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Abstract

Aims  Soil respiration (R;) is the largest fraction of carbon flux in forest ecosystems, but the effects of forest un-
derstory removal on Ry in Chinese fir (Cunninghamia lanceolate) plantations is poorly understood. In order to
quantify the effects of forest understory removal on Ry and microbial community composition, a field experiment
was conducted in a subtropical Chinese fir plantation.

Methods Forest understory was removed manually in June 2012. Ry was measured monthly using a LI-COR
8100 infrared gas analyzer from July 2012 through July 2014. Soil temperature and moisture were also measured
at 5 cm depth at the time of Ry measurements. Surface soil (0-10 cm) samples were collected in July 2013 and
2014, respectively, and the soil microbial community structures were determined by phospholipid fatty acids
(PLFAs) analysis.

Important findings R; decreased by 32.8% over a two-year period following understory removal (UR), with a
greater rate of decrease in the first year (42.9%) than in the second year (22.2%). The temperature sensitivity of R
was affected by UR, and was 2.10 and 1.87 in the control and UR plots, respectively. UR significantly reduced the
concentration of fungal PLFAs by 18.3%, but did not affect the concentration of bacterial PLFAs, resulting in an
increase in the fungal:bacterial ratio; it significantly increased the concentration of gram-positive bacterial PLFAs
by 24.5%, and the ratio of gram-positive to gram-negative bacterial PLFAs after one year of treatment, but
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decreased the concentration of gram-positive bacterial PLFAs by 9.4% and the ratio of gram-positive to

gram-negative bacterial PLFAs after two years of treatment. The results suggested that Ry and microbial commu-

nity composition were both affected by UR in Chinese fir plantation, and the effects were dependent of the dura-

tion following the UR treatment.

Key words CO, efflux, Cunninghamia lanceolata plantation, phospholipid fatty acid, temperature sensitivity,

understory removal
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Table 1 Fatty acids used in the analysis of microbial community composition in the study

(DGR

Soil microbial community

BERAENT R AR L)
Phospholipid fatty acid biomarkers

AN

Reference

21 ¥ Bacteria

F.PE Fungi 18:1w9; 18:206,9

W22 CBHPEAN S Gram-positive bacteria 114:0; 115:0; a15:0; 116:0; i17:0; al7:0
R YIPEMN TR Gram-negative bacteria 16:107t; 17:1w8¢; 18:107¢; cy17:0; cy19:0

JMZETH Actinomycete 10Me 16:0; 10Me 17:0; 10Mel8:0

114:0; 115:0; al5:0; 116:0; 16:107t; i17:0; a17:0; 18:107c; cy19:0 Frostegérd et al., 1993

Bossio et al., 1998

Waldrop & Firestone, 2004; Sampedro et al., 2006
Sampedro et al., 2006

Frostegard et al., 1993

iv av cyMMes IR RS RS FRNSEN I ARINR; o« Rt mIFms e TS IR TR R e A s X T R i

i, a, cy and Me refer to iso-, anteiso-, cyclopropyl- and methyl-branching fatty acids, respectively; o, ¢ and t refer to the aliphatic end, cis-configuration and

trans-configuration, respectively.

IR0 B — AR IR A P R R A B 2 S
M5 M . SR A 2 BT (PCA) 773540 B+ 458
PLFA K o 503 W] - 49 6 5 1L 2 1R] 1) G
R H A B (Grace & Rayment, 2000; Luo
et al., 2001), 5+ 3EE/KE )20 RFF A T PRk PEAS
o UK (2014) 3K B - 3 P W % 5 3 R
TR R 90 2R B A R SEAR, PRI AE AR S
S FH (R XU, Ry = ae™ eV, Ry 3T
K (umol-m s ™), THSIR(C), a i/ o CH
1) L BRI 2, o AR SN R R, ¢ K oy RV R
B, WS KE . BRI IR B RURAE(Q)o)
FIFEHHQ 0= ' 357, bl bl rh 3 3 i i
SN B H o AR I I R, R AP e
=0.05.

2 R

21 TIEBMR
SRR FAEAE 4R IS, T 3ENH, NI T
T27.4% (p<0.05, 3&2), MNO; -N. . ik

W) P W T () VR JE 43 0 BRI T 66.8% « 38.5% Al
31.9% (p < 0.05). B THEH2F G, AR 1)
Vo T A WL R Bl 2 0 A 0 R PR T Sl B A T
23.4%. 13.5%AM111.1% (p < 0.05). ULk, R HEH
ER2FENG, WAL R T E FH44.8% (p < 0.05),
FR 2 P Rk B e R A R ARk, (HIE R R T
SR B FFF27.1% (p < 0.01).
2.2 TIEMFOR

SRR R e VAT O A SRR ) 2 AR
H(E 1) CKATUR 3P W (1) 45 AR 16 3 [ 43 591 A
0.44-3.48F10.30-2.45 pmol'm >s ™', f5 K #B H B
1E6 7, s/ MEASHILAE LA SRR N AEHCER 1AE P,
TIERFIR N PR T 42.9%, H2EN FBET22.2% SRR
R BRI ST, T3P r34 R I 7 32.8%.

SRR R A 2 A - I RN K
(E12) o R FHRUDE 22570 0065 - J3 P58 R0 B /K it 1
SRR R (R3), R HERPIR S 1S emig Ak
(il 5 R B /K e A R PEAH DG OC R (p < 0.01), %
B - S 5 R0 5 7K e o 3 ) 5 ) - R (1 2

<2 2013FI20 1A4E R R B G B - 3 BRAL M JTURAR 2R AR 1 1 e GRS (AR UE LR 22, n = 3)

Table 2 Effects of understory removal on soil physicochemical properties and root biomass in 2013 and 2014 (mean + SE, n = 3)

2013 2014
pugict MR BR RO TR R
Control Understory removal Control Understory removal
A PEA U Dissolved organic carbon (mgkg ™) 406.70 = 7.70° 373.20 + 21.60° 591.00 + 26.50° 510.90 + 4.00°

A EY) R R Microbial biomass carbon (mgkg™)

NH4"-N (mgkg ™) 15.30 £ 0.50°
NO; -N (mg'kg™) 7.70 + 0.30°
%% Available phosphorus (mg-kg ™) 1.40 £ 0.10°
pH{H pH value 3.60 +0.02°

ALY R Root biomass (Mg-hm )
R %% 5 Root C content (%)
HRH A S5 Root N content (%)

403.40 + 12.30"

274.60 £ 31.70° 425.00 £ 5.60° 377.90 + 5.60°

19.50 + 1.10° 13.80 + 0.50° 13.70 £ 0.20°
2.60+0.50° 2.80 +0.20° 2.50 +0.30°
0.80 + 0.20° 2.40 +0.10° 1.80+0.10°
3.60 + 0.02° 3.60 +0.02° 3.60+0.01°

0.40 +0.03° 0.80 £ 0.01°
45.90 + 0.40° 46.70 £ 0.01°
0.60 +0.03* 0.40 +0.02°

[RIFUAS [ N5 - RER R AR SRR R 50 ) 2252 2.3 (p < 0.05)

Different lowercase letters indicate significant differences between the understory removal treatment and the control (p < 0.05).
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Fig. 1 Dynamics of soil respiration rate in the control (CK)
and understory removal (UR) treatments from July 2012 to
July 2014 (mean + SE, n = 3). The data of February and May
of 2013 were missing because of the weather and the instru-
ment problems.
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Fig. 2 Dynamics of soil temperature and moisture in the control (CK) and understory removal (UR) treatments from July 2012 to
July 2014 (mean + SE, n = 3). The data of February and May of 2013 were missing because of the weather and the instrument

problems.
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Table 3 Relationships of soil respiration rate with soil temperature and moisture

Qo Ry=ae’"W°® n

a b c r
X Control 2.10 027 0.078 0.11 0.94™ 24
MFHBESIER Understory removal 1.87 1.44 0.061 -0.39 0.84" 24

7. p<0.01.a,b, CHBESE. Qu, TP BURYE; Ry, LTI T, LHEREE W, LHEESKE.

a, b and c are model parameters. Q;o, temperature sensitivity of soil respiration; Ry, soil respiration; T, soil temperature; W, soil water content.

R4 2013FI20 L44EFR RIS B - BE R A= M BE S5M  SE  CP I8 (AR UE IR 25, n = 3)

Table 4 Effects of understory removal on soil microbial community composition in 2013 and 2014 (mean + SE, n=3)

2013 2014
X LR 2 o F LR 2
Control Understory removal Control Understory removal

Vg MR T A P 36.2+0.7" 352+ 1.0° 61.7+2.9" 55.5+2.4"
Concentration of total phospholipid fatty acids (nmol-g™")
YHBKE Concentration of bacteria (nmol-g ') 22.6+1.0° 24.6+1.8" 38.5+1.5° 349+1.5°
B Concentration of fungi (nmol-g ) 74+02° 6.0 +0.0° 141+1.0° 12.1+0.6°
FLB: AN B E LU{E Ratio of fungi to bacteria concentration 0.33 +0.02° 0.25 £0.02° 0.37+0.01* 0.35+0.00"
FL CAPEANEIE Concentration of Gram-positive bacteria (nmol-g ™) 7.5+£03° 93+03" 16.6 0.5 150+0.3°
FE PPN E Concentration of Gram-negative bacteria (nmol-g ) 7.7+0.5° 8.2+0.1° 10.1 +£0.5° 10.7 +£0.6"
2% B 0 2 G D M 0 A 0.97 +0.05° 1.1+0.03° 1.8+ 0.05" 1.4+0.06°
Ratio of Gram-positive bacteria to Gram-negative bacteria concentration
JBEL W Concentration of actinomycete (nmol-g ™) 3.9+0.2° 3.7+03" 54£02° 53+0.1°

[RIZUAN ] /INE 7 BRI M AR B 55 0 2 T 2 57 . 3 (p < 0.05)

Different lowercase letters indicate significant differences between the understory removal treatment and the control (p < 0.05).

RS TIEBUEWRRE SR I TSGR A

Table 5 Relationships between soil microbial community composition and soil physicochemical properties

NH,"N  NO; -N R VAR WEWEm pHE
Available Dissolved or- Microbial pH
phosphorus ganic carbon  biomass carbon  value
SNSRI Concentration of total phospholipid fatty acids —0.67 -0.49 0.85" 0.96 0.52 -0.26
ANEHE Concentration of bacteria -0.61" -0.56 0.77" 0.94™ 0.39 -0.26
FLHIRE Concentration of fungi —0.72" -0.39 0.88™ 096" 0.62° -0.28
BN EELL{A Ratio of fungi to bacteria concentration -0.78" 0.06 0.83" 0.73" 0.85™ -0.25
24 [CRH P40 R 9K Concentration of Gram-positive bacteria 059" —0.65" 0.80™ 0.92" 0.38 -0.18
FZ YA FE K E Concentration of Gram-negative bacteria -0.49 -0.57 0.61" 077" 0.32 -0.03
W2 P BH P AN T 22 G B AN Ik -0.52 -0.60" 0.79" 0.88" 0.37 -0.26
Ratio of Gram-positive bacteria to Gram-negative bacteria concentra-
tion concentration ration
LI IE Concentration of actinomycete -0.63" —0.47 0.86™ 0.87" 0.63" —0.20

RFAHFME B (p < 0.05); ™ FFAH MR B (p < 0.01).

*, significant difference at p < 0.05; ", significant difference at p < 0.01.

TR, Ui W] L EDOCTIA AU ik A A AR
PR T2 EE DR TR 1

3 Wig

UG 2 [ SRR AR R R . S
FRAR T A 2 B9 A 7 0 N IR, AR R
NG RN T [ (Wardle & Zackrisson, 2005).
AR Y ARG LEMR R Wy T %, AW 7

BRAR N M24E G, AR R BE T 32.8%,
2 WP L At 6o 3 O R A B DT R (2R R 1R AR,
2011; Wang et al., 2011; Wu et al., 2011a). +3FEHHL
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RIPICT B Ak, M A0S PR RS 5 i
AR IFR T BRSO EE S, 2007). MR HIHE SRS,
XK FIFR 4 I e 4 T B, DRLHAE 470 TC 2R 2R o
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o A T B AT - A AR A s AN O IR I VR A
GARSES Gnes NQYTITI Y

P AT S5, PRI AR 50 B PR AT - SRR )
FEEEA AR ZE00  AEARTF I, AR RS FR 24,
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W) AE BCRAR R Gl AR A By 1R A8 AT AR KR 22
o AR BALE BCAN TAR T BIBRAR N A REAE
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Jer, SR AR B 14E (42.9%) T R (R BT L 5 248
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SRITIR BEE IR BN o B U B N s PR I R
WA ZREE, BTG R E YRR g f R AR AR
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HFREM EZR . AR SIBRAR AL PR T
AR (R, RIS BRAR AR A TR
A ST S A BR A AR I 1 51

4 g

PR R ) B2 — b s FH I N AR S B
i, AHE ST I 2647 AR ) BCEAZ RN AR R 2
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