5536 B 2 W S &~ £ Eild Vol.36,No.2
2016 4F 1 A ACTA ECOLOGICA SINICA Jan.,2016

DOI: 10.5846/stxb201403120428

PRorae, X 4x4x, £, XISCIK, Upendra M. Sainju. A T UK F A1 T RAFEAR M L3 Birch 200 K A L. A 2524412, 2016,36(2)
Ghen R R, Liu Q Q, Wang J, Liu W Z, Upendra M. Sainju.Response of the soil “Birch Effect” to simulated rainfalls in dry croplands.Acta Ecologica
Sinica,2016,36(2) :

ANITEUUEXEZHTE/ENXH L EBirch " & H
i) [z A1 1

Mroama' x4 2 g5 % Lk, Upendra M. Sainju’
1 P RE T SR E B, P9 710127

2 P EBEBE KRR LRSI, BEPIAEE 712100

3 USDA-ARS Northern Plains Agricultural Research Laboratory, Sidney, MT 59270 USA

FEE BRI R T + 2 W 5 CO, Mk B M B GRS  Birch 5007 ™, FLAE FHAIL I AT 8 2 B K 8L + 3 < IR ik s
BN E i e AR I aa ” BrEl, AR T R I Birch B8 X A K 4 SR Bl AR B4 w0 3 AR K PR ZEAILI , 7E A /N BT 4
FEL RIS AT T AN R /K B (1—32 mm) AN ARSI ST RGN T /K5 0—72 h - JERF R K 4 3Rk 20 3 R AL ARFAE
SERFRI] . A IEOT IR R K RS RGO, 1—16 mm FE/K ST Wi L IR AE %K S 4 h, T 32 mm [ 7K - S8 0 052 04 £ 14 3
WHEH S T 4 b, S55/NREK B E, 30K BRE K S ARG £ 80T 0 {H 25 3E5R - S e (i Hh RS [R) = JEITR  R i {F ( SR-
P) 55K E(P) S AL (KT . SR-P=0.97P"” , R*=0.5, P<0.05; BN .SR-P=1.07P*”, R*=0.98, P<0.01), [F&/KJ5 72
h 2 CO, Bt (CO,-P) SREK R A (KT8] . CO,-P=0.03P+5.99, R*=0.58, P<0.05; & W :C0,-P=0.11P+6.04,
R*=0.86, P<0.01) , +4enPm i B Ut R AR K i 2 77 AE R4 &R (3R 9, =-0.007P% +0.2P+0.7, R*=0.32
P<0.05; ZHH:Q,,=-0.01P’+0.3P+0.2, R*=0.86, P<0.01) , i RIS W, A/ N2 4555 101 B A7 e K ek Ak 33 S 5
L R AR D P 5 B B K (P<0.05) , 787 1< Birch A48 & B U WA 7 B S, AR R, Yok RN T
8 mm B - HEOFI 5 1A Wy e bH S 2 B AR e LA o5 32558 mm F/K AL 3R - 3ERF I 5 005 28 75 -K, SO, 2 B
A BURRAE S T SR 0 A $8 7 R AL L R T 2 KR T 16 mm B IR 3222 55 T RIS ML bk
FEHC, “ Birch” BUNFE 0 LUR W BLANLE 5 £ T, SEWBIA L, &N 58T BPEY A 4 2381 55 “ Birch 8500, A48 H i) i
BN
R A K ; T ; Bivch RN ; IEMILAY S S it

Response of the soil “Birch Effect” to simulated rainfalls in dry croplands
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Abstract ; In the dry cropping lands, soil rewetting due to precipitation can stimulate soil CO, efflux pulses, which is called
the “Birch Effect”. Two types of responding mechanisms: “Substrate supply” and “Microbial stress” , were proposed to
explain the soil “Birch effect”. To elucidate how precipitation change affects the “Birch effect " and its responding
mechanism, we conducted precipitation simulation experiments in a winter wheat field to measure the short-term response of

precipitation levels (1—32 mm) on soil respiration from 0 to 72 h at the jointing stage and during the summer fallow period
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on the Loess Plateau. The results showed that soil respiration peaked at 4 h with 1 to 16 mm of precipitation, but the peak
was delayed by another 4 h at 32 mm precipitation. Higher precipitation delayed, but increased soil respiration compared to
lower precipitation. The peak value for the soil respiration rate (SR-P) increased exponentially with increased precipitation
(P) (jointing; SR-P = 0.97P"”, R*= 0.5, P < 0.05, fallow; SR-P = 1.07P"”, R*= 0.98, P < 0.01). Cumulative soil
respiration after 72 h ( CO,-P) increased linearly with the precipitation level (jointing; CO,-P = 0.03P + 5.99, R*= 0.
58, P < 0.05; fallow: CO,-P = 0.11P + 6.04, R*= 0.86, P < 0.01). The temperature sensitivity of soil respiration
(Q,,) was correlated binomially with the precipitation level (jointing: Q,= —0.007P>+ 0.2P + 0.7, R*= 0.32, P <
0.05; fallow: Q,,= —0.01P*+ 0.3P + 0.2, R*= 0.86, P < 0.01). Stepwise correlation analysis between soil carbon
fractions and soil respiration rate showed that soil respiration rate was significantly correlated with soil microbial biomass C
at the jointing stage for all precipitation levels, indicating that a “microbial stress” mechanism dominated the “Birch
effect” during growing season. However, during summer fallow period, soil respiration rate was significantly correlated with
microbial biomass C, which suggested “microbial stress”, when the precipitation amount was lower than 8 mm, but
correlated with chloroform-fumigated extracted C, which suggested that both mechanisms were operating when precipitation
amount was equal to 8 mm. However, soil respiration was significantly correlated with K, SO,-extracted soil C when
precipitation amount was equal to or higher than 16 mm, indicating a shift to the “Substrate supply” mechanism. Compared
with that during the summer fallow period, the soil “Birch effect” was weaker and its responding mechanism had changed at

the wheat jointing stage due to root respiration and shading effects.

Key Words: Precipitation simulation; Soil respiration; Birch Effect; Substrate supply; Microbial stress
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2.1 REKHT LR

1 FR,5 A8 FIALALIRE K AT Y - 3 AR oK i o B HL 28 S AN 183, K30 6.9 %—9.1 %,
{EL2 RS I3 £ - S9E 0R RE 22 S MR 3 1 K (P<0.05) ,5 A HIEIREE N 14.3—17.5 °C,8 A HIEIR L
T 5 AR 26.2—28.1 °C, T HERPIE A AAESR T IR = T B IR Y, 3802 53 (%) CFE F MBC 44 15 11
KTE R, 25 FH5K 3] B EKF Hrd MBC ik 30 B 2K, EOC #1715 140 B RN .35

R1 ZMERTHMERBENFEKET 0—5 cm TEER

Table 1 Soil properties in the 0—5cm depth at the jointing stage and during summer fallow

HiH 5 A May 8 A August

Item lmm 3mm  Smm 16mm 32mm Ilmm 3mm  Smm  16mm 32 mm
SWC(%) 69a 74a 8la 82a 87a 91b 80a 77a 69a 8.la
ST(C) 144a 157a 143a 17.5a 165a 281b 27.9b 251b 262b 279b
SR(pmol m2s™") 039a 04la 038a 042a 042a 034b 031b 030b 039a 037h
CFE (mg/kg) 354a  334a  331a  323a  319a 302b  329a 313b  301b  311b
EOC(mg/kg) 27a 216a 222a 218a 227a  226a 234a  228a 218a  239a
MBC (mg/kg) 28la  26la  243a  233a  203b  170c  212b  188¢  186c  l6lc

SWC (soil water content) Ze7R T IEIAFI 7K i ; ST( Soil temperature ) 7~ 1 3R ; SR (Soil respiration ) &7~ 1 ENF I 33 % ; CFE ( Chloroform—
fumigated extracted carbon ) &/~ 5§ i B& 7€ - K, SO, $& BUA A HLEK ; EOC ( Extractable organic carbon ) &7~ 1 1€ 7] $ BUME 5 ; MBC ( Microbial organic
carbon ) 27 T HEG A W Bk
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Fig. 1 Dynamics of soil volumetric water content and soil temperature after rainfall simulations
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Fig. 2 The variations of soil respiration following the two rainfall simulation
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Fig. 5 Dynamics of soil CFE, EOC and MBC after precipitation simulation at wheat jointing stage in May
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Fig. 6 Dynamics of soil CFE, EOC and MBC after precipitation simulation during summer fallow in August
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Table 2 The Non-linear relationship between soil respiration rate and soil temperature at 5 cm as well as soil water content at 5 cm

FF ] WK R, =a+ bl +cW FEA %L

Time Rainfall a b ¢ P, Py P R2 F Sample numbers

5 H May 1 mm -0.42  0.04 0.04  0.247 0.000 0.000  0.61 18.82 27

3 mm -0.88  0.05 0.07 0.254  0.000  0.000  0.65 21.86 27

8 mm -1.46  0.12 0.02  0.004 0.022 0.005 0.69 26.80 27

16 mm 072 -0.04 0.03 0.069  0.000 0.000  0.68 25.65 27

32 mm 1.35° -0.07 0.02 0.198 0.000 0.000 0.67 24.08 27

8 H August 1 mm 083 -0.02 0.05 0.397  0.003  0.032  0.69 1.18 27

3 mm -1.79  0.06 0.06  0.015 0.000 0.002 0.71 8.43 27

8 mm -3.43  0.15 0.03 0.000  0.000 0.000 0.74  38.19 27

16 mm -438 022 -0.02 0.000 0.024 0.000 0.77 4539 27

32 mm -0.35  0.02 0.03 0.615 0.000 0.000  0.65 25.80 27

ARG R AE I T Rl R K5 B & F#EAT, 1—16 mm /K )5 H IR & K BT 30 %, 5
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I Bt A 7K S (A 1E T TTRE 5 | 15 MBC AH JCHERE RS /K & 38 inmiisiss . M CFE (EOC A1 MBC ki s Fi +

http ; //www.ecologica.cn



10 A E = 36 &

HENF AR S f R AR B R B R T I 1—32 mm IR K S 4 MBC X+ 5E0F I 52 0 5 b 2 ( P<O.
01) , KUY Birch” 2808 7™ A2 AL = 2 LURUA W o 325 TR R] BE R AR R /K i 3 4k 1 5 sk
IKBPRES A 2 A0 TRBR AR | B K5 3K o045 UG | 2B 4 sl A R W R4 8 R A, Je i
JBGE 58 15 ) SR I I Y K A R R e A 15 W B B A A PR i, DA T R
KA CO, > % S 4 i WL Al R A E ALK K 19 24 1—1.5 h L3 MBC IB IR ME (K 5.6)
X5 Fierer ' 4 Mikha' ' SEBF 57 45 RARIR] , Xu 5517 A EF SIS AIFFE UL A o S AR %o A /K A o 7 24 75 2 1
AN A e 1 8 AR e T A DX R K A7 AE R E 3B HLIR] . R TIT, Books'™ il Xiang %5 #4i2 H
3 Birch R0 FZ LI RGP b7 T, A AT A0 1 K Ak RS S OR O 22 Uk S R A T
AR T R 2 ) 0 Bl A i e A e S A 7 A P T AR AR SO T 4 R R TR 1

£3 TERASSTETRERNLMEERSORSH

Table 3 Stepwise linear regression analysis of soil carbon fractions to soil respiration rate

TR IR ] (S B AT T AR HAL

Expt. time Precipitation amount Stepwise regression equations R p-value Sample numbers

5 May 1 mm SR=0.004(0.185) +0.001MBC ** 0.589 0.005 27

3 mm SR=0.196(0.196) +0.001MBC ** 0.606 0.004 27

8 mm SR=0.146(0.203) +0.001MBC ** 0.467 0.002 27

16 mm SR=0.217(0.159) +0.001MBC ** 0.529 0.008 27

32 mm SR=0.227(0.195) +0.001MBC ** 0.435 0.003 27

8 H August 1 mm SR=0.084(0.162) +0.002MBC ** 0.576 0.003 27

3 mm SR=0.264(0.122) +0.001MBC ™ 0.562 0.004 27

8 mm SR=0.170(0.134) +0.002CFE *** 0.805 0.000 27

16 mm SR=0.328(0.146) +0.002EOC ** 0.596 0.002 27

32 mm SR=0.142(0.124) +0.002EOC *** 0.790 0.000 27

PEFEINHNFRPRUEIR 22 v R R, P FRSEOTBERIE B EE( + ,P<0.05; =+ P<0.05; #*+ P<0.05)

7= RIS, 1 mm A1 3 mm ZbFET MBC X+ 3EPF I 52 0 i 3% (P<0.01) , i RE/K 3 m E) 8
mm A, CFE X 380K 52 i ik 2% (P<0.001) , 4R /K E1EIE] 16 mm LL_EEF, H 3P0 £ 25 EOC MK,
VETE B PR, Y A K /N T 8 mm BSF, “ Birch” 2400 724 BIBLEI LA B ihaf o5 325, ok s 1 m 3|
8 mm B, JEYIHEZ A A Yo Wac WAL 3L ) 78 F T < Bireh ” 800, 24 F% /K 2K T4 F 16 mm B, “Birch” %%
I 7 A AL A AR Ry DA I L ER DL oy T, SRR BIL I A A8 1 it R T e 2 B DRI TE VR e 1, K s
XoF - HE AT SRR 198 R i o 28 7 B P38 T B4 R X6 B RAR 4 43 (A R 2 BH 3 Y EOC 2 Bl 5 B K 1Y
HE TGN, 33X 5 Xiang 21 RN Brookes') S5 7E 5 -+ HEASD A KR 58 OB T 485 SR AR IR, 76 VR P 4 4 300 o i
BILTIBAT H B A8 AT RS2 TR 7K G AT 38 B 40 2R 8t AR PR K S BEFS VR R A mi8iss 1 AR 800

4 Hie

o g IR R AR I AT N TR A Bk S i 2 I K ) e CO, TERE I IR A 1 A o B e
T, AR 2 A Birch 280 o FREK R -5 IR GH AR 2 ()47 R O PR B 2R | TR K i 3R CO, BRI
g B R K I T S L N, SR K e T L i e SR P A S AR SR ST W N (EL ) BN ]
(7 5 ey S P K2 )t B R, (L 2 5 K s e /K B S N S T 2 A Qo THL, X 3R 2 73
AR 5 R BR  TE A /INAE AR IR R 7K 5| & 14 Birch RN " FE 2 LA UE a7 & 35 78 2 R, i R
“Birch RN BIHLH R R K2 A4 R, 23 H B AR P e BLARL” < IR L5 HLR e e, 55 S PRI AT
LU PE AR A 4 /N2 A T 0 TR) - 398 Birch 8500 554k, I Bloas Hom AL

http ; //www.ecologica.cn



2 4 Wrorae A N TR AR 6 PF T AR T 39 Birch 28007 K M 13 AL 1) 11

2% 3L HR ( References)

[ 1] LiuSH, Fang J Y. Effect factors of soil respiration and the temperature’s effects on soil respiration in the global scale. Acta Ecologica Sinica,
1997, 17(5) : 469-476.

[ 2] Borken W,Matzner E. Reappraisal of drying and wetting effects on C and N mineralization and fluxes in soils. Global Change Biology, 2009, 15
(4) :808-824.

[ 3] Wul, Brookes P C. The proportional mineralisation of microbial hiomass and organic matter caused by air-drying and rewetting of a grassland soil.
Soil Biology and Biochemistry, 2005, 37(3) . 507-515.

[ 4] Birch H F. Mineralisation of plant nitrogen following alternate wet and dry conditions. Plant and Soil, 1964, 20(1) . 43-49.

[ 5] Alberti G Inglima I, Bertolini T, Vaccari F P, Gioli B, Miglietta B, Cotrufo M F, Peressotti A. Precipitation pulses enhance respiration of
Mediterranean ecosystems: the balance between organic and inorganic components of increased soil CO, efflux. Global Change Biology, 2009, 15
(5): 1289-1301.

[ 6] Jawis P G, Rey A, Petsikos C,Wingate L, Rayment M, Pereira J, Banza J, David J, Miglietta F, Borghetti M, Manca G, Valentini R. Drying and
wetting of Mediterranean soils stimulates decomposition and carbon dioxide emission: the “Birch Effect”. Tree Physiology, 2007, 27(7) :929-940.

[ 7] XuLK, Baldocchi D D, Tang J W. How soil moisture, rain pulses, and growth alter the response of ecosystem respiration to temperature. Global
Biogeochemical Cycles, 2004, 18(4) . GB4002,doi:10.1029/2004GB002281.

[ 8] kTR, Zaui, fUBR. SARA IR RIPHE L EvE e KX KRN T R . 2B 252441, 2013, 33(6) @ 1916-1925.

[9] &o—, BT, BEWRIE, TEAHA. A LA A TMR 1 ST 0kl o e i w17 AR 2524, 2013, 33(6) : 1832-1841.

(10] skmite, BRIET, ZE 20, BXBUHE, AeoOME. I NE AR 2 3t 1 T JE 158 T 7 o SR P WA SR 0 T K B g i, A 5224, 2009, 29(6) -
2819-2826.

[11] Birch H F. The effect of soil drying on humus decomposition and nitrogen availability. Plant and Soil, 1958, 10(1): 9-31.

[12] Inglima I, Alberti G, Bertolini T, Vaccari F P, Gioli B, Miglietta F, Cotrufo M F, Peressotti A. Precipitation pulses enhance respiration of
Mediterranean ecosystems: the balance between organic and inorganic components of in-creased soil CO, efflux. Global Change Biology,2009,15,
1289-1301.

[13] Kieft T L, Edith S, Mary K F. Microbial biomass response to a rapid increase in water potential when dry soil is wetted. Soil Biology and
Biochemistry, 1987, 19(2) . 119-126.

[14] Xiang S R, Doyle A, HoldenP A, Schimel J P. Drying and rewetting effects on C and N mineralization and microbial activity in surface and
subsurface California grassland soils. Soil Biology and Biochemistry, 2008, 40(9) . 2281-2289.

[15] Fierer N, Schimel J P. A proposed mechanism for the pulse in carbon dioxide production commonly observed following the rapid rewetting of a dry
soil. Soil Science Society of Americal Journal, 2003, 67(3) : 798-805.

[16] Casals P, Gimeno C, Carrara A, Lopez-Sangil L, Sanz M. Soil CO, efflux and extractable organic carbon fractions under simulated precipitation
events in a Mediterranean Dehesa. Soil Biology and Biochemistry, 2009, 41(9) . 1915-1922.

(17] AEEE, T, A77F, B, Bate, BE7%, skiE—, B8R, THAR, Ta%E, D5, KiEsE, med, mnR. U bExE
fhifedty (1) ¢ op B SARAE A D S RIASR 3. SARAE LR TRk, 2006, 2(1) :3-8.

(18] RLLE, TR, Mok RSB, XISCOE 2L, EZEAE, BRBH A 2. 2 - i St /NS P SV R 0o it e i A o . A 252 41, 2008, 28
(12): 6189-6196.

[19] 2=k, FBYFI, XISCHK. 1961 — 2007 4F 3 4 i AR S R Fr AR B 22 A8 A 40T, A SRR IRA3z, 2010, 25(2) ¢ 291-299.

[20] XUZEEE, {Lakie, jKHN, PRASER. 1959—2008 473 4 v Jt il DX AT AR K B2 v BE RIAR i S I 23 R AR AR AIE. s AR 22 R, 2012, 31(9) -
1157-1163.

[21] Liebig M A, Tanaka D L, Gross J R. Fallow effects on soil carbon and greenhouse gas flux in Central North Dakota. Soil Science Society of America
Journal, 2010, 74(2) . 358-365.

[22] Davidson E A, Savage K, Verchot L. V, Navarro R. Minimizing artifacts and biases in chamber-based measurements of soil respiration. Agricultural
and Forest Meteorology, 2002, 113(1/4): 21-37.

[23] Mosier A R, Hutchinson G L. Improved soil cover method for field measurement of nitrous oxide fluxes. Soil Science Society of America Journal,
1981, 45(2) : 311-316.

[24] Vance E D, Brookes P C, Jenkinson D S. An extraction method for measuring soil microbial biomass C. Soil Biology and Biochemistry, 1987, 19
(6): 703-707.

[25] Jenkinson D S. Determination of microbial biomass carbon and nitrogen in soil// Wilson J R, ed, Advances in Nitrogen Cycling in Agricultural

http ; //www.ecologica.cn



12

S % 36 &

[26]

[27]

[28]

[30]

[31]

[41]

[42]

Ecosystems. Wallingford: CAB International, 1988 368-386.

Deng Q, Hui D F | Zhang D Q, Zhou G Y, Liu J X, Liu S Z, Chu G W, Li J. Effects of precipitation increase on soil respiration: a three-year
field experiment in subtropical forests in China. PloS One, 2012, 7(7) : e41493.

Davidson E A, Janssens I A, Luo Y Q. On the variability of respiration in terrestrial ecosystems: moving beyond Q). Global Change Biology,
2006, 12(2): 154-164.

WRARME, 20l , SR, JEEFE, MY, Sk, SN, BRIEY:, SKRINEE, m3iak, DY, Bfh, Earh. B RS L e
L URE 5 H KM BOC R, AR, 2004, 24(4) : 831-836.

Luo Y Q, Wan S Q, Hui D F, Wallace L L. Acclimatization of soil respiration to warming in a tall grass prairie. Nature, 2001, 413 (6856) :
622-625.

Shi A D, Marschner P. Drying and rewetting frequency influences cumulative respiration and its distribution over time in two soils with contrasting
management. Soil Biology & Biochemistry, 2014, 72 172-179.

Bouma T J, Bryla D R. On the assessment of root and soil respiration for soils of different textures: interactions with soil moisture contents and soil
CO, concentrations. Plant and Soil, 2000, 227(1/2) ; 215-221.

Mariko S, Urano T, Asanuma J. Effects of irrigation on CO, and CH, fluxes from Mongolian steppe soil. Journal of Hydrology, 2007, 333(1): 118-
123.

AN, RIS, LN TR BHK, SRR YD E AR AL 3T IR RS AT K L. P E VML, 2012, 33(2) : 437-441.

Asensio D, Pefiuelas J, Llusia J, Ogaya R, Filella I. Interannual and interseasonal soil CO, efflux and VOC exchange rates in a Mediterranean
holm oak forest in response to experimental drought. Soil Biology and Biochemistry, 2007, 39(10) . 2471-2484.

SRR, IRIEAE, TRICH. AN K Ry K BESE o R VR A 0 e SR L e BRI AEZSEAR, 2012, 32(13) ; 4103-4113.

Dilustro J J, Collins B, Duncan L, Crawford C. Moisture and soil texture effects on soil CO, efflux components in southeastern mixed pine forests.
Forest Ecology and Management, 2005, 204(1) : 87-97.

Davidson E A, Janssens I A. Temperature sensitivity of soil carbon decomposition and feedbacks to climate change. Nature, 2006, 440(7081) .
165-173.

A, R, AT RN, B, MO, 2RI, BRI RAER ORI FhAS . AR, 2012, 32(24) ; 7883-7893.
Xu W H, Wan S Q. Water- and plant-mediated responses of soil respiration to topography, fire, and nitrogen fertilization in a semiarid grassland in
northern China. Soil Biology and Biochemistry, 2008, 40(3) : 679-687.

Shi W Y, Tateno R, Zhang J G, Wang Y D, Yamanaka N, Du S. Response of soil respiration to precipitation during the dry season in two typical
forest stands in the forest-grassland transition zone of the Loess Plateau. Agricultural and Forest Meteorology, 2011, 151(7) : 854-863.

Schimel J, Balser T C, Wallenstein M. Microbial stress-response physiology and its implications for ecosystem function. Ecology, 2007, 88(6) :
1386- 1394.

Mikha M M, Rice C W, Milliken G A. Carbon and nitrogen mineralization as affected by drying and wetting cycles. Soil Biology and Biochemistry,
2005, 37(2) : 339-347.

http ; //www.ecologica.cn



