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KR RUE; FEWR; e ERE; EPhIE&LL
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YA AR AT . IR DL RS R
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AR C. N 53T F H &k 52 ) 38 i A= Wk
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K i 4 B MBC/MBN F#AIE 10%, R SR
FEAIR 174, 7ELL DAL N TR S b, BN Ah2E
FRTRTE D iR 2 R T TR — AR R IR
Yy AR RRAEDY, (EXR [ BRI R PR 75 90 55
T b AR A W e DA S RTR ) o .
A= st R T S B R ) DG R RIS ) i
AiA,

TR T R L A L M X7 T 2 B R R A P
NG, ARFMEE, Y2 Db R vk
MR EN AR LZ X A FAFERES RS &
B ¥ ( Pinus yunnanensis Franch.) #& . 48 [l #3

( Pinus armandii Franch. ) K. & 2% & AR DA K 5
WAL ( Quercus semicarpifolia Smith. ) K A F 53 X}
%, RHPATEWARE, 8 Ao A N 3T
RESCI, AT NUCKE T 4 FhOR R ZRME V% 4 53 i
N A YRR, WFELL R IS REL: (1) 4
fit VAR, 4 FIARFRIZRMIEEY C. N &, MBC
1 MBN e 38 fole A= 1 S0 AR N TIC R e g
N7 (2) NUIRETS, JEYAEY RS MY
HAMMAECR? @l LS, R N U T
ANFERRAT BT v 5 HIERUEITE C. N AEY)
IR AAEIALR AT, A I e L AR
PR R R R AR

1 B X 5% 7 %

R XA
B T = TR TSR ARMOE (Tt
(23°46'18"~23°54'34" N, 101°1606"~101°16'12" E),

1.1

VAR 2 215.8 mo %ML IX 1L MU SRR AR 5000 B
AT WG PR SSICAL , & T iy
S, AR 15°C, KRN 1050 mm,
K EEAEPAE 5—10 A, B8 KR E 5 R
ik 85% Lk b, MBI H A REERC I W,
077 8 eI SR U NN =T AN DD E S i o o N
1.2 HRAE

1.2.1 RI&%F T 2017 4F 11 H, 4350k 4 Fikk
RGBT, AR RIS IR AT . K
TIa, A AEFFRI 10 g 2 AK/NA 20 cm x 20 cm
B As (FLARA 1 mm), DIATIR BT 2018
1 AAE 4 FhRACT &8 31 20 m x 20 m (A
o, TERDFEHHFEPLZE 4 1 3 m x 3 m /hFE
J5, XN 4 FORTRNE N W BEE, /R b IR B X £
AR, T Z BB KT 10 m, B
IEAHE TP B AR A A (0 U8 7 W A8 24 S 4 A
ST (K 3NEE), XS T IEEY
Wit NHNO; % (B8 N Tk ).

RS N PR F 2 S %L 21X Harvard
Forest LA M AE T M X BT A 1 1 s gt 121 Jfah 536
VU R Ml X K AR Bl IXCARE DE R B (3.84 g'm > h),
N UTREHBEE 4 DMK X (CK, 0gm™>a™),
AN (LN, 5g'm?a™’), PN (MN, 15gm™>a’'),
M N (HN, 30gm?*a'), BMKFE3IANER. ¥
VAR R 456 0 12 4y, DL 2018 4F 1 H#)
TR, B8 RS KX E AT N AR BE, X
PR At AR TR s B K o Rt N &b, LAl it AR 5 —
H, FEHLREILANER 1.

R1 4 TERMEBIE R AR

Table 1 Geophysical characteristics of the investigating plots in four forest types

AR FEHhg 5 R W e I PA B2 RliliEEs S PR

Forest type Plot number  Altitude/m  Slope/(°) Aspect Canopy density ~Average DBH/cm  Average H/m Age/a
1 2258 13 NW 0.85 9.5 9.0 16
W Lk [E AR Evergreen broad-leaf forest 2 2193 15 NW 0.90 9.0 9.2 14
3 2236 16 NW 0.87 8.9 8.9 16
1 2119 18 NE 0.60 12.3 10.9 19
A1 AABK P.armandii forest 2 2178 20 NE 0.65 11.0 10.3 18
3 2156 19 NE 0.73 12.1 9.9 19
1 2208 16 NE 0.92 9.0 45 14
= AR O.semicarpifolia forest 2 2373 14 NE 0.88 10.0 4.0 15
3 2281 15 NE 0.90 10.6 4.0 15
1 2193 13 NW 0.73 10.2 8.4 22
LKA P.yunnanensis forest 2 2158 15 NW 0.82 12.5 11.0 24
3 2236 12 NW 0.75 11.0 9.0 22
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1 H, XA A0 BERE 7 o i U8 V5 P 1A T ORE
BRET BRI RIS 3 4%, WERRAS T IA, R
T TERIE YRR, SREE 0~5. 5~10 F1 10~
20 cm HIERES,, BERE T R REAILEC T (7 I B AL
WS &, B[R —bRar e — N iR 2 A ) £
B EERMRE
123 Hseegml2  JVEYIFEE R TR NPT,
Wy R I 3 0 o SR P A% R A A i BB TR SRk
(LY/T 1237—1999) I 7 ke 75 11, >R I Sl L
G A (LY/T 1269—1999) 5 & & 10,

T EEMAE YRR (MBC) MY R A
( MBN ) R &7 EZE R e, Rt
YRTECR HBIERGE . MBC., MBN 233 F=U
At

MBC = E¢ k¢
MBN = Ey/ky

e Ec. Ey i B FIR IR Z8 IR 8 + 58
AHR . RAEWEM; ke ky WEALREL, 535
4038, 0.54,
1.3 HiE4E

ARG SPSS25.0 A5 . SR
WHZET7 22001, AT A FEBRPR SRR N ORE T
C. N, £415r ONHUFEELER; RHZ
I 225001, SRR, RELZ, N
] N LR FRUEYIEYRE .. N b o, &
oYY ON ¥R R L ER, BEE
KVAZE R a=0.05,

2 HERAH

2.1 NiEIAZEDHRASEMNHNT

HE 1 RlAL, 3 1R AR NUIRET, 4%
MO R C & EIEH R RIA . = F
FAMR > i AR AR > A2 LA bR > Sk Ak, 5
CK AL, W &kia M AR sy C & w34 W23
(2.56%~8.16% ); LN 1 MN F & 1L #5 Kk 8 7%
- C SR 2.35% F11.13%, HN FH9I11.24%,
LN T AR FEAR 2.67%; &UBRAR C &0 5%
LRI AMOE A ;. HN T 2 B8 A AR R V% R
C SN 3.97% F1 4.09%.

M R IE Y N 2 S B AR R B
o IIBRAR > B SR AR > AR LK > SR

NE&EHEFEREN (P<0.05), 5 CKAHL, H
KR 27.18%~69.01%, JAV&KIEIN 12.76%~
26.78%; fRINIAPRIATE Y N & & SR 2 8 - THE
(AN 22.37%~60.29% ) ; e ILBRARK MN R
TE M FIRL L CK OB &R 13.02% M1 11.74%; =rd
FAMR HN FIR7EFIAL N itk CK B EHN 67.67%
F122.29%.,

AN ERRAF 2R PH TE 4 C/N FEA TR N TR Ab 3
TASEETE 36.39~96.55 ZJal, B N TR0,
4 TR 2RI IE Y ON R 2 R, 5
CK ML, HEakiaM PRI PR 25.11%~36.00%,
PHVE KA 15.99%~16.29%; H11IFABKYE 7% - [
ik 19.20%~34.28%, JTEFFEL 37.91%; MN
1o L BR A O 9 i FURL 43 1 BRI 8.10% F 9.08%;
75 B AR 75 PR AR 2.66%~2.91%, 8 5B FEAK
20.94%~37.92%.

2.2 NinkExtiEREMERRSEN T

HE 2 ATAT, ORI NIRRT, 4 Fbkor2eml 1
1 MBC [t it 43 £ A8 Ak 0 [l 7E 104.20~ 1041.99
mgkg ' Z[A], R 2 A [E ZRARSE A 24 (e B0
R EE AR > S AR > s L BR AR > AR A
M, ZEEHAR MBC HHA 3 SFRS6E; 1 23.27%~
60.34%; A[A] 12 AR RTINS 0~5 > 5~
10>10~20 cm, 0~5cm 2358 5~10 cm 1 10~
20 cm [ 1.36 1 2.08f%. K& N UIREIIEIN, Hak
i Ak 3 A 2 59 MBC 34328 W % (10.00%~
66.67% )5 A LA MR U] 52 5 398 s R AR ) s B
7E LN bk Bl (55573 mgke'); & ILBRAR
1£ 0~5 cm Al 5~10 cm+ 2B #iFFMK, 10~20 cm
L8 3oy <k PPN L v RS EESITR /N V20 e S

A 3 AT, KRR N IR T, 4 Fibkoar2eAl+
3 MBN /80 R 19.09~109.57 mg kg ',
AR )2 IR RS- BRI = AR > #
ZRRRIEAR > S ILERAR > AR ILFAK, = EHAMK MBN
L HA 3 AR 24.86%~60.54%; . A2
AHIFIZRARE I LT 0~5>5~10>10~20 cm, 0~
5 cm 23514 5~10 cm A1 10~20 cm ) 1.28 F1 1.70
o Bl NUURERREIN, 5 Sk i bR A & AR AR
341 )2 1 MBN B2 WAL (4.66%~ 58.40% Fil
5.15%~62.70% )5 42 LLIFARRIN] 2 538 fn Js a2 1)
s, HAE LN ALK EI5REE (54.90 mgkg ') (P<
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Fig. 1 Litter C and N content and C/N in four forest types
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H: 0~5, 5~10. 10~20 cm F/R HHERE; ANRVNG FHRFRFEMBEE 2R RGO 25 BFE (P<0.05); ANEKEFHRR R EE
RAUAHAR L ZR2ZFEE (P<0.05), FR,

Notes: 0~5, 5~ 10 and 10~20 cmindicate soil depth. Different lowercase letters indicate significant differences between different nitrogen treatments in the

same forest type and soil layer ( P < 0.05) . Different capital letters indicate significant differences between different soil layers in the same forest type and

nitrogen treatment ( P <0.05) . The same below.
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Fig. 2 Variation of soil microbial biomass carbon (MBC) in four forest types
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Fig.3 Variation of soil microbial biomass nitrogen (MBN) in four forest types
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HIFEL 4 FIRD, AR NG T, 4 Mbkordeil . LJRMFEBRMAER, SFEERARE (P>0.05),
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BtiE N UCREROBE TN, H &k nAk 3 4~ 12/ MBC/
MBN R shias, (H57E MN Ak 3 E 11.15;
A8 PR AR L SIS BRI #A 3, 0~5 cm FiI
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LIRS
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5~10 cm + 2 IEH H BLZE MN ( 11.26 Fil 11.17 ),
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BN 5238 B #A

i
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Fig. 4 Variation of soil MBC/MBN in four forest types
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Fig. 5 Variation of soil microbial counts in four forest types
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HFIAS I C. N HTC/N BBy . BRMCR A B f
K, i NIKPRZ, FRMAVRE N K28 BAE
RN e BRAREADG JHVE AL N SRk, 5 nT
C/N Fe/bs it N KX AL C ey sk, 4
VAR CN /Ny 28T AR O 95 R C R g B
K, JIEEIN /)

24 AEYHRAE..CENEMETREON

W 2 PR, AR il N AKX 7% A
Y C. N FC/N BIsZin gt 2 (P <0.01),
PR N A 58 AR X & . A
&I C/N FIJRTEARL C YR B E - (P<0.01),
XTRVENT N IR C/N IRF B (0.01<P<
0.05), XH7ER N AEE (P>0.05), ME

*2 FEMS CNME C/N TR
Table 2 Analysis of variations of C, N and C/N in leaf and twig litter
ik auye TATEHN TATEHC/N JATERC JHTERIN TATEFLC/N
A5 S H H Leaf Leaf Leaf Twig Twig Twig
S Degree of litter C litter N litter C/N litter C litter N litter C/N
freedom

P F P F P F P F P F P
ARSI Forest types 3 29297 <0.01 77.25 <0.01 66.91 <0.01 218.68 <0.01 398.99 <0.01 120.88 <0.01
JIN7KF N treatments 3 39.51 <0.01 17.65 <0.01 12.75 <0.01 5239 <0.01 1434 <0.01  8.45 <0.01
FRMIKAY < JifIN7KF- Forest types x N treatments 9 448 <0.01 2.64 <0.05 3.65 <0.01 9.54 <0.01  2.03 >0.05 291 <0.05

I “P > 0.05"RR 0 i E 5 ; “0.05 > P> 0.017 KR N “P < 0.0 Fom i F . R [H.
Notes: "P > 0.05" indicates no significant effect; "0.05 > P> 0.01" indicates significant influence; "P < 0.01" indicates extremely significant influence. The
same below.

T RRARIE TR A TR HE 52 H AT X HE G I A 5
HARAS L AR YRR B0 HAF A 235 B 2 255
Horp R IE M iR (F {50 18.18).

TrZEar R (% 3), AR K HZH
VEFX H A YR €0 N BRI B 5
M, FCrR ERARSE R = R s R (F A
304.21, 1777, 2586.9); Ifi % T MNC/MBN, B

®3 ITEREVERE, HEYERERLRBEYIHHZBERERTESHT
Table 3 Statistical results of Multi-way ANOVA of MBC, MBN, MBC/MBN and soil microbial quantity
g DERETEC  LRBUEVEN  LSERAEYIERELL WML

Sour/f{; iﬁﬁaﬁon Dﬁe egggzni ¢ MBC MBN MBC/MBN Soil microbial quantity

F P F P F P F P
AR Forest types 3 30421 <0.01 1777  <0.01 3.16 <0.05  2586.9 <0.01
+ IR E Depth of soil 2 275.55  <0.01 9583  <0.01 18.18  <0.01 352.64 <0.01
JANZK T N treatments 3 90.17  <0.01 4525 <0.01 1442 <0.01 134.73 <0.01
AR x L HERE Forest types x Depth of soil 6 87  <0.01 2736 <0.01 1.18 >0.05 431.67 <0.01
FRIRAETY x JiN7KF Forest types x N treatments 9 18.09  <0.01 1132 <0.01 422 <0.01 110.31 <0.01
FIEVE < HiN/KFDepth of soil x N treatments 6 157  <0.01 70.62 <0.01 3.59 <0.01 32.36 <0.01
BRARRAL x LR < HENAKT 18 395 <001 10.93 <0.01 198  <0.05 79.36 <0.01

Forest types x Depth of soil x N treatments
30 Wi
3.1 EEMERREX N TR

AR Z AR C S5 7E LN I/, HN R
HEN o k5 S IR PRI DX R XU Sk R AR A

WP RS RS C N RIS i
P R o, () A 2 ) S e FE G A Y T AR
FeUO ARRETE R, BN TR 2 i AR
BRI E B FE M 1 ARG C S g,

NG ROLLAEIZIE M FAK (Larix gmelinii Rupr.)!' "
&Y C SRR —2. Mk R &
I HN A3 2 BRI T W02 (Cryptomeria fortunei
Hooibrenk.) {75 ¥ HL C & &, € THIL CHY
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R, X ATRe izt s it TAEPU I R IX,
PEAR (1216 m), H NPLREMEH & (0.5~1.5
gm>a) m/NFARRE (5~30gm™a), Kik
FNJHTEY) C EmFERRKF-.

ABEGEH, B NI T 4 Fhbkor 2R 0H V%
YIFE S 1 ARJG N sy s, R rl Ge 2
Biti g AN N RESEE A, JEVE Y AT LA HE 43
R (CINRBTRSE ) SHF—PEE, A
Gy oy R T (AN A AT ), NORWT R 4R,
FEUHEY N ST M 4 ok R 7%
WHE i 1 ARG C/N ¥ REAG, X 5 3m HRg
o X AR (Quercus robur L) FRPO FiR £V B2 A
(Cunninghamia lanceolata Lamb.) FkP" [ JF 57 45 5
—3; 1M Zhou ZFP FEVGICHBIX N & B, Jthn N 2
o5 SRR AR P59 CO/N 2 ETHEas, nfil, H
HE N AN N TR 8 7 49 35 J57 Jo £ 1) 5 0l - 0 48
—INIH, H2Z R TR ST HbBASE | A
JHIEY B Be . AN N R BE PR 5 R E A,
BRI A R — 205
3.2 TIERIAEMAFIEXT N TR A NG 5

T IERUE Wy a7 B SRR | BRI SR
FXZRERETFREm, K, HMEREREEN
Rz, AR5, = A ARFN R Sk [ ik
[ MBC Il MBN 75 i £ = T 48 1L F BRI Ll AR
M, X AT RESE TS X = B MR8 2 ] i AR
P ZER | A AN Rh = R R . TR
o [ i bR RN Ll BR AR 2% 1 2R Ry 13 MBC I
MBN & &b N YIRS 2 e/ eEs, &
IFARRAN = R A BRI AR B o 338 MBC il MBN 7
/NIRRT E A N R A Rl 13
fRfk, EhILE T, M P APS £ L
T, WEIRTECE Y AR, SRR 1 A M T
PEPS [EIES, o NI TR TR R
PR, SR T RAY C R, MR A
3 MBC Hil MBN & i B in ] B8 5 B AE S RS
AbF N BREIA G, HEEFAME N BTSN 2 46 i 3R
AV A P, ERTE YSRGS
P IR Y R Y AT ERY ) X5 K 1L
¥A (Pinus tabulaeformis Carr.) #kP" ) iF 55 4% SR —
. A5, ARE N JIFE N MBC Rl MBN &
g w8 0 e Y IS N AN ) O S I iy ot
T E A A DL A 2R RS, 8

SF OIS R - I Py AR O B, DT =
HIRZE T EREY WD,

+ & MBC/MBN #J DLE Sl RUBZ X 30 )
Fh 2R AS AL K A 38 N AR DL — A48 AR5, 15T
W], MBC/MBN 7£ 3~5 i}, T3 ieish
AR AT, TTE 4~15 BFUR LAY, A
WHT 4 FhARARSEH MBC/MBN 4T 5.31~11.26 i,
VERHTEC O =1L 4 PSR + 3R e h B
PR R N e S NI & DO N i 7 e SIT N
[F] + 2 MBC/MBN 52 i 25 4 25 5, HN &b F AR
T MBC/MBN, i1 e AE PRtV e FL 0 1) 4H 7
BEVE SR . XV RES& T E B 7E N PREE 32 fR i rp
UG A, HBEE N ZABEN, g0 E
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Effects of Simulated Nitrogen Deposition on Litter Decomposition and
Soil Microorganisms of Typical Subalpine Forests in
Central Yunnan, China

PAN Yu, SONG Ya-li, WANG Ke-qin, ZHANG Yu-jian, ZHENG Xing-rui

(College of Ecology and Environment, Southwest Forestry University, Kunming 650224, Yunnan, China)

Abstract: [Objective] To study the relationship between litter decomposition and soil microbial characteristic under
simulated nitrogen (N) deposition so as to provide references for studying the response mechanism of carbon and ni-
trogen cycles under N deposition in forest ecosystem. [Method] In this study, the litter of four typical subalpine
forests (evergreen broadleaved forest, Pinus armandii forest, Quercus semicarpifolia forest, Pinus yunnanensis
forest) in central Yunnan were taken as the research objects. From February 2018 to January 2019, through simulat-
ing the nitrogen deposition and in-situ decomposition experiments, the litter bag method was used to study the vari-
ations of litter carbon and nitrogen, soil microbial biomass carbon (MBC), microbial biomass nitrogen (MBN) and
soil microbial quantity under different simulated N depositions. Four treatment levels of N deposition were applied,
i.e., low nitrogen (LN, 5 g'm *-a'), medium nitrogen (MN, 15 g-m>-a™"), high nitrogen (HN, 30 g-m *-a’') and the
control (CK, 0 g'm2-a™"). [Result] Under different N deposition treatments for one year, the C content in the litter of
evergreen broadleaved forest and Quercus semicarpifolia forest increased significantly (0.40%~ 8.16%), while that
of Pinus armandii forest and Pinus yunnanensis forest decreased by 2.67% under LN but increased by 4.09% under
HN. The N content of litter of all these forests increased significantly (1.45%~ 69.01%), while the C/N ratio de-
creased significantly (0.34%~37.92%). Under the same N deposition, the soil microbial biomass decreased with the
depth of soil layer, and the influence of N deposition on the vertical distribution pattern was not significant. The ef-
fect of N deposition on soil MBC and MBN in evergreen broadleaved forest and Quercus semicarpifolia forest was
inhibited, and the effect of N deposition on Pinus armandii forest and Pinus yunnanensis forest was promoted with
low N and inhibited with high N. The soil MBC/MBN ratio ranged from 5.31 to 11.26 in the four forests. The effects
of N deposition on MBC/MBN ratio of different soil layers in different forests were different, but all of them was in-
hibited by high N treatment. [Conclusion] Litter decomposition in typical subalpine forests in central Yunnan is
mainly affected by forest types, followed by N deposition. The soil microbial biomass and quantity are mainly af-
fected by forest types, followed by soil depth, while the effect of N deposition is the smallest.

Keywords: nitrogen deposition; litter decomposition; microbial biomass carbon and nitrogen; subalpine of central

Yunnan
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