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Abstract: To explore the effects of nitrogen, phosphorus and potassium on the physiology of Pyrrosia petiolosa as well as
the synthesis and accumulation of chlorogenic acid ( CGA ), tissue culture seedlings of P. petiolosa were used as
materials, and three concentration gradients of low nutrient ( no fertilization: N,, P,, K;), normal fertilization ( N
020g-kg', P:0.15¢ - kg", K: 0.15 g - kg ) and high nutrient ( N,; 0.40 g - kg", P,: 0.30 g - kg, K,: 0.30
g - kg!) were set up. Seven treatments were set up to NPK, N,PK, N,PK, NP K, NP,K, NPK, and NPK, , and the
resistance physiological indexes, CGA contents and key enzyme activities of P. petiolosa under different treatments were
determined. The results were as follows: (1) Nitrogen, phosphorus and potassium fertilizers had significant effects on the
resistance physiology of P. petiolosa. The activities of superoxide dismutase (SOD) increased significantly under high
nitrogen and low potassium treatments, but catalase (CAT) activities rose significantly under low and high treatments of
three nutrients. (2) The contents of CGA in P. petiolosa was significantly affected by different nutrient levels of nitrogen
phosphorus, and potassium. The CGA level in normal fertilization was the highest, reaching 12.92 mg - ¢, while the
CGA content in high potassium fertilization was the lowest, 7.79 mg - g”'. Potassium fertilizer had the most significant
effect on CGA content. (3) The key enzyme activities of CGA synthesis were significantly different in different
fertilization treatments. The content of CGA was positively correlated with the activities of quinate o-hydroxycinnamoyl
transferase (HQT) and 4-coumaroyl coenzyme ligase (4CL), and negatively correlated with the activity of quinic acid

shikimate o-hydroxycinnamoyl transferase (HCT). HQT, 4CL and HCT were the key factors leading to the difference of

CGA content. The results of this study provide a theoretical reference for the artificial cultivation of P. petiolosa.

Key words:
(CGA) , accumulation

W41 ( Pyrrosia petiolosa) "R 7K & & B 155
JRAEY), 72 2020 Rt (I 24 i) ISR Y A 5 204 ik
JiZz— DAt A2 wy H PERE BA A Kl
ATl N o R R S A 2T L S A
2020) , #ALALAF (2020) WHFERM, ARG TS A
By IRSE (TR 2 | = 28 A 22 R 2R R 1A RS T
M4 AR ( chlorogenic acid, CGA ) J& H: 5t 2 45 il 1Y
TEPRIL Ty — 7 T, A A AR Ok I T B AR R
U, BEAE BT AE B YR Aok B SR A7 R I R 7 oK A A
Wir R, A A A R S s R R s H
fi S s — 7T, T & A M LR S E AN
I, ToiE DR UERS SE B0 i R ¥ R (A8 BR 55, 2010)
PRI, A JE A 35 24 6F 19 T 32 5 SRR DR AIE 25 B4 J5it
HIERE , T REA A T35 051 R 914 AN TR 5
(WA

HAT, ST AW A T3 19 A TR KNI 46, 473
PRSI  AAIG L R 5 B 25 R I R L A
SRAERK G218 it A T LU AN B 4 TR) 8, it AL 2 245 FH
GEL7/DNRW ==Y G IR s R B SR P S i £7 N s
—  HEsZm A MY A K AR, R
EF A, HER WK T A WA H N TR PR
P AC 7 2% HY SCHRAR E PR, e da i i AL AE
PRV A A KA RN o TR R LA

Pyrrosia  petiolosa, nitrogen, phosphorus and potassium fertilizers,

physiology, chlorogenic acid

A 5 N TR S5 e A DR DG ) 2 —
KA 5T e B, A B it I8 RE A S 62 HE 245
FEY) Y A2 B R 08 53 196 AR 2 i i
et s s A 25 T8 B 3 35 Jblp 3 B85, il IR 1 P A AR
IR T @ WS T I ST 2 Wra e = o [
HEEAE (2004) ESE T AL BRIE XS PF 2 00 i A AR
FERI R, R IR E X PSR T, 1A B R
TN, FHS 0 1, 8 Bl it 20 0 39 i 2
W s/ Wt R P S L, PSR AR
HABWAL M. B RRR S (2020) iF 55 & 30,
FAEXTVE 7 2 21 52 i A5 40 B 2, 35 4 19 &8
R ERIN T =-ERAY Rb, S, i /Ui i £
M 2= S BCEREAL . AW A A BN R 4R
2, ) TR i oy, SLAE R R N & B 12 R
N IEACHHE 42 (Clifford et al., 2017) ,iZ i 12 1)
AR 0T A 57 A T 2 ik TR 4% TR 2 T R % 2 TR , L
b 5 AT S e T A i g R R 1Y i DT R
HNBEU A A P Y & & (Fritz et al., 2006) .
KT A (2022) TR LRI, SR AL SRR (CGA)
() 1t 5 e 2 B A B0 G 3 IR S A R AR
TN R A T K (PAL) | TR A TR -4- 35 Ak Tl it
K (CAH) A-F BRI A BRI (4CL) FnFz
JE A RERL L R B L R (HQT) %5 CGA A i ¢ 3



974 |1 I G/

44 ¥

RIZRILKF B8, A BFSEEE H 3R 25 52 i 1
FRASARH = W i & WU 2, 2 5 1y R R 2K 4 1 A=
Y& s AR LR PAL ACL FE85 38 T B AR 3
K TE R BRAL BT SRR C R ER IR | S ¢ 5 R
B G R & & 0 % P L ( Wang et al., 2023), 5
AMBEAE A Z G IS YRy — 85 EHE
SRy FE LI B B il ) B DR AR AR ) Y A B
A AL o B bk 2 S AR AN TR AL B T AR
B BB S A (Xue et al., 2022)
SR, E R 8 A AT AT AT G T i AT 7K P 52 e A7 4k A
5 W RS TR R 1405 AR R I IS 4RI

N T RV A T3 00 A [m] AU I v B Y A
B 1 M ¢ R (CGA) A R R i B A, A BiF 5%
DE T A ] B Ut 4 Ak 3 A8 WA iy bt i Ak
fitf SOD [ CAT K35 i 415 ¥y o il IR & 1 1 224k
PR CGA & G HEmG 8 N 2 IR % 2 g (PAL) (A
FElR-4-¥2 AL (C4AH) | 4-75 &L 5 I A 3% $ T
(4CL) FFHPRFEL A BEEE W (HCT) (& TR&AE
B AR ER S B (HQT) | A 5 IR-3-F2 L (C3H)
PTG PEFT CGA 1Y & &, LA BT ) WA A 4 5 % AN [
R EE AU PRI Y A= B 1 & CGA & U R LA
AR AR SR O R N T R R A
WA

1 #HHEF*

1.1 i #F Rt

AR TF 2022 4F 7—9 A1) P BE 25 K2
T KM 9 AT, A R 1 AR R A T 4l
BT, B KRS — B0 A WA T AR R AR
e ¥ s H 1000 5 2 3 R R AR 15 min, 8
AOEE TR RN B IR R R (R L
L TAHRAF) B — 258 (KA K%k #iR
FN) ) A AR (R EET R Dy R 43
A WA T AT AR IR AL B
1.2 ik 3

PR+ e R v 40 6 4 8, 2 K R
T A THE GRS A T AR, RE I ha
T EWRET(ANR+EMR) c B =
2:2: 1, IRAEETHAMETR AN pH 4.9, &K
0.10% 2% 0.12% .49 2.50% A LT 16.0 g -
kg K fETEA 73.0 mg - kg GHE AL 8.8 mg -
kg EELER 247 mg - kg,

1.3 iXEIZ It

it AEASE T 43 B 46 1) R 25 W 1R — A4 N Ak
B EBERR 3 Fh 3 BLE IR B AIRER A (OB AE ) |
IEH M FRT 3 DM, i ® 7 b
20 % % & NPK. N,PK, N,PK, NP,K., NP K,
NPK, NPK, , H:rp & 4L ¥ % N,PK NPK.N,PK;
REFEA NP K NPK ., NP, K; #f 4b 3k NPK, NPK |
NPK, . N,.P, Fl K, A At IE, 1E #7430 e AL (N
0.20 g+ kg ,P:0.15 g - kg ,K:0.15 g - kg™") , /%
FE AR (N,:0.40 g - kg",P,:0.30 g - kg, K,
0.30 g - kg!) o EAMABHERBER THIGE (K
30 cm, $& 15 em, 75 10 em) 1 B 2E%E 2.8 kg R
HHFT, BACHEEE 3 REL, BNEE 15
o APIUIENE,0 d ii—F 08,30 d Jiti 75 —F e,
AEFE 60 d, BERE 3 d A RAKGEHE 1 Uk, Hofh A
—,
1.4 £ EIERNE

AL B AL (SOD ) i MR FH S AL il ik Y
AW E (NBT) JGIR ik (224 4 ,2000) s 7512
—RFFREL 0.100 g (IFE S, A 1 mL $2HUR 4
YA L8 000 v - min 7E 4 °C F & 0> 10 min J5
VW, R A BES T R AR 560 nm Tl
il AR Y B, 204 I 4y A b il A1 K S IV 1A R
VR E 53258 50%B), KON AR & H Y SOD B S )
FE SCH—AgE Ty Bpfr i A A S (CAT) T M
KA YEIERE TR E (AR, 2000) |, g2 O TR
[F) I, B s 2 8UFE B AR & v B 3 Bl AL 1 wmol
H, 0, 28 A — B % ST 220 3 2 ) 7 >R
B = VA D 2 (R 2R, 2006) o
1.5 CGA SEMNE

CGA F i Y E 2 B v [ 24 ) ([ R 24 it
Z0143,2020) I AT REVE RS . 2504 LT R i
Ja i i, FREBCHE A T AR 0.2 ¢, BT 50 mL &L
B M S0% B EE 15 mL, B8 24 h JFHEINA
50% ) HVIE 10 mL YR $RE R, 24 5 4 BOR 8 7 Ak
P45 min J5 R ZEEANEFEE,10 000 r + min’!
L0 10 min J5 B EIE R 0.22 wm FlFLJE I A
e TR, K BFRE CCA PRl (Jb R K EFR
AN R, 85 :929 N022)2.17 mg, f#i i 50%
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Effects of nitrogen, phosphorus and potassium fertilizers on physiological indexes

and chlorogenic acid (CGA) contents of Pyrrosia petiolosa
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Fig. 2 Effects of nitrogen treatment on key enzyme activities of CGA synthesis in Pyrrosia petiolosa

0.35

0.28

“min” FW)

0.21

PALI i

PAL activity (pmol-g
=
=

[ [ 5]
(=} w

‘min” FW)

HCT

HCT activity (umol-g’

W

NP,K NPK NPK
Ak ¥ Treatment
D
a
a
b I
NP,K NPK NPK
Ak P Treatment
3

“FW)

CAHIE

C4H activity (mmol-g" -min

HQT%
HQT activity (umol-g"'-min” FW)

127 g
a
9
b ab
6
3
0
NP,K NPK NPK
Kb PH Treatment
20 E
15
B a
c
10
B
0
NP,K NPK NPK
Ak B Treatment

ACLiG

4CL activity (umol- g

C3HIE _
C3H activity (umol-g”min” FW)

"min” FW)

6.0

4.8

w
N

0
'S

—
4

[ 5]
w

o3
(=

—_
W

—_
(=]

W

1 :

NP,K NPK NP ,K
Kb BH Treatment

NPK NPK NPK
Ak P Treatment

LB FHAF CGA SR X EMFEENZMM

Fig. 3 Effects of phosphorus treatment on key enzyme activities of CGA synthesis in Pyrrosia petiolosa
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Fig. 4 Effects of potassium treatment on key enzyme activities of CGA synthesis in Pyrrosia petiolosa
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Table 1 Pearson correlation between CGA content and key enzymes for CGA synthesis of Pyrrosia petiolosa
RgE|
Ttem CGA PAL 4CL C4H HCT HQT C3H
CGA 1.000 0.317 0.911 %% 0.673 -0.851%* 0.843* -0.504
PAL 1.000 0.618 -0.425 -0.227 0.632 -0.032
4CL 1.000 0.330 -0.737 0.926%#* -0.526
C4H 1.000 -0.667 0.217 -0.218
HCT 1.000 -0.657 0.353
HOT 1.000 -0.571
C3H 1.000

s R A AR B3 (P<0.01) 5 *FRH M B3 (P<0.05) 5 n=7,

Note; ** indicates extremely significant correlation coefficient( P<0.01) ; * indicates significant correlation coefficient (P<0.05); n=7.

PEAE ) B8 7 DL 4 47 IE % A2 K (Nadarajah, 2020)
ARTHGE T e W B 2 0 A AR AT AR A i
PREE TR R D)3 5t R R SOD | CAT 3% 1 LAGE 1o R
B, 559605 16 AAL 3 b Bt S i R AR AR Y B 5T
— (K MESE 2018) , BUAEALEE RS R AR A
RETH BRI A 09 A b 36, M 8 T 32 5 CAT 1

PR T i e RT3 i B ) O R AR T
SOD {if 4 il 5 5 vie o8 388 w3 B AIC, X S5 (K8 3
LEFH ARG RN —B( EETFEH,
2020) . BRI T, AR B 0 g v 3t AES 2 X A
AP A K E RE B CAT 284k ia 3 5 SoD 284k,
AN—F,SOD I P 3 B TG WA T 0 e AR
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fIRHRARBE T CAT 36 4 XT3 % 4 (4 41K ¥k 5 A
TR R AL AR AT S Y, IR R & F L
BrhREE EEAEN, K551 2 4
WARE K, AR LRI | 48 A8 5
17 e B TR A% (Alvarez et al., 2022) . WFFEERM,
i 2 Rt 2 RE W 3K A5 BB 2 SRR, 8 i A T
NADP*/NADPH Lt 1% 45 {k 52 ) 4201k ol 1R G A 34
£ (OPPP) [ ffcit it , J2 It T AR a4 -4- W R P X1
HIA , AAE B AR T A BUOR TR 2R sk A ™
¥ (Kishor et al., 2005) , X 7] Gg & A< 55 il &
MR | AR b5 CCA & 2 A8 1b M0 A 4 i AL i

AR, F B A AE X A AR CCA FLE
EA B EM I, Kovacik %5 (2020) B 55 26 W 1% 33
FERALIET CGA & &/, 1M 1E it &0 8 A+
CGA L MRES H AL T CCA A MU & i 3
PRI 2238 T A OC (TR I8R5 45 ) 2022) R , AR
B S 5RO Y A Y& B PAL I
4CL 3P F 35 T ¥ ( Zhao et al., 2023) , 3% ] fE &
SEURBEAC B A WA T CCA & & T IR R
Rl Sun 45 (2023) W58 R W, S R it R 7 Sl B ik
PR PAL C4H F 4CL LN 1k F V8 | 78 = e 5 A1
SEBRZS R PAL [ 323K T 0, 28 B il 3 2 76 i
AN RBP4 38 B b TPl A R EAE L AR BESE
FEALES CGA & b T Je K, 545 5
(2019) &5 B Ab BN FI T = 75 B 2 4 o FR 82 A F
FEAERE—F, MM AT R AR AR h A 5 8 B AR
B2 R o m s B E A A S R AR
FERE ) Ca/K Mg/K, FBUH R SR 70 A A7, I 52
W A2 0 1 Ok AR AR R (T 4%, 2012) , PAL,
4CL .C4H HCT,C3H F1 HQT {E MM ¥ 1K 1 CGA
B OB O 28 7E R AE (IR 55,2016 ) St
(Zhao et al., 2019) SEAHE Y 45 BN 5 HIE , (HAE & AL
WP EEEAR, AR, AR A TS
TEATFE R EAE BT CGA & i B HoA G B il %
PEAEAE 0 1 22 S A OGRS BT R W, COA & &
5 Ll CHER 4CL N i PR B HQT 2 1 % 1E
FHIC, TS HCT % 2 2 7AH ¢, HCT /& HQT
1) RS, I Z MR SRR A A
BRI  F R s E T, T, 4CL L HQT A HCT
R 3 P R BRI A AT CCA LR
KR B I LA A R it — D 5E

ZE B TR, AR IR X A R A RS SoD Al

CAT PR 04k W5 05 1 A7 58 2 19 52 W, SOD 17 14
2 B R e R AR AL B T CAT 36 1 DU % 3 il
FR0 B A e B R e v B AR BRI W S A N, R[]
KPR FIBR ¥ BE XA A A CGA & A AE
ERW IE R REAL A CCA & fd e, 15 12.92 mg -
g, FATENL Y CCA &R fik, 8 7.79 mg - g, £
JEXT CGA & 5 W fie . 3% . HQT 4CL #l HCT j&
1 RS [7) 7t I A BE A A A 5 CGA 5 & 25 57 10 ¢
S
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