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at-Different Elevatlons on the; Southérn Slope of Daiyun Mountain
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LIU Jih- fu2 ?,4 ¥ C‘HEN Wen-wei® —

(1. Col lege of Computer and Information Sciences, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 2. College of Forestry, Fujian Agriculture and Forestry
Umversny, Fuzhou 350002, China; 3. Cross-Strait Nature Reserve Research Center, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 4. Key Laboratory of
Fujian Universities for Ecology and Resource Statistics, Fuzhou 350002, China; 5. College of Life Sciences, Fujian Agriculture and Forestry University, Fuzhou 350002,
China; 6. Daiyun Mountain National Nature Reserve Administration Bureau, Dehua 362500, China)

Abstract: Soil microorganisms, as the primary driving force of forest ecosystems, play a vital role in affecting the material cycle and nutrient transformation in ecosystems. It
is critical to investigate the distribution of forest soil microbial communities across different elevations and seasons, since this information aids in the understanding of forest soil
ecological processes and predicting soil ecosystem functions. Hence, we selected forest soil on the southern slope of Daiyun Mountain (elevation from 900 to 1500 m) as the
research object, aiming to explore the soil microbial community structure and functional diversity at different elevations in the summer and winter seasons. Meanwhile, we
sought to elucidate the primary factors influencing the variations in soil microbial communities. The results showed that; (D) the contents of soil gram-positive bacteria, gram-
negative bacteria, and fungi at the elevation of 1 200 m in the summer season on the southern slope of Daiyun Mountain were significantly higher than those of other elevations;
the soil bacterial content reached a maximum at the elevation of 1300 m. The contents of soil gram-positive hacteria and actinomycetes at the elevation of 1 000 m in the winter
season were higher than those at other elevations. By contrast, the content of soil gram-negative bacteria was the highest at the elevation of 900 m. In the winter season, the
soil fungal community had a greater preponderance than that of the bacterial community in the soil microbial community with increasing elevation. @) Redundancy analysis
demonstrated that the soil PLFA contents along the seven elevations were jointly affected by environmental factors and topographic factors in the summer season, and the
cumulative interpretation was 56. 72%. The first axis with positive scores was associated with high total phosphorus content and pH, and negative scores were associated with
high slope. The second axis with positive scores was associated with high total potassium content, and negative scores were associated with high soil catalase, polyphenol
oxidase, sucrose activity, and total carbon content. In the winter season, the soil PLFA contents were mainly influenced by environmental factors with an independent
interpretation of 52. 23%, and the cumulative interpretation between the environmental and topographic factors was 55.37%. The first axis with negative scores was correlated
with low total phosphorus content, total carbon content, and soil pH. The second axis with positive scores was associated with high total potassium content, and negative scores
were associated with high soil polyphenol oxidase, catalase, acid phosphatase activity, and aspect. @) The soil total carbon, pH, and polyphenol oxidase activity were the

main factors driving the variations in the soil microbial community in the summer season, whereas the main factors were the soil available phosphorus, total potassium, total

YR B EA: 2021-08-15; f&iTHHA: 2021-10-01
E€WA: HXRBRBAEETH (31700550, 31770678) ; fREd4 A AR FE 4T H (2019J01367 ) 5 #iz Il E 440 B AR G4 X A5 38Ry 10T H
(KH1401450)
YEE® A AT P75 (1985 ~ ), B 1A PRI, FZERF5E 05 18] AR ARk 4362 ) E-mail: jxhzs85@ fafu. edu. en
# JBAEEH , B-mail flif@ fafu. edu. cn
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carbon content, and pH in the winter season.

Key words: soil microbial community structure; phospholipid fatty acids(PLFA) ; seasons; elevations; Daiyun Mountain
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T Gaussian Fll Quasi # A SR 7 L4 PEAs
i ( generalized linear model, GLM ) S AT IR B 2 1
I A PR A AR L . R AR R
YEN] ( akaike information criterion, AIC) , 3% FH & 4 6]
VAR AR B | ] i 5% 7 22 1 ik R 7 (variance
inflation factor, VIF ) X [a] I 455 &Y 3 28 ¥ 3F 17 12
b (207

HF R 3.5.3, 8 H “ mass” A FEAT 1IE 510 K
B, X B AN i e IE A AR B R A kruskal-wallis 3F
SHOT BT PR A BB FIG 30, RDA 4347 )
FH“vegan” f 5L HL GLM B R brloorln’j__?l:‘[f'“.g-lmZ ”
s, | (@

3 #R5HH || /

3.1 RRF PR R
iz ARG L St o i Zm At
R FIR IR R 4% (K 2) s £ FKMA . 28
R S RIS E T T . B MA AR
IR AT A T 3 R T E e B
B F-, 4390l 5 i842. 65% F1 0. 79% ; T4 pH A F

AR

£2 BEURRBEHIELERENSSHE

Table 2 Seasonal dynamics of soil physical and chemical properties at different elevations of Daiyun Mountain
A _ L — 7 S—
HRAH fe/MHE A5 ZH % RRME e/ ME 8 5 R A %

13 pH 3.88 3.51 0.04 3.89 3.59 0.03
I KR/ % 58.20 33.79 0.20 64. 42 28.77 0.21
(KA ) /mg-kg ™! 478.95 225.47 0.35 618.95 309. 47 0.18
o( 48 /g kg™ 21.07 13.00 0.19 57.49 31.26 0.21
(4 /g kg ™! 1.19 0.41 0.51 0. 41 0.16 0.48
w(HRWE) /mg-kg ™! 1.88 0.21 2.65 12.96 0.09 0.79
o(£%H) /g kg™ 5.55 2.98 0.28 5.29 3.18 0.14
o(4H) /g kg ™! 92.78 34.39 0.63 84.58 52.66 0.13
Z B AR/ me- (d-g) ™! 102. 45 65.71 0.18 63.30 26. 31 0.26
PR/ mg- (d-g) 7! 115.01 39. 56 0.50 225.67 80. 82 0.32
JIREE pg- (d-g) = 1607. 20 291. 67 1.50 1063. 04 113.12 0. 45
FRPEBE IR/ mol « (d-g) ! 55. 87 33.62 0.19 42. 46 10.32 0.31
i AL wmol - (d-g) ! 94. 96 60.27 0.18 115.91 60. 69 0.19
A 19. 49 10.78 0.30 22.86 13.30 0.16

3.2 IEBUEYIRE PLRA 3 5 BBUR 2R A7
o 1A [R] 4R 2 2R M4 25 - SRR W) RV
PLFA FE XU =T 2200 TR WA (3R 3) 4500 £
HE G~ MR TA & B B A B 50 (P <0..001) ,
X Bk g g I B2 (total phospholipid fatty acid, total

PLFA) &t HAT B (P <0.05). 5%+ G
Fi B BER (P <0.05) 5 AT RIEA S HAR
XTI G G AU A S A A
XFECRR | ENBERR R DR & i A 2 QB PE R 522 IR
FATETE B (G /G ™) A 52,
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Table 3  Two-way ANOVA analysis of soil microbial groups

FRIEGE P25 B RS df F P
& 1 5.69 0.024 "
G* K 6 4.91 0.002 **
Z=N x WK 6 4.03 0. 005 **
Z=4y 1 3.03 0. 093
G- %73 6 6.38  <0.001**
Z xR 6 5.28 0.001 ***
Z=4y 1 0.14 0.714
A TR %73 6 1.74 0. 148
Z xR 6 3.77 0.007 **
I 1 1.44 0.24
HH %73 6 2.13 0.081
Z xR 6 0.77 0.599
&St 1 0.36 0.552
AR T K 6 12.55  <0.001 **
ZA5 x MR 6 2.52 0.044 *
I 1 0.61 0.442
G*/G- K 6 1.45 0.233
ZAY xR 6 1.41 0.245
Z=y 1 3.31 0.079
M WA IE R TR 6 3.03 0.021*
A x R 6 2.22 02071

1) " FRBEMIK, P<0.05; ™ FRBBEMRK, P<001; ™ &
AR B, P <0001 :

T4 BB TREDPIE GHGE PLEA T /e

3.3 HBMAFBIRME T HIEMAEY RS PLFA
AR

oz LR A R 3 221 200 mAk +3E G |
G~ MIER & & o m T HEmk, MESREE
1 300 mikEc KAH ; HEHK 900 ~ 1000 mAb G* /G~
R 26 B & B e B, TR 4R BRI AE AR T I R
1000 m; AN[FIVEH 4 58 B85 A N s 2 25 2 Bl 96 ¢
T e S S 5 WO B TR 1 200 m Ak i B KAE, T
% 900 m bt/

Y NEINGE SOt AN - I €5 R IS
BN ITIR & i A B, R G AW
BAG /G- HABEZM(X4). +E G FTRE
R 900 m Ab ik fe KA, HEAK L 400 miR ik, & Z=iff
K1 000 mAb Ky G* MR & & & T H B il
LRH ILAETTFAR 900 m FI1 000 mAbF7FAE. 4 Z7 [l i
WA HE G /G I T %5 2 A 16 421,400/ ik +-
HEGT /G R P IR MR L 500 m e 41 A &
kT JUR I, SRR IR B A
HEAR1 200 ik o, | L4

F. i i I Table 4 Changes in PLFA in,ﬁlic-rqbig]r'é.ogwﬁ‘;milies at different altitude$ .u‘rulder ’s-easoné} dyna?lnics/pg-g’l ) ‘. -
i ™ [ i “,”rJ Wk/m ! - [ =
| EPEERL 0 900 1000 /00 1 100 1200 ¥ 1300 wpil 1400 “1.500 °

G 726.21£6.0lc  39.38 +5.50b¢ 370B0/+7.67bc  98.96+4.32a 41.28£18.76b 160.80 +11.46bc  42.00 7.99h¢
e =49.91£0.91c  20.70£5.75bc 30.20+1.98bc 199.94 £21.30a [743.867.24b  30.17 £2.99hc 22.48 +2.90he
AR 6.70:x1.8b 13.17 £2.80b | 10.00+1.57h +20.61£1.10ab  31.93£11.65a 14300 1.17h 19.58 +6. 80ab
HE | F Y 22.78:16.68b  37.48+9:27h 24.08:4e655  77.05+7.30a  33.16+16.60b  27.62:x14.11b 32.387.22h
Ty 0b 9.35+1.69a “0b 0b 0b 0b 0b
SG/GT 2.78+0.83a  2.19+0.53ab  1.27+0.32ab  1.06 £0.18b 0.90£0.32b  2.03 0.41ab 1.88 £0.32ah
BHISIGINTR 177,65 £49. 17¢ 277.18 £19.79bc 267.01 +46.40bc 480.30 £38.76a 318.96+53.94h 314.15+43.27hc  206.56 +30. 53be
G* 33.00+14.93b  72.50£17.45a  39.60 £2.25ab  48.48 £10.08ab 20.36 £10.44b  16.82 £6.03h 22.23 +6.61h
G- 41.00 £15.49a  38.73+7.77a  37.04=13.83a 37.70+10.38a 18.73+10.7la  8.04 +1.04a 13.40 +4.24a
Eik] 17.52+3.77a 12.13+2.16ab  14.72+5.42ah  21.98+2.57a  4.65+0.50b  15.70 +4.37ab 23.27 +2.79
A% HH 80.18 +43.57a  26.25+14.26a  48.17+1.30a  93.16+39.47a 20.83+12.34a  43.66+18.70a 30.49 +8.44a
ez 1.85+1.85b 12.19 5. 10a Ob Ob 0b 0Ob 0Ob
G*/G™ 0.71 £0. 14a 2.06 £0.62a 1.37 £0.43a 1.43 £0.31a 1.18 £0.79a 2.17 £0.84a 1.74 +0. 18a
SBEIRIRIIER  290.76 +104.02ab 298.24 +66. 19ab 250.74 £39.47ab 339.21 £95.35a  108.34 +55.36b 149.37 +45.51ab  222.34 £32.68ab

1) ARRVING S8 R R AN Rk ) 25 57 B3 (P <0. 05)

ANR) 2215 - SRR e T RN L B R A i
ORI HT R, B 2+ RS R % - A
YIRE 7K f B i ik 35.38%, MO IE F T M BE i
21.34%, I 7] % B HE N 19.33%, A fif B HB 4 5
23.95% [ 2(a) ]. &2 BB KT X R[] 4k 1 358
AR R R = T E 22, 8 52.23%, B I+
i RE 25 5 A0 i 3. 14% , W LR RE LR 0. 42% , K
R iy 44.21% [E 2(b)]. 2 RDA —%h
(RDA1) Fl —#l (RDA2) 43 51 it B 38 = 110 g %+ 48
TEY SRS B 1Y 65.13% 1 5.95% [ B 2 (c) s
HELH pH, 28 & B MY 5 RDAL B B3
FAOCHE, T2 E ARG o A A SR | TR RS

3.4

P RRFIAH &S RDA2 B B E ALk &
Z= RDA1 1 RDA2 73 5 i B8 2 LU pig e 3 )
KHEAS BEAY 74.86% F123.13% [ 2(d) ]; 1
pH | BRI 465 & 5 RDAL, 22 ) 4 Ak B A R 1
WRRR BTG VRS RDA2 B HAT WA, 25 1 P
PRl RN 355 R 2 ) 5 e L 3 A A= W e v, HLEL 2R
FNA TR R F X 8 2 LU R AN IR S E
R IR ENE T i T HUIE A T
3.5 ZEEhA R ASEER R YR sh A
T

[T R (E 3)  HE G G
R &R G /G 5 +3 pH HAT W3 63000
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(a) H 5 (b) %%
HEIHEF HERAT T HEE- T
1933% ) 2134%
..'/..
23.95% 44.21%
L (0H% o 4l e
06 o TOH
= i pH
SLOP . G : =
) 03 ® G ) TP ) —
E | TK : pH ; :’:-
?I’ O : " - %
< « 900 m * ' = « #4900 m
= v 1 000 m N ol v 1 000 m
#1100 m -0.5 - #EPE1 100 m
03 o #§#k1200m o 451200 m
= i1 300 m J TC = i1 300 m
* 1 400m SCAT. ° G - o ¥iHk1 400 m
Sk « L 500 m‘ SPPO o3¢ | @ " ! + fEHE1 500 m
-0.8 -0.4 0 04 0 0.5
RDAI (65.13%) __RDAI (74.86%) i -
G AR BT G- %/Ti E&ﬁmm ASP FR 1] SLOP %%/Tim,frp P10 Hr i, f v
~— TK %Tétﬁi SACP %f@?#ﬁmm ‘%CATEE% U, SPPO %%F%Eﬁﬁﬁ.m SsC %@;ﬁﬁ%m G| g B
F 4 .‘ ! & E2 nﬁ%ﬁ#ﬁﬁg—ﬁﬂ =+ HEY 'smﬂxurﬂmf%ssz! r Pt
o

Tlg 2 Rechmddhgy dndlysm on I"Cldllonb-ﬁlp or-:oﬂ nu(,robltﬂug].eal and environmental drld lltpugmphl(, faclturs in summer and wintf;g seasons

LHEG Y, AR G /G A, é/ﬁaﬂﬁ:ﬁﬁ
%E?ML, :tiz%ém?l%iﬁé 52 A A @Eﬁ I
S GG e
LA e ELAT B O 5 G BB B B
I i 5 RISk E B B oy, A
AHTR o A RN, 5 G /G AL AR W
PR o HA I 25 RN
AZFELHECH G, BEBEIRIBNIR G &M G/

G~ ’?j:i%é pH HAF B sk, 3G, G, K

L EBEIRIE RSB G /G 5 M AA
EA%EE%U“- G*. G~ 4ipE ., FLEEFLEBERRR R

g'ﬁi&%%ﬁﬁzﬁﬁﬁ%ﬁxﬁﬁ + 18 2 1y S AL I
56+, R RSB IR BE IR & H
IERL 5 i% G*. G~ HHMEBEARIE R & &
5 SRR R Wl R T M EL AT B S RN 5 R A
A TES G BWHIRIEI R E M G /G A
A BRI ; - IPERRBETE 15 - S 2 A A
G'/G HARBFEIERN; HIEARBHES G, G
AN . BBEARIE R & A G /G HA B E AL
N 25 b B 2 L 3 AN TR Vg R 2 - A
EA R HIEA s, B2 2 I 2R A 1E
HZ,

At 41 UL FLAACER PLEA &

| S |

- “.
i F
F ) ‘\r

4 g

=AM
2571 Bl A5 1 5 M Bl R RO T A - R
POVE TS RS ) T AR AR I R O
[vi] 245 R A0 R V5 ) 2 FDAR 2R 0 W WL AR Ak,
H e S 5 IER D) BETE L DB LE A AN
ZAEVEFR A 225, NI B2 WA [R) Vg B - S A o B
EIZAT AR s 1 B 100 m AR
TG G HRANTAZE; Mk & 71200 m
WG MG EmTASE, TRMETHET
ANTRIERARARAY TR B A G, = L& T Ry
FRAMEX AR EIREZW, H RS &, KT
A0 R T 114 PR MAC 30 2% AR B 4 S 0 28 , DA TG [i)
BEU T R W BV Th e 2 AR AR Bl
SEE WA 100 m AT HIEH AR T A2,
I R C HAR R TG T T, S5 R
YLl e AL RN TR 2005 A A T 06 P Bl 22 0 55 E‘fﬁk
ZEUFHR1 200 m DA B ARARHIERUZEY G G-
FEAR. BRVE4K1 000 m A1 300 mﬁb,EéﬁE?ﬁﬁfzﬂ’a
AN R T A, TR E A A
25 M PR TR W) o s R 2 A LR
B R ARy 0 R P T RN, [A] 4
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ES 4% H% 4%
. H [ TP [ [
Ip |- (al) .H TK |- (a2) —— swel®) 1y ™ " (b2) "
TC - pe-e--q TK
TK — —a—
y SPPO |- —— SPPO |- F-e-4 TC |- P
TCH t———| scar} ot SSC - i
i o SLOP |- |-+ SPPO |- -
SPPO |- M SACP - e ASP |- i
i pH |- | S— 4 SCAT k- ] SACP |- [
SLOP - I+ H L
HN | [ P Fooeed
H N pH |-++ HN - =
p AP |- R 1 AP |- l-=-4
| | 1 1 L 1 1 1 L 1 L L
-0 -5 0 5 10 -25 0 25 =2 -1 0 1 2 -6 -3 0 3 6
Tl (e]) TC:TN }-(c2) (d1) o L (2) pd
TP - f1 M — —— TN k
TN | beeeereey i
TN | ——] ek * TK S
" rer | 1cf e !
SPPO - SWC - b1
uk ASP ——i
SCAT[ -+ Srorr " ’
i FLE - ' SACP - -
SACP |- (R A b q ELET — HN | i
1 1 1 1 1 1 1 1 1 1
-25 0 25 -10 0 10 -10 -5 0 5 10 -4 0 4
TP () A (€2) sppo | (f1) bl K L (2) .
SUE
TC:TN [ I TK F—— SUE L I
SWC |- " TC | A
SPPO |~ H SCAT |- =
SSC b TN | |==me--n 4
. R
pH I« SLOP - ot P ! i
SLOP | H y
AP |- s pH L b+ AP - | |
L 1 il i 1 1 1 1
- -3 0 3 6 -6 -3 0 3 6 -5 0 5 25 0 25
al TK k(22
SWC (gl) I TK ((g2) ——y
TCE =i
IN[ - fremeees 1 SPPO [ e
) SCAT el & ERRE
Srro " SACP - b o SRR
SCAT 5 pH |- v 1
HN o
ELE - AP - e .
-10 -5 0 5 10 -6 -3 0 3 6

(a) FEZCPHMEE (G ), (b) EZRHIMEE (G ), (o) 4K (bacteria) , (d) FLE (fungi) , (e) K (actinomycete ) , (1) 4 22 [T BH /2
RN (G /G, (g) BRI (total PLFA) , ASP F£/R¥E 1], ELE /R IGHK , SLOP FR B8 TP /R &8, TC /R &k, TK £
TN TN FR 2R, AP F/nA ZUE , HN FR K 2, SWC /R 3 87K &, SACP Fn R tEE R lilf , SCAT £7m i AL &g, SPPO £om

L AT, SSC Fn REREREE, TC: TN /R A, SUE F R IR , #5 AL AR 7R 95% 1 ELA5 X (1]
B3 "NE&MEREANWESMELESLEMEYS TERERFHMEETEXR

Fig. 3  Generalized linear model analysis of relationships among soil microorganisms

and soil environmental and topographic factors in summer and winter seasons

SEAN R A BB A KRB TH]. Grishkan 5%
(I 9 2% B+ 38 ML 7 1 5 - SR W TR 1Y) 5
Ml 755 T 2O (M) R . s I p 3 4 2= + 0
TR AR 00 B S UM OC, TR R A 2 R A K
W AR X AT, (Il 5 s BRI T - SR W o
BHUE FE—E R R T AN A Y R &
BEE, SECE MU Y A i BRUR A AR RS A
Li %5 (o 8 SR — 80 o 1 e b IR e
ZEN AR AESE T - A MR 2 A R

YRR, B N K Bl S R
23 () A3 ATA o XS5 i 25 A 9F 9 2 B 24 i o ik
75 - 4 A e 1 ek IR 42 5 ) - U RIS AL )
XA TR 2= 1 I A iR RS
BT HFEAR FZH 7. E R 1000,
1 30011 500 mAk + I EC T & s T4 %, KB
HEHRRE S RINT A, R L HEHUEY R
XA PSR AR A FL A B AR . T s S R B
T PR R, AR T SRR A I ()4 R
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N GRS 2 2 Y A N T RS T
P BB i e A, & TR ER B
I8 T HHBE MRS 2R, AT R S it
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T - A 40 AL S Al R A
R, L STt 1 0 A1 T 2% k2
YIARSE ) R ZRIEHK 100 ~ 1400 mik+3E G /G~
LGB GG TR o 2t 26 T B %, B 5 1
ORI 7845 - M0 8 3 P - R et 6
TEFR IR B 7 LB B, PR AR R kA
R - Sl 58 3 4 W VB, M T 4 45 G 5 LM A %
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B MRt R U R v 2R S
1 300 mAb AN O bk TR B T RER T
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