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Soil Respiration Characteristics Under Different Land

Use Patterns in Semi-arid Area

GAQO Jinfang, ZHOU Bo, MA Tao, ZHANG Feng, DONG Yanli, WANG Yanwu, YU Hui

(Gansu Science Institute of Soil and Water Conservation, Lanzhou 730020, China)

Abstract; Soil respiration rates under the saline land, abandoned land and Medicago sativa land were meas-
ured by the closed-IRGA infrared CO, method, the differences in soil respiration in different land use patterns
and the relationships between soil respiration, soil temperature and soil moisture were analyzed. The results
showed that diurnal changes of soil respiration presented single peak curves and the changes of air tempera-
ture followed a similar trend, the soil respiration reached the maximum values when the soil temperature was
close to the maxsimum; there were positive correlations between soil respiration and soil moisture, soil tem-
perature under different land use patterns, the relationship between soil respiration and soil moisture content
was linear. The exponential equation could present the relationship between soil respiration and near-surface
air temperature, soil temperature at different depths better(p<C0. 05), the significant variation of the Q,, of
soil respiration of abandoned land was observed, illustrating that the soil respiration was more sensitive to
soil temperature, the values of Q,, were significantly different in different soil depths; the values of Q,, in saline
land and Medicago sativa land at different soil depths were around 2. 0, which was closed to the global
average value. A two-variable soil respiration model (soil temperature and soil moisture) could explain the
variations of soil respiration much better than mono-variable model under saline land, abandoned land and
Medicago sativa land.

Keywords: land use patterns; soil respiration; saline land; semi-arid area

TN E - M N R G A MR R B NUE TR R R A B R R
CO, HER A o 4 1 A 7 2 A 2 A8 AR /Y 52 i PRI 22 0 S R P, e i ) IR T LS e B e R

Wi HHA:2016-05-06 &\ HHEF:2016-08-02

BENI B - H o A K F S AR R T E (2013-293) 5 K B384 9487 3 H (201522) 5 H A & H AR W BI T B (1506RIZA176) 5 H il 4 7 4F B
B B3 B (1506RIYAL77) 3 H Il & 7K R AR50 H (2014-223-6)

FE—1EH . H4 771982 Lo, Hilrdm B+, TR, EZMNF K EFEFETFS . E-mail:317660806@qq. com



90 /S o T S T

%24 %

JZ W RE T A o 0T T M) Y S ORI BE 7 AR Y
M PR R K A3 AR R AR A B ) B R A
& W) £ Bt A B R R 100 G T T A A A8 Ak . TEAE AR
FAEHT By 3R B SO — O T SR TR
F o 05— J7 TN A BERCA A 7 A A K Y 5 3K 2
s amZLEE ) B A JERE U 5y Ah R ] 4 i R
D5 =L 1R B A HLY & B XA ALY R E T
FIVEE W 22 0 1 A5 0L 25 52 i) 30 - S I 2 R

il A I 5 G X S LR R | A N R A
SENE 77 A 4 52 v i ) 22 b R R R IR AE R . H
B> 50 T2 1 5 XA S8 W IR R AUE A K d 410 L 5°F T 2
SEHUESE T R RS Rl - s R S - T g
R SR 1 DG &R T I 5 - R R OE A
KRFR, T 0TI A AR FE B OC R 3, U AR Y Y
LA R ASS R TG b i R T BRI AR S AT AR
SE A g SR Pl XUk A2 A A L SR S R
J 5 PN AR R BOC B g AR M B 4 -
I 2 114 38 32 AR 2R B Quo iy T XD A DTG X 4
R 0 o 7 B O R . A R R
- R R H A Y TR R OGO &R L AT LA HTHE Bk B
A S K530 T R Y S A A% . BR M - SRR Y
MR B OC R 3 HUORH I A B A AR O 4
R T g A B Boumal™ i 53 Xt A ki L Bk N
RORL S B AN [F] Y 4 38 R AT A 4 0 0 X L ik e F Y
R BIAE FNG LR 4 R BT b X A R LT A
e B 7ERE K AL 3RS o 40 BT 4 1Y) o 9 0 0 ok R L RD
S B RR I 29 SR A O A RN I X - M A FH O
2 B 7 T ) BIF 5 K /D Fh B A S5 0 K B
TR G ULARGE . ARWFEAE T B X, AR
- Ml A 5 2T B ER B | 18 5 R A B Ry AF SR
M HAESE L CO, 20 B AR AN ) £ 3 #) J J7 R
T HERFIE AT T 24 h A EF AR LL B SE S AT AN TR
Hu A7 2T b W R Y 22 S T B R g
(0 Bl 25 A8 Al e X 4 38R A BB L W) 2P IR X
iy DX A S 0 0 8 AN [ = s ) T D7 =R e iz AL 1
KA X 2 T 5 AR A R G B B O AR B TR F
FERRER AR

1 M55k

1.1 #3580 iE it

W58 XA F H R & 22 M i /i 1 (103°56'37"E,
36°01'40"N) ik 1 724 m, ZIX @ T % + ke A&
DXCEF5 T R DX b g AR AE DL BROIR B+ Fe b o 32 N U IR
G S BN i e W 7 Ut = N I S L = N S Y 14
F€, AEREKERN 329.7 mm, 7KK FE K 1 377. 2 mm,

P HRR 6.6 CL R TA T 10 C YA 06 sh BUR A
1 200~3 200°C, 4y H B % 2 666 h., A BH 46 5k
130.57 kJ/ent® LRGN 85~148 d, 3 B 4
FRBERRMIKE L AR SR 0.5% ~1. 5% A4,
pHHEN 8~9, FIERTE R 1. 1~1.4 g/em’, AR IE
B2 DX = A b ] ] D2 e SRt Ay 7 T R 1
FHHb, HAEFPAEAE Y o EOK BT AT 28 0 Ab 38, + R
A . B % Bl 3 000 BE/666. 7 m®, 31y
pH A 11. 245 8 5 Hi 55 8F T 4F B ) 5 K, 38 <
5% BT 3 AT F B AR EE (VD LUK I B P A
TETCAEY) A R 25 b s A8 b A R 18 7 a, 7 35 %
9 80 %6 LA b R b RN HE 5 M Y 3R 2 - HE SR 4y Z 1]
A —mmzEs, K 0.57 g/kg) 5 5%
Hi(4. 04 g/kg) FIE 5 #1 (5. 84 g/kg) TR & &
ZE R R Y SR A R 2
1.2 WEFE

- 30T i R OULIN 7 2015 4F 10 H 18 H—20
H#EAT o 4 58 0 0 3 32 0 2 R ] 13 CO, 3 & A 3
W2 RS0 M A A% 75 S LI-8100 CUSA) , Il 5 Hif
FEBEARE L PN 2 I S AR (2 B R AR N Y b 3R AT
Y1) R T e 2 I AR X R G R IR AE
EBL R 24 h JE PR AT I E T EE S T i TR
BT PR X A SR B 10 R R G R B
PL24 h g1 JE I, B BE 2~3 h U2 1 R 4 JEnp g,
e AR M U S A S R S B A 3
OB LUAR I 0 e B AR s 5. 7E AT
A S R Y ) B A I R T 5,10 em
TRBE 38 B ] LI-8100 fE#5 X CO, 431X A
A EK 3 T A /AR DT N S B R A R L R
FE R AR E K& BRI E 3 IREE . IRAURE
FH BT 5 X P 4 3 Gl AR
1.3 RIEHIELE

B B R H Excel 2007 #1 SPSS 18. 0 48143
Bra A HrAE & . SPSS % 3 5k 1 K 3 A ] + Hb
FIVFH T3 =2 A e g A28 A 22 7 Wb 25 B ] SPSS A
£S5 I/ e A L8 VRS = W 1 ) O el 21 N O S = AV
- R 53R R K A3 Y A8 ROBE AL, B A M &R
Excel 2007 £ .

2 g5

2.1 LRI HITEE

2.1.1 E¥e+RB EHE AREHAHT XL
BEWF R 1Y) H AR Ak 52 B B T 1) R 0k - 8 T
Wl 1. 24 pmolCO,/(m® « ) 1 BLAE 1500, F AR {4
0.34 pmolCO,/(m* « ) HBLAF 05:00; 5 7t Hb + 4



5% 2 3

[ R S o N B S 5 s vl e o= R 91

I fE 0. 60 pmolCO,/(m* » &) i BFE 15:00, fix
fIRAE 0. 02 pmolCO, /(m* « ) H BLAE 05:00; B 75 M +
HENFIR (A 1. 21 pmolCO, /(m” « s) tHELAE 1300, /%
fH 0.29 pmolCO, /(m* « ) HBAE 7:00, LA M. ¥8
T 1 R A b A S 0P R S R e 1R A BE 3 )
122.42%,199. 83% ,130. 03 % , & 0T W 5 7% 28 fh 5%

KHAE 12058 F
~ 1.5

—— WM
—o— By
—— HiEH

—_
N

b

e
=3

e
=N

9:00 13:00 17:&2‘0|‘ﬁj 23:00 05:00

E1 RE#FR AR R = T
2.1.2 X RBEMALSBEWNXZ  AFE LA
FJ7 20 30 H AR fb 34 5 30 b T I 3 N M
TR A8 AR Jr)— B, — K v - 1 P I SRR A S B
V] 5 305 b T < ek R i ek A b B B ) LA
e I —ECHE (L 2) el s (%) 3 b 1T IR B 5 F 5 em
Hb IR L 5 9 5 R E A 04 AR B, 1T RE R T AR A 1
T K S AR S R A M 5 A%, HESK 43X b
A AR . RO b |8 5 R b U b TR
ISR ARSIk 87.03% ,171. 79% 1 169. 45% , 3%
A - ST I 1 I AR AR A AN AL 52 A0 B Il B R A (R 5
W Z B R A KRS FOK 3 SRR B, 1 HER
W AR 22 A= W R 3R R BR 45 TR 3R 5 ) 1) & 2 i AR L X B
5 R 2R L AT AR R A et s A S, plg O T 36 ol - 1 P
An SRR
2.2 TENRERSHRERENXR
2.2.1 e FEL XEIRAE AR L HAH
J7 3R B e A A 50+ R0 I R (R) 5+ BEK 4y
(WO A M (R D, USSR B ] A7 1, 38 1 45
7R AR TR] A b R Oy 2 4 BRI S K S Y 2R
G, 5 e 2 % N Foe 45 i — 300 SRl + 5
W 5 - 47K 3 1) A G 35 25 e, 8 7 Tl R 1 5 -
K 43 XcF A HE P 0 3R IS B B 5 e PR Ry 7 ARG
ELK A3 2T S IR AS 2 DASE A 4 R AR R 1Y
T35 20 DUIAR X B Sl b 3000 7K 53 XoF A S8 I W2 g 52 e 0 B
8K 43 5 AR vT REEH At PR 4 2 e i a0

SRR 2 22 Ak o+ B 0E W iR R 5+ Bk
SERMKER . KA R+ K o 6 e
I T 4R i 5 ik 3] I 25 M UK P (p<<0. 05)  #B 5 i
T b HEK A3 % - 0 0 R R BN B (5R 2)

(=]

FIE PR B R/ (umol e m” « 5
(=)
(= w

Ehmd M A 3 K A X A B0 AR AR Y R BERE 1 R
56.21%~57.33%,
"."-\ 1.5

—
\S]

e
=3

e
=N

e
W

0 1 1 1 1 0
13:00  17:00  23:00  05:00
Ly

- IE IR E A/ (umol e m” + s
8
=4

)

B

—
\S]

e
=3

g
=N

0 1 1
09:00  13:00  17:00  23:00  05:00
Ly

=k

BRI E R/ (umol + m” » 57

)
< < —_ —
> o v

e
W

0
09:00  13:00  17:00  23:00  05:00

R )
—o— TIERPREE —— THEEE —— BEGcm)

HIE R E R/ (umol e m” » 57

B2 ARLFAARNTEFRER EEATH
1 AEALTHAAARXLTEFREZR SLFERE(DM
T kS W RHEEN
hb T, To e T5 m Tow Wi Winew
BB 0.8417 7 0.950° % 0.898 % 0.703°  0.752°  0.760"
P 09777 70,9327 0.966° * 0.952° " 0,543 0.495
B 09077 0.8907 % 0,969 0,908° " 0.546  0.574

TE:x » 780,01 ARF EREMK, « 78 0. 05 KF ERFEMK.

2.2.2 ¥Rk AE5EBE HMELIEH.AFRL
oA I T3 20F b R 0 R (R) 5 (T) 25 A1
Ko R 3 L R SR 3 R S I WA 6 52 o B
2 T T SR 5 I A IR RE AR bR 2 TR Y O & rh, £
1, 5 0T M T I R AR SC M B B, 5 5 om SR
AH St 3k 3] i K R 32 Sk A TR Lk
JZ RS R 5 om ML IR R ORI BE 9 A OC 1 i
o 5 30 Ml TR BE 10 eom - 3980 AR e Mk 3]
FOKT s BAE S 5 om HUIR A P R EF . S
10 e 383 2 AH OGPt 38 B 1 35 /KK o (H 5 3T b T



92 | N S &

%24 %

T8 R AR B R DG M A 2 AR T g 2 PR T A LA
Bl 5 B, b SRR BE AN ) 32 A S5 T 3 B - S A
W 55 AR A G . O () R O O Y R
W 55 35 B2 13K B I 35 A O¢ (p<<0. 05)

A I R X 3R P e iy A8 Sy R — A Sy iR
This s A2 FEAE AR 2R F 0 |+ BRI W T B, Tk
PRI S 58 . ASBIESE rh R TR HO07 B (R = ae”)
G3AT HHERE IR 5 B R G R L 5 280 E 0 Y A
AR—F L BFGE & B AN TR A R O U 4 e
W S 2% 5 0 b TR A ) R B R R O R T
DL HR 0T FRAS BB AP LA (p<<0. 05) (% 2), #h
a2t 8 T b - 0T 5 R 5 G b TR e B

RAUF B 5 M AT IR B 22 5 5 cm ML BOAH
Kb o

R 55 Al AR DG W 5T X L 43 B T R RO 4 5K
Qo » A SR - 9 0 W 3 S48 55 30T b AT AU L5 em AT 10
em TSR B AT BOCR AT AR AR 2, A L
Bl AR WA 7 T R IEFR ) Qb E )3
TR EE 3G i 34 0 31X F 202 h TREE T2 IR E g
o A I B ) 728 Ak i DR 0 T R . B R R Y
Fhi B i Qi 1 28 AL B K - HERF WX 4 3 R
JE By e 7 S S BURR HLR R R B R Y Qo (E AR AE K
K25 ERH A E 5 oA W 20 QulEHTE 2.0
FEAT AR 5 AER Qi - B K-

x2 ARTHMAAXTETFRERELEEEMLTEKSINXE

Ab g PEF¢ Ry Quo PS¢ Rion
0Tl T M TR R=0.1668¢""%7T 0. 8639 2. 0606
R 1+ )E R E G em) R=0.1556¢"%T 0.7293 2.6353 R=8.026W—0. 7437 0.5621"
Ehmd e+ )2 R E (10 cm) R=0.1506¢" %7 0. 4897 2. 8462 R=17.7898W—0. 7308 0.5733"
P& 5 1 30 b TSR R=0.0428¢" 17T 0.7155 2.9271
185 i+ IR E (5 em) R=0.0328¢" T 0.7043 2.6912 R=14.914W —0. 7242 0.2995
P& 55 0+ )2 R BE (10 cm) R=0.0194¢> 1T 0. 6934 4. 9431 R=38.6652W —0. 3382 0. 3435
SRR R A TR R=0. 2925¢% 59T 0. 8195 1.8203
B & M+ 2 E (5 em) R=0. 2615¢" %7 0.9318 1.7023 R=14.317W—0. 0229 0.2975
& M+ 2 (10 cm) R=0. 1839¢" %467 0. 8532 2.3303 R=16.162W —0. 2465 0. 3304
2.2.3 AM-FALIMEBAEALREBE LKL, #3 FRELHFAFRLETFRERS LIHEEN
R B A N K 53— P R R A 8 Al THRAS HNERRE
SR P 2 AEAE ) 1 5 AR T . ARBSE R AR ﬂmﬂéﬁﬁ - gf* OR;O
e N e N . % . % =1L .
FRR R K A3 RIS X - P 25 0 3 ML (0 ey R 1L 07
R =ae"Wr B L 2R 5 em) R=0.004¢™ 5™ 1020 0,870
AR R GERFI A, T Sy R W S M+ R (10 em) R=0.059¢>1017W —0.019 g55
KA SR sab.c EEL B JZ IR (5 em) R=0.128¢"02W =02 0,948
BT R (10 em) R=0.099¢"°TW 0315 812

ASCHIF 5,10 em R EE 4 2 /) + 5878 B A1 + 84k
KRS R AR TS A R=ae” W, 37 T + 1
I 1 3ok 2R 5 4 B3R K 4 O RS RESE 2R (R 3D

SN RO L, 2 AR e REU(RD
P BRI AT A AR 1) e 2R B TR e n
/N5 em 27K 431 398 3 R A A B £ e s 2 8
HR (36 3) 3B 0—10 em 380 K2 B9 A8 1L RE 5
fif R O1. 85 00 1y - P i AR S 5 8 5 Wb A2 A5 AR 11 M
FHRE R VR EE W Nk /N, 5 em 1 JZE K+
HEIR A AR P RABUROR . £ 0—10 em £
IR RK 53 (1 75 16 BB 06 i B 86. 25 20 1) - S NF I AF
S5 E M 5T A AR ) R R B 2 R B 1 1 o
kNG5 em 2K 4 F A TR B A A B R U E R
Hrd K. R 0—10 em 383 B Rk 43 19 28 1L BE %
fiff B 88. 026 Yy - HENF I AR 5

3 4

(1) ATA] = b A 5 3K R0 1 H AR Ak 35 2 o
g e A, — R P TR e v R T P I R 3 B
T At B 1) 5 - 8 0 2 R SRR (L 3 %) B[] 5 3 b T
AT RIS A AR A s R s e LA A A — b

(2) ATA] A=t 1) 75 3K 30 5 7K B R 34 5
TEAHDG, SR R PE G R Ak 40 B + R W R 5 +
HoR SRR . SRAH A HEK 43X+ HE g g gk
RIS M 32 3] J PR K (<70, 05) » R 5 L+ 57K 43 *of
- ST A AR I i BERE 1R 56. 21 %0 ~57. 3306, 5 T
Hi VY i b A 458 K 53 X8 S N g R R AN B B 5 O
I7i] = 1l A O 2 1 - S I 5 30 3 43k ) I A G
(p<<0.05) WA [ = M A1) I 75 20T A S 0 il o 2 55 3
b TRT AT AN TR R B I 1) G R AT DL R B0



5% 2 3

[ R S o N B S 5 s vl e o= R 93

P ENE U I B (p<<0. 05) . ¥ it b 4 HE I 1% 1) 3R
JEE B AR B Quo (E 78 AL BRI DT A - S8 3L ) )
O S SR B LA T R BE MR B Qo fRL A TR B OR 22

=4
#oi

RO A AE AN TR R Qo HEITE 2.0 A8

A 5 ABR Qu i BRI

(

3) TR S A A HE K g3 X I R AR Y

AR AR R L P 2 B AEAE W S AR S T

N[5 - R 75 5T o S AR g o S R K

XU H5E 5 %+ LR L A B2 B 4SS TR T i i o 1 -
I 75 S5 o 5 0 L 98 3 e R A M DU A5 5 FE A8 i

9L

85% .86. 25 % H1 88. 0% 1y 4= NP g AR S |

(6]

(9]

29(13) :74-80.

R o U SRR X SCIR.L A 5 YR AR - 9 IR R R AE K
Hm N[ A4, 2011,31(18) :5217-5224.
Bouma T J, Bryla D R. On the assessment of root and
soil respiration for soils of different textures: interac-
tions with soil moisture contents and soil CO, concentra-
tions[ J]. Plant and Soil, 2000,227(1/2) :215-221.

T HE LT SRR L, RS2, AL KRR X U M X A
WP F 5 [ . A 2527412, 2009, 29 (11) :5995-6001.
JEVAE T ARG X B T S TR SR i L bR N TR
52 AR PR b SRR AR LT R A 3 2 4R 2009, 20
(8):1783-1790.

P d & [10] Townsend A R, Vitousek P M, Holland E A. Tropical
[ 845 JE ) e VR AR AL oP [ 4 T AR 25 2 45+ B0 g 1 soils could dominate the short-term carbon cycle feed-
FABFSE 5 R[], K WA 25241 . 2008, 32(3) : 719-733. backs to increased global temperatures[J]. Climatic
(2] SEACIKED, U, %. 8 5 FUR AR 0 0 b Change, 1992,22(4),293-303.
YV BF5E 1], K £ AR BF S . 2015.22(3) 198104, CULT Ml B R B S5 ] 2 B 77 53 0 - S
(3] SHE IO . £ HE0F 0 15 3R 55 (M. J it 7 45 30 BHATSHWEFAHLIL Fk FH#,2010,19(1)
AL L 2007. 42-49.
(4] FFRTAG B BB, 5 B L A UK MR b e g i D120 PRI DRARAR SN, S AR AT My SUHT B
CESTLEESTER SRy S Tk RO IR ABBE 4+ SRTP IR (OS], Ak £ REFBESE 2015,
1 A5 24,2008, 28(11) :5428-5436. 22(5) :122-126.
[57 i, 2 st , 28 0 22 , 26, 45 + 5 B /K it JR ol 32 s s R [13] T 5t Phbe . il b A 25 3R G0 3 o 0L I A9 Ji 38 5 T 3
034 2 P F o R O 4 (10, A<l T 4 2015, [V L S SRR - 2006
O A A O T A AN NI YA A AT T O I AN I YA A A S O I I A I I UOAO
(k3% 88 7)
[19] SRk, 0B H o4 A5, I E X 200 + 3l b 1+ 3 [26] Tyler S W, Wheatcrafu S W. Fractal scaling of soil
R RAFFAELT ], K E R4 . 2012,26(3) . 18-21. particle-size distributions: analysis and limitations[]].
[20] Rieu M, Sposito G. Fractal fragmentation, soil porosi- Soil Science Society of America Journal, 1992,56(2):
ty and soil water properties:1 Theory [J]. Soil Science 362-369.
Society of America Journal, 1991,55(5):1231-1238. [27] kARAe Aafiss, a0 2. KT by 80 X5 &5 1l A [6]
[21] Katz A J, Thompson A H. Fractal sandstone pores: T A 5 1 25 4 Pk 5K g o L) . K B AR B 2R A
implications for conductivity and pore formation[J]. 2002,16(4) :127-129.
Physical Review Letters, 1985,54(12).:1325. (28] akZ=ln, K Be . #i SCAb. R4 B B0 4 A RAE A +
[22] 04800, AR, 5. S8 B WS L0 R bk 1 kL A2 43 A1 WO B ARAELT . KR4 41, 2004 (4) :67-71
M43 R AE LT ], 0 AR 2257412, 2003, 14 (1) 1 11-14. [29] BURSE, SRHIHE AR R AL 5. B X A 39 J0RE 1 431 2 4L
(23] FiA BTG, 4 5005, 55, =k 2 DX 33 Bk b A IR 0 KR FALTD. DUl 22412 - 2002, 20(3) £ 242-245.
AL R pd RO [ . T HEZK 2% 4 . 2012, 31(6) - 45-48, [30] i 3%ysm , s ZR Mg L o B L 5. 58 €8 Fr 62 35 b AN () ) 26 8
[24] Nair K R. An introduction to agro-forestry [ M]. Dor- FHERAL R AR A AT L) ). VE M RS2 A R B AR
checht: Kluwer Academic Publishers. Netherlands. 1993. 2008,30(9) :108-112.
[25]  JH M. SCRIR A7 5. 55 R [ 45 3 A oK - PR EE T [31]  FERTIE KB AT. BeIb 2 + Fr B i A X+ ek 42 4 I 4

BEARATJ]. AR KIT,2012,43(7) :81-84,

FELT]. o E K R ,2009,7(2) : 35-41.



