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secondary forests has been cleared and converted to monoculture plantations with simple stand structures in the subtropical
regions of China. Nitrogen ( N) is considered an important factor for maintaining the vegetation growth and primary
productivity of forest systems, and soil microorganisms drive the key process of soil N transformation. However, the effects of
subtropical forest conversion on microbial communities related to soil N transformation remain largely elusive. This paper
aims to clarify the responses of microbial communities and their driving factors in the key processes of soil N transformation
( N-fixation and ammonia oxidation ) after subtropical forest conversion. Here, we used the real-time PCR and high-
throughput sequencing technique, investigated the soil properties, function gene, community characteristics of N-fixing
bacteria and ammonia oxidizers and their relationships in a secondary forest ( CS) and four 5-year-old monoculture
plantations, including Camellia oleifera (YC), Amygdalus persica ( HT), Myrica rubra (YM), and Cunninghamia
lanceolate (SM) in the Lutou National Station for Scientific Observation and Research of Forest Ecosystems in Hunan
Province. The results indicated that forest conversion significantly changed the soil carbon (C), N contents, decreased the
nifH gene abundance, the a-diversity of N-fixing bacteria and ammonia-oxidizing bacteria ( AOB) communities, but
increased the amoA gene abundances of the ammonia-oxidizing microorganisms, and the a-diversity of ammonia-oxidizing
archaea ( AOA) community. Moreover, forest conversion affected the composition of N-fixing bacteria and ammonia-
oxidizers communities by altering the relative abundance of the dominant taxa, such as Proteobacteria, Cyanobacteria,
Crenarchaeota and Thaumarchaeota. Lastly, redundancy analysis and structural equation modeling demonstrated that soil
organic carbon (SOC), total nitrogen (TN), ammonium nitrogen ( NH;-N) contents and pH were the key factors driving
the variations in diversity and composition of soil N-fixing bacteria and ammonia-oxidizers communities. After forest
conversion, reasonable fertilization was beneficial to the restoration of soil N-fixing bacteria and ammonia-oxidizers in
monoculture plantation. In summary, the results provide a scientific basis for soil nutrient recovery, productivity

improvement and sustainable management of monoculture plantations after subtropical forest conversion.
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W R N BRI IE— 8514 (nifH-F  nifH-R ) i
amoA-79F  Arch-amoA-479R) . ( AOB-amoA- 1F . AOB-amoA-2R ) #E1 74 3 . 4 45 5 IR
PEEERL FTUSC PCR P24, Xof RIS Wt A 7 4l Ak G A
34 Mumina 23 & #4 Miseq PE300 ~F & #E4 700+,

174738, AOA F1 AOB 43 5l i IE—J52 1] 51 4 ( Arch-
AR 2% 305
i, 87 Fl NEXTFLEX Rapid DNA-Seq Kit #1784 , i

F1 EMHKSTEEAER
Table 1 Soil physico-chemical properties of five forest types

R 2350 AR HPAYIN HHAR LLSZIN AR
Soil properties Secondary forest Camellia oleifera Amygdalus persica Myrica rubra Cunninghamia lanceolate
BD/(g/cm?) 1.28+0.03¢ 1.39+0.01b 1.460.02a 1.440.01ab 1.43+0.01ab
SWC 0.21+0.01a 0.18+0.01b 0.16+0.01b 0.17+0.02b 0.17+0.01b
pH 4.7540.11a 4.80+0.04a 5.06+0.07a 5.04+0.13a 4.7740.04a
SOC/(w/'kg) 50.17+0.67a 5.60+0.24d 12.94+0.12b 7.19+0.28¢ 8.46+0.66¢
DOC/ (mg/kg) 141.35£10.71a 78.20+0.57¢ 90.212.51be 77.09+2.24be 96.94+0.58¢
TN/ (/kg) 2.60+0.30a 0.80+0.06b 1.32+0.11b 1.080.16b 1.090.13b
DON/(mg/kg) 129.93+14.94a 49.87+2.73b 66.20+5.62b 60.45+4.84h 61.15+3.28b
NH;-N/( mg/kg) 19.03+1.49a 7.89+0.15b 8.26+0.58b 7.09+0.42b 8.11+0.41b
NO3-N/(mg/kg) 0.83+0.09h 0.30+0.06c 0.41+0.01c 1.28+0.07c 0.41+0.01c
C/N 19.86+2.45a 7.08+0.40b 9.91+0.48b 6.99+0.87h 7.84+0.35h
TP/ (g/kg) 0.23+0.01a 0.16+ 0.01b 0.23+0.01a 0.18+0.01b 0.17+0.01b
UR/(U/g) 940.52+10.02a 832.55+9.78¢ 879.61+27.13b 971.12+17.35a 783.93+6.47bc
GLS/(U/g) 61.37+1.72a 6.24+0.91¢ 24.75+2.98¢ 36.27 x1.34b 15.29+0.64d
ACPT/(U/g) 0.14+0.02a 0.06+0.01b 0.04+0.01b 0.04x0.01b 0.08+0.01b

Bl A AR ERE (n=3) , B3 2 A F/NG FhEF R (P<0.05) ;BD : 255 Bulk density ; SWC ; 75 7K % Soil water content ; pH ; &% 1
e FEFEEL Hydrogen ion concentration ; SOC : A5 HLEK Soil organic carbon; DOC : AT %445 HLEE Dissolved organic carbon; TN ; 4% Total nitrogen; DON ; A]
A HLA Dissolved organic nitrogen ; NH; -N: 225 % Ammonium nitrogen ; NO;-N : A 7% % Nitrate nitrogen ; C/N : B¢ & kb Carbon-nitrogen ratio; TP ; 4%
% Total phosphorus ; UR ; Ikl Urease; GLS : A4 ZMEHZHE Glutaminase ; ACPT: @1 11 Acid protease
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Fig.1 Functional gene abundances of soil key N—transformation microorganisms in five forest types
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Fig.2 o and B diversities of soil N-transformation microbial communities in five forest types
FEMRSRZR D037 DX 0], 212k B R 2036 R i ME R A58 s 28 53 R VE DA RN 58E3K (P<0.05) 5 CS: IRAEHK Secondary forest; YC . i %%
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OTU B4/, V& 2 AR, TRk s b L33 AOA AEF ]2 R 1l B ( Crenarchaeota , 5 1%—99% ) Fl43 it B
( Thaumarchaeota, 15 0%—67% ) . W& ARMEE AR , N AR S0 B A ARXS E B2 08 T 86% (P<0.05) , T & ity
B 2RI AndE HT  YM AR 5380 T 67% F1 62% (P<0.05) . AOB RE¥S | ZRAKEE Haysi /b T €S
85% AT OTU, AOB L# 1N ASTE T, FLE BB i/ 1 26% (P<0.05) .
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Fig.3 Changes in composition of soil nitrogen fixing bacteria community in the five forest types
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Fig.4 Composition of soil ammonia-oxidizers communities in five forest types
“Others” 7R A4 T HE ; CS : IRZAEMK Secondary forest; YC: IIZX MK Camellia oleifera plantation ; HT ; & Bk #k Amygdalus persica plantation; YM : 4%
KK Myrica rubra plantation ; SM : 2 KM Cunninghamia lanceolate plantation

F2 #MFEEMNEENSER
Table 2 Fit indexes of the SEM

D&FE R
U\ " Tg.ﬁ— X? P df X2/ df GFI NFI IFI RMSEA AIC BIC ECVI
Fitting index
255 Result 11.33 0.66 15 0.76 0.96 0.94 1.00 <0.05 94.39 153.24 5.02

GFI. #4355 Goodness of the fit index;NFI;fﬂ?ﬁfﬂé‘?E‘ﬁ Normal fit index; IFI . 3918 38 Bt F8 21 Incremental fit index RMSEA . Wi 5% 22507
FIAF-J7 MR Root mean square error of approximation; AIC ; 7 Jth 5 S8 #E W] Akachi information criterion; BIC; U1 M 17 {5 B #E W] Bayesian information
criterion ; ECVI . W22 & B 45 4 Expected cross-validation index
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Fig.6 The SEM of key microbial communities for soil N-transformation in five forest types
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