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KATA PENGANTAR 
 
 Puji syukur kehadirat Allah swt, karena berkat rahmat dan hidayahnya 
“Prosiding Program Seminar Nasional PERHORTI 2011” dapat diselesaikan. 
Perhimpunan Hortikultura Indonesia (PERHORTI) menyelenggarakan Seminar 
Nasional PERHORTI 2011 pada tanggal 23-24 November 2011 di Balai Penelitian 
Tanaman Sayuran, Lembang-Bandung dengan tema “Kemandirian Produk Hortikultura 
Untuk Memenuhi Pasar Domestik dan Ekspor”. Seminar dilaksanakan selama 2 (dua) 
hari bekerjasama dengan Institut Pertanian Bogor dan Badan Penelitian dan 
Pengembangan Pertanian. 
 Tujuan utama dari seminar ini adalah : 
(1)Mengkomunikasikan dan mendiskusikan hasil-hasil penelitian terkini bidang 
hortikultura diantara anggota PERHORTI dengan stakeholder, (2)Menyebarluaskan 
hasil penelitian dan pengetahuan terkini yang bermanfaat bagi pengembangan ilmu 
dan industri hortikultura, (3)Memberikan sumbangsih pemikiran terkait dengan 
kebijakan pengembangan hortikultura di Indonesia dan kemandiriannya, serta 
peningkatan ekspor produk hortikultura, (4)Menyampaikan kegiatan tahunan pengurus 
PERHORTI baik pada level Pusat maupun Cabang atau komisariat, (5)Soft launching 
Center for Tropical Horticulture, launching varietas unggul baru sayuran. 
 Prosiding ini dibagi dalam 3 buku, yaitu : Prosiding 1 (Tanaman Sayuran), 
Prosiding 2 (Tanaman Buah), serta Prosiding 3 (Tanaman Hias, Obat, Kebijakan Sosial 
dan Ekonomi). 
 Pada kesempatan ini, panitia mengucapkan terimakasih kepada para sponsor 
dan pihak-pihak yang telah membantu terselenggaranya seminar ini, antara lain : Wakil 
Rektor Bidang Riset dan Kerjasama-IPB, Wakil Rektor Bidang Bisnis dan Komunikasi-
IPB, Departemen Agronomi dan Hortikultura-IPB, Pusat Kajian Buah Tropika, PT. East 
West Seed Indonesia, PT. Surya Cipta Nusantara, PT. Bisi International. 
Panitia berharap prosiding ini bermanfaat bagi seluruh peserta Seminar Nasional 
PERHORTI 2011. 
 
      
       Lembang, 23 November 2011 
       Ketua Panitia, 
 
 
 
 
       Dr. Nurul Khumaida 
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ABSTRACT 

 
 This is the first report showing the complete event of somatic 
embryogenesis of pineapple. This research aimed to study the effect of picloram 
to induce somatic embryogenesis of pineapple from the early event of 
embryogenic cells formation to the germinated embryos. Callus formation were 
induced by picloram (21, 41, and 62 uM) with addition of 9 uM TDZ. The calli were 
transferred into N-enriched MS or Bac medium with addition of 6.8 uM Gln, 500 
mg l-1 CH, 0.69 mM Arg, and 0.027 uM Gly with or without addition of 21 uM 
picloram to proliferate embryogenic calli. The compact calli were subcultured 
onto Kin containing medium while the friable calli were transferred onto MS 
medium supplemented with 0.018 mM BA or modified MS medium with addition 
of 0.9 uM IBA, 1.1 uM BA, 0.09 uM GA3 for embryos development. The somatic 
embryogenesis of pineapple could be induced by using picloram. The highest 
callus formation (90%) resulted from 21 uM picloram. The ETs and FETs 
formation (100% respectively) were easy to form rather than embryogenic calli. 
The events of somatic embryogenesis started from polarized cell, asymmetrical 
division of the embryogenic cells to pre-embryo stage and followed by the 
embryo stages of globular, scutellar and coleoptillar, finished with the embryos 
germination. The ETs could be regenerated after 2 months yielded more than 17 
embryos/explant whereas the FETs could be regenerated after 2.5 months 
yielded more than 14 embryos/explant. 
 
Keywords: Somatic embryogenesis, pineapple, picloram 

 
INTRODUCTION 

 Pineapple can be propagated from many propagules such as crown, sucker, 
butt or stump, hapas, ratoon, and slip but their reproductive time are not uniform 
(IBPGR 1991; Bartholomew et al. 2003). It was reported that time harvested of sucker 
is 18 – 20 months, ratoon is 12 – 14 months, slip is 20 months, and crown is 22 – 24 
months (Bartholomew et al. 2003). Therefore conventional method is not appropriate 
for mass propagation, especially when the vegetative propagules are limited available 
in Smooth Cayenne.  
 The one method that may solve the problems is an in vitro culture technique 
since it may provide a large number of seedlings with high uniformity in a short time 
especially through somatic embryogenesis regeneration. Unfortunately, the in vitro 
culture techniques of pineapple in Indonesia are still limited to discus shoot proliferation 
(Nursandi et al. 2003; Purnamaningsih et al. 2009), shoot etiolation (Nursandi et al. 
2003) and mutagenesis (Suminar 2010). The somatic embryogenesis regeneration has 
not been studied. 
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 Somatic embryogenesis is defined as a process in which a bipolar structure 
resembling a zygotic embryo develops from a somatic cell without vascular connection 
with the original tissue (Arnold et al 2002). In abroad, somatic embryogenesis has 
been conducted by Sripaoraya et al., (2003) and Firoozabady and Moy (2004). 
However, there is no complete evidence of the whole step of somatic embryogenesis 
regeneration, especially at the early stage of embryogenic cells.  
 It was reported that auxin influences plant development by causing some 
changes at the cellular level, which affect cell turgor, elongation, division and 
differentiation including organogenesis, embryogenesis, and tropism (Kelley and 
Riechers 2007; Vanneste and Frim 2009).  According to Kelley and Riechers 2007, at 
low doses, auxinic herbicides possess similar hormonal properties to natural auxin. 
 The objectives of this research was to study the effect of 4-amino 3,5,6-
trichloropicolinic acid (picloram) to induce somatic embryogenesis regeneration of 
pineapple Smooth Cayenne started from the early event of embryogenic cells formation 
until somatic embryos development.  
 

MATERIALS AND METHODS 
 The plant material used was in vitro culture of pineapple Smooth Cayenne 
collected from Subang, West Java. This research was divided into three steps: (1) 
Callus induction, (2) Embryogenic callus formation, and (3) Somatic embryo 
development.  
Callus Induction 
 In vitro shoots were cut longitudinally become 2 – 4 sections, depended on the 
size of their core. The sections were placed horizontally on callus induction media (8 – 
10 sections per bottle) and incubated under dim light (below 500 lux). Callus induction 
media were MS (Murashige and Skoog 1962) basal media containing of picloram at the 
rate of 21, 41, and 62 uM with addition of 9 uM  thidiazuron (TDZ). They were 
incubated under 25 ± 2 0C in the dark for 3 weeks. After 3 weeks (explants has grown 
larger), leaves were isolated individually and they were plated on the same medium 
and incubated at the same condition as previous step. Each bottle consisted of 15 leaf 
base explants and each treatment was replicated 5 times. The variable observed were 
percentage of callus formation after 3, 6, 8, and 12 weeks planting and the fresh weight 
of the cultures. 
Embryogenic Callus Formation 
 The calli were subcultured to different media composition to induce 
embryogenic callus formation. The media was N-enriched MS or Bac medium with 
addition of with addition of 6.8 uM glutamine (Gln), 500 mg l-1 casein hydrolysate (CH), 
0.69 mM arginine (Arg), and 0.027 uM glycine (Gly) with or without addition of 21 uM 
picloram. The hormone-free MS basal medium was also tested as the control 
treatment. Macronutrients, micronutrient, vitamin, and sucrose of MS and Bac media 
were presented in Table 1. The treatment was replicated 6 – 8 times. The calli 
including original explants were placed in the room culture with 25 ± 2 0C, in the dark 
and light condition for 3 weeks. The variable observed were percentage of 
embryogenic callus formation, percentage of shoot formation, percentage of root 
formation, and visual performance of the callus (compact or friable, white or yellow or 



Prosiding Seminar Nasional PERHORTI 2011 
Lembang, 23-24 November 2011 
 

1106 
 

green, easy to disperse or not, watery or vigorous, and nodular or globular). 
Microscopical observation was conducted again to confirm the type of cell division.  
Somatic Embryo Development 
 On this step, the compact calli were transferred into MS basal medium 
containing of 1 mg l-1 kinetin (Kin) for shoot formation and elongation whereas the 
friable calli were transferred into different kind media. There were two kinds of media to 
regenerate the FETs. The first medium was basal medium supplemented with 17.7 uM 
benzyl adenine (BA) according to Firoozabady and Moy (2004) which coded as B4, 
and the second one was MS basal medium with slight modification in vitamin (without 
nicotinic acid and pyridoxine HCl) and containing of 0.9 uM indole butyric acid (IBA), 
1.1 uM BA, 0.09 uM giberelic acid (GA3) according to Perez et al. (2009) which coded 
as BIG. One-third part of the calli were used as the explants. The treatment was 
replicated 6 – 8 times. They were placed in the room culture with 25 ± 2 0C, in the light 
condition 16 h per day with 1000 lux irradiance. The variable observed was the 
percentage of regenerated explants, the number of developed somatic embryos, and 
the performance of the calli. 
 
Table 1. The content of macronutrients, micronutrients, vitamins, and sucrose in MS 

and Bac basal media. 
Compounds MS Bac* 

Macronutrients mg l-1 mg l-1 
KNO3 1900 2528 
NH4NO3 1650 - 
NH4Cl - 535 
CaCl2.2H2O 440 440 
MgSO4.7H2O 370 370 
KH2PO4 170 170 
Micronutrients mg l-1 mg l-1 
MnSO4. 4H2O 18,9 18,9 
ZnSO4.7H2O 10 10 
H3BO3 10 10 
KI 0.83 0.83 
Na2MoO4.2H2O 0.25 0.25 
CuSO4.5H2O 0.025 0.025 
CoCl2.6H2O 0.025 0.025 
FeSO4.7H2O 27.85 27.85 
Na2EDTA.2H2O 37.25 37.25 
Vitamin mg l-1 mg l-1 
Inositol 100 100 
Thiamine-HCl 0.1 0.4 
Nicotinic Acid 0.5 0.5 
Prydoxine-HCl 0.5 0.5 
Carbon Source mg l-1 mg l-1 
Sucrose 30,000 30,000 

*) Modified by Valverde and arias (1989) in Firoozabady and Moy (2004) 
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RESULT AND DISCUSSION 
 Picloram is a synthetic auxin (included in group of pyridine) and commonly used 
at relatively low concentration as plant growth regulator (Kelley and Riechers 2007). 
For instance, this is an effective inducer for cell proliferation in tissue and cell culture 
than IAA. Thus, this compound was used in this research to induce callus formation. 
Callus Induction 
 The callus formation was initiated 3 weeks after planting. The most of calli 
initiated from leaf base area. It was believed that leaf bases may either contain 
meristematic regions or possess newly developed tissue with rapidly dividing cells that 
are amenable to morphogenesis in the tissue culture Firoozabady and Moy (2004). 
Suryowinoto (1996) explained and suggested that Bromeliaceae has adventitious 
meristem in the leaf base.  
 The result showed that callus formation increased from 3 weeks to 8 weeks, 
and remained static until 12 weeks incubation period. It means the calli stopped to 
grow after 8 weeks induction period. The highest callus formation (90%) resulted from 
21 uM picloram. However, the fresh weight of the calli was not different among the 
treatments (Figure 1), indicated and confirmed that 21 uM picloram was the best rate to 
induce callus formation. This result was better than the previous research. Sripaoraya 
et al (2003) reported the lower frequency of callus formation (58%) when 3 mg l-1 
picloram was used on inducing embryogenesis of cv. Phuket while Firoozabady and 
Moy (2004) harvested 55% when they used 41 uM picloram on embryogenesis of cv. 
Smooth Cayenne. 
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Figure 1. The effect of picloram to the growth of pineapple leaf base explants: callus 

formation (A) and fresh weight of the cultures (B). 
 
 The visual observation showed globular and yellowish calli produced from the 
leaf bases. Microscopical examination showed that the callus was mixed by non 
embryogenic and embryogenic cell. The embryogenic cells were preceded with 
polarization and then followed by asymmetrical division become apical and basal cells 
(Figure 2). According to Abrash and Bergmann (2009), asymmetrical division produces 
distinct daughter cells which morphologically difference. Furthermore, Paciorek dan 
Bergmann (2010) illustrated the detail process of asymmetrical division which are 
started by symmetry breaking and followed by polarity establishment through the 
formation of pre-prophase band (PPB) and mitotic spindle to define the orientation of 
cell division ended by phragmoplast formation and yielding two daughter cells. It was 
assumed that picloram might play an important role as the inducer agent for such 
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division in this research through polar transport auxin as described by Vanneste dan 
Frim (2009).  
 As mention before, the calli yielded in this research was the globular and 
yellowish calli which contained of polarized (embryogenic) and not polarized (non 
embryogenic) cells. This structure was assumed as pre embryogenic mass (PEM). 
Compared with the previous research, Firoozabady and Moy (2004) harvested the 
similar structure, was called as embryogenic cell clusters (ECCs). ECSs were defined 
as highly friable tissues containing cell clusters mixed with elongated and large 
vacuolated cells also individual globular embryos. These structures were potential for 
somatic embryo production. 
Embryogenic Callus Formation 
 When the ECCs were let to grow in callus induction medium containing of 
picloram for long period (about 2 months), the embryogenic character was lost. 
However, when they were subcultured into N-enriched medium, the polarity was 
emerging and the cells could further develop through asymmetrical division followed by 
cell elongation as the evidence of somatic embryogenesis regeneration.  Arnold et al 
(2002) reviewed that the important mechanism during the process of somatic 
embryogenesis are asymmetric cell division and cell elongation. It is promoted by plant 
growth regulator (picloram) that alters cell polarity by interference with the pH gradient 
or electrical field around cells. Despite cell expansion is associated with 
polysaccharides of cell wall and corresponding hydrolytic enzymes. The events of 
somatic embryogenesis and non embryogenesis process of pineapple cells at pre-
embryo stage could be observed microscopically (Figure 3). According to the images, it 
was suggested that the cells were divided through periclinal division. 
    

 

 
Figure 2. The response of pineapple leaf bases on picloram containing media. The 

upper row showed the calli and the lower row showed microscopical 
observation: 21 uM (A), 41 uM (B), 62 uM (C), non embryogenic cell cluster 
(D), polarized and non polarized cells (E), and embryogenic cell which consist 
of basal and apical areas (F). The arrow showed further development of each 
cell. 

 
 Based on visual observation, there were two different structures obtained from 
this step, the greenish compact and the yellowish dispersable calli. The compact calli 

A B C 

D E F 
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contained of some shoots whereas the friable calli did not contain of any shoots (Table 
2). Firoozabady and Moy (2004) have distinguished those structures which the first 
structure was called embryogenic tissue (ET) and the second one was friable 
embryogenic tissue (FET). ET was defined as non dispersible organized structure that 
is produced by proliferation of immature somatic embryos or a cluster of immature 
somatic embryos fused together. FET was defined as dispersible tissue containing of 
individual globular embryos in a matrix.  
 
Table 2. The response of pineapple ETs from different kinds of embryogenic callus 

proliferation media, 1 month after subculture. 
Condition/Media Visual performance of the callus (ETs) 

Light  
MS0 Nodular, compact, greenish, and contained of shoots 
MS+ Compact, greenish, and contained of shoots 

MS+21 Globular, dispersible, and yellowish 
Bac+ Nodular, compact, greenish, and contained of shoots 

Bac+21 Globular, semi dispersible, and yellowish 
Dark  

MS0 Compact and turn brown (browning) 
MS+ Semi dispersible and yellowish 

MS+21 Globular, semi dispersible, and yellowish 
Bac+ Compact and browning 

Bac+21 Nodular, semi dispersible, and yellowish 
Note: MS0 = hormone-free MS basal medium, MS+ = N-enriched MS medium, MS+21 
= N-enriched MS medium supplemented with of 21 uM picloram, Bac+ = N-enriched 
Bac medium, Bac+21 = N-enriched Bac medium supplemented with 21 uM picloram.  
 
 In this research, the emergence of shoot or immature embryos might be caused 
by the activity of endogenous cytokinin. As reported by several researchers, the higher 
rate of cytokinin/auxin ratio will change to growth into shoot formation (Srivastava 2002; 
Moubayidin et al 2009). Based on this result, the ETs and FETs structures were then 
subcultured into different media. The ETs were subcultured into MS medium with 
addition of 1 mg l-1 Kin to regenerate and elongate the immature somatic embryos 
whereas the non FETs were subcultured into B4 or BIG medium to develop the somatic 
embryos. 
 There was different response of the growth of ETs depended on the media 
formulation and lighting. When they were exposed under light condition almost of all 
treatments yielded shoot formation excepted ETs from the treatment of MS medium 
supplemented with 21 uM picloram. On the contrary, root formation was induced in 
dark condition. Interestingly, the events of browning were higher in dark condition than 
in light condition. The data also confirmed that the use of media formulation was more 
important than light condition to proliferate the ETs, especially when the media 
contained of picloram (Figure 4). 
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Figure 3. Microscopical observation (400 x magnifications) of pineapple ECCs after 

planted on embryogenic callus proliferation media. The upper is the 
development of embryogenic cell and the lower is non embryogenic cell: 
single cell (A), two cells (B), 3 or 4 cells (C), and further development (D). 

 
Somatic Embryo Development 
 Jimenez (2005) reviewed that the development of embryos in monocots passes 
through several stages, namely globular, scutellar, and coleoptilar. In this study, the 
globular and coleoptillar stage could be observed visually (Figure 4) but the scutellar 
stage could not be observed since the immature somatic embryos were fused together 
in ETs or the embryos were in matrix in FETs. 
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Note: MS0 = hormone-free MS basal medium, MS+ = N-enriched MS medium, MS21 = 
N-enriched MS + 21 uM picloram, Bac+ = N-enriched Bac medium, Bac21 = N-
enriched Bac + 21 uM picloram.  
 
 



Prosiding Seminar Nasional PERHORTI 2011 
Lembang, 23-24 November 2011 
 

1111 
 

Figure 4. The responses of pineapple calli (ETs and FETs) on different kinds of 
embryogenic callus proliferation media, 2 months after subculture.  

 

A B C D

 
Figure 4. The developmental stage of pineapple somatic embryos from FETs structure: 

globular (A), late coleptillar (B), and germinated embryos (C and D). 
 
 In the case of ETs, the highest number of regenerated embryos was obtained 
from N-enriched Bac medium in light condition (Table 3).  The performance of ETs 
before and after regeneration was presented in Figure 5. It showed that the structures 
of cultures of N-enriched Bac and N-enriched MS media become dispersible. 
Interestingly, the percentage of regenerated ETs (100%) and the number of embryos 
yielded from this research (more than 17 shoots/ET) were higher (Table 3) than 
obtained in the previous study on pineapple cv. Phuket (65.7% with 3 embryos per ET) 
(Sripaoraya et al 2003). This result was also higher than other research which obtained 
63% regenerated ETs of pineapple cv. Champaka (Firoozabady and Moy 2004).   

 
 
Figure 5. The performance of pineapple ETs before (2 rows upper) and after 

regeneration (2 rows lower) on MS medium with 1 mg l-1 Kin. The original 
media were hormone-free MS basal medium (left column), N-enriched MS 
medium (middle column), and N-enriched Bac medium (right column). 
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 Different with the ETs (2 months), FETs need longer time to develop the 
embryos (2.5 months). The percentage of regenerated FETs was also high (83 – 
100%). There was a unique response of the FETs regeneration. The B4 medium was 
more suitable for developing somatic embryos originated from light condition treatment. 
On the contrary, the BIG medium was more appropriate for developing somatic 
embryos originated from dark condition treatment. Generally the best treatment was 
obtained from N-enriched MS medium containing of 21 uM picloram and light condition 
followed by transferring the FETs into MS medium containing of 4 mg l-1 BA (Table 4). 
 
Table 3. The development of ETs on MS medium containing of 1 mg l-1 Kin, 2 months 

after subculture 
Condition/Media Percentage of regenerated 

ETs (%) 
Number of developed 

embryos 
Light   

MS0 87.5 9.1 ± 5.7 
MS+ 100 10.3 ± 7.4 

Bac+ 100 17.3 ± 7.5 
Dark   

MS0 77.8 10.6 ± 8.9 
MS+ 100 9.5 ± 6.1 
Bac+ 100 6.4 ± 4.3 

Note: MS0 = hormone-free MS basal medium, MS+ = N-enriched MS medium, and 
Bac+ = N-enriched Bac medium.   
 
Table 4. The development of FETs on two different media, 2.5 months after subculture. 

Condition/Original 
media 

Regeneration 
media 

Percentage of 
regenerated FETs 

(%) 

Number of developed 
embryos 

Light    
MS+21 BIG 100 12.7 ± 6.8 

 B4 100 14.8  ± 6.0 
Bac+21 BIG 100 2.5  ± 1.3 

 B4 100 9.2  ± 3.3 
Dark    

MS+21 BIG 83 10.5  ± 6.0 
 B4 100 8.8  ± 3.9 

Bac+21 BIG 100 11.4  ± 5.5 
  B4 100 4.8  ± 2.6 

Note: MS+21 = N-enriched MS + 21 uM picloram, Bac+21 = N-enriched Bac + 21 uM 
picloram, B4 = MS + 4 mgl-1 BA, and BIG = MS without nicotinic acid and pyridoxine 
HCl + 0.9 uM IBA + 1.1 uM BA + 0.09 uM GA3. 
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CONCLUSION 
 The somatic embryogenesis regeneration of pineapple could be induced by 
using picloram. The ETs and FETs were easy to form rather than embryogenic calli. 
The events of somatic embryogenesis could be observed started from polarization of 
single cell, asymmetrical division of the embryogenic cells into pre-embryo stage, 
globular stage, and coleoptillar stage while scutellar stage could not be observed. The 
ETs should be produced by transferring the calli into N-enriched Bac medium and 
incubated them on light condition. The FETs should be formed by subculturing the calli 
into N-enriched MS medium containing of 21 uM picloram on light condition. The ETs 
could be regenerated after 2 months with more than 17 embryos/explant on MS 
medium containing of 1 mg l-1 Kin whereas the FETs could be regenerated after 2.5 
months with more than 14 embryos/explant on MS medium with addition of 4 mg l-1 BA. 
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