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WE: [ B8] WEWM Catalpa bungei 3735 £ARALH, BFRIGR AR RO B EIFEf AR A0SR, [FH] XA
ABT A#H 1 5 (GGR-6) iZ it A FLARAE 44L , VARMBAZ A3, MEHBERRRANBEMMLBEL, THhURAL
AR Re EAE, (2R )] GGR-6 A B AT 4GR AN, AARFIAF) 82.04%, & TR (P<0.01), AMitiE
¥, ALY AHE (SOD)., it &ALy B (POD) = % By A ALEE (PPO) & HAE K BEHALRHmMH EFA; SOD, PPO &%
KA BIARTHRKREBH R, 554 623.33x16.67 #= 57.44x16.67 nkat-g™', POD ERZMKBH M T %; 3 783
LANEREEE L, FHARTEMENE, 2500 (CON) EREEGARY R EE THE, AFHMETE 40% A4,
#H20d AR RKAE, TEREOR. ERAETSHERETHRAS, 25~30d A& AME; GGR-6 42 TFib4L M &K
MREARRER, BRXEH G TR, ERAZTHHSE ERE ML (P<0.05), THEEE, TERESHR. CNHS5
AMEREEAE (P<0.05); AABEEREIEAL (GC-MS) 52 th 440 5 ARARL G R, P 3 AT abdph) £4%,
LA TAe R AR, [ 8% ] RN BB E a2 H03E T WA REAR G R A Tt s TEnE R AGE AR
BT RTRWR, TR R R BBk ARAER IR AR AR, M B RR AR, B2 K4 432

KB WA, HAE; AREEE; BARMR; AR Y
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Cutting test of Catalpa bungei and change analysis of cutting contents

WANG Gaiping'?, WANG Xiaocong'?, ZHANG Lei'?, ZHANG Chen'?, LIU Bin'?

(1. College of Forestry, Nanjing Forestry University, Nanjing 210037, Jiangsu, China; 2. Co-Innovation Center for
Sustainable Forestry in Southern China, Nanjing Forestry University, Nanjing 210037, Jiangsu, China)

Abstract: [Objective] The objective of this study is to explore the rooting mechanism of Catalpa bungei, as
well as the morphological characteristics and physiological and biochemical characteristics of cuttings during
rooting process. [Method] The cuttings of C. bungei were treated with dissolved GGR-6 to promote rooting,
and the enzyme activities, nutrients and rooting inhibitors in different rooting stages were measured. [Result]
GGR-6 treatment significantly promoted the rooting of cuttings, and the rooting rate reached 82.04%, higher
than that of the control treatment (P<<0.01). During the rooting process, the activities of superoxide dismutase
(SOD), peroxidase (POD) and polyphenol oxidase (PPO) increased during the formation of a large number of
callus, and the maximum values of SOD and PPO were 623.33x16.67 and 57.44x16.67 nkat* g ', respectively.
POD activity decreased during the formation of adventitious roots, and the three enzymes were positively
correlated with the rooting rate. The soluble sugar and C/N ratio in cuttings decreased sharply at the callus stage,
only about 40% of the initial value, and reached the maximum at 20 days of cutting. The soluble protein and
total nitrogen showed a decreasing trend, and reached the minimum at 25—30 days. Under GGR-6 treatment, the
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change range of nutrients in cuttings was large, and the maximum values were higher than those of the control.
Total nitrogen content was negatively correlated with rooting rate (P<< 0.05), while soluble sugar, soluble
protein and C/N were significantly positively correlated with rooting rate (P<<0.05). GC-MS analysis identified
four rooting related substances, three of which might inhibit rooting and one might promote rooting.
[Conclusion] The increase of antioxidant enzyme activities of cuttings can promote the occurrence of
adventitious roots of C. bungei. Soluble sugar and soluble protein are the main nutrients of cuttings. Quercetin,
linoleic acid and palmitic acid may inhibit the rooting of cuttings and phytosterol may promote the rooting of
cuttings. [Ch, 2 fig. 4 tab. 32 ref]

Key words: Catalpa bungei; cuttings; enzymes; nutrients; rooting inhibitor

45 F} Bignoniaceae #%J& Catalpa 7% 2 KWW Catalpa bungei 7&H EHEW & RF, 2046 T
KL BR B, AR, R R, BAMRBAENE, W AT, SANE
FEXE, BRI IR AR A EZE, SRR, RREREE, T I Y R bk 2 i
BLOFIRP BRI R B . A R N B R W 0 A A AR AR A PR A SRR AR Y XN Canarium
album®™ | 7% Camellia oleifera® %5 R KW : AARBE Sy R/NSH0FE A I T HEmE . IV bR 1 %
I, WS Z AR Arbequina” A FR AT RS & R FROWEAER K ‘Kalamata” &hFP, Zefpignt
FA Larix olgensis * L. kaempferi {fi F 09 Al s & (U SR L 09 & 4B . b eV, B ik A L
(C/N) By, 47 A AR 3R A B e 0 B 398 P O 0 A o AR ) 7™ 2R R AR K TR s R L R
Sloanea hemsleyana AR o, S AL A5 41U 0 A @RI )iy, S e 51k (SOD) 3
AP TR, PEIE T SRR A AR AR, W E ALY (POD) . L E LR (PPO) S5t 76 F14fi il 72
S R T A R Dk S U X T AR e AR AR A B R, A B D AR A AR AR . 2R AL R AR DY
XA TR AR . AEIUS A SRR S 3 B, AR A A N A BRSSO R R T 28 ) T T e B
LN Pinus massoniana TG AR RARMY RN 2 — o WAZ B Juglans mandshurica 46T P K 2 800 # 4
FORRRYERI BT, NET KA E N B, WA E AR R, AT A R A, RS R
HRAK, 2SR (R) BRI (30~45d), ZJEE:, ERBHR 20%~40%" . A5 e PR AR
RFf 86117 , W5 ETEAMipEAE R R A 2R L A FE s M di B N AR A AL FR bR A8 AL R, e S5 2R AR
FHOCHE R, BB AR FME T L F R, HE 6 B Z AR R RS

1 MoK 5 7%

1.1 ##

PR R AP 86117 FiAER FH R mU ROl KA 1 S BOF R S M AR TR . S BEARDCA R, DL (i
) VB =1 1M RGBS E A 32 FLE M 7T (6.0 cmx6.0 cmx11.0 em), F B #5048 0.5% B
FRIRPIIHTE . FHGMIACE A ShIA BB S5 38 B, b7 BGBE B

B EAN 02~0.5 cm, KEH 5.0~7.0 cm, HHEZRDA 242, B 1~2 K, BHHEE 13K
/N FRHERTHIRT ST 45 R0, G 1000 mg-kg ' ABT Z:H8H5 1 5 (GGR-6)(AL 5 3 LB BFSE T & rhta A=
FEYIRIL, 3K, £5IX4 500 AMERR, LIZEIAGRI X IR . TR bR UL K E

I T 2018 4F 6 H oA IFtn, kil sl i R AT AR AR s, B SO A A T R
FF 45 J5 57 Z0 ) BROE 25, S /INVEEN B 0R B  25~30 €U AR AR AT OR RE -4 o8 A e R
809%~90%, ARG ARFFHIXHEEE 60%~70%, HERG 1 BB 1 IREHE R . fib Fdmdsgt s, Mahd
BRARED, ERHEBE .

1.2 FHik

GG 3 d BURE 1R, BRI 10 MGEE . RS UE T, St B R4 BB (K@t
ZUERI . AERKAM . AERRRIE SUS) H B, R ARSI AR AR,

A 5 d HBOFE 10k, BRI 15 AR . R B A 0 B 38 5 R B BB 4 B, BUERER (R AL 1)
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2.0~3.0 cm W HZHB, ZJEBF 15 AMREIRAT, F DU AS R AR AR B B AR BAE A AR bR o SR U EE (vl
SE AT MR A A Y SR P T M VA S T A R T R A A s R R R - e SR T A A
FE VU A B R SR Y 2 A POk A I 5 SOD 3 PR SR A B K I He 2% 0 5E POD
PEP SR R AR LA B b Ak I PPO TR MEDY) . K48 bnill 2 ¥ A 3 k. SR A AR (35 o 1% 15¢ FH AR
(GC-MS) il 5 Py A I 4 S5 o

ST REBGALIE S . RNEREAD . AR KR BRI 3 1~ GGR-6 Ab 3 4 16
HOEAS CFYIEAE L 2.0 cm) BIEHS, FREX 2 g, WA FTEIES, ARG ECH 99.6% H B =52
24 h; RAEWLL 8 000 re min ' B0 30 min, MU IEWR; BER AN BkAEZER, JFEA R SmL, &

1T 30.00 mx0.25 mmx0.25 um #YJ Rtx-5MS B, i | mL-min™" ST ISR, A
AR ERE IR A 250 °C, AT bEoA 2001 FHEREF A 35 C HA4F 3 min, L6 Comin' F+E
300 °C J5 A FF 10 min, B FIRAYIRE R 220 °C, R R 260 C, HFIVIBRETE] 3 min, & F 4
(m/z) 5[ 45~500, HEFERN 1 L. FIHEBLEE GRS B A T O S hm o 8] R AR
1.3 HEE

fdi 1 SPSS 20.0 34X B2 T 4e 1T I I 225307 -
2 HERG0
2.1 FEHERSERERE

AN [ A S AR AR Ak A AR R R LA B R s . AR 86117 FFHmAIRTIIANGY, FAMRIERE
A R EEGA LRI . ANER AR . RNERK RIS 3 AP B, AR L AT AR [EAb
KM, 3B B E AEAE 22 5 . GGR-6 ACFHAGIHER, #7520 8 d B UK B A4, MIEAL
KW HHABIAERIE AT 7d, WAERIFHIE B ER K EIE AT 8 d. X REEFFHZY
2 A HBLR B AL, WERKERGAS RN ER AT 7d, WA ERBAERKEIE
B 13 do UL GGR-6 b FE AT {2 HEARAR ZE AR, 448 T A2 R B3 KR i i 1R) . 5 BR AR EE
GGR-6 4b PR A A 105 21 SUR AR T (P<<0.05), iR M0 B 232 5 (P<<0.01).

F1 ARLENEREERAEENZMW

Table | Rooting morphology of cuttings with different treatments

Kim@ad 2 #/d AFEM KA/ ANEMK I AYd AR /%
GGR-6 834+1.94b 1543051 a 2320+ 1.02a 82.04+0.71 a
POyl 1424 +0.16 a 2193+ 1.64a 34.54+0.63 a 66.21+£3.57b
F 8.550 0.077 13.727 20.675
P 0.018 0.926 0.307 <0.001

UL FERORARIFI AR B 22T s A i EERY E(E, [P RN TR 3R R Rl A 2R IA) 22 57 B 3% (P << 0.05)

22 EEEMMTL

22.1 454274 SOD &M ey L4 SOD WL A LW BH B+ H i 3 R B BAb O, RAW RS AR
GLiEE 1 BB, FRIE 1A AT SOD TG PERE & FFAmET M A RER , Jei KIgwo, S5XF ML, GGR-
6 Ab () I B AR AT45 5 25 d B SOD 6 % ) B8 e KAE (623.33x16.67 nkat-g '), #2257 B3 (P<0.05).
SiA RS RRMER, 25 d SRR E R KR IE AU ; ULRH SOD 3 i 1| AR bd Jefi Fel pe e AR AR

222 #5442 A POD M T POD HiffEAMRAHEHVINRR, XEY AL T EE EZNE
Mo BE 1B AIH: FFi6 /5 POD {4 2 5e3 i B e & TP, GGR-6 AP, FFif/a
5~10 d, POD 7G4 B Z W, 10 d k& KA{H (72.30x16.67 nkat-g ™), ZJ5 & FFE, Z 25 d i3
42.75%16.67 nkat-g ', HFZILFF)IE 5 d KF, ZE g BT, SXTREAE, RS EF, GGR-
6 AL FRAYHEAE POD TEMEX = T IR, HAEFE)G 10 d A3 B E 2 F (P<0.05), FF4fi/5 10 d EifAI R
AL A, 58 POD WS MU A .

223 AR A PPO e T PPO ZEEAMIEMNMmED B, MLk LFR (IAA) £ “TIAA-BTRE
a7, ARG ERIE ., HE 1C AT GGR-6 4B 5, A PPO GPES k%Y, 20 d 1}
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IKFN R KAE (57.44%x16.67 nkat- g "); 1E 5~20d, GGR-6 Z-FRAYHEEE PPO 1h s TR IR4E, HAFE 15 F120d
IR 2] 2 25 5 (P<<0.05). BLBTBORAER KL M B, #HEWr PPO B4 INfEdF 1 4R AEAR
800 80—B % 80 e
7. 600 T 60 1Y T 60
T T - : a T
# 5 # 5 o 2 # 5
o 2 o 2 z v 2
o ¢ 0 o cEw
O © oL /e
@ & A
% 200 £ < 20
0 0 ,: ,,: 0
5 10 15 20 25 30 35 5 10 15 20 25 30 35

t/d 1/d t/d
OO xt i GGR-6
ANFING - BER R AL FR IR 22 5 5 3 (P<<0.05)

B 1 #6544 SOD, POD, PPO &g T4
Figure 1 Changes of SOD, POD. PPO activity in cuttings

224 AMXERBOAAXES>HN HE2AH:  £2 SOD.POD.PPO &S ERERMMELM
POD. PPO i 4 5 i f A= AR R AR A AR i B9 AH e 1 Table 2 Correlation of SOD, POD, PPO activity and rooting rate

A AR R 5 PPO 1H MRS M i 2 IEAHSE (P<<0.01), eIty ERFR SODIEM:  PODIEM:  PPOTETHE:
5 POD Wt B3 IFA G (P<<0.05), {H5 SOD % /Efitk 1

PR AR A IR B i 27K (P>0.05) SODWEME  0.68 1

23 EEYERHTN PODiE P 0.87* 0.98** 1

231 WEATERERG T TEEREfYG IO 0o 076 oo 1
e e B R BRI . R RN E AR LR . *F023 HIF R TE0.05F10.0 17K L B AHE
USSR, AR TR B 2A nTH: AT B o SR B el N R BT, 2R
NOTFERRR AL, GGR-6 AbHE 55 B FEFT4 10 d B2 ERARME, R @ gt i, viilE =y
B KR FE . GGR-6 Ah B I vl Y PEMEZE AT 5 15 d iR Bl KAE (29.96 mg- g "), H-5%F BRIk %) i
FEER (P<0.05), ZJEWR TR, UL AT R AT B EERe R IR . 45 35 d J5 AT PR
OB TR, AN SR RIE . H LB A e IR E A .

232 ERRATIEWEGRGEA  EMEA TR AL KOERETER, RiEEARKET
FEEFY R, HIE 2B AIAl: 4465 5~10 d, GGR-6 ZbFRZH Wy (B i A S 2 il /b i
W 271 mg-g ' M 1.56 mgrg !, FRART 42% KA, SRTIRZE SR E (P<0.05); 15~20 d X/NE T
i, (YR TG X R TR A B R TR, (A HAREIEEE /N T GGR-6 AbHig] .

233 WHRAZRMA T HE2C AT, F74E 5~10d, GGR-6 kb FH RS Z R & 08028 ETr, F746
J& 10 d KB RAE (1.80 mg-g ), ZJEPHBIRAL; SXTHAHLL, APHEEFTFES 10d, SR
FHEIN (P<0.05). Ffi Fll PN L U B A0 B AEFT A B2 P R BN R R # . GGR-6 Ah B B B K F X
M, UE R A AR A R T A E R AT L

234 HEARABKEL (CN) T CONSHHENAERFAC, HE 2D ATH: f4#H)5 5~10d, GGR-
6 AbFRARAE N CO/N 2 N R, 10 d AR e/ ME (7.43), ZJa X -7, 7E4FiE 20 d ik 85 R ME
(20.41), XA BUARI AR AL R 35, H B FHAYME EE/NT GGR-6 AbBEAL . 7F 10~15 d B &b 381 55 X6 B i) 22 57
.3 (P<0.05). "EMATHRKILSYIINFEL TA, CON W R, #EAKEERBEB (15~20d), AEHE
B, C/N BRI, RMEAEARBEL, R C/N REIEIEAR R MIE K .

235 ARETHRDAGRZESA RN EFRY BTG R R Z A E B EEKR, B
FEAEAR SR 2 — o X2 R AR DGR A3 T 3R 0] (36 3): iR ZE AR R STy A it . Al s vms
C/N ¥IEAHSE, 5RAMME. ON SarEsthl . BAb Ry WA
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Figure 2 Changes of nutrient content in cuttings

24 WHEMRHEE

HE RS T B B A A B R B4R ) 22 GC-MS 4 ®3 EEYERRESBSEREHEXE
FETHT, TR B TR s R I T AR Table 3 Correlation of nutrient content and rooting rate
B 5 E ML R 2 W) AR A IS fatR EARE wogmm wammmam wak o CON
Yy W34 FAL: AGEEFT A AT AT IR St O B iR 1
Yo, Hrhgm ek . MR ERA 6 fr, s Wmsne 0.82% 1

BHARBR (14.69%). 4EH: % B(12.07%). W ilifg  Wostsos 0967 0.61 !
(11.05%). 487 — H R (10.87%). 6-4 T M B "% A,
C/N 0.83* 0.94%%* 0.66 —0.81* 1

(9.43%) Fitfi iz % (8.37%), AN &Ed sy, HkJE:
fifi g 2 (6.48%) . TR+ /\JE (6.47%) FI i ¥y {5 Iz
(3.28%), MIXFE AL Hhg bR E. BT/ UBICEBFHHAE RN, @GagU8 i, Wil . i
NRIR . FERETR . M AT & BB TR, 6-BUT 32Ky . AHY (S BEA AR S 20 ;. EFA AR

x4 BAIULADMHERBENSE

Table 4 Types and relative contents of the organic compounds

i Bt R _HR/% (9B, 12B)-Wimia/% TENRER/% LT I/\JR/% FteiR/% 68T HIKm/% MW /% HYIESEY%

P+ SR TE0.05F10.0 1K - - 5 FAH G

AT 10.87 11.05 6.48 6.47 14.69 9.43 8.37 3.28
i 8.15 2.08 6.33 13.21 456 6.96
AR 2.65 445 3.74 2.92 3522

BB HEKE%  PASBTIGIRT R % RS AR =% ke 2RI ORI% K%
AT 12.07
A 5.65 6.16 8.01
AR 28.86 2.99 7.44
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W, WIhmR . ARREER . AR ECRARXT SR AR N, AR BRI S A 42U ) 6.96% 1T F
35.22%, ERAEMRAY ST RER LIS BB NIRRT IR . SRR =, 2-BIEIR L
FRAFYIT, TRENEIR . 65U T IR AAG I 2] .

3 Wit E54#
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FE VB TR BUR IR AR R A LR 2 — o B IEEEPY R ILKIE Clematis finetiana HE AR 3:E
Ferb, AIVEVERE BT B E RS S TR, TEMR R RIS IR T ] i 55T i 4
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WA TR, S EAE R UG E IR R W . (B AR5 8. TP s 0 X E il
¥ Platycladus orientalis 5% B0 4S8 UWA A RIFEEE B TH i, R0 S5 A0 A AR A st A5 R P G
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