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BE ARG+ EE XS 6 TR RN R =3 KRB RS, F 2012 4F 12 A—2013 4F 4 A/NEAKZEPIST HGEFRE 7 5E
FEXF /N R A Y R | KSR BOE LR & R AR ST WD, LSBT SRR B A AR A R R e DR R A SR R R AT S A
B T SRR R I (S) MRS R EE +E BT (SD) AR ERA) 51 EL X BR (CK) HI T 45.0% 1 29.4%. 26 ik 1H 3 85, £ 1End- g £ H
SR RAY R A OCR i T T MR RNA AR R R A ) R AT AG /N2 AR TR TR FH 7 - T A B A 4 BE
(2012 4F 12 7)) FRWHI(2013 4 1 ) ShEEIA (2012 4F 3 H) RN (2013 4F 4 ) MR IEM 53 51 & -+ 30T /) 28.2% .44.0% .56.9% .
56.2% , V- TIHR N 46.3% , I 52 Je i w35 AR A B IR K, SRR AR A i 178 Ak ) 25 4 BEOAS [ b A ST AR R AR ) i 5 10T
W fi] R P [l 5 A8 2811345 8 CK .S R SD 3 ANk 3 AR WP AE Y o - S WA FH Y LU 451153 501 42.9% (43.8% F11 43.7% , FEFI 7w A AR
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Contribution of root respiration to soil respiration based on straw mulching in
wheat growing season
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Abstract: In a dryland with triple intercropping system and 6-year straw mulching experiment in purple hilly region of southwest China, the soil
respiration was measured, and the biomass of wheat root, soil temperature, soil moisture and soil organic carbon content were monitored during the growing
season of wheat (December 2012 to April 2013) , so as to analyze the factors influencing soil respiration dynamics. The results showed that straw mulching
could significantly improve the rate of soil respiration. Compared to the control ( CK), the treatments of straw mulching (S) and straw mulching+
decomposing inoculant (SD) increased soil respiration by 45.0% and 29.4%, respectively. Curve estimation revealed that there was significant linear
relationship between soil respiration and root biomass. The equation of liner regression was constructed between soil respiration and root biomass, and the
contribution of Toot respiration to soil respiration was estimated by the method of Root Biomass Extrapolation. At the tillering( Dec 2012) , shooting ( Jan.
2013), heading (Mar. 2013) and filling ( Apr. 2013 ) stages of wheat, the root respiration accounted for 28.2%, 44.0%, 56.9% and 56.2%,
respectively, of soil respiration, and the average contribution was 46.3%. The trend of proportion of root respiration was increasing firstly, peaking at the
heading stage of wheat and then decreasing, which was synchronous with the change of root. The linear regression between root biomass and soil respiration
was established for different treatments, which showed that the contribution rate of wheat root to soil respiration in CK, S and SD was 42.9% , 43.8% and
43.7% , respectively. Straw mulching had no significant effect on the proportion of root respiration.
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1 5|5 (Introduction)

48 1, 4 Bk b B A & 29 O 1400 Pg
(Jenkinson et al. ,1991) ,J&—A~ B KI5 % . + HE0E
WG e A 25 R GERRATG B A T B AL R 4Y, 7 A ER AR HE
JER A 25% ( Buchmann , 2000) | 4> BR&FAF i + 4 1]
KA 68 P, XK T A BR B HAE T
(R4 TR 100~120 Pg-a™") , 5 25k bl i 4 25
RGMERIH A J1 (F Y T it 50 ~60 Pg-a™)
(Raich et al.,1992). K It , £ 607 W Rl % A= 3/
AR AL, 2 X S BRIRAA IR , Rl Xd KA CO, We
FIARAL = A TR N TS IS B AE S R g
CO, MBI AR, L Z0RT ) 55 0 W AT FH R S 5 7 I
YEFE W5 4 HEOF WA 04 L ) 35 47 5 4k ( Larionova
et al.,1998) . JA% & X I 1 0TI 248 Z HE 9
T8 CO, 1 I A AR H ( Lundegardh et al.
1927) 446 3 AN EY2E L B — A AR R Y 2E it AR
AP it PR R A ) AR R T | - SR A A T
TS YT AR A Y B R i T Ak A
AL AE ] (Singh et al.,1977) . —fIA K, 76 T S0
W R DA AR 2R P A - S Bl A P A

RN, PR3 MR VE A R T - S8 i [ 2 s
A E AR, 38 S AR AR A RS it B AR
Jiti AR M 43 AT o A FH AR 2SR G b R 4
1=, A B3 2D CO, ) KA B B I ( Bayer et al.,
2007 ; Blanco-Canqui et al. 2008 ; 5 [E %45 2008) . F%
T2 T B AR S — 30 o 2 ) R B E S e, LA
PR, FLRes I 3R R, BB 2
REKEVE 30 43 ik 191 7 ) 3 b | 7D 1) KR
BEHI CO, MY IR B 15 AL b g 2 — T — 2% 2453 A 1 it
PR, R AT R 2 i 5 24 Ja A AT R JEA FH Y &
YE3E (Doran et al. 2001 ; X1 387545 2001).

IR R T 43 B DN T AR OMORT B AR AR R
SR Z e T A AR S R G0 B B A X 4 /.
IR 22 PR 114 43 5 0 2 7 1A 22 b, AR 40 161 Py 41
AR 5T B A5, H 7 A8 R JLFR . 415527
Ak MR FR AT B A vk AR W A AR HERR
% R IRRE R R AR IO (Y 2008 ; TR
KA 2003) . 254 % BRGS0 PR | T 4R AR I K 2% 1)
RO, A5 78 S it 22 A1 FF A8 B B SRR AR B, SR
R A Wy i AP A /N 22 A0 [R) AR 4K B B R AS
[7] AL R 5 A T AR R TR o A ST Y LA O
S3HT RN Gk B SRR 2 ] A e

B AEAR DR LA WA [ L (DR A= 9y i M R A B
ZINAZ AR ZR PRS- ST A B ST ; RS AT o
X SRR e AR AR P ) S

2 MBS 7 & (Materials and methods)

2.1 RKE kit

50 Hh A7 5 R T AU AT XV R R 2 2R S
4637 (29°51'N,106°27'E , 14K 244 m) , J& W #afy 2
DGR A, AR5 K BH SR 5 £ 87108 kJ - em ™ 4F
P8 H AL 1276.7 h, Z4E PR 18 €, =10
C IR 5979.5 C, H R = <RIk 40 C /A4, JoHa
W3k 359 d, ZAEFHRERT A 1133.7 mm. X501 1
WOEES: (e o3 WA K DO [ e b EON
1.21 grem™ ,pH K 6.47, A HLIT 28.00 g- kg™,
R 1.68 g kg™, AW 1.46 g- kg, &40 34.54
g kg™, AL WE 18. 13 mg - kg', AP 170. 13
mg- kg™ BAF A 35.23mg kg

IR /N BR/RE” = Z R VR
g O %2 6 AR J 5 = VR T 1R
FERHEDFS, B A BB E AL IR FE— B 2 3 4>
AT 3 RE R OXF I (CK) |, AR 6 I TCFE AT 8
FH; QFSEFFE 35 (S) , B0 1R FHAS A1 7 55, ik
RN FoKk KR GREF 2 i 55 OF A
AN (SD) , FEAL B S At - 7 55 R FF I
A EM FEFF I 2G50 % I BEAIL X HES , B/
XA N (8.0%3.6) m?. B /NX 4143 4 i, 45
FERE N 2.0 m, KKy 3.6 m. B 43 WA 56 A
LR A PR A RV E D) AR I A E Y /N OFG
INAZ AR FE PR 90 kg-hm ™) 2012 4E 11 H 25 H
R ,2013 4 4 H 20 H IR, 4540 B4 it 1o w5 R 55
390 kg-hm™ FRZ 152 kg-hm™, ¥ Ky L 0 75 45 o i
Jiti A W A0 BRI HTA /INZE | BOK BR GRE A Wk
JE ST TN /N2 B TR A K SRS A,
BE/ANXHE ARG FF 42.7 kg (PTH 15000 kg - hm ™). &
AT AL 3 | J6E SRR R A AT Y 0.2%. H )48
PR it ) 5 R
22 MEwirEF &
22.1 FEERENE IR SR ] Li- 6400 {H$#
AT 24 (Li-cor, Lincoln, NE, USA) F1 Li-
6400-09 4 3 I 2 I 5 , T 2012 4F 12 H—2013
AE 4 H/NEZHTHBIWOR I 2 4 DE , 4 U000 22 iy
[ #8147 9.00—11.00. 0 E /T 1 RIEER—EE K
FF IR Sty (R BEALEHL 4 A0, % A Hl) PVC 135
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A LD 2 em , HI EFRH S em A4, L IRBEAE IR
5~10 cm. 7E 4= HEWF U I 5 A ] Bk >R H A 498 B0 e 1
#EF (LI126400209TC, LiCor, 35 [ ) il i€ + ¥ [ 10
em b ) 3R
222 AEASRANBMNE  RRNE -
W e, 76 IR IR 2 (0~ 10 em) , T llE
TR B - A DL . K S R T R
HENE , R ALK R ] TOC-L (5 ) A Pl
FE G TN E .
223 RAEHENE LNERRSAMFELEE
Hi7E 80 em DL A2, Hift 5~10 em AR R AW i
K, BB JZURBERG I, i 2R % B AR 40T B (F Il
54 2006 ; X ZEAESE 2008) 5 [RIH,20 em 123
BN IE FEHEZ L1, B DA 58 72 D - 10T
W5, FHEAE 10 em R 20 em PR EL7E RS 136
rh R S A FH K P B B A I3 0, Pkt 1
/NERRZ 80 C LT 2 H 5 FRE.
224 MATHIUE RARREY=EIMEETT
BB — RV R AR W i 22 R ] g KA ]
FE R, 6 A RTS8 R R PRI TR R AR R A
AT GE ARSI Z A A OGO R A AR
FRA Y R W] I A T S 3 A G
R R Sy - SR B b e e (R
B L, 2008 ; BB 5F,2003) , = HERUT .
R=R+R,

K, R A HIFIFIE S (umol - m ™57 ) R AR AR
PR (mol s m ™% s7™") | R, S (TR W) W 3
R (pwmol-m>s™").
2.3 Gt aAr

- IENT WA FH AR AS [) s B2 1 22 S5 MR ] — 4
77 7% (one-way ANOVA) 73-#7 ; iz FAH &0 Br ik o
KRB F T IEADK &= RREY RS LET
WAEFZ R R RIERFIRAE R SRR A2
(R4 T 1A 23 . i A B 808 40 B 56 T 48 1 o3 AT
% SPSS19.0 ( SPSS, Chicago, IL, USA ) il Excel2007
eI
3 Z£ER549#(Results and analysis)

3.1 EEFRIAL MK EE A
AP 1 R /N A R TN R IR (CK) (RS T
i (S) FIRSFHEL 2+ #4GR (SD) 3 ANk B b £
I Rk 3R 49 55 e 38 AR 1 A 8, i il R 400 2k 3]
e RAH ; £ /N 22 A R (23 BES 23R 38)) L SD Ak

L5 CK Z R 2 22 55 MR WIS S,
SD 5 CK Z [ ¥R 35 22 R FE A/ NEAEK
FN, CK AbH 4 HERPI A 0.4~1.6 wmol +m™ >
Z A PIE K 1.09 wmol »m ™ s ;S AbFH -+ HEIF- I 3
AL 0.6~2.3 pmol m s 2 [a] 284k IR 1.58
wmol +m s ; 17 SD AbHf +- HEWF I # K AE 0.8 ~2.0
wmol -m s~ Z [A] 254k YJ{H H 1.41 pmol -m™s™".S
H1SD Kb FH ) - S8 I R AR A {E 43 Sl L CK 3G T
45.0% F1 29.4%.SD Ab B 7F Fif 1 B f2 34 58 4 HEF
YERT, B 30 T 3 i R R M IR T S LB PR IX. AT fig
FH TS RS FF B 200 5 A 0 0 20 I S 3 i, 45
THREFF IS R | L S AL FRER IR B S A IR, 25
W T8 7 L R S I PR A D s s AR LE S X3
%, TSNP R AL T S X

2:30 BN 7151
o CK
mS

2.00}- o SD

—
%3
=3

IR E 2 /(umol-m2-s71)

<
193
=]

2013-01 2013-03
HIBGEE-R)

2013-04

Bl1 EPEHSETAE (NG R RN A A Ak B ) R 3 22
5F(p<0.05) , KB FREFR P EZF (p <0.01))

Fig.1 Dynamic changes of soil respiration ( Small and capital letters
mean significant difference between different treatments at p<

0.05 and p<0.01, respectively)

e LSRR AR A R R P (R 1) IRAR
AM R NEE RTINS i/ e

F1 ITERREXRSPMEZRZBNEXXR
Table 1  Correlation coefficients between soil respiration rate and

influencing factors

r

H 0~10ecm 10 em Wi LHEANL
THOKks HHERE AR RER
2012-12-23 -0.030 0319 0516  0.467*"
2013-1-24 -0.065 0.132  0.723**  0.070
2013-3-3 0.085 0.387  0.819"*  0.538""
2013-4-1 - 0.126 0.045  0.588"*  0.263
. # p<0.05, * * p<0.01.




114

SR IGE RN A5  FAT B i A5 1F T /N A2 2R A Z AR AR IR o b S P IR A4 P ) ik

2849

TEASE (p<0.01) ; 1T iR JEE | 36 B2 75 Jt A (1] pAY X £ 48
PR B S MR AN 8 255 5 - A LA 5 15 P I
FHSRPEATRRE , 72 /1N 0 BE 0 1Al R0 1P 80 Al
TEAHSG, T AP S0 3 24 T 3 AR S T DL
TE/NZEHE R F X — U N Be N IR AR
18 8l 258 A Y 2 R M PR

3.2 RAPEMELZEFREENTHR

I=IA
)

3.2.1 AR B HAR R PR & £ PR A
raof o s%EM
y=1.448x+0.505
—~ R?=0.242, p=0.002
T 00
N‘,’i 120 D=0.156
=
s
£
2 100 o
N
=
= osof
= °
IRl
0.60 o o© o TWL
® — %M
o o
0.40 al | (|
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_ INEWRZTE ((gm™?)
c. fiIREH
3.00
_ =0.808x+0.874
T R*=0.654, p=0.000
L 250 D=0276 °
s
£
=
5 2.00
p=)
=
=
B 150 )
+H o WL
° — %tk
100t ! ! I I ]
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&2

IR IR K /(umol-m 2571

3L 2 /(umol-m2-s71)

3 3o 0T A SFEIT U S R IR R A A R AT [0 AT
L Z R A R (B 2) AR AN R
BN AR R AR N R T AR TR A B B A T
W3 2% S 24.2% (2012 4F 12 A 23 H, JrBE
1) .50.7% (2013 = 1 H 24 H, & 1) .65.4%
(2013 4E3 A 3 H, A ) 1 31.0% (2013 4 4 H
1 H R

b. #AH
1751 1=0.893x+0.649
R?=0.507, p=0.000 o
150
125
1.00 -

o BN
— %t

0.75
(=]
| | | | | L
0 020 040 060 080 100 120
INEIRRTHE [(gm™)
300 d A
o o
250 - y=0.544x+0.673

R*=0.310, p=0.006
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— %tk

00

L]
3.00

0.50 | | | |
0.50 1.00 1.50 2.00 2.50

INEARRATE (gm™)

NERREEHRREMES TETWEE RS (D NiREMITTE2E)

Fig.2 Regression analysis about root biomass and soil respiration at different stages of wheat development

SRR 8 A2 Wi A T 580 ) L e e e
(R,) A AR AR R IR 3k 538 (R, ) 1l 24 ) e O ok %

(R,) BARZRIPWAE L] (3% 2) /NE T BE] R
T30 AR R SRS 4 I B R I R 3 AR ) )

F2 IMNEERFHRAFR L BT LG
Table 2 Contribution of root to soil respiration during the growing season of wheat in 2012—2013
» AP BT HUR I % R, AT
R,/ (pmol-m™2s71) R,/ (pmol-m™%s7") /(umol-m™2s71) YEH L
2012-12-23 0.71+0.030 0.51 0.20 28.2%
2012-1-24 1.16+0.044 0.65 0.51 44.0%
2013-3-3 2.02+0.078 0.87 1.15 56.9%
2013-4-1 1.53+0.098 0.67 0.86 56.2%
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¥

9 0.20.0.51,1.15.0.86 pmol -m™ >s™' FE/NEH K
o BRI 3R TE 0.2~ 1.2 wmol »m ™% 57! 22 [A] 28
b, W s, T - S AR W P AR 1 8 Bl 3 /N
(0.5~0.9 pmol-m™*s™") AR R P 5 4 SEF I A
1) b 9] B2 BP0 TR0 A A A R A0 8 B 0 o 1L, 7 /D
FR KB B 28.2% 44.0% 56.9% 56.2%
Bt /N 2 AR 2R A W B G 380 3 o, SF 4k
46.3% ; TE/NE BB I W, 1 HEVE I HOR IR T %
R ZRFR (4 A S W 14 b A5 AS B33 i, 1T e S AR R
wEEAXK.

)

y=0.606x+0.635

23.00F b gppm ¥=0.553x+0.736

322 FEAEMREAFTHRNTE ANFELBK
PFF AR R AW i 5 4 0T 2 (8] 9 =] 5 5
(K 3),CK.S 1 SD 3 MM FAR R AW &5
bill) i i NI i o S = e o A = )
57.9% .52.9% 54.5% ARIEAR 2 A= Wy B AMED T
13 CK.S.SD 3 A~Ab 3 /N 27 i 28 I % 38 R 43 3
9 0.48 .0.53 F10.52 pwmol -m™>s™", [ - IFRI fiY L,
153514 42.9% 43.8% F1 43.7% (3% 3) . i3 4%
KA ,S A SD Ab B (1) 4 0TI S Gk P nE
FFIVRR 22 P 3R 14y v 0 R (H 22 S PEAR /N

~3.00fc. SD App y=0.545x+0.669

INEMRRTE /(gm™)

INERRRTE ((gm™)

2 3.00 a2 cK A - 2 ! S ©
@« R*=0.579, p=0.000 o 7 R*=0.529, p=0.000 o 4 R —0.5045,17—0.000
e D=0.341 0o o= D=0.480 o 2250 D=0.341
£ 2.00 £2.00 : 2.00
- 3 3
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Fig.3 Regression analysis of root biomass and soil respiration under different treatments

R3 AR LEEAIRE M TR FR IR A L M0 Y b B

Table 3 Contribution of root respiration to soil respiration under different treatments

b N R A T E R HRAR M HE R, e a1
R,/ (pmol-m™s71) R,/ (pmol-m™%s7") /(pmol-m™%s71) YEF EL B
CK 1.12+£0.076 0.64 0.48 42.9%
S 1.21+0.100 0.74 0.53 43.8%
SD 1.19+0.073 0.67 0.52 43.7%

AT (3R 4) FW] FEAS ALK | 0T
W R 5 /N2 AR R AR ) 2 B S A 6 (p<0.01) 5 7E
CK F1 SD ZbHA T, 158K 7 5 4 HENE W 2 6]t
FHI (p<0.05, p<0.01) ; FEFFE M T 1R
B 5 - R A I SR O (p<0.01) | TR REZH 7
HZIANAH AN B3 R R PR & 5 AT S
AEFR TR A ST AR OC (p<0.01) L5 GRE, T
P AR R A Y R R EAC NS LR+

*4 TELEHETRERSHMEE MOELLER

Table 4  Correlation coefficients between soil respiration rate and

influencing factors

Qb3 10 cm 10 cm e T
THOKs R HERE AP Tk 7 i
CK -0.446 " 0.303 0.577** 0.221
S -0.126 0.550**  0.635** 0.809 **
SD -0.602 ** 0.573 ** 0.549 ** -0.110

A BB 5 5 0 - K 73 22 8] 3 73 Ak BE 3R B A
KM AN A RN, SRR TR S Y
AR IE B L, A 0k A S R R R A T
T T SR 5 T 3K — A 308 10 = S K 3 AR R 5 e, ko
SRR A T AR

4 118 (Discussion)

41 +BEIRAHESEUNRPHEER

TE/NZ A A TR N - P IR 3R S 1S T 5 A
I UG TR AR A A 5 83 R P 7 5 A0 B, - BRI
A FH A S 18 58 32 5% i) el A= 0 1 2l a2 TS )
- ST R (A 2001 F 254 2006) . 135
WEIAE A 52 e R R AR 2, KRR VR A= 2
FEPEAAOL S IS B Rl P E AR AR RS+
ST A P B 25 AR S E R R () TFFAE,2008)
25 PRI ZR Z I AN IS AFAE 1, AN [ B % - S5
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W 7= A s T LB A1) =2 ) e A A B 5 (X 28
85,1997 s i AR RK S, 2005) AE/NE SR KB B, 135
I 3 3 AR R A ) i AR b R A — B, 2 i A AR
b, TR AR IR B dp R RS RN AR K X — B
AR RUBE I, - 3nd e 5 4 S8R i B =2 [A] AH e A
B AR BT 5 e DA B i R
A ABRK RS AT S A RS PF T, 3P 15 1 e
T AL A R0 4 K 43 22 8] 26 B AN [
FEEE AR I 175 1 K 43 TR 6. M e BF 9 R
B, FORFEFFA T 22 |, R 3P 20 em 12
- R R LR A IR A O, 5 K A
TE— B PR IE ARG, i A 3] —E W R 2
TS (N, 2013) 5 78 T 2K A HT A 32 IR 02 AJF
gi B — AR R s M RE A HErF 5 1+ 560
JE R A LT A AR L A OGS
FAZE (HFFFAE,2007) .
4.2 AR ZER I A IE R T

R A A P A R IR R o S OF R L A8 %
FHFTERR SN A o B B A H B S, H A Ak
Xof AR 28 IV W A FH A B 5 K 22 4 v A AR PR R R I A
BRG SR A LSRG T AN R PEWAE A 5
- T AE R LU A8 A 9 B A G AR A AR S
ARG EWAG IR B — A EZIT, JEAL T, Al IR
He i o, A CH, 43 51 o5 AR i 2 A HE i 1)
21% ~25% F1 57% (BRI ik, 2001 ) . B it %o 4k A
BRGA M o5 0 g b 1 oK 45 550
v

AR SCR AR 22 A2 9 i AN T X /N 22 4R 2R i
VEF LB EA AR R FE/NE A R TN B 46.3%
5 Cheng 45 (1993) % A B Z b ic B0 8 1) 45
(40.6% ) K124 , (HAZ A% T Swinnen (1994) % FH C"“¥5
OIS Y 45 5 (75% ~ 90% ) . |8 P 2K P AR A= 9y
HMFE TR G R b B VR AR FR VRO AT AN B A5 RN
40. 3% (RISLHTAF,2006) 5 F KA R 7 43
AR B L AIA(E g 54.5% , Horb M3 2R R 38 56
BRI AE Wy W W38 3 /I (b ) 1 46,2007 ), Ut
S5 AT A R AR R Bl AR S R G iR R I
W 7 - FERF AR FH 9 LS R 5 7E 10% ~ 90% 2 i)
(Hanson et al.,2000) , X 5l & J7 ik AH# AR E
FA R GG AN A, ERMAESRE S
AEECAE R R AR R PR o A ST A L
RUEI{E A 60.4% ( Hanson et al.,2000) . A< BF 5% i) £5
INA A ZE AR R I IR A o ST R A Y L

BILE 28.2% ~56.9% Z [], Kb T& HE B 4, 1T ¥ (8
(46.3%) K F iR Ge i A.
43 RABEENLETREILLHHH
FHFFT R A5 A0 HAENS 35 52 & 3R
Yy EE R AITE BR G W i, A /N7 A B 2 A
SRR (2545 ,2006) 3 A EFE AR L [ EC A it
FHAY A BEAE A 0k 9 55 Ak I X} ke A 4 00 ) 1 R
AR ,2006) A FF I8 H X AR 2 IR 0 AR FH 52 0l 110 412
D FEARFFE R, S Fi1 SD AR FE 4351 H CK A9+
I 3 RN T 45.09% F1 29.4% il i 4R R 4= W)
SEAMAETE AE A [R) Ak B A5 1T Al A R 0 I RN A
YIWFI R S F1SD ARFRAR L CK A BEAR 25 PR 1 1
TR PP F XS 3G 5 (H S A BEAR 28 - Eb 911G
T CK, 1M SD b3 5 CK 4235 4= iy 1% 75 55 24
75+ R R S A SO IR e R AR, T R i A
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