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Vitrification phenomenon exploration and physiological
characteristics analysis of strawberry in vitro seedlings
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Abstract In order to investigate the vitrification phenomenon and physiological characteristics of strawberry
test-tube seedlings, eight test-tube seedling varieties, ‘Benihoppe’, ‘Yuexiu’, ‘Red Pearl’, ‘Ssanta’,
‘Light Spot’ , ‘Snow White’ , ‘Miaoxiang’ and ‘Akihime’ were taken as test materials to analyze the
vitrification difference of different varieties of strawberry test-tube seedlings. By measuring the moisture
content, relative content of chlorophyll, relative conductivity, malondialdehyde content and oxidase activity

of the vitrification test tube seedling of ‘Benihoppe’ strawberry, the physiological characteristics of the
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vitrification test tube seedling were further analyzed. In addition, the effects of content and treatment time of
HgCl, on the vitrification of test-tube seedlings and the differences of physiological traits of test-tube
seedlings with different degrees of vitrification after acclimation and transplanting were investigated after
domestication and transplanting. The results showed that: 1) Different strawberry varieties have different
vitrification rates. Among these, the ‘Snow White’ strawberry had the highest vitrification rate of 31.0%,
while the ‘Ssanta’ strawberry had the lowest vitrification rate of 14.0%. 2) The water content, relative
electrical conductivity and malondialdehyde content of vitrification strawberry test-tube seedlings were
significantly higher than those of normal strawberry test-tube seedlings, while the plant height and
chlorophyll content were significantly lower than those of normal strawberry test-tube seedlings (P<<0. 05).
3) The induction catalase (CAT) activity of vitrification strawberry tube seedlings decreased significantly,
and the activity of peroxidase (POD) increased significantly(P<<0.05). 4) The higher the content of HgCl,,
the longer the disinfection time, and the higher the vitrification rate. After treatment with 0. 5% HgCl, for 16
min, the vitrification rate of ‘Benihoppe’ strawberry reached 38.2%. 5) After the domestication and
transplanting of severe vitrification strawberry test tube seedlings, the plant height, relative chlorophyll
content, thick stem, dry and fresh weight were significantly lower than those of normal strawberry root

seedlings (P<<0.05). In conclusion, the vitrification of strawberry test tube seedlings may be an oxidative
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stress reaction.
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1.2.4 EHXEGOHBELT

B S AR — B H WA &k B A i A
AR 4 L 3 Rl E MS+0.5 mg/L 6-BA+0. 1
mg/L IBA+8 g/L Bl +30 g/L M (14 4k 18 55 57
b P YRR S AR, B SR RN 30 #k L
535 R 30 d, Gt AN IRl ik B 3 2 RS [7] Ak 2
B R A 4 A F 45 LR B AL R 22 57

I T AL R = Y B I A 0 AN AR B o A
ZEE X 100% (1)

1.2.5 ¥EF#HBARET G AR

1.2.5.1 #HAFKERNWE B UEGF 08 SRR

AT ST FREIC R Wb L0 A g Ak

HEEE RS REE TRETTRE CRES

BF BE BB W BRI 3 Oy, AR R CE T 100~



54 0 LN ES I Y NS S 4

2025 4F 45 30 %

105 CHEAE 1 15 min A , T 80~90 CHE T, H =
e R E S TR B EE W
MR AR SR E=

(W,— WD /(W,— W,)X100% 2)
KW R EHE S, g W, hHR& S M6, g;
WoRR & SRR T, g
1.2.5.2 &M & & (SPADED M E
FH SPAD-502Plus it £ R AL (F]Je -, H AW & * 21
P A I B AL B R AE R AR R AR, B
T AR A — B D g i, A R i GRETT R kO 22 3
U BOF 3 E, AR A 1 a2 6 Rt
1.2.5.3 MM SFRECOMME M H 240 K5
P B G DDS-11A B 5 L SR 00 o SR IR i
B, 43 VPR B £0 80 B g B e Ak RN E R A T
% 0.2 g, FHUEAEW T R 1w K4, FREL3 43, I B hig K
IN—BEE R A B TR AT 50 mL 2B F KA
A R, R R R DU I R R A
HEAETKNEOCEEMNE, ELETETERT
R H 12 he J5 FH S R0 E L S % Ly, 6 IR
B3R Lo B850 & R A Mk K8 b, b 7k i I
25 minCLLR A th JF 16 B /N0 T T 4R D L B
A T K B PR R IR A IR TR R R A
TP 10 min, F2AT, PRI E 12 P RS 3 Lo

EC= (L,—L)/(L,—Ly)X100% (3)
Ao Lo LM LB 2R, S/ m.
1.2.5.4 W EEFEMMDAKME RHAMRE
FoZ 2 CTBAD Moo 1 i 58 N 0 & & o FREC 2L
P BRI FNE A A5 0.2 g BT R, B TR
AL PP, INA 3 mL 10% =8 2B (TCA)
VS, A DV A R B A A A 10 mL
MBS R 2 mL TCA IR kIS | 5% A )
— B L&, AW AE4°C T 4000 r/min B0 10
min, B E W AR SR BOR . A T Tl
R WA /N O R 18 W B 2 mL b T W R 4 RE LA
(AR A TR U0, 6 B m 2818 K 2 mL, 4%
FEMAT FMA 2 mL 0.6% TBA,B#HIRA . O
J B 7K I RN 20 min, BUH A UK & s R A, B
4°C,4 000 r/min &> 10 min, B E W, £ H 6
I BE 43 B 72 532,600 A1 450 nm 37 KR KOG
JEME, L2 mL 10% i TCA F12 mL 0.6% 9 TBA
TR AW =5 LR B S5 S5 08 OSUEH 45 53 60 BE 1 122
P15 MDA & .

Fb € 5 TP MDA We 5 A 5
C]: 6.45><(A532_A600)_O.56><A450 (4—)
FEBCR MDA #e B8 A

Co= Cypa X V,/(V,X1000) (5)
FE St MDA & it i A A
C;= Cupa X Vl/W (6)

FH Ay Ao BT Auso 3 591 24 532,600 Fl1 450 nm P
KR WOEEEH 5 Vo 38 B0 SR, mL; V., Ry 4
BB &, mL; Vo W R B, mL s WOk R i e
T, g C of e %2 W MDA W, umol/L; C,
$& BUR H MDA % ¥, pmol/mL; C, A FE o MDA
B 7 i, pmol/g.
1.2.6 ¥ FWHFBIRE G EHERG N Z
1.2.6.1 MBI M HEIC BEIS A 20 20 B %5
R M P FREO0. 5 g fif B Cop H I 45D, A 1 mL
W 2 2% v ¥ (0. 05 mol/L,pH=7.8) , UK ¥ B} & ; #f
JE IS RN L. 5 mL 2% ofoifd B 5 mL B0 T HE
2.5 mL 2% oI VR BR  BIAELO A8 P IR
(4 °CHE L 20 min (10 500 r/min) , B 0 5 ¥ K
TRAE
1.2.6.2 B A e il 1 AH OC il % 4 0y I 2
SOD i i 1 % F Ui PU e (NB T ¥E pEA 7 2
POD [ 1% £ 5% FH 1 B M3 15 9647 DU 22, CA'T il 1%
PE SR 28 A W vk SR AT I 0 R R A A B2
J& ., #1510 % Multiskan GO 4 3% K [ b5 12
(Thermo Fisher Scientific) #ll & & 4~ # SOD . POD
FCAT MW B {E L B I 5 9% 4K 43 51 >h 560,470
A1 240 nm, & W AR & #4958 200 pL. POD Fl CAT W%
6 BE A B 1 min 32— W, 0. 1.2 F1 3 min Y
OD A, F| HIXF 1 2 253 g 1 G 0 1 o
SOD %t =
(Au—A) X V)/(0.5X AKX WX V) (7)
o SOD i A A 1) B AL I, units/g; Ao BROE
X REAE I WO BE 5 A Dl FE LA RO VO EE
WS AR mL s WO e B A e, g VORIl
B i A i, mL
POD B iE M =(AOD X V)/(aX WX1)  (8)
CAT BIEYE=(AOD, X V)/(aX WX (9)
KA POD Ny it ALY F, U/ (g-min) ; CAT it A
R &, U/ (g-min) 5 VA HE SR SA T, mL ;o 0
FE B A A R A, mL s WOk I B AR T A, g5 B

[E] , min.



St

H

\]H'

2

U A R A B IR A IR R IR 9T S R A3 T

55

1.2.7 ¥EHBHEBAEELIE/HRMNZ

AR S  20 B B OE R B S B AL Y
AR 2 H OGRS, 55 5% 40 d J5 00 5E A7 B 48 Ar .
FH RO 2 A o A A R AR 5 T & R 5 it
2 R AR X B i AR bR R RO B R A AR ZE R
AW 43 5 5 AR AN [ B 5 b R B AR R R
W 58 B B IR pE AR, 8 T AR ZE 40 53 IF, B
AT T P TBR i M b R M TR S Y fF T SRS A
105 CHEFE ML 20 min, )7 75 CHE 2= 45 5, 753031
(7198508 1 51 1 €9 e

K FE = — ) /fif 5 < 100 %%

1.3 HESH

1 Fi§ Microsoft Excel 2019 il GraphPad Prism #£17
g it ot S AEE . f T IBM SPSS Statistics 25 #F

(10)

1722 5% W A, 3 MK F- S P=0. 05,
HZRESH

2.1 AEESRMIKEEEBULESR

H 8B AR it Al ) R AR i R AR ARG R 2
92 30 d, dk AR B rp = AR B S AR AL W R 2.0 3%
WL RAXE IR R EMRT BE a2
BT A E M B A (P<<0.05) {5
WM AN T R R B R
Mo BRI R AH A FE3L0% . a8k’
28.1% B 757 26.6% . A 25.2% . C EOE
23.5% CELE20. 2% Wb AR LT 400 R0 LT
14.0% . FAEAF wa il s i fb 50 X
21 2. 24

2

4007
o b .?
=] al
2300 % i abe
<2 I T e_ll_b
= bed
B 00 cd I
wz B d T
2100
=
=
W= N o 4@ S - e
\)e,“l” éQe'b %%%‘\ ) \\\0 \ﬂ\\\ 41;\‘&\ \&\\\ _\\\0@
. 2 %%Q~e ’ {&/ﬂ, % ‘\/\% %‘\0@ é\%o Iy &h (\%e(\
LA S P S L ¢
7 2 r%

[=}

A Variety

AT /ING A R A ] R i B ) 22 57 3 (P<<0. 05) 0 Rl
Different lowercase letters indicate significant differences between different strawberry varieties (P<Z0.05). The same below.
2 AEMAMESLEEHRBUBER

Fig. 2 Vitrification of different strawberry cultivars in vitro seedlings
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Table 1 Effect of different HgCl, concentrations and disinfection time on the vitrification rate of ‘Benihoppe’ in vitro seedlings

%
b B A] /min HgCl,#& & HgCl, concentration
Processing time 0 0.05 0.10 0.20 0. 50
2 16.947. 2aA 20.5+9.0aAB 19.148. 0aA 23.0+11.6aB 28.7+6.7aC
4 16.4+7. 1aA 17.0£4. 2aA 21.1+10. 2aB 27.145.8aC 34.5+8.7bD
8 15.5£6. 9aA 18.443. 5aA 21.8+4. 3aB 32.2+7.1bcC 37.0+7.7bcC
12 18.1+8. 4aA 21.14+7.5aAB 23.5+7.7aB 31.746.2bC 39.4+12. 6¢D
16 16.947. 2aA 22.3+5.8aB 24.2+10.4aB 36.4+10. 5¢C 38.2+6. 4bcC

TE AN R/NG F8: 3R A [F] AL 3 i) 8t 35 22 57 (P<<0. 05) s AN R KB 7 1: 38 AN RV B HgCL Ab B i 35 22 57 (P<<0. 05)

Note: Different lowercase letters indicate significant differences in different treatment times (P<Z0.05). Different capital letters indicate

significant differences between different concentrations of HgCl, treatment (P<0. 05).

MG IR 58 b, Rl A 1 AR MR S 3 B AR AR B AT
P IR E HOGIR = Ch E AR K2R F D .
40 d J& , i SR AR RO A 43 S et N G T A% R A
PR PR B L S R AR i AR 2RO R KR b
S T A RO M T T R AE AR AR (K 2) . HEE
TSR B RE AR A 1 A YIRS R 40 d S5, A AR BE PR
SRR A S MR R R KRR M AT
ORI MR A T Y B E RTIE (P
0. 05) , B %5 a0 45 1 51 3 30 38 1k 100 35 5 ) 2 A R PR
A I AN B EE R R R B 5 Ak Y B A A 9N
Ak 5 L & flnt Aot g 2R X i R AR (P<<
0.05), X HoAth B K A5 An L BA — & 152 m , {3 8 12
HEME S WA nUE E SR =S T 9
Jo AR L R R AR A 3D IR 21
Mgk A S R A A R R A p M s R
AR 25 40 BN 26. 181 30. 8 713 34. 9 A1 33. 4,
AL S A P C A A T IR A .

3 Wit5%R

VTARSE, LB AR I A R T g b
AR R HEEE b b X R ok S A DL 2
L I ARHEIT LA LD A O E A, A
B 38 A0 S T S KR CECH A MDA & &
A5 3 T IR B AR AR T, AR R SPAD I i 251K
TIEH AR A I (P<<0.05) ., —SERF5EIA R A AL
i e s A T B B A %) R T B Ak ) AR
JBT R — Al 55 ST O U I AT R 1 A DR S, A U
F A B N R AE IR Y e B R U
EARF 2 5 R AMA HLO, 1 7= AR AR 51k
6 PR (ROS) o 1t 1 A, B R 4 B RS & B4 i =2
i, 8 1 51 A0 M I WK, e RAE R B AL B
R B & A ST M AR Z R e R
7E 1995 4F i 45 $ 38 , Franck 28"/ 78 X B P 0k 20 21 15
I (W BIE5E hA5, 3% 38 4k 45 1 SOD & 4 A HE IE 5
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Table 2 Growth indicators of ‘ Benihoppe’ vitrified strawberry seedlings after transplantation for 40 days

LR . _ Mo bR AE M EEETE/ M EEET O HMUTET
BT RN/ RARK/ O TR b b
Ji - - 25 32 A0 X H/g g #H/g /g
PR /em P mm
The . o . . Overground Subterranean  Overground The lower
Plant height Rhizome  The biggest
degree of SPAD ) part fresh part fresh part dry ground dry
Lo wide root long . . .
vitalization weight weight weight repeat
i
Normal 14.94+2.1b 37.8%£3.6c 6.6+0.5b 29.8+4.9b 4.0+0.8b 1.8+0.4ab 1.4+0.2b 1.1£0.3b
T
L5y S
Mild 11.6+1.1ab 36.2+2.1ab 6.540.6b 25.3+£3.1ab 4.44+1.0b 2.24+0.4ab 1.5+0.2b 1.140.1b
i
TE 12.7£2.7b 33.4+1.7a 6.0+0.2b 27.1£3.3ab 4.2+0.9b 2.64+0.5b 1.3+0.3ab 1.1+0.2b
Moderate
%EJE 9.54+0.9a 34.94+1.5ab 5.2+0.6a 23.7+4.0a 2.3+0.4a 1.5+0.3a 0.84+0.2a 0.7£0.2a
Serious

T AR/ B 3 7R S [ B 3 A7 2 ] 22 53 W 3 (P<<0. 05D,

Note: Different lowercase letters indicate significant differences between different degrees of vitrification (P<Z0. 05).

3 TR A B A2 B A R Y SOD T 1 T
i, DT 3 350 HLOL B 3R 5 B 0S5 o X 1 5 3 I 1k
WA S, KPR ALRE R G POD 6 P i 3
FEiE L SOD I CAT 3 M 8 2 FEAK, O, 7= A 3l R |
H,O, L S 4t Je MDA 7 5t B S 3% in , 4 DBy 38 358 0 1 &
AT RE R HH T SOD 1E PEREAR 16 M BEAR R A
SR E I . AR A I 0B AR B IS 1L
WA POD WG P i 2 &, CAT TG 7k i FHREAR (P
<20. 05),SOD JFf PE W B A 1 & A8k o #E DU AT RE 2
TS [ AR 0 A ] 5 A SOD B P78 4k $OR H
[Fi], Jofh 360 o ok A AR AT IR AR A, s 2k A RIB R E T 5 i
AT BB A2 55 B3RS 08 T R 4 4 D 2R I R e = TR ik
T 7 0 P A28 A LA D) 1 3 3 1 2 A D A
A 5T A 0 R RN o A AL MDA I
SANBWECHEG R, R F¥HEZET & P<
0.05) . AT BE & K R 47 i R S0 2K A7 , A AR A 9 T
3 PR SURE D T R B SR E i 2 A
F 5 X B3 A 3 L K IR Y L R O A A AR A
HLONM S EOLE W B R B AFFE N B
B AL i T e S BN IR ST R, 20 IR/
2 i LT R AR 2R 7K R R SR OK L AR R AL
IRV, 48 e 4 W K g D), S S0 i B AR 5 B0
A BE 5 K T B0 2R SR T T T A% R 4
BH , 51 & 4k W 30 & A, fie 25 B0l A8 1 10 Bk 58
B0 B b 22 Ak, B 3% 3 04 B 43t 2 B ) 4 5 T B
WALRA W —EEHNE, MBREE™ K& T
R R R R B A S R S A B

A R R Y TR 0 2 R R A B B I A ) R
A VAT S, AR R IR OB RN B IR R A 4 R )
BEES LI K A

A HIF G 3 e 4 T i A AN [\] 5 i HeCL X
CLLE RREZER AT I WAL B, R [F] Y i HeCL Ak
L AIAS [v] Ao P i) X6 € 27 B A Y B R AL Yy
HA— @5 m , HeCL, & it 8, 14 3 1 A B K, 3
Ak 2R M A B AR ] HCL 7 6 R Ak 3 A5
51 I  N E : E  R A O R S | R
Ja L R AERK AR RS Z R A 3RS 1™
i M RS 01— 25 B8 DA RS T 9 Ak 8
Sy 3 B R A G R R R A O AE R A 2B 3R
aE AR, AT DLR U Ak B 3% A% 0 R R B R R A
5 e O A ALR B B Ak 1 & A i g i e s G Y
A IR T S XL 2 A B 3 1 R R 4 O K
I3 5 A R A= e m ok 3 S A0 R B A mT 3l o A B
FREL PRGBS B R R
H B A A T T R A R AR o B Ak R R
DA i R A i 0 R AR

gi Lk RAE U G B A T R T A2 B
30 4 52 W, SS0GE H A TR A T R R AR A 1 B
ARG, N BB K BIR R A KBLA
J3Ah R TR R AR B B LR AR L 7R H R
B % A ok R b B AR AT A O R A HgCL
HEAT I B Ak B LU B 3 Ak k2 38 B0 Ak B R
AR TR AR H A5 .
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