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Seasonal Characteristics of Soil Respiration and Affecting Factors Under Typical

Vegetations in the Water-Wind Erosion Crisscross Region of the Loess Plateau
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Abstract: By the soil respiration system, the characteristics of soil respiration were investigated to explore the correlations between soil
respiration and soil temperature, soil water and soil nutrient under different land use patterns in the water-wind erosion crisscross region
of the Loess Plateau. The results indicated that the seasonal changing characteristics of soil respiration were distinguished significantly
among different vegetations, and soil water content and temperature were the main influencing factors. Soil respiration seasonal
changing ranges, such as bare land, crop land, Medicago sativa land, Caragana korshinskii land, abandoned wild grass land, Siipa
bungeana land, wild grass land, degraded Medicago sativa land, sloping Medicago sativa land, sloping abandoned wild grass land,
sloping crop land and terraced crop land, were 0.32-0.82, 0.41-2.83, 0.74-2.81, 0.76-3.07, 0.67-2.79, 0.51-2. 12, 0.56-2. 05,
0.59-1.66, 0.42-2.09, 0.31-1.86, 0.32-1.93 and 0.41-3. 17 pmol- ( m’-s) ~'. Comparing seasonal changing magnitudes of soil
respiration, crop land was the biggest (167% -203% ), abandoned wild grass land (117% -154% ), Caragana korshinskii land
(134% ), Stipa bungeana land (129% ), Medicago sativa land (119% -120% ) and bare land (94% ) followed crop land. The

smallest was degraded Medicago sativa land (92% ). Bare land and degraded Medicago sativa land had small seasonal variation during

kil

the study period. Monthly average values of soil carbon flux (soil respiration) of Medicago sativa land and Caragana korshinskii land
were maximal, but the maximum values under crop land were observed in July and August. Besides Q,, of crop land was also maximal,
which reached 1. 86. There were significant correlations between soil respiration and soil organic matter and available K. Moreover, soil
respiration was affected by soil organic matter and total nitrogen in July and August when the water and heat condition were plentiful ,
but soil ammonium nitrogen had negative impact on soil respiration in the seasons when water and heat were not optimal.

Key words: soil respiration; soil carbon balance; soil nutrients; annual variation; water-wind erosion crisscross region; land use

pattern

Y #5 B #:2010-01-12; f&1T H #§ :2010-03-19
E&TH P EFF B FE KO E % 5508 41BN E B A 7RO R0 5 76 LR AR K 2 3 AR BHF L il 50 H
EEB N IR (1984 ~ ), & WlHAF50 A, FRUTR T 0 A S REE i, E-mail : xiehui3108hh@ gmail. com

# JE I R A, E-mail ;fanjun@ ms. iswe. ac. cn



2996 w0

B 31 %

AR B M ERAE A A — e FR L 1B T M Bk
TR A3 A R0 A BRBRARER . O T i 4 BRBR AR B 20 fi]
b NS S w7 L R P R e SN DA WA T R V3
PRI R AN TR D T, G b A 4 - e L e
Ml B A 0 B B R fE R AR S R G h i
ST W HE AL R MY CO, ik 68 Pgra ' HALK
TRl A SO A T [ B L T
L2 Fli A= AL [ R /9 CO, aR IR Bk Ae, R
SPIE 10% /9 C iy 387 A8 o N2 st Al fE
B A 7 E TE B L D X TR T
Fli s A2 25 R 58 T - HE CO, HEHOE i 25 3 2l J
SR A 0 223 BT, 8GR B A B R4 3R AR T 5
A T

O — AN IR AR Al B 2 B 2
R B, 3228 AT R Ko A PLRT | 35
2 b R — i Y R A 3R B I IR BE K
3 5 T4 0 ) A, TR i ) IR R R A AR AE T
WSz EAM L A R R R i A HLE
AR, e R IR L B R K 3 B9 0 1V 5y 3% B A
B LA A O - T AR R A B 5 A
NANEEZ TR B g D It T K el U el 5 A X AR
R A e S R ) BTF S8 AR R ke =

B e Tk AUk S B X S AT IR B IR ARE LA
K, X LA 7 O A T — AR A A Y
Fers ik fe v, b e IR I ) AR N AR AR AE R M AZ AR AL
i ST HE— LS W R I, AR T 5 8 AR DX LRl
SRR B, XoF T A S R ) A P AR R AR AR R
Wa AL AT TR0 AT, U RE TR A T i B e
- HERRAG P i e

1 HE5H%

1.1 WX 3SR HEN

A 32 50 152 AE B PG 44 A bR T A AR EL 7S I VA /)N a4k
(ZR£:110°21" ~ 110°23", 4t £ 38°46" ~ 38°51"). ¥§
#1094 ~1274 m, 2E L& FEEEL R KK
T [ U R T L O Y. A X T iR
e B, AEF R 8.4C, R R KR
-9.7C (1 H) ,F @ik 23.7°C (7 ) ; M i e e T
38.9°C , M v e AR i — 28. 1°C, fe iy S {IR 4 22 67°C
AR H #5522 13.8C, = 10°C 3 3h LI k3 232°C , 6
FEH 169 d, 4247 H I %42 836 h, 4F 5 K BH 4% i &
15922 MJ-m >, ZAEF R K 437 mm, Hp 6 ~
9 H BIREK b A BE K 2B 70% 247 1% X8 T 7%
MR AE ) S, T 5 FR VR R R KUK K

ol JR ol 45 )¢ B AR A T s B N 2R Bl s
B IS

AR AL T HE N R AL AR R AR A
DN TR L2 N EE LY NR S AL R YN
R 2 N TR B A B MOk, AR
1 (Medicago sativa ) FIH 25 B ( Stipa bungeana ) 55 B
e . LR Oy X 2 DA BE o & V) A
BE T ( Panicum miliaseum ) .4 1 ( Setaria italica) , K
& (Glycine max) VE3E ( Solanum tuberosum ) 5. 1iij H.
I3 A — i AR R N TR AR AR, 32 A VM (Salix
psammophila ) . ¥b & ( Artemisia ordosica ) . ¥7 %%
( Caragana korshinskii) %5 FE7% L
1.2 Mk 5%t

AR 56 38 A - ) T A S R | R
(AR FFRE G AT A TH0) N T w5
O (24 AR R, 2R 7 AR AR ) AN T R b 45
JIT 1 - M R S B R 5 i I A A 26
R ST AR IR 1.

F1 KW HME TG

Table 1  Site conditions of the selected land use patterns
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Table 2 Soil physic and chemical properties at 0-10 ¢cm

of different land use patterns
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JEXIAER 3! 1.52 0.578 0. 036 9.22 0. 052
Il b, 1 7 b 1. 40 0.613 0.033 10. 69 0. 057
Il b P55 1.38 0.618 0.034  10.52 0. 059

1

1

1.3 30 me i w

K H B2 5 RS R D e £ 5 CO, HEGE &
#4 CI-301PS £L.5) CO, KM B (3£ E CID 2 H])
1 E % A 5 2 R 0 0 e A AT R
(R0 5 . SRy 1/ 2 TR P Xt A R A R G AR T
B R T T3 I 1 d 7E AR b PN B R
BETT W A7 BB 38 6 A 9 A 398 v [] e 35 AR PN A
HEY 57 b B i, R AT REAS S sh R i R VE 9. 4o
24 h (RSP A I, A T IR 3R S R A ) R AR R
(R 7K SF- , DT 38E B T pl 4 B S R B i
G ) 1) PR O R SR 3 g . N e B, e s A AL
PRSI AOR A B BIET 1 d IR EAE R
FU Y L, [ B 3T A P4 T XU 7 il CO, <
PR B BETRIRR 10 s, 2158 CO, SRSB4 5 — Ik
FEN 2SS CO, WREEAA , I 1o B) R 22 180 s, ANl
HHEFEEME 3 ~5 ). LR 2009 4E 4
FFF AR I A2, F 2009 45 11 45 3, i 50 1) 1] 45 b
4 ~6 d P —y, BRI FE 09:00 ~ 11:00 2 i)
AT, 3 — ] ] 0P I 58 R 0 5 (6 5 H O3 AR
#ﬁUZJ‘
14 4 B K 43 1 I

T 5 S I W ok 3% (1 i) s ) ) A b S 3R g
(HH509R ) 3% £z 4 F FRHR Sk U +- 448 5 em 1 10 cm
VR ) £ R & % B Hydra Probe I (SDI-12/
RS485) & 0 ~ 6em B + 87 B IR B & K &
L5 4y p 5 4k 22

SR 3 b B R A N X S 0 g 3 ]
S, YR OUUN 3 o R BEAT LA

R, =a-e" - W (1)

A, Ry Oy IO R A ¢ g 1 Sem ZRIREE, W

HEHEO ~6 em PR E KA, o bc HTFE
ZH.

Qo TR 275 - JJ I R 3o 3 0 3l B2 A% A ) it
SRR, O SR AR HOC R BRI ATHSE

R, =a-e", Q,=c¢e" (2)

A, a b HTEESH.

4 U I 5 B BHE A AT EXCEL 2003 47 % 7t
AW AR L, I3 ] SPSS1L. O S i+ 1 43 BT 4 S 0 1l
525 5 R 7 22 i Y S AR

2 FERE5HH

2.1 A A bt

ok 7RI L B2 2 B2 ) - JE R 0 1 32 I, AR AR
JE ) 5 B0 1 A K R 425 mm. R[] - H R 5 R
TS5 em J R OR R B AR Ak A B AAH TR Ak 2R
Z AT — 5 X R SR B — S M3 0 ~ 6
em W AZ BEK 52w BH &, % sh K, 1R 06 I T
RS RS L HOK & R TR, R
ZREKM R (& 1).

2.2 AJE R O SR A HERE AR AR AL

AN TR) A 1) T 20 - e i e A Ak 5 il
A AT — (R 1.2) , R A 8
RENR KA (E 2) 00 3 Sem R EFE 7 H k8
KAE.8 A T, 1K 8 Ak &4 ke (K
1), FZE8 HRZMBAN RS, 7 HEIEE.
IS 5 B ¢ B A R % A7 - 1R R K 4y 1 2
RS R D A A AT SR PR R M K P
M i b R AR E A M A M B b R T M
S Wb A b Aol T A i Y - 9 O I 3k R AR A
A3 R 0.32 ~0.82, 0.41 ~2.83, 0.74 ~2.81,
0.76 ~3.07., 0.67 ~2.79. 0.51 ~2.12, 0.56 ~
2.05,0.59~1.66,0.42~2.09,0.31 ~1.86 0.32
~1.93 F10.41 ~3. 17 pmol- (m’-s) =", 4~ HEIP 0 3
)RR B (e KME S /MEZ 28R D1
{E) LA #b (167% ~203% ) f5e K, MR O 48 575
(117% ~ 154% ) 7 %5 1 (134% ), K 7% 5 3
(129% ) JE A& H (119% ~120% ) R H1L(94% ) ,
NIRRT A L (92% ) .

TESM AR (3 3) R, 11 CO, PRl
R F AR KA < B A5 b > A7 4 > ¥8 5 i > Y b
s > b6 AR > TR AT > PSR > e > IR
A 1 b > B MR e b > I Hb A b > AR b, P A
Hb - 4 0 0% G2 S T A - M R 2R (p <
0.05) ,3X 5 #tHh N Te ko) A4 KA K.



2998 I 5

31 &

40 40
30 - - 30
o 201 — 20
P g
£ 10 - 10 %
2 z
S r
§ #
®oop 10
— v — B oA BOBEEH
10 —A— fFEM —-v—- BB 7o
—a— &y — e R
— o= KTEH —O0— HERM
20 - - -20
0
0.30 |-
15
0.25 -
g 020} 730 ¢
% £
5 i
41 015 45 §
&
®
B owop 6o
0.05 |-
75
| | 0 | | |
04-10 05-30 07-19 09-07 10-27 12-16
B3 (A-R)

1 HREAKKESE. TEEEMEETL

Fig. 1  Precipitation, air temperature, soil temperature at the depth of 5 ¢m and soil water content of 0-6 cm during the study period

LIRS (R 3) EKFETHH 456 H,H
A 1 P S N I R AR Y W e T A R 2R (p <
0.05) . AH ) A= K HE U], A ] - b ) 1Y 286 2 [R] - 43¢
Mg 3 22 3 W3, 8 R Hh AL S 0.82
Mmook o ik #3117
pmol- (m?+s) =" JFP L 8 H A& Hu Ff A 19 45 1 3k F)
AERHE BRI, A R A R G, b L B ROK o ik T A
HRIRAS, B DA A S 0 I o 308 B A AF d iy AR KR
JE 91910 7 Ay 2% i 55 At 4 R O = TR) 22 5
FHo1LH A &g CO, S ¥R i 2R 0] ik 0.76
pmol+ (m’-s) ~' ML A 0. 32 wmol- (m’-s) .
T EAT M 2 IR A R R, BB BA P (H
T by 2% bR I M A M) W b AR T T
WS B, B b R R I O R, T R R AR
T MU & T H AR A K, IR Rl R Ay 2R R A
A . 25 by 5022 - 8 1) K B PR
2.3 - ORI R U AOIR AL

pmol+ (m’-s) 7',

e S R e R ki R R A Y U T R Q)
KA IR, Qo J2 Ui BE HE I 10°C Jr X5 il 14 o Ml T < g
AR T 25 il R A IR 2 [ A O R — 1 AL
PRECALL S I, Q0 BEFT RAE i 5 (2) Hh il R AL b 3R
ok Bl AR 2 R G L HERP I Q (HAE A AE 1.3 ~
5.6 Z ), 3 ok F A 25 AR G0 Y 26 A0 K H ot B )
it
9 5 HE A GBI X LG S A iR R U Q)
AHIFFE X - P R 5 R AT R B R
M, 235 20 3 W I J3E ) - 38 P W O Atk 2 B R (R
4) , b STl R A Y I - B U R B B T £ B T
(18] 3) i B B E 6% B0 4 3t 4 38 b A1) 22 1) 93X
Fli 2 (R* 5 0.471 ~0.729,p <0.001) ,Q,, ¥ 75
L 2 N, B A T BAR KR e QB
Py 25 R BR M B A, e R A R B 2 1A] Q22
SN R BB AR R I B 8L ORI R 4 T e R
AU ROR T B2 AR IR, A7 b M ) 28 2 4



12 1

2999

3P IR 53 2R /umol-(m?-s) ™!

oy
—&— B
—O— iRt

4 —v— PR

3 —

=

1 —

oc | | | |

04-10 05-30 07-19 09-07 10-27 12-16
H# (B-H)

2 AREHFHAARXTLEFREZNZTTELLR

Fig.2 Seasonal dynamic changes of soil respiration rate under different land use patterns
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Table 3 Seasonal variance of soil respiration rate under different land use patterns /pmol- (m?-s) ~'
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s 1.00 1.55 1.93 2.21 3.07 2.03 1.20 0.76 1.72
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— 0.83 1. 05 1.63 2.05 1.98 1.37 0.70 0.56 1.27
0
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R 0. 88 1.17 1.47 1.45 1. 66 1.34 0.75 0.59 1.16
i,
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P —_— 1.07 1.97 1.79 2.09 1.90 1.32 0.61 0.42 1.40
b ;
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T 0. 64 1. 11 1.28 1.62 1.86 0.73 0.48 0.33 1. 00
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B e 0. 60 1.13 0.98 1.37 1.93 0.94 0.45 0.32 0.97
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. 0.50 1. 11 1.05 2.62 3.17 1.38 0.63 0.41 1.36
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Table 4  Relationship between soil respiration rate and temperature as
well as @, values under different land use patterns
+ b A KRN M RH R Q8
W Rg = 0.197¢* % 0.623" " 1.48
s Ry = 0.220e" % 0.590 " * 1.86
T 75 Ry = 0.4706™%7! 0.713"* 1. 60
T 4 Hb Ry = 0.559¢" % 0.532"" 1.46
&5 b Rg = 0. 447" 0% 0.576 " * 1.48
K Ry = 0.385¢% % 0.578 " * 1.49
2 2 4y Rg = 0.442¢% %" 0.611** 1.49
BALE TR Rs = 0.456e™ % 0.591"* 1.52
W E A Ry = 0.317e™8¢ 0.729 " * 1.62
PSR TE L R = 0.248™ %" 0.583" " 1.51
Il M A b Ry = 0.221™ %% 0.656" * 1.54
6 T 4 Ry = 0.253¢" 0 0.471"* 1.55

1) ERE n =37, % * Fmx p<0.001
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Fig.3 Relationship between soil respiration rate and air temperature under typical land use patterns
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Table 5 Relation model of soil respiration with soil
temperature and moisture

+ b A ZH a ZH b ZH ¢ MXRH R
i 0.2311  0.0449  0.0720 0.5414""
4¢3 0.2391  0.0609  0.3017 0.3991" "
H 5 b 0.4029  0.0547  0.2635 0.6845" "
Fr % Ho 0.2729  0.0482  0.4494  0.8273*"
&5 b 0.216 1 0.0515 0.4387 0.7541**
P 0.2058  0.0585  0.3380 0.8022""
It Hi 0.3142  0.0584  0.2527 0.7054" "
AL 7S 0.4178  0.0470  0.1717 0.7300" *
i 7 0.3387  0.0529  0.2228 0.6843" "
e b ¥ 5% Hb 0.1053  0.0676  0.4049 0.7599" "
W b AR 3 0.1143  0.0626  0.3654 0.6152"*
b T A 3 0.0295  0.0705  0.9810 0.6654""
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Table 6  Correlation analysis between soil respiration and soil properties at the study site
Ay B A PR ) C/N AT A AL NH;" -N NO; -N Tk R 5
4 -0.156 0. 008 -0.023 0.114 -0.286 -0.566 0.657 " -0.849 "~ -0.314 -0.003
5 -0.430 0.336 0.339 0.236 0.075 -0.209 0.635" -0.584" 0. 165 0. 139
6 -0.125 0. 095 0.091 0.134 -0.355 -0.538 0. 495 -0.788 " " -0.273 -0.106
7 -0.143 0.675" 0. 545 0.555 0. 104 0. 187 0.229 -0.205 0. 161 -0.363
8 -0.413 0.627 " 0.694" 0.231 0.113 0.292 -0.053 -0.109 0. 008 -0.238
9 -0.143 0.234 0.252 0. 081 -0.244 -0.199 0.224 -0.558 -0.404 -0.337
10 -0.250 0.258 0.314 0. 087 -0.297 -0.310 0.246 -0.650" -0.455 -0.111
11 -0.112 0. 105 0.196 -0.035 -0. 460 -0.434 0. 190 -0.658" -0.510 -0.154
A -0.272 0.358 " 0. 300 0.315 -0.001 -0.145 0.453" " -0.306 0.011 -0.128
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