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Establishment of a high-frequency regeneration system for cucumber

WAN Xu-hua,CHEN Shu-xia,SHEN Xiao-qing, CHEN Wei-feng,
ZHANG Ran-ran,CHENG Si-qiong

(College of Horticulture s Northwest A& F University ,Yangling y Shaanzi 712100, China)

Abstract; [Objective] This study aimed to establish a high frequency and rapid regeneration system for

cucumber, [Method) Using inbred lines of North China type 26 and Europe type 14-1,the effects of

hor-

mone combination, AgNO; mass concentration, seedling age,cutting way and inoculation way on regenera-

tion rate of cucumber cotyledonary node were studied. [Result] The optimum hormone combination for re-
generation of North China type 26 was 4. 0 mg/L 6-BA+0. 3 mg/L IAA+1.0 mg/L AgNO, ,with regener-
ation rate of 85.00% and regeneration coefficient of 2. 51. The best hormone combination for regeneration
of Europe type 14-1 was 3.0 mg/L 6-BA+2.0 mg/L ABA+1.0 mg/L AgNO,,with regeneration rate of

86.70% and regeneration coefficient of 2. 77. The optimal seedling age for cotyledons regeneration was 5 d,

and the best inoculation method was cutting two-thirds of front-end with 1 mm cotyledonary petiole and in-

serting it to the medium with leaf back down. [Conclusion] A regeneration system with rate of >85% was

established for North China type 26 and Europe type 14-1.
Key words: cucumber;in vitro regeneration system;6-BA; ABA;;TAA
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L1 # #

AR R EE I 26 55T L BRI 2 B 14-1 Fp
B phy P AL AR A Bl 222 B v TR 2H $2 41
1.2 F &

I TE PY b R AAREF R 2 el 22 2= Be AR ok R pa b
Hby Xl 25 A 2 5 e B B T S e = R AT
1.2.1 #wALRAGHRERF Pk POk — B0
R AR 2088 75 %60 1% L BT 3 90 s, FE R
FROM 30 70 YR R BM T 7 25 min, H AR W7 42 20
TH B 5 TR ohigke 4~5 W TR 4R T K4 )5
FERD T2 MS K5 5209 = M B AL 8 kifh
TR TR 2~3 d 5, BT =R 22~25 °C DG
[E] 16 h/d JEHESRE 2 000 Ix S5 R R 9% 5 d, BIAT 4R
13 TCH T
1.2.2 #FAFHFFRERAAGRTRIL FIHETH
FrBEh : MS B I A [6] Jo & v /Y 6-BA (0.5, 1.0,
2.0,3.0,4.0 mg/L)F IAA(0.1,0.2,0.3,0.4,0.5
mg/L), MS B A [m] 1 & ¥ B2 /Y 6-BA (0. 5,1.0,
2.0,3.0,4. 0 mg/L) F1 ABA(0.1,0.5,1.0,1.5,
2.0 mg/L). 5y 7 g/L Bihg A1 30 g/L pEHE. pH
5.8, TE LRUS NS [F] 2 I e g MS 85 57 4 |
255 REAL BEBEFP 30 NAME A, R 3 k. &

FEEMFR 1. 2.1, FiFES 10~15 d J5 . i 45 4b 3
IANAE 2E 355 G B 2 A K O B R e B Y 2E R S B
IR,
1.2.3 AgNO, REBRENERNFHFFOH R N
T 9T AgNO, Ji e B X 8 R 255 5 Mok K 3
W), 7E O 1 1 25 05 T 15 75 3 b, 43 0 BRE AN [R) 5
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3.0 mg/LL 6-BA + 2. 0 mg/LL ABA+ 1. 0 mg/L
AgNO,; B FR 3 55 38 500 W) 10 2. 1, fg b B 4% A
30 NAMEMA L EE 3R, B 2 FE WS H A E
R A RAED
1.2.5 FetwmEl s XN FHF98a Xk
BSAPEF R 5 d iy 14-1 TEH B A7 R 6] 5 b0 &)
I A AL B AT - S8 R B Gal) LB R At
Ao 1/4 70k a2) JHIBE I Aol 1/2 71 (a3) .
P it Ao 2/3 7 Cad) L HI B M A 3w 3 3/4 T
- Cab) , A Ab BEER B A 1 mm F0HAR . SR A%
AT M bR A A R A fE MS+ 3. 0 mg/L
6-BA+2.0 mg/L ABA-+1.0 mg/L AgNO, }7#3:
LB RAEIR 1. 2.1, 159 2 R WIS R
SEZFRCHE B A KB
1.2.6 BAFXAFHFNFHFFOHm LIS dH
W0 14-1 JCTR 1 AL VTR 7 0 35 2/3 I Bl
1 mm [ F 04 DL Sk S0 A A 53 0 DL B A A
(b1) (-7 ] F -4 (b2) . 35 i) F 7 A Bl ffi A
(b3) )7 =X, A F MS+3.0 mg/L 6-BA+2.0
mg/L ABA-+1.0 mg/L AgNO; #5353 i, 3% 55 &
PR 1. 2.1, B559% 2 JH UG AT ge it /i A 2 .
1.2.7 #HINREF P KA AARIER FMEKEE
TR R A R MY W O AT . VIR AR 2R A
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2.1.1 6-BA #= IAA RF & Bk B A& 3 &INTF
R E A Y R D AELE AW 6-BA R
IAA R LLREHS 15 T 14-1 Fil 26 5 3 IR T 1~ 1t
W20 A AROR TR 08 3R A G X 2R R AR ROR R
. W& 6-BA [T &t W B2 (9 3 K. 30K+ i 28 F A=
MR RBCE N G B A — E B ik
(=2.0 mg/LOK 6-BA T, 2F F A= S A A R BB
F TAA JiT & Wk B2 By 3G K58 3G 00 /5 /. AR

6-BAFT B (0. 5~1. 0 mg/L) M # w1y TAA i
HUE (0. 3~0.5 mg/L) 4 W, ANREA & Hh % S
NEFW A, EMEHAEGH 4.0 mg/L 6-BA+
0.2 mg/L TAA ) MS £ 3% F,14-1 FHFH AR
SE ZF I PR ROR B, A RT3k 76. 70 %0, FHAE &
ook 2. 08(J& 1B) . 26 5 F 045 19 P-4 B B R I
W E 141 HHAEMERAS N 4.0
mg/L 6-BA+0.3 mg/L IAA f§ MS ¥ 3 3 | FiA:
BOREE s AR ZE I A RORAS R A AR R A R
By BRI IK78. 67 % F1 2. 10,

x1 6-BAMIAARRREREAGHERFHTBENZM

Table 1

Effects of 6-BA and IAA combination on cotyledonary node regeneration of cucumber

e TR R
6-BA/(mg+ L™ 1) IAA/(mg+ L™ 1) Regeneration rate Regeneration coefficient
14-1 26 14-1 26
0.1 10. 00 q 6.70 n 1.00 m 1.00 m
0.2 6.67 r 0.00 p 1.00 m 0.00 n
0.5 0.3 0.00 s 0.00 p 0.00 n 0.00 n
0.4 0.00 s 0.00 p 0.00 n 0.00 n
0.5 0.00 s 0.00 p 0.00 n 0.00 n
0.1 26.67 n 33.331 1.50 f 1.70 d
0.2 17.24 p 0.00 p 1,40 0.00 n
1.0 0.3 0.00 s 0.00 p 0.00 n 0.00 n
0.4 0.00 s 0.00 p 0.00 n 0.00 n
0.5 37.931 0.00 p 1.34; 0.00 n
0.1 50. 00 k 6.67 o 1.27 k 1.50 g
0.2 61.43 g 10.00 g 1.42 h 1.50 g
2.0 0.3 63.33 60.00 e 1.52 ef 1.61 e
0.4 53.33] 66.67 ¢ 1.25 k 2.10 a
0.5 20.00 o 10. 00 m 1.17 1 1.33 )
0.1 50. 00 k 36.67 h 1.53 e 1.36 1
0.2 76.67 b 56.67 { 2.09 a 1.24 k
3.0 0.3 75.00 ¢ 26.67 ) 2.05b 1.38 h
0.4 58.62 i 60.00 e 1.82d 1.56 f
0.5 33.33 m 16.67 1 1.50 1.00 m
0.1 50. 00 k 63.33d 1.47 g 1.111
0.2 76.70 a 73.33 b 2.08 a 2.02 b
4.0 0.3 73.33 d 78.67 a 2.04 ¢ 2.10 a
0.4 65.52 e 66.67 ¢ 1.83d 1.79 ¢
0.5 60.00 h 23.33 k 1.25 k 1.00 m

T« R 5B 5 bn A R /NG 5 6 3 7R 22 SRk B B 2 K F (P<C0..05) . TR,

Note: Different lowercase letters in each column indicate significant difference at 0. 05 level. The same below.

2.1.2 6-BA A ABA RE R Z R EMA M FH KT
v E AN Hm BN 14-1 Rl 26 5B RN Y
T 64T 6-BA H1 ABA 4HA 047 05,10 d 5
ALUL 2 BT B I AR RS A B, RS IA S
Rt Fakg i 325 15 ~18 d J5 . A5 ¥ A K
EMEZFE SN, B2F SR A K, R 2 WAL A
(] 98 2 2 5 %o A ) e DR AR 3 I 2 A S8R (1) 52 1 A [
B TR W 19 6-BA (0. 5~1. 0 mg/L) 54 & i &

W ABAC2. 0 mg/L) 44 i, 14-1 B (9 7 15
AR TS T R A8 ZF 0 7E BRI i B 1Y 6-BA
(0.5~1.0 mg/L)F ,26 SF i (1) 0ty 25 P AL R 5
T 14-1, 14-1 BT+ M57E 3.0 mg/L 6-BA5 2.0
mg/ L ABA 414 I F A R 5047, B o0 78.30 %,
TR RECH 2. 14 10) 5100 26 5 Ff 5T A9 F 15 ) 78
4.0 mg/L 6-BA 5 1.5 mg/L ABA #H & i 74 3k 5
B B R 73.33% , B R ALAT 3K 2. 08,
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Table 2 Effects of 6-BA and ABA combination on cotyledonary node regeneration of cucumber

CEEs LR
6-BA/(mg + L™1) ABA/(mg -+ L1 Regeneration rate Regeneration coefficient
14-1 26 14-1 26
0.1 23.301 46.67 h 1.29 k 1.211
0.5 13.30 n 53.33 f 1.00 o 1.00 n
0.5 1.0 16.70 m 36.67 i 1.201 1.00 n
1.5 10. 00 o 23.331 1.33] 1.14 m
2.0 0.00 t 13.33 m 0.00 p 1.25 k
0.1 23.30 1 6.67 n 1.43 1 1.00 n
0.5 2.00r 33.33 ) 1.17 m 1.70 e
1.0 1.0 36.70 ] 60.00 d 1.18 m 1.89 ¢
1.5 3.00 g 53.33 1 1.11n 1.88 ¢
2.0 1.00 s 56.67 e 1.00 o 1.71 e
0.1 33.30 k 30.00 k 1.50 h 1.221
0.5 43.30 h 33.33j 1.31 jk 1.60 g
2.0 1.0 53.30 f 66.67 ¢ 1.53 1 2.10 b
1.5 56.70 e 66.67 ¢ 1.73d 1.65f
2.0 40. 00 i 56.67 e 1.58 f 2.18 a
0.1 4.00 p 40.00 i 1.33] 1.50 1
0.5 46.70 g 23.331 1.21 h 1.43j
3.0 1.0 53.30 70.00 b 1.87 ¢ 1.86 ¢
1.5 73.30 b 50.00 g 2.08 b 1.201
2.0 78.30 a 60.00 d 2.14 a 1.83d
0.1 40. 00 i 60.00 d 1.50 h 1.67 f
0.5 33.30 k 36.67 i 1.30 k 1.55 h
4.0 1.0 43.30 h 66.67 ¢ 1.54 g 1.55 h
1.5 60.00 d 73.33 a 2.00 b 2.08 b
2.0 63.30 ¢ 50.00 g 1.70 e 1.27 k

1 ORROR 141 T SR R R
A T I P2 R 35 B 6-BA 15 TAA 41 475§ 72 B R 3 5 C. 6-BA 5 ABA 41415 57 A 10 K 5
D AR5 2 0 4 5 E. 2 AR5 F. BT A bR

Fig. 1 Regeneration process of adventitious buds from cotyledonary node of cucumber 14-1

A. Cotyledon nodes started to generate adventitious buds;B. Adventitious buds induced by 6-BA and IAA combination;
C. Adventitious buds induced by 6-BA and ABA combination;D. Elongation of adventitious buds;

E. Regenerated roots; F. Regenerated cucumber plants
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2.2 AgNO; REREXNERFHTEENZ I
14-1 F1 26 5 2 JIAh 5T A9 5 i 75 2 5l A2 45
3.0 mg/L 6-BA + 2. 0 mg/LL ABA. 4. 0 mg/L
6-BA+0.3 mg/L TAA 1§ MS 535 & |, #1774 A
AgNO; iz 9 B2 X 88 JI 5~ 1 A= 09 52 e 16 L 445
RULFE S, HFE3IHH.0.5~1.5 mg/L i AgNO;

X B R MO 2R AR A R EE L, B 5 OR
Jm AgNO, BfAH b 22 5 1 3 A L AgNO; 25 1.0
mg/ L I A BOR B4 14-1 F 26 5 19 74 3255 5]
IKF] 86. 70% 1 85. 00 % . A= R B Bk F] 2. 77
M 2.51; AgNO, BTk iE=2. 0 mg/L B 25 (1) #f
Az 2 A PR A A R AR

£ 3 AeNO REREMERFHTBEENZN

Table 3 Effects of AgNO; mass concentration on cotyledonary node regeneration of cucumber

A%/ %

Regeneration rate

AgNO;/(mg « L™ 1)

Regeneration coefficient

14-1 26 14-1 26
0 78.33d 78.67 d 2.14 d 2.10d
0.5 79.21 ¢ 81.33 b 2.17 ¢ 2.12 ¢
1.0 86.70 a 85.00 a 2.77 a 2.51 a
1.5 82.00 b 81.10 ¢ 2.50 ¢ 2.34b
2.0 66.70 e 75.30 e 2.62 b 1.71 e
2.5 65.10 f 70.50 f 2.05 e 1.55 1
3.0 43.33 g 44.30 g 1.75 1 1.51 1

2.3 HIRMERNFHLTEBENZIE

7t 3.0 mg/L 6-BA+2.0 mg/L ABA+1.0
mg/L AgNO, 1) MS }; #% 5 b, #5147 A [ i % %t
T4-1 8 JICR BT - 15 14 09 52 e i L 25 2R L3 4.
M4 Al .4 d A7 d i s R E B 1 i Y R
A AR BB AR 4 d B TJC R i T R R A
o AL, T RRE R AT AR 2 A
M JEIT BIREE H AR K AR AR T Y
AR 51.00% 55 d % 0 F I FE AR RE O IR
S, FRAE ARG 87,3500 . AR REOT 3L 3,38, BLH
AN AR A R ST T AR B G E B,

x4 HHEWVER I HERFHTBEENZ W
Table 4 Effects of seeding age on cotyledonary

node regeneration of cucumber

Hit/d AR/ Y Rﬁd:/%gﬁlt
Seeding age Regeneration rate egeneration
coefficient
4 0.00 d 0.00 d
5 87.35 a 3.38a
6 70.93 b 2.95b
7 51.00 ¢ 1.13 ¢

2.4 FHBAXAMERFHTHBLENI N

TE MS Br g2 B Bt m 3. 0 mg/L 6-BA+2. 0
mg/L ABA-+1.0 mg/L AgNO, ., % 5 d Y 14-1
BONFR T AT 5 iU 7 S0l E L 45 2R (R 5) &,
BN 5 (8 /N RS X A R A S0 L L ad
A g deeik, BDUD R 7 i s i 2/3 HoA A 1 mm i
R, F AR ARGk 81,53 %, F4E RFGA 2. 09,

x5 FHUHAAFAXMER 4-1 MEFHFTBELENEIE
Table 5 Effects of cutting way on cotyledonary node

regeneration of cucumber

-] 1 N Y
JEEIA LT % FHEAR
Cutting way of . Regeneration

Regeneration rate -
cotyledons coefficient
al 10.00 e 1.00d
a2 63.33 ¢ 1.51 ¢
a3 76.70 b 1.95 b
ad 81.53 a 2.09 a
ad 52.00d 1.47 ¢

e F I E 2 al~ab 5 1.2.5 95 —3(,
Note: The cutting ways (al —a5) were described in section 1. 2.
5.
2.5 BEMAXWNERFHTEENZI
PR 75 0 B 7 5 AR WA — 5 1 5 R,

FERD 7 RO BEAP B 14-1 7 755 T A 19 5% i) L 3%
6,

x6 EMAXAMELFHR 41 FHHIBEHZM

Table 6

Effects of inoculation way on cotyledonary

node regeneration of cucumber

07 2 A/ % A R AL
The inoculation Regeneration Regeneration
of cotyledon rate coefficient
bl 83.33 b 2.28 b
b2 78.75 ¢ 2.09 ¢
b3 86.13 a 2.34 a

R TR bl~b3 5 1. 2.6 45—,
Note: The inoculation ways (b1 —b3) were described in section

1.2.6.

122 6 nl A 3% A 5 2Ok B AN E ZF
Az 5 R A HA AR B S O ) 4 A7 5T R
RYAIE 8000 e A7 . A R AT 3K 2. 00 L L {H 3
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Fofr422 b 77 36 I P AR S AT A A 3 2 R LA
R T AR GOE AR O 2 (b3) B oAt 2 Bl )y
PR Sy, B R ATk 86. 1320, FiAE R ARk
2. 34 PR A 2 (bD) B A Jy 5k F 03 16 R S 4%
I (b2),
2.6 ENBEFNHBRKEER

A A 2R AJINA 0.5 mg/L 6-BA 1)
MS Bi 323,10 d A ZEMK E 1.5 em(E 1D),
P NI T 5 A 1/2 MS B Jerpr,5~7 d J5
BRI (B 1E), 10 d 2245 KEHR 748
BUAE BR S B PR A A AR (B 1D

3 Wk

BT AE B8 55 . ELAS [R) 356 DA A | A0 A 2 AR %)
HA MR AR R K22 2, el &S fEE
B T R W, B R AT i A A A
LU A IR R A R A A P A S R AR A
AR & T I — R Ry 38 TN P A 5 FHLARL I M AR, ]
B A E R RS A A B SRR R
JEIA . AHIF ST DARK I 78 35 I 14-1 F4e b A 5 K 26
5o 88 bR DL SR AME AR B T 2 A TR &R
R AR 52, N7 TR 14-1 F 26 5
ol Jo A R f1 R A0 AR AR 3R L O A0 TR R TR Y 35t A% B Ak
BEE T A

ENISHESE S I i U )
14-1 453 1Y 3K 2 3. 0 mg/L 6-BA+2. 0 mg/L
ABA+1.0 mg/L AgNO,, 78 M %S 5 F fA &
Al 86. 70 %0 . FRAE REAT L 2. 77, S HAW I R A A
AREER., BT RELHETHEREERR, B
W 3 R v e B R B R A 2 I A 4L 4L T 6-BA
H1ABA 214 Al 300 0 4 200 T 6 $5 R 2 A Ak
R, FHE G S05 H S06 2 A4S H T P 3 i 2
R K WA T AL S5 8, (0 2K 56 b 6-BA
W B 3.0 mg/L, ABA B E R 0.5~
1.0 mg/L, #EJuA [ 28 R JNM B 26 4538 B 1Y 2F
BEEMEN SR 4.0 mg/L 6-BA+0. 3 mg/L
IAA+1.0 mg/L AgNO, . 7EILE G & F fA R
A5 F 85, 002, A RECAT A F 2. 51, @ SHE
IR 4 SEAHMIE IR R AR ERA AR
i AgNO; By 28T L I8 A de B By HE b 4 5 i 2
R RE R 85.00% F1 2,51, Ak, X%
AR B AR A g A R W, A b R B TR A
HHIMZE MG 2 6-BA Ml IAA, 14-1 F1 26 5 # K
ORI I8 2E A S I R AL A AR X EE R T

SRR NEEE

W5 2 W, AgNO, 0 A JL e ok &8 7 kA 1
5 SRR IR I AR I — 2 R B ) AgNO; XA
SEZFME A MRIEEN . AR R R, A
AgNO; B, 6-BA+TAA 214 7 M) 1 A 7= A 1 A
i 215 6-BA+ABA & Z i AgNO; J5 R
Gy A @ A2, BT AgNO, T @ 8L
W, A5 H 1.0 mg/L ) AgNO, X275 4L
R X SRR AR —8, AR R
B L AR B IO 2 2F F2E 1 AgNO; Fis Wk E R 2.0
mg/ LM 3R] B el T R R A 3 P A
A PR E N R AR a8 5 AL e o8 th 3%
HH , [a] B IC AR R 36 B 75 56 b S i — o o i R
1 AgNO; fE % 4 2 42 JF BT 2 2F 19 B A, Uk B
AgNO, 7838t 15 1 Ak op it F P 258 09 1 A4 B C
TER,

B R PR O  F  — R R
W ) i AR BB T & A Ay, Colijn-Hooymans
FOE AR S LEN R E BB L, Y
T A A AR B B L AR A R v T Y
I F AR (2 B sk IR B Be i, H P A RE
BERR, APFREN .S d RN ILEE, Fit4e
TGSk 2 T I R DR A BB T B 2R A A
ROR B UF B 2 T A3 R L AR R IR . X 546
JRAEDST CBEPR PR AR (I o Al R — s R A AT
WFFEIN R, 10 d B % 0 B R ik B AR RO B Ar
Colijn-Hooymans 251 R BB # N 3~5 d Ay 70t
SN AR B R 5 25 AR SR e MR A A 1~2
d M ERARK S, FRFRGERNES, =
B LR AR EUR S B SR A A R o Y

B CFR A T3 3 v LR R PR AR VR A
T T A AN R HEAT L AR5 BEAR Y B R O U2
A G I 1 DR /DN RS A7 S 5 ) A 1 O
., BEEIIRER AR 2 F 7o, &Yk
T 1/3 B AME R B ZF s 5 0 2% i A Ak
B R IR B T 2E O DD BR itk i Y
2/3 JEfe R DI E . AR R R, VIR T
M6 2/3 A 1 mm T 0 AR B B A R 0] 5k
81.53% , FiA: & Al ik 2. 09, H LAM-F5 15 F F M4l
Tl A B I 2P, R E 2F I AR R AT

B ICF A AR R W5 v OG- AN R 5L 1) 2 R
3 H AT B A IR R 2 BT 5 LLOT 5 G
HEAT 5 30 2 T A5 A R 8 B A A O i e 1 B R O
AL LA T5 ) - AR O A B 55 0 7 =X
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