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Competéncias e Habilidades

Conhecer os ciclos do Fosforo e do Enxofre;

Reconhecer a importancia dos micro-
organismos do solo para a ciclagem do fosforo
e do enxofre;

Entender os processos microbiologicos
envolvidos nas transformacoes dos elementos
estudados;

Reconhecer a importancia dos micro-
organismos para o manejo de fosforo e enxofre
nas praticas agricolas



Transformacoes do Fosforo



Ciclo Biogeoquimico do Fosforo
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Reservas de Fosforo

Tabela 10.1 - Reservatorios naturais de fosforo na biosfera [Stevenson, 15%4)

Reservatorios de P

P total x 10'2 (kg)

Reserva Mundial : 69 bilhdes de
toneladas

Exploragéo do fosfato em Bu Craa, cidade do Saara
Ocidental, dominado pelo Marrocos

———————— Oceanos ---—---—-
Sedmmentos 840.000
Dissolvido (P1) 80
Profundeza (detritos) 0.63
Biota 0.050-0.12
———————— Terrestre ——-—-—-
Solo 06-160
Rochas fosfaticas 19
Biota 2.6
zigua doce 0,09
Produc¢ao de P
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https://geobancodedados.wordpress.com/2014/05/29/fosfato/
https://pubs.usgs.gov/periodicals/mcs2020/mcs2020.pdf

Formas de P no Solo

P- Inorganico

P- microbiano
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Quantidade de P fixado no solo

Formas de P no Solo
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Formas de P no Solo
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Formas de P no Solo
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Formas de, P no Solo
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Ciclagem de P no Solo

residucs organicos
(animal e vegetal)

!

| P orginico |
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Mecanismos de solubilizacao de fosforo
ZAN

Micro-organismos

Bactérias

Bacillus

Micrococcus,

Pseudomonas

Burkholderia, Acidos Organicos

Rhizobium, Acido Gluconico,

Agrobacterium, Cetoglucénico

Azotobacter Citrico

Erwinia Acidos

Streptomyces inorganicos
acidos nitrico,

Fungos sulfurico e carbénico

Aspergillus

Penicillium

Micro-
organismos



Mecanismos de mineralizacao de fosforo
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Manejo do P do solo

Fatores que Manejo da

influenciam a Microbiota do
disponibilidade P Solo




Manejo do P do solo

% P na BM - 1.4 a 4.7% (C/P = 10.6-35.9)

Soil microbial biomass P (g P g soil )

| 1 | | | | |
o 250 500 750 1000 1250 1500 1750

Soil microbiai biomass C( ug Cq’'soil |

Fig. 1. Relationship between phosphorus and carbon in the
soil microbial biomass. Encircled value—see text.

Brookes et al 1984 Soil Biol. Biochem. Vol. 16, No. 2, pp. 169-175, 1984



Manejo do P do solo

Table 3. Soil biomass P expressed as a percentage of total soil organic P

Total soil organic P Biomass P

Soil Agricultural - - Biomass P as % of
No. v_histm'y (ug P g7 soil) total soil organic P
1. Arable 180 6.0 33
2. Arable 210 5.3 2.5
1. Arable 243 7.0 29 ( 3T £02
15. Arable/grass 810 27.5 3.4
7. Arable out of grass 270 21.0 78
5. Grassland 330 723 219
8. Grassland 352 61.7 17.5
10. Grass/clover ley 190 15.0 7.9
12, Grassland - 210 120 s7f 137x33
13. Crassland 500 24.8 5.0
14, Grassland 200 48.6 243
4, Deciduous woodland 350 67.2 19.2

*Mean and standard error.

Brookes et al 1984 Soil Biol. Biochem. Vol. 16, No. 2, pp. 169-175, 1984
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Mo,

Site and cropping history
Broadhalk Plet 03
{Continuous wheat)
Broadbalk Plot 08
{Continuous wheat)
Broadbalk Plot 022
(Conpnuous wheat)
Aroadhalk Wilderness
(Deaduous woodland)

Park Grass Plot 3a
{Unmanured permanent grass
Park Grass Plor 4/1a
{Permanent grass)

Highfield Permanent Arable
(Arable rotation)

Highficld Permanent Grass
(Permanent grass)
Mon-experimental Permanent
Grassland (Highfield)
Woburn Long Term Fhospha
(Ml Plot) {grass/clover ley)

‘Wobum Permanent Arable
{Arable rotation)

Wobum Permanent (Grass
{8 yr grass ley)
Saxmundham Rotation [
{Bonzmeal Plot) (grass ley)
Counteswells

{(Permanent grass)

Tarves
(Bariey/grass—clover/rools
rotatian)

Total ™

0.371

.453
0.423
186
0.322
357

0120

0119
0nIs
0.154
0. 3%0

0332

Organic C

B

.77
1.04
2.69

413

L.149
121
.76
261
290

Towal P —
©
(053
s
0. EX)

008k

0061
0192
095
078
092

.06

LU
0.074
0.082
002

0202

P extracted by 0.5 M

MNaHCO, from

non-fumigated soil

T6.0
B3

LU

il
8.3
53.2
10,0
124

6.5

4L
o X
6.5
7.2

674

(g P g soil)

i4
2.5
9.1

4.9

249
4.7

15.1

533
336
9.6

1018

Brookes et al 1984 Soil Biol. Biochem. Vol. 16, No. 2, pp. 169-175, 1984

ams i1y
Soil Biomass C Biomass P % P in biomass®*
No. (kg g~ soil)
l. 158 6.0 1.9
2. 190 5.3 1.4
3. 342 28.9 42
4, 715 67.2 4.7
5. 1627 72.3 2.2
6. 1379 106.0 38
7. 303 21.0 14
5. 847 61.7 36
9. 112 876 39
10 300 15.0 25
11 99 1.0 15
12 148 12.0 4.1
13 635 24.8 2.0
14 569 48.6 43
15 492 27.5 2.8
Mean and standard error —
Slope of regression line 3.25% £ 0.25°



Qual a relacao do Carbono e Fosforo do solo com a
biomassa microbiana de C e P?

Brookes et al 1984 Soil Biol. Biochem. Vol. 16, No. 2, pp. 169-175, 1984

Biomassa de C Biomassa de P
1800 y=228,07x- 24,438 120
1600 * R*=0,596 *
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Qual a relacao do Fosforo Organico e Inorganico do
solo com a biomassa microbiana de C e P?

Biomassa de P Biomassa de C
120 1800
y =-0,3469x+ 49,804 *
100 * R2=0,093 1600
1400 *
o L 4
g 80 g 1200 —o
® : « 1000
a 60 * B dep 8 go0 @ 4 Biomassade C
g iomassa de £
S 40 ’\ . . 2 600 —\t‘\ . .
(] \‘\’ —— Linear (Biomassa de P) [ 'S ——Linear (Biomassa de C)
20 : * jgg o V=598 TTAI2
" M
0 * * ¢ 0 *
0 20 40 60 80 100 0 20 40 60 80 100
Pi Pi
Biomassa de P Biomassa de C
120 1800
- 2
- ® 1233
o L 4 v e
g 80 * 2 1200 *
© * @ 1000
2 60 * _ 2 * )
£ * ¢ Biomassade P g 800 * + BiomassadeC
s 10 y =-0,0207x¥ 39,592 5 o _ _ _
@ R? = 3E-05 —— Linear (Biomassa de P ) @ v 3’5%‘5 22 —— Linear (Biomassa de C)
®e . 400 & R2=0,0051
20 ‘ 200 *
0% o AR
0 10 20 30 40 0 10 20 30 40
Pq . . Po
Brookes et al 1984 Soil Biol. Biochem. Vol. 16, No. 2, pp. 169-175, 1984




Fluxo anual de P

Table 4. The soil biomass phosphorus contents and calculated annual P flux through the biomass in the 0-10 cm soil layer. Crop P removals
given where available

Soil weight
Soil Agricultural {t ha~' < .24 mm Rinmass P Annnal hiomass P flux P removed in crop
No. history in a 10 cm soil depth)® (kg P ha™') (kg P ha™' yr= 'y (kg P ha ' yr~!
1 Arable 1135 6.8 2.7 9.3
2 Arable 1048 5.6 2.2 22.8
3 Arable 948 27.4 HLOL  ¢ga 417 28.8
T Arable out of grass 1200 25.2 10.1 ’ ' ND
11¢ Arable 1620 1.3 4.5 ND
15 Arahle/grass 940 259 10.4 ND
5 Grassland 952 68.8 27,57 8.0
6 Grassland 952 100.9 40.4 12.0
& Grassland 1050 64.8 259 ND
9 Grassland 1050 92.0 36.8 ND
10 Grassland 1500 25 g0 2T +43 9.0
12¢ Grassland 1500 18.0 7.2 ND
13 Girassland 1522 378 15.1 17.8
14 Grassland 1018 49 5 19.8 ) ND
4 Woodland 808 54.3 21.7 NA

Brookes et al 1984 Soil Biol. Biochem. Vol. 16, No. 2, pp. 169-175, 1984



Qual o impacto do plantio convencional e rotacao de
cultura sobre o P da biomassa?

Table 2 Microbial biomass C, N, P and § as affected by different tillage and crop rotation systems

Crop rotation Microbial biomass
C N P S
CT NT CT NT_plus CT NT CT NT

ug g~ soil

}- to 5-cm depth

TA e 223 hPAC 369 aA 234 bA 33.6 aA 10.8 aA 12.1 aB 17.0 aA 3.9bB
MW 181 bA 389 aA 17.5 bA 27.6 aA 0.0 bB 12.1 aB 16.8 aA 12.7aA
CW 145 bA 372 aA 17.2 bA 28.3 aA 10.7 bA 18.3 aA 12.2 aA 12.0aAB
5- to 10-cm depth

SIW 105 aB 154 aB 14.1 bB 23.7 aA 5.6 aB 5.6 aB 14.8 aB 16.5aA
MW 195 aA 185 aAB 19.9 aA 19.3 aA 0.0 aA 8.2 aAB 19.7 aA 14.5bAB
CW 105 bB 268 aA 8.4 bC 224 aA 8.6 aA 10,0 aA 16.3 aAB 10.1bB
10- to 20-cm depth

SIW 220 aA 260 aA 254 aA 244 aA 5.8 aB 8.4 aA 9.5 bB 14.2aA
MW 225 aA 195 aA 22.0 aA 16.7 aA 12.0 aA 7.3 bA 14.0 aA 13.1aA
CW 111 bA 195 aA 11.5 aB 15.5 aA 5.0 aB 8.4 aA 7.2 aB 13.2aA

*§ Soybean, W wheat, M maize, C cotton
® Values followed by the same lower case letter comparing tillage within crop rotation are not significantly ditferent at P <0.05
“ Values followed by the same upper case letter comparing crop rotations within tillage regime are not significantly different at P <0.05

Balota et al 2003 Biol Fertil Soils (2003) 38:15-20



Enzimas do P

Table 2. Enzyme activities in soils under different tillage and crop rotations systems.

Crop Amylase Cellulase Arylsulfatase Acid Phosphatase  Alkaline Phosphatase
Rotation' CT NT CT NT CT NT CT NT CT NT
mg GLU g'd"! mg PNPg'h !
0-5cm
S5/W 461b*A° 670aA 118aA  150aA 89bA 187aB  621bA  792aA 147bA  1B6aA
M/W 451bA  T50aA 94bA  193aA 84bA 327aA  572bAB B32aA 127bA 207 aA
C/W 490bA  929aA 86bA 220aA TobA 280aAB 508bB  B52aA 8obB 187 aA
5-10cm
S/W 392bB  6d4BaA 67 aB 9aA B0bB 204aA 482bB 633aA 103bB 160 aA
M/W 730aA 595bA  139aA 144aA 125bA  27.1aA  608aA  658aA 133aA 159aA
C/W 350bB  615aA 87 aB 98aA 4.1bC 263aA 495bB 7llaA 75bB  16laA
10 - 20 cm
S/W 496 bAB 601 aA 92aA 105aA 6.1bA 20.7aB 615aA 6BRaA 134aA  152aA
M/W 546bA  587aA  105aA  118aA 6.7bA  259aA  625bA  T777aA 142bA  191aA
C/'W 446 bB  573aA 82 aA 90aA 42bA  192aB 458bB  685aA 100 aB 139 aA

' 8: Soybean; W: Wheat; M: Maize; C: Cotton; * Values within a row of the same depth followed by same lower case letter comparing tillage are
not significantly different at P < 0.05; * Values within a column of the same depth followed by same upper case letter comparing crop rotation are
not significantly different at P <0.05.

Balota et al 2004 Braz. J. Microbiol. vol.35 no.4 S3o Paulo Oct./Dec. 2004



Enzimas do P

y=-88.84 + 0.25x -0.00009x°
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adequate. ***Significant at P < 0.001.
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4. Relationships among relative cumulative yield (RCY) and (a) microbial biomass C (MBC), (b)
basal respiration, (c) cellulase, d) b-glucosidase, (e) acid phosphatase, and (f) arylsulfatase. The
data points represent the three field replicates of the 24 selected treatments. Dashed lines represent
the limits of the interpretative classes: £40% RCY: low, 41 to 80% RCY: moderate and > 80% RCY:

Table 4. Interpretative classes for microbial indicators in a clayey Red Latosol of the
Cerrado region (0-10-cm depth) as a function of the relative cumulative yield (RCY).

Microbial indicator

Interpretative class as a function of RCYt

Low Moderate Adequate
Microbial biomass C, mg C kg—1 soil <215 216375 =375
Basal respiration, mg C kg~! soil <40 41-90 =90
Acid phosphatase, mg p-nitrophenol kg~ soil h~? <680 681-1160 =>1160

t Interpretative classes are: <40% RCY: low; 41-80% RCY: moderate; and >80% RCY: adequate.

Lopes et al 2013 Soil Sci. Soc. Am. J. 77:461-472
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TRANSFORMACOES DO
ENXOFRE



Importancia do Enxofre
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Microbiota do Solo - S

Acidothiobacillus Quimioautotroficos obrigatdrios ou facultativos
Sulfobacillus,

Thiomicrospira S0 + 1,50, + Hy0—SO2~ + 2H’

Achromatium

. H,S + 1/20,—S8" + H,0
Beggiatoa

Thermothrix

Chlorobium Fototréficos anaerdbicos
Chromatium CO, + H,S— S” + fixed carbon

Ectothiorhodospira
Thiopedia
Rhodopseudomonas

Desulfobacter Quimiheterotroficos anaerdbicos
Desulfobulbus CH3COOH + 2H,0 + 48" —»2C0; +4S* + 8H"
Desulfococcus

Desulfonema 4H, + SO2™ 8% +4H,0

Desulfosarcina
Desulfotomaculum
Desulfovibrio

4CH30H + 380,72 —4C0; + 38~ + 8H,0

methanol




Estado de oxidacao do Enxofre

Estado de oxidacio Espécie
+6 l!:!'i-lllll1i Z"Ii'.!'i’[]‘l1
T
+4 50,
T
+2 S0)
T
+1 HS0)
T
0 ~
'
-1 SH
T
-2 H,S, COS, (5,

Martins, Claudia Rocha, & Andrade, Jailson Bittencourt de. (2002). Quimica atmosférica do enxofre (IV): emissdes,

reacGes em fase aquosa e impacto ambiental. Quimica Nova, 25(2), 259-272. https://dx.doi.org/10.1590/5S0100-
40422002000200015



https://dx.doi.org/10.1590/S0100-40422002000200015

Formas mais
reduzidas

S2- HS-
H2S

Fotossintese Anoxigénica
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H,S

Degradacao
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Mineralizacao \

Micro-organismos
Heterotroficos

N

Acidothiobacillus g Noj + CaC03—CaSO4 + Ny

denitrificans
Desulfovibrio
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Desulfomonas /
SO

Quimioautotroficos

Z

HS | 7

52-
HS-

Reducao Dissimilativa
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SO
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sulfurosas
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Enzimas do S
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Table 4. Interpretative classes for microbial indicators in a clayey Red Latosol of the

Cerrado region (0-10-cm depth) as a function of the relative cumulative yield (RCY).

Microbial indicator

Interpretative class as a function of RCYt

Low Moderate Adequate
Microbial biomass C, mg C I{g—1 soil <215 216375 =375
Basal respiration, mg C kg~! soil <40 41-90 =90
Arylsulfatase, mg p-nitrophenol kg=! soil h~! <40 41-90 =90

t Interpretative classes are: <40% RCY: low; 41-80% REY: moderate; and >80% RCY: adequate.

Lopes et al 2013 Soil Sci. Soc. Am. J. 77:461-472



Qual impacto do manejo sobre a atividade da enzima
Arylsulfatase

Table &
Microbial biomass-C and enaymatic activity in soils under different managements in Brazil.
Vepetation  MB-C pg _g.'1 Carban cycle Mitrogen cycle Phosphorus oycle Sulfur cycle Referenoe
type p-glucosidase  Cellulase Urease Amidase AcL phosphatase  Alk phosphatase  Arylsulfatase
(EC32.121) (BEC32.4) (EC3515) (EC3i514) (EC3.132) (EC3.13.1) {EC 3.16.1)
pgPNg'h™' pgGlg'd™ pgNg'h' peGlg~'d”" pgPNg'h' pgPNg'h'  pgPNg'h’
Caatinga 102 G4 el nid nd 335 166 nid Wick et al. (2000]
Buffel grass 79 42 nd nd nid 264 124 nid
Joazeiro 159 187 rudl nid nid 3849 384 i
Umbuzeiro 124 136 nd nd nd 403 199 nd
Cerrados 402 47 il nid nid 383 nid 99 Matsuoka et al. (2003)
Vineyard 153 41 rudl nid nid 291 nd 34
NT 949 52 nd nd nd 281 nd 17
Cerrados EEE 26 el nid nd BEE nd 73 Mendes et al. (2003]
NT 214 52 nd nd nd 499 nd 48
T 125 24 nel ndd el 257 nel 15
CT1 146 nd 118 nd 461 621 147 a Balota et al. (2004h)
cT2 153 nd 04 nd 451 572 127 ]
CT3 170 nd Bi nd 490 508 Bi ]
MNT 1 286 nd 150 nd 670 792 186 19
MNT 2 303 nd 193 nd 750 B32 207 33
MNT 3 2649 nd 2 nd 929 Bh2 187 28
NT 432 783 rudl 384 nid 601 il i Tranmn et al. (2007 ]
Pasture 329 BG3 nd 154 nd 6a2 nd nd
Cerrados 480 322 nd nd nd 374 191 nid Jakelaitis et al. (2008]
Pasture 133 127 il nid i 37 33 i
WT 126 145 nd nd nd 354 148 nd

nd = not determined inthe study; PN = p-nitrophenol; GL = glucose; N = N-NHI; Aol = aad; Alk. = alkaline; NT, no-tillage; CT, conventional tillage. 1.2 and 3 are different
crop rotations, whose plant species were nol informed. Plant species: Joazeiro [ Ziziphus jozsaro Mark ) Umbaazeiro (Spondias wberosa Arr. Caom ), Buffel grass (Cenchrus clliaris
L.J; Vineyard (within lines ) (Vios vimifera L), Eucaliptus { Eucgipius spp); Pasture { Brachigria spp.).

Kaschuk et al 2010 - Soil Biology & Biochemistry 42 (2010) 1-13



Coluna de Winogradsky

,i""--_---"'\-\
Algas e
] . ""‘-\.‘__H'___...-—-l"
cianobactérias Air
}— Zona aerobica
Bactérias 1 -
e . e :|— Zona menos aerobica
fotossintéticas ndo- quUId .
sulfurosas (Ex: \\__
Rhodomicrobium) o
(Menos anaerdbica)
Bactérias s
fotossintéticas ~ Zona anaerobica
sulfurosas roxas (Mais anaerébica)
-,‘/,--'_"' —Zona rica em enxofre
Bactérias sulfurosas
fotossintéticas verdes L ama misturada a
(Ex: Chlorobium) compostos organicos

https://aulanapratica.w .com/2016/02/10/aula-pratica-estendida-
montando-uma-coluna-de-winogradsky/
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Exerciclos

1. Como os micro-organismos agem sobre o
fosforo do solo e qual importancia
(econOmica e ambiental) desses para o
manejo de P no solo?

2. Como manejar a microbiota do solo quanto
ao P?



Exerciclos

1. O enxofre elementar deve ou nao deve ser
utilizado como fertilizante”? Por que?

2. Como a arilsulfatase pode ser utilizada em
estudos de solo? O que ela representa?



Table 3 Microbial biomass ratio (C:N:8:P) and Cy;/Co percent- .
age as affected by different tillage and crop rotations systems” Qual O |mpaCtO do
C tati C:N:S:P Ratio Cinie! Core 1 -
"op rofation : plantio convencional
CT NT CT NT

" e rotacao de cultura
0-5 cm sobre o P da

S/W 21:2:2:1  30:3:1:1 1.5 aPA° 1.8 aA . o
M/W 2002:2:1  32:2:1:1 12 bA 1.7 aA bIOmassa ‘
C/W 14:2:1:1  22:2:1:1 1.0 bA 1.8 aA

510 cm

S/W 19:3:3:1  27:4:3:1 0.8 aB 0.9 aA

M/W 22:2:2:1  22:2:2:1 1.3 aA 1.0 aA

C/W 12:1:2:1  27:2:1:1 0.8 bB 1.4 aA

1O=2100 cm

S/W 25:3:1:1  32:32:1 1.5 aA 1.7 aA

M/W 19:2:1:1  27:2:2:1 1.4 aA 1.1 aB

C/W 14:1:1:1  23:2:2:1 0.8 aA 1.2 aAB

¢ § Soybean, W wheat, M maize, C cotton
b Values followed by the same lower case letter comparing tillage
mlhm crop rotation are not significantly different at P <0.05

“ Values followed by the same upper case letter comparing crop
rotations within l]]hm. regime are not signihicantly different at P
<0.05

Balota et al 2003 Biol Fertil Soils (2003) 38:15-20



Processo de producao de P fert

PHOSPHATE ROCK

+Hy S0,

+PHOSPHATE ROCK

. el — i i —

+ ORGANIC
MATTER

PHOSPHORIC
ACID

s M ey

+ N, K0, MgO, Ca0, S04 + M, K;0, MgO, Ca0, S0y

http://aeep.eu/phosphate-fertilizers/production/
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