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Abstract: [ Objectives ]| Cyclocarya paliurus is one of the important herbs in China. In this study, we explored
the effects of elicitors on the growth, resistance, and medicinal qualities of C. paliurus to provide a theoretical
basis for its efficient cultivation. [ Methods ] A pot experiment was conducted using 2 years-old container
seedlings of C. paliurus. The tested bio-elicitors were fungal elicitor (Trichoderma asperellum, F), bacterial
elicitor (Bacillus amyloliquefaciens, B), and abiotic elicitor chitosan (C), and the combination of biotic and abiotic
elicitors (FC and BC), and an equal amount of water control (CK). Upon harvesting of C. paliurus, the plant
height and ground diameter, root, stem, and leaf biomass were measured. The leaf C, N, and P contents,
superoxide dismutase (SOD), peroxidase (POD) activity, and bioactive compound contents were measured. The
cultivation substrate samples were taken to analyze the pH, total N, and available N and P contents. [ Results ]
Compared with CK, the elicitors did not (P>0.05) impact the relative growth rate of seedlings but significantly
increased the leaf biomass; F exhibited the highest relative growth increase, B, C, and FC had similar but higher
effect than BC. The five elicitors (P<0.05) increased leaf SOD activity in the order FC>F~C>BC>B>CK; only F
and FC (P<0.05) stimulated POD activity. The elicitor treatments showed a different effect on the bioactive
component and yield of C. paliurus. F demonstrated the highest content and yield of total flavonoids and total
polyphenols. Additionally, treatments F, FC, B, and BC significantly increased the total triterpene content in
leaves, with all treatments resulting in higher triterpene yields compared to the control. The effect on total
flavonoid content was more pronounced in treatment F than in FC, and in treatment B compared to BC. Both F
and C treatments significantly influenced the content of total polysaccharides, with the effect of C treatment being
notably higher than that of F treatment. Cyclocaric acid B is a unique triterpenoid monomer in C. paliurus, and F
and B increased its content by 77.8% and 200%, compared with CK. The application of elicitors changed the
chemical properties of cultivation substrates. F and FC elicited (P<0.05) alterations in the pH of the cultivation
substrate, whereas B and BC resulted in substrates with 163% and 167% higher available phosphorus and nitrogen
contents, respectively, compared to CK. According to the results of the correlation analysis, the leaf N and P
contents were positively correlated with the availability of soil nutrients (P<0.05). The total flavonoids in
biologically active substances also showed a significant positive correlation with available soil nutrients, while the
total triterpenoid was positively correlated with soil available nutrients and leaf P content (P<0.05). Furthermore,
the total polyphenols exhibited a positive correlation (P<0.05) with SOD and POD activities, but negative
correlation (P<0.01) with leaf N/P ratio. The total polysaccharide content was positively correlated with SOD
activity (P<0.05). [ Conclusions ] The fungal, bacterial, and chitosan elicitors enhanced the leaf yield and
quality of C. paliurus efficiently. The fungal elicitor, Trichoderma asperellum, could improve the soil pH and
total N, enhance the SOD and POD activity, and stimulate bioactive compound accumulation in C. paliurus
leaves. The bacteria elicitor, Bacillus amyloliquefaciens, could enhance leaf enzyme activity and bioactive
accumulation by improving available soil N and P, which is beneficial for leaf growth. The bacteria elicitor
showed a weaker effect than the fungal elicitor in bioactive compound accumulation, while chitosan did not show
a satisfactory effect except for the accumulation of leaf polysaccharides. Fungal elicitor is recommended for C.
paliurus cultivation.

Key words: Cyclocarya paliurus; elicitor; Trichoderma spp; Bacillus amyloliquefaciens; chitosan; leaf yield;
bioactive compound; soil available nutrient content
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Table 1 Effects of elicitors on seedling growth traits and biomass of C. paliurus

s RGR, RGR, +H Dry biomass (g/plant)

Treatment (x107%) (x107) # Root 2% Stem - Leaf HEf% Total
CK 1.52+0.30 a 1.744+0.64 a 10.76+0.65 ¢ 11.05+0.67 ¢ 8.14+0.49 d 29.95+1.82d
F 1.57+0.18 a 1.97+0.75 a 11.54+0.61 b 15.24+0.81 ab 11.81+£0.63 a 38.59+4.39 a
B 1.62+0.45 a 1.824+0.49 a 9.59+0.34 d 14.46+£0.51 b 10.21+0.36 b 34.26x4.7 ¢
C 1.65+0.56 a 1.87+0.69 a 10.73+0.33 ¢ 15.02+0.46 ab 10.29+0.32 b 36.04+5.13 be
FC 1.65+0.23 a 1.954+0.62 a 12.75+0.36 a 14.53+0.41 b 10.08+0.28 b 37.36+3.55 ab
BC 1.67+0.42 a 1.82+0.36 a 9.47+0.53 d 15.89+0.89 a 9.35+£0.52 ¢ 34.7£2.05 ¢

i CK—H/KM IR F—HE R B—H i, C—7o B FC—HH+7E R BC— M +5 Ml . RGRATRGR 73551 Tt o AAAR ARG A (5[]
G E A F/INE SRR AL B 22 53 B3 (P<0.05).

Note: CK—Water control; F—Fungi; B—Bacteria; C—Chitosan; FC—Fungi + chitosan; BC—Bacteria + chitosan. RGR, and RGR, were the relative
growth rate of seedling height and stem diameter. Values followed by different small letters in the same column denote significant difference among
treatments (P<0.05).
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*2 BT AIE IR R PR BRI

Table 2 Effects of elicitors on the physiochemical properties of growth substrates

b 2% (gke) AR (mg/kg) A3 (mg/kg)
Treatment pH Total N Available N Available P
CK 3.69+0.03 d 0.78+0.004 bc 14.74+2.76 ¢ 16.75+3.14 ¢
F 4.05+0.02 b 0.82+0.002 ab 20.39+3.46 b 35.294+2.16 b
B 3.74+0.03 d 0.73+0.012d 38.71+2.17 a 44.81£3.49 a
C 3.74+0.01 d 0.79+0.045 be 14.48+1.33 ¢ 17.27+1.75 ¢
FC 4.114£0.01 a 0.87+0.028 a 19.16+2.9 be 32.97+5.99 b
BC 3.82+0.02 ¢ 0.73+£0.056 d 36.84+1.47 a 45.03£1.80 a

TE: CK—IFAM M F—HRE; B—#E; C—oRMl; FC—HEIE+TRN; BC—EIE+HTRM. [FISIEURE G AR 7 B 2m g Bl e 22 5 2%

(P<0.05),

Note: CK—Water control; F—Fungi; B—Bacteria; C—Chitosan; FC—Fungi + chitosan; BC—Bacteria + chitosan. Values followed by different

small letters in the same column denote significant difference among treatments (P<0.05).

Ifii F #l FC A FRA & BT X i, Fo B AL 2%
WA THAHESE, CAHYETASREANEE,
FC 1 BC #HX}F F #1 B %A 7=t — 2 W T34
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WEE(F, FC), FLREALEE N 35 THEAE (B,
BC). N/P fiwfm AL Ry e BbE, R EA I (B,
BC), A HEE F. FC (5% 3).
2.3 AEIFSFLENEIMENEEMERF 00
LA, R AR YA S T A R
FE T AR SOD G, SOD IE R FC>
F ~ C>BC>B>CK, H FC Z:3f% SOD 1 i &,
ik 750.64 U/(g-h). 1%} POD &1, X F 1 FC AbFE
BB E AR, POD E M4 95 6310.67 F

6140.00 U/(g-h), HAWALIARERA

24 AEIFESTFOEXHEMESEYRR M
241 XFAVEE . S BB RS, T
W E 2 PR, BS T F. B AR R
M o AR Y, (H F Ab B B R  E E T B Ab
B, FLF AN B PG Ab B 0 R B A
T A A P 5 A A B Y B TR B 0 R 3
25, (HFC W W& & T CK; FC A1 BC A HEfY
S AR B ERT F. B, RUASGERES
FLE MU RIS MR, AR T FL B R4l B X it e rh
B A B UEVE ] o S0 IRA LG, BRAT R KRS,
HAYF. B, FC. BC AbFEY 3 #2174 =il &
M i, 5EEE A, FEFAE S RIS
it P RRARR T = 35 B ol X A =l 7 e A 4 e Ak
Ro EWFHRT R TREN A A0 &85
PIRCR, HEH (F) MR THECR B3 & Taim, 7R
BERT S =0 E R oRie A ECR . HYS F MBS

®3 BHTLEMNEERIMH A TESEREUFITELNZ M

Table 3 Effects of elicitors on elemental contents and their stoichiometry in the leaves of C. paliurus

A0 38 Treatment C (g/kg) N (g/kg) P (g/kg) C/N C/p N/P
CK 462.73£9.12 a 24.77+031 ¢ 1.57+0.03 ¢ 18.68+0.14 ¢ 295.52+11.63 a 15.82+0.51 ¢
F 464.27£12.27 a 23.57+0.49 d 1.68+0.04 b 19.70+0.11 a 276.99+£9.94 b 14.060.46 d
B 468.03£791 a 31.53+0.29 a 1.87+0.03 a 14.84+0.14 ¢ 250.72+0.89 ¢ 16.89+0.10 b
C 469.1+1.51 a 28.53+0.25 b 1.6120.02 be 16.44+0.09 d 291.99+2.54 a 17.76£0.15 a
FC 462.7+4.45 a 24.23+0.35 cd 1.67+0.02 b 19.09+£0.12 b 276.53+4.17 b 14.48+0.31d
BC 465.07+4.79 a 31.63+0.29 a 1.86+0.04 a 14.70+0.03 ¢ 249.62+2.53 ¢ 16.98+0.19 b

TE: CK—iKN i F—HE; B—1E; C—7cRil; FC—HBE+HTRM; BC—ME+reRil. RSB E AR TR b BRI 22 5 25

(P<0.05),

Note: CK—Water control; F—Fungi; B—Bacteria; C—Chitosan; FC—Fungi + chitosan; BC—Bacteria + chitosan. Values followed by different

small letters in the same column denote significant difference among treatments (P<0.05).
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Fig. 1 Effects of elicitors on SOD and POD activities in the leaves of C. paliurus seedlings
TE: CK—/KN IR F—HW; B—4iTE; C—e®RM; FC—RMEHTRM; BC—ME+TRIE, T EARRVNG R A0 B 8] B 122
S (P<0.05),
Note: CK—Water control; F—Fungi; B—Bacteria; C—Chitosan; FC—Fungi + chitosan; BC—Bacteria + chitosan. Different small letters above the

bars indicate significant difference among treatments (P<0.05).
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Fig. 2 Concentrations and yields of total flavonoids, triterpenes, polyphenols and polysaccharides
in C. paliurus leaves as affected by elicitors
E: CK—/KM IR F—H; B—4i1H; C—c®M:; FC—ARM+TRME; BC—HR+TRE, & EARR/NS MRS T35 53Rk
[ A 0 P T A R 25 R 3 (P<0.05),
None: CK—Water control; F—Fungi; B—Bacteria; C—Chitosan; FC—Fungi + chitosan; BC—Bacteria + chitosan. Different lowercase and capital

letters above the bars indicate significant difference in concentrations and yields among treatments (P<0.05).
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F6 HMWMHA C. N PRESHREAUFIUREYEMYR S EZENEXM (=18)

Table 6 Correlation among leaf C, N, P, bioactive compound contents, and available soil N and P contents

i H gl = Zh EZi THARE LA c . oN Cp
Item Flavonoids Triterpenes Polyphenols Polysaccharides Soil available N Soil available P
=il
. 0.650**
Triterpenes
21 0.560%* 0.490*
Polyphenols ’ ’
ZHh —0.220 —0.480%* —-0.07
Polysaccharides ’ ’ ’
IR 0.580%* 0.610%* 0.04 —-0.36
Soil available N ' ’ ' ’
SRR 0.580%* 0.870%** 0.43 —0.45 0.73%%*
Soil available P ' ' ' ’ ‘
N 0.020 0.280 —-0.40 0.02 0.65%* 0.48*
C —0.002 —-0.04 —-0.11 0.24 0.11 0.003 0.32
P 0.440 0.770%* 0.18 —-0.37 0.80%* 0.88%* 0.75** 0.11
C/N 0.020 —0.250 0.44 —0.03 —0.63%* —0.45 —0.99%* —0.22 —0.72%*
C/P —0.450 —0.790%*  —0.24 0.41 —0.76%* —0.89** —0.66%* 0.12 —0.97** 0.65**
N/P —0.350 —0.250 —0.73%* 0.36 0.25 —0.06 0.82** 038 0.23 —0.83** —0.12

Note: *—P<0.05; **—P<0.01.

iKfcrmr,  [AIE A R A A P A & AR A TR
o HE—2BAHOCHE ST (R 7) R B, BB S
YA Z B I & n AL B 0 2 IE A OG, R
BRFIAFHENA T SAR, FHRIE 2 5 Bh 1
it % M AT AR AL 22 I 2R BT R BN BRIE M A
AL H Y, Bk A mEXT Al HE, Amt s
Hirk.
33 B TREEZRSTEEMMHANAARR
TAERMIE 25 A, B S AE M s Y
HEJEH F BRI Bin. TEARMR T, £YiFs
T 534 Y15 T 7 A PR 2 X T BN A i 1 TR
FAHRTR . AR RRY, EEWHES L
RUEAC IR P T H RN B2 SR, Ou S0
5%t & R ite FH 52 S8 4 vl 3 35 32 3 X (Camellia
sinensis) WS, AR T EREYES TS
Fz7 HRHEYFEEYRESESHEEEEMERE

Table 7 Pearson correlation coefficients of leaf bioactive
compound content and defensive enzyme activity

i A =i £ ZHk

Enzyme Flavonoids Triterpenes Polyphenols Polysaccharides

SOD 0.22 0.26 0.63™ 0.49"

POD 0.44 0.40 0.87" —-0.19

Note: *—P<0.05; **—P<0.01.

W T 1 B A it I 38 XA 0 P T
BB, HEALEN . BL2m LRI
S BRI T AW RS RIS, #
JE BN [F] P ol Xof o7 RO 1) i o 50 SR AN R AR ], AR F
¢ TR G 52 SO R o B L it O SRR s
TR, SO BT R S AR YA S T I At F AL
RAEMIE O, X —25 2R 5 XA oy 45 28
ol (EAS TR, A b3 2504 Wi T ot o
R R B E . =ik T2 B R
B 1E R &M TR A 00 =i 2 RSy, AR
T (CECTR R B ) A B2 5 6 53] v 0T R 77.8%
200.0% , FIESFABERT DL 5 i gt A
MIZTH T MOCHE e, RIS 4
PIE e R AR . R =) R R E IR, ik
DA AE P A P 3% 20 WS 1 in v] BB B A T
PIBTRTR I = A, AR 2R (WA R R AR
AYZLRITAA), M 5 A s P ) B ek g
4 ZhE

B AN RS R S T R A A
77 AL T A RO AL AN . B SA S T
PR LY pH A2 i, S SR A L
WEPE, AR T BRIt 3% 43 R0 A T T ) B R
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