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Abstract 

This work aimed to investigate the effects of different combinations of auxin (0, 225 and 450 

µM Picloram) and Murashige and Skoog salts (50% and 100% MS salt concentrations, 

respectively named as ½ MS and MS) in mediate the induction of callus and flowers from 

immature inflorescences (developmental stages I-9, I-12 and I-15) of the oil palm BRS – 

Manicoré hybrid. In I-9 inflorescence explants, the rate of callus induction was 17% higher in 

½ MS than in MS; while in both I-12 and I-15 inflorescence explants, callus induction was over 

than 95% regardless of the MS salt concentration. The higher rate of callus induction in I-9 

inflorescences was mediated by 450 µM Picloram, while the callus induction rates for either 

I-12 or I-15 inflorescences were higher than 92% regardless of Picloram concentration. Floral 

induction was lower in I-9 inflorescence explants (45% floral induction rate) than in both I-12 

and I-15 inflorescence explants (floral induction rate higher than 90%). Our results suggest that 

Picloram (450 µM) and MS salts concentrations (½ MS) led to the highest rates of calluses and 

flowers induction in younger inflorescence explants (I-9); however, the medium composition is 

indifferent on callus and flower induction in I-12 and I-15 inflorescences. 

Keywords: auxin, Elaeis oleifera x E. guineensis, MS salts, Picloram 

1. Introduction 

African oil palm (Elaeis guineensis Jacq.) cultivations in Brazil and Latin America have 

suffered from the occurrence of lethal yellowing (LY), an unknown-cause anomaly that 

already devastated thousands of hectares with oil palm. In Brazil, the LY has been affecting 

continuously several areas since the first reported case in the country (De Franqueville, 2003). 

Therefore, the development of LY - resistant oil palm cultivars has been addressed through 

crop breeding. In this context, the BRS - Manicoré hybrid, a result of interspecific 

hybridization between the African (E. guineensis) and American (E. oleifera (Kunth) Cortés) 

oil palm species, brings together desirable agronomic traits, such as high yield, pests 

resistance, LY resistance, high content of unsaturated fatty acids in fruits and short stipe 

growth (Cunha et al., 2009). In Brazil, the viability of planting oil palm hybrids (such as BRS 

– Manicoré) in areas previously devastated by LY has been observed, highlighting the 

resistance of this plant material to LY (Cunha and Lopes, 2010). 

The natural vegetative propagation of oil palm occurs through seeds since this species does 

not produce axillary shoots - by having only one apex of growth - and, therefore, cannot be 

multiplied vegetatively by tillering (Rajesh et al., 2003). Concerning interspecific hybrids, a 

low seed germination rate around 30% and 36% is commonly observed (Angelo et al., 2007; 

Maquiné et al., 2012). Despite this, the seedlings of hybrids, including BRS - Manicoré, have 

been produced from pre-germinated seeds, a process that takes about 150 days from the fruit 

harvesting and processing to embryonic axis emergence (Lopes, 2013). Additionally, the 

generated plants present high genetic variability, and this is one of the main yields limiting 

factors in most of the commercial cultivated areas with oil palm (Viegas and Muller 2000). 

Considering that oil palm presents highly heterozygous plants, heterogeneous populations, 

and monopodial growth, the in vitro clonal propagation raises as a suitable alternative to 
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produce oil palm hybrid seedling on a large-scale (Teixeira et al., 1995; Rajesh et al., 2003). 

Thus, one can expect that more uniform and healthy BRS - Manicoré seedlings can be 

produced from a single explant and in a lower timeframe as compared to the traditional 

nursery methods (Erig and Schuch, 2005). 

Different plant tissues have been used on clonal propagation, including the inflorescences 

(Teixeira et al., 1994; Karun et al., 2004; Campos et al., 2007). In oil palm micro propagation, 

the explants commonly used are zygotic embryos (Teixeira et al., 1995), immature 

inflorescences (Teixeira et al., 1994), immature leaves, and tertiary and quaternary roots 

(Eeuwens et al., 2002). The micro propagation of the oil palm BRS - Manicoré hybrid is still 

unknown and in this research we hypothesize that immature inflorescences may be an 

adequate explant to start in vitro cultivations of this hybrid. Our expectations are based on the 

totipotence of immature inflorescence cells, which also should present low levels of 

contamination by microorganisms since they are protected by floral spaths. We also 

hypothesize that BRS - Manicoré micro propagation may be achieved through somatic 

embryogenesis and in this context we believe that auxins may be crucial due to its effects on 

cell de-differentiation (Elhiti et al., 2013). The most used auxins for somatic embryogenesis 

induction are 2,4-dichlorophenoxyacetic acid (2,4-D), 4-amino-3,5,6-trichloropicolinic acid 

(Picloram) and 3,6-dichloro-2- methoxybenzoic acid (Dicamba). These chemicals may act on 

gene expression and in cell division and expansion, leading to callogenesis, embryogenesis 

and organogenesis (Krikorian, 1991). 

Thus, this study was carried out to evaluate the ability of immature inflorescences in inducing 

in vitro callus and flowers in oil palm BRS - Manicoré hybrid growing at two concentrations 

of Murashige and Skoog salts (total concentration, MS; or halved concentration, ½ MS) and 

three concentrations of auxin (0; 225 and 450 µM Picloram). The outcome of this work will 

further support studies on in vitro oil palm regeneration via somatic embryogenesis, aiming at 

producing BRS - Manicoré seedlings on a large scale. 

2. Materials and Methods 

2.1 Plant Material 

Immature female inflorescences of oil palm BRS - Manicoré hybrid at different 

developmental stages were used as explants. The inflorescences were collected in Moju, state 

of Pará, northern Brazil (01º 53 '02 "S and 48º 46' 08" W) and identified according to the 

corresponding phyllotaxis order (leaf number) arranged throughout the plant as follows: I-9, 

inflorescence from the ninth leaf; I-12, inflorescence from the 12th leaf; and I-15, 

inflorescence from the 15th leaf. 

At the laboratory, inflorescences still containing spathe were washed with neutral liquid soap, 

then dipped in 2.5% sodium hypochlorite and rinsed in deionized water. The outer and inner 

spathes were removed and inflorescences were immersed in 70% (v/v) ethanol for 1 min and 

subsequently in sodium hypochlorite (2.5%) for 15 min. Finally, the inflorescences were 

washed three times in sterile distilled water before inoculation in culture mediums. All 

sterilization procedures were performed in a laminar flow cabinet. 
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2.2 Growth Conditions and Experimental Design 

The I-9, I-12 and I-15 inflorescences were cross-sectioned and sections were inoculated in 

MS medium (Murashige and Skoog, 1962) containing either a total concentration (MS) or 

halved concentration (½ MS) of salts combined with three concentrations of auxin (0; 225 

and 450 µM Picloram). Therefore, the experiment consisted of the following culture mediums: 

MS + 0 µM Picloram; MS + 225 µM Picloram; MS + 450 µM Picloram; ½ MS + 0 µM 

Picloram; ½ MS + 225 µM Picloram; ½ MS + 450 µM Picloram. All culture mediums were 

supplemented with 30 g L-1 sucrose, 0.3% (w/v) phytagel, and 2.5 g L-1 activated carbon. The 

medium pH was adjusted to 5.8 before autoclaving at 120 ºC for 20 min. The explants were 

inoculated in flasks containing 40 mL culture medium, which were placed in a growth 

chamber at 25 ºC under darkness. 

The experiment was performed in a completely randomized design, in a 3 x 2 x 3 factorial 

scheme (inflorescence developmental stages x MS medium salt concentration x Picloram 

concentrations), totalling 18 treatments and six replications. Each experimental unit consisted 

of a culture flask containing five rachilla sections. 

2.3 Assessments 

Evaluations were carried out 45 days after inoculation by assessing the explants 

contamination and oxidation rates and determining the callus and flower induction rates. All 

data were expressed in percentage, calculated as the total number of occurrences in relation to 

total number of explants per flask. 

Histological analyses of the cultures were performed by fixing the samples in 70% FAA 

(formaldehyde, ethyl alcohol, and acetic acid) for 24 h followed by progressive ethanol 

dehydration (70% - 80% - 90% - 100%). The time of incubation in each ethanol 

concentration was about 30 min. The samples were then transferred to a pre-infiltration 

solution containing 95% ethanol and Leica historesin (1:1, v/v) for 24 h. After that, all 

samples were immersed in an infiltration solution for at least 24 h. The samples were 

embedded in Leica historesin and sectioned using a manual microtome. The samples were 

stained with 0.05% blue toluidine prior to glass slide setting. 

2.4 Statistics 

The data did not present normal distribution even after arcsine transformation (Fischer 1922, 

Zubin 1935). Therefore, all data set were submitted to non-parametric analysis by the 

Kruskall Walls method, somehow the differences between treatments were performed by 

Dunn’s test (p<0.05). Data analysis was accomplished by using SAS software (SAS Institute 

Inc., Cary, USA). 

3. Results and Discussion 

3.1 Explant Contamination and Oxidation 

The rate of explant contamination was only about 3.5%. Hence, this indicates that the 

explants presented low endogenous contamination by microorganisms. Moreover, the use of 
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ethanol and sodium hypochlorite was efficient in promoting the surface asepsis of explants 

without impairing their morphogenic responses to callus and flower induction treatments. 

Irrespective of the Picloram concentrations (Figure 1A), a high rate of explant oxidation (> 

61%) was observed in MS mediums independently of the inflorescence developmental stage 

and salts concentration. In explants originated from I-9 and I-12 inflorescences, the oxidation 

rates were not influenced by MS salts concentration. However, the oxidation rate in I-15 

inflorescence explants was 39% higher in ½ MS than in MS medium (Figure 1A).  

The overall effects of Picloram in attenuating the explants oxidation independently of MS 

medium salts concentration are shown in Figure 1B. The addition of 225 µM Picloram was 

sufficient to reduce the oxidation of explants obtained from both I-9 and I-15 inflorescences 

by 25% and 29%, respectively, while a higher concentration of this compound (450 µM) was 

necessary to reduce the oxidation rate in I-12 inflorescence explants by 15%. When explant 

oxidation rates were evaluated regardless of inflorescence developmental stage (Figure 1C), 

one can note that oxidation rate was higher in the absence of Picloram. The lower oxidation 

rates were observed in MS medium containing 225 µM Picloram (Figure 1C). 

The explant oxidation may be a response to phenolic compounds, which seems to be common 

in vitro oil palm cultivation (Silva et al., 2012). According to Teixeira et al. (1994), the use of 

activated carbon in the MS medium may significantly reduce phenolic oxidation. Likewise, 

Thomas (2008) reported the benefits of activated carbon on plant growth and development 

due to its potential to adsorb inhibitory substances in the culture medium. In this experiment, 

however, the activated carbon did not prevent explant oxidation but data shows that explant 

oxidation tended to be lower in the presence of Picloram, particularly in the MS mediums. 

Although this result suggests that Picloram may attenuate explant oxidation, one must to be 

cautious, however, because such antioxidant effect has not been earlier described. 

3.2 Callus Induction 

In this experiment we observed that explants oxidation in inflorescences at all developmental 

stages did not affect callus induction, as also previously observed by Teixeira et al. (1994). 

Therefore, such friable, beige - colored calluses can be observed in oxidized BRS - Manicoré 

explants in Figure 2 and 4. Comparatively, Silva et al. (2012) observed high occurrence of 

phenolic oxidation in explants from some oil palm genotypes even in the presence of 

activated carbon (2.5 g L-1); however, the oxidation level was not harmful to in vitro 

morphogenesis. Teixeira et al. (1993) used immature zygotic embryos of oil palm in a culture 

medium to induce callus formation and showed that the presence of 0.3% activated carbon 

attenuated the oxidation of explants by the adsorption of part of the 2,4-D present in the MS 

medium. 

In I-9 inflorescence explants, the callus induction rate was 17% higher in ½ MS than in MS 

medium (Figure 3A). On the other hand, in explants from both I-12 and I-15 inflorescences, 

the callus induction rates were higher than 95% regardless of the MS salt concentrations in 

the culture medium (Figure 3A). Therefore, the results evidence that the highest callus 

induction did not occur in the youngest tissues (I-9), as previously reported by Pierik (1990). 
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The callus induction is commonly mediated by auxins (Ozias-Akins; Vasil, 1985). Auxins are 

substances involved with de-differentiation and redifferentiation mechanisms in most models 

of somatic embryogenesis (Thuzar et al., 2011). In indirect embryogenesis, which involves 

the formation of callus, the de-differentiation occurs prior to the cell redifferentiation via 

genetic reprogramming. At this point, the physiological stage of the explant and plant growth 

regulator type and concentration are crucial because they act as chemical signals to activate 

specific pattern of gene expression (Guerra et al., 2016). 

According to Soh et al. (2011), the rate of callus induction and callus growth seems to be 

slower in E. guineensis than in other plant species, even under similar cultivation conditions, 

indicating that the callus induction follows a specific pattern for each species. Besides that, 

different rates of callus induction have been reported for different E. guineensis genotypes, 

indicating that callus induction in African oil palm is a genotype-specific response (Corrêa et 

al. 2015). Furthermore, Balzon et al. (2013) observed that the frequency of embryogenic 

callus induction in oil palm growing in culture medium containing both Picloram (450 µM) 

and activated carbon (2.5 g L-1) reached 97.5% of zygotic embryos in the MS medium, while 

the response was 79.4% in the MS medium supplemented with 2,4-D and activated carbon. 

In this study, the Picloram - mediated induction of callus was only evident in explants from 

the youngest inflorescences (I-9), particularly at the concentration of 450 µM Picloram 

(Figure 3B). In the most mature inflorescences (I-12 and I-15), the callus induction rates were 

higher than 92% regardless of Picloram concentration in the culture medium (Figure 3B). In 

addition, it was demonstrated that the callus induction rate in the absence of Picloram was 

lower in MS than in ½ MS medium, while no significant effect of the MS salts concentration 

was observed in the presence of 225 or 450 µM Picloram (Figure 3C). These results indicate 

that all explants evaluated in this study presented a sufficient concentration of endogenous 

auxins to induce callus growth. Furthermore, since the effect of Picloram in stimulating 

significant increases in the callus induction rate was limited to I-9 inflorescences, it can be 

inferred that these younger inflorescences must have a lower endogenous concentration of 

auxins than more mature inflorescences (I-12 and I-15). Therefore, the addition of Picloram 

to the culture medium must have properly compensated for the lower endogenous 

concentration of auxin in I-9 inflorescences. 

3.3 Flower Induction 

The differentiation of inflorescences started seven days after explants inoculation in the 

respective culture mediums. After 45 days of growth under darkness, numerous calluses 

(Figure 4A) and flowers (Figure 4B) were evident in all treatments, even in explants 

presenting pronounced oxidation (Figure 4C and 4D). Then, explants containing flowers and 

calluses (Figure 5A) were subjected to histological traits. From the results we evidenced the 

presence of parenchyma, randomly distributed bundles-sheath, and vacuolated cells in the 

calluses (Figure 5B and 5D). Such structures showed the same pattern as commonly observed 

in monocotyledons. Further, we also confirmed the presence of floral structures initiation 

with three verticils (Figure 5C). 

Floral induction was observed in the explants originated from inflorescences at all 
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developmental stages and it was irrespective of the MS salts concentration in the culture 

medium (Figure 6A). However, the average rates of floral induction were lower in explants 

originated from the youngest inflorescences (I-9, with 45% of flowers) than those from more 

mature inflorescences (I-12 and I-15, higher than 90% of flowers). Therefore, the stage of 

maturation of the explant significantly influenced in vitro differentiation of flowers in BRS - 

Manicoré hybrid. A similar result was observed in Bactris gasipaes, in which the formation of 

floral structures was higher in more mature inflorescences (Steinmacher et al. 2007). By 

contrast, Carvalho (2009) demonstrated that the developmental stage of E. guineensis 

inflorescence affects the percentage of rachilla with flowers, somehow the higher average 

was observed in explants obtained from younger inflorescences. 

When the youngest inflorescences (I-9) were used as explants, the absence of Picloram in the 

MS medium completely inhibited the floral induction (Figure 6B). In such explants, floral 

induction significantly increased as a function of Picloram concentration in the MS medium, 

which reached 36% and 98%, respectively, at 225 µM and 450 µM Picloram (Figure 6B). 

There was no interaction between medium composition (MS and ½ MS) and Picloram 

concentrations (0; 225 µM and 450 µM). However, a clear upward trend in flower induction 

rates was observed in response to increases in Picloram concentration in the culture medium 

(Figure 6C). 

In general, our results demonstrate the importance of Picloram in underlying in vitro floral 

induction in explants originated from oil palm BRS - Manicoré inflorescences, particularly in 

younger ones. It was also evidenced that the floral induction is dependent on the 

concentration of Picloram present in the MS medium. Comparatively, Teixeira et al. (1994) 

observed that the addition of 2,4-D auxin (475 µM) to the MS medium induced the 

development of floral structures in oil palm inflorescences (Psifera). According to Teixeira et 

al. (1994) and Zaid and Tisserat (1983), the development of these floral structures is a 

consequence of a high degree of inflorescence architecture determination, thus presenting less 

sensitivity to in vitro stimuli. 

4. Conclusions 

1. The oxidation of explants - even in the presence of activated carbon in the MS medium - 

did not prevent in vitro induction of callus and flower in all inflorescences tested. 

2. The explants obtained from I-9, I-12 and I-15 inflorescences are suitable to induce in vitro 

callus and flower formation, and however, the highest rates of floral induction were observed 

in the I-12 and I-15 explants regardless of medium composition. 

3. A significant effect of Picloram in inducing in vitro calluses and flowers was evident only 

in younger inflorescence explants (I-9) growing in ½ MS medium containing 450 µM 

Picloram. 
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Figure 1. Effects of salt (total concentration, MS; or halved concentration, ½ MS) and 

Picloram (0; 225 and 450 µM) concentrations on oxidation rates of oil palm BRS - Manicoré 

explants obtained from inflorescences at different stages of development (I-9, I-12 and I-15). 

The data are presented as means ± SD (n = 6). In Figures 1A and 1B, lowercase letters 

indicate significant differences between treatments with different MS medium compositions 

(A) or Picloram concentration (B) at the same stage of floral development. In Figure 1C, 

lowercase letters denote significant differences between treatments with different MS 

medium compositions at the same concentration of Picloram. The means were compared by 

Dunn’s test (p <0.05). 

 

Figure 2. Friable calluses (yellow arrow) in I-15 immature inflorescences of oil palm BRS - 

Manicoré hybrid. 
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Figure 3. Effects of salt (total concentration, MS; or halved concentration, ½ MS) and 

Picloram (0; 225 and 450 µM) concentrations on callus induction rates of oil palm BRS - 

Manicoré explants obtained from inflorescences at different stages of development (I-9, I-12 

and I-15). The data are presented as means ± SD (n = 6). In Figures 3A and 3B, lowercase 

letters indicate significant differences between treatments with different MS medium 

compositions (A) or Picloram concentration (B) at the same stage of floral development. In 

Figure 3C, lowercase letters denote significant differences between treatments with different 

MS medium compositions at the same concentration of Picloram. The means were compared 

by Dunn’s test (p <0.05). 
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Figure 4. Morphogenesis in rachilla segments obtained from immature female inflorescences 

of oil palm BRS - Manicoré hybrid. Pictures were taken 45 days after inoculation in culture 

mediums. A, callus formation; B, floral structures; C and D, floral structures in oxidized 

rachilla segments 
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Figure 5. In vitro floral structure originated from female inflorescences of oil palm BRS - 

Manicoré hybrid. A, callus formation at the base of floral structure (yellow arrows); B, 

histological cross - section of the floral structure (flw) surrounded by randomly - distributed 

vascular bundles sheath cells (bsc); C, histological median - section showing floral verticils 

(fv); D, histological basal - section of floral structure showing numerous callus cells (c). 
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Figure 6. Effects of salt (total concentration, MS; or halved concentration, ½ MS) and 

Picloram (0; 225 and 450 µM) concentrations on flower induction rates of oil palm BRS - 

Manicoré explants obtained from inflorescences at different stages of development (I-9, I-12 

and I-15). The data are presented as means ± SD (n = 6). In Figures 6A and 6B, lowercase 

letters indicate significant differences between treatments with different MS medium (A) 

compositions or Picloram (B) concentration at the same stage of floral development. In 

Figure 6C, lowercase letters denote significant differences between treatments with different 

MS medium compositions at the same concentration of Picloram. The means were compared 

by Dunn’s test (p <0.05) 
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