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Effect of Alginate Matrix Composition on Growth of Synthetic Seeds Derived from
Encapsulation of Somatic Embryos in Two Iranian Sunflower
(Helianthus annuus L.) Hybrids
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Table 1. Analysis of variance of different traits of sunflower as affected by hybrid and matrix during four weeks afted culture of somatic
embryos of synthetic seeds on MS medium

5 MS Sl e o S0ke

b = = =
a Ay (Al do s 4l oy ol 4 La sl 4y Jsb E oy pe K dsb S5 sl s J b
‘!3 63T Rooting percent Germination Number of Rootlength  Leaf width Leaf length Leaf number Shoot height
Y SOV AN s Ct" df percent axillary shoot
P — - . e e o e o . o 33711.97
PN Time (T) ol 3 8510.41 3441.41 10.94 10895.14 352.50 1630.95 1394.23 :
Rl Hybrid (H) NS 1 562.50 316.40 1.17 219.25 70.9543 50.3048 70.8890 0.0420™
f Matrix (M) o5k 3 1833.33" 472.65" 1.57" 2746.43" 15.4469™ 154.39" 110.24™ 2021.86™

|

o TXH L et X Ola ) 3 343.75™ 420.57" 1.51™ 344.57" 19.6402" 6.1773" 15.6213™ 338.25"
il HXM PR O PR NP 3 1059.02" 410.15" 1.36™ 280.87" 3.1079" 19.5146™ 30.9147™ 551.20"
3 TXM Sl x ol 9 125.00™ 201.82" 0.77" 77.42" 2.7228™ 27.2061" 14.0109™ 24.7930™
S TXHXM  oSplbx s maxol; 9 100.69™ 27521" 1.03™ 125.59" 2.7047" 55.7579" 5.8043" 150.0854"
o

3 -

- Error laylelasl 128 56.64 42.96 0.15 1.5935 0.1607 0.7413 0.4541 1.7063

C.V. (%) Ol ks g b Ay 8.47 6.88 4.09 4.02 7.83 7.76 8.59 3.41

ns,* and **: Not significant, significant at 5% and 1% levels of probability, respectively.
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Table 2. Mean comparison of different traits of sunflower as affected by hybrid and matrix during four weeks after culture of somatic
embryos of synthetic seeds on MS medium

Tratments  las Mean of traits Sliw Sl
Ole s N §,,j"'l-‘ B3y o) ESRHPEaN P il L sl alyy dsb & ee 8 dsb S5 sl e b
Time Hybrid Matrix Rooting Germination Number of Root length  Leaf width  Leaf length Leaf Shoot height
percent (%)  percent (%)  axillary shoot (mm) (mm) (mm) Number (mm)
Control Ll 75¢cd 100a 0.00h 18.53m 1.62lm 2.65Im  2.0n 1.42tu
Azargol JfJST DDW e Of 30f 50f 0.00h 2.05r 0.70n 1.02n 1.00 3.06w
MS 70d 70e 0.00h 8.72p 1.22m 1.95mn 1.4no 7.53v
Jsl win MS+PGR O30+ MS 80cd 80cd 0.00h 10.170p 1.27m 1.98mn  1.6no 8.20v
First week Control Lals 100a 100a 0.00h 14.20n 1.87k1 3351 2.0n 14.10st
Farrokh Cﬁ DDW e OT 454e 90ab 0.00h 2.32r 1.87lm 2.791Im 1.8no 10.83u
MS 85bc 85bc 0.00h 18.50m 1.50lm 3.12lm 1.7no 12.87t
MS +PGR O s0y52+MS 75¢cd 75de 0.00h 10.810 1.50Im 2.61lm 1.5n0 12.93t
Control dals 100a 100a 0.00h 24.75kl1 3.25j 6.61k 3.65m 17.82q
Azargol JfJST DDW e Of 95ab 100a 0.00h 5.55q 2.16k 3.561 4.43m 14.84s
MS 100a 100a 0.00h 30.451 5.28gh 16.44f 4.0m 16.75qr
fo° e MS+PGR O30+ MS 100a 100a 0.00h 26.00k 4.501 10.951 3.9m 14.19st
Control dals 100a 100a 0.00h 49.65d 6.00ef 8.40f 4.0m 21.08p
Secound week o ] ]
Farrokh Cf DDW e Of 95ab 100a 0.00h 15.26 3.48j 8.40j 3.2m 15.42rs
MS 100a 100a 0.00h 33.54 4.41i 9.06j 3.8m 21.30p
MS +PGR  O3eya + MS 100a 100a 0.00h 40.06 5.01h 9.55j 5.8i 25.660

Sl Qg.}l: Slaals dim 903 sl 70 Jlez| cla.~ 3,15 gme S gl odias DL Sigline (o9 o L 6\.::&:@\.:»
Means with different letters are significantly different at 5% level of probability according to Duncan’s multiple rang test.
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Table 2. Continued Y Jade anls
Tratments LS Mean of traits Slio Kile
ol NPJUY S5l Ay ey Gl de (Sl el iy dob B Edb & sl el dsb
Time Hybrid Matrix Rooting germination Number of Root length  Leaf width  Leaf length Leaf Shoot height

percent (%)  percent (%) axillary shoot (mm) (mm) (mm) Number (mm)
Control Aall 100a 100a 0.00h 36.54¢g 6.41de 18.16¢cde 9.2jk 53.99j

Azargol Jf)ST DDW ki ol 95ab 100a 0.00h 23.691 5.74fg 14.08gh 8.4k 45.54m
MS 100a 100a 0.4.fg 44.41F 6.60d 17.08ef 12.2ef 60.11¢g
pse wiin MS +PGR 030,50+ MS 100a 100a 1.45¢ 49.76d 6.50de 13.55gh 13.5d 60.71g
Third week Control Lals 100a 100a 0.00h 37.48¢g 6.30de 14.16g 9.74j 52.32k
Farrokh 3 5 DDW e O 100a 100a 0.00h 31.16i 6.30de 12.87h 11.0gh 32.12n

MS 100a 100a 0.30fg 44.41F 7.45¢ 18.29cd 13.5d 56.02hi
MS+PGR 03,50+ MS 100a 100a 2.00b 49.92d 7.60c 17.84de 19.1a 54.89ij
Control Aals 100a 100a 0.30g 53.12¢ 5.59ef 13.32gh 12.0f 64.07f
Azargol Jf)sT DDW e Of 95ab 100a 0.30g 43.90h 5.49fgh 13.53gh 10.4hi5 47.741
) MS 100a 100a 0.70e 50.72d 7.73¢ 19.76ab 13.0de 95.52a
(’JLPJ s MS+PGR 03,50+ MS 100a 100a 1.95b 64.20a 6.70d 13.73gh 15.1¢c 89.42b
Control Aall 100a 100a 0.55ef 45.97f 10.99a 17.19def 11.6fg 66.35¢

Forth week -

Farrokh CJ" DDW ki ol 100a 100a 0.4fg 37.07¢g 8.59b 11.561 11.4fg 57.33h
MS 100a 100a 0.95d 47.69¢ 11.43a 20.31a 16.5b 82.79¢
MS +PGR  Osey58+MS 100a 100a 2.70a 55.01b 8.51b 19.04bc 19.4a 75.14d

Sl Sl (glatals o 050 5T olsl 70 Jlaz>| ck.~ 03 13 gme S sl odias Olas Siglime oy o b ‘su@ép
Means with different letters are significantly different at 5% level of probability according to Duncan’s multiple rang test.
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Table 3. Mean squares of orthogonal comparisons to study effect of encapsulation and alginate matrix
compositions in somatic embryos of sunflower synthetic seeds

MS Sl oSS
Olalie @bl sty ey Sl Aoy (s 4L slaas sy d Enpe Spddk Eosls sl
Comparisons df. Rooting percent  Germination percent  Number of axillary shoot  Rootlength  Leaf width  Leaflength Leafnumber Shoot height
1 1 1333.33" 1251.30™ 3.89” 704.86" 248" 6.817 61.27" 9.91™
2 1 41.66" 166.66™ 8.62" 4649.47" 8.37" 368.53™ 209.06" 6012.35"
3 1 0.00™ 0.00™ 10.15" 48.65" 547" 87.83" 60.37" 43.31"

Slsisme b 5 p3 ) Jlezl mlaw 53 i3 gme 3 5 411 5 *F

** and ns: Significant at 1% probability level and not significant, respectively.

(625 &) oS S lo gon (Sl i) L b g lin 3 0k & ST S la g (5o i 1
MS (o148 51503 5 pte b amglin 55 S IT oSG 5l 55 MS (1e 3150 5 ealizal ¥
L) (laodiS a5 5 g g pote b e 55 ST Sl s s, (Lol (it 51 slinl
1. Encapsulated somatic embryos vs. control (non-encapsulated somatic embryos).

2. Presence of MS nutrients vs. absence of MS nutrients in alginate matrix. ) )
3. Presence of plant growth regulators vs. absence of plant growth regulators in alginate matrix.
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Fig. 1. a) somatic embryogenesis in immature sunflower seeds, b) somatic embryos encapsulated in
sodium alginate, c) seed germination and growth of artificial seeds, d) the effect of alginate matrix on the
development of artificial seeds (in order from left to right, not encapsulated somatic embryos, somatic
embryos encapsulated in alginate matrix containing distilled water, somatic embryos encapsulated in
alginate matrix containing MS medium and somatic embryos encapsulated in alginate matrix containing
MS medium and plant hormones), e) transfer of seedlings from germination of synthetic seed to exvitro
conditions, f) remove the cap and transfer to larger pots.
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Table 4. Analysis of variance of hybrid and matrix in encapsulated and non-encapsulated somatic embryos of sunflower for compatibility
percent and different traits

MS  Sles e 5Kk

@Tarys 5l as,s 5058 ay ol atydb S e Sadb Soelw sl
S.0.V. Sl et Ch‘ df. Compatibility percent ~ Fresh weight Root number Root length  Leaf width  Leaflength Leafnumber Shoot height
Hybrid (H) & s | 1.1993™ 6.5407" 0.2083™  4028.85" 37.77" 244.83" 12.10" 1539.08"
Matrix (M) oS il 3 6.8443" 15.8143" 21187 6928.79" 209.93" 821.70" 71.80" 5616.51"
H>*M PSSl X s 3 0.775™ 0.7527" 0.1601 1197.78" 0.9956™ 88.24" 13.36” 1271.39™
Error siesla 3T oLzl 32 0.8112 0.0005 0.0506 5.67 1.2068 2.47 1.25 6.94
CVAR) ol s o 9.57 0.97 0.07 2.66 6.23 424 7.16 2.06

Aoy ) 5o 0 Jw'da.d):)b@u})b&#,:&%jda':%*ﬁ?jilﬂns
ns,* and **: Not significant, significant at 5% and 1% levels of probability, respectively.
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Table 5. Mean comparison of interaction of hybrid and matrix on eatablishment and growth of encapsulated and non-encapsulated somatic
embryos after transferred to ex vitro

Treatment L Mean olews u,iul.»
Hybrid L s Matrix ,»S»_JJL- L;ﬂf,’b Bl PSY) iy sl ) J)b 5){ SAF SJ{ J}b 51{ sl el J}b
compatibility percent  Fresh weight Root number  Root length  Leaf width  Leaflength Leaf number  Shoot height
Control Aals 100a 1.8% 48¢ 97 44c 17.45d 46.05a 15.0cd 122.47d
= _ DDW 2 UT
Azargol €31 Aok o 60b 0.97g 4.4¢ 60.21f 10.33f 24.90e 3.8d 94.19f
MS 100a 4.27a 7.0b 117.95b 21.56b 46.38a 18.8bc 152.05b
MS+PGR 0552+ MS 85a 3.62b 8.4a 123.30a 17.26d 41.82bc 17.0a 165.69a
Control Aal 100a 1.47f 4.6¢ 73.15¢ 19.13¢ 31.77d 13.8d 11891e
DDW Jhie OT
Farrokh > 3 . 80a 0.72h 2.4d 50.17¢g 12.24¢ 23.44e 11.0e 95.30f
MS 100a 3.01c 7.0b 77.75d 2291a 42.50b 16.2bc 134.56¢
MS+PGR 05052+ MS 90a 232d 8.4a 117.75b 20.09¢ 40.47¢ 19.2¢ 136.37c

Sl S35 glaals A & 35T ol 70 Szl el 53 3 e S5l 0kias OLES O g 5 53 Sslite g b sla SO
Means with different letters in each column are significantly different at 5% level of probability according to Duncan’s multiple rang test.
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