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Effects of nitrogen deposition on soil microbial biomass and enzyme activities in

Castanopsis carlesii natural forests in subtropical regions
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1 School of Geographical Sciences, Fujian Normal University, Fuzhou 350007, China

2 Cultivation Base of State Key Laboratory of Humid Subtropical Mountain Ecology, Fuzhou 350007, China

Abstract: Anthropogenic nitrogen (N) enrichment is a concern worldwide, as it affects almost every aspect of ecosystem
function and composition, particularly soil microbial communities that control soil organic matter ( SOC) and nutrient
turnover. Although many long-term nitrogen addition experiments have been conducted, there are still no conclusions about
how microorganisms respond to nitrogen deposition, especially in mid-subtropical natural forests. Assays for soil microbial
biomass and enzyme activity have become a common methodology for studying soil function in response to global
environmental changes and disturbances. Between 2012 and 2015, we stimulated nitrogen deposition in a Castanopsis carlesii
natural forest in Sanming Fujian Province in subtropical China. Soils were collected from four control plots (CT) , four low-

nitrogen addition plots (LN) , and four high-nitrogen addition plots (HN). We studied the physicochemical properties of
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the soil; soil microbial C, N, and P biomasses; and potential activity of six enzymes in response to 3 years of nitrogen
deposition. The results showed that nitrogen deposition had little impact on SOC and total nitrogen content. The HN
treatment significantly decreased the pH and acidified the soil. Cellulose hydrolysis enzymes ( B-glucosidase (BG) and
cellobiohydrolase ( CBH) ) and lignin oxidases enzymes ( phenol oxidase ( PHO) and peroxidase ( PEO)) showed a
significant response to the LN treatment in the A horizon. Similarly, the LN treatment promoted microbial biomass carbon
(MBC) and nitrogen (MBN) in the A horizon. Redundancy analysis ( RDA) showed that dissolved organic carbon ( DOC)
greatly accounted for the variation in soil enzyme activities in the A horizon. However, it did not reveal any significant
differences in cellulose hydrolysis and lignin oxidases in the B horizon. Moreover, nitrogen deposition promoted acid
phosphatase activities in the two soil horizons. In summary, the LN treatment accelerated soil carbon turnover, promoting
soil carbon mineralization. This may provide a theoretical basis for assessing whether mid-subtropical natural forest soil will

become a carbon sink or source in an N-deposition background.

Key Words: nitrogen deposition; microbial biomass; enzyme activities; Castanopsis carlesii natural forest
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TREAL Y TR IR RE T, AR 4 A 2R 7 0 5 A 55000, 2 4 BRI P o 2 (X 2L B 431 o R X
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1.2 kit

2012 45 11 H  FE KA R SR AR P 18 RO 17 ~F-2HHL— S0 Hh B 15 R DR K B0 A 1l A G XTI (CT) IR
A (LN) FiE A (HN) 3 Flita AL HE , B0 8] 4 A E A IR E T 12 SR/ 10 mx 10 m AR 25 4 b 7]
AHBRTE 10 m 24,

RUTKEAL . 7E 12 HREHb P, DL =Bl XA 2 R DTRE i (36.2 kg ha™ a™' ) AS {1 E CT(0 kg ha™
a”') \LN(40 kg ha™ a™ ) I HN(80 kg ha™ a™") , iti ZUR H NH,NO, (43 #74k) , 3% T 20 L K&K B H AW
DL TR SAERE D I 28I, 44543 12 YRR ZDTRE X FE A B8 G 45 1 25 8 7 K DA 2D IR 71 i ko
A=Y M IR AR R 52
1.3 HHERRSCRAE

2016 4F 1 H 78 12 DR N IR« S” BUBEALIE B 5 ASIORE o, RBR R IVE Y, ¥ 580 & A 2R 408
WEZ (A Z) JIERELA R 8 em; WEAZ (B 2) B ERELA N 8—20 em J2, H LEVETI, ¥ REN 11
TR Y (] S 56 % T HH vk JBCHT [ 5256 2, ZS R 0T ULAR R 4G sh A AR AR, — 3R 43 AE & T 4°C VKA H AR
FE, T RUEY A Y | SR 1 0 R 5 53— 0 S R T O/ A7, 02 3 Pk S LA B AL
E (LA
1.4 DEFER K5k

TIEH PR  EF R EICE 1L (Elementar Vario EL 111, Elementar , £5 5 ) 52 | 4% pH 18 i B B
W pH 71 (STARTER 300,0HAUS, 32 ) il , K £ Heoh 2.5 1, B30 i 200 & , R Sg & 1A 20 mL 2
mol/L KCI #7242, ¥R B0, FIERA E B IR40E UE , FHiE 220 8043 B ( Skalar san++, Skalar , faf 2% ) I
SEJEVR R B NH;-N NO;-N' 0 +HE DOC JIl5E , AR B F/KIRIE 5 ¢ fif+ K E R 401, IRGEOJE , 4 0.45
wm VE A | S B /3 T4 ( TOC-VCPH/CPN, Shimadzu, F 2% ) I 5 uE Wk th A HLER & & . 13 DON
B HBUS g A 20 mL 0.5 mol/L K2804 , 7% 0.5 h J& 4000r/min 5.0 10 min , £ 58 B840 0 | FHIES T
BT (Skalar san++, Skalar, 7 22 ) Il %E & A9 TN NHJ-N Al NO;-N, H:i144 24308 : DON=TN - NH]-N
-NO;-N""¢"

A= Wik SRR T U B 25 - B s 4R R LA ML 43 1 ( TOC-VCPH/CPN,, Shimadzu , H 4%)
I H O Hh A WL & i, P 23 240 BT I ( Skalar san++, Skalar, a7 22) W42 SR S . I MZE Wi R
A E K -NaHCO, AR L™ LR s/ AT A0 5 B R AR & i, H I Wit B AR . B = AE /k,,
K AE O FEZR SR IR H A MUK & 0 2518, b M3 2280, BUE 0.38,, HIEMAEY 2R A B,
=AE/ky, N AECHIEZE SR IER OGRS B 02200, b VAR R BUE 0.45; BIERUEY E R
NN B, =AE/ky ,AE, H FEZE 5 R T ZE 3R i 0 2508, FE 90 SR8 B, U 0.4,
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BRSPS ] Saiya-Cork il Sinsabaugh' ™ i 7 AR BURIEE 75 + 56 h 6 Fh S5k 0BG A 5 14 7K it il
FEALEE, 7 1 g B8+ FH 125 mL 50 mmol/L AYRERR RS2 thik ( pH =5 ) 420, FIRE S190 $F g 4k
F£5 min fEHI T, AR 200 nl BT 96 FLAFLAR

FHAIE B ( MUB) 18 RIS bRs 7K A BG4, L-— 32 K N Z R ( DOPA ) A Wbn s A AL v P 1o
B TR T 40 20°CH G35 , H 2 DIRE bR 1Y ( SpectraMax M5, Molecular Devices , 52 [ ) Il & H:
JE KAt ) SRBOCTE (CEUALEE) o 6 R HIERERY A PR AR5 B ST AR E ) WA 1, A& it 4R i it
Y5 28 A e KR M BT 7 2 1) IS ok B2 RN FR s ]
1.5 HdEabr

JH Excel 2013 F1 SPSS 19.0 B AFX i AT AR, R FH LR R J5 22 737 (one-way ANOVA) 1 LSD i#47
B E RS ;SR Canoco Software 5.0 2K, UL 6 Fl TG M5y i 1 A8 w8 3647 A4 40 4T (PCA) 5 L 6 Bl 5 4
Sy i oy AR g [ s L A B AR B T R A A i A R AR S AT AR 43T (RDA) 522 1 Origin 9.0 %
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/IR ERETE A R EEA R B EN, SRHEEERE T B2 NH-N 5 NO;-N 9k (P<
0.05), A J2 4 ARAALEL AT VAMEA HLEKR (DOC) BV BE N 66.80 me/ke, 35 55 THAB WA A0 #E, Wl
PEA LA DON ) vk B2 U 25 1t 2L b (94 I 1= T, HIN 55 CT 22 ] 2% 53k 3] 0K 7 (P<0.05)
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Table 1 The abbreviations, type and substrates of soil enzyme

fifi Enzyme 455 Abbreviation 25! Type iKY Substrate

B -] 4 Wl 7 i BG C-targeting hydrolytic 4-MUB-B-D-glucoside

LT Y F K CBH C-targeting hydrolytic 4-MUB-B-D- cellobioside

Z M A AL PHO C-targeting oxidase L-DOPA

i A it PEO C-targeting oxidase L-DOPA

B-N-Z, ok S S 4 W T 88 (LT )5 e A 1 ) NAG N-targeting hydrolytic 4-MUB-N-acetyl-B-D- glucosaminide
R P 2 ACP P-targeting hydrolytic 4-MUB-phosphate

F2 miHEXT L EEAEREFNE

Table 2 Effects of nitrogen deposition on physicochemical properties of the soil

il_?:—’ o A ML MA R %rju‘??h ﬁﬁjﬁ% RAIAHEA DL AT TR LA
Soil o tments soc/ Total N/ - NH}-N/ NO3;-N/ DOC/ DON/
horizon (¢/kg) (g/'kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

A XTEEALEE Control (CT) 36.6+7.5a  2.7+0.3a 4.1%0.1a  10.8#2.5a  1.4+03a  41.9+12.4b  50.0£5.3b
KA AL Low nitrogen (LN) 39.2+13.0a  2.7#0.5a  4.0+0.lab  7.2%1.0a 1.6+0.5a  66.8+3.4a 58.7+7.0b
AL PR High nitrogen ( HN) 33.328.0a  2.5£0.3a  4.0£0.09b  9.6%4.2a 1.6+0.6a  39.9+8.0b  132.3x12.9a

B HRALFE Control (CT) 13.6£1.1a  1.40.1a 42+0.0a  0.2%0.1b  0.9%0.6b  17.2%1.la 26.4+3.0c
KA Low nitrogen (LN) 15.4+2.6a  1.5%0.1a 4.2+0.1a  0.3x0.1ab  1.8+0.4ab  15.5+4.0a 42.3+9.8b
AL PE High nitrogen ( HN) 14.8¢1.7a  1.5%0.1a 4.2%0.1a 0.420.1a 2.0£0.7a  17.6x4.15a  89.0£10.2a

KB I b3S AR RN T REFROR [l — 202 AR [R A B H) 22 53 2.3 (P< 0.05)

22 HIEERUEYE
L3 MREEDIFE(LN) #2517 A 2/ B JZ2 300 MBC A1 MBN & & . SR, i U5 A E00H3ER
MBP & E /0, HEE 2 &l CT > LN > HN(P<0.05) ,

®3 @M TEMENERABHZIG
Table 3 Effects of nitrogen deposition on soil microbial biomass C,N and P
(DGR7ERTS YRR AP R
= b
L= i Microbial biomass Microbial biomass Microbial biomass

carbon( MBC) / ( mg/kg) nitrogen( MBN)/(mg/kg)  phosphorus( MBP )/ ( mg/kg)

Soil horizon Treatments

A CT 538.0+£37.9ab 43.2+7.8ab 37.9+3.6a
LN 560.5+12.0a 48.2+3.6a 25.1+4.8b
HN 500.5+39.5b 37.3+5.0b 13.3+4.2¢

B CT 203.45+51.1b 20.8+2.4b 25.5+12.6a
LN 362.1+59.7a 25.7+2.0a 17.4+3.6a
HN 285.3+53.7a 20.2+2.5b 6.1+3.2b

R PBUE N I AR ARG FREFROR A — 122 AN R b 3 E] 22 57 .3 (P< 0.05)

http ; //www.ecologica.cn



14 JEGEHE A SRR i SR KA K IR AR 0y A e R R A1 9 5 5

2.3 TR

TP 1, A 2B R0 TS L W 17 449 3% 1o
PE22 5, LN 48T B 2L HEO B A, O 5 enm :
8 5% KT CT(P<0.05) |

2.4 IERGTE M

Nk 4, LN A1 HN Zb PRSI R IR E T A 2 13
B-HI A BETI R (BG) TG 1E, A% B 2P BG T WM,
LN b BR5 , £F4E R K (CBH) iG M 2 5 T HN 5
CT(P<0.05) , 4+ 5J& HN 5 CT 9 2.26 5 5 2.84 1%, 05k

A
Microbial quotient/%
"

T

LN Al HN AL B350 5 28 30 1 A 2 3k 2 A ALl 0

(PHO) AL ( PEO) f015 (A BT ARG 1E B 2 L St horon
TR A AW AR (P>0.05,384), fE AR+

Herh LN R B—N—ZMQ%%%%%’%( NAG) 1 SEREARE LB EWREN NG

Fig.1 Effects of nitrogen deposition on microbial quotient

TP (P<0.05 B J2 g i 3 NAG 7

{é VIF( < ) ’ ﬁﬁ%’z Ej: ﬁi}iﬁ%‘ﬁ%’fﬁi\? . A{ﬁ CT; X} HRALEE Control; LN: fIlRZALEE Low nitrogen; HN: =540 B
PE(P<0.05) o LN Al HN W% 48 % 25 R MRPEBR RN ) ivgen, o istossion Bsg b, R RUNGS 5-40R
(ACP) ¥t (P<0.05), — R RIRIA B 2 5 13 ( P<0.05)

R4 RIFEN T EREEHNZME

Table 4 Effects of nitrogen deposition on soil enzyme activity

+)2 X R {[i=) P A = it xR (i) A
Soil horizon Enzyme CT LN HN Soil horizon Enzyme CT LN HN
A ACP 123.8+24.5b 295.6+83.3a 187.5+60.9ab B ACP 34.9+15.6c 126.6+14.2a  84.2+12.7b

BG 22.6+9.6b  55.8+13.0a 40.6x12.0ab BG 36.0+11.2a  41.5+3.8a 45.5+7.0a

CBH 5.4+1.8b 15.3£2.7a 6.8+1.9b CBH 7.86+1.9a 7.9+1.3a 5.8+0.5a

NAG 44.9+26.3b  93.6+19.1ab116.6+44.3a NAG 122.1x14.5a  92.5+13.0b  45.1+5.8¢

PEO 9.6+1.8b 18.843.9a  14.9x1.0a PEO 22.2+5.1a 21.8+3.9a 19.4+1.4a

PHO 0.9+0.2b 7.9+4.9a 2.9+0.8b PHO 4.2+1.6a 3.7+2.1a 2.8+0.6a

RPBAE N A AR S AR RN FREROR Rl — 102 R [R AR B H] 22 5 2 35 (P< 0.05)

2.5 TEERETE RS PCA FT RDA 45

PLAJE A JZ 6 RS MR/ Ay S B #EFT PCA 4347, CT LN HN #B$4 M—E i LA E T T AR I8
B (K 2a) , UL RACFS W A T A 2 HE B MEAE L, A A J2 R HERE I M o R AR B DL A
J2 S PR R A AR AT RDA 200 (B 2b) , Hoh B4 7 STk {E S8 10 10 4 A BRALPE SR A i g A
i, A R T AR Y 59.82% , 5 HlfERE T 6.50% , H DOC 5 MBP 435l i B T - SR 14 A8 511 39.
6% F120.0% ( P<0.05) , 1 MBP \pH 55—l 1IEHI2E, DOC . DON 545 — 4 2 FH ¢,

BELHEFH HN 5 CT I —2 p 225,11 LN AT HN A1 CT Ay 38 (E 2¢) . & 2d &0, Hifldt
[l Re T BT MR S 54.99% , 1) MBN \DON \DOC &l B i e i 19 3 N 3R4EE H 1-, Hirh MBN f# % 7 B
JZ TSRS AL S0 28.9% , H =R #8558 —Rh 2 IEAH G, MBN DON 5 NAG BIA TR 51AHICHE

3 iTFig

3.1 HIEGUEY AR SRR S DT B S
TIERUE Y R IR A DL G RS S R R ), S MR S 5 R e RE RIS IR R LA
Be AW B AC B R . MBC iy T B A (9 U, T LUS et - SR S5 i A e A6 LN A
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__________________ K, ST A
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[}
HN2  HNI ! 3
:Hm + NAG .
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B eivie JUARAI T
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B2 SN TEEEFEREMNERSFTMTRIN (AR afb;BE:cfd)
Fig.2 Correlations of soil enzyme activities to soil properties as determined by principle component analysis ( PCA) and redundancy

analysis (RDA) (A horizon:a and b;B horizon:c and d)

M, P2 T R h AR AR, 5 C/N RS, A R T A Pt A MUY 43 5 R DI S
T4k MBC &, HR FEE IR R 0, A J2 30 MBC & &2 240 (P<0.05) , X 517 AN 255
SER 3P HN bHS KR NH; SBURE50h 5 PR S A BB P 7 (0. K" Ca™ \Na™) , T30
PEPHES 725 2 gk s 58 B AR T R 3Rtk 2 o e g o RIS el F R 3R AL, 1498 rh i 240 7K ik BH 8 1
(Fe’ A" ¥ fi AR g M X+ e Wik e — s IR VE . A J2 MBN XU A IR 5 A
JZ MBC EA MR #a%, SR EERHTE B )29 i Z3E & T2 AR E MBC BLE

MBP Jz Bt + PG AL - R WG (bl fE . A X 388 TR tEar e, & K ek s Ak,
Xf 3R ) P B IRR A R RE Y R P A SRR, AR TIRR IR T A SR AR B
— 2 BB L, TR D T A 3 A ] R A

T HEHE YRR MBC 5 3 S HLER SOC 1 LB REAR o i A= ki | 2 — PP 3 BILAs 1 in sl ke 2k
FIFEAR SR RUG , A 2 e AR IR P A k22 5 SRR 0k, B T A BRI B 5,
YRR R R, L, A B A AR ) 22 5N B TRE S MUE YR M BT S A K,
MAE B 28 LN B2 & TR, LN AT AR AL H SOC IBE J1 35k, 5 LN #2755 B 2 H 4
MBC .MBN [45it—2k,
3.2 - IGER IS X AR A i L

R F IR AR R RN S 5 AR R G UG PR E R U Bk AR R i A S A 6
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FEORIET A AR R 55 W K A P B AR oy i R i a7

W LA R T (R ) TSR IRAA Y (ORTRR) MR AL A4, Joo3 ik 1l 32 22 Ry £ 4 R oK
fi# IS (BG A1 CBH) AU BT & 43 2 (PHO 1 PEO)

LN Ah3 g 3 T R4 R R IE . Fog VBRI T R B R K CHL R RN B E R R A R S i
T B TS 3 A R T Sinsabaugh %55 FETEHE ZRAK BOBIFFT 2 R, £ 2 25 i G 35 1 E 25 U3 TR PR Y
PEETTG SR, AWFFEH HN b PR b 27 24 R EE P AR &, (B CT A HL IR B3, | 3 nT BB 2 P R A v
HN W REE 2R 8 7 A BB AL i f i N X £ 2 25 40 i A 30 76 A, DAk 55 1 &1 4 R S A ML
5 X5 HN ACER MBC (1 & BRI 258 B — 80k 78 TRH AR AR L0 8 1K S 3 £
R, R R TE 2T 2 22 BTG PR 00 1 B2 o T AR IR A b

AR I DA Ry, TR SR B 2R A i 6 4 X R T (1) KEBEWE TRUE %
B SRR TR EIER R AN AR & T e S IR T EEFRANE 5 (2)NO; i T HEHE T
BROGT SEAL B DR A 3k, I T R R Al SR, ASTRIR 45 R R W LN {2 1 T B RR A 5 28 4 i I Y
Wk, Carriero 45 BFFEIA R, BDTRENT A S5 28 43k Wt 25 SR AR RS 28 P 5 i) 2 B2 B TRV i e o, R R
T IR TE Y R R R 43 T AR AW AR FH 1 55 40 5 0 08 T 0 D0k G A AR A B e R
Hogervorst 25> X R b 7 945 49 4 ik BRI 52 v 2 B0« 346 42 B0 A 280k T AR a7 A K s B e R 1R, k2 W i
RIFAR—E M E R, X 54K LN 2 A JZ IR EY R RS R B —8ohE, BUEE R
Forif AR R —25, 76 LN AR R i Mk Bl 38 T ORRR i, B )= 158 R4 20K 5
AR T 2R 3 il Tl 06 P A A5 A BRI 25 S 00 R IR 3 X NT B S5 2 R 3 WL 5 8 SR A U AR O

JEPILLR R E A E Y A BRI B AW i B-N- L B2 S AR, NAG, 1
B2 I i Z AL BRI T 48 NAG M9TE R, Y N A RO SR TR EE LS AE A B A AR
WA I A 7= NAG, DA 38 i JL T 5o il nT A B JEHLA ™ SR it 2 v 1 3P i A 5K
PEWE R TR TR, I RTEZ = At 2 NAG T 1 BB 1A R R

B BT T Al A AR R 0, 0 M S B A FRYE B BR R, ACP, W U0 Lk ACP MOIEME, X5
REBHIWFFLER—E7T ) PNRIS PRI, ACP 16 M5 b 4 ZUR B AU A0 & S IR A G
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