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Abstract; Global warming has caused a series of ecological issues in terrestrial ecosystems, which will be further aggravated
by increasing global average temperatures. Changes in altitude gradients are an important aspect of studying the effects of
climate warming on terrestrial ecosystems. Currently, studies on the effect of altitude gradient on microorganisms have not

yielded conclusive results mainly because the influence of vegetation types has not been considered. Therefore, in this
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study, Pinus taiwanensis at 1300, 1450, and 1600 m in the mid-subtropical Daiyun Mountain were used to study changes in
soil microbial biomass and community structure at different altitudes. The results showed that soil total carbon, total
nitrogen, total phosphorus, microbial biomass nitrogen ( MBN ), microbial biomass phosphorus ( MBP ), arbuscular
mycorrhizal fungi (AMF) , gram-negative fungi (GN), fungi, total phospholipid fatty acid (T,,) , and bacteria :fungi (F
:B) ratio all decreased significantly with altitude. However, the gram-positive bacteria : gram-negative bacteria ( GP :GN)
ratio increased significantly with elevation. Redundancy analysis (RDA) showed that the temperature (T) and dissolved
organic nitrogen ( DON) content were the most important environmental factors that determined the soil microbial community
structure. Studies have shown that compared with 1600 m altitude, the temperature at 1300 m altitude was higher, which
promoted the mineralization of soil organic matter, and increased the availability of nutrients and number of microbial
biomass in the soil, thereby increasing microbial biomass such as fungi and bacteria. Therefore, future climate warming will
likely affect the composition of microbial communities in the region by changing the soil carbon, nitrogen, and phosphorus
nutrient contents. These results are of great importance to further understand the effect of climate change on soil nutrient

cycling in mountain ecosystems.

Key Words: altitude; soil microbial biomass; soil microbial community structure

IPCC(2013) #4545 21 a0 R SERATR-FH LT 1.8—4.0C! | RERAERC R AFIFHI, M7,
SRR AEB RGN e A B2 TR 2 — e 2R A AR AL 5 il A S R 4 0 R A5
i, FREER AR ARG IR Y SRR AR BE AR AL, TT DL SR B AR AL, 3 2 i ARk ) vz v H &8 5 1)
FE Hod R YR R RS SRR, B 575 Y i A RS s Ak AR Y SRR S R AR R
SIS R E B R, RS A Ak, T Lt A W 22 B G 43 A s Ry B HHE ML
Tl A i TR A ) 2 M X S A A8 Tkl 137 1) B 52 1 2 5 K i

BETEH T 1R AR, X T RE SR MG G s IR E BRI S AL oy B A BB R,
PAAL R AL e85 3% 07 VR U 0GR (5 B AN RE A T b S B F SRR G0 T 19 L S8 U E W I S5
b, IEAEKWERERE R ( Phospholipid-derived fatty acids, PLFA)VE M 9y L kR, % 0 T4 2 e
PRSI P2 RE S R 325 T LAV B S e e R 9 B S PR L

A2 T BN BGHE  (2  B AT E NS OCT TSR MR B TR AR B AR AT oS — 18
U Whitaker 25 N\ iF 58 & BLBE #2255 307 1L k4% (9 7 85 L PLFA 5, Bacteria fil Fungi, GN fil GP,F :B
WK T v T 8 T v, A RS AR B R B (LB 3] - 8 Fungi Bl T 4506 5 35 It g AL A 25 51000
1] Wagai =\ KR, B AR BT Bacteria Al Fungi 7% &8 T, Djuki %/\wﬂaﬁﬁﬁf}rﬂ,Tp,“& Bacteria
I A Bt AR T R B — SRR AL VSRR T 0728 Ak £ 5 W A Bl S TR )T A ol 2 R R ) - SR
WIEVE (BB 3R SR R V5 ) AR 22 40 W A2 R S A R 2R ) A3 2o ) 422 5 i AR AR - 45
(M BRAEE T, 4 pH A HLB & it | A P R S A A, E TR I A W e e A R R ARG
N PRI R R AR R R T RSN, B 35 520 T Bacteria  Fungi .GN il GP =¥y LU M S A= Wy
TEEEFILL , R BE T, DAV IR BE A9 R 22 DAAS [RI AR B 2 RUAE S i 58 X4, W] e & i WA 78 45 SR A
— SR PR IR S B A i WA B IR ST WO T S5 A i AR Ak, T 8 T i S B A R S A AR b
T SR P R

W I E KK AR DO AR M X 2R A 2R R 2 b MR B 2 e OIS
S X IR #E I (Pinus taiwanensis) XFRE RS ¥ GTRA, 40405 T E 5 #3505 Lt &40 Fn A1 9
MR R R R SR 4 2 K P U IR e e Ly e LI PR SN ES R S NN WL Vo) e S B AR O (S /AF (5261
J5 23R E A ) AP E RN R O A R R 1 RO B R i X R, AR SR PLEA R 5T 3
AN [REEFRAH B2 (%) L PA AR T B0 A ) 26 i RN R T 2 S S i DR 2 DU 48 7R AR R 23R8 0 1
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ST BCE e (MR R A0 A T 1L 1 ARRAP X TR ORI BRI et
1 RBESHEET

FEHA TAE A M TR 25 L A SR 37 X (25°38'—25°43" N, 118°05'—118°05" E) , iZ A3 X i &b v WF
FRGAHE 10 i A 118 3 9 DI 2 v [ By TR AR ) 2 PR R AR B i 1) AR ORAP IX 2 — AR AL Ry A T
PEPEZR AU, A 208 B KRN B 2 AR AR P30 20°C AR FE7K LS 1700—2000 mm , 4F
SIS 80% ), ANIRIMEHR A6 B 1) B LU A AR I T2 L O S b 2 SR B 1Lk, AP A TR AR /D PR A
HfEL, 1300, 1450 m AN 1600 m AT HLHEARFL 2, BT FEAJZ JE S Bl LM 5 D BEAT (Oligostachyum
oedogonatum) i F FEAEH #1454 (Llex crenata Thunb) | JEEFH £ BY ( Rhododendron latoucheae) | 78 FE 21 4 12
( Eurya rubiginosa var. attenuata ) FI%& EBRAE (Vaccinium carlesii) 55 ; WA Z UL B ( Hicriopteris glauca) N+, fF
A AR T3 ( Microtropis dehuaensis )  ZE 75 ( Veratrum nigrum ) . J0) & % ( Woodwardia japonica ) F1 2 ¥ ¥
( Gahnia tristis) 55 , ZIEX ALK A R B B, HHIEARELIENLER 1,

F1 FREBERIEFHERER

Table 1 Summary of site characteristics along the elevation gradient

MR Ea S SFEAESR IS PAT B2 e
Aliitude/m Longitude and latitude =~ Mean annual temperature /C Crown density Soil classification
1300 +10 118°6’43" £ 25°41'57" N 17.15 0.65 HHE
1450 +10 118°6'31" E 25°42'13" N 16.20 0.60 I
1600 +10 118°6'36" E 25°42'50" N 15.50 0.50 HHE

2 WRFGE

2.1 BHEREACREE

2017 4F 5 H R = 11 1300,1450 1600 m3 MR 1B LA, TR MR FE & 20 mx20 m PR
WEREHL , PE AR AR ERE - N BEALAT I 5 4> 2 mx2 m /VEEIX, 2BR R TH ATE Y, B/ IR FH < S™ BLR A R AR
DB R IZ -, HRIREEZ R 10 em, B AR REE 54 T IR R, PR AR B9 1 B o TGS 0] S 5 =
Pref RBRTT AR R AR K S E AR AR K 38 2 mm 065, SRIECHE AR FH DU 4000 S WS 43, — 3R 4y
T Bt o SR | RO AE Wi AU E DR S5 B E ; O — 3B BIEE N A AT I3 0.
149 mm §ii , FHF00 50 38 4 AU S I AR L FE b
2.2 HHEHEPE RN E ik

TIERA YK 2B HKE TR L ( Elementar Vario EL 111, Elementar, £ [# ) 1 % . 48§ % H HCIO,-
H,S0, 505 REGL Zead M At 0.45 oum B B8 21 2 48 8 2% ( Q/IEF JO1-1997, 11 ), JF JHELE R sh 43
B ( Skalar san++, Skalar, faf 2% ) Wl . 4 58 F 7K A I e R LT, 18 pH 38 i BE I A pH If
(STARTER 300,0HAUS, ZE[E) M5 , K+ 2.5:1, H3ERTEMA HLIK (DOC, Dissolved organic carbon ) FIH]
HYEAHLE (DON, Dissolved organic nitrogen ) B e J& H 25 85 F K MR- (K HoA 4:1) IR &L JE , 4
0.45 wm JEBEHTIE , FHEA PR T (TOC-VCPH/CPN, H 7)) il 52 i W DOC & &, FH % 2237 30 /0 Fr 430
5E DON i, Ph 2 mol/L K,S0, K i $2¥ , =% &5 0 J b U, FH 3% 22378 3 43 A 450 2 0 3 v )+ 1B 4 8 R
(NH;-N) FUAEZAS A (NOS-N) &tk A5 208 (AP) H M3 242 7 S5, I F 8 22 3 s A B A 2
2.3 IEGUCEY A R B SR YRS 45 R (PLFA) I E

A A W R (MBC) R A W 0 (MBN) SR F S05 FE 75K, SO, = 4136 2| I FLB AT HLBR 2 A
ASCI 5 B EU A WL B 1, PR S B sh A SU 5E MR & . MBC B AR B = AE k., AE
R R ZE AL & R0 25 ME b R 280, BUE 0.45, MBN iH8/ARX By =AE/ky, X AE HIE
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G AR T IEANA ST RO, by R 280, BUE 0.54, T IEGUEY A=Y 5wk (MBP) SR H S8 05 B 75
NaHCO,#Z#1%:  MBP 1A N B, = AE, /k, , F e 250k, HUE 0.40,,

AP REIE 454 (PLFA ) BARS 2% Bossio 1 Scow ™ Y5 L EA T RE ML IR 42 408 AL AEHL, 2R A MIDI
WA RGBT PLFA Sl &, BB BRI Y T 8 o THE A 138, T2 08 b, it A $EBUR
(AT T R 28 DR AR R LR 1:2:0.8) J5 ¥R 2 h, SRJS7E 2000 g #5.0> 10 min ¥ FIFWREIANNA 12 mL
SN 12 mL BERRZE M 3R i T2 DI0E PR 23 mL $2BOR EZ I 1 R, PR SR ORI A 1
A B, BB 2 FWG e SR AN D AR T FE 30—32°C K T T E Al N,RT, W4 IR
Wil 1 mL G453 5 UKEERE BE PERERCAE b, 430 U005 | PR ERRT PR By i | e 25 05 N N R R B2 A, WAL T
PRI, 76 32°C K H TR 4l N, AU 1 mL s, € (PRFREE 1:1) IR SR 1 mL 0.2mol /L
KOH FERVATR , PR IR AT AE 37°C /KB HAL B 15 min, ZJS A 0.3 mL 1 mol /L BEE2 .2 mL 1EC %¢ A1 2 mL
Ak AREPR Y 10 min, SEBCE 280 FIAEHRAH 2 ml 1ECBEE 2 HRE 1K, FRIRE _E 2R RIRE)R,
el N,WT 153 HES LAY IR R RRFE M . 1R FH 200 pL IE RS %, DL 190 HERVE I N Ard , 7S AH
{6,35% 1% ( Hewlett-Packard 6890 series GC, FD) & MIDI #44 £ 45 (MID, IInc., Newark, DE) #4750 #7, T 5E
B AR AR IV AR 45 2043 1 B it LRI - 8 A W R BB N N U b A 4 S AR AE HUAE TR DL 219

E PRS- LR )
Table 2 The markers of PLFA in soil

Em 2R BRAR M R bR B 275 3k
Microorganism type Phosphatidic fatty acid markers Reference
DM AR LT 16 105 (Olsson 1999; Deng et al. 2016; Zang et al.
Arbuscular mycorrhizal fungi (AMF) e 2016)
B2 (G 14:0 is0,15:0 anteiso, 15:0 iso,16:0 iso, 17:

: T T T T Frostegérd et al. 2011; Ushi al. 2013
Gram-positive bacteria (GP) 0 anteiso, 170 iso (Frostegird et a 3 Ushio el a )
22 YT 16: 1w7c, 17: 0 cyclo, 18; 1w7c, 19¢y, 16;

. T o ’ o Frostegérd et al. 2011; Ushio et al. 201
Gram-negative bacteria (GN) 1w9¢,18: 1w5c (Frostegdrd et al. 2011; Ushio et al. 2013)
me 16: 0 10-methyl, 17: 0 10-methyl, 18. 0 .
JXZE T Actinomycetes ( ACT) mety methy ( Swallow et al. 2009)

10-methyl

B Fungi (F) 18:1w9¢, 18:2w6 ¢ (Swallow et al. 2009)

2.4 Hdsib

HE 2640 Microsoft Excel 2013 {40 , SR F SPSS 21.0 GE i %A Al 4k + 35 18 An b A7 58 14>
Mo RIHK R J7 2253 (one—way ANOVA ) A 50 AN W] 4b B 22 [1] 4= S BRAL A T, + 30 A W A= W 1 e 4= 380
Y RETR AE R R 22 57 W PE ( Duncan 75 ;o =0.05) , SR Canoco Software 5.0 44, A 35344 PLFA A
AR, DA A SRR T R Bl A ) A A i 78 i ABTU 4R 43 BT ( Redundancy Analysis, RDA) ;2581 H Origin
9.0 BA5EM

3 ZRE5LHH

3.1 AR MR

BEVER T, RS KR R LR (SOC) S A(TN) @ (TP) NO;-N ¥ BA PR (X 3),
TR R, pH S E R, (H 3 MR ] pH 925 SRR AR A 1) i 2K, {HJZ 1600 m 1 1300 m #4419 DOC
A1 DON #3838 5 T 1450 m 4K DOC F1 DON & i, MR AR L X 48 h i AP I NH;-N & &3
R
3.2 AR AR P AR e e LA 52 )

MBC ,MBN I MBP % 5t 5 iR Tt 2 10 B A%, (H 2 AN (Rl 4R 2 (B A MBC & 5 1 25 S AR 38 18 35 K,
MR 1300 m A MBN 1 MBP &4 i3 5 T-¥##4K 1450 m 1 1600 m A MBN Fl MBP & & (P<0.05) (£ 4) .
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BifiveEPR TH =, MBC : MBN Jf-JC i & 25 4k, 1 1300 m ¥ A EL , 1450 m 1 1600 m #E4% MBC : MBP 4351 &k 2 4
T 2.68 4% ,2.12 4% ,MBN : MBP 435l g N T 1.33 £%,1.44 5 (K 1)

x3 FRBHIEEKREBLER

Table 3 General characteristic of soils at different altitudes

TR Altitude/m 1300 1450 1600

FR B pH 4.26+0.20 a 4.21+0.27 a 4.10+0.08 a
KB WC/ % 65.56+14.77 a 59.64+0.20 ab 51.35+3.59 b
T HEE LK SOC/ (g/kg) 99.07+19.82 a 81.58+32.97 a 41.19+5.74 b
2% TN/ (g/kg) 5.30£1.09 a 4.64+1.58 a 2.69+0.34 b
4k TP/ (g/kg) 0.36+0.04 a 0.38+0.09 a 0.17+0.03 b
H#H AP/ (mg/kg) 4.98+0.80 a 6.20+1.32 a 6.40+1.39 a
HEASA NH-N /(mg/kg) 30.88+5.37 a 28.31£11.01 a 31.51£5.34 a
A NO3-N/(mg/kg) 0.96+0.23 a 0.64+0.27 b 0.47+0.16 b
Al A HLR DOC/ (mg/kg) 626.00+121.44 a 374.07+146.27 b 527.81+112.45 ab
A& A HLA DON/ (mg/kg) 25.30+3.45 a 16.02+0.6.36 b 29.02+4.82 a

T B A YEAREZE (0 =5) , [FW—ATARR/ING FHRR R RN 22 57 835 (P<0.05) . WC. %7K, Water content; SOC . 34 #L
Bk, Soil organic carbon; TN: & %, Total nitrogen; TP &, Total phosphorus; AP 7 %, Available phosphorus; NH}-N: % 7% %(, Ammonium

nitrogen ; NO;—N:fﬁ?&fh, Nitrate nitrogen ; DOC.; A &M A LBk , Dissolved organic carbon; DON; Al A HLA, Dissolved organic nitrogen

R4 ARIBEIBEENER R

Table 4 Effects of different altitudes on soil microbial biomass

. [BER7ERh={73 [DGRIEX = [BER7EX b=y
Altitude/ Microbial biomass Microbial biomass Microbial biomass
fuderm carbon MBC /( mg/kg) nitrogen MBN /( mg/kg) phosphorus MBP /( mg/kg)
1300 1586.02+554.11 a 194.90 +53.88 a 270.98+68.38 a
1450 1462.61+473.29 a 151.15+52.02 ab 106.77+34.74 b
1600 1135.79+201.88 a 114.00+18.10 b 77.25+12.60 b

RPN A AREE (n =5) , W —FIARR/NG PR — L2 AR R K R 22 5 B35 (P<0.05)

3.3 AR L IEPRERAE YR PLFA S H R

AR A AR A ) BEAEAS [A]HEAR R IR A3 A A [R] . Horh Bacteria 254 it 5 K, IR JE Fungi, ACT, Fifi
4R Tt R, AMF, GN, Fungi , T, & B2 TFE (3 5) , #°8 1300 m>1450 m>1600 m, #1 1300 m #EERAA L,
1600 m 4K GN &8 TR T 0.37 45, M AELXT GP Al ACT JC B E 520, A1 1300 m Vg8 AR EE | 1600 m i
P GP.GN B EHEIN T 34.69% , F.B HAHLE 1450 m M3, A1 1300 m ML F. B HLAEAAEL , 1450 m i

W F.B HERE FRT 33.73%,

x5 AEBHIIBEAEIEHER R EHSELLERNRN
Table 5 Effects of different altitudes on soil phospholipid fatty acid and their characteristic ratios ( PLFA)

WENR R AR K Alatitude/m

Phospholipid fatty acid (PLFA) /(nmol/g) 1300 1450 1600
MR ELE Arbuscular mycorrhizal fungi (AMF) 1.97+0.41 a 1.31£0.37 b 1.32+0.39 b
2% PG PHE P Gram-positive bacteria ( GP) 9.36+2.16 a 9.45+1.70 a 7.58+0.50 a
22 GBI Gram-negative bacteria (GN) 18.41£9.50 a 15.89+2.99 a 11.524¢2.31 b
TR # Actinomycetes ( ACT) 4.43+1.07 a 5.20+0.84 a 4.33+0.44 a
H# Fungi (F) 8.93+1.20 a 6.28+1.83 b 5.43+1.42 b
SBENS IR R Total phospholipid fatty acid (Tppp) 43.11£6.40 a 38.12+7.62 b 30.17+4.56 b
B2 CBH TS L 2 [CPIMETE (GP:GN) 0.50+0.07 b 0.60+0.04 ab 0.68+0.13 a
FUBH : A Fungi: bacteria (F:B) 0.33+0.05 a 0.24+0.03 b 0.28+0.04 ab

FHRBE N EIELARERE (n=5) | R —AT ARG TR R A [ EA H) 22 53 {235 (P<0.05)
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Fig.1 Effects of different altitudes on soil MBC: MBN, MBC:MBP, MBN:MBP ratios
MBC . fﬁﬁi%dﬁ%%ﬁﬁ:, Microbial biomass carbon; MBN: fif 4 L7 , Microbial biomass nitrogen; MBP . T W A W) B, Microbial

biomass phosphorus

3.4 HHERUEYIREE AR LR RDA 43HT

DL HERUE D) PLIA A A iy A8 2, 38 i BRAL M B AR 0 SR 5% B AR 52064 T RDA 0 (1 2) o KR[)ifg
PROMG A e B — R IR A T T ARG SR DA (R 4 A B B 255 ) 1 62 + 366 /E 4 PLFA. RDA 43
BraR W1 T 1 DON S50 2% J2 11 PLFA ZBAL SCHE R, RDA S5 —HhAEE 3t 3 Bl i e 128 5 1Y 56.48%
19.90% ,Forp R (T) VE R e B B, R T 3R W e 95 S5/ 81k 1 41.1% (P =0.002) , H 5 AMF,
Fungi, Ty 0 EASE, 5 F.B B,

4 Tig

4.1 R[ENGH T o R B 25 5

SR i R A W R FE A R A TR, Pl TR e e SRR R, T LA ) S e - AT
JIA - SEEREE R RNV MBC A MBN 43 AT HLER AT ML e R e 5 AR b B304, R
It i FEAR IS HR A S R G 5 0 M BEIRAG ER A SCA AN Bl 1 %) | i MBP W 52 e 25 + 39 v A5 ML JC ML 2
FIFE AL R . ABIFGE T, MBN I MBP Y4B 4k BT 2 3% T . 2R Rk 1300 m b X IR B4, A 4L
PRHE T UAE Y 0 AR S P s I LT R, R EE T MBC AR R (H Bl IR 4K T B MBC % &
BRI X S XFAE ORI A R AR — 8, HLah TR BT 2% 1 A B (1400—3100 m) 3
MBC A1 MBN B4 A FFs w3 AL & RS e E Py g F R B2 s v
X SOC TN &4 , #FM g i MBC \MBN & &t , SR M A 5845 1600 m Hb X 9 SOC TN & HEAH LE T4k
1300 m Hb X HIG, Kk MBC A MBN 5 22 Bl i 45 T 31 T B

AWFFERY] MBC . MBN YRR B T L3RR R BLRAE 711, BV T M, MBC . MBN 4 F R34k
1300 m Hu X L AE F MG, 2B 1300 m 4k H 3R A 5 m A 008 3ok, B3R E R HREE ,3X 5 1300 m
MR NOS-N i i S R —3, T 3ERE YA Ykl Lk (MBC . MBP) J&: i it - B E W A W0 i A 3K
PERY T ELIE bR, B RS, B A% T MBC. MBP, 588 1600 m MK + e A Y b o R X =, A9
WAL FNEE AL 1k B b BT R (T 4, MBN ; MBP A] D) 36 W e Wy R R A VR, 9578 L3R iy it
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1.0 1300 m-4 |
DON
1600m-2 |
A
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|
n 1600 m-1 AMF
S 1600 m-5 A TeLea
< Fungi
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B e 1600m3 M
Q 4 A
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& oL o GN
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®
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I
11450 m-4
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JUARZ 41 RDA1 (56.48%)
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Fig.2 Correlations of soil phospholipid fatty acid to soil properties as determined by redundancy analysis ( RDA)
GN 2 [RBHMER, Gram-negative bacteria; ACT T2, Actinomycetes; AMF; A ML E R, Arbuscular mycorrhizal fungi; Tpppy : ABEIE G
JIj2 , Total phospholipid fatty acid; GP:GN:#>% [GFHE R 35 2% [CBAPERE, Gram-positive bacteria: Gram-negative bacteria; F:B: B : 4 1&,
Fungi ; bacteria; DON; A[iF A LA, Dissolved organic nitrogen; WC; 57K 3, Water content; T F-3J4E< I, Temperature; NH}-N; £ 5 4A(,

Ammonium nitrogen

FTORWL . F1 16001450 m A AMIEL , 1300 m 4K A MBN : MBP 35 T [, 6 WA BEIEAR T FRZEMR T W%t p
YRR 1
4.2 NFEHEFR T A PLEA BY75 4k K BR3P 1

A YR RS RGP W EBEA Y, S5 A HUR O, IR AR e R
FTTCI Bl b A 5 R e R A BRAS A I ) TR BN 5, Bl R BRAR AL  BERR T AR AR T 20K 4K e g 4K R
LA RGN 0.6°C ) L MBI B L 2 B ECREE JEHIR KA SE SRR F I, 51k
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