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FERRE . MR, MRS KISARII T T Hith 3 FhEE . 12 BB HE N S KRIEH 67.25%, AIVETERES &N 2.33%, H
WA Ca & &E&m, M Na TERIK. J4FHFIH N KM Mg S&8&E: J1IEERA 4 F0 FcR N6 fREEEETH
fiy 3 FhIEFR . 5 2 MIEL, T1 R B M A SOD. POD. CAT %R MDA & 870 BIFEK T 92.36%. 80.98%. 87.21%F
81.51%; PPO WHTESE J2 ¥ 13.30 5. I8 S & s B L s 047, BB /MK IR J1>14>33>12,  H J1 SR i & 5T
B3N 89.71%; Mantel’s /M MR BASEA T BIER . AKIBIFS S/KE. SOD EHEA BEM M. Fil, #% 10:1 LR
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Analysis of Growth and Physiological Response Characteristics of
Cyclocarya paliurus Seedlings Under Different Cultivation Substrates

FENG Ying *°, PAN Hongyun?®, CHEN Yongshan*®*, XU Rongjuan®, YAN Xiusi?, XU Jinghua®®

(a. School of Resources and Environmental Science; b. Institute of Environmental Sciences, Quanzhou Normal University, Quanzhou 362000, Fujian, China)

Abstract: To screen the suitable cultivation substrate for the high-quality seedling production of Cyclocarya
paliurus, container seedling cultivation was adopted to determine the effects of four cultivation substrates (J1, J2,
J3 and J4) on the survival rate, growth indicators and physiological indicators of seedlings. The results showed
that the survival of seedlings cultivated in J1 was 100%, which was 2.25 times that of J2. Moreover, the seedlings
cultivated in J1 had better growth indicators, such as plant height, leaf area and ground diameter than those in the
other three substrates. The water content of seedlings cultivated in J2 reached 67.25%, and the content of soluble
sugar was only 2.33%. The content of Ca in the seedlings was the highest, while the content of Na was the lowest.
The content of K and Mg in the leaf of seedlings cultivated in J4 was the highest. The translocate factor of four
mineral elements in the leaves cultivated in J1 was significantly lower than that in the other three substrates.
Compared with J2, the activities of SOD, POD and CAT and the content of MDA in the leaves of seedlings
cultivated in J1 decreased by 92.36%, 80.98%, 87.21% and 81.51%, respectively, while the activity of PPO was

13.30 times that of J2. Through the membership function and principal component analysis, the function values
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were in the order of J1>J4>J3>]2, and the contribution rate of J1 to the seedling cultivation was 89.71%. Mantel’s

analysis showed that the survival and growth indicators of seedlings were significantly correlated with water

content and SOD activity. Therefore, the substrate mixed with peat soil and perlite at a volume ratio of 10:1 is a

suitable cultivation substrate for C. paliurus seedlings, which has a high survival rate and vigorous plant growth.

Key words: Cyclocarya paliurus; Seedlings; Morphology; Antioxidant enzyme; Mineral element

R Bk 0T 2 HE D R R R B o R O TR
(e na o 7B B0 ) DS R S K I LR e s
JR A () B B e R R 2 — U AR A 3R
FEF T RANE, BB M (Phoebe bournei) )& H
AT LA 40%I8 KA40% HE R 20%FE 50, MR H
WITLAE(P. chekiangensis)I¥11& H ARG HT N 80%e
IRA10% L Ye+10%FE e AAR R FIYe k(R L
A 2:1) 8 E A== (Dendrobium officinale)i& H.
FIEFETY, HhAh, AN [ 0 R i o AN i A
MRS, X HAMBIESAERKMEE . mNE
g B P A 20T AR A NER R 20101
BERLLRETER . A BERA SRR A
K F¥5 18 (Platycodon grandiflorus)# T A K, H
IR N AR A PR HRR S ESER
s 1 100% 8 57 LA s A BELH v I AR . T URp
SR RN, IR 12:2:2:4 BEHOR SRR . BEk
i RKMEAR . L, JENEEEE(Dalbergia
odorifera)4iTH{EAEK . AFERUNETE(H 22 5= & &
HEERZSH)ETT RN e, BEENRT
100%3E 35/ . Bk, SEFREE T, E5EHK
BRI R RN B B HL 5 T IR LR |, IR 2
7 8 A A R T R R T R i A AR B B 1Y
AR

H B M (Cyclocarya paliurus) £ J& T 1 Bk B
(Juglandaceae) & kM JE , 1525 M) B K RESH
SR E A K MR AR, FES ALY
WL, IR, M. PUINEEA R L X, FH 8k
M N & & R . WS 2 M AYE R, A
AR G, SeE %% /. SaRbtE L RE
SEPF TR0, P PR A AR 2013 4R
1 18 5% PR (5 1B R 022 ) i o S i B 24 B )R
SRRk, R R BOR CA AL, FRECEER
A WA, FEMNEHRTEALSE . Rk,
TR T4 T A el S5 oM gkt . Bz, BN
—MEAH. B MH. WERFET M HE
2o,

W& T B2 H . & SO 1) & Hi AT R

TR FE R H 2N, XM AR 3t B A
IR ERE: . AUEF] 2020 4 1 H, P ERMTE KA1
WA T2, A EH AR AL 2
233.33 hm?, H At AR AL E] 133.33 hm?. H
BT, SEARHR T RIS M R AR, IS
JoR B (PR B BRI G T R AR R . e
fRam U, SRl RRRIPIERE F &R I R
1~2 a A= T RN &) i A 8 v VR B A PRI 9, TG T
AN A W R B W Fi />, Tian U H AR
B L IO 5 T B S AR AR R AE K, Feng 51151
T H AR B R K I B R A B AR S AR
WA KA R g A BEAR AR AR AL . (HAH SCRIF T
87 A A B G £ 7 398 38 B T R A S A T RS A AR
B

R, A SCPAEERMNSEAE O RN G, BEA
AR R RS O R 2 AR KR AR R AR B AR bR AR
I, NEERMISEAE I F IR A S . [F
I, e B AR R B B A R YRt B T
Sy BB

1 BRI %

1.1 R ¥t

I L BMI(Cyclocarya paliurus) ST o
27 Fang 5B 5050 5 B 7 HEA 7 0 R b3 )5,
BRI TR b, R iR )E, KA —SHE
109 0.5 em [ SEAE T RS AE B2 2 R N (RS S =
14.5 ecm. 142 10.8 cm), GEEMRKEE TR
o AN A 4 FERE IR, BN 1. 2,
3. 4, Horp, BT 1 OAIEIR 10:1 BRRRELIR G TR
LB ERETIR, 108 1 JEJ5R 2 %R 5:2:1:2 14
PR AEEL . BAK, RFIE. BERAHIK, id
N 325 BER 3 ONTEHEE, EUEAtEH, doh 13; 3
J 4 AR 10:1 FOPRFR LR TR A e i - RIEE 3 11 ik
10K J4o BRLRHN R e DU J& 8 X, 75 R 5 T
1.8 m b E 2 FEHERHR, HOBHRGREA 10%~20%
AEHR . BRI TR E IR RFTE 50%~60%, HAEK
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HE 6:00 #hFRERAIK Sy KA RR R EFENLIX
H&E, NS NME RSN, BN XAH
15 MRS, 3 ANX 4.

1.2 5

SEAEERENE  BE 120 d 5, WEHS
T R S AR T I RS R B

EAERNE  CRAE RS R S

/NG 2 Bn), W SRR m AR SR
o 3 TR AR 2 (5 P THT AR

AEERE  HE 1204 )5, BXAR
WLIEHL 3 FRSLA T, W B T UK T ek s 20,
FHERET Ky G, BHAEAR, 2, 134
oy, HTEKEMT FoCRNE: 5L
B3 PRSEAET, BTEE FEE— A 4 A2
M, B TWEF A, RAEE-40 CARRIKFE N,
T ArE . Pratbls. oS ERER S &
Mg o RAHAEDII e &K E, B We=
(FW-DW)/FWx100% 73 73 11 5 S AE AR 250
HKkE, X, WC. FW 1 DW 23RS /KR i
AT,

W R GRREANE  RARRE AL
g6 R B SR TR R 6B A (ICP-OES, optima
7000DV, American) 73 5l Wl i SEAE FIAR 25 I R
BB BE 4 FOTRIREE: AR A M (ug/g)=(Cx
V/DW it E &, i, VONRBURIAR: DW
NFES T E; C ONIIE R TCRIRE

TSR E SRR R
FAE AN e EEVE N 2 1 7E 630 nm AR IR,
HRAE A C (%)=(mxV1)/(WxV2x1000000)%x100%7i+
B RrEERE S R, A, m ARE bR 2T
HHOER, VO RRIBURAREL, vy NI AR, w
R

PENBERIAWE 2% Feng F I T5

1 R [ RR  0)  E S AR A AR S

TEIRIT A BRI . R FH 80 DY Myl 5 o B
F A EABE(SOD)IEME ;s SR F A AR By v 0 i I
THEE AL (POD)E 1 s R Q12K — ikl
it E Z W A LER(PPO)EYE; KM Ltk
AN (CAT)IEE

P B (MDA) 2 BURI I %€ S D
W, RARARE I ZEE T EN RS &
1.3 BIEMG T4

“X:F One-Way analysis of variance (ANOV)43 #7
Jik, 454 Tukey’s ‘B MERLS /7%, JEId SPSS #&
(18 v16.0) 7 M A Rl # k5 B AE P<<0.05 7K°F 4%

BFR I 22 S R R o SR FH I J8 R B E & 2 1y o A

ik, CREVIT 4 FhARRE I ION BRI S AR
IR - K H Mantel’s £ 56375, 43 A1 FE PR B %6
A KA bR AL BEAEBR R] A AH S

2 SR

2.1 N[ G 5 0 S A 1 RRTE AR AS B R e

1R 1 AT, YR LR ER A IR A T
DX E ISR RS RIAF] 100%; H S W 7ER
B MR, HiAR 3 AN TH A KRG, RER
PR A —80 22T v v sagt, iR,
MR MRARKIE: thEdEKFEF 033 cm/d;
HHMBEE A EI MR EREE R
2.2 ANEFFEE TN EKE R MW

BHP 2 AT 0L, 4 FhkRs 35 & s A &
KRS, HREKR, &iEAZ; A8 KESHR
B EIKRIREE R MRS & KRR
FRARMAE, 12 BERSLAETR. 2. 8K
R T HA R, H J2 MRS KSR 13 1 1.22
W, R T 1.28 £%, /KR Z J4 11 1.16
s, WEEEER.

Table 1 Effects of different cultivation substrates on seedling growth in Cyclocarya paliurus

G 3 - mAEKE I AR i A% , 2 it
BRI REE P K Hir e S R
Cultivation Survival rate Growth rate of Leaf area Basal diameter DW-FW Ratio of root to
substrate height (cm/d) (cm?) (mm) ) stem and leaf

1 100.00+0a 0.33+0.03a 38.99+2.02a 5.29+0.76a 0.424+0.02a 0.41+0.03bc
2 44.44+3.85¢ 0.16+0.0c 13.72+1.83b 2.06+0.46¢ 0.31+0.04b 0.31+0.04c
I3 71.1143.85b 0.16+0.0c 17.72+1.90b 2.4140.38¢c 0.43+0.02a 0.57+0.06a
J4 100.000a 0.24+0.03b 15.58+3.25b 3.80+0.43b 0.39+0.04a 0.51+0.07ab

[&] 5 B8 J5 AN [ - BER R 22 57 R 35 (P<<0.05). T[]

Data followed different letters indicate significance differences at 0.05 level. The same below
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Fig. 1 Seedling growth of Cyclocarya paliurus under different cultivation substrates. A: Seedlings; B-E show roots under J1, J2, J3 and J4 substrate, respectively.
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Fig. 2 Effect of cultivation substrates on water content in Cyclocarya

paliurus seedlings. *: P<<0.05. The same below

2.3 NEFRFEETNY TR S 'R

HHIE 3 0, 4 Pl B s B IS AR T Ca &
B (5.76~18.80 mg/g), Hkse K fl Mg, B
Nao R 2. &5 3R 2 & PR G JE J5UAN [ 1T
SIEFME, Hd, MEENRK SERE&ET I3,
RFBENZEK S22 I3M 1.67 5 14 BERH K
FEAE I 6.55 fi%.

J1 BB MR Ca &8 B3 m T HAh 3 Fhakis it
Ji, 12 13, JA RS E IR Ca SR J1 23 ARG T
53.67%-. 80.25%F1 54.28%. J1 Fl J2 B5E 2% Ca

TEAENEENEZR, H5 13, 4 HEHMZE Ca
SEXEEER. 1. 12, 14 BEEHRH Ca §EK
m(=15.00 mg/g), HE BEEHEER.

J1.J2.J4 B8 1R Mg & 2585 (=1.40 mg/g),
H5RBAEBEER. 2 EENZE Mg S8R, HiK
T 04, BJA e 13. T4 B A Mg & R, 12.
J3. T4 B RHIEKT 50.79%- 61.60%K1 79.48%.

J1 B5 B AR Na &8 535 s T HoAh 3 Fhakhs
B, 43S J2. I3, J4 ) 1.62. 1.48. 1.79 5. I3
BHMZENa SRS HA 3 MR EFIAREER.
J3. J4 BEE I Na & &255(=1.00 mg/g), {271,
RS 4 LB EER,

2.4 FEFRIEEEFT T Rt REFE REIENE

Bl 4 7T 0L, 4 FhkRs BT R B 1S A AR
Ca iz ZBURH(2.39~4.77), HFE Kl Mg, 1%
Ji A& Nao 507 i 6 3 5128 F2 50 A5 228 5 A [H) 1y 2
Pl H, 20 13 BE RSN Ca B
ERB AR TR 1.98.1.99 1%, HikB 8% 5,
1M J4 53HAh 3 FpE R 2ZEFAEE .

J4 BB SR WA N K #i2 KBS G, H
WO T2 80 13, ®JER I1. 5 J4 M, J1. 12, 13
B E I SEAE T AR ) K 508 REU BIPEAR T 59.27%-
38.24%- 30.79%. 5 I3 MLk, J1. J2 35K T
41.15%- 10.76%.

13 BB RS MAN Mg #iz KRB0 FIIE(E,
HRA R M4, BER I 5114, 12, 13 5
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Fig. 3 Changes in mineral contents of Cyclocarya paliurus seedlings
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Fig. 4 Translocate factor of mineral elements in Cyclocarya paliurus seedlings
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BRLAERN Mg iz KR8 05 T 61.46%.
98.50%. {HJ2. J3. J4 Z[alARikF| 2 FbE,

J3. J4 A AR AN Na iz REE
(=1.30), 11 J1. 2 H&TF 1.0, 5 J1 #HLL, 12, I3,
J4 5T T 68.92%. 176.98%F1 147.11%.

2.5 N [E)HRREE 2 U0 PV PR S B R

2 /0L, J1. I3 K58 B SEA v il

P BEE(=3.5%), 512, ML EEER.

R 2 IR AR IR R A S P AR BRI R

2.6 AN [F) 3G 5 05 X B A M K S

R 2 Al UL, 4 RloaRRF SRR & 0 SL A 1 ik
M SOD & i i, H kg PPO 1 POD, /& &
CAT. Pt Ak B v P DR AR 355 258 o A [\) 1 42 300
Z e, Horb, J1 B E MR SOD iE UK
(<50.0U/gFW), H5 12, J3. 4k BZEZER. 1M
J2 5 (=500.0 U/g FW), 735l 5& J1.J3.J4 1] 13.10.
1.22. 2.47 f&.

Table 2 Effects of different cultivation substrates on physiological characteristic in leaves of seedlings in Cyclocarya paliurus

oL TSS SOD PPO POD CAT MDA
Cultivation substrate (%) (U/g FW) [U/(g'min)] [U/(g'min)] [U/(g'min)] (umol/g)
11 3.66£0.21a 39.08+15.73b 28.39+1.09a 1.93+0.09b 0.63+0.10b 13.72+4.12¢
12 2.33+0.43b 512.09+138.96a 2.13+0.23b 10.17+0.58a 4.91+1.08a 74.24+6.99a
13 3.61£0.09a 420.81+59.33a 2.22+0.33b 11.03+1.50a 6.02+2.08a 56.08+8.23b
14 2.43+0.27b 207.50+27.39b 0.69+0.20b 2.21+0.54b 3.42:+1.03ab 28.59+4.06¢

J1 $5E WS 1 PPO T4 [ =25.0 U/(g min)],
H572. 13, 4isREER. 51 ML, 12, 13,
J4 IR T 92.48%. 92.18%. 97.54%, J2. J3.
JA4 [ RIBREESR.

J2. J3 B H RIS POD WG MEE A, 13
=10.0 U/(g'min), 1 J1. J4 3{K[<2.50 U/(g-min)];
HI2. 3511, J4 Ak & ER.

13 FEMSE R CAT W MEETE[=5.0 Ul(gmin)],
HRSE 12 1 T4 [3.0~5.0 U/(g'min)], /552 J1
[<1.0 Ulg'min)]. 5 J3 MLk, J1. J2. J4 5350F%
KT 89.57%- 18.44%. 43.17%.

2.7 DEFREE TN A S 'R

M 2 AT, J2. I3 BEE ISR R MDA
EFEB (=550 umol/g), FHIKE J4, EBAKKIEZ 1
(<15.0 umol/g). J2. I3 737lJ2 J1 1] 5.41. 4.09 fi,
HikEEER, B2, BALREEEHEER.

2.8 N [E)RREE 20 ) e A R B ok BURT A S 1 2 A

X 4 PRSI R LA T S R AR K R bR
(5 ) AEEFRARQL M) HEAT SR8 B8 BUE Y A
BT 3T (R 3), 4h KB 4 FhAREE R 2R 6
Je& R B 1 KNI T1>03>04>025 4 Fhk s 5
i J1 XA RN Y TTRR Fe f i, 1A F 89.71%
(Bl 5: A)o X 4 FhkRE I F S WS %, ALK
FRFR(S M) EFRFRAR(11 NI4T Mantel’s #5156, 45
RFEW AW BOER . Kb 548 e bR 2 1) 5
HAERMEE 5: B), 1: BRIEFE LSS RN K

AR R FEANE: Rk E S HAN Ca =, 1§
iEPE. MDA & BA BEHCE. A, FA T
FrIE] TR I H IEAH R B AH G, MDA & &4 SOD.
POD. CAT &t 235 IEAOE; Na & &5 K. Ca.
Mg & &) 27,

3 MRS

TR S A A AR RS, R IRE R AR
AR ASFE RS B O AR S R . B KR
PR I AN [F) (R R0 B SRR B T
FHZEREM 2 —, IR TR e % sl % 1
5 FLAth 2 5T 4% — 5 BRI VR 5 T A D 2 BT 3 LI
ARIERE T HARCL, AW TR B s
TR R AR JE 5T T 55 1) S AR B RO %k 2
100%, HAEARERRRE . MR MR bE 555 T #3&
UV AR K S o L SRR pR A M A g3 o)
Britt— DU B, 1 8l B s AL R A AR
. XA RERA TR & EE NE RV,
HAE BRI RN, B T3 i s 265 R,
P YCE W INEL B RE S, AR T E Y R E T,
INERA BT 70 A, AT fre2ERE AT 57 5 (R R AT
Feigl200, {HR, 12, B AR TSUEREE, Xalhe
RPN 12 WEARKR R FNLE & B E R 5
AR, TR TR R I3 s Rk
w BN, AR T BRI ALK XS
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Table 3 Function values of subordination and synthetical evaluation of different cultivation substrates

e bR FHHEE Cultivation substrate
Index J 2 3 J4

3% # Survival rate (SR) 1 0 0.48 1

R4 K Z Growth rate of height 1 0.04 0 0.50
HTHF Leaf area 1 0 0.16 0.07
Hh4% Basal diameter 1 0 0.11 0.54
FH /i FE DW/FW (DF) 0.89 0 1 0.68
Rtk Ratio of root to stems and leaves (RSR) 0.39 0 1 0.75
7K & Water content (WC) 0.11 1 0 0.32
AT ERE Total soluble sugar (TSS) 1 0 0.97 0.08
K 0.10 0.37 0 1

Ca 1 0.67 0 0.39
Mg 0.61 0.49 0 1

Na 0.72 0 1 0.27
CAT 0 0.80 1 0.52
PPO 1 0.05 0.05 0

POD 0 091 1 0.03
SOD 0 1 0.81 0.36
MDA 0 1 0.70 0.25
SJEREUE Subordinate function value 0.58 0.37 0.49 0.46

A
0.5 B s
-3
X
3 eJl
v} eJ2
2 0.0 32 5o eJ3
@) oJ1-3 135 J4
= L &) 22045,
2%
-0.5
0.5 0.0 0.5

PCAI1: 89.71%%
& 5 RS HT(A)FN Mantel’s #55%(B). 455 W% 3.

Mantel’s p

= <0.01

= 0.01 ~0.05
Mantel’s r

— <02
—02~04
- =04

Pearson’s r

Fig. 5 Principal component analysis (A) and Mantel’s test (B) among different parameters. Abbreviation see Table 3.

BTNV F0 45 5 — 30 04 5 R T SE AR 0 R,
XATRE A TR L ek 7R L E R
AR, H2, SEAETMMRE . HIARSEE KR
b5 I AFEZE SR, IX0JREREE T 14 5 J1 1)) A
BIRALEE TN, MR R XK 0 FVE 724 i
ISR, BET 1S 2 A B S AR K
1L 2 55 Mantel’s £56 78 1 — D IE STAE AR BRGTS 56
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