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ABSTRACT

Nitrogen (N) is the most limiting nutrient for growth of forage grasses, especially in conditions of low water availability
Therefore, it is important to evaluate the effect of N fertilization and irrigation on the accumulation of carbon (C) and
carbon dioxide (CQ) by marandu grass in the Cerrado Paulista, in the rainy and dry seasons. Experiments were conducted
to evaluate N fertilization in each season, with and without irrigation. Five N rates were used (0, 50, 100, 150 and 200 kg
hat per cutting), using urea as N source, totaling 0, 300, 600, 900 and 1200rkthieerainy season and 0, 100, 200, 300
and 400 kg hain the dry season. The experiments were arranged in a split-plot randomized block design. There was no
significant interaction (p > 0.05) between N and time of fertilization in the irrigated experiment. HoWpuemoted a
quadratic effect in organic matter production (OMP), accumulation of C andyd@arandu grass, while there was no
influence of the seasons. In the non-irrigated experiment, the interaction between N rates and seasons was significant
(p < 0.05) only for the rainy season. Organic matter production and C ajatQ@nulation was greater in the rainy
season than in the dry season. Irrigation provided increases of approximately 20% in G aocLi@@lation. The use
of N and irrigation increases the accumulation of C andlfy®@narandu grass, and this increase is higher during the
rainy season.
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RESUMO

Acumulo de carbono e dioxido de carbono pelo capim-marandu
sob adubacao nitrogenada e irrigacéo

O nitrogénio (N) é o nutriente mais limitante ao crescimento de gramineas forrageiras, principalmente em condicdes
de baixa disponibilidade hidrica, o que justifica avaliar o efeito da adubac¢é&o nitrogenada e da irrigacdo no acimulo de
carbono (C) e dioxido de carbono (@elo capim-marandu no Cerrado Paulista, na época das aguas e da seca. Para
avaliar a fertilizacao nitrogenada em cada época foram conduzidos experimentos com e sem irrigacéo. Foram utilizadas
cinco doses de N (0, 50, 100, 150 e 20bHat por corte), aplicadas na forma de ureia, totalizando 0, 300, 600, 900 e 1200
kg hat na época das aguas e 0, 100, 200, 300 e 400 kg légoca da seca. O delineamento experimental adotado foi de
blocos ao acaso em esquema de parcelas subdivididas. Nao houve interacao significativa (p > 0,05) entre doses de N €
época de fertilizagcao no experimento irrigado. Entretanto, o fornecimento de N promoveu efeito quadréatico na producéo
de matéria organica (PMO), acimulo de C g @&lo capim-marandu, enquanto ndo houve influéncia das épocas. No
experimento nédo irrigado a interacéo entre doses de N e épocas do ano foi significativa (p < 0,05) somente para a época
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das aguas. Houve maiores PMO e acimulos de C,@€feriodo das aguas em relacéo ao periodoAétigacao
proporcionou incrementos de aproximadamente 20% no acimulo de, 02 @0 de N e irrigagdo aumentam o acumulo
de C e CQpelo capim-marandu, e esse aumento € maior na esta¢éo chuvosa.

Palavras-chaveaquecimento global, efeito estufa, forragBmachiaria brizanthacv. Marandu.

INTRODUCTION C sequestration by shoots is compromised by the reduction

Concern over alobal climate change has been ar Wir<1)fphotosynthesis (Primavestial, 2007).
oncern over global climate change nas been growing Therefore, this study aimed to evaluate the

worldwide. Global warming results mainly from the emission ..\ mulation of carbon (C) and carbon dioxide jo@sed
of CO, and other greenhouse gases (GHGs) such as o .
2 . . . on dry matter productivity (DMP) and organic matter
methane (CF) and nitrous oxide ()D), leading to the - o .
L content (OM) of marandu grasBr@chiaria brizantha
search of strategies to reduce the sources of greenhoyse

. . ; apf. cv Marandu) under N rates and irrigation in the
gas emissions, e.g. C sequestration by vegetation (Car&%—rrado Paulista during the rainy and dry seasons.
lhoetal, 2010; Cerret al, 2007a; Cerret al, 2009).

In pastures, C assimilation is directed towards thl?/IATERIAL AND METHODS
production of fiber and forage (Luyssaettal, 2008).

Thus, the intensification of the production system, through The experiments were conducted ifypic Dark soil,
fertilization and irrigation, can be an important tool teeutrophic, sandy texture (Empresa Brasileira de Pesquisa
mitigate GHGs in this ecosystem (Conantal, 2001). Agropecuaria - EMBRAR, 2013), atthe UNESPUniver
According to RO (Food andAgriculture Oganization, sidade Estadual Paulista “Julio de Mesquita Filho” in
2011), Brazil has 196 million hectares of grasslands, arfig@aching and Research Farm, llha Solteirg d8Bted on
approximately 80% of this area is in some stage dfie left bank of the Parana River (20°21' S and 51° 22' W),
degradation (March&et al, 2007), due to, among other326 m altitude, in an area previously occupie@agicum
reasons, low soil fertility and lack of nutrient replacemerihaximumlacg. cvColonido undegrazedTable 1 shows
through fertilizer application. For comparison, the annudie soil chemical analyzes carried out during the experiment.
CO, sequestration in pasture conducted extensively vary The experimental areas were prepared by conventional
from 4 to 10 t hain the shoot, while in tropical forage, System with one plowing and two disking, then sowing of
well-nourished pastures, these values range from 30 torB@randu gras#t sowing, 20 kg ha N were applied as
tha! (Primaveset al, 2007). urea (45% N); phosphorus (superphosphate - 1899 P
Forage grasses adapted to soil and climatic conditioA8d potassium (potassium chloride - 60%OK were
and of high dry matter productivity (DMP) should be usedrovided to adjust the phosphorus levels at 30 mg; dm
as they contribute positively in G8equestration (Conant and potassium occupying 5% of the cation exchange
et al, 2001). In this sens@&rachiaria grasses stand out capacity (CEC).
for being highly productive (Bauet al, 2011) and highly Experiments were conducted with and without
responsive to fertilization (Rezenetal, 2011; Cabragt irrigation (Figure 1), and the N fertilization was evaluated
al., 2012; Cunhat al, 2012), which is extremely desirableduring the rainy and dry seasons. The irrigated experiment
to maximize C sequestration and consequently to mitiga#sed a fixed sprinkler irrigation system with nozzles spaced
GHGs (Conangt al, 2001). 12 x 12 m, with an average rainfall of 7.0 m#reimd mean
According to Primavest al (2007), 60% of tropical Christiansers uniformity coeficient of 84.5%.The
soils undergo water stress, which can cause sevéfiégation had a 3-day schedule with replacement of the
photosynthesis inhibition (Pinheiro & Chaves, 2011), anteference evapotranspiration estimated by Penman
36% of tropical soils have low nutrient reserves, makinlflonteith (Allenet al, 1998) and crop coefficient of 1.0.
irrigation and fertilization of pastures in these areas Five Nrates (0, 50, 100, 150 and 200 kg* after each
essential. Nitrogen fertilization stands out in this conteXautting) were applied as urea, resulting in the application
for being the most limiting nutrient to plant growthof 0, 300, 600, 900 and 1200 kg'fiathe rainy season and
(Rezendeet al, 2015). Lack of N can directly affect 0, 100, 200, 300 and 400 kg-ha the dry season. The
photosynthesis, by affecting the synthesis and activity xperiments were arranged in a split plot randomized block
the enzyme ribulose 1,5-bisphosphate carboxylagkesign, with plots represented by N rates and the subplots
(RUBISCO), responsible for C@ssimilation (Pinheiro & by seasons (rainy and dry seasons). The plot areas were
Chaves, 2011), and indirectly the GHGs mitigation, as tf#&0 n? (3 x 3 m) spaced 2 m apart.
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After the initial growth, the first cutting of marandu  Cuttings were performed manually5 cm above the
grass was performed and N fertilization was applied round in the center of the subplots, in an area of 2.0 m
the subplots. Every after three cuttings 18 kg KgO  The intervals between cuttings ranged from 28 to 32 days
(potassium chloride) were applied, and a new soil chemidalthe rainy season, and 40-45 days in the dry season. The
analysis was performed to adjust the phosphorus aga@maining biomass in the area was mechanically mowed,
to 30 mg dn#, with potassium occupying 5% of CEC, inremoved from the plot, and then N was applied to the
order to meet phosphorus and potassium plasubplots.
requirements and optimize the N response. Five months The clipped forage was packed in paper bags and then
after the start of N fertilization, 81 kg #aP,0, incubated in a forced circulation oven at 60 °C, for 72 hours,
(superphosphate) and 96 kg h&,0 (chloride to determine dry matter content. Then, the samples were
potassium) were applied to the plots, and seven montiound in awiley mill, with a 1 mm mesh screen, and
later, 71 kg ha P,O, (superphosphate) and 130 kg'led  analyzed for the content of organic matter (total carbon)
K,O (potassium chloride) were also applied. following the method described by Silva (2002).

Table 1: Soil chemical analysis of the experimental areas in the layer 0-20 cm

P-resin  O.M. pH K Ca Mg H+Al Al SB CEC \%
mgdm?® gdm?® (CaCl) mmol_dm- %
Experiments Initial analysis - Before Seeding
13 17 5.2 2.2 35 7 16 0 44.2 60.2 73
3 months after start of nitrogen fertilization
Irrigated 19 23 4.9 1.4 16 6 25 0 23.4 48.6 49
Non-irrigated 19 24 5.0 1.2 20 4 25 0 25.2 49.6 50
7 months after start of nitrogen fertilization
Irrigated 20 21 4.9 1.3 16 4 26 0 21.3 47.3 45
Non-irrigated 21 21 4.9 1.3 16 3 28 0 20.3 48.3 42
11 months after start of nitrogen fertilization
Irrigated 20 20 4.7 1.5 15 4 26 1 20.5 46.5 44
Non-irrigated 27 21 4.6 1.7 16 4 26 1 21.7 47.7 45
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Figure 1.Total rainfall, total irrigation, average and minimum temperature, average global radiation and average net radiation, referring
to the eight marandu grass cuttings.
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Dry matter praductivity (DMP) was calculated by RESULTS AND DISCUSSION

multiplying the amount of green m k th - . .
e e st TIE e o snfcantinercion ;> 05
y - P g N and seasons in the irrigated experiment due to the

one hectareThe estimates of OMPC and CQ inexistent water restriction, which is the main limiting factor

sequestration W_ere based on _the DMP.and OM (_:Ont%tr DMPin the dry season. Howevyét supply provided a
(%) (Table 2), using the respective equations described Bﬁadratic increase in OMP and C and,@equestration
Primavesgtal (2007): OMP (t ) = DMP x OM%; C (t by marandu grass (Figure 2). It is known that N is the
ha') = OMP /1.724 and CQt ha’) = C (tha) x 3.67. nutrient that most influence plant growth (Rezeetal.,
Analyses of data separated and joined were carrie@d15), increasing plant DMP linearly up the point where
out after verification of normality and homogeneity ofpther growth factors become limiting. Thus, OMP and
variances, and by applying the analysis of variance gequestration of C and G@flected the effect of N on
test). When significance was found, regressiopmp when there was adequate water availability
analysis was performed for N rates and mean Sequestration of C above 1 tamd CQabove 5t hg
comparison for the seasons (Tukey test at 5%er cutting, by marandu grass with N supply was verified,
probability). Next, a combined analysis of the irrigatediemonstrating that N fertilization associated with irrigation
with the non-irrigated experiments was performegk essential to increase GHGs sequestration by pastures in
through the comparison of means (Tukey test at 5%first moment. Pinheiro & Chaves (2011) pointed out that
probability) of the factor irrigation using the Statisticathe lack of N can directly affect photosynthesis, by
Analysis System (SAS004). affecting the synthesis and activity of the enzyme

Table 2: Dry matter productivity (DMP) and ganic matter content of marandu grass with or without irrigation and nitrogen rates
for the eight cutings

DMP (t ha?) Organic matter (%)
Nitrogen rates (kg h&)

0 50 100 150 200 0 50 100 150 200
Cutting 1

Irrigated 1.96 4.34 5.84 6.46 6.29 89.31 90.52 89.57 89.80 89.45

Non-irrigated 1.62 2.63 4.54 5.02 489 90.33 90.70 90.54 90.05 90.33
Cutting 2

Irrigated 0.80 2.82 3.42 3.37 3.79 88.86 90.37 88.68 89.60 89.61

Non-irrigated 0.61 1.64 2.21 191 231 88.94 89.47 89.21 88.38 88.56
Cutting 3

Irrigated 0.71 1.45 1.80 1.63 1.86 89.13 89.16 88.77 89.06 89.19

Non-irrigated 0.92 3.82 4.80 6.03 6.46 90.43 89.42 89.71 89.75 90.02
Cutting 4

Irrigated 2.59 3.56 4.27 4.65 5.62 89.12 89.48 89.35 89.28 89.33

Non-irrigated ~ 20.60 2.62 2.50 2.46 2.25 90.20 90.33 90.09 89.69 90.44
Cutting 5

Irrigated 0.91 251 3.26 2.45 3.34 89.11 89.66 89.49 89.68 89.69

Non-irrigated 0.53 241 3.20 4.17 465 88.82 90.06 90.12 90.34 91.97
Cutting 6

Irrigated 151 3.60 3.45 4.69 4.04 90.50 90.27 90.59 90.64 90.64

Non-irrigated 1.65 4.74 4.94 3.61 3.64 91.64 90.49 90.21 90.06 90.76
Cutting 7

Irrigated 1.29 1.55 1.96 2.08 1.64 89.40 88.81 89.47 90.18 89.73

Non-irrigated 1.61 1.18 171 1.65 198 89.21 89.08 89.63 90.51 90.03
Cutting 8

Irrigated 1.08 3.18 3.20 3.76 428 87.03 88.77 88.85 89.60 89.68

Non-irrigated 0.88 1.57 0.76 1.13 0.60 87.61 89.10 89.17 90.43 90.91
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responsible for the assimilation of G&UBISCO), limiting  range between 30 and 50 t'amnual cited as indicative of
the accumulation of C and G0y the vegetation. However well-managed pastures by Primasil (2007) Assuming
it is essential to adopt the correct management of tNat the climatic conditions remained constant, the final
fertilization because of the emissions gfoN(and other CO, accumulation in the rainy season would be
GHGs) arising from the use of N fertilizers (Barcettbal, approximately 47 t haPaulino &Teixeira (2009) reported
2008;Virkajarviet al, 2010) when the source and the fornthat the lack of N fertilization and less frequent grazing
of application recommended for each situation aresulted inloss of 57 g of C per square meter per year to the
disregarded. atmosphere. This report confirms the importance of N
In the non-irrigated experiment, the interaction betwedertilization on GHGs mitigation.
N rates and seasons was significant (p < 0.05) only for the Table 3 shows the &fct of season in OMP
rainy season. This result can be attributed to a highaccumulation of C and accumulation of {1y marandu
rainfall recorded in the rainy season (> 900 mm) comparggdass in the non-irrigated experiment. There was higher (p
with the rainfall recorded in the dry season (< 200 mny 0.05) OMP and sequestration of C and, @Qhe rainy
(Figure 1). The primary ion-root contact mechanism in theeason due to increased water availability (> 900 mm)
absorption of N is the mass flowhich is dependent on compared with the dry season (<200 mm) (Figure 1). The
water (Malavoltaet al., 1989). Therefore, low water water stress affects various physiological processes of
availability may limit the plant metabolism, uptake of Nplants, generally increasing the stomatal conductance,
and, consequentlthe plant productive response in termseducing perspiration and hence the,&apply to perform
of production (Primavesit al, 2007, Pinheiro & Chaves, photosynthesis @iz & Zeiger 2009).Therefore, biomass
2011). According to Lopest al (2005), the DMRand, production and C sequestration by plants are compromised
consequentlythe OMP the sequestration of C and CO in environments with low water availabilitgven when
by grasses during the dry season can be 70% lower ththare is adequate nutrient supply
in the rainy season. The highest OMP (3686 kt had Losset al (2013) evaluated the effect of irrigation in
sequestration of C (2136 kgHand CQ (7846 kg hd)  the stock of total organic carbon (TOC) of an Oxisol with
were recorded with application of 162 kg'\in the rainy Cynodongrass and found that the irrigated area had the
season (Figure 3). highest TOC values, regardless of the depth of evaluation.
Carbon dioxide sequestration per cutting (7846 Ky haThe authors attributed the result to higher production of
was extremely high and confirms the beneficial effectgreen mass, under irrigation. It is noteworthy that the stock
caused by N fertilization and irrigation compared with thef C in the soil is derived in part from the decomposition of

7000
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OMP, C ¢ CO, (kg ha'")

0 50 100 150 200
N (kg ha')

2

—e— (OMP) y=1266.5023 +23.2430 x-0.0700 x> R’>=0.96
—— (C) y=730.0200+12.9304 x-0.0380 x° R*=0.96

—4— (CO,) y=2652.8033+48.8755 x-0.1444" x> R*=0.97

Figure 2: Means per cutting of the estimates for organic matter productivity (OMP), sequestration of carbon (C) and carbon dioxide
(CO,) by marandu grass as a function of nitrogen rates (N) in the irrigated experiment.
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Table 3:Mean per cutting of ganic matter productivity estimates (OMP), accumulation of carbon (C) and carbon dioxijibfCO
marandu grass as a function of the seasons for the non-irrigated experiment

OMP C Co,
Seasons
kg ha?
Rainy 2850.02a 1653.15a 6067.05a
Dry 1229.51b 678.33b 2489.47b
C.V. (%) 13 15 15

Means followed by different letters in the columns are significantly different by the Tukey test at 5% significance.

8000
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—e— (OMP) y=1206.5243 +30.5694 x - 0.0942 x> R>=0.98
—=— (C) y=699.8382+17.7318 x-0.0547 x° R’ =0.98
—a— (CO,) y=2568.4142+65.0753 x-0.2006 x* R*=0.98

Figure 3: Means per cutting of the estimates for organic matter productivity (OMP), sequestration of carbon (C) and carbon dioxide
(CO,) by marandu grass as a function of nitrogen rates (N) in the non-irrigated experiment.

Table 4: Mean per cutting of ganic matter productivity estimates (OMP), sequestration of carbon (C) and carbon dioxjde (CO
by marandu grass as a function of the factor irrigation

Experimentst omP < co,

kg ha?
Irrigated 2540.24a 1454.44a 5374.70a
Non-Irrigated 2039.24b 1165.74b 4278.26b
C.V. (%) 17 15 15

1 Means followed by different letters in the columns are significantly different by the Tukey test at 5% significance.

plant residues, which at some point capturegi@®n the marandu grass gble 4). Irrigation provided increments of
atmosphere to produce biomass (Ministrgficulture,  approximately 20% in sequestration of C and Gfnpared
Livestock and Supply - MAR, 2011; Matheus, 2012). with the non-irrigated experiment, contributing
Thus, the results obtained by Lastsal (2013) confirm considerably to the mitigation of GHGs.
the benefit provided by irrigation in the mitigation of  The Brazilian herd contingent associated with the large
greenhouse gases. area occupied by pastures point out the importance and
At the end of the trial period, not considering the effeémpacts of livestock activity such as GHGs emitting source
of season and N rates, the factor irrigation was predominant as a drain, depending on the management used
to maximize the OMP and sequestration of C andiO (Saussanat al, 2007). Itis therefore essential to optimize
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atossolo de Cerrado sob pastagem irrigada e de sequeiro. Cién-
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