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ABSTRACT: Evaluating the decomposition dynamics of vegetative residues from cover
crops can provide a better understanding of nutrient release, which is fundamental
when choosing a species that is adapted to local conditions. The objective of this
study was to evaluate the decomposition rates and nutrient release dynamics of the
shoot phytomass of different cover crops that have potential for agricultural use in the
Recdncavo Baiano, Brazil. Crop residues of the following species were analyzed: sunn
hemp (Crotalaria juncea L.) - CROT; velvet bean (Mucuna aterrima L.) - MUC; lab lab
(Dolichos lab lab L.) - LAB; jack bean (Canavalia ensiformis [L.] DC.) - |B; white lupin
(Lupinus albus L.) - WLUP; and Guinea grass (Urochloa maxima (Jacq.) R. Webster) - GRAS.
The experiment was conducted in a randomized block design with four replications.
The decomposition and nutrient release dynamics were evaluated using litter bags, and
the remaining dry matter and the nutrient content of litter from each cover crop were
quantified. The accumulation of macronutrients in the phytomass was in the following
order: N > K> Ca > Mg > P > S. The highest decomposition rates of the phytomass
occurred in the species JB, with half-life (t;;) of 36 days, and GRAS, with t,, of 41 days.
K was the element with the shortest t;,, suggesting a rapid transfer rate to the soil.
Organic residues from the CROT and WLUP cover crops had lower decomposition rates and
are, therefore, recommended for protecting soil in the region. Sunn hemp, unlike WLUP,
also had residue of high chemical quality and, thus, it is an excellent nutrient recycler.
Jack bean released nutrients into the soil the fastest due to its rapid decomposition rate;
therefore, it is not recommended for ground cover.

Keywords: decomposition constant, lignin/N, half-life.

https://doi.org/10.1590/18069657rbcs20160103




Xavier et al. Decomposition and nutrient release dynamics of shoot phytomass of...

’r-
‘
Y\

INTRODUCTION

The Recdncavo Baiano is one the oldest occupied areas of Brazil, where cultivating
sugarcane dominated agricultural production of the colony (Aradjo, 2010). Presently,
farming in the region is very diverse (tobacco, fruit, root, tuber, and vegetable production)
but it has undergone a long period of decline in yield levels. Major reasons for this low
agricultural productivity include lack of financial capital and lack of technologies for
sustainable use of natural resources, such as soil (Silva and Costa, 2012). Family agriculture
is predominant in the Reconcavo Baiano, where farms of less than 10 ha make up 57 %
of the gross production value in the region (IBGE, 2006).

Designing more sustainable agricultural systems in the Recéncavo Baiano region should
consider adopting technologies that maximize biological processes and nutrient recycling.
Thus, the use of cover crops, also commonly called green manures (Correia and Durigan,
2008; Balota and Auler, 2011; Xavier et al., 2013), and nutrient recycling (Giacomini et al.,
2003) should be considered as strategies to increase the productive capacity of soils, which
would benefit crops of economic interest in the region. Among the most-used species of
cover crops are legumes because of their ability to biologically fix N in association with
diazotrophic bacteria (Mangaravite et al., 2014; Mendonca et al., 2017). Furthermore,
some grasses and other non-leguminous plants have proven to be effective in keeping soil
covered and recycling nutrients other than N (Gama-Rodrigues et al., 2007; Pacheco et al.,
2011; Torres et al., 2015).

The choice of a particular cover crop should be based on the main function to be performed
in the agricultural system. For example, to cover/protect soil, cover crops that have
shoots with high phytomass and low decomposition rates should be used; to improve
the chemical fertility of soil, species that decompose and release nutrients more quickly
should be cultivated; and to improve the physical quality of soil, species that have more
robust root systems should be considered. According to Souza et al. (2013), cover crops
have to be regionally adapted so that they are easy to manage, are not invasive, are
easy to plant and remove when needed, cover soil, and successfully compete with weeds
for a certain time and at a low cost.

Understanding the pattern of decomposition and nutrient release is fundamental when
selecting cover crops, because this allows adequate planning and more efficient use of
the benefits of the technology, such as synchronization between the nutrient demand of
a crop of economic interest and the nutrient release from residues (Aita and Giacomini,
2006; Gama-Rodrigues et al., 2007). The decomposition process is governed by the
quality of the organic substrate, which is related to the organic constituents (e.qg.,
cellulose, hemicellulose, polyphenols, and lignin), nutrient content, environmental climate
conditions, and the microbial community that decomposes the deposited organic material
and adapts to its quality (Mafongoya et al., 1998).

In Brazil, several studies have evaluated the decomposition and nutrient release potential
of cover crops for different regions and purposes, for example, in no-tillage systems
in the South and Southeast (Torres et al., 2015; Ziech et al., 2015; Souza et al., 2016;
Pavinato et al., 2017), and cover crop mixtures in the semiarid region (Giongo et al.,
2011). However, there are no scientific studies on this subject published in recognized
journals that have been conducted in the region of the Recéncavo Baiano.

We tested the hypothesis that nutrients release of cover crops occur at different rates
depend on residues quality, so that influences the management of such species for a
specific agricultural systems in the region of Reconcavo Baiano. Hence, the objective
of this study was to evaluate the decomposition rates and nutrient release dynamics
of shoot phytomass of different cover crops that have potential agricultural use in the
Recdncavo Baiano.

Rev Bras Cienc Solo 2017;41:e0160103 2
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MATERIALS AND METHODS

The study was conducted in an experimental field at the Universidade Federal do Rec6ncavo
da Bahia in the municipality of Cruz das Almas (12° 40’ 19" S, 39° 06’ 22" W, 220 m
elevation) in a Latossolo Amarelo Coeso (Embrapa, 2006), a Haplic Ferralsol (Clayic,
Amphidensic, Dystric), according to the FAO classification (IUSS Working Group WRB,
2015). The local climate is tropical hot and humid, with a dry season in the summer,
type As in the Kdppen classification system. The region has average annual rainfall of
1,131 mm, average annual temperature of 22.4 °C, and mean relative air humidity of
80 % (Almeida, 1991). The average rainfall and average temperatures during the study
period are shown in figure 1.

Before starting the experiment, the soil layer from 0.0-0.20 m was characterized as
follows: pH(H,0) 5.2; 15 mg dm™ of P (Mehlich-1); 0.15, 1.7, 0.8, and 2.0 cmol. dm™ of K,
Ca, Mg, and H+Al, respectively; 6.0 g kg™ of organic matter; 57 % base saturation; and
785, 42, and 173 g kg™ of sand, silt, and clay, respectively.

The history of use and management of the experimental site is presented in figure 2.

The cover crops were sown in June, 2013, in 18 m* (6 x 3 m) experimental plots arranged
in a randomized complete block design with four replicates. The following seed densities
were used: 25 kg ha™ (sunn hemp); 80 kg ha™ (velvet bean); 50 kg ha™ (lab lab); 100 kg
ha™ (jack bean); 50 kg ha™ (white lupin); and 15 kg ha™ (Guinea grass).

The following cover crops residues were evaluated: sunn hemp (Crotalaria juncea L.) -
CROT; velvet bean (Mucuna aterrima L.) - MUC; lab lab (Dolichos lab lab L.) - LAB; jack
bean (Canavalia ensiformis [L.] DC.) - JB; white lupin (Lupinus albus L.) - WLUP; and
Guinea grass (Urochloa maxima [Jacq.] R. Webster) - GRAS.

The cover crops were planted in furrows, 0.7 m apart, using a seeder adapted to a
no-tillage system. To help initial plant growth, approximately 260 kg ha™ of the phosphate
Top-Phos 118 (N =1 %; P,Os = 18 %; Ca = 18 %; S = 11 %) was applied to the plots.

Shoot phytomass production was evaluated 93 days after sowing. A chronological period
was used because the species have different phenologies and it was not possible to
make their flowering times coincide. To quantify the shoot phytomass, a 0.5 X 0.5 m
(0.25 m?) square was randomly thrown in the center of the plot. The fresh phytomass in
the square was collected, weighed, and then oven dried at 60 °C until constant weight
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Figure 1. Climatic data throughout the growth period of cover crops (from June 2013 to May 2014)
in Cruz das Almas, BA, Brazil. Vertical bars and horizontal line with circles correspond to monthly
average of rainfall and temperature, respectively, measured over the period of the experiment.
Normal 10 and Temp.10 lines represent the historical series of average monthly rainfall and
temperature, respectively, in the last 10 years.
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Historical of use and management Year

Area used for pasture with predominantly Brachiaria decumbens Stapf.
over approximately 30 years.

|

Beginning of conversion to No-tillage system. The soil was harrowed with
a disc harrow, limed, and then cultivated with sunn hemp during raining 2009
season (from April to June) for green manure.

l

Sunn hemp was mowed with approximately 90 days and field remained
fallow for approximately one year.

!

After fallow, spontaneous vegetation was cleared and the field was
. ; . 2010
cultivated with sunflower from April to July.

|

At the end of the sunflower cycle, the achenes were harvested and the
remaining shoot phytomass was mowed and left on the soil surface. 2010/2011
The field remained fallow for one year.

|

After fallow, the field was managed with rotation of sunn hemp followed
by sunflower. Each vegetative cycle was approximately 100 days. After 2011
harvesting of sunflower the filed was maintained under fallow.

|

At the beginning of rainy season (April/May), the field was cultivated
with rotation of jack bean + pearl millet (cocktail) followed by one 2012
cycle of sunflower.

|

The field was cultivated with rotation of pearl millet + sorghum (cocktail),
and after vegetative cycle shoot phytomass was mowed and residues 2012/2013
were left on the soil surface.

|

Start of the experiment

2009/2010

T

2013

Figure 2. Historical of use and management of the experimental site.

to quantify the dry matter content. After quantifying the phytomass, the plants in the
plot were mowed using a string trimmer. Part of the plant residue was separated to
analyze the decomposition dynamic and the rest was maintained on the soil surface to
decompose naturally.

The decomposition dynamic was evaluated from October 2013 to February 2014 using
the litter bag method. The litter bags were 0.20 x 0.25 m, and made of 5-mm mesh
nylon. The bags were filled with 100 g of fresh phytomass from each plant species and
distributed in the field in direct contact with the soil. Three replications per treatment
per collection time were used. The remaining dry matter was calculated by subtracting
the initial moisture content of each sample. Litter bags were collected on days 8, 23, 53,
83, 113, and 143 after the bags were placed in the field. After each collection, the litter
bags containing the remaining decomposed material were taken to the laboratory; and
soil particles, insects, and other natural material (free or adhered) were separated from
the initial plant material. The remaining material was placed in paper bags, oven-dried
at 60 °C until constant weight, and ground.

The initial plant material (time zero) was analyzed for C, N, P, K, Ca, Mg, S, B, Cu, Mn,
Zn, Fe, cellulose, hemicellulose, and lignin content, and the remaining material at each
collection time was analyzed for N, P, K, Ca, Mg, S, B, Cu, Mn, Zn and Fe content. The C
content was obtained by dry combustion using an elemental analyzer (Vario TOC Cube,
Germany). The N content was quantified using sulfur digestion, followed by Kjeldahl
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distillation (Tedesco et al., 1995). Nitric-perchloric digestion was used to determine the
P, K, Ca, and Mg concentrations according to the method described by Bataglia et al.
(1983). The P content was quantified using colorimetry with formation of the blue color
of the molybdenum phosphate complex in the presence of ascorbic acid, and K was
measured using flame photometry. Ca and Mg were quantified using atomic absorption
spectroscopy. Chemical analyses of the micronutrients were based on Malavolta et al.
(1997) using atomic absorption spectroscopy. Cellulose, hemicellulose, and lignin content
were determined using the neutral detergent fiber and acid detergent fiber method,
according to Van Soest et al. (1991).

The remaining dry matter as a function of time was calculated by the difference between the
original and final weight for each decomposition period. With these data, the decomposition
and nutrient release rates were estimated using the simple exponential model described
by Rezende et al. (1999), x = x, e, where X represents the quantity of dry matter or
nutrients remaining after the time period t (in days), X, is the quantity of initial dry
matter or nutrients, and k is the decomposition or nutrient release constant. Based on
the fitted model, considering the k value, it was possible to measure the half-life (t,,) of
decomposition or of nutrient release as t, = In(2)/k, where In(2) is the neperian logarithm
of the number 2, which is a constant value, and k is the decomposition constant obtained
in the fitted model. The t,;,, expresses the time period needed for half the residue to
decompose or for half the nutrients in the residue to be released.

The phytomass production and nutrient accumulation data were subjected to analysis
of variance, applying the F-test at 5 % significance. When significant, the means were
compared using the Scott-Knott test at 5 % probability. Pearson’s correlation test and simple
linear regression analysis were applied to the data that involved the decomposition test.
Data were analyzed with the aid of the ASSISTAT 7.7 program (Silva and Azevedo, 2006).

RESULTS AND DISCUSSION

Dry matter production and nutrient accumulation in the phytomass

The dry matter production of the shoot phytomass of the plants ranged from 6.4 to
16.5 Mg ha™ (Figure 3). The legume CROT, followed by GRAS, showed the greatest
phytomass production. MUC and LAB produced the least dry matter, and JB and WLUP
presented intermediate values among the species evaluated. The accumulation of C
in the phytomass ranged from 2.6 to 6.8 Mg ha™ and showed similar trend in relation
to dry matter storage. In general, the accumulation of C in the phytomass was around
40 % of the dry matter. CROT had the highest potential for storing C in the phytomass,
exceeding the average of the other legumes by approximately 58 %.

The high phytomass production of the legume CROT in a short period of time indicates
that this species has potential for the conditions in the Reconcavo da Bahia, as reported
by Carvalho et al. (2004). The other species produced more than 6.0 Mg ha™ of dry matter,
which according to Darolt (1998) is the minimum value considered adequate for a cover
crop to be incorporated into a crop rotation system. However, selecting a cover crop is
based on more than phytomass production. Its function in a selected agriculture system also
needs to be considered (for soil cover, nutrient cycling, or increasing organic C in the soil).

Among the species evaluated, WLUP produced 8.46 Mg ha™ of phytomass but it did not
adequately covered the soil, which could be perceived by bare patches in the plots.
The cover crops that had the lowest dry matter content (MUC and LAB) are vines and
exhibit high amounts of soil cover during their vegetative phase and deposit large
amounts of senescent material on the soil. Similar results were found by Teodoro et al.
(2011), who evaluated agronomic aspects of legumes in the Cerrado in the Jequitinhonha
Valley. Herbaceous species with intermediate growth and a vine habit, such as MUC and
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LAB, exert more pressure on spontaneous plant species (Dorn et al., 2015) and quickly
protect the soil from erosion (Durdn Zuazo and Rodriguez Pleguezuelo, 2008).

Chemical characterization of the phytomass of the different cover crop species is presented
in table 1. The average overall C content in the plant tissue was 400 g kg™*. The N
content ranged from 17 to 30 g kg™ and was highest in the species JB, MUC, and LAB.
The P content was similar among the different materials, showing average of 2.8 g kg™.
The GRAS and MUC cover crops had the highest K content and CROT had the lowest
K content among the species evaluated. The highest Ca content was observed in the
species LAB and JB, which had an average value of 14 g kg™, approximately 161 % more
than the averages of the other species. These results demonstrate the greater potential
of Ca recycling by these legumes. The Mg and S content varied little among the different
plant residues evaluated.

18 Shoot biomass

Mg ha™

CROT MUC LAB JB WLUP GRAS

Cover crops
M Dry matter [ Carbon

Figure 3. Dry matter production and carbon stock of the shoot biomass of different cover crops
at 93 days after planting. CROT: Crotalaria juncea (sunn hemp); MUC: Mucuna aterrima (velvet
bean); LAB: Dolichos lablab (lablab bean); JB: Canavalia ensiformis (Jack bean); WLUP: Lupinus
albus (white lupine); GRAS: Urochloa maxima (Guinea grass). Different letters, upper case for dry
matter production and lower case for carbon stocks, indicate significant differences between cover
crops by the Scott-Knott test at p<0.05.

Table 1. Nutrients, cellulose (Cel), hemicellulose (Hem), and lignin (Lig) contents and C/N, Lig/N, C/P, and Lig/P ratios of shoot
phytomass from different cover crops at 93 days after planting

f:’::r C N p K € Mg S Cel Hem Lig C/N Lig/N CP Lig/P
g kg™ of dry matter
CROT 410 1808 211 921 561 341 094 419 114 8 23 48 194 408
MUC 401 2272 228 2451 779 202 151 363 135 134 18 59 176 58.8
LAB 380 2040 376 1971 1469 480 225 318 126 94 19 46 101 250
B 415 3007 325 1941 1407 337 144 239 160 69 14 23 128 212
WLUP 408 18.08 2.34 14.91 4.54 2.37 1.48 335 139 75 23 4.1 174 32.1
GRAS 383 17.31 327 2031 378 400 108 377 297 30 22 17 117 92

CROT: sunn hemp; MUC: velvet bean; LAB: field bean (lab lab); JB: jack bean; WLUP: white lupin; GRAS: Guinea grass.

Rev Bras Cienc Solo 2017;41:e0160103
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The data on chemical composition of the different materials indicated that cellulose
was the most abundant, followed by hemicellulose and lignin (Table 1). Cellulose and
hemicellulose are the main constituents of cell walls and constitute 30 to 70 % of the
plant C, while lignin protects the cellulose in the cell walls and is more resistant to
decomposition (Mafongoya et al., 1998). In general, there was not a lot of variation in
the cellulose and hemicellulose content among the cover crop species, except for more
hemicellulose in the GRAS. In contrast, lignin content varied considerably among the
materials. The MUC legume had the highest amount of lignin and GRAS had the lowest
amount (Table 1).

Micronutrient accumulation in the dry phytomass of the cover crops (Table 2) was in the
following order: N > K> Ca > Mg >P > S.

In general, macronutrient accumulation differed among the species. The legumes, except
for WLUP, had a significantly higher average accumulation of N (19 %) than GRAS.
Among the legumes, CROT accumulated the most N in the phytomass, followed by |B.
The high capacity of N cycling by legumes via biological fixation is important information
for determining management strategies for use of these plants as agricultural soil
conditioners, which is discussed by Mendonca et al. (2017).

The P stocks in the phytomass of the cover crops ranged from 20 to 35 kg ha™ (Table 2),
and had a lower range of variation than N. The species CROT and GRAS had the highest
P accumulation capacity, and MUC and WLUP had the lowest. Most P in plant tissues
occurs in the cell vacuole as a mineral, which is very water soluble (Marschner, 1995).
Thus, to be released from the residue, the vacuole has to be broken.

Potassium was the second most abundant element in the shoot phytomass of the different
cover crops (Table 2). The species GRAS accumulated the most K, with an average of
52 % more than the other species. The lowest K accumulation potential was observed
in the species WLUP, which did not significantly differ from the legume LAB. Cover crops
that are more efficient at storing K represents a suitable strategy in a program of crop
rotation to return this nutrient for the next crop. Since K is a fundamental element in
activating specific enzymes related to starch synthesis (Hawker et al., 1974; Quadros et al.,
2009), green manures that provide a higher quantity of K are an efficient alterative for
species that demand K, such as tuberous species that accumulate starch (e.g., yams
and manioc), that have high economic value in the Reconcavo da Bahia.

The potential for Ca accumulation in the shoot phytomass varied substantially among
the materials (Table 2). The legumes, except for WLUP, showed a higher capacity for
recycling Ca than GRAS. The average Ca stock in the legumes was 55 % more than the

Table 2. Macronutrient storage in the shoot phytomass from different cover crops at 93 days
after planting

Cover crop N P K Ca Mg S
kg ha™
CROT 298 a 35a 152 ¢ 92 ¢ 56 a 16 a
MUC 157 e 20c 169 b 54d 14 f 11c
LAB 194 c 26 b 137 d 102 b 33c 16 a
B 245D 26 b 153 ¢ 110 a 27d 10c
WLUP 153 e 20c 126 d 38e 20e 12b
GRAS 182 d 34a 308 a 40 e 42 b 12b
Average 206 26 169 73 32 12

CROT: sunn hemp; MUC: velvet bean; LAB: field bean (lab lab); |B: jack bean; WLUP: white lupin; GRAS: Guinea
grass. Different letters in the same column indicate significant differences between cover crops by the Scott-
Knott test at p<0.05.
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average obtained for the grass. Among the legume species, JB and LAB have a greater
capacity to accumulate Ca than WLUP and MUC.

Sulfur was the least abundant element in the shoot phytomass (Table 2). The accumulation
of this nutrient in the plant tissue varied little among the cover crops. The highest S
stocks were observed in the species CROT and LAB. Although significant, the difference
in the accumulated S values between the species that had the most and least S was
small and, therefore, this was of little value from an agronomic point of view.

Decomposition and nutrient release dynamics

The decomposition dynamic of the plant residues had an initial rapid phase until the
23rd day (Figure 4). According to Mafongoya et al. (1998), in this phase the residues
have greater bioavailability of nutrients and soluble C, which attracts microorganisms
that rapidly colonize the organic substrate and accelerate the decomposition process.

The highest rates of phytomass decomposition occurred in the species |B and GRAS, which
had a t;,, of 36 and 41 days, respectively (Figure 5). The species CROT and WLUP had
the highest t;,; (99 days), suggesting greater resistance to decomposition. Intermediate
t., values were observed in the legumes LAB and MUC.

Regarding nutrient release dynamics (Figure 5), macronutrient release was generally
faster than micronutrient. Except for the species CROT and MUC, the release of N, Ca,
and Mg occurred at a similar rate, with an average t,,, of 45 days. The nutrients P and
S had an average t,,, of 28 days, indicating that they were released more quickly than
N, Ca, and Mg. The element K had the highest rate of release for all of the species
evaluated, with an average t,,, of six days. This result shows how easily this element is
released during the decomposition process. Rapid release of K from plant tissues during
the decomposition process is well known (Giacomini et al., 2003; Cattanio et al., 2008;
Teixeira et al., 2011). Among the micronutrients, in general, Mn, Zn, and Fe had the
highest average t,,, suggesting lower release rates than B and Cu.

Despite of the general behavior of nutrients release as previously related, each species
showed a particular pattern of nutrient mineralization (Figure 5). For example, the legume

100 @ CROT: x = 84.2 e:°'°°7t R’ = 0.84*
: B MUC: x = 95.8e°™ R?=0.86*
N A 1AB: x=88.1e""" R®=0.96%*
TR X JB: x=97.0 % R?=0.95%
© WLUP: x = 94.5 %" R?=0.91*

: X =99.0 %% R?=0,96%

()}
o
1

B
o

1

!
00

w
o
1

N
o
1

Remaining dry matter (%)
(4]
o

[y
o
1

0 T T T T T T 1
0 20 40 60 80 100 120 140

Days after the distribution of litter bags

Figure 4. Dry matter remaining in litter bags filled with different litter from cover crops incubated
for 120 days on the soil surface. Values represent means of three replicates. Curves fitted in the
exponential model: x = x, e, CROT: Crotalaria juncea (sunn hemp); MUC: Mucuna aterrima (velvet
bean); LAB: Dolichos lablab (lablab bean); JB: Canavalia ensiformis (Jack bean); WLUP: Lupinus
albus (white lupine); GRAS: Urochloa maxima (Guinea grass).
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Crotalaria juncea Mucuna aterrima
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Dolichos lablab Canavalia ensiformis
Fe
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Mn
Cu
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Lupinus albus Urochloa maxima
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Mn
Cu
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ty, (days)

Figure 5. Half-lives (t,;,) of phytomass (Phyt) and nutrients of litter from different cover crops. ": not measured.

JB released all nutrients at the highest rate. For B the release dynamics showed a similar
t., pattern for all of the nutrients, except for K and Fe, indicating that, on average, 50 %
of the nutrients in the phytomass were released in 27 days. The species LAB and GRAS
showed very similar nutrient release patterns (Figure 5), however with lower mineralization
rate in relation to JB. The legumes CROT and MUC tended to release nutrients slower
than the materials of the other species.

Among the legumes, CROT had the lowest release rate of N, followed by WLUP. The residues
of LAB and MUC had intermediate t,,, values for N. The species CROT and JB showed
the greatest capacity for accumulating N in the phytomass (Table 2); however, their
decomposition dynamics showed practically opposite patterns in release of this element.
While CROT released 149 kg ha™ of N in 69 days, |B released 122 kg ha™ of N in 25 days.
Although the species WLUP had the lowest N storage capacity (Table 2), its release rate
of this element was slower than the other taxa (Figure 5). These results demonstrate
that selecting a species depends on the function to be performed in a management plan.
In this study, the residues of CROT and WLUP had the lowest phytomass decomposition
and N release rates, suggesting they are more adequate medium - to long-term options
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for covering soil and recycling N. The species JB has low potential for soil cover; however,
it rapidly releases nutrients, which may be important for short-term conditioning of the
chemical fertility of a soil.

The lowest P release rates were recorded for the species WLUP, CROT, and MUC
(Figure 5). Although MUC and WLUP have lower P accumulation potential in the
phytomass than CROT, the three species have a very similar t,, for P. Among the
macronutrients, P was one of the elements stored in lowest amounts in the plant
tissue and had an intermediate release rate (t,, = 29 days) compared to the others.
The lower P release rates in the species are associated with higher C/P ratio values
(Table 1), suggesting that this index has the ability to predict P release. The higher
the C/P ratio of the plant material, the lower the transfer of this element to the soil
during decomposition.

In general, although the species accumulated different amounts of K (Table 2), the K
release rates were very similar among the species (Figure 5). Regardless of the species
evaluated, K is a rapidly released element, with an average t,,, of six days. Studies
suggest that the rapid release of K is directly associated with leaching as a transfer
mechanism of this nutrient to the soil. This is because K is not a structural component of
any plant compound (Lupwayi et al., 2006; Gama-Rodrigues et al., 2007) and most of this
element in plant tissue (up to 70 %) is in a water soluble form (Giacomini et al., 2003).
The mineralization of K depends on the concentrations of C and phenolic compounds
during the incubation period (Cattanio et al., 2008). Considering the storage potential
of K (Table 2) and the average t,,, observed for this element (Figure 5), in only six days,
the K content released by the species would be the following: GRAS (154 kg ha™) > MUC
(84 kg ha™) > CROT = JB (76 kg ha™) > LAB = WLUP (65 kg ha™).

The release pattern of Ca and Mg was practically the same for all the species evaluated,
except for WLUP, which had a lower release rate of Ca than Mg (Figure 5). The lowest
Ca and Mg release rates were recorded for the species MUC and WLUP, followed by
CROT. The legume WLUP had the lowest potential to accumulate Ca and Mg (Table 2),
but the release dynamics indicated that this species can release these elements more
slowly than the others. The slow release of Ca is linked to the fact it is a constituent
of the middle lamella of the cell wall (Taiz and Zeiger, 1991), forming one of the most
recalcitrant components of plant tissues.

The release dynamic of S was very similar to the release of P (Figure 5). MUC, WLUP, and
CROT had lower release rates of S, with an average t,, of 30 days. S was the element
least taken up by the plant tissues (Table 1), and the accumulation potential of this
nutrient by the different species was very similar (Table 2). On average, except for JB,
the residues had the potential to release around 6 kg ha™ of S in 28 days.

Plant material that had higher amounts of lignin, such as MUC and LAB (Table 1), did
not necessarily have lower decomposition rates, suggesting that lignin content was
not a determining factor in the decomposition process. As alternatives to analysis of
lignin content, several quality indices have been proposed as good predictors of the
decomposition and nutrient release rates. Among these, the following ratios stand out:
C/N, C/P, lignin/N, polyphenol/N, and polyphenol + lignin/N (Mafongoya et al., 1998;
Giacomini et al., 2003; Gama-Rodrigues et al., 2007). In general, elevated values
for any of these indices result in low decomposition and nutrient release. According
to Mafongoya et al. (1998), the main objective of using these indices is to establish
robust parameters that have good predictive ability of decomposition and nutrient
release dynamics, which means detailed studies regarding different locations and
plants would not be needed. In the present study, however, the predictive ability
of these indices was low. Despite high correlation coefficients, only few showed
significant relationship (Table 3). Among these, were notable: negative correlation
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Table 3. Pearson’s correlation coefficient between decomposition or nutrient release constant (k)
and carbon/nitrogen (C/N), lignin/nitrogen (Lig/N), carbon/phosphorus (C/P), and lignin/phosphorus
(Lig/P) ratios of the shoot phytomass from different cover crops

Phytomass N P K Ca Mg S
C/IN -0.715 -0.847 -0.659 0.156 -0.651 -0.534 -0.644
Lig/N -0.681 -0.650 -0.777 -0.433 -0.733 -0.825° -0.739
C/pP -0.748 -0.688 -0.804 -0.634 -0.647 -0.746 -0.640
Lig/P -0.559 -0.533 -0.718 -0.662 -0.684 -0.820*  -0.689

*: significant correlation at 5 %.

between release of N and both C/N and lignin/N ratios; and release of Mg and both
lignin/N and lignin/P ratios.

There is a lot of variation in the predictive potential of these indices in the literature,
suggesting that the use of them as parameters to better understand the dynamics
of decomposition and nutrient release is limited, and depends on the type of
plant material and local soil and climate conditions. Gama-Rodrigues et al. (2007)
suggested that the predictive models involved in the relationship of these indices
with nutrient release rates are, in general, applicable to specific locations, and are
restricted by soil and climatic requirements, type of production system, associated
species, and management.

The distinct decomposition and nutrient release rates of the species evaluated in the
present study show the need to associate management of these species to specific
agroecosystem functions in the region of the Recéncavo Baiano. Functions such as soil
cover, for example, can be improved by using residues with a longer t,,, such as the
legumes CROT and WLUP. Other species, for example, JB, are better if the objective is
to rapidly transfer nutrients to the soil.

For annual crops, such as corn, beans, peanuts, and some fruits, pre-planting cover
crops that demand less water and rapidly decompose (e.g., velvet bean and jack
bean) is recommended because they release nutrients faster. In areas that will be
fallow or where the soil needs to be restored, cover crops should be used to improve
the physical, chemical, and biological characteristics of the soil. For that reason,
combining grass and legume species (a mix of cover crops) during the rainy season
is the best strategy. For perennial crops, such as the citrus orchards that are common
in the region, it is possible to plant legumes (which biologically fix N) and grasses
(which increase the organic C in the soil) between the crops during the rainy season
(Oliveira et al., 2016).

Nutrient release adjustment by mixing cover crop residues with different chemical quality
is a very promising technique, as indicated by Ziech et al. (2015). Combining residues
that decompose slowly and release nutrients quickly could be a good strategy for most
of the crops grown in the region.

Another challenge, based on information about the decomposition and nutrient release
rates obtained in the present study, is synchronizing the phase of greatest nutritional
demand of the associated crops with the nutrients supplied by the cover crops. Moreover,
this study evaluated the chemical quality of the shoot phytomass of different cover
crops. However, to help choose the most adequate species for the region, new studies
are necessary to investigate the role that roots play in the physical fertility of the soil,
as conducted by Cunha et al. (2011). It is possible that a species considered low in
quality from a chemical point of view could be extremely efficient at improving the
physical quality of a soil because of its root system. In addition to the soil factor, new
studies should focus on phytosanitary aspects to evaluate the attractiveness of these
plants to insect pests or natural enemies.
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CONCLUSIONS

The patterns of decomposition and nutrient release varied according to the species of
cover crop. Jack bean released the nutrients into the soil the fastest due to its rapid
rate of decomposition, and thus its use for the specific function of ground cover is not
suggested, whereas sunn hemp and white lupin are recommended for covering and/or
protecting soil in the Recbncavo Baiano.

Sunn hemp had residues of high chemical quality, and is thus an excellent nutrient recycler.

Among the macronutrients, N, Ca, and Mg were released later than P and S, and K was
released the fastest among all of the cover crops evaluated.
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