-29A R EE 1A% .

PR e —Te S A, BN BRSBTS B IR (25+1) °C, B3R 2000 pmol -m ™ s7'
YEHSLE 10 h/14 h K5 B b v I I Hoagland B3R, A W3R 2 15 d & 1.

FLFRET ( potassium pyridine-2,3,4,5, 6-pentacarboxylate ) , i 73 M BHE K2z Ak 2248 9 5 84 B TR 22 B
FATE BOFRL A, SCm i s WLk 1.

®1 LRAHAREIIE

Table 1 Grouping of experimental methods

I [H] X HRZH TR T 2H DIE/RE
Time Control group Acid rain group Protection group
F—K ZEIBIK R 10 mg-L’lﬂﬁﬁ%

BoR FEIK F&FR (pH 3.0) AT (pH 3.0)

TR B M e R P AT S T S i 2K A R M P A A e X S, R AR
10 mg- L™ ZER WREC B i P oA 1—2 Wi IR~ 80 LA ik WS it v V&L 1749 BE 6 7 , Wot i ) o LA o T W R o
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PR AR T 24 h JRHFIRTHET, 230 0ME S 1 d 6 d 11 d.16 d 158 2 i 0 A PS5, R A b s 57 3 41
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5 A28 B2 25 i (PRO) 5 BRI s 480 [ PR 37 A R
1.3 BdEsrir

BRI 3 A PATRESIMESE T, SPSS BTG4 #.

2 5 51718 (Results and discussion)

2.1 FCFREPXS R I M T T S 4l P AR R I T e
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JIBENE 351551 79.98% 82.80% 96.13% . 79.05% . T TR A VA IR 1 5t it (45 157785 401 v 4R 2R 145 ) 184 i 243
BT 70% , 16 B RSO TR T M0 PR T TR 4 AR R S A RO I R R R .

T TR 300 2 R AR AL MR AR, 2R 046 g DT S el A0 194) A A AR 5l 3 3l e o #1038 O 47 490 ot i 1%
AR R IR T T R A G, IES e S BT S R ARILIMAE 2 A A 5 25 SR AH 2L, L i it in A
TR EGE VYRR RIS ) A SO i FLER B AROCR Bar B WA TR £OT R R AN AT LA
R TR W A A T s SRR AR TRAR Y B GE AR R sl AR it pH T e i 40 3 TR ] DAt K — 25
R T s K A3 VA BB SR A R AL BE A AR e e v AR R g
2.2 FCFREFXS R R PN T TR RS 4 P A R e S
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PEDE 2 FEOR T E A T R R R S BRI E 30—50 SPAD 2 [H], B B4 4 B e LR TN
Wil T 2.23% .2.89% ,0.40% ,5.45% , B P4l B R FRR M AL, (A Ak 31 3% 25 5 AR A T X
MR Bl SR ALEE 1| d ¥R 25 ME (55 6 d 28 11 d 28 16 ) MR S B B E
FXF B (P<0.05) . 25 S D BH T R4 A 8 it E X TR O 38 T T 78 G BT AR R S R R R G B 2%
FEAE T (HACR N B 3

160 [ X4 C 1 X4 Control group
= ol s Pt B b7 oot o
T:D ol B FRWI4L Acid rain group 9: sob a b a b
29 a a b % . S g
ED 100F E IZ-Z-Z
S wf | - 2 s :
£ Zz N [N, [ . 3 zz§5§5
g 0 i 9 & ﬁ\
3 4ob [ i i 2 55
<M g
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= i o B i B N
15 day 6" day 11" day 16" day 6" day 11" day 16" day

B 1 TR TR R MM E T Tl 8 4 AR R 3 T R R R B2 TR R R M0 T Tl 4 A R e s

(AR R 7R 4 b PRI 22 53 Wik 35, P<0.05) (ARl RER 7R & Ab B 22 53 W 25, P <0.05)
Fig.1 Effects of potassium pyridine-2,3,4,5,6-pentacarboxylate Fig.2 Effects of potassium pyridine-2,3,4,5,6-pentacarboxylate
on root vigor of Artemisia selengensis on chlorophyll content of Artemisia selengensis
seedlings under acid rain stress seedlings under acid rain stress

(Columns with different letters are significantly different at P<0.05) (Columns with different letters are significantly different at P<0.05)
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Shy L b 8 7 R A 6 A S35 ) 7 2 S IR

L3 235l S 1 R B GT TR RN A8 T T 7S 40 1 B IS 4 S PRO % i A9 5% T 7R B SE R B B, B
PR T IR T 4H B JBE A R 1 B T B I BRI (P<0.05) |, R 301 4 R 31.829%421.05% ,50.04% |
48.59% , 1 5256 1) J5 1B B 2E A S A 1 K T R (26 11 d 2B 16 d) | %45 SR 3k IH Wt o R A0 1
YROXH T TR 00 S ) T 7 R S P v A 2 T S B .3 4G PRO 75 i 55 I s 4 72 Al B A A B A 0L, Bl
PR PRO S 7E RSS2 IR B BE X B 5 IR TR 41 (P<0.05) , 4351 4 R W 49 70.13% . 88.49% .
88.73% .79.92% , Ui W H B B A it M T PRO B 7= A=

AT (RIS o | SRR 28 B Ak B kit 2 A AR ) Ak BRI B iR ELAT R, T AR
R0 A G | A58 S5 AR SO 45 S AR W G R B0 0 e i 7 A 2 2R e 1 A4 R, 38 mT DATE R P 2%
R HY I B B AR R Y K DA T B et 4 I B A e b K T L o R AL R Co,
K B H DT 30155 HE A0 200 M B0 7 A 8 K 8 T L B A A B DI A 50 5 R A2 200 i A B B 5
T LA AR B PTG A B R A AT kb R A it X 3R RS e 4 20 PN B a8 R I

=T [ *$ H& 4 Control group
XfHR 4 Control group 9 ] ' .
\ i B34 Protect
of WA Acdangon 3 st AR Aci s oy
S =
3 a Ep - . .
5 1 z =
2 20 Est :_:._
: £ [
e Bf 5 4 :f:}:
£ 2 :;:;:
& X
2T s :;:~:
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il " |
0 0 ;55:;

6" day 11" day 16" day

6" day 11" day 16" day

3 RPN TR R A0 T S A B AR PRO R RS R
(RIS R RS AL B 22 53 3%, P <0.05)
Fig.3 Effects of potassium pyridine-2,3,4,5,6-pentacarboxylate on the plasma membrane permeability and
PRO Content of Artemisia selengensis seedlings under acid rain stress

( Columns with different letters are significantly different at P<0.05)

2.4 FCFERBRXT IR F PPN T T RS 40V T R SR

P85 (MDA ) SEAE B0 38 A K R — i SR R AG A2 A QI =, DRI 03 5 36 v — 9 o
RIS BR > 4 B Bl T ESF (] A R T AE | o778 4 A MDA &5 2 5 B0 R T T v A P 3
Bifrel (55 6 d—16 d) SERMA =4 T 3225 (P <0.05) . FLER AP A bt i I S B AR T MDA & & 5 &
HEL TR T B P BRGL (5F 16 d) X RRAL SR 4L 22 [ 34720 T i 3 M 22 57 (P<0.05) , PR TN 414331
THE T 28.55% (55 6 d) 33.41% (%5 11 d) F1 53.17% (&5 11 d) . TLERBP A4 F AT AR 5 08020 16 8 4 i
MDA [ Hs | /40 A I R 45343
2.5 FCFREF TR R FEE T TRT S 4 P SRR A R S )

WA TR YA R (ROS) 77 AR U8 2 R B 3t e, TR XA AR i AR R & 7 AR R T
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WG, PR i b T XA A P AR PR R A R A R s D YR S R,
551 d JFER BRI 4L A ROS 72 A R B S i3 T X IR AL A1 10, 22 57 5835 (P<0.05) , Fo R B B i i, 4 Bl
PP ROS 77 A 3% LR T AL 1A BT BRI, 7E5 1 d 5B 6 d 56 16 d Ik 31 i /KK (P<0.05) AR T
FRTR 205 AR T 5.65% 14.77% 28.95% , L2555 4 RIS X6 /INAE RO 9 45 28 (0L, o R 0 A4 it
YEPTE AR N Z R SAAL  R PR LA IS 0 N PR, 45 2 FhhT A AL A IR R T LU R FEVE R A 300%
T ROS =AU | B8 25 4 1 0T T TR A 2

T X R4 Control group

544 Protection group
45+ WA A Acid rain group

Xt HR4 Control group 50
[i#F1 41 Protection group
12 EERW4L Acid rain group

MDA concentration/(nmol-g”'FW)
Oxygen radical production
rate/(nmol-min~!-mg™! FW)

2
1! day 6" day 11" day 16" day 1! day 6" day 11" day
4 TRRPPASFRF RO T TR A T MDA 5 (52 5 TLRREI N RRFN M0 T T 4
(AN F R IR A AL PRI 22 57 B35, P<0.05) S LR R R A S
Figd Effects of potassium pyridine-2,3,4,5,6-pentacarboxylate (R TR Bl R R A A BT 22 57 i 3, P <0.05)
on MDA Content of Artemisia selengensis Fig5 Effects of potassium pyridine-2,3,4,5,6-pentacarboxylate
seedlings under acid rain stress on the production rate of oxygen free radicals in Artemisia
(Columns with different letters are significantly selengensis seedlings under acid rain stress
different at P<0.05) ( Columns with different letters are significantly

different at P<0.05)

2.6 TLFREIRSRR RN MME T Tl 4l i A A SRS P 2

A AU (CAT) VES R IR ) 22 i Beéal T e , o R A 9 22 o S A0 M B 24 R 30 A 280 4
il b AL G A R fEE T L 6 WoR | TR A BTN Y CAT i T P A 52 3B 2 90 6 1)
AE T BT AYBLEE, I w3 (55 1 d 81 6 d)  BR T ZH -5 % IR 20 22 [ 22 S S B B Jlh e e 1

(%511 d.16 d) , BRI AH 50 A HIT 3% 2257 (P<0.05).

30 X HE4H Control group

~ i #714H Protection group

= 25¢ B AT 41 Acid rain group

g

Z 20f

T?D

S 15)

&

2 10t

<

< st
0 :‘5555

1% day 6" day 11" day 16" day

6 TLRRANXSRRFE MG T Tl A CAT G PRS2
(RRIFREF IR 25 A B ) 25 53 . 2, P<0.05)
Fig.6 Effects of potassium pyridine-2,3,4,5,6-pentacarboxylate on CAT Activity of
Artemisia selengensis seedlings under acid rain stress

( Columns with different letters are significantly different at P<0.05)

B4l SR TN ALAR L, FRAR BURMEINZESS 6 d 11 d BF, CAT 1& M T 5 2 M 5% ( P<0.05) ,{H
FI5E 16 d B, TR FASFEIA S, P4 M) 0 B 5 25 5%, BoRWna gy, 2R AL Y A B A B
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CAT {1k 3 ZH 25K, e b 3 TR AR A AT S8R 22 B S AV B T 4 7 A i L TR R A 1)
b AR AR b3 3 , OB A A AN P, IR SR 48 78 TR B T B0 s 28, BB A FH I ] ) 22
K, R A RCR AR TZ 855 , 75 2RI LLORIEE I A 2 A 4.

3 %5 ( Conclusion)

10 mg- L™ A4 FLIR VA VR A , A 5 kst 17 I T IR0 0 T 5 40 i A PR . A B T IR T 4
B dP A TET A B A Y CAT 364 (PRO i MDA &4 BB E K iy 577 A R A 6 b 25 T s 1Y
AR T A RN AR RIS A2 T G A R B AN AN RE A A i R D R 40 1A N MDA
FR 7 A Bl HCRE A T B A8 K BEAS P R 4 M PN AP A9 38 1 TP, OR 4P BOBE B S8 B, OF HL R
R A ALY R (1 CAT) 55 ROS Z [A] A Sh 2P , 0 Ty Al B I 4k 4056 2 A
PRI,

23 #K ( References)

[ 1] R4, U, BUE. B S0 IARE TR GARKSEENE S]], FE5:, 2014, 33(7) : 1241-1242.

WU X, YAN D D, LIANG C J. Compound effects of acid rain and lead on growth and photosynthesis of soybean at different growth stage
[J].Environmental Chemistry, 2014, 33(7): 1241-1242(in Chinese).

[ 2] WANG L H, WANG W, ZHOU Q, et al. Combined effects of lanthanum ( Il ) chloride and acid rain on photosynthetic parameters in rice
[ J].Chemosphere, 2014, 112.:355-361.

[ 3] FEIOF, PR SC. W a0 X R Rh 1A 4 1 52 B A BEBLIRI I 5T [ J ]2 387K A ,2019,34( 1) : 70-72.

WANG A P, SHEN W J.Effects of acid rain stress on seed germination of rice-and its physiological mechanism[J].Hybrid Rice,2019,34
(1) :70-72(in Chinese).

[4] YUJQ,YES F,HUANG L F. Effects of simulated acid precipitation on photosynthesis, chlorophyll fluorescence, and antioxidative
enzymes in Cucumis sativus L.[ J]. Photosynthetica,2002,40(3):331-335.

[5] SkmR, RmdE, e, & IR A R 05 S AR B RS2 [ )] AL SRR, 1996 (5) :197-208,227,240.

ZHANG Y M, WU L Y, WANG X X, et al. Effects of acid rain on leaves and physiological characters of crops[ J]. Agro-Environmental
Protection, 1996(5) : 197-208,227,240( in Chinese ).

[ 6] BRIBEn, FIVET FEHT, 45 A AT HLIE XS 5 50 AR PR - AR W0 1 e AR RS I 2w [ 1], T B X RO BFSY, 2019,37(3) -
162-169.

QIU X L, ZHOU Y Z, DONG L, etral. Effects of bio-organic fertilizers on bioactivity and root activity of rhizosphere soil of potato[ J].
Agricultural Research inthe Arid Areas, 2019,37(3) :162-169(in Chinese) .

[7] BW, 5240, Bd, 5. VOV ) Ce( VL) H— A S a0 /22 8y A R AR BIAS R ARER [ J ] 3R 8E4k2%,2012,31(7) :1016-1022.
HOU M,ZHANG X L /LU C,et al.Effects of V( V) and Cr( VI) single and combined stress on the growth and physiological characteristics
of wheat séedlings{J] . Envitonmental Chemistry,2012,31(7) :1016-1022(in Chinese).

[ 8] Wk, STk flx BRFE A KR RN BB S8 S AE HI[ ] BR8E4k"% ,2016,35(12) :2553-2558.

YAO M J,JIN J.Protective and remediation effects of cerium on rice seedling stage under acid rain stress[ J ].Environmental Chemistry,
2016,35(12) :2553-2558(in Chinese) .

[ 9] ZEFIF VESMG, ¥ RTS8 PIRH Tkl s L e o S AL B [ 1] RHEAUH S AT, 2019 (15) :145-146,149.

PEI L F,FAN G P,XIAO M L, et al.Comparison of two methods for determination of catalase in soil[ J].Science & Technology Innovation
and Application,2019( 15) ;145-146,149(in Chinese) .

[10] KRR, MM, 2/ J7 ARS8 S (M. 4 B JEs0 S 4E80R R, 2009:218-227.

ZHANG Z L, QU W Q, LI X F. Laboratory physiology experiment guide[ M ]. 4nd ed. Beijing: Higher Education Press,2009:218-227(in
Chinese) .

[11] BB, 277, TKA A5 BUURR U 4 AR SRl T8 2 M AR A2 [ 1] 80 ,2019,38(2) :93-97.

WEI Z Z,AN Z N,ZHANG L, et al. Effects of simulated acid rain on seed germination and seedling growth of four turfgrasses[ J].Seed,
2019,38(2) :93-97(in Chinese).

[12]  CRIEIW, ST, R 55 KL A I 1 Nk AR M T R RS 20 B A B AR [ 1] 3 TAEHI A P, 2018, 16 (14) :4785-4792.

ZHU Y Y,JIN J,ZHU Y L.Effects of two foliar fertilizers on physiological indexes of rice in tillering stage under acid rain stress[ ] ].
Molecular Plant Breeding,2018,16( 14) :4785-4792(in Chinese).

[13]  BRBL IR, 57 A PR ADRS 0 4 e IR 3408 25 35 8N I AR FH [ ) ] FRE 4k, 2017,36(7) :1596-1601.

CHEN Q,ZHU R L,GE F, et al. Mitigation effects of two typical clay minerals on cadmium toxicity of Myriophyllum sp.[ J].Environmental



2672

7 A 14

pS

39 &

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Chemistry,2017,36(7) :1596-1601 (in Chinese) .

HLE RIALLPb Zn N AE AR XTI A BT A 4 28 5 52w [ 1] 3R 458424, 2013,32(6) :959-963.

XIA H X, ZHU Q H.Effects of Ph, Zn and their interactions on antioxidant enzymes and chlorophyll content of centipede grass[J].
Environmental Chemistry,2013,32(6) :959-963(in Chinese) .

Tk, Josek, B, . W LT REX A T A REEE [ ]]. 751, 2004(2) : 50-53.

XU Q M, YUAN Y J, CHENG J S, et al. Cell membrane permeability changes induced by Ce** in suspension cultures of Taxus cuspidate
[J]. Chinese Rare Earths, 2004(2) ; 50-53(in Chinese).

T, M TEZE XSO, A R 215 R B RS K 3 BB i A 4 B A B A AR IR [ ] A= 252441 ,2017,37 (14) :4706-4714.

YANG L, HE Z J,ZHAO W ], et al. Growth and physiological and biochemical responses of Rhodiola sachalinensis seedlings to water and
shading[ J].Acta Ecologica Sinica,2017,37(14) :4706-4714(in Chinese) .

SRR, O B, BRI , AR AL A W X BRI AR W7 e A BRER AR A ]2 T AR A, 2019,17(5) £ 1703-1710.

XIE E Y,GU J H,RAO F Q, et al.Effects of new compounds on seed germination and physiological indexes of six plant species[J].
Molecular Plant Breeding,2019,17(5) ;:1703-1710(in Chinese).

A, HERT, EARIE. MNA T BRI RG] LA ALE, 2008(5) 1 142-145.

JINJ, YE Y X, WANG M J. Dynamic analysis of tomato protective enzyme system under cadmium stress| J ]. Jiangsu Agricultural
Sciences, 2008(5) ;: 142-145(in Chinese) .

Got, I EIEE, SF La AR [RLE F 7 i 0T BRF A T /NE LA R GE B2 [ 1] IR RS ,2010(3) :95-96.

JIN J,CAO L,WANG J M, et al.Effects of La application methods on wheat protective enzyme system under acid rain stress| J ].Jiangsu
Agricultural Sciences,2010(3) ;:95-96(in Chinese).

FE/NTT R A X (W WSOR P B A ST RE R T SR [ J] . P IR 3, 2020(8) ¢ 14-18.

QI X F, CHENG Z H. Research progress on the absorption and utilization of germanium by plants and their physiological functions[ J].
Chinese Vegetables, 2020(8) ; 14-18(in Chinese) .





