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Abstract

Anther culture is one of the most efficient methods for producing haploid and doubled-haploid plants to accelerate
breeding programs in sunflower. This study was conducted to investigate the interaction effect of inoculating mother
plants with the fungus Serendipita indica and different concentrations of the growth regulators 2,4-D and BAP on callus
induction and regeneration from anther culture of three sunflower cultivars (Barzegar, Farrokh, and Ghasem) using a
factorial experiment based on a completely randomized design. Sunflower seeds were inoculated with S. indica in the
field, and after confirming symbiosis, buds at the R2 stage (1.5-2 cm diameter) were harvested. Anthers were cultured
on solid MS basal medium containing various combinations of 2,4-D (0, 1, 2, 5 mgL") and BAP (0, 0.5, 1 mgL™"), and
the resulting calli were transferred to three different organogenesis media containing NAA, BAP, kinetin, and IAA. The
results showed that the main effect of the fungus on callus induction percentage was not significant (P>0.05), but the
three-way interaction of fungus, BAP, and 2,4-D on callus quality was significant at the 1% level. The best combination
for callus induction was 1 mgL™ BAP plus 1 mgL™" 2,4-D, which yielded an average of 75% callus induction.
Furthermore, in fungus-inoculated plants, callus quality in this treatment (mean 2.2) was significantly better than in
control plants (mean 1.3). Maximum regeneration (approximately 61%) was observed on MS medium containing 2
mgL~' BAP and 1 mgL' NAA. In conclusion, the use of mother plants inoculated with S. indica in combination with
optimized growth regulators can improve the quality of calli derived from sunflower anther culture.
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Table 1: Combinations of 2,4-D and BAP treatments used in sunflower anther culture. The basal medium consisted of
solidified MS medium with 30 g/l sucrose and 8 g/l agar (pH= 5.8)

o 2,4-D (mgL") BAP (mgL")
Treatment
1 0 0
2 1 0
3 2 0
4 5 0
5 0 0.5
6 1 0.5
7 2 0.5
8 5 0.5
9 0 1
10 1 1
1 2 1
12 5 1
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Fig. 1: Preparation of plant material: (a) completely closed bud suitable for sampling, (b) collected buds from the three
sunflower cultivars before surface sterilization
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Fig. 2: Sunflower microspores at the late uninucleate stage after staining with acetocarmine (1%); 40 X magnification
(scale bar = 50 um). This stage was confirmed as suitable for anther culture
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Fig. 3: Microscopic view of a colonized sunflower root by S. Indica (40 X magnification), showing intracellular hyphae
(black arrows) and round to oval chlamydospores (white arrows). Staining was performed with trypan blue 0.05%
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Table 2: Analysis of variance of the effects of cultivar, S. indica inoculation, and different concentrations of BAP and
2,4-D on callus number and quality in sunflower anther culture

Sla e (Sile
MS byl az o Ol yass mls
ool coas ooyl olaws df Source of variance
Callus quality Callus number

Yy se s 2 Cultivar o5,

A TYO ™ 1 Fungi B\E

AF * vayo 2 BAP BAP

B+ /A YAY/A ** 3 24D 24-D

V/OY ™ Ab ™ 2 Cultivar x Fungi B x o3,
<A Vo™ 4 Cultivar x BAP BAP x 43,
Yy Vg 6 Cultivar x 2,4-D 2,4-D x o8,
fIf* \YIV s 2 Fungi x BAP BAPx #,i8
VIATS AR 3 Fungi x 2,4-D 2,4-D x g,
\Y/Y VavF 6 BAPx 2,4-D BAPx 2,4-D
Yo * Vo 4 Cultivar x Fungi x BAP BAP x z,l6 x@3,
YIY ™ A" 6 Cultivar x Fungi x 2,4-D 2,4-D x z,B x (8,
Y/ INANE 10 Cultivar x BAP x 2,4-D 2,4-Dx BAPx 3,
AVARM a/y 6 Fungix BAP x2,4-D 2,4-Dx BAPx C)ls
Y™ Yoy 10 Cultivarx Fungix BAPx 5 4 1 BAPx 5 x o3,

2,4-D
V¥ N4 113 Error Uas-
¥o YA CV (%) (0e0,9) Ol passd oy
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ns, * and ** are non-significant and significant at five and one percent probability levels, respectively
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Table 3: Mean comparison of the three-way interaction effect of S. indica inoculation (with/without) at different
concentrations of BAP and 2,4-D (mgL™!) on callus quality in sunflower anther culture. Data are the means of three
commercial cultivars

oSk Gl 5o o5 o) Slos oSl G 5 o5 skeo) Slod
Mean Treatment (mgL™") Mean Treatment (mgL™")
e 0.5 BAP +02,4-Dg 5 e 1 BAP +52,4-Dg,l5 50
dey 0 BAP +12,4-Dg 8 gy 0.5 BAP +02,4-Dg 6 50
ANy 0BAP +22,4-Dg & by 0 BAP +12,4-Dgz 6 y50
YIAY 0.5BAP+52,4-D ¢, ey/Aq 1 BAP +52,4-Dg ,l6 50
*°Y/AY 0 BAP +52,4-Dg 8 VAR 1 BAP +02,4-Dg B 50
abey 1 BAP +12,4-Dg 8 RATAR 1 BAP +22,4-Dg 6 y50
BATAR] 0.5 BAP +124-Dg & RV 0.5 BAP +224-Dg 5 g0
PYIVY 0.5 BAP +02,4-Dg & YIAQ 0.5 BAP +12,4-Dg 5 g0
SATARY 0.5 BAP +22,4-D,8 abf 0.5 BAP +52,4-Dg 5 50
PYIVA 0 BAP +12,4-Dg 8 LEIVY 0 BAP +22,4-Dg B y50
®YIAQ 1 BAP +02,4-Dg ,6 0 BAP +52,4-Dgz 5 y50
“f/FF 1 BAP +52,4-Dg 5 LYY 0.5 BAP +12,4-Dg 5 g0

85,105l e B 0o y0 O mhans y0 (5SSl yge;l bl oS e ()8, (slls slon Sileo
Means followed by the same letter(s) are not significantly different at 5% probability level using Duncan's test
30 ool coaS (i j0 0,5 Le) BAP clale ¢ S indica ;B L il (o8, ailan blis 51 5 S0ke anslie :F Joux
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Table 4: Mean comparison of the three-way interaction effect of cultivar, S. indica inoculation, and BAP (mgL™)
concentration on callus quality in sunflower anther culture

OeSiles G 0 p S ko) sles
Mean Treatment (mgL™")
AR BAP « + 7,6+ 55,
Yieye BAP- /b + z B+ 55,
YIVA? BAP \ + z,B+ 55,
YIYY BAP « + 2,6 oo+ S5
Y/yy ab BAP /0 + 7,8 fsau+ S5p
YIOA BAP \ + 2,8 g+ 555
Y/AY ® BAP - + z,B+5,3
Y/OA® BAP: /0 + z B+ #8
Yo BAP \ + z,B+ #,3
iy BAP « + 28 jon+ 24
Y/y-? BAP« /0 + z,6 g0 + #,8
eV BAP \ + 2,8 o9 + £
VYOO BAP - + 7,6+ ol
Y/OA® BAP- /b + @lé+ powL
Y/ay e BAP\ + 2,6 + ol
¥y BAP -+ + 2,18 g0 + pld
Y/OA® BAP/0 + 7,6 yg0s + o8
AN BAP \ + 7,18 ;a0 + a8

Mosire DS o0 0 mhaws ;o (Sl C)B*")'T bl oS i (o) > slils (slap b Laiiin O‘%—f‘.uﬂ U158 5 pelB 55

RYARY

Barzegar, Ghasem and Farrokh are sunflower cultivars. Means followed by the same letter(s) are not significantly different at 5%
probability level using Duncan's test
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Table 5: Analysis of variance of the effect of organogenesis medium type on shoot regeneration percentage from calli
derived from sunflower anther culture
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Fig. 4: Compact, green-yellow calli ready for transfer to regeneration sunflower anther culture on MS medium
containing BAP (1 mgL!) and 2,4-D (1 mgL"!)
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Fig. 5: Mean comparison of the interaction effect of BAP and 2,4-D on callogenesis percentage in sunflower anther
culture. Means with at least one common letter are not significantly different based on Duncan's test at 5% probability
level. (n = 3; data pooled over three cultivars and two fungal inoculation levels)
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Fig. 6: Mean comparison of shoot regeneration percentage from sunflower anther-derived calli on three different
organogenesis media. Means with at least one common letter are not significantly different based on Duncan's test at
5% probability level
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Fig. 7: Organogenesis stages from sunflower anther culture: (a) initiation of shoot emergence from callus, (b)
regenerated shoots one week after transfer to regeneration medium (MS containing BAP 2 mgL-1 and NAA 1 mgL-1).
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