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1 OFE ORITR AR RIS IS RR AR S AT LR A AR URPE R, T20144FE5 H 201644 H XL A BN T E
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10 (MB)F120 t-hm > (HB). FI|FILI-8100+-3hi & R0 - IEPIGE R S50 . SRR RINEFUR & FILETAR
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TEAHEL, LBy MBFIHBANEL T T35 £ 2P IR 2 43 7] FAA2.33%-54.72%  1.28%—44.21%F10.09%-39.22%., AINAH T %
ffLB. MB. HBALH (K + 3K & B0 B I T 0.97%75.58%- 0.87%—48.18%K10.68%—74.73%. T IEIPILHE 55 cm+-1§
EEEMEEMIEBARKR, 55 eomTHOK S & EEA BEMCME, B5EEAKSEEZEHICKR. EVTRE IR
IR R RE AR, LB MBALFEBH BB 38R R YE . LB, MBRIHBALHE T 4571y B IR CO,HE S I B A
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Abstract

Aims Recent studies have shown that artificial addition of biochar is an effective way to mitigate atmospheric
carbon dioxide concentrations. However, it is still unclear how biochar addition influences soil respiration in
Phyllostachys edulis forests of subtropical China. Our objectives were to examine the effects of biochar addition
on the dynamics of soil respiration, soil temperature, soil moisture, and the cumulative soil carbon emission, and
to determine the relationships of soil respiration with soil temperature and moisture.

Methods We conducted a two-year biochar addition experiment in a subtropical P. edulis forest from 2014.05 to
2016.04. The study site is located in the Miaoshanwu Nature Reserve in Fuyang district of Hangzhou, Zhejiang
Province, in southern China. The biochar addition treatments included: control (CK no biochar addition), low rate
of biochar addition (LB 5 t-hm?), medium rate of biochar addition (MB, 10 t-hm?), and high rate of biochar add-
ition (HB, 20 t-hm ). Soil respiration was measured by using a LI-8100 soil CO, efflux system.

Important findings Soil respiration was significantly reduced by biochar addition, and exhibited an apparent
seasonal pattern, with the maximum occurring in June or July (except LB in one of the replicated stand) and the
minimum in January or February. There were significant differences in soil respiration between the CK and the
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treatments. Annual mean soil respiration rate in the CK, LB, MB and HB were 3.32, 2.66, 3.04 and
3.24 umol~m72~sfl, respectively. Compared with CK, soil respiration rate was 2.33%-54.72% lower in the LB,
1.28%—44.21% lower in the MB, and 0.09%-39.22% lower in the HB. The soil moisture content was increased by
0.97%—75.58% in LB, 0.87%-48.18% in MB, and 0.68%—74.73% in HB, respectively, compared with CK. Soil
respiration exhibited a significant exponential relationship with soil temperature and a significant linear relation-
ship with combination of soil temperature and moisture at the depth of 5 cm; no significant relationship was found
between soil respiration and soil moisture alone. The temperature sensitivity (Q;o) value was reduced in LB and
HB. Annual accumulative soil carbon emission in the LB, MB and HB was reduced by 7.98%-35.09%,
1.48%-20.63%, and —4.71%—7.68%, respectively. Biochar addition significantly reduced soil carbon emission and
soil temperature sensitivity, highlighting its role in mitigating climate change.

Key words biochar addition; soil respiration; Phyllostachys edulis; temperature sensitivity; soil temperature; soil
moisture
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KAPEESCOKE T 5 T 20 2 BRAR IR
Je— F B HAR A5 1] #5557 [ ) e B O,
SRR ST A ) #4  17) B (Marland. & Marland,
2003; 147, 2012; Mitchell et al., 2015). RARAE Sy
A2 RGN 4K, FEIRGE KR COLIKEE T iR
LBk T A & EEAEH, ERMES RS,
AW IR R SRR T R B2, Semn i)
L ALSERIEDE R, R 2 B AS RGP IR
i, H AR OR AR V) D) BRTE AR AR S R G0 E 4
A& (DeLuca et al., 2006). AR FLIESE, AV 5TR A
A v PR PE AN SR I R B RE, BRI T R A A AR
T, fERRE LA NIIREE . S0 a5k R A
B ORR TIEBRBE O T A R X (Lal et al.,
2007), fERX A BRASAEAS A IR R g RIEE
H BAF I (Sohi et al., 2010). HAG, 4405 %= a4 N A
RESE A A = D FE = &, L RGH)Z
NEH, TAE RO E R 9% A > (Mtchell e al.,
2015). SAT, ARAR A3 ids A= 9 o3 ok 75 RS Ak
MA 7% J3(Thomas & Gale, 2015), H BB, 4
Wi IR A ¥ L I B AT BE 70 9 Re I % 8 COL HE
i DRI, AR R AE AR L B R AF T AR A AL,
TSI 5 0o R 3R Ak W AT B L3 e
A B 2 L H 28 52 BRI

B 5 3 BH 2B 49 5 A i ) 2 i JER o7 - 396 AL
WAk (Herath et al., 2015). 13PN 2 20 7 1+
B L R bR, RS RGEWIEIA M E
T FE, A ERAE Ty b IR IE BN 91 Pgeal
(19652012 4£ & 87-95 Pg-aﬁl)(Hashimoto et al.,
2015), Bk, HIERPIR SR SSAEIR KRR BikE T
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ARG AR A 5 B A A ] 1 B 5 0% R (68 16 5%
2016) o A=W053 R t Ji AL = 3T AR HE 511 5 M A7
e tE(He et al., 2016): —J5 1, AW BRI
I 3b S A L3RR A (EBUR BB, X AT REFE R
S8 PHLAL P T 1 R BAE W T R B R AT K (Wardle
et al., 2008)BCA AR VPR LR 4 i Y D0 A= P 1
I, AT R S N ] R AT - R A (1
WOR BN, A4 5 7k 2% TR W B & o7 - 458 5 s )
e 3t A 458 [ R R & R A SR HLRR 6 AR e
(Herath et al., 2015). #5828 WA 51 2% (1) TE UK 2%
N B ) 2 BRAG, B E R A R R R
(Zimmerman et al., 2011). H A, A=W0J5 5 28 10 S2 56
K2 FT = W IR 8UE I B AMRIGHT 7T, KRk
56 1o P SR AE SRR R REAT, a0 iR S A
FH I¥) 7 7K 2 7 60%—70% [ 155 L AN REAR 3R B 41T 18
RS T E S IR (Yuste ef al., 2007); 445
BTN N o 33K 43 & ELRA S RS ) SRR R (i
FEBURNE(O10)(He et al., 2016). FItk, £ BT JE B
A RS kot - P IR OR SR RN . A
A AR P AR PR AH AT 5T

vk FR I B ARAR BT UR AL, E A 1T
MRIIRRZ1601 Fihm®, HEAEKE ., FRaEEs:
KA K IAR SR 8, A KE R AT
) J R R, DR A7 bR [ s COL 8 0 B K, YR
RS ICO A EEAE AR, H ERFAFETTA
WA B 9800-90077t, AH4F1 0004 Am A, H
TEAT AR AR TR F R RIS, 38%—84% (1) A4 )i
JRFUITE LRI R B i (Hughes et al., 1999). 41
St BATRA I AR R I = R A AR ) T R 5

©U 00000 Chinese Journal of Plant Ecology



BRI SR TR IS T 7T WK - SR 50 2 Ml RE U R

JS7FH 3 4, IX LR PR T 50% LA b R DL L
Fag I e A7 7 3 (Lehmann et al., 2006),
XoF A BR B A 0 AN 2% A 4 3RS AL A B BB X
(Forbes et al., 2006). AW 5E LAHTLAE T 12 A &
Y (Phyllostachys edulis) K B FERT R, i8IS 445
RS IR BGIF FE AN [F] B 17 AR 2024 () L e R ) 3))
A NFRFE . K& B B, DLER T A5 IR AR ) o
BRI IRE R L RO N B 7 1) R/, H¢
N R BERRURAE, D9y AR 3R A 3L
P FEIR) R Gt . 50 BE R AR AN B2 5 B 27 kAl
XFAEVIBUR BN AR . FaE WL R 1%
AR EAE F RN T BB o

1 #RF7EE

R IE b X4
AF 5 DX 3T T VL A8 B T s FH X Aol R
ERVTIR AR S R G0 LR FUsh i L3 AR X, Hh 2
37 B N119.93°-120.03° E, 30.05°-30.10° N, Jei i3
B AR AR 7 bR X T A £ 536.7 hm?, A% 0 (X T A
348.8 hm®, ##4K11-536 m. {37 X A IR LT
ML OWRLLHE. 4h4UIE, LUEmEARL SR X AR
61%, T3EpHIH 158572, 70X E AT 28 {31
P2 SRR AE, SRR N16.9 °C, kT
FERIR25.4 °C, A HFERIR4S C (AR,
2006). BHEKE, WEKKED, FHFEHEKER
1 513 mm. HEEIEIETD 995 h, &5 TLHE Mk
237K

BT 55 DX by 1 AR i B R, el i
MR R TR, CLRCARMETE S IR, oy VA
B IR, B B R A AR BT AR, 2K
(Cunninghamia lanceolata)’k A (Pinus mass-
oniana)MR RIRAEM. FEARMEE, Hd N TEAT
R T I30%
1.2 #i#HESTIEFFEIRNE
20144E4 H, BEMLIE BT Hh 2% A AL B AT ARd

11

RL WFAMSRAECE I EAR AR )

Table1l General characteristics of the forest stands studied ((mean + SD)
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Be, SHARDBENL S BB 320 m x 30 mAgFEH,
FEAMFEHL BN AN m <1 mif/METy, T
W IFOR R INAL B, ARAL 3R A . BT IEA T
e, NEEFTIAIZE/ZDAHRE10 mo HEHE E Py 45 %
IS RIS B 7T 1 9 B RN AT MR8 8 S50 (Tammeorg et
al., 2014), AR AR 4N R B, 43 5 %
HE (CK) R AE W05 56 (LB, 5 t-hm™2). H12E 45 5 (MB,
10 t-hm )R A4 53 3 AL BE(HB, 20 t-hm 2). BEHIE
EN WIS

T SCE L XSRS BT REAT AR ORI
FEHURE B R, BT 20 A BLAR NS omfP) AN TE
STERIRFEN0-10 em3EK)Z A4 HUO%, T =34k 1 [H
Z ARG IR, BARFEE3IR. R NE
FIZFCEIA TIRE S, BRSO E R . T R
AP S BRI 5 o

MR RS INR P alvE . 76 EiRIG X At
A% PR IR BT 5 AR L R 5 RE b AR RL TR B AT AR,
FZAEL0-15 cm iR ) 329100 kg (LIEFEEN
1.04 gkg "), SIBRABRSEAR, KT iR 2
60 kg, 73 Raly, L2115 kg, 4 HIESAEMFR
IR0 0.32%. 0.64%F11.28% 3k & % FH (43 Hl Xt
RS ARAEIT R AR R R i R
WRACER), UL AP it O o TR IE R IRE T 33
RIS B TR A (291 kgem2)o [RIRHI5E KT
THEIS R, B3R ER . U EY R
450 CHAFTFRAFE, RIEZIE1-2 mmlE] (5
AiZ 1 mmA12 mmiii).

20144F4 H, 7 BIATE B BB AT PRFE b %5 4k 22
/NEETT N BENLAT B3N TR M (PVO) IR (R 12
20 cm, 10 cm, A 13%7-8 cm). +TIEITILH
LI-8100 1% % 5, 1 438 B idl & Il =2 & 4 (LI-COR, Ne-
braska, USA)EATHlE, FHI A7 0 RIEIR A /K5
FRILIMS emPR B 1 - 3585 B RN B (3B AR AR B K
B)o M20144E5H £20165E4 7, T4 H thay ik £
B RS E

oy R B ik W W WEWZERE LEEN MA ST

Stand  Elevation (m) Tree height (m) DBH (cm) Slope (°)  Aspect LLD (cm) SOC (g'kg™) TN (g'kg ") TP (g'kg™)
1 141 12.8 102 10 S 2.04 33.10+£9.06 2.86+0.79 0.56 +0.93
2 115 13.0 103 15 S 222 30.1+8.04 2.59+0.48 0.37+1.03
3 86 13.3 10.7 20 S 2.47 28.8+8.21 2.38+0.29 0.43 + 1.09
4 157 122 10.1 20 S 2.60 34.1+8.04 2.59+0.29 0.72 + 1.09

DBH, diameter at breast height; LLD, litter layer depth; SOC, soil organic carbon; TN, total nitrogen; TP, total phosphorus.
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13 HIEALE
- P IR E R (R,, pmol-m s ) 5 IR Y
KAA K W F AL
R, = ae®’
A TS emiREIEIRECC), a2idE N0 C
) T RN TR 28 ap oy - BRI R S S R 5
SRR FR) ik FEE SRS (O 0) A F T AL
Qpp =¢'"®
o ap IR R S R
R 5 b R ) 0% R R A T A A
(Saiz et al., 2006):
R, = by +by x W + by x W?
e WO S FE (L AR RS 7K &%), biv bav by
TIPS IR FE AR R R OCR, RHWT
1578 (Saiz et al., 2006):
R, = (e )&V + e ?)
A TS emiRE HIEIRE(C), WS emiRfE+
IR (%), c1v cov 3 ca N A S EL
+ g R AR (R, kg'm *a )it AR
L

12
R, = Ryxt;x107" x 44
i-1

KA RGAHA I %P 24 (umol - m s 7), 4
NEA FIFIAI(s), 44 9CO,BE /K 5t (g mol ).

FIFHExcel 2007MISPSS 16.0% 44347 G i+ 23 #r
B, AR50 0 TN AR B 3 e o 5 R - 3
I A R A e ] P 22 53R B TR 22 93 B R e
NI E S (LSDY i i, KR E Na =
0.05; TIEIPIHF S LIRIR A, LI CRE
FA A 5347

2 #R

2.1 EYRBGRMIS TIEEIR F TS A0
A0 IR 5 IR %o B e - SR IR 4 S5 Y 8 (1) 2
AR AN BRI RS, PR R R TR 67 H s
(RA M 1TLBALEES H 1 i), 17 82 A ik
(B0 AW R AN IR 2 B A 1 4135 3R NP
(M 3HTHBALE R /M) (p < 0.01), BTHCK. LB.
MBFIHBAb 3 [ 4FF 1) - I Gl 2643 3l 9(3.32 +
0.16) . (2.66 + 0.45). (3.04 + 0.18) f1(3.24 +
0.19) umol-m >-s™', B i 35 7R i & f) 348 o+ 398 0

www.plant-ecology.com

52 305 T N N 2 N e RS S S e e 1L RSS2
%R CKa s, HBy MBIXZ, LBIRAK; #R453 14
) A sOR M EHB A 1, CK MBIXZ, LB
5 iEA L, LB, MB. HBANFE N IR 52 5
FA2.33%—54.72%- 1.28%44.21%4110.09%—39.22%.

HEWN T RN A K2R (410 AR EAE K2 (111
H B3 ) TR R < 0.01)(E2; &
2), A=W AR N 0 Ak B 5 2 T 1R A8 EL RS A MR 43 1
B (p <0.01)(3R2). A1 B33 LBAL FEEY B B
PR A K IR (p < 0.01). SXFIEA L, #Rr1
FAEKZRLB. MB. HB%) 5l f#1£37.02%- 3.06%
F19.69%, 532+ 43 FEAK25.70% 19.11%F15.52%,
PR3 FHLBALFE £ 7.25%, MBATHBALFE 43 51 18 i
0.79%F15.73%; #Ir4FLB. MBI BE1%6.19%A1
4.09%, HBALF13.59%. ARAEKZH BT a AR
LBALFE, AR 2RI3HMBALER . #R4r4HBAL#E 4L
X BRE 2 PG (p < 0.01)(E12), 1-48k5r R LBROG R
I3 BIBRAR27.69% 32.42%. 17.95%F118.68%, #h4)>
2 K03 MB Ak B 458 0f HE 20 ) AR 28.77% A1117.78%,
A4 HBAR FE LS IR P16 16.22%
22 HEYRZAFMTEARTIRRE . KSR

A=W I e W Tkt 3K Ay R e B, LR
HBALF(K13). IR HI244 H b, LBALFE G, k)
THAE 3N H K4 S &3 n(0.97%-17.39%), #4>
2144 A K9 & BN (1.65%-75.58%), #4933
124> A /K& 18 1 (0.87%—18.58%), M4
15/ H /K93 & 238 1(0.62%41.49%); MBALEEH,
A1 RIS 4 73 536 5 H(3.65%-16.43%) 18
AN H(1.59%-48.18%) 134 H(0.87%—18.58%) 9
H(1.11%-36.34%)7K 73 & & 14 n; HBALIE 1, #k4r1
FIRSr4 435 E 134 H(0.89%-21.18%) 211 H
(2.33%-50.40%)~ 171~ H (0.86%—74.73%) 1171~ H
(0.68%—39.24%) /K 3 & B . A=W e s I xt &
VAR 3 R R AN A S (P4, B IR IR R 38
TE20154E7 H, B IR B /R E 201542 H «
23 HEMIRZRAMT LIEFRS TERE KD
FPSER

AR RSN 5 AR 3 L BRI 3 5 3
EEE FMIEKRES). BT EHER AR M
AR, S, o120 20h 445
BN AL B S5 - S35 B o - SR f) R R (R) 1)
BEAIK, #R 3R >4 (BRMB AR 3 5 5 X6 1 3T
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Fig. 1 Monthly dynamics of soil respiration in Phyllostachys edulis forest stands with different biochar addition treatments (mean +
SD). CK, control; LB, low rate of biochar addition (5 t-hm?); HB, high rate of biochar addition (20 t-hm2); MB, medium rate of

biochar addition (10 t-hm™).

VR A B P AR B (R I o A A0 R R R Ak 25
A - SFPIR AR R BB, S TRAREL, ARr 1R
Yol 5NN AL B 010 BIBEAR, R 2 HBAREE Q0%
1%, #R73F{XLBAEEE Q)0 PR AR, #RIp 4 2EWI AR
IINAEEL O, o 21 TN o

AR A INAE B 5, A AR & A

LIRS L HOR S RERA REM R KR, HE
PR SR KA H R B RARL A SR R

(» <0.01, K3). HXRALL, MF1FMKS2 (FRLB

A B Y FF A R R 00 Ak B () R 2 AR, K433
(BRLBANER)FIRR 734 (BRMBALH) I RME 14840, CK
AR IR L K o R R L R AR Y
72.3%-80.2%, LB &b fif B A% & 1 68.6%-79.5%,
MB Ab P i B A% B 11 64.9%—75.6%, HBAL B Al B AR
2 [11164.9%—85.8%.

ST - SR () P U S L RR . b
BEEIKERIMIR KRN EE (P >0.05, E6), FHL
7K Iy B 3 0wt il B BBURRAE O o R AR AL IR AL/ o
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Fig. 2 The characteristics of soil respiration in growing and non-growing seasons in Phyllostachys edulis forest stands with different
biochar treatments (mean + SD). Different lowercase letters indicate significant differences among biochar treatments within seasons,
and different capital letters indicate significant differences among seasons within biochar treatments. CK, control; LB, low rate of
biochar addition (5 t-hm2); HB, high rate of biochar addition (20 t-hm ?); MB, medium rate of biochar addition (10 t-hm™?).

2 TR IR X BT AR S R R X R 2 0 A
Table 2 Two-way ANOVA for the effects of biochar addition treatments
and seasons on soil respiration in Phyllostachys edulis forest stands

o 4 TSR < EURE N
Stands Season Biochar addition ~ Season x biochar
addition
F P F P F P
#M4r1Stand 1 673.41  0.00 16.66 0.00 7.64 0.00
M4r2 Stand2 73147 0.00 13.36 0.00 2.30 0.08
433 Stand 3 69520 0.00 154 0.204 0.77 0.51
M4r4 Stand 4 655.78  0.00 1.14 0334 0.64 0.60

2.4 IR IS T IRAF IR A R AR ERHE A RN

A= 0 5 0 TN Ak HEE AT R U A S R (R 433
FHBALEEBR AN (EIT) . AR i 4 S 38 2
LBAb# i AI, CKALE R &(AR 73 3 HBALBEER A
AR CK A IR AF B2 4.47 kgem >a ', LB
}£2.88 kgm>a', MB#433 kgm>a', HB#E
4.14kg'm >a', 5XIEHILL, LB. MBFIHBS 5[4
£35.09%  3.07% f17.68%; #k4r2+H1, LB (3.58
kgm?®a') < MB (3.87 kgm*a') < HB (4.63
kgm *a')<CK (4.89 kg'm >-a '), LB. MBFIHB/b
R 1) S P U A 5 40 ) PR K 27.00% « 20.63% A1
5.53%; M3HLB (4.01 kgm>a') < MB (431

www.plant-ecology.com

kgm?®a') < CK (442 kgm?a') < HB (4.56
kgm>al), H S5, LBAIMBALERZ 5 B
8.34%- 1.48%, HBALFENI G N4.71%; /34 LB
(434 kg'm>-a') < MB (4.46 kg'm >a"') < HB (4.74
kgm®a') < CK (475 kgm>al), 5 BEAHEL,
LB. MBAbFH ) - 3 w4 5 5 75 il B AIK 7.98%
5.77%, HB|3E/110.86%
3 g
31 BRI E AT RN R & 3R AN
RS20

TR N TR S A VLTINS b3 5|
I AT A5 2 R 2 (Kuzyakov et al.,
2000), 398 R AR 5 R I OR TR AT - 3R
TR I (U 38 R 880 ) B e B AT - SRR HE TR AR (£
PR IBNY o 25 57 % A 00 ) 398 () 38 e 202 ] - 33
RT3 AN RS - HER R (1) 200 4715 36 1 2
W, FEAFEEIE(Luo et al., 2011). ##](Jones et al.,
2011; Zimmerman et al., 201 )G MH(Liu et al.,
2016). A=W BN ING T3 mn A ek R BE 248,
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Fig. 3 The effects of biochar addition on monthly soil moisture in Phyllostachys edulis forest stands. The Y-axis means the percent
of soil moisture difference by biochar addition to the control. (CK—LB)/CK, (CK—MB)/CK, (CK-HB)/CK mean the decreased
(minus value indicates a increase) percent of soil moisture on LB, MB and HB treatment, compared with control treatment. The

abbreviations are the same as in Fig. 2.

TR DR R S R R R FH AR ) SR B 5 1Y) 5 Vs ik
oy, BB BRI A MR B HE(Cross &
Sohi, 2011); F&AR SR AL HIERAT 1b v] BE & DX A 1 53
TR IR G R R RS R . AR SR I TR
BTSN PEACBAT AR IR R, 50 REAH L,
LB kb 3 & 1% 2.33%—54.72%, MB 4k P %A% 1.28%—
44.2%, HBALFR 2 FEIK 170.09%-39.22% (K1), 33
AR N, X 5 Novak %5 (2010) F1 Spokas 55
(2010) T T 45 B — . AW 5 5 TR 0 FEAR BAT A
A IR ) JER R T A A 0 R ke 3R T LR 4 A IR
A sz S /1NN fichei 8 ivAs se= PR L N p - inet c:8

[F) B 38 40 AR P RO BB 35 1 A= A% 4K, (Herath et
al., 2015); A5 74 TN DR AN 458 240 A o A1 1 38 Al
WAL, A Vs 0 A 3R A s R
VIR B & 535y AR RRE 4k, TR R %M A
Y L ER B 1 PR e Ak, B2 5 Ly
W BEARAR B AR LR MO0 R (BIT), ] RER AR
D] 2 (A B8 7K ) B0 A 0 5 s IR 88 Jm 7K 3 1 A - 458 v
BRIR AL & B N (Bruun ef al., 2014). Mz, — )7
T B L R K 43 B BE AR P AR KRB HE T, )
— 5 T 3 R N AR W SR (R T T FORR P B
RN AE W A K A AE Ak (Major et al., 2010).
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Fig. 4 The characteristics of monthly soil temperaturein Phyllostachys edulis forest stands with different biochar addition treatments.
CK, control; LB, low rate of biochar addition (5 t-hm2); HB, high rate of biochar addition (20 t-hm2); MB, medium rate of biochar
addition (10 t-hm ).

R3 VTR T BRI () 5 BRI () KPR RERETTRE
Table3 Regression models of soil respiration (y) with soil temperature (x) and moisture (W) in Phyllostachys edulis forest stands with different biochar addi-
tion treatments

oy CcK LB
Stand BAFRE F . 2 N ATE D . B
& Ji*E Fitted equation R P A& 7L Fitted equation R P

1 ¥ =0.025¢"%(2.609 % — 0.066W*) 0.80 ” y=0.067¢"%7(0.523W — 0.012177) 0.79 ”
2 3 =0.029¢"%%(2 372 - 0.056 W7) 0.76 . »=0.112"%(0.437W - 0.0107?) 0.69 .
3 y=0.018¢"%%(3.968 W — 0.096 W*) 0.72 ” y=0.098¢"%(0.819% — 0.020177) 0.72 ”
4 ¥ =0.030e""77(2.828 W — 0.060W?) 0.73 ” y=0.021"*(0.387W- 0.068 W) 0.80 ”
o MB HB
Stand Ao o . 2 Ao o . 2

WA TTHE Fitted equation R p MATTHE Fitted equation R p
1 y=0.080e"%%(0.653W — 0.012%7) 0.65 ” ¥ =0.091¢"%3%(0.510 — 0.008 %?) 0.65 ”
2 ¥ =0.024¢"%(1.776 W — 0.035W7) 0.76 ” ¥ =10.096"78(0.769W — 0.017W7) 0.71 ”
3 y=0.009¢"%%(6.901 W — 0.157W7) 0.73 " y=0.032"7(2.237W — 0.049177) 0.74 "
4 3 =0.062¢"%%(1.059% — 0.025W7) 0.69 . y=0.015¢"""(3.825W — 0.08717) 0.86 **
5 K4,

The abbreviations are the same as in Fig. 4.
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Fig. 5 Relationships between soil respiration and soil temperature in Phyllostachys edulis forest stands with different biochar addi-
tion treatments. CK, control; LB, low rate of biochar addition (5 t~hm’2); HB, high rate of biochar addition (20 t~hm’2); MB, medium
rate of biochar addition (10 t-hm™). 01, soil temperature sensitivity.
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Fig. 6 Relationships of soil temperature sensitivity (Q;9) with soil temperature and moisture in Phyllostachys edulis forest stands
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A ) TR S TI0 XoF - 38 P R S 3R 2 AR Ak 5
W AN[E] (12, 22)o ASHIEFEH A BUR S N T L3
W R 5 2 LIRS, IR R IR 7R 6-7 H e
(AR 1HRLBALEE 28 i de i o), 1H B2 H & AIK;
AW TR AN NN A K 2 - SR NP IR G R FR B i AR A
KFPE, FEERAERKTKIERWSE), -
BRI ARG & S AE G T AR R KFEDIT R

B B(RE RS, 2014); £ KR E IR R,
AR I AN i A A W R K B e, A 420 B S o 4
WAEYIEYE . BZEY)F EEAR R AP & (Mitchell er
al., 2015); FEAFA KR iR B EUIR, 3R H
R EZ AR, AL TR A0S AR 2R IR
AN Wi P S MR AR BN, BRI, AR 5 AR 45
bR AR A KRR HBON SRS iAo
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AT IS I B AT AR SR R (1) 5 S5
W) 5 A ORI AR OC . W TR B AR TR N I 3 L g
J&, B BB A B A B A) 2T B I (Ameloot et al.,
2013); AR IS INFIRR AR B, 2%-20% A4 45
IR E B RIE2-60 R0 1k, BlEH HLZ K. WiMajor
£ (2010 532 BH A= W) o o 8 0ok - 398 R fg 38 — 4
RIRZIRELEE AR, VIR B & 5 16 75%
LT B —4F HL & I (8] (1) S KR T FRAR . AR 7T
AR 40 J5 R VAN T A 2 O30 1 - S8 I (1 5 8 o o o
T PR A MR AR AR, P s e AR A TR Vs I A 3 AR -
R VT R o o [ ) K W S A, X R e R A
LIRS YR B B 5 TR A AR R EOE
LIRSS FEE S AR ORI NI =A%, B, B
Jo R 55 45 AR A R A R A B e R 2
B PIRANA .
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32 HYMIBRZAMMNTIERE., KOEE
R R0

R K 2 e I COL I B
SR, EANBE R R A e
M2 A K R A AR F R 191 52 e o 35 0 I 2
(Lellei-Kovéacs et al., 2016). AWFFH, LV IR
Jnhn -F 3K o5 s (E13), BT RS BN AR 5T R s
ne e 5 i AR K 2 LB (30 pwm) K A 235 1T
[ FLBR(0.2 pm) ¥ B 2 17 38 0 - 3845 250K 73 (Hardie
et al., 2014). X REFNAEY) R AEEE T P 5 iR
&2 BE IR EC R (K5), ROy R 8T
SN AE DI . AR R A KA IR0 S R i) 4%
WP, LIPS K S B TR E KK R, 1]
ReR N BT L B EARE B, TS KE
AN SRR ) R A DR 7, v AR PR A A B 7S i

mEE
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38 T 398 7K 43 R (X S R ) R R /N (He
et al., 2016). TIEFFIUHEA SR Ko InFl 2
FR R R(FR3), Ui B /K o e 3985 R () 2
S L RPN AR AR R VN N B R T 3
K& E, RHEMINLHEE 8K EER
0.3%—1.3%F, AE49) J50 R  IN 15 i) L 338 7K 7 5 &
5| FEC A T P R R AR T 483 2R 7 Tl — N A K v L PR 3
5%, [A)4z52 00 1 SRR I H ZE (Ulyett et al., 2014).

TP FH 7K 73 85 PR (R 73 I 3 A= A A ]
P25 T R (IR P R (R R AR, 2011), 3@
I KRR 0 2 B e R R (R U
1E— e aE W, bEE LSRR TR, LEErER
o 3L TR 8 2 B A I 2 (Almagro et al., 2009). A
HF 70 AR5 2% T 0189 0 358 7K -5 B RN 5 AR - 4
I G JE A7 25 15| 1 38 W 1) L 5 SRR P AR A (B15),
XATRER R A DB 724k, AR NS
K S B N B R R P R 2)
WAL, VTR B 55750 & BB R K
AT 20 Jo 0 ) J o7 - 338 HLBRFIAR R 20 iR, BRI
BB INGIRIEEAZ M (He et al., 2016); 3)TIEHR R
CEWY A4k, AR5 ¢ s 0 A - 3EAR R 1 i AR
I 2 - ST G ) 32 B Rt 43 LB B s IR P
TBUB I (Saiz et al., 2006). He“5(2016)HF 7t 3% W A4
iR B S FLBRIR L CO,, A= 5T 5 T 1 B AR = 138 R
FEARS), 16— FEE AR R L 3R U AR A
Suseela®:(2012)iF LR T . FkZFEQ 05 P34 115
KA FPEETIEEE R EMARR;, EF005
TR UK AR KT, 0105 L3
R EERK T AR (1E16), AT gt KDy 8K 70 &
ARG A R B AR UL PEE R e 8 174 R (L (X
BEZESE 2016); 4 HIHK S FEMKT0.11 m  m 5k
KT HIE R KER, OF# MK, 3K Phria sz +
SR S BBUR A (Jassal et al., 2008). 12, HIRE/KE
AET 35 ‘BT 14D B8 Tk P U e v, T - 498 UL ek
PEAE 2 /K E IR B i I #8222 84k, 284k T 1)
g 5 e R A (B KA, 2011).
33 YIRS HIERRHE AR

A= 5 Xof 3 C O HE U BT ) 1) 52 i R
RAFE A A B SRR IR BT B HLAR R 2 1)
AWK 2 (Jones et al., 2011); VIR ININRE
AR L R BRSO AE P B AR, TR
TIRFEYEERBEIE S5 (Liu et al., 2016). A&

TP HF A 0 J5 R A 0 551 o S T 1) ) ¥
(E7), 5 Chen%s(2017) M1 BammingerZ (2014) f) iff
FWE, RIAYIBURES NG R ACO AR5 %t HE AR
EEFEAR 1 2%56%, H. B 3 75 i & i 38 i T+ B,
BRI A AR A0 SR AN IR - 3B R TRL ) A= P R - 52 i B
S, JUIAE BT RS N B B AR BR X S AR, AR
Wi 1 B 57 o3 BRI Ky W ST AR & RIS
A RE PR PR AR AR 28507 MR AT 2 7 PR AT AR 2%
(Prendergast-Miller et al., 2014). K, KHAEET 41
BRI BT A R G U PPAL A FUR S INRCR, TG
H BT PRI BV BUR BT RIRR E E 1
(Kammann et al., 2011),

Gtiiy e ylibage ses 25k i G ALISE | 32 56717
TREZEY), LRGN TN 5 L35 %
il £ & B B A O (Verheijen er al., 2014). JHChR
AP FUR BT SR IIAE R TR T P iR 31 5 B
LIRS COHAFU R A % (Bruun ef al., 2014). iX
6 25 At 2 AR W) R S 0 S Ve A SRR ) — > EL R
DI3R: FEEFAL, Ao e v I g Jon - 398 (41 3R A 1) A2
€ PE(Hardie et al., 2014), BT KE AR,
B SRR AR 2, A 5 i IR AR ) LR
F(Liang er al., 2010). AHF 7% o 87 41 J5 A7 435875 0
AWk A LT RO R AN B R R
e SRR A, PRAR LR HE (B 7). HWTIR
A - 38 BLITRS SR B BRIV 2ok BB IR #h; R
EIRTR TR BE MR CO AR R, oAb IR AR
AR AN A 5o 2 R AR ) A AL AR 2 (Bruun
etal., 2014),

BRI R 52 BIAE AR VI R TR R Ah, 1852 3 £
Y. R RISV TR . A TUR
AR WA YRR, RO HOE i R A 3R o)
FNpHAR 1 5038 T AR T A W B 7 20 i (Fierer et al.,
2009). AHEFH, VTR ININESCE 1Y)
R SE R, e Ao e A B SE N T 2H BR A ie
WAEMRER EWERER). EVFUR SR AME
TEH], BOINAE R ARV B AR B, MR R4
W 5 s TN L 7K 7325 AN [R] 1T e B2 AS [R] (Verhedjen
etal., 2014),

E2TIEH BRXAaRAFALL (31600492 F=
31670607)F= 7 = LB 3 v AHEF IR BT 2 A A7 Ak 4
% 4 T % 4 (CAFYBB2016SY006 . CAFBB2014Q-
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