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TR 3 4RSS, A3 HTASIRL TR DR VE P I A AL R . S5 SRERIA (1) WS R AR R VR 4 2 1 - e
MR st . A2 [CRAYE . FAMEAN P AR Pt LR IAZ A URTE D1 40 IR TN T 27% . 35% 1 19% , TR IS 2t AR ARt U v 1
(A5 SRR N i T TR b A R 2 FCBA PR AN B AL A B AR 29% 1 10%. (2) R TR ERIN T H I E BN H (0.14)
3 T AR TE AN LA, RSB R IE PSR B 2% PGB R A B /4 % FR PR AR L (1,64 ) 3 v T A5 9
AR HAE . (3) AN R PR VR A Ak BT + 48 pH A AU LG TC 85200 . BATIRIEDRIN T H 3P S A S i
(4) FHICHES TR, TR S 5 HIErh AR IR S | 5522 [RPHMEZE B . 2 QIR TA . FLORRT AR B0 LA TEAE G
KF o BEdERk (Alkyl C) SARMTR SR 2 [CPAYE | BIVEANTA . A078 . B0 R BRI AN TR L34 EAR DG . F AUk ( N-alkyl
C). FliHEk (O-alkyl C) FIJ5ik (Aryl C) S 2 [RIHMERITEANR LL 5 B EADC, TURITERW], Likkik (Alkyl C)
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Effects of Litters Different in Quality on Soil Microbial Community Structure
in Cunninghamia lanceolata Plantation

ZHANG Bingbing, WAN Xiaohua, YANG Junqian, WANG Tao, HUANG Zhiqun’

(School of Geographical Science, Fujian Normal University, Cultivation Base of State Key Laboratory of Subtropical Mountain Ecology,
Fuzhou 350007, China)

Abstract: [ Objective ] Litter is an important part of a forest ecosystem. It is of great significance for scientific regulation of a
plantation ecosystem to study effects of litters different in quality on soil microbial community composition in the plantation.

[ Method ] To that end, a three-year litter amendment experiment was carried out in a 7-year-old secondary Cunninghamia
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lanceolata plantation in Xiayang Forest Farm located in Nanping, Fujian, China. The experiment was designed to have eight
treatments amended with litters different in quality, separately. Three years later, soil samples were collected from the treatments
for analysis, separately, of variation of soil microbial community composition in each treatment. [ Result ] Results show: (1) the
treatment of amending litter of Eucalyptus robusta, high in quality, was 27%, 35% and 19% higher than the treatment of
amending litter of Cunninghamia lanceolata, respectively, in soil total microbial biomass, gram-positive bacterial biomass and
gram-negative bacterial biomass, while the treatment of amending litter of Cinnamomum bodinieri low in quality, was 29% and
10% lower, respectively, than the treatment of amending litter of Cunninghamia lanceolate in soil total Phospholipid fatty acid
and gram-negative bacterial biomass; (2) The soil fungi/bacteria ratio (0.14) was significantly higher in the treatment of amending
litter of Eucalyptus robusta than in all the other treatments, and the Gram-positive/Gram-negative bacteria ratio (1.64) was
significantly higher in the treatment of amending litter of Cinnamomum bodinieri than in all the others; (3) Amendment of litters,
regardless of quality, had no significant effect on soil pH and soil carbon/nitrogen ratio, and the treatment of amending litter of
Phyllostachys heterocycla was the highest in nitrate-N content; and (4) Correlation analysis shows that litter carbon content was
positively related to total fatty acid, Gram-positive bacterial biomass, Gram-negative bacterial biomass, fungal biomass, and
mycorrhizal fungal biomass. Alkyl carbon was positively related to total fatty acid, Gram-positive and -negative bacteria, bacteria,
fungi and fungi/bacteria ratio. Methoxy carbon (N-alkyl C), oxy alkyl carbon(O-alkyl C)and aromatic carbon (Aryl C) was
significantly and positively related to Gram-positive/Gram-negative bacteria ratio. Redundancy analysis shows that Alkyl C
content was positively related to Gram-negative bacteria (/6. Ilw7c, 18: Ilw7c)and fungi (I18: 2w6c, 18: 1w9). Alkyl C
content in the litter had a significant effect on soil microbial community structure.  Conclusion The difference between the
litters in alkyl carbon composition is an important index affecting soil microbial biomass and community composition.

Key words: Cunninghamia lanceolata plantation; Litter quality; Litter decomposition; Soil physical and chemical properties; Soil

microorganism
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SCHCIRAE B, W R T R I S B SRR

Yy, ORI 2 TR A S R SRR )
TETE A LSO, TR AT Y AV A 0 2k
A [PPSR T S5 B R R R AR R A
WFFERNT, AN [R) I v 4 Joi 4 0F 8 A P R ol A
W A Wy e A7 AE 22 512 Huang S5 11X 70 7 A e
HEAT UR 9 W) 5 SE B IR A N U v ) o R T R
B SR Y A R 22 S IS (B v ) o [
T A 0y A W A K 2 ST ) 5 R AT T — P
6 UE R R o AR U4 v 0 o i A DEAN 48 s £ 2R H
B . R &6, 7Y oh A BB % 20 73 4
ARABITE o A7 BIF 5T 3 W U8 v 0 A ML 4L 0 52 i 4 O
I R R, PR RECR (NMR ), 4y
Prif v A HUBRES A 19 22 5%, A B T ATt —2
IR 7 By o fige I 3K 1 DA P 2 BRI 1) 0 % 4 Jo
PEHT R o

2 A S v S AT b X 32 B A T AR o, el
A o IR AR Z AR P TR
SRR ) R RSN ARk, FEAZAR M [
3 AR b LA BACRE A2 AR S HEAE g T o ] A )
24 o AEUIR I R] 07 1 R R TE AR A, 4R R

http://pedologica.issas.ac.cn



1042 + b1

=

58 &
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JOT B AU R AL I )5 i A 5 AR A D TR
RS LA 7 4 TR AR N THAR R G TS
%, A 8 PO IR UE I ) i R R —— B AT
B ( Pinus
massoniana ), ¥&W ( Eucalyptus robusta ). 2 K

( Phyllostachys heterocycla ) .

( Cunninghamia lanceolate ), Tt ( Cinnamomum
camphora ) . KFi( Schima superba ). ‘K J1H( Michelia
macclurei ). KEHE ( Mytilaria laosensis ), TEFZAK
N TARAN AT IR 58 = 4R S, (1) $8R AR 7%
Yy AR AR IR M Y 25 5, B AL IR
A= AN TR) 8 9 400 o AN I o 1y 5 (20) W20 B A

ASTR] B U P R A I e S A el 5
TEHE— 2PN as A7 G T Wy xd 138 AR 25 B A T R
We B TR, SR B T R S A2 AR N AR 4 4 o
TR Bt IS AR 5 S B R =

1 MRSITk

1.1 iXIe R &% it

TR RE M A, TR A R T BH AR (26°48'
N, 117°59" E), Hikbalae bkl . [V F i,
TR 229 ~ 246 mo %X O ERGHE 2R KU,
AEFIR 20.0 'C, FXIREKER 1644 mm, FIYZEK G
1370 mm, EBAHRHBIE 75.2%. +3EF TN A5 R
R R B I AR AR R(E MR 1.

F1 TEESAANINTIRARE (FHEHREE, 1=6)

Table 1 Soil background value of the 7-year-old Cunninghamia lanceolate plantation (means = SD. n=6)

ERTq

2R

+ 15 2 ES A L
Total carbon Total nitrogen
Soil pH (H,0) C/N
/ (gkeg!) / (gkg")
£ 4 Red soil 4.66+0.20 20.63+0.51 1.40+0.09 14.77+0.84

2013 4F 9 H, ££ 7 AR AR N TMAE R 52
REALX A, KE 6 MX4, B XAEE 8
FRALER (BRAF B INEBAT . DR . Fe . 2K f
B RS KR KEHE 8 AR ETED ), It
48 /MK, FEA/NXTE RN 3 m x 3 m. JATEY 20k |
R &M C/N HILE 1L ( Elemental EL MAX
CNS analyzer, fE[E ) M. IR HBREDERE ADF
52 AN TR PR V5 ) B 41 4 R DR R MR B . T I 6
PEFILZE 20 BRALALS R P C AR R IR I
(°C CPMAS NMR ) 2S840k 25 €, &k

i S kHz, B2l E] 2 ms, 32520 E] 13 ms,
B IERETE] 2.5 so AP TE Y hik b 4L« 3.

FRIE 2012 4F 3 A 2 2013 4F 3 A 1 A Hert sl
PIAZAR N TARIR B 5 , 15 212 AR N TR )
e AR )R 0.5 kgm 2, FRIESR TR I &Y
o 2013 4F 9 H & 2015 4F 3 H, AEH @ WIEA R Ak
BN IR IR IE Y, 5 e /MK ek
12 TEHERRESNE

2016 4F 1 A, fEMEWR AL 3 4 )5, T
N TR TR, eI/ NX RSB g

J& F PVC & W STEAREL 6 A+ 4E (0~10 cm ), If
REM—HE, HIKEYGEE R Z s, Kbk
WA, WAEBREZI 2 mm . —50 HEEET
J5i R FHW NE NG 2 ( Phospholipid Fatty Acid, PLFA )
A WIRIC IR T T . BRI RRE White 257
BER AL |, 2% Bossio Ml Scow ZEUSIH Ak i 45 T
PEATHEIL, d5c )5 B AS B R BERR B R H R 1k, A
IS ( Agilent 7890A ) FRH MIDI R4 H44F
BEATA R, 0 WA R R A5 4 I

FREC10 g @it AR A 40 mL 1 2 mol-L ™' KCI
WA, PR 0.5 h J53F 4 000 rrmin~' &.0> 10 min,
it 0.45 pum BEESLFAEPENE, DEIRCR A S 3l AT
X ( Skalar San-++, faf % )il +- 35 A A (NHL-N ),
AR (NOy-N ). Wiffsr HIEEER T ARKT,
FEBGR Ay et 0.149 mm 7, FHLAIGE + 384 h% |
SRR pH %, +3% pH H pH iHE (K E
1:25); B2, @A TEM CON RHEE
Elementar A F) 47 1R A TG R 70 H14X ( Vario Max )
W5 o
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F2 HRXAEYHER (FHELHREE, n=6)

Table 2 Properties of the litters used in the experiment (means + SD. n=6)

\ ) B 2R JRIE ) Ak JHIEYIAR TR Litter : )
TR WY A AIFRRIA

Litter N Litter C lignin
Litter species Litter C/N Litter lignin/N
/ (gkg!) / (gkg™t) / (gkg™t)

B0 20.440.1a 408.542.4F 116.443.5¢ 20.0+0.1e 5.740.1g
R 15.0+£0.2b 509.3+4.7b 261.6+7.7de 33.8+0.5d 17.4+0.6e
Fep® 15.1+£0.2b 519.7+3.2a 178.2+1.2f 34.3+0.5d 11.8+0.1h
A 12.0+0.1c 497.6+2.6¢ 373.6+7.3a 41.4+0.3¢ 31.040.6¢
T 11.8+0.2d 491.5+4.0d 252.6+5.6¢ 42.0+0.6¢c 21.4+0.6f
AR 10.2+0.2¢ 494.2+6.2¢cd 256.9+4.2d 49.1+0.6b 25.240.5d
P&l 7.8+0.1f 478.7+3.4e 340.8+7.1b 61.6+0.82 43.84+0.6a
K HEY 7.8+0.2f 482.8+4.4¢ 283.1+9.2¢ 61.8+1.4a 36.2+1.1b

#E : MPhyllostachys heterocycla; @Pinus massoniana; 3)Eucalyptus robusta; @Cunninghamia lanceolata; 3 Cinnamomum bodinieri;
(©Schima superba; @DMichelia macclurei; @Mytilaria laosensis. [FIF AR FHFERZEFRFE (P<0.05). F[A. Note: Different letters

in the same column indicate significant differences ( P<0.05 ) . The same below.

R3 TRELIEZRD IR FERAA X EEF

Table 3 Relative proportions of the chemical components of the carbon in litter relative to type of litter/%

WIEFE bR FH AL b Lk A J5 2 82 S 5T B e i8R g

Litter species  Alkyl C N-alkyl C O-alkyl C di-O-alkyl C Aryl C O-aryl C Carbonyl C  Alkyl C/O-Alkyl C
EA 16.5 9.0 44.6 11.3 8.2 2.7 6.9 0.37
LM 19.8 8.9 39.3 10.8 10.2 5.5 5.5 0.50
) 35.9 9.7 25.8 8.2 10.0 5.0 6.7 1.40
A 30.3 5.6 31.8 11.1 9.9 6.1 5.2 0.95
FEA 17.7 8.8 39.0 11.8 10.8 43 6.3 0.45
N 25.7 8.8 35.7 9.9 9.3 3.5 6.1 0.72
il 24.0 8.4 36.9 10.4 9.6 52 5.4 0.65
KAk 22.9 6.7 40.6 11.6 8.8 4.2 5.4 0.56

1.3 HiEAbE 2 4 R

B S GE T A BEIE T Excel 2013 #E47, A
KoM T 7 2253 M 5 F SPSS 22.0 #FutAT,
Origin9.0 fE & . 2R FH LSD e/ i 25 22 55 % 4 75 )
PETR A A R AT 22 B W R R A, SR
AN )T 22007 ( One-way ANOVA ) K46 56 A []
75 AN I AL T T SR W) A ) e R R S A Y 5
M, 2 EKSFBER a=0.05. REZ IS ik
Canoco 5.0 #ATIURHT, KA + 35 K JHVE Y&
IRBEAR i 5 L A W R U 45 4 2 R A AR G

ARREAZFWHRMT TEEBL RO LR
AN TR) R 5 0 s IR X A S Ak v R R AR G R
WA (£ 4). 8 FREWRIN T EEmA LN
12.80~13.72, AS[E4 & Wy s ik #1F f + Hefi & LG
Ryea: i 22 5 (P>0.05 ). O8I0 o e 8 95 W i o
R BAT. AR E pH SARBTR IR IE Y E
N3 pH M ZE R RNEE . SEARIE W IAHE
Lo, BRARERT R 2 s nah, AR 95 P s n 34 i A5

2.1
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Table 4 Chemical properties of the soil relative to treatment
. R A A HAE WA
JHIE YR kA
pH Total carbon Total nitrogen NH,-N NO5;™-N Mineral N
Litter species C/N
/ (gkeg) / (gkg") / (mgkg™) / (mgkg™) / (mgkg™)
B 5.02+0.07b 21.5442.72ab 1.63+0.11ab 13.18+1.15a 1.39+0.15ab 1.1840.13a 2.57+0.13a
ERTEYIN 5.03+0.07b 20.17+1.48b 1.58+0.07b 12.80+0.76a 1.16+0.05bc 0.46+0.07d 1.62+0.08d
et 5.01+0.12b 22.00+1.62ab 1.62+0.06ab 13.55+0.85a 1.21+0.19b 0.83+0.17¢ 2.0440.24¢
AR 5.10+0.04ab  22.83+2.43a 1.70+0.11a 13.42+0.67a 1.41+0.29a 0.80+0.08¢ 2.20+0.23bc
) 5.15+0.09a 21.91+0.97ab 1.66+0.04ab 13.24£091a 0.99+0.11¢c 0.82+0.14c 1.81+0.16d
pN) 5.03+0.16b 22.98+1.07a 1.67+0.04a 13.73+0.75a 0.98+0.08¢ 1.014+0.05b 1.99+0.11cd
D@L 5.05£0.06ab  22.42+291ab 1.63+0.12ab 13.72+0.88a 1.19+0.09b 1.13+0.19ab 2.3240.22b
KEHE 5.09£0.06ab  21.74+2.88ab 1.66+0.11ab 13.05+1.00a 1.43+0.14a 0.51+0.07d 1.94+0.19¢d

T8 pH R TRER S BRI B ) 1
&fk . BRAZERB/N, SRMWIEDRINT 54
. AR ERTEARMBEDEM . BRAKEHEHE %
WSt , = B R IE AN S A
BEREAL, BIEMESEA G EEMN S KM REDR
IS ARE, (A5 T HARED R,
BRI LY A SRR E R T HAMARAEY
wwn .
22 ARKREBAFWRMT LIERMEDETZHK

R

8 FPURTE YA N T N IS YRR R A ) i
MmN (1), @it + 349 PLFA S &
B, ORIR] BT R 5 P s iR 3 A SR P Rl 2 R
WESU N HWREDRINTS, HIEkis s iR
S S T AR R N, BAZ AR IS
2 27%. FERHIRTE YA I T L 3ERENE N 7 R 0. & d5
X, BEARBEDRMD 29%. M EEWRINT,
2 GO A R 2 B e A R S o T A
PN, o3 EAZ ARSI 35%H 19%.
FRA R P54 T L ICPA PR AN o B e I, A AR V%
YIasInb 10%. #WE I8 3 P as i 20 B FT L T B
%, B ARREDEINZ 25%H 44%. R
TP IN R R R D, A AR TE s i 2>
32%, HAWFIEYBRIN T LKA BEES . B
PRI, WS IR U T Py 38 hn L 3B w6 B Aig 7 1R e i
20 R TR A 0 e DA BB > G B AN A P 4 R A
LTI AR v ) AR SR R AR 7 R

WEOUNPE . ELPA . BCERTA L R TG PH A R B e R
GELY/h

ANFE A B S A . 2 P PR
R T SR N R e sl T R
( P<0.05 ). FZEH% I8 75 40 0 in . 35 5 T H A PR V5 U i
JNE LG/ BE LR, BREER . RS Y ELR /A AT
AR5 N EC T /40 R G A (R 22 5 R U 75
Ry NI s ol R ot - W e Ao A G
( G+G-) 2 & T AR5 P i i 4 2% [CPH A 40
B/ 22 [CBAME AR ( GHG-), BRBEm . ARy 2
[ BHPE 20 1T /2 22 [C B M A P ( GHG- ), AR 7% 9
WINTF I B2 5% .

23 TEREVEEANSTENEEREEE

YMREREX S

Xof AR A T A A R 0 I ) R G A3 B
(%R 5), 5RRY, WMiEWE s LgEhE 2K
PHAEAN TR . H 2 0 A E (P<0.01), S50
PR i L TG T 4 TR R AR L A 2 0 TR A G
( P<0.05 ).

ST Mo BT R A BB A 2E Ao 454 5 +
A CR (R 5), Hrhbekk . bt/ s b
TR SRR B . GRS . L IRB T
SN . AR . EUTR B LR/ TR LU A S AR B TR DG
(P<0.01), 5# 2% [QRHPEFIVELN R b X A 3%
K (P<0.01), AUt Sk 5 £ 46 1 5 i 107 1 i 1t
B CPHMEAN R . SE SRR RN . 40 . R A
B /ANTA L AR B A OC (P<0.01), H AL
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+ 34 ¥ PLEAsZS8E PLFAs group of soil microorganism

s R 22 2 bR kIR 5 A3 JCAH R NG Rk R 25 55 R B 3K (P <0.05), n=6. T [Al. Note: The error bars in the figure
are standard error. Different letters indicated significant difference at 0.05 level between treatments. The same below.

]

Fig. 1

1

AN IR b R A IR LSRR IR RFIE PLFAs

PLFAs content of soil microbial community in the soil relative to treatment

B . BEUHE BB RN P ke 55 2 =2 [ BH A B P 200 R L 2
FHIEAK (P<0.05).

ik — AR - U TS AL RS
PERT S V& Z B OC R , AT T ICR T,
I 3 AT, s 1 BRI T 50.6%09 4 5
552 BRIARRE T 46.7%M A8 5. T ISR T,
X A MO W BE TR A5 R 7 A B R A Y 4y R
Alkyl C(BE3ERR )P =0.036 ) Al T34 %A ( P=0.04 ).,
YA AR e RIS B OC R R WK 3), Alkyl C( %

HR) 5 16: lw7c, 18: 1w7c. 18: 2wbe. 18: 109
BEIEAR,

3 i 8

ABEFER B, A5 AR i U v WA E A2 AR T
MRNITE 3 )5, LIREBUEYIREE 4R A T B
A WvEY R, JCHOE bR, RERS ARG S
N TR A R AR A o DATE RIS 6 0
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SS, AKfif; MM, Kk Jifii; ML, KEHE.

AR JETE A IS L b /A B 2 B A T 2 EC PR A B LU (E

Fig. 2 Fungi/bacteria ratio and Gram-positive bacteria/Gram-negative bacteria ratio in the soil relative to treatment

x5 ARIAEYHRMTLIEREY PLFAs S AEMREREGHERE S BIHEXME

Table 5 Correlation between PLFAs of soil microorganisms, litter quality and organic carbon components relative to treatment
. ot BB /4R
B i THIEYIR KE LA A ) i .
Eistan TRV Ptk fedbie AR AR L 4nTE T i 13 ik Joe B
AL Litter
Index Litter C Alkyl C  N-alkyl C O-alkyl C di-O-alkyl C ArylC O-aryl C Alkyl
Litter C/N  lignin/N
C/0-Alkyl C

JiE 7 PR e
0.348" 0.045 0.004 0.578™ 0.045 —0.516" —-0.559"  —0.001  0.289" 0.577"

Total PLFAs
G* 0.380" 0.072 -0.021 0.467" 0.172  —0.443" -0.527" 0.077 0.223 0.484™
G- 0.307" 0.045 0.042 0.622" -0.079 -0.536" -0.522" —0.049  0.318" 0.606"

T R
0.148 0.021 0.015 0.302° 0.042  —0218 -0.369" —0.165  0.137 0.268
Actinomycetes

4l & Bacteria 0.328" 0.047 0.003 0.537" 0.054 —0.473" -0.535"  —0.020  0.260 0.533™
L1 Fungi 0.420™ 0.010 -0.019 0.701"" 0.024  —0.668" -0.613"  0.130  0.410" 0.728™
G'/G 0.014 —-0.015 —0.117  —0.437**  0.324*  0.291* 0.243 0.297*  —0.199  —0.375%*
H A /M Fungi/bacteria 352 -0.021 -0.006 0.592%%  —0.062 —0.597*%* —428%* 0.228  0.440%*  0.631%*

W G, HEXICHHMANN; G-, F X QM. **FRR7E 0.01 ZKF- (UM ) L BEFIC, *FRRAE 0.05 K (3U) L2

. Note: G, Gram-positive bacteria; G-, Gram-negative bacteria. ** means significant correlation at P < 0.01 ( two tails )

significant correlation at P < 0.05.
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o AT IE DR R IS S SRR AR TR
LR M B 5 i ARG, AR Vs MRk (A

. * means

WA (Litter C/N), A& LA (Lignin/N )
&) MU YITE bR A B2, Lignin/N I C/N
AR A . AN FEALAR LR
EEWE (B, BEkehk . FAELER . 2Rk . O
fiie . FRIEESF ), BRI ZE Ak, 7T LATOR 4 Hh X
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Fig. 3 Redundancy analysis of soil microbial community structure,
soil chemical properties and indices of litter relative to treatment
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