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Abstract

Soil microbes are an important component of soil ecosystem and playing a key role in nutrient and
energy cycling. At the same time, it plays a very important role in maintaining the structure and
stabilizing the functions of terrestrial ecosystems. This study used 8 fixed plots of tropical moun-
tain rainforests at different altitudes in Yinggeling as experimental plots, and used the BIOLOG-
ECO method to explore the variation of soil microbial community diversity under different alti-
tude gradients. The results showed that three were significant differences in the physicochemical
properties and soil enzyme activities of soil and litter in some altitude plots, and the south and
north slopes were different. The order of AWCD values reflecting soil microbial activity was YGL22
(591 m) > YGL32 (550 m) > YGL23 (458 m) > YGL21 (745 m) > YGL18 (1025 m) > YGL24 (800 m) >
YGL16 (1355 m) > YGL34 (406 m); the utilization mode of soil microbial communities on carbon
sources at elevations of 745 m on the south slope was the theoretical mode I, 1025 m and 1355 m
on the south slope, 458 m and 800 m on the north slope were the theoretical mode II, 406 m and
550 m on the south slope and 591 m on the north slope were the theoretical mode III. The func-
tional diversity index of soil microbial community increased first and then decreased with the in-
crease of altitude, which conformed to the pattern of “Middle Peak Distribution”, and the vertical
zonal differences in the metabolic diversity of soil microbial carbon sources were mainly reflected
in the utilization of carbohydrates, polymers and carboxylic acids. The functional diversity of soil
microbial community was significantly positively correlated with soil available phosphorus con-
tent (p < 0.05), negatively correlated with soil acid phosphatase and litter organic carbon content
(p < 0.05), and highly negatively correlated with soil catalase (p < 0.01). The soil available phos-
phorus, acid phosphatase, catalase and organic carbon content of litter may be the important in-
fluencing factors for the altitude distribution heterogeneity of soil microbial community function-
al diversity in the Yinggeling tropical mountain rainforest. The results of this study suggested a
basis for further investigation of the relationships between tropical mountain rainforests and soil
microbial community diversity.
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1. 518§

TN IR U EA L RN EES 5%, S5 LIRNENURS . TR -5 s
TGS, BRI LIV TIEIR . R0 5 ORRE A P R R[] [2] IEAESR, IR 2 AR
TN T . LIS R AR A AR ) 2 S ST AU A R R, [ N AR 2 3 T e
T RERIBEF[3] [4] [5]

BIOLOG i F#i%(BIOLOG-ECO Plate) 2 3 Tt A= PR FH B i P 2 A0 A 1 K S AN (7] - 438 s K
HIAEYIX R 2R, %07 E & RV AR SRR B A I Dhe 2 ietk, BT P, REBUE
B PERGR. EOMEGRR 6] [7] [8]. HAR BIOLOG ik —EMRMRME, HEILTRAN 714197
i EIRRICIE R G 1 AW 2 T 1R TG IR IR B RS AR B S ARV AN T RRAS B AN 2 [9] [10]
HAr# ) 2 N T AFE L8 BRI A 7 a0, s B s, R S R AR w2 5K
TR P S R IR A VIR VR ThRE 2 RE M [11]-[16]. [RIUk, FFEMADREE A 7L B B B BB M
R ME -

PEEHE B ANRY XA T R B R A B IL K R B, TR G R R, XN IR SRR R AR
PR TR TR ORI TR, 23R E #H RS R AR B e B X k2 —[17]. B8RS R X
BAm. BEAIEEE, ASRMET . REMHERSR A, Hartru R 25 TS sy 4
IIARRRIE S 2R L IR AR R, DL R R SV IR R IR G B AS DL AR AR AE
B RGMRESMETLZE[18]-[23] - Bib it BA e % B ey (AT L b AR T IR R E M E & T B
T RLEEE . BEVE L, DA SHh EHRFE SR, SHEHTHCRWBT. Ak, ACRH
BIOLOG-ECO #3A, i 1558 £F U Ry LU b jg PRIGFRCBE P2 11 8 A [l g AE T e L3 AR M) 2 e Ve 7T
DA 7~ LR AR W 22 R 1 1R R AR AE B L 3B A 038 SR R A IR AR BRAR AR, IR R 3R

WICE R L PR A 25 2R 5P B0 R A8 0 A R R 50 o A A R 7 32 (R R o B8 B AR R
X F 7 B AL R
2. MR 5RE
2.1. WFRXEHR
T P B R TR X AR DR AP X (AR AR “ORAPIX ), A& DAY AR B AR 8 R G 9 EE ORI R I

ARSI IX . R Tl Sy h e s R B LK P B, 58 EISE X% AR RIIX . EIE R
FARRI X A5, SATHF 50,464 hm?. (R4 X 8 i i PR ME R VUM 4R3I 23~35°C, 4RF/KEAE
1500~2000 mm 2 [a], FZERFpHI[24]. Ry X R DR, 288, iRty E,; Hh
Al DU R, kN 200~1812 m, d sl B ARG [25]. s AR AOIBRFE I A 1 S5 iR AR (A
JSLF) SRR AR, LA AR AR AR . PR AR . B Lt TR iy LD SRR, e
BRI AAHE L TTURAR SR, A XIS AR A A FC PR B 1 5 B (1 1Aty — I B4V A 4 2 EL A7 [260] o

2.2. MG E SRS E
2020 £E 6 B, EEURY X A [EREER ey L AR RS 8 A& 2 AEHL(50 x 50 m), HEARE B ILE 1.
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FEREAN [ 5E AL HD N BEHLIE L 3 N/NVEERS(10 m x 10 m), EI 3 ANFE . FEREAN/IEEX A BLTL SRR RE AL
KHFE, SRR RAE 2130 em x 30 cm G N IAVE BN BB 48, FRRAER iR 2 1158(0~10 cm), ZFRAE
YINR RFIAHREE, ¥ 5 AR LIER RGN —0FE, AW AHSE T 4CIRIEM R4
SIS, 24 h N5ERK Biolog 7€ .

Table 1. Descriptions of the fixed sample plots at different altitudes in the tropical mountain rainforest of Yinggeling
F 1. WEISHHE LR EIE R E A HR

FEH = 2R g NN ()] R (m) FE I 7]
Samples Number Longitude Latitude Quadrate size/m Altitude/m Slope Direction
YGL34 316,979 2,087,370 50 % 50 406 South-slope
YGL23 329,399 2,108,630 50 x 50 458 North-slope
YGL32 322,965 2,090,400 50 % 50 550 South-slope
YGL22 322,965 2,090,400 50 x 50 591 North-slope
YGL21 337,172 2,100,230 50 x 50 745 South-slope
YGL24 327,701 2,104,790 50 x 50 800 North-slope
YGL18 343,784 2,102,380 50 x 50 1025 South-slope
YGL16 347,716 2,105,320 50 x 50 1355 South-slope

VE: 1. YGL34 %R 34 SEERM; 2. & SEHERA BN, KA 54 xR 5.

2.3. 3R, EEYEELE BN EEEMENE

T FR BRI E R E S (SR ALZE T AT CGRAR LIRS 5 %) [27] [28]. Hor: &
B pH K H 2.5:1 KL LU BEE AN, LEEEKERAMTAREE, LG UK A SR o PR
FRER A - L, BIEAZCRAYLIK - 81 ei, HIRABER A AR - ek,
AR A AR Bl - KGR TR O B, IR ECR R B, LI AR
AR - BB SR - dHEE P LL (05, IO R H IR BRI - KA SR IR ot BEv:: i
BARKMMEAR, SR - S48 - RREFHEAME, TEHESEKHE I O ERIER
ik,

IRV RO T S8 (IR K A ) [29]. Herbe RIEEREG SR A EeEy W ek, HIEmE
W ER R IS ER R At ik, T A AR A L.

YT 85 CHLFAM T R EE, DI R HE e E, RS KE. IEHLT SR,
TR LYIT 1271-1999 (ARMAED) S AAMAE AT 225 B 8. B 45, BEMIDE ) e MyE i 4
B BRI TEAR. Hob WEYAVCR MBS R AL - ARV R A ER A
BilR - BEEUKTH & - 28 e Vs VA AR IR - DEEUKHE & - PUHBE 6 A8 R
BlR - WEUKIE A - KGR F IR e e .

2.4, HI|BEM RN E

2 5 5 AR NI B I A, BRI AT FREUEE £ 10 g I EI%EH 90 mL 0.85% NaCl
KA. ER /KA 250 mL =B (R N 5~10 ALBEHEEK), 120 r/min #ik% 5557 30 min, RN . H
B IR A A VKR ERE 5 min 5, BU5 mL 3R N2 N 45 mL FEEE /K1) 100 mL =
AR, RS, EEMRE 2R, 53 1:100 (ST ELSIA M. FHHEFGIREL 150 pl +
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R IR AT Biolog-ECO “FAR [ 96 FLH, 28°CHEIR 41 FiELLR; 9% 9 d, 4% 24 h H Biolog H 3
BEECEL N 590 nm Al 750 nm AL HIWOGAE, 0 EIE IR IR, H TR S50 1 [30]

B AR AL 2 (Average Well Color Development, AWCD), tHFRFIIMRGIE, FRIEA, 354
T B M ) 1 B AR 0 S ) P& 1 [31] . Shananon-Wiener 55(H (), ARSI EE
B, FaplRH RBIR EE G AL (C-R)ELR T 0.25 fIFLANEL. X TR fh U, 20 R BRE A
YRl S ARG A SIREFE I 45 A Fa AR [32] . Simpson 85D 18), AR ETR S, FRIP R
PRI, ZARHON & AR BUR, RXAEY) 2 R T T R PR BE & . Pielou $a4(E ), XHR
YIS AR E, BRI 2 A S i K2 FEMER LE 2R, i@id Shananon-Wiener $85011 5 H FIRS .
Mcintosh FE£(U ), &3 T & YRR 2 42 (7] 1Y) Euclidian FE 251 2 B4 51 [33]

(1) AWCD = [¥(Ci - R)I/n, =H: Ci AFTIE R 31 MBsIR AL OGS, R AN RRFLIII G, nh
B FRFE M BR IR A 2E(ECO BN 31 F);

(2) H' = =Y (Pi.lnPi), 3 Pi AR i FLARXS RGBS 8NP BB S A E, Pio= (Ci -
R)/Y(Ci—R), FonA 5373 BRIR) I FLA IR FLAL) B 2 Bl 25 5 B ZE i LAl

(3) D=1-YPi%

(4) E=H/InS, b S BRI HMBRIE KL, log iEH e NK:

(G)U=yni® XH: ni=Ci—R, 2% i fLAHXROEME, 38 EHE R SR mIE % .

2.5. BIREATES SrH

B B N Ml + Faiis, B SPSS22.0 (IBM Corp., Chicago IL, USA)RT & 25 i A 2 %
FEME B 34T B DR 35 22 43 HT (one-way ANOVA) A =E il 43737« Pearson AH G R EK 2 Hr 35 K R 75 7 22
A R B i P AR AR MR TR 2 AR R R R

3. B/RESH
3.1. ARLEH - RIEE BN B A FHE

Table 2. Soil physical-chemical properties at different altitudes
Fz 2. TR T IRBAM R

N 3k . S , e , N R
P T o R eE WM BAR SR AW AEm em
Alka- Ammo Avail-
Sam-  Alti- Organic li-hydr nium . Auvailable able
pling  tude pH matteir1 /-{;f;_'}l) olyzed N/(Er}g- /'(\lnllt;lzeg_'\ll) /'(I'g(fgl_lf) P . /-{;f;_}f) K
plot  (m) Ngkg™) N/(mg- kg~) [(mgkg™) A(mg:
kg™) 9
93.97
YGL 406 434+ 36.80% 137+ 9795+ 2054+ 3.62 £ 0.16 £ 134+ 14.69 £ +
34 0.08b  8.31cd 0.27¢c 71.02b  7.79bc 1.04d 0.01c 0.20d 243bc 1258
bc
158.15 1534
YGL 550 492+ 3220z 1.02 + + 2192 + 224 + 0.10+ 181+ 3219+ 1+
32 0.2l1a  2.41d 0.23d » 9.58bc 1.20d 0.01d 0.30cd 5.19a 73.56
16.18a ab
YGL 745 482+ 3880z 199+ 6991+ 18.30% 17.26 + 040+ 2.69 17.05+ 81;43
21 0.22a  1.27cd 0.08b 5.76b  2.99bc 2.09b 0.03a 0.43b 1.70b hy

1.18d
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168.3
YGL 1025 439+ 64.09+ 230+ 56.74+ 39.18 + 11.39 + 012 + 2.66 + 30.12 + 7+
18 0.06b 3.75b 0.19b 0.75b 7.93a 6.61bc 0.01cd 0.22b 1.34a 52.88
a
116.80 115.6
YGL 1355 3.85+ + 415+ 8458+ 4246+ 41.08 £ 0.35+ 250+ 10.09 = 4+
16 0.06d ~ 0.15a 3.57b 6.73a 6.32a 0.07b 0.30bc 3.57cd 15.61
17.66a ab
118.6
YGL 458 483+ 3021+ 125+ 7551+ 2382+ 570 + 0.16 + 4.44 + 11.21 5+
23 0.20a 1.92d 0.08cd 4.86b 4.75bc 1.80cd 0.02¢ 0.58a 0.86cd 5.03a
b
419 + 93.93
YGL 591 O 106 29.43 + 1.34 + 76.38+ 1553+ 14.67 + 0.16 £ 3.88 + 6.38 + +
22 ' c 3.29d 0.13c 4.67b 2.26d 1.30b 0.00c 0.91a 0.63d 38.59
bc
3.97 + 81.16
YGL 800 0 03c_ 50.20 + 202+ 8738+ 2762+ 11.39 + 0.14 + 131+ 10.38 + +
24 ’ 5.24c 0.18b 8.99b 1.58b 5.10bc 0.01cd 0.00d 4.82cd 11.37

d

VE: FIRIRIRLING 5 RS 12 4 b B 2 1] 75 5 2% (p < 0.05).

M 2 ATAE 1, AFEMER A 43 pH AT 3.85~4.92 2 [A], JR TR 38, Bdiptih 1% pH B
RO T e T F R BRI, 1355 m i SRALREHL) pH 235 iRAIk; LSe35 pH BEIEA I T e 2 B
i, 458 m ¥R ALFEHL Y pH 3% B mi(p < 0.05). AN [FIFHR A b+ 34 HL & & 29.43~116.80g.kg ' 2 11,
AR BEIFHR I = 1T v, AN 3 M HRORE H ) 72 S (. 3 (p < 0.05) o AN [AIVAR 138 4 8 & = 7E 1.02~4.15
g-kg ™t ZIH], BEARBEEEIR T T, SRR ) 2% S 3 (p < 0.05); N R HRRY b AR A
SRS R S BRI T m S IAIU AR, (SR 43 PRRf b R) 22 57 2.3 (p < 0.05), B S0 A1 A
BEEEDHITE 550 m Al 1355 m ik b 2 2 5 =i (p < 0.05), ML Z & &AL 591 m kAL 22 HAK(p <
0.05). AN[FJFHR AL 398 4= AN A5 R4k & 840 JIAE 0.12~0.40 g-kg * A1 1.31~4.44g-kg * 2 8], ¥JBEHFIK )
THE 2 IARNAZ L, HIFE 745 m IFHR AL 23 B mi(p < 0.05), B/t b e 22 7 53 (p < 0.05). A
I Y PR b - 438 s A RS 5 5 B 20 T AE 6.38~32.19 g-kg A1 81.16~168.37 g-kg "t 18], HBEIFIR T
SEIAHIAR b, AAE SRR B ) 22 5 5535 (p < 0.05), A4 S A 025 & 40 79I E 550 m AT 1025
m R A I

M 3 FTLAE H, AN [EE R g A A . R PR B R G DL A IR & & 4y AITE 2.50~3.64
mL-g -20min™'. 1176.47~3067.77 mg-g "-2h™* fl 460.79~858.86 mg-g -24h™* 2 [&], HBEHE T = ZHIAR
FUNARA, HALTERR itk pe a2 e %, Hop BRI S A & & 7E 1355 m kb R E Hmi(p <
0.05), f£ 591 m g4k Ab . 3 S i (p < 0.05); - 3F R VE IR B A1 DRI 75 B 3578 1025 m 4R Ak 55t i

Table 3. Enzyme activities of soils at different altitudes

3. TRIERIEM T IREGIE M

HEHR/Altitude 4 A A/ Catalase F% 11 i B2 it/ Acid phosphatase JIR A/ Urease
(m) (mL-g~*-20min™Y) (mg-gt2h™ (mg-gt-24h™)
406 3.01 +£0.05b 2438.60 + 212.95b 577.82 + 90.97bc
458 250+ 0.17¢c 1271.67 =+ 185.87c 469.33 + 34.88c
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550 2.63 +0.44c 2298.53 + 258.77b 665.81 + 98.61abc
591 3.27 £ 0.09d 1217.57 + 45.26¢ 460.79 + 126.99c
745 3.18+0.17b 1176.47 + 75.80c 632.49 + 56.50abc
800 2.95 + 0.51ab 3006.20 + 183.78a 673.49 + 150.10abc
1025 3.26 £ 0.13ab 3067.77 £ 209.61a 858.86 + 169.98a
1355 3.64 £ 0.05a 2798.90 + 197.60a 738.42 + 201.10ab

e RIS RN 7 BACERAE SRR B 2 18] 22 57 12 2% (p < 0.05).

M 4 aTRLE Y, ASFEVERAE A VA Y E R RN, VA A A P R A B ) T
R I AE AL, 591 m MG IR ALFE R VA VA LB & B 3 B (p < 0.05), HARIRALAE BTN AEHR 731t
PR Hb ] 22 57 32 3% (p < 0.05).

Table 4. Litter material physical-chemical properties at different altitudes

F* 4. TEISFRHEZIBUMER

a7 BKE AL/ s K i vEY T
Altitude ~ Water content Organic matter Total N Total P Total K Dry litter weight
(m) (%) (gkg™) (gkg™) (gkg™) (gkg™) ©
406 14.29 £ 0.0d 451.77 + 29.40ab 9.52 + 0.66¢C 0.27 £0.03ab  3.56 £ 0.84ab 90.61 £+ 25.34a
458 4.20 £ 2.34¢ 429.77 £38.03ab  13.18+1.25a 0.51+0.12ab 3.28 + 1.41abc 82.21 +£22.09
550 43.44 + 455b  421.90 £ 34.64ab 9.72 £ 0.83c 0.32+0.02ab  3.54 £0.32ab 153.58 + 47.83a
591 31.75 £ 5.62c 380.97 + 63.87c 10.31+1.10c 0.44+0.04ab  3.68 +£1.05a 132.63 + 10.96a
745 38.98+1.16bc 419.93+32.48ab 1347+1.12a 0.76+0.07ab 3.35+0.79ab 92.61 + 14.80a
800 16.39 + 3.51d 431.60 £0.96ab  12.30 +0.49ab 0.34 £0.04ab 2.61+0.15abc  124.99 + 39.90a
1025 56.14 +3.24a  439.77 £57.59ab 11.08 £1.10bc  0.28 £0.0la 1.88 +0.34d 158.87 + 81.03a
1355 36.34 +5.93cd 484.13+21.15a 12.75+0.41ab 0.42+0.02b 2.17 +0.32bc 143.61 £ 23.10a

e RIS E/ING 7 BACERAE SRR B 2 18] 22 57 12 2% (p < 0.05).

3.2. NEEH T RAE YR8 & BURARSHE

M LA, 24 h N RIERUE VIR ERUR, BEEMIRTIR 24 h 5, SRV RPIR PO N, S
RFEHL AWCD {2 AL 3 . BAASKRE, 591 m R ALY AWCD {E#=, 406 m kAL AWCD {8
A, AR AL ) AWCD {EAH . BT AR B)  39 i AE VR V5 R L BRIR B8 1A, RS TR 1)
U5 R P A 2 R AT A AE MRS I 22 e . W 4R AWCD 8 B 28 A L I 0 (1] 1)IEFT LA Y, B9 745 m
IR TIB R AEAMA Y E 2 BMBEE R, J8 T LIERAEY R s 3 i 1 Jbdk 800 m 1
P4 1025 m. 1355 m iR ALFE L IR RV MR SR (AR R, B T IR YR RRR B B
3 1 R 406 m. 550 m AL 591 m FIk AL - AR ) R SRR S B B 2 H R R E
FEAR, JET IR AR e 1. kel L, 78 “4IK” (406 m. 550 m A1 591m). “Hi” (745
m). “i” (800 m. 1025 m Al 1355 m)ifgtk Ak R I 1 AR B U R AR, 48 s D0 B B 0 AT LU b
FRAN RN Ak L 3k AR B U S5 AN TR
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Figure 1. AWCD dynamics change with incubation time at different altitudes
E 1. TREIGHR TR E MRS I8 e T U R ML

3.3. FREIEHR TR WFI A A ERGR A58 B FHE

AN RN AT TN AR b IR AE B TE X K A S 26 FRIR S, REEIRIE. ZRWIE. MR
HEIEIN RIERIF IR FH AR TR 2-A, 15 2-B),  BEEFIE A 1L 3th F AR B4 s o = 33 A e v o
WIS IR FAB AN R], A [ AR b L IR AR B T8 0 B U R FZ FEAN IR, EL RSN b A A e 25 57
VAR 33 ) e ) i)~ 394 A AR P DR D 5

ML 2-A BT, BESRAS [R] Ak L A AR WD TR AR BRI B IR 22 7 AN 8.3 (p > 0.05), Sk
BRI B A FHAE 550 m iR A mr, WHRIER S BRVE IR FHAE 1025 m g4k kb =i. 550 m. 745 m. 1025 m
1355 m PUAN PR Hh T S5 Gl A= WA U 6T 22 SRS B R FH 22 AN S5 2 (p > 0.05), {H4 2 1 T 406
m 4R A (p < 0.05), H7E 1355 m g4k b i . 3B EDBETE S oKL BP0 BEERS . TR SHIcUR 1)
I B R T e S T i JE BRI, 1025 m g A AR R - SRR AR A T 0o T R SRR ) R FE B, 1025
m A1 1355 m P 1 R A PR b L SR AR A X Ty T S B ) R 3 R T 406 m ) AR gk
Ab(p < 0.05), 745 m ] “ 7 HEHR A AR Rl SRR AE MR X I BR SBRVE 1 R A 5 406 m AT 550 m A
K7 IR ZEF AR E (p > 0.05). 550 m ik Ak LI AR AT B KA B ) RN S R R 2R DR T R
e, Hos XMRRKA G Y2EmERI A, 550 m gk Ak 35 = T 1355 m ¥4k At (p < 0.05), 5 406 m.
745 m 1 1025 m 4R AL 7 AN 3 (p > 0.05); X ZFERRRARIEII M A, 550 m Edk AL 2 2 T 406 mifg
PRAMEFN 1355 m iR AL (p < 0.05), 5 745 m 1 1025 m 4R 42 F AN E (p > 0.05). FSYAS A ik 184
AW E A AN [R5 (fFe R R BR K BR A IR [R], - [RIRE 00 B T R 3 AN Rl R IR AR MV 25 A
] o

M 2-B w51, G FIGIR T S R E T B G BEERRE . 2R MR, Ik
FNFRER IS RIHHIR B A I BRI AR 0 T e T JE BRAIG, Horr: RIS By BRI R ki %
FAREZE P > 0.05), HAE 591 mifEkiiE; WKL WSBIRAFIE, 591 m i) “d” kbR E
BT 458 m i AR IEERORT 800 m ) “TE 7 MR AL(p < 0.05), A7 MHEART “wE7 R ERAEE
(p>0.05); X ZEWAREIFHFIH, 591 m ) “rd” #HRAab 2% ST 800 m ¥ “i&” kAL (p < 0.05),
T AR R R ZE AR (p > 0.05); XTRERISEIERIRIA, 591 m 1) 7 iRk AL B
T 458 m ] “AR” Mgk AL(p < 0.05), “AIR” HFHRACAT “rE” WAL ZE R A R (p > 0.05). AL
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Figure 2. Different carbon source utilization by soil microbial community in different slope directions
(A: Southern slope, B: northern slope) at different altitudes
E 2 TEEEA: B, B: dtif) A EIGHR TIRHEDREEX R E IR FI B

3.4. AEIEETIBAEMEEIIGE Z M IR BT

M5 AR, BEEFIA AT L L R AR I RAE VS Mclntosh $520F1 Shannon $8 20844 i it 4 ) T
i Je Tt i B, Mclintosh 5 £/ 591 m ifg 4k A 2 35 5 ey, #4040 AR Hh ) 22 53 (2.3 (p < 0.05); Shannon
FEEAE 591 m gtk Abfe s, S RFEHL A 22 5 AN B3 (p > 0.05); Simpson 5 EUAT Pielou 530 7E %5 if
RREH ) 25 B AN 2 (p > 0.05) . 45414 1, &N 591 m 3k AL (Y GL22) AT 1L Hiy RS AR - 338 ik A= vk 1k
55
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Table 5. Functional diversity index of soil microbial communities at different altitudes

5. TRIBRHTIRMEMREE R S MR

Diversity Index

P R CK)

sample plot  Altitude (m) Mclntosh 4%t Shannon F5 4% Simpson f&% Pielou R %¢
Mclntosh index Shannon index Simpson index Pielou index

YGL34 406 6.54 +0.73c 3.35+0.35a 0.96 + 0.01a 0.98 +0.10a
YGL23 458 7.40 + 0.08b 3.41+0.18a 0.97 + 0.00a 0.99 + 0.05a
YGL32 550 7.47 +0.19b 3.40 £ 0.08a 0.97 £ 0.00a 0.99 + 0.02a
YGL22 591 8.23+0.12a 3.42+£0.02a 0.97 £ 0.00a 1.00 + 0.01a
YGL21 745 7.31+£0.58b 3.41+0.22a 0.96 £0.01a 0.99 + 0.06a
YGL24 800 7.19 £ 0.04b 3.39£0.05a 0.97 £ 0.00a 0.99 +0.01a
YGL18 1025 7.38+0.21b 3.38£0.08a 0.96 + 0.00a 0.98 +0.02a
YGL16 1355 6.74 £ 0.37¢c 3.39+0.12a 0.96 £ 0.00a 0.99 +0.03a

E: BHRE—FIFREAR, £RZEREE (P <0.05).

3.5. PEIGHE BB EIEENRBIIGEER T
$EHL Biolog-ECO fF4i I 144 h (1) 31 P IEIRAIFI G BLHEAT F o o0 br, 459, AEiER L
B — E R (PCL)FIEE 2 F 14 (PC2) DTk 2 43 7l A 32.38% A1 28.47%, FiHUikk#1A 60.75%, =&
TR TE B U5 R AR S (0 R BRI, HoAth 3 e A7 AE — 8 B DTk (14 3). YGL34 £ PCL [ 47 34553
FHr 5 N-1.9228; YGL32. YGL21. YGL22 #1 YGL23 ¥Ifr F4rF PCL #l “Ie 57 Mk, 159 R¥HE
—0.2119~0.94139 2 |i), PUREAIEARREN—F%; YGLI8. YGLI16. YGL24 HfiiT PC2 Hy1EH, 59> &%k
7f 0.6108~1.3135 2], —FfmiEAREN—K. 54, YGL34 i T PC2 [)iEys, 185> RECN 0.3245, Ky
B %, HUERT A, PCL AT PC2 JEARRE X 4 B RFIe AN (AR 3B A E M BV R A, “fIK” (406 m).
“rh” (458 m, 550 m, 591 m, 745 m). “=” (800 m, 1025 m, 1355 m)iEk 2 F M IR M B RRVE A o

0 ) O YGL24
mYGL32
AYGL21
6 OYGL18
1.0 1 avGLi6
—_ ®YGL22
é © y YGL34
: YGL23
% 00 ]
o
)
£
1.0 i - [ ] A
20 : : . : : : .
2.0 1.0 0.0 1.0 2.0

PC1 (32.38%)

Figure 3. Principle component (PC) analysis for carbon utilization of soil microbial communities at different altitudes

B 3. FRISHR DIEMEYRERRFI B ER S R

K B A3 R A BRI AWCD ERUHSC B, RIZRAG 31 Ml fe 2 A3y BRI
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fAr B, B PRl T, SRR IR SR I BEEOOR, P Z A AOAR S il . AR 6 AT, RE ARG
A RIS LR AR SRR, A 31 ARBRIE R S PCL WA SC(F M AHR R E > 0.7)ITIRA 7
Ff, o 5 RIERSR, 2 FARSC, alJE TROKL G 3 Bl ZRWISE 2 B, FRIRSRMEIRIES 1
iy 5 PC2 m MR IBRIEA 8 Ff, Hrp 5 MM, 3 MR, HlE THRKILEWE 4 F, =
TRIRYS 2 B, R Z YA LFh. L7G5 PCLHI PC2 i JEAH R HIBRIES AL T W, 7E 2 oy 47 B
TR E RO G 2 RRAVRIR IS AT .

Table 6. Loading factors of carbon sources utilization of soil microbial in tropical mountain rain forest of Yinggeling

3 6. RIS AH L AR DR M E EF BBREBEEF

NN . TR K R E
Type oﬁfﬁ fritn%source Caﬁfmﬁif‘oﬁce Comelation Index
PC1 PC2
D-#f- 4 —¥¥% D-cellobiose -0.207 0.810
a-D-FL#k a-D-lactose -0.279 0.577
B -H3E-D-#E FEEF B -methyl-D-glucoside 0.232 -0.715
D-A¥% D-xylose -0.534 -0.224
ARSIk i- 7R EEFERE i-erythritol -0.523 -0.775
(Carbohydrates, CH) D-H % D-mannitol 0.778 0.247
N-Z.Ft-D %% ## % N-acetyl-D-glucosamine -0.392 0.371
1-T R8I % % glucose-1-phosphate -0.029 —0.840
D, L-o-BERH M D, L-a-glycerol phosphate -0.830 -0.108
D-2£ L R -y- N i D-galactonic acid-y-lactone —0.865 -0.098
L-#& 2% L-arginine -0.697 -0.232
L-K T4 B L-asparagine —0.641 —-0.073
FEK L-Z& & L-phenylalanine 0.037 0.784
(Amino acids, AA) L-22 %R L-serine 0.214 0.344
L- A% L-threonine -0.250 0.823
HEW-L- B2 glycyl-L-glutamic acid 0.482 -0.576
D-Hi % #E %1 D-glucosaminic acid —0.566 0.619
D--# WS HE D-galacturonic acid -0.579 0.454
o I EREZ g pyruvatic acid methyl ester 0.162 0.882
(Carb oxfﬁigfﬁ ds, CA) y-¥2T 8 y-hydroxybutyric acid 0.645 0.280
AKX FEIR itaconic acid 0.595 -0.018
o- T BAR a-ketobutyric acid 0.816 -0.265
D-3F 4% D-malic acid —0.259 0.345
A K 2-$2 ¥ K R 2-hydroxybenzoic acid 0.510 0.249
(Phenolic compounds, PC) 4-$2 5L K F R 4-hydroxybenzoic acid 0.922 0.257
i35 40 Tween 40 0.698 —0.653
P2 UL 5 80 Tween 80 -0.477 0.709
(Polymers, PL) o- MK o-cyclodextrin 0.706 0.485
A4 glycogen 0.929 0.069
Fie 2 Z.J phenyl ethylamine 0.188 0.424
(Amines, AMI) Ji] putrescine ~0.682 ~0.655
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3.6. NENER TR EMEERA S TR REE XS4

M T RTRR, B RFUS FAHE 1L RS AR IR A PR DhBE 2 L Mcintosh Fi5 5505 B AL L SRR Sk
FEERMRICOUS FAC AR > ARmE > IRIEBEREE > AR > 2% > SR > & > Rk
pH > AHASE > A > BAFE > 8. K. 5 pH. &8 AW EAE R, SHMmEL
7 Z AU 5 MR35 IR % (p < 0.05), SidSA b, BRVERERRNG &% 740 K (p < 0.05). +
SRR DI RE 2 FEPE Shannon F5 %L, Simpson F54URT Pielou #5455 3 BAL RS SC P 4 XHE 415K
/Mr<0.2), HRIGHRBAMR.

Table 7. Correlation analysis of physical-chemical properties and microbial community functional diversity in the tropical montane
rainforest of Yinggeling

= 7. EREAE L IR DRIR A R EE M S YRR ThRE S MR

\ " N A _ y

J] oY Bl 7 N "‘;{‘L"Q‘/j_‘ . . - iR iR
BRI e e awm o T mum m WEE g TR
(Diversity - pH (Organtic  r\o 7oy (1) (achN) # (ak) (NHat (NO3 Tcatalase)  (ACIAPNOST(joace)
Index) matter) (AP) ( N) N) phatase)
Micn'g;?fh 0176 -0.389 —0.365-0.221 0.015 —0.016 0.461° 0.131 -0.252 —0.16 -0583~  -0418° —0.181
Shannon

e 0.025 -0.021 -0.026 0.024 0047 0088 0.101 0117 0089 —0.04 0077  -0092 0032
Simpson

e 0113 0093 -0.064 0.061 -0.104 -0038 0.168 -0.149 -0.206 0022 0149 ~ 0208 02
Pielou index 0.025 -0.021 -0.027 0.024 0.047 0088 0.1 0117 0.089 004  -0077  -0092  —0.032

F: n=24, "FREEMK(p <0.05), THRANEEF(p<0.01).

3.7. RNEEHR TR E DEERA S S AE R RAOBEX o4

Table 8. Correlation between physical—chemical properties of litter and functional diversity of microbial community
7= 8. AR RS REIRTETIRE SRV

EZEUREE iR/, TKE ALK Eoe ER: il
(Diversity Index) (Dry litter weight) (Water content) (Organic Carbon) (TN) (TP) (TK)
Mclntosh index 0.283 0.151 -0.478" —0.002 0.161 0.092
Shannon index 0.235 —-0.011 —0.038 0.175 0.061 —0.165
Simpson index -0.273 0.04 —-0.129 —0.049 0.167 0.261
Pielou index 0.235 —-0.011 —0.039 0.175 0.061 —0.165

i

n=24, "FREEMK (P <0.05),

TR RS LIRS RE WA, FEY T RRFRES RGBS TR —,
X AR AP BRSO T B E A, & RIRANUR M R ZRIE . VR 2 sg e
BAEEYER, N T RREY S LIERE RIS DIRe 2 R Z R OC R, X B VR ThRE 2 4
TS VATE D IRANE FUEAT ARG 2 BT R 8 TTLAE e, BSEFUE R LU b AR 38 A E MV Th RE 2
£ Mclntosh 8305 TE YA HLK & & 552 U 54(p < 0.05), S5 RITE oA 3R Ak, 14 55 2 17] 55 40 S B A% 59 4H
%, HEAMR, HIEMAYRETRIRE 2P Shannon 550, Pielou 5% Simpson TE%0 5 H 731k
PESSAH GBI §9AH G, HEBEAFR.
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4. #Hg
4.1, BTN TIRFE 9T ARSI

WGHRBEFEI E T gl A% RN 13055 A SERE R - 10 AR Ak, IR SR B E T AR R
M8, VB, RS RESE T, B IR YRR A 2 R EARE . AR AN [
POBHIE T T3 D EETE () AWCD (B S5 BE R 8] 1) S KT b7, H8 4k B pEg 4k BT 2% F TG T R
Vb, Z R GRS TH. KT R ESIH S REA—F[10] [34] [35], 5 RME. #i4E.
RGP 45 AN —2[36] [37] [38] [39] HHULAEM, AHIF 7t b B RF 0 FAHT 1L b R ARAS [R1 g 4R 39 i 2k
VIRETE (1) AWCD 1B IR ARFAE v] BE A2 T 8 B0 P i AN IS VSR A TE 45 2R, e i . a4k
SR AR A Tl TR 1 A e EE LS M R T
4.2. FRTBUX TIBMEYDFE RS IR R AR I

g A P R B R AT A 50 B e SRR VIR TR TR IR 2 R, PR 2 R R BT
22 ST S B T 3 Y 2 R, BV 2 AR ME TR EmT B SR 7 3B B A W R s )RR BE [40] . 1l
ARSI K T B UCAIEY R S TE T B L 2R A B I R R, X
PR O DA MBI FUE S, SR TE 3 B R 1 10 25 R P 20 A [R)RE A7 78 B0 00 AR B A 34 20 A B4 [36]
[41] 6 AT 5 H B BRI By LU kb R AR AR 25 28 G ) S0 A D A& D) 6 22 FF 1 i MO AR BB 4 1) T v S 189
JE Uk, IR A VIR TR 2 KA T B AT B A B B B R R B 3 RIS R B Shannon,
Simpson A1 Pielou 8407 & 44 18] 2 AN .28, Mclntosh 8800 LE #8704k 18] 2 53 2. 25 591 m ik Ak
FEHBI Shannon #5%0F1 Mclntosh T5 803 5 &, 406 m 3k AL AE LY Shannon FE505 k. HILAT W, H9EF
W FHT LB R AR rp” HEIR AR AE MR SE 2 AR A3 5), FIRBRIE 2 HOREER, BRI T (L RN
AR AR ACFE - AE PP SRAR X B AT AN 5] o 456 1338 SR T ) BRAR ot S Bl i 1 S5 T A 4
T The 2 AR VE RO AE DG 25 B (32 7~8), HEII RS EFU& A Ll by Y AR - S35 A i 0 D e 22 RE P 1 3 b e
P 22 S TR e 2R 2 1 e R HL e i ) L3 5 o P SR A O

4.3. WRTAX TIREE DB E T AR B A F AR R

WER AR A M R S5, HIRIRVRIE . KAy 34y, HIEHEVUR AT, Bk
SO I E RV T RE AN 45 Ky [42] [43] [44] [45]. ASHE 70 % B0 48 BF 04 205 Ll dth R AR G 1 “AR 7 g4k
Ak, SRR A R T e T SRR R S i Y 1 ) PR R FEE ARG B v, %o 22 SR A I 1 ) FH R JE AR G
B RSN . mT OEIRAL, SRR VDB VE I 2 RR TR S IR 0 R R ARG B, X oK
B 2 B R R FEE AN 0 o b3 25 T Ak %) 3 i A ) e T 0 S e e S i 0 P ) P R P88 A X 8 v
X ARKAG B P B B R FE BE AR A . RIRBE S S R S R B RIWME . S5 1 Fi4s RA
[F][38] [39] [40]. -4y N\ Bkt 10 P 24 5 i 38 A A A A e 5o i I P ) P s 88 0 R P RS [46] . AT
FUH R 745 m R AL A I SR A A VA o Bl R AR O B AR S 1, Rk 1025 my 1355 m b
Jb3 458 m. 800 m 4R AL AT Hh - S R AR WA U N B PR AR O BB 11, P9 dE 406 my 550 m
AL 591 m g HR AL 1 - S8 0l A= W0 R 0 o U 1) R P AR O B A 1. RV 2HL AN 45 4 T e
T I 5 AR B - BRI, T R R MR VA A RN S5 R, B T BN TR R Ak - R
HVIThiE 2 FEME I 22 TAR[4T] o S5 A AN R HRORE HAE A S - 3 B Ak 1 T R A, HEDUTE 1 Z R IR 710 £
R HAEME A0 R/, R A0 43 3 6 A [ R AT 1Ly b 9 AR L 3B A 0 R 0 R A R
SR 7 AR E L R
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4.4. WRBU LIREEVEERER W SRR

TRy 73T BB R SRR E R D REBUAR IR UM ER & 22 57, WS (K 00 4 847 LA
PRI T 26 735 TR FH IR AR DG, A0 aa e DR 1 (R v IR S 1 2RSS T Jl 2 (R S R P2 [35 ]« ASHIE 7T
R BIIAROR 2 30 25 5 MR B AR s 1L R AR S AR M e IR, R E T B A 22 PR 1Y
e ELbA P 22 5 R B UE X BOKAL 5098 . 2 RVRARIRR IR A, 124585 DAE R 2 B mt
FUEERA—H36] [37] [38]- MATHAA, WA EVRIIBITEE AR B AR T R E 2, BN KRE
BORIRWE IR B DUE F7Y0 s TR AR IS W VTRIR AN 1 B B FE B S5 WR SR 5 [48] o B AR H4HT 1)
Ho R MRS IR AE SR AL I R . S IR TR E I A A s S IR T RIS, AR R T A
MR 2 RS AE R TIR AR o H eI, SRR T LI b R AR R A A 2 A 1) T
LT P 2 T B AT L R AR R . R AR R AR B DA R R R R

4.5. IFETE T RN A MR R ThRE S A RIS

AR IR T R VA SR DN s IR R MR I S MR R, TR I
FRE PR T 1) 2 B 558 AR FH 3 350 A9 A 4 2 A e 2 B 2 [ B 2 384 o Ak 22 (I 9 R I AL pH -
A AN OB SE IR AL R AR A S e LI AR M) D e 2 BEVE I A% (R AR 4K [10] [35]. AN TR L
B E WD BEVE ThAE 2 FF Mclintosh F8 50515 R0 2 3 1IE AR 9%, 153 S8 A S R IR 1k Tl I e v 2 S8 3 7 A o5
T IEFEYI VR DI REZ FEME Shannon $E%L. Simpson R0 Pielou f85(E) 5 3L PE AR S9AH G, B
AR WEUCHEDN, LI R I S S AN R A 8 TR T M e B RO AT Ly b AR L R A AR
% DI RE 20 FF 11 B g AR60 FE AR i L (R e R 1

4.6. REP™ LR EDRRIIRES IR

PR 2 B 1L T PR AR AR AR 38 R G0 = U b Y B A R Ay, R A Ll PR AR 7S R i
AR R FEZORIE, 2 LIRS AR Y PGP RAL[49]. LIRMAYI Lo il M, RIS 5/
EBRG TR FAGA GRS, RVHTEYI R 3R DL S A WA A 8 R 55 R 0 5 AR B) [ 7
Z—[50]. ATt A BLES FF & Ay Ll b PR T 3B BAE MR TR D Re 2 FEPE Mclintosh $8 505 TR IA HLRR &
BEEAME, SEED AT PR SS; Shannon F63. Pielou $E%UF1 Simpson $i& %5 5 8 74 4 % 15
AP ARAR ITAH G o 45 S U 55 B3 % AT L M Y AR AR S R G R VR I B N B2 Bk S R R R AR )
FHIE DR Z FEVER) Mcintosh F84, (ENT IR AR Shannon ZFEMEFESL. Pielou ¥35] BEFE4AN
Simpson FREGFEMIA K, %45 R 5 A Fi 45 RAFAE — @ ARRME[47]. Ji4h, A TIE R ISR
MRV T HE R A RE, (FRRETEY A VLR S &R R A 22 e 2, R AN R vE 2t #aaty
Ly b Y AR R R A B B AR 2 AR MR R R R TE T RYE R B AT R A, BRI R, R
WU A 5 e L 3B A A 0 D e 22 1 1k 1Y) B SRR TR

5. &ig

BRI PR 1L s R AR SR AN VE M PRV E T . SRS R R AT B U, B AR A
Z5 i, HRBRAIEEAE . AR IR EREE 1) AWCD EAF, pH 2 FZ K0 T
AN [ TR - 33 i A o B PO R RS SRR PR FEAN T, S A P i A A 22 4 28 1 e b o 12
£ E RO Y. 2 RYIFAVRBIIZMA N £, B Rk ZER B . HIREEY
TR D RE 2 AEVE TR B IR I T e G kb, 7565« rhide oAl 7 W JR . T IRRUCEYIREVE I RE Mcintosh
REAER MR R 2 B2, S HIRAMEEREE EMX, SHELAAENR. RIEPRE. HEY

DOI: 10.12677/amb.2023.124015 143 TRAEAI T I


https://doi.org/10.12677/amb.2023.124015

Al
=¥

HO
iy
B

AR S R TS, HRSEAACSAN A s A ore st 3R E I REVE e Shannon 5%, Simpson
TREA Pielou T4ZER AR, 5 FAMBEYENE BT DU s R g o0, HEAM K. HRA
Wk BRVEBEIRME . L AR ATV HLBR & B T B R Ay L 3t R AR SR A MV D g
FEVE et o0 A e B ) EE M R 1
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