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Effects of. leferent Forest Vege{atmn Types on S(nl Nltrogen -Related Mrcroblal’

Communltles .and Functions ,111 Jn}yun Mountain’ *."’“ 4

WANG Ying-yan fFWANG Fu- hua, LUO Dong hai, LU /Sheng, WANG/Zi-fang, GAO Mmg
(Colr:;ge of Resources and Environment, Southwest Universitys” Cbﬂngqmg 400715, China)

Abstraet :/To clarlfy the response of a nltrogen -related rmero'f)lal community and function to different vegetation types in subtropical
forest, soil samples were collected for analysis from the topsoil of five vegetation types in the Jinyun Mountain National Nature Reserve,
i.e., cdhiferous forest, broadleaf forest, mixed broadleaf-coniferous forest, P. pubescen forest, and grassland. To analyze the microbial
abundance, community, and function discrepancy between different vegetation soils, multiple molecular techniques, such as terminal
restriction fragment length polymorphism ( T-RFLP) and quantitative polymerase chain reaction (qPCR) analysis, and nitrogen-related
microbial enzyme activity procedures were used. The results showed: (D The denitrifying enzyme activity was much higher than
nitrifying potential in Jinyun Mountain National Nature Reserve, and the two enzyme activities were much lower in coniferous forest soil
than in the other vegetation soils (P <0.05). In addition, dissolved organic carbon, soil water content, and total nitrogen were the key
environmental factors controlling enzyme activity. @ The qPCR data showed that the abundance of nitrogen-related microbes was
highest in P. pubescen forest, whereas it was lowest in coniferous forest. The abundances of the three nitrogen-related microbes were all
significantly correlated with dissolved organic carbon, total nitrogen, available nitrogen, total potassium, and available potassium (P <
0.01). @ Based on T-RFLP data, the a-diversity of nitrogen-related microbes was highest in broadleaf forest, whereas it was lowest in
P. pubescen forest. Principal co-ordinates analysis ( PCoA) showed that the community structure of ammonia-oxidizing archaea
responded significantly to different vegetations, and the community structure of nitrogen-related microbes showed the most difference in
coniferous forest. In addition, distance-based redundancy analysis (db-RDA) showed that the community structure of nitrogen-related
microbes was mainly shaped by dissolved organic carbon (P <0.001), available nitrogen (P <0.002), and soil water content (P <
0.001). @ Soil-denitrifying enzyme activity was mainly affected by the abundance of nirS-denitrifiers, ammonia-oxidizing archaea,
and the community structure of nitrogen-related microbes, whereas nitrifying potential was only controlled by the abundance of
ammonia-oxidizing archaea. Above all, subtropical forest vegetation significantly affects the abundance and community structure of soil
nitrogen-related microbes, thereby changing their function of controlling the soil nitrogen cycle. This study can provide basic data for
the coupling mechanism between soil microbes and N,O release in subtropical forests in China.

Key words : subtropical forest; vegetations; nitrogen-related enzyme activity; nitrogen-related microbes; community structure
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Table 1  Basic physical and chemical properties of soil
oy - TNil TPil TKil AN | AP | AK | Doci1 WCil
/g-kg /g-kg /g kg /mg-kg /mg-kg /mg-kg /mg-kg /g-kg
Bk 4.02+0.02¢ 0.67+0.00c 0.10=0.0lc 13.36 £0.13b 36.82+0.67d 1.69 £0.19¢ 28.50 £0.00d 8.33+1.57¢  150.16 +9. 67c¢
RN 4.12 +£0.03bc 1.73 £0.00b 0.23 £0.02a 18.71 £2.26ab 157.67 +0.33b  5.45+0.05b  58.00 £0.50c 22.51 +7.09ab  420.23 £9.75a
E-RIRACA 4.37+0.02b 0.64 £0.00c 0.13 £0.00c  21.60 +0.6la 52.56 +1.67c 1.41 +0.00c 64.00 =1.50b 15.51 +2.0lbe  197.85 +9. 27hec
Tk 4.18 £0.02bc 1.90 £0.06a 0.15+0.01b 24.97 £1.03a 206.88 +2.68a 9.76 £0.46a 81.50 £2.0la 27.50 +4.03a  241.62 £3.02b
F 4.95+0.03a 0.75+0.0lc 0.14+0.01b 16.67 £0.7ab 83.45+0.6bc 5.06 £0.03b 50.00=1.0c 14.69 +1.42bc  252.90 4. 51b

1) Bl 3 WEE B ME SRR, FFVEBR G AR PR R R FIRE R I 225318 5% RFKF
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RDA), Jfiz H 5 Ff K ¥ & ¥ K % ( Monte Carlo
permutation test) 25K 56 24 JHE P AAY i) 2 2 (]
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P 1 AT AP 398 S Al 2 s g g w0l ® L 1P 8
TR B 20 ~ 160 157, ELAS BRpbthl e b s 8 ] \/ | F
TR E I (P <0.05, [ 1), Foit 4 57 ol d .
AT T S5z e, IV bR - SR A At v, T AT I bk 3 Stk W ’f;z*iz** L o
2 TE PRI, B2 SR M4 i . 7%
Iﬁﬁ%{i/ﬁeﬁ AL PRI 36T %i)};fﬂi P B P R R 145
A DEA 55 pH DOC.WC TP Al AK 2 507 1F ERHE(P <0.05) , T T A BEE Lt
AHZG ;T NP 5 13 DOC \WC TN TP F1 AN {3 IE KE | BEAC 32 S RAL BT
HX(P <0.05) , Hrd WC 1 TP ik i &K (P < H1 FAREFMES T ERLARRHABENSE
0.01 ) , JI_LIJ%% 2. Fig. 1 Nitrification potential and denitrification enzyme

activity in forest soil relative to vegetation
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Table 2 Correlation between nitrification, denitrification, and soil physicochemical properties L

iH pH DOC we TN TP TK ~ AN AP i f ;\Kr
DEA 0.582* 0.542* 0.615* _.0.274 0. 605 * 0.512 0.389 0.336%.5" g 621
NP ~0.111 0.552* 0.657 ** -‘[_J.p.-'éns* 0. 662" 0.246 0. 587 0.479 95,334*

1) #* F/R P<0.05, = * %R P<0.01

2.2 ﬁlﬂWfflﬁﬁ%ﬁi%FﬁN Om““%liﬁiﬁ&‘ ©EEER : :@f- ; )
iy J‘-v ." 4 h

THMWE%EiE%EPbFHIJJ ‘iag%mg/l
et n e 2. fﬁﬂtiﬁ%qﬂﬁ’f@ﬁ‘*%lﬁb}%m
ﬁ@%g% LR AR MR B2+ 5 (P < 0,05 ), Tirst ot/
Mi@%ﬂi{f& %T mrg-ﬁ. amoA ﬂl nosZ"‘ﬁ lf(ﬁﬂ,r’f
p it ;%aﬁ:‘f ) A - ) T B
(P<0.05). WA IIREHE 5 1 P8 AL 5 14 4 G
P, WLZE 3. Hodf , DOC TN TK (AN LI M AK #5 3
Fob 0 T B 56 D5 4 DL ik 2 B K (P <
0.01). tAh, amod FEPH 5 TP i i3 IEAHIC (P <
0.01),5 WC Fl AP % IEAHE (P <0.05). nosZ : poel  HONH  mees
S5 AP [FFERIE E EHIE (P <0.05). 5t[FH T L i

HidE A
R, ¥ R D REFE K 10 45 D1 505 s Al A B % A b A el N S5k 3 R R ) 95 S8 0 RE L R 4 DB R [
FORISERE ST 7% s amod JE TR % D145 DEA (P < TRFBEFE(P <0.05) K THERBIRAE

0.05, r=0.616) Fil NP(P <0.01, r=0.713) ¥J{7 1k RSN SR FHIM LRI (P <0.05)
B2 REARER TS R EE T

B FAHOCHE s nirS EINHE DU DEA 5 8 35 TEARSC Fie 2 Vasiation i -
i N ig. ariation in the copy number of nitrogen-involved
(P <0.05,r=0. 578) 5 nosZ 5k *% UL ﬁ Ejz %':F :ti;%% functional genes in forest soil relative to vegetation

®3 BEAMEERENHE T EBEUEROEXXR"

Table 3 Correlation between the copy numbers of N functional genes and soil physicochemical properties

WiH pH poC we TN TP TK AN AP AK
q(nirS) 0.125 0.895 ** 0.279 0. 686" 0.330 0.916** 0.814* 0.826 ™ 0.953 *
q(amod)  —0.244 0.884 " 0.634*  0.759* 0.719™  0.833* 0.752* 0.534* 0. 860 **
q(nosZ) ~0.488 0. 868 ** 0.323 0.797 ** 0.432 0.878 ** 0.784 ™ 0.617" 0.851*

1) * ;R P<0.05, * * 3£/R P<0.01
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2.3 R[RIAE B 3 N O D RERE AR T& S5 A 4R AIE

T T-RFLP BIRRE S5, A a-Z AR
AR (T AR -BUR Z R ERE R 35 5 AR BRIy
SIRERE) FRAEA R RRMA B L Y RN RERE N %
LM ZRENE, WA 4. AR -UR SRR RS BN 75, 2R
MRAHE nirS S PIRUEL A S o T A 2 S FE D F bk
4 3 DA B O . X TR AR, AR
narS SEPEAE I AR T AL 2 2R 5 AN [ AR

3R AR B+ AR AR 2 R A . 1Y)
BEFREL, nirS FEPR BB IR & oA 2 AN nirS
TEARRIBRMAE R A —E B 22 5. 3 MR IE
B AFFIEIE S DEA 1 NP 2Z 8] B9 AH 5204 S ow
DEA 5P A FR (Y A AFFE A M NP 5 amoA Fil
nosZ JE R RFIEAE B35 A0 5C, Hirp amoA JEH=E & 1
HEURN nosZ 55 K I A AR - JBUR 22 FE P4 BGA Bk
FIKF-(P <0.01, r A 0.712 F10.652).
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Table 4  Characteristics of nitrogen-related microbial community structure in forest soil relative to vegetation

- A -BUR ZRE TR R Fow EREL Yo AL

nirS amoA nosZ nirS amoA nosZ nirS amoA nosZ
Bk 2.08 £0.12b 1.06 £0.24b 1.44 £0.05b 1.34 £0.17b 3.43 £1.09b 3.93 +1.13a 0.92+0.0la 0.31 £0.03b 0.42 +0.01b
vl I 2.47 +0.05a 1.73 £0.02a 1.64 £0.00a 2.15 £0.12a 7.38 £0.42a 3.52 £0.17a 0.87 £0.00b 0.39 +0.00a 0.45 £0.01a
E-FIRASH 1.68 £0.19¢ 1.56 £0.02a 1.00 £0. 03¢ 1.40 +0.31b 4.64 +0.32b 3.87 +0.13a 0.68 £0.02¢ 0.4 +0.00a 0.27 +0.0lc
ik 0.84 £0.04d 1.63 £0.04a 1.53 £0.04ab1.09 +0.07b 8.60 +1.00a 4.05+0.27a 0.36+0.01d 0.4 £0.00a 0.42 £0.00b
b 2.02 £0.06bc 1. 01 £0.04b 1.00 £0.04c 2.08 £0.06a 3.06 +0.28b 2.88 +0. 14a 0.66 +0.0lc 0.28 £0,01b" 0.‘"3';(:),10.4)%

= 7

1) B 3 IR AT = R, PV BB IR R B R R TR Sk 5% B KE | A/ L

SEF T-RFs Fr B 2 % 4540 B0, AN 2
R 39 5 ST R B 9 O RV A 3
AR O — A T-REs B i A
75 3 W AR Y RE T AL i O B
Vi AL o, i — 2B TR A A A R
SREME B Bl bk - 98 T 5 ST A 0 4 R e
K U BB T 45 0 R B A 3
ﬂﬁ%ﬁ%ﬁﬁ. i : A
2. 40 ORJRIRCIE 0 5 0 R 3 DR T 7 454 45 T
HRALHEIR O )

Pl 4 AT, S A R 3 T RE L
IR B A 1 5 A AR M B R
BRI | M K 4 ) 5 SRR T % A M

&

S B e B amodl Ltk W T 25 4 PR 1
VTR S MR I R R R AR UL T nosZ /440 g1
RS A1 S AGRETE Z R A . BN
S RE BT W) R A L LT R
AR LRSS A S R U R 4l 1) TES
ESR8.9; i i e b AL I NI 2
IR W0 7 5 4 2 PR A R A R
DOC AN I WC [R]i g5 2 3 R D et A Wit %
258, HER 5 T TE nirS 1 amoA 1A M) BETR 4544
1, DOC 25 5 B 9 T 96 45 01 5 B 4 I 7 5
nosZ WA BEIE G5/ AN, A1, amoA F1 nosZ i
YIRS M 5 DEA 4 B35 A5 T 5 NP Y
LIPS N ATE

RS TREFMEHLESREEREYEEENS BN EROAXMED
Table 5 Correlation between nitrogen-related microbial community structure and soil properties in forest soil relative to vegetation
nirS amoA nosZ
A

L, % F P it RERE/ % F P it REHE/ % F P

pH 19.5 9.9 0. 002 — — — — — —
wC — — — <0.1 0.8 0.41 34.4 32.8 0. 002
DOC 27.2 7.9 0. 002 29.6 66. 8 0. 001 0.3 6.4 0. 004
TN — — — — — — 11.1 80.0 0. 006

TP — — — 19.8 6.9 0.01 — — —

TK — — — 45.7 11.0 0. 002 — \ —
AN 12.3 13.1 0. 002 — — — 0.8 10.6 0. 002

AP 36.0 6.0 0. 004 — — — — — —

AK — — — — — — — — —
DEA 0.4 0.4 0.718 4.0 51.0 0. 001 53.0 14.7 0. 002
NP 0.6 1.2 0.34 <0.1 0.2 0.908 <0.1 0.4 0.902

1) “—" R SCE Pz B AR O AR PR 4540 B R 5
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Fig. 3 Accumulation diagram of nitrogen-related microbial community structure in forest soil relative to vegetation
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Fig. 4 Distance-based redundancy analysis of the soil microbial

community structure in forest soil relative to vegetation
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