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Fig.2  The phenolic acids content detected by positive ions on different terrains
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Fig.3 The content of phenolic acids detected by negative ions on different terrains
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(a) Bacterial stacking diagram; (b) Fungal stacking diagram
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Fig.5 Soil microorganisms community clustering on different terrains ( class) :

(a)Bacterial community clustering; (b) Fungal community clustering

RI3 FRAMEIEAEEEMNEBRBRYRM T EECERBAXESN

Tab.3  Correlation analysis of soil bacterial structure, phenolic acids and soil physical and chemical properties on different terrains
o A A 24 KT B 2
s bR - ——— - - - - -
e L TR N o BT EN BT M PR b J2 T 1 44 T AR TR 1 24
TIEAE 0.620 = -0.150 0.258 -0.075 0.566 * 0.127 0.711 *
gk R -0.234 0.413 * -0.006 0.484 * 0.066 0.024 -0.177
SFLBREE 0.003 0.432 %% 0.130 0.461 = 0.078 0.479 = -0.135
Ak 45 FL IR EE 0.058 0. 194 0.482 * -0.327 -0.123 0.348 -0.093
A WL -0.276 0.455 = 0.792 = 0.022 0.040 0.528 * -0.180
2R -0.054 0.087 0.270 -0.026 0.155 0.244 0.003
LW 0.029 -0.238 -0.109 0.564 %%  —0.109 -0.064 —0.244
4 0.051 0.007 0.089 0.038 0.104 0.043 0.108
pH 0.458 * -0.660 0.234 0.251 0.182 0.147 0.200
] 5% 7% 0.827 # * -0.262 0.792 s * -0.897 %%  -0.173 0.310 -0.024
Pimentol -0.670 * 0.758 # = 0. 840 * * -0.506 ~0.604 * 0.815%%  —-0.281
Cis-2,3-Dihydroxy-
2.3-dihydro-p-cumate -0.521 0.741 % 0.804 s -0.783 %%  —0.389 0.742 %%  —0.104
R -0.653 * 0.843 # 0.788 -0.534 -0.519 0.747 =%  —-0.253
Xt ¥ HE K H R T B 0.317 0.084 -0.623 * 0.128 0.749 # ~0.615 = 0.442
K A7 B2 TR 0.824 # 0.156 -0.131 ~0.678 s 0.458 -0.181 0.755
A H RS TIM  -0.082 0.484 0.221 -0.667 * 0.203 0.173 0.247
Amurensisin -0.481 0.863 s 0.481 -0.552 -0.089 0.468 0.069

T RRAE PRI B F MR R, =« FOR BB H LK R .
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FAONHHBEVE S ALV T B R A
EMARE R, 45 R BN, AR TR S5 A LR A7
R B M G, T 5 Pimentol, #F R R .
Amurensisin [A] £7 76 4% i 25 1F AH ¢, 0 5% 18 40 5 2
Er R E A O, IS LR B R TR A
Amurensisin f 1) 8 2% A ¢, G 8 AN 5 K R K
B AP OK R M T SE R A Amurensisin [7] 35 1 (5
FHIEA S, RS T N R I KA IR e 48R — H R

BA R T HLR T Amurensisin B2 4% 5 2 0140 56 .
2.4 TEMEVHEELWETFSH

R T R 5T AR M T L M R R
[Fi) 3t T2 A WD R % 205 4 728 A 0 52 e LR B 5 1
22 T PR B R B . A
AR B R W) B R AR O RS R TR )
B Ay Wi 37 A2 S, XoF AN [] 3t B A1 B R B RE I S
By R W) J53 73 Sl #E 47 TU 4% 4 #r (RDA) o 25 R 4 3k 6

x4 FRAMBIBEAEEEMNEBRBRYRM T EECERBAXES N

Tab.4  Correlation analysis of soil fungal structure, phenolic acids and soil physical and chemical properties on different terrains

L AK T B2

B2 5 7 - - )

F5TE N T % TR 0 E B 44
+ AT 0.016 -0.135 0.135 0.580
T EKE 0.121 0.051 0.054 -0.314
SR 0.153 0.101 0.208 -0.246
Ak B FLBE -0.421 * 0.038 0.436 * -0.346
AL -0.058 0.323 0.325 ~0.580 # *
R -0.008 0.143 0.387 -0.491 *
LW 0.083 -0.381 0.667 s -0.500 *
4 4 0.052 0.124 0.048 0.159
pH 0.057 -0.285 0.309 -0.19
] 25 1 -0.287 0.105 0.556 -0.465
Pimentol 0.432 0.319 -0.683 * 0.736 %
Cis-2,3-Dihydroxy-2 ,3-dihydro-p-cumate -0.045 0. 660 = -0.548 0.562
7 B 0.338 0.429 -0.760 s 0.771 # =
Xof ¥ 5 BT R T i ~0.772 %% 0.519 -0.119 -0.058
7K A% R G T —0.936 * = 0.776 # % 0.036 -0.128
A2 R B S TR —0.756 s * 0.926 * * -0.284 0.220
Amurensisin -0.261 0.848 -0.780 * * 0.735 %%

o+ FRIEARAIE BEMR KR, »» FRBMBEFEMRKR,
R5 NEHEES Y B0 15 IR AL 1 BRAE R AT
Tab.5 Correlation analysis of phenolic acids and soil physical and chemical properties on different terrains
L F%LE:  Pimentol Cis2,3 Dibydroxy- R X\TE%X TKA% R IR R A Amurensisin
2 ,3-dihydro-p-cumate FER T i W TR

+ A E 0.050 -0.047 0.085 0.064 0.225 0.186 -0.221 -0.226
8k % -0.383 0.099 -0.149 0.031 -0.276 ~0.453 * -0.308 -0.039
AL B —0.450 #  —0.245 -0.331 -0.234 -0.003 -0.170 -0.033 0.080
AL R -0.218 -0.147 -0.262 -0.174 -0.129 -0.189 0.080 0.123
A 45 L B 0.374 0.208 0.201 0.169 -0.312 -0.134 0.134 -0.024
AL -0.251 -0.121 -0.316 -0.257 -0.107 -0.172 0.252 0.243
4R -0.168 -0.188 -0.318 -0.286 -0.197 -0.246 0.104 0.035
LW 0.003 -0.396 -0.393 -0.381 -0.380 ~0.409 * -0.399 ~0.481 *
L4 -0.224 0.111 -0.218 -0.075 -0.143 -0.287 -0.394 -0.140
pH 0.286 -0.241 -0.063 -0.155 0.013 0.021 -0.267 ~0.421 =

o= FORIEREIA B EHELR
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Tab.6 Canonical correspondence analysis of microbial community structure ( Class)
B HH
+ B AR AR
TR/ % F P TR/ % F P

SALBLEE 21.70 5.20 0.002 2.80 0.70 0.572
B T3 21.30 6.30 0.002 9.80 2.20 0.070
X A R T T 6.20 1.90 0.106 2.80 0.70 0.572
pH 5.20 1.70 0.144 3.20 0.80 0.472
N 5.50 1.80 0.140 24.50 5.10 0.006
KA R 1 TR 7.40 2.70 0.032 1.80 0.40 0.714
EEILGE 4.00 1.50 0.194 1.50 0.40 0.806
A RS T R 4.10 1.60 0. 144 2.90 0.80 0.486
A B FL I 3.40 1.40 0.236 9.00 2.40 0.076
BB 6.80 3.20 0.018 3.60 0.90 0. 460
S 4.30 2.20 0.078 9.40 2.00 0.096
[T 4.40 2.50 0.046 7.30 1.80 0.130
Amurensisin 2.10 1.20 0.288 2.20 0.50 0.634
Cis-2,3-Dihydroxy-2 ,3-dihydro-p-cumate 1.60 1.00 0.446 5.70 1.40 0.292
Pimentol 1.20 0.70 0. 604 2.50 0.60 0.636
B S0 & 0.70 0.40 0.788 9.20 2.30 0.078
5 —h otk R 37.51% 35.17%

It i 26.58% 18.79%

FER 55— R B T 37.51% Wy 78 S5, 45 —Whid ke 1
26. 58% {78 5, LA il B T 40 T 44K P 1 64.09%
MRS o WR4E)S (5 S 0% B AR X B oe B, A LI

W JoAE PR AR SR 256K St 75y 1R ) ? R

J5F 43 R AZ A b A K BEL 6 280 0

o MM A K 1

B LR E R VY < PO S < (M < 1L

(TTHkEE N 21.70% ,F =5.20,P =0.002) , + 4 %
& (TR H 21.30% ,F =6.30,P =0.002) , 7k #
iR e (TTmkE h 7.40% ,F =2.70,P =0.032) , 4
BT ( 5TRkJEH 6.80% ,F =3.20,P =0.018) , ff 4l
R (GIHkJE R 4.40% ,F =2.50,P =0.046) & 51
TR S EE T, B Rl T 35.17%
78 5, 2 il BE 1 18.79% H’J/E%',Aﬂﬁ’q’:%
P K- L 53.96% B8 5o BE4E G 15 B
XA, Ho A w (5TlkE R 24.50% , F = 5. 1o,p=
0. 006 ) & 52 Wil + 3 EL R HE TR A0 2 1

3 dhe

3.1 AE ML Xt 1 5 F) ER ¥ BT i =2 i
AN AR 8 B A ™ A 19 o B4 D DR 2 0 1R

T, X 55 A R 3] 9 I R ) o S AT OB B X 1
A 1y I 0 T R 2 R AR A0 e A 5 AR g A
KRB PYAL Bl st < 1l M1 < VY pg Bl < Ll
X5 RO B 5 AT — i SR, MRy S s I
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FMMRY R MBS AT TR R ER . 2T
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TR IR G AR I Mo, 1 3
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Effects of Terrain on Soil Phenolic Acids Content and
Microbial Community in Cunninghamia Lanceolata Forest
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(1. College of Forestry,Fujian Agriculture and Forestry University , Fuzhou 350002, China;
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Abstract; Terrain influences soil phenolic acids and microbial community. Investigation on the changes in phenolic
acids compositions and their relationship with soil microbial community structures under different terrains can
contribute to a fine understanding of mechanisms of resulting microbial community changes. Previous studies mainly
concerned about the effects of terrains on microbial community structures, but no related work had been performed
on the interaction between soil phenolic acids accumulation and microbial community structures in varied terrains.
In this study, a hundred years of Cunninghamia lanceolata forest in Nanping, Fujian province, China, was targeted
as case study. The phenolic acids and chemical properties were analyzed; 16s and ITS were used to determine the
community structures of bacteria and fungus in four types of terrain soils, including southwest slope, northwest
slope, corrie and valley. Results show that: (1) Phenolic acids content showed a trend of northwest slope >
southwest slope > corrie > valley, and acids content decreased with the increase of soil depth; (2) The relative
abundance of bacteria Actinomycetes was highest in southwest slope, and that of fungi Sordariomycetes was highest in
corrie; The relative abundance of microorganisms decreased with the increase of soil depth. (3) In bacteria, the
relative abundance of Planctomycetacia and «-Proteobacteria were the highest at high phenolic acids content,
whereas the relative abundance of Actinobacteria and B-Proteobacteria were the lowest; In fungus, the relative
abundance of Sordariomycete and Dothideomycetes were higher at lower phenolic acids content, whereas the relative
abundance of Agaricomycetes and Tremellomycetes were lowest. (4) The bacterial community structure was scattered
in different terrains, whereas the fungal community structure was more concentrated. Total soil porosity, soil bulk
density, amyl salicylate, soil organic matter and ferulic acid had significant effect on bacterial community, and total
phosphorus had significant effect on fungal community. Different terrains lead to the change of phenolic acids
content and microbial community structures. Phenolic acids had a dual function on microorganisms, including the
promotion of bacteria growth caused by high content, and the inhibit of fungi growth caused by low content. The
results revealed that the effects of soil phenolic acids on the microbial community structures, which could provide

reference for the long-term productivity of Cunninghamia lanceolata forest.

Key words: Cunninghamia lanceolata forest; terrain; soil physical and chemical properties; phenolic acids;

microbial community



