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Abstract: Soil microbial structures and their activity in forest ecosystems plays a key role in soil biogeochemical
cycles, soil organic matter metabolism, and soil quality. Phospholipid fatty acid (PLFA) is a biomarker of living
microbial structure, and its natural stable carbon isotope abundance (5'°C) is indicative of the microbial plant
carbon sources. In this study, four microbial communities (bacteria, fungi, gram-positive bacteria, and gram-negative
bacteria) as well as total microbial biomass, structures, plant carbon sources and their relationship with environmental

factors were discussed based on the abundance, composition, and 5"3C of their representative PLFA in nine
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mountain forests distributed on a latitudinal gradient (24°N—47°N) in China. The total microbial biomass (28.2—
253 pg/g) was significantly different in the nine forests, as was the biomass of the four microbial communities and
the ratio of gram-positive bacteria to gram-negative bacteria (GP/GN) (p<0.01). The principal components of
PLFA in forests located at relatively high latitudes and low elevations are similar to those in forests located at
relatively low latitudes and high elevations, indicating a similar microbial structure in these forests. Soil pH, soil
organic carbon (SOC), and total nitrogen (TN) were significantly correlated with soil microbial biomass (p<0.01),
while mean annual temperature (MAT), soil temperature, and the ratio of soil carbon and nitrogen were
significantly correlated with the soil microbial structure (p<0.01). This indicates that the microbial biomass was
mainly influenced by soil properties, but the microbial structure was determined in combination with climatic
conditions. The 6"°C of soil microbes varied from —35%o to —17%o, which was similar to that of Cs plants,
indicating a principal C; plant microbial carbon source in these forests. There was a significant relationship
between the total and the four microbial 6"°C values and mean annual temperature, mean annual precipitation, soil
organic carbon, and total nitrogen (p<0.05), suggesting that the choice of microbial plant carbon source is
influenced by soil fertility and climatic conditions.

Key words: forest soil microbes; phospholipid fatty acid; stable carbon isotope; microbial community; microbial
carbon source
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Djukic et al., 2010)(4 & . E & . 2= [ BHPE B FIE
== [QBAPE ) 1 A= Wy i RIS 2544, PLFA 9453
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Table 2 Soil climatic parameters, physicochemical properties, and microbial information.

T T

FRAR L #EFESR KAW SIRITE KEL il v L7 oA
A EBIR(C) 240 ¢ 0+1 cd —4£2d 3tlc 843 b 545 be 544 be 4£1 be 1242 a
28 AF R 7K (mm) 455+51d  282+15e 594+18c 723421b  730+l11b  775+4b  769+143b 669+56 bc 1151430 a
4 3E 5 1 (g/cm?) 0.4£0.1b 0.5:0.2ab 02+0.0c 0.4+02b 04+0.1b 03+0.1bc 0.6£0.0a 0.6x0.0ab 0.5+0.1 ab
pH 4£1b 4+0 ab 340 ¢ 4+0 be 5+0 a 3+l ¢ 4+0 be 4+0 be 3+0 ¢
5 TIKFR(%) 3745 2349 31411 26+4 43+13 49+14 45422 36+11 3447
+ 4 . .
P T HEREE(C) 162 a 1341 ab 114 b 11£2 b 11£1b 9+4 b 9+3 b 8+1 b 9+2 b
B HLER (%) 1144 ab 5+1 b 7+3 b 542 b 1346 a 1542 a 7+6 b 7+3 b 10+4 ab
BA(%) 0.8+03a 0.4+0.1b 04+02b 04+02b 0.8+03a 0.9+0.1a 0.4+03b 0.3+02b 0.6+0.1 ab
kA L 141 16+3 19+2 14+1 173 1742 2111 2245 18+6
4T PLFA (ug/g) 30£15b  48+20ab  12+5bc  196bc  67+38a  37x11b 6+7 ¢ 19£5bc 44420 ab
FELH PLFA (ug/g) 1711 be  43+16 ab 8+4 ¢ 1143 ¢ 59+34a  35+12b 546 ¢ 190 be  27+13 be
Wk PEZIRPHIETE PLFA(pg/g)  15+8 be 27+8 ab 8+4 be 10+4 be 38+21 a 216 b 3+4 ¢ 3+1 be 21+11 b
WZ R PLFA(ng/g) 443 be 10£2 ab 241 be 241 be 14+8 a 71 b 1£2 ¢ 4%1 be 6+3 be
£ FLIE /T 120 10 10 140 140 120 10 120 10
2% [ BH P P /B P 4+l a 3+0 b 3+1b 40 ab 340 b 3+0 b 1+1 ¢ 1£0 ¢ 4%1 ab
PLFA B (ug/g) 80+43 bc  198+39ab 51422 bc  53+l4bc 253+128a 126+38b  28+26c  99+24 bc  125+51b

i NG FRRIC B3 22 R (R R ANOVA 1 LSD 2T L H ., p<0.05, n=36); EiE="T B E+brifE 2%
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G B A R 22 ERBAPE B B PLFA Fra . BEVE 4544
PEATAH S0 Mr (Pearson %), FRBES 801 PLFA 41
HEATIUAR T HT(RDA), WEE 3 MK 3 frn. 4 280
AW REVE Y PLFA &5 R SCE PR . SR pH
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BRI/ R FE LA R B 3 AR fh, e FIER
2 R B B ARG C R GGR 3)0 H = [RIHPET/
FAVERS SR FE S BER R . 4% . m AR
A e ) R A Y A G
(p<0.01). RDA &5 3R, W EE | F3iR . 1
ek 32 R - e R L A i R AR AR H MR A=Y PLFA 4
oA (B 3).

4 KB E Y REYE PLFA LS PLFA (1) °C 53055
SRAR T4 N3 4 iR . SRS GE
PR AFROKE) . BAVURALS R SHMEY PLFA
[ 6°C 5t FHHI K R (p<0.05).
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Fig.1 Principal component analysis of the phospholipid fatty acids
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Fig.2 Isotopic signal of key microbial groups and 6'°C value (weighted average + S.E.) of the main microbial groups in

the soil of the nine forests

R3 IEMEMBHESHSLRFEEMERNXR

Table 3 Relationships between microbial biomass, structures, and environmental parameters

MY R HWEAYR EXCHMERAY R EXREEEYE  ERE/NE FEXCHEER/MEE BMEY R
23 -0.06 -0.13 -0.01 -0.09 —0.35% 0.53%* —0.11
g 0.01 -0.03 0.06 0.00 -0.26 0.47%* -0.01
%73 -0.33 -0.27 —0.37* -0.27 0.28 —0.69%* -0.28
AR 0.28 0.27 0.23 0.21 0.09 -0.02 0.24
ARREIK 0.03 0.00 0.00 -0.03 -0.07 -0.01 -0.04
+ g -0.09 -0.06 -0.14 -0.15 0.12 -0.21 -0.09
pH 0.32 0.34% 0.34% 0.36% 0.05 0.00 0.37%
KR 0.14 0.19 0.16 0.16 0.30 —0.10 0.14
- 413 0.16 0.11 0.19 0.10 -0.25 0.53%% 0.10
+- ek 0.47%* 0.46%* 0.48%%* 0.47%%* 0.12 0.05 0.43**
BA 0.53%* 0.51%* 0.54%* 0.49%* 0.09 0.23 0.46%*
WA L -0.25 -0.23 -0.27 -0.19 -0.27 —0.61** -0.19

{:: Pearson R, *RFHSCEELE 0.05 /KT 2, **REHLELE 0.01 /KT B2; n=36,

3 W ®

3.0 HRTIEMEMREESS BT
TIERUAEY) PLFA S F1LL PLFA RAE R4
YIHETE S5 7R N [R) AR R IR 858 v S B AY 22 S5 ] DL R

AFEAFZFT, RIEMED R AFIRS . PLFA &
S W R D AR s s T SRR W T A
H I RE & FIE F2 Y10 K (Paul and Clark, 1998), J&
J kA SR . A TR B R IR AR A R
HWURMHEIRZ — o DU ZRYEAY 4 FhisAE DT 1
S35 A R 2 TG P T g B P T L (T I
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WY. TiE%E; QL. LIS K MHIL; AS. Z5111; GGD. iR YE; GGX. 5l
Pl AL, R ERST 1 7 22 DTk R 26.44%; FRUST 2 J7 25 0T
RN 12.06%.

B3 TERSMAEBENINFMRIIEDR PLFAR 2 E
BENERESTBESHHXR

Fig.3 Biplot of redundancy analysis (RDA), with environmental
factors of the soil samples based on the microbial
composition of the nine forests. Soil PLFA data
were fitted onto the RDA ordinates

FHE R, X% 5 H A N5 2R 5 R
A KT 2)0 TR AR I RFE S E 9 A AR BT kb i
I, AR AEER R (2060~4167 m)fk kK, HEREE SR
B2 )78 S R B e, TR 2 R AL Y M SR A
P A RN - PR 5T, AT BB A T HOR AR AR A
YA 2% SRR, PLFA 41309 F U0 9
N FRMREI A SR 4 3 A B 1 AR AL ST
WL AR . BT L PR R (>2000 m) . A2 ) e
(<50 pg/g) PR BEE w2 RAR LA £ R nt
LB RRTR AR BRI AR, K L
TRE ) R 28 B (42°N) IR 34 (2000 m), BT 11 AR B
DT L P35 T AR XA BE (29°N) i #E44 (4000 m),
O () s HRA T RETE A T AU M FIAE g 2 AL,
[ BRI W B TE 25 4 EL AL . 26 2 AR Z 1]
W46 B LB I, B L (44°N) & =5 T2 1L
A L (34°N), SR AF 00 1 359365 Bt He 35 2 3
(1300~1800 m). AHAL A4 b B A7 ¥ iy JE A B ) <A
A RIAE B S, T BB AT A LA AR LA R
YIghkg . 55 3 AT, R R AR 1 A B A
EAHZE R K o T LA AR 5 43 B (47N IR I 4k
(1400 m), FiHZENLT P4 (39°N) 44 (1800 m),
T 2 22 L2 AR 45 B (24°N) = 4K (2100 m), 3 4>

x4 LIEWEYEEN OUC KEELBIEEMRER

K&
Table 4 Relationships between microbial 6°C and
environmental parameters

PHMETE  BITET A

%G 0.124 0.139 0.168 0.169 0.271
G4 0.159 0.194 0.182 0.204 0.291
Ik 0.122 0.132 0.107 0.028 —0.024
AR —0.408%  —0.472%%  —0.451%%  —0.362% —0.496%*
EREK -0311 -0.350* —-0.363*  —0.382*  —0.411*
THEHE -0.043 -0.297  —0.096 -0.07 -0.231
pH -0.286  —0.194  —0253  —0.048  —0.264
FKH -0.23 -0.148 -0.283 0281  —0.197
+HEEE  -0.128  -0.225 -0.1 -0.126  —0.024
BAPER  -0.477%*  —0.383*  —0.521*%* —0.494%* —0.388*
MA —0.496%*  —0.410%  —0.530** —0.506** —0.399%
AL 0.069 0.173 0.109 0.035 —0.069

1:: Spearman Z AL, *RFHMCELAE 0.05 /K3, =R FAHKELE
0.01 /KF 35 n=36.

ARARUGPOBR BE FARBIARARL, 249 S R i AR RO i TR 52
Mo 3 ASFRAR I b 255 B FN 4K R AE T B TR S RL Y
SRR FAE AL, BB A 454 . L
A R T S 2 I 0 B R A5 e A EHKH YRR
ik, Uh W] - EGCAE W RE VR 2 AT B A2 21 U Ak R
IE B SR o
32 FmiIEGRENZTESIAHRIERER
TERATHPT TS R b, LMY A Y i 32 5
ZH) R P . SAM pH ERZ R, SR
7% 45 B —F((Alexander, 1977; Frostegard, 1991), 1 1
AW BOREVE S5 A0 2 R . AR R DA K L e
JE B ARSI o IR S L S B WU RE TS R A
A LIBT3 AR B DGR, Al s i G AR P v Y
545k (Swift et al., 1979; Myrold, 1988)., T3 A& 1L
TEAEBRGE PR F AR AIGE, 5
by AT BB A A BT R A A R AL AR KOG
Fo B, FRATIN A i 4 e & L T B i i) A
KA AT AR S M LR E MR AR R Z
— o AR DL Ry e E Y B IR EE X R K PLFA
oM 2 IR S B U R AR
(] 3), 310 IR BE A2 O — A 52 ) - G
A= IRV A AR B B D R S R O W R VR S A Y
IR RAEA BT h— BUAFESH, a0 5% pH A
(Baath et al.,, 1992, 1995; Pennanen et al., 1998;
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Hogberg et al., 2003)%F . 1 AH X 3 i A9 A 12,
B A B AR M BT LA AN, b GO W RE TR A A AN
Hi B — R P, 2 AN ) P 3R 3R] A A &5 2R
(Blagodatskaya and Anderson, 1998; Baath and Anderson,
2003) AUWHIFE, WBAEYIRIRE A R T S
PRIRIER | AU R R A e BT 2 R R A AH DG E, ik
S TR FAE YR IS S IR S I R A 2, B
A v JF A H 32 31— 2 %2 (Jumpponen  and
Myrold, 2014),
3.3 MEMREYRIE

L) 6C 47 19 5 9% 5 T LA PR SR
AL 2% 50 B 0 T AR 3 0 (05 38 45, 2003;
Saynes et al., 2005). o1& 11 AR 2000 m L L
FBA CAUMIITFAE (T ATEE, 2009), (HAET S
J A5 HL e T TR X (2 4250 m)IU R T C, A Y
A (FER 46, 2004), 7E LR BIFFE P 57 I 1 SRAE 1 3
RIS, VISCRAE S AL TR 3000 m LA |,
R E| CAEYTEIRE OGS R R N EA S
K (Wang et al., 2005), 5T 111 4% A 0l A 3
FIRESEIN T Co MM G450 - G W R (A
AR R )T Cy AR, ST LA PLFA
) o°C F5& Z st TR LA g 01 C T A LS
(=35%0 ~ —17%0)(ZEF 155, 2009), 245G/
RRE, WU RS2 E R . KR A
AR AR A, B, AN R RS
- SR I AT R A 5 e A AL A, TR 1 A
A= YRR P ik DR Y e

4 45 e

(1) PLFA 400 o530 Bom, A RS
SERAEZS [B] 53 A b BT 26 B RN = B ST 43 A 1Y
R R

(2) FRBEPR R GAE W Ak W f RO T 45 4 1 AR
ST s R, I pH (E L A LR FLE R
el fof 26 ) A ) B T R R R e AL LE R B R R
el S A YRV A Al ) E R R

(3) PLFA [ 6C Jz e 1 25 4 (bl 0 o U LA
Cs PN .

(4) BN Z S5HMEY PLFA 9 6°C YRI5
Br iR s, (A W 0] ) il 95 1 32 AR AT B 52 4R 1
T INIEE R ) & A S S R I RSN St A S

Bt Rt RERIRKFIHIHABRALHRLK

FEREIML R F LFFERL, AR THR
FHEAHRKRH B,
5% 3k (References):

PRIKSR, TRRTE, PNERL, 208, SRR, k%, %
&Y. 2005, AL A BIL IR BE 23 A B4 ) Th 3 AL
ML, 423, 42(1): 1-8.

FRELE, VR/NTE. 2006 ASERR XA AR 2R AN = Fh +
SERUEVIRER BB A . FIEERMEHL, (3): 16-18.

L. 2014, P EH SR LIE P AIBEIRNE TR (PLFAS)
LA E W RE TR s B B0 M T E R
BT M A R AL~ E TS A 2 038 5 46-60.

LEEM, HiEE, PER, FE, KT 2014 KB, KA
W FEFE SRR U MR 4540 o BT RS
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