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Priming Effects of Soil Moisture on Soil Respiration Under Different Tillage

Practices

ZHANG Yan'?, LIANG Ai-zhen'” | ZHANG Xiao-ping' , CHEN Sheng-long'*, SUN Bing-jie'”, LIU Si-yi'?

(1. Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Changchun 130102, China; 2. University of
Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In the early stage of an incubation experiment, soil respiration has a sensitive response to different levels of soil moisture. To
investigate the effects of soil moisture on soil respiration under different tillage practices, we designed an incubation trial using air-dried
soil samples collected from tillage experiment station established on black soils in 2001. The tillage experiment consisted of no-tillage
(NT), ridge tillage (RT), and conventional tillage (CT). According to field capacity (water-holding capacity, WHC) , we set nine
moisture levels including 30% , 60% , 90% , 120% , 150% , 180% , 210% , 240% , 270% WHC. During the 22-day short-term
incubation, soil CO, emission was measured. In the early stage of incubation, the priming effects occurred under all tillage practices.
There were positive correlations between soil respiration and soil moisture. In addition to drought and flood conditions, soil CO, fluxes
followed the order of NT > RT > CT. We fitted the relationship between soil moisture and soil CO, fluxes under different tillage
practices. In the range of 30% -270% WHC, soil CO, fluxes and soil moisture fitted a quadratic regression equation under NT, and
linear regression equations under RT and CT. Under the conditions of 30% -210% WHC of both NT and RT, soil CO, fluxes and soil
moisture were well fitted by the logarithmic equation with fitting coefficient R* =0. 966 and 0. 956, respectively.

Key words :tillage practices; soil moisture; soil respiration; carbon dioxide fluxes; fitting equation
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1.1 fFFE XA

5T XA T MRS T T K TP+ £ (44°12'N,
125°33'E ) 1 [E Bk 2 B A< A6 s B -5 Al A= 2500 55
AL IR I RS IR 177 m. XS
16 J T T B P 2 KU, & R IER B (11
ARWAHE3I H) HT5 RIS —BRILT 0.25 m,
RS EREE HT 11 AR 4 Ak,
125 30 AEAE SR N 4.4°C , AE R FEK R R 520
mm, KF 70% K EZEDE6 ~8 H. L1k
Rk v 2 80 B - (Typic Hapludoll, USDA + 343
HKk).
1.2 HELE T

RE/NXCR B R AKX FEALIX 2t B

P4 RERE. BE R IHAEL I S (no-
tillage, NT) . Z8/E (ridge tillage, RT) Fl% #L#k1E
(conventional tillage, CT)iX 3 Fli, &k 1E X 24
53R FERFK G I YRR B AR BE , IR ED) [R] B A7 7E.
AN 5.2 m x30 m. BN FLL
SHEAT — [ 8 A, B OB A B R R AE WA, AR
TALGERE 2, A Ab BRIPRE S AT 40 10 1 7 55
T, 2003 ~2008 4K FF AT LA R 9 [ 7= bk
&ML (KINZE-3000) ,2009 4F % 4% 1 48 k03 I
(A7 5| X AP R AL (JohnDeer-7200) , AT LATE
R AT 78 i M R 9 I 100 T — Rk 8 ORE B 46 Pl L i S
AR, S MFBRIEATRE RS, AR P dE 3 +
e WRUBHERK R GR IS ST (IR L R 18 ~
20 em) , FEHAITEM (REZA 7.5 ~10 cm) | %
B, HBERRZZVR ; ZBVEBRIEF A 6 H A4 b 4T
TR 2B A R S 2R AR LS . B
BV BT FIPLB A G RIHL RN = f A AL, 3 FhEIE
A Pt FH IV AT RS A ) JEC TS 8 7 % A B 3 2 f
HHEFHLEIERE A JBAE 8 . MP A1 RT 4bBEYE
6 H T AJEEE K R HFI A, NT 4b B8k 76 40 3 B
Vi) P T S 8 T TR . R R LIS, AU (N) |
(P) . B (K) Ay it & 43 50 A 40, 60 1 80
kg+hm = F R A /3 0 0 JICHE FSE AL i A | e
FHAE AL 150 kg-hm = B AR AR AR AR I ARG A
it JH 53591 K 45. 5 kg-hm ~>F1 80 kg-hm .
1.3 fhif i

VEIUE ORI ol . 2B 1E S A E /N X SRR
FJZ(0~10 cm) T3 7 SIRA. AR [P S256 3 X
TIa 2R WA FEAR S 43 R 4y, — O FE it 2 mm
i AR 72 520 s — Oy if S F 1 AR 2 At
SRR . AIFFE X 45 e A PR 3 L3R 1.

®1 BEFETHTEMERELER

Table 1 Selected soil physical and chemical properties

BEED X -y pH {H HOR/ g kg ™" 2H /g kg ™! C/N
HBF(NT) R+ 4.9 19.1 1.7 11.2
ZE{E(RT) HEE+ 5.1 20.9 1.8 11.6
HABHE(CT) BT R+ 4.9 18.9 1.8 10.5

1.4 IRkt

GRS AT 3 At € NT | RT, CT, 4% IRk
IR T FH [R]4F 7K & ( water-holding capacity ,
WHC) Jf- i Bt B [8] £ 7K &2 (19 30% . 60% . 90% .
120% . 150% . 180% . 210% . 240% . 270% ¥ 5E 9
ARG BEEE A KB RE RS 5 ANEE 10 4
2D R, 3t 145 4. FRECT 42 200 g 2 500 mL

PERS =D CE SR & LR R % 5 2 AR
SR Fie RO TRIZK 4346 B2 3 5 25 1) = A R VO
BEERL SRR INIK , b7 1045 38 1 oo H3 B 8 R0
IR 58 W5 H TC T 3G 7 25 4 3 1 R GESR &K )
B = FOmE O = AN K AR KR
S E I 4F ( HPP750 , Memmert , f52 [ )
MREE T 2 25°C #EATH SR 80E 48 h 5 fRgE T
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FEI AL AR A 7 SRR E 2 L ARE SR
WLMAE 240% WHC . 270% WHC 44 F, in A B K
HOEERELZE, BN H B ACIRE.
1.5 E i S EdE AR

FIF2E E LI-COR AR A LI-820 CO, £L4b
MM E 3 CO, HEMCE R AR 4 B ] 3h 4%
G - HE CO, HEHOE SR HEA T T KB
B, 1L1-820 FEE B sh SR R (1), FExT
HEhARZR NI CO, WREEHEAT 120 s SCAT S A&
FE. ORI E B CO, Ve BE 5500 5 sf (] R 47 2R M [l
TR 35t Bh SR R N CO, W Y 380 3 R a.
CO, HE ML A (1) AT

axV
k= V., xM (D

X, F B R RK CO, ™ A& HE R
[mol+(g+s) ' ]; V,, & CO, BE/RIABI(L-mol ") , M
SRR () 5 V NE S RGN K
BUL).

ARG F= I )0 5 /9 CO, RO AR AT 70 B

FUMTER R WIE A co, B =™ . Bkt
o Vi + Vi
CCE = VJ1+-;; ——15———A@ (2)

K, CCE F R H 32 W H 1) co, 2 AEHE i &

(mol-g™"); V, A5 — I WY CO, HERHE

[mol-(g-s) ™' 1,¢, 8 MFFUH KT 55 245 — I 2 1Y)

[ERAAFIR] (s) , V, S & W B Y CO, HE R 2

[mol-(gs) ' ],At, /R k-1 WIS FE kK
AR

T @tivo!

LI-820

E1 ME CO, HifEERKHADSERETE
Fig. 1 Diagrammatic sketch of enclosed dynamic system

for CO, emission rate measuring
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KH Excel 2013 #5477 408 K b i 22 115
SPSS 19. 0 #4777 255347 . Tukey 2 8 HASHFAT I 2%
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ANFIBE T 50K 5 5 I B A OGO
%, SigmaPlot 10. 0 #4172 [K].
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Fig. 2 Soil respiration rate under different tillage practices and

soil moisture ( mean value + standard deviation)
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B MK/ Bk 240% WHC | 270% WHC Ry
HCARZSET | NP HRA TR E. NT 25044 T, BR
240% WHC , 270% WHC /K56 BE4h , Hep fi R 3h
TEREFR 16 d J5 , WPIGHR I TR, H 0T st A
5 T K S A BRI B L, 270% WHC £
18 d #iK WM J5 & T F 5. RT &40 F, Bk 240%
WHC | 270% WHC 7K 5386 BE A 8l 5 NT 264, {5
SRBYIEE AN T NT. RT 7E 270% WHC ¥ 7K 5%
PR WP A I ) T A K o R R HLE shac R
M. CT 4% F, Bk 150% WHC . 240% WHC | 270%
WHC 7K A3 BEEESN , F A K 53 F6f 5 P IR 5ol R Al 347 Bt
KERmt Rl 0 2E Kk T A2 7E 150% WHC T 130
Wi B S R RI IR , 2 Je PR B AT, s 7K
ZMEF (240% WHC . 270% WHC ) , 35 I 1 5 4 2
RSN Lo~
2.2 -+ Co, fEiE g
2.2.1 AHFEBHEARRPK BT CO, HEGE 7
H &l 3 AT, NT 2544 T, 180% WHC 5 270%
WHC ~ CO, HElcl s, 435 19. 75 wmol - g ™'
M19.4 pmol-g™', HRNFETE B 2R, 150%
WHC (18.23 pmol-g™ ). 210% WHC ( 18.3
pwmol-g ") 55 270% WHC (19. 4 pmol-g ") & 120%
WHC (15.47 pmol-g™" ) 5 240% WHC ( 14. 69
pmol g =) (B BB AN AE A b 3 1k 25 57, LT A 3L )
HAERENEZEF (P <0.05). RT &1 T, 150%

WHC . 180% WHC , 210% WHC , 240% WHC kb3 [a]
CO, HEMGHE AN FTE W T2 5, 20k 13,17,
14.02 . 15.32,15. 14 wmol-g . [HAEL X WK 514
(270% WHC) T, HF ik il 2 o % 8 & (24.75
pmol-g ™). 90% WHC (9. 11 pmol-g™') 5 120%
WHC (11.20 pmol-g™' ). 120% WHC ( 11.20
pmol-g ') 5 150% WHC (13. 17 pmol-g™") [A] ¥R
fErER EMER HELH B ZFHEE (P <
0.05). CT PR, 120% WHC (9.98 pmol-g™") .
180% WHC (10. 41 pmol-g™") . 210% WHC ( 10. 93
pmol g =1 [AINAFEAE I M 22 57 LB Ab R 349 4F
FE EMEZER (P <0.05). 3 FORRBHE X, HE
I AR 2 R 309% WHC, 11 60% WHC 5 90%
WHC 1 F CO, HEGH 2 ik, IRk E, 3 F
BHEDT U 248 Co, HE o & ¥ 56 & /K 53 1 3 m
SR SEHE N R AR TG I #a S A A R B
S A T A1 55X B K o & s BN, RT R 2l
210% H1240% ,NT T & 180% H1 240% ,CT T |k
150% H1180% .

2.2.2  HRUKSAFRAET T COo, HEicE &

i & 3 A%, 60% WHC, 120% WHC, 180%
WHC , 210% WHC /K53 B8EE R ,3 F#kE T 0 €O,
HE RO A7 W2 22 7% (P <0.05) , H CO, ik
i A NT > RT > CT. 7 30% WHC Fl 270%
WHC /KB NT 5 CT [ ARAETE &2 5,
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Fig. 3 Soil CO, fluxes under different tillage practices and soil moisture levels
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B % 37 %

A= # 345 RT BIfEE B EM 27 (P <0.05),30%
WHC 414~ NT, CT ¥ KT RT,{H7E 270% WHC
ZMFF,NT, CT ¥JB] 5 /NF RT. # 90% WHC F
RT Al CT +-4 CO, HEGE & AFFE B EE2E R (1
P /NT NT(P <0.05). 1F 240% WHC /K4y %
FF ,NT #1 RT 4 CO, HEWGHE & A fE7E i B %
S HE R E/NF CT(P <0.05).
2.2.3 AREBHEST G ARKSHET CO, HEk
il PLA TR

4 AR BEE 7 AE 30% ~270% WHC 7K
SYERIETR CO, HEMGHE Ak H LA ih 2, & 2
b 3 FHHE DT 0T CO, HEHE 55 K4 B & R
PR A T AR Gt AR T R IUG 5 8 T Tk
FER WS G MA TR NT T, CO, HEMK

WESKSEEE—JC REITAER y= -3.733
+22.477x - 5.523x* ,R* =0.907,P <0.01. RT 5
CT T CO, HEjlim & 0 5 5K 7% 5 2 HE R 1H
KZ RT:y =7.568x +0.878 ,R* =0.873,P <0.01;
NT:y =6.35x +1. 173 ,R* =0. 845,P <0.01.

Hi& 4 AT, NT, RT 5 CT & CO, HFjitl & 78
30% ~210% WHC 04T, Bl G i R br e, %
JEF 240% I 270% WHC R ils AR, A 1l GE T
DO 11 RS o & ) R S =8 S N N
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IR 2R, JF HONT 5 RT Rtk 28 R 43
ME535 0. 966 5 0.956(P <0.01).
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Table 2 Regression equations of CO, fluxes and soil moisture in range of 30% -270% WHC under different tillage practices
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NT y= =3.733 +22.477x - 5. 52347 45 0. 907 P <0.01
RT y=7.568 x +0. 878 45 0.873 P <0.01
CT y=6.35x+1.173 45 0. 845 P <0.01
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Table 3 Regression equations of CO, fluxes and soil moisture in range of 30% -210% WHC under different tillage practices

(. U Tt AL AR 25 W
NT y =9.447 In x +13.309 35 0. 966 P <0.01
RT y=7.226 In x +9.926 35 0. 956 P <0.01
CT y=5.619 In x +8.484 35 0. 823 P <0.01
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