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Microtuber induction of potato cultivar Mira’
by “solid + liquid doubledayer” culture
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Abstract: Virus<ree plantlets of potato cultivar ‘Mira’ were used as experimental material to induce potato microtuber
by a two-step culture method. In the first step nodal cuttings ( with one or two leaf) of potato plantlets were inoculated
solid medium for culturing vigorous potato plantlats. After 20 d liquid medium was added on the solid medium to pro—
ceed to the second step for induction of potato microtuber. The optimum culture media at the stages of culturing vigorous
potato plantlets and induction of potato microtuber were obtained by means of orthogonal design and the effects of su—
crose concentration light condition and CCC concentration on induction of potato microtuber were also studied. The re—
sults were as follows: the optimal medium at the stage of culturing vigorous potato plantlets was modified by MS medium
( NH,NO, was changed to 2 000 mg * L and KNO, was changed to 2 000 mg * L™ in MS medium) + 500 mg * L* CCC +
0.1% activated carbon + 0.1 mg * L" DA-6+ 1 mg * L' 6-BA + 0.1 mg * L' NAA + 3% sucrose + 6 g * L agar pH
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5.8 the optimal medium at the stage of induction of potato microtuber was MS, medium two times of FeSO,( Na,EDTA)

and trace elements in MS medium + 1.5% activated carbon + 4 mg * L” 6-BA + 8% sucrose. The results also showed

that illumination with dim light for 4 h * d™ could obtain potato microtubers with higher frequency of tuberization and big

microtubers than dark treatment. The results indicated that “solid + liquid” doubledayer culture can be applied for mass

propagation of potato tubers ‘Mira’ at low cost in the plant tissue culture room and can increase the number of pre-elite

seed potatoes. This method can also be used for the production of microtuber of other potato cultivars.

Key words: potato microtuber 6-BA CCC activated carbon DA-6 tissue culture
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10 o + CCC + 20 d 20 mL
+DA6+ 1 mg+L'6BA + 0.1 mg-+L"
NAA + 3% +6g-L" pH 5.8; (25+2) C. 4hed
CCC.AC DA-6 5 40d
( 1) 9 cce o
5 1.3
2 000~4 000 Ix. 16 h«d”. (25+2) C SPSS 22.0 o
20 d . .
o LSD( P<0.05) o
1.2.2
20 mL 2
+ + 6-BA + 2.1
pH 5.8, V6-BA. 2.1.1
o 3
( 2 9 5 A,B,C,D,
(25+2) C. 4hed’ o 4.9 ;
40 d ( ( 4)
/ )~ (g). ( > > > DA-6 > CCC.,
0.1 g) ‘ ’ MS 2MS
1.2.3 A,B,C,D,.
1.2.3.1 2.1.2
20 d 3
20 mL A, B,C,D, 1.62
(25+2) C 4hed’ 8hed'. mm 8 o
5 40d 4 CCC. . .DA-6
1.2.3.2 2.1.3 3
20 d A,B,C,D,
20 mL 2.90 mm A,B,C,D, 3.87
2% 4% 6% 8% mm . A,B,C,D,
(25+2) C. 4hed’ 40 d 8.27 mm.,
. (  4)
1.2.3.3 > CCC > DA-6 > o
MS + CCC + 1% + A,B,C,D,.
0.1 mg*L'DA6+ 1 mg+L'6BA + 0.1 mg=L" 2.1.4
NAA + 3% +6g-L" pH 5.8 CCC
100 mg * L” 500 mg * L™ o 3



9 D 7 ‘ ’ 1175
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Table 1  Factors and levels related to the best medium for virus-free plantlets vigorous growth

Factor
B
Level A C D
(6(60) Concentration of DA-6
Concentration of CCC encentration o . Conentration of DA-6
4 activated carbon Culture medium type 1
(mgeL7") (%) ((mg-L7)
1 100( A)) 0.05( B,) MS( C)) 0o(D,)
2 200( A,) 0.1( B,) MS( C,) 0.1( D,)
3 500( A,) 0.15( By) 2MS( C5) 1( D,)
MS 2000 mg * L 2 000 mg * L; 2MS MS 2

Note: Modified MS medium means that NH,NO, was changed to 2 000 mg * L and KNO, was changed to 2 000 mg * L compared to MS

medium; 2MS medium means that the dosage was two times of MS medium.

2

Table 2 Factors and levels related to the best medium for potato microtuber induction

Factor
Level A B ¢ D
6-BA ation of
Concentration of sucrose Concentration of 6-BA Cot'icentlatmn © Culture medium
(%) (mg L) activated carbon type
(%) ’
1 8(A) 2(B)) 0.5(C)) MS(D,)
2 10( A,) 4(B,) 1.0( C,) MS,(D,)
3 12( A) 6(Bs) 1.5(C,) MS,( D)
. MS, 2, MS, KH, PO, 340 mg * L7,
Note: MS, medium means two times of FeSO,( Na,EDTA) and trace elements in MS medium; MS, means that KH,PO, was changed to 340
mg* L7,
: A,B,C,D, DA-6>CCC>
0.27 cm’; A,B,C,D,.A,B,C,D,. ~ o DA-6
A,B,C,D,-A,B,C,D, .
( 4 CCC o
~CCC >DA-6~ . A,B,C,D,.
A,B,C,D,. A,B,C,D, MS +
2.1.5 100 mg * L7 CCC + 0.1% +0.1 mg- L
DA6 + 1 mg* 1" 6-BA + 0.1 mg » L™ NAA + 3%
o 3 +6g-L” pH 5.8
A,B,C,D, 0.20 g .
A,B,C,D,+A,B,C,D,+A,B,C, D, o

o ( 4 o
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Table 3 Results of orthogonal test and LSD analysis at the stage of virus{ree plantlets vigorous growth

Factor
B
D
) A C DA-6 Root number Stem bi}j)I::;s Internode Leaf area
Treatment Combination CC(‘C . c ) ( root * diameter (e a length ( sz)'
oncentration oncentration ~ . - .
of CCC of activated  Culure  0en O plantlet?) — (mm) ety ()
(mg L’]) carbon medium type 3
(%) (mg+ L")
1 A, B,C,D, 100 0.1 C, 0.1 4.9e 1.62b 0.20e 3.87ab 0.27d
2 A, B,C,D, 100 0.05 C, 0 2.3¢ 0.94a 0.12ab 7.23cde 0.14bc
3 A,B,C,D, 200 0.15 C, 0.1 Oa 0.90a 0.11a 6.33cd 0.11a
4 A,B,C, D, 200 0.1 [ON 0 1.8bc 0.93a 0.11a 7.50de 0.12ab
5 A;B,C,D, 500 0.05 Cs 0.1 Oa 0.89a 0.14cd 4.97b 0.11a
6 A;B,C;D,; 500 0.1 C, 1 1.5b 0.89a 0.12ab 4.40b 0.12ab
7 A;B;C,D, 500 0.15 C, 0 3.4d 0.97a 0.11a 2.90a 0.15¢
8 A, B,C,D, 100 0.15 C, 1 Oa 0.90a 0.13cd 8.27e 0.10a
9 A,B,C,D, 200 0.05 G, 1 2.3¢ 0.90a 0.13bed 4.37b 0.10a
5 o ( P<0.05) - o

Note: Data represent the mean values of five replicates. Same letters indicate no significant difference different letters indicate significant
differences ( P<0.05) . The same below.

2.2 2.2.3 5
2.2.1 5 A,B,C,D, ( 66.15%)
A,B,C,D,.A,B,C,D,. A,B,C,D, A,B,C,D,
A,B,C,D, ( 1.23) : A,B,C,D, (
A,B,C,D, 0.87 9.34%) . 6
o N ( 6-BA > > >
6) 6-BA > : 6-BA
> > 6-BA KH, PO,
. . A,B,C,D,.
A,B,C;D,o 2.2.4 5
2.2.2 5 A,B,C,D, ( 6.3
A, B,C;D, 0.25 ¢ mm) A, B,C,D,
o ( 6) ( 22mm) ., 6
6-BA > >
> > ~6-BA > ;
6-BA 0

A B,C;D, . 6-BA .
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Table 4 Range analysis of the factors and levels related to the best medium for vigorous growth of virus{ree plantlets

Factor

A B C D
Physiological index ccc DA-6 Result of range analysis
Concentration Concentration of Cult di Concentration
of CCC activated carbon b urle n;e mm of DA-6
(‘mg L) (%) * (‘mg L)
K1 2.38 1.51 1.25 2.48 :
Root number > > DA-6 > CCCo,
( root * K2 1.36 2.71 3.50 1.62 The order of factors affecting the root
plantlet™) number was culture medium type > acti—
K3 1.61 112 0.60 1.25 vated carbon> DA-6 > CCC.
’ ’ ' ) ©AB,C,D,.
The optimal combination with maximum
R 1.02 1.9 225 1.23 number of roots was A, B,C,D,.
K1 1.15 0.91 0.91 0.95 :CCC=
Stem =~ ~DA-6,
diameter The order of factors affecting stem
(' mm) K2 0.91 1.15 1.15 1.14 diameter was CCC =~ activated carbon =~
culture medium type =~ DA-6.
K3 0.92 0.92 0.92 0.90 FABC,D,
The optimal combination with maximum
stem diameter was A, B,C,D,.
R 0.24 0.24 0.24 0.24
K1 0.15 0.13 0.13 0.11 : DA-6>
Fresh CCC > ~ °
biomass The order of factors affecting fresh
(g* plantet’) K2 0.12 0.14 0.14 0.15 biomass was DA-6 > CCC > culture me—
dium type =~ activated carbon.
K3 0.12 0.12 0.12 0.13 FABC,D, o
The optimal combination with maximum
fress biomass was A,B,C,D,.
R 0.03 0.02 0.02 0.04
K1 6.46 5.52 5.99 5.88
Internode >CCC >DA-6> B
length The order of factors affecting internode
( mm) K2 6.07 526 371 5.06 length was f;ulture, medium type > CCC >
DA-6 > activated carbon.
A,B,C,D,,
K3 4.09 5.83 6.91 5.68 The optimal combination with maximumin
ternode length was A;B,C,D,.
R 2.37 0.57 3.2 0.82
K1 0.17 0.12 0.12 0.14 :
Leaf ~CCC >DA-6~ o
area The order of factors affecting leaf area
(‘em?) K2 0.11 0.17 0.17 0.16 was culture medium type > CCC > DA-6
=~ activated carbon.
K3 0.13 0.12 0.11 0.11 “AB,C,D,.
The optimal combination with maximum
leaf area was A, B,C,D,.
R 0.06 0.05 0.06 0.05
A,B,C,D,. .

AIBZCSDZ
+4mge*L'6BA + 8%

MS,+1.5% 2.3

2.3.1
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Table 5 Results of orthogonal test and LSD analysis at the stage of potato microtuber induction
A B ¢ b
o OBA G centration  Average tuber L eTOeMage g
Treatment Combination Concentration  Concentration =0 oo 7" Culture Index of weight of big diameter
ot oy T i (T e
(%) type
1 A,B,C,D, 8 4 1.5 MS, 1.23¢ 0.25¢ 66.15¢ 6.3c
2 A, B,C,D, 8 2 0.5 MS 0.63ab 0.03a 9.34a 2.2a
3 A,B,C,D, 10 6 0.5 MS, 0.53a 0.06ab 44.44bc 2.9ab
4 A,B,C,D, 10 4 1.0 MS 0.50a 0.08b 27.78ab 3.3ab
5 A;B,C,D, 12 2 1.0 MS, 0.47a 0.06ab 34.44ab 3.5b
6 A,B,C,D, 12 4 0.5 MS, 0.60a 0.05ab 32.14ab 2.7ab
7 A,B,C,D, 12 6 1.5 MS 0.87b 0.06ab 45.77be 3.4ab
8 A, B;C,D, 8 6 1.0 MS, 0.53a 0.07ab 45.83be 3.4ab
9 A,B,C,D, 10 2 1.5 MS 0.53a 0.05ab 28.89ab 2.9ab
7 14.71% . CCC 500
8 hed mg * L7
; 8h-d
, 8 hed’ 4 3
hed’ ; 4h-d’
8 hed . (2008)
N o (
2004) .
4hed’, o 7
2.3.2 8
(
;7 8% 1.25 2002; 2004, 2006)
95.63% 0.491 g;
8% 4% 2 000 mg * L™\
6% 2%( 8) . 10% 2 000 mg * L° MS 2 MS
12% N
N ( 6). ( 1999) ;
8% o 2 MS
2.3.3 9 ‘ 4 7 ‘ 2
500 mg *+ L* CCC 100 mg * L™ CCC ( 1995)

29.72%
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Table 6 Range analysis of the factors and levels related to the best medium for potato microtuber induction

Factor
A B ¢ b
Physiological index 6-BA C . Result of range analysis
Concentration Concentration oncentration
of sucrose of 6-BA of act}lvated (iullure
4 carbon medium type
( %) (mge L) (%) P
K1 0.80 0.54 0.59 0.67 1 6-BA
Index of > > > °
production The order of factors affecting index of
production was 6-BA > activated carbon
K2 0.52 0.78 0.50 0.74 > sucrose> culture medium type.
1A B,C;D,.
The optimal combination with maximum
K3 0.65 0.64 0.88 0.55 index of production was A B,C,D,.
R 0.28 0.54 0.38 0.19
K1 0.117 0.047 0.047 0.057 16-BA >
Average tuber > > B
weight The order of factors affecting average
(g * tuber™) tuber weight was 6-BA > activated carbon
K2 0.063 0.127 0.070 0.123 > culture medium type > sucrose.
tAB,CD,.
The optimal combination with maximum
K3 0.057 0.063 0.120 0.057 average tuber weight was A, B,C,D,.
R 0.06 0.08 0.073 0.066
K1 40.44 24.22 28.64 27.63 1 6-BA >
Percentage of > > o
big tuber The order of factors affecting percentage
(%) K2 33.70 42.02 36.02 48.34 of big tubers was 6-BA > culture medium
type > activated carbon > sucrose.
K3 37.45 45.35 46.94 35.62 +A B, CD,
The optimal combination withpercentage
of big tubers was A B,C,D,.
R 6.74 21.13 18.3 20.71
K1 3.97 2.87 2.60 2.97 :
Tuber diameter > ~6-BA > o
( mm) The order of factors affecting tuber diam—
K2 3.03 4.10 3.40 4.23 eter was activated carbon > culture me-
dium type = 6-BA > sucrose.
K3 3.20 3.23 4.20 3.00 “AB,C;D, .
The optimal combination with maximum
tuber diameter was A,B,C;D,.
R 0.94 1.23 1.60 1.26
( Khalil et al 2017) . CCC o
(DA-6 2N N- )
DA-
A Al ( 6 Al
2015) . 100 mg * L™ CCC ( 2007) . DA-
500 mg * L™ CCC 6
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Table 7  Effects of different light conditions on potato microtuber induction
Treament Index of Average tuber weight ch]c:r::ﬁf:r of The biggest tuber weight Tuber diameter
’ production (g * tuber™) (b%) (g * tuber™) ( mm)
1.18+0.02a 0.160+0.002a 81.70+7.57h 0.304+0.005a 0.43+0.04a

Darkness

4hed 1.25+0.02b 0.257+0.025b 95.63+2.63b 0.491+0.072a 0.67+0.03b
Dim light 4 h « d”

8hed 1.38+0.00¢ 0.201+0.033a 63.97+0.33a 0.628+0.090b 0.58+0.03b
Dim light 4 h + d”

5 + o B

Note: Data represent the mean value + standard deviation from five replicates. The same below.

8

Table 8 Effects of different sucrose concentrations on potato microtuber induction

Concentration of

Percentage of

The biggest tuber

A Index of Average tber weight big vabar e Tuber diameter
( %) production (g * tuber™) (%) (g -+ tber') (' mm)
2 0.53+0.03a 0.121+0.023a 30.00+5.77a 0.234+0.035a 0.490+0.05%a
4 0.86+0.03b 0.240+0.030b 56.98+6.31b 0.354+0.009b 0.523+0.057ab
6 1.04+0.04c¢ 0.261+0.009b 75.71+£2.97¢ 0.459+0.038bc 0.526+0.042ab
8 1.25+0.02d 0.257+0.025b 95.63+2.63d 0.491+0.072¢ 0.672+0.026b
9 CCC
Table 9  Effects of different CCC concentrations on potato microtuber induction
Conc(et(I;Egti.ori of cCc tnde of Average taber weight Pegj;‘:r]f; of ti Eirb“f;;‘l Tuber diameter
g ) production (g * tuber™) (%) (g tuber') ( mm)
100 1.25+£0.02 0.257+0.025 95.633+2.633 0.491+0.072 0.672+0.026
500 1.63+0.07 0.243+0.023 92.277+0.341 0.563+0.014 0.620+0.021
0.1 mg* L"DA-6 ‘ ’ MS
N 2
DA-6 N N
o MS
( 2011) . ( 2001) ; MS
0.1% ¢ ’ 2
. ( 2004) . MS
. KH,PO, 340 mg + L*
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255 mg * L7( 2004) , MS
N KH, PO, 0 500
o mg * L™ CCC
N 29.72% 14.71%
6-BA
( 1989, 0 5 g “ ”»
2008) ; 6-BA  (Park etal 2009)
6—BA ¢ ’ o ‘ K “ ”
(6% ~10%)
( 1989; . .
2004; Gopal et al 2004) ; ¢ ’
8% ( Elaleem et al
2015; 1989; Khalill. et al .
2017)
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