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Abstract; Although the level of nitrogen (N) deposition in China has gradually stabilized in recent years, N deposition in
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Southeast China is still at a high level compared to other regions. The effect of N deposition on the carbon cycle of terrestrial
ecosystems cannot be ignored. Microbial carbon utilization efficiency ( CUE) refers to the efficiency of microorganisms in
converting absorbed carbon into biomass carbon; high microbial CUE implies high soil organic carbon storage potential,
while low microbial CUE implies high carbon loss from the soil. High microbial CUE means high soil organic carbon storage
potential. Therefore, exploring the changes of microbial CUE under the N deposition will help to further understand the
changes of soil carbon storage in terrestrial ecosystems. However, there are few reports about how the change of microbial
community structure affects microbial CUE under N deposition. In this study, N deposition was simulated by N addition in
Castanopsis fabri forest in Daiyunshan National Nature Reserve, Quanzhou City, Fujian Province. The experiment included
three N addition treatments: control ( CT, +0 kg hm™ a™'), low nitrogen (LN, +40 kg hm™ a™'), and high nitrogen
(HN, +80 kg hm™ a™'). The soil physical and chemical properties, microbial biomass, enzyme activity, and CUE of
different treatments were determined. The microbial community structure and diversity were determined using high-
throughput sequencing. The results showed that the N addition significantly affected microbial CUE, which gradually
increased with the increase of N addition. On the contrary, soil pH, extractable organic carbon ( EOC), and microbial
biomass carbon ( MBC) showed a downward trend. There was no significant effect of N addition on soil microbial community
a-diversity. Non-metric multidimensional scale (NMDS) analysis showed that N addition significantly changed the microbial
community structure. Especially for fungi, the fungal communities with different N addition treatments were obviously
divided into three clusters. Microbial CUE was negatively correlated with soil pH, EOC, and fungal NMDS1, and positively
correlated with mineral nitrogen. Random forest analyses showed that the taxa affecting microbial CUE under N addition were
predominantly eutrophic (e.g., Ascomycetes and Ascomycetes) and were able to devote more carbon to growth than
respiration compared to nutrient-poor taxa. To sum up, this study shows that microbial CUE is not only regulated by soil
nutrient availability and pH, but also affected by soil microbial community structure under N addition. Therefore, further
exploration of changes in key soil microbial taxa under N addition in the future may help to reveal the carbon storage process

in forest ecosystems.

Key Words: nitrogen addition; microbial carbon use efficiency; microbial community structure ; forest
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BN MBN=AE /K, Hip  AE JEEZE 5 R 2K + A PR &m0 22080 ; K = 0.54, & MBN (IR R4k,
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F1 FEmM L EERELERAEE NN

Table 1 Effects of nitrogen addition on soil physical and chemical properties and enzyme activities

TiH Xof i RA A e i
Item CT LN HN P
pH 5.12+0.11a 4.75+0.01b 4.50+0.02b 0.09
SOC/ (g/kg) 54.64+3.42b 60.80+0.28a 61.78+0.71a <0.01
EOC/ (mg/kg) 210.25+36.36a 149.43+47.03ab 105.94+35.14b 0.02
MN/(mg/kg) 55.43+0.17¢ 65.06+0.14b 76.13+0.03a <0.01
TN/ (mg/kg) 3.06+0.01b 3.36+0.04ab 3.62+0.04a <0.01
MBC/ ( mg/kg) 2006.95+131.99a 1742.11£153.57a 1371.47 £225.10b <0.01
MBN/ (mg/kg) 79.84+21.73a 93.95+9.06a 89.79+14.15a 0.47
s Enzyme activitiy/ ( nmol g_] h™")

BG 10.57+0.20a 6.82+0.14b 5.70+0.26¢ <0.01
NAG 30.18+0.32a 20.86+0.63b 20.46+0.39b <0.01
AcP 1381.43+172.14a 1265.91+341.45a 811.99+202.36b 0.02
AN FERfERE ST Unit enzyme production capacity/ (nmol g™' MBC™' h™!)

BG 0.0053+0.0004a 0.0040+0.0003b 0.0042+0.0006b <0.01
NAG 0.0151+0.0009a 0.0120+0.0011b 0.0132+0.0015b 0.04
AcP 0.69+0.08b 0.86+0.07a 0.97+0.32a 0.71

PAEZEN N I i) 5 1 5 R — A7 R R R R AR R R AL B 24 53 3% (P<0.05) 3 CT: XTHR, control; LN {K%(, low nitrogen; HN:
%, high nitrogen; pH: 1t I3ERRIKE; SOC: A LB, soil organic carbon; EOC: AJH2HUA L%, extractable organic carbon; MN: " i 4,
mineral nitrogen; TN A%, total nitrogen; MBC; f4: ¥4 ¥ritBk , microbial biomass carbon; MBN; 4= ¥ /E )4 %, microbial biomass nitrogen;
BG: B-FHANEIIHE, B-glucosidase; NAG: B-N-ZFLEILFFIMITIAE, B-N-acetylglucosaminidase; AcP: BRPEMEFRMHE, Acid phosphatase

2.2 FISIIOG 3R PR ORI 5

N #hn B E5m BG (P<0.01) \NAG (P<0.01) Fi
AcP (P=0.02) 7%, 5 CT#HLL, LN F HN 23 BG
TSy 90 53 R W 35% 1 46% (P<0.05) ;NAG 1 METE
LN F1 HN P30 & 2 R R 319% Fl1 32% ; LN F1 HN 4b 3
T AcP IEMESY BIFEAR 8% F1 41% , 2, Bl N 40
K93, 13 BG (P<0.01) Fl NAG (P<0.05) Y24
PR ) W A, EANTE N B mab#H, CT 4b 2
) CUE & & 55 ik, HN AbBE(Y) CUE W38 fe s, Rk L,
B N WS IK PR 8m, S04 Y CUE 52 384 i £ 0 o N N
(B 1), SXHRAHE, LN F1 HN 2354 % CUE 4
SIEEHN 4% (P>0.05) F19% (P<0.05)
2.3 RIS LEERUEY) o ZFEPERBRESIEI ey

AT, N ST T IE A Y RETE o 2R R s R AR 2% 5 B2 (P<0.05); CT: I,
(41 Shannon $8 %X, Simpson #8 %% . Chaol 84Ul Ace ¥§  control; LN: iR, low nitrogen; HN: 5%, high nitrogen
B Bk E R E (£ 2) , M, NMDS AR,
N S0 25 AR T i R A5 (B 2) o JUHA T BTN, A A N A Al $1i B 5 7 W1 5 5 IR =
(K 2,P<0.001)
2.4  HIEGAEY) CUE 2 R AR G HE S B

W43 Hr 2B | 4= 9 CUE 439045 +3 pH (P=0.06,R*=0.31,[% 3) Fll EOC (P<0.01,R*=0.86, K 3) &
WENTACKER, SRATEERNE ZFIEMAXCER(P=0.03,R*=0.41, & 3) . ILok, A T4 & B 4 580
=) CUE 5 NMDS1 & B ER A LR (P=0.08,R*=0.28,[K 3) . BEHLARAR B BT, N 00 F 8200 i
Y CUE IR F BRI H T (P<0.01, 4 OTU2978 1 OTU2937) , T4 H 1 ( P<0.05, %l il OTU4265 .
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Fig.1 Effect of nitrogen addition on soil microbial carbon use
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OTU4528 .0TU3837 .0TU2130 ,0TU4630 .0TU5236 Hil OTU2027) Fl % 25811 ( P<0.05, 4 OTU4550) , H,

THEWMP R TR THR(K3),

R2 WFMXNTEBEMEE o« SHMENE

Table 2 Effect of nitrogen addition on soil microbial community o-diversity

i H Ab B Shannon $5 % Simpson 154k Chaol 5%k Ace 155K

Item Control Shannon Index Simpson Index Chaol Index Ace Index

L] CcT 5.53+0.12ab 0.012+0.002 1994.36+68.44 2172.33+250.01

Bacteria LN 5.62+0.05a 0.011+0.001 2034.99+69.76 2049.11+56.74
HN 5.36+0.17b 0.015+0.003 1966.16+104.04 2131.39+189.12
P <0.05 0.09 0.52 0.64

B CcT 4.68+0.21 0.03+0.01 2179.76+158.89 2200.74+168.76

Fungi LN 4.62+0.61 0.04+0.02 2229.69+140.06 2245.50+138.69
HN 4.29+0.28 0.06+0.02 2019.61+93.55 2054.35+84.99
P 0.38 0.15 0.12 0.17

PAEFIR N BSIAS [R] — R A= v SRV B B 5 1R — B AR TR RR Rl — R B E MRS AN R AR b BE 22 57 3% (P<0.05)

CT @®LN @®HN
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55 _IR:0.25 P<0.012 i 06 | IR:0.98 P<0.0012 ;

-0.6 0 0.5 -0.8 0 0.6
NMDS1
O 3t ] JEMAT] Verrucomicrobiota W5 Hil] Rozellomycota

=
O wps-2 ] Ki#1] Myxococcota [ ARHBIHETT Unclassified Fungi
O # % #1] Planctomycetota [ | %4425 Hi1] Chloroflexi [0 F#F#1'] Ascomycota
[ & #1171 Actinobacteriota [] ERFFEI] Acidobacteriota [0 #i#8481] Mortierellomycota
O] Z2JEHiT] Proteobacteria [ #HF#i1] Basidiomycota

gl |

100 100
e
3
5 80 80
f=]
£
S 60 60
2
=
(]
& 40 40
£
#
' 20 20
z

0 0

CT LN HN CT LN HN

B2 @ANTIHEAERTNERMEEM(ET OTU K MIEEESHERE(NMDS) AT SHRMEREEENFE
Fig.2 Non metric multidimensional scale (NMDS) analysis of soil bacterial and fungal community structure ( based on OTU level) under

nitrogen addition and relative abundance map of bacterial and fungal communities
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Fig.3 Correlation analysis of soil physicochemical properties acidity and alkalinity, extractable organic carbon, mineral nitrogen and

fungal community structure with microbial carbon use efficiency (CUE) under nitrogen addition

*3 @AMTEZZMEMAEYBNARENEETRNEFEREDHRF AKEZ B Pearson 18X
Table 3 Pearson correlation between important predictive factors that significantly affect microbial carbon use efficiency and microbial carbon

use efficiency under nitrogen addition

TR » W RRR TR . L H/R/RVR/R
Ay N 1 . e BN ] ,
KBATE p Phul Class/Order/Family/ E =T p Phul Class/Order/Family/
OTU yum Genus/Species OTU yim Genus/Species
0TU2978 0.91**  AFEHEIT  JG36-TZT-191 0TU4630 -0.73**  T#EWIT Amplistroma_erinaceum
0TU2937 0.76**  ASPRIT KF-JG30-C25 0TU5236 -0.84** TR Orbiliaceae

0TU4528 -0.84*  FEHR] Ascomycota 0TU2027 -0.84** TR Sordariomycetes
0TU3837 -0.69" F#ER ] Sordariomycetes 0TU4265 -0.60*  FZEWI] Helotiales

0TU2130 0.58 " FHER]  Ascomycola 0TU4550 -0.77" B35 1] Rozellomycota_sp

# P<0.05; =% P<0.01; OTU; A #4E/3JS$HIT Operational taxonomic units

3.1 ARINFREY CUE 2B A

IR IR N TI0 S F 0 E Y CUE, o H 2 HN i E 42 &A= Y CUE, X 5 Soares 1 Rousk "
1 Spohn ZE2 (RFSE 45 2500, N B HEUEY) CUE, X —Z5 Bl BE 5 DL T =AM R ARG 55—, SR
GER Y AR S R RH N IR0 0 A BRI pH (K 1) LRI, 49 CUE 5 pH 2 3
FITAI SR, KA Y CUE 32 pH U520, N NS 8000 380 (L R A 2 (i MBC) |, 3041 £k
AYE AR AE Y CUEDY 25— R4 A 2SR AR B A Sk 2 F 2 BE , U WV 2
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