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Effects of elevated CQO, on soil respiration of spring maize
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2 Key Laboratory of Plant Nutrition and the Agri-environment in Northwest China, Ministry of Agriculture, Yangling 712100, China

Abstract: Understanding the effects of elevated atmospheric CO, on soil respiration is crucial for predicting the greenhouse
gas emission in the future. A field experiment was conducted to study the effects of elevated CO, on soil respiration of spring
maize under three atmospheric conditions ( treatments) : natural atmospheric conditions with the current CO, concentration
(marked as CK), open-top chamber (OTC) system with the current atmospheric CO, concentration ( as the contrast,
marked as OTC), and OTC system with elevated CO, concentration of 700 pmol/mol ( marked as OTC +CO, ). Soil
respiration, soil temperature and moisture were measured at the main growth stages of spring maize including pre-sowing
(V0), jointing stage (V6), ninth-leaf stage (V9), silking stage (R1), milk stage (R3), dent stage (R5), and
physiological maturity stage (R6). The results showed that, compared with CK, OTC+CO, enhanced soil respiration rates
by 43% and 104% (P<0.05), respectively, at the R3 and RS stage. Compared with OTC, OTC+CO, increased soil
respiration rates by 63% and 109% ( P<0.05) at the R3 and R5 stage, respectively. There was no significant difference in
soil respiration between OTC and CK during the whole growth period of spring maize. The changing dynamics of soil

temperature with growth period for the three treatments were consistent, also soil moisture changing dynamics with growth
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period under the three atmospheric conditions were similar. Soil respiration showed an exponential and parabolic correlation
with the soil temperature and soil moisture, respectively. In conclusion, the effects of elevated CO, on soil respiration varied
with growth stage. Soil temperature and soil moisture were the main factors affecting soil respiration, the elevated CO,

decreased the temperature effect value (Q,,), and increased the threshold value of soil respiration to soil moisture.

Key Words: elevated CO,; open-top chamber; soil respiration; soil temperature; soil moisture
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B BRI R Ml A E RGP RS CO, LA HLER RO TE AR AE RN M, b A ARG A v
TEHEA T3 A B RS RAE R — 34 A BR T ERR A R DB N A TR 28 I 25 0 T A ST
BBE I 2 i) A BRI 2R, 1 W — R IR AT A S5 S, 7T 00, 38R WA 4 BRAR A SE 49 T8 2 J 2 119 £
LS N N e T e o T S T it A

A FHAEZS R G0 R bt AR 25 R e E B A R A RS A F AR S R G IR KR, CO, MR
TN e 7 2 TN RV A FH 2R 58 ) 28 A Bl 2B 25 R G - MR SR B R I S i B TR S R, oK R4
R i) R E 22— R TR E EE AR R, PR CO, e T B A 39 3 B Fnak oy
FH 5] K A= S P10 538 3 (1) SE WA RIF 5, A B D BH A P 3 I X6 RS0 C O, MR 32 T o vy i g R B 5t PRI, A
RGP R AR T R 42l i o i TR AR (OTC) R4S A a6l KA CO, W EE 78 FOKFE AT
(VO) NI (Ve) JurtH (V) (mh22 3 (R1) (FLAY (R3) AU (RS5) M58 U (R6) X 4 S8 I I i A2
FFONE  BIFGE R AR - S X K CO, MR BE T e 1, DA B 5 3R B 7K 43 1 B A0, DA Sl o R
SR A AR ZS R GURAE AR LR Al | A R AR LTS 5 A AR H - 0P s [ R K 4= Bk A
WL By

1 ##7TE

1.1 350 XA

AR Ml A TR B i JE Al A R B b (35°12/N, 107°40'E) , iZ w4k 1200 m, AR &K &4
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Table 1 Correlation coefficients a and Q,, between soil respiration and soil temperature

e 0°C [YITNE K o TR BB R B Q1)
Soil respiration P Temperature sensitivity of
Treatment . -
rate at 0°C soil respiration

H %k K< Natural atmospheric conditions ( CK) 5.94 0.025 1.52
F IR EX I (0TC

( ) . . . 5.92 0.036 1.54
Open-top chamber system with the current atmospheric CO, concentration
CO, B FH AL FE x

13.95 0.038 1.03

OTC system with elevated CO, concentration

2.3 KA CO,MEE T % - SJEF I A 7K 4338500 )5 1

HFERS TS KEWME 4 B, A Vo #HE] Ve 1, 0TC Fl OTC+CO, MiFpab B2 14 T 587K 7
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THOK A NEESE Re M, BNFEKRAET,3 Fikb 2 (8] - 5K /3 TCH B 2 5%, CK,0TC Fl OTC+CO,
3 Fh b+ 3K 73R4k HE B4 3 R 19.84%—39.29% 20.46%—37.2% 19.63%—38.14%

P4 AR TR A AR B 1 8K o0 i SR W 3 FH [l 5 i i AT e it o A 2 18 5, 45 1 %= W, CK ,0TC
Al OTC+CO, 3 FAbBEAAF T A T35 e K IR RN+ 37K 43 5 S 4 4 4R AUAH 56 e B i 3 1 (P <0.05)
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Fig.3 Relationship between soil respiration and soil temperature under three atmospheric conditions
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Fig.4 Soil moisture at different growth stage of spring maize

under three atmospheric conditions
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Fig.5 Relationship between soil respiration and soil moisture under three atmospheric conditions
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(R3 A1 RS WI50010 33.07 g/m” 34.42 g/m®) , 5h) 5P FEXF F K - HERPE A A 7 o Al 2 R, 7 255 i) ]
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Table 2 Correlation of soil temperature and moisture with soil respiration

CK OTC 0TC+CO,
Factor W AR 2 . e KL . W ARG 2 .
Pearson correlation Pearson correlation Pearson correlation
IR Soil temperature 0.966 "~ 0.001 0.776 * 0.04 0.619 0.139
F- 37K 53 Soil moisture 0.903** 0.05 0.775* 0.041 0.615 0.141

* FRBA N 2 B FM IR (P<0.05) 5 + + FREU{HH] AR 35 A0 ESC R (P<0.01)
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B, KA CO, R T i 4 51 2 fiff A 393 B8 RN /K o0 % NP ™= A — i AR A VE R (R & VR R AL | BR A
PR 28 R s i A 3 T L E— 25 RIS M AR

4 it

(1) CO, W BE T Xof - P Il A2 it 0K A2 0T 807% , 7E R3 A RS SIS vy 1 NP IR AR T

(2) e B2 AR 3 B - ST, o35 S B 18 RO S MR 2 SRR S . AR 260, L
JEEXT A ST IR AR MR T K )

(3) R COMRBETF g AR 1 - e s - ML B8 A9 R, S 1 e S IR X~ S/ i 7 ) B £

5% 30k ( References) ;

[ 1] E#%, Wk, 258K, XUIERk. SR AKX P LA [RI BRI - ST A S0 S0P AE A5 2241, 2003, 14(8) :1234-1238.
BET, EXE, FMH. LIEFERAETA2BREAGER. MR, 2002, 9(2) :351-357.
Dorrepaal E, Toet S, Van Logtestiijn R S P, Swart E, Van De Weg M J, Callaghan T V, Aerts R. Carbon respiration from subsurface peat
accelerated by climate warming in the subarctic. Nature, 2009, 460(7255) :616-619.

(4] XBmr, FMEE, X575, XIHE, BbiR, Mo, KA. CO, MR EETHE | i TR AN iy A R X 3 S N TR AR bR AR 25 2 458 - 3 I

http ; //www.ecologica.cn



7338 JAE = 41 4

[ B e M B e B |
O 0 3 N W
T

—_
S

[11]
[12]
[13]
[14]
[15]
[16]

[17]

[18]
[19]

[20]
[21]
[22]
(23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]

[35]
[36]

[37]
[38]

[39]
[40]

W52 A AE S 4M, 2009, 33(6) :1023-1033.

XUHESR, FWE, ZRZEA. o [E AR A i R TR AT ST R A2 ZSAA, 2011, 31(19) :5437-5448.
AL, REEE, WM, XM, G5, &/NE-EARBIE CO, Mk EF m X RPRIF U A0, A5, 2007, 27(4) :1420-1427.
Bond-Lamberty B, Thomson A. Temperature-associated increases in the global soil respiration record. Nature, 2010, 464(7288) :579-582.
BRI, AL, Xlﬁ%ﬁ‘, MR, KA CO, MR BE T MR R WA R BT SR 0E . 3@ 3, 2011, 42(2) :477-482.
Wrdavh, ok, SlB, WITERE. BT BORSFEAE S 4 /N2 L3N R RG-S P S 0. REERLE | 2016, 37(2) :703-709.
Carbone M S, Richardson A D, Chen M, Davidson E A, Hughes H, Savage K E, Hollinger D Y. Constrained partitioning of autotrophic and
heterotrophic respiration reduces model uncertainties of forest ecosystem carbon fluxes but not stocks. Journal of Geophysical Research:
Biogeosciences, 2016, 121(9) :2476-2492.
EBUR, R, R, B, AR, M, ER, POKE. TR R OR R REE Z 0 SO s . AR, 2012, 32
(15) :4890-4901.
Davidson E A, Verchot L. V, Cattanio J] H, Ackerman I L, Carvalho J] E M. Effects of soil water content on soil respiration in forests and cattle
pastures of eastern Amazonia. Biogeochemistry, 2000, 48( 1) :53-69.
FH, B, TEEW, BIEEE. WA H 00K S R IR 56 R BRI 1 RS 4E R, 2010, 21(7) :1641-1648.
FEWAR, THAFE, NI A A R G A e e Tk Atk e, 3wz, 2018, 49(3) :743-749.
Contosta A R, Burakowski E A, Varner R K, Frey S D. Winter soil respiration in a humid temperate forest: the roles of moisture, temperature, and
snowpack Journal of Geophysical Research :Biogeosciences, 2016, 121(12) :3072-3088.
ZOR, BF, BB, BV ERN, A, T BAK, RS R P FORREE TR R SRR, h E LA, 2017, 50
(11) :1941— 1959.

Yonemura S, Nouchi I, Nishimura S, Sakurai G, Togami K, Yagi K. Soil respiration, N, O, and CH, emissions from an Andisol under
conventional-tillage and no-tillage cultivation for 4 years. Biology and Fertility of Soils, 2014, 50(1) :63-74.
TR, %, ZEn, s, &2 R 2R COacHud 2. YA, 2007, 31(3) :394-402.
Kim Y, Kodama Y, Fochesatto G J. Environmental factors regulating winter CO, flux in snow-covered black forest soil of Interior Alaska.
Geochemical Journal, 2017, 51(4) . 359 371
W JUTR, RHELL, TRPCR, LA, , L. AR AR IR RIFEE T SR L e it B He = i R AL L. BREERL 2440, 2006,
26(6) :992-999.
PR, SREZE, XRTT, R4, RM, T, UL, Zme, SR, g B b R T X SRR A AR A Y
R, FARWEIEEAR, 2014, 29(10) 11686~ 1695.
Bachman S, Heisler-White J L, Pendall E, Williams D G, Morgan J A, Newcomb J. Elevated carbon dioxide alters impacts of precipitation pulses
on ecosystem photosynthesis and respiration in a semi-arid grassland. Oecologia, 2010, 162(3) .791- 802.
Bernhardt E S, Barber J J, Pippen J S, Taneva L, Andrews J A, Schlesinger W H. Long-term effects of free air CO, enrichment (FACE) on soil
respiration. Biogeochemistry, 2006, 77(1) ;:91-116.
Drake J E, Stoy P C, Jackson R B, Delucia E H. Fine-root respiration in a loblolly pine ( Pinus taeda L.) forest exposed to elevated CO, and N
fertilization. Plant, Cell & Environment, 2008, 31(11) :1663-1672.

DS, AR, UM, XU, B, w55 JTREE T COMRETH A /NE P K AT C:N, C.P HERISEm. ROV BREE R 2240,
2005, 24(6) :1192-1198.
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 America Journal, 2003, 67(3) :798-805.
Sge A R B, Giesemann A, Anderson T H, Weigel H J, Buchmann N. Soil respiration under elevated CO, and its partitioning into recently
assimilated and older carbon sources. Plant and Soil, 2004, 262(1/2) :85-94.
THRIT, TRGeE, SRAEEE , BN, S50, W7, CO,MBET R RIE AR M T /N AR BRI Xt - STl () STk, p AR 25241, 2011,
22(10) :2533-2538.
HRURR, AN, VRIREE, B45, XVSRORI, SRR KA ST AR R A 1] S B MR R AR R TR, AR AR AE R, 2007, 27
(12) :5254-5261.
IE, EleH, FAUK, DUEFT, SRENT, SRR, PURE B DOR RIS Fok M 2 i S R R AR5k, 2014, 34(21)
6244-6255.
Reynolds L L, Johnson B R, Pfeifer-Meister L, Bridgham S D. Soil respiration response to climate change in Pacific Northwest prairies is mediated
by a regional Mediterranean climate gradient. Global Change Biology, 2015, 21( 1) :487-500.

SPHIR, T, ks R ARG LR TR, L2, 2015, (6) :178-182.

JE M EH:M, FUHAE. COL ¥R BETH A £LLRA RIS R L SENF A F A0S0 BT AE 252441, 2006, 17(9) :1757-1760.

Schaeffer S M, Evans R D. Pulse additions of soil carbon and nitrogen affect soil nitrogen dynamics in an arid Colorado Plateau shrubland.
Oecologia, 2005, 145(3) :425-433.
Brasik, ZRueits, §h2%E, St K%t - e i s m S ALEE. A=A dR, 2003, 23(5) :972-978.
Monson R K, Lipson D L, Burns S P, Turnipseed A A, Delany A C, Williams M W, Schmidt S K. Winter forest soil respiration controlled by
climate and microbial community composition. Nature, 2006, 439(7077) ;711-714.
Mize, XI5, )5, MI/NER, INEEE, XUUERY, ZRESC. PRARE IR A A A IR X T = A o T U - SN I A S o AR 2
%, 2016, 27(6) :1795-1803.
Chen X P, Tang J, Jiang L F, Li B, Chen J K, Fang C M. Evaluating the impacts of incubation procedures on estimated ()|, values of soil
respiration. Soil Biology and Biochemistry, 2010, 42(12) .2282-2288.
WREEG , BO0, 224, MpsE. SR s o BRI SE fR. R AR, 2013, 33(22) :7067-7077.
AL, WHEDT, Ve, Al WM. K DR R CO, R BETHE AL, A ASFREE, 2008, 17(4) :1667-1673.

http ; //www.ecologica.cn



