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Carbon Exchange Characteristics of Fenced and

Natural Grazed Grassland in Loess Plateau
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and Literatures, Yanbian University, Yanji,Jilin 133000, China)

Abstract ; Terrestrial ecosystems can act as both “carbon source” and “carbon sink” in the global carbon cy-
cle and play an important role in regulating the global carbon balance. The carbon exchange between grass-
land ecosystem and atmosphere is an important component of terrestrial ecosystem carbon cycle. The Loess
plateau is known for its thick loess and wide distribution, which brings a great impact on the agricultural
production of China,as well as the global climate change. However, the carbon sequestration potential and
the capacity and distribution of carbon source/sink in the grassland ecosystem on the Loess plateau is still
not clear. Based on the continuous measurement of soil respiration and net ecosystem CQO, exchange rate be-
tween fenced and natural grazed grassland in Loess Plateau by using closed chamber method from March

2012 to February 2013, we studied the temporal variations of soil respiration and net ecosystems CO, ex-
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change with the effects of soil temperature and soil moisture. The results are as follows: (1) The annual to-
tal carbon exchange in each sample plot appears as carbon sink. The annual total carbon exchange in fenced
grassland is (—58.0414.5) g » m *,of which growing season and non-growing season make up (—70. 3+
11.4) g+ m ?and (12.443.1) g « m *,respectively. The annual total carbon exchange in natural grazed
grassland is (—48.7414.0) g » m ?,of which growing season and non-growing season make up (—56. 9=+
10.6) g+ m *and (8.1£3.3) g+ m *,respectively. (2) The net ecosystem CO, exchange rate in growing
season is mainly controlled by soil moisture, while in non-growing season is mainly controlled by soil tem-
perature. The soil respiration rate is mainly affected by soil temperature and soil moisture, but the situation
is different in different seasons,the effect of soil moisture is greater in growing season, while the effect of
soil temperature is greater in non-growing season. (3) The difference of soil organic carbon content between
two sample areas is the main cause that the soil respiration rate of fenced land is greater than natural grazed
land. (4)Negative CO, flux was observed in the sample areas, which might be attributed to the precipitation
of soil inorganic carbon, which can be accelerated in the alkaline soil (pH>8. 2).

Key words: Loess Plateau;fenced;natural grazed; CO, exchange;negative numerical flux of soil respiration
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Table 1 Physical-chemical properties of soil in different soil layers in the study sites(mean®+SE,n=5)
+T 2 B 14 pH THRAE A PR TE2A T
Soil layer Sample plot Soil pH Bulk density Soil organic carbon  Soil total nitrogen nitrogen Soil total phosphorus
/em Sampie p Dot p /(gecem %) J(gekg™ ) /(gekg™ D) /(gekg 1)
il $} Fenced 8.24+0.02" 1.14£0.01* 9,4540.13" 0.88%+0.03 0.7440.01
0~5
O Grazed 8.2940.01 1.2940.01 7.6740.15 0.9340.02 0.74+0.00
Fl# Fenced 8.2940.02 1.1840.01"% 6.67+0.09" 0.954+0. 05 0.7440.01*
5~10
L Grazed 8.3340.01 1.2940.00 6.32+0.17 0.9340.01 0.7940.01
Fl % Fenced 8.47+0.03" 1.192£0.01 6.5540.13* 0.7240.05 0.75+0.01
10~20
L Grazed 8.27+0.01 1.2240.02 5.60+0.08 0.7240.04 0.76+0.02
% Fenced 8.3410, 04 1.2040.01 5.41+0.11 0.66+0.,07 0.71£0.01
20~30
W Grazed 8.44+0.02 1.1940.02 5.57+0.47 0.6940.06 0.73+0.02
il Fenced 8.60+0.02 1.2240.01 4.24%0.09" 0.5540.03 0.68+0.01
30~50
W Grazed 8.5540.02 1.2140.01 3.6340.02 0.56+0.07 0.70+0.02
Bl Fenced 8.7640.03 1.2240.01 3.19£0.13 0.414£0.01 0.68+0.02
50~70
W Grazed 8.714£0.03 1.2540.01 2.8740. 04 0.4140.03 0,660, 02
[l % Fenced 8.78+0.05 1.25+0.01 2.12+0.13 0.30%£0.01 0.6640.01
70~100
A Grazed 8.8240.02 1.2540.02 2.31£0.10 0.3140.01 0.6540.01

T [R5 o [ B A o B b o R B B 5 SR O M ) 2 = 25 (P<C0. 05),

Note: * shows significant difference between fenced and natural grazed grassland in the same soil layer at 0. 05 level.
g g g Y

T2 80 AR IS B B AR L I J5 48 T K 52 3 AR
R,
1.2 #HHigE

TE WL 0 3t J] L 0 L S R 1) R ke A DX 3 ) 3k
WA b AT 22 W 1) AHGE L TRTRR 2 hm® () b AR S F
GEAEH . b, AR T M TE ¥ 2R RN 2 2 1 AR
SREESY ) AW 1~2 HE &AW 2~3.5 B
5 BB bl B AR BCBCRE L T 2005 4E 10 ] JF IR
HATHIE . 2012 4 6 H rp Ay E A7 A R AL 1
A AL VE T LR 1,
1.3 HRAFE
1.3.1 HmIEERMMNE AH5E0HKERH 3
50 7 18 R B RS0 L L B R B R b Y
D E 78 /] — K A7 . 0 40 B Ry s AR K F= (4~ 10
JOEH ETFa& LR AEAEKEAL~RAE 3 J) i
TR B S AT 1 d R [6] 10 46 IS A 3 A%
3 FRERIEBRY 10 m %48 2 4 0.5 mX
0.5 m [ K& CHHpr— AN JiG 88 P 1 AEL 49 Ml 1 38 53 59
P[] B T T AR R e PN R A i 0 T T R S I g
B E & 73— AR B A RO T A B R 48 CO,
SRR E) & 5 IHER . IRJEEE 8 cm, 4l A
HUR 5 emy 0 E I P8R A /N Y 50 em X 50
em X 50 cm 37 B [m] Ak 46 7R RS AR | R B [ Ak A 1
A SRR W) & R 4 A A Y % B
U, 7 FF A Ak 45 KR, % 3 LICOR-840 ( LICOR.,

Inc. , Lincoln NE,USA) #4752 . ic F [ L5 N A
JELL L 0 s #1090 s WAl 4646 Y CO, Fl H, O ¥ B
MARE ., HEhAWEF 6:00~H 3:00 &F 3
holl 1Y S5 Ja A A& A B ) il 2 75 i CO, 38
6o 3 AR 2R L BT A B [E) B ) CO. 32 4 3 6 22 il 5
AL LABLAG B Y R CO, A8 48 3 %, 3F 1 £
A A B CO, SRR, CO, SR Fo 1yt
FUORHLLE A3

_ VP, (1000—W,) _ dc

“RS(T,, +273.15) " dt

b VR AR A ) A FR LT AR A <58 X R AR g B2
U A Bt b R ) T 5 P, A I B () A AR Y
B R AR SR (K« Pa) s W, 2 5 31 18] 46 44 4 1)
K43 He (mmol « mol ') R & KA H $ (8. 314
Jemol '« K 1) ;S & [m A4 nY 1 A s T, 2 I 2 80
)6 A PN 1 7 33908 B s de/de Ry 90 s U 5E B[] Y
CO, ¥ (pmol » mol™ AR fL i 3K,

1.3.2 TEEESIEKSPUE HEHBRIWE
CO, 22 e R[] sk, FH 6310 %1 2R B - 5 5k )8
S S em IREERY IR . BT RIEAKRSTEL R
H G I S B R A KN S RS 2 K Ay
AL (Trime TDR probe, IMKO, Ettlingen, Ger-
many) JF A7 U 22 B JE 10 em PR BE Y+ SRR FR S
K,

1.3.3 HiELE A%k A SPSS 17. 0 for
Windows &t i 73 #r 14 i 47 Bl B0 5 B AR 0

F




1872

[N [ 7/ B S 4

34 #

MR FEFR Y 22 B #7 F1 CO, A2 K 5 + iR
B e A 3K 43 09 AR e M A s B A i 4R ) M-
crosoft Excel 2010 2.

2 AR5

2.1 £KFHIM CO, THREEHAHSHL

2.1.1 AEKFEMATIBEBFRANSHME FHHM
SR B0 AR A K Z A T 3 1 R o R H
AR AL R B R e A AR (DL R R
e BTG o e (B34 M BRAE 12:00 ~ 1500, I fE
A3HIH(2.240.1) pmol « m 2 « s PRICL. 740, 1)
pmol « m 7 o s ', H 2R i) ] B B 5 5 M+ 3 0T
BRI 2 E T H SRR (P<<0. 05)

2.1.2 AKFEMSESRS CO, LMEXRAT
SEME BEHMARBREBSESRSE CO, &
g HARE S (B DERT 6 4 Fi A4 K =411
FAS B R B i 2 Sh  Z R A LIS 7
AL F B A R A S R G CO, 384 i %
A (BRI 2 9:00~12:00 FJ5 i 5] CO, 4 0% i
U, 18 :00 RIS Fh B W WAL 320 347 2 A% M i HIE T - 2 )5
PR (B - 21:00 {5 a5 5 CO, HEBUEAE ; 31
THER A A R A% e ] B i 2 I
AR IR . BRT 5 A 27 H.9 A 29 HAIAEKZFR
WA K 2Rt e B B B A S RE LR
CO, Wl &g CO, i B & T A%

—— NEE-W —©-NEE-Z

R (P<0. 05) 5 [l 5 B SR OB 1 AR S R
BRI CO, Ve Wi e (8 AR 8] ) CO, 1 HE i e
EHARHIAE 8 A
2.2 FFEEKTEM CO, XHERH ST

FEA K T Y Ik A4 S R H s A Al 2 By
TN LA S RS CO, S R KB
H 75 Ak, 35 S BB 349 30 AL T - B 0 0 %, L
5 SRR b AE [R]— B[] BB PN 1 il 58 4 1R 25
FeOF N B . W M Y Bk AT e R R H A8 AR TE L R
(—0.440.1)~(1.0£0.1) pmol * m * » s ', &
BB U T AR Al B B H H BLAE 12 00 ~
15:00, #E AR E =X H HR(18: 00~ H 9:00),
B AR S RS CO, 284 Al A HERF W 35 1 30 173
i (gL COOME .
2.3 HEtTEEFRABERR

R HE— 2 BT A R R A E B B AR5 A
3 15 B b B 52 o 0 R SR B H AR AR R BIF 5T X
Z (B3, EH R .3 B M A HERF g A AR S
4t CO, L H AL BHRIF R 2E 7. LT
W5 A 3R B H AR A A — 3, R g Rl 2
HRERI N CO, bl & EA 44 h BLIE 2 fr Bow
B4 RPN CO, MRS, HHAETS RS
TEH KRB N CO, el lie . 4 a] 4% 2k 52 LA = 1 1
HEBRG CO, M LT CO, fFimEIg, H
I M0 A S R G CO, SZ 0 TE 4 K 45 AN B3y

—~ SR-W = SR-Z

1.21 0.8
09} 06t
WS 06f w3y 047
B3 F 03 23 E o2}
Sz SR
“ZE 00 “Z & 007 Jan 34
an.s-
2-03 202
—06 O Q. Q Q Q é Q —04
L O & O & OO J i
€09 NS ~ 3
0.8 DU N S 04
06t 03
S 0.4¢ =5 02
25 E o2 B3 E o
SE3 SEs
=g 00f O= 2 00
;—OAZ Dec.18-19 ;_0.1
—04 Q‘ QI Q‘ é Q Q Q. Q. —02 S O Q Q .Q O O ®
S QP QS S O O QSO
N BN D O D G5 97 (V7 T N S
i [ Time of a day fif ] Time of a day
Bl 2 AR ZEREM AR BCE A S R G CO, 384 A 4 T IR R 1 H 3l

Fig. 2 Diurnal variations of net ecosystem CO, exchange and soil respiration rate

between fenced and natural grazed grassland in non-growing season
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Fig. 3 Diurnal variations of net ecosystem CO, exchange and soil respiration rate and soil

temperature at 5 cm between fenced and natural grazed grassland in March
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Table 2 Correlation coefficients between carbon exchange rate and environmental factors

Z= CO, ZEH i H 3 R 310 S K5
Season CO: exchange rate Plot Soil temperature Soil moisture
ke 22 2% ok 2k 3 N [#l#} Fenced —0.122 —0.377"
e B R G S NEE W Grazed —0.216 —0.555% *
Growing season N [l $} Fenced 0.613* * 0.890* *
T M 3L 23K 3 < : . x DS
T HVF Rk SR L Grazed 0.633"~ 0.867" "
ke Z2 125 vt 2 Ml K [# & Fenced 0.736"* 0. 366"
R BB R AW H NEE MO Grazed 0. 826" * 0.501*
Non-growing season I [l 3} Fenced 0,544 * 0.461"
L TERF IR R SR K Grazed 0. 662 * 0.453*
TEeox o Fl o+ A BIFIRTE 0,05 A1 0. 01 7K CRUID | B340 5% .
Note: * % and * show significant correlation at 0. 01 and 0. 05 levels(2-tailed) , respectively.
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Fig.5 The carbon exchange amount of net ecosystem
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