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For more than a century, we’ve
recognized that the movements and availa-
bility of many chemical elements at the
surface of the Earth are affected by biology,
defining an interdisciplinary scientific field
known as biogeochemistry. With the Earth’s
burgeoning population and increasing reso-
urce demands, humans now have a huge
impact on the movement of geological
materials at the Earth’s surface—in many
cases more than doubling the natural
movement of materials in the Earth’s global
biogeochemical cycles. Indeed, the impact of
a single species, Homo sapiens, now domi-
nates many aspects of the Earth’s biogeoch-
emistry, with deleterious effects on the
environment both locally and globally.

Human impacts on the carbon cycle are
well known, yielding anticipated global
changes in the Earth’s climate. Likewise,
human impacts on the availability of
nitrogen, largely to improve agricultural
yield, leave their mark on greater levels of
water pollution in rivers and coastal marine
waters. Nitrogen that escapes from agricu-
Itural fields, largely as ammonia, affects air
quality, especially fine particulate matter, in
regions downwind of agriculture. Other
gaseous losses of nitrogen yield acidic rain
and depletion of stratospheric ozone.

Human extraction of a wide variety of
chemical elements—boron, copper, lithium,
mercury and vanadium—ifrom the Earth’s
crust now vastly exceeds the natural release of
these materials from rock weathering, yielding
high inadvertent pollutant concentrations in
runoff waters and potential resource depletion
for future generations. Our extraction of
phosphorus from the Earth’s crust is likely to
deplete the global supplies of mineable
phosphorus within this century.
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We wrote this textbook to satisfy the
curiosity of a growing cadre of students who
are fascinated by the role of biology in
controlling  geological  processes on
Earth—from the earliest dawn of life on
Earth to modern times. Understanding the
role of microbial processes should bring
some humility to the human species;
microbial processes have stabilized Earth’s
surface conditions for much of its history.
The current impact of humans is upsetting
earth system processes, with impacts on
climate, stratospheric ozone, seawater
chemistry and biodiversity. Nearly all
environmental problems that face us have a
chemical component, which must be
understood from the molecular to global
levels.

From the beginning of our work on a
textbook for biogeochemistry, we wanted to
have an edition in Chinese for students in
China. China will play a huge role in the
health of our environment in the coming
years. Graciously, Dr. Shen Yu of the
Institute of the Urban Environment in the
Chinese Academy of Sciences, offered to
guide the translation effort with his
colleagues and students. The result is a
delightful volume, which we hope will aid a
new generation of students in China to
continue their work to stabilize human
population growth and its impact on our
planet. The alternatives are less certain and

less desirable, both for us and our
descendants.
24 May 2016

William H. Schlesinger, Lubec, Maine, USA
Emily S. Bernhardt, Durham, North Carolina, USA
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Yarad = Yo ax
F1E 1§ 7
e 2
1.1 t4aREHIkiLE? 3 1.32 &% 9
1.2 HWIkE—MERE 4 133 RRERLE 11
1.3 #HARRE 8 1.3.4 A 11
13.1 #aEh 2z 8 1.4 Lovelock HIZ I {Ri% (BNiFkE—

NEIER) 11

1.1 A=A ERAL 22 2

A RBATT AT CALE TH: F B R () DR 9 R0 HH: Ft g v (1) 2 Sy e Ll b3 R o 4 2
gy AT DAFEHE R B TR RSO B v I B VKR () 2 h 3 B A s BnT DLAESE
E A4 Je BT (pH<<1.0) B4 X J2 K AR JE el Pk s R 7K 4k B Ak iy . A
35ACAFHT, B R A dr DA TFMR TR A T RO/ AR S . Xt
A ar R AR FE ), sCARED ), sBLEA] A ST AR AR B B R IR .
WA s Ve KR E, JRATE BRI PO A A R, X A A i KR
HFEFEMIR M TE A FF o A ARS8 = R I AR AT T I RS 1T 21% K44
o XAE[R] T IR i A FE AT M BRAE AR R B A ML T, BetnAR Sk, mTRAR TRk i
A IUESE R, MR 2T AR L R 4ERs B sk e & /E - . #dlh
bt, AUEHERAE AR (Sagan etal. 1993).

VA 100 47 52 ) APy BRA A AT TR B AR A B 2 G P ANAE Y, AR T
R LT TR BN A0 E (AR Sem) I ERIL: (Vernadsky 1998). SZfp b, HFH0
PR S b ERA iy (0, AT IRAC BRI A 2 R AE & & N A A ) 45 R (Reiners
1996). —SEHBER[EATHRAAE, LLUE Sy, F=5HIK AR 265, YuE T AR R
RN ART B . HE, HAREYE, WSk, AR, BRSO 2 T A
TEAERI SN A ar il ARk ) “ 2B (bio).
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AR, KEMUFSER AR 22 b st 8 T AR R R s . AR en™
ARRRHEAEA 3 m B OKSUE AR IR B, 2 T 25 2000 54 LK ) B
(Pearson and Palmer 2000). [F]if, AR — RN W SRS T AL AP 1E AW
FERAZ BZ T SLA, i B4 CR Y MK SR 1 52 284 (18 F (Rowland 1989).
AN, T FRIEAEK 70 /LN, BAVEFEREA T ORE R AR, g5 S ETE
HRARVRIR S, V5 G R AR AR (5 12 T2) o FEBRIE RN T Ath A 235 B8 45 7 4l 3R
Hrfa & tk— ML RIS 19 2 17K (Monteiro and Furness 1997), SEUFZ MFr M0
ENANFRIEHEH. 2488, NEIFAE S R 22 PR 58 (156 — A, FUZ IS AR
TEMAT IASZ BRI S, v RES S A B B IR AE AT

1.2 HhERE ML RS

UG S B A 2 A S P R TP O SR I 2 SO —FF AR R A 2 K
EAET—MOFEREAS . A ASRNPIEN R AR BRI S: . (EIRZ T,
YIRS — MER LI B ZOR U — B R, R NG, IR FERAG.
RGWEZ AL, KT HBRGE MU RS, T EER RS, BT D80
APEAF TR B RATR R . X — B P R G R B KM Re =PIk a), Ai4dr
FEARTFRA S H 47 (Falkowski et al. 2008)

A B BRAY 27 ST 28 1 2 ) S ABE BRI IR A 47 1) b TR 3 [T A0, 27 Rl BR AL, 27 B
BEIFANSEAR o AN TS50 A 5K, FRATA W G MR BRSSP LAFRAT TS Y
WA IRAEAES ARSI IR o 41 RIATI BRI RO P A U R S A H
(CaSO42H,0) MIPIIRA K, HBATRATL R AR JUAR P8 UE 3K AH G 72 5 7 1 5t
kR (Garrels and Lerman 1981), S HIXAE A SCHEAIE A TUEWIAHOCHIAL, 172
T B INFRATDNS R AR A AR L, R AR Py ER AL A R A K o U 5 A
RITGIN &5 A —Fn], BB 2B IE .

HBRORGL CIN RS A D IR A8, FEMR AR, Kk, Adhakib
KA ARSI IR . 28911, AR RUMARSIERI D, RN AR I Kt
SPHTIR, A ARG AR, R AN AL . XA R R AL AR I AR A
o, AFRIRATT A M ERAR Z R AT AR AR PR IR . BRDIH i, A SEPiPr,
LU an i 3R (1) 5 H St 5 3 AR S8R P A B A IR T AP AL AN, ARAE R 5L
b ORI AR IR SRS AR

FAASBLRY — RICIER IR A AR A D PR TG Bl o BT U Ay Pl 2 e b ask |-
BT AERBER I RN Y. FEE 2, dEERRI S 6 A&V F B I T 4 i (1 5k
Ko X T BB A7 TR A LU KA COy EZETPE N JEERRS CO, Ik
JE— M IAE AR 8 H (K 1D IXFFESERIAE LT R, IR CO,
WL BB = 7K, VP2 MY CRIRECE VR, AN i) e Re sl . 48K,
AL L Z=AR A KA AL A B IR s B m] e A M %, (HE A A 4FE TP AN Z 1 R

© —SURF K A B 8 SO BRAEAE AR i () DA 2= 1) o FRATTRS A A P 52 ST DIt ie . AR e i 5 A Ay
— XMk FATHIEDIRE E SCAMEA B E R TE, i B CLER T R pra R D RE P I



RBHAUEL AR RS SRR AT 2 B LA

-100 T T T T T v T T T T T
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400 ' ?"c~
-500 F v -
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©
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CO, concentration

360 : : : : . :
2000 2002 2004 2006 2008 2010 2012

Year

1.1 RS2 CO, il Oy AL . O IR FERIASAL DAL H Rl —FEACH Ny IR LU R R R . RS
O, WHAE 5 B R IRAR COL WREEAN N, XA Ree T Ak sk A /ER AT S Y .
KU§: Ralph Keeling, ARAKEHIE, TIRMEHFAL.
Fsh 30 Oy/Npratio: Oa/N; Hiff: CO, concentration: CO, #efE: Year: 47

A PRI [) ROBE R it AR ARl 1R K /N B G LUK N s 3 B 21 B/ TAEOK ) 5 P
WA LA . [FIRE, AHLBAEAELE 3 /LT A R 2RI UG, K2 3 BT IR/
AN IRTE . A1 R AL R PR AR D v 0 2 D, HOE,  SXFE B I AT e KR A
)85, WralREs MOk A . AR, BRAERATIA N BIX LeF IR AR e . R ARGtk
TR, FHH IR ERRY, ASRBAE T RSO 1 AR Y MR AL 272 ] BE 2 1R 11

TULA5 W 00 28] 110 4 R AR A 06 Z0UAE W) T P AN A A TR DL T I Hh R R 48 b 15 3]
R . BARKA COL R BEMAR A mT LUt Ik it 25 80 J54F R ALK EE UK ) COy IR FER
IARAATF UG UE o IX 6 73 47 IS COp WRFER H T SET AL UK Vostok LI UK L5
(B 1.2) 0 FE3EAS 80 JT4F [ s rh, KA CO e Bt B S v AEL Rk | 1) o IR AL TR 9 9
UK A 55 BRI (R Al /N AR AT 5%, IX LA /INAR A3 T i R ST 28] PR A I 6 S5 i
(Berger 1978, Harrington 1987). &3 — XK IHHEIA (2 JT4FERT), K CO ML N
180~200 ppm. [ AE G —IRUKNHEE SR (1 JT4ERT) I, KA COL 3K EE 2RI n, IF
FEE LR 280 ppm LB TMV g FF4f o d5e 5 — IRUK)IHE RN, R COL W FE IR DR adi 4
ATREINIE T Bk, UK R L (Sowers and Bender 1995, Shakun et al. 2012),

® 1ppm=1x10"°
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T

A

Temperature anomaly (°C)

CO, (p.p.m.v.)

% T v T S T T T

0 ' 160 ' 200 360 400 500 600 700 800
Age (kyr BP)
1.2 K CO WRBERRLE R 80 AR, RUMIKHRL 51K COL R BEATNS I L 12 J74F, S
TR A 6
K Luthi et al. 2008
B COp (ppmv): COIRIE (AR ppm); Age (kyr BP): 5% (T4, #i4°); Temperature anomaly (*C): #REAML ('C).

AR BE— IR TR COL I, FATTAT PRI AR K CO, W FE LAAR A i) 2
BB T AR 400 ppme 1X— CO M FEPRETT R4 T~ 8000 4F {if ASRAL A2 B A
FEHERD) S ERZL I (Fluckiger et al. 2002) . 4 5 25w RURS i 000 4 K 145
R FE RS COL K 5 R A BRAR NG, (HJE, ARS8 30 )4 BRI AR AL AL 03— A
KRB A 2, LUIA T e SRR (Crowley 2000, Stott et al. 20000,

H sk BT 2 B0 SOBIHLRIR G iP5 A RS, XA AR R EAR 215 T ig1T
AN e, HEEOK1 Robert Berner AUt ) [A] S/t SUAEACRE R RE#fHHAR TIRIR -
ek R AT A 0] b R A A2 A S KA 2= AR EAE - (Berner and Lasaga 1989). %A%
MM EE T CO, It MAAHEAFEH KR KAATH COy ¥ T MK ¥ B fik 1R
(H,COz), SHRD WA RN, RS fA XA CPEILES 4 ). A KAk ™ 4 W) it ]
KNI (K 1.3),

TR, KA GBRIRES) AN DR T DUR T, IR A At BR ()
LJEHE ., RS TP 2 B R, BSAEER A MRS, B DL CO, BNk
LT R R TR R o fEhER b, fEid 26 2 247, #EANEE b7 el i FEIE R (Muller et
al. 2008, HBERA= A (1) LIS IodiX — AR, (EL AT B bR b A AR 4 A
WRPRUTIERE AN KT, $2m T AR PO #8 0 .

TRIR-TERR A A2 — MRASEAY, ok /e Fshige P mte e —n, JHH
ANTR) 22 ) 2 [R) ) S0 T f v A DRI N TAD T AR 4 o S B b, SRR B E — > B R R4,
KLLPE 2 1R Ry C O BTN S 5 1 e 5 A v A 3, BAYRZ K COL IR EE, X R Ge Tk
SOV R0, EAEMRRS IR AR S R T BEIEAAEAE . LLan, 4000 J7 4Ry AAHTH
KLU I AT IS 3 v TR COLIREE, FF5 e T4 Bk8 g (Owen and Rea 1985).



CaSiO; +2C0O, + H,0 |
—_—
Ca®*+ 2HCO; + Si0,

0 d
carbonale sllell.s (CaCO3 ) f
Cca* + 2HCO; —> €aC0,+CO, +H,0

Subduction
CaCO, + SiO, —> (CaSiO; + CO,

1.3 HhERR TR ARG A BAEH . KR CO MK WIMER 2 CO, i TR K T IS 55

B, LAERIE (HCO;) BN, TBHRITRAY), /o Emraigthsi . Hixe

BRI e MR VR 2 bR S . T A I, CO, BB IR A e

Ki: A Kasting et al. 1988

P& 71 3L : Weathering of silicate rock: fEfRE:11L; Tons carried by rivers to ocean: 2Bl ik NifF¥; Organisms use ions
to build calcium carbonate shells (CaCO3): AEHFI B F4E M BkIR 55 15 Increased pressure and temperature: AW T =i 1)

JE JJFIELE : Subduction: HbEHE .

FIREAR R A B, Ty ok ASRERAE ) KA CO, & I 1 Rtk
ARG ECE IR CO = (PEWLES 11 &),

T RAOR A AR A, B R A AR A AT BE it 2R W N 0] b Bk 3 1 4 7%
SR PR g i R UIE A o =2 AT 3G T M 3 KA COp B CCHD ML IE Z(N,0)
S TC T ORI, AT H e g R A R R Bz RV . XA A
FEARLR), DRI A BRAH b R 3 B AR Ak SRR AR ) B b AR A R s T R ) B AR
HHER .

NGB AR A R Al BRI R b Eotn, 9 NGBS 0 3842 ik
I, AT A E IR DO, AR IRIAE I IR DT A AR 1E % (Wilkinson and
McElroy 2007, Syvitski et al. 2005). 5K CO, &b —#F, BIAFED) LI K2 ERIZ
AR A 2 R TR T AR A RS (R M e 2 . IRV RO AR 4l e A S A 1) 45 2R
(Worsley and Davies 1979, Zhang et al. 2001),

55 M SR TR R XA S B AR REAR LG, NSRRI S ORISR AR 42 S8 ™ A S5 1
oo T aX Led) ik N AP ) S (Bertine and Goldberg 1971). Lbiin, XHSH™ ) FF
SRANTNAE FH AL B (P ) 7E A BRI IR ik G n 1 27 10 % (Martin and MeybeCk 1979).
AR, MR P S RIS A2 Po AR EHEARDS, JUHEE Pb VO
(Trefry et al. 1985). Xt T Pb fEHUERR I FARIERE <Martee1 et al. 2008,
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Pearson et al. 2010)-

AR, SEREGREIH M AR B GR 1.0, Hrhp— g Jmgor
R RS, IR BB X % (Boutron et al. 1994). Ebfm, it Zim—AMh4d
RIS = T 462 >% (Greenland) VK)Z=H7k (Hg) ML (Weiss et al. 1971). £ Xf
2 34 000 Al OK 25 H He YRS EORAE 4K (Vandal et al. 1993), A1 difrit %
KA He AE451s 5t FASSET M He Uil [FIFE, AR5 ML KAIGH MY L m
WA AAEH IR R GE ) FARIEFA TS 50 T £ 1A%0 (Nriagu 1989)

F 11 —ETERAXRSPEE

f1 24 A
T il NS EVIAURHE
RN TR (LA
b Uk

B CAD 356 500 132750 8.4 40 000 32000 0.15

2% (Fe) 190 000 87750 3.7 75 000 32000 0.38

i (Cud 100 93 0.012 2200 430 13.63

BE (Zn) 250 108 0.14 7 000 1400 23.46

#r (Pb) 50 8.7 0.012 16 000 4300 345.83

a. AT I0EER S 10% glyre
SKJf: Lantzy and MacKenzie, 1979, #ZHUEH o

1.3 WF 78 N B

VER =115 R0, APy Bk A7 HATAH 2 [ 0 2% (B R Ta) RUBE, 045 7 48 8 75 1
BRDT S BEAR (L =D 20 7B 7 XM AT A 2 S5 R A AE A 2 01 1)
(R SAARE T AT A AT Le A Ak 27 SO LA S 3 5175 5 /42 (Newman and Banfield
20020 Hk DRI A AR b sk A 2 SR e k0 0] R IR OB D T AR TE IR, B
FRAT 2P IX SO IE R )KL (Fierer et al. 2007).  AEF2E SR ) S W00 AR AL,
T AR 257 SR A 5 TR SOULER T A ST TR e £ R #%

o T UE A A IR TP A AL, DA IR ARG UK 5 IO AT
RAGIR IR 5L o RARFE FMT TS R SARIE] (1) N 40715 S BRI RS Rk o [N, K
BIUAR T PR 28 R A A A3 A b R A 2 SR e M8 A e R EE UL sk, 00 4 RO 5V
(Running et al. 2004), LLASREFVPERIRGEH AL TR (Uno et al. 20090, F5E |,
AR HER 22 R e B AR AR )32, VF 2 22 AT DU B AT T3k N 3K — 8 ik 1)
TIN R AR, 18— AR K I E ok A TG 2 RhE st T 1R R .
SEIEE, OfF SEEARREE, BN g,

1.3.1 #HshhZE
PN A A (A A B, RIS S NP, A5 R BRATTRE S AT A — P i o5 —

FE AL, JF ISz SN RN A, P A AR B e (G)o o2 RO I i I
B REAR — PP, W DAEA SRS I B, R S KB 45 s EEAN 2 73 1) e K



B WAl 9

TR . AR IER AT, AW RG] L@ AP 41, B AR 3Rk B BE B R HK
TH LS m B K TE RS (1 S Y. o

RS2 — A R B i A, e — NP IR G- A1 BORE 40 i P 5 R A0 2 TF
I MBS T — RIVRF BRI 07 AR T2 — RS Re AR 59 M it . tedn,
FITFPHAN B S 8] ) JeAN 75 22 83 keal/mol, 1T ] FF CO, H i S WU 75 22 192 keal/mol
(Davies1972, Morowitz 1968). 7EiGFAI 2, LB AEMIFEITCHE—K (C) & (HD.
A (NDL (0D, B (P FIEE (S) ] KHB 7 XU H RE A PR AIG, Bl I Bt e AR NI
) “CEH B PR 7 %) fEAT AL O FRAE R, B 19 G
SAAE ] WIS TS i A B, J0E) D) 2% n] TN I L6 A= Py 4 43 [R] INE = AR 1) CO,s
H,O Il NO; 25 B4 ey o SEbn b, MM G, XU RNV EH SR A . 5
YR ZIRE S kb 7 AR R B R A RE SN D) 2T A, LB R s R A TR R G

NGV, PRSP RER, JRR mRe i G 1) CO, A S5 1k, FRARE N
S AP e e . AR TR, sl S, R DS R ) B e
A Can Oy I FAR PR sRAFIX e . SR A L Ik S Ak AT HLA 0 1 e
Tk, HoRAAH COye A — RINFABACUT ISR R AE T H AR I A (PEILES 2
TG 7 T, (HEARF RN, AR A ES L I H - 7E ) TR A BOA SR TR R Bl 3k
P31 o AR NS T RE A LRI, PRA A nl AR Hh SR A s oA B 1 A AL AN S A I
TS G M SRR 2 A At R, BN ) AT R AU TR — AN B — PR AR R, T e
e CLLUnE I A/E D AN AT REAS 21 T .

H R TR BT (30 B Ak B BFRGBER AR (FEIWEE 2 35). iFE O, 2 LA
B A, NGB IR Oy MR s RE ORI A R Bk, KM EH
RERIICK A T U5, CFE S R I ST 40 i o ST A0 B tH IR )7 T i K () gk 4k
AL B, TR BRI 0 Mgt A B SO A R ) T 40 15 144F (Knoll 2003). A LUHE
WAL, FAZAN M EA P] e ST O IR FE T 2 1 A RS AKF e A4 R A o
W2 U, AR R R R B R, S = AR 1S DS R I S R R 1
FFRAL, TLANMISAT I A OV R B R, AT () AN s A A
Az e« EE7 TR R

132 itE%

AP ERA A2 (0 5 2 R T A s ) oy Cngfde . RO EE) A4k
TIRTCHEM G . Redfield (1958) KN, VRIHEYED T Co Ny P ARtk
%, il Redfield tffi] (Redfield ratio, #EULAT 9 #). Reiners (1986) HFiX—n] fiitill )
T IS R R AR 2 R A b, A EATT ) DAL I 5 — oo 28 i P o —
MOCERAELESRGT I . Sterner F Elser (2002) Bl 2 E L EA RS S M FNTNREN)
FERR R AR AR KA AT I T3 R rh U R AR A R GELER 6
T, MBI R E MR Gt deRe T BRI AR (PEILEE 8 ). —LEghiva sl
ST DA B . PR AL @ ooER, WIS Bl T A AL P )

BAR AR AL BAT T LA AE YR rh oo 22 PR L, (R AE W R Tt 2 LU HAME
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AP 2R B B LB A TE T o Loln, — NI b B — R SR LEAN R R ) ol
A, HEBE LRI Redfield LUfE (Klausmeier et al. 2004). 444, KA
Yy KA AN AT R A AR =4 CORGH5) a5 RS R ot CanAR Sk sl k)
ZH /) (Reiners 1985, Arrigo et al. 2005, Elser et al. 2010). MR X Foki, mZ2AF A0
WT YIRS, AR g W ge i = e AR ER (Manzoni et al. 2008) FHf &
(Sinsabaugh et al. 2009) i WA [R5, RIS A e R A I T 2P 46T

FUemiE, R ICR R KEICERIEI . i, ORISR Z 5 R A %
SAEPER BN IR o AR RIS, TR E 5 i SO 0w [ U R Rk
(Stock et al. 1990). Z: 5 [H %A (1[I %l (nitrogenase) 5 TERAIH. 18] Z 1
7, Falkowski &5 (1998) i HL[fi by v - 438 AUl A A (1) 2k T 42 45 52 1] A FH 5%
A T [EIRE, ABEREN KPR, MY o7 A5 B IR E R IR e, B
ST EW RS 8% (Shaked et al., 2006). BRItL, 26/ 25 R GEAE 77 ) (K3 nl LA
T8 VAN N B 7T 2 AR B B AN I T SRR A SR AR RS (Arrigo et al. 2005) 6

JCE I B S AR RS & . AR TR S SR XY, AR
EAES B AW E . TCEAURE A A Py R YR T8 P AR e kR 0 A1k
I J5UR Y LT A 4T (Morowitz 1968, Falkowski et al. 2008) . #5&rfQHEH 51T 1.4 .
H1) LA R TG 3138 s (1) [R] IRk AT F PR C R A AR A o S BR B A R A QA7 FH 30 mT DA I
NIXAFREA, —LEAHAR (1) 77 4% AT LLTBON SR el HoAth 8 g oo 38 B9 AIAT o IXANHE A
&7 — R VIHER BT RERAERACSIE R, KB AERAHFAE (Bartlett 1986).

Oxidized Reduced
H,0/0, c N S
o Photosynthesis
S X c0,—s C
FES H,0 — 0O,
~N
b=
3
Respiration Denitrification Sulfatg-
Reduction
(¢] C —COo, X C —COo, c o
—_ —_ >C0;
o, H.0 NO; N, 50, H.s
Heterotrophic Chemoautotrophy
> Nitrification (Nitrification) Anammox 5
o NH, — NO; NH, — NO; NH, + NO, N, + 2H,0 :
S 0, —> H0 co,—> C
o
@
= Chemoautotrophy
Sulfur Oxidation (Sulfur-baseq AuFot.rgph.lc
% S 50 Photosynthesis) Denitrification X
0 ? H 6 S —> 50, S —™>s0,
2 2 co, —C NO, —> N, /NH,

14 FEFHEARIE RS SOV BN A AR R 2B A sl 2 AR id )/ B2 Lo E, [F
AT BT R

K : Schlesinger et al. 2011

P30 Reduced: i8J5; Oxidized: %4k; Respiration: WY/ FH; Heterotrophic Nitrification: 48 i1k 11 H; Sulfur Oxidation:
48 1L/E HI; Photosynthesis: Y64 1EH]; Chemoautotrophy (Nitrification): {42% H 3L AE H]; Chemoautotrophy (Sulfur-based
Photosynthesis): 142 H & & i 61515 Hl; Denitrification: S LAE]; Anammox: B4 4k; Autotrophic Denitrification: H
7 A AE ;5 Sulfate-Reduction: i i J5i4E H o



