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Abstract ; In order to cultivate an improved variety with higher potential yield and establish an efficient in vitro regeneration
system of strawberry ‘ Akihim’ ( Fragaria X ananassa) , callus induction and plant regeneration protocol was designed for

solve browning problem. A formal Ly(3") orthogonal experiment was designed to investigate the browning research in pri-
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mary culture using explants of creeping stems excised from aseptic seedlings. Based on the improved medium above, single-

factor experiments were conducted to select effective plant growth regulators and appropriate concentrations on blank MS

medium. A Ly(3*) orthogonal experiment was designed to study effects of types and concentrations of plant growth regulators

on callus induction, adventitious shoot formation, and plant regeneration. The results indicated that MS medium was inferior

to B; and 1/2MS in inhibiting browning condition. The browning rate was dramatically reduced while the callus still survived

on the medium with the addition of 20 g - L' Na,S,0,. The callus induction and shoot formation of the explants were ob-

served on MS + 0.1 mg + L' 6-BA + 0.05mg + L" 2, 4-D + 0.1 mg - L NAA with effective inhibiting browning. The opti-

mal medium protocol for multiple shoots proliferation was MS + 0.1 mg - L' 6-BA + 0.1 mg - L'NAA where the prolifera-

tion coefficient was 12.86 after 30 d. Healthily regenerated plants were yielded on culture medium 1/2MS + 1.0 g - L' AC

after 35 d, with a rooting rate of 92.50%. More than 95% of plantlets survived after transplanting into field. The rapid propa-

gation system is helpful to provide homogeneous progeny and high quality seedlings for cultivation of strawberry ¢ Akihime’

as well as a technical reference for other strawberry species in vitro regeneration.
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JIG 17 6 B v LA T AT A7 AE — S8 () 6 45 5
B 21 55 i AR R AT AL T AR K

iy (R R E N = SRR N R B ]
B EBARET A AR A KA RIE L
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REPCE A IRGE A PR 7 IF 5 B A 9 S 5
R, EUE FAEORE T R R R B, HA TR
SR GEE T, ST U, AWFFT DL TE 0 AR
I8 25 VA T AR R 25 B O AR AR 3 0 1F 58 S 0 A
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PRy FEM (Akihime ) JBEFE L2014 4 5 #E L
AR Toe IR AR AR R 2R — A
AMER, MR R (B SRS, 2016) T
TRIEAT AL,

1.2 ik

1.2.1 #4544k S HZMAF (2015) ARG & 7 ik,
FEARRE IR MS, B, 1/2MS M 4f 75 22 B A [
K R AR YR BRI i MS 2 3%, B,
2% ; Bilg 0.46% , pH{H N 5.8~6.0, HiFEILqE
121 °C K 22 min 5 H .

e A IR L R Lo(3%) IEASSE, R
O3RN RS B J5 HE Na,S,0, . VC, HA G W 1,
A HAYIMN 1.0 g - L AC,7 d ¥4 5633 1k
5B AME ARG A, B R TSI B SR A R
MAS AN [) b 28 K AN ) Jo o VK B2 A 0 08 3R 19 MIS
B AR B AT L R 109230, Horh 6-BA 1 2, 4-D Joi
HE 4 0.01,0.05.0.1,0.5,1.0 mg - L'; NAA
FIBA JREH ¥ 4 0.05.0.1,0.5.1.0,1.5 mg -
L',20 d J5 B A S i AR KA I, 0 28 38 B
R U0 3R o 26 I G ot vk Y L A 2H i
Tt DAZFE R ARG B R AR B R R S 4
HR Lo(3%) IEsci 5, KR 435 A M R
6-BA 2,4-D NAA, HAG WK 2, 5 30d )5,
GEITE O H 20 T R NI R A RO R AL
MRS FR I UK 2 3~ 4 om KB IEAR — Y
AEZE, LTI 1.0 g - LT AC, HA RGO,
0.1.0.5.1.0 mg - L' NAA (1) 1/2MS 355 v 47
ERRIES, 35 d SRS AR R RARKDH: B

Fx1 HHIBL L(3") EXE

Table 1 1,(3*) orthogonal design for inhibiting browning
A% Factor
KF
Level é B C
REA B RO Na,$, 0, \(
Basic medium (g-L") (mg-L")
1 MS 20 20
2 By 30 30
3 1/2MS 50 50

xk2 AGHALFEEFMAEEL(3) EXiEiT
Table 2 L,(3*) orthogonal design for callus

induction and adventitious occurrence

& Factor

K-

Level A B C
6-BA 2,4-D NAA
(mg- L") (mg-L") (mg - L")
1 0.1 0.01 0.05
2 0.5 0.05 0.1
3 1.0 0.1 0.5

1.2.2 3544 SHAEME (2015) PR &
fFo Fifr BRI (2221) °C G IRBET 500 ~
2 000 Ix, G MBHFE] 10 h - d”'

1.23 R AH HHBRSE (B RMESE,
2016) Tl I ik, FHHEKEZN6 cm &
B H AR E TR T 3 dJE, NEFRET
BB Al K sk B R R L e T , R B W E S
7 L B IR AR IR 55 9%, 30 d R SR 4 i
TR AR

1.2.4 %t 3847 SRIIMERIAE R (%) @A
BUEFR (%) NFEREFR (%) NZERHE R
BT RE AR (%) b, S IS A5 (2015)
MR, BT ECE A Excel A SPSS(19.0)
A AT AL PR 4387

2 HREHRMN

2.1 BHEFHHNEBULARRUEEE

CEEH RAERERN G 3 d BN AL LA (I
1:A),7 d Akl #4 6z 8o T- (K 1. B) .
B IE S LI A R W2 3, T ZE TR 4,

3 MR | FEAR SR H R 2 4
b PR B BE R MR AE IS I OGRS IR 2
Na,S, 0, , 3 P4~ P 28 114 4 2 (3575 K F 45 1 6] B
(3.16) , 1 VC M 218 (1.84) /NF 25 [ X R
(3.16) , £ 4 Pt — L 0F T FE A 85 35 FL A AN
Na,S,0, % ¢ Bl > B A5 28 B 15 77 26 M 48 AL AR E
MBS R )7 B B F 2 % (P<0.05), Ve W
Te W FEVE2E 5 (P>0.05) i ik V408 7347, AR
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Table 3 Results of inhibiting browning
by L( 3 orthogonal test

X & Factors %\%g
Survival
A B C rate of
AR NS0, Ve o0 explam
Basic medium (g-L") (mg-L") 1372 Error (%)
MS 20 20 (1) 16.37
MS 30 30 (2) 9.56
MS 50 50 (3) 5.67
B, 20 30 (3) 88.38
B, 30 50 (1) 80.45
B, 50 20 (2) 71.63
1/2MS 20 50 (2) 86.67
1/2MS 30 20 (3) 81.58
1/2MS 50 30 (1) 69.34
K, 10.53 63.81 56.53 55.39
K, 80.15 57.19 55.76 55.95
K, 79.19 48.88 57.59 58.54
R 69.62 14.93 1.84 3.16

x4 MBABUMMEGEEAESINER
Table 4 Variance analysis of survival rate of

explants through inhibiting browning

N JE S " S 3 e
o WEEIE e DT pw mwe
Soure Sum of df Mean F val Sienificanc
ource Type ]]I SC[US.I'B square value lgl’ll 1cance
A (Higd: 9562.51 2 4781.26 562.71 P< 0.05
Medium)
B 335.66 2 167.83  19.75  P<0.05
(Na,S,0;)
C (VC) 5.11 2 2.55 0.30  P>0.05
"2 Error 16.99 2 8.49

1k 2w 55 5 AR TS R R R LA T AL B, BD
B,+20 g - L' Na,S,0,, A~ A bf RE 2 70 B 40 22
B Bs+ 20 g - L' Na,S,0,+ 1.0 g - L™ AC Ji7, []
B 7 d FEAT —UCEEHE 3 R AL IR A5 2 B L
A (B 1.C), HAT AP ERSMEAE 1 (BT 1:D) .
2.2 BREFLEFEY =AM

F RSB 45 R R, 6-BA 1 2,4-D HBEfE
HEAMEAR LT = A A L4, JLLL 0.5~1.0 mg -
L' 6-BA f10.05~0.1 mg - L' 2,4-D Jlif, NAA
FIBA FEHIZE L, 3494 ) T SME AT B & A

M A
23 RGELRFES MFEESFHALESF

PL6-BA .2,4-D Fll NAA FIHE 4T 1,(3%)
IEACIRE,20 d J5 @05 4 805 3 R NI R A
R R s s, £S5 485R IR,
6-BAN ¢ Bl A 2R BRI H A T E N
Wi PR, FORk R 2, 4-D B NAA ;3 AN Tl 2218
KRTZEEH(1.13) , RNEAHGALSE S FiX 3
ANH R RO TSR, I 2250 (3R 6) R,
6-BAFN 2,4-D X i 3 @t 2100 & i (P<
0.05) ,NAA NITC 2 W ( P>0.05) . X 6-BA Al
2,4-D 3 /K F B Duncan ¥ 36 (6 7.8) ],
6-BATE/KF 1(0.1 mg - L) F X AT 4540 4115 5 %
R R, 5KV 2.3 WHR B EEZER, HEEY]
T X AN K OF 1 2, 4-D D AE 7K SF 2 (0,05
mg - L) B @ A5 T 5 i K, 5 KOF
1 3R WS WHEIN & T XM K
o HHOFIE S T AT T R AR R B A Al
BUE R RAEMREA SN A B,C,, B0 0.1 mg - L
6-BA + 0.05 mg - L"'2,4-D + 0.1 mg - L NAA,

25 R TR A 6-BA IR NI FE Y
SEMA R, 3 A TR R DA 2 R AR 350 e K /IMR IR
1 6-BASNAA>2 ,4-D, i K {H K/NAT LA 4 A
B AN AKX A2 S A 852 0 R /ISR 32 R 53
A4 A >A,>A,,B,>B,>B,,C,>C,>C,;6-BA Fl
NAA W 221K F25 (141 (6.66) , Ui B X F 4~ B &K
AN AT 58 112, 4-D A 25 /N T 25 118, U I LA
NZERAR ERRON AT R, £ 9 W, 6-BA Fl
NAA XFNZE & A B 5% (P<0.05) ,2,4-D
WG 2 5% i (P>0.05) . % 10 flg 11 £ W,
6-BATE/KFE1.2(0.1~0.5 mg - L) EXFAZE &
B K, 5KF 3 ¥ H W 22 5510 NAA T
TEKF2(0.1 mg - L) EXFZER AR R MR A,
5KV 1 3 AR EME2ER HHEFV &S TX
P, BB (8 43 A AT 60, ¢ RS0 B AR 2R B
WAL FEFIF R AENRERELE N AC,,
Bl 0.1 mg+ L' 6-BA + 0.1 mg - L' NAA,

W05 BB IR PR AR AL Al 1 KB A MS +
6-BA 0.1 mg - L'+ 0.05 mg + L"'2,4-D + 0.1 mg -
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Table 5 Results of callus induction and adventitious shoots occurrence by L,(3*) orthogonal test
HI¥ %R Plant hormone (mg + L) Ifsz?jli M R
45 Code induction 1ol of buds
A (6-BA) B (2,4-D) C (NAA) D (Error) (rﬁ;;e) (%)
C1 0.1 0.01 0.05 (1) 86.45 75.36
C2 0.1 0.05 0.1 (2) 98.87 100.00
C3 0.1 0.1 0.5 (3) 82.33 77.65
C4 0.5 0.01 0.1 (3) 76.68 88.36
C5 0.5 0.05 0.5 (1) 82.57 62.38
C6 0.5 0.1 0.05 (2) 68.65 51.76
C7 1.0 0.01 0.5 (2) 53.93 33.21
C8 1.0 0.05 0.05 (3) 62.85 38.93
C9 1.0 0.1 0.1 (1) 49.44 56.55
AA LTS Callus induction K, 89.22 72.35 72.65 72.82
K, 75.97 81.43 74.99 73.82
K, 55.41 66.81 72.94 73.95
R, 33.81 14.62 2.35 1.13
M\ZEFES Buds induction K, 84.34 65.64 55.35 64.76
K, 67.50 67.10 81.64 61.66
K, 42.89 61.99 57.75 68.31
R 41.44 5.12 26.29 6.66

N
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Table 6  Variance analysis of callus induction

% 7 6-BA 3 7K Duncan 5§
Table 7 Duncan’s test for three levels of 6-BA

§ TS 7 ) -
g WETVTR e BT p g
Sum of Mean R
Source df F value Significance
Type Il square square
A(6-BA) 1741.39 2 870.69  758.29  P< 0.05
B(2,4-D)  326.99 2 163.49 14239  P<0.05
C(NAA) 9.81 2 4.91 4.27 P>0.05
B2 Error  2.29 2 1.148

L' NAA 91,5 d J5 78 HE5 50 R 28350 o B A 5 41 21
AT A 98.87% ;10 d & A 05 40 40 36 5 1 ok, H:
REITAR G OZF S (B 2:A) 515 d J5 o0kl
AEZFN(E 2:B) , AZFEF 100% ;20 d J5 A
FEFEA K 6.32(K 2.C,D),
WA 205 S B AR E N E 2~ 3 B
— (K 3:A), #HEFE MS + 0.1 mg - L 6-BA +

K RSN 0.05 /KF
Level x 0.05 level
3 55.41 c
2 75.97 b
1 89.22 a

o RIS ENE FRER R 22 5 3 (P<0.05) . T A,
Note : Different lower letters in the same column indicate signifi-
cant differences (P<0.05). The same below.

0.1 mg « L NAA 1  ZEAALUIEIE ZENERK R
JAZER RIS, B 0 2 ORI B, B 5% 15 d Je AAEF
KEZH (& 3.B,C) ;30 d 5 A #7584 K o iy
AN, HORNE 2 A A REAT 5 12.86(& 3:D)
2.4 £IREFMEEBR

PN AR AR 45 R R AE 1/2MS 15 5 5o AR
PEBRA R TAERBTES, MRMAERKE NAA T
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F. A3 AR BB ; B. 7 d JEBALIIR], M REE#TAET; C. AMETRTE B+ 20 ¢ - L' Na,S,0,+ 1.0 g - L™ AC
edE 3 RIS OL; D. A7 06 i R HA Lk R R iR AR

Note: A. Browning after 3 d; B. Browning intensified and material gradually died after 7 d; C. Results of explants on B+

20 g - L' Na,S,0,+ 1.0 g - L' AC after transferring 3 times; D. Dynamic explant with leaves beginning to grow.

K1 e g KA

Fig. 1 Browning phenomenon and its control

TE: AL BR 10 d R @O SR sl R I IT A6 0B R 2R (25 505 B 15 dJRHUAREZF M C,D. 20 dJEHYZER
Note: A. Callus propagating rapidly and differentiating green bud points after 3 d; B. Adventitious
shoots after 15 d; C, D. Adventitious shoots after 20 d.

K2 AT R M R

Fig. 2 Callus induction and adventitious shoots occurrence

R9 FUEEFEFWER

Table 9 Variance analysis of adventitious shoots occurrence

%X 8 2,4-D 3 7X*F Duncan #3%
Table 8 Duncan’s test in three levels of 2,4-D

1] 37, S
KT ¥y 0.05 K w WEPDE g D7 b aw
Level x 0.05 level Source um 0 df ean F value Significance
Type Il square square
3 66.81 c
A(6-BA) 2 606.07 2 1303.04 39.15 P<0.05
1 72.35 b
B(2,4-D) 41.68 2 20.82 0.63 P>0.05
2 81.43 a
C(NAA) 1267.47 2 633.73 19.04 P<0.05
2% Eor  66.57 2 33.28
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T AL B ABIRIRSRIERSIZE AN B, C. 15 d ZEAKRIEBA; D. 30 d J5 A AR KA
Note: A. Adventitious shoots of transferring into proliferation media; B, C. Calluses
blooming after 15 d; D. Adventitious seedlings after 30 d.

3 RS AR

Fig. 3 Proliferation and growth of adventitious shoots

T A HIR 10 dJERYERET B. 20 d A /R C-E. 30 d JRIAEMRAEOL; F. B4 M HEK
A G BHk 45 d JFMTAE ; H. R T A
Note: A. Rooting plantlet after 10 d; B. Rooting plantlet after 20 d; C-E. Root system after 30 d; F. Regenerated plantlet

after 30 d; G. Regenerated plantlet after 45 d; H. Regenerated plantlets in greenhouse.
Bl 4 Bl A R IR R
Fig. 4 Rooting culture and transplanting of test-tube plantlets
ARTRE R AR, WA NAA J&, AERAZ WL AR AERIEIREE 1/2MS + 1.0 g - L7 AC,
20,0 s e b, BRI R R, ik WUE AR RE PR IR 10 d R, ST IR T L
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%X 10 6-BA 3 7k Duncan 3§
Table 10 Duncan’s test in three levels of 6-BA

K ¥E 0.05 /K
Level X 0.05 level
3 42.89 ¢
2 67.50 a
1 84.34 a

& 11 NAA 3 7K Duncan #I&

Table 11  Duncan’ s test in three levels of NAA
KF BT 0.05 7K
Level x 0.05 level

1 66.81 b
3 72.35 b
2 81.43 a

AEM(E 4:A4) 520 d J5 0] WA B AR AR K & (F
4.B) ;35 d J5 Al AR AR R Kk HAE KA
AW (B 4.C-E) ,AEMRFIK 92.50%, it
FHEW I, 30 dFAEHTKE (R 4.F),
G FIK 95% L |45 d I, FEAR T AR KA (|
4.G) W AT 2= RN P A (K 4:H)

3 W54 ®

3.1 BUME R ERTE

T R ) 2R BOAME R AR A R T R
HOAETE A A0 ™ 2 1 In) 8, A TR T 7 MS 85 55
FErp B0 AS [ 4 4 R 1 TS 56 v, 48 LR LT
S 100% ,2 AN T, 5 FHF" A
( ThER I BER A, 2007 ) SR A4 e A8 T B8 1L 1Y
MG, ¢ T R R AME R e AL 5 AT
PRI 428 i o A 3 © B R AR AR AP B A DG AR

Ry A AR AU 01 B ST A 40 32 B 405, 40
FRIREEA5 1) 26 722 Ak, A0 L 1 IXC I A 4 IR 1 22 1y
Yy 7S S, A 22 W A AR (PPO) B AE R 8
Ak, T R A 5 TR 1) T 25 4 I T R (AR /N A
2015a,2015b; &0 564 2015) . FHAT M IE, T
FH Y 2 1) 25 3 6 AR AR A A0 1 B AR PLEE R AR
PR 28 RN R 1t A5 R AT T 5T, 48 R AN AR 2 A

AMEAR A BT S A BER A | B% 95 56 hi o A 77
KMFERE TR AN IR T 45
N 5] 18 A B e (X0 55, 2007 5 B ik RSB
2009 ; 5 SIS 20105 B 54,2014 = 38 R 45
2015) , oA s B 5% 57 6 28 RN I in bt 48Uk 5
EIMHEA R RN EEFRE, S ARNKNE, H
KREFGHLILF P AEEBEAR N IRENZ (F
21 %5, 2004 5 T 42 WORN BE il 7, 2007 ; Ko et al,
2009) , 5 U K B0 AE Ak LR 25 55 15 Bl i e

ARG EE R R, AR, 57 LA R ¢
FRE R A A 3R RO BT A AR 1 TR
T, AN R 37 i AR K O B JC LR e A ¢ =
i FAEA AR R b B A0 48 AL A B4R 5 e
FAAEF Na,S, 0, U i, 0 ifE — 25 B AR T 4 1 %,
SAER R S (S89A K% ,2009) 251U,
A AAE T 2823 Bl Na, S, 0, Vi B (09384 1 i A1, 18
AT S AR R ok v X M AR S 7= A — 2 1Y
BEMEH, FRER, S0 HR R AR A%
$H B+ 20 g - L' Na,S,0,, B G 7 d #EA7—K
BERE 3 WA T AYD IR T B 4 Ak B 52, AIME TR B %
IRATIA 85% LA 1 IEAN, Wb S AR AE 25 R Y
PREZ AT A, A8« ORI 5 FE R0 X, R
U AN R 5 4 00 2 ks A2 SN TR B2 B SR
Jei , FIFERS KT SE I $RORE | (R N 25 SR Tl R
HERR A SRR L 20 A 8807

EASE 2, AME R L — BB LS
B B AR AR b, B AN PG 5 % 3 0 AT Ak B
(T e B A 8% 5 SRR s om bt /AR ), R
P G Bz /0 WAg Ak . DB A 48 1k & Az i ML R
B XGRS A S SN R b R B RE I H
ST ACHRTE oAk, 76 LUJG 9 AR K o B b st R g e 1
LA G 7= AR 0 P B, DT 3 381 T 2% R A Ak 1 8K
o X —[a A IE— L I THEST
32 SMEEMENCER EEAEIMREN RN

AR R FNIE A2 L g 25 R B, 6-BA [ 2,4-D
NAA HITCA i A AL 805 S 7 i3 B0 T
PR, B AR P R ROCR . Hob 6-BA 7E
WGHLIE T MZEN S PR R EME 2R &
B 6-BA 7F ¢ To i " % 25 By 3G 5% v bk LA 1F 40 g
o33 AR S AL B AL VR T AL ik H R BN
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AE AR IER ;2 ,4-D TE R 205
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