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Abstract

The increase of the world population has led to the growth of land use and its inadequate management has been responsible for the high number of degraded areas. Therefore, the present work had as objective to evaluate treatments with alternative substrate, the sewage sludge, its performance and viability in the production of seedlings. Moreover, the sewage sludge in different proportions was tested with five species selected according to the criteria of a resolution of Environment State Department of Sao Paulo. The species selected were: Schinus terebinthifolia, Samanea tubulosa, Erythrina speciosa, Caesalpinia peltophoroides and Psidiumguajava. The treatments were: T0: 100% substrate, T1: 20% sludge and 80% substrate, T2: 40% sludge and 60% substrate and T3: 60% sludge and 40% substrate. In addition, the species in each treatment were evaluated at 30, 60 and 100 days, observing the phytometric parameters: Root length (CR), stalk length (CPA), dry root weight (MSR) and dry stalk weight (MSPA). This evaluation allowed to observe that the phytometric parameters of the seedlings of Caesalpinia peltophoroides that didn’t differ statistically among treatments, responding well to all. Seedlings of the Erythrina speciosa species developed better in T3, while those of Samanea tubulosa had the highest values in T2. Schinus terebinthifolia seedlings responded better to the use of 100% substrate and Psidium guajava to the treatment with 20% of the volume of sludge and 80% of the substrate (T1). The seedlings will be donated to the Paraiba Valley Ecological Corridor, establishing biodiversity for the reforestation of degraded areas.
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Introduction


Environmental effects to be considered negative or adverse and resulting mainly from human activities or interventions, guarantee the concept of degradation. In turn, this rarely applies to change arising from natural phenomena or processes. Considering the growing need for recovery/restoration of areas already degraded or in the process of degradation by the exploitation of resources, methods are increasingly sought for recovery or reduction of impacts. The ecological corridors are forest restoration systems, carried out in strategic ways, which seek out places of interest so that reforest fulfill their function of maintaining natural resources and biodiversity. It is through the so-called connectivity lines that form ecological corridors with a high degree of interconnection, where organisms can move between the elements of the landscape, providing a great biological flow between the remnants of natural vegetation and allowing the maintenance of high diversity and reducing the risk of extinctions.

Therefore, the use of sewage sludge was considered as an alternative to produce native tree species, since the final disposal of the same has been shown as an environmental challenge, since the current practices adopted, besides costly, constitute as a focus of public health problems, because sewage sludge has a high organic load, contaminating water and contributing to the proliferation of disease vectors [1,2]. It is essential to realize studies on the use of sewage sludge to seek an alternative to the disposal methods currently adopted. A promising and feasible alternative is the use of sewage sludge as a fertilizer, in addition to presenting economic advantages, the same improvement of the soil physical conditions [3-5].

Within this context, the present work is based on verifying the feasibility of different dosages of sewage sludge in the growth of the species. To take advantage of the seedlings produced, they were donated to the Paraiba Valley Ecological Corridor project as an aid in the recovery of degraded areas and provide sustainable ways to maintain biodiversity. The root length (CR), stalk length (CPA), dry root weight (MSR) and dry stalk weight (MSPA) was evaluated in 30, 60 and 100 days, to verify the viability in the production of seedlings of native tree species. 


Materials and Methods

The experiment was conducted in mini greenhouses, installed at Oswaldo Cruz College (Sao Paulo, Brazil), which was made with metal structure, varnished wood base and covered with transparent polyethylene film, occupying an area of 60 centimeters wide by 90 centimeters long. The root trainers were glass bottles, which were adapted to receive the substrate studied.

According to Cunha et al. [6] the success rate of reforestation projects depends directly on the correct choice of species to be used. In these circumstances, with the objective of recovering degraded areas, the suggestion is that native species of seedlings adapted to the environment to be reclaimed are used, and the quality of the seedlings is an important element for the project to be successful, since interfere with the initial development of the capacity of the environment and future growth of the same, which is closely linked to the performance of the forest [7].

Tree species usually indicated for the recovery of degraded areas and for urban affore station were used in these study and the seeds were donated by the Harry Bloss feld Municipal Seedling Nursery, located inside the CEMUCAM Park, belonging to the State of Sao Paulo, Brazil. These had homogeneous characteristics and vigor The species were: Schinus terebinthifolia (Brazilian pepper), Samanea tubulosa (Seven shells), Erythrina speciosa (Erythrina), Caesalpinia peltophoroides (False brazil wood) and Psidium guajava L. (Guava). These seeds of native forest species were planted in glass bottles used as root trainers, arranged inside the mini greenhouse.

The compounds used were made by mixing the substrate with different dosages of sewage sludge from a domestic sewage treatment plant under concession from the Sao Paulo State Basic Sanitation Company (SABESP, Brazil), which received the following treatments with five replicates each: T0: 100% substrate, T1: 20% sludge+80% substrate, T2: 40% sludge+60% substrate, and T3: 60% sludge and 40% substrate. The quantification of sewage sludge was based on similar studies.

The sludge undergoes a hygienisation process before being mixed with the substrate. The limestone was mixed to the sewage sludge when it reached the 40% solids percentage and the amount used was 50% of the dry sewage sludge weight [8]. Thus, for approximately 4.2kg of sludge, about 2kg of CaO were used. The pH was around 12, generating an alkaline environment that acts to prevent the development of microorganisms. The chemical characterization of the substrate, sewage sludge and mineral fertilizer are contemplated in Table 1. 


Table 1:  Chemical characterization of the substrate, sewage sludge and mineral fertilizer.
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Wherein: a: K2O water soluble; b: P2O5 water soluble; c: Mineral Fertilizer is in the Table only for Comparison Purposes


After the preparation of the substrate and biosolids, the seeds of Erythrina and False brazilwood were scarified and soon after sown together with the other species. The seeds of Brazilian pepper and Guava went through soaking for 24 hours to break dormancy. It was used a manual sprinkler irrigation system, three times a day, for seed germination. The seedlings were followed for a period of 240 days, from November 2015 to July 2016. This period was considered adequate for the observation of the seedlings in the initial phase of growth.

Data collection and analysis

The analyzes of the seedlings were done according to the method described by Bortolini [9], where after the installation of the experiment, the height of the stalk and the root were measured at 30, 60 and 100 days. A millimeter steel ruler (with a total length of 100 centimeters) was used, making it possible to obtain a measurement with a significant number. For each measurement were selected 3 seedlings of each species (Brazilian pepper, Seven shells, Erythrina, False brazilwood and Guava) with the 4 treatments (T0, T1, T2 and T3).

One hundred days after the start of the experiment, the material was collected separately to determine the dry biomass. The seedlings were removed from the root trainers, washed with deionized water to remove the excess substrate from the root. After washing, the seedlings were cut at the height of the lap to separate stalk and root. These two parts were dried in the oven at 60°C at the Oswaldo Cruz Colleges Laboratory. Subsequently, the material was weighed in a precision electronic scale and the dry biomass weight data were recorded.

The data, after the collection, were analyzed for their variance by the ANOVA (Variance Analysis) method. After checking the differences between the treatments, they were compared through the Tukey test, at 5%. For statistical calculations, the R Program for Statistical Computing program was made available for download on the ESALQ-USP website.

Results and Discussion

In the present experiment, the observations showed that there was a significant response of seedlings quality in different doses of sewage sludge. Thus, the germination of Brazilian pepper, Seven shells, Erythrina, False brazil wood and Guava was monitored in 30, 60 and 100 days, as shown in Figures 1 & 2.
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Figure 1:  CR and CPA measurements of Brazilian pepper species at 30, 60 and 100 days.
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Figure 2:  Measurements of MSR and MSPA of Brazilian pepper species in 100 days.

 

Through the monitoring of the Brazilian pepper, the germination occurred in 10 days after sowing. In general, the seedlings showed good germination during the whole follow-up process. For this species, the results of Figure 1 show that T3 has higher values than the other treatments, both in root length and stalk length (CR and CPA). In 100 days, T0 and T3 presented statistically equal values in the root length, with respectively 4,2 a and 4,3a centimeters. By the general average, the T3 treatment presented better results in CR and CPA, followed by T2, T0 and T1. For stalk and root dry weight (MSR and MSPA), the results were relevant at T0 as observed in Figure 2, with 1.05a grams for root dry weight and 3.65a grams for dry stalk weight. By the general average, T0 presented as better treatment, followed by T2, T3 and T1. Compared with the results obtained by Trigueiro & Guerrini [10], their phytometric parameters were like this study. Furthermore, they add that larger amounts of sewage sludge provided lower growth in height and diameter of the lap, which may justify the 100-day follow-up in the length of the aerial part (CPA), where the T0 treatment was highlighted with 8,6 centimeters against T3 which showed 7.4b centimeters. Figures 3 & 4 show the results of the tests obtained with Erythrin.

For the Erythrin species, the seeds underwent scarification to break dormancy. The first signs of germination developed on the seventh day of planting. It is possible to affirm that the scarification aided in the faster germinative process of the species. The T3 test values observed in Figure 3 show better performance of CR and CPA at 30, 60 and 100 days, followed by T2, T1 and T0. For stalk and root dry weight (MSPA and MSR), in agreement with Figure 4, higher results were also observed in T3, followed by T2, T1 and T0. After the 30-day period, the Erythrina seedlings were transplanted into pots for better germination of the plant and monitored in the mini greenhouse. Figures 5 & 6 show the results of the tests with Guava. For the species Guava, Singh & Son [11] mentioned that the seeds have a tegument impermeable to water, presenting a low germination. Seed germination occurred after 20 days of planting. Analyzing the results of the species, in Figures 5 & 6, T1 obtained the best results in all parameters and in all periods, followed by T0, T2 and T3. According to Caetano et al. [12], the effect of sewage sludge doses on guava productivity didn't differ by 5% from manure and chemical fertilization. Figure 7 & 8 show the results of the tests performed with seven shells.
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Figure 3:   CR and CPA measurements of Erythrina species at 30, 60 and 100 days.

 



[image: ]

Figure 4:    MSR and MSPA measurements of Erythrina species in 100 days.
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Figure 5:  CR and CPA measures of Guava species at 30, 60 and 100 days.
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Figure 6:   Measures of MSR and MSPA of Guava species in 100 days.
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Figure 7:  CR and CPA measurements of Seven shells species at 30, 60 and 100 days.



Seven shells showed that during the germination process, the effect of scarification on the seeds was rapid, even though it was classified as secondary with rapid growth. The results presented in Figure 7 show that T2 obtained better performance in CR and CPA, followed by T3, T1 and T0. For MSR and MSPA, according to Figure 8, significant results were also observed in T2 and T3. In MSPA, results were obtained without statistical difference in T3 and T2, respectively with 19.76a and 19.09ab grams and in MSR there were differences between T2 and T3, with 2.43a and 2.11b grams. After the period of 30 days, seedlings of Seven shells were transplanted into pots for better germinative development of the plant and accompanied in the mini greenhouse. Figures 9 & 10 show the results of the tests with False brazilwood.
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Figure 8:  Measurements of MSR and MSPA of Seven shells species in 100 days.
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Figure 9:  CR and CPA measurements of False brazil wood species at 30, 60 and 100 days.
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Figure 10:  Measurements of MSR and MSPA of False brazil wood species in 100 days.






For the species False brazil wood, after breaking of dormancy by scarification, seed germination started from 12 days. After the averages analyzed among the treatments, as shown in Figure 9, T0 presented higher CR in relation to the other treatments, with 19.1 centimeters in 100 days, but T1 was statistically equal with the result of 18.51ab centimeters. In the general analysis of root length averages, T1 and T0 were statistically the same. In CPA, T1 presented the best result by analyzing the means in Figure 9, with 31.9a centimeters, followed by T2 with 31. 8a centimeters in 100 follow-up days. In the general analysis of stalk length, T2 and T1 are statistically the same. For the stalk and root dry weight (MSPA and MSR), higher results were observed in T3, according to Figure 10. The relation between the dry weight of  the root and stalk, there was no significant difference between the different substrates.

Thus, each species obtained its peculiarity in the development of the phytometric parameters. Brazilian pepper obtained significant results in T0 (100% substrate). This confirms studies of Brazilian pepper in the use of sludge as a substrate. For the Seven shells species, the best treatment was T2 (40% sludge+60% substrate). For Erythrina, the best treatment was assigned to T3 (60% sludge + 40% substrate) and we could also consider that there was a good performance through T2 (40% sludge + 60% substrate). After observing the results obtained in False brazil wood, it is possible to conclude that the species obtained phytometric parameters with little variation of growth, and can be said that the species responds positively to any of the treatments submitted to this experiment. Finally, Guava presented significant results in the development of T1 (20% sludge + 80% substrate) where the seedling adapted to low fertilization, since its fertilization requirement is higher at the moment before fruit production.

Conclusion

The use of sewage sludge in the production of forest seedlings, in the composition of substrates, is a viable alternative for the final disposal of this residue. In addition, the selection of the species (Brazilian pepper, Guava, False brazil wood, Erythrina and Seven shells) will be adequate to offer diversity in the reforestation in the Paraiba Valley Ecological Corridor.
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