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Abstract 
Micropropagation is a method that enables in vitro cloning of cultivated plants, irrespective of their potential to 
produce seeds and their polyembryony rate, guaranteeing genetic identity and absence of phytosanitary problems 
of the propagated plants if the multiplication process is conducted suitably. In this respect, citrus rootstocks of 
agronomic interest were micropropagated in Wood Plant Medium (WPM). The experiment was conducted in the 
municipality of Cruz das Almas, in the Recôncavo Baiano region of Bahia state, Brazil, with 10 rootstocks: 
‘Indio’, ‘Riverside’ and ‘San Diego’ citrandarins, ‘Sunki Tropical’ mandarin, and the hybrids RL × TR-001, FRL × 
(RL × TR)-005, CSM × (RL × TR)-059, TRH-051, TRH-069 and CSM × TRBK-Colombia. Nodal segments of 
these genotypes, with approximate length of 1 cm, were used. The number of plants formed per explant was 
evaluated 180 days after inoculation. The experimental design was completely randomized, with ten treatments 
and 12 repetitions, the data obtained were submitted to analysis of variance (F-test) and the grouped means were 
analyzed by the Scott-Knott test, in both cases a 5% probability. In vitro culture of explants of the ten genotypes 
studied presented positive responses to micropropagation in the WPM medium, once the explants of all 
genotypes showed direct regeneration and formed plants. The citrandarin 'Indio' he stood out with the highest 
average of explants by plant (4.20). 
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1. Introduction 
In commercial citrus orchards, rootstocks are generally propagated from seeds. But depending on the seeds’ 
polyembryony rate, this multiplication route can impair the genetic fidelity of the rootstock variety to be used, 
and consequently the uniformity of the groves, since the frequency of zygotic embryos in seeds with low 
polyembryony rates is usually high, implying restricted formation of nuclear embryos, the target of 
multiplication since they have the same genetic constitution as the mother plant (Sharma, Prakash, & Tele, 2009; 
Soares Filho, Souza, Ledo, Santana, & Passos, 2014). Besides this, some rootstock varieties produce fruits with 
low quantities of seeds, such as the Sunki mandarin [Citrus sunki (Hayata) hort. ex Tanaka], hindering its 
propagation. 

Micropropagation is a method that allows avoiding these problems, and can be employed on a large scale for in 
vitro cloning of rootstocks, regardless of the potential for producing seeds and their polyembryony rate, 
guaranteeing genetic identity and absence of phytosanitary problems of the propagated plants when performed 
appropriately (Engelmann, 2011). 

In citrus, as is the case of many other plant species groups, the success of any in vitro regeneration system 
depends on various factors, such as the incubation conditions, choice of culture medium, application of growth 
regulators and their concentrations, and type of explant. The genotype also has a strong influence on the tissue 
culture results (Cervera, A. Navarro, L. Navarro, & Peña, 2008; Tallón, Porras, & Pérez, 2013). 

The majority of studies of in vitro culturing have focused on the effects of growth regulators on the plants, with 
the influence of the base culture medium having been less studied. Nevertheless, the chemical composition of the 
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culture medium is among the most important factors for the success of tissue culturing (Ruzic, Saric, Cerovic, & 
Culafic, 2004).  

Generally, the production of citrus rootstocks occurs through sowing in nurseries, and depending on the 
polyembryony rate of the seeds, this route of propagation can compromise the genetic fidelity and uniformity of 
the orchards, since the zygotic embryos do not preserve the characteristics of the rootstock of interest (Sharma et 
al., 2009). In addition, some rootstocks do not produce or exhibit a low amount of seed; others are 
monoembryonic; or have a low germination rate, thus compromising the production of seedlings of certain 
genotypes.  

Wood Plant Medium (WPM) is a basic cultivation medium that has been used for the in vitro establishment of 
Citrus Germplasm Active Bank of the Embrapa Cassava and Fruits, as it provides very promising results in the 
multiplication of several citrus genotypes (Carvalho, Souza, Santos, Soares Filho, Ledo, & Souza, 2016). The 
objective of the work was to propagate rootstocks of agronomic interest by means of in vitro cultivation using 
the WPM culture medium.  

2. Materials and Methods 
The experiment was conducted in the municipality of Cruz das Almas, located in the Recôncavo Baiano, which 
has geographical coordinates 12°40′19″ south latitude, 39°06′23″ west longitude, with an altitude of 226 m.  

Developed with the support of Plant Tissue Culture Laboratory of Embrapa Cassava and Fruits, considering 10 
rootstocks: ‘Indio’, ‘Riverside’ and ‘San Diego’ citrandarins [C. sunki × Poncirus trifoliata (L.) Raf.], ‘Sunki 
Tropical’ mandarin, and hybrids RL × TR-001, FRL × (RL × TR)-005, CSM × (RL × TR)-059, TRH-051, 
TRH-069 and CSM × TRBK Colombia, where RL = ‘Rangpur’ lime (C. limonia Osbeck), TR = P. trifoliata, FRL 
= ‘Florida’ rough lemon (C. jambhiri Lush.), CSM = common ‘Sunki’ mandarin, TRH = trifoliate hybrid, 
involving P. trifoliata, and TRBK = P. trifoliata ‘Benecke’. 

To obtain the explants, five ripe fruits were collected of each genotype. Were used 12 seeds per genotype. The 
seeds were removed, washed for removal of the mucilage and kept to dry on paper towel, on the laboratory 
bench at environment temperature for one day. Then the external tegument (testa) was removed and the seeds 
were disinfested in a laminar flow chamber through immersion in 70% ethanol for five minutes followed by 
immersion in a 0.5% sodium hypochlorite solution containing two droplets of Tween® for 20 minutes, after 
which they were washed three times in autoclaved distilled water. The seeds were inoculated in tubes containing 
approximately 10 mL of WPM in its basal composition. The tubes were kept in a growth room at a temperature 
of 27±1 ºC, with photon flux density of 30 μmol m-2 s-1 and photoperiod of 16 hours. 

After 120 days of cultivation were obtained matrix plants, the number of plants obtained varied according to the 
genotype. The seedlings, with heights ranging from 10 to 12 cm, were used to obtain the explants and establish 
the experiment. For that purpose, nodal segments with approximate length of 1 cm were inoculated in glass 
flasks (250 mL) containing 50 mL of WPM, ranging from one to five explants per plant matrix obtained. Then 
the flasks were taken to the growth room and kept under the same conditions mentioned previously. 

At 150 days after inoculation in the culture medium, the explants were subcultured in new medium. The number 
of plants formed per explant was then evaluated 180 days after inoculation of the nodal segments. 

The experimental design was completely randomized, with ten treatments and 12 repetitions, the data obtained 
were submitted to analysis of variance (F-test) and the grouped means were submitted to the Scott-Knott test, in 
both cases at 5% probability. The statistical tests were performed with the SAS program (Statistical Analysis 
System, version 7.0). 

Since the explants came from individuals obtained from germination of seeds, was determined the polyembryony 
rates of the seeds of the different genotypes studied, using a sample of 23 seeds of each individual, considering 
polyembryonic those with more than one embryo per seed, according to methodology described Santos, Girardi, 
Vieira, Ledo, and Soares Filho (2015).  

3. Results and Discussion 
In this study, the WPM resulted in positive responses, once the the explants of all genotypes showed direct 
regeneration and formed plants. In the micropropagation of the different citrus genotypes considered (Figure 1, 
Table 1). The genotypes that formed the largest number of plants from the explants grown in vitro were the 
‘Indio’ mean number of explants obtained per plant (EP) and total number of plants obtained (TP) of 4.2 and 279, 
respectively, ‘Riverside’ (EP 2.8 and TP 110) and ‘San Diego’ (EP 3.0 and TP 118) citrandarins, and the hybrids 
CSM × (RL × TR)-059 (EP 3.6 and TP 203) and CSM × TRBK Colombia (EP 3.6 and TP 128). The results were 
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sinensis (L.) Osbeck, also in WPM medium. Oliveira, Costa, Silva, and Otoni (2010) obtained the same average of 
buds in the in vitro cultivation of 'Pera', 'Valencia' and 'Bahia' orange trees in WPM medium. 

With respect to the ‘Indio’, ‘Riverside’ and ‘San Diego’ citrandarins and the hybrids CSM × (RL × TR)-059 and 
CSM × TRBK Colombia, the good performance of WPM in the micropropagation coincides with the results 
obtained by Tallón et al. (2013) utilizing explants from adult plants of ‘Alemow’ (C. macrophylla Wester) and 
‘Sour’ orange (Citrus × aurantium L.), for which WPM produced a higher percentage of explants recovered and 
number of shoots regenerated per explant than did MS medium. 

In this study, we obtained a satisfactory number of nodal segments from five of the ten genotypes cultured in 
WPM medium, considering its basal concentration. Therefore, WPM can be used for micropropagation of citrus 
rootstocks, although adjustments are necessary to optimize the effect in relation to determined genotypes, such as 
‘Sunki Tropical’ mandarin, for which it presented lower efficiency. These data indicate to a response at the 
genotype level, since the explants presented different answers in the same culture medium. This shows the fact that 
the conditions for the development of a species can vary among genotypes, as reported by Grattapaglia and 
Machado (1998), since each species or clone presents unique characteristics, determined by genetic factors. In 
general, we can say that WPM is a suitable medium for cloning citrus varieties, because it has been used for in vitro 
establishment of hundreds of citrus accessions (Carvalho et al., 2016), involving various Citrus species and 
related genera, such as Poncirus (Raf.), Fortunella (Swingle), Microcitrus (Swingle) and Eremocitrus (Swingle).  

An important aspect to observe is the fact that the explants used in this study came from seedlings produced by 
germination of seeds. In this context, the polyembryony rate of the seeds of the genotypes analyzed was variable 
(Table 2). The ‘Indio’, ‘Riverside’ and ‘San Diego’ citrandarins, the ‘Sunki Tropical’ mandarin and the hybrids 
TRH-051, FRL × (RL × TR)-005 and RL × TR-001 had high polyembryony rates, generally greater than 80%, 
while the hybrids CSM × (RL × TR)-059, TRH-069 and CSM × TRBK Colombia produced seeds with moderate 
polyembryony rates, so the frequency of zygotic embryos (those whose genetic constitution is different than the 
rootstocks intended for micropropagation) was significant. Even in the case of rootstocks whose seeds have high 
polyembryony percentages, the occurrence of zygotic embryos is expected, of course in smaller proportions. The 
determination of the polyembryony rate indicates which genotypes will produce seedlings with higher or lower 
frequency of individuals having nucellar origin, i.e., that have the same genetic constitution of the mother plant. 
It is known that the frequency of individuals with nucellar origin is directly proportional to the polyembryony 
rate of the seeds of the variety utilized (Soares Filho et al., 2014). 

Therefore, WPM in its basal composition is efficient for propagation both from seeds with nucellar origin and 
zygotic origin, which reinforces the possibility of its use in micropropagation of genotypes with different genetic 
constitutions. We are planning to perform molecular analyses of the seedlings investigated in this study, to 
identify the individuals with nucellar origin for employment in subsequent micropropagation, while discarding 
those with hybrid origin. 

 

Table 2. Polyembryony rate of the citrus genotypes utilized 

Genotypes1 Polyembryony rate (%) 

‘Indio’ citrandarin  91 

‘Riverside’ citrandarin 96 

‘San Diego’ citrandarin 78 

‘Sunki Tropical’ mandarin 87 

RL × TR-001 96 

FRL × (RL × TR)-005 84 

CSM × (RL × TR)-059 58 

TRH-051 87 

TRH-069 65 

CSM × TRBK Colombia 55 

Note. 1‘Indio’, ‘Riverside’ and ‘San Diego’ citrandarins [Citrus sunki (Hayata) hort. ex Tanaka × Poncirus 
trifoliata (L.) Raf.]; ‘Sunki Tropical’ (C. sunki) mandarin; RL: ‘Rangpur’ lime (C. limonia Osbeck); TR: P. 
trifoliata; FRL: ‘Florida’ rough lemon (C. jambhiri Lush.); CSM: common ‘Sunki’ (C. sunki) mandarin; TRH: 
trifoliate hybrid (involving P. trifoliata); TRBK: P. trifoliata ‘Benecke’.  
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An additional advantage is the convenience of using explants from nodal segments of adult plants, i.e., already in 
the fruit-bearing stage, free of pests and corresponding to the varieties targeted for micropropagation. This 
avoids the need to identify and discard seedlings with hybrid nature (zygotic), as found in this study, besides 
using individuals in the non-juvenile phase (in the case of micropropagation of rootstocks), to enable start of 
fruit production from the scion varieties grafted on them sooner than would be the case of juvenile rootstocks, a 
common situation in the traditional method of obtaining rootstocks from seeds. 

In this sense, it can be observed that the use of the in vitro culture using WPM culture medium in its basal 
constitution, proved to be an important strategy to propagate citrus rootstocks of agronomic interest. In the case 
of citrus, this technique is a possibility for the propagation of different genotypes, as an alternative to the 
multiplication of plants only by means of seeds. 

4. Conclusion 
The WPM medium was suitable for micropropagation of the citrus genotypes studied, with the ‘Indio’ citrandarin 
and the hybrids CSM x (RL x TR)-059 and CSM x TRBK Colombia standing out as the best performers. 
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