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1.1 SCIGMBMER  SCEG LA T R N AL X
ARSI EEML(19°51'N, 109°49'E), J& T ARG 2=
WEAEIX, 4R340 23.5 °C, AE/K #4242 000 mm,
IR FE R, H LT HE 1, b H P 1H A RUHE K
R 47

1.2 SKIGHARL AR BEUE p KA AL X AR}
FE AR S50 5 A A (g R S5 i 53 A AR (Ceiba
speciosa) (7% 12.0 ecm*1.6 cm) 4% FH 5% B 24 4F
A K2y 8~ 12 em., MR A fEEH: AR AL AR
MR 2% o DAAHR R F R, LASERN AR R A, i
TBFEE, 36 240 #k. BARERE 200 B e g
TIHEERE A s P 30 45 I — 0, TR LA BE R 1.5 ~
2.0 cm 1 2 NI, HITEE-3, SO R T02E, A
SYTERG A b 53 07 5T W, 1 R4 TRl AR 1)
P SES- 18, MRGAS B D i rp o 3 BT, BF O K
JEZ00 3 ~ 4 om; B HEAS LF (AR A, B ARG A
ST BUZ X4, SR 5 SRR e S f L
T, TERUGHE
1.3 LIt
3.5.7.10, 14, 17, 21, 25, 30, 35. 40 d H: R #¢
12 IR, R SE B, B 1S BRI 2 B0 B
M2 G B R EE ), P By 3tk 2y
1.5 em K AY 45 & 25 B, a7 B AR 50k
70% fY FAA [E 2 W, FEHT 4 C RS H,
BRESE LG 5 — ATV o T4 12 BB g4 101
LB AER R, T80 °C UK -1, BURE
5¢ UG G — AT A B A AR e T, e 3 IR R
S IEATHEARIN E o

A BRASHIRE TS 1,

1.4 REH*E

1.41 ABEBELASIEGMIFNER (4L
B R 1) B S 50 A8 B, AR i DA Y B
B 2H 2 o UM SR, R A A L 21 70%FAA
15 48 h, RUCGEAF L 60% — 70% — 80% —
90% —95% LMK, FEA AL HE 24 ~ 72 h, R
T7200 B ARIRIE 20 d. 2 JE b LU AL HEAR L,
PR, A T7200 BYAR, YelEfL 12 h, 835
AP EATYI . AR R S, T YIRS B, e
W UnBs R AT H ORI g, BB . e
RN, Kb RE R LR (0, L7 4 R A0 e it
KA. Y A E T HA” 1 Nikon Eclipse E100
IEEEE WSS TSI,

1.4.2 AAFEBERQASITRBEENREZ A LR Z
SR FH AU b €0 30 000 S R i P 5 i R A 700 5 R
FH2 T B s 0 I s bR 1 i o e
fitt (POD) . 8 A k.9 {1k i (SOD) Al it S b = il
(CAT) (G PR 38 o 3 O R e . 5L 58 7
B IR 4 B i I3 N B AR W B R A BR AN B4R
fit, ERKRKJAA) ., MK (CTK) ., KER
(GA) K W75 18 (ABA) 14 7 1t 349 368 3 Jl K 9 3 W
BRI

1.5 HIFEAIE  BdEAb P& 2 F Excel 2023
H1 Origin 2022, 8 Jy 4 PR | Photoshop 2023, %k
PEGe i 3 2R i SPSS 27.0 HEAT B 2K 2200 #r,
IREL TN IIAHRIEZE (n=3) .
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211 AMHBEBAASLDE  WEEI(E 1), FEE
JE RS B R 5 1 R (B 1-A) RS
3 K& 1-B) FHAIE A 25 10 K(E 1-B), @t
LTS TREARFIER 2 (M A 2 B, 8 B a4,
e AL U0, B 2Tk . RS 22 K
(F 1-H) B, 3 R SE s I BUZAT . BHEZS AR
ERZEAR RN GEERC &S, FIEEES 40 X
(B 1-L), B s 4eas sl itE—25 004k, 4340 PR
AR AL, TE A FOR A AR, Rl IR AT
o ARG ERE 0 4 B EE, 5 2R
BEE R (55 0~ 3 K) . A SUE BN (38 3 ~
10 KX) . @ALUMORERIN (5 10 ~ 22 K) FE
B2 AR L2 (5F 22 ~ 40 K .
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5000 pm

2000pm =000 um
AJGHEST 1 d BEUTIEL BIGHE)S 3 d BEUTIAL; CIRIR)G 5 d BEUTIK; DGR 7 d BEVTIEL; BASHES 10 d DDA Pl g
JGi 14 d BT GIgAE) 18 d BEVIIAT; HIRHER 22 d BEUTIAT; Lid R 26 d BV D055 30 diUII; KBRS 35 d B
VIRl LIgHE )5 40 d BEVIIAL
A.Cross-sectional view at 1 day post-grafting; B. Cross-sectional view at 3 days post-grafting; C. Cross-sectional view at 5
days post-grafting; D.Cross-sectional view at 7 days post-grafting; E. Cross-sectional view at 10 days post-grafting; F. Cross-
sectional view at 14 days post-grafting; G. Cross-sectional view at 18 days post-grafting; H. Cross-sectional view at 22 days post-
grafting; I. Cross-sectional view at 26 days post-grafting; J. Cross-sectional view at 30 days post-grafting; K. Cross-sectional view
at 35 days post-grafting; L.Cross-sectional view at 40 days post-grafting.
1 ABEEIEEETREETTEE

Fig. 1 Cross-sectional schematic diagram of the entire graft healing process in Bombax ceiba
21.2 BBEMAN WEZHCOANEHIN (& 2-A) 5 3 K (& 2-B), fERGA -SR] M Ak
i, FEGEBIGRIP ORI . IR 1R RIBRUEAE, WIS IR LA (R 2 ) TR AL,

& e AT

2 000 um

AJGHEIR 1 d BEVTTERL BARIR)S 3 d MDD TER; Sc%il; StAtiAs ILFRRZ. T,
A. Cross-sectional detail of grafting after 1 day; B.Cross-sectional detail of grafting after 3 days Sc. Scion; St. Rootstock; IL.
Isolation layer. similarly hereinafter.
2 REEEAEEE

Fig.2 Transverse section at the formation stage of the isolation layer
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213 RBRHUALBARE HELEFWE SK
(P 3=A), Bl AT T BRI H BAS B I0) £ 78 40 i
R @ OB . RIS 7 R(E 3-B), &

P GUR B B, T2 TC 7 HES Y A 475 2 4 4 i
Wl TEIIEISRIEE 10 K (& 3-C), i K5 18R
AU A ARG LR, A2 1) U RE 200 2 B o, O 1

BAMERL A A

Sc. #%##; Sc. Scion;
St. fiik; St. Rootstock;
Ci. fifiigH4; Ci. Callus tissue

A. ﬁﬁ%}: 5d frﬁfﬂﬁél@ B. iz%%): 7 d BEUIHER; C. iz%%): 10 d BEYI PRI o
A. Cross-sectional detail of grafting 5 days post-grafting; B. Cross-sectional detail of grafting 7 days post-grafting; C.Cross-

sectional detail of grafting 10 days post-grafting.

3 AGEARAEEYIE

Fig. 3 Transverse section at the callus formation stage

214 BHARSHAEEY HEERIERNE
14 K(E 4-A), G204 %4, 1 TiEAR S
PEREZ (] 25 B, 8 B O L 8, PRS2 R

495 2 ZURF B R A0 M I A O A AR, A AT

SO BT (9 320039, 8 13 2 SR T i K 1) e
K ME IR EEEIE . BIEIR S 22K
(K 4=C), WEEAN M Fr 22 /AR BB IE WU, I
] REAR K, IREIE S B RIIE BUZ A, RS

Sc. 454, St. fifi A; Ci. @R

Ca. LR, xy. AJ5HB; Ph. ﬁJEZf‘B

Sc. Scion; St. Rootstock; Ci. Callus tissue;
Ca. Cambium layer; xy. Xylem; Ph. Phloem

AJGHEIG 14 d BEVITERL B. il%%}: 18 d ’r‘;‘rfﬁ’ﬁ)lﬁélzl CI53% R 22 d BEVITEIA
A.Cross-sectional detail of grafting 14 days post-grafting; B. Cross-sectional detail of grafting 18 days post-grafting;

C. Cross-sectional detail of grafting 22 days post-grafting.

4 ARARSUFIEEETE

Fig. 4 Transverse section showing callus differentiation and vascular connection
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215 BREEBEFRBETERSUE HEEE
FIEE 26 K (] 5-A): SEHETE K27 TR 16 BR 5
1k, 1) AR B R, [l g A A R TE . 1
FEIG 5 30 K (FE 5-B), TR I B A AC J5 356 A

500 pm
—

W) R L, AT L IR AR 35 K
(F 5-C), FHoafb b 4 sy~ Kok, A oL
AR R AL, T AR FROR A A . IR
55 40 K (E 5-D), il E 58 38 1 o — 1K, 1545
A AL,

AJGHEG 26 d BEYITER]; BAg G 30 d BRUIHER; C5 %) 35d *ﬁfﬂﬁl@ s DIEHEIS 40 d BEVIEEIR; ScJER8; StAGA;

Ca B Iliz; V.45 Xy AB; Pho RS Xe ST Pifib.

A.Cross-sectional detail of grafting 26 days post-grafting; B.Cross-sectional detail of grafting 30 days post-grafting; C.Cross-
sectional detail of grafting 35 days post-grafting; D. Cross-sectional detail of grafting 40 days post-grafting; Sc.Scion; St.
Rootstock; Ca. Cambium layer; V. Vessel; Xy. Xylem; Ph. Phloem; Xr. Xylem ray; Pi.Pith.

B 5 mREEEMESAASUETE

Fig. 5 Transverse section of cambium layer connection and vascular tissue differentiation

22 ABGERASEFEEEMEETH
221 AMBBBEQELIBERDASEHNSEN
M 6-A AT 7E 1~ 5 d AR A S s T
R, TE55 5 KRB il a5(5.55 gkg!), FRD7E
W5~ 22 KAl A &gl BI 7RSS 22 K
W I E R (1053 gkg ), B AR R K
AU 190 5 . FESE 22 R B )5, nl it
Ff it 22 ~ 40 d B4 N, 7656 40 Rig TR
(7.60 g'kg ). FIIEMEER S BAAEGHEA A TR
S THE LA TR N
& 6-B A1, 76 1~ 10 d A v RS & a2 T %,
eSS 10 R TR R RN (2.13 g-kg ™), BERIZE
9510~ 40 KiZ4 LI IE(H, 7856 35 R & I
Th 2 e i o5 (14.66 gkg "), fie i b e A% A5 Y
6.88 185, H.7£ % 1l )2 % $ Al 4k 45 1 21 o AL B Bt
(22 ~ 40 &) T MM 5 1 55 1T I I 2R 1 e S A
RARE RS, W R A IR A R 2
PR S TR BT AR a3

222 AWRBEBELCLIBHEMDISEER N
[ 7-A ALH, i A ALY (POD) TG £ 55 1 KN i
fi5(24.74 U-g ™), 78 1 ~ 5 d i S8 AL W BT 14
T ES S K B RS 1 14(H (8048 U-g),
BEEDZESS 5 ~ 10 R S ALY B PERS T B, 2
FALYIBEIE PEAE SR 10 ~ 22 KRB E FTF Eim A
(169.87 U-g "), f5e i fi e i IG5 1Y 6.87 £, 7646
22 RS, i S R TG PEAESS 22 ~ 40 K
TR ARl sl i A B AR A I
A AR BB FTHE TR, TR TR R
FAs Ak iadh . IRl 7-B wl AL FEIG 3G 1~ 18 K
A ALY ARG (SOD) TG PERESE BT, 7658 18 K
IR (223.64 U-g '), BEENTESS 18 ~ 40 K
ALY LB YR A TR, 1650 40 RIEE T
R 2 eI (63.16 Urg™), dherm s e i IG5 19 3.54
W ALY ACERE AR G A R
SIS ETHE TR B AR bk ME 7-C 7]
AL TE 1~ 10 d i A AL SR (CAT) IE MR 22 1Tt
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ARG P A EE A RS B, A A h el ) A a3 R iR 2L LT IR R NS TR 3OR %
FEBRAEAN [F] R ] 54,2 57 18 . 25 /K- (P<0.05) o Il
A. Changes in Soluble Proteins during Graft Healing; B. Changes in Soluble Sugars during Graft Healing; Different
lowercase letters above the error bars indicate significant differences (P < 0.05) in the values of each parameter at different time
points. similarly hereinafter.
Blo BHEEAMASTERIERMRSENITE

Fig. 6 Dynamic changes in nutrlent content during the graft union healing process
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AL IEHEAG Thd ELYIRGIY A2 S BIgE AL S T ARG B a3, C IR HEa & hid SR AR B .
A. Changes in Peroxidase during Graft Healing; B. Changes in Superoxide Dismutase during Graft Healing; C. Changes in
Catalase during Graft Healing.

B7 SEEAMEAIEPEEEHEE
Fig. 7 Dynamic changes in enzyme activity during the graft union healing process
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% 8-B Fr/R, 7E 1 ~ 18 d % CTK W54k LT+,
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R(19.79 pg L) B i s B IR 232 %0
F CTK Wk B AE R g e Gt # b SR 2 B
Je EFHE TR AR S IR 8-C AL 7E 1 ~
22 d #E ABA WRIERFEE N IR, 1656 22 R N E I
fRA(39.41 ug L), BHEDFESS 22 ~ 40 KM ZE ABA
e B e shbE BT, 55 3 KoM e a5 (75.08 pg- L),
B AR RN 1.91 £, PR ABA WREEFEREA
A A AT RIS T RS E TR AL
P, WK 8-D FaR, 76 1~ 30 d XK GA W5
PE BT, 7256 30 KRBT A 45.(102.7 nmol- L),
Bl B FE 55 30 ~ 40 d R GAWRIE SR TR, 56
1 K A5 A 5 (55.87 nmol-L™), i g M 2 e Ik
M) 1.84 ff5. WE GA BN RER G LR
B ETHE TR AR LR

B
F%:SO- a
— 5p b b
&0 40 slE
3 C
=2 h § d
:[$§§30‘ ¢ ef
5 |eh p fg T, ¢n
B 20
M ©
Sl
“5 10
0 1 1 1 1 1 '} 1 1 1 L L 1
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~ 120}
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=g d =] d d
g\;:: 80 o e o A Ealme
£.3 f o f
SE 60
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O 3
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)

1 3 5 7 1014 18 22 26 30 35 40
I IR R AUd
Days after grafting/d

AR A RF RS B A G P AR RS C IR & IR TR AL (% D. I8

AR LB

A. Changes in Auxin during Graft Healing; B. Changes in Cytokinin during Graft Healing; C.Changes in Abscisic Acid
during Graft Healing; D. Changes in Gibberellin during Graft Healing.
B8 BHEAAHMASTEINERZSENTE

Fig.8 Dynamic changes in endogenous hormone levels during the graft union healing process

224 RELLHIAPEAEAIIFALES
Mo SRS A o AR A AR H AR A AR AR B
BEATAISEME T, NS 1 AT, B3 CAT Salisit

. POD } SOD 5 0] i MMl G i 38 A e 1 2 4b,
HAR AR PR 2 (A1 52 18 A 56 (P<0.05) #a 34, 5]
AR S AR A . SOD Sl EE A .
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SOD 5 POD } SOD 5 CAT Z [u] ¥ £ 7E M it
HRIIEASE(P<0.01) E R, CAT 5l TERE L B
ki 2 AR (P<0.01) B3 I A AT, 1
B A R 2 Rh A A AR FR A 22 B] S B
FAH DG, e ) — S S AL 5 T p L W

PEFE 12 A%, SOD. CAT #1 POD 1EMHi A
AT, T e I IR SR N R, fE A A R
A AU, SR, RTS8
A9 35 IE A S R e IR @ A R T
REAH B S HE, dERE @A T B BE AU A K .

R 1 BEGEROTSIEFEBEENERHBXIHT

Tab. 1 Correlation Analysis of Physiological and Biochemical Indicators During the Grafting Interface Healing Process

et AT ATV

Indicators Soluble Protein Content Soluble Sugar Content POD SOD CAT
AEtEER 1,000 - - - -
Soluble Protein Content ’
QR

k% — — —

Soluble Sugar Content 0.612 1000
POD 0.412* 0.358* 1.000 — —
SOD 0.471** —0.051 0.598** 1.000 —
CAT —-0.324 —0.652** 0.155 0.484** 1.000

T *F 7 IR MR B A RE G 1 31 1 35 (P<0.05) Bl 12 35 (P<0.01) K-F-, T IA].

Note: * denotes a significant correlation (P<0.05), while ** indicates an extremely significant correlation (P<0.01), similarly

hereinafter.

MHGHA A IR TAAL CTK., GA, ABA
1) & S AEAT AR OCHE B, B2 2 FTAN, BR CTK 5
GA TG AN ZAh, HoR A Hahn Z A1 1 12 Wl 2
X (P<0.05) % . Hr, IAA 5 CTK, IAA 5
GA 2B Ry 13 IEAH G (P<0.01) &%, ABA 5
CTK. GA. IAA 2 A i 2 7 A OC (P<0.01) 4
#. 1AA 5 CTK. GA Z [0 2 B 35 /) 1IEAH G ¢
., R NG A R b o PR /E H 3k
[ e i O U A FE Y A K . ABA S
IAA. CTK. GA Z[AIfF7E i 2 W AR, VR HEY)
7 IR N B S B, ABA 38 1 3100 7 40 ek
AWEAK, B EY R X . Bl S 1AA,
CTK. GA W FAHAEH, Iy Ak, Lhgd
AN WL RE FE TR, DT HG S A ) 6 A R BRI 2%
T A7 RE

R2 BEEEOSE TR KRS ERNEX SN

Tab.2 Correlation Analysis of Endogenous Hormone
Indicators During the Grafting Interface Healing Process

LD
. CTK 1AA GA ABA
Indicators
CTK 1.000 — — —
1AA 0.384* 1.000 — —
GA 0.006 0.667** 1.000 —
ABA -0.470**  —0.895**  —0.546**  1.000

3 3 #

3.1 AiBEEASEEPHBRIENRRT K
ARG R NRERNEYF R, E a2
B B, A AS [R5 3 0 A B BB Rl o0 A A
], {H G F— M G FR 22T . 4808
B AL TERUZE S S HLUE
RHERT B, e ZAR L AR 5 AR A i A 2R
TSR 42, T ES A B 1 5Bk . R LA
Bk (Carya illinoinensis ) I H: @ A W #2500 4 4By
B0 BRI A A AR T 4 R A AL U R AN
AL BUZTE S B 2 A BB (58 U5 P RS
(Euscaphis konishii) I8 @1 & L B 0l 4320 3 4B
B, 8 1L 5 (Litsea cubeba) A& i FE 1] 43
AN B R IR AR A R s A ALY
i EREAIE, R G S B[R] SZ AR RIS | ARSI
F 07 VR IR A5 2 R R R 052 ), 45 A B
IR RBL B 22 5 o0, 36 E A% BRI
J 55 30 K BIAT SE ARG RE A 4551, YA (Camellia
oleifera) T£ %5 35 K JE 1 4k 4 A 4 1, 17 2 K
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Tissue anatomy, physiological and biochemical changes of Bombax

ceiba during graft healing

FENG Jianhang’, LIU Weiwei, YANG Siyi, CAI Zeping, LUO Can, YU Xudong"
(School of Tropical Agriculture and Forestry, Hainan University/Ministry of Education Key Laboratory for Genetic and Germplasm Innovation in Tropical
Trees and Flowers/ Hainan Key Laboratory for Biology of Tropical Ornamental Plant Resources, Danzhou, Hainan 571737, China)

Abstract: To investigate the grafting compatibility and healing mechanisms of Bombax ceiba, one-year-
old branches of Bombax ceiba were grafted onto Ceiba speciosaby using the cleft grafting method, and graft
union tissues were collected at various post-grafting stages for histological observation via hard tissue
sectioning to analyze structural changes during the healing of graft union. Physiological activities of soluble
sugars, soluble proteins, peroxidase (POD), catalase (CAT), and superoxide dismutase (SOD) were
quantitatively assessed, while endogenous hormone levels at the graft union were determined using enzyme-
linked immunosorbent assay (ELISA).The healing process of the graft is divided into four distinct stages:
isolation layer formation stage (Day 0-3), callus formation stage (Day 3-10), callus differentiation and
connection stage (Day 10-22), and cambial connection and vascular tissue differentiation stage (Day 22—40).
The first 22 days after grafting are critical for determining whether a viable graft union can form, and the first
40 days are crucial for graft survival. The activities of POD, SOD, and CAT initially increased and then
decreased during the healing process, with their peak activities observed during the callus differentiation and
connection stage. The hormones IAA, GA, and CTK promoted cell division and vascular tissue formation. The
concentrations of IAA and CTK peaked during the callus differentiation and connection stage, while GA
reached its highest concentration during the cambial connection and vascular tissue differentiation stage. ABA
levels showed a decreasing trend followed by an increase, with ABA inhibiting the proliferation of callus cells.

Keywords: Bombax ceiba; graft healing; anatomical structure; endogenous hormones; Physiological

characteristics
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