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4 Fengyang Mountain Administration of Zhejiang Fengyang Mountain—Baishanzu National Nature Reserve, Longquan 323700, China

Abstract; Fengyang Mountain Nature Reserve is a natural reserve of forest ecological type, coniferous and broad-leaved
forest is an important forest type in the nature reserve. To understand the impacts of altitude change on soil microbial
communities and soil physicochemical properties, we explored the physicochemical properties and microbial community
composition of alpine coniferous and broad-leaved forest, the main vegetation types of Fengyang Mountain. Based on the
distribution range of Pinus taiwanensis in Fengyang mountain, 900 m, 1100 m, 1300 m, 1500 m, and 1700 m were
selected as five altitudinal gradients, and three standard plots were set at each elevation gradient (20 x 20 m) , which were
sampled in August 2016. Using phospholipid fatty acids ( PLFA) spectrum analysis to determine the composition and
abundance of soil microbial community, and the soil microbial community composition of non-metric multidimensional
scaling (NMDS) ordination, on soil microbial community structure was analyzed. The results showed that the composition of
plant species in coniferous and broad-leaved forests has changed. The soil nutrient content first increased and then
decreased, and was significantly reduced at high altitudes ( P<0.05), and there were significant differences between soil
microbial community abundance. Gram-negative bacterial abundance was higher at high altitudes. NMDS analysis show that
the increase in altitude changed the soil microbial community, which can be divided into three groups. Soil microbial
community structure at different altitudes showed significant differences in the two NMDS axes ( P<0.05). The redundancy
analysis showed that soil bulk density, water content, and pH effected soil microbial composition in different ways: soil
gram-positive bacterial and antino bacterial abundance were significantly influenced by the soil properties we studied,
whereas soil water content and available phosphorus content mainly affected soil gram-negative bacterial abundance, and the
abundance of anaerobic bacteria and 16: lwSc was weakly correlated with soil properties. The change in soil
physicochemical properties caused by altitude was the main factor affecting soil microbial community abundance. The
adaptability of six microbial communities to altitude was different; and the gram-negative bacteria have the strongest

adaptability to high altitude and low temperature environment.

Key Words: soil microorganism; altitude; coniferous and broad-leaved forest; phospholipid-derived fatty acids ( PLFA)
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1.1 R IXHEN

A FE DA, T W44 e SR 7 R 0 XU L — /& L AH E % A SRR 3 X (119°06'—119°15'E, 27°46'—27°58'
N) P IX A P RAL 15171 h®, JRUH LIRS X 08 B SEAQ MR 1929 m, JEVTHEE — g, A4 X
A A7 i TV PR TR I 0 A IX AR A A K ik 2400 mm , AR R 12.3°C, U3 F A FE T, R X
WARMAE R ST 5 A 11 AR 2R o A A 5 A4, 40 3 b Ak (800—1600 m) TR AC Ak
(1200—1800 m) &5 7 I ] RS2 AR (12001650 m) | H 2 [ 4K (1300—1700 m ) | Ll T5UE i K (1400 m
PLE) o PABEILAS (Pinus taiwanensis ) > T L HEE B ) B LU [ TR S AAORE BRA7 DX PN 4t ) TR S8 bR v 1) S 20 7
R SRR 800—1800 m , H: A -4 Ff = 2 h K faf (Schima superba) (# W ( Cyclobalanopsis glauca) F& A
( Eurya japonica) %,
1.2 FRiRE

TEICRUBH 11 3 04 8 5014k 800—1800 m ¥ [l P 114 B LA 1 el TR SS MR AR 42 2016 4F 8 1, 7E 1
0l NI S AN (900 ,1100,1300 1500, 1700 m) , 78 &EA~ 1 45 6 1 B BH 33 P 308 BCHE K B b 0% R ¢
e KIGE TR 3 MET  BAFETT 20 mx20 m,, TR 25 SRR, B 1L AA BT A TR S AR P RE AR A AN [R]
PR R AT TR A N I T T 1 5 IR AT, BRURE DK - 98 3R a0 A Y5 0 AL B 2 S 0T, REER 2 (0—20
em 1J2) 1 EIERER 500 g, SRIFHE 5 AMRESIEREN LG TR A, VB e ML I = HERE &, I 2% S48 %
B2 AR R L%, £FEE 2 mm 05, 20 W0, — 0 K2R T 3R 0 I, 55 — 1 A
—20°C VKFERFIN . AEHIEARAAE LR 1,

R EEHRSEAREHE

Table 1 General Situation of the trees in sample plots

P A 3 R

273 R A s Cann R HE
Altitude/m Age/a rage o 8¢ K Py Stands constitute
DBH/cm height/m density/ %
Afaf (Schima superba ) , %8 FEAT ( Lithocarpus brevicaudatus ) ,
k! N Pi ian W \ ( Pinus taiw si )
900 40—50 16.3 15 93 LA ( Pinus massoniana) , ¥ LI ( Pinus taiwanensis ) , &

4R 4E ( Rhododendron ovatum ) , ¥ W 3 X ( Cyclobalanopsis

stewardiana) 55

K2 ( Cunninghamia lanceolata) , FAR% ( Quercus fabri) , % LI
1100 40—50 16.7 17 89 ¥ ( Pinus taiwanensis ) , WM LWL ( SympMeas anotiiala) ,9R3%
A (Camellia cuspidata) , A4 ( Schima superba) 55

5 1 HA ( Pinus taiwanensis) , ¥ B0 ( Nyssa sinensis ) , 13k ¥t
1300 40—50 18.9 18 90 Y ( Rhododendron simiarum) , piexciy el ( Fokienia hodginsii) , S

K3 (llex suaveolens) 55

5 LKA ( Pinus taiwanensis) , 2015 48 ( Eurya nitida) | J& 1
1500 40—50 14.8 15 88 Z19% W ( Cleyera pachyphylla ) , B ffi ¥t 88 ( Rhododendron
latoucheae) %5

T LA ( Pinus taiwanensis) , S5 ( Pieris japonica) , B4
1700 40—50 13.1 8 75 H (Ilex wilsonii) , FEFA KL 1S ( Rhododendron latoucheae) , 121X
5k ( Quercus phillyraeoides ) 55
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Table 2  Soil Physical and chemical properties

. N oK N - -

Elefji . pH Bulkﬁden;%ity/ ?vif SATHLEK TOC/ % rfjg/ r“zzig/ ﬁ(ﬁ(zi:f/
(g/cm”) content /%

900 4.5420.06¢ 0.85+0.06a 23.34+1.96b 2.68+0.24h 1.95+0.07ab 0.610.09ab 6.72+0.48b

1100 4.72+0.08abc 0.7620.03bc 26.26+1.42ab 2.99+0.14ab 2.19+0.26a 0.68+0.07a 6.99+0.17h

1300 4.84+0.25ab 0.79+0.04ab 24.89+2.82h 3.59+0.37a 2.44+0.35a 0.55+0.16ab 7.03£0.25h

1500 4.6420.09bc 0.68+0.02d 29.90+1.75a 3.65+0.21a 2.26+0.31a 0.56+0.13b 8.14x0.31a

1700 4.95+0.20a 0.7120.05¢d 23.28+2.23b 2.69+0.86h 1.84+0.33b 0.42+0.00b 6.66+0.12b

TOC : total organic carbon; TN total nitrogen; TP total phosphorus; AP available phosphorus, [F]5l A4S [R]52Hk 7R 25 55 . % P<0.05,n=3

2.2 R R EE LA AR - AR A WAV 4 AL ) R
B AR AL, B LA R AR A M S RS R —E 2 (K 1) o SRR AL (1300—1700 m) #2%
FCRAVE AT 2 B 2K TR (900—1100 m, P <0.05, & la) , 11 AHXT 72 B8 5 i B B 22 [ RF 4 240 7 D0 =5 B0
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Fig.1 Relative abundance of different microbial groups at different elevations
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1500,1700 m 4b 75 70 A 1 35 22 5 (P<0.05) . Ik E————
1300 m L4543 W 534 900, 1500, 1700 m Ab#F NMDS
2 Bl W3 25 5% (P<0.05) 005 | ki
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A 5 il 5 A0 A0 o 8 U A ) D e 22 D 4 50 3 A% ol
SR E R 2 18] (A 06 AT g ] LA NMDS |
i%%‘ﬂééﬁ@éﬂﬁiﬁilgiifk‘@ﬁﬁzwﬁﬁééﬁﬁﬁ%o B2 tEMEYBEEEENEEESBRES

A3 PG PPN A SR R B A G EIEIRE A 54 Fig.2  Nonmetric multidimensional scaling analysis ( NMDS )
2R BHEAN R R ARG, 4 pH (H A HLEK & &5 showing the overall composition of microbial communities
SVRCE I 2 TEAROC s HUR 3k SE R - 55 45 o LSV O o

TG ; A R & e 5 B /K & Z (A TE 0 2 IR AR OC VA B i 28 Ak s e 1 PR X 1 iy A8 Ak, 445
TAE R LD T A = QR 20 BT 2 == DB 200 1T M IR SR A2 - SR BE D s ok, T s
JEE 72 A T SR ) S 2k TR N R 2 TR B MR B 2 3, 5 R SR DG A A 5 22 T A 20 TR T A G,
HoAb A PR I8 =F B2 2 I

x3  FiGRGEESTE NMDS # EHF5
Table 3 NMDS axes scores for the five altitudinal gradient

Hoak NMDS 1 NMDS 2
Elevation/m 5443 Score FRUEZ Standard 84 Score k2% Standard

900 -0.030b 0.005 -0.042b 0.026

1100 -0.019h 0.003 0.002ab 0.034

1300 -0.037b 0.009 0.052a 0.027

1500 0.058a 0.049 -0.003b 0.042

1700 0.027a 0.022 -0.009h 0.011

3 e

VAR o R 1142 P 2 R ) M L 8 1N 5 b A P 05 DR PR A B A BRI ZE A
A IR SR D A 2 R G O U b, 0 J] BRI R B 9 2L A 23 7 AR AR Rt GE A R I, AR SCRIFSE
KB, BEMFAA T RUBH LT e TR SbR M - SR A i s Ll e A 178 1k

i NMDS BEAEM T K 5 AIEEHRCBR BE AR DR v A o 3 N RTUSERE . TE4A 900 m 2 1100 m 4F,
T YIRS 2 TR B i T S IR A R B 5 TR 1500 m 2 1700 m &b, 395 22 TR BH R T
PR T HABEE IR TR 1300 m AR WHHAT BAR A A0 T 52 . AN L3R M 4L 800 B
VAR AR TR I SN T B R B AR R AR R R R R SORIFTE TR A e £
ST TR AR LA, R BRIEE IR 800—1845 m JE I N, LSO T f v o Bkt BUAE 1845 m, X HARSCIIIFAE
SRR, R 22 QB S B A0 B A b R A B, YRR T , 22 B A 5 P e 0 1 A X = 4
S B BN T R R A, 2 R 0 TR X e T R B 3 I A

Ve 335 RGP I Z ARy, HIERCEY E IS 5B S R G Y RGP FIRE 5% 1L, TRt
XA ADRLZE A6 55 07 UL A B AR SRR MR e REVE 4540 AR W it A5 2 S R AR VR 4
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