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Litter regulates the response of soil CO, emission to precipitation pulse in warm

temperate Quercus acutissima forest
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Abstract; Litter is not only a critical component for nutrient cycling in forest ecosystem, but also an important regulator of
soil environment and function in forests. The variation in soil CO, emission caused by precipitation pulse is one of the
sources of uncertainty for carbon sink evaluation in the terrestrial ecosystem. The role of forest litter in regulating the
response of soil CO, emissions to precipitation pulses remains unclear. To clarify the influence of litter quantity change on
the response of soil respiration to precipitation pulse, we carried out an experiment with precipitation pulse applied on

different litter treated plots ( control, litter removed, and litter doubled treatments) in a Quercus acutissima forest in the
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warm temperate zone (Jigong Mountain at Henan Province). The results showed that there were significant differences in
soil respiration between plots with different litter treatments before the application of precipitation pulse. Specifically,
compared with the control, litter doubled treatment significantly increased soil respiration rate by 57.6% , however, litter
removed treatment showed no significant effect on soil respiration. Within 52 hours after the application of precipitation
pulse, the cumulative soil CO, emissions were 251.69 ¢C/m”, 250.93 ¢C/m’, and 409.01 gC/m’under control, litter
removed, and litter doubled treatments, respectively. In addition, soil CO, emissions under litter doubled treatment were
significantly higher than those in both control and litter removed treatment; however, there was no significant difference
between litter removed treatment and the control. Moreover, substantial differences in the duration time of soil respiration
after precipitation pulse were found between plots with different litter treatments. Litter doubled treatment substantially
elevated the duration time of soil respiration after precipitation pulse, showing 262% and 158% higher than the control and
litter removed treatment, respectively. Multiple stepwise regression analysis indicated that cumulative soil CO, emissions and
the duration time of soil respiration were closely related to the soil physicochemical properties. Soil microbial biomass
nitrogen alone was responsible for 30.3% variations in cumulative soil CO, emission, while soil nitrate nitrogen content and
soil organic carbon content together accounted for 69.5% variations in the duration time of soil respiration after the
precipitation pulse. The findings in this study suggest that the forest litter quantity and its interception effect on rainfall play
an important role in regulating soil CO, emission. Therefore, the potential indirect effect of forest litter on soil microclimate

should be taken into account while assessing the effects of litter on carbon cycling processes in forest ecosystems.
Key Words: litter; precipitation pulse; soil respiration; soil microorganism
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different litter treatments before precipitation pulse ( mean + S.E.
n=3)

P AR ) /NG - R A B H) 22 55 B 25 ( P<0.05)

18.83h,26.33h F11 68.00h, AR I Va4 f) P W K i 45 62 s 6] BU Xk A 25 B3R 38 s 90 20 3ol v ) 262.9% 11 158%
(P<0.05) , SR, b SEWF R Jiik b 2 I (] 7 08 HEARE 5 R0 R Z IRDF JE R 25 5% (P>0.05; &1 2)

W

(=3

(=]
1

b

+

N

(=3

(=]
T

ERRHE
Total carbon loss/(gC/m?)

X XL i

(= ®© (=3
(=4 (=] (=]
T T 1

Jok e 25 ]
£

Duration time of respiration/h

[
(=}
T

L [

a
papit B myg

Kb ¥ Treatment

B2 AR SRR HE A A Bk R A 1 B RS0 (P R (E bR LR n=3)

Fig.2 Effects of different treatments of changing litter on soil total carbon loss and duration time of respiration pulse (mean + S.E., n=3)

P AN TR] N SR 3% b B ] 22 7 W % (P<0.05)

http ; //www.ecologica.cn



10 41 FGERA A5 RIS PRAT AR 75 4 1 S HIR e F X Ik K vk 6 o 3893

2.3 MY ERFA S E

X HEAE T S W 92.15 mg/kg, KERIA T WIAE 7 T ERAE M =k 79.80 mg/kg, HXf BRAE 7
B - L ) B FRAIG 13.4% 5 IG5 UR TE D RE 7 13830 W BB A 101.59 mg/ kg, 306 FEEE J7 87 10.24% 10
PIARIR BN 3 22 59 (P>0.05) 5 % Y& 90 o 26 5k 0 v ) T S GU2E W 1k & 27.3% , #2318 35 /K F- (0.05< P<
0.10) (& 3), ERMEYFET HIEMEY RN 14.13 mg/kg, R FREETT + R A (16.12 mg/kg)
1% 12.35% ; A5 IR TEPIRE J7 1380 0 A H 18.28 me/kg, BN BRARE T8N T 13.41% (H AR B i 35 2%
F(P>0.05;[83) .

_ 120 ~ 25 ¢
o a o
-~ a ~
~ oh a
£ a E 20t
%’ 90 | = a +
5 & a
2 60t s 2
4 g H S
&3 g§ 10
5 B
= L =
g 30 .-8 5+
8 S
s s
O 1 1 J 0 1 1 ]
o % Jmya i % pilib}
At FE Treatment

E3 EEOEA T IEMENSHRIRNZIE P HEARER n=3)
Fig.3 Effects of changing litter input on microbial biomass carbon and microbial biomass nitrogen( mean = S.E., n=3)

FE H AR [N B3R Ab A 22 53 | 3 (P<0.05)

2.4 IR g msHE LA R

i 1o A LR R M7 & B, - R HE i S AR O R Y, R RHEGE =S AR
TEREREIHCKR(R =0.4157; K 4) , 1l 5 LA PR & i (R* =0.4925) 2 B E W IEMHCCR (P<
0.05) ; -3 BikHEGHE 75 IERUE YR A (R =0.3901) 42T B F M IEM LR (K 4)

f"g 550 550 550
5 o o ¥=67737x+11514 »=21.635x-57.336
20 450 450 T~ o R*=0.4157 450 - R?=0.4925
B2 P <005 P<0.05
&2 35 350 F . 350 |
i 5 P o o © o
k= y=20.966x — 35.224
ig 250 | o) R2=0.3901 250 o 250 oo
! oo P=007 @ 5
=~ 150 1 1 J 150 1 1 1 ) 150 1 1 1 )
12 17 22 27 1.1 1.2 1.3 1.4 1.5 11 14 17 20 23
WA R B ABLER
Microbial biomass nitrogen/(mg/kg) Total nitrogen/(g/kg) Soil organic carbon/(g/kg)

B4 TEHBHHBEESTEMEVER, SEMANBRZEHNXER
Fig.4  Relationships between the content of soil total carbon loss and microbial biomass nitrogen, soil total nitrogen, and soil

organic carbon

|- ST 1 i R ) 0 R A A S R (R =0.6221) R HEA HLER & (R*=0.6135) B 5L i 3%
B IEAH S (P<0.05) , 5 4R AR 4y i WU 52 2 I8 8 1 £ KH 6 ( R = 0.3526, P<0.10; 81 5) . dli it 2 0% 45 1l 43
MR, A Wi RS P S R HE G %) S EIREE N R, AR IR E] 30.3% ; HEHA A S =
A HUBR S E U 4 B 5Tk T 29.7% 1 39.8% [k thAF LRI AR T (% 1)

http ; //www.ecologica.cn



3894 £ A ¥ W 9%
80 80 - 80
=
~ o
5 i~ %o o °5
= 60 | y=5.8789x - 60.432 L
=2 0T ,-19916r-52388 0 6135 60 = -0.5895x + 86.699
=g R2=0.6221 P<0.05 R2=0.3526
"y P<0.05 40l ‘ a0l P=0.092
& ° o
ZE o o
= o o
E20F o 20 L 20 |
Ei
=3 e} o
A 0 L 1 L J 0 Il 1 J 0 1 1 )
2 3 4 5 6 10 14 18 22 40 70 100 130
FHAR HHLwR AR A
NO;™-N/(mg/kg) Soil organic carbon/(g/kg) Fine root biomass/(g/m?)

Bs5s TEMEKGFENESHSR AVRNARENEZBHXR

Fig.5 Relationships between the duration time of soil respiration and NOj3-N, soil organic carbon, and fine root biomass

F1 TEIABHRMEEMRABENBS TERERFHS RS EASHER
Table 1 Results of multiple stepwise regression on the relationships between soil total carbon loss and duration time with soil environmental

factors

F Parameters Partial R? Model R? F P
+ I BBRHERL Soil total carbon loss

+ 3734 ¥ 4 Soil microbial biomass nitrogen 0.303 0.303 4.471 0.072
Jok #h 5 £LH E] Duration time of respiration

A% NO3-N 0.297 0.297 4.383 0.075
+HEA B Soil organic carbon 0.398 0.695 10.101 0.012

3 it

3.1 R GE R

BT 2 WY 1 S IR TS5 e % e ke 8y o . T 0 Y 40 b B 5 = e, AT S0k BRAE D RR G,
158 V5 )5 ST b HE O e 2 RN 62.50% , T 25 B A V& 04U B HE LR AR 0.3% . X —&5 R 5
EAERMAED RGP R ITE DAL B ST AT 8 w4255 W oe R B IN A% JR 7 P b 3 6 2 R v
SR R A R RV Ak B G AR ST R 5 1 U A ZE AR LR A AR S b R B VR
WA T4 L S G 2 16.1% , SR T B A v ) felf - SRR R 2 25 BRI 40.2% o AR50 1) H A S AR 5
Vo P AN AT IR A T KT e I fk o i S A R B R 3 A % EEASEADL R T T 1T 2 BT % B A R
AT 4350 S 06T B 2 U RN B D S48 - SN IR B 235.1% ,225.7% Fi1 301.2% 1 | iX BEWR 25 0 5 8501 4
IV IR X 628 T e ) o 7 9535 5 1T A0 90 DU . 28 i v 4 IV WA X o Gk o i 7 3 v 222 S e i 7 7 B Hh LA
JEPR B0 - (1) 55X BEOR ZS R R 5 A L R4 0 A58 4 23 AN [ R 32 1 48 e R i 02 i i+ 6
A= W PR e AR P DL R 5 | A2 1) L K O3 B AT B T R Wy D 5 IR I IR R A LY. (2)
T Y+ HEFR A i BRI, A O UE R R A S R AR WUE ST I VA P A
I, EBR VAR A LR S D YK AR P I, — 5 T2 S BUM Y T S ks 3R 4 B
PRI ST B E R , 53— 5T, By bk 37 00 0 A 23S 358 b BRI R TR 2 HoAR RIS T,
S RIS IR S (3) BRI kB0 IR AR 1 A A 2 3 VR 3L B o e
TRAFI CO, , PR - SR HE S i 0 5 L SR W B2 b 235 DDA O T AR MR 22 0 s W o 384 oy -3 3h g4 41t 7 58
G B E R S5 b, SE AT B RIS s TR AL T (4) FAERR K b B0 RN IR
— R IR TR A T 00 5 FR 0T TR B SR s v SR koG R, 58 2 RIS Y B IR 2

http ; //www.ecologica.cn



10 41 FGERA A5 RIS PRAT AR 75 4 1 S HIR e F X Ik K vk 6 o 3895

SRR, AT AR K BLUR TE A T B S A R R RO S e i U R SR
BB F (R 1), A ROK A EEE v 7 — 25 B i A W i 00 00 i 8 o - SRR
3.2 A IERPUE K RS ]

R TR 20 - B HE I G T R R P ) 5 M, 38 5 ik P R 2 et ) 5 DA G . AR5 e 3R, R[]
PATE YA FT + SERF I i Dk oA SE I R EAE B 25 7 . R EERINAE AL JR V& 10 T 1 W W2 bk 45 252 A [ BE X6
HRANZBR A 7590 53 it 262% 1 158% o 3X TEWRAE B AR KT - 2089 ARAK T ERR HE i i 5 b R 08 Y5 W) 4 2
IEARSE , JATE YA B T LA 0 b A B /K PR K R, SCRERRAIG 3K o 1 78 2 1R 0F 1T 04 i = K 43 %o
TAE D AR 2R VR R E] . AR5 ST Jok op 4 2 o) () 5 3R A R0 B R AL 7 i 2 W 3% IE A
KRR SRR T LA BB RCRR I ZUB A, — e B L /N S 3 ) S EAH DG IR By
F A FEIPUAL A 3G IR AERE RS S B0 TH R 0 2 4 i R 3R A BEE M, 18 1T 0 SR R O T
GER P K spf it ) 2 SR ASHIF ST I8 & B, IR fk e 2 ] 5 AR A R B A G, X
FH T AE P A AR ELAT B0 A 7K o3 W ORI IS i e T, — 5 91 Bl A B8 K o3 BB AR A= 4y i 1 185 i R A1, DRI 25
AR 407 38 rp 10 452 B i) o ol A 3% 2 J) I g e

4 iR

PATE Y A A R GRS IMDSORR B B B R T [l X 3 9K B 2K BAT FE 53 IO AR T a2 T i - 38 a7k
X ek T PO SO R - AR5 LA Aty MR S I R I A 481, 23 BT 1 3t 38 A 40 5 X o T B o 140 30 3 VR
WFFEUESE , 5068 HEAH LU, P9 WA S S50R8 F i e S RO f5 R K ff<p S Ik ) 14 25 B SR o0 7 4 2 8k
D eF - St FR A MR 0 P[] JC A 25500, T T IR 78 AR AR 285 20 00 M 2 A i 00 o A 1) 2 1) 5 Jor P A
22 b SRR IONT 3 R Jk i B0 ) A o R A B T AR A 25 AR G L SRR HE R ) A e 0 5 SR R T )
Bkt RS R ik b i S HAR R

22 Lk ( References) ;

[ 1] Zf5fs, TiEH AR IR 2 AR S e FEm R 28 A= 2529443E , 2020, 39(4) : 1318-1329.

[2] SEUS, BELE, BOWK, A0, BT 2Rkt Mol R, 2006, 42(4) : 93-100.

[3] Tabi, MMM, M3, B, HUE, BN A 5 APl TR YK SCIRE. K PR, 2020, 34(5) @ 169-175.
[4] W, PRk, BEm, =30k, AR, IWRITILIX 5 A B R BRI A D KRk, AE2522%E, 2019, 38(9) : 2662-2670.

[ 5] Schlesinger W H, Andrews J A. Soil respiration and the global carbon cycle. Biogeochemistry, 2000, 48( 1) : 7-20.

[ 6] Bond-Lamberty B, Thomson A. Temperature-associated increases in the global soil respiration record. Nature, 2010, 464(7288) ; 579-582.
[7] BEMR, EL BEDxE LR skt s e, L3, 2017, 49(2) : 225-231.

[ 8] Raich J] W, Nadelhoffer K J. Belowground carbon allocation in forest ecosystems: global trends. Ecology, 1989, 70(5) . 1346-1354.

[ 9] Fang X, Zhao L, Zhou G Y, Huang W J, Liu J X. Increased litter input increases litter decomposition and soil respiration but has minor effects on
soil organic carbon in subtropical forests. Plant and Soil, 2015, 392(1/2) ;. 139-153.

[10] Chen X L, Chen H Y H. Global effects of plant litter alterations on soil CO, to the atmosphere. Global Change Biology, 2018, 24(8) : 3462-3471.

[11] LiuYC, Liu SR, Miao R H, Liu Y Z, Wang D, Zhao C C. Seasonal variations in the response of soil CO, efflux to precipitation pulse under mild
drought in a temperate oak ( Quercus variabilis) forest. Agricultural and Forest Meteorology, 2019, 271 240-250.

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

[13] Lee M S, Nakane K, Nakatsubo T, Mo W H, Koizumi H. Effects of rainfall events on soil CO, flux in a cool temperate deciduous broad-leaved
forest. Ecological Research, 2002, 17(3) . 401-409.

[14] SEH, FAEm, w0, XV XSO LUFRARARRUR RO 5] 8 7 Ak BT SN0 X [ o6 B A i . 2 25 5 R A 3R 2441, 2017, 33

(2): 166-173.

[15] 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.

[16] IR, TRAK, A, BRHF, S8, 2R R, - 30m) m id 25 A & & i Py vk, v [ el K72 4k, 2005, 10( 1) : 10-
12, 25.

http ; //www.ecologica.cn



3896 A E = 2%

[17]

[18]

[19]

[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]
[28]

[29]

[30]

[31]

[32]

[33]
[34]

Chen C R, Xu Z H, Mathers N J. Soil carbon pools in adjacent natural and plantation forests of subtropical Australia. Soil Science Society of
America Journal, 2004, 68(1) . 282-291.

LiuXZ, Wan S Q, Su B, Hui D F, Luo Y Q. Response of soil CO, efflux to water manipulation in a tallgrass prairie ecosystem. Plant and Soil,
2002, 240(2) : 213-223.

ZEAE, W, RS, WIBR, XK, PUE, WO, R, BUB R Y AT 5 L R AR A AR R . A AR,
2021, 41(7) . 2687-2697.

E g, WS, Bt B AR AR T P T E SR SRR 3 CO, Sl IR ROl R, 2021, 43(3) : 55-65.
R, SRR, BUNEE, WIS RN, AUV, SO IRVE MR AR RIAR I AN R L SRR B AR A A ARk, 2020, 39(11)
3576-3587.

ARG, WREOR, R/NDT, BRERAT, YRR, B/NER. (RO PR Y8 P AR DL T8 RS A AR L R s . 2RSSR, 2018, 38
(15): 5351-5361.

SRAREK, AL, TRTEUH. IR T B R AT AR HRRREERE 2005, 20(7) : 778-785.

BORR, TR A, SRIRERR, IR, AR TSR SO A A TR B S . AL SE, 2021, 34(4) : 20-25.

Miao R H, Ma J, Liu Y Z, Liu Y C, Yang Z L, Guo M X. Variability of aboveground litter inputs alters soil carbon and nitrogen in a coniferous-
broadleaf mixed forest of Central China. Forests, 2019, 10(2) :188.

Sayer E J, Heard M S, Grant H K, Marthews T R, Tanner E V J. Soil carbon release enhanced by increased tropical forest litterfall. Nature Climate
Change, 2011, 1(6) : 304-307.

HiSE, K, T, TROE, FaEE. AR LRSI B, A AkL i, 2019, 32(2) : 7-12.

ERE, BB ORIR, G, . MY E BTN DA IR RUE YRR A R . R4, 2015, 34(9)
2605-2612.

TRive, tREE, WEA, TR BRG] G 7 N AR A BRI o A R . AR RO SR R . A AR
SRR, 2021, 50(2) : 264-269.

RSO, ZERERT, AN, BERE AL, 7K 23 A 172 A Xof S B A 0 ) 2 i B JFG o 7 AL o RIS R . N A A 2 4, 2019, 30(12)
4323-4332.

AN, XIINK, RRAEAL, MR, MRS, MiASC, BRI, R IR AR N TTARHIRAE U A AR TS TR AN BRI
HISE IR, AP A A5, 2016, 40(5) ¢ 447-457.

Wei Y, Wang Z Q, Zhang X Y, Yang H, Liu X Y, Liu W J. Enzyme activities and microbial communities in subtropical forest soil aggregates to
ammonium and nitrate-nitrogen additions. Journal of Resources and Ecology, 2017, 8(3) . 258-267.

B, M, B, AR, TEXEE. B R e KRR G L SRRROK AR AR A SAAR, 2019, 39(18) ; 6598-6609.

KON, BOA, TALE, Wharie, SCER, SKEE. IEOK AT IR A0 XA R QAR A KA D RS R WTTIAR 2B, 2010, 27(4) .
606-613.

http ; //www.ecologica.cn



