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Abstract

The present study aimed to analyze the initial growth of the corn hybrid AG 1051 cultivated in soil fertilized
with human urine, cassava wastewater and cattle manure. The experimental design was completely randomized
with four replicates and eight treatments: T1 (Control — without fertilization), T2 (HU — Human urine), T3 (CW
— Cassava wastewater), T4 (BM — Cattle manure), T5 (BM + HU — Cattle manure + Human urine), T6 (BM +
CW — Cattle manure + Cassava wastewater), T7 (HU + CW — Human urine + Cassava wastewater) and T8 (HU
+ CW + BM — Human urine + Cassava wastewater + Cattle manure). ESI (emergence speed index) and E%
(emergence percentage) were determined by daily counting all seedlings emerged in a period of seven days and,
at 15 DAS (days after sowing), plant height was measured. The use of cattle manure led to higher ESI and E%
compared with the other treatments, as well as the variable plant height. For production variables, TS caused
highest increment in shoot dry phytomass and there were no significant differences between treatments for shoot
dry phytomass. It was concluded that T4, T6 and T5 led to higher performance in the initial growth stage.
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1. Introduction

Corn (Zea mays L.) is one of the most important crops in the world and, although Brazil is the third largest
global producer, it does not stand out in the same way with respect to yield. The yield in Brazil is considered as
low compared with other producing countries. Such poor performance is mainly related to factors such as
mineral nutrition, population density and plant arrangement (Cruz et al., 2008).

Regarding mineral nutrition, nitrogen and phosphorus are the most required nutrients by the corn crop and are
the ones available at lowest concentrations in the soil (Sousa et al., 2017). These macronutrients directly
influence grain production, because they positively act on the number of grains per ear and individual grain
weight (Valderrama et al., 2011). Phosphorus deficiency influences nitrogen absorption, causing reduction in leaf
growth and compromising grain formation and development (Silva et al., 2009; Oliveira et al., 2012, Martin et
al., 2011).

Considering the agro-industrial development and generation of large amounts of organic residues with high
polluting potential to the environment (330 million tons, on average) along the productive chain of various
products, the reuse of these residues in agriculture has been considered as one way to attenuate the
environmental impacts inherent to their disposal in the environment, besides pointing to a new, promising use of
these residues (Morais et al., 2012; Virmond, 2011; Damasceno et al., 2003; Magalhées et al., 2014).

The use of increasingly higher doses of chemical fertilizers has been intensified in order to increase corn yield.
In this context, the use of organic fertilizers in crops becomes an alternative capable of reducing the expressive
amounts of mineral fertilizers applied to the soil.
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Among various residues generated by agro-industrial activities, cassava waste-water is a residue from the
processing of cassava roots (Manihot esculenta Crantz) and has potential in the utilization as source of nutrients
to soil and plants, being able to supply particularly potassium (K), nitrogen (N), magnesium (Mg), phosphorus
(P), calcium (Ca) and sulfur (S) (Cardoso et al., 2009). It is an effluent with high organic load (BOD and COD)
and toxic cyanogenic glucosides such as linamarin (Campos et al., 2006).

Another effluent that has been studied with potential in agricultural production is human urine or yellow water.
This effluent is an aqueous solution containing sodium chloride (NaCl), urea [CO(NH,),], potassium (K),
calcium (Ca), sulfate (SO4) and phosphorus (P), which is available as polyphosphate (H,PO* or HPO,”) (Lind,
Ban, & Bydén, 2001).

Among human excrements, human urine contributes with about 90% of N, 50-65% of P and 50-80% of K
(Heinonen & Van Wijk, 2005). Authors such as Barreto et al. (2014) and Magalhdes et al. (2014) evaluated the
effects of using cassava waste-water as source of nutrients in agricultural production and observed significant
results up to a certain volume threshold. Akpan-Idiok et al. (2012) and Aratjo et al. (2015) observed increments
in plant green matter applying human urine through irrigation.

Hence, this study aimed to evaluate the growth of the corn hybrid AG 1051 in soil fertilized with human urine,
cattle manure and cassava waste-water wastewater as source of nutrients in protected environment.

2. Materials and Methods

The study was carried out at the Campus I of the Federal University of Campina Grande (UFCG), Campina
Grande-PB, Brazil (7°12'58.67" S; 35°54'35.71" W; 550 m asl.), from April to May 2017. The soil used in the
experiment was classified as Regolithic Neosol with the following physical-chemical characteristics: pH in water
(1:2:5) = 5.58; EC = 0.56 mmhos cm™; Al =0.00 cmolc dm™; Mg = 2.78 cmolc dm™; Ca = 9.07 cmolc dm™; K =
0.33 cmolc dm™; Na = 1.64 cmolc dm™; P = 3.98 cmolc dm™; S = 13.72 cmolc dm™; organic carbon = 1.70%;
organic matter = 2.93% and soil bulk density = 1.28 g cm™.

Maximum and minimum temperatures and relative air humidity inside the greenhouse in the studied period are
presented in Figure 1. Temperature was daily recorded, always at 9:00 a.m., using a digital thermo-hygrograph.
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Figure 1. Maximum and minimum temperatures and relative air humidity inside the greenhouse

Plants were grown in a 640-m” arched greenhouse with metal structure, covered by 150-um-thick low-density
polyethylene and, on the sides, by 80% shade cloth.

The experiment used the forage corn double-cross hybrid AG 1051, which has high potential for green corn and
silage production. Its main features are: semi-early cycle, average of 115 days for silage and 144 days for grain
harvest; high grain production and green matter with high digestibility.

The experiment was set using 20-L pots filled with a 0.04-kg layer of crushed stone (n° 03), covered with a
geotextile and 15.5 kg of soil, to facilitate drainage. A 33-mm-diameter hole was made at the bottom of each pot
and a transparent flexible hose was connected for drainage. A geotextile was placed on this hole to facilitate
drainage and prevent its clogging. After filling the pots, the soil was brought to field capacity.
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The experimental units were arranged at spacing of 50 cm between pots and 50 between rows. Sowing was
directly performed in the pots, by planting 10 seeds in each. At 15 days after emergence (DAE), thinning was
made to maintain four plants per pot.

Along crop development, irrigation was daily applied based on drainage lysimetry, according to the methodology
proposed by Bernardo et al. (2008), to prevent the crop from suffering drought stress. To quantify the volume
drained in each irrigation event, a 2-L tank was connected to the tip of each drain, to store the drained volume 24
hours after each irrigation event. Irrigations were performed using rainwater, stored in 5-m’ boxes, with
electrical conductivity (ECw) of 0.04 dS m.

The experimental design was completely randomized (CRD) with eight treatments and four replicates, totaling
32 experimental units. Treatments consisted of individual and combined doses of human urine, cassava
wastewater and aged cattle manure, defined as follows: T1 (Control — without fertilization), T2 (HU — Human
urine), T3 (CW — Cassava wastewater), T4 (BM — Cattle manure), T5 (BM + HU — Cattle manure + Human
urine), T6 (BM + CW — Cattle manure + Cassava wastewater), T7 (HU + CW — Human urine + Cassava
wastewater) and T8 (HU + CW + BM — Human urine + Cassava wastewater + Cattle manure).

The human urine used in the study was collected from three households in the municipality of Campina
Grande-PB and subjected to previous treatment through anaerobic digestion to inactivate possible pathogenic
microorganisms. Urine was stored in a hermetically sealed 20-L tank for a period of 60 days. This treatment
promotes increase of pH (Table 1) in the human urine and, therefore, inactivation of possible pathogenic
microorganisms present in the effluent, except for helminth eggs. Presence of helminth eggs only occurs when
there is cross contamination, when direct contact with feces occurs during effluent collection.

Cassava wastewater was collected in a starch production plant in the municipality of Puxinani-PB and subjected
to anaerobic digestion in a hermetically sealed 85-L container. A 5-cm air column was left between the effluent
and the edge of the container. The lid was connected by a hose to a PET (polyethylene terephthalate) bottle with
water height of 5 cm to release gases generated during effluent digestion, especially hydrocyanic acid, which is
released in large amounts due to the presence of a cyanogenic glucoside known as linamarin, after hydrolyzation
(Table 1).

Table 1. Physical-chemical characterization of human urine and cassava wastewater after anaerobic digestion

Parameters
TKN NH;-N P-PO,3 K Na pH EC
g L - --mScm” -
HU 8.706 6.737 0.325 1.097 2.455 9.32 42.7
CW 1.680 0.933 0.338 3.948 0.138 473 11.75

Note. TKN: Total Kjeldahl Nitrogen; NH;-N: Ammoniacal nitrogen; P-PO,™: Soluble orthophosphate; K:
Potassium; Na: Sodium; pH: Hydrogen potential; EC: Electrical conductivity; HU: human urine; CW: Cassava
wastewater.

The effluent volume applied in each experimental unit was estimated according to the recommendation for
fertilization of Novais et al. (1991), based on the macronutrients present at highest concentration in human urine
and cassava wastewater, total nitrogen and potassium, respectively. Hence, nitrogen concentration was
considered for human urine whereas potassium was the reference element in cassava wastewater.

The applied volumes were equal to 200 mL in treatments with human urine, corresponding to 28.30 m® ha™, and
to 590 mL in treatments with cassava wastewater, equivalent to 83.5 m® ha™.

The cattle manure also used as biofertilizer was aged, i.e., it subjected to a period of rest so that all organic
matter was stabilized and nutrients became readily available to be diluted in the soil solution. Its chemical
characterization is presented in Table 2.
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Table 2. Characterization of aged cattle manure
pH EC N P K S Na
- —-dScm’! -- gkg!
6.05 43.40 0.42 21.25 7.60 9.66 2.57

Note. pH: Hydrogen potential; EC: Electrical conductivity; N: Total nitrogen; P: Phosphorus; K: Potassium; S:
Sulfur; Na: Sodium.

Fifteen days before sowing, aged cattle manure (5%, based on total soil weight in each pot, equivalent to 0.775
kg) was incorporated to the soil, which was maintained close to field capacity in order to promote favorable
conditions for incorporation.

Corn was sown fifteen days after basal fertilization, a time necessary for stabilization of its nutrients and
evaporation of the hydrocyanic acid present in the cassava wastewater, resulting from linamarin hydrolysis.

To evaluate crop development, after sowing, the number of emerged seedlings was daily monitored until the 7™
day, which allowed to determine emergence percentage (E%) and emergence speed index (ESI), according to the
methodology proposed by Maguire (1962).
E% = % x 100 (1)
Where, E%: emergence percentage; N: total number of emerged seedlings; and A: total number of seeds sown.
(NI N2 Nn
ESI= (D—m+D—m+...+D—@l) 2
Where, ESI: emergence speed index; N: number of seedlings on the day of count; and DQ: number of days after
sowing.

Growth was evaluated at 15 DAE, based on the following parameters: plant height (PH, cm), measured with a
250-cm tape measure from the soil to the highest organ; stem diameter (SD, cm), measured with a digital caliper
(0.05-mm accuracy); and number of leaves (NL), measured through direct count.

Shoot fresh phytomass (SFP) of one plant was determined using an analytical scale (0.01-g accuracy). For shoot
dry phytomass (SDP), samples were individually placed in paper bags and dried in forced-air oven at 65 °C until
constant weight.

3. Results and Discussion

According to the results for the effects of different types of fertilizers used in basal fertilization, a functional
relationship was observed between the treatments, for the individual and combined application of the
bio-fertilizers, since the treatment with only cattle manure (T4) led to higher emergence speed index (ESI),
compared with the others, with a percent difference of 49.1% in comparison to T6 (BM + CW).

Such difference in ESI may have been favored by the fact that cassava wastewater is a residue with highly
cyanogenic potential when hydrolyzed, an effect that was observed on all treatments in which cassava
wastewater was used with one of the fertilizers (Figure 1A).
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Figure 2. Emergence speed index of Zea mays L. as function of fertilization with cattle manure, human urine and
cassava wastewater as source of nutrients

Regarding emergence percentage (E%), the results indicate a behavior similar to that of ESI for the fertilization
using cattle manure (T4), with a percent superiority of 48.23% in comparison to seedlings cultivated in soil
fertilized with T5 (BM + HU), which was the treatment with highest number of emerged seedlings in relation to
the total number of seeds sown (Figure 1B).

There is strong positive correlation between the variables ESI and E%, with Pearson coefficient of 0.998 and R*
of 0.997 (Figure 1C), evidencing that both variables are strongly correlated, showing very similar statistical
results.

These results indicate the efficiency of basal fertilization of corn crop using cattle manure in the emergence,
because the use of cattle manure, among other organic residues, is the best alternative to improve the physical
and chemical conditions of these soils and, in addition, it contains 30 to 58% of organic matter (Pereira et al.,
2002; Ramos et al., 2010; Ferreira et al., 2012). These results were similar to the present study that the use of
cattle manure showed efficiency in emergence speed index and emergence percentage variables.

The analysis of variance showed significant differences between the means due to the different types of basal
fertilization for all variables. Application of cattle manure led to better results of growth parameters: plant height,
stem diameter and number of leaves at 15 DAE (Table 3).

Table 3. Corn growth in protected environment as a function of different types of basal fertilization

SV PH (cm) SD (cm) NL SFP (g) SDP (g)

T1 — Control 32.06 be 437 ¢ 4.75 bed 5,5950 b 1,5450 a

T2 - HU 28.63 ¢ 451 ¢ 4.00d 3,6875 ¢ 12425 a

T3-CW 31.00 be 433 ¢ 4.50 cd 5,0800 b 1,2900 a

T4 - BM 47.50 a 5.88a 575a 5,6700 b 1,3425a

T5 - BM + HU 13.374d 4.60 be 5.00 abc 8,6325a 1,4225a

T6 — BM + CW 38.00 b 5.58 ab 5.50 ab 5,5950 b 1,1050 a

T7-HU + CW 27.65 ¢ 4.11¢ 4.75 bed 5,7300 b 1,3050 a

TS — BM + HU + CW 36.00 be 4.59 be 5.00 abc 5,7525b 13350 a
oV n7n 933 8s8 790 1594

Fc value 27.64* 8.148* 6.832%* 36.543* 1.479%

Note. Means followed by different lowercase letters in the columns of each parameter differ by Tukey test at 0.05
probability level (P < 0.05). CV: Coefficient of variation. Fc: Calculated F.

Silva et al. (2007) evaluated corn yield in different production systems and concluded that the organic system,
with cattle manure fertilization, is superior to the mineral and no-fertilization systems, because the use of aged
bovine biofertilizer improves soil physical, chemical and biological properties (Freitas & Souza, 2009).

The use of human urine (T2) and cassava wastewater (T3) did not lead to good results, compared with combined
or individual treatments with cattle manure. There were increments of 39.97%, 23.29% and 30.43% in plant
height, stem diameter and number of leaves, respectively, between corn plants grown in soils fertilized cattle
manure and with human urine.
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In a study conducted by Idiok et al. (2012), human urine was used as source of nutrients for the okra crop, which
showed significant increase in yield compared with the use of inorganic fertilizer or no use of fertilizer.

Magalhies et al. (2011), studying the initial growth of the corn hybrid AG 1051 subjected to different doses of
cassava wastewater, observed that the dose equivalent to 63 m® ha” promoted increase in stem diameter and
number of leaves, while the dose equivalent to 75.63 m® ha™ led to significant increase in plant height.

Evaluating the effect of foliar application of cassava wastewater doses on corn development, Araujo et al. (2012)
found that the highest dose, 75% (750 mL of cassava wastewater + 250 mL of water), was efficient as source of
foliar fertilization for corn, guaranteeing significant gain of fresh matter, plant height and number of leaves.
However, these authors emphasize that, although the 75% cassava wastewater dose guaranteed better plant
development, foliar application is only recommended up to the dose of 50% (500 mL of cassava wastewater +
500 mL of water), because higher values caused severe injuries on corn leaves due to the hydrocyanic acid still
present 1n it.

Combinations of cattle manure + cassava wastewater or cattle manure + human urine did not lead to good results
in comparison to corn cultivation in soil fertilized only with aged cattle manure. While corn plants cultivated in
soil fertilized with T4 showed plant height of 52 cm, stem diameter of 6.88 mm and 6 leaves, those cultivated in
soil fertilized with T2 showed plant height of 29 cm, stem diameter of 4.66 mm and 4 leaves, and plant height of
39.5 cm, stem diameter of 4.5 mm and 5 leaves, thus evidencing that the combination of cattle manure with
human urine and/or cassava wastewater decreased the efficiency of cattle manure as bio-fertilizer.

There were significant differences between treatments regarding SFP. For the initial growth of corn, the lowest
value (3,6875 g) was observed under fertilization with only T2 (human urine), while the treatment T5 (human
urine + cattle manure) led to the best result in gain of weight, 8,6325 g, i.e., there was a percent increment of
42.71% from T2 to T5. There were no significant statistical differences for this variable due to the other
treatments. According to Leite et al. (2003), the combination of substrates with cattle manure has been object of
study as an important management tool for the improvement in soil quality and saving for small farmers.

For SDP production with the application of bio-fertilizers, the values indicated that there were no significant
differences between treatments by Tukey test at 0.05 probability level. According to Almeida et al. (1998), the
increase of dry plant biomass is reflected by the yield of the crop, so plants with higher initial dry matter increase
and dry matter are linked to the use of solar radiation in the production of photo-assimilates that are available for
culture.

5. Conclusion

Aged cattle manure as basal fertilization promotes higher increments in the initial growth variables of the corn
hybrid AG 1051.

Combinations of fertilizations with cattle manure + cassava wastewater and cattle manure + human urine also
favored the initial growth of the corn hybrid AG 1051.

The use of cattle manure + human urine in corn fertilization led to highest fresh phytomass accumulation in the
vegetative stage.

The different organic fertilizations with aged cattle manure, cassava wastewater and human urine, combined or
individually, did not influence the dry phytomass of the corn hybrid 1051.
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