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The emission of CH, CO,, and N, O in the typical forest soils of Shennongjia
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Abstract: Research on the pattern of the greenhouse gas emission from the forest soil during the precipitation reduction
would provide a scientific basis for the establishment of the forest greenhouse gas emissions inventory. In this study, we

explored the emission pattern and its possible mechanism of CH,, CO,, and N, O release from the soils of the mixed
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deciduous and broadleaved evergreen forest, Pinus massoniana forest and Cunninghamia lanceolata forest under the
treatment of precipitation reduction . The results indicated that the flux of CH, uptake of the mixed deciduous and
broadleaved evergreen forest was( —36.79 + 13.99 pg C m™> h™'), which was significantly higher than that of the P.
massoniana forest soil (—14.10 + 3.38 pug C m > h™") or the C. lanceolata forest soil (=7.75 + 2.80 pg C m™ h™"). The
CO, emissions of the P. massoniana forest soil andthe C. lanceolata forest soil were (107.03 + 12.11 wg C m™> h™') and
(80.82 + 10.29 pg C m™> h™") respectively, which were significantly higher than those of the mixed deciduous and
broadleaved evergreen forest (71.27 + 10.59 wg C m™> h™"). The N,O emissions of the mixed deciduous and broadleaved
evergreen forest soil were (8.88 + 6.75 wg N m~> h™") | which was significantly greater than that of the C. lanceolata forest
(593 £2.79 pg N m~> h™") and that of the P. massoniana forest (1.64 = 1.02 wg N m™> h™"). The flux of the CO,
emissions of the mixed deciduous and broadleaved evergreen forest soil had a significantly negative exponential relationship
with the soil temperature (P < 0.01). The N,O emission of the soil had a significantly positive exponential relationship with
the air temperature of the mixed deciduous and broadleaved evergreen forest and the P. massoniana forest (P < 0.01) , and
a positive relationship with the soil temperature ( P < 0.05). Precipitation reduction increased the uptake of CH,
significantly of both mixed deciduous and broadleaved evergreen soil, and the P. massoniana forests soil, but inhibited the
uptake of CH, of the C. lanceolata forests soil. In addition, precipitation reduction significantly increased the CO, emissions
of the mixed deciduous and broadleaved evergreen soil, and the C. lanceolata forest soil. At the same time, the precipitation
reduction significantly inhibited the N,O emission of the mixed deciduous and broadleaved evergreen forest soil, and the P.

massoniana and theC. lanceolata forest soil.

Key Words: Mi. Shennongjia; precipitation reduction; mixed evergreen and deciduous broad leaved forest; Pinus

massoniana forest; Cunninghamia lanceolata forest; emission of CO,, CH,, and N,0O
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JEA B 2011 AR LBk RS A CO,  CH, I N, O ¥ BE, 430 b Tl #E Ay (1750 4F ) B 1 40% | 150% Al
20% (IPCC, 2014)"", K H ) CO, .CH,FI N,O 7E4= Wy P AR PB 2 Il kA5 45 B 2R i Ac e, e JR—T0 7 %
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R KA oy A 7 A 2 R i AR - 8 L == S Ml AR b B E N R 22— 1960—2000 4 (8], & [F 1) LB 7K
BN T 2% , BEABRR T 10%°) . K3k, 78 SRES AIB 155 T, KA T ¥R K & 21 tH 42 /i 51 (2011—
2040 4F ) R /K 2 55080 Fa 3 IR AE -3%—0 Z ] 5 A 21 20 v 1 51 J5 4 (2041—2080 4F ) |, B 7K 28 S 34 i
P IR AE 3% —6% 2 8] "), AERIFAKS o) (LFE A K it | KGR | K 1 21 AR AL 45 ) ek A8 o T 5
M 1) R AR 9T = SR R

BT, AT — L8 T R KA Jmy b2 X RN R AR AL 28 R G A 7 0 R i whdi AR K AR | 3%
I J% A 36 HLBR AL R M O F 28 " Davidson TAN , B 7K 8 1 2028 %o ZRARHR 25 Sl B Hl il = 2 5 1
SRR AR I D 149%—45% I, HEF e i S AL R B TN 4% —102% ) {ELR A K A% SR el
G RMA SRS CH, WIS R AR RIS M . 2B SF IR 45 R W, MoK U oK e W & 5% i + 1 CH,
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WERMAEZS D LUHARE 25 2R G VR P R 58 S 1 D6 AR A8 iy R B L Lt e b A 2 DX R MBI
7R I A R S AR R i X il AR i S R o R AU AT PR A B Ay S 0 1Y ks R IR SS bR, B R AT
Py FA DI, S G BRORAF T B o SE 0 A0 e i el IR SE AR, Ak U2 AR 1 5, A I D7 U
FIREE W KO Jm P TS , S M S BT FR AR ME B S I OCRERI 27 R 3 A iy 1k, 5 6L
PAHT SR I5 I R R 3SR R HOR S SRHEBUIEE LT s 0T JRATTAS I 28 5 s ME AR RS A7 +
HuSERIFNREAKS SR U S5 HIR 2 SRR RS Jm b ey ks 7

ABIFFE , LA A 20 1 DX TR 1 A PR — 6 e I B TR S bR B 2 i DL AR S AR FIAZ AR N AR Ry
FGERT G W9E T B KA SRy e e X) 3 A ARAR 1458 CO, (N, O HEHURT CH, WIS B 520, LASHI 8 7R A6 4T AR AR 1
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1.1 WF5E X A SRR

WS AR GE A S R G E B AMBL 2 WL A5 ( AR (R Bk A 2Rl ) TR, plife 22 b b
T SR PG X, o K B L AR e 2 ARk, FRA Bl 109°56'—110°58'E,31°15'—31°57'N 4K 1755 m, %
b DX ] S L b 5 AR S e B AR L DX e YR b AT 1 253K 2700 m, 32 AR 2R KRR SR I 52 ), <
A6 g SRR ] G B AR T . SRR B ELZ2 W, RV A T i U L il S L 3 A
AR 10.6°C A3 H IRy 429 , AHXIEE D 73%—75% , *F- ¥ 4F 78 % it 500—800 mm , 4F [ 7K
1306.2—1722.0 mm ,[EK LN TR ZF80 B2 A (1) FilgPI (7 7)) BFEHREE 7350 -4 C Al
25 CUY L BEMEERT AR R B AT B IR | PR S 2 S % X o A B Y
M BEIEEAR TE R MU Ry i S AR | ke i o TR SRR T i R bR BT RRTR SR BE AR S E A, MY
e 3 R BT BV T T AR IR O R 550—1500 m A3 A A L EE A 4K 1500—2200 m 43
A5 LR AR 22002900 m 34 A5 LU UG BRI 4K 2900 m DL E Il upR e Bt Akt H (K1)

AT AP AR S 11X B AR by iy P A 4 7 - [ I TR S8 MK ( Mixed evergreen and deciduous broad leaved
forest; MNR ) , N2 55 BB # ( Pinus massoniana ; PNR) N TAKFIFZ A ( Cunninghamia lanceolata ; CNR) N TR WF5T
X%, Hor w R RS MOE AR A 11.50 em SRR 8.4 mo , ZRAKAREA B~ 0.90, HEREFRA K
LK H K ( Fagus engleriana ) F1 2 5 X ( Cyclobalanopsis oxyodon ) , 3t £ A ¥y H ¥ #Y ( Rhododendron
hypoglaucum) JEAEHIER ( Quercus serrata varbrevipetiolata ) W ALHE H-4j ( Carpinus hupeana) . VU R AE ( Cornws
kousa subsp chinensis) \ELVA KR ( Quercusengleriana) (2 ik K] ( Cyclobanopsis multinervis ) %57 AP P AL, HEAR
2 EEAH AT (Fargesia spathacea) AT (Indocalamus tessellates) ; HAR |2 FBA &5 ( Carex) \ZFERZE 12F
% (Epimadium) | 3 (Viola) . 28 .3 ( Sanicula ) . ¥ /K 8% ( Tiarella polyphylla ) . & & ( Primula ) | & W ¥
( Parasenecio) | & 245 ( Smilacina ) | JF ¥ 5 ( Thalictrum ) | )2 [BI AL ¥ A 1 H JNEE ( Holboellia fargesii) | $& 32
(Smilax) JiBAk (Actinidia) REE ( Clematis) 55 . 3N 11D AR

RN T MBI R 9.60 em |, FIIM &4 8.2m |, ZRAMABHIE A 0.93 |, FvKJZ FE A LR (P.
massoniana ) , = EWFE FARHIAR ( Quercus serrata var. brevipetiolata glandulifera) F& K8k ( Quercus variabil) .
B &K (Viburnum erosum) KIRAE ( Vacciniuim mandarinorum) &8 ( Cotinus coggygria var. pubescens) . NS
A (Dipelta floripunda) 55, 3R 1M TEAEE
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RN Y42 9 12.98em |, P21 5 8.8m |, ZRAKABI EE S 0.95 |, Fr KRJE FEE I A (C.
lanceolata) , Wt AN 8 73 A A5 18 B2 8K ( Quercus variabilis ) %8 B4 ( Carpinus turczaninowii ) %6 5 #1 Ak ( Quercus
glandulifera) 55, 3Ry 1L Hb HEERIE

£1 FEFMERRE T (0—200m) BEARIPL MR CFIHMHE , FER)
Table 1 The surface soil (0—20 cm) physicochemical properties in different forest types( Mean,SE)

A AR AR TIEAE TS
foyuell] hi 4K /m Wi W/ () +ER/m ot 1 N Nitrate Ammonium PH Soil bulk K/ %
Forest types Location Elevation Aspect Slope Soil depth (Ogjk ) Nitrogen/  Nitrogen/ density/ Soil Moisture

¢ (mg/kg) (mg/kg) (g/cm’)

A g - 01QM2"
AR N31°18'23
L 167 /10° 40° —2 2.46+0. 743+0.92  34.32+3.4 5:0.02 1.30£0.04 48.50+1.
B MF E110°28"27" 670 NW10 0 0—20 6+0.03 3:0.92  34.32:346  5.5:0.0 3020.0 8.50+1.33
SRR N31°19'16.8"

TRO o | .3 +0. X +1. ) +1. . +0. R +(). X +1.
PF E110°29'13.6" 1325 NW6 36 0—20 1.35£0.04  5.06+1.09  13.70:1.20  4.96:0.03  1.47x0.01 30.00£1.79
BAMK N31°19"29.4" o .
CF E110°28'57.7" 1348 NW8 38 0—20 1.2240.153  3.20£0.59  19.09+4.28  4.66+0.03  1.40+0.03 34.00£1.70

MF . 0 MR AE M Mixed deciduous and evergreen hroadleaved forest; PF; L REIMAK Pinus massoniana; CF, F5 AR Cunninghamia lanceolata

1.2 SEERit

ARG T 2012 4F 4 A LA 76 3 BRI b 43 i se BT b A% AR DL M B, ey S, v
T A TR S ARRE b Fe JRYE B /N B3 g R 3 S 30 mx 10 m BE T, H RS AR N TARRIFER
iz BRI R/ MUEREHD A BT E 3 P R, &S 3 4 40 mx20 m BEJT, BENEEDT Z I8 B 8 T Y S
W3 m50), B ILAEZ BT, WL HR 645 mx5 m B/METT, -4’5, SC5 5 2 b
20, H kTR M RE AR MINR (X B8 67K 1009% ) \MRR (FEKIB/N 50% ), D AR PNR (W IR ; [47K 100%) |
PRR (/KN 50% ) , A2 ABR g CNR (R ; 7K 100% ) .CRR (FK I8/ 50%) . FFhAbBEd 3 AEFE,
AR AR S, EAA R S em 19 PVC ENHTEFITE, LS em BRI B ETE 4 mx4 m & 1 m 2L,
AT 50% MK FEREK AR 3 A~ A Ty ] B2 U5 L BH 1 394 1A A28 0 %o 46 A58 S A 5
1.3 FEACRSE Sk

AWFFER RS WG AR - SO G - T MR B AT, SRR B R 2.0 mm AYAS B SN ) 4, 4045 Tt
FEFN AR PR 53, A8 N AR 22 | PR UE S48 B BEAR NI 22 /N T 2°C SRS AN AT IR A R . TOUA%
RIESL TR (50 emx50 emx30 em) , N H, FiGEZEA 2.5 cm 5, H PRSI A, T L%
% 3 mm AMERFEAE K5 Z VCRC I BE Sk IR G2 T, HAESN 10em SJTETE AR 50 cmx50
em, WA 2.5 em (& TS5 A% B 50064, T i A T 3EERE R 10em,, UL 3k A2 Hh U 40 2 &
FEANAE | DL JEC JB2 JEC T PN A B R 49832 T ¥ i/ o RFERP T0UAR B e b Al [, RRh AR ARSI
RIS 3 AN EE L 3 6 AN SEI BT, R S R IRE — AN R AR, 3 AR MRS R LR 18 R
A, 60 mL 3R 20 BE P S 2 22 = 1 32 e Skl A OSSR e ZE BURE:

AARRE SR EURERHE] Ry 2012 4F B4 KRS 6—11 A 1Y 8:00—11:00, 4 7d BURE—R . BURERT 76 5 546 B
M5 9 0,15 .30 .45 .60 min, & 15 min B—KE . F 60 mL 3 205 BE 1 S SR S A A 52 B8 5 <7 BV (] 52 56
%, Agilent7890A AR TEA A M AR, LA BT B[R] SCRE IR BE A AR Ak | V8 A 22t e BE il A AR HE R 3R |
FITAT R il A e B8 SRR N 1) B A 56 R (R?) >0.95, MM A B, I 5 B ME 3 A4 4 AR 2 4 IR R b
b RS R RE J BEHLIE I 6 AN SRAE L, KBREVEWZ , FHEAR 7 em 9 - HFH 0—20 em 38, B3
Bl TRASEA B EASE M S0 A0 HE, BRANER A e i AT 4 mm B, SRS A, — 100 T
B EEANE, 7 — WG 2 mm 6, T pH (6 AR 45 20008, FRBUH Y F 10.0g T+
TR AR BT AR KIS VR BT O R L&, A 50 mL 2mol - L' A SALHIATR , 72 1h , HAE R 9
em Y78 SRR ACIT U8 R VAR FH T 8 S A (T AT B e ik ) A A (I 8l 40 Bt bt ik ) T BRI 5.0¢
T FH A A BT HZRIKIER T AR ORI, A S0 mL K& FIK, 8% 1h , HEN9 em HE
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PR AR IR A I T Liqui—TOC T2 TOC {00 5 S A5 HLBR 5 398 4 60 2 i L IR 35, LG 52 LAY
(FOSS 2200 ) 5 ; FREGE 2 mm i 49 X F 138 10.0g T 5S0mL B INA 25 mL Z818K , #E i FEasii 2
min , #f & 30 min, /] Sartorius PB-10 %! pH 31l x& +3% pH {H.,
1.4 5L FIE
FEUCRAMRE S (o R IR HIN E AIR AT 10 em Ak () - $3ER E ol A6 8 X, - 498 3R 0 R I S )
DZE 10 em A0 AY - SEARXS W08 W], 6 B SRR LN, AT F 3 B RS2 4% (HOBO H21-002, Oneset
Computer Corporation, Cape Cod, USA) , M EREHL IR .10 cm 4 F) 3R E 0—10 cm b 58 [T & LU
Lo SR ATEREAS B P PR A — OB | 24 h 24FRREE
1.5 Bt S Ak
SRS AR A R
P Am :p-V-Ac:p.H.&
A - As A - At At
Ko, FORARASE B p AR mol . m™*) , Am FlAc 4331 Ar I R] AR SR (g ) R
G ERZA wg . ) AV H R REREEA (em®) AW e’ ) FIRKZEEHE( cm ) ,Ac/At H
FENTRAEAZ( pg g7 h7') o F OSBRI, R A I 2R HEL
FIF SPSS17.0 #4484 T ANOVA Giit50#r, F Person AH &1 Xt BRBE AR 1 5 A (A 1 2 1] () 56 R b 4743
M1, LSD Z B ARG 50 +3% pH A3 .CH, .CO, M1 N, O HE 76 A [ AR A 8] 25 55 0 354, BRSOt T &
B0 3 0 AR AR ZE B S RO Ab B A 71 2o 0 ok 22 S B PR AG: , H R AR

2 HREHS

2.1 FEKEDT CH, B

AR ZRINE] 3 A ARAR LR R I CH B, o S i o] i YR S R A R (- 36.79+13.99)
pg Cm?h™' BERTLEMM(-14.10£3.38) pg C m™> h™ ' AL AI(-7.75£2.80) pg C m> h™'(P<0.05, %
2) o AU B AR I R TR S MR ) R AAAREE L CH, WG S /b | 8 R I I YR SS PRI IR CH, )
WA (-34.42+£591) pg Cm” h™' (HESARZE . SR CH,WIGHE R} (-13.64£4.56) pg Cm™ h™',
AR (-14.1023.38) pg C m” h™' Z 5 AR E (R=0.545,P>0.05) , WMREKICE G A2 AR N T AR
CH, W ACE e (2 B 38, o (=20.12+5.68) wg C m™ h™', 227 W 3E (R=0.089,P<0.05) (% 3) ., HLIEM R
TR ASMRANED R AR 2 P BRI RE K AL BEXT 4398 CH, WAt %) 52 M 40 AN BH A 2 59 AN B 38 T AZ AR MR b A
AR K AL FEXT + 458 CH, W ISCaE Y52 e TR S B 25 (181 1)

x2 BESHEELSD ASELRER
Table 2 Multiple comparisons of the greenhouse gas flux by LSD

i ARpRZEA! AR V122 brifiiz FE
Flux Forest type Forest type Mean Difference (1-]) Std. Error Sig.
CH, MF PF -22.682" 2.290 0.000
CF -29.033" 2.290 0.000
PF MF 22.682" 2.290 0.000
CF -6.351" 2.265 0.007
CF MF 29.033 " 2.290 0.000
PF 6.351" 2.265 0.007
CO, MF PF -35.769 " 9.372 0.000
CF -9.559 9.371 0.312
PF MF 35.769 " 9.371 0.000

http ; //www.ecologica.cn



6 S % 36 &

blih=: AR AL FRREA -y 2 FrifEiR N
Flux Forest type Forest type Mean Difference (1-J) Std. Error Sig.

CF 26.211° 9.267 0.006

CF MF 9.559 9.371 0.312

PF -26.211° 9.267 0.006

N,O MF PF 7.236 3.775 0.060

CF 2.950 3.775 0.437

PF MF -7.236 3.775 0.060

CF -4.286 3.733 0.255

CF MF -2.950 3.775 0.437

PF 4.286 3.733 0.255

w HFETE 0.05 KT B

F3 FEBALETIHHRUEESEFEEESEEZ QR

Table 3 The significance of difference of greenhouse gas flux of the three type of forest under the precipitation treatments

T 500
ux Forest type Comparison decreases by 50%
CH, B LRI R R 3T hk MF -36.79+13.99 -34.42+5.91 0.676 -1.557 0.134
AR PF -14.10+3.38 -13.64+4.56 0.545 -0.168 0.868
FZAM CF -7.75+2.80 -20.12+5.68 0.089 7.385 0.000
CO, Lk RS MF 71.27%10.59 76.10+7.01 0.948 -2.142 0.044
AR PF 107.03+12.11 80.94+8.42 0.874 6.707 0.000
A CF 80.82+10.29 90.62+13.18 0.789 -2.401 0.025
N,0 W TR R R A A MF 8.88+6.75 6.12+2.22 0.855 2.270 0.034
o A PR 1.64+1.02 1.26+0.85 0.297 1.065 0.298
AN CF 5.93+2.79 1.85+1.26 -0.013 1.011 0.323

2.2 FEKWAT Co, e

A 3 AR R R IR CO, HEROR . SR FIRZA 2 Bl N T Ak CO, A HEHE 53514 (107.03+
12.11) pg Cm™> h™' F1(80.82+10.29) g C m™ h™", 35 /& T S 95 0 [ R S MR Y CO, HE i 2 (71.27£10.
59) pg Cm™ h™'(P <0.05,3 2) . FRE/KALHEXT 3 FhgRpk 138 CO, HE M W3 . BEAKICK IS | S ig
WA R SEARFIAZ AR CO, I HEICGE & 735109 (76.10+7.01) pg C m™* h™ ' F1(90.62+13.18) pg C m™ h™', 1
F TR IR (71.27£10.59) wg C m™2h™',(80.82£10.29) wg C m > h™'(R=0.948,P<0.05) ., FE/KIE)E,
LEEAAHR CO,HERGE T A (107.03+12.11) pg C m™> h™' | BE/NT A RARES A HERE 5 (80.94+8.42) pg C
m > h'(R=0.874,P<0.05) (£ 3) .
2.3 KW N,0 BHERL

A TR 3 FhARAR TR N,O IR, k7% i A IR S AR N, O HETSGH £ (8.88+6.75) wg N m™
h™' B RTFEZARNTHI(.93£2.79) pg N m™ h™' MR A TAHAR(1.6421.02) pg N m™ h™', #4950
R AR B B AARRAZ ARMEE - N, O P4 HECR Z R 22 S 300 2 (P>0.05) (£ 2) . KRG, B4
75 I A R SR S RAARAIRZ AbR CO, P 3 HERGHE 553531 4 (6.1242.22) pg Nm™> h™', (1.26+0.85) pg N
m > h ' FI(1.85£1.26) wg N m > h™' KTXF IREEH (8.88+6.75) mg Nm > h™', (1.64+1.02) pg N m~> h™"FlI(5.
93+2.79) wg N m™ h™', 3 FPERAREEHL N, O HEE 5 Fif P A A HH K (8 B 0 (1)
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Fig.1 Greenhousu gas flux change features of the Mixed evergreen and deciduous broadleaved forest ( MF) , Pinus massoniana ( PF) ,

Cunninghamia lanceolata ( CF ) forest soil under the different processing conditions
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TER A AR S im0 B4R (2008 ) X 4E R B Al T FEAS N T AR SR Rl 0 9 & B, 2 b AR RS 1 %o
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TN, [ AR Y CH 38 5 K T PIAR N TR 14 CH, iy i
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Table 4 The correlation between greenhouse gas flux and air temperature , soil temperature and soil moisture

E Flux MAT MST MSM PST PAT PSM CST CAT CSM
CH, -0.413 -0.557"" 0.151 -0.34 -0.299 0.526 0.247 0.254 -0.478
0.056 0.007 0.503 0.113 0.166 0.01 0.257 0.242 0.021
CO, 0.855** 0.847 % -0.652"* 0.772** 0.837** 0.068 0.726 ** 0.815** -0.255
0.000 0.000 0.001 0.000 0.000 0.757 0.000 0.000 0.240
N,0 0.423" 0.292 -0.25 0.534** 0.421°* 0.056 0.042 -0.033 -0.084
0.05 0.187 0.263 0.009 0.045 0.801 0.850 0.882 0.705

* TR P<0.05 KPIAHSEHE R (XUR) , ** TR P<0.01 KPIHAHSCME .35 WU ) s MAT : i £k 9% M-l R AC A R Air tempreture
of Mixed evergreen and deciduous broadleaved forest; MST ; % £ 7% M I TR S bR+ IR BE Soil tempreture of Mixed evergreen and deciduous broadleaved
forest ; MSM ; 7% - [ R 3 bR - B3R B Soil moisture of Mixed evergreen and deciduous broadleaved forest; PST ; T FEAAMRZS SR Air temperature
of Pinus massoniana forest; PAT; Ty FE #A bk 1 43608 J# Soil temperature of Pinus massoniana forest; PSM; T & #A Ak 4+ 38 1 ¥ Soil moisture of Pinus
massoniana forest; CST; A2 K #k 25 X #L J Air temperature of Cunninghamia lanceolata; CAT; 2 A #k + 3 i & Soil temperature of Cunninghamia
lanceolata ; CSM : K2 A Mk L HEME B Air moisture of Cunninghamia lanceolata
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