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Effects of plant growth regulators on induction formation for plantlet microtuber
of Dioscorea bulbifera

HONG Sen-rong, YIN Ming-hua, XIA Jin-hua
College of Life Sciences, Shangrao Normal University, Shangrao 334001, China

Abstract: Objective In order to find the suitable concentration and combination of plant growth regulators, the effects of plant
growth regulators (NAA, 2, 4-D, 6-BA, KT, and PPs33) on in vitro induction formation for the plantlet microtuber of Dioscorea
bulbifera was studied. Methods Through plant tissue culture technique, single factor test, and orthogonal test, taking the stems
with a bud of D. bulbifera plantlets as explants, the effects of plant growth regulators on the in vitro induction formation for the
microtubers of D. bulbifera were investigated. Results Auxin using alone was conducive to the induction formation for the
microtuber of D. bulbifera. The suitable concentration of both NAA and 2, 4-D inducing the microtuber formation was 0.5 mg/L,
but the inducing effects of NAA and 2, 4-D had no significant difference. Cytokinin using alone was not conducive to the induction
formation for the microtuber of D. bulbifera. The suitable concentration of both KT and 6-BA inducing microtuber formation was 2
mg/L, but the inducing effect of KT is better than that of 6-BA. The combination of auxin, cytokinin, and PP33; could significantly
promote the in vitro induction formation for the microtuber of D. bulbifera, the better combination was MS+NAA 0.5
mg/L+6-BA 2.0 mg/L+PP;33;3 0.5 mg/L. Conclusion Based on these experimental results, the paper selects the suitable
concentration of plant growth regulators conducive to the in vitro induction formation for the microtuber of D. bulbifera, which has
laid the technical foundation for their in vitro induction formation of microtuber and factory production.
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Table 1 Effects of NAA and 2, 4-D on in vitro induction information for microtuber of D. bulbifera (x +s,n=3)

NAA/ (mgL™) 2,4-D/(mgL™") PRI SR /A RO BCZE AR S mm ORISR TR /%
0 (CK) 0 32404b 43+0.6b 61.6+6.0¢
0.1 0 44+05a 554+08a 89.2+32be
0.5 0 48+02a 59+04a 100.040.0 a
1 0 45+04a 52405a 924+19b
2 0 3440.6b 40+08b 82.5+52¢
0 0 (CK) 3.140.5b 45+03b 594+59¢
0 0.1 44+06a 50+03a 72.8+8.4d
0 0.5 46+038a 5240.7a 100.0+0a
0 1 294+02b 42404b 85.6%6.5¢
0 2 3.140.6b 3.840.6b 504449 f

[Fl— 5 AR B0 I RTE 0.05 K L2254,

NGl

Lowercase letters in same colume stand for significat difference on 0.05 level, same as below

{H>Y NAA 12, 4-D WRFEHEE 0.5 mg/L I, BOpfepk
TR, HRRISI 2K AR R B2 % T
GRS B, SRR S A IS
NAA 12, 4-D JfieilkFE 4 0.5 mg/L.

2.1.2  6-BA FIKT X s 1 B 25375 5 T B 1 52 1)
ASZIE AL T 6-BA F1 KT B P 0k 2t g 724

P2 B R IR U 2, 25 R WA 2. W30 6-BA
AKT ¥ nl ek o e =22 AR5 5. (B
NAA 12, 4-D ik B 2 mg/L if,  Bplupk
TR R PRI SR AR R B e 2 3 e
TFa W28 NI DA, SO B SRS S
H 6-BA FI KT it %124 2 mg/L.

Fz2 6-BA KT WEMHAERLZEIFSHHMEN (x+s,n=3)

Table 2 Effects of 6-BA and KT on in vitro induction information for microtuber of D. bulbifera (x s ,n=3)

KT/(mgL™) 6-BA/ (mg'L™") PB4 PR EAE /mm MR SR /%
0 (CK) 0 29+05a 52+04a 489+62¢
0.5 0 34+03a 44+05b 56.8+5.1cd
1 0 334064 534+02a 714+84b
2 0 3.54+05a 58+05a 85.4+6.6a
4 0 244+0.8b 4.1£0.6b 38.5+5.2fg
0 0 (CK) 33+03a 48+04a 51.9+4.9de
0 0.5 34+0.6a 53+0.6a 60.4+82c
0 1 2.54+03b 3.84+03b 54.6+9.2 cd
0 2 3.6+04a 55+03a 723+69b
0 4 2.7+02b 4.14+05b 329+37¢

22 EMERKATTEASERANERHERES

SR LEAL!

2.2.1 NAA. 6-BA Fll PP33;3 %) B 2515 5 F
B ARSI R T NAA (I3 AL 6-BA ([
# B) Ml PPas; (K3 C) 414X B A He 28 g 4k
B R, g5 RIK 3 Rk 4. @Rk 3

HHE () B 43 B ] LAAS % DRI 38 9 25 7K P TR i
7 (R)o WZEMIR/N IR TZ R R PR s, i)
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NAA>PP;333>6-BA. MK 3 ibn]1q s ph i Al He
2SS N EMEAKFAE N AB;Cs, BRI NAA
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Table 3 Result of orthogonal test and visual analysis of NAA, 6-BA, and PP33; on in vitro induction formation

for microtuber of D. bulbifera

S i PIE A/ (mgL™) % B/ (mgL™) % C/(mgL™) HEE %
1 0 (D 0 (D 0 (1) 46.5
2 0 (D 1 0.1 (2 66.8
3 0 (D 2.3 05 (3) 75.2
4 05 (2 0 (1 0.5 (3) 100.0
5 05 (2 1 (2 0 (D 86.4
6 0.5 (2) 2.(3) 0.1 (2) 100.0
7 1(3) 0 (1) 0.1 (2) 100.0
8 13 1 0.5 (3) 100.0
9 13 2.(3) 0 (1) 78.4
T 188.5 246.5 2113 T=7533
T 286.4 2432 266.8
Ty 278.4 253.6 275.2
X 62.833 82.167 70.433
X 95.467 84.400 88.933
X5 92.800 84.533 91.733
R 32.634 2.3660 21.300

SRR IE N 0.5mg/L, 6-BA JEHEWKEN 2 mg/L,

PPy TR IRIE N 0.5 mg/L, IXEEH] A% B Al f 7Y B
KM FRIIE 100%. 00508 g5 Rk T 7
FEOYHT, K 4 SRR, NAA XTSI 45 B ik
WEKF (P<0.05), T 6-BA Fl PPyys XS0 45 3
AT B2 5 (P>0.05). ULHHAE SIS
UL SRS, NAA L5 = SR,
Tz T BT8R — 8. LR Ll bardr, 3%
MG P25 T I AR RS IR AR NV % : MS+NAA

0.5 mg/L+6-BA 2.0 mg/L+PP33; 0.5 mg/L.

2.2.2 NAA. KT Hl PP333 S MU A 2L 5 3 T8 i
FIsem ARSI A T NAA (K% D). KT (K%
E) Fll PPs3; (A3 F) 204555 B AR B 28 B 4455
SR, SCEGEERIE 5 6. MILXE 5
BRI EH A AT A, RS R B 2 Y
Wi P25 19 2 R UK PPy3s >NAA>KT. MW 5 ik
A O B 3 % R R AL A A
ERIAT 20T, 2R 6 5HERIH, NAA Fl PP3j;

%4 NAA. 6-BA 1 PPy HE XM E MBI ZEIF SR AES

Table 4 Analysis of variance to NAA, 6-BA, and PP333 on in vitro induction formation for microtuber of D. bulbifera

A S A8 Ryl A ¥i F {8 P14
iy ki) 2 784.433 6 464.072 16.751 0.057
i 63 051.210 1 63051.210 2275.943 0.000
NAA 1970.047 2 985.023 35.556" 0.027
6-BA 10.607 2 5.303 0.191 0.839
PP 803.780 2 401.890 14.507 0.064
R 55.407 2 27.703
et 65 891.050 9
KIERETE 2 839.840 8

RP=0.980 (i R7=0.922), "FI"HIRTE 0.05 F10.01 KF LR B2, T
*R?=0.980 (regulation of R*=0.922); " and ~" stand for significat difference on 0.05 and 0.01 levels, same as below
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Table S Result of orthogonal test and visual analysis of NAA, KT, and PP33; on in vitro induction formation

for microtuber of D. bulbifera

Sy et K% D/ (mgL™) K% E/(mgL™") K2 F/(mgL™) FHEE /%
1 0 (D 0 (D 0 (D 48.8
2 0 (D 1 (2 0.1 (2) 61.3
3 0 (D 2 (3) 0.5 (3) 75.6
4 0.5 (2) 0 (D 0.5 (3) 100.0
5 0.5 (2) 1(2) 0 (D 62.5
6 0.5 (2) 2(3) 0.1 (2) 82.4
7 1.0 (3) 0 (D 0.1 (2) 89.6
8 1.0 (3) 1(2) 0.5 (3) 100.0
9 1.0 (3) 2(3) 0 (1 68.9
T, 185.7 238.4 180.2
T 2449 2238 233.3 T=689.1
Ty 258.5 226.9 275.6
X 61.900 79.467 60.067
X, 81.633 74.600 77.767
X; 86.167 75.633 91.867
R 24.267 4.867 0 31.800

F 6 NAA. KT F PPy XM B MM B IF SRR A ES

Table 6 Analysis of variance to NAA, KT, and PP33; on in vitro induction formation for microtuber of D. bulbifera

7 e A8 R A ¥J5 F 1l Pl
K IERRY 2561.613 6 426.936 394.094 0.003
i 52 762.090 1 52 762.090 48 703.468 0.000
NAA 998.827 2 499.413 460.997" 0.002
KT 39.447 2 19.723 18.206 0.052
PP 1 523.340 2 761.670 703.080" 0.001
R 2.167 2 1.083
St 55325.870 9
KOIEI T 2 563.780 8

*R*=0.999 (¥ R*=0.997)
*R?=0.999 (regulation of R*=0.997)

XS 25 BRIk B3 KT (P<<0.01), 1ff KT
PSR S s AR AT B ZE R (P>0.05). Wt
WIAE MU 2R 5 R, NAA R PP3ss 5
Fosgm 5 F SAER 7 =0 S B TSR3
el DN o o T L8 G R E N A R e S =
%A MS+NAA 1.0 mg/L+PP;3;3 0.5 mg/L.

223 2, 4-D. 6-BA 1 PPss3; X B MR B 2515
JER R ARSI LT 2,4-D (% G). 6-BA
(INZ H) F PPy (K2 1) 2140 S 25 e =22 5
WESIE R, S0 a5 IR 7 F1 8. X HE

TR ERZE S T UM R 2R 10 A VRN PP333>2, 4-D>
6-BA. I\ 71815 H B SR P 2815 G - R 1)
WA A SN GsH L, Bl 2, 4-D FiBIKE N 1.0
mg/L, 6-BA ¥#KJE 4 0 mg/L, PPs33 ¥ JE 4 0.1 mg/L,
% 3 ANHERT MG L5 T F 0L 100%.

e300 S 25 AT I 2200 T, R 8 SRR,

2, 4-D F PP333 X S 25 A e il B2 K (P<
0.05), 1M 6-BA XS5 25 L 1) s i R AT & 1k 22 57
(P<<0.05). ULHATE SO ZE 75 S fir, 2,
4-D. 6-BA Fll PPsy; XTI Y = SEM . &S
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Table 7 Result of orthogonal test and visual analysis of 2, 4-D, 6-BA, and PP3;; on in vitro induction formation

for microtuber of D. bulbifera

ST PI% G/ (mgL™") FI& H/ (mgLl™") I3 1/ (mgL™) HEE %
1 0 (D 0 (D 0 (D 52.5
2 0 (D 1(2) 0.1 (2 75.6
3 0 (D 2 (3) 0.5 (3) 56.4
4 0.5 (2) 0 (D 0.5 (3) 100.0
5 0.5 (2) 1 0 (1 68.9
6 0.5 (2) 2.(3) 0.1 (2) 82.1
7 1.0 (3) 0 (D 0.1 (2) 100.0
8 1.0 (3) 1 (2) 0.5 (3) 100.0
9 1.0 (3) 2.3 0 (D 56.2
T 184.5 252.5 177.6 T=691.7
T, 251.0 2445 257.7
T 256.2 194.7 256.4
X 61.500 84.167 59.200
X 83.667 81.500 85.900
X 85.400 64.900 85.467
R 23.900 19.267 26.700

FR8 2,4-D. 6-BA 1 PPy tAS AT BB E

=

BSH R ES

Table 8 Analysis of variance to 2, 4-D, 6-BA, and PPs;; on in vitro induction formation for microtuber of D. bulbifera

A e RUR Ry H ¥15 F1{H PfH
R IERLRY 3122.467 6 520.411 68.585 0.014
R 53 160.988 1 53 160.988 7 006.134 0.000
2,4-D 1065.576 2 532.788 70.217" 0.014
6-BA 653.876 2 326.938 43.087 0.023
PP 1403.016 2 701.508 92.452" 0.011
R 15.176 2 7.588
Bt 56 298.630 9
EIEI R 3137.642 8

*R*=0.995 (iff#% R*=0.981)
R?=0.995 (regulation of R*=0.981)

TS BT AR 8 5L BT, T
K P I AR R R N 1% : MS+2, 4-D 1.0
mg/L+PP333 0.1 mg/L,

2.2.4 2,4-D. KT H PP333 %) s 0 B 2545 S
I ARSI LA T 2, 4-D (RE 1D KT (A
# KD M PPyys (N3 L) 4165 s i i b =5 5
TR, SEIRE R0 9 1 10, @it
P9 U IR EOWL A AT AT LAAS 0] i 2R e 2K

P REM R 2 1) F A IR 2, 4-D>PP333>KT. M
9 3B T4 H BB e 2K 45 R 2R R s K
WAk J3KsLs, B2, 4-D JFiERE A 1.0 mg/L, KT
JREE BN 2.0 mg/L, PPsy; JEEWRE N 0.5 mg/L,
% 3 AL B B ZE 175 R T 100%
HE— DX S0 25 ik AT o7 =000, 3K 10 g5k,
2, 4-D FI PPyy; Xf SEHG 25 1 52 miA B E /K P (P<
0.05), 1M KT XJsia s Rigm Ak B & xR
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Table 9 Result of orthogonal test and visual analysis of 2, 4-D, KT, and PP333 on in vitro induction formation

for microtuber of D. bulbifera

SR TS N2 T/ (mgL™) K2 K / (mgL™") HZ L/ (mgL™") FHIEE 1%
0 (1 0 (1 0 (D 55.4
2 0 (D 1 0.1 (2) 88.4
3 0 (D 2 (3) 0.5 (3) 83.5
4 0.5 (2) 0 (D 0.5 (3) 100.0
5 0.5 (2) 1(2) 0 (1 77.1
6 0.5 (2) 2 (3) 0.1 (2) 95.2
7 1.0 (3) 0 (1 0.1 (2) 100.0
8 1.0 (3 1@ 0.5 (3) 100.0
9 1.0 (3 2.(3) 0 (D 82.4
T, 2273 255.4 214.9 T=1782
T, 2723 247.9 283.6
T 282.4 278.7 283.5
X 69.100 85.133 71.633
X, 90.767 81.833 87.867
X, 94.133 87.033 94.500
R 25.033 5.200 0 22.867

=10 2,4-D. KT 0 PPy A M EMWE R EFZER AW A EST

Table 10 Analysis of variance to 2, 4-D, KT, and PPs3; on in vitro induction formation for microtuber of D. bulbifera

7 S R i Rl H ¥175 F1H PfH
K IERRY 1979.393 a 6 329.899 30.284 0.032
i 64 516.000 1 64 516.000 5922.521 0.000
2,4-D 1107.447 2 553.723 50.831" 0.019
KT 41.540 2 20.770 1.907 0.344
PP 830.407 2 415.203 38.115" 0.026
R 21.787 2 10.893

st 66 517.180 9

KRR 2001.180 8

“R*=0.989 (% R*=0.956)
*R?=0.989 (regulation of R*=0.956)

(P>0.05). i BI7E s O 2L 1 5 Sl 72
2, 4-D I PPy XMW EFEH . T ESITS
BTSSR — 5 25 L BT, SR b 2E
SR AR FRIEEN 1% MS+2, 4-D 1.0 mg/L+
KT 2.0 mg/L+PP53 0.5 mg/L.

2.2.5  FEYIAE KA FILLA A SR B 2K 1
SRR ARSI A 742.2.17.92.2.27,
“2.2.37 F1 “2.2.47 T 06 HH R PR G R N T

RUPEEBG ARG T RIRCR, SRIn g R IR 11. WK
11 741, 7E MS+NAA 0.5 mg/L+6-BA 2.0 mg/L+
PP33; 0.5 mg/L 5780k b, BOR BB IR 1)1 5
REHAD 3 B 7R3E (MS+NAA 1.0 mg/L+PPs3; 0.5
mg/L. MS+2,4-D 1.0 mg/L+PP333 0.1 mg/L F1 MS+
2,4-D 1.0 mg/L+KT 2.0 mg/L+PP33 0.5 mg/L) #f
PeG R e e, (R 2E b, S =
TR I ) d B, PRI R 25 2, bk
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Table 11 Comparison on effects of plant growth regulator combination on in vitro induction formation for microtuber of D. bulbifera

(DEIEe =TSR /R 1 €ithe QR /T Gt S IR = 37

LA s L WELME S EE A AR mm o S %
MS-+NAA 0.5 mg/L+6-BA 2.0 mg/L+PP33; 0.5 mg/L 254+2a 52+04a 58+03a 100+0a
MS+NAA 1.0 mg/L+PPs3;3 0.5 mg/L 31+1c¢ 454+02b 54+05b 100+0 a
MS—+2, 4-D 1.0 mg/L+PP333 0.1 mg/L 32+2 ¢ 43+04b 52+03b 100+0a
MS+2,4-D 1.0 mg/L+KT 2.0 mg/L+PP33;3 0.5 mg/L 28+2b 46+0.5b 53+06Db 100+0a

WM HAR R, IR R A L B
HWEER. B, S RO Y B R R
WK 404 MS+NAA 0.5 mg/L+6-BA 2.0
mg/L~+PP333 0.5 mg/L.

3 g

TAER, ZRERY AL FRIAS TR
e, ARAEAE R I AR FE AR A ] . 2
P TR T I IRAR 5 T AR R B2 e L R OB
FERE, /0 TR R O R G Al B L2y
N R A R R T & B R 4R
NAA. 2,4-D. 6-BA. KT Fll PP33; 25 N LA HH
R AT, A e T R 8 TR A
1M FLE e T LA B A, Btk Al )
BRI IX ) Ik 5 2 BUR WA e AR
% WK e 2s )

NAA F1 2, 4-D 2N LHERMAEKERLRY
Fi, AR WA R E SR A K, T HL i BE
T e i A KB KL g LT )
AR ZEE S, 0 0.02~1.0 mg/L NAA X
TP B A R EAER, 2 KT 5 1 mg/L
B, Bl NAA WJE PN, A2 5K,
PO e 2595 S 40y a3, e i g )
WM 2, REIREN NAA (<0.5
mg/L) 7] DLAE MR B 2K 0 (3 0, HX
PR AR He 25 AN B i BN, i AE 2 TR R
ZES S, RIKRE NAA (<2.7 umol/L) H] LA
{2 E SRR T Y B 2K AN H R 3G . R R Ll 2 A Y
ez, NAA 1 2,4-D A KERY AT S
BRI R e 2R ), A S e 2
T 1 1) 5 38 T RE AR 39 0.5 mg/L M 3 TR
25 7 A — AN S Fh——B 5 1 2, K EZ R
FIF OS2 115 T, (H NAA Fl 2, 4-D & H
JrE W EE 2y 3k 0.5 F1 0.1 mg/L, H.LL 0.1 mg/L

2, 4-D [iF SRR R A, (AA Sz 25 L 5
LERRAT E S, AL REW, K E (NAA
FI 2, 4-D) FUS Y BUAR 24 R T B g 2 B =X
W%, DWEREEREREY N 0.5
mg/L, AWEMBEIFUR LR EFMEZE R, XK
W], AR BRI T RO S
BB A R 2 e, HAE K R R R EA
‘Hi#id 0.5 mg/Lo

WFFCR I, Bk AE K s n DU B 25
A0 M5 FEZ IS Tl AR K, Wonr B e 2R
PO GUL IR A, R A SRR AR R T R
PRI 0 I R PR AR, AT AR T R AR T A
PRAC VG B, A A P N S R A A 5 G R AR O
B, BT WE ST R A s s R
Iy FLFE IR ICE (40 M 7 24 R0 e, 9 K PEZY,
Stz =Nl N a- ECITE SuNE 2 Ll ID
USIGOM BRZE 1035 S b, OB B ZEIR M KT 5
6-BA [F¥R B S IEAT G, KT 1 BA X i B 25 11
RPN B HAE . H KT 5% 6-BA IREH
FARRE K AR AT o AE AR 2 I AR 288 G, 2.0
mg/L (1] 6-BA i T 2R B f o JE 2w A e =k
7 LW — D SR T IR, 185 2 7
WA ZEFE ST, 6-BA WA AL 2% S
BRMEAER, B2 T b 6-BA
TR R I3 K 3G I, LA 4.0 mg/L [ 6-BA i
SR B, A 6-BA JFEIRKEZEFSGEL 8
mg/L W, WSEm T AR B 2R i, 09 T A
R ZE % P, (HAEK LM 2 S
W, KT XL TE AR, 1 NAA iR
JE4 1 mg/L, BiAG KT WK, Tl H 28
FIERE RS, 4 NAA N 0.1 mg/L. KT K
1 mg/L B, fl R B ZE15 5 e RO S 22508 2 T
e, e 83.3%A1 10.0 ANV, R PR 1L 2R
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PEEWH SR, AR TXFINS, 40057

HE (KT 8 6-BA) AR Tt 25T R e X (1) B

B, o 6-BA AU BT 25, H R WK K T 2 mg/L

I JC R B 25 R ARSIz G 25 T R W], 40

53 KT 85 6-BA FRAE FH 3 ANFI T 5 ol g 7Y

BT, KT Al 6-BA 5 3 4k L B 25 78 1 1) 38

HREWKEN 2 mg/L, H KT MiFSHRGT

6-BA . IX 52 0] 7 2 PR B 24 I BIF 9 45 R

gﬁo
PP3y3 & — M = MR i UK B A ) AR K

FURIT 1% R A, BA S R E RN DS

B PR PUY . REEAEY L GE T

Jo B B R R S 2 g N BT, AR R TR

B, PPys3 0 28 3 ok 20 B 2 1 i A5 2 I AR K

A M. LM N FE S, B

In PPass RE 2 & (R HE P B B ZE K B 1, 4 0.1 mg/L

PP33; 5 0.5 mg/L NAA 415 AEH N, BT S5

WP X 2 HEB K, 28 R m ik

100%!"1 0 e L Z A R B ZE 1 S b, 2.0

mg/L PP333 55 12.0 mg/L ABA F1 1.0 mg/L KT 41

AT e W (R L R B2 T,

BeZEiE G R 84.46%, V-1 O B 25 4 4.45 AHNUOL,

R A S, 0.5 mg/L PPy 5 2.0

mg/L IBA. 1.0 mg/L NAA F1 0.1 mg/L KT 4| &1

RIS R85 W 10 A R B 2 i B v Yo A s %

WL, AKE. W5 EAN PPy AG1

DL 35k p M R B 2 (5 S T R, S A

(K140 45 8 MS+NAA 0.5 mg/L+6-BA 2.0 mg/L+

PP33; 0.5 mg/L. L JEA, W HE&E PPsss FHIE T

M - DUFEAZ I 1 N - DL 5842 I TR 1) Bt A T 40 i) 17

GA MAEMG R, XFEHA R Tl v B

AR RE N AR, AR 3R B =K 1) 5
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