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The decomposition of coniferous and broadleaf mixed litters significantly changes
the carbon metabolism diversity of soil microbial communities in subtropical

area, southern China

CHEN Falin', ZHENG Hua" ", YANG Bosu®, OUYANG Zhiyun', ZHANG Kai', XIAO Yi', TU Naimei’

1 State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences ,Chinese Academy of Sciences, Beijing 100085, China
2 Hunan First Normal University, Changsha 410205, China
3 Hunan Agricultural University, Changsha 410128 , China

Abstract ; Litters are the important component of forest ecosystem and play a key role in plant growth and ecosystem nutrient
cycle. Soil microbial communities, as one of the driving factors of forest litter decomposition, can significantly influenced by
composition of litters. To understand the responses of carbon metabolism diversity of soil microbial communities to the leaf
litter composition plays a key role in the sustainable management of plantations. We designed a simulation experiment with
flowerpots at the Ecological Benefit Monitoring Station of the Yangtze River Protection Forest, which is located in Hengyang
County of southern Hunan Province, to determine the impacts of litter composition on carbon metabolism diversity of soil
microbial communities. The litters of masson pine ( Pinus massoniana) , slash pine ( Pinus elliottii) , white oak ( Quercus
fabri) and blue Japanese oak ( Cyclobalanopsis glauca) , which are all the typical species of the southern China, were
chosen as study species. With the BIOLOG method, the carbon metabolism diversity of soil microbial communities were
studied during the decomposition of different leaf litters, including two single coniferous leaf litter treatments ( masson pine
and slash pine) and four coniferous and broadleaf mixed litter treatments ( masson pine+ white oak, masson pine+ blue
Japanese oak, slash pine+ white oak and slash pine+ blue Japanese oak). The results showed that: (1) the decomposition

of coniferous and broadleaf mixed litter increased the carbon metabolic intensity, richness and diversity of soil microbial
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communities in comparison with the decomposition of single coniferous leaf litter. Soil microbial communities under the
coniferous and broadleaf mixed litters had significantly different carbon metabolic patterns in comparison with those of the
single coniferous leaf litter treatment. In comparison with those of single coniferous leaf litter treatment, soil microbial
communities under the coniferous and broadleaf mixed litters had higher utilization ability for the following carbohydrates .
Tween 80, Phenylethylamine, 4-hydroxy benzoic acid, D-mannitol, N-acetyl-D-glucosamine, D-galacturonic acid, v-
hydroxy butyric acid, D-glucosaminic acid and D, L-a-Glycerol phosphate. (2) At the early stage of litter decomposition
carbon metabolic intensity, richness and diversity of soil microbial communities showed significantly negative correlation
with the initial carbon-nitrogen ratio of litters. However, at the latter stage of litter decomposition carbon metabolic intensity
of soil microbial communities correlated with the initial lignin-nitrogen ratio of litters negatively ( P<0.05) and the carbon
metabolic diversity correlated with the initial phosphorus concentration of litters positively (P<0.05). (3) The species
composition changes of litter significantly altered the intensity and diversity of carbon metabolism of soil microbial
communities due to different carbon-nitrogen ratio, lignin-nitrogen ratio and phosphorus concentration. The coniferous and
broadleaf mixed litter strengthened the carbon metabolic function of soil microbial communities in comparison with single

coniferous leaf litter in hilly red soil region of southern China.

Key Words: forest litters; soil microbial communities; functional diversity; BIOLOG

N TARAEZS R G i 2 182 R i A 25 R e D) e S T R e 228 1 DG B R RS b R TR & PR S 4o 34
ARG Z R0 UGS HE YA S m e, ARk T I BMAESRENS WS
RE'O, BAWFFE R A5 N R A TR Y A e e T R I A o i R B T R A
Y BRI R R A e I R L e i R R Y A R 2 B SR D

- L Wi A G TR W ) o i ISR A A DL R ) R R AN A A G AR D SR e it
YIS YRR 7 4133 s DX LR A A% b 5 BB AL ( Pinuws massoniana ) FIVBHUAR ( Pinus elliowtii) B IR I% Y0
H5 FARE ( Quercus fabri) 75 X ( Cyclobalanopsis glauca) Wi e MW FR R I8 V& PR A, B TR A 76 40 53 i 72
b I A 2R B AR L E A2 (1) BB 5 B0 — &t it PR Y 1 3 i A LG B R IR G R T Y o
i S T - ST s A Qg i B e AR (R 2 ) 5 (2) B0 B i 5 e iR U8 9% 0 20 ik sk AR v SRS )
T AR B S ZREVE RS2 R 2R | SR 38 7R ARAR IR V% 0 70 (R I A B 2 LR I 5 5%

1 #MRE5AEZE
1.1 356 AN

TR I TE I R 2148 B DX AR VL5 B A 200y W sl 57 T 18 e 4 7 FH B A= B & okt /N i
HuAL 27°05'N, 112°18'E; 4k 86—147m , J& M R H LTS e i M 5 BEA W0 0UE , L3415 pH (H 4—5 ;1%
WU IR R R IR 2R SR, AR 17.9°C 1 A FEARIR 5. 7°C, 7 A AR
29.3°C AF IR R 1 237 mm, FEERLE 5—8 AT JE W HHT Z5 KR P 0%

T XS A S 10 AT S A AR R AR, B R 3 2R H AR ((Pinus massoniana) W8 HLHR ( Pinus
elliottit ) 5 N T bR B AN FNFE LB ( Fagaceae ) M AR AE B9 RAR UM
1.2 {5kt

AAETER /N ERHU + TR A J7 v o UM/ VISR 10 m x 10 m R/vVas HBEHURR A B
FEFE KM, KA A G 85 % A FH I B 55 , KA & E A% 30 em TREE 20 em BEH NG AT, /NS T+
o FZHURGH 23 H 0—40em )2 A -1 Bk - b RCE RUAE YRR TS | SEAR A A 2% BT, SRR A1 R N
/NN A v A 3, I B R 1,

http ; //www. ecologica. cn



11 4] WRIERR A5 Oy JUR T I B b 08 v ke 5 o X SRR A e B A 2 R R R TR 3029

R1 IR P EARER n=T)

Table 1 Properties of experimental soils (means+ SD. n=7)

T HEA Pl

Sl BE Joxr ki R AL B A PR3
o C Total N Total P Total K Available N Available P Available K pH
organic
/(gg/kg) /(g/kg) /(mg/kg) /(&/ke) /(mg/kg) /(mg/ke) /(mg/kg) (H,0)
8.9+1.1 0.6+0.1 73.2«11.6 16.1+0.9 28.7+6.5 0.4+0.1 21.7+4.3 4.3£0.1

Jir e e 148 JE Je A4S, R/ 25 emx30 em, L 1 mm? & FP 79 2006 AR5 I 4R T 1T 4
W ABESTIEHL 6 Fhi— (5 ) M AVE Y AL FE SN RN B RN+ R SRR+ X RN + R
AR R+ 75 D, (K PP U PN SR 2 0 AREAS P& I 20 g (XU i EE) 200 A 4%, f 7 45 4%, 3t
270 4%, ARIGHTIE IR K IRUAEAR B g M0 Le B 221 B LA b AW 580 12 B -5 ) - e v 1 ) Joie
R 200, BT R i AR oS A RENUICE T4 /i N TR

R2 HHRBABRYERCEAELRERE  n=3)

Table 2 Properties of experimental litters ( means+SD, n=3)

k7] 173 ENIES A wh A UNTE V)
Litters C/(g/kg) Lignin/ ( g/kg) N/ (g/kg) P/ (mg/kg) C/N Lignin/N

mMpH 528.4+0.9 403.624.4 6.7+0.1 0.16+0. 01 78.64£0. 80 60.06+0. 66
sp?) 537.8+1.3 469.223. 1 4.910.2 0.20+0. 02 109.07+3. 15 95.16+2. 68
wo® 482.3+0.9 148.5+0.7 17.8+0. 1 0.46+0. 02 27.07+0.17 8.34+0.78
BJOW 498.4+0.7 343.7+1.9 13.0+0. 1 0.27+0. 02 38.29+0.22 26.40+0.26
MB() 518.4+0.7 383.6+3.6 8.80.1 0.20+0. 01 58.91+0.57 43.59+0. 56
MW (©) 513.1%0.5 318.6+3.2 10.4=0. 1 0.26+0.01 49.342.56 30.63+1.18
SB 524.7+0.7 427.4+4.0 7.620. 1 0.22+0. 02 69.04+0. 18 56.24+0.35
Sw® 519.3+1.2 362.3+2.3 9.2+0. 1 0.28+0.02 56.45+1.06 39.38+1.52

(1) LM Pinus massoniana; (2) {EHIAN Pinus ellionii; (3) HFEK Quercus fabri; (4) HX Cyclobalanopsis glauca; (5) DEM+EX;(6) DR
+EHR; (7) AN +75 X5 (8) MBHBAR + F AR

1.3 FEACRES T

A JRTE M R4S T 2007 4 4 H B BRI, 20 B0 T IR7E e o 4~ H A 18 A A Je BUE
TEAS T TH R AR M A AR AR A B REALI 3 48, T 4C KM T BRI E

TAE PR DIBER H BIOLOG AW B sh/ At R4 . BIOLOG SCEG7EHURE 5 48h (NifEAT, SC0
TES RS2 ST BTk T A S T 10 ¢ T EAH i 85NN 90 mL JCHAY 0. 85% (it kL) NaCl #%
WAERE IR 1R 30 min, SR )54 + B P R PG R 100 1%, FE AR TR A P B 150wl B 7Rl 28 B
(BIOLOG-ECO PLATE) (5 — AL B8RP a A3 E T 25°C THIERG R 10 d, % 12 h TIK R 595nm 4k
i) BIOLOG % 32 1 ¥4k,
1.4 HdEabrg

FLIHEI B0 A5 ALK ( Average well colour development , AWCD) E T,

AWCD = Y, (C = R)/n

K, C WM AEEFREALRDCE M, R X AL (A1) BOCE B, n A BEFR IR IEFNZE  Eco #R n {H
H 31,

SR MR 5 07 2 A TR TR AR S B

I R S = Z [(yi +0,_ ) /2 X G ) ]

K0, 8 i BEZI AWCD {8,

AHFFT KRG TR 120 h J5 BB K R AE BIOLOG i A 304 0 AR D BE 22 REMEHRRAE . A 55 A FH AR U5 =F &
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BE TR ZFEVEFE S ( Shannon index, H') F1 3 443 HT (PCA) .

BRZFEERE R R A X

H =- Y P1InP,

K, Pyo=n/N nass @ MBIk n o B, N e i vb Bir A 55 3 8016 28 B2 (8 i S0 5 sl i =
FREELL(C-R)> 0.25 W% ik,

FHFERG 538 (PCA) FLELE 77 22538 (ANOVA) B 2 A [l b B[] - 3B A Wi v e AR A 2 75
%%ﬁ‘o Fﬁﬂfﬁkﬁj\ﬁ*ﬁéﬁﬁ'zpﬂ/‘] Component Matrix( Eﬂ%ﬁﬁﬂ? E@%%E{E'ﬁ Iﬁkﬁﬁ%ﬁ%ﬁ%*ﬁ%%ﬁ) Eﬁ
JE 31 RIS FRITINCR . Geit ot SPSS 16.0 Geit3 s,

2 #R
2.1 IEGCEYRER B AR

AWCD A LAVPH) 3 b 2 E Wi v i A T RE T . ASBFSE R I AWCD 285 07 a4l it R
VRIS . W 1 55PN TRVE Y i O A H B, A W e v AR 0 e A AS () Ak B ] ) 22 S5
IR Bp—E AN (MP) B LT E AR+ PR (MW) R AL +75 X (MB) 1R A V& P AL 1, B — 1@ M (SP)
T IR A+ AR (SW) AR HLAA +35 (X (SB) TR & AL BE; V& 73 22 18 A H P R 5 40 9 > H i)
F AL, A A T R TR A TR — e, o SB b AA R A RN R — A 3L 2 1] 2 5k 1) i B KT

250 -
94 H 181H

2
‘Z 200 B
Q
E
2
3
s 150 -
Q
g
g C
Z 100 -
4

50 .

MP MB MW SP SB SW
Kb ¥ Treatment

1 AEIAZEMGET L ERERE R AkiRREE
Fig. 1 Carbon metabolic intensity of soil microbial communities for different litters
MP; A Pinus massoniana ; MB ; S JEAA +35 X Cyclobalanopsis glauca ; MW ; Ty B FA+ KR Quercus fabri; SP; IBHIKS Pinus ellionii ;SB ; {EH1FA+
HIXSW JRHIFA+ FIBR

2.2 TR AR T 2

Xt 31 ARBRIEHEAT R AT AR (P 2) FRIA AN TR 5 g Ak 318 4 38 b ol A W s i DR T D7 SR B
MR 5 TR A TR AL BT IR E e A SN HE, 5 PR —BE A B 8] 22 57 B 2, B — A
SERRG M ER FERRAETRI 1 b RIS 11550 R B05 220 Hrig &5 R R U] A4, 31— T
5B RN+ KR TR AR+ 75 K Z 0], B — 0 A 55 10 A + AR A + 5 X1 22 T ) 22 5 3k ) 8 2K
(P<0.05),

5 EMI 1 BABREAAHLRBHCREBORT 0.6) WBRIEILE 3, 9 NHB 31 Mk rh A 21 Fag i
Xt RS 1SR 18 A AW X Mo 1RSSR 24 10 A, Z5a 1 2 F3E 3 Al LI
9 A I IR TS P AL B - R E I RETS X 48R 2 B IR (L 80 \y- R RE IR | D-T A LR A5 21 MR
HREATAR X B A I RE ) S BB E 1 b R ) - SR A W A I e DA S AT A 22 S O R BIL A, 18 >
it TG R 7 A B S A WV 0 D=8 26 I R N - L T - D -8 A5 Iy R T T <5 B L 1) R s

http ; //www. ecologica. cn



11 4] WRIERR A5 Oy JUR T I B b 08 v ke 5 o X SRR A e B A 2 R R R TR 3031

AP VE Y AL TR, NIRRT 00 TR A A I e AR IR A R BE ) 5 R S ORI M 25 S i

¢MP EMW AMB OSP OSW ASB

91™AH 184-H
»
< - <
4 : -
5 5 e
o .
5 $ -
H H
P +
&
FHS 1 PC1(44.71%) FEHS 1 PC1(33.64%)
B2 TEMEYBRIERERREENERS ST
Fig. 2 Principal components analysis of carbon utilization profiles by soil microbial
#3 5xXHo1 BERXMNEERR
Table 3 Correlation coefficients between main substrates and PC1
9 4~ 9 months 18 1~ 18 months
W52 Carbohydrates D2 D-H ## ( D-mannitol ) 0.793 0.742
E2 N-Z. Bt 3%-D -7 2 B % ( N-acetyl-D-glucosamine ) 0.902
¥R Carboxylic acids A3 D-2FHE-y- P ( D-galactonic acid y-lactone) 0.704
B3 D-2FFU BB IR ( D-galacturonic acid) 0.795 0.704
D3 4-$2 H5 TR (4-hydroxy benzoic acid) 0.846
E3 Y-F2FEBER (y-hydroxy butyric acid) 0.816 0.825
F2 D-7#j % R ( D-glucosaminic acid) 0.805 0.958
F3 F SUT 2 (Itaconic Acid) 0.733
ZHERR Amino acids A4 L-K5 %2 ( L-Arginine ) 0.747
B4 L-R AL ( L-Asparagine ) 0.629
C4 L-ZE P % ( L-Phenylalanine ) 0.623
HiAth Miscellaneous G2 %I B -1 B ( Glucose-1-Phosphate) 0. 606
H2 D, L-a-B2 HifEE (D, L-a-Glycerol phosphate) 0.673
B4 Polymers Cl 3R 40 ( Tween 40) 0.632 0.758
D1 i3 80 ( Tween 80) 0.841
Jfiz2& Amines/amides G4 J 2 ¥z ( Phenylethylamine ) 0.774
H4 J& 1% ( Putrescine ) 0.761

2.3 IEMAEYIRER IR 2R

K 3 5T 3R PAE ] BIOLOG A= 258 3% 120 h J AR FHBR I5 AY =F & BE A1 Shannon ZREVEFE S,
ANFTE AL IR I HAE YRR AR 5 22 5 0, 9 DA B, SR+ AR B+ XTR &
P& B = T — TH AN WA + AR AR A + 75 AR 0 TR — IR AR 5 18 AN B AL 5 40 9
A H B ARRL, AR A TR A T iR — i SR AR A R B — Kb B 2 (] 25 S5k 31 i 2 KO-

Shannon ZFEMEFEHCILE S FE &AM, 9 A B, PR &R IR G A0 HY 3 5 45 A A PR — b B 18
A H I RN 5 A BREIR A AL PR R S T — A
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B3 FREEAZESLETLEMEMEEINARRNEEEMSHFYE

Fig. 3 Carbon metabolic richness and diversity of soil microbial communities for different litters

2.4 fARETIRE S RIS MR IR L E A SR R

WAEIREE DIREZ R S IRTEIPIEG P & ARG BT R (3R 4) . RIRGUEMIREIE A T W) o itk 2
18 N A BRI IE A & B M Z R ST E W0 ih P &8 B IEA G, M E R BN 0.959 (P< 0.01) Al
0.877 (P< 0.05)

R4 TEREVNIIESHEESEAEDNRP G . C/NURARE/NHXR

Table 4 Correlation betweenCarbon metabolic function of soil microbial communities and initial P concentration, C/N and Lignin/N of litters

RIS BE FRTEE FAREHEHAE R
Metabolic intensity Richness Shannon index
9 1A 181 H 9 1A 18 1 H 91 A 18 1 H
9 months 18 months 9 months 18 months 9 months 18 months
W P 0.728(0.101) 0.728(0.101) 0.753(0.084) 0.959 ** 0.673(0.143) 0.877"
/& C/N -0.827" -0.927"" -0.854" -0.634(0.176) -0.894 * -0.495(0.318)
K/ A Lignin/N -0.786(0.064) -0.912" -0.814" -0.613(0.196) -0.859 * -0.492(0.332)

FHSHEUE N PAE, * P<0.05, * = P<0.01

WEAEMRER DIRe 2 5 TRV PRI IG C/N ARSI R (3R 4) .9 > A B, 385 A Wy v A s U
FISRIE F = E MRS REYPIG C/N 2B E AR, HERE DB -0. 827 . -0. 854
-0.894(P< 0.05) ;18 ™ H W}, e E W ie v A i IR 1) 5 B2 5 M 5 Wi vl s C/N SB35 A 5, AR R BN
-0.927 (P<0.01),

A I RETE DI RE 2 REE STRTE VIR AR /N AT R (36 4) .9 A I, B ERUE YRR 1
WRUR Y & JE R ZRE 8 B0 S TS W e AR R /N 1 35 640 5, A1 56 R0 o - 0. 814 F1-0. 859 ( P<
0.05) ;18 AN F B, BR300 A W kv A A U5 19 = 5 B RN 2 P48 B0 S VA 0 G AR T 28 /N IR S PRI
AIRFN 5 EACE E R AR IR 58 B ) 5 TR R0 Aa AR B2 /N 2 10 35 R DG OC R A R ECh -0. 912 (P<
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0.05),
3 itig

PRIV D0 53 A — PRS2 BRI Dy it 00 855 DT IR 5 2, R T D ZE S IR R B 43, XfE LA
A LA — PR X IR I s, ASHIFGE SR AR I 52 06, F AR R IR — B (R 1) RS
PFREAR GO T , LEBCUR T 53 A 6T+ S RUE Wi A AR P B s2 e A Bl TR SR AR T 25 SR 0 T Lk

AT S RS S A LS R AR S T A W v n AR R B (&L 1) i AR
T SR MRS A I R AN R R (R 2, IR 3) X — 45185 DUAERGE B B A I 25 SR A S Al
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