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 Background: Substrates may be used in place of soil for plant production, providing 

favorable conditions for its development. Besides the importance of the 
physicochemical characteristics of these inputs, their biological aspect, highlighting the 

presence of harmful microorganisms to plants, is very relevant in regards to its reuse in 

the production line of new seedlings. Objective: To tested different temperatures on 
substrate's disinfestation process used for seedling production. Results: The presence of 

microorganisms in the sample is inversely proportional to the rise in temperature. 

Conclusion: The disinfestation of substrate can be achieved by exposure to dry heat at 
160°C for 10 minutes. 

 

 
© 2014 AENSI Publisher All rights reserved. 

ToCiteThisArticle:FrancisFarley Pereira Oliveira, Reynaldo Campos Santana, Janaína Fernandes Gonçalves, Carolina Mata Machado Barbosa Chaves, 

Auwdréia Pereira Alvarenga, Mayara Ribeiro Lage, Marcelo Luiz de Laia. Time of heat exposure in the disinfestation of substrates used in forest 

nurseries.Aust. J. Basic & Appl. Sci., 8(13): 147-152, 2014 

 

INTRODUCTION 

 

Substrates are used as substitutes for soil for seedlings production of tree species. In general, the substrate 

serves to support the seedlings during the early growth stages, beyond provide adequate amounts of moisture 

and nutrients for the development of roots and the whole plant. 

The practice of substrate use in agricultural production date since 1941, in California (Booman, 2000). The 

diffusion of research in this area occurred from the International Workgroup on Soiless Culture, held in 1955 

(Kämpf 2004, 2006). In Brazil, researches began in the 70s (Minami, 2000) in the Aracruz Company in the 

Espirito Santo State because clonal propagation cannot be done in soil substrate. This Company at the beginning 

of clonal propagation of Eucalyptus seedlings began to use 100 % of vermiculite as substrate. 

The production of substrates revolutionized the way to produce seedlings in Brazil and worldwide. Despite 

the high technology used in the production of seedlings, their mortality is still quite high during the production 

process when using the Eucalyptus clonal propagation (Gonçalveset al. 2013). A major problem that is observed 

in forest nurseries is the permanence of dead seedlings in trays until the selection processes occur. This fact 

enhances the spread of pathogens. 

Eucalyptus is one of the species that have the highest demand for seedlings for planting. In Brazil there are 

already 5 million hectares planted (Abraf, 2013). Environmental conditions required to induce rooting of 

cuttings and mini cuttings are highly favorable to the occurrence of pathogenic fungi that occur in all phases of 

clonal propagation of Eucalyptus (Alfenaset al., 2004). The contamination of substrates by phytopathogens 

affects plant productivity, bringing losses for producers. Moreover, after selection, the substrate of those 

seedlings that died is crammed into an area of the nursery until you have an amount suitable to be transported to 

disposal areas (Gonçalveset al., 2013). 

The simple discard of substrates can generate an environmental problem because, being rich in nutrients 

have high potential for eutrophication of water resources. Therefore, the reuse of this substrate is ideal for the 

environment. The reuse as fertilizer in planting areas is expensive, due to the need for transportation and other 
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costs involved in its implementation. Furthermore, the amount of nutrients is not standardized and can be a 

source of inoculum of phytopathogens highly detrimental to forest development. 

Currently, the nurseries do not recycle the substrate used in the production of seedlings due to the 

possibility of spreading pathogens. However, the reuse of these substrates is possible, provided that they are 

decontaminated and that their chemical and physical characteristics are maintained or recovered at acceptable 

levels for the production of the seedlings. It is known that the physical characteristics of discarded substrates do 

not suffer changes that damage their recycling. Thus, the disinfestation of leftover substrate in a short period of 

time is a desired fact, since it will eliminate environmental liabilities and probably will cause a decrease in costs 

of seedlings production. 

This study aimed to analyze the microbiological flora of substrate used in the different stages of the 

production process of Eucalyptus seedlings and evaluate the influence of temperature and time of heat exposure 

in the disinfestation of them in order to eliminate the presence of phytopathogens. 

 

MATERIAL AND METHODS 

 

This work was carried out using substrates collected at different stages of production of clonal seedlings in 

a nursery located in the Minas GeraisState, in April 2012. The substrate used by the company is made up of 45 

% vermiculite, 45 % coconut fiber and 10% Mecplant
®
. Samples were collected containing 1.650 cm

3
 of 

substrates which seedlings have not developed properly and / or were senescent at following ages from staking: 

a) 0 days (freshly prepared substrate), b) 35 to 45 days (1
st
 selection), c) 60 to 70 days (2

nd 
selection), d) 100 to 

110 days (3
rd 

selection for expedition). All samples were placed in plastic bags and stored in a freezer at a 

temperature of -20
o
C. The experiment was conducted at the Laboratory of Forest Genetics and Biotechnology, 

Department of Forest Engineering, Universidade Federal dos Vales do Jequitinhonha e Mucuri (UFVJM), in 

Diamantina – MG. 

 

Analysis of microbiological flora: 

We estimated the density of inoculum of microorganisms by the method of colonization of Eucalyptus bait, 

which is based on saprophytic ability and on the disease caused (Saufuentes et al., 2002). It were employed 

samples of 25 g of substrate, distributed in plastic boxes gerbox (11 x 11 x 3 cm) , whose moisture was adjusted 

to 80 % field capacity (CC). As biological baits were employed 30 segments of rods of Eucalyptus to induce 

growth of the pathogen. These baits were superficially sterilized with NaClO, 1000 ppm of active Cl2 for 5 min, 

washed with sterilized distilled water and then placed in seedling substrate contained in gerbox. For each 

collection phase of the substrate was used three replications, each consisting of one gerbox with 25 g of 

substrate, in which were inserted 30 baits. After incubation at 25
o
C in the dark for five days, the baits were 

evaluated at laboratory by observation under an optical stereomicroscope. 

 

Treatments Evaluation: 

In order to verify the effect of different times of exposure to heat and different temperatures of sterilization 

of samples of substrates, whose presence of phytopathogens was detected, approximately 1 g of substrate was 

distributed in Petri dishes (90 x 15 mm) plates and maintained in a greenhouse, MedClave model 3, for 

sterilization. 

Two experiments were established at two different times. There were 11 treatments in a completely 

randomized design with three replications: Control (unheated), 70°C, 80°C, 90°C, 100°C, 110°C, 120°C, 130°C, 

140°C, 150°C and 160°C for 5 and 10 minutes each. After cooling to room temperature, for about 2 minutes in 

laminar flow, the substrate samples were transferred to Falcon tubes containing 15 ml LB growth culture 

(Bertani, 1951) medium and maintained for 12 h at 30°C under constant agitation 220 rpm in an incubator 

shaker type. After this period, microbial growth was assessed by spectrophotometric analysis of Optical Density 

(OD600nm) of the culture and the presence of microorganisms was visually evaluated. 

OD600nm values were subjected to the Lilliefors normality test and Cochran & Bartlett homogeneity test. 

Verified the necessary assumptions, we proceeded with the analysis of variance followed by the adjustment of 

the regression equationsusing simple linear, quadratic and cubic models for the OD600nmas the dependent 

variable and the temperature as the independent variable. The equations were considered valid ata significance 

level of 5% for the coefficient of higher order. All of the statistical analyses were performed using Statistica 

software(Statsoft, 2010). 

 

RESULT AND DISCUSSION 

 

The analysis of humid chambers of all substrates' samples tested have revealed tipping of baits similar to 

those detected by Sanfuentes et al. (2002) and the presence of bacteria and fungi (Figure 1). In all samples there 

was fluctuation in saprophytic activity, or in density pathogen inoculum's in the substrate (Figure 1). The largest 
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amounts of inoculum was observed on the substrate samples collected at freshly prepared substrate an the 

second stage selection. These data show the need for greater care in the process of handling and preparation of 

the substrate to be used in the nursery. Once contaminated early in the process, certainly the inoculum will 

remain in all other stages of the production process and can infect plants at any stage of production. Inclusive, 

analysis in other phases show that the contamination persists (Figure 1) and may be a likely factor increased 

mortality of seedlings due to biotic diseases. 

 

 
 

Fig. 1:Average percentage of saprophytic activity and disease at different stage. 

 

Despite having a large number of works in the literature, which refer to the treatment of the soil for the 

purpose of production of seedlings of forest species, currently, there are few studies aimed at sterilizing the 

substrate by dry heat before production of seedlings. One difficulty encountered in the reuse of the substrates is 

that one of its components, vermiculite, is a thermal insulating material. This fact, associated with variations of 

proportion of this component in mixtures, has made ineffective the results of some studies. Cozzo (1955) 

mentions that one of the most common ways to disinfest substrate for seedlings of conifers is the deposition of 

the first layer of soil on iron plates arranged on strong fire. When overcame the temperature of 80°C, the 

phytopathogens and weed seeds were destroyed. Simõeset al. (1970) evaluated the effect of sterilization by 

autoclaving at a temperature of 111°C at a pressure of 0.5 atmosphere for 2 hours, amongst other treatments on 

the growth of seedlings, and they found great benefits. The results showed that the use of high temperatures to 

sterilize the substrate were promising for small and large companies in the forestry sector. Another important 

fact for the marketing of forest seedlings is the possibility of recycling substrates used during production, 

beyond the reduce costs with the process, contributes to the environmental liabilities with the disposal of this 

input be mitigated. For the lack of specialized literature on recycling of substrates, mainly in the production of 

eucalyptus seedlings, after tests which confirmed that the samples contained large amounts of microorganisms, 

many of them potential phytopathogens, it was verified the sterilizing power of the various sterilizations 

treatments. 

Thus the analysis of variance indicated differences between treatments (p-value <0.05). With this, one can 

infer that the tests of temperatures and exposure time have influenced unevenly in the elimination of 

microorganisms of the samples. 

The different temperatures which the samples were subjected, drastically reduced presence of 

microorganisms(Figures 2 and3). But the best effect was observed in treatment, in which it was used at 160°C 

for 10 minutes (Figure 3). According Tortora (2012), the dry heat kills microorganisms due to the effect of 

oxidation. In the literature, there are several works about effects of fire on soil properties, but it is not common 

to nursery substrate. By conception, nursery substrate tries to simulate the properties of soil “O” horizon. This 

horizon has better germination condition for several forest species. Because of this, the effect provided by 

increasing artificially the substrate temperature is similar to the effect of fire in forest soils. Certini (2005) 

suggest that physical, physico-chemical, mineralogical, chemical and biological properties can be modifiable by 

fire. The effects are chiefly a result of temperature and time of heating. The variation in soils temperature that 
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provokes biological disruptions occurs between 40–121 °C (Mataix-Solera et al., 2011). Consumption of 

organic matter occur between 200 and 460 
0
C (Giovanniniet al. 1988). The initial disruption of most minerals 

occurs in temperature higher than 500 
0
C (Tan et al.1986). 

 

 
Fig. 2:Number of cells (viable or total) in accordance with the different temperatures measured for 5 minutes of 

heating (* p<0.05) 

 

 
Fig. 3:Number of cells (viable or total) in accordance with the different temperatures measured for 10 minutes 

of heating (* p<0.05) 

 

Baker (1957) showed that for 30 minutes temperature between 94–100°C is adequate to eliminate resistant 

plant virus, 68–81°C for all plant pathogenic bacteria and most plant virus, 60–71°C for most plant pathogenic 

fungi and bacteria, worms, slugs, centipedes, Gladiolis yellows, Fusariun, Botrytis gray mold, 

Rhizoctoniasalani, Sclerotiumrolfssi, Sclerotiniasclerotiorum, nematodes and water molds. In the other words, a 

temperature of 100°C for 30 minutes is adequate to free soil of pathogens. The differences observed in Figures 2 

and 3 show that the presence of microorganisms in the sample is inversely proportional to the rise in 

temperature for both exposure times examined. 
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Fig. 4:Visual evaluation of the growth of microorganismssubmitted to different temperatures and heating time. 

 

The analysis of Figure 4 shows the inefficiency of sterilization when 5 minutes heating was used. The 

transparency of the medium obtained when applying 160°Cis not translucent. It differs strongly from the 

blank.On the other hand, when using the 10 minute time the visual appearance of blank and 160 °C are very 

close.Lethal temperature for kill organism is one of the most reliable strategies for disinfestation. Thus, the 

disinfestation of substrate can be achieved by exposure to dry heat at 160°C for 10 minutes. 

 

Conclusion: 

The phases of collection substrate with higher incidence of microorganisms are the freshly prepared 

substrateandsecond selection. 

The temperature and time of exposure to heat contributes to higher disinfestation of the substrate and thus 

elimination of potential pathogens. 
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