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Abstract: Soil microorganisms play an important role for maintaining the functional stability of forest ecosystem in arid
areas. However, distribution of soil microbial community structure and diversity along an elevation gradient remains poorly
understood , especially in the arid areas. In this study, the phospholipid fatty acid analysis ( PLFA) was used to examine
variations in soil microbial community diversity along an elevational eastern slope in the Helan Mountain ( Desert Steppe
(HM) , Amygdalus mongolica ( Maxim) Ricker (MG), Pinus tabulaeformis forest ( YS), Mixed forest (HJ), Picea
crassifolia Kom forest(QH) ). The results showed that, there existed 59 PLFAs which were significantly different in the soil
samples from different vegetation types. The YS soil exhibited richer PLFAs distribution amount than the other vegetation
types. The PLFAs biomarkers of five vegetation types with the highest contents were 16:0, 18:1w9¢, 18:1w7c, 10Me 16:0
and 18:2w6¢, respectively. The amount of characteristic microorganisms was different in soil of different vegetation types,
the bacteria had the richest distribution, followed by fungi, actinomycetes and protozoa. Cluster analysis showed that soil
PLFAs could be divided into different groups in different vegetation types, 16:0, 18:1w9¢ and 18:1w7c¢ could be divided
into one group in different vegetation types. The heat map of the common PLFAs in different vegetation types was drawn. It
was found that the distribution of different PLFAs was different in different vegetation types, and the distribution of PLFAs
in YS vegetation was the highest. The diversity of soil microbial communities in different vegetation types showed that the
microbial diversity index in HJ was higher than the other vegetation types, and the HM was the lowest, indicating that soil
microbial diversity was closely related to vegetation diversity. Component analysis (PCA) identified 2 principal component
factors in relation to microbial community diversity, explaining 78.01% and 8.80% of the variation, respectively. The
microorganisms, which play a major role on first principal component, are nonspecific bacteria; Gram-positive bacteria and
Gram-negative bacteria, fungi, actinomycetes and protozoa, which play a major role on second principal component, are
anaerobic bacteria. Correlation analysis between soil microorganisms and soil factors showed that soil organic carbon (SOC)
and total nitrogen (TN) were positively correlated with soil microbial groups and diversity index, while pH and bulk density
(BD) were negatively correlated with microbial groups and diversity index. The change of soil factors caused by altitude was
an important factor affecting soil microbial community structure and diversity. The results show that YS soil has the highest
microbial content, and HJ soil has the highest microbial diversity, which accords with the theory of high biodiversity in the
central region of mountain ecosystem, and can provide scientific basis for the study of soil microorganisms and the

management of Helan Mountain Nature Reserve.

Key Words: phospholipid fatty acid analysis; soil microorganism; community structure; altitude; vegetation type;

Helan Mountain

T IERCEYIE R LA R G T A W, 7E R GOE R kB e R 4 A Ay T R AR
FM A, S O A RV R R A R AR M B RS N S RS E A
Gy, HIREAR AR A TR 5 E3E A 2 RIA E oG R Hoh HIRBUE Y R 2 s K 2Rk
e e A S R G AR Y ER AL 2E DG IR P B R AT RO Y R - AR LA R SR R A
W el AR S R G R A B KBl 7, M) R VR RRAE B A PR N S R W B T A RAETEAR K
-7 R

LR A S R G b R AR KRB L8 T - HEROAR | 5 ) - e A Wy 40 Wi Fn 2 PR Y o
BRR AR Z FIMOR M2 )45 e, TR 05T R I R 98 ) I 4R 4300—5100m - SEfE
VIRE VR S50 | IRAE v i b X (4800m ) - 8T A= ) 2 A Sl b W i P e vy, R W IR W) 2
ZNRGEEEER, TS R PLEA SEBFFEMR A AR % KUBH L 39 S A MR 9% R 52 i, % BRI 4R 28 1k
1 3 T el AR % RS AR E R R R BE AN R, 2D U O R A R P SRR AN TR B TR AR

http ; //www.ecologica.cn



12 1] HHEMS A B ARSI [R) T4 L R AT SR A I R AR T TR 20 B 5047

TR AN IR Y 1 A5 R e e B AR 43T 0 L R G SR AR DX R bR - AN B VR R AE, & B
YN FETE 2RI SO AR R B 225 0 W] WAE R RIS DX - 30 R A 3K 25 57, — 5 Xk - 3 6
A= W) BRI S REAR A A 4B R i X U AE S RS RERURS B PE ISR R Biolog S0-F-HR 2 A AR IR
7R H R 12 R G R 9 T 08 =2 LA [R)E AARE AT 2 RV R 0 B A A, TR 2 1L SR ORAP X R IX
B SRUE YRR (0 TSR D IR W RER DI RE S S R EE AR AE S R Y RE AR 2 | IR
RGN AR AT T AR T L ST 24 1 SRR X AR D U RIS R £
FEE A T EE R REE L,

B LR TR [ PG bt X — T8 A AR B TR 0 A A L A W Y AR LA S
B BEF IR R U FE AL R R L BT AR S L I MAORIT I 5 L VR AR ) s g L R A 2K
RYLIOT B L A AR XA B T 2 S K I A AR B O R A AR O ok B 3R
1300—2500m Z [A] 5 AV R PLEA V5 E I HUE W REVR 2 S Z 61k, B e B 22 1l A SRR
PIX A A PR AER 22K

1 HESF®

1.1 5T IXHENL

B2 LA T B 35 2 DU RIAR ) 1S S 22 ] ( M AbAb £ 38°27'—39°30" , 4528 105°41'—106°41' 22 [a) ) , LLAK
ST, FWEEAR 3556m ., T HEAL URR f e S EA B S L SRR AR AR R - 0.8°C AR K i
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Fig.1 Physical and chemical properties of soil in typical vegetation types at different altitudes
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(M) , 7€ 13 PLFA AEWdsid Sid b 5 — 2@ L%, ir i & 20 ARk 80.29%,78.27% ,75.40%,
79.17% ,78.61% , i I HAE + el 2 EAEH . Fh I nT WLAEAS [R) A8 TR AR w38 v ol 2k W (R R 2 R 5 e A
EES  RUIARM A D RUEREAFER.

F1 ARIBHEERT TEREYR PLFA 28R &5/ (nmol/g)

Table 1 Types and contents of PLFA in soils with different vegetation

Fe fRi e e ANIFAEBLAT Different vegetation types
No. Biomarkers Microbial group HM MG YS HJ QH
1 12:0 i) 0.13+0.02b 0.29+0.04ab 0.34+0.02a 0.27+0.13ab 0.27+0.09ab
2 13:0 g4i11Es) — 0.09+0.01a 0.14+0.04a 0.11£0.05a 0.11£0.05a
3 140 i) 0.47+0.06b 0.89+0.01ab 1.23£0.21a 0.81+0.38ab 0.90+0.17ab
4 15:0 il 0.22+0.02b 0.37+0.15ab 0.54+0.10a 0.44+0.20ab 0.47+0.10ab
5 16:0 ] 4.93+0.63a 8.13+3.04a 8.04=1.40a 7.07+3.34a 7.88+2.31a
6 17:0 il 0.25+0.04a 0.41£0.15a 0.38+0.07a 0.33+0.16a 0.36+0.09a
7 180 i) 1.76+0.05a 2.58+0.75a 2.20+0.20a 1.88+0.93a 2.04+0.52a
8 20:0 il 0.27+0.03b 0.50+0.17ab 0.60+0.09a 0.46+0.16ab 0.46+0.14ab
9 220 i) 0.14+0.03b 0.45+0.02ab 0.56+0.09a 0.52+0.26a 0.50+0.12a
10 240 il 0.14+0.02b 0.36+0.12ab 0.36+0.06ab 0.41+0.16a 0.44+0.12a
11 i13:0 B2 [CRH P2 v 0.10+0.02b 0.21+0.01ab 0.27+0.02a 0.23+0.09a 0.24+0.07a
12 al3:0 oW (RN o] 0.87+0.12a 0.96+0.12a 0.99+0.07a 0.84+0.27a 1.12+0.17a
13 i14.0 22 [CRH P20 v 0.23+0.03b 0.42+0.12ab 0.61+0.09a 0.58+0.23a 0.62+0.10a
14 al4:0 2 L PR 4 P 0.56+0.07a 0.63+0.04a 0.57+0.04a 0.51+0.13a 0.70+0.12a
15 i15:0 22 [CRH M2 v 1.74£0.19a 2.95+1.25a 3.13+0.56a 2.80+1.30a 2.85+0.76a
16 al5:0 A2 [CRH M2 e 1.20+0.08b 2.07+0.75ab 3.04+0.58a 2.68+1.20ab 2.61+0.57ab
17 i16:0 22 [CRH M2 v 1.51£0.18a 2.13+0.80a 2.02+0.39a 1.77+0.75a 2.01+0.53a
18 al6:0 22 [CRH M2 e 0.30+0.01a 0.35+0.05a 0.35+0.01a 0.32+0.08a 0.40+0.04a
19 i17.0 2 GRS P 0.79+0.11a 1.07+0.38a 0.91£0.15a 1.81£0.37a 0.83+0.21a
20 al7:0 2% FCBH M2 Tl 1.06+0.13a 1.38+0.47a 1.24£0.18a 1.14+0.48a 1.26+0.27a
21 i18.0 2 GRS P 0.54+0.05a 0.81+0.26a 0.99+0.11a 0.85+0.44a 1.15
22 i19:0 A2 [CRH M2 P — 0.03 — — 0.04
23 all;0 2 [ PR 4 P 1.26+0.45a 1.45+0.31a 1.46£0.12a 1.10£0.56a 1.48+0.10a
24 al2;0 A2 [CBH M2 P 1.55+0.39a 1.52+0.25a 1.72+0.15a 1.39+0.55a 1.80+0.28a
25 i17:109c¢ 2 L BE PR 4 2.62+0.17a 2.51+0.33a 2.56+0.26a 1.99£0.68a 2.60+0.28a
26 i15; lwbe A2 [ RH M 2 P 0.32+0.01a 0.58+0.24a 0.79+0.17a 0.70+0.31a 0.61+0.10a
27 14; lw5c B FA AL R 0.05 0.11 0.10 0.11£0.02 0.14£0.05
28 15: lwbe TR — — 0.560.17 0.38 —
29 16:1w5c¢ TR IR EL TS 1.24+0.19a 2.21+0.91a 2.33+0.44a 2.0820.99a 1.71£0.47a
30 16:107c DMA 2% FCRAPEAN B 0.24+0.02a 0.28+0.11a 0.26+0.02a 0.18+0.09a 0.18+0.03a
31 17: lw8c 22 [CRI M2 e 0.67+0.11a 1.25+0.49a 1.46+0.40a 1.26+0.60a 1.05+0.26a
32 17:0cyclo 7c  #2% FRBAPELN A 1.48+0.22a 1.22+0.46a 1.78+0.34a 1.40+0.67a 1.33+0.39a
33 19:0cyclo w7c & 2% FRBAPEANE 1.18+0.15a 1.80+0.57a 2.91+0.48a 2.82+1.22a 2.81+0.88a
34 22:109¢ B2 GBI AT 0.07+0.01b 0.11+0.01ab 0.14+0.02a 0.12+0.03ab 0.12+0.02ab
35 10:020H B2 [T — 0.07 0.09 — 0.13
36 16:020H B2 QR M — 0.09 0.10 — 0.07
37 18:1w9c¢ i 4.24+0.70a 5.95+2.25a 7.11£1.46a 5.81+2.72a 5.85+1.89a
38 20:109¢ #2 RN 0.41+0.05a 0.60+0.21a 0.55 0.51+0.24a 0.60+0.23a
39 16:107¢ 2 [T 2.74+0.40a 4.46+1.77a 6.86+1.62a 6.19+2.98a 6.14+1.82a
40 10:030H 2 B PN — — — 0.27 0.21+0.11
41 17:0 DMA B2 [T T — — — — 0.08
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B2 kRl e T RIEIAEHEHT Different vegetation types

No. Biomarkers Microbial group HM MG YS HJ QH

42 18: lw7c b LA 4.360.70a 7.97+3.08a 9.85+1.90a 8.07+3.91a 7.66+2.58a
43 18:1w6c R e A 0.09+0.01a 0.12+0.03a 4.47 0.09+0.04a 0.16

44 18: lwSc b AL 0.57+0.08a 0.88+0.42a 0.85+0.13a 0.74+0.37a 0.56+0.14a
45 16:2 DMA PRAE AN 0.10 0.08+0.01a 0.08+0.01a 0.09+0.01a 0.09+0.03a
46 18:2 DMA PRAA AN B 0.11 0.09 — — —

47 10Me 160 JR AT 3.50+0.56a 4.44+1.67a 4.82+1.01a 4.91+2.42a 4.43+1.37a
48 21:0 HH — 0.15 0.15 0.12+0.01 0.11+0.02
49 230 H 0.07 0.15+0.06b 0.17+0.02ab 0.20+0.06ab 0.27+0.04a
50 18:2w6c JE52E B 1.50+0.32b 2.80+1.11ab 4.87+1.11a 3.23+1.62ab 3.80+1.36ab
51 10Me 170 e 0.32+0.05a 0.49+0.18a 0.55+0.15a 0.59+0.27a 0.63+0.19a
52 10Me 18:1w7c  FZRH 0.17+0.03a 0.30+0.12a 0.50+0.09a 0.47+0.22a 0.50+0.17a
53 10Me 19:107¢  JAZH — 0.2620.10a 0.14+0.01ab 0.16+0.06ab 0.12+0.04b
54 10Me 17 1w7c  JHZEH 0.57+0.09a 0.61+0.22a 0.54+0.12a 0.47+0.21a 0.64+0.19a
55 10Me 180 e 1.66+0.23a 1.24+0.51a 1.23£0.26a 1.10£0.46a 1.34£0.37a
56 20:406c JRA: B 0.18+0.03b 0.50+0.19ab 0.4120.04a 0.3320.15ab 0.38+0.10ab
57 20:3w6¢ JEEsh 0.06+0.01b 0.20+0.08a 0.15+0.01ab 0.09+0.06ab 0.14+0.06ab
58 20:503¢ S A B 0.45+0.27a 0.68+0.21a 0.70+0.07a 0.50+0.31a 0.56+0.05a
59 19:3w6¢ JEEsh 0.23+0.01a 0.34+0.12a 0.30+0.05a 0.24+0.08a 0.31+0.06a

[ A7 A ) B Fe /R AN TR AL B 18] 22 53 3% (P<0.05) ; HM ; FiE T 5B Desert steppe; MG : 5215 i Mk Amygdalus mongolica (maxim) ricker; YS;
ISR Pinus tabulaeformis forest; HJ: {2k Mixed forest; QH: 75 i 25 2 MK Picea crassifolia Kom forest; PLFA . B /2 fi§ [Ili iR Phospholipid fatty
acid analysis
2.3 OR[EER ARG LIRS P2 PLRFA 5 LhAs

AR RAR DT TR EGUAEY) PLFA & fpfe e Bod i LM B Z [ A (K 2) o ) W3
Yy A R S i 2 HL e, LR LRI T, 1 AR Sh 0 B s AR A/ AT | ELTR 2 (R, 22
[CPHPEA T 522 [CBA A P 2 (B PLFA & AT I 22 % A B 22 (] LR(E AR, YS I3 B e A= 5)
Yy JiRZH PLFA &2 1 HM 38 b &% 5 IR, 55 22 [QPH M4 I PLFA & & 3R 3H YS>MG>QH>H] >
HM, 5522 [RPAPEAE R R 3 YS>HI>QH>MG>HM,, E R/ 41 R YS>HI>QH>MG>HM, 5522 [ P40
PR/ 822 [CR 4 B8 HM>MG>QH>YS>HI
2.4 ARG T SR MR S5 L

DIAS PR A T R HE D PLEA BRic 2R R H8 bl A0 1, LA RRCEE 25 o RUBE | T e /NE B8 9 A 7
REREHT (K 3) . AFFEGA 9 58 PLEA A WhmiC o] 0 O R I 2EE . QnsRAE e A AL TR 1918 : 1w 7c
118 lobe , RILAEFEFHEANPE M) 160, RALBLGLFT R A9 10Me 160, FRAFF % [CHI A V16 10T, RE H
PRI 182 1w9c FJEAE FLA Y 18 . 206 , JLAFE R A 56 4240 A H & 5 15, TR 0 AE P b it W2 30 R 43 A AN 52
S HSEAL, TUE AR TSR A B UE 2SR R A S Bl A B AR A i & AR AR Ak T
A A Py AT e S A G R SRR IR AR T AR

PEHOA [l AE R TG 79 PLEA AEYbmic & il A B (1 4) , B B AT RS [ A PLEA ZEWIbRic e
[] (A PR R T S AT AN [R) A  PLEA AR iC 28 e — AR B T 1 3 ot W el v T LAt ity P D SRAE A9 7k
AR I8 5 A AR B 5 AR T LU R AE YS £ PLEA A YbRic & o 2 m T AR iy
2.5 N[FNEHRAEDH A MR Z R R AL

AR AR AR BT SRR MR TR Z HEPER E (3R 2) , 7E Shannon-Wiener ZAE MRS £ | HY 25 T HifF Ik
T, 7E Brillouin ZHEPEFEEL L QH A1 HY 280 T HAWE A G0, WIS FEFR 80E HY 2 m T H A om
B, 7F Simpson ZAEPEFE R I HY 225 T HAWEEK , 78 Mcintosh Z2FEMEFE 0T HY & T H A SO g
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Table 2 Soil microbial communities’ diversity indices in soils with different vegetation

e Shannon-Wiener 1§44 Brillouin 5 %{ B EAR R Simpson %% Meintosh $5%%
Vegetation types  Shannon-Wiener index Brillouin index Pielou index Simpson index Meintosh index
HM 1.2533 1.2633 0.5800 0.5300 0.3433
MG 1.2767 1.3000 0.5920 0.5677 0.3877
YS 1.2933 1.2833 0.5883 0.5473 0.3817
HJ 1.3167 1.3033 0.5953 0.5680 0.3930
QH 1.2867 1.3033 0.5867 0.5460 0.3797

2.6 AN[FEVEIRAE T 135 PLFA Fh28 5 e SRR BOH G o it

XA )RR A 47 1245 PLFA #2855 X ZFEVEFR AL Pearson AHICHE /MM (3R 3) , PLFA #1255 PLFA
T A Brillouin $8 %% 0. 3% IEAH ¢ ; PLFA % Y5 Brillouin $5 %0 . 2 IE#H ¢ ; Shannon-Wiener $8 (55 2 &) & ¥
%4 Simpson FEEUHT Mcintosh F5 00 35 IEAHOC ; Y5 FEHE IR Simpson #5483 5 Mcintosh 5800 3 IEAHOC
2.7 AR T SR MR o b

F A ) P AR B R - SR E WD 2SR T2 R0 A (81 5) 3RBH 5 LI RUE IR A G 2 A i R
THOTERR N 86.81% , Jorh 55 1 FU5r (PCT) FIEE 2 E RS (PC2) il BE 2 78.019% 1 8.80% , %56 1 £ i
B FEAE R YR AR R R PRI P 8522 FORH MR T 5 =2 [P 4 B LT Tk Tl R A B 55, XoF
55 2 TS EEAE IR TE )R R DA T o AN () T AR w7 T SR Ak W SIS0 0 A1 T 3 1 A - T
YA TR A7 ", T LA (] P AR A 110 0 S8 G 2 R i A7 7 22 S o BBORE B 2 19 e 30 R 3 3 IO R It Ak W
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Fig.3 Cluster analysis of PLFAs biomass of microbial community in soils with different vegetation
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Fig.4 Heatmap of PLFAs biomass of microbial community in soils with different vegetation

®3 LT PLFA £¥RCHE S ERMEY SFIEIEE Pearson X SHT

Table 3 Pearson’s correlation analysis of soil PLFA biomarker species, content and microbial diversity index

Shannon- v
illoui ¥ye) i g
S PLFA Fh PLFA 4 Wiener $5%K B”g°,‘1'1‘“ i qg%;g;y Smg,’ son $E %
5 em Types of PLFA Content of PLFA Shannon- 1.r1 oum '1e od 1.mpson
. . index index index
Wiener index

PLFA Giig .
Content of PLFA 0.73657
Shannon-Wiener F8 %%
Shannon-Wiener index 0.48492 0.3173
Brillouin 1§

rillouin £i54 0.99433* 0.70493 * 0.46037
Brillouin index

1A i g
ﬂ?/_'lr;.&lﬁ 0.21026 0.02552 0.19638 * 0.19756
Pielou index

. =}
Simpson #3 0.36503 0.193 0.62995 * 0.37668 0.45958
Simpson index
Mecintosh $5%

cintosh #55 0.42737 0.22943 0.80149* 0.39539 0.71028 * 071103 *

Mcintosh index

w L FHEPETE 0.05 K | i3

iz PLFA VA S WFSE T 824 10 A AR PR DX IR AN R AR AE Aty -+ B0 W VR 45 4 S 2 e ) DO TR TR
R LR 59 i PLFA AEWbRic, &R B QH 48 rh PLFA AWbRic A28 K, YS 158 PLFA A= Wb5
IO iR R AR BT T T e R i T ) R R AT 70 Ah PLEA AR WbRIC s A B
FE VT L0 AR T30 MRy LA Tt 22 Fb PLFA ZEWbRic ; S A S5 WF5E 1 a3 Ll A ] Vi 3k A0 e iy
A YR T ARSI Y 25 Fh PLEA A= Wrdmic s AT DR 22 11 F AR ARAP IX AR 3k 18 v PLFA A= 9p5ic b
KL AL W SRR XS o =E & X 5 X T A A5 O I 9T B8R 22 LA ] Vi A M 70 i gl 7 - 19t
AW Z AR TR 28 Bl PLFA AEWIFRIC I 25 5 AT T 25 55, S 0o IR 1 28 Al il S B0, JFE 2 = D PR ] g
ESRHE s BB SN T AEEA— A K, TEARRIE AR 38 BR T PLFA AWbRic A SR & A
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