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Abstract

The transition from heterotrophism to autotrophism in acclimatization is a delicate process for most species. The
objective of this work was to evaluate combinations of regional substrates of the Brazilian Northeast in the
acclimatization and morphological development of minirose (Rosa chinensis ‘Minima’) seedlings. The
experiment was carried out in a greenhouse using seedlings with 30 days of in vitro culture. The treatments were
constituted by: 1) dry coconut powder; 2) 75% dry coconut powder + 25% rice husk; 3) 50% dry coconut
powder + 50% rice husk; 4) 75% dry coconut powder + 25% charcoal rice husk; 5) 50% dry coconut powder +
50% carbonized rice husk; 6) 100% vermiculite; 7) 50% vermiculite + 50% dry coconut powder; 8) commercial
substrate; 9) 75% sand + 25% dry coconut powder and 10) 50% sand + 50% dry coconut powder. After 21 days,
the following characteristics were evaluated: survival percentage, leaf number, shoot height, dry matter of shoot
and root and total dry matter. The regional materials tested showed a good choice of substrates to be used in the
acclimatization of minirose seedlings. The vermiculite presented the worst results in the characteristics evaluated.
Dry coconut powder as substrate should be used in mixtures with other materials to provide better
acclimatization conditions. The use of 50% dry coconut powder + 50% rice husk provided a best development
and growth of minirose seedlings (Rosa chinensis ‘Minima’) than other tested substrates

Keywords: ex vitro adaptation, rice husk, in vitro seedlings, dry coconut powder
1. Introduction

The agribusiness of flowers and ornamental plants has great economic and social importance, as it values the
agricultural activity generating employment, and income for micro and small producers throughout the Country,
incorporating important parcels of rural female work. In addition to protecting the environment, the use of many
residues as inputs (fertilizers and substrates) (Mitsueda et al., 2011; Junqueira & Peetz, 2014).

In Brazil, there is an increase in the demand for the production of plants in ecologically correct containers and
substrates favoring the use of agroindustrial residues as substrates that contribute to the reduction of production
costs and to the use of residues whose disposal in the environment represents a great negative impact (Lopes,
2011). In this way, some agroindustrial residues such as rice husk, dry coconut powder, fruit peels and cultural
residues have been tested to be used as substrates (Lopes, 2011; Rota & Pauletti, 2008).

The manipulation of various organic and inorganic materials, usually in mixtures of two or more components
that vary only the objective, has been used in the elaboration of substrates for the production of seedlings
(Fermino et al., 2010). However, it is necessary to be aware of the substrates used in the production of seedlings,
since they must present chemical and physical characteristics that are ideal for growth (Klein et al., 2012; Klein,
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2015). Considering also, that the properties of the substrates vary according to their origin (Kratz et al., 2013),
search for alternatives low cost as substrates composed primarily of organic wastes from the available of the
material in the region (Dutra et al., 2012).

The minirose, a native species of China (Rosa chinensis Jacq) are traditionally multiplied by vegetative
propagation which favors the spread and accumulation of pathogens. It is also influenced by the time of year and
the low multiplication rate, which limit conventional propagation (Diniz et al., 2014). Some researchers have
been successful in the multiplication and rooting of minirose explants in vitro with the aid of micropropagation,
which allows rapid multiplication of species from a single individual, at any time of the year, with greater
control over the health of the propagated material (Thakur & Karnosy, 2007).

Due to the great environmental difference between in vifro and ex vitro cultivation, acclimatization of plants is
one of the essential points in obtaining micropropagated seedlings (Ferreira et al., 2014). For Silva et al. (1995),
the production of micropropagated minirose seedlings needs to be overcome in the acclimatization phase, which
is limiting to the success of seedlings production by in vitro cultivation, because at this stage they undergo
stresses that can culminate in deep damage or even plants.

Therefore, substrates used in ex vitro acclimatization directly influence the growth and development of
micropropagated seedlings through their physical, chemical and biological characteristics. Given the above, the
objective of this work was to evaluate the use of different combinations of regional substrates as alternatives in
the acclimatization and development of micropropagated mininose (Rosa chinensis ‘Minima’) seedlings.

2. Material and Methods

The experiment was carried out under greenhouse conditions, located in the Soil Science Department of the
Federal University of Ceara (UFC) in the city of Fortaleza, CE, with an altitude of 47 m, South latitude 3°44'35"
and longitude West 38°34'33”. A mean luminosity of 2500 Lux was recorded during the experiment, and the
mean values of maximum and minimum temperatures and humidity recorded with the aid of the
thermohygrometer data logger in the period were: 26+2 °C and 36+2 °C, respectively, with relative humidity
between 40 and 85%.

2.1 Plant Material and Growing Condition

At the Tissue Culture Laboratory of the Plant Science Department of the Federal University of Ceara, seedlings
minirose (Rosa chinensis ‘Minima’) were grown in used in the MS cultivation medium (Murashigue & Skoog,
1962) and rooting for 30 days, for later acclimatization.

The seedlings were removed from the flasks and washed in running water to eliminate all the culture medium
adhered to the roots. Uniform seedlings with approximately 10 cm height were selected and transferred to G-18
boxes, with the substrate moistened with nutrient solution.

2.2 Preparation of Substrates

The treatments consisted of 10 substrates of which 7 were made into mixtures, 2 of pure materials (dry coconut
powder and vermiculite) and 1 commercial (Table 1).

Table 1. Composition of the substrates according to each treatment

Treatment Description

DCP Dry coconut powder

75% DCP+25% RH Dry coconut powder + Rice hull (3:1)

50% DCP+50% RH Dry coconut powder + Rice hull (2:2)

75% DCP+25% CRH Dry coconut powder + Carbonized rice husk (3:1)
50% DCP+50% CRH Dry coconut powder + Carbonized rice husk (2:2)
100%V Vermiculite

50% V+50% DCP Vermiculite + Dry coconut powder (2:2)

B Bioplant® (comercial)

75% R+25% DCP River washed sand + Dry coconut powder (3:1)
50% R+50% DCP River washed sand + Dry coconut powder (2:2)

The dry coconut powder used was washed with well water until it reached an electrical conductivity of 0.2
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dS m™'. The carbonized rice husk was prepared using an equipment known as carbonizer. The vermiculite
of medium granulometry (1-2 mm) was used, according to the manufacturer’s specifications. The washed
river sand was sieved with a 2 mm sieve to remove larger particles that could impair seedling development.
The commercial substratum Bioplant® used is a product composed of pine bark, aggregating agents,
vermiculite, coconut fiber and mineral complements (NPK more micronutrients). The chemical
characteristics of the product include pH between 5.2-6.5 and EC between 0.6-3.2 mS cm™. With the
exception of vermiculite and the commercial substrate, all others underwent 30 min for autoclaving.

2.3 Nutrition Solution

All substrates, except the commercial substrate, were immersed for 24 hours in nutrient solution with 8.0;
0.41; 7.5; 1.50; 4.0 and 5.0 mg L' of N, P, K, Ca, Mg, and S, respectively, prepared with NH;NO;, KNOs;,
KH,PO,, CaCl, and MgSO, and 1.2; 1.1; 0.4; 0.2; 0.03 and 0.01 mg L' of Fe, Mn, Zn, B, Cu and Mo,
respectively prepared with Fe-EDTA, MnSO4H,0, ZnSO4,7H,O, H3;BO;, CuSO45H,0 and
N32M004'2H20.

2.4 Transplanting of Seedlings

After 24 hours of immersion, the substrate was manually compressed to remove excess moisture and placed
in transparent G-18 type plastic boxes to perform the transplanting.

After transplantation, the boxes were sealed with plastic insulfilme (Figure 1E). After transplanting, the
experimental units (boxes G-18 with 12 seedlings) were placed in a greenhouse for 21 days, at which time
the evaluations were carried out. The following variables were evaluated: survival percentage (SP)
calculated by the formula: [SP = (Number of surviving plants (NSP)/Total number of transplanted plants
(TNP) x 100]; Number of leaves (NL); Height of seedlings (cm) (HS); Dry matter of aerial part (g) (DMAP)
and roots (g) (DMR); Total dry matter (TDM) was obtained by adding DMAP and DMR. A millimeter rule,
a digital analytical balance and a forced circulation greenhouse were used for the evaluations.

2.5 Statistical Analysis

The design was a completely randomized design with 10 treatments and 4 replicates per treatment, to
evaluate the acclimatization and the development of the micropropagated seedlings in different substrates
formulated with regional materials.

All evaluated characteristics were submitted to analysis of variance (ANOVA) and their means were
compared by the Tukey test at the 1% probability level. All statistical analyzes were performed using the
SAEG software (SAEG, 2007).

3. Results and Discussion

According to the characteristics evaluated, the substrates used significantly influenced the significance level of
1% by the F test, percentage of survival (SP), leaf number (NL), height of seedling (HS) and dry matter root
(DMR). For the dry matter of the aerial part (DMAP) and total dry matter (TDM), the substrates significantly
influenced the level of significance of 5% by the F test (Table 2).

Table 2. Summary of variance analysis for percentage of survival (PS), leaf number (NL), seedling height (HS),
dry matter of aerial part (DMAP), root dry matter (DMR) and total dry matter (TDM) in the acclimatization of
micropropagated minirose seedlings on different substrates

Medium Square

Source of variation G.L.

0S NL HS DMAP DMR TDM
Treatments 9 791.85™" 28.032" 5.081" 0.048" 0.008"" 0.069"
Residue 30 108.21 9.057 1.463 0.019 0.002 0.028

Note. ** = significant at 1% probability by F test; * = Significant at 5% probability by test F.

At acclimatization of minirose seedlings in G-18 boxes inallowed a high percentage of survival in all substrates,
with values ranging from 60.45% (100% vermiculite) to 100% (50% dry coconut powder + 50% carbonized rice
husk) (Figure 1F and Table 3). Low plant survival during acclimatization may occur due to high water loss
(dehydration) during the period of this phase (Schuck et al., 2012). In addition, the leaves were small and thin
and the root system was poorly developed, possessing low amounts of trichomes and photoautotrophic activity
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(Iarema et al., 2012). Demonstrating that for certain species the use of alternatives in the acclimatization phase
promotes good results for the survival of the plants produced by the tissue culture technique.

Figure 1. Stages of the acclimatization process of minirose seedlings (Rosa chinensis ‘Minima’). A)
Micropropagated seedlings with 30 days of rooting. B) Removal of the seedlings from the bottles for
transplanting. C) Plastic box type G-18 with substrate. D) Manual transplanting of seedlings. E) Conditioned
seedlings in boxes and moistened with nutrient solution in a greenhouse. F) and G) seedlings after 21 days of
acclimatization

The percentage of plant survival during acclimatization was higher on substrates where the dry coconut powder
was mixed in the proportions 50% and 75% with carbonized rice husk. However, there were no significant
differences in treatments in which 75% and 50% dry coconut powder was mixed with washed river sand and
with vermiculite presenting 85.4% and 83.3% survival percent, respectively. There was also no statistical
difference of these treatments when using the Bioplant® substrate in which there was 83.3% of plant survival. In
the substrates where pure dry coconut powder or mixed with uncured rice husk and vermiculite were used, the
percentage of survival ranged from 60 to 72.9%, and they differed statistically from those treatments in which
the husk of carbonized rice. The transfer of in vitro conditions with high humidity, ex vitro with low humidity,
among other factors, results in plant losses, due to drying and the lower growth of those that survive (Braga et al.,
2011).

Although no statistical difference of these treatments was observed, the vermiculite substrate showed the lowest
percentage of plant survival. Already the best behavior of the substrates with carbonized rice husk can be
attributed to the increase of the silica content, which serves as an antifungal agent, as well as the increase of the
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porosity increasing the availability of water (Bosa et al., 2003; Brahm et al., 2013), since all the substrates were
enriched with nutrients in the environment after sterilization. This, providing the best ability in root formation
can also be attributed to aeration and moisture retention due to the high availability of the raw material in the
regions (Cardoso et al., 2011; Freitas et al., 2013).

Table 3. Percentage of survival (PS), mean leaf number (NL), mean height of seedlings (HS), dry matter of
aerial part (DMAP) and roots (DMR) and total dry matter (TDM) in acclimatization of micropropagated
minirose seedlings on different substrates

Substrates PS NL HS DMAP DMR TDM
————— % ----- ----- CM ----- g

DCP 62.5b 19 ab 8.77 ab 2.02 ab 1490 351c
75%DCP+25%RH 66.6 b 20 a 8.89 ab 2.16 ab 1.55 ab 371b
50%DCP+50%RH 729b 20a 9.13a 2.28a 1.63 a 393a
75%DCP+25%CRH 100 a 17 ab 7.81 ab 2.17 ab 1.54 ab 371b
50%DCP+50%CRH 100 a 16 ab 7.00 ab 2.06 ab 1.51b 3.57b
100%V 60.4b 13b 5990 1.95b 1470 342¢
50%V+50%DCP 77.0 ab 18 ab 8.14 ab 2.21ab 1.56 ab 3.77b
B 83.3 ab 14 ab 8.29 ab 2.16 ab 1.50b 3.67b
75%R+25%DCP 85.4 ab 16 ab 8.29 ab 2.13ab 1.53 ab 3.66 b
50%R+50%DCP 729b 14 ab 6.05b 2.05ab 1.57 ab 3.62b
V. 1332 1749 1543 666 307 462

Note. ~Averages followed by equal letters in the column are statistically the same, at the 5% probability level, by
the Turkey test.

The dry matter yield of the minirose seedlings varied (1.95 g to 2.28 g) among the evaluated substrates. The
substrates that used the dry coconut powder in their blends were the highest results. The formulation of the
substrate 50% of dry coconut powder plus 50% of rice husk obtained the highest yield of dry matter of the aerial
part (2.28 g) differing only from the treatment with vermiculite in which the lowest value of (1.95 g). The higher
carbon partition for the leaves increases leaf area index, resulting in a large interception of light and increasing
the amount of dry matter accumulated (Santos et al., 2015). This relationship is crucial in the adequacy of the
photosynthetic activity of plants produced in vitro. According to Dias et al. (2014), in vitro plants exhibit
photosynthesis activity, but when they move to an autotrophic environment they are only able to control
transpiration and reduce water loss when well developed. These results agree with the values found for the
number of leaves and heights of the minirose seedlings evaluated in the experiment. The addition of the rice husk
to the coconut powder improves the characteristics of the substrate compared to the other treatments that used
dry coconut powder in its formulations, providing a better development of the minirose seedlings. These results
also bring advantages from the productive and economical points of view: the best production results were
obtained by mixing the substrates, second Zorzeto et al. (2016), whose composition reduces the amount of
coconut fiber needed in 50% of the total volume, representing a producer economy.

The dry matter of the roots of the minirose seedlings ranged from 1.47 g to 1.63 g, showing a higher
development of the root system in the seedlings where the substrate used was dry coconut powder mixed with
rice husk, charred rice husk or with washed sand of river. Addition of these materials of different diameters, the
mixture improved the physical characteristics of the dry coconut powder used alone together with the vermiculite
and the Bioplant® the lowest results of root dry matter (1.49 g, 1.47 g and 1.50 g respectively). Corroborating
with results obtained by Kratz et al. (2012), worked with eucalyptus where they verified that differences in the
diameter of the particles of the rice husk and the carbonized rice hull influence the aeration of the substrates in
which they are used in the formulation, thus facilitating the development of the roots.

The total dry matter of the minirose seedlings varied from 3.42 g to 3.93 g among the different substrates used in
their acclimatization. The formulation 50% dry coconut powder more 50% rice husk favored the development of
the aerial part as well as the root system of the minirose seedlings. Statistically differentiating from other
substrates such as Bioplant® or others that used dry coconut powder in its formulation. The vermiculite and dry
coconut powder used without mixing with any other material had the lowest total dry matter yield results, in
agreement with the other results found for the development of the minirose in the experiment. For vermiculite,
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the low performance as a substrate may be related to its high content of magnesium and iron which may have
affected the calcium magnesium ratio of the medium and absorption of calcium and other nutrients by the plant.
Caldeira et al. (2013) suggest that vermiculite needs balancing of essential nutrients and should be used in
conjunction with other material, preferably of organic origin, in order to promote aeration and porosity to other
less porous substrates, in agreement with the results found in the experiment, where the addition of dry coconut
powder to vermiculite promoted better results in the analyzed characteristics when compared to the use of
vermiculite substrate without addition of other materials.

The use of carbonized rice husk as a substrate should also be observed carefully since it favors good conditions
for the survival of the minirose seedlings, however, the increase of its proportion in the formulation favors the
reduction of the values of the characteristics evaluated in the experiment. According to Rota and Pauletti (2008),
evaluating the use of carbonized rice husk in different blends with peat-based commercial substrate, they
observed that the addition of more than 50% of carbonized rice husk to the substrate raises the pH value too
much the development of seedlings.

The Bioplant™ substrate showed inferior results for the percentage of survival and the development of the
minirose seedlings. Statistical difference for root dry matter and total dry matter of the seedlings. These results
are different from those found by Gomes et al. (2008) found the highest results for the development of lettuce
seedlings when using Bioplant® as a substrate and by Dutra et al. (2013) when using alternative substrates in the
production of canafistula seedlings. The difference of results can be related to the commercial substrate favoring
the densification that hinders the growth of the root system of the micropropagated seedlings of minirose since
the developed roots are very weak and sensitive when compared the roots developed by the lettuce, damaging
the absorption of essential nutrients to the development of seedlings.

In general, taking into account all the characteristics evaluated, the substrates that presented the best results in
descending order were: 50% dry coconut powder more 50% rice husk > 75% dry coconut powder more 25%
charcoal rice husk > 75 % Sand more than 25% dry coconut powder > 75% dry coconut powder more 25%
carbonized rice husk > 50% dry coconut powder 50% more > 50% vermiculite plus 50% dry coconut powder >
50% more sand 50% dry coconut powder > Bioplant® > dry coconut powder > vermiculite.

4. Conclusions

The regional substrates of the Brazilian Northeast and their tested mixtures presented a viable alternative in the
acclimatization and the development of minirose seedlings (Rosa chinensis ‘Minima’).

Dry coconut powder as a substrate should be used in mixtures with other materials to provide better conditions
for acclimatization and development of minirose seedlings.

The carbonized rice hulls have good characteristics in acclimatization, and the amount used in the substrate
formulation must be observed, since their increase reduces the development of the minirose seedlings.

The use of 50% dry coconut powder more 50% rice husk provides a better development of seedlings in minirose
acclimatization (Rosa chinensis ‘Minima’).
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