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B OE: ABTHDESFPEAATHEERGKXR, BE N 2a EXBE P UFEALFATEME, WE 3 FECT
B R R E A RERM B R RASBELY S E (SOD). L&A YE (POD) Mt F ALK (CAT)
A, ERER: ()3 MEFLEEEE, SGALEIRE. 31 AR IR, AR A B
AR 0.80dy 1.30d & 2.60d UL b: (RIFRIBE X H NHEBARBREARR, #CEERAHETHE
IR, FEMERIEEE; (3) SOD. POD AARGSETENR “Aa— TR &, HHEREELETHE
P, EMESHEEREE, EREBPEEEENREE: QCAT EHER “Aa—TR—Fs" &%, &E
R MAERBEAZSY, BSESTTEEANES CK EREE; O)FET AmEE T SOD FEHEEmEAE,
H,0, P4 f POD. CAT 7S FEER, AMBEEEE. HRRE, #RAERRES THERY, HEL)y
RE R TS TR EENN T E, ARERARERER, FHERF NS T RELR.
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Effects of Three Rooting Formula on Rooting Rate and Protective
Enzyme Activities in Ceiba Pentandra Cutting

GAO Zhu'?, YAN Yi', WU J ian-rongl, MA Huan-chengl*, ZHENG Yuan'

(1.Key Laboratory of Biodiversity Conservation in Southwest China of State Forestry Administration,
Southwest Forestry University, Kunming 650224,China; 2.Institute of Biological Resources, Jiangxi Academy of
Sciences,Nanchang 330029,China)

Abstract: To reveal the protective enzyme system change and the relationship between plant roots, annual
stiff branches in 2-year-old cutting orchard of Ceiba pentandra were taken as materials in this experiment. The
effects of three formulations on dealing with root cuttings in terms of root quality and the changes of SOD,
POD and CAT activities in different were compared. The result showed: (1) The callus emergence time, first bar
emergence time, rooting peak were 0.80 d, 1.30 d and 2.60 d earlier than those of CK. (2) Better root formula
had different effects on rooting of Ceiba pentandra. The 1# treatment had higher root coefficient than other
treatments, and the difference was significant.(3) During the rooting process, SOD, POD activity showed a
tendency of “higher-lower”. The base peak appeared in the root primordial induction period, and the activity
values were of significant difference. It was of extremely significant difference during the rooting process. (4)
CAT activity showed a tendency of “higher-down -increasing” during the rooting process. The base peak also
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appeared in the root primordial induction period, whose activity value was significantly different from that in

the starting cutting period or that of CK. (5) SOD activity under stress,by increasing free radical,was

disproportionaed. POD, CAT activities increased and cleared product of H,O,, thereby reduced oxidative stress.
Key word: Ceiba pentandra; formula treatment; rooting of cutting; protective enzyme system

% D [Ceiba pentandra (Linn.) Gaertn.] X MY SEHH AR . JREEARFE, KA F LB LEH KFEAN,
AR, AHIEER. BoR, MTPmasoEns. sieel, Kmggd Rk 86% L, BRRLF
bR, B, BREENMEL, BFRE. fid. BREMREYE, MESHAERNRE, Bk
HEAT 2~40 S L. 40~80 S BSL L, WENRSG A= RmERD, & IILEEEARA RN TFRAS
WRAK, BRiZMXBEHESKERABELBREEN, 25, £ANBEE, CRAITEKRL™
WEBARES. £ EFERABMERY, MTEEERK, ARTRBHERS, KFECE
RESIMAM PR HEEH BRI RGERR. THPEEEAYS, FFI4EFE, RTH
AR BT EERBEA, RS THERYERR, TARAMEEETFEARAEeHELER.

SOD. POD. CAT 3 ME#HHARPBERSL, BL=2MhE/EH, FEREEFE—EKFE, N

TR B G ES. EEREREEREKITET, SOD kR O, Bk H0,, MiTEiE
HEHEEE, K SOD [ TEF R R SHEEAERHEExT; poD REMAEREERREY
Fiz—B CAT BgEiER H0, MR 4 23500, H% 3 Ml S AEMXRNRERLEY, A
oW FHAPHIESERE. ARRETT 3 A EFINIEERAZWE, 58 T A F S8t
SOD. POD. CAT 3 PRI EHEMHEELMEm A SERKKCR, Aift—PEPEYYEERIERR
At

1 #REAE

1.1 KB RITHRE

R BT MO KRR Z RE R AN . 2011 45 3 A Ea#T, RAERESLE 36K
BEEENEAZETEMEL, WKK 6m, 9% 1.0 m, ¥ 40 cm, WEMEEKEE, KES1E 10 cm
B ARG, EEH 30cm AR, H 50%2 @ R aEMHERT 1000 FBERS, AEBEER, 1
A EHE.

B B B R E 2 a AR RS E AR 4. WEETIR 10 cm FFUGEURE, 8K 20~25cm, *
Bent A R, EYIOEHE1.0em ), FYIOET 0.5cm @), AAEE YO, 20 1 #,
Fi 1 000 1% % H RIFWEM 20 min, BETYINOGE, SHRBEEH 1#. 24, 3448 G MEFTHARF
K ETFE BB AERC DY) 1 h. RABEYLX A&V, S0 4E 100 RiERE, 3KER, HKLHE
oSt R, FFRERRE AR 2/3, B 100 H/m’. REFRVIRIE, SR 800 £5 £ R ok H LA ENY
#FIR, KEEBHEE, FHEE2RBFEEWR 15d8 1K 2%KE.

1.2 WEIRR R FTE
1.2.1 AARIBIFARE 85 7d 317 1 KEEEAEUE, F 40 RAEPXERBL, FHNEERE.
R, W, SRETERE, DUNSEREBTEMT, ERERGIE N EsRELE M.

AR TR =R X R IR K (1

SRIEFERREH(]). REALRES D REEE WA REMRESEKPAV)BREN,
FRBENIHE 5 BN 1 4, 3 RES, BIEF UHEREI 2 ocm AP, MELESERET —80C
FBIRIBIKFE &

122 HpPBEBRMEF % (1) SOD iFME: KX prdEma tik, RIS 0.1g, MAOBBEANA
HROOTEE, AT JE I 0.05 mol/L pH 7.8 BEERZE H 2 mL WM A, ¥ A SmL B.LE, B
A 1 mL BTSN LE, 7E2~4 CT 10 000 r/min &0 10 min, EIEBAEEE.
BY 0.5 mL BT 560 nm LL e 4 H, MVELL Ulg Ron.

(2) POD &M KA KA R A E RS BATRESHME, KREFER 0.1 g, MAOEBENA
FERP MR, N 0.01 mol/L pH 6.0 BEBRZEMW 2 mL FIB AKX, BA SmL B.L0E, Bo5H
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1 mL BEEE L2 h i PR USRI E N B0, 7 10 000 r/min FA B0 15 min, FHEBCAEEMR . B 0.1 mL
BT 470 nm F o, LA 80 A A4 BAE 0.01 25 1 AN E A EE 1 TE 8467 [U/(g ' min)].
(3) CAT &5 FURTH I 0 & 30 A s, FREVEES 0.1 g, B E A A BT,

BN 0.2 mol/L pH 7.8 BEBRE MW 2 mL (N H 1% PVP) B RS HK, A SmL B.LE, H25H 1 mL
BB PR PP eI HE A BE A, 7E 10 000 r/min T 0 15 min, HIHEBAER . DURIEK BB A
FH, RAEMRKET 240 nm FTRE, LGSR Au B TR 0.1 4 1 ANEBTERAI[U/(g'min)].
1.3 B3R

BT 042 4 32 ZF Microsoft Excel 2007 #1 SPSS 16.0 for Windows ¥4 F 52, EZE Sigmaplot 10.0
BHETRB. FALSD EANEREEM. Duncan TEHRE, HIPASRER FEZFEk.

2 ZERE5Hh

2.1 RREIEHAEE NERERSTE

MFETELES, 3HEFLEFRE, MERGBERMERFMZ . #4035, 284088, 380 H
58 A7 PR 1E] 4 B8 CK 3287 0.90d. 1.00d #10.80d, 25 1 &I HI$ET 2.20d. 1.30d
F12.60d, AEAR IR A AR IRERAT 4.43 d. 2.86d F13.70d, 3 FPECH AL EIRER R F AR,
M ES ARG IFEFUREE, 4EEXNE I REIAEEEREE, T 1#4EEH SR B AN mER
. 40 d J5 I E ZE i R, SERMEBLTER 2 54 3.27~6.87 & 0.84~1.52 mm, H X/HIMK
FEHR KA 14, 3#. 2#. CK, 3#4bHEx & DGR KB REL, 458 14, 2#. CK K 2.09 cm. 4.98 cm
1 9.40 cm. ERBRPFFKIRA 14 (82.05%). 3# (73.81%). 2# (70.83%). CK (4.00%). iTiE
HRABESBRERBEREFTMEL, MAERBREEERRNEEMNERRE. ERBEHNS KLY
IR IR A 1#. 3#. 2#. CK. #—$FZE2#F Duncan LR ER, 3 HEFLEERESNBER
BFE (P<0.05), £MIELS CK ZERMEFE (P<0.01), 1#40H, #bES5 4R EE, T 1#LES
MMM HERERAREE, 3 MR ALETPHARES CK LEERKEE, 3 MLHERNERAEE
(P<0.05). FHtk, 3 HEFGCES NFHEHERTENER, dREERSRRBITNERKERES, £
BEZU 1#CEBE.

£ 1 3HETLES UHBERERR

Tab.l1 The stem rooting of Ceiba pentandra with three kinds of formula
s B E1ARUBR A R e R TR F 191 /mm

3 /ﬂ/ A
it g fAl/d  Calius BfiA)/d  First /d Rooting TAERS% FER K /em Diameter of the iﬁ% ? £ﬁ*§;&
Soaking X X X No. of roots Length of root Rooting rate Rooting index
appear time root appear time peak time root
1# 7.10%£0.15 10.50+0.46 14.20£0.58 6.87+0.79Aa 21.85+2.74 1.524+0.15 82.05+2.31a 123.224£9.13Aa
2# 7.00£0.12 12.40+0.98 15.87+0.83 5.001+0.46ABa 18.96+0.75 1.16%£0.16 70.83+4.79b 67.1417.97Bb
3# 7.20+0.21 11.104£0.67 14.931+0.64 5.8710.94Aa 23.941+3.43 1.4740.28 73.81£4.21b 103.65+16.64ABa
CK 8.00+0.17 13.70+0.87 18.63+0.92 3.2710.55Bb 14.54+2.36 0.84+0.13 4.00£0.91c 1.90+1.085Cc

PGV HFE N 3 REKWPHE; RIIARRENNEFEHHHRRERE P<0.01 M P<0.05 BFMHKF,
HRAFHRTERALE.

The data in table is the average of three replications; The different capital letters and small letters mean significant at
P<0.01 and P<0.05 levels, and the same letters represent no significant difference.

22 AR AEE UEEERTEEXEEERL

221 H¥EHELAE P SOD FH R FHNFEVIH, BEEERZEENEKDETHE, L TEERE,

SOD #EWFA S, AWM ERMMK, IHAFREEHNE, NS FEER, SODEHET
e, EFFEEENAFNE, SOD EHENEF EEREMES (B 1. 4HEEME SOD FHH%
TR, EEHIERERE RS, S SRR 1# (139.15 U/g) >2# (128.39 U/g) >3# (109.10
U/g) >CK (7320 U/g), AEMREEHM K SOD EMEE TRGAREEH. FESTER, £RE
BHRAFRERPE SOD HERAKEE (P<0.01), HTREEFSPSAGESY. FEESLM
ERREE, SHECEAERREERKPELTHESY. HERLGHH SOD EHEZEFAEE (P>0.05):
AHEEFH. BEEZIVUARLER SOD EHEREE (P<0.05), TEMRESHKPARFLE
5] SOD &M ZERKEE (P<0.01),

22.2 #¥#iLA F POD F ML/ POD ZEH Y B E T BB EMEME Hy0,, VAT H i, FEHEK
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Fig.1 The changes of SOD activities in cutting of Ceiba Fig.2 The changes of POD activities in cutting of Ceiba
pentandra during rooting process pentandra during rooting process

R B bR AL, B — A EENAAFEE". FEAEYERTES, PODBESYWRRE
BEENEBLANBHET, FAeRESHEEARREER, @2 B8R, #FUHEMERTRE
FPOD EMHEM “FE— TR &%, 3B IGHRESHOREES FHEE AR,
ARG AR IS BITE ([ 10.58 U/(gemin)] 43 HI3E 0 116.67%. 325.01% K& LA £, T CK #4149 518
86.75%. 126.36%; WE{HHIMERFEXTE TH, POD FEMK/MRIKA 3#[55.39 U/(gemin)]. 1#[52.29
U/(gemin)]. 2#[44.99 U/(gemin)]. CK[23.96 U/(gemin)]; AERFXESMH KA FELE POD FEREHT
%, 1#. 2#4b3 POD &M T RIS CK MUKE; EA4E POD EHHEHHENEE, HEES
F CK, T CK ] POD {EHEANERAHE ., FEANMR S ELRRA, £RAFN R POD EHE
RYEREE (P<0.01), HPEFLEEREEESHESRGER. FRVGEHERKESE, CK BEK
HESHERGESHERAEE (P>0.05); REEFSFHNTIERRESHKHLER POD EH
ERREE (P<0.01), GG EPHLHEREREE (P<0.05), HPREEESH 3 FEyLHE

POD EMS CK R E#, mA /7 b= EERA
BE . AERRESMHKI #4403 POD EHS 14,
2#. CK ZRKBE, MEKLBERNERATE,
AUE S 2440 POD EHS CK ZREE, H
RUHERERABE. E o

—a— I8 Aa1

min'') CAD activitiity

223 HBEAEFATERLTL XAAFALEE R %

BRI T, CAT S0 “ B E—FHi— 2

RRAR” #a% (B 3), X B 2L T ErE ,»325 307

%, BABBERTEREEYRNEA BIGE  § o

H ERBA AHEFH, K KA 1#[6.118 435 BLRooting phase
U/(gemin)]. 3#[7.94 U/(gemin)]. 2#[8.77 U/(g*min)]. B3 & DUEREA R R CAT MR L
CK[10.769 U/(g*min)]; (g ML ZERIE R E S 41, Fig. 3 The changes of CAT activities in cutting of Ceiba

pentandra during rooting process

BRI F AR R A 1#[30.29 U/(gemin)]~ 3#[27.39
U/(gemin)]- 2#[24.99 U/(gemin)]. CK[18.96 U/(gemin)]. 77 Z4rHX MW, LRI+ CAT EHEZRKE
# (P<0.01), HFREXBZIHEITHEHY. RHA4LAFSHERKES, 3#LHE. CK REREF
BHSAERERSHEKHERAEE (P>0.05); RGESHLESHE CAT HFHEFKEZE
(P<0.01), BEZFZSY CATFEHEREE (P<0.05), MAERERS MK CAT EEERTEE
(P>0.05).

3 g5t

3.0 RATAES T NEBERK KRR

HFNRAGHREMRER, RAAFAMERRELEBEEEERERHEER. ERERFRMIKRE
MITEE I RE, AIEAERE ERGEE . ERAR. RRKERRHE L. Sk H gy
1#. 28 3N E NHHERRER T, EREHE 70%L E, BEEREBEMERYE EFEER.
FERERER, 3 MEITAEREGH R ERER, SOHIANFE CK H 0.80d BLE, %2 418
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HILE ESRAT 1.30 d LA b, EREEIRGT 2.86 d; I#CHBEHEARERERS . RBEHE, M3zt
ERAENYEEK. RAEBERESESHANRAWAERRE, ARERELH 1438>2>CK , 7
ENWER, 3METAEBEEFYERESHBEREE, H3#0EE BB ERARE, HLH
HHERRERE.
32 BAABEMNEERTFERANEZW

FHEMNTETRRERER, —EZRBESHENE, 88 hEr=4ERNE R 78 2588,
MR EALRM G, BRESAMEREEBETNEBEERELRERAENAY. £91h@E SOD. POD
Fl CAT thiF e, #RFBREKPFEFELDBLUES. 14 SOD Bl 02 5 H,0,, HH POD
B H,0, A H,0 F1 0,9, sRE B CAT M H,0,, MIIRE B mESEYNEE. £ARK
B BREYAN, SOD FATEESERZARNAMEREEDNRETLR, SEWEREYMXT; POD
AT RAERREMRBRILANBEHET, EFASREOEE, CAT BERP AR
hEBEE, AREREH, FNEMEET£8HE, RENISFEEIMHA, SOD EHER
F e E RN, Bk YE T POD iEHR Mk HO M Oy, MR AR K8 LRhiE . 72
REXFEFH, SODFEHHMBIES, B4 N H0,HH%, W@ POD. CAT B ESH & i
P, HFEER H0,, HHEEAN A BEEFAERMKKT, MR MR GRS . SR
ARERRESHEYN, HEKAYEREZREGERR, SOD. POD. CAT BEiEHE sk & B IEH R
E, BUFHsAFE. SGAREEH CAT BHTR, #lS58yEA=g8LH X, 1 POD [F
TH B AW ZRENER 2 MAENEEEDPP], BRFY IAA & BRIEERTNER MR, XT3
PRI HE N, HEHENEREIERE, ERNEEEEA, ABHXEBE, HHEXHSH
ETBERERE—PE, BENERER.
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