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Establishing the regeneration system of sunflower
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Abstract: In order to establish a high efficient regeneration system of sunflower, we optimized the process of callus
induction, differentiation and rooting by screening the optimum genotype, explant materials, hormone and cytokine
concentration and additives. The results indicated that hybrid sunflowers were easier to regenerate than selfing ones; The best
explant was four days cotyledon. The optimum induction medium was Murashige and Skoog (MS) +2.0 mg/L 6-benzyladenine
(6-BA)+0.5 mg/L naphthaleneacetic acid (NAA)+1.0 mg/L kinetin (KT). The maximum rate of callus induction was 100%.
The optimum differentiation medium was MS +0.2 mg/L 6-BA +0.5 mg/L NAA +0.3 mg/L KT +0.3 mg/L silver nitrate
(AgNO3)+0.2 g/L active carbon (AC), and the buds differentiation rate was up to 71%. The best rooting culture medium was
1/2 MS +0.6 mg/L indolebutyric acid (IBA). The highest rooting rate was 77%. The analysis of variance showed that genotype,
explants growth time, different kinds and concentration of hormone, AC concentration had a significant effect on sunflower
regeneration.
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Table 1 Factors and levels of orthogonal experimental
design for sunflower callus induction
Factors 1 2 3
A 6-BA(mg/L) 0 1.0 2.0
B NAA (mg/L) 0 0.5 1.0
C 2,4-D (mg/L) 0 1.0 2.0
D KT (mg/L) 0 05 1.0
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Table 4 Variance analysis of the effect of genetic materials on callus induction rate and shoot regeneration rate

Factors Results Sum of squares DF Mean square F Significance

Induction rate 608.050 9 67.561 32.957 0.000

Genotypes
Shoot rate 2 719.050 9 302.117 154.932 0.000
Induction rate 20.500 10 2.050

Error
Shoot rate 19.500 10 1.950
Induction rate 173 051.000 20

Total
Shoot rate 10 461.000 20

%5 REEMEENMEKBGESRER

Table 5 The result of the effect of explants based time on callus induction rate

Sampling time (d) Cotyledon callus induction rate (%)

Leaf callus induction rate (%)

Hypocotyls callus induction rate (%)

1 66
77
83
97
71
65
60
54
49
66

© 00 N o g B~ W N
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o

69 71
78 77
89 93
81 84
70 81
64 74
56 68
47 61
40 55
69 71
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Table 6 Variance analysis of the effect of explants based time and area on callus induction rat

Factors Sum of squares Df Mean square F Significance
Explant type 228.741 2 114.370 5.969 0.120
Drawn time 3937.185 8 492.148 25.683 0.000
Error 306.593 16 19.162
Total 130 821.000 27
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Table 7 Effect of different hormone combination on callus induction and growth

Treatment No. A B C D Induction rate (%) Color Growth response
1 1 1 1 1 16 Yellow Density +
2 1 2 2 2 73 Pale yellow Loose ++
3 1 3 3 3 79 Pale yellow Water state++
4 2 1 2 3 100 Green Loose +++
5 2 2 3 1 87 Pale yellow Water state+++
6 2 3 1 2 100 Green Density++
7 3 1 3 2 81 Pale yellow Water state++
8 3 2 1 3 100 Green Density ++++
9 3 3 2 1 100 Pale yellow Loose +++
Note: + + + +, + + +, + +, + mean the state of alfalfa callus was very good, good, general and bad, respectively.
®8 HEMEBBEEZGESEWHAESH
Table 8 Variance analysis of the effect of hormones on callus induction
Factors Sum of squares Df Mean square F Significance
NAA 5 557.000 2 2778.500 666.840 0.000
6-BA 2264.333 2 1132.167 271.720 0.000
2.4-D 862.333 2 431.167 103.480 0.000
KT 2057.333 2 1028.667 246.880 0.000
Error 37.500 9 4.167
Total 129 363.000 18
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Table 9 Results and analysis of sunflower buds differentiation

Factors
Treatment No. Differentiation rate (%) Browning rate (%)
A B C D E
1 1 1 1 1 1 9 57
2 1 2 2 2 2 46 32
3 1 3 3 3 3 47 17
4 1 4 4 4 4 12 5
5 2 1 2 3 4 71 31
6 2 2 1 4 3 39 28
7 2 3 4 1 2 17 37
8 2 4 3 2 1 31 11
9 3 1 3 4 2 41 34
10 3 2 4 3 1 37 22
11 3 3 1 2 4 40 13
12 3 4 2 1 3 33 9
13 4 1 4 2 3 34 47
14 4 2 3 1 4 29 22
15 4 3 2 4 1 39 19
16 4 4 1 3 2 40 11
#10 ZFERFEXMEAZRFHUMBTES
Table 10 Variance analysis of the effect of each factor on sunflower buds differentiation rates
Factors Sum of squares Df Mean square F Significance
A (AgNO;) 363.375 3 79.750 19.188 0.000
B (AC) 351.375 3 346.250 18.554 0.000
C (6-BA) 1294.375 3 1144.500 68.350 0.000
D (NAA) 2 039.375 3 1548.750 107.690 0.000
E (KT) 471.375 3 544.083 24.891 0.000
Error 101.000 16 7.875
Total 45 376.000 32
&1 BEARWMOEOHESLHOAESN
Table 11  Variance analysis of the effect of each factor on sunflower buds browning rates
Factors Sum of squares Df Mean square F Significance
A (AgNO;) 308.125 3 102.708 31.603 0.000
B (AC) 4109.625 3 1369.875 421.500 0.000
C (6-BA) 337.125 3 112.375 34.577 0.000
D (NAA) 571.375 3 190.458 58.603 0.000
E (KT) 602.625 3 200.875 61.808 0.000
Error 52.000 16 3.250
Total 24 126.000 32
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Fig. 1 Effect of each factor on buds differentiation rates and brown rates. *Show significantly difference among levels. **Show very

significantly difference among levels.
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Table 12  Effects of medium and IBA on rooting rates

Treatment No. Basic medium IBA (mg/L) Rooting rates (%) Root growth
1 MS 0.0 44 Relatively fine +
2 MS 0.3 49 Moderate stout ++
3 MS 0.6 48 Moderate stout ++
4 MS 0.9 53 Moderate stout, regarding +++
5 1/2 MS 0.0 52 Relatively fine ++
6 1/2 MS 0.3 71 Moderate stout ++
7 1/2 MS 0.6 77 Moderate stout, regarding +++
8 1/2 MS 0.9 69 Relatively fine +++
9 1/4 MS 0.0 50 Relatively fine +
10 1/4 MS 0.3 67 Moderate stout, regarding ++
11 1/4 MS 0.6 55 Moderate stout +++
12 1/4 MS 0.9 59 Moderate stout, regarding+++

Note: + + + root is the longest, + + moderate length, + root shortest.
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Fig. 2 Process of sunflower vitro regeneration. (A) The green embryonic calli. (B) The white non-embryogenic calli. (C) The weak
root. (D) The strong and healthy root. (E) The differentiated callu. (F) The differentiated seedling.
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