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Abstract; Soil microorganisms, as the main decomposers of forest ecosystem, participate in soil nutrient cycling and play an
important role in maintaining the functions and services of soil ecosystem. It is of great significance to study the seasonal
variations of soil microbial community structure and functional diversity at different elevations, which help to maintain the
soil ecosystem stability. Soil microbial functional diversity is an important index for reflect the structure, function of soil

microbial community, thus influencing the overall dynamic changes of forest community to a certain extent. Therefore, we
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took the forest soil on the south slope of the Daiyun Mountain ( elevation 900—1500 m) as the research object, measured the
soil enzyme activity and soil physical and chemical properties at each elevation, and used Biolog-ECO microplate method to
explore the seasonal variations of soil microbial community structure and functional diversity (summer and winter seasons ) at
different elevations. The results showed that: (1) The difference of elevations and forest vegetation types will affect the
carbon source utilization of soil microorganisms. in summer, soil microbes at 1400 m elevation had the highest utilization
rate of carbon source and microbial activity. In winter, the utilization rate of carbon source and microbial activity at 900 m
elevation reached the maximum. (2) The results of carbon source utilization characteristics of soil microbial community
showed that amino acids and carboxylic acids were the main carbon sources of soil microbial utilization in summer and
winter, and the utilization degree of carbon source in summer was higher than that of winter. (3 ) Redundancy analysis
showed that the functional diversity of soil microbial community was mainly affected by soil environmental factors in summer
and winter, and the interpretation was 72.63% and 44.12% , respectively. Moreover, the interpretation was higher than that
of topographic factors.(4) The analysis of soil microbial functional diversity index showed that the Shannon Wiener index,
Pielou index and Brillouin index of soil microorganisms reached the maximum in the area with an elevation of 1400 m in
summer, and the Shannon Wiener index, Pielou index and Brillouin index of soil microorganisms in the area with an
elevation of 1300 m in winter were higher than those at other elevations. Soil temperature and total potassium content were
the main factors driving the variations of soil microbial community functional diversity in summer, while the main factors
were the total potassium content, total phosphorus content, available phosphorus content and aspect in winter. Thus,
elevation and seasonal variations affected the forest soil microbial community structure and functional diversity by regulating

soil physical and chemical properties and soil enzyme activities.

Key Words: soil microbial functional diversity; Biolog-ECO analysis; seasonal variation; elevation; Daiyun Mountain
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M HRAE A DI RE AR LR 2SS 5 (2) ANFIZTY (M4 T ) LRV MIRE IR 25 H AN D e 2 FEpE 9 22 1k
FHIE ; (3) AFIEABEE T 830 R AT IR Y I REL PRI E 2N R WP 4 R ek e
TSR RA T A AR 5 v S AR 1o 0 DS R AR 1 S A e v A o0 A L SR R BEE Al oA = 1l
SRR X SRR ST RE A BEPEA SRR A 3l

1 HFREHER

W I E R A SRR X (25°38'—25°43'N, 118°05'—118°20' E ) 3 J& T4 2t i 4k L 55 Py, S i A1 3k
1.34x10" hm®, J& m W 3HF 55 o AT S 8 X8R (&1 1) o PR IXAE 4R 15.6—19.5 °C 4R FE /K & 1700—2000
mm, W2 IR 650 m, = iEIR 1856 m, 448 = B AUA JE 5 o iR 1 | Bk ot e + A AR s o+
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Fig.1 Location of the study area and sampling plots
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H AR TR/ N DX, W4 BE BRI B 100 m B2 E —1> 20 mx 30 m B9 & EAEHL (& 1), AR 53 3 4
10 mx20 m (/METT 36 21 A/NEEDT . R GPS A RGTIC SR AN RE R 26 3 W3k R 3% 1) S5 b 2 1A
+, #4% CTFS( Center For Tropical Forest Science ) bRUEA AR BT WIS 1 em DL EFCARA (£ 1) .
2.2 TSRS

35T 2018 4E 7 A rp ) (B 2) F12019 4 1 H i) (42 REF = I3 7 AN T 3R R
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A WLAR RS AR 3 2 mm L0 IS, —F 0 PRATAE - 20°C vKAR H TR R, 55 —&8 43 T 384k
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Table 1 General information of sample plots in Daiyun Mountain
Lo Tl s
p Bibcr i . Me,
Fe 7P/ /N M)M\K,i IE* iR WK/ m Wy Bl ) Average . ean Stand
Sample ) . Vegetation Main tree 3 . diameter .
Longitude Latitude . Elevations  Slope/(°) Aspect tree density/
plots type species . at breast N
height/m . (Fk/hm?)
height/cm
DYS-900  118°10'36"  25°38'46" fHRIRAH FHR+EA 915 28 | 3.54 3.59 619
DYS-1000  118°10'38"  25°38'51"  4HRIIREZH HAR+EHEN 1001 35 [iilE) 3.92 3.99 476
DYS-1100  118°10'43"  25°38'57" 4HRIIREZH HAR+HERN 1091 40 [E] 4.76 6.30 402
DYS-1200  118°10'53"  25°39'6"  AFFEIRAZH HA+LHH 1201 35 &l 4.90 5.62 292
PN W IR+
DYS-1300  118°10'55"  25°39'22"  4HF#IRA o 1321 35 3.36 2.87 703
R AC AR SIS ]
. H I+
DYS-1400  118°10'58"  25°39'32"  Jafkftw e 1411 30 3.52 3.89 932
TRAEE LTI 5]
—_— LA+ )
DYS-1500  118°10'57"  25°39'47"  IAMEAFmHHk Wilir 1501 23 v 3.53 3.62 809

DYS-900: /4% 900 m;DYS-1000; #4k 1000 m; DYS-1100. 4% 1100 m; DYS-1200 ¥ 4% 1200 m; DYS-1300 4% 1300 m; DYS- 1400 4% 1400 m; DYS- 1500 ¥ H
1500 m
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WHE3IAEE, 3R ER A R R R 48 (DS1923-F50 iButton, Maxim Intergrated , iButton, San Jose,
USA) % 4 hidse—IK, TIEIRE S, TEE T 0 g R A [R) T 4k A 2= 2 1 L8R 3 2 8
Vi g 5 e 4hAT 85 ST K
2.4 SRS PN E

A SFE T DN A Aok AR T S T A P e PR B A T DN S 22 W AR T R T A P AR = e (8 2
R A it P B0 TR A5 0 L € 0 T, R TR 1% A P 1 1 G (00 D0 | BEEWR IS M P 3, 5- A Bk e Le £
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1 i Biolog-ECO T FAR L S WA IRl I L+ - M e I AR R . B ik RIS ¢ BiE + T
JE K B =AM A 100 mL 3% 0.85% 1) NaCl JCi /K , B R ES BT 120 r/min 5277 30 min J5 B K
TR 2 min, BV S mL T 45 mL JCRUK B9 =M, EARRE 3 K5 1:1000 S HUR IR-G 152, 57
BT ELSIA SR, ¥ 150 pl $EBURANAFHE T E 25°C 1Y Biolog-ECO M)A~ FLH , % &, & T 28°C 1H
IRAA RS 168 h, %F 24 h FIEFFRMY (Infinite M200 PRO, Tecan Trading AG , Switzerland ) 25X 590 nm bW YGAHE
2.6 BIEAL PS5

Biolog i~ F-Hi 1Y B (6 F- 4 A8 1 3R AWCD {8 ( Average Well Color Development ) J& FH SR AG 56 + 3 i A= 9 A= #
T EhR R B R R W RS BRI R I RE T TR AR

AWCD =[ X (C,— R)]/N

K, €0 31 DMRIEFLIOGIE , R X BRFLIROGAE , N i ALECH (N=31)

BiiEaE 144 h # T i BHE AT Simpson 1%%&?5@(0) . Shannon-Wiener ( H) ., Pielou S pax iy (P),
Brillouin( B) F1 Mclntosh (M) ZHEMAGE T , P4 3R MR o WAL S PRl 3 & R 51 B

T3 22 53 B P Ak T -5 2250 0] R W Bk IR FH B8 0 0 - S0 A= M B e 2 REPERR B S0 4R A
() T £ RN 25747 T SRR RV S5 A AN RE A M B 2 18] 22 57 ( Duncan K656 o HARTIA IR R 22 54
Z= IR YIRS DI REZ FEIE 5 MR PR 7/ D SRR A0 i 22 [) 1) 5C 2R R VAR 3B 1 R A D 3t I PR 1 fi
R o R B pH (H | RS OK R KRR R e A 2R RS E RALL  ZEHEL
Tt | PN DR | PR 1w 1 A O AR Ak RS AR O RS R TR R AR B SR IU AT T ( Redundancy
analysis, RDA) #5758 LIEGUEYIBF IS IR 2 SRR E 2 MR . R L4 MR (Generalized Linear
Model , GLM ) H 35 F- %045 IE 1Y Gaussian FEUFIE IE AR Gamma #5718 7R 52 W + 358304 DI BETS T RE 2 HEME
A IR R, RHE IR B S HEN] ( Akaike’s Information Criterion, AIC) F) 32 45 [ H 2 A0 AR ALY | [ sk
R FATT 2R BT (VIR ) XoF ] 3 A58 780 1y S 2 v b AT 32 I, B 28 T 28 &5 VIF /NT 1077 B0 40 W %
R 4.0.3%1F , RDA 43 #1ff FH vegan Sz GLM 434 broom , glm2 faseEgt?

3 ARER

3.1 AR E 2 5 A R YR R IR AR AR5 BT

AR 2 5 42 U E s R A FH B AWCD (B Rl s [R]85 i 521 T34, HL R — 55 32 ], A [R) i
WHE T 54 L IEMUE YRR R A TR AWCD (A EA B2 5 (K 2) , 7EXI4G 24 h N, HFMA R T A
TR IR Y REVE I AWCD (EEAR, T35 A Wy vt e IR R T RE 8%, 1o M55 . WA )34, 33 214K
1400 m 4k AWCD {A 12 3 5 T H ek, 3R - HERCE Yd s N T ECO ARFREE (G M e B, i i A FH 2
fHo MK 1100 m A0 TIERA Y VE B9 AWCD (RS A, 26 B 30 W00 Phdsc s i IR TSR AR, TERE 5% 144
h J& WK 900 m A+ SR MR T iR R BT , T B R A iR R R 2248 T

A2 AR YRS SR 144 h )5, TR 900 m 7K 1400 m IR 1500 m 40 A AWCD L —3K, Kk
1100 m 2k -5 A: P RE v A FH ) AWCD A, KW 900 m ALY - EfAE Py A FHRE ) S, ik
AEYNEPERE R . AR =T, 7 A3 0 T 3 AR ik U5 R T RE 7 S 7E TR 1100 m &b 5 55, S A 0% 1
52 (A8
3.2 ARG E 25 A L IERA YRR RS R B R FHARRAIE 3 A

H4 Biolog T 11 31 P4 ML 2= L AIVE B 40 6 28 RIS  ZRW2E WS IR |2 M2k
RS (B 3) o AR R 224 2= - S W0 [] — 2R BB J50R T RE 1 i 52 e 8 IR 5 284K 1400 m 40
[ 6 28 IR DR IR A FHRAAE 0 28 o T LB IR IR IS | 2 IR W2 WHIS T IR SIS R 2 5 1R 2K sk U5 ) T
TEAEFIR 1100 m Ab AR, e RRI5 A FHAREZE R 1500 m AbFefik, & 224K 1400 m Ab + BEUAE By /R IR
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Fig.2 The tendency of AWCD values for soil microbial communities with time variations in summer and winter seasons at

different elevations
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Fig.3 AWCD values of soil microbial communities for different types of carbon sources in the summer and winter seasons at

Rl — 2B IER [ NG TR R AN R 3R ] 26 53 T 35 (P<0.05)

3.3 ARk E T 5% YIRS e 2 R RR KU b
I E VRS DI RE 2R R T 220 B a5 R W (35 2) , 5% H R4 Shannon-Wiener 541
Pielou $5%0H1 Brillouin 15 %5 (5% Wi 77 7E M i 25 25 5 (P<0.001) , X} Simpson T5%4F1 McIntosh 850G i 5 5% Wil
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(P>0.05) ; g4k R AZET Z 6] 28 B AE HXT Simpson 48 %1, Pielou 8 %% . Shannon-Wiener #8241 McIntosh &
BEA B EF M (P<0.05) , H X} Shannon-Wiener $5 %, Pielou $5 %211 Brillouin #5851 52 i) 2 A ¢ 8 3% 22 57
(P<0.001) ,

B 7 5N AR TV E YRR R AR EUR A B 5 22 5w (3R 3) . B ZETF4K 1100 m 11300 m
Qb 3573 ) Simpson $8FUHT Melntosh $8 %% 2 55 T H B i3k, 7813 1300 m 4bHx K, Shannon-Wiener 8§
B Pielou FEHKUM Brillouin $5 4UAEHEIA 1400 m Abf5 K, I IRA 1400 m Ab + ERCE IRE R RIS BE 2 Hop Aty
5], AR 1100 m Ak +IERUE YIRS Simpson $5E0FT McIntosh F5%5 42 3 55 T H B W44 ; i Shannon-Wiener
F8%4 Pielou ¥8EUA Brillouin 8 E(7E MK 1300 m kb K, 25 L rid, KAk B 2 + 38 4E %) Shannon-
Wiener #8201 Brillouin $8 804 5 T4 2 | T34 4 Simpson 8%  Pielou 484U Mclntosh $841 54 2o

5,

F2 AEAETHEBRLTEMEVDRSEEERNNERATESHT

Table 2 Two-way variance analysis of soil microbial functional diversity index in different seasons and elevations

DAL T i F P SHEEN A i F P
Diversity index Factors Diversity index Factors
Simpson T8 4{ 1 1 1.68 0.205 Shannon-Wiener 841  ZEy 1 289.27 <0.001
Simpson index %73 6 3.39 0.012 Shannon-Wiener index 4k 6 22.06 <0.001
9 x R 6 4.17 0.004 FA7 x ik 6 33.61 <0.001
Pielou 8% 1 1 289.4 <0.001 Brillouin 1§ %X 5 1 174.83 <0.001
Pielou index R 6 22.07 <0.001 Brillouin index TR 17.989 <0.001
5 x K 6 33.62 <0.001 Z x K 6 25.62 <0.001
Melntosh #5451 = 1 3.656 0.066
Meclntosh index %73 6 4.567 0.002
9 x K 6 6.032 <0.001

£3 TRBREZESLXFIENEMEEDESHEEEY

Table 3 Functional diversity indices of soil microbial communities in summer and winter seasons at different elevations

F R Simpson #§4{  Shannon-Wiener #640  Pielou 5% Brillouin %% Melntosh 54§
Seasons Elevations/m Simpson index  Shannon-Wiener index Pielou index Brillouin index Meclntosh index
ES 900 0.984+0.001bc 4.763+0.002bc 0.961+0.000bc 3.815+0.014b 0.948+0.002b
Summer 1000 0.982+0.001cde 4.759+0.051be 0.947+0.003¢ 3.726+0.013d 0.942+0.003bc
1100 0.987+0.001a 4.692+0.005¢ 0.94+0.008¢ 3.594+0.023¢ 0.96+0.004a
1200 0.98+0.001e 4.659+0.023¢ 0.94+0.005¢ 3.723+0.023¢ 0.934+0.002cd
1300 0.989+0.00a 4.858+0.015ab 0.981+0.003ab 3.802+0.018be 0.963+0.000a
1400 0.98+0.000cd 4.896+0.015a 0.988+0.003a 4.148+0.007a 0.928+0.001d
1500 0.983+0.001bed 4.752+0.024bc 0.944+0.008¢ 3.769+0.018bc 0.947+0.002b
2 900 0.986+0.000¢ 4.759+0.025a 0.961+0.005a 3.746+0.057a 0.954+0.001d
Winter 1000 0.989+0.000b 4.686+0.009¢ 0.946+0.002¢ 3.528+0.035¢ 0.965+0.001b
1100 0.991+0.001a 4.682+0.021¢ 0.945+0.004¢ 3.563+0.047¢ 0.972+0.003a
1200 0.987+0.001b 4.653+0.012¢ 0.939+0.003¢ 3.594+0.041bc 0.962+0.002bc
1300 0.987+0.000b 4.786+0.024a 0.966+0.005a 3.794+0.043a 0.959+0.001¢
1400 0.984+0.000d 4.694+0.007be 0.947+0.001be 3.719+0.056b 0.948+0.000e
1500 0.985+0.001¢ 4.748+0.027ab 0.958+0.005ab 3.758+0.026a 0.952+0.002de

(5] — B I A [ /N Sk R AN ) 4 ) 22 e S35 (P<0.05)

3.4 AFEHEZHLE L EMA YR RE 2 FEE S B ] 7 f T EREE R PRI C &R
RDA 53R (K 4) | BB ARRIEHRIOIE N 15 + SR8 N 7 X6 + Sk My i v% Th R 2 RE v fi B 4y
S 14.86% 1 72.63% , HiJE [ F 1 - 3055 R I R R BB 5.12% , KRR 430 7.39% , T3R5 A
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TS 2 U E WREE DI RE AR A BN 1, & F R [l R R N 5 ) L SRR MR
INREZHENEMR R IR 44.12% , 15 THUB N5 R ; M D] 115 - SEBAE X3 - SRl Mtk v S BE 2 A1
LRI R O 39.33% , - IEIREE N TR A = LI E VIR T RE SRR ALY T2 1~ (&1 4)

LR 4%

W T BT wpHy /[ LB T

14.86% 5.12% 72.63% 8.74% | 39.33% 44.12%

7.39% 7.81%

B4 ARBREFSLFIEMEMHEIRSHEESEMEFHXE
Fig.4 The relationship between soil microbial communities functional diversity and impact factors in summer and winter seasons at

different elevations
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85 (TN) X} Simpson ¥88UEA W E ARV, AFEHRASE T B 2= 3554 Y) Shannon-Wiener $8 %05 + 18R &
LS (TP) B W AUV, 5 LM & KR AE = (HN) FEORE (SSC) Th M A B35 1
RNL, 225 T IERUEYIREYS Shannon-Wiener $6 405 48 & & W& & Jim) 48 5 (TC) FIA 250 (AP)
T EA BN, H A& AR S Shannon-Wiener $8EUEA IERUY . B2+ 4w HEE
TR A AT A5 5 i S R SRRV Y Pielou 45 BUHAT 5 A M & 2= LA B W i AL =
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Brillouin 4545 428 & A 0] BAT 82 1ER0W, 5 3R BT pH (6 BAT 25 T30 ; & 2= S A Y e v
Brillouin #5405 2% 2 AR & i 2 W ELEE(SPPO) I E LB (SLOP) Y ml Ffg4k (ELE ) HA 3%
M, 2 LIERUEYIREVE Mclntosh $64005 4 W 4B 5 | L 38R 3 A i) BT 0 38 AE O s & 2= 0
TAEYITETS Mclntosh F8 %05 W 280 AR08 5 & FIRBES PR EAA AHOCHE: B 280 & 0 2 A
MelIntosh F8EURA B F AR, &5 b, 1 28 Aid ik 52 ma b I PR 7 - E PR A58 PR 7, [ 432 9K 5l T S Gl 2E W
P& INREZFEIE AR AL, b 4 B 5 5 0 T R IR R KN B 2 S A W TR D RE 2 A AR AR Y BEER B K 1
Weray ARER ABEAUA RO R K Bl 2 IR E RIS T RE AR AR A IR A T

4 itig

4.1  A[FEPEIR 4 A Pyt iR FHRRIE K D) RE 22 R 152 i R

L WA X R TR B VER FH 8 7 B e 3R E DI RETR TR S REMEAR AL B B R TR A AR (T
& 900—1300 m) B Z 575 - A Wik IR FH A9 AWCD {EBES: FEI a1 & E a3, B 264 1200 m
Aib A AR W IR R B i TR, A 25 R AT R S R RN R R MRS R 2R A G, 5
RGP IR, FREC R RS YR Z RS SRR E Y SR R IE KRR, B 1L
P 1200 m AbWEFP R PR3AE M SRR B = T TR B M R R P SR AR T 1200
m KRR, 25 UE S T AR E W TE e S DA R AR R e, B T NI Tk
1400 m &b 3 f A= PR IR AR B & 3 v TV ik, nTRE S5 R RI s R X M 22 e g Y s 1l
FAYIREAR 1400 m DL b i DXAR 4 SR LR PR AR Ry 32 RT3 1400 m 3 DX R TR AS MK, e 2
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Fig.5 Generalized linear model of soil microbial community functional diversity and impact factors in summer and winter seasons at
different elevations
ELE. ##& Elevation;SPO . 3%[1] Aspect;SLOP 3% Slope; ST 135 Soil temperature ; TP : 2 7% & Total phosphorus content; HN ; 7K fift &

4

P it Hydrolyzed nitrogen content; TC; 4= f 7% it Total carbon content; TN 4= % 7% i Total nitrogen content; TK: 48 & i Total potassium
content ; AP ; 58U ¥ & Available phosphorus content; SUE ; T3k Soil urease; SCAT ; - 455 % (LA Soil catalase; SPPO; L Ey A fb
fif Soil polyphenol oxidase ; SSC ; +IFEFEME soil invertase ; 2k 55 F/N 95% I BL {5 [X. (6] | W5 £k Fe/n (RN | 4128 Fe/m IE R
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