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Abstract; The natural vegetation of coral islands in the South China Sea has been degraded due to human disturbance
and environmental changes, and there is an urgent need for vegetation restoration and reconstruction. Pisonia grandis is a
dominant and tool species in the South China coral islands and an important role in windbreak and sand fixation and
vegetation restoration. Here the stems of P. grandis were used as explants, the effects of different basal media, plant
growth regulators (PGRs) and activated charcoal ( AC) on axillary shoot proliferation, rooting and transplanting were
studied. A rapid shoot proliferation and plant regeneration system was established. The results were as follows: (1) MS

medium was suitable for the shoot proliferation and subculture period was 60 d, and the optimal shoot proliferation
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medium was MS medium that supplemented with 2.0 mg * L"'6-BA + 0.1 mg *+ L NAA and the shoot proliferation

coefficient was 5.52; (2) The rooting percentage was 96.0% on the MS medium supplemented with 1.0 mg - L' IBA,

however, the rooting percentage decreased to 42.4% as the medium was supplemented with 1.6 g - L' AC; (3) The

plantlets that was cultured on the MS medium supplemented with AC, the transplanting survival percentage was 93.9%,

while the transplanting survival percentage was 78.3% on the medium supplemented without AC. This study provides

technological basis for large-scale proliferation and regeneration of P. grandis.

Key words: Pisonia grandis, multiple shoot, proliferation, rooting, transplanting

Yt KU ( Pisonia grandis ) N 48 % Fj B
( Nyctaginaceae ) it 5 B J& ( Pisonia L.) # 2R Fv K,
0l 44 FRERR AL JRRARUAR ST R e, )0z oA A PE ED
JEE TR % AR T 9 S B 5 (v [ R 2 B v A
W)k 75 51 43,1996 ; Handler et al., 2007), £
e, 470 AU 3= 22 73 A A Vi Tl 00 V5 V0 R B DL S B
ST M DX (RN FE S, 1993 5 AT BB L AR
2017) o UM EAT TR 586 | T 5 A0 45 A0 3
BT B AR A %) A A I P, AR ) AR R TR RE 8
TR A, R T S A Y B F DL R B SR
g W) ¥ F+ ( Cairney et al., 1994; Ashford &
Allaway, 2010) , Sty 351 5 il PR 45 Ay 3= A
YA T H A (B, 2017) ,

A S0 5 A ) K O R Y B & T
J& | G BB AT W (2017 ) X $AH7 3B 52 A 14 A
PR T A BEAT T RIS g% 1 100 Fh ik
G FH T AT RS 15 A B R R AR O B R TR
Dy B % S A B 7 ¥k 5 R B R (2018 ) X T A
( Scaevola taccada) F1 5.1 & 3] ( Vitex rotundifolia)
AT T BEH ORI ; Xiong et al. (2019) X 17 R}
( Clerodendrum inerme) 3 {1 ( Phyla nodiflora) Fl
G5 0 ( Alternanthera betizickiana ) FE4T T AR 7N B 55
DL KT M BIF 55 BR SUHE (2020 ) XF B 4 TR
( Portuluca) 1) & 15 U5 ( P. pilosa) . KA D1 B8
( P. grandiflora) 1515 U5 (P. oleracea ) 5 FLH) ) TR
HEFH AT T, HE TR AR Y
AR TR R0 AR A DL RO R A R S )

BU AU Ay 3 39 22 R AR 4 HE T 00 O SR
HPXF HATFE 7 1) B AR AR W) SRR AIE ( Burger,
2005 ; F 2 245 2017) Ak 2% AL 43 (Jayakumari et
al., 2012 Sutthivaiyakit et al., 2013 ; Devendiran et
al., 2014) . B R #ff 5% ( Chambers et al., 1998;
Sharples & Cairney, 1998; Hayward & Horton,
2012) K 25 M {8 ( Prabu et al., 2008; Jayakumari
etal., 2012) , B /DA & T HEH 5K #Hi A,

Burger (2005 ) #3811 XU 32 2538 i) A+ 258, B
e ol 17 A AR R AR A (B4 T R AR A, A
N 0.1% , Fovkid izt 52 A v R4 B B OB B R
T 1L e T TR O WA DK SR A T R AR W A
AR FEATAC IR B DR S B BT S ik ke [ et ) 7 vk 2
— o AHIFGE LA KA 4 28 25 B R SRR, 2R 4T A
A ZFAF T RO MR A AF 5T, LA A S G o i Pl
ZOHH AR AR A2 AR 2R, S B KURR) o e KA A A 7
FRIVH 3] 85 R P L WK 2 B 8 BOR S

1 #HEF*

1.1 ##

ORI B R IR TPV RS, S AR T
BB EERMEE, Z 50 BT M B2
By 42 e A ) e B X P A KA
1.2 SMEREBRRFFS

W KA A R R 25 1 25 B, BT R 2Rt e, LA
K 2~3 em JFAFA 1 AR ZE B AMEIR B b
MATAE B A K T K w3k 15 min 5, A 0.1%
(w/v) FRIZULTETE 8 min, T /KELE 4~5 1K,
FHTC T UE 40HF 25 BoK o3 W T I 48 F 78 280175 5 55
FHE LRI, MOEE FRIFRIEMS + 1.0 mg - L7
6-BA + 0.1 mg - L' NAA + 30 g - LM + 6 ¢ -
L', pH 4 5.8, BHHAERD 1 AR AR, TLHzFp
30 i ,30 d 5 geitis YR MR A S 2 R T )
BB,

1.3 AR F

LA MS WPM A A SR BN 1.0 mg - L™
6-BA 0.1 mg - L' NAA BEIE 2575 5 15 9% T 459 19 iR
FHM BRI P IR (R ), B
Rl 2 3 A, BN AL 10 0, B 3 R, fE 8 37
30.60.90 d B Se it a5 4L,

FEINE ZF 4R T DL MS S RS BE SR 3 R m
6-BA(0.5.1.0 2.0 mg - L") NAA(0.1.0.3.0.5 mg -
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Table 1 Effects of culture time and basal media on

shoots proliferation in Pisonia grandis

Higr

P FEARKG IR KiRET T AL AL

. Basal Culture Proliferation
Medium X R .
medium time (d) efficiency
code

1-1 WPM 30 2.13+0.04c¢
1-2 WPM 60 3.58+0.04b
1-3 WPM 90 3.63+0.03b
1-4 MS 30 2.34+0.06¢
1-5 MS 60 4.63+0.24a
1-6 MS 90 4.71+£0.24a

o RIRIING PRk 3R R O [R] Y 28 A B 3% 2 KT 357 B[] 22 [
AE R FH M2 (P<0.05, Duncan’ s XUBA) . WPM. AZ
M3 FR 3L, MS. MS 5355

Note: Different lowercase letters indicate significant differences
within different basal medium and culture time (P<0.05, Duncan’s
multiple range test). WPM. Woody plant medium; MS. MS medium,,

P10 i, EE 3R, {9 60 d GGt s A4k
1.4 £REEF

B TCARAE 2543 W 2 ~ 3 em W B ZE 20T LU
MS Sy BEACEE SR 5L S A [R) e B2 3 % 7% (activated
charcoal ,AC) (0.0.5.1.6.2.5 g - L") 1 IBA 1.0
mg « LAAER ISR BRI A E 28 3 4, B
AKEFE 10 0, A 3 IR, K5 FR 60 d J5 GeitHi XA
AEAR S R] A MR RN A 5 2l 21 ke AR

DI EWECEES S AR R AR R R I 3 97 4%
A ER W 12 h - d7, 6 IR 58 N 80 wmol -
m? -« s REN 26 C R FRIE R 30 d,
1.5 BEBH

WA R 15 5 56 b 9 ZE AR B M S s, OF &
TREINHATHE 5~7 d, B RAKVE AR IR 725,
ALY - B e BRI 111/
FETr,40 d J5GE Tt ) AR AR R R 3 Y AR AR 1
1.6 HiFBLE S

RZF B % (% ) = W 27 1 28 Bkl 2 A i A1
B x 100 ; 38 58 15 %k = 4 R0 35 37 5 09 B 2R B0 4%
PR A9 B 2880 AR (%) = (1557 60 d 5 H Bl A:
R B0 B A i 1Y B ZF ) x 1005 8105 20 4% A 5
(%)= J A 010y A 23 0% 1 R0 2 i I ) G 1 85 %
R IE (%) = BT BB/ A B Ex 100, R
FH Microsoft Excel %X 4% # % 95 ; & Fi SPSS 17.0
BAHE4T Duncan J5 225387,

2 R 50

2.1 SMEREHERRFFS

Ki3% 30 d JG SR it AME RS YRl 40.23% , i
AT YL SR A 0 I ZE T e W k. BT A R 3R
BH, 0 XU P8 A= A A 22 L9 T T 2 B T e R 1
b2 IR AL B4, 2o 6 ) Y5 e e T, Gl A
KMHT N NI RIEE 8 min 5 ARZFIES
BRFRHE T M R R 89%
2.2 WS

W Ja shBE R i I RAS IR ZE (B 1. A) B
AR SR I AT A A R, R 1SR D
N, WPM 35 5% e v AN 5 25 34 78 A5 20 BRI T MS
BRI R GRS R, P AU S R (AR B 5% B ]
930 d I AR RCRAR . HEK 2 60 d B, 35
R 2R, YRR ZE K & 90 d B, i
THEFRHE A E IR B W FE IS B4 2 I IR B AL
P A EEARMIE (K 1.0) , I
FEFRIRIANE A, B IR 1-5 F0 1-6 38 FA 15 240 R
e 22 5, % R BB ] B 15 5% A #E i 16 1Y)
B ol AP R BT 3R 30 1-5, ] MS +
1.0 mg - L' 6-BA + 0.1 mg - L' NAA, 5555 541
60 d, BGFEAEA 4.63

H ARG B 15 37 1) 28 B e A\ AR ARG i 5 o ik
IR RN ZE (K1 1.B) . R 2 458 8o 94
Aab BT XA 1 58 55 B0 AS TR B 52 0, 6-BA Vi B
A E A A AR IE A G MR % 6-BA YR E
P, AE R A L B E, 1M 2 6-BA 5
NAA B A RS AN 2R tife, 76 9 4
Sb 3R T1-4 F1 -7 5 55 37 5 1 50 A5 550 = , 45 7l
B R 5.31 M1 5.52, 2R AR E (H1-4 55
FRIEPI N E SRS A A, AN A i
JRUH %) o A 186 B 55 7 3, DAL b, 4 T o FH 1) i 9%
FE TP B G O KU S 2 1 5 B 3R o -7 5 B %
3 BIMS +2.0mg - L' 6-BA + 0.1 mg - L' NAA,
2.3 £REES

PO A AR B IR 45 5 0L 2 3. B0 KUAR 78 X R
25 AR SR A E R R EAL, B - A m 428 (A
1:D), i 1.0 mg - LAY IBA J5 it XA 28 AR R
i AR v LA MR A ) 4 e (EL TR) B AR 45 1k B o
i, BINAC 5 BEERBEAR T B0 XA (Y A R % (H &
Al LAV ZE IBA 15 B 2R3 @ik, 76 -7 A -
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xR 2 EYWEKAHF(PGRs) WHIREILFEEIE0m (60 d)

Table 2  Effects of PGRs on shoots proliferation

in Pisonia grandis within 60 d

kb =
HORILA GLh BZR MR PRI
Medium 6-?3\ A? NAA 1 Prol-if('%ration Growth of
code (mg - L) (mg- L") efficiency shoot
I-1 0 0 1.02+0.08¢ Tt
No callus
-2 0.5 0 2.88+0.50c Tt
No callus
-3 1.0 0 4.63+0.08b sy gl
Few callus
-4 2.0 0 5.31+0.15a At ™
More callus
I-5 0.5 0.1 4.56+0.18b Tt
No callus
-6 1.0 0.1 4.88+0.17b P WLl
No callus
-7 2.0 0.1 5.52+0.13a L=l
Few callus
-8 1.0 0.3 4.48+0.17b Tt
No callus
-9 1.0 0.5 4.52+0.13ab Tt
No callus

: ARE/NG FRER RN [ Az 4 8 19 77 22 0] A7 7 35 2% 5
(P<0.05, Duncan’s XUBAM ) ,

Note; Different lowercase letters indicate significant differences within
different PGRs treatments (P<0.05, Duncan’s multiple range test).

x3 HEYEKATHESEER(AC)3
FLXUAE A R B R0 (60 d)
Table 3  Effects of PGRs and activated charcoal ( AC)
on rooting inducing condition in

Pisonia grandis within 60 d

gV N
REE mbbse wprm RO ERE R
= AC IBA ooting Rooting  Callusin-
Medium (g 1) ( L time percentage  cidence
code I me " L (d) (%) percentage
(%)
-1 0 0 32 45.7+ 20.4+
2.8¢ 0.5be
-2 0.5 0 36 20.3+ 7.4+
1.4e 0.8d
-3 1.6 0 37 13.7+ 3.1+
1.3f 0.6f
-4 2.5 0 39 13.5+ 1.7+
2.0f 0.9f
-5 0 1.0 20 96.0+ 52.1+
2.2a 1.8a
-6 0.5 1.0 21 76.4+ 22.1%
3.2b 1.5b
-7 1.6 1.0 29 42.4+ 4.8+
1.8cd 0.9de
-8 2.5 1.0 34 39.4x 3.2+
1.8cd 0.6e

e ANRVING S BE 3R 75 AN ) A I8 755 550 F0E 1 ok Ak 21 2 [
e R FH 25 (P<0.05, Duncan’ s XUBKEM) .

Note: Different lowercase letters indicate significant differences
within different PGRs treatments and AC treatments ( P < 0. 05,
Duncan’ s multiple range test).

8 54 IR A T KU A= iR T I 3 22 S5 (HL % TR )
ARRE ], M-8 5 15 77 3 AN 38 A A S B AU 9 A=
MREFR I, PRIL, 76 BT F A 35 3% 35k v b KUAR 1) i
AR SR -7 SR B MS +1.6 g - L
AC +1.0 mg - L' IBA,
2.4 GEBH

TERSHR 40 d Jageit (R 4) KB, TEAE R B 57
RO TS NG Pk e ) 20 355 8 B R LTS 3 78.3%,
ININT 305 1 e A MR % 110 A 8% T 0 RS AR A T SR
93.9% , I Hit s, KR4 (E 1.F)

3 Wi 540

TR AL B B A R R R i 4> 34 K 55
AR RIS SR IE R OREEEH, &
WFFEARFE T AR 32 R0 28 4 % e AU A A 2
PRS0 | Bk Ad ] 6-BA BARAEASIE S AR
2 (HJE 6-BA 358 2.0 mg - L I3 XU A 43 1k
FEEE 31 W BT XU X 6-BA ¥k B R BURK in A
NAA J5 7] DU o d s fb . 8 42 4 45 (2009) A
e M, [ R 25 5K Fi B 4B ( Bougainvillea
spectabilis ) XF 6-BA B MUK, 24 6-BA ¥ & T 5 At
Gy A R A ZE BB AR R RS, 2R A
%% (2017) X%F 3 A~ & Bk 748 ( B. spectabilis ) 141
SUR IR T 45 R, i 48 D\ A= 25 34 58 1) A
WEHFE RN MS + 2.0 ~ 2.5 mg - L' 6-BA +
0.05 ~ 0.1 mg - L™ NAA, HoAth i nb 7 46 2 55 0 52
W R TG SR R T R RSN
6-BA Il NAA ( Chaturvedi et al., 1978; Javed et al.,
1996 ; FRIFEME LKA ,2006) , 5 FIRBFFL 4R
— B, PR 5 15 3R A 2L MS + 2.0 mg - L
6-BA + 0.1 mg - L' NAA N'H,

8 6 T A 6 6 X 21 K% T A S R A B A K
RO BREE M, ZEERA (2018 ) Xof Ty Sl 3ol 155 ffle
A A A 1) o R A 2 B RV A ZE 1009 1) S
WIVO R RRE AL 45 d J5 WL RN 73.2% H 24
FORBUASE, PR 398 5 3% %58 82.7% HAE KR
T LA 1 9T 0 R, HG A o B 3 A R I 56
2 R R B AR R T R AR R T BRI i Y
RE R A S M V>, fEAR 5, T
ARAFHE 1 10 F% Ak 16 R A B A7 i A KR B,
PV PR IR SRR, B
B I, T B RS D R SR SR vk
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Table 4 Effects of rooting medium on transplanting survival percentage in Pisonia grandis within 40 d

%' AR IR

Code Rooting medium

Fo R

Transplanting substrate

Transplanting
survival percentage (% )

V-1 MS +1.6 g+ L AC +1.0 mg - L IBA

Wb W Wk tb=1:1:1 93.9+3.6a
River sand : Yellow mud : Slimy soil=1:1: 1
WY EYE P =101 01 78.3+2.8b

1v-2 MS +1.0 mg - L' IBA

River sand : Yellow mud @ Slimy soil=1:1: 1

T AN FRER R AN ) AR IR 5 2 (A7 7E 35 E 22 53 (P<0.05, Duncan’ s XUBARIM )

Note: Different lowercase letters indicate significant differences within different rooting media (P<0.05, Duncan’ s multiple range test).

AL Rl 30 d R B RYMCE ; B SEEHHETR 60 d ARATAYMA:ZE 5 C. BIARIEAHE 90 d J5 A HRAG A 2 5 D. 8 JCTE P 5 A9 A MR 77
AR (60 d) 5 E. 7E& T A i AR B JR 3L AR T (60 d) 5 F. B4k 40 d JE AR . (FRR =1.5 cm)

A. New axillary shoot developed after 30 d; B. Clustered axillary shoots from subculture after 60 d; C. Rooting plantlets after culture for 90 d on
the initial culture medium; D. On the AC-free rooting medium after 60 d; E. On the rooting medium with AC after 60 d; F. Transplanted
plantlets after 40 d. (Bars=1.5 c¢m)

(ORI GIEUEERERS S

Fig. 1 Tissue culture and plant regeneration of Pisonia grandis

U5 98 i BB S At T RERIL AN IR, i3
IR R L AR T AT RIS N, H AT
ZLJE5T 8 BB R | BRI A | A JRR B R R A O & i
157 I I e A 3 B PR 9T (2 R AR, 2018 5 ZE G
45,2019) , FIEERAFE (2017 ) X By P 5 A +
FE BT B A 52 22 B, o AU 4 i B LA R AT
(8T —F SRR I I EL T XU et = 198 37 43 1) 1 2R 55
1o, LA B S O A R AR SRR O M 3 A

PR U380 15 ik 2K AL B 058 A9 0k 52 T L Affr, ] LA
BT AMA . B R AR 5T PR 28 55
TE IUFR) 8 B A 1O 1k e BT 3 T IUR BT
WPER (AC) 1EAE Y AL N 5 A T 2 A A
L B R AR Y AU IR i, O B 148 A A
T ER SR A R RO R (K
T ,2009) o T U A4 1R B n] L B SRR
TESG IR A ™ LR 1A B o, L R AR ALY
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i PR AT F) T AR 19 & A R A K (EL T P e 8 R
W B 51K 2E 3 9 o ) 4 T (X T 2 F 2R A
5,1994) , HHREIKRE, WM 068w E £ 7
0.02% ~1.0% Z ], LA 0.1% ~0.5% B % W, #F
SCHERN 2 W FE (2001 ) 7E AT BE Y A1 2185 SR A 58 v
B AR 2 55 5% 00 LR AR o, B AR s R 4
T R LB e R 3 i B vm AR gE A5 B
TRRIRZE 18, I 1 o SR BRI T B XU Y A AR
FEAT LA A O, S 2 4 e A AR 1 RS R
TG SRRl T P e Ak B A 20 5 1 R A 1 17 2 ) I
e TR HECZEL A0 AT R R A PR e B AR AR G R
PG T HEA R MR RE A ER, BA
AR T A AR A b 3 7 % AR 1) A0 B 2% A i AR A T
o T 2

MS 17 373 J& Murashige 1 Skoog F 1962 4F- 4
200 A 15 75 BT 0, FORe AR T AL RN B Uk
FER T, HFR 5 0 B LG5 3 e T 2 A ) A
L) 55 AR B R R R T AR Y R
#*o. WPM ( woody plant medium ) J& Lloyd A
McCown 7£ 1980 4F 4 111 J] FEZEJ 1% FR 4 Y 1) — Ff
FEAREFRHLTT 5, B2 T AR A A Wy 1) 2 21
Bt g b, AR S AR A B i H0 KA, 50 7E MS
Bk BB R RORE T WPM K32 5& . Duhoky
X} 3 Fh AL RIS R B WPM B 57 B AR A7
TG E LM A MS B R AR T
U B %% R ( Duhoky & AL-Mizory, 2014) , X 5 A Hf
FEAF BB Z5 IR AN [6], AT BE S Y T 0 KUAR X 25 5 vk
JE T SR B, X — 2 R T EIR AT

AHIEGE T A ST T B KU AR 2R S A
PREFAEAR R A R B0 XU A %6 58 JLR 4 1t 1 3
WHERNFIBEAR SCRE, i e 7 R SR B AR 16 R A 5
SETCER MR R AR IEAT R E R R, 5
Ab ASHIFGE R Bt KA B R BT B R £ B R R AR R AT
BAEEZ L,
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