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Effects of Simulated Nitrogen Addition on Soil Organic Carbon Mineralization in Subtropical

Cunninghamia lanceolata Plantation

X1 Yingqing' 2, LI Xiao" % LIU Xiaofei"*"

(1 School of Geographical Science, Fujian Normal University, Fuzhou 350007, China; 2 Sanming Forest Ecosystem National
Observation and Research Station, Sanming, Fujian 365000, China)

Abstract: A sample plot of a Cunninghamia lanceolata plantation (38 a) in Fujian Sanming Forest Ecosystem National
Observation and Research Station in subtropical China was selected to investigate the effects of nitrogen (N) addition on soil
organic carbon(SOC) mineralization. Three N addition levels, NO (0 mg/kg), N10 (100 mg/kg) and N25 (250 mg/kg) were set in a
culture experiment which was carried out for 117 days. The results show that: 1) SOC mineralization rate reaches the maximum
on the first day. At the early stage of culture (0—57 days), the mean organic carbon mineralization rate of NO, N10 and N25
treatments decreased significantly by 44%, 45% and 47%. During the culture period, the average SOC mineralization rate is 9.97
mg/(kg-d) under NO, 9.27 mg/(kg-d) under N10 and 8.89 mg/(kg-d) under N25. 2) The cumulative amount of SOC mineralization
is increased significantly with the extension of culture time, and decreased significantly with the increased of N addition.
Compared with NO, the average value of SOC mineralization accumulation is decreased by 3.4% under N10 and 7.4% under N25,
respectively, after incubation for 117 days. 3) The response of microbial biomass to N addition is not significant, but the ratio of
fungi to bacteria is increased with N addition. In general, N addition inhibits SOC mineralization mainly by changing soil C and
N contents. Therefore, the change of soil C and N nutrient contents after N addition is the main reason for the change of SOC
mineralization rather than the change of microbial community structure.

Key words: Nitrogen addition; Soil organic carbon mineralization; Subtropical; Cunninghamia lanceolata
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R, - SRR PR A R A 25 R G P i KO LS BRI
W IED), HA/ VBN 255 i 2R SR AR . R A
T RAE A A2 AR A Y, R A G 2 o
FRMA S R GUR AR IR S X S AR B B
I, WFSE AU AT NS 50T SRR AE B R GG &+
SEEN,

B LR A48 1 A Y R A L
fEAREEME SRR, I MR CO,. CHL R
FARME R B REE I M L IR B A, S
BB MR AE EA A TE EAL R, W 52 B R
A IERARME BRI AE ) A R s e, b A
NJEEERNEZ B FHNIMT R AR TR A S
RGBT IR T 20 tHE28 80 4EARP), Feid L
AR R AR - A DL A 5 e T R
K ABsT, HEZERIOARHA s e
MU, i, Nottingham 2E1I7E [ 42 T Xof ZRbK 4 1
#E47 100 mg/kg NH,NO; FUE AL 5, R BLRGIN
J& RO RN G, SR HE T A LR
fb; Wang %" E 3 BHA FH#EAT 154 mg/kg NH,NO;
PR IS T, &P T NH, R B hn, S5+
Bt “ahEET, A T ARk
Micks 45 I% 36 [ 2 g% ZE M 5 0 AR AR T-20A K
FIE MR ASARFEF T 120 mg/kg NH NO, Jifi AR5,
R T A YT s 2 IR, RSN 3
AR S MO R AR AR A, BRI
X 3R AL TC R o 1 SERIFIY 4 SR Y 22 S T AR R
TABRGIEA FI ISR RGN 55 R R B
SRV AN, BRI R BN MLk
FZM FSE 2 P RO 5 A6 & 1 A6y ZRAR S T
FRARO SR IX e AR AR, A AR
TF 5 3% W7 SRS i X 4 498 52 B2 A7 - HEmi R i 1)
I, SRR b X SRR A0 X T U IR B i 137 7T B i
7 HiL DCAS [, 650 0 A0 Hl XA 25 R e AT AL
Tt Ak S i e 3 A B T T iR ok A DR TS 5%
AR AR AE R AL

F2 AR (Cunninghamia lanceolata) N T HJE TR E ix
B R AR U, A T AR B AR S0 A
FENTAREY 174 #1173, 23R TR T A R Y
AR T AR AU s A2 AR N TR A S
RGN EEEPENZ ALK 1555
Sy USRI I Iy, A R DT A2 A
N TR 396 HUBR B fL 5% i A BF S i 4 B0
F 5 S L TR, LIRS AR bR - 38 R F 55 %
%, BT AR AT A YU ) s SR,

B TE BT AR R TR 3™ A 52 me S (AR A
1 #RERE

1.1 HAREXER

RN THRE =W HRKRESRRE S 28k
b [ R BT AR 2 LI AF 5% 38 (26° 11N, 117°28'E)IY
I HLFIR M 315 m, 2014 4AFAEHSR 194 °C, 4F
BIFERI AL 1 700 mm, J& TGRSR, B3N
BARIEKA LT N, X2, £2RE, A
Z R RYE . M A A I TR R K Y B A e AR
WE 58 XN B9 A2 RN T MR i 2 4% [ #% (Castanopsis
kawakamii) RIRM . 1975 A IR FOFS AR,
J&, RPRHLEE TR IR, 42U, 1976 4F 1 H ]
VAR AR T A, dE MW IR % B 1 494 ¥k/hm”,
2014 AEMRE- A 54 9.33 m, SEHI 42 5 9.9 cm!?Y,
P M B A A 25 11 (Maesa japonica) . LT AR
(Ficus hirta). T=H.(Dicranopteris dichotoma)Z§ .
1.2 TEHEARE

2014 4F 1 HEEARANTHRHNEE 3 4 20 m x
20 m HOREHL, RAIZ ARG KA, RE 0~ 10 cm
TR . ARSI E N, B A PR
RLGRIE, o 2 mm 0, EREES S AEESY, —
B H T 3 N IR AR bRl e s — KT )R,
it 0.149 mm 0 F T pH Al 3R A G . 3L
PR ILER 1,

F1 TIRBUMR

Table 1 Soil physicochemical properties

£zt Hfg
SOC(g/kg) 27.57 £ 0.65
TN(g/kg) 2.06+0.10
TP(g/kg) 0.19 +0.01
DOC(mg/kg) 29.7+0.44
DON(mg/kg) 5.54+£2.02
MBC(mg/kg) 153.47 + 18.33
MBN(mg/kg) 13.02 + 1.04
NH,-N(mg/kg) 54.81+0.85
NO,-N(mg/kg) 84.75 + 4.81
Min-N(mg/kg) 139.56 + 5.65
pH 3.73+0.04
C/N 13.39 +0.93

. SOC Fm LHEAPLER; TN R LA TP Fmt
B4 ; DOC F/R H 3 F AT LK ; DON FoR +HEn iF AT
LA ; MBC 7R HHERUEYEY i, MBN Fon HHERUEY
AP NH,-N F0R BIHIESA; NO-N R HIEm S %
Min-N /8 30 B A(; pH /8 IR ; CO/N Fom LM
TRA .
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1.3 iRIgit

2014 AFREG A AP R AER 20 °C, BDTREE 5t
41 39.8 kg/(hm™a)™ | PRIAIRIGRE FRIREE 150 20 C,
B3 ANEB KL FE N0 mg/kg) . N10(100
mg/kg). N25(250 mg/kg), FEAEE 5 DAEE ., K5
FFERIE, FREGH2 T 50 g KT HAEA &+ & F 500
mL BREFRI T (PE A1RL), K 385 K 855 Ay H ]
FKE(WHO)R 60%; FIARBEROEI T8 [, Jf
RS FLUA TR, o EHERE S BT 20 CHEFRM
FEWG SR T PSR 14 d, A RIRRE IR . fikE SR
SRR, RIS TS INAR LY 1Y NH NOs 73 2135
FEfEH, NO AFEF B FoRARE, (& KA E
IR B 60%, K5 FRiE T 20 CRyEFRM b bs
F: 117 d. TREFRIFARN0), 3. 7. 12, 17, 22, 27,
37, 47, 57, 72, 87, 102, 117 d RESIERES; XK
AR T e 225 R AU ST BB SR E
2, WHEESR 2 h FEUCRESUR, T GC2014 =
F3%(GC-2014, Shimadzu, HZ)ME CO, Mk EE .
B WE) 5 5 d X FRANK , LS KRR E
] 47K Y 60% . 7ERE 3R 0.57.117 d BUREAE SOC .
DOC. MBC KAl E Wik S5/ 5546 45 o
1.4 TEEBAERNUE

SOC. TN KAk A ICE /3 #1{ (Elementar Vario
EL 111, Elementar, fE[E)E; pH RAHK:FiaE
Ho4c 1, EABEEER pH F(STARTER 300,
OHAUS, ZEENME; NH,-N, NO;-N % 2 mol/L
KCl #17R$#E, L3I/ (Skalar san++,
Skalar, i 22)MlEPY, Min-N Jy NH,-N, NO;-N 2
fl. DOC. DON R L& F/KIZHE 10 g fif 1, K+
N 4 11, 25 °C . 260 r/min #£% 30 min, 25°C .
4 000 r/min &[> 10 min, £ 0.45 um JEPEHHIE, 705
FHEA HLER 5> HT{(TOC-VCPH/CPN, Shimadzu, H

ANFIE SR S 43 HH A A2 - MBC . MBN R &5 2B
FERRIR MR H L FREL S g 4 ] 20 mL 0.5 mol/L
K,SO, IR, 25 ‘C. 260 r/min #&7% 30 min,
25 °C. 4 000 r/min B5.{> 10 min, £ 0.45 pm JEfRAH
W&, 5300 AT AU 53 BT ASURI 3% B2 30 43 B {3 7
MBC. MBN &®iTEAR:

B=AE/k (1)
. B MBC 2 MBN &t ; AE NEZE 5 REH
148 SOC 5 TN &itEME; k A RE, H
MBC ) 0.45, MBN Jy 0.541241
1.5 TEMAEMETEERNE

- AR WA I S e SR P B B A 17 R (PLFA) YA
FR o BRI R AZ « SR FH White 250 g b 1742
B, FRiE S g BT EHE, A 23 mL $2BUR(HH
5mL WEfRZE MK .6 mL CH5Cl,12 mL CH;OH 4 %),
J=% 2 h, 1€ 4000 r/min F &> 10 min, $f FiEHE
AoresE, EE MGG, BER; BEERA
SRTJE, H CHsCLIG MRt R /ME, H CH;0H U
£, ZART; FHEAH 1 mL 0.2 mol/L KOH ¥ it
frifl, fe)a g aiiE et T A B, e a AUV
TR, EHLET, FHIE T JURERR B BE1E D N
FHS AR (Agilent GC7890N, 2 [H)F1 MIDI(MINDI
Inc, Newark, F8E)RGIHITHEIRBIENTIR IS E . A
WF5E K Frostegard 2575 i X i i 1 i PR A
Wik Tor25, Wk 2.

1.6 HIERESHH

SOC # fb i F 155«

F=kxV/mxAc/Atx273 /(273+T) )
X F ol COy HFE 3 (mg/(kg-d)); & AEL, M
1.964; Ac/At FR AL TH] CO, WREEAE AL (mg/d);
VR FIMAIER (M) m & I T (kg); TR
T (C).

R2 AR D BIERERIRES

Table 2 Phospholipid fatty acid markers in microbial communities

AR BERR IR TR b 9
4 (B) i14:0. i15:0, al5:0, i16:0, i17:0, al7:0., 16:1w9c. 16:1w7c, 16:1w6c. cyl7:0w7c, 18:1w7c. cyl9:0w7c

#5022 [C AP (GN)
2L PG PHME R (GP)
FLA(F)

TR (Act)
M2 ) A it (Total PLFAs)

16:1w9c., 16:1w7c, 16:1w6e. cyl7:0w7c, 18:1w7c. cyl9:0w7c

i14:0, i15:0, al5:0, i16:0, i17:0, al7:0

18:2wéc., 18:1w9c

10Mel6:0, 10Mel7:0, 10Mel8:0
i14:0. i15:0. al5:0. i16:0. 117:0. al7:0. 16:1w9c. 16:1w7c. 16:1wbc. cyl7:0w7c. 18:1w7c. cyl9:0w7c.

18:2wé6c., 18:1w9c., 10Mel6:0, 10Mel7:0., 10Mel8:0

HE: il a, cy M Me 0BIFRR ST S5 . RN EDRRNIAR; w. ¢ 209 s IR . Wiz s .
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B FESR ] Excel 2016 F1 SPSS 24.0 #4:, %
FH 2K & 7 2243 (one-way  ANOVA)RT A INE +
SRR AR o R A A AR I AR B AR AR A T 43T 5 A
M7 2253 HT(MANOVA of repeated measuring)
GE 56 S N /K ST R 75 B [RD ) 3 ML fh s 38
A HLRA 1k ZELE 2 b CanocoS XHA=4)
FEVR S M AT 800 0 Hr (PCA) T2 . AT R i
corrplot XA HLARA AL T A M 73 AT I 25 il
AHSCHERE . 5 J5 340 Smart-PLS 3 SR HEAH C
IIHTEE SR, ¥ GP. B. F/B. Total PLFAs I N4 %y
FEVELEMIFEHR, NH,-N, NO,-N., Min-N FI DON /-
Jy H SRR, SOC A8 £3ERkTE SR, MBC. MBN
VA - S A W R M AR R EAT PLS BRARSTHT,
1A BRI AL, A ROTAL PLS-SEM A AU [ ]
{HBE . R —E: 5 R A Cronbach’s Alpha (CA)
AT, —BOAMIZEEER T 0.7, AT 0.65 fif
FAF 377 23 BUAVE R B F I SRR, BER IR B
FERT 0.5; Jr 2K B+ (VIF) S HBREI 5 152
T 2 F AR AR SO AT AR B 67 far 3G R S R AL
JE BB ES

2 HEREHSWH
21 GEHEMMTEANBRT LERRBZRTILE

5 i
I 1A ATLUE Y, £ Ab PR e HLR T fb 8
RIEFEFRHWIO0 ~ 57 d)FKMH HhBTER: FR T dh it
(0 d), 52 MGE TR, mMEEREGT ~ 1174d)
A TRE . BN, & KME NI R

(A) R * _—::E(I)O
14} A 1A]: ns
i 6] <SRV ns N23
= 12}
2
on
=
g 10}
o
S
W 8r
)
=
= ¢l
4 1 1 1 1 1

1 1
0 20 40 60 80 100 120
HiFRIEIA] (d)

(0 d)N25 ZLFHAY 13.42 mg/(kg-d), BG4 BRET 1k
HATE 0 ~ 57 d [PREEFFEAT, NO. N10 I N25 4b3
IYRIREET 44%., 45%. 47%. [RII AR 3101,
X 3 AN ER A A HLERE LT Y R AR 51k 9.97
9.27. 8.89 mg/(kg-d), FME AN B EREIL AL
e AR, LB 20 n o R MG I 3 o, g R
V] | 355 B B RN 04 0 14 28 A FE G 56 B 1k
LE sSSP HES AN

HE 1B ATAE Y, 25Ab 3+ R HLaR 51k SR
TRE R SRR B E R, RS No AEA L, N10
A N25 b3 -3 AR Tk BB E 53 BRI
T 3.4% 1 7.4%, BRGNS REAR A DL
b SR, L RA RS N A 34 i Ak S R ARG 1
JESEIN, 1535 B ()RR AN A 38 B DG 358 1k 22
Rl A 5 R
2.2 | F EEEA R

2 3 afLAB Y, 5958 57 dIF, N10. N25 b3
MBC . Min-N it it Z AR, 730K T 20% F 7%
i NH, -N &5 B0, BT 13%. [FEN10 4
PN T DOC & . MBC/MBN L, 35
7 MBN Frig; N25 bS5 T 4% MBN &
B, BFERLT DOC fH# . MBC/MBN .,

BE9% 117 diF,N10 N25 L3 2 60 7 NH,- N
NO,;-N. Min-N Al MBN %, &[T MBC.
SOC #rit. H NH,-N, NO;-N il Min-N 44371
HINT 61%. 22% #134%, SOC. MBC & /43 9%
T 3% F122%., N10 ZbB{f C/N L i E A%, N25
Aab 0 e 2

B) &SN —=—NO
350 L (B) Fif i) —e—NI10
300 F i <R+ A~ N25
2
W 250 )
£
o 200F
S
g@ 150
B
2 100+
=
50+
0 -
1 1 1 1

0 20 40 60 80 100 120
HiFRIEIA] (d)

(NO. N10, N25 703l BN 0. 100, 250 mg/kg b * | **  *x+ 03 I RoR 8 M i 22430 B17E P<0.05. P<0.01., P<0.001 7K~F-52 0
W3 ns #R P>0.05, HIARE; F)
1 SRMEEZARALIHRTIEENRT CREAFERT LEB)RIEN

Fig. 1 Effects of N addition on soil organic carbon mineralization rate (A) and accumulation (B) of Chinese fir plantation
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Table 3 Effects of N addition on soil physicochemical properties
EEL BiJr 574 ¥ 1174 Tr &0
NO N10 N25 NO N10 N25 T N TxN
DOC  35.17+1.77 Bab 36.04+2.03Ba 33.61+£1.34Bb 40.89+0.73 Aa 40.66 = 1.08 Aa 40.74 £ 1.68 Aa ** ns  ns
MBC  203.29 +8.84 Aa 162.00 + 10.96 Bc 181.12 +23.82 Ab 189.63 = 17.57 Ba 184.73 + 10.59 Aab 147.99 + 14.11Bb * * *
NH;-N  47.99=1.11Aa 4870+ 1.25Bb 54.02+1.18 Bc 47.26+0.91 Ab 73.65+10.07 Aa  75.92+2.42 Aa * % ns
NO,-N  84.49+6.37Ab 81.20+1.81 Bc 86.26+444Ba 81.55+5.02Ab 99.14+4.86 Aa 96.83 £5.70 Aa * ¥ s
MBN  43.50+10.07Ab 12.26 £0.91 Bc  58.08+10.43 Aa 2539+6.61 Bb 28.14+1.94 Aab 32.67 +5.34 Ba ¥ ¥ s
Min-N  131.87 £7.67 Aa 129.90 +2.84 Ba 122.28 +3.94Bb 128.82+4.70 Ab 172.79 + 1491 Aa 172.74+7.85Aa ** * ns
MBC/MBN 5.26 £+ 1.28 Bb  13.24+£0.76 Aa  3.49+0.56 Bc 7.55+0.22 Ab 8.24 +0.69 Ba 5.00+0.52 Ac * % ns
pH 3.63+£0.02Aa 3.63+£0.02 Aa 3.63+£0.02 Aa 3.67+0.01 Aa 3.66 £ 0.02 Aa 3.67+£0.03 Aa ns ns ns
SOC 26.84+0.17a 26.43+0.39 a 26.01 £0.41 a ns
C/N 13.23+0.16 b 13.09 £ 0.68 ¢ 13.31+0.16 a *

T PRI ERIME £ FRMEX(=5); DOC, MBC, NH,-N, NO;-N, MBN. Min-N B0} mg/kg, SOC KIHAIK ghkg; A
) K 5 = Bk 2 7 M [ A B [ 55 95 6 17] 22 7] 22 57 .35 (P<0.05), AN[RI/ING B3 AR [R5 5 ik 1) S [ 4h BEL 22 7] 22 53 B 35 (P<0.05); 72253

MreP ) T IR, N b &R .

B 1% 37 I 1] Y FE K (3% 3), DOC, NH,-N, NO,-N
A Min-N 7 i i F 10 Horh, 15 5% 117 d B DOC
NH,;-N. NO;-N Fll Min-N &kt 57 d W2 g 17
9%. 31%. 10% F123%. B N10 Zb3Esk, BlREFRAT
[ AYZEK:, MBC, MBN & 57 d B 5IRRAR T
12%. 43%, MBC/MBN LI 57 d BN T 43%.
B FEmE ) RIS N /KX MBC & A7 A 8 35 A |
YERT, AR AT B S HAE M .
2.3 SRR L IR M BE TR 4E R R B i

B 2A ATLAE Y, AN (57 d Fi1 117 d)
AR ) B (Total PLFAs) . 3522 [ FHYE R (GP) . 3
2 RFHMER(GN) . 41 (B) . ER(F). L (Act)

(A) [_IN
50 ns ) 2 N
- = 0I5 # BN
£ o3t
< o
40 & 10 éiﬁ:
= 5 %
= # 005 7
£ B /»2*2'1
£ 30 # 2o
= & 000
R
20 N
Y R
= /
2 .
- .
10 %
o
%
7

Ac B
(DGR 30

AW} GP/GN H¥ TR & m , {H F/B HBEEAR
TR g o b =8 (& 2BY AT LR
W, BB — R R T AR B R AR AR A
69.74%, 5 U ERE T AR MR VR S5 A AR AL
28.4%, FURS IR Wy iEvE AL A R
24 TEEVBRY UEWEFREZSW

3R 4 ATLLEH, HHEAHRY L RERES
SOC. MBC. GP. B. pH. Total PLFAs f#1F . & 11
IEM%3 A, iS5 MBN, DON, NH,-N, NO,-N,
Min-N, F/B, C/N 2B EFHRIHLKER.

HIE 3 ATLAE Y, S ORI 451 (R°=0.325) .
A A Wy (RP=0.877) . +HERR(R*=0.616) 1 1A

GP. GNONO

(B)

_
X GP ON10
<or; g N10
0
S I
[\ o No
O GN N10
& NOZS
F
<
N25

F/B

PC1 (69.74%)

(*FE R AL I ] 25 5 B (P<0.05); ns FEoRAFRA]TC B 3 2 5 (P>0.05))
2 WMEMESEERERRMTHTHQA)FMESY PLFAs BIEK S 51 (B)

Fig. 2 Microbial community composition changes under N addition (A) and principal component analysis of microbial PLFAs (B)
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—> LHIx
LIRS SRRl QY TPS
. (R*=0.368) 2 P<0.001
7 [ B]GP]EB| Totl T ThE%
o
PN P

RAM @2=

S (R*=0.877)
’ SIREA L MBC | MBN k
—0.791 %% HHLT 1k

> 2.
N (R=0.847)

E= 13
(R=0.616) | __--

soc }

A
(R’=0.708) -

| Min-N1DON}| NH;-N [ NO-NT

CAMAFRFRRABRRM I, TRABAT L APFERIE, AXR, LEANTEESXRNWRERIELL, RO gz sRzeg, 4
RECF AR Y RY)
3 TIEBHEE K PLS BE S

Fig. 3 PLS path analysis diagram of soil organic carbon mineralization
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