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BHEAY, W R, BREY, NEEY, F AP,
WHA, REH, BER, KL

(1. WIVLARAMRA 2 48 SR W P bR & R EH S L%, Wil Fu 3113005 2. Wi RO 3555 R
FBE, WYL B 3113005 3. EBRATEEF L =SEAFSE M, MR —E 572000)

HE: (B8] LEImTLERERE A TR, WA EBES 5T £4% Phyllostachys edulis % F 13 = B A8 (CO,) He
HEFRRIHR TG, [ FEk] B 3MAWREZHRE, ALMAHES A TR (ck), AR R ED
(MBL) #= 8 3% 4 B 3635 (MBLE) A 438, KA # 54 - 448 &8 % 5 B £ 547 B3B8 CO,, M LIEA MR, B
BAAIE, TERANK, FHESZIHANWEARBAEADENSH R T rH., [BR] BHEIRREEMRT
20.3% W £ A4 AT (P<0.01), HaFE3IE CO, HeAL 84 % v KL BT 8] T ALAC R, R IEAT 4 (<51 d), MBLE &2 5 MBL 4
HHCO, RRPABAZEMERF, MKXBEBEM (>51d), MBLERA I # CO, ERIAX TR F & T MBL A
(P<<0.05), f=2iX3x4 kot (% 85 X), MBLE &3¢9 3% CO, R RHKX T4 MBL & 2AUE M 4.5%, sit, MBL 432 +
3 CO, HE#il # 4 MBLE %32 8 25.2%, L3858 R % 5~ 8T8 3] 7% ) oy o 2 B BF R B 1) ALK , MBLE 422 F ¢ 135
FALBE . TRV AER . B S AR B M 2 A S ABRIR E - SERT 68 d ¥ AT MBL 42, 42X B4 koAt (B
85 %), MBLE 43¢ TR AMNEREL>HBEFRET 152% (P<0.05); TEHIHE . 7HEbEFNEBEEY
MBERESHSANRET 85%. 8.5% F7 10.6%; 2 LIEMAMAEM TR T HHME FEILT 263% (P<0.01),
(%] EREDTRAEEA AR, WEARLERRESH, FERBLE LN EARLIIE CO, il & 2 R AR
z. B3K2447
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Responses of CO, emissions and labile organic carbon to earthworm activities
in Phyllostachys edulis forest soil
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Research Base, International Bamboo and Rattan Center, Sanya 572000, Hainan, China)

Abstract: [Objective] The objective is to understand the effects of earthworm activity on soil CO, emission
and labile organic carbon change in Phyllostachys edulis forest, which is crucial to comprehending the role that

soil fauna plays in the carbon cycle of P. edulis forest. [Method] Three treatments including ck (control,
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P.edulis), MBL (P.edulis with litter) and MBLE (P.edulis with litter and earthworms) were employed to
conduct a three-month greenhouse pot experiment. Static chamber-gas chromatograph was used to collect and
analyze CO, release from soil in different times. The contents of soil organic carbon (SOC), particulate organic
carbon (POC), dissolved organic carbon (DOC), mineral-associated organic carbon (MAOC) and microbial
biomass carbon (MBC) were measured. [Result] The activity of earthworms significantly increased the
biomass of P. edulis by 20.3% (P<<0.01), and the response of soil CO, emission to earthworm activity was
sensitive to changes over time. There was no significant difference in CO, emissions between MBLE treatment
and MBL treatment in the early stage of the experiment (<<51 d). However, in the later stage of the experiment
(>51 d), the cumulative CO, emission under MBLE treatment was significantly higher than that under MBL
treatment (P<<0.05). On the 85th day, the cumulative CO, emission under MBLE treatment increased only by
4.5% compared with MBL treatment. The soil CO, emission flux under MBL treatment increased by 25.2%
compared with MBLE treatment. The impact of earthworm activity on soil carbon mass fraction was also varies
over time. The contents of SOC, DOC, POC and MAOC under MBLE treatment were lower than those under
MBL treatment in the first 68 days, while the MBLE treatment significantly increased DOC content by 15.2%
on the 85th day (P<<0.05). SOC content, MAOC content, and POC content increased by 8.5%, 8.5%, and
10.6%, respectively. MBC content significantly reduced 26.3% at the end of the experiment (P<< 0.01).
[Conclusion] Earthworm activity can promote the growth of P.edulis, increase soil carbon content, and reduce
soil CO, emission flux and cumulative emissions at the end of the experiment. [Ch, 3 fig. 2 tab. 47 ref.]

Key words: earthworm activity; labile organic carbon; Phyllostachys edulis; soil CO, emission

S IR P T e B A B dfe s S L S, PRI A A AL
ik (CO,) & - SFENT M 1) Ji B0 AR 4, R . 47X, HEMHSE TG ShRe ks - S BRIt . G2 A Al
FE M S A IS Y R s, sEm EAEY A, R A PR 0 [ R A SR AR S R, (Rl
M) - S5 3 2 SR A HERR

THEA LR (SOC) TEABRRIAE R b 47 I dE 2 Af €0, PRIFEEIE AR e P 04 sk S A8 1k 19 G
itz —U g1k SR VUK AR £ 2 R 5 0 . S0 i A Pk, XM TS 3500 38
BEAR AR M BRI, R 4 A HLAR I AR AR () FE R ARD M) S 4 4 R A LR B
ASFFEPEER . WSS . Ml iE . Al G HE A R IR F o M P HCE IR T AR R AR S
i E Y R, AR S SOA LR 55 HIR G, AR RO E S AU, AP
PR ) [RIIsF I 2 A AL 0 JR e, e - I AE MR B AERE 1Y, B & 2 B A R s b T B
YT e AR A S I 6T - 3E CO, HERCZ M 1) Meta 43 AT 26 B0 - 322 e ] 5 - R 5% ) 1= 49845 L
ehtia, (HE48 CO, HE G N T 33% ", WA MFE R b5 B8 R B2 o 3984 HLaw i [ 2 Fi
CO, M HEC, BR5FRAF I 750 d /5 23 38 A 4 49 4 i o7 1 43 B R IR, LUBBERS 451 [A]FE & 31 -
e W5195 B X -5 CO, HEM By 52 M 2R AR i g ) 0], AR FHAICR 2 bifi 25 I [R)32 d osl 55 ), L 28 A0
1, JENNINGS 25U WF R 2B VA5 M5 XS bk b = 3980 e 2 M) RS, H 38 R R 2 R itk (. 35 T
1, AT BESE H T b 5] T A 1 1Y) S5 5 R I AR AR A AR B SRR L AR BRI . R, kel R
MAESRGEY, FEAMEYERRET, @R RMEY S — RIS LA PR )2 CO, HE
S TRLE , (EARHE—PE.

BT Phyllostachys edulis J& ™ E E 4 b X fe EE AT AP, 20 0 BT ARTITRR Y 72.9%"7 . BT AR
() b T HEAR R 48 AT LK 6 AR B e A 3 U Bk S, BRI K, XEf
KR CO, BAHEANEY, YEIRATARIEST 28 (RHbBRRT . BA . e . 7255 FIvE i as) & rh AT
DA RS B 0 s A M PO it A A Sk 2 e i B AR A P I IR, sl ARE R 2 A LY,
TN SRR A IR
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B MAES ARG il S IS B A 88, B PTART U 7 T (R s T 5 e 65 2l mT A Bl 9
i, MR RERE N L HEAL Ty o SR ML Sh A2 AT AR L CO, HERCHIE VA HLERATS A BT . A
WFFE AT AR BT EXT R, i i i % B B TR A S R G R, WP sl % s X B AT
H CO, HER S E A LR 152
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1.1 ##

PR 4 K TE P T 2020 4F 10 AR A #VLAA I 7 2675 B R 0T BATRIE ML . R b Ak
30°29'N, 119°38'E, kK 150~200 m, PTARIEIFR K 108 hm?, H A EATH Y 86 hm®, EATI 1A
17 AZAKRPY, 3322 10 SRR AE Y= P40 33.33 t-hm 2-a ' B2, HHERRE S BT 138, R
£ 0~20 cm JZIR T4, BIBRAH . K 35 sh W) RARZE G5 R I i 2 mm i . SEHCEATARPY 3 Fh LAY
Wi, 20 NEBAT . & BBR Parathelypteris glanduliger 148 4: 4+ Ardisia japonica, +& B84 AR 1 R
b (4.5:2.0:1.0) KA. WoEE AFIFMT, HZTa8H N1 (JP-400C) BEFE, i 2 mm i, 1H A 0~20
em 3, MENIRIEHAEY . RSB AT SR, PRI R R 1%, R 41
pH N 543, &KEHN 20%, TIEAPLGRBEIECN 1.35 g-kg', AIEMEAHLER N 13.91 mg-kg ', 4
YirE MRl 4231 mg-kg ', &N 1.03 g kg,

BT TRAESMAKY, EWEN 10~15 g- bR~ i lis] 2k FH ELAG AR 58 FRAT 9 120 ik 20 )
Pheretima tschiliensis, VRFTE R 1.5~2.0 g+ 57 Fi/DilB0 iR s, W R R AT 1 DK o 4] 3000 1+ 18
iR, DAHEBRIGE N A .

1.2 RIwigit

TEAARSE B A 30 kg (R 3, RGN 85 d, ik 3 AMbH . O AR BAT/E b2
FIXT IR (ck); @QFBATEARNE MR Y (MBL); QFATHAR N R BAINJH % ¥ X k5] (MBLE).,  &:1~4b
HAANER, JHOEEREYLIX AT, Rk fe 2k R FE S A B i SR HE s = AR g, R
BRA (B 1A) FIRS (8 1B) 2 4.,

WEAH . M B, BAZPARR 1Mk, R Res, Wm0 aaT 1 d K 9.6 kg
R FH U8 7% 91 29 5118 A MBL il MBLE #53% 138 (0~20 em), #EHCR/NIAT, (R AUAH T A ok 451 5 A
MBLE #54kH, R4S %o B Ikar il Hkitk , il USRS, AN E R M, R R
M, WRMEPIEE T . MBRRIES 1. 3. 5, 7. 9. 16, 23, 30, 51, 65, 78, 85 K RESIK,
2% 517, 34, 51, 68, 85 KRFE+FE, 5k,

K2 ck A MBL 2R BEHLIBORE , 4 A0RE 4 2, $hi% 8 4 skt R bk AR rh s isl, [R]
B By 1k e 951 356 SR A R AR 5 #b e i 3, REUBE SR PEIORE , MBLE Ab B AR5 20 /4> 2k &
(4 DER xS IR PEIURE), 851 100 Fai i, AR~ AR RAE SRS T RE M R AEBATE B, A 4
AN 0~20 em 19 14, BK HHEREE 500 g0 Ak GCR 4 JE B CE AT TR SLIE R A K, WEME
T R EUFRAER, IR A M/ ST TR SR R IC, e m]— L B R RS AR i 1
FEi 2 mm G SR G YS9 R AR, T A A B FE e

Shy kit B R A D A SRR R IR A AR HE O — B, R R AR A, FIHE SR
W CO,, BAMM TN RA I, A EAE 50 cm, & 50 cm. AMNZUEEEAE, (RIEBTI; HEE
WA R, ARSI, R ENRGRT R, R, FESFa A MRS Py, 175 i o
NG K, UBRIE R | %A Zs a3 A& 4 Ak, 280t 12 DA 12 AN ESH . Bk
FAE R 7:00—11:00, BADAABRE 4 DARE . SRAEREAE . R A =381 04 B2 F 1 S Al
20 mL SARIT A B2 H, 9 TEFE 0. 10, 20, 30 min RAESK, RAEJT BRI W 52565
SAETEAL (7890B) FEAT /3T o FEUCRAES MR, - B8R I8 B S0 5 145 10 om Ab Y - SRR Bk 2
Al R
1.3 MEMBESH®

- R AGAE T e 22 (AR A 4 B O )P, 58 pH SR pH TN E (K 1 B LR
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2.5:1.0); HHEA LTRSS IR A I AAE 4 R 4L - B RACEE
R E L JF AR OG FR B B A - A BL K it
(SOC) it 4341 ; PV A HLAK (DOC) i A A Bl ;ﬁ;ﬁ 4'%}- a
B4 (Multi N/C 3100) T (K + Bt el 5:1). E
+HEWORAS A B (POC) 2 CAMBARDELLA R 5
SEPIN R T . BOXF EFE 20 g (G 2 mm i) A N Hith i
5 g L7 0 75 i B TR B [(NaPO5)g] ¥ 7 100 mL JiL A i
250 mL =i, 90 r-min % 18 h, UG K . .
AT 53 um TSGR UEROB IS, B0 L 2 R 5
BETEREM T, E 60 CHLAH T LT 12 h, )
A EEORL I TR . TR R A A 250 pm 50 cm W
B, R P TR R - M B R A IR (I ) 0 UL B1 ASEERIE

T A VLR RS, R S A LR R4 Figure 1 A diagram of the chambers used in pot experiment
E=I0RE oA LR BT 5 A3 RO BURL 1 ], IR AE S S A HLk (MAOC) it £ 73 4= A Bl o &
GBI URLAS A ML BT i 54K

mol- L™ BRER R /3 iR 4 I, LR LA 20 AT 4SO S 108 P A i I 0B, FH B 28 IR BB 2 A it ) 22
(ELBR AAHRE R 5%, B ARAS SR A i e o et 43 8K

TS SRR SAED, BAARENN CO, HEMGHE &R e i 28k F 2t 56 2ok 3400,
1.4 HESH

K FH Excel 2016 4b 3 %4, SPSS 18.0 X 44 245 kA7 81t 401 fiiHl ANONA HL K R 5 22 73 0
(Duncan 6 5 2% H 8 2 4> b BRI (R H] 22 53, P<<0.05), >R JH Spearman AH 3¢ 28 $iik 73 A B4 19 AH G 1
(P<0.05). A Origin 8.0 FEATL & . ARIEIRBATFAHRUEN, MK 4 ANEHE (n=4) IHEARHER
2 HERAH
2.1 MEBIFEMNEERREYETNH

RIS BB 85 K), REMAPFATITH 27 ¥k 3L 28 k), FIGRAN 96.4%; T4kl 75 5%
(3£ 100 2%), FAIEFRLHR 75.0%. MBL B BATAY) & T ok 2031 18.1%; MBLE AbFR I BATAE ) &
L E T MBL ALFE 20.3% (P<<0.05), W& T ck A3 34.8% (P<<0.05).

MBLE b B EAT A W) i R 5 B3 Gk 1) 5 17~34 KRBT AW 80 B & 1 34.3% (P<
0.01), %% 51~68 KEATAY) & W &GN 21.8% (P<<0.05), % 85 REBATAEME L 17 RIEK T 51.9%.

W5 A= ) i AR AR S e 3A, 3R 17~34 KR 451 A= 4y i i I 2535 39.3% (P<<0.01); % 34~68 K
TCWEES, REEHIRIA MBI, 1A i A IR BRI s 55 68~85 SR 5] A= Uy e AR A o
23.8% (P<<0.01), HAY& LI HEE K T 62.8%,
2.2 1 Co, #HM

ANFEAEPER 5 CO, HEMGE AT 2 URIME (3% 2), ck 703l fESH 16 KAEE 51 K, MBL 257k
557 KM 16 K, MBLE ZEFE2F HI7ESE 5 KA 51 K, %5 85 K, MBL ALFEH CO, HE & &, M
34.75mg-kg '-h™', t MBLE AbPEE 25.2%, e ck & 31.6%; MBLE AbFEE) CO, HEREAL L ck = 8.6%.

3AALIER L4 CO, B RAH R E RS A 3. B 19K, 3HMBM LR EMEES; H
16~23 X, MBLE 4bH ) CO, BAUHE B 2 KT MBL AL B (P<<0.05); 55 51~78 K, MBLE AbBHfY
CO, ZF L & = T MBL AL HL; 55 85 K, VR AU N b 25 42 % 1T 36.2% 1Y 11 CO, fEil &
(P<<0.01), U854 J e ] 6 75 Al (o 25 42 T 39.1% 1) 38 CO, HERUE: (P<<0.01), H:rifeis] i /5 I H 1
T 4.5% B 13 Co, HEfit i .
2.3 TEFEMENBRTN

MBL 4bH ) - 84 HLAR T 5 0 E7E B0 0 0] 39 4 35 50 T ok b3 (P<<0.05, &1 2A), FEMEE 51 KAk
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Table 1 Biomass of Phyllostachys eduli and earthworm in different treatments
AN [ RS 1) S A i s Ay i/
Yy b
0 17 34 51 68 85d
ck 11.17+1.05 Ab - - - - 24.58+1.16 Ba
AT MBL 13.36+0.77 Ab - - - - 30.02+1.61 Ba
MBLE 14.71+1.13 Ac 18.14+1.74 ¢ 27.60+1.38 b 30.99+£1.06 b 39.61+0.89 a 37.68+0.33 Aa
L] MBLE 1.75%0.05 ¢ 2.15+0.06 ¢ 3.54£0.05b 3.40£0.13 b 3.58+0.07b 4.70£0.15a

UL k. AR EAT; MBL. BATAARNEINMEIEY ; MBLE. AT 4208 R A A S By il . —fRFRTCEHE . ARIK
BBy (R I [R] A [F) 4 B R] 2 57 W 3 (P<<0.05), ANIR/INE R Hy [a) b BEAS [R] I B] 7] 22 57 1. 3 (P<<0.05).

x2 TELE CO, WHBEM SR RRHME

Table 2 Soil CO, fluxes and phased cumulative CO, emissions from different treatments

SR H ] P CO,HEfif i f/(mg- kg '-h™") COJ B RBUHEURE/(mg- kg ™)

(F-J-H) ck MBL MBLE ck MBL MBLE
2021-01-05 1 18.68+1.97 Abede  19.49+1.42 Afg 19.85+0.70 Ac 4484047 Ag  4.68+034 A]  4.76+0.17 Ai
2021-01-07 3 12.73+1.91 Adef ~ 23.89+4.36 Adefg ~ 23.76:1.97 Abc  1131£0.70 Bg  15.62+1.36 Aij  15.70+0.58 Ahi
2021-01-09 5 14.85+0.72 Bdef ~ 17.22+2.08 Bg 54.13+4.58 Aa 18.18£0.83 Bg  24.68+1.31 Bij  38.04+2.40 Ahi
2021-01-11 7 10.0941.47Cf  69.60+2.10 Aa 30.6443.01 Bbc  23.60£0.56 Bg  51.80+0.69 Ahi  55.56+2.66 Aghi
2021-01-13 9 15.50+1.09 Bdef ~ 33.1843.67 Abcdef 23.53+1.61 Bbc  30.39+0.37 Bf  72.10+0.68 Ah  67.71+2.79 Afg
2021-01-20 16 24394252 Bab  44.47+1.96 Ab 30264236 Bbe  64.974238 Cf  138.68+4.36 Ag  113.70+3.80 Befg
2021-01-21 17 1024+1.07Bf  31.5842.69 Abedef 29.37+2.78 Abc  71.58+2.31 Cf  155.39+4.33 Afg 127.9143.06 Bef
2021-01-27 23 11.70+1.41 Bef 20944223 ABefg  25.61£3.92 Abc  84.92+2.00 Cef 185.62+5.95 Aef 160.44+1.52 Bde
2021-02-03 30 16.54+2.02 Bbedef 23.22+1.14 ABdefg  29.82+2.56 Abc  109.22+4.08 Be 222.99+7.23 Ae  207.51+4.35 Ad
2021-02-24 51 30.97+2.13Ba  34.53+1.91 Bbede  50.1542.21 Aa  230.68+8.02 Cd  369.87+12.13 Bd 411.47+14.10 Ac
2021-03-10 65 19.70+0.56 Bbed  25.63+2.35 ABcdefg 30.92+2.30 Abc  314.46+£9.13 Cbc 469.87+17.16 Bc  545.36+19.28 Ab
2021-03-13 68 2407+124Bab  36.6143.67 Abed  34.93x197 Ab  335.99+8.80Cb 501.06+16.22 Bc 577.45+20.33 Ab
2021-03-23 78 15.94+1.18 Bedef  38.48+4.00 Abc 22.8242.55 Bbc  383.0248.38 Ca  591.40+11.34 Bb 645.29+22.10 Aa
2021-03-30 85 23.76+1.38 Babc  34.7542.47 Abed  25.99+0.85 Bbc  422.0749.52 Ba  661.25+9.51 Aa  692.53+22.64 Aa

YL RIS = B Ay [R] 6 ] S ) b 360 ] 25 5 B 3 (P<<0.05), ANIRI/ING =B Ay [R) b AR ] sf ] (71 22 5 b 2 (P<<0.05).

FRLEREAR, T5F 85 RIFEZ AL (13.36 g-kg ™), W& & T ck A 35.1% (P<<0.01). MBLE AbI A5
17 RIF U B 35 A (P<<0.05), 25 34 KRG Joi #7284k, %6 85 K, MBLE AbFRAYAT MLAK BT i 73 30 =
F MBL #h ¥ 8.5%, Tl #E2S, HH 8 E R T ck AbH 40.6% (P<0.01).

3 41 4b B Y 4 38 ATV PR HILAR R S SO FE SR 17 Kk B (E (K 2B), MBL F1 MBLE 4b #5576 46
34 KM AL (P<0.01). MBL AMFRTESS 85 KEFHIHAK (10.60 mg-kg), & T ck &bH 21.5%, 1EiAL
Z5ET, MBLE b3 AT i M HLAR BT 53 B0 2 = T MBL AR 15.2% (P<<0.05), # i 35 T ck 4b 3
33.9% (P<<0.01),

3 ZH Rb 3 - SRR A ML T S B LR IR — 3, W RETHER RN (B 20),
ck 45 51 KIKFWEAE (15.44 mg-kg'); MBL Hl MBLE AbFEY T45 68 Kk 2E(H , 15 MBL &b 37555
85 KM i M= /AL, M 24.23 mg-kg ' (P<<0.01). 45 AT, MBLE &b 1% fkr 2548 HLAK 5T 2 4 41
1T MBL ALPE 10.6%, Joil %225, MBLE ACBER B 3 5 T ck 4bEE 65.5% (P<<0.01); MBL AZbH{)
FET ck LH 61.4% (P<<0.01),

3 ZH b B SR W A AR T B TR 17 KA B (Bl 2D). ok Al MBL &b #EAR b 34
R, BIREREIUE TR, T 68 RFFEZ&AN; MBLE WM GUEY EY BT E M —HET
Mefadh, T4 85 KIE B &ML, W FHME T ckkib M 244% (P<0.05), W %X T MBL I 26.3%
(P<0.05).
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E S 127 ¢ —A— MBLE
< 9 i
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6 m SR E (P<0.05), ANFA/NG FHRRIRIA
4 ! . . : : I B[R B 2 B ) 22 7 (P<0.05).
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Figure 2 Dynamics changes of SOC, DOC, POC, MBC and MAOC in different treatments

3 D PR ) - e Wy 5 A A AR T B0 55 A WL — 3 (8] 2B), LR R A
BB 03 5t 53 BRI IR AURBRARAR , i 80 25 & A U B i 40 40 5 H A ML A T2 5 ik
BG4S I, MBLE BRI 380 W) 45 & 86 ML T & 70 50 MBL Ab B 8.5%, L E %5
2.4 11 CO, #HiM S T EFHENMMBEES

i 1€ CO, HEif & 5 T s PEA DL AR SCPE 73 B ml 0 (18] 3), CO, HEif e 5 A Lk . BRI
AN P45 A A PR 2 B A0 2C (P<<0.05).
v=12.007 5+1.251 6x

50 - R*=0.267 4 .
P=0.048 4

y=16.137 8+0.505 7x
50 FR>=0.3859 -
P=0.013 4

y=12.007 4+1.264 0x
50 - R=0.266 9 .
. P=0.048 6
40

40 o 40

30 | . 30 + - - 30 " . "

20 20 | 20

CO,Hb & /(mg kg -h™!) >

10 =

1 1 1 1 1 1
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B3 13 CO,HkEL LEAIE (A), BESHIE (B) F7 H SHIEE (C) A8 X%
Figure 3 Correlation between soil CO, emission and SOC(A), POC(B) and MAOC(C)

CO,HE &/ (mg kg ' +h") @
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31 SEEIESXEM LI CO, B MR 2

AWFIE R WA £ S 5 BT 5 5 139 CO, HE i . AT JET PR 2 i 0] 0 7
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