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Mineralization of organic matter and productivity of tifton

85 grass (Cynodon spp.) in soil incorporated with

stabilized sludge from a vertical flow constructed wetland

Diogo André P. Silva, Antonio T. Matos and Mateus P. Matos
ABSTRACT
Little is known regarding how to discard the sludge accumulated in vertical flow constructed

wetlands (VF-CWs) and what the potential impacts could be. The objective of this paper was to

evaluate the mineralization of organic matter (OM) in soil and productivity of tifton 85 grass

(Cynodon spp.) after incorporating sludge collected at different depths from a VF-CW (used to treat

septic tank sludge), to a tropical soil (Oxisol). Sludge samples were collected at depths of 0–5, 5–10

and 10–15 cm from a VF-CW that was used over a period of three years. The sludge collected at each

depth was incorporated into the soil at a dose equivalent to 30 g m–2 year–1 of total nitrogen, and the

experimental area was planted. During a period of 215 days, total and easily oxidizable carbon, total,

ammonia, nitric and organic nitrogen in the residue-soil mixtures were analyzed. Based on the data

obtained, the mineralization fractions (MF) were estimated for the specific monitoring period and

annually considering first order and two-phase kinetic equations. The annual MF of the OM were

higher than 96% and the sludge-amended soil resulted in an increase in grass yield.
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INTRODUCTION
There are several technologies for the treatment/disposal

of sewage sludge; one such technique is a vertical flow

constructed wetland (VF-CWs), also referred to as ‘planted

drying beds’. According to Suntti et al. () and Andrade

et al. (), planted VF-CWs are a natural and decentralized

system for the treatment of anaerobic or aerobic sludge, with

low implantation costs, operational simplicity, low energy

consumption and they are appropriate for diverse situations,

in addition to not requiring the addition of chemicals to per-

form dewatering. According to Stefanakis & Tsihrintzis
(), the sewage sludge is applied superficially to a porous

and planted substrate, where over time it is dehydrated, result-

ing in the accumulation of a dark-colored ‘biosolid’, which is

rich in organic matter. However, for the system to function

properly it is necessary that the accumulated organic matter

be removed from time to time so the VF-CW can be used

continuously, without interruptions to its operation.

As the most attractive alternative, the accumulated

sludge removed from a VF-CW can be incorporated into

the soil, because this material improves the chemical,

physical and biological properties of soils, promotes an

increase in agricultural productivity and reduces the

costs of soil recovery (Ferrer et al. ). Agriculture

has long recognized the benefits of waste materials as a
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nutrient source and as an amendment to improve the phys-

ical and chemical properties of soils (Alvarenga et al. ).

The usual criteria for determining the annual appli-

cation rate of sewage sludge in agricultural soils is based

on the mineralization of this residue, mainly by evaluating

the nitrogen availability (Doublet et al. ). The annual

mineralization fraction of the sewage sludge therefore

depends on the soil type into which it was incorporated,

the treatment it underwent, and the rate at which it was

applied (Parnaudeau et al. ).

The quantification of organic carbon and nitrogen

mineralization can be obtained under field or climate-

controlled conditions in the laboratory, which is easier to

install and operate, but often disregards the infinity of

physical, chemical and biological processes that influence

the mineralization of organic matter in field conditions.

The dynamics of organic matter mineralization in soils

have been commonly expressed by first-order chemical

kinetic equations (Stanford & Smith ), as well as by

the exponential two-phase model (Inobushi et al. ).

However, there is little knowledge regarding mineralization

and the fertilization potential of the sludge accumulated

in VF-CWs. The objective of this study was therefore to

evaluate the mineralization of organic matter in sludge

and the productivity of tifton 85 grass (Cynodon spp.) after

incorporating sewage sludge collected at different depths

from a VF-CW, to a tropical soil (Oxisol).
Figure 1 | Panoramic view of the vertical flow constructed wetlands, receiver of sanitary sewag

of organic material accumulated on the substrate of the system, where samples w

om https://iwaponline.com/washdev/article-pdf/9/2/309/643683/washdev0090309.pdf
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METHODS

Sludge used in the field experiments was collected at

the Center for Research and Training in Sanitation of the

Federal University of Minas Gerais (CePTS-UFMG), located

at the Wastewater Treatment Plant of the Arrudas River

Basin (WWTP-Arrudas), in the municipality of Belo Hori-

zonte, Minas Gerais, Brazil, at the geographic coordinates:

19�53042″ S and 43�52042″ W.

In this area, there are three vertical flow constructed

wetlands (VF-CW), planted with tifton 85 grass (Cynodon

spp.) and measuring 29.1 m2 in area, with 0.7 m of support

medium. One of the units was chosen to receive raw

sludge, with a hydraulic loading rate (HLR) of 13.1 m3 m–2

per year and a solids loading rate (SLR) of 81 kgTS m–2

per year (Calderón-Vallejo et al. ).

The organic material under analysis was accumulated

in a 15 cm layer after three years of disposal from a septic

tank to the VF-CW which was planted with tifton 85

grass (Cynodon spp.). Organic material accumulated in the

VF-CW (Figure 1(a)) was collected from the layers at 0–5,

5–10 and 10–15–cm (Figure 1(b)) at random spots through-

out the bed and mixed to obtain a composite sample. The

layers are represented by the acronyms: CWL 0–5, CWL

5–10 and CWL 10–15.

To characterize the organic residues collected on the

VF-CW and the soil to which it was applied, pH was
e sludge from the septic tank and cultivated with tifton 85 grass (a), and detail of the profile

ere collected (b).
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measured in a solution prepared with 0.01 mol L–1 calcium

chloride; the easily oxidizable carbon (OOC) was quantified

by the Walkley–Black method. Total nitrogen (TN) was

quantified using the Kjeldahl method, the water content

(WCwb) was measured after oven drying at 65 �C. Total

solids (TS) were quantified after oven drying at 105 �C,

and total volatile solids (TVS) quantified after carbonization

of dry matter in the muffle furnace at 550 �C, according to

the methodology described in Matos (). Total organic

carbon (TOC) was quantified using the Total Carbon

Analyzer (TOC-VCPN). Additional analyses were performed

on the soil, including: phosphorus and potassium which

were extracted with a Mehlich 1 solution and quantified

by the spectrophotometer method; exchangeable calcium

and magnesium (CaþMg) and aluminum (Al3þ) were

extracted with a 1 mol KCl L–1 solution; potential acidity

(HþAl) was extracted with a 0.5 mol L–1 calcium acetate

solution and quantified by titration methods, and the soil

granulometric composition was quantified using the pipette

method (Matos ).

Table 1 presents the chemical and physical characteriz-

ation of soil samples and organic residues accumulated at

different depths in the VF-CW. Based on the results, it was
Table 1 | Chemical and physical characteristics of the soil (air dried fine earth) and the organic

(CWL 10–15) of the VF-CW

Soil Organic residues a

Variables Units Values Variables

pHb – 4.61 pHb

OOCa (dag kg–1)c 1.23 OOCa

TOCa (dag kg–1) 1.60 TOCa

TNa (dag kg–1) 0.13 OOC/TOC

Kþa (mg dm3) 141.0 TNa

Ca2þa (cmolc dm
–3) 2.29 C/N

Pdisp
a (mg dm3) 2.4 WCwb

b

Al3þa (cmolc dm
–3) 0.10 TSb

HþAla (cmolc dm
–3) 3.3 TVSb

Claya (dag kg–1) 40.0

Silta (dag kg–1) 8.3

Sanda (dag kg–1) 13.5

OOC, easily oxidizable organic carbon; TOC, total organic carbon; TN, total nitrogen; K, potassium

TS, total solids; TVS, total volatile solids.
aquantified in relation to dry matter.
bquantified in relation to fresh matter.
cequivalent to mass/mass in percentage.

s://iwaponline.com/washdev/article-pdf/9/2/309/643683/washdev0090309.pdf
verified that the soil to which the sludge was incorporated

is clayey, which, from an agricultural point of view, has

low available phosphorus, high available potassium, good

CaþMg, very low exchangeable Al3þ, good pH and

very low potential acidity (HþAl). Therefore, chemically

there appears to be no restrictions on the activity of

microorganisms to decompose the organic material.

With regards to the organic residues collected in the VF-

CW, the OOC and TOC contents were lower in the deeper

collection layers. These results corroborate the studies of

Matamoros et al. (), who quantified a value of 52% for

organic matter in the surface layer and 40% in the deep

layer of a 0–130 cm profile in a VF-CW. This result indicated

that the deeper the layer in relation to the surface, the more

stabilized the accumulated organic material (Uggetti et al.

). From the observed OOC/TOC ratio, it was expected

that mineralization of organic material from the residues

incorporated to the soil would be low due to the presence

of a smaller quantity of labile C (C-carbohydrates) and a

higher presence of stable recalcitrant compounds.

An experiment was conducted to quantify organic matter

mineralization of the organic residues collected in the VF-

CW, and its potential as a fertilizer considering biomass
materials collected at the depths of 0–5 cm (CWL 0–5), 5–10 cm (CWL 5–10) and 10–15 cm

ccumulated in the VF-CW

Units CWL 0–5 CWL 5–10 CWL 10–15

– 5.2 5.8 5.5

(dag kg–1) 15.75 10.05 9.45

(dag kg–1) 27.84 18.33 15.99

0.57 0.55 0.59

(dag kg–1) 2.17 1.26 1.24

9.4 10.4 9.9

(dag kg–1) 37.47 36.26 39.79

(dag kg–1) 61.45 62.86 59.47

(dag kg–1) 38.63 25.64 22.84

; Ca, calcium; P, phosphorus; Al, aluminum; Hþ Al, potential acidity; WCwb, water content;



Figure 2 | Panoramic view of the holes formed to fill with soil material mixed with organic residues collected from the VF-CW (a) and detail of the hole dimensions (b).
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productivity of tifton 85 shoots, under field conditions in an

area of a tropical soil (Oxisol) at the Federal University of

Minas Gerais – UFMG, Pampulha Campus, located in the

municipality of Belo Horizonte – MG (coordinates

19�52023.71″ S and 43�57052.87″ W). In the experimental

area, 32 cylindrical holes were dug (Figure 2(a)) measuring

40 cm in diameter and 20 cm in depth (Figure 2(b)), of

which 16 were used to quantify organic matter mineraliz-

ation and 16 to analyze the productivity of tifton 85 grass.

The holes were filled with approximately 25 dm3 of the mix-

ture (soil removed from the areaþ organic residue), and in

the control treatment the same soil was replaced. The exper-

iment was set up in a completely randomized design (CRD),

with three treatments and four replicates, installed in a split-

plot design with treatments in the plots and assessment times

in the sub-plots.

The quantities of organic residues added to each hole

were calculated to provide 30 g m–2 of N, the recommended

dose for pasture maintenance, considering 100% mineraliz-

ation of the TN contained in the residues. The quantities (in

relation to wet matter) of organic residue mixed with the soil

were 2.27 g m–2 (286.0 g hole–1) of CWL 0–5, 3.58 g m–2

(451 g hole–1) of CWL 5–10 and 3.65 g m–2 (460.0 g hole–1)

of CWL 10–15, considering incorporation in a 20 cm layer

with specific mass of 1.0 kg dm–3. One week after incorpor-

ating the organic material into the soil, tifton 85 grass

(Cynodon spp.) was planted by inserting 10 seedlings per

experimental unit, which were irrigated every 15 days.

Field monitoring to evaluate the decay of organic

carbon and nitrogen contents in the soil-residue mixture
om https://iwaponline.com/washdev/article-pdf/9/2/309/643683/washdev0090309.pdf
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was initiated in June 2016 and completed in January 2017,

with a total of nine collections of the organic residue-soil

mixtures performed at 0, 1, 2, 5, 11, 23, 47, 100 and

215 days, in the entire profile of each hole to a depth of

20 cm, with the aid of a tubular sampler. In the samples,

the contents of OOC, TOC, TN, NAmmonia and NNitric, as

well as the water content (WCwb), were quantified according

to the methods described by Matos (). Organic nitrogen

(ON) was calculated from the difference between TN and

the sum of NAmmonia and NNitric. The soil temperature

was monitored by means of measurements with a thermo-

couple-type digital thermometer inserted to a depth of

20 cm inside the holes.

To describe the mineralization of soil TOC, OOC and

ON, the models used were the first order simple exponential

model (Equation (1)) proposed by Stanford & Smith

(), and the two-phase model (Equation (2)) proposed

by Inobushi et al. (). The mineralization potentials and

mineralization coefficients were obtained after adjustment

of the mathematical models by non-linear regression using

the program Sigma Plot 13.0.

M(min)cal ¼ Mpot(1� e�kt) (1)

M0
(min)cal ¼ Mpot(L):(1� e�k(L):t)þMpot(R):(1� e�k(R):t) (2)

where M(min)cal and M0
(min)cal are the accumulated minera-

lized mass calculated for a given degradation time per unit

mass of the soil-residue mixture (dag kg–1 or mg kg–1);

M(pot) is the potentially mineralizable mass per unit mass
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of the soil-residue mixture (dag kg–1 or mg kg–1); k is the

mineralization coefficient (d–1); t is the monitoring time

after incorporating the organic material into the soil (d);

Mpot(L) is the potentially mineralizable mass of the most

labile fraction of the organic residue, per unit mass of

the soil-residue mixture (dag kg–1 or mg kg–1); k(L) is the

mineralization coefficient of the most labile fraction of the

organic residue in the soil (d–1); Mpot(R) is the potentially

mineralizable mass of the most recalcitrant fraction of the

organic residue, per unit mass of the soil-residue mixture

(dag kg–1 or mg kg–1); and k(R) is the mineralization

coefficient of the most recalcitrant fraction of the organic

residue in the soil (d–1).

Although the accumulated mineralized masses were cal-

culated using both Equations (1) and (2), the mineralization

fraction of organic C and N was estimated using only

the conceptual model (Equation (3)) and the parameters

obtained in the two-phase model (Equation (4)):

MF(cal1) ¼ (M0
(min cal=M(incorp)):100 (3)

MF(calc 2) ¼ (M0
(min cal)=Mpot(L) þMpot(R)):100 (4)

where MF(cal 1) and MF(cal 2) is the mineralization fraction of

the selected variable (TOC, OOC, ON) at the degradation

time of 215 days (%); M(incorp) is the mass applied to the

soil (g kg–1); and Mpot(L)þMpot(R) is the potentially minera-

lizable mass (g kg–1) estimated using Equation (2). The

value of MF(cal 3) corresponds to the annual mineralization

fraction (365 days of degradation) of the organic material.

To evaluate the aerial biomass productivity of tifton

85 grass, the aerial portion of the plant was cut to 3 cm

in relation to the soil surface to quantify the dry matter pro-

ductivity 180 days after planting. The results were analyzed

via analysis of variance and the means were compared using

the Tukey test, adopting 5% significance.
RESULTS

The water content and temperature of the organic

residue-soil mixture in the holes were between 14.0 and

20.0 dag kg–1 and 22–26 �C, respectively. From the time

that the organic residue was incorporated into the soil
s://iwaponline.com/washdev/article-pdf/9/2/309/643683/washdev0090309.pdf
(time zero) to after 100 days, the water content decreased

to 4–8 dag kg–1 and a maximum temperature of 27 �C

was recorded. This decrease in water content and increase

in soil temperature resulted from a drought period between

June and September 2016. The final measurement, taken at

215 days (first week of January 2017), indicated an increase

in the water content to between 12.0 and 14.0 dag kg–1 and a

decrease in temperature to 21–23 �C. Variations in the water

content and temperature of the organic residue-soil mixture

are among the main factors influencing the degradation rate

of organic compounds dependent on the environmental

conditions to which the residue was exposed (Paterson &

Sim ).

Figure 3 shows curves adjusted to the accumulated

mineralization data of the TOCmin, OOCmin and ONmin,

respectively, according to the monitoring time after incor-

porating the sludge into the soil, under field conditions.

The two-phase kinetic model, proposed by Inobushi et al.

(), fit the data better than the model proposed by

Stanford & Smith () for the three treatments, at the mini-

mum significance level of 5% for the coefficients.

With respect to the adjusted parameters for the single-

phase model, values of the potentially mineralizable mass

were between 0.2147 and 0.2246 dag kg–1 of TOC,

0.088 and 0.1381 dag kg–1 of OOC, and from 0.0174 to

0.0231 dag kg–1 of ON. Matos et al. () observed values

of 1.2609, 0.7752 and 0.4359 dag kg–1, respectively, for

potentially mineralizable TOC, OOC and ON after incor-

porating anaerobically digested sewage sludge at the rate

of 50 g m–2 year–1 of N during a 131 day monitoring

period. Paula et al. () found potentially mineralizable

OOC and ON values of 6.7203 and 0.3711 dag kg–1, respect-

ively, in the incorporation of anaerobically digested sewage

sludge at the application rate of 33 g m–2 year–1 of N during

a period of 360 days. The lower values of potentially miner-

alizable TOC, OOC and ON obtained in this work are

directly associated with the greater biochemical stabilization

of the organic residues accumulated in the VF-CW.

When analyzing the values of the two-phase equations

for the adjusted curves, CWL 0–5 showed the highest

mineralization potential of the most labile fraction of

TOC, CWL 5–10 showed the highest OOC value and the

ON values were similar among the top and bottom layers

of the VF-CW, being lowest in the 5–10 cm layer.



Figure 3 | Accumulated mineralized mass of total organic carbon (panels a, b, c), easily oxidizable organic carbon (panels d, e, f) and organic nitrogen (panels g, h, i) per unit mass of the

organic residue-soil mixture and respective curves adjusted to the data obtained during the 215 day monitoring period after their incorporation into the soil under field

conditions.

314 D. A. P. Silva et al. | Mineralization of sludge from constructed wetlands incorporated in soil Journal of Water, Sanitation and Hygiene for Development | 09.2 | 2019

Downloaded fr
by guest
on 08 May 202
These results corroborate those obtained by Uggetti

et al. () and Matamoros et al. (), who also

found greater stability of organic matter from organic

residues accumulated in the lower layers of the VF-

CW, i.e. those that remained in the system for a longer

period.

In relation to the organic material mineralization coeffi-

cient for the single-phase equations, the values decreased
om https://iwaponline.com/washdev/article-pdf/9/2/309/643683/washdev0090309.pdf
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from the shallow to deep organic waste collection point in

the VF-CW, except for the ONmin at a depth of 10–15 cm

(Figure 3(i)), which was greater than that obtained at the

depth of 5–10 cm (Figure 3(h)). The high mineralization

coefficients (k) obtained in the first days after incorporating

the organic residue into the soil can be justified by the OOC/

TOC ratio of the organic residues equal to 0.57 (Table 1).

Matos et al. () reported an OOC/TOC ratio of 0.31 in
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anaerobically digested sewage sludge incorporated into soil

and this resulted in lower k coefficients (0.0359 d–1), similar

to those reported by Torri et al. () when analyzing

sewage sludge incorporated into typical acidic Argentine

soils, who obtained a k value for OOC of 0.030–0.035 d–1.

The mineralization coefficient of ON (kN) obtained by

Matos et al. () for superficial mineralization (0.0367 d–1)

is smaller than the values reported by Moore et al. ()

from swine wastewater which were 0.070 d–1 in the fall,

0.075 d–1 in the winter, 0.22 d–1 in the spring and 0.36 d–1

in the summer, however they were still smaller than those

obtained in the present study.

When comparing the first phase of the adjusted

equations, the average mineralization coefficients (k(L))

average values for the three layers of TOC, OOC and ON

were equal to 61.8, 158.8 and 121.3 times higher than that

obtained in the second phase (k(R)), respectively which indi-

cates a high mineralization rate for organic material in the

first 20 days, some stability for up to 100 days, followed by

a small incremental phase to 215 days.

According to Andrade et al. (), sewage sludge

organic matter consists predominantly of recalcitrant

materials and is dependent on the intensity of the biological

processes for its stabilization. However, the mineralization

of organic carbon, nitrogen and phosphorus present in

organic waste applied to the soil occurs more intensely in
Table 2 | Estimate of the TOC, OOC and ON mineralization fraction of the organic residues obta

models adjusted to the data obtained in experiments conducted under field conditio

Variables Organic residue

M(incorp) M(min) obs Mpot (L) þ Mpot

g kg–1

215 days

TOC CWL 0–5 1.99 2.968 3.183
CWL 5–10 2.11 2.211 2.271
CWL 10–15 1.77 2.638 2.638

OOC CWL 0–5 1.13 1.050 1.095
CWL 5–10 1.16 1.425 1.562
CWL 10–15 1.05 0.90 0.904

ON CWL 0–5 0.15 0.286 0.311
CWL 5–10 0.14 0.196 0.203
CWL 10–15 0.14 0.283 0.275

M(incorp): organic residue mass incorporated into the soil; M(min) obs: accumulated mineralized m

mineralizable mass of the most labile and recalcitrant fraction of the organic residue in the soil;

organic residue in the soil, calculated at the time of monitoring using the two-phase model; MF: m

100; MF(cal 2)¼M’(min) cal/(Mpot (L) þ Mpot (R)) * 100; MF(cal 3) is the same as MF(cal 2) but for an estim

nitrogen.

s://iwaponline.com/washdev/article-pdf/9/2/309/643683/washdev0090309.pdf
the first month, the period during which components of

easier degradation are available (Dossa et al. ).

Table 2 shows the applied, mineralized and potentially

mineralizable masses obtained in the adjustment of

Equation (2) and recalculated for the time of 215 days of

monitoring (min (cal)), in addition to estimates of the miner-

alized fractions of TOC, OOC and ON obtained when using

Equations (3) and (4). Analyzing the results of the applied

mass quantities, it was verified that in many situations the

mineralized fraction was higher than that applied which

indicates that the organic residue incorporated into the

soil provided a priming effect, which stimulated the mineral-

ization of native organic matter in the soil (Paula et al. ).

The mineralization fractions (MF) calculated in the

experiment conducted under field conditions were greater

than 92.0%, except for the CWL 10–15 sample, in which

the MF was 86.1% for OOC, and when estimated for the

time of 365 days the results were greater than 96.2%. The

obtained MF values are close to those obtained in other

studies (Paula et al. ; Pereira et al. ; Diniz et al.

; Matos et al. ) conducted under field and tropical

climate conditions. In the literature (Roig et al. ), MF

values for biosolids were reported after being incorporated

into the soil at the incubation time of 130 days, in the

range of 20–60% of total C added. Oba & Nguyen ()

obtained MF values for ON of 55.8% after incorporating
ined from the VF-CW, obtained from the conceptual model and equations of the two-phase

ns

(R) M’(min) cal MF(cal 1) MF(cal 2) M’(min) cal MF(cal 3)

% G kg–1 %

365 days

2.901 100 91.1 3.094 97.2
2.271 100 100 2.271 100
2.568 100 97.3 2.630 99.7

1.095 96.9 100 1.095 100
1.437 100 92.0 1.503 96.2
0.904 86.1 100 0.904 100

0.286 100 91.9 0.304 97.7
0.200 100 98.5 0.203 99.8
0.275 100 99.9 0.275 99.9

ass observed after 215 days of organic material degradation; Mpot (L) þ Mpot (R): potentially

M’(min) cal: potentially mineralizable mass of the most labile and recalcitrant fraction of the

ineralization fraction calculated according to the expression: MF(cal 1)¼M’(min) cal/(M(incorp)) *
ate at 365 days; TOC, total organic carbon; OOC: easily oxidized organic carbon; ON, organic
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and incubating unlimed sewage sludge for 30 days, in oxidic

soil. Using sewage sludge processed in an extended aerobic

sewage activation system with continuous flow, Giacomini

et al. () obtained 45.3% and approximately 60% for the

MF of TOC and MF of ON, respectively, after 110 days of

incubation in a sandy soil. This value of the MF for ON is

at the upper limit of a wide range of mineralization indices

(24–59%) determined in many different studies where aero-

bically treated sludge was used (Doublet et al. ). Pereira

et al. () credited the higher mineralization values to the

residue incorporated into the soil, which provided better

contact with the soil and permitted greater degradation

when compared to spreading the residue on the soil surface.

The authors obtained estimated values of k for OOC in resi-

dues incorporated into the soil and applied to the surface of

30 and 20 times greater than the values obtained in labora-

tory conditions. With regards to the k for ON, it was

estimated that the incorporated residue and that applied to

the surface were, respectively, about 3.2 and 1.6 times greater

than the same application methods under laboratory con-

ditions. These results underscore the fact that it is necessary

to estimate the MF of organic residues in the field, since

these fractions in the laboratory do not correspond to reality.

Figure 4 shows the results for dry matter productivity of

the aerial part of tifton 85 grass for the application rate of

30 g m–2 of N incorporated into the soil at the significance

level of 5% probability according to the Tukey test.

Comparatively, the productivity of dry matter from the

aerial part of tifton 85 grass stimulated by fertilization with

organic residues collected at different depths in the VF-

CW was higher than that obtained in the control treatment
Figure 4 | Productivity of dry matter from the aerial portion of tifton 85 grass in unfer-

tilized soil (control) and that fertilized with organic residues collected from

different depths (CWL 0–5, CWL 5–10, CWL 10–15) of the VF-CW.

om https://iwaponline.com/washdev/article-pdf/9/2/309/643683/washdev0090309.pdf
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(soil without fertilization). The productivity obtained when

incorporating CWL 5–10 was 15.8 times greater, indicating

the fertilization potential of the organic residue. Higher

yields obtained in the 0–5 and 5–10 cm layers are associated

with the greater availability of nutrients for the plants, since

these layers are composed of newer organic material and

therefore have a lower degree of stabilization and leaching

than the 10–15 cm layer.

The positive effect of fertilization with sewage sludge on

agricultural crops has been highlighted in literature, i.e.

application resulted in an increased content and supply of

nutrients to the plants, and as a consequence, an increase

in the dry matter production of the plant aerial part.

Lemainski & Silva () also reported that in a corn culti-

vation experiment, fertilization with sewage sludge was on

average 21% more efficient than mineral fertilizer. In the

present study there was an 11-fold increase in productivity

of tifton 85 grass when fertilizing with VF-CW organic resi-

due in relation to the zero dose of the control soil. In

addition to improvements to the chemical conditions in

the medium, it may be suspected that the improvement of

physical properties may also have been a contributing

factor to obtain greater productivity of the grass. It is

believed that greater water retention was the factor that

had the greatest influence on the results. According to

Ferrer et al. (), the incorporation of sanitary sewage

sludge improves the physical properties (structure and tex-

ture) of the soil, and can greatly influence plant growth.

The high productivity of tifton 85 grass fertilized with

organic residues has been observed in several scientific

articles. In a study by Matos et al. (), tifton 85 grass cul-

tivated for four months showed high dry matter accumulation

(1,500 g m–2), and a relatively high capacity to remove nutri-

ents (nitrogen, phosphorus and potassium) and sodium from

dairy wastewater applied as fertigation to crops. Fia et al.

() studied planted HSSF-CWs for the treatment of swine

wastewater, which resulted in average dry matter yields for

the aerial parts of tifton 85 grass between 473 and 626 g m–2,

with cuttings at 90 and 150 days after planting. Baptestini

et al. () obtained yields of 820–980 g m–2 for the aerial por-

tion of tifton 85 grass at three months of cultivation in HSSF-

CWs used for the treatment of swine wastewater. Furthermore,

when evaluating the performance of tifton 85 grass for the

treatment of swine waste water, Amorim et al. () obtained
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a dry matter productivity for the aerial portion of tifton 85 grass

of 460 g m–2 month–1.

Also based on the results obtained, the residence time of

the sludge in the VF-CW for one year or more is sufficient for

relative stabilization of the organic matter. The TVS/TS ratio

decreased from 0.63 in the superficial layer (CWL 0–5) to

0.38 in the deepest layer (CWL 10–15), with no observed

loss of fertilizer quality. This information may aid in decision

making as an operational practice in these systems, and

according to the degradability criteria this indicates that the

organic residue removed can be disposed of in the soil of agri-

cultural areas, readily adding available nutrients to the soil.
CONCLUSIONS

The storage/treatment of sludge in a VF-CW resulted in bio-

chemically stabilized material. The degree of stability

increased as the depth of collection in the referred system

increased. Among the methods available for obtaining the

value of the mineralization fraction, the ratio between the

mineralized mass and the potentially mineralizable mass,

estimated using the adjusted equations of the two-phase kin-

etic model, generated the most reliable results. The

mineralized fractions of this organic material, considering

the values of TOC, OOC and ON, estimated for 365 days

under degradation in field conditions, were greater than

96%. The incorporation of these organic residues into the

soil resulted in a considerable increase in tifton 85 grass pro-

ductivity in relation to the treatment without fertilization.

Based on results obtained for the mineralization fraction

and the operational history of the VF-CW, the residence

time of the septic tank sludge on the VF-CWs should be

greater than one year, since in this period the material

achieves sufficient stabilization but still maintains its value

as an agricultural fertilizer.
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