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ABSTRACT: The application of organic composts derived from animal husbandry or
agro-industry is a promising option to improve nutrient cycling and supply of soils and,
consequently, forage production. The objective of this study was to evaluate the soil
chemical properties and the nutritional state of elephant grass in response to rates of
organic fertilizer composted from the waste of small ruminant production and slaughter
systems. The experiment was conducted on a Fluvisol of a forage field with elephant
grass var. Cameroon, and was arranged in a randomized block design with split-plots
with repeated measures over time. Six rates of organic compost (0, 13.3, 26.6, 39.9,
52.3, and 79.8 t ha!, in plots) and an additional treatment with mineral fertilizers were
evaluated in four growth periods (60, 120, 180, and 240 days, in subplots) with four
replications, resulting in a total of 28 plots. Soil fertility was evaluated after the fourth
growth period, while leaf analysis was determined in every 60-day period. The increasing
rates of organic compost increased the concentrations of OM, NH,*, NO5, NH," + NO;, P
and base saturation, while the H+Al values decreased and the N and P contents increased
in the plants. Compared with mineral fertilization, soil inorganic nitrogen and phosphorus
increased by 34 and 97 % in response to the application of organic compost. In response
to the application of organic compost, the leaf contents of all studied nutrients remained
adequate in all studied periods, except for the macronutrient N and micronutrient Mn.
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INTRODUCTION

On a global scale, Brazil has herds of around 8.8 and 17.6 million heads of sheep and
goats, respectively. A major part of this impressive flock (90 % of the goats and 60 %
of the sheepin Brazil) is concentrated in the northeast of the country, for being the two
main livestock activities of the predominantly small family farmers of that region (Aquino
and Lacerda, 2014). Along with the increase in agricultural and agro-industrial activities
of the last decades, a substantial amount of organic waste has been generated. Bans on
the use of urban, industrial, and animal solid residues, as well as the lack of knowledge
about possible applications in agriculture, have led to the disposal of these materials
in landfills, thereby creating another environmental liability (Abdel-Raouf et al., 2012).

Composting has come into use in many regions around the world, for being considered
a reasonable option for the destination of dead animals, for contributing to meeting
the increasing demand for organic fertilizers, at low production costs and with a high
economic return for animal husbandry (Misselbrook et al., 2012). The number of poultry
and pig farms using composting in Brazil has increased in the last few years, and
researchers have investigated this form of treatment of remains of dead animals from
cattle (Otenio et al., 2010), fish (Araujo et al., 2011), and sheep and goat farming
(Souza et al., 2016). Most livestock farms have areas destined for forage fields, where
elephant grass (Pennisetum purpureum) is frequently planted in Brazil because of its
high dry matter yield, acceptability, forage quality, photosynthetic efficiency, and good
response to nitrogen and phosphate fertilization (Pereira et al., 2010).

Numerous studies have addressed the management of this tropical forage. However,
studies evaluating its responses to fertilization with organic compost are scarce. Thus,
nutrient sources from waste of livestock production systems are interesting alternatives
to intensify nutrient cycling and raise the yield of elephant grass. Thus, the objective of
this study was to evaluate soil chemical properties and the nutritional state of elephant
grass pasture in response to the application of organic compost rates produced from
small ruminant production and slaughter systems.

MATERIALS AND METHODS

The experiment was carried out in an experimental area of Embrapa Sheep and Goats,
in Sobral, Ceard, Brazil (34° 20’ S latitude, 40° 21’ W longitude; 83 m a.s.l.). The regional
climate was classified as BSh according to Képpen Classification System, i.e., hot and
semi-arid, withan average annual precipitationof 759 mm and mean temperature of
28 °C (Inmet, 2014).

Before the experiment was initiated, soil was collected to assess fertility. The chemical
and texture properties of the 0.00-0.20 and 0.20-0.40 m layers are listed in table 1. In
the 0.00-0.20 m layer, the pH was high, OM content low, the P content was excellent,
K low, Ca excellent, Mg excellent, sum of bases were high, CEC was high, BS excellent,
and the contents of B medium, Cu low, Fe high, Mn high, and Zn medium, according to
Alvarez V et al. (1999). In the 0.20-0.40 m layer, the contents of chemical properties
were close to those of the surface layer, except for OM, with a content of less than 1 %.

Based on the particle size analysis (Table 1), the soil was classified as a Fluvisol (Fluvent/
Neossolo Fluvico) with a sandy loam texture, according to Santos et al. (2018). The
area was irrigated by a low-pressure fixed sprinkler system (pressure <2.0 kgf cm?).
Irrigation was applied every night to minimize water loss, especially due to wind, and to
control potential nutrient losses by volatilization due to the high day temperatures. The
evapotranspiration of the applied water volume corresponded to 7.52 mm day™, with
an efficiency of 73 % of the application.
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The experimental compost was produced by mixing (solid) waste from goat and sheep
slaughterhouses with a blend of 50 % pen manure and 50 % feeder and tree-pruning
residues, 1.5 to 2.0 times the amount of slaughterhouse waste. More detailed information
about the process of compost production is given in the study of Souza et al. (2019a).
The compost decomposition period lasted approximately 120 days. At the end of this
period, the material contained 10 % moisture (chemical properties shown in table 2).
The contents of N and Ca of the organic compost were close to 2 %, that of Knear 1.5 %,
and the C/N ratio was 9/1.

A completely randomized block design with split-plots with four replications and
repeated measures over time was adopted. Plots corresponded to six rates of
organic compost and an additional treatment (mineral fertilization), whereas the
sub-plots corresponded to four growth periods (60 days each), resulting in a total of
28 experimental units (5 X 5 m).

Table 1. Soil chemical and particle-size properties in the experimental area

Layer pH(H.0) oM P K Ca** Mg** H+Al AP* SB CEC
m gdm™® ——mgdm™ mmol, dm?
0.00-0.20 7.0 16 36 31 50 19 13 0 74.2 87.2
0.20-0.40 7.2 7 36 31 54 17 12 0 76.1 88.1

BS ESP S-S0, Na B Cu Fe Mn Zn

% mg dm™>
0.00-0.20 85 5.08 11 102 0.38 0.5 54 38 1.5
0.20-0.40 86 4.84 8 98 0.23 0.5 32 20 1.0
Clay Silt Total sand Coarse sand Fine sand
g kg™

0.00-0.20 254 216 530 60 470
0.02-0.40 239 251 510 70 440

pH: potential of hydrogen; OM: organic matter; P: phosphorus; K: potassium; Ca: calcium; Mg: magnesium; H+Al: potential acidity; Al: aluminum;
SB: sum of bases; CEC: cation-exchange capacity; BS: base saturation; ESP: exchangeable sodium percentage; S: sulfur; Na: sodium; Cu: copper;
Fe: iron; Zn: zinc; Mn: manganese; B: boron - (Alvarez V et al., 1999). Methods (Silva et al., 2009): pH(H,0) at a soil:solution ratio of 1:2.5; OM: was
determined according to the Walkley-Black method; P, K, Na, Cu, Fe, Mn, and Zn were extracted with Mehlich-1; Ca**, Mg**, and AI** were extracted
by KCI 1 mol L™; B: was extract by hot water; 5-50,”": based on the reaction with barium chloride. Methods (Donagema et al., 2011): Clay, silt and
sand: pipette method.

Table 2. Mean values of the chemical properties of the compost

IN N-NO," N-NH,* TN C C/N
mg kg™ g kg™
355 250 105 20.3 175 9
P K Ca Mg S Na
gkg™
9 15.7 21.9 5.5 2.8 2.1
B Cu Fe Mn Zn pH(CacCl,)
mg kg™’
20 30 2,051 175 138 6.7

IN: inorganic nitrogen; N-NOs": nitrate; NH,*: ammonium; TN: total nitrogen; C: carbon; P: phosphorus;
K: potassium; Ca: calcium; Mg: magnesium; S: sulfur; Na: sodium; pH: potential hydrogen (CaCl,); B: boron;
Cu: copper; Fe: iron; Mn: manganese; Zn: zinc. Methods (Bataglia et al., 1983): after nitroperchloric digestion:
P was determined by colorimetry; K by flame photometry; S by turbidimetry; Ca, Mg, Cu, Fe, Mn, and Zn
by atomic absorption spectrophotometry; total nitrogen by the Kjeldahl method; and boron by calcination.
Methods (Abreu et al., 2006): pH(CaCl,) at a soil:solution ratio of 1:2.5; N-NO; and NH,": Kjeldahl method;
C was determined by dry combustion using an elemental analyzer.
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The amount of organic compost applied to the forage field was determined to provide a
rate of 120 kg ha™ of N in each growth period and was based on the N content and the
crop requirements for intensive production, with harvest cuts at intervals of 60 days
(Fonseca et al., 2010). Thus, the standard rate of applied compost was determined, based
on the N content of the compost and the N crop requirements for the four growth periods.

The experimental treatments consisted of organic compost rates of 0, 13.3, 26.6, 39.9,
53.2, and 79.8 t ha™, corresponding to zero standard rate (0), half (1/2), full (1.0), one
and a half (1.5), twice (2.0), and three times the standard rate (3.0); plus an additional
treatment (mineral fertilization) with N (urea) and K,O (potassium chloride), corresponding
to 120 kg of N and 150 kg of K,O per hectarein each growth period.The organic fertilizer
was applied in a single dose, at the beginning of the experiment, after an initial leveling
cut of the forage. Mineral fertilization was applied as follows: first fertilization at the
beginning of each growth period (five days after initial cut) and the second in the middle
of the growth period (30 days after initial cut), as recommended by Fonseca et al.
(2010). Organic and mineral fertilizers were distributed by broadcasting, on the entire
area of each plot (25 m?). For both N sources (organic and mineral), a standard rate of
720 kg ha™ yr' of N was considered.

The soil chemical properties were evaluated for the layers 0.00-0.20 and 0.20-0.40 m.
The soil was sampled at the end of the fourth growth periods and chemically analyzed for
fertility properties (pHy.0, OM, P, K, Ca, Mg, H+Al, S-S0,>, Na, SB, CEC, base saturation,
and micronutrients), as proposed by Silva et al. (2009). Additionally, soil samples were
collected from the 0.00-0.20 m layer to determine inorganic nitrogen, N-NH,*, N-NO;~, and
NH,* + NO5™(Silva et al., 2009). For leaf analysis, composite samples (six single samples
per plot) were taken, by collecting the first newly-expanded leaf (Werner et al., 1997) of
forage plants on the 60th day after the initial cut, in all four evaluation growth periods.
Macro- and micronutrient analyses were performed as described by Bataglia et al. (1983).

The data were analyzed by analysis of variance (F test), a mean comparison test and
regression analysis, and the interaction organic fertilizer rates x growth period was
unfolded only when significant. The Tukey test (5 % probability) was used to compare
the effect of the growth periods. For regression analysis, the choice of the models was
based on the significance of the linear and quadratic coefficients, by the Student’s t test.
Thus, a contrast analysis of the treatments with mineral and with organic fertilizer rates
was performed. Software SISVAR (Ferreira, 2019) was used for the statistical analysis.

RESULTS

The presence of organic compost influenced the properties ammonium, nitrate, sum of
nitrogen, and ammonium (inorganic N) fractions, organic matter (OM), phosphorus (P),
potential acidity, base saturation (BS), boron (B), iron (Fe), and zinc (Zn) in the 0.00-0.20 m
soil layer (Table 3). According to the contrast analysis, fertilization with organic compost
raised the contents of ammonium, nitrate and inorganic nitrogen, P, BS, sodium (Na),
and exchangeable sodium percentage in the soil more than mineral fertilization (Table 3).

Mineral fertilization induced higher levels of potential acidity and sulfur concentrations
in the 0.00-0.20 m layer than organic compost (Table 3). Thus, it can be inferred that
mineral fertilization caused higher soil acidification than organic compost, which may be
attributed to the nitrification of ammonia N, derived from urea, which was the soluble
source of this nutrient. The compost rates of 45.2, 52.4, and 48.3 t ha™, respectively,
increased the concentrations of ammonium, nitrate, and inorganic N (N-NH,*+ N-NO3),
whereas higher application rates reduced these N forms (Figure 1).

The soil OM content increased linearly in response to the application of organic compost
(Table 4). The increasing linear effect on the boron content resulting from compost
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Table 3. Mean values, F test, and coefficient of variation for the soil chemical properties in the 0.00-0.20 m layer in response to
organic compost rates applied to elephant grass

2+ 2+ 2-

Rate N-NH,* N-NO;™ IN pH(H:0) oM P K Ca Mg H+AI SB CEC BS B Cu Fe Mn Zn S-S0, Na ESP
tha™ mg kg™ gdm”® —mgdm”® — ——— mmol.dm™ % mg dm™ %

0 6.9 133 20.2 72 22 34 35 70 28 153 103 118 87 0.28 07 298 36 2.0 4.0 98 36
133 20.3 16.2 36.5 7.0 23 37 31 75 30 143 109 124 88 0.29 07 253 33 2.0 5.0 91 3.0
26.6 349 224 57.3 7.2 24 47 27 61 29 138 94 108 87 0.27 0.8 26.0 34 2.0 43 80 33
39.9 211 29.0 50.1 7.2 30 88 25 75 32 128 112 125 90 0.38 0.5 22.5 37 31 43 98 3.4
B2 20.2 25.7 46.0 7.2 B8] 91 29 69 30 125 103 116 89 0.36 0.8 2223 36 31 6.5 95 3.6
79.8 19.9 22.7 426 7.3 39 93 31 71 33 123 109 121 90 0.40 0.6 16.0 38 4.8 35 104 3.7
F test i i hoad ns L i ns ns ns fuad ns ns i hoas ns L ns it ns ns ns

CV (%) 16.6 231 15.6 2.8 249 43.0 27.0 13.0 13.0 7.4 12.0 10.7 1.3 18.0 28 219 150 36.0 43.2 100 113
Contrast

Rates (x)  20.6 21.6 21.0 7.2 34 65 30 70 30 135 105 119 89 0.33 0.7 24.1 36 2.8 4.6 94 3.4
Mineral 3.8 11.8 15.6 7L 26 33 27 71 27 153 102 117 87 0.26 0.7 24.6 36 1.9 6.8 76 2.8
F test wE wk *k ns ns * ns ns ns *k ns ns * ns ns ns ns ns * *x *k

N-NH,*: ammonium; N-NOs™: nitrate; IN: inorganic nitrogen; pH: potential hydrogen; OM: organic matter; P: phosphorus; K: potassium; Ca: calcium;
Mg: magnesium; H+Al: potential acidity; SB: sum of bases; CEC: cation-exchange capacity; BS: base saturation; B: boron; Cu: copper; Fe: iron;
Mn: manganese; Zn: zinc; 5-50,7": sulfur; Na: sodium; ESP: exchangeable sodium percentage. Mineral F: mineral fertilization; ns, * and **: not significant,
significant at 5 and 1 % probability, respectively. Methods (Silva et al., 2009): pH(H,0) at a soil:solution ratio of 1:2.5; OM: was determined according
to the Walkley-Black method; P, K, Na, Cu, Fe, Mn, and Zn were extracted with Mehlich-1; Ca’*, Mg®*, and AP>* were extracted by KCI 1 mol L™; B: was
extract by hot water; S: based on the reaction with barium chloride.

60 -

Inorganic nitrogen (mg kg™)

0.0 13.3 26.6 39.9 53.2 79.8
Organic compost rate (t ha)

* N-NH,* = 10.846 + 0.6962x - 0.0077x* (R*=0.47) @ Mineral F (NH,") = 3.8 mg dm’
® N-NO; = 11.948 + 0.5666*x - 0.0054x** (R’ =0.89) ® Mineral F (NOs) = 11.8 mg dm”

v Nin = 22.778 + 1.265*x - 0.0131x** (R’ = 0.79) ® Mineral F (IN) = 15.6 mg dm”

Figure 1. Contents of nitrate, ammonium, and inorganic nitrogen (N-NH," + N-NO5) in response
to organic compost and mineral fertilization rates applied to elephant grass in the 0.00-0.20 m
layer. *: significant at 5 % probability.

applications (Table 4) can be explained by the organic character of the tested nutrient
(Table 2), and the release of this micronutrient by OM mineralization. The same effect
was observed for the soil Zn contents (Table 4), which increased by 0.0367 mg dm?,
at each ton of applied compost. For the soil Fe content, a decreasing linear effect was
observed in response to organic compost rates (Table 4), since Fe** ions are reduced
in soil with a pH of around 7.0 (Table 3). In the 0.20-0.40 m layer, the organic compost
influenced the variables pH, potential acidity, BS, and Na (Table 5).
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Table 4. Regression equation for the effect of organic compost rates on soil chemical properties
in a forage field with elephant grass cv. Cameroon

Variable Compost rate R?
0.00-0.20 m layer
oM y = 20.427 + 0.23x** 0.95
P y = 32.946 + 0.8972x** 0.81
H+Al y = 14.811 - 0.0381x** 0.88
Vv y = 87.272 + 0.0355x** 0.62
B y = 0.2679 + 0.0018x** 0.73
Fe y = 29.143 - 0.1544 x** 0.92
Zn y = 1.5284 + 0.0367x** 0.88
0.20-0.40 m layer
H+Al y = 13.94 - 0.0265x** 0.77
BS y = 88.194 + 0.0284x** 0.89
Na y = 90.02 + 0.2992x** 0.72

**: significant at 1 % probability.

Table 5. Mean values, F test, and coefficient of variation for soil chemical properties in the 0.20-0.40 m layer, in response to organic
compost rates applied to elephant grass

Rate pH oM P K Ca** Mg* H+Al SB CEC BS Cu Fe Zn Mn B S-S0 Na ESP
tha™ gdm® —mgdm®— ——  mmol. dm™ % mg dm™ %

0 7.1 11 37 23 71 29.5 14.5 105.2 119.7 88 0.7 19.8 1.3 25.4 0.18 5.3 95 3.5
13.3 7.0 14 40 29 73 28.3 13.5 105.8 1193 89 0.7 229 1.2 27.0 0.20 4.5 88 3.3
26.6 7.2 11 30 24 74 29.3 12.8 107.7 120.7 89 0.7 17.5 1.2 235 0.20 5.0 93 3.4
39.9 7.0 13 37 25 73 29.5 12.8 106.9 119.7 89 0.7 69.7 1.2 23.3 0.25 4.8 103 3.8
53.2 7.3 10 33 25 73 31.8 12.3 110.2 1224 90 0.6 181 1.2 26.0 0.25 5.5 113 4.0
79.8 7.3 10 35 29 75 32.8 12.3 112.9 125.2 90 0.6 17.4 1.3 27.0 0.27 4.5 111 3.9
F test ns ns ns ns ns ns e ns ns 3 ns ns ns ns ns ns R ns

CV (%) 1.6 23.2 40.2 18 10 14.7 5.6 10.7 9.8 1.1 193 158 24.1 264 33.0 22.7 93 123
Contrast

Rates (x) 7.1 11 35 26 73 30.2 13.0 108.1 1211 89 0.7 275 1.2 25.4 0.23 49 101.0 3.6
Mineral F. 7.0 10 54 24 71 28.5 12.8 1029 1156 89 0.6 193 1.4 285 0.23 5.0 79.5 3.0

F test ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns wok *

pH: potential hydrogen; OM: organic matter; P: phosphorus; K: potassium; Ca: calcium; Mg: magnesium; H+Al: potential acidity; SB: sum of bases;
CEC: cation-exchange capacity; BS: base saturation; B: boron; Cu: copper; Fe: iron; Mn: manganese; Zn: zinc; S-50,% sulfur; Na: sodium; ESP:
exchangeable sodium percentage. Mineral F: mineral fertilization. ns,*, and **: not significant, significant at 5 and 1 % probability, respectively.
Methods (Silva et al., 2009): pH(H,0) at a soil:solution ratio of 1:2.5; OM was determined according to the Walkley-Black method; P, K, Na, Cu,
Fe, Mn and Zn were extracted with Mehlich-1; Ca**, Mg®*, and AI** were extracted by KCI 1 mol L™; B: was extract by hot water; S: based on the
reaction with barium chloride.

The contrast analysis of the subsurface layer (Table 5) indicated that only the variables
sodium content and exchangeable sodium percentage differed significantly between
mineral and organic fertilization. Organic fertilization provided increases in both properties
since, by supplying OM and salts (Table 2) to irrigated areas with sandy loam texture,
the compost reduced Na retention and increased Na leaching into the subsurface layer.
An increasing linear effect was observed for BS and Na in response to organic compost
applications (Table 4). The opposite result was found for potential acidity (Table 4),
which decreased by 0.0265 mmol. dm™at each ton of compost applied. Thus, it can be
inferred that compost fertilization tends to increase the soluble base content. In addition,
because the area was irrigated, the increase in BS and decrease in H+Al intensified the
incorporation of organic material into the soil.
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Thus, the concentration of exchangeable sodium in the profile remained at levels
considered acceptable in relation to possible soil salinization/sodification problems
and consequent potential hazards for the groundwater. Although the percentage of
exchangeable sodium (ESP) did not differ between the two layers (0.00-0.20 and
0.20-0.40 m) of soil treated with compost rates, the observed percentages rule out
possible problems of salinization/sodification.

Leaf analysis (Table 6) showed an effect of organic compost rates on N and P in the
sampled leaf of elephant grass. The data were best fitted to increasing linear and
guadratic models, respectively (Figures 2a and 2b).

Table 6. Mean values, F test, and coefficient of variation for nutrient contents in the sampled leaf of elephant grass cv. Cameroon
in response to organic compost rates

Rate N P K Ca Mg S B Cu Fe Mn Zn
tha™ gkg™ mg kg™*

0 13.7 2.0 15.6 3.1 1.5 1.6 10.5 6.7 98 18 19
13.3 14.0 2.7 16.2 3.1 1.5 1.4 14.4 6.8 116 17 19
26.6 14.3 2.8 14.8 3.3 1.7 1.5 11.2 6.8 136 17 19
39.9 14.8 2.9 14.3 3.2 1.7 1.7 12.8 7.1 116 17 20
53.2 14.3 3.1 15.7 3.3 1.8 1.6 9.4 6.8 129 17 21
79.8 15.5 3.2 16.0 3.2 1.8 1.7 11.6 7.5 124 16 21

F test L i ns ns ns ns ns ns ns ns ns
CV; (%) 8.3 13.1 27 13.5 215 27.8 31.3 25.1 46.4 27.1 13
Growth period

1 15.1a"  2.2c  18.4a 0.8¢c 0.3c 2.3a 9.6b 8.1a  163.5a 18.6a 19.7ab
2 15.3a 29b 15.7b 4.1a 1.7b 1.6b 11.8ab 7.1ab 144.3ab 15.3b 19.8a
3 14.4a 3.2a 12.0c 4.4a 2.8a 1.3bc 12.7a 5.9¢c 96.2bc  16.7ab  21.7a
4 12.9b 2.8b  15.6b 3.6b 1.9b 1.2c 12.5a 6.6bc 75.3c 16.3ab  17.7b
F test 3 k% kk 3 k% kk 3 3 3 3 3
CV, (%) 8.6 9.6 11.9 14.7 19.5 30.3 30.5 20 53.6 19.6 14.1
Rx P ns K ns ns ns ns ns ns ns ns ns

™ Means followed by the same letter in a column do not differ by Tukey’s test (5 % probability).™,", and ™ not significant and significant at 5 and 1 %
probability by the F test, respectively. Methods (Bataglia et al., 1983): after nitroperchloric digestion: P was determined by colorimetry; K by flame
photometry; S by turbidimetry; Ca, Mg, Cu, Fe, Mn, and Zn by atomic absorption spectrophotometry; N by the Kjeldahl method; and B by calcination.

172 ¢+ — — e e — 3.41
16.41 o N=13.694 + 0.0206% (R = 0.82) 3.01 .
. * Mineral F.y = 17.15 g kg™ N 1 o
‘o 15.6 1 . ';z? 2.6:
= ' 2
= 1481 . T 2.2 L
| o ©P=21052+ 0.032*x - 0.0002x" (R" = 0.92)
14.0 | * 1.8{ *Mineral F.y = 1.63 g kg”
13.2 : . . . : 1.4 " . . . .
0.0 13.3 26.6 39.9 53.2 79.8 0.0 13.3 26.6 39.9 53.2 79.8

Organic compost rate (t ha™)

Figure 2. Content of nitrogen (a) and phosphorus (b) in the elephant grass sample leaf in response
to organic compost rates and mineral fertilization. **: significant at 1 % probability.
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Regarding the partitioning of the interaction organic compost rate x growth period, only
leaf P concentration was significantly affected (Table 6). However, a linear response was
found for growth period 2 and a quadratic response for growth periods 3 and 4, with
maximum values of 3.85 and 3.34 g kg™ at the compost rates of 70 and 59.1 t ha™,
respectively (Figure 3). Although the increasing rates raised the soil P contents and
maximum values were observed in the plants in the last growth periods, it can be
concluded that lower compost rates would be sufficient for this nutrient. Contrast
analysis was performed for the mean nutrient content of the sampled leaf of elephant
grass in response to organic compost rates and mineral fertilizer (Table 7). In all growth
periods, the results of organic fertilization were better than those of mineral fertilization
for P. The magnesium (Mg) content was higher under mineral fertilization only in growth
period 1, while in the second, third, and fourth growth period the content was higher
under organic fertilization. This effect demonstrates that Mg contained in the organic
compost was mineralized and taken up by the plants.

Mineral fertilization raised the N concentration in the first and last growth periods.
An analogous result was found for K, with a higher content than that provided by organic
fertilization in growth period 3. This fact can be explained by the decrease in mineralization
of organic compost and the application of mineral fertilizers, whose source is soluble,
in every growth period.

DISCUSSION

For phosphorus, the results are explained by the amount of P in the organic compost
and the lack of mineral phosphate fertilization. The increase in available P,Os was due
to the release of organic acids during decomposition and later reaction with P in the soil
solution, resulting in complex organic phosphorus molecules (Guppy et al., 2005). This
reaction prevents soluble P precipitation and blocks the P adsorption sites in the solid
phase, reducing the soil adsorption capacity (Bueno et al., 2011).

4.0
3.5
3.0

2.5

P (g kg™)

1.5

1-0 T T T T T 1
0.0 13.3 26.6 39.9 53.2 79.8

Organic compost rate (t ha™)

® Growth period 1-P =2.19 (g kg?)

* Grouwth period 2 - P = 2.5251 + 0.0102*x (R*=0.92)

v Growth period 3 - P = 2.3813 + 0.042%x - 0.0003x** (R’ = 0.97)
m Growth period 4 - P = 1.5959 + 0.0591*x - 0.0005x° (R* = 0.89)

Figure 3. Phosphorus content in the elephant grass sample leaf in response to organic compost
rates, in different growth periods. * and **: significant at 5 and 1 % probability, respectively.
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Table 7. Mean values and contrast analysis for nutrient contents in the elephant grass sample leaf in response to organic compost
rates and mineral fertilization

Contrast N P K Ca Mg S B Cu Fe Mn Zn
gkg™ mg kg™
Growth period 1
Rate (R; mean) 15.1 2.2 18.4 0.8 0.3 2.3 8.9 8.1 163.5 18.6 19.7
Mineral. F. 17.2 1.6 13.9 0.8 0.4 25 10.0 9.0 172.0 20.5 25.8
R vs. Mineral. F. wk wk ok ns * ns ns ns ns ns ok

Growth period 2

Rate (R; mean) 15.5 2.9 15.7 4.1 1.8 1.6 11.8 7.1 144.3 15.6 20.0
Mineral. F. 16.6 1.7 16.0 4.1 1.5 1.8 12.5 7.5 144.0 29.0 23.8
R vs. Mineral. E ns *x ns ns *ox ns ns ns ns ** *

Growth period 3

Rate (R; mean) 14.5 3.2 12.0 4.4 2.8 1.3 13.5 5.8 96.2 16.7 21.5
Mineral. F 14.4 2.0 15.9 4.0 1.8 1.4 17.0 6.0 111.0 33.0 22.0
R vs. Mineral. F. ns *x * ns o ns ns ns ns ok ns

Growth period 4

Rate (R; mean) 12.2 2.8 15.6 5.8 2.4 1.7 12.3 6.9 75.3 16.3 17.7
Mineral. F 16.5 1.8 18.5 3.8 1.6 1.2 11.8 8.0 106.0 34.0 25.3
R vs. Mineral. F. x *k ns ns * ns ns ns * *kK **

"™, % and **: not significant and significant at 5 and 1 % probability, respectively.

The increase in base saturation possibly occurred by hydrogen adsorption of the applied
organic material (organic acid release), with higher basic cations, as reported elsewhere
(Damatto Junior et al., 2006). The increase in sodium concentration in the 0.20-0.40 m
layer can be explained by the compost rates applied to the soil. This compost was, among
others, formed by the carcass of animals, which had received this element (Na) for being
an essential micronutrient in animal husbandry (Pinheiro et al., 2011).

The difference in the rates between the maximum N values in response to the organic
compost rates is consistent, since the mineralization process requires the transformation
from ammoniacal N into nitrate (Cantarella, 2007). A predominance of nitrate over
ammonium contents was also observed (Figure 1), indicating that the nitrification process
was not limited (Sahrawat, 2008), mainly at high organic compost rates (from 45.2 t ha™
upwards). A similar result was described by Rogeri et al. (2015), in a study with poultry
litter applied to a Cambisol (Inceptisol/Cambissolo Himico), and by Arauljo et al. (2020),
with the same organic compost as in this study, in a laboratory experiment.

A possible explanation for the results of soil nitrogen may be associated with different
factors, e.g., N volatilization losses, since the experiment was carried out at high
temperatures (+ 28 °C) and a soil pH of around 7.0 (Table 3), which are favorable conditions
for volatilization (Sangoi et al., 2003). Also, as the experimental area was irrigated, part
of the N may have leached. An increased OM content in the soil is the main benefit of
the agricultural use of organic waste, in view of its contribution to the improvement of
the soil chemical, physical, and biological properties (Kindler et al., 2009).

In an evaluation of carbon mineralization from the same organic compost as used in
this study, but under laboratory conditions, the percentage of mineralization was 98 %
at an organic compost rate of 3.75 t ha™ and 72 % at the rate of 30 t ha™ (Pereira et al.,
2019). The authors claimed that in relation to the occurrence of the “priming effect”,
a hypothesis that cannot be ruled out is that the application of animal production residues
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can stimulate the decomposition of native organic carbon in the soil, and that the
application of organic compost raises the decomposition rate of soil native C by almost
10 % (Pereira et al., 2019). This discussion is important for the application of adequate
rates of organic fertilizers. In our study, at each 1 Mg ha™ of applied organic compost,
organic matter increased by 0.23 g dm?, which is important, since this observation
occurred at the end of the fourth forage cut and the value was higher than that at the
beginning of the experiment (Table 1).

The organic compost rates had an increasing linear effect on P contents (Table 4). The
increased availability of this element in response to compost application may be attributed
to the increased content of organic material, which is less strongly retained in the soil
because of mineralization and organic phosphate formation, resulting in a higher P
release (Gatiboni et al., 2008). The compost rates of 0.0 and 79.8 t ha™ induced a linear
reduction of potential acidity, with estimated values between 14.81 and 11.77 mmol.dm?
in the 0.00-0.20 m layer, respectively (Table 4). According to Cassol et al. (2011), this
decrease was due to the presence of soluble bases.

In the same layer, Souza et al. (2016) observed increases in phosphorus, potassium,
sodium, and zinc contents in soil under corn fertilized with organic compost from
animal production waste. In an evaluation of different soluble P sources in sorghum,
however, the agronomic efficiency of the same organic compost studied here was not
better than that of triple superphosphate or monoammonium phosphate (Souza et al.,
2019b). On the other hand, Oliveira et al. (2019) cited that organic compost derived
from residues from the production and slaughter of small ruminants is adequate to be
used as a source of phosphorus, comparable to other agricultural residues that can
potentially be used as fertilizers. In relation to mineral fertilization, inorganic nitrogen
and phosphorus increased by 34 and 97 % (medium values), respectively, in response to
organic compost compared with mineral fertilization in the 0.00-0.20 m layer, indicating
how advantageous organic fertilization is.

The intensified leaching of sodium from the soil surface to the subsurface layers after
compost application (Table 4) can be explained by a number of factors, e.g., the low
plant uptake, low Na adsorption, high soil mobility, and irrigation of the forage field
(Silva et al., 2010). Our results suggest Na leaching since the compost was applied
on the surface and the area was irrigated. The ESP values were below the threshold
of 15 % that indicates soil sodicity (Richards, 1997); i.e., after the four growth periods
studied here, no excessive levels of soil salinization/sodification were detected in any of
the experimental plots. Thus, the concentration of exchangeable sodium in the profile
remained at levels considered acceptable, preventing salinization/sodification problems
and consequently, potential hazards for the groundwater. The soil can be classified as
adequate with regard to salinity.

In a comparison of the adequate contents recommended in the literature for forage
plants (Werner et al., 1997), we observed that the N contents in growth periods 1 and
2 met the nutritional standards (15-25 g kg) (Werner et al., 1997). However, after the
3rd growth period, the leaf nitrogen content sank below the recommended values for
the crop, which reinforces the idea of limited forage growth due to a lack of N caused
by the application of organic compost. A possible explanation is that organic compost
can rapidly release N due to its low C/N ratio, and consequently, there might have
been leaching losses, thus reducing N availability. The other nutrients (P, K, Ca, Mg,
and S) were within the range considered adequate by Werner et al. (1997) (Table 6).

In general, regardless of the high fluctuations observed over the growth periods,
micronutrients such as copper, iron, boron, and zinc were within the range considered
adequate (Werner et al., 1997). Manganese responded differently, with levels below the
recommended values for the crop (Werner et al., 1997) (Table 6). However, this result
was expected, since the formation of stable complexes between organic matter and
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manganese causes deficiency problems, resulting in reduced plant uptake. Rapid initial
mineralization followed by a decline is commonly observed in mineralization studies of
residues applied to the soil (Mantovani et al., 2006). The greater amount of N mineralized
in the beginning is attributed to the presence of easily mineralized organic fractions, with
a subsequent predominance of more recalcitrant structures (Yagi et al., 2009).

Other data that explain the differences between mineral and organic fertilization are
the plant N and P contents (Table 7). Under organic fertilization, the only nutrient source
consisted of the compost applied at the beginning of the experiment. Increases in the
soil contents of inorganic nitrogen and phosphorus were observed, compared to mineral
fertilization, although the contents of both nutrients in the diagnosis leaves did not follow
the same pattern. The leaf P content was higher in response to organic than to mineral
fertilizers (in all cuts), while the opposite result was observed (in the first and fourth cut)
for nitrogen. This could be explained by the low C/N ratio of the organic compost, with
consequent rapid mineralization, which accelerated plant availability of the nutrients in
the first growth periods (Pereira et al., 2019).

Similar results were found in a laboratory study on mineralization, where organic compost
from residues of goat and sheep production and slaughter increased the concentrations
of inorganic nitrogen and organic carbon, with increments of 70 and 69 % at rates of
7.5 and 30 Mg ha™, respectively (Aradjo et al., 2020). Thus, this organic compostis
rapidly mineralized in the soil, with a half-life of 45.8 days for carbon and 44.1 days for
nitrogen, due to its low C/N ratio (7.4:1) (Aradjo et al., 2020). Given the results of the
above mineralization study and our results under field conditions, the application of
organic compost is only interesting for one growth period in cut forages but could be an
interesting option to improvenutrient cycling in livestock systems. From the economic
point of view, on the other hand, each cycle of organic compost application implies
higher costs, because the quantity needed is greater than that of soluble fertilizers and
requires an uninterrupted compost production, which could be limiting for large-scale
applications. In a study that evaluated the economic value of organic compost derived
from residues from the production and slaughter of small ruminants as corn fertilizer,
the authors estimated the price of the compost at R$ 0.25 kg™, which is the same value
as that of castor bean, an agro-industrial residue (Souza et al., 2015).

Another option for the use of organic compost is the combined use with mineral fertilizers
(mixture). The leaf diagnosis showed that our results were better for some nutrients in
response to compost application than mineral fertilization, thus the mix of these two
sources can be an interesting option. From the environmental point of view, the rapid
mineralization of organic compost can promote the same impacts as when soluble fertilizers
with N at high rates are applied, resulting in leaching losses and possible contamination.
On the other hand, other benefits of the use of organic compost are worth mentioning,
aside from the nutrient increase, such as higher soil OM content (Table 4).

CONCLUSIONS

The tested organic compost rates fertilization provided an increase in the contents
of soil organic matter, phosphorus and base saturation, and a decrease in potential
acidity. In response to the application of organic compost, the leaf contents of all studied
nutrients remained adequate in all studied periods, except for the macronutrient N and
micronutrient Mn.
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