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Effects of Different Altitudes on Soil Microbial PLFA and Enzyme Activity in

Two Kinds of Forests

ZENG Qing-ping, HE Bing-hui®, MAO Qiao-zhi, WU Yao-peng, HUANG Qi, LI Yuan

(Key Laboratory of the Three Gorges Reservoir Region’s Eco-Environment, Ministry of Education, College of Resources and
Environment , Southwest University, Chongging 400715, China)

Abstract: The soil microbial community is an important part in soil ecosystem, and it is sensitive to the ecological environment.
Phospholipid-derived fatty acids ( PLFA ) analysis was used to examine variations in soil microbial community diversity and its
influencing factors. The results showed that: there existed 48 PLFAs that were significant in the soil samples from six altitudes. The
PLFAs of six altitudes with the highest contents were 116:0, 10Mel7:0, 10Mel8.0 TBSA. The citrus forest exhibited richer soil
PLFAs distribution both in type and amount than those in masson pine. The microbial activity and functional diversity of masson pine
were increased with increasing altitudes, and citrus forest gradually decreased, the PLFA content of different microbial groups in each
altitude were significantly different. The richness index, Shannon-Wiener index and Pielou evenness index of masson pine in low
elevation were holistically higher than those in high elevation. However, the highest richness index of citrus forest was in low altitude,
the highest Shannon-Wiener index and Pielou evenness index were in high altitude. The PLFAs content of different microbial groups
were closely correlated to the soil enzyme activities and environmental factors. The PLFAs of bacteria, actinomycetes, G~ ( Gram-
positive ) , G* ( Gram-negative) were positively correlated with Ure(urease) , Ive(invertase) , CAT( catalase activity) and forest type,
the PLFAs of fungi was significantly correlated with Ure, Ive, CAT, the PLFAs of bacteria, fungi, actinomycetes, G~, G* were
significantly negatively or less correlated with elevation. Ure, Ive, CAT, forest type and elevation are the pivotal factors controlling the
soil microbial biomass and activities.

Key words : masson pine; citrus forest; PLFA; soil enzyme activity; altitude
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mm) , O R BE.

2 MFRFAE

2.1 HHEFESCREE

2014 4 11 H, FERG 2 1Y S J8 A PR AR A7 b A
AR L BEMLIE RS 3 B AR 20 m x 20 m 45 HE
FEHL, FEARERE R 5 IR W FRIZBEE S N1 m
x 1 m (/NI BN /INEE R BE AL EE$E 1 AR AE
JLREE 0 ~20 em WREERY 4R IRAT S AS/IMVEERL
FE. M RAT M SE = B R SR, i 2 mm
SEFEAE 4°C JH T I 5E PLFA. W Ak 43 2k 7 175 o0 WL
#1.

®1 DESH, HERERRERS ENHS T

Table 1 Stand characteristics of masson pine and citrus forest under different altitudes

psi K/ m P Mt/ a A (A% ) /em SR /m FARKBHAE /% FAERHEE/ %
432 HEM 45 @19. 1 13.8 80 40

L) SN N 467 LEY YIS 45 ®18. 6 14.5 80 45
491 R 45 ®18.9 14. 1 80 50
315 A 43 D14.2 4.3 65 90

LIERTEZIN 362 A% 43 D14.2 4.3 65 96
405 G 43 D14.2 4.3 65 96

1) @ Fmftt, D Fnibis
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TG i 107 7% SR 48 TE 19 Bligh-Dyer J7 3™ Bk
WY T 8 o T Mt H4F IR A IR 38 (& 5
I ZE i =21 100, 8) $REUIRZS, A Z ik ir
B RIBEERAR IR , SR 5 2 I BR AL H Aligent 6850
S ETEAL B £5 BB DT R (C5 ~ C20) 1Y & 1, DA
IETJUBERR DT R F R AR AT o TR 45 By
JI§ 7 2 i i MIDI Sherlock 1 2E ¥ % & & 48
(Version6. 1, MIDI, Inc. , Newark, DE) 47, bnifi
Fl W36 [ MIDI 2RI €9 ~ C20 AR IR TP g,

TR ( Ure ) I 52 FH&E MY b (072 5 % AL (Tve ) PN
FEH 3, S-REEK IR Ak H,0, g (CAT) I
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[ s b SR O E - TR 16D 9 0 v L

FE (UARRS . UV-5200).
2.3 BIEA S5 br
BOESr#r /8 SPSS 18. 0, Origin 9. 2, Microsoft
Excel 2003 S840, Sk B K 26 5 22 43 Mri: (LSD)
HLASAN R BG LRI ) 25 5 (P < 0. 05) , F 15 4
Bridi (PCA) SRZEG TN IR 73 13 PLFA.
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D0 (MIRFLSHTAL ) |« Z7 M B 1 B T e i 1 2
i O s 1 BN W | D= W 2 3 N
(iso) M= H JE 324, “a” (anteiso) F2 7R J 20 H
FehE Me Fm B IENH, oy TR RN I 4%
“OH" FI BT FR R HEA

3 BRE5SM

3.1 PR T HE PLFA 20 5% R A W e V5 41 R
it TR R ) A8 A

6 /™I P A LA I s 48 Fh B A A B R ( 1A
1), BRI AR 18 PLFA Rz RECK, 7
SR 34 FhED 45 F & HER I LL 16.0 & & A,
16:0. i15:0, i16:0. 18:1w9¢ Fl cyl9:0w8c Y L Fl
d BRI BRRIY 40% L) b g 2 mI%n, i fh 43
BLAEIFN PLFA 5 34 PLFA 1 40% ~ 48% , Tfi Fo 4%
PLFA 25 RIAY 5 & PLFA 19 11% 47, Hobigk
432m IR HBE PLFA 3 i eI, {0 47 11.38% , H 5
oAtk 2% 57 3

ANFIMRG 145 PLEA 5 5 B (14 38 0 A8 1k #4
PONTE], AR B PLEA &5 5 7 AS [) 6 % [A] 22 5+ 2
W H AR PLEA 55 it v A T 5 G i
MEAR A PLEA B v 45 U] 3¢ B S 0sd I 14 114 i 3.
HI e 3 AT A TR T A i e R, OO HLTA
/€5 i TR AV D=2 /A N w1 < I = N '8
LW, G G ™ BT 1 3R B Yo 1 I D i B 5
FHABAR AN B | RN G B3R T = )
FLPE A G~ Rl R 0 SN 5 3G 0, HAT A AR 28
R+ R ) PLRA & ¥ H T R AR AR & S 2 %
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F2 DE®RWK, HEKRESRESRK L% PLFA X REEE (T +SD) /nmol -g ™

Table 2 Types and content of soil microbial PLFA of masson pine and citrus forest under different altitudes( mean + SD)/nmol - g ~

1

PLFA Lh AR WG
/nmol - g ! 432 467 491 315 362 405
HEHEIA PLFA 2.913 +0.184 2.968 +0.120 3.027 +£0.153 5.205 +0. 806 3.950 +0.219 4.200 £0.544
HHEAF PLFA 0.813 +0.064 0.900 +£0.091 0.857 £0.090 2.018 £0.216 1.503 +0.494 1.550 £0.353
SCHEVRAT PLFA 0.815 +0.071 0.978 +0.049 0.853 +0.068 1.943 £0.081 1.560 +0.007 1.550 +0. 155
Z AN PLFA 0.813 +0.053 0.900 +0.082 0.857 +0.035 1.990 +£0.075 1.503 +£0.494 1.518 £0.350
IR LE PLFA 0.808 +0.092 0.900 +0.021 0.897 £0.012 1.433 +0.028 1.273 £0.494 1.433 +£0. 190
®3 DERW, HEHERRERE LM TS ERAEENE S E (V1 £SD) /nmol-g !
Table 3 Soil microbial PLFA of masson pine and citrus forest under different altitudes( mean + SD)/nmol - g =
e LA Fittdpk
432 467 491 315 362 405
Eaiil) 3.213 +£0.014 3.753 £0. 205 3.560 +0. 141 7.748 +0. 197 6.530 +£0.014 6.503 +0. 325
ELH 0.730 +£0. 120 0.763 +0.014 0.727 0. 089 1.355 +0. 048 0. 875 +0. 066 0.973 +0. 067
TR 0. 168 +0. 035 0.198 +0. 126 0. 130 0. 007 0. 668 +0. 021 0.543 +0.014 0. 540 +0. 002
G~ 2.118 +0. 311 2.383 +0. 049 2.360 +0. 042 4.838 +0.071 3.795 £0. 585 4.160 +0. 022
G* 1. 870 =0. 120 2.250 +0. 155 2.113 +0.238 4.933 +0.077 4.005 +0. 098 3.823 +0.025
& PLFA 8.903 £0.453 9.338 +0.219 9.427 +0. 605 18.230 +0. 537 14.328 +0. 615 14. 800 +0. 077

3.2 PR HIEBE YIRS Z RGN AL

SA L IR SY - SRR M A R AR PR R T AR
RIS AN — (32 4) . DH AR & 4 o 45
WS BFm TRk, SR (H) | WA
SR W BE TR P T e el 3 AR AR =
FESR KL . R B BRI 5 T e 1 e el /N s
Py o) FE R BRI T e T i ARG AR L SR e

BEEMEEE ., 2% WOESERRYEEST
AR,
3.3 LM ARG AR £ RLAE Y PLFA 1Y 3 %
Vsl

PR - e IR AR T R Y B PC1 1 PC2
PR (B 2). SRR PC1 3222y B
TRNAG TR . AR SR RN IS R . SCBETR AN AR
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16:1w9¢ b

17:0 10-methyl &1
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Sum In Fea
Sum In Fea
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Sum In Fea

18:0is0 p
Sum In Fea

10:020H |
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I1:0anteiso |
12:030H |
12:0 anteio |
12:0is0
13:0is0 fi
14:0is0 b
14:1w5c [
15:030H |
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18:0 10-methyl, TBSA |—
18:1 w7¢ 1 1-methyl |

17:0 anteiso [3
17:0¢cyclo =

Sum In Fea

Sum In Feature 2 {8 12.0 aldehyde 8 unknown 10. 928 ; Sum In Feature 3 {3 16:107¢/16 :1w6c 5 16 :106¢/16 : 1w7c; Sum In Feature 4 {8
2 17.1 iso I/anteiso B 5% 17 .1 anteiso B/iso I; Sum In Feature 5 £ 18.206 ,9¢/18 ;0 ante 8% 18.0 ante/18 :20w6,9¢; Sum In Feature 8 e
18:1w7¢ B 18:1w6¢; Sum In Feature 9 {8 171 isow9c 5 160 10-methyl

E1 SEMK HEEREREGR LT EHEY PLFA HWEE

Fig. 1 Soil microbial PLFA profiles of masson pine and citrus forest under different altitudes

PR L S 22 AN R 5 R 2H %, o5 T A ) e 4 ) 7 10 Mel7.0, 10Mel8:0 TBSA . 18:1w9¢c & &5,
S 53.61% ,HH1 13,0, 14,0, 14.1w5c, i16.0, MOALEPCLAYS5S8. 34% 3 PC2 4% & 1 IE 5 R M
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®4 DENH, HERERRER DM LEMEY S EEREIER" CTHH £ SD)
Table 4 Soil microbial diversity indices of masson pine and citrus forest under different altitudes( mean = SD)
MY 4R/ m FEBERE(S) Shannon ZAEMEFEEL(H') Pielou Y5 ()
432 34 3.059 +0.012(a) 0.867 +0.003(a)
L2Y Y /NN 467 31 2.791 £0.031(¢) 0.813 £0.009(c)
491 31 2.803 +0.010(b) 0.816 £0.003(b)
315 45 3.351 £0.019(b) 0.880 +0.005(a)
A BK 362 38 3.294 +0.044(a) 0.906 +0. 120(b)
405 41 3.378 +0.021(¢) 0.910 0. 006 (c¢)

1) NG FRER SR % 5 %

18:0, al7:0, i17:0 % 3 Fh, M A5 PC2 1
38.20% . MHEF T PC1 3= 2 b 1 B 10 0 IR W R
AV RIIR IR . 22 AR A 5 R L B 3R e i i
PR LI, o6 o7 T O A U 5 A A R S 1 32%
Hr16:0, 18:0, al5:0, il15:0, al6:0. il6:0.
16:120H, 16: lwSc, 16: lo7c/16: lowbe %
16:106¢/16:1w7c, 10Mel7:0, i17:0, 10Mel8: 0
TBSA ., 20:406, 9, 12, 15c., 18:2w6, 9c/18:0ante
5718 ;0ante/18: 206, 9c FmEH, BAI L PClL Y
69.77% ; PC2 T R ®HIH 17:0, 10:0 20H,
al2:0, cyl9: Ow8c, 17: lw8c, 11Mel8: lw7c,
i17 . 109cE 10Mel6:0, (5 PC2 (4 51. 67%.
3.4 PIMROAEAS ) T 3 L %) A STE A 4 1) 22 S 1
Sy Rt

MiHE#K I Ure | Ive . CAT K ACP fifii& M B 3
E TR S3) . DMK HE CAT BES MK
TR TV i T P AR, 32 Ure F Ive B I5 P 55 i Y 7
WGP 467 m, IR TEMEHL 491 m; 1 +3% ACP T
P 76 3R 28 AL MR R 467 m [ (3.767 = 0.224)

mg-g '] <432 m[ (4.226 £0.307 )mg-g~' ] <491 m
[(4.898 £0.507 ) mg-g~']. MAFA LI Ive, CAT
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Table 5 Correlation coefficients among soil microbial, soil enzyme activity and environment factors of masson pine and citrus forest
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