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• Ten years of application of sewage
sludge (SS) on tropical soil was evalu-
ated.

• Performance of maize cultivation and
soil quality were the parameters used.

• Ten years of application of SS did not in-
crease soil organic matter.

• The SS proved efficient in completely
replacing P fertilization and
micronutrientes.

• SS and mineral fertilizer application
was similar to biochemical parameters
evaluated.
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Sewage sludge (SS) has been used in agriculture on a large scale in Europe. In tropical climate conditions, due to
rapid organic matter degradation, SS can provide toxic elements that can cause damage to the environment. We
evaluated an area that received doses of SS for 10 years compared to mineral fertilization. The biogeochemical
parameters (amylase, cellulase, invertase and dehydrogenase activity, carbon microbial biomass, basal respira-
tion, metabolic quotient, soluble carbohydrates, total carbohydrates and glucose) and maize agronomic perfor-
mance were evaluated. There was no increase of organic matter in the area due to the SS application.
However, the application of SS for 10 consecutive years influenced the biogeochemical parameters evaluated
in a similar way to the area that received mineral fertilizer. The SS proved efficient in completely replacing P fer-
tilization and micronutrients. SS can also partially replace N fertilization without reducing maize productivity.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Sewage sludge (SS) is the final output of the biological treatment of
domestic and industrial effluents. The increasing production of urban
waste, including SS, raises the need to find alternative and sustainable
ways of waste disposal. The use of such waste on agricultural crops
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has become attractive since it may partially replace industrial fertilizers
(Yagmur et al., 2017), thus reducing costs and energy expenditure. An
alternative destination for this residue, besides being disposed of in
landfills (Eljarrat et al., 2008), ocean and forest areas, or even being in-
cinerated, therefore, is ensuring greater benefits to the environment
(Mahapatra et al., 2013).

This residue can enhance soil fertility due to its high content of nutri-
ents for plants (Tontti et al., 2017), in addition to its potential as a soil
conditioner and source of organic matter. The application of organic
wastes as farming practice can be beneficial to soil quality, and improve
the physical, chemical and biological attributes of the soil (Scotti et al.,
2015). Nonetheless, the concentration and long-term accumulation of
trace elements and toxic substances present in SS may limit its applica-
tion to the soil (Eljarrat et al., 2008; Sharma et al., 2017). Although the
heavy metal concentration in the soil is an indicator of soil contamina-
tion, it does not provide sufficient information about the potential envi-
ronmental impact.Monitoring soil quality by biological and biochemical
indices is becoming an essential tool to understand the environmental
risks involved in accumulated applications of SS.

Currently there is a large amount of work that has evaluated the ag-
ricultural use of SS. However, these works were not developed in trop-
ical climate conditions. In tropical climate regions, the degradation of
organic matter occurs more rapidly (Ross, 1993; Castro et al., 2015),
with potential mineralization of elements that may cause risks to the
environment. This behavior should be monitored, preferably, with
long-term field experiments.

The use of soil biochemical properties as indicators of soil quality are
sensitive to alterations in soil management (Paz-Ferreiro et al., 2012),
offering faster outcomes when compared to the testing of soil chemical
and physical properties.

Soil enzymes are key factors in nutrient cycling and can be used to
detect changes in the microbial community derived from soil manage-
ment, e.g. organic waste application. Based on enzyme activity, further
significant variations can be checked after applying high levels of or-
ganic matter from SS, e.g. toxic trace elements, toxic substances and de-
gree of contamination (Patel and Patra, 2014; Bhattacharyya et al.,
2008). Likewise, quantifications of carbon microbial biomass (CMB)
and soil basal respiration (SBR) are crucial to detect early symptoms
of soil stress, caused by waste application (Santos et al., 2011;
Tripathya et al., 2014). Both SMB and enzyme activity have a high sen-
sitivity to waste application, even in conditions of small environmental
changes in the soil (Tejada et al., 2014; Zhang et al., 2010).
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Fig. 1. Treatme
Our hypothesis is that the use of biogeochemical monitoring tools
can assess the environmental impact of the agricultural use of SS in
tropical climate conditions. The aimof this studywas to support farming
policies for SS application to the soil, coming upwith alternatives to par-
tially and securely substitute mineral fertilization. In order to reach our
aims, we evaluated several biogeochemical parameters and the agro-
nomic performance ofmaize in an area that had received SS for ten con-
secutive years.

2. Material and methods

2.1. Background of the experimental area

The field experiment was set in Jaboticabal city, Brazil (21° 15′ 37″ S
and 48° 19′ 07″W). According to Köppen's classification, the weather is
classified as Aw type. The local soil is classified as an Oxisol with clayey
texture and a moderate kaolinitic horizon (clay: 583; sandy: 210; silt:
207 g kg−1).

The experimental design was in randomized complete blocks
with four treatments and five replications (Fig. 1). Each plot had a
total area of 60 m2 (6 × 10 m). The treatments were constituted by
a control treatment and three SS doses. Maize (Zea mays L.), sun-
flower (Helianthus annuus L.) and crotalaria (Crotalaria juncea L.)
were cropped as test plants in the ten years of the experiment. The
SS applied to the soil during the 10 years of experiment was obtained
in urban/industrial sewage treatment plants in the cities of Barueri
and Franca (SP), with activated sludge system with anaerobic reac-
tor. The SS accumulated in each treatment over ten years was 0.0,
50.0, 100.0 and 147.5 Mg ha−1 (Supplementary Table1). During the
growing season in the tenth year of the experiment, the minimum
and maximum temperatures ranged from 18.7 to 21, and 28.9 and
31.7 °C, respectively, and the rainfall was 1.118 mm. The SS used in
the experiment was obtained from the Wastewater Treatment
Plant (WTP) located in Franca city, Brazil. For the SS chemical charac-
terization (Supplementary Table 2), six single samples were col-
lected at different points in the residue mass, then mixed and
combined in a composite sample. The SS was spread on the entire
area uniformly at a moisture level similar to when it left the WTP.
Next, maize was sown, using a hybrid AG 2060® at a density of
seven seeds per linear meter and a spacing of 0.9 m. The control
treatment received only, urea (45% N); simple superphosphate
(18% P); potassium chloride (58% K) (Table 1).
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Table 1
Mineral fertilization applied to the Oxisol during the ten-year experiment.
Source: Melo et al. (2007) and Nogueira et al. (2010), adapted.

Cropping year Sewage sludge dosesa N P (P2O5) K(K2O)

SS sourcec SS availabled Mineral fertilizatione Mineral fertilizatione Mineral fertilizatione

Mg ha−1 kg ha−1

1 0 0 0 0 0 0
2.5 80 27 0 0 0
5 160 53 0 0 0
10 320 107 0 0 0

2 0 0 0 170 30 50
5 92 31 139 0 85
10 185 62 108 0 80
20 370 123 47 0 70

3 0 0 0 170 50 50
7.5 73 24 146 0 86
15 145 48 122 0 81
30 290 97 73 0 72

4b 0 0 0 170 50 50
27.5 580 193 0 0 47
20 145 48 92 0 79
40 290 97 43 0 68

5 0 0 0 170 50 50
47.5 740 247 0 0 0
25 185 62 108 0 74
50 370 123 47 0 58

6 0 0 0 170 50 50
67.5 680 227 0 0 52
30 170 57 113 0 81
60 340 113 57 0 71

7 0 0 0 50 30 30
87.5 820 273 0 0 28
35 205 68 0 0 30
70 410 137 0 0 29

8 0 0 0 0 20 20
107.5 680 227 0 0 0
40 170 57 0 0 14
80 340 113 0 0 7

9 0 0 0 170 50 50
127.5 680 227 0 0 59
45 170 57 113 0 82
90 340 113 57 0 74

10 0 0 0 170 50 50
147.5 460 153 17 0 64
50 115 38 132 0 83
100 230 77 93 0 77

SS: Sewage sludge.
a Annual accumulated doses.
b For fourth year. It was decided to substitute 2.5 by 20 Mg ha−1 of sewage sludge. On a dry basis.
c Total nitrogen.
d Available nitrogen. Considering that 1/3 was mineralized.
e Mineral Fertilization according to Raij et al. (1997).
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During the beginning of bloom, leaf sampling was done
(Malavolta et al., 1997). The central third of the leaf was used to pre-
pare the sample, and the central rib was detached from the leaf. The
samples were rinsed in distilled water and deionized water, oven
dried at 65 °C for 72 h, then ground in a Wiley mill with 20 mesh
screens opening. The dry matter yields of each plant part were re-
corded, and the oven-dried plant tissues were ground in a Wiley
mill to determine total N by a Kjeldahl method; total P and K by
vanado-molybdate spectrophotometry and flame-photometry, re-
spectively, after digestion with nitric-perchloric acids; and the
heavy metals by atomic absorption spectrophotometry (AAS) in an
acetylene-air flame (Model: AVANTA GBC, Australia) in extracts ob-
tained by digestion with HNO3 + H2O2 + HCl – USEPA3050b-
(USEPA, 1996).

For the evaluation of crop production, plants were harvested
131 days after sowing from the two central rows of each plot, dried at
65 °C in a forced air oven, and weighed. The data of grain yield were
corrected to 13% moisture.
2.2. Sampling and soil sample preparation

Soil samples were collected at 60 days after emergence of the seed-
lings. Ten samples were collected per plot at a depth of 0–0.20 m. Then,
they were packed in Styrofoam boxes with ice and sent immediately to
the laboratory. In the lab, part of each samplewas air-dried under shade
and passed through a 2-mm mesh sieve; subsequently, these samples
were packed into polyethylene plastic bags, properly tagged and stored
in a dry chamber until analysis. The other part of each sample was di-
rectly packed into labeled plastic bags and kept in a refrigerator at 5
°C until analysis.
2.3. Enzymatic activity evaluations

2.3.1. Amylase
Amylase activitywas determined according to themethod described

in Ross (1965). To evaluate amylase activity, the procedure consists of
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incubating the soil sampleswith the enzyme substrate (starch) for a pe-
riod of 24 h and at a constant temperature of 30 °C; then, glucose eval-
uations are carried out using a copper reagent.

2.3.2. Cellulase
To determine the cellulase activity in the soil samples, we used the

method proposed by Pancholy and Rice (1973), consisting in incubating
the samples with carboxymethyl cellulose for a period of 24 h at a con-
stant temperature of 30 °C, then evaluating the amount of glucose pro-
duced, as described for amylase.

2.3.3. Invertase
The invertase activity was determined using the method described

in Ross (1987). For this enzyme, a 1 g soil sample has to be incubated
with 2 ml distilled water, 2 ml sucrose solution (5%, v/v) and 0.2 ml tol-
uene for 24 h at a constant temperature of 30 °C, assessing the amount
of glucose produced, as described for amylase.

2.3.4. Dehydrogenase
For the determination of dehydrogenase activity in the soil samples

themethod proposed by Alef and Nannipieri (1995) was used. Samples
were incubated with triphenyl tetrazolium chloride solution (TTC) for
24 h at a constant temperature of 30 °C, measuring the triphenyl
formazan formed.

2.3.5. Soil basal respiration
Estimates of SBR followed the method described by Menyailo et al.

(2003), which consists of incubating soil samples without substrate ad-
dition for 72 h at room temperature, and assessing the amount of CO2

produced.

2.3.6. Carbon microbial biomass
CMB was determined by the fumigation-incubation method pro-

posed by Vance et al. (1987), which involves carbon content determina-
tion in chloroform fumigated and non-fumigated soil samples. The
difference between carbons provides the carbon content of the micro-
bial biomass.

2.3.7. Metabolic quotient (qCO2)
The qCO2 followed the method described by Anderson and Domsch

(1986), whose formula is as follows:

qCO2 mgC−Co2 � g−1BMS−C � h−1
� �

¼
SBR mgC–CO2 � kg−1soil � h−1

� �

CMB–C mgC � kg‐1soil
� �

� 10−3

2.3.8. Soluble carbohydrates
To determine the soluble carbohydrate content, the method pro-

posed by Melo (1977) was used. The amounts of soluble carbohydrates
in soil sampleswere extractedwith 2mol L−1 KCl solution, being stirred
for 1 h, then measuring the content of glucose equivalent extracted by
reaction with anthrone solution.

2.3.9. Total carbohydrates
The total carbohydrate content was determined according to the

method of Brink et al. (1959). The method consists in incubating the
soil samples with 3 N H2SO4 leaving 24 h in a water bath at 80 °C, eval-
uating the amount of glucose present in the samples.

2.3.10. Glucose content
The glucose content was determined based on the enzymatic

method proposed by Frey et al. (1999). First, soil-extracted glucose is
phosphorylated to glucose-6-P, which, in turn, is oxidized to 6-
phosphogluconate, reducing NAD+ to NADH. Absorbance was deter-
mined at 340 nm.

2.4. Statistics

The experiment was analyzed in a randomized block design with
four treatments and five replications. The data underwent variance
analysis (RBD), followed by the Tukey's test at 5% probability to com-
pare average and determine whether the F test was significant.

3. Results

3.1. Biogeochemical parameters

In the tenth year, the application of SS presented only a few and spe-
cific differences regarding the biological and enzymatic activities in re-
lation to the treatment that received mineral fertilization (control
treatment). Regarding amylase activity in the soil, the only treatment
that differed from the control was the 100 Mg ha−1 (Fig. 2a). The amy-
lase activity in soils that received a cumulative dose of 100 Mg ha−1 of
SS was twice as high as in the other treatments. The opposite effect
was observed in the evaluation of the CMB, in which its lower concen-
tration was verified in the same treatment – 100 Mg ha−1 (Fig. 3a).
The soil cellulase activity presented differences only among the treat-
ments that received SS. The treatment that received the lowest dose of
SS presented cellulose activity 2.7 times greater than the treatment
that received the highest dose SS (Fig. 2b). Invertase activity showed,
at the highest dose of SS applied, average activity two times higher
than the other treatments (Fig. 4a), and also the soil that received the
highest dose of SS presented almost double the (qCO2) when compared
to the control treatment. However, the control treatment and the higher
SS dose applied did not differ from the other treatments in terms of
qCO2 (Fig. 3b). Glucose was the only parameter measured in this
study that presented a lower concentration in the treatment that did
not receive SS (Fig. 4b). For the other biogeochemical parameters
(CMB, dehydrogenases activity, SBR, soluble carbohydrates, total carbo-
hydrates) evaluated in thiswork, therewas no highlight for any individ-
ual treatment (Figs. 3a, 3c, 5, 6a and b).

3.2. Maize performance

Neither the grain yield nor the dry matter production (Table 3) was
influenced by the treatments. Small variations in nutrient concentration
in the diagnosed leaves were observed. N, K, S, B and Cu content in the
diagnosed leaves presented no difference between treatments. The di-
agnosed leaves had Mg concentrations below the ideal range in all the
evaluated treatments, while B was above the ideal range (Table 4).

4. Discussion

After ten years of SS continuous applications in the area, the biogeo-
chemical parameters evaluated presented few variations when com-
pared to the area that received mineral fertilizer in the same period. In
particular, some biogeochemical parameters with high sensitivity to en-
vironmental changes such as dehydrogenases activity, soluble carbohy-
drates, total carbohydrates, and CMB (Machulla, 2003; Duval et al.,
2013; Wang et al., 2016) presented similar results between the control
treatments and some of the treatments that received SS. These results
are important because, although European countries have been using
SS in agriculture for several years (Lloret et al., 2016), for tropical cli-
mate conditions, there is a lack of research on SS performance in the en-
vironment. This has led governments to enact very restrictive laws that
have hampered the use of SS in agriculture. In this study, we show that,
regarding the environmental impacts, the continuous use of SS, up to
the dose of 10 Mg ha−1 per year, is similar to mineral fertilizer.



Fig. 2. a) Amylase activity in soils treated with sewage sludge. b) Cellulase activity in soils treated with sewage sludge.
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Only a few biogeochemical parameters (amylase, cellulase and glu-
cose) showed greater activity in the areas that received intermediate
doses of SS (50 and 100 Mg ha−1) and they showed no difference
Fig. 3. a) Carbon microbial biomass in soils treated with sewage sludge. b) Metabolic quotient
sewage sludge.
between the control treatment and the highest dose of SS applied
(147.5 Mg ha−1). This may have been a response to N supplementation
with mineral fertilizer. The control treatment received only mineral
(qCO2) in soils treated with sewage sludge. c) Soil basal respiration in soils treated with



Fig. 4. a) Invertase activity in soils treated with sewage sludge. b) Glucose in soils treated with sewage sludge.

Fig. 5. Dehydrogenases activity in soils treated with sewage sludge.

Fig. 6. a) Soluble carbohydrate in soils treated with sewage sludg
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fertilizer, while the larger SS dose required a small amount of N supple-
mentation. The intermediate treatments received SS and a considerable
amount of readily soluble N from mineral fertilizer (Supplementary
Table 3). This may have contributed to the activities of the amylase
and cellulase enzymes, and the glucose rates were higher in these treat-
ments. In addition, there is a direct relationship between soil C\\N avail-
ability and soil enzymatic activities (Fernandes et al., 2005; Ferreira et al.,
2016; Masunga et al., 2016; Harantová et al., 2018). SBR and qCO2 pre-
sented great variation between the control treatment and the highest
SS dose applied. However, it should be noted that our soil collection
for enzyme analysis occurred at 60 DAE. The temporary increment of or-
ganic matter from SS explains these values (Santos et al., 2012; Silva
et al., 2014). All values referring to SBR and qCO2 suggested that micro-
bial populations operate in the absence of metabolic stress (Silva et al.,
2014). We know that organic matter from SS when applied to soils of
tropical regions is rapidly degraded (Busato et al., 2012; Vieira et al.,
2014 and the increase of organic matter in the soil over time is very
low or zero (Yada et al., 2015, Kirchmann et al., 2017). In the present
study, no increase of soil organic matter was observed due to the
e. b) Total carbohydrate in soils treated with sewage sludge.



Table 2
Chemical characterization of the soil before the start of the experiment. and after 10 years
applications of sewage sludge.

pH
(CaCl2)

OMa Pb Kb Cab Mgb H + Al BSc CECd BCSed

g
dm−3

mg
dm−3

mmolc dm−3 %

Oxisoil
First yearf

5.7 34 67 4.9 42 19 22 66 88 75

Sewage
sludge
(Mg ha−1)

Tenth year

0.0 5.3 28 57 6.1 41 12 31 59 90 66
50.0 5.5 28 104 3.5 51 11 31 65 96 68
100.0 5.6 28 142 4.6 54 12 31 70 101 69
147.5 5.1 28 152 3.6 37 8 42 48 90 54

a OM: Organic matter.
b P. K. Ca. and Mg extracted by resin: mixed ion exchange resin. Extracted from a soil:

solution ratio of 1:20. With 16 h of stirring time.
c BS: base-cation sum (K ++, Mg + 2, Ca + 2).
d CEC: cation exchange capacity.
e BCS: base-cation saturation.
f Before the start of the experiment.

Table 4
Nutrients content in maize diagnosis leaves treated with sewage sludge for ten consecu-
tive years.

Element 0 50 100 147.5 Ideal range(b)

N (g kg−1) 27.4 a 27.8a 28.0a 27.6a 27.5–32.5
P (g kg−1) 2.7 b 2.6b 2.9ab 3.1a 2.5–3.5
K (g kg−1) 19.0 a 19.2a 20.5a 19.9a 17.5–22.5
Ca (g kg−1) 2.9 b 3.7ab 3.8ab 4.1a 2.5–4.0
Mg (g kg−1) 1.3 b 1.6ab 1.6ab 1.8a 2.5–4.0
S (g kg−1) 1.2 a 1.3a 1.2a 1.3a 1.5–2.0
B (mg kg−1) 21.3 a 23.2a 22.1a 23.1a 15–20
Cu (mg kg−1) 11.2 a 11.3a 11.0a 12.0a 0–20
Fe (mg kg−1) 63.5 b 66.4ab 89.0ab 91.0a 50–250
Mn (mg kg−1) 33.4 ab 31.4b 31.9b 42.9a 50–150
Zn (mg kg−1) 56.5 a 22.2b 20.8b 72.0a 15–50
Ni (mg kg−1) 0.92 ab 0.76b 1.5a 1.2ab –
Mo (mg kg−1) 0.09 b 0.10ab 0.14a 0.09b –

a) Means followed by different letters differ by Tukey test (p b 0.05).
b) Ideal range for Malavolta et al. (1997).
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addition of SS in the first ten years of the experiment (Table 2). We has
been already verified that the OM of the area presents great capacity of
decomposition and has decreased the degree of humification of OM
over the years (Santos et al., 2010). The SS obtained from urban and in-
dustrial waste presents low levels of lignin and cellulose, that contribute
to the increase of OM in the soil, and high protein content (Carvalho
et al., 2015). Other works that have verified increase of OM in tropical
soils have used high doses of SS, in a short time, and carried out soil col-
lections very close to the SS application (Canellas et al., 2001; Wang
et al., 2008). Perhaps these factors may have interfered with the
Table 3
Grain yield and drymatter plants grown in soil treatedwith sewage sludge for ten consec-
utive years.

Sewage sludge doses Grain yield Dry matter productivity

Mg ha−1

Third year
0 6.93a 14.26a
7.5 8.26a 14.96a
15 7.63a 15.55a
30 8.07a 15.72a

Sixth year
0 3.89b 14.21a
67.5 6.09a 15.69a
30 6.03a 15.86a
60 5.72a 14.04a

Seventh year
0 1.6a nd(b)

87.5 1.8a nd
35 1.8a nd
70 2.1a nd

Eighth year
Crotalaria incorporated in soil

Ninth year
0 5.84a 15.05ab
127.5 5.51a 15.02ab
45 6.29a 12.07a
90 6.06a 16.03b

Tenth year
0.0 8.14a 21.51a
50.0 7.30a 21.30a
100.0 7.68a 19.96a
147.5 7.79a 21.91a

a) Means followed by different letters differ by Tukey test (p b 0.05). b) not determined.
outcome It is noteworthy that, in our area after application, the SS has
been incorporated by means of harrowing. This may have contributed
to the fact that the SS application in soil did not presented additions of
OM. Adicionalmente, tem se verificado, sob condiçoes tropicais,
aumento de ácido fulvico em solos que receram SS (Canellas et al.,
2001). For a long time, it was thought that the decomposition of organic
matter from the SS would provide the availability of the heavy metals
contained in it - the time-bomb hypothesis (McBride, 1995). This
could have a major impact on the environment. In our work, even
with the rapid decomposition of organic matter, there were no changes
in themain biogeochemical parameters evaluated in relation to the con-
trol treatment. In the case of Oxisol in tropical areas, due to the low con-
centration of organic matter, there is a greater interaction of the heavy
metals with themineral fraction of the soil than with the organic matter
(Silveira et al., 2003; Nogueira et al., 2010; Soriano-Disla et al., 2014), so
that only a small amount of heavy metals is bioavailable. A number of
studies have shown that there is no relation between the increase of
heavy metals in the soil due to SS application and the absorption of
these metals by plants (Macedo et al., 2014; Soriano-Disla et al., 2014;
Alvarenga et al., 2016; Yagmur et al., 2017).

Continuous SS applications provided an increased concentration of
available P in the soil. It was verified that, even in the soil that received
a lower SS dose (50 Mg ha−1), there was an increase of around 100% in
relation to the soil that received onlymineral fertilization. Soils from trop-
ical climates generally present low P availability to plants (Rodrigues
et al., 2016; Teles et al., 2017). All treatments were efficient in providing
an adequate amount of P for maize plants. This indicates that SS is effi-
cient in providing P to the plants (Lee et al., 2018) without the need for
mineral fertilizer supplementation (Tontti et al., 2017). In other years,
in the same experiment, similar results were observed for other crops
(Ribeirinho et al., 2012; Macedo et al., 2012) in relation to P uptake.

The treatments that received SS needed to be supplemented with N
from themineral fertilizer, since not all the N contained in SS is bioavail-
able. However, our results showed that the N application from mineral
fertilizers can be partially replaced by SS and reach large yields
(Macedo et al., 2012; Motta and Maggiore, 2013; Yagmur et al., 2017).
Our study also showed that even with the large imbalance between
the amount of micronutrients contained in SS and the amount required
bymaize plants, SS proved to be efficient in providingmicronutrients to
maize plants (Pigozzo et al., 2000; Macedo et al., 2014; Nikzad et al.,
2015).

5. Conclusions

Our results showed that for the evaluated biogeochemical variables,
even after ten years of continuous SS application, agricultural Oxisol
under a tropical climate presented similar responses to the cropped
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areas withmineral fertilizers. In this study, we verified that for the eval-
uation of the environmental impact of agricultural areas it is necessary
to use a set of biogeochemical parameters, since individually they can
present results that are difficult to interpret. The biogeochemical param-
eters used in this work were efficient to evaluate the variations caused
by the use of SS in agriculture. Regarding the agronomic evaluation,
the SS was efficient in providing total P, partial N and micronutrients
for the maize crop.
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