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Abstract

Maize (Zea mays L.) is one of the main commodities in Brazilian agribusiness and is considered the most widely
cultivated crop in the world. By 2050, maize production must increase by approximately 70% to meet global demand.
However, achieving high yields requires the application of large amounts of chemical fertilizers, which can be harmful
to agroecosystems. In this context, the aim of this study was to evaluate the agronomic performance of maize, as well
as the levels of soil organic matter and total organic carbon, as a function of organic matter application through green
manure and organic compost. The experiment was conducted in a randomized block design, in a split-plot scheme
[(3 x 3) + 1], with three leguminous species in the main plots (sunn hemp, pigeon pea and cowpea), three rates of
organic compost in the subplots (0, 20, and 40 t ha™), and one additional control (chemical fertilization). Agronomic
parameters of maize and soil organic matter and total organic carbon contents were evaluated. Data were subjected
to analysis of variance and means were compared using the Tukey test at a 5% probability level. The highest yield was
obtained in the intercropping system with cowpea and 40 t ha™ of organic compost, reaching a grain yield of 17.7 tha™'.
This represented an increase of over 20% compared to the same legume treatment without organic compost. Green
manure combined with organic compost can replace chemical fertilization without compromising maize productivity.
Organic compost associated with cowpea green manure provided higher maize yield compared to sunn hemp and
dwarf pigeon pea. Soil organic matter and total organic carbon contents were not influenced by the green manure
management combined with organic compost. Principal component analysis showed that maize yield parameters were
more closely associated with the use of pigeon pea combined with 20 and 40 t ha™ of organic compost, respectively.
Keywords: cover crops, yield components, growth, Zea mays L.

Resumo

0 milho (Zea mays L.) é uma das principais commodities do agronegdcio brasileiro, sendo considerado a maior cultura
agricola do mundo. Até 2050 é necessario o aumento da sua produgdo em aproximadamente 70% para atender a demanda
mundial. Entretanto, para obtencdo de alta produtividade, faz-se necessaria a aplicagdo de elevadas doses de adubos
quimicos, o que pode ser prejudicial aos agroecossistemas. Neste contexto, objetivou-se avaliar o comportamento
agrondmico do milho, bem como os teores de matéria organica e carbono organico total do solo, em fungao da aplicacao
de matéria organica via adubagdo verde e composto organico. O experimento foi conduzido em delineamento de blocos
casualizados, em esquema de parcela subdividida [(3 x 3) +1], sendo trés leguminosas nas parcelas (crotalaria, feijao
guandu ando e feijdo macassar), trés doses de composto organico nas subparcelas (0, 20 e 40 t ha') e uma testemunha
adicional (adubagdo quimica). Foram avaliados os parametros agrondmicos do milho e os teores de materia organica
e carbono organico do solo. Os dados foram submetidos a andlise de varidncia e comparados pelo teste de Tukey a 5%
de probabilidade. O maior rendimento foi obtido no consércio com feijdo macassar e 40 t ha' de composto organico,
com produtividade de 17,7 t ha'! de grdos. Demostrando um incremento superior a 20% em relacdo ao tratamento
com a mesma leguminosa, sem adubacdo organica. A adubagdo verde, aliada a utilizagdo do composto organico, pode
substituir a adubagdo quimica, sem comprometer a produtividade de milho. O composto organico associado ao adubo
verde de feijdo macassar, proporciona maior produtividade do milho em comparagdo ao adubo verde de crotalaria e
de feijao guandu ando. Os teores de matéria organica e carbono organico total do solo, ndo foram influenciados pelos
manejos de adubacgdo verde associados ao composto organico. A andlise de componentes principais mostrou que os
parametros de rendimento do milho estdo mais associados ao uso de feijao guandu com 20 e 40 t ha' de composto
orgdnico, respectivamente.
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1. Introduction

Maize (Zea mays L.) is one of the primary commodities
of Brazilian agribusiness and is considered the most widely
cultivated crop in the world (Dabija etal., 2021; Azad et al.,
2022).1tis predicted that by 2050, maize production will
increase by approximately 70% to meet global demand
(Gazzoni, 2017). However, the conventional production
systems currently adopted are highly demanding in terms
of nutrient supply, which is not always adequately met, due
to the high demand for nitrogen-containing compounds
(Muller et al., 2025). This system contributes to the
intensification of soil degradation processes (Shaheb et al.,
2021; Rathore et al., 2022; Silva et al., 2024), resulting in
low yields (Brasil, 2024).

Furthermore, the excessive use of mineral fertilizers and
agrochemicals has led to the physical, chemical, and biological
degradation of soils, as well as groundwater contamination
(Donget al.,2022). An alternative to mitigate the impacts of
these practices is the use of organic residues and green manure
with cover crops, which contribute to nutrient cycling and
enhance the resilience of agricultural systems. Plants such
as legumes, grasses, and brassicas absorb essential nutrients,
including nitrogen, phosphorus, and potassium, thereby
preventing leaching and enriching the soil (Karasawa. 2024).

Green manure species, when used in combination with
organic fertilization, improve the physical, chemical, and
biological properties of the soil, in addition to increasing
organic matter content and, consequently, crop productivity
(Nurse et al., 2019; Wang et al., 2021). Maize responds
positively to green manure with cover crop incorporation,
and its yield can increase or decrease by about 50%,
depending on the C:N ratio of these crops (Finney et al.,
2016; White et al., 2017). According to Freitas (2020), green
manure plants should produce large amounts of nitrogen-
rich biomass and be capable of biological nitrogen fixation
to supply nutrients to subsequent crops.

In evaluating maize production as a function of green
manure with cover crops, Guerra et al. (2024) did not
observe increases in yield. For Grandy et al. (2022), the
C:Nratio is a crucial factor in selecting cover crop species,
as the decomposition of organic matter in the soil mainly
depends on the activity of microorganisms, which interact
with the organic matter and improve nutrient availability
and crop performance. Several studies have highlighted
key aspects of residue decomposition in green manure
systems, nitrogen supply through biomass, and its release
to crops in both conventional and organic systems (Sievers
and Cook, 2018; Nevins et al., 2020; Yang et al., 2019;
Perrone et al., 2020), demonstrating the importance of
these species for system sustainability.

Leoni et al. (2024) observed increased soil nitrogen
content resulting from different leguminous cover crops,
highlighting that legumes can reduce the need for mineral
fertilizers. Other authors reported positive effects of pigeon
pea [Cajanus cajan (L.) Millsp| for green manure due to its high
nitrogen fixation capacity and biomass production (Berriel
and Perdomo, 2023). Sunn hemp (Crotalaria junceaL.)is also
apromising option, primarily for its ability to fix atmospheric
nitrogen, high biomass production, and suppressive effects
on plant-parasitic nematodes (Barbosa et al., 2020).
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Previous studies have assessed the agronomic parameters
of maize under organic fertilization (Hannet et al., 2021;
Qaswaretal,, 2021; Zhou et al., 2022) and green manure with
cover crops (Yang et al.,, 2019; Perrone et al., 2020; Leoni et al.,
2024). However, there is a lack of studies evaluating the
combined effects of green manure and organic matter doses
on maize agronomic performance and soil organic matter
and total organic carbon contents. Therefore, the objective
of this study was to evaluate the agronomic performance of
maize and the levels of soil organic matter and total organic
carbon as influenced by the application of organic matter
through green manure and organic compost.

2. Materials and Methods

2.1. Experimental site

The study was carried out under field conditions
during the 2014 growing season in the municipality of
Garanhuns, Pernambuco, Brazil. The area is located at an
altitude of 838 m, at 08°54'29” S latitude and 36°29'45” W
longitude from Greenwich. According to the Képpen climate
classification, the region has an As climate, characterized
as tropical with a rainy season and a dry summer, with an
average annual temperature of 20 °C and precipitation of
1,038 mm (Mota and Agendes, 1986) (Figure 1).

The soil in the experimental area is Sandy Loam,
classified as Yellow Podzolic with a medium to clayey
texture (Santos et al., 2011). Before establishing the
experiment, physical and chemical analyses run on
the 0-20 cm soil layer. The results were as follows:
Texture (sandy loam); Bulk density: 1.64 g cm™; Particle
density: 2.64 g cm™; 63% coarse sand; 22% fine sand; 7%
silt; 8% clay; 2% Na; 75% flocculation degree; 1.05 mm
cm™' residual moisture; 0.44 mm cm™ available water;
28.55 g kg™ organic matter; pH (H,0): 5.90; 44 mg
dm™ of P; 0.90 cmolc dm™ of Ca; 0.75 cmolc dm™ of Mg;
0.13 cmolc dm™ of K; 1.56 cmolc dm™ of H; 0 cmolc dm™ of
Al; 1.18 cmolc dm™ of S; 3.4 cmolc dm™ of CEC; 54% base
saturation and 0% aluminum saturation.

2.2. Experimental design

A randomized block design (RBD) was used in a split-
plot scheme [(3 x 3) + 1], with three legume species as
the main plot sunn hemp (Crotalaria juncea L.), cowpea
(Vigna unguiculata L. Walp), and dwarf pigeon pea
(Cajanus cajan L. Millsp.)), three organic compost rates (0,
20, and 40 t ha™) as subplots, and one additional control
treatment with mineral fertilization. Each treatment was
replicated three times, resulting in a total of 30 experimental
units. Each plot covered an area of 12 m? (5.0 x 2.4 m).

2.3. Management and application of treatments

On September 9, 2014, green manure species were
sown: sunn hemp, cowpea, and pigeon pea spaced 0.3 m
between rows. The seeding rate was 12 seeds per linear
meter for sunn hemp and pigeon pea, and 8 seeds per
linear meter for cowpea.
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Figure 1. Average temperature, rainfall, and global solar radiation during the experimental period. Garanhuns - PE, 2025.

Source: INMET (2015).

The pulses were harvested and incorporated into the
soil at full flowering. Before cutting, plant samples were
collected from 1 m? in the valuable area of each plot to
determine fresh and dry biomass. Fresh biomass was
measured by weighing, and dry biomass was obtained
by drying the material in a forced-air oven at 65 °C until
constant weight. The dry matter production of the legume
species used as green manure varied among species. The
highest biomass yield was obtained with sunn hemp
(8.6 t ha''), followed by dwarf pigeon pea (4.45 t ha™)
and cowpea (4.4 t ha™).

Ten days after incorporation, maize (Zea mays L.) was
sown with 0.80 x 0.2 m spacing. The functional area of
each plot consisted of ten plants in the central rows.
Sowing was done manually, placing two seeds per hole
of the conventional cultivar PRE 32D10. At the three-leaf
stage (V3), thinning was performed, establishing a final
stand of 62.500 plants ha™. Fertilization in the mineral
treatment was based on soil analysis and the fertilizer
recommendation manual for the state of Pernambuco
(Cavalcante, 2008), with 20 kg ha* of P,0,, 60 kg ha™! of
K,Orpe basendied HE0kEPus it N of EAPARSaHIE compost
was as follows: 280 g kg™ organic matter; 13% moisture;
131gkg'N;1.90gkg' P; 9gkg'K; 273 gkg' Ca; 4gkg' Mg;
162 g kg C; C/N ratio: 12/1; 5 g kg™' B; 27 g kg™ Cu;
2970 gkg ' Fe; 39 gkg™ Mn; 93 gkg™' Zn; 760 g kg™' Na; pH
(H,0): 6.3. Drip irrigation was used, activated according to
weather conditions. The irrigation depth was determined
using the FAO 56 model: ETc = ETo x Kc, where ETc = crop
evapotranspiration, ETo = reference evapotranspiration,
and Kc = crop coefficient.

2.4. Data collection

At 60 days after sowing, at full flowering, the following
parameters were measured using a portable chlorophyll
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meter (ClorofiLOG CFL1030, Falker): total chlorophyll index
(CL'T), chlorophyll a (CL a), chlorophyll b (CL b), and a/b
chlorophyll ratio (RZ a/b). Three plants per subplot were
randomly selected, and six readings were taken on the
middle third of the leaf opposite and below the first ear
(Vargas et al., 2012). These leaves were then collected for
chemical analysis of nitrogen (N) and crude protein (CP)
content using the Kjeldahl method (AOAC, 1995).

At harvest, the following parameters were recorded:
plant height (PH, m); ear insertion height (EIH, cm);
stalk diameter (SD, mm); leaf area (LA, cm?); dry matter
(DM, t ha™'); number of grains per ear (NG/E); average
number of ears per plant (NE/P); ear diameter (ED, mm);
ear length (EL, cm); number of grain rows (NGR); number of
grains per row (NG/R); 1,000-grain weight (TGW, g); grain
yield (GY, t ha™); total soil organic carbon (TOC, g kg™'); and
soil organic matter (S.0.M., g kg™'). TGW was calculated
from eight subsamples of 100 grains per subplot, adjusted
to 13% moisture. Grain yield was determined by weighing
the ears from the functional area of each experimental
unit, adjusting to 13% moisture, and converting the results
to t ha™'. TOC was determined according to Yeomans and
Bremner (1988), and S.0.M. was calculated by multiplying
TOC by 1.724.

2.5. Statistical analysis

The data were subjected to analysis of variance,
and means were compared using Tukey’s test at
a 5% significance level. Subsequently, principal
component analysis (PCA) was applied to examine the
interrelationships among the variables under study.
Significant principal components (PCs) were selected
according to the Kaiser (1960) criterion, considering only
eigenvalues greater than 1.0 (Lamichhane et al., 2021).
All statistical analyses were performed using R Studio
software (R Studio Team, 2021).

3/10



Moura, M.E. et al.

3. Results

The dry matter yield (DM) of maize plants was
significantly influenced by green manure treatments
(p < 0.05). The combination of cowpea with organic
compost at a rate of 40 t ha™ resulted in the highest DM
yield, exceeding by more than 20% the value observed for
cowpea without compost application, which presented
the lowest performance (Table 1).

Regarding the number of ears per plant (NE/P), there
was a significant difference among the legume species used
as green manure (p < 0.05) at the 20 t ha™ compost dose.
Dwarf pigeon pea promoted the highest NE/P, statistically
differing only feijao macassar.

The chlorophyll a/b ratio (R a/b) differed significantly
depending on the legume species used (p < 0.05). The lowest
mean values were recorded in treatments with sunn hemp
and cowpea combined with 40 t ha™ of organic compost,
representing a reduction of over 12% in R a/b compared

to the treatment with dwarf pigeon pea, which showed
the best performance.

Leaf area (LA), number of ears per plant (NE/P), and ear
diameter (ED) also differed significantly as a function of
the fertilization treatments (p < 0.05). The highest means
were recorded with the application of 20 and 40 t ha™' of
organic compost in the plots with cowpea, sunn hemp,
and cowpea, respectively.

Grain yield differed across treatments. The highest
yield was obtained in the combination of cowpea and
40 t ha™' of organic compost, reaching 17.7 t ha™ of grain.
This value represents an increase of over 20% compared to
the treatment with the same legume but without organic
fertilization, which yielded 14.1 t ha™'. The remaining
variables presented in Table 1 were not significantly
affected by the treatments (p > 0.05).

In Table 2, it can be observed that only chlorophyll
a content in leaves of plants fertilized with sunn hemp

Table 1. Mean values of agronomic variables of maize plants, as well as soil organic matter and total organic carbon content, under
fertilization with different cover crops and compost doses. Garanhuns, PE. 2015.

0 20 40 v
VAR

CROT GUAD MAC CROT GUAD MAC CROT GUAD MAC (%)

CLa 43.87 Aa 44.07 Aa 43.84 Aa 42.73 Aa 4412 Aa 43.96 Aa 43.14 Aa 43.90 Aa 44.07 Aa 2.01
CLb 20.67 Aa 22.50 Aa 21.03 Aa 20.10 Aa 20.65 Aa 21.22 Aa 22.05 Aa 19.49 Aa 22.69 Aa 6.64
CLT 64.54 Aa 66.57 Aa 64.87 Aa 62.83 Aa 64.77 Aa 65.18 Aa 65.19 Aa 63.39 Aa 66.76 Aa 293
Ra/b 213 Aa 1.96 Aa 2.09 Aa 213 Aa 214 Aa 2.07 Aa 1.97 Ab 2.26 Aa 1.94 Ab 5.84
N 272 Aa 27.57 Aa 26.30 Aa 26.83 Aa 26.83 Aa 27.80 Aa 28.53 Aa 25.70 Aa 2747 Aa 4.86
CP 170.0 Aa 167.8 Aa 164.4 Aa 167.6 Aa 169.7 Aa 173.5 Aa 178.3 Aa 161.1 Aa 171.7 Aa 4.49
PH 231 Aa 238 Aa 241 Aa 233 Aa 245 Aa 2.47 Aa 2.40 Aa 2.38 Aa 2.46 Aa 451
SD 24.48 Aa 23.70 Aa 24.33 Aa 25.93 Aa 25.86 Aa 25.65 Aa 2549 Aa 2531 Aa 25.74 Aa 5.14
LA 5945.7Aa  5698.7 Aa 5319.7Ba 58752Aa  6141.7Aa  7013.6Aa 62523 Aab  51229Ab  6626.9Aa 9.17
DM 15.52Aa 15.91Aa 14.06Ab 15.20Aa 17.51Aa 16.34 Aab 15.76 Aa 15.12Aa 17.74Aa 9.45
EIH 110.2 Aa 115.7 Aa 123 Aa 112.4 Aa 113.9 Aa 127.4 Aa 121.2 Aa 113.8 Aa 1239 Aa 8.99
NE/P 1.46 Aa 1.51 Aa 133 Aa 1.51 ABa 1.76 Aa 147 Ba 1.5Aa 1.5Aa 1.63 Aa 8.65
EL 20.08 Aa 19.95 Aa 19.69 Aa 20.41 Aa 20.35 Aa 20.26 Aa 2291 Aa 20.45 Aa 20.98 Aa 717
ED 50.93 Ab 52.27 Aa 51.04 Aa 51.28 Ab 5119 Aa 5142 Aa 5431 Aa 51.20 Ba 51.30 Ba 2.60
NGR 14.6 Aa 15.1 Aa 133 Aa 15.1 Aa 17.6 Aa 14.7 Aa 15 Aa 15 Aa 16.3 Aa 3.59
NG/R 33.73 Aa 34.77 Aa 34.02 Aa 34.19 Aa 35.62 Aa 35.53 Aa 34.45 Aa 34.94 Aa 36.38 Aa 4.42
NGJE 506.4 Aa 504.9 Aa 498.8 Aa 499.4 Aa 500.6 Aa 523.7 Aa 5272 Aa 525.0 Aa 5159 Aa 4.64
TGW 360.8 Aa 366.4 Aa 372.1 Aa 397.8 Aa 391.2 Aa 368.1 Aa 380.6 Aa 367.0 Aa 408.1 Aa 5.87
GY 15.5 ABa 159 Aa 14.1 Bb 15 Ba 17.5 Aa 16.3 ABa 15.8 ABa 15.1Ba 17.7 Aa 8.88
TOC 9.90 Aa 10.66 Aa 1219 Aa 9.41 Aa 1144 Aa 14.34 Aa 11.03 Aa 13.49 Aa 1543 Aa 27.56
S.OM 17.07 Aa 18.38 Aa 19.01 Aa 16.22 Aa 19.72 Aa 24.72 Aa 21.01 Aa 23.26 Aa 26.60Aa  27.56

Means followed by the same uppercase letter within rows do not differ statistically from each other when comparing legume species within each
compost dose. Means followed by the same lowercase letter within rows do not differ statistically from each other when comparing compost doses
within each legume species, according to Tukey’s test at a 5% probability level. Abbreviations: VAR (variable); CROT (sunn hemp - Crotalaria juncea),
GUAD (dwarf pigeon pea - Cajanus cajan), MAC (cowpea - Vigna unguiculata); CL a (chlorophyll a); CL b (chlorophyll b); CL T (total chlorophyll);
Rz a/b (chlorophyll a/b ratio); N - nitrogen content (g kg™); CP - crude protein (g kg™'); PH - plant height (m); MD - dry matter (ton/ha); SD - stem
diameter (mm); LA - leaf area (cm?); EIH - insertion height of first ear (cm); NE/P - number of ears per plant; EL - ear length (cm); ED - average
ear diameter (mm); NGR - number of grain rows; NG/R - number of grains per row; NG/E - number of grains per ear; TGW - weight of 1000
grains (g); GY - grain yield (t ha™); TOC - total organic carbon (g kg™ soil); S.0.M. - soil organic matter (g kg™ soil); CV - Coefficient of Variation.
Source: Authors, 2025.
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combined with 20 t ha™ of organic compost was lower
than that recorded in leaves of plants cultivated with
mineral fertilization. No significant differences (p > 0.05)
were found for the other evaluated variables (chlorophyll
3, b, total chlorophyll, chlorophyll a/b ratio, N, and CP)
between the organic and chemical fertilization treatments.

Table 3 presents the comparison between organic
treatments (compost doses and green manures) and the
mineral chemical treatment, considering the evaluated
agronomic parameters. No statistically significant
differences (p > 0.05) were observed between treatments
for plant height (PH), aboveground dry mass (DM), leaf
area (LA), insertion height of the first ear (EIH), number
of ears per plant (NE/P), ear length (EL), and average ear

diameter (ED). A significant difference was observed only
for stem diameter (SD), with better performance in plants
subjected to mineral chemical fertilization compared to
those cultivated with green manures of pigeon pea and
cowpea, both at zero compost dose.

In Table 4, only the variable productivity showed
statistically lower values compared to mineral chemical
fertilization when maize plants were fertilized with cowpea
green manure in the absence of organic compost. For the
other analyzed variables, no significant differences were
observed between mineral and organic fertilizers (p > 0.05).

In Figures 2a and 2b, the principal component analysis
(PCA) is presented. In the first biplot (Figure 2a), the
percentage variance explained by each component is

Table 2. Mean values of chlorophyll contents, nitrogen, and crude protein in maize plants as a function of fertilization with different

cover crops and compost doses. Garanhuns, PE. 2015.

TRAT CLa CLb CLT Ra/b N CcP
MINERAL 45.36 21.76 68.61 2.09 27.55 172.30
CROT+D 0 43.87 ™ 20.67 ™ 67.54 213 27.20 ™ 170.00 ™
CROT+D 20 42.73* 20.10 ™ 66.83 " 213 26.83 167.63
CROT+D 40 43.14 22.05m 70.19 s 197 s 28.53 1 178.33
GUAD+D 0 44.07 s 22.50 69.57 1.96 27.57 s 167.87
GUAD+D 20 44.62 21.01 69.13 213 26.90 ™ 171.35™
GUAD+D 40 43.51 s 19.73 s 67.74 221 27.30 171.30 ™

MAC+D 0 4373 20.75 66.98 " 212 26.65 ™ 166.65 "
MAC+D 20 43.37 21.04 67.90 " 2.06 " 28.10 175.50
MAC+D 40 43.82 22.63 70.94 s 1.94 s 27.90 174.50

LSD 215 343 491 0.29 3.21 18.52

Dunnett’s test at a 5% probability level. TRAT - Treatment; CL a - chlorophyll a; CL b - chlorophyll b; CL T - total chlorophyll; Rz a/b - chlorophyll
a/b ratio; N - nitrogen content (g kg™');CP - crude protein (g kg™); LSD - Least Significant Difference. *significant; "™not significant.

Table 3. Mean values of agronomic parameters of maize plants as a function of fertilization with different cover crops and compost

doses. Garanhuns, PE. 2015.

TRAT PH SD DM EIH NE/P EL ED
MINERAL 242 27.57 21.08 7194.2 120.5 1.53 21.68 52.32
CROT+DO 231 2448 15.52 5945.7 s 110.2" 1.46 20.08 ™ 50.93 s
CROT+D 20 2.337ms 2593 s 15.52 1 5875.2 ™ 112.4 s 1518 20.41 51.29 ™
CROT+D 40 2.40 s 2549 15.52 6252.3 1 121.2 1.50 2291 5431
GUAD+D 0 238 23.70* 15.52 5698.7 115.7 ™ 151 19.95 52.27 s
GUAD+D 20 2457 25.86 ™ 15.52 6141.7 ™ 113.9 1.76 ™ 20.35m 51.20
GUAD+D 40 238" 2531 15.52 51229 113.8 ™ 1.50 2045 51.20 "

MAC+D 0 241 24.33* 15.52 5319.7 " 123.0 133 19.69 ™ 51.04 s
MAC+D 20 247 s 25.65m™ 15.52 7013.6 1274 1.47 20.26 ™ 51.43
MAC+D 40 2.46 s 25.74 ™ 15.52 18 6626.9 " 1239 163 20.98 51.30 "

LSD 0.263 317 71.92 1365.1 25.85 0.32 3.60 3.26

By Dunnett’s test at a 5% probability level. TRAT - Treatment; PH - plant height (cm);

SD - stem diameter (mm);

DM - aboveground dry mass (t ha™'); LA - leaf area (cm?); EIH - insertion height of the first ear (cm); NE/P - number of
ears; EL - ear length (cm); ED - average ear diameter (mm); LSD - Least Significant Difference. *significant; ™not significant

Braz. ]. Biol., 2025, vol. 85, 297563
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Table 4. Mean values of yield parameters of maize plants, soil organic matter, and total organic carbon contents as a function of
fertilization with different cover crops and compost doses. Garanhuns, PE. 2015.

TRAT NGR NG/E NG/R TGW GY TOC S.0.M.
MINERAL 15.27 535.60 35.07 410.77 17.8 12.81 22.09
CROT+D O 15.07 ™ 506.47 " 33.73 1 360.80 " 15.51 9.90 17.07 s
CROT+D 20 14.63 ™ 499.49 s 34.19 397.83 1521 941 16.22 ™
CROT+D 40 15.27 s 527.28 ™ 3445 380.67 15.8 11.03 s 19.01 s
GUAD+D 0 14.47 504.93 s 34.77 ™ 366.43 15.9 1 10.66 ™ 18.38 ™
GUAD+D 20 14.24 s 500.67 35.62 391.23 0 175 13.75 ™ 23.70 s
GUAD+D 40 15.07 s 525.03 34.94 367.07 151 14.85 ™ 25.60 "

MAC+D 0 14.67 ™ 498.87 s 34.02 ™ 37217 s 14.1* 1111 19.15™
MAC+D 20 14.87 523.77 35.53 368.17 16.3 s 1311 22,610
MAC+D 40 14.27 1 515.90 ™ 36.38 ™ 408.17 ™ 17.7 s 15.94 2748

DMS 1.29 57.98 3.74 54.57 35 8.11 13.98

By Dunnett’s test at a 5% probability level. TRAT - Treatment; NGR - number of grian rows; NG/E - number of grains per
ear; NG/E - number of grains per ear; NG/R - number of grains per row; TGW - mass of 1000 grains (g); GY - productivity (t
ha'); TOC - total organic carbon; S.0.M. - soil organic matter); LSD - Least Significant Difference. *significant; *not significant.
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Figure 2. Graphs of principal component 1 (PC1) versus principal component 2 (PC2), based on the agronomic characteristics of maize
and the contents of soil organic matter and total organic carbon, in response to fertilization with cover crops and organic compost.
The vector plot (a) shows the eigenvector of each variable. The bar plot (b) shows the loadings of each variable on PC1 and PC2. For full
variable names, see the Methods section.

shown, where the first principal component (PC1) explains
38.17%, the second (PC2) explains 20.21%, and together they

explain 58.38% of the total variance of the data. According
to Figure 2a, the variables have arrows pointing in different
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directions, indicating correlations among them: a positive
correlation when the angle between arrows is less than
90°, a negative correlation when the angle is greater than
90°, and no correlation when the angle is equal to 90°.

Figure 2b shows the loading plot of each variable on
the first and second principal components (PC1 and PC2).
It is possible to observe that the variables with the highest
positive contributions to data variability in PC1 were EWH,
EWWH, EL, ED, CLT, and N, indicating that these variables are
primarily responsible for separating treatments along PC1.
For the second principal component (PC2), the variables with
the highest positive contributions were NGR, ED, EL, EIH, N,
TOC, and S.0.M.,, suggesting these variables best represent
the differentiation of treatments along this axis. Variables
NG/R, NE/P, CL b, GY, and DM showed negative loadings,
indicating an inverse relationship with the treatments that
stand out positively on PC2.

4. Discussion

The use of different legumes as green manure did
not cause significant changes in chlorophyll a, b, and
total contents, suggesting that nitrogen and magnesium
uptake elements that constitute the chlorophyll molecule
occurred similarly among maize plants (Oliveira, 2024).
It is important to highlight that, in addition to soil
nitrogen availability, other factors such as edaphoclimatic
conditions, cultivar, levels of other nutrients, light
availability, insect attack, water stress, planting density,
and pesticide use can influence leaf chlorophyll content
(Pedroza-Sandoval et al., 2017). According to Fornari et al.
(2020) and Ponte Filho et al. (2023), high chlorophyll
content in maize leaves is positively correlated with grain
yield and biomass production, since this pigment is directly
linked to photosynthetic activity and consequently to the
synthesis and translocation of photoassimilates to the
grains (Santos et al., 2023).

Total nitrogen and crude protein contents indicated
that maize plants in all treatments were within the
adequate foliar nitrogen range, based on the reference
values established by Werner et al. (1996), which vary
between 27.5 and 32.5 g kg'. These results are consistent
with those reported by Kappes et al. (2013), who observed
foliar nitrogen contents between 25.3 and 26.3 g kg™ in
maize fertilized with Sunn Hemp.

Regarding stem diameter, similar results were found
by Kappes et al. (2013), who did not observe differences
when using Sunn Hemp and millet green manures over
two consecutive cropping years. Concerning leaf area,
differences were observed only between treatments with
Cowpea and Pigeon pea at the 40 t ha' compost dose. This
suggests that higher doses of organic compost influenced
growth parameters, especially when combined with
Cowpea green manure, which resulted in maize plants
with larger leaf areas. Agiraga¢ and Zorer Celebi (2025)
also reported significant effects on maize leaf area due to
organomineral fertilizer application.

Carvalho et al. (2004), using green manures including
Pigeon pea and Sunn Hemp, did not find significant
differences in the height of first ear insertion over two
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years, reporting values of 1.06-1.12 m for plants fertilized
with Pigeon pea and 1.10-1.16 m for those with Sunn
Hemp. Overall, maize plants in this experiment achieved
greater ear insertion heights, ranging from 1.10 to 1.20 m.

Almeida (2021), when evaluating the number of grain
rows in maize as a function of green fertilization, observed
a positive influence of the treatments, noting that the
number of rows is determined during the vegetative stage
between V6 and V10. At this stage, nutrient availability,
especially nitrogen, is crucial for the plant. In another study,
Yang et al. (2015) also found no significant effects at the
beginning of trials with wheat and maize conducted in
China when using organic fertilizer sources. The authors
attributed these results to nutrient immobilization by
soil microorganisms and the slow release of nutrients.
However, over time, both wheat and maize yields became
significantly affected.

For the leaf area variable, as shown in Table 1, the doses
of organic compost combined with the incorporation of
the green manure Cowpea promoted an increase in this
parameter. At the dose of 20 t ha™!, maize plants exhibited
larger leaf areas (>7000 cm?). These findings suggest that
green fertilization combined with organic fertilization can
promote good development and productivity of maize,
since leaf area represents the crop’s growth capacity and
is directly related to productivity. Well-nourished leaves
have a greater capacity to assimilate CO, and perform
photosynthesis, resulting in higher biomass accumulation
(Mata et al., 2010). In another study with hybrid maize,
Cancellier et al. (2011) observed that the largest leaf area
occurred with the application of 40 t ha™ of manure;
however, the values reported by these authors (4909 cm?)
were still lower than those found in the present study.

Ear length was influenced by compost doses in maize
plants fertilized with Sunn Hemp. The same effect was not
observed when doses were evaluated within the green
manures Pigeon pea and Cowpea. According to Table 1, there
was an increase in the number of ears from maize plants
fertilized with compost doses combined with the Pigeon
pea green manure; as compost doses increased, there was
a positive response of up to 20 t ha™'. Souza et al. (2015)
observed higher numbers of ears, yield, and average weight
when maize plants were subjected to green manure (Sunn
Hemp and white lupin) and organic compost fertilization.

Compost doses influenced ear diameter only in maize
plants fertilized with Sunn Hemp, which was not observed
in plants fertilized with other green manures (Table 1).
Maize plants fertilized with increasing compost doses in the
presence of Cowpea reached higher yields corresponding
to the increase in compost doses, with 40 t ha™! yielding
the highest values.

Fabunmi and Agbonlahor (2012) also obtained higher
maize yields when applying green manure Cowpea. The
high yields observed in this study may be related, among
other factors, to the temperature recorded during the
maize growing cycle, which was adequate for better crop
development. Nighttime average temperatures below
24 °C reduce cellular respiration, resulting in greater
accumulation of photoassimilates and favoring the
grain-filling phase (Galvdo et al., 2015).
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According to Assis et al. (2006), the potential
productivity of maize plants depends on the genetic
characteristics of the cultivar, temperature, and solar
radiation. Since no thermal limitations occurred during
maize development, this may have contributed to the
plants reaching their maximum productive potential. In
addition to temperature, total chlorophyll and nitrogen
levels found in leaves were within the recommended
ranges for achieving high yields (Ponte Filho et al., 2023).
These results indicate that the green and organic manures
used in this trial enable maize plants to be as vigorous as
those managed with mineral fertilization.

Silvaetal.(2007), after four consecutive years of organic
compost application in maize cultivation, obtained good
yields regardless of plant population, exceeding 8 t ha™'.
The authors observed that continuous organomineral
fertilization over several years resulted in significant
yield increases.

No significant difference was found between total
organic carbon and soil organic matter content under
chemical and organic treatments (Table 4). Supporting this,
Souza and Guimaraes (2013) did not observe significant
differences in soil organic matter content when using
these legumes in pre-cultivation, possibly due to the short
cultivation period (2 years).

Principal component analysis (PCA) showed distinct
patterns in fertilization management. Treatments with
green manures and organic compost exhibited different
behavior compared to chemical fertilization, which was
grouped separately in the graph. This indicates that
green manuring with legumes and organic compost was
responsible for changes in maize agronomic variables, soil
organic matter, and total organic carbon content. These
findings corroborate those of Basso and Silva (2024), who,
comparing organic and chemical fertilization, found that
chemical fertilization can be entirely replaced by organic
fertilization without yield loss in maize.

5. Conclusions

Green manure combined with organic compost can
replace chemical fertilization without harming maize
productivity.

Organic compost combined with Cowpea green manure
provides higher maize productivity than crotalaria and
Pigeon pea green manures.

Soil organic matter and total organic carbon contents
were not influenced by the management of green manuring
combined with organic compost.

Principal component analysis showed that maize yield
parameters are more associated manure combined with
20 and 40 t ha™ of organic compost, respectively.

Data Availability Statement

The research data are only available upon request to
the corresponding author.
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