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The Effect of Land Use Change on Exchange of
Carbon and Nitrogen in Earth — gas System

ABSTRACT

Effects of grassland conversion to cropland and forest on soil organic carbon (SOC) , dissolved
organic carbon (DOC) in the farming — pastoral ecotone of Inner Mongolia were investigated by
direct field sampling. SOC content and DOC content in soil decreased after grassland were shifted
to forest or cropland,in the sequence of grassland soil > forest soil > cropland soil. SOC stock de-
clined by 18% after grassland shifted from to forest. Reclamation of cropland for 10 years,15 years
and 20 years lost SOC in 0 30cm soil layer, by 34% ,14% and 18% respectively, compared with
that of grassland. DOC in 3 soil layers was within 21. 1 ~26.5 mg/L in grassland,12.1 ~14.6
mg/L in forest soil ,and 8. 0 ~14. 0 mg/L in cropland soil. Correlation analysis indicated that SOC
content and DOC content were positively dependent on total nitrogen content (p <0.05) ,but neg-
atively on bulk density or land use type (p <0.05). DOC was positively correlated SOC (p <
0.01). Moreover,SOC content could be quantitatively described by a linear combination of land
use types (p =0.000,7 =0.712) ,and DOC content by a linear combination of two soil — related
variables , land use types and SOC (p =0. 000, =0. 861).

This studyinvestigatedthe effects of grassland conversion to croplands and woodland on soil or-
ganic carbon (SOC) , total nitrogen (TN ) , dissolved organic carbon ( DOC) , available potassium
( AK) and available phosphorus( AP) in a farm grazing Transition Belt of the Inner Mongolia using
field experiment. Soil samples were collected from 4 land use types. The results showed that in the
0 ~30 c¢m depth,SOC, TN, AP and AK concentrations were higher in upper layers than lower lay-
ers. SOC concentrations TN, DOC and AK concentrations are the highest for grassland. AP con-
centrations are significantly higher for cropland than the other land uses. The grassland soils con-
tain more clay and less sand than the other land use types.

The study investigated the long time effect of a conversation from grasslands to croplands on
soil physical - chemical properties in the farming — pastoral ecotone of Inner Mongolia using direct
field samplings. We determined a land use history for the 1955 — 2002 from field survery. This
land use history was used to build a chronosequence of cropland sites with a different age since the
conversation from grassland. Results showed that Soil C,N storage varied with cropland age (p <
0.01). 50 years of reclamation induced a reduction of soil organic carbon (SOC) content, total ni-
trogen (TN) content, dissolved organic carbon ( DOC) content and soil bulk density. For 0 ~
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30cm layer,SOC density were significantly lower in the cropland (3.28 KgC m™ for C50 soil )
than in the grasslands (6.32 KgC'm ™) ,at p <0.05. After 5 years, 10 years, 15 years,20years,
35years and 50years of reclamation ,SOC losses were 17% ,12% ,19% ,47% ,46% and 48% com-
pared with the grasslands , respectively. TN density of grasslands was 65gN'm ~* , Cropland soil was
35gN'm ™" after 50 years of reclamation. Interestingly ,SOC density and TN density could be quan-
titatively described by cropland age (p =0.000,7" =0.8500;p =0.000,7 =0.9709). It is ex-
pected that this research would provide information for suitably using land and avoiding environ-
mental degradation.

The study investigated the long time effect of a conversation from grasslands to croplands on
soil physical - chemical properties in the farming - pastoral ecotone of Inner Mongolia using direct
field samplings. We determined a land use history for the 1955 — 2002 from field survery. This
land use history was used to build a chronosequence of cropland sites with a different age since the
conversation from grassland. Results showed that 50 years of reclamation induced a reduction of
soil organic carbon (SOC) content,total nitrogen (TN) content,soil available kalium content ,pH
levels, clay content and soil bulk density. It was founded that there was clear dependency of soil
properties ( dissolved organic carbon content ;soil available kalium content ;pH levels;clay content
and soil bulk density) on cropland age. It was expected that this research would provide informa-
tion for suitably using land and avoiding environmental degradation.

The study investigated the long time effect of enclosed grasslands on soil physical — chemical
properties. A research conducted on the topical steppe in Taibusi country of the Inner Mongolia.
The 13 adjacent sites were chosen to represent different enclosed years of natural grass. SOC,
TN, TP in the enclose grassland were significantly higher than free grazing. SOC,TN, TP, soil bulk
density of 14 years enclose grassland soil has the maximum value. C/N decreases with the increase
of enclosed age before the enclosure 14 years;C/N increases after enclosed 14 years. The soil N/
P and C/P in enclosed grasslands is less than the free grazing grasslands, N/P and C/P is de-
creased with the increase of enclosure age. In free grazing grasslands ,N and N/P correlation coef-
ficient was greater than P and N/P,in enclosed plots it is less than the P and N/P,which can be
judged relatively nitrogen - poor,free grazing land enclosed plots relative P deficiency.

With the enclosed lifing increased ,the grass and root biomass and its C content is increased ,
the maximum is in the 14 enclosed, after that were decreased ; The N and P content is decreasing,
the enclosed 14 years occurred the minimum value, after they increasing. With the increase of the
enclosed age the density of vegetation C, N and P were increased,the maximum respectively in
14,25 and 11lyear sample of the enclosed, after it reduce trend. Aboveground and underground
root C/N,C/P in enclosed is greater than the free grazing and increased with the enclosed, the
maximum were in enclosed 14year sample, and then with the enclosed life increase would have a
decreasing trend. Free grazing land the N/P were less than 14 indicating that free grazing land by
the N limit in nitrogen — poor state ,in the enclosed it greater than 16 ,indicating that free grazing

land by the P limit in phosphorus - poor state.
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The growing season enclosed recovery measures have a significant impact on soil C,N,P con-
tent and its density. SOC density , TN and TP density could be quantitatively described by en-
closed age. Free grazing grasslands showed the deficiency of nitrogen ,the same conclusion has also
been obtained through the analysis on plant ecological stoichiometry ,enclosed grasslands showed P
deficiency.

Grass enclosure would have some impact for methane uptake. The study of the enclose years
and CH, uptake is little . A research selected the typical steppe as in the Inner Mongolia as the
search object and introduced a laboratory incubation method. 50 g dried sample sieving 2 mm soil
was put in 300 mL flask ,adjusting the water content to 25% (W/W). The flasks were sealed after
injecting pure CH, ( CH, initial concentration in the bottle are respectively 2.24,340 and 7000
ppm) and cultured at (25 1) °C. The research studied the changes of CH, uptake in different en-
closing years (0,8,11,14,21 and 25 years). The results showed that compared with free grazing
grassland , appropriate enclosing years can increase capacity of CH,uptake , enclosing years on CH,
absorption has a significant influence (F =11. 1134 ,p <0.01). The capacity of CH, reached the
maximum at 8 years after growing season enclosure and reached the minimum at 14. Cumulative
CH, uptake increased with soil organic carbon decreased at different initial CH, concentration.
Cumulative CH, uptake and SOC content was negatively correlated at the initial CH, concentra-
tion of 2. 24 ppm and 340 ppm(R =0.9292"" |p <0.01;R =0.7502" ,p <0.05). It indicated
that the main influencing factors CH, uptake were SOC and CH, concentration.

Land use change affects the net emissions of the trace gas methane (CH,). However, the
effects of soil properties and cropland age on atmospheric CH, uptake from the conversion of
grassland to cropland are uncertain. This study was conducted to compare a 3 - year investigation
of CH, uptake fluxes from grassland and cropland in the farming - pastoral ecotone of Inner Mongo-
lia. Four adjacent sites were chosen to represent different land uses. The flux measurements were
obtained using a closed — chamber method and were performed continuously during the period from
April October in 2008 ,2009 and 2010. The results showed a significant difference in CH, uptake
between cropland and grassland in 2008 (F., =273.7,p <0.001),2009 (F,, =264.8,p <
0.001) and 2010 (F., =362.4,p <0.001). Grassland had the lowest CH, uptake values of
141.4 mg m *7months ' ,210.0 mg m *7months ' and 236.0 mg m “7months "' in the 2008,
2009 and 2010 sampling seasons, respectively. The cumulative CH, uptake of cropland soil in-
creased by 20% ~280% ,compared with the grasslands from 2008 to 2010. Decreased cumulative
CH, uptake was observed with an increase in cropland age from 5 to 50 years. The seasonal cu-
mulative CH, uptake could be quantitatively determined by soil NH, —N, (+* =0.7732,p =
0.0001 ).

A laboratory incubation method was used to study the effects of reclamation years (5,10,50
years ) of grassland in Taipusi County of Inner Mongolia conversion to cropland on soil CH, ab-
sorption. The results showed that the absorption of CH, was reduced significantly after grassla -

nd was changed into cropland ,and CH, uptake decreased with cultivation years, CH, uptake was
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highest in grassland and lowest in50 years of cropland. With natural grassland as control ,five rec -
lamation years,ten years,fifty years,soil CH, uptake decreased respectively by 17. 1% ,44.1% ,
50. 1%. Correlation analysis indicated that: soil organic carbon (SOC) ,total nitrogen (TN) , mi-
cro - bial biomass carbon (B.) and microbial biomass nitrogen (B,) were the main influencing
factors of soil CH, absorption.

Land use change affects the net emissions of the trace gas nitrous oxide (N,0). However,the
effects of soil properties and cropland age on atmospheric N, O emissions from the conversion of
grassland to cropland in temperate grassland ecosystems are uncertain. This study was conducted
to compare a 3 - year investigation of N, O emissions fluxes from grassland and cropland in the
farming - pastoral ecotone of Inner Mongolia. Four adjacent sites were chosen to represent different
land uses. The flux measurements were obtained using a closed - chamber method and were per-
formed continuously during the period from April October in 2008 ,2009 and 2010. The results
showed a significant difference in N,O emissions between cropland and grassland in 2008 (F =
53.8,p=0.000),2009 (F=17.3,p=0.001) and 2010 (F =153.0,p =0.001). Seasonal a-
mount of N,0O emissions was 87. 6 mgm “7months ™' ,91. 8 mgm *7months ™' ,211 mgm ~*7months ™'
for the grassland in 2008 ,2009,2010 sampling seasons, respectively. The cumulative N,O emis-
sions increased by 10% ~30% from 50 years of crop planting soil , compared with the grasslands
from 2008 to 2010 and N, O emissions of 5 and 10 years of crop planting soil was decreased by
10% ~50%. Furthermore ,increased N,O emissions was observed with an increase in cropland age
from 5 to 50 years. The seasonal cumulative N,O emissions of grassland and cropland soil could
be quantitatively determined by soil NH,—N,NO,; —N content and MBC content. (r° =0. 7325,
p=0.003).

Keywords: Land use change;Exchange of carbon and nitrogen ; Earth - gas system; CH, up-

take ; N, O emission ; Soil physical - chemical properties
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H i 2 Aol A 7= 5 3 AR Ak 22 4k FR = SR HER R IE Bk L BRI 25 44 Bl 2 AT
FEHUAE ST A £E 2 (Smith £5,2008)
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(A T8 A R 22t LA S ARG SR Z T8, B BT rh A2 2R AR KA s 1, %o ity b
A= 28 R GG AR FIHLE] AR TR 2 2 BRI E PR o 1 G A2

il b A 2 2R G5 A e R P A R ) R TR = AR B AR A B OC I EE AR A B A
BARGI RGP 52 1 WA 7 X s 20 25 o bR /28 w5 A8 A2 2 R B o G
TS ARG R 2 — , B REE 2 i il M A= 28 R G AE W 2 K B AN SR M BE T
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girp o RHEMEEARRGENE ARG EG RN AR RGEA, Ll BRI L ny 28 B
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Mann (1986 ) 3 iz % 625 F 53 FF a5 BB B 45 53 B 2 B, P AR PR a2l 7 A Sy Ak 1T
DAt 8 0 ~100em 1PN 20% A HLIRFEILEI RS o Johnson (1992 ) i S48 f SCF AU B
FELE T R B, BT R Ak Ry AR R 2 20% (15% ~25% ) # -+ 3EA HLER B R K<
1 ; Davidson il Ackerman (1993 ) K Murty 45 (2002 ) £ 43 W1 L 45 W SE 06 80 | & PR AR kel 2
Hiv ) 4% FH A 5 A RE 33K 30% oA 1) I DR BRI R A 5 1T Guo F1 Gifford (2002 ) 3 i:f
XERAE AT A 42% (9 T8 A WU BRI U . Houghton 11 Goodale (2004 ) 38 i #—
A G 53T BE A T S ERHE , IA O B BORRAR G Ak Ry A K 25 2 27 % 1Y) - 33 HLA
PR R, RE2A RN S AR 7 —L2eY, AR TT B R B S, R
A 2k R A AE B W LAE 20 4R 5 8 TR (LB 55,1997 ; EHEJFSF,2000) . Celik (2005 ) 4
I B AR A T 12 AR5 0 ~ 10 em LR A EIEAT BT R 48% oS4 - A I8
A SR T TRIAE— 2630 X 2 2847 40 25 2 A5, 151l T B 01 9 A 2R bR e 3l B 4 T 26
AU A 258 Ty A RN SRR AE T T 25 5, S5 ORI 22 AR BOR . HET, BN O TIT
B0 B, - S R S 9T 22 4R b TR AR B R X ( E A SRS, 1998 ) | i e i ) [X
(EARGEEE,2002) B K g (25 7 M55, 2005 ; B A% 125, 2005 ) 454, T 7E N 5 i A4
SRR BB IR (W 55,2002 ) 5 7R3 — DXl 0G T B 48 A7 B GE et Ji 4 398 ke 2R 19 52 1)
ST RS 5 T XER B RS AR S R Gk sh A8 S A Y IR~ R Y 1 i o

PR R FH A A0S S A P B A S e AE 5 D T, AR T e - R R ATV
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VER 5 B S A 3 R AE R N MR 3 % o G T - R AB Ak Xt DOC B2 ma i 97, — Le b 5
KRR IE > ity I > A< 1+, (Delprat et al. ,1997; Haynes,2000) . % B BI1E N
REE A T2 M R S R G 427 J1 (Han et al. 1999 ; Mooney et al. 1987) , J&:A= 1) M BRE 35
OCHEAE RO R B R FHZAE AR & B B0 55 R R R e R RIS 2

b ) FH 72 A 6T - S BRRR 1 1 5 i B S L AL R = ( Pedersen et al. , 1980 ; Skousen et
al. ,1998 ; Shukla et al. ,2004a) . -+ HuF| 24k H 3252 00 1 52245 % (Shukla et al. ,2004b)
Celik (2005) AFFEIEHIA H 13 LSBT B ARAR T e A R bt - e B m iy T d . T F
FHZAZAR S H T A8 S i 1 A [ 0 38 o b 1) 52 el 8 K. He et al. (2005) and Li et
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al. (2006) KA e Vb aE & i B 0 vl T A . FR Ll T B R A B+ 0
AN A E A HILIR , e 2 - S AR UKL 9 JE B, o S50 e SR v T v R
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e [ b 77 oty K 5 QR AR A S e o I b AR ZY 30% o ARBOAR A , B R Tl
Ptk -t H A M B IR R 0 A B SR S 2% AR , - R A I 25 S5 A AN RS, ol T
AN SR 22 EH R . AT e N S SRR MO B O BT ST RE X, 0 K
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H A AR % (Ecological stoichiometry ) 110 20 4F 5 A B A I B AR, T2 LA
SAENTE R et R A AR S R AR 2 B, B BRI 2 B ALK
(FEZ4E CN.P.S 1 O) R RS R R P4 (Elser %5,1996) , 25 12256 — €
ARt B AR PR B, JSRAEA R AR A R A A=A P TR JZ IR (2 Bk
FE VR RG I ALK A ) RIBT S B AL — ok (1 FEE S, 2005) o

AR N AL B REAS B ) B2 LA 1862 AR 9 /)M it RE 1 ( Liebig”
s law of the minimum) , XL H R T AEY A KEKE VIR LR HBT 22
KREZN, EPAES AT REART ORI R AL, Redfield (1958) fF5i3RM, %4
FRIIANSE R Y e, YR PE TR IR A A C R (R —MEE (E, B2 C: N: P =106: 16: 1
(Redfield ratio) , XM A9 3 H AR R 3 42 o 1 1 39 A ) M BR A = GBS 5 ) iR B e
Vitousek 45 (1982) i Hh F7= 70 A FHZCR (149 JBAE, F7 70 F FH RCH T2 7 BT T A 13y BIR Al 52 1
VERIIFR I, JEHRE N AP A B v B HR o0 PR G P A i e 22 ] 9 0 B0 25 A B 2 i
REFEREARZ B R, FHEL B R7R T HIENGR Y LU AR, AR, Al T 3CE IR e
BEVEBATBSFX A ER L, BHE 2002 4F, (ESF TR N T4 YK T
YR — B R, AR S LS TR A EIE R BI B A 5838 (Harris 55,2003 )

AR Sl TR A BE AR, RIAE K GH R B ( Growthratehypothe-
sis) M2 &P (Homeostasis ) JFUBH, Ecology 2% T 2004 4E T T A4 BT 22T 5T HY
P LR, SERGE T AR AL SR T AR S A SR L R, 40 - AR R RNA R R, A
KERM C N P SRR YA AT R 95 R 55 (Hessen 55,2004 ; Andersen 2,
2004 ; Vrede 45:;2004) o 4§, A=A E i FEE P T CN P ILRIYIHELER, XEE
T C NP EZEITR, BN Bk LB A ar i s e . @ % R UF, N
o BBk AR AL 16% P i BURRRALALH) 9. 5% , X WA HL 9] A ) e T A
AR b T AR AR AE BRPIRZS s 98T, C 5 B ALA T BTy 50% Zif , i A He ol T AE Wiy
AFEZERE P R AR A S A A R A R R AR B TR R R rh R T —
N FEASHLA (homeostatic mechanism ) , W ALR A=Y TIEE R AL (AL & &) A RER I&
FFE A SR AR E E R BE T, B RN AE B i o R R RO R B . 9Kl B2 45 (2003 )
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