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Abstract

Aims Soil total organic carbon and labile organic carbon are important indicators in evaluating soil quality.
Mulching is widely applied to promote the emergence of bamboo shoot in winter time through stand management.
Yet the consequences of mulching on soil quality in Phyllostachys edulis have not been well studied. We aim at
the quantitative effect of mulching duration on soil quality in P. edulis stands.

Methods Several P. edulis stands located in Huangyan District of Taizhou, Zhejiang Province of China, had been
applied with mulching for 1-2 years and were used in this study to assess the mulching effects. We also selected
stands without mulching treatment as the reference sites (or control, CK) for comparisons.

Important findings Total soil organic carbon (TOC), light fraction organic matter (LFOM), and easily-oxidized
carbon (EOC) contents at stands with 1-year and 2-year mulching treatments were significantly increased com-
pared with those at the CK sites. The 1-year mulching increased TOC, LFOM and EOC by 11.2%—74.2%,
31.7%-196.9% and 5.0%—79.6%, respectively, than those of CK sites, while by 22.2%-90.8%, 36.7%—-238.5%,
and 21.9%-97.5% with 2-year treatment. However, the contents of water-soluble organic carbon (WSOC)
changed insignificantly. Among the indicators, we found that WSOC:TOC in CK was higher than that with the
mulching treatments, while EOC:TOC with 1-year treatment was higher than that with 2-year treatment, and
EOC:TOC with 2-year treatment was higher than that of CK. Additionally, WSOC, EOC, and LFOM at all three
treatments showed high correlations with TOC, with a higher correlation coefficient of WSOC with TOC of 0—
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30 cm soil layers in CK than those with mulching treatments. The correlation coefficient of EOC and LFOM with
TOC was the highest at the 2-year mulching sites. More importantly, TOC, WSOC, EOC, and LFOM were sig-
nificantly (p < 0.05), or extremely significantly (p < 0.01), correlated with soil nutrient content, including total N,
hydrolysis N, available P, available K, exchangeable Ca, and exchangeable Mg in all treatments. In sum, it ap-
peared that mulching in short term can increase the contents of TOC, soil labile organic carbons and soil nutrients

in bamboo soils, yielding an improved soil quality and thus can be promoted as a plausible practice for the sus-

tainable management of P. edulis stands.

Key words Phyllostachys edulis; soil mulching with straw; soil organic carbon; soil labile organic carbon; soil

nutrients
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F47(Phyllostachys edulis)sft & T R AT WA
NPT J&, TR BEUE Hh opAn b A B0 A dxe e 1)
VIR UR (B 48, 1994; VLIFEE, 2002). 7777k 23k
[ 5 7 X SR8 5 R B I E B SR P, R R
JE 22 BRI BERJR (PR AU, 2011). S HIEAT
gE i, BARN TR — e e L T
SR R i i 3 SR R 2k, BRKIAKE
I AR RN, M2 ST RS . nE
IR 3 2R R A - A R T, T HL S R BT
AR, PR AR AR B AR A A8 U K A i) R
WAE, 2012). FRANEVTARIEAE HLAE, BEAAPT IR L
B, (HEXHETAT AT E AR A &, 1 B
WL SR, FEAEFE BXMECIHES . JRAER, BT RIH
BT IRA = R AE RORE 7 25 I s 1 0 - 338 0
FE R TT R REEARME TR T8 4, PRE S T T AR
LU E, FEHAF TR SRR AT AR
] Ao ek, DRI AGHE T T AR R B K A U R B, RS AT
NG a2 S 105 % N W S D a3 L
YR DAY R, AR REARE &%
B R, AR T R, BT LA LR
(Sainju et al., 2007; Liu et al., 2014), FEFFAGEH
—ERRWN). BEP). (K), 5K S R
g P I N N, PR SK I &8, F 5 %
BRI, & R 0 3 AN A U (Kahlon et al.,
2013), FEFT78 6 AL HIEAR J BE T FE a
(Zhang et al., 2012; Ouyang et al., 2013).

INNEPIES: T2 § SOEUUR SN G ki) 2
Wi, A0 240 T 2R 78 56 0T 1L BT AR I A 5
FRYSE I, L 308V A ALk e SR 5 i 7 7 b 3
AT T OB . IR S A
RN, A EAE RN RAE T A m AR
B —FhEUR SR bR, W DAAE 3 A RAR b 2 A S+

T B N, BN D A TR it AT A5 i 5
) AR (Blair et al., 1995; Whitbread et al.,
1998). F4h, TIEEMEREEY HiES S LAY
AR, & IR IR IRB) /), X g
FEE R A B ZA/EH (Coleman et al., 1983;
Wander et al., 1994), Fitt&Em 2 H T 7 +5.
TR AR EMIX, 55X R E AT+
B ETREMX, HFHEMHRFERZBHEST
et sz 5 78 YR i R . BRIk, mE 7 BATAK
AR AR RS, B0 i BT R L
S5 AL B R o 8 5 e R FEE R 2 il L BB 458 ) i, P I
XAl TF5. PR PUK - RF 8 EEH PR
b HRS FF 78 26 (Han et al., 2013; Moradi et al.,
2015). JF /3R E /77 Hh X BT R A2 5 il I i 7T,
PR AT MR R 78 55 %) T S5 ML RN - 3385 5 5
ORI S At D=

1 wrRlFE A

11 WHREXER

MFAXAMTHLEGMiHEXFHS
(120.28°-121.93° E, 28.02°-29.33° N). ZH[X )&+
WA ZERIX, DUy . 2R KA AP L
LSRR IR, BENE 2 DEER, AZET0E, #A
BEE, WK, SERAVEE. TR E17 C,
SEH BB %1 8002 037 h, fEfF/KE1 632 mm. #f
OB R . SR, HIEERONEE T
Y, KARE FIRTIR 205, s PEAE B R T
PR TR RE TR AR
12 #HFESTHRE

TRIG HOTE RS S S AT, BTN ST AR
gy, GEE I, BHAEIER LR T EEARRI L&,
ANBRBWARE, T JZRE R T80 cm. 2013411 7,
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FEBYT RN BT N10 m x 10 migREHb 108, H
H SHURE M T i % 427 15 038 (20134 11 H FH20144F
VAW IE &R, BT BT R RE RS 555 W 5
BTECRE, R RS 2R, (BN AT
i), HSPEARERKFEHIE NI, 20144F11
H, T R B SR b 55 P 5 37 5 PR M T R 78 A6k
K. B VIONFEE, MBI EONS thm . FHE
PR AR W R 2 55 AR AR e (BT A AL EE A
XTREGEKE —F, T A), RS S Hh 7 o AR AR
K, RIGTEME LS ER — EE (LR
JE L, %3678 7 B30 thm D), FRKFRIAMRG G
MR b, WIEK, B LR AN NEKOR B
s, REUGAE); SR TEROK G ARG S 7 5 8
JEN10 emfIZHE(10 thm ™, o A 200 3 (1
M), KBS A, EETHREALERG, # B2
HATARANSETR, R R R R — R, BIEHR R N20
cmo FIRFTAFEHLELAS, HAA TR —SEE R T,
DIRIEHE . IR Rk —5, HA M.
201549 A, 78 LRSI, R &
EEEMBR, FERBESL LR [, RHA“S”
AT, TREAFERLN AT RSN 5, BR B AhAE
mZ2E, HS emW 2R+ 454370-104 1020, 20-30.
30-40. 40-50 cm 5N EUCRELIERES, BRI
[IRE S 78 VR ) e L h T W IIR R . R AA
AT JG 40 0 43 iy (el e iy s, — S A e 1
M KEHE P (WSOC), 7 —&845 HARRT )5,
12.00410.15 mmii H T HAHAAYLF(LFOM)., 1%
F257 F 5 AR (BOC) Il 52
R FEHUEARES

Table1 Site characteristics of the experimental plots

1.3 TIESH

TS PR (TOC) 73 17 K FH B R A SN £
H(EZEM SR, 1999), FHEKE A HUR K E S
8 Liang 5 (1997) J7 7%, &y %Ak B (1) 0 52 72 % H
333 mmol L AR IR AT EAIE LS, 2000), %
AN N E 2R A7 gmL Bk A E 5y
Biyk(Janzen et al., 1992), 18354000 5E % FH H 5
B, 2000): b4 N R A LR e AT
K AR I 5 SR P AR B e AR
TEKH CREHE, TR PRG3R
D A2 R R BR Ui, T A 40 05 AR AT o 1 6
I 5E R R IR G B i
14 HEZEITHH

N I Excel 2007FISPSS 19.0%% 1443 #r 4b 3 ¢ rh
A IEHIE. RA B 2R 7 Z 5 i 0 07V LA T
B di IR BRI U = R BE N, H
XAR 5 Pearson FH ¢ 2 U VA L 38 1A AL
FAS RS ENR. WA VRS LTS T
FHRAE RS o

2 ERMSHT
21 FREIFRBFZBENETRB LIRS B

oA

MFE2FTLUE Y, SxFEFEHbAR LG, 8 55 14 A
T T 2 BB AL 0 R LR B = BH R,
FA LR EE RS B T R B AR
FEREH B AL FE 0-10. 1020, 20-30. 304070
40-50 cm-tJZ T BHEEE WK B & RO JERE 143 1)

isi SFEE SR WA Wi MR
Treatment Mean DBH (cm)  Stand density (plant-hm ) Aspect Slope grade (°)  Understory vegetation
XHE Control 9.09 2700 ZRFAM Southeast direction 20 /DYEEL Few shrubs and herbs
R 1ERBE 1-year mulching  8.68 1500 ZRFilH Southeast direction 20 TCH#EAR No shrub
A2 2-year mulching  7.67 1200 7Rl Southeast direction 20 JCH#EAR No shrub
DBH, diameter at breast height
2 A AR A L R RO ARAE ()
Table2 Changes in soil total organic carbon contents under different mulching durations (mean + SD)(g'kg™")
Ab3 Treatment +J2 Soil layer (cm)

0-10 10-20 20-30 30-40 40-50
Xt Control 29.60 £4.07° 26.70 % 3.08° 22.40 + 1.28 19.20 + 5.09° 16.07 £4.15"
7 35 1ERIAE 1-year mulching 38.43 £2.98° 46.50 + 1.99° 24.90 + 4.07° 21.73+3.37° 19.07 + 4.49*
PR 2 FR# 2-year mulching 39.33£2.15° 50.93 £2.56" 27.73+1.91° 2347 +121° 20.67 = 1.88°

B AN [N 7 B RS 22 St i 2 (p < 0.05).«

Values within the same column with different lowercase letters meant significant difference at 0.05 level.
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BN T 29.8% 74.2% 11.2%- 13.2%F118.7%, 7
FAEREHM B AL PR 0-10. 1020 20-30. 3040
H140-50 emt)Z 38 LG HLEK & 2O R b 53 )
BN T 32.9%. 90.8%- 23.8%. 22.2%f128.6%. 7
2R IR LA RS LB S = L
B VERIAHE B N I RIS AR SR .
22 AEFRMFTBSENEAHTIEFEB
& E/F 0

MFEIF AT LLE H, BR0-10 cm )24k, % &24
BB 35 VA RHE 00 3KV A MUK & B E %
JE S5 TR A, {H 22 AN B, AR A R AN
FERE 3 2 5 A T 1.8%-52.1% F10.3%-58.7% <[],
H7EBFEH10-20 em(P) 12 HHKE A PR
MRFEE0-10 e BJZHK, KT20 emfy 1 )2 & 4b 3
N EEAKE A MUK S B R AR AN B 7 5 AR
HERE G2 E R A L, &% T2 KIS A UK
ERARE.

T A [ A PR A R AT A, R
i VERIA A S22 A 1 LI R AU A 2
FI& A b IR ) IR A AR S & . M

3 ANAIE R BR LRI A WU & B R CT I HEAR R )
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Fav] LB, 7855 VBRI 7S 55 2 4 BRI 438
0-50 cmt )z BB A AL & BB BFEHL 53
BN T 31.7%—196.9%F136.7%—238.5%. 78 i 155 A0
B2 LI R A A L 2 R AN W R R A
HF BRI AR A A PR S EAE0-40 emdy &
FxfEREH, HFR20-30 cmbbh, ZREE.
MERSHLLE H, 78 55 2 F BB A B AN TG 55 14F
BHBIE A 3 LT RERE Hb 1) 5 A B & & 2 3 1
5.0%-79.6%F121.9%-97.5%, 2R A AL HE N 7 5
FHHH 132020 cm+ 2 5 S ABK & =3 & T
fEREH, HZER R, 20 cmbl FLEH 135 H AL
Bk AR 0 BRI 35 A — e R B .
23 TIEEMBNRSTIESBNRALLE
Fohon, 7o 1B A RN 7S 55 2 AF R B AL
FEBATAR RS A AU G L3RG LR 1) L
1£0.05%—0.10%2 [A], H.3FfAb 3 + 37K i A LAk
o7 A LR Y LU 2R AR 2 I 2 R IR T v
e, Br10-20 cmt 24, XFREFEHL A LKA
PEA BLA o5 3 S E ML I b R 3 s TR e 1)
T8, AFE T G E AR IR AL

Table3 Changes in soil water-soluble organic carbon contents under different mulching durations (mean + SD) (mg-kg™)

Kb Treatment

+J2 Soil layer (cm)

0-10 10-20 20-30 3040 40-50

%} Control 21.51+2.53 18.46 +1.76 18.33 + 1.40 17.50 +2.50 15.13+2.24
P 55 VE B 1-year mulching 20.47 £ 1.46 29.30£9.21 18.38+£0.88 17.99 £ 0.30 1612+ 1.42
P24 EE 2-year mulching 23.84+2.35 28.08 +5.37 20.98 + 4.03 17.81 £2.37 16.86 +2.57

R4 ORIFE SAE R IR AU IR & B (g kg )2 P s %)

Table4 Changes in soil light fraction organic matter contents under different mulching durations (mean + SD) (g'kg™")

AbEE Treatment

+J2 Soil layer (cm)

0-10 10-20 20-30 30-40 40-50
Xt Control 0.155 £ 0.025° 0.130 + 0.023° 0.091 =+ 0.009° 0.074 +0.031° 0.060 + 0.014°
A VERR#E 1-year mulching 0.300 = 0.092° 0.386 = 0.020° 0.123 +0.022° 0.116 +£0.016 0.079 +0.021°
PR 2 FR# 2-year mulching 0.292 = 0.070° 0.440 £ 0.027° 0.135 +0.026" 0.118 +0.009° 0.082 +0.007°
[ AN ) /N5 - B R 22 57 2 (D < 0.05)
Values within the same column with different lowercase letters mean significant difference at 0.05 level.
RS AR AR BR85S (g ke ) 2 S CT OB ARAE IR 22)
Table5 Changes in soil easily-oxidized carbon contents under different mulching durations (mean + SD) (g-kg ")
AbEE Treatment +JZ Soil layer (cm)

0-10 10-20 20-30 3040 40-50
%fH# Control 6.67+1.01° 5.92+0.49 5.08+0.76" 3.65+ 1.17° 3.024 1.04°
7 35 1ERIAE 1-year mulching 8.96 + 0.93" 10.63 +£0.27* 5.67+1.39" 3.84+ 1.04° 3.17+1.13°
7 3524 Rk 2-year mulching 9.08 + 0.48" 11.69 +0.58" 6.19+1.32° 4.46 +0.34° 3.83 +0.34°

[ 51 PSRN - BEROR 72 57t 3 (p < 0.05)

Values within the same column with different lowercase letters mean significant difference at 0.05 level.
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F6 AFE S FER0-50 emtF H S A HIRR S S AHLBRI LA

Table6 Ratios of 0-50 cm soil labile organic carbons to total organic carbon under different mulching durations

o~ WSOC/TOC (%) EOC/TOC (%)

Soil layer (cm) X AL LR 2 X i A R 2

Control 1-year mulching 2-year mulching Control 1-year mulching 2-year mulching

0-10 0.073 0.053 0.061 22.65 23.31 23.08

10-20 0.069 0.063 0.055 22.18 22.87 22.95

20-30 0.082 0.074 0.076 21.76 22.79 22.33

3040 0.091 0.083 0.076 19.03 17.68 19.02

40-50 0.094 0.085 0.082 18.78 16.64 18.53

EOC, 5% tHk; TOC, ALK, WSOC, 7KIEHEA Hbk.

EOC, easily-oxidized carbon; TOC, total organic carbon; WSOC, water-soluble organic carbon.

W BN 16.6%-23.3%, RN E + 2 IEE

W, AR RN, HE O E R 0-30
cmi)E bR R FEm2ERM LS LR, X

EERES:
24 :I:ii%)‘—‘mlﬁ MRS TIREMBNIRAEXIE ST

FHRF(p<0.01)0 RFTEAFEH A KB EA LIRS 2
AU S B A O R B K TR A 1 H 3, T 5

EACT AR A N & S B A PR & B R
F RO 7 o 26 I A0 K T e TR R 1

ERIPH AL, 7 o 2R WA A0 3 A A ML AR

B TAT UG Y, 3R AL BE0-50 em 2 3 &3E 5 A LIRS B KA < R8BS K T8 o 1VERE
YANIR S LIRS YR AR E B e g,
257 40¢ 40¢
St e ; B % 14E B ) F24F B ‘
20} Control 351 1-year mulching | 351 2-year mulching
%Tm 30 30
=g 15t 25¢ f 251
i};g 20f Y <R 201
¢
=210 15} 15} ’
%’E 5L y=0414x+8748 107 y=0.400x + 8.330 107 =0367x+9598
r=0.891" st 720761 st 7=0.830"
0 . S S . . . . . . . . . . . .
0 5 10 15 20 25 30 35 00 10 20 30 40 50 60 00 10 20 30 40 50 60
0200 s 051 w1t mn 05T mssosempr ;
.:D 0161+ Control 0.4} 1-year mulching 0.4l 2-year mulching
8 0.12 0.3r 03¢}
<9
=
= 0.08 0.21 0.21
=
E;S 0.04 ¢ 1=0.007x—0.051 01T 0.1 =0.011x—0.171
gﬁ 0 r= 0979" 0 0 . r 0.980™
0 5 10 15 20 25 30 35 0 10 20 30 40 50 60 0 10 20 30 40 50 60
8 . 12 - 14 -
8 xtm B BB B4 BB
oo 7t Control 0 10} l-year mulchlng‘ Y 12 2-year mulching
SOl oy 10}
6’ 5t ‘A 81 8
8 4+ 61 6l
®3r 4t
Xt 4r
L L y=0.267x—-1.156 2} y=0.268x-1.635 5| »=0.260x —1.399
R r=0.979" 0 =o 974" 0 r=0.984"
00 5 10 15 20 25 30 35 0 10 20 30 40 50 60 0 10 20 30 40 50 60

BB MK TOC (g-kg™)
E1l AFREGEERT LIEEEAIIRS SAPBRAIER KR, **, p<0.01.

Fig. 1 Relationships between soil labile organic carbons and total organic carbon under different mulching durations. **, p < 0.01.
EOC, easily-oxidized carbon; LFOM, light fraction organic matter; TOC, total organic carbon; WSOC, water-soluble organic carbon.
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25 ITEANRETERIHXR
xRN S LR AT A O AT, A
SERFLEH, DIROAVBRMRAAIE. S5
ik, 5188550 2 AR B B2 KF(p <
0.01), IEKIEIEAYIRS 138 F% 7 Z 1A A SGE
IEFEZ K (p < 0.05), FHIEFRSIHERIR K
FERE b R T A WL I & &, tn] e it £+
158 5y S At e T IR T E R IR(R 7). TE & FhAL
R LA NE LIRS TR IR R,
SN AR AR DB B AN 72 . IR
BBk 3385 b 1A HLBR 5 4 BRI K A 1 ) Al
KRR &, BT W, H3E A MUK I 2 D+
BARNEEAEYVIXRR.

3 ZHigAiTie

MR FEFTE 25 B A e AR Y 3R LE . T
ANFAE S $RETK I AR R (GRAREE, 2003; Wang
et al., 2009). LI WL R A 3 & B A AR TE T
5 H 5 5 fR 343 (Zhao et al., 2008), [At, A
LLIHNT A & M8 s X BT MOS0 &, @il
BN A AR BR 78 26 T BT Mk A HLRR AR AL,
Y HTAN A7 a5 4 BRIV A AL s, FIR
ARV T BT M - 85 P A LR (1) AL 35

®7 LA LIEFRDHIRR

Table7 Correlation between soil organic carbons and soil nutrients

BB A BT ARAL 5 4 IR0 R A VLB 423

I HURR K T 1 338 5 = 1 EE R AR,
A HUBR S T AR A A2 = R 5 ORI A B it
SO 2 (RIKHTSE, 2004), H A HL0RS &3
R T VR T 00 10 93 Fift o 26 DA R A A 1) VA 3 e (1) o
A&, 2012; RWMEE, 2013), AH 5T R A7 o BH
THEMHREEAAIRS & T R, H
0-10 cm510-20 em L2 EREE, XKFELEHT
NI T 5 S5 Ak LI R S A R
&, Eah A R s, I B
T3 7 A LS R 43, 8078 a5 BP0 g S A ALk
RS TR, MR R A s 97
PG, e AR Ty, BTG AR R W A AL
FRARSGEAEY)HIL §(Halvorson et al., 2002; 2571355,
2011), M5 5 R 7 55 5 1) 3R P S =
i T FEAEHE . Huang%5(2008) AR 70 % B RS F1 78 &
PHERS B ERE RO EN S &, JFH RS
A WL Er 5 i 2 2 R B T 3 i o AR F 9 2
SRR IR AN S B T U SR
B WURR A 5, i BH R0 U PN SRR O R T 7 o B
AL OE SIS U & &, XS X SR A
(2006) A FE T AE(2013) I 7o 45 S — 3%, K HIAk
Hh 7 25 AT DA 25 0 0 A LR R E SR U R
TE. | QOB TR B AL 55 )5 LKA

AbF Treatment +3%5% Soil nutrient

TISAHEK TOC LHOKEMEAHER WSOC LIS %Ll EOC  HIERHAAHT LFOM

o 2% Total N 0.987"
Control KARYES. Hydrolysis N 0.984
k% Available P 0.774”
A Available K 0.793"
ZEH 4T Exchangeable Ca 0.765"
L4 Exchangeable Mg 0.763"
7w VR 4% Total N 0.895"
I-year mulching IKARYEE Hydrolysis N 0.882"
k% Available P 0.843"
A Available K 0.801”
ZEH 4T Exchangeable Ca 0.780"
L4 Exchangeable Mg 0.868"
7 w2 A 4% Total N 0.960"
Z-year mulching IKARYEA Hydrolysis N 0.920
k% Available P 0.749”
A Available K 0.861"
ZEH 4T Exchangeable Ca 0.806"
L4 Exchangeable Mg 0.887"

0.881" 0.956" 0.989”
0.892" 0.964" 0.976"
0.673" 0.816" 0.738"
0.772" 0.808" 0.838"
0.579" 0.810" 0.804™
0.671" 0.712" 0.775™
0.712" 0.885" 0.901”
0.570" 0.904" 0.876"
0.544" 0.878" 0.869"
0.545" 0.747" 0.770"
0.631" 0.842" 0.827"
0.570" 0.857" 0.885™
0.899" 0.935" 0.939”
0.902" 0.882" 0.908"”
0.685" 0.745" 0.751"
0.804" 0.864" 0.841"
0.875" 0.805™ 0.796™
0.847" 0.889" 0.862"

* p<0.05; **, p<0.01. EOC, easily-oxidized carbon; LFOM, light fraction organic matter; TOC, total organic carbon; WSOC, water-soluble organic carbon.
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