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Abstract: Tempo-spatial variations in soil net nitrogen ( N) mineralization and nitrification in four typical temperate forests
in northeast China were investigated with a PVC tube sequential coring and in-situ incubation method. The forests were
hardwood broadleaf (HB) , Quercus mongolica ( QM) , Pinus koraiensis (PK) and Larix gmelinii (LG) forests. The N
mineralization showed significant tempo-spatial variability in the four forests. The highest net N mineralization rates occurred
in June for the QM and PK, and in July for the HB and LG. The rates of N mineralization and nitrification at the upper-
layer soil were greater than those at the lower-layer. Nitrification was the dominant process in the forests, and the proportion
of NO, -N to the total inorganic N was 79.9% —91.1% , 50.7% —80.5% , 54. 1% —92.0% and 63.7% —86.5% for the
HB, QM, PK and LG, respectively. The N mineralization capacity differed significantly among the four forests. The mean
rates of N mineralization for the HB, QM, PK and LG were (0.58 £0.01) mg-kg™“d™", (0.47 £0.19) mg-kg -d ",
(0.39+0.11) mg-kg™'+d ™" and (0.23 £0.06) mg-kg '+d', respectively. The N mineralization was positively
correlated to the soil temperature at 5 cm depth for the four forests. This relationship was significantly influenced by the soil

moisture at 0 — 10 cm depth. The N mineralization was also significantly positively correlated to the microbial biomass N.
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Bk KABER IR G R RN 24 e B AR A
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H DK A X AR A (AR K AR A TARBAR SR ST IGE T o SRV 9 B BB, 3 P i SR B
B REAR R AL L R O (AR L (RS B SRR 22 53 R T X LA L P F 52 B8k 5 i P A1 s 5 0t
XTSIk it 72 , B AT R WS, BAR % bk 1 i 28 s 1) S B , R il LA 4 T
ST B ABMAES REM AT LR . &4 Mk, AR X BB RS RE RN AR B H 25 53
R EALA AEHETE AR WARGE o AT FE R A JRUIR o J 35 57 3% SE BORR YR U 8 AR JUAR AR LU X 4 b S50 A 3R
WARMAES RGN LA ARG, B X E X SRR A SRR A RFE X H IR B 2=
ARAAR SR, 4B /R HA AP IR , LA D R J X ARpR A A R G 4278 A I A B R S BB A
1 #R57EE
1.1 Bryeiise

R 7 T R IE VLA 1 ST 5T N B AR AR R AR LI AR AR AR S R e 5T (45°24'N,127°40'E ) , 58
Wk RIS TLSCHR™ o ABRFT R T ARAUARFRIL K AR R (49 ~59a) AT HL I 52 AR 1Y 4
SRY IR RARAE SR GE, RIVEE R AR S ARAR LD MAMR RIS I AABK . RITPIE D RARUCLEAK, J5 P& U A
TR XEEFRA A RGEHI LSRR P LR 1,

F1 EEME SRR AW AR
Table 1 The site features and vegetation composition of the sampled plots

B RGEAA BeEE(®) e AR (P HFh) TA

Forest ecosystem Slope Aspect Overstory ( Dominant species ) Understory

1% i% Ak Hardwood broad-leaved forest 7 Jt North 1.2.3.4 5.6.7.8.9.10.11
ST BRAK Quercus mongolica forest 23 T4 South (12) 3.2.1.13.14 5.15.6.16

ZILAAMK Pinus koraiensis forest 12 Pidt Northwest (17) \14.2.18.13 . 4.14 6.19

&AM Laric gmelinii forest 2 ViFg Southwest (20) 2.21 9.22.10,16.6.5.23

1. ¥ 3% % Phellodendron amurense; 2. /K fi ¥l Fraxinus mandshurica; 3. %% Tilia amurensis; 4. S BkMK Juglans mandshurica; 5. B 5T &
Syringa amurensis; 6. F#My Ulmus propinqua; 7. BHH AR Sambucus buergeriana; 8. ¥ Corylus heterophylla; 9. #4245 Padus asiatica; 10. B LK
Lonicera praeflorens; 11. TLF Evonymus sacrosancta; 12. 52ty Quercus mongolica; 13. 11145 Populus davidiana; 14. FA¥¢ Betula platyphylla; 15. 54K
B Acer mono; 16. BZE Rhamnus davuricus; 17. 2L¥5 Pinus koraiensis; 18. ik Betula costata; 19. INFL Pyrus ussuriensis; 20. ¥ M) Larix gmelinii;
21. 255508 Acer ginnalay 22. #18{F Lespedeza bicolor; 23. 111 T F Malus pallasiana

4 FhpREY 38 BB LA RO IR R IR B B 22 e LR 2.
1.2 SEH AN RE J7 vk

12 4 MREIrp R E 3 020 m x 30 m AR, MR 3 NEEE . FHAEHAR XA LR E I S NREAEESR A,
SRF R 4 R s 32 B 52 BURE Y (Sequential coring and in-situ exposure ) 2 7R —15 35 LB AR NAE 5 em,
£ 20 cm () PVC HAT A L8, /NOBURBE G, —& LA T 1800, 5 —EE8 TS, KRS hE 0,
B AT R AL IR . BEFREE R, U B R . R T — b % bR Dy A B T AT — g IR MR
KSR BB 58 0 ~ 10 cm H1 10 ~20 cm B2 L4, UNEFR _EEAT R LB (R ERREERZE L8, #%
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TIEEAERRBAE, EENO0~5 em, FEHNS ~15 em) o 5 MM G HAERE R EHEYYREEE 2 mm
i , B A A4S AR BISE I B AE AT, SEB A 2007 455 A 8 HIF4R % 2007 48 11 A 8 HEW, &
AEEFRIEAZ 0 30 d, ILEAT 6 MBI SR . TEREFRAAE], SR A T BUBA A ARFN B Sh B RE RS (Campbell
Scientific, Inc. , Utah, USA) [G] il 58 & AREI i) - VR

®2 SHHERESREMHLEER

Table 2 Soil properties of the four forest ecosystems

AREY T ] Ak SEtTHRAR AR/ IR
Forest types Hardwood broadleaf forest Q. mongolica forest P. koraiensis forest L. gmelinii forest
EZX (cm) 0~10 10 ~20 0~5 5~10 0~10 10 ~20 0~10 10 ~20
Soil layer

AP (g-ke™")

. 113.5a* 63.8a 88.7a** 55.6ab 70.9¢* 49.4bc 51.1d* 40.8c
Total organic carbon
J . -1
BR (g'ks™) 8.1a* 4.9a 5.0b* 2.0b 4.1bc**  2.7b 3.3¢* 2.5b
Total nitrogen
. -1
BB (grkg™!) 1.6 1.4 1.0 0.9 1.1 1.0 1.1 1.0
Total phosphorus
. -1
B (g kg. ) 19.1 21.5 16.9 21.8 20.7 21.3 23.2 24.5
Total potassium
HHWE (mg-kg™")
88.7 46.5 LT 9.4 44.2 12.2 70.0 48.0
Available phosphorus 43.7
N o1
AR (kg ™) 411.4a*  233.7a 300.9ab*  129.8b 208.9b**  107.6b 187.1b**  103.8
Available potassium
P vom =3
HHE (grem™) 0.51c**  0.75b 0.36c**  0.80b 0. 75b* 1.02a 1.01a* 1.11a

Bulk density
pH (H,0) 6.5a" 5.9a 5.8b 5.3b 6.1ab" 5.9 5.7b" 5.9
ab.c Fl d HAAEE LZRT R LRLHEILELR (P<0.05, n=12); * = Fl « DHRAMEA LR TREMMEEFE (P<0.01, n=6)
F@BFH (P<0.05, n=6) The letters a, b, c and d represent significant groups of the four forest soils at the 0 — 10 cm depth or 10 =20 cm depth (P
<0.05, n=12). #= and #* represent highly significant (P <0.01, n =6) and significant (P <0.05, n =6) difference between 0 =10 cm and 10 ~20

cm depth, respectively

FEWN LIRSS 0K S B NH -N NO; -N H3EMA BTk (Cy) AR (N,) B A0 i i I
Eo HIEE/KFRAMT I (105C,24h) . +3%rh NH, -N 1 NO; -N 2 K Fl 7 & - #—2mol - L' KCI 1242
W UEBURESER S AT IX (BRAN + LUEBBE-AA3, Germany) M. &4+ (74) (hRHBEARMT «
NMR = (C,-C4)/(t-t,) (1)
NNR = (C',-C'y)/(¢-1,) (2)
FLH, NMR F1 NNR 435 Ry 55 32 050 B ) B 13813 A B {2 (Net nitrogen mineralization rate ) 115 i £k 3R
(Net nitrification rate) (mg-kg -d™"),C #l C’ 43 BIRETLHLA (NH, -N + NO; -N) MBS A (NO, -N) & &
(mg N-kg™") ;2,1 ¢ 432 R B IR AT RIS 375 A E] o
TSR (Cy) A (Ny) RASEH- B2 (The chloroform fumigation-extraction method ) *!
BRI 5 A A Multi C/N 43474 (Multi C/N3000, Analytik Jena A G, Germany) 5, +3EH WLERFH
Multi C/N3000 43#74% HT1500 Solids Module [ fABIHME . +3% pH RSB L (1K 1:2.5) W&,
HHE R AR MR T R AR E ™ . MBS AP LA NaOH JE% , SR HL ( ue il 2 B, JOHE LB
MRE S B dAkR R ) 2 BR - KB B I Y . A RO SR R AL SR R R AR B P L B
B RERFIITHEIRE
1.3 B
RS IT R A SPSS 14.0 St 4. RI\SPSRIT TR E, 2FBEHE 4 Kolmogorov-Smirmov 5 5 & &
& IESOE X TS BRI T ESER# ., F—AEN LN R TRA LE () X HAhH
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At 2= 5 B PE SR P BUAT ¢« A3k (Paired T test) o FRARISHLE] S & ARBY Y A ) 22 57 BEMER AR R
J 225015 (One-way ANOVA-test) . ZE AR E R KTE (Duncan) . + IR EE BB .Cy Ny 5RT
K Z R A — e R AR E A

2 GZRESW

2.1 HETHAR 2R

2.1.1 NH, -N fya2s 28 fb 4R

4 FFMAESRG LK NH, -N SEMFEWARME R, BRI g2, H T ZE 4% NH, -N
FIUEAE AN LAY A A EAREL T S (B 1) o BE AL AR | T2 1R B 1 NH) -N & &
HAPFREZR (P<0.01, n=21), ZEHFRSHEMMARR LZE L3 NH, -N ABREIZAAHE B TZELEAR
ZRBE (P<0.05, n=21), B LLMARFE AT E LEE NH, -N S 2H7E 8 AR EE;
MZEE Ak 6 A4 T2 15/ NH, -N & BEH ((12.2+3.6) mg N-kg™'),

PAFPEE AR (ZDAMAR TR A AR) 7E 6 B B35 SRR, B PR HIEZ A NH, -N SE LR EER
(P>0.05, n=6), A LHAES A LETIENH, -NSEWARFTFE (P=0.002, n=6), ZHtk
MEIBEARFFGHG AH) XELZFEAL A4 e, T2 HEX NH, -N S8R5 F L2 HEG Ah:P=
0.007, n=6;11 Af:P=0.014, n=6) ,HAb A L. FE2LERZFABE (P>0.05, n=6)(E 1),

8.0 — T@ERAM#k Hardwood broad-leaved forest 18.0 gk Bk Quercus mongolica forest
x* —&— 0~10cm 150 & —&—— 0~5cm
6.0 |- ---0--- 10~20cm ---0---5~15cm
12.0 - \
_ 40 90t
2 60 %
z 20—
@ — 30 |
i N M L L ! ! L ! 0 Lt I I I I I I
iﬂ % 05-08 06-08 07-08 08-08 09-09 10-09 11-08 05-08 06-08 07-08 08-08 09-09 10-09 11-08
+£ :E 80 — ZLAMK Pinus koraiensis forest 100 M- PAK Larix gmelinii forest
z 5 —&—— 0~10cm ’ —&—— 0~10cm
> L ---0-- - 10~20cm
Z 60 8.0
+£ 6.0
“ 40| '
4.0
2.0 - 20 L
0 | | | | | | | 0 | | | | | | |
05-08 06-08 07-08 08-08 09-09 10-09 11-08 05-08 06-08 07-08 08-08 09-09 10-09 11-08

H 3 Sampling date

Bl R SRR S RS NH -N A Brshads
Fig.1 Monthly change of NH," -N concentration in the 4 forest ecosystems
B % o 303808 1J2 VTR NHY -N S8 22383 (P <0.05) Mk B3 (P<0.01); WARKRIFMER(n=3) The * and * * in
the figures represent a significant (P <0.05) and highly significant (P <0.01) difference in NH," -N concentration between the upper-layer and

down-layer soil; The vertical bars represent standard errors (n =3)

2.1.2 NO; -N Fyit2s Ap (L AFAE

4 FbkEL BJZ LR NO; -N S BFVW MRS NH, -N 54 R, FAER Iy g &, HE 8
TEMRAELE] B A R AE 2257 (1B 2) o BERE AR T M PAARRISE AR bR 1) 1358 NO, -N S & 7E 8 AWI& &, 74
$#7(57.3 +4.6) mg N-kg™' . (20.6 +3.6) mg N-kg ' F1(28.7 +11.6) mg N-kg ™" ; LT HABK i e AE 0 8 BRAE 7
A% ((42.4£7.9) mg N-kg™') , BFHR 12+ NO; -N & &M A BREIZEMLEE (P<0.05, n=21),H
T2+ NO, -N A brlaI 22 A B2 (P >0.05, n=21),
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80.0 — M FMHKk Hardwood broad-leaved forest 500 — SiHiBRbk Quercus mongolica forest
70.0 - o —— 0~10cm *  ——0~5cm
60.0 - ---0--- 10~20cm 400 |- -
50.0 - 300 |
a 40.0
2 300 20.0 |-
Z.
w 2001 § 10.0 -
méloio— S = 3¢ s E )
@'g 0L I I I ﬁ 0
Z g 05-08 06-08 07-08 08-08 09-09 10-09 11-08 05-08 06-08 07-08 08-08 09-09 10-09 11-08
ICS‘ § 60.0 ~ ZLAAK Pinus koraiensis forest 30.0 —  PEM-¥ABk Larix gmelinii forest
“% o0l *x —&—0~10cm «+ ——0~10cm
o ---0- - - 10~20cm ---0---10~20cm
'o:». 40.0 - 20.0 - *% *%
“ 300 |
20.0 - 10.0
100 | P ’
0 -- o L P "

= - 0
05-08 06-08 07-08 08-08 09-09 10-09 11-08 05-08 06-08 07-08 08-08 09-09 10-09 11-08
H ] Sampling date

E2 4 FhRRbkA SR GE NOy -N A Frghas
Fig.2 Monthly change of NO; -N concentration in the 4 forest ecosystems
Brb o F1 w2} 5IFR B2 TR NOS -N #2253 B3 (P <0.05) Fk B3 (P<0.01) ;AR /RIpHELR (n=3) The * and * * in
the figures represent a significant (P <0.05) and highly significant (P <0.01) difference in NO; -N concentration between the upper-layer and

down-layer soil; The vertical bars represent standard errors (n =3)

4 FipRAL 38K NO, -N B REETFHE ., BRAFIH MBI, 4 FibE EJE NO;-NSERBEST T
2 (P<0.05, n=6),

BRECEHE T 2 13850, Hofth 3 FhbkAd +48 | TR REH R LE LS N A EZ LI NO, -N £, #
WE B 5% o BRObR L LD AN ARRN % A AR B b ) 13 NO, -N 7E T HL A i be 1 28 A Y B 20 53 S 2 79. 9% ~
91.1% .50.7% ~80.5% 54.1% ~92.0% F1 63.7% ~86.5% ; 2+ 34> $4:63.8% ~91.8% .13.1% ~
41.4% 25.3% ~78.4% F148.1% ~71.6% ,

2.2 AL SEHET LRt AL
2.2.1 #iEfk

4 FhAREY By R (LA AE IR B 2152846, 5 ~ 9 A AR 2 138 il A 2R IEAE, F5cid BN Ak 1 sy 30 A
A5 BE RT3 ([ 3) o B R I BRCRI & - AAAR 7 R 03 OB AL AR I SR 3R B, B RV il A 2R 439 Dy (1. 55 +
0.16) mg-kg™"-d"'M(0.50 +0.13) mg-kg™"-d ", M5ty B AR5 LLIAMR A B K S TL 36 BRTE 6 H 13, 4351
#7:(0.65 £0.15) mg-kg™-d 'F1(1.03 £0.25) mg-kg -d"',

4 FhARELE RS LR A7 TE B S 2 B) S Pk o B8 R AR SR T BRAR I ZE 6.7 A IR A28 53 B R
EREEST FEE3), MAMKFEH IR ENERKZE(S ~9 Ah) LELIESMERBEERTTE (P
<0.05, n=6),

4 Rk a] LIPS AR AFERENZESR (P=0.014, n=12) (B 4) . #% LRI FHEmMAL R
F o B AR ((0.61 £0.03) mg-kg d ') > £IFARK ((0.48 £0.19) mg-kg "d ') > ZEHAFA((0.33 =
0.11) mg-kg-d™") > F&HHABK ((0.22£0.02) mg-kg™d™") o WILIEAEZERET L2 L5, WM,
LIRS AR AT T AA AR B R RS AR E R o BN BURE 2 B AL B Eu B 43 74, 4% ~86. 5% \76.3% ~
90.5% 84.6% ~95.7% F174.1% ~82.8%
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figi fgnt#k Hardwood broad-leaved forest

* %

2.00 —

0~20cm
1.50 B 10~20cm

1.00
0.50

-0.50

-1.00
%
g ~
Z LLAMK Pinus koraiensis forest
£F 150 *
0~20cm
1.00 « B 10~20cm

Net nitrification rate (mg-kg-d™")

il HRbk Quercus mongolica forest

8 0~5cm
B 5~15cm

B 0~5cm
B 5~15cm

0.50
0.20
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-0.50 U -0.20 L
H 4 Month (m)

B3 4 FhRRp A S RGN R H BR3h S

Fig.3 Monthly changes in net nitrification rates in the 4 forest ecosystems

B i« o« HIFOR LR TR RZERBE (P <0.05) Ff B (P<0.01); BERFIRIRMER (n=3)

The # and * * in the

figures represent a significant (P <0.05) and highly significant (P <0.01) difference in net nitrification rates between the upper-layer and down-

layer soil. The vertical bars represent standard errors (n =3)

2.2.2 %0k

4 FPARRL e LT AR b S S e i ki
RLCLIAAbR 8 A Bloh) , X FAEIZE B2 R R
T (B 5) o B RE AR A AR 7 i K
HALEA R H(1.59 £0.16) mg-kg™'-d "' F1(0. 50 +
0.20) mg-kg™-d™", MZ H ARG LM 6 A HEKA
LR A5 H: (0.77 £0.16) mg-kg'-d ' FI(1.08
+0.26) mg-kg d™', LIRS A EIE LGk
JLFERZE ((-0.01£0.05) mg-kg™-d™"),

4 FhAREDLS T b 2R Rl R R B B B A 2 B s (A AR
St MBS SR B, e s 8] 5 R AR X RS . A
W RS LR AR B b 3 2 R AR AR R 5 g sk
AR, BIAREURITE 8 A i fb 55 L Ar ey 5o T
5% AP T8 I BA PR IR 1 B Ak 5 EL Ve A L AR AE 25 R A
Ko HEHHL6 A L2 hRBERFTTRE(P=
0.003, n=6),MEHHHIL8 A (P=0.014, n=6)
M9 H (P=0.004, n=6) FEZHTHHEBRETTZ.

PUFPARELE] P R E R BE (P =0.03,
n=12)(E4), SHEHE LZE 5 R KN HES)

Hardwood broad-leaved forest (HB)
B Quercus mongolica forest (QM)

O Pinus koraiensis forest (PK)
8 Larix gmelinii forest (LG)

0.80

e L
B [°N
S S

()R (mgkegd ™)
o
S

Net N mineralization (nitrification) rate

S

10~20cm
+:)2 Soil layer (cm)

B4 4 FBRMAESRGFEHRD 3 (NMR) F05 5 40 R
(NNR)
Fig. 4 Mean net nitrogen mineralization rates ( NMR) and net

nitrification rates (NNR) in the 4 forest ecosystems

Pl b HB QM PK 1 LG 43 5 32 7~ T8 ] bk 58 iy A bk L 0 RA bR
F#IFABK ;ab e & Duncan BEM:ZEFAH (P <0.05); WARKR
R (n=3) The HB, QM, PK and LG represent hard-wood
broadleaf, Q. mongolica, P. koraiensis and L. gmelinii forests,
respectively; a, b and c represent Duncan significant difference groups

(P<0.05). Vertical bars are the standard errors (n =3)

o AEREHAR ((0.58 £0.01) mg-kg™"-d™") > ZLHHK ((0.47 £0.19) mg-kg™-d™") > FH A ((0.39 =
0.11) mg-kg -d™") > &Pk ((0.23 £0.06) mg-kg -d™"),

http ://www. ecologica. cn



7 BRA

& PUMP IR AR AR L IRRT L S =48 H

3753

T ¥ ™Ak Hardwood broad-leaved forest

gl Rk Quercus mongolica forest
* %

B - 0~10cm N 0~5cm
2.00 B 10~20cm 1.00 B 5~15cm
1.50
1.00
2050
-]
I—OD 0
bl
%D -0.50
%2 -100b
i '5 YLAAK Pinus koraiensis forest
®£8 170 @ 0~10cm 0.80 - B 0~10cm
= *
§ W 10~20cm 0.60
g 1.20
Z 0.40
Z 070 0.20
0
0.20
-0.20
-0.30 -0.40 W
H 4 Month (m)
El5  WFHEMESRESTLRA Rl

Fig.5 Monthly changes in net nitrogen mineralization rates (NMR) in the 4 forest ecosystems

B« i« o« PRI BIR TR AR ZERBE (P <0.05) F B (P<0.01); BLRRIRMER (n=3)

The # and #* % in the

figures represent a significant (P <0.05) and highly significant (P <0.01) difference in net nitrogen mineralization rates (NMR) between the upper-

layer and down-layer soil; The vertical bars represent standard errors (n =3)

2.3 +HEAFREE T
2.3.1 RS E LR

BEBUA IR BE ) A -3 38R B 5 A R E R +
AR A TR, EREYW, TS5 cm £
HRES FEHESRT LR B EEMHX(EG6), i
T 10 cm 4b 3838 FEXT B 4L T W3 (P =0.208,
n=24),

8K 5 RT R EIE S HTE, B S ERAR
BURE R RS [R]F oAt 3 Rk, R oo 5 £ 1]
BT, T EBURE J2= YRR ] F 58 o AR L £ A PR R ¥ P A BRAE (]
—E iR, BREN, LEHEAD UZIZZE L HEK
SERABEZ(E Ta B 7b) . PURNAREIT 115K
SR AR I AR L A R, BI - 76 38K 43
T REBUEE, K3 A FF ATk, [HK B
—EFRE, AV R NFEZ T N, & T HER
TR & BE AR S, S i ARAR R3S T b
K& BBAR (0.17) , TIRE FEAK LLASARFITE HFA PR =
HEEF TR K& BEHE, 4508 0.41.0. 42,
0.41, 4 FhAkT R )2 385 K Bt L /e F G 8.3 5%
i (P>0.05, n=18),
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Fig. 6 Relationship between net N mineralization rate ( NMR) and

soil temperature at 5 cm depth (T)
HB.PK LG 7l QM 43 51|32 7 B ] ik (LT WA L 3 I RA BRI 52 7 R
#  The HB, PK, LG and QM represent hardwood broadleaf, Q.

mongolica, P.
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NMRyp = —26.357X W2 +21.405 X W - 3.367 R?>=0.362
NMRpk = -13.658 X W2+ 11.543X W - 1.667 R?>=0.425
NMR G =-8.494 X W2 + 6.980 X W -
NMRgm = -109.06 X W2 + 38.003 X W - 2.597 R?=0.428

1.062

2.50 -

R?=0.381

29 %
P=0.034 n=18
P=0.016 n=18
P=0.028 n=18
P=0015 n=18

L 250~ o HB . o QM ,
- o pk 1) Soil depth 0~10cm — QM 12 Soil depth 0~5cm
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Fig. 7 Relationship between net N mineralization rate and soil moisture at 0 ~10 c¢m and 0 ~5 c¢m depths(W)
HB.QM . PK Fl LG 4> 526 7R 5 g AR 52 BRAK (LD AA BRI 9% A4k The HB, QM, PK and LG represent hard-wood broadleaf, Q. mongolica,

P. koraiensis and L. gmelinii forests, respectively

2.3.2 +HEMAEYESTES RN

4 FIAREL L2 AR (Cy) (A (Ny)
HRTTRELE mEREEN1L.5-3/. L. T2
CyFl Ny 5 AT L RIEM T RN, L T2 LT
H Cy 5T ERMAXEH AR BE (LJZE: P =0.056,
n=72; FE:P=0.253, n=72) {H FZ+HEHM N, 55
THEREEMK(ES), TELES N, SAT LR
HLBEXR (P=0.224, n=72),
3 itig
3.1 HMEDRG R IR L i

R4 MR HRMRAES KRGS AT LR (-0.18
~1.59 mg-kg~'-d ") 5Hfh b X BFFEAE b, AR (LT
Bl TE , HLER KT IR 15 % Y3 3R T AL AR 7
B HESRRMT LB S (£ 3) . ARLK LTS L
WERENEEFEFRETERE T 4 METHT LR

NMR = 0.002 X Nm- 0.002

R*=0317 P=0.000 n=72
0©
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Fig. 8 Relationship between net N mineralization rate (NMR) and
soil microbial biomass N at 0 —10 cm depth (Nm)

fiE, M HZE MBI, 3X 55 Westbrook 252 DL K sh B — i B BIAT M SRRl FR % K IR 1L
WA R MR I AR BT TS o 4 AR KRB (R B , X 558 (8] b 67 Bk
T REASE. LHREFRAMTANARY L™, T RO T At R B T R IR T K4
R AE TENLEINE, AR TAVRRT . AT RS ENIBERGERMLRY 75 B RS
T BSELER B, LS IR BT R8BI KA AL T S e R (3R, (ELX S (B S O R B, Tk

HIEARBAB R K BRI BCR o

APTER BIRE R AESRE LE IRERS(5 ~9 AW) SAT KRR TE, R LEAIAS
LR LR B RS R TG BR . BRI AR AR AE A R G 1 R th B PR A, B 8] SR ¥ A AE B R I 22
S+ ] AR ER B A v B PG BE T, T AR FL BE ) e 553 , ZEA R L i M) PR 1 3 T 1 I AR B 3
Coté ,Ste-Marie % N\ BT HIESE TXFhEE R . 4 FIAREL ) 5™ (b2 7 F B R TAS REMMEF FB
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Mo MILHARAFRT 4 Fibk i BA AR R B 13RS R AR BS54 , 4k AR [R] i 26 BE A7 AR [ B SR 36
BAMT RN ZER EZOR A LS R AN WREAR T2 A RBEED LA HT RS
T, BET AR A LR R IRAE pH ENRAEM R SF R ER (K 2) . K2 T4 PR
A USRS BRI B MO T AR, AR T IS . LI RAILRAA LR
AR T EE W5 RY AR TR MY TS (R AR IO, WA N A 1
AEY RIRT WS AR, AR R T N BTV AR, AREMKNLIRILATERE A EFE
B, NTIA I T AP SMAEIT E . 145 pH TR A BY T L h AL o 4 FpREL 18
WEIPK L HA 3 FPARBLEA S pH, T 7 AR AR UL PO AR B PRV B I AR S R e AT I, 4 FR IR AR
MRS RGER )22 TR TER IR S22 0 3@ i 4 i BE AL ME R A A 0 sh &R s MR I 45 R o
AR5 LLAA PRI 3 L BE 0 R T 5 AR AR, T BB I TR - — R LLARAR PR B T R A K
MBI LA S R AR (3R 1) , U8 T LDRASAREE A , AR VR WD IR A R B0y, O T A DR
ASRERR (pH, 2R 5) ; RS G A 2R 484k, B2 040 T308 IF sl B3, RAHURIZHE, 41
ARRE , INZ I BEBE , AE /N, 7y oK IRBE AR R, A Wi v Wl , IR T Al 52 2R o

R3 TRAFMESRELRHSRTLE

Table 3 Net N mineralization rates in different forest ecosystems

HRA LR

e s kAR (em) i () BT TR ki
Location Forest type Method/soil depth Incubation time & 68 Reference
NMR NNR
I e
Ontario, Canada ?— tﬁﬁ%?ﬁ & E/0 ~10 24 -0.05~0.03 0.01~0.03 [28]
(49°05'N,92°10'W) onterous up'an Tntact soil cores -0.11~-0.01  <0.01
Peatland
Dawson Creek, BC
’ ’ YE s 4 -
Canada(55°58'N, ?ﬁfﬁ% . ]*f:%fg" 10 60 0.003 ~0.02 0.004 ~0.006 [30]
20°28'W) spe gepole pine uried bag
Northeast, USA TR/ BERRIE AT K - o
5 ~1
(41°58’ ~44°30'N, B. alleghaniensis/ Ij:zﬁ%:ini%?:o 0 28 1.51~2.29 0.23~0.37 [26]
74°31' ~72°48'W) A. saccharum - meubato
Taiwan, China(24°34’ % %8 M Ak Evergreen H4¥4:/0 ~10
N,121°34'E) broadleaf forest Buried bag 3 0.02~0.28  0.02~0.26 [31]
. BRI
Spain (42°01" ~43°19"  #EHHHA
N, 7°18 ~8°51'W) P. radiata D. Don /O~1§ ‘ ' 42 0.04~1.72 0.06 ~0.81 [32]
Aerobic incubation
2R
. BRI ke
Southern Swedish /0 ~5 105 1.1~2.4 - [27]
Hardwood forest . .
Lab. incubation
AR 1, # H Dongling
Mountain , China . HAEL/0 ~15
’ JHAARK P f ~21 -0.19 ~0. -0.01 ~0. 1
(40°00" ~40°02'N, T Pure pine forest In-situ incubation 30~210 0.19~0.68 -0.01~0.3 (18]
115°26’ ~115°30'E)
WA/ T ARARIR SR
Pine mixed 30 ~210 -0.2~0.52 0.01 ~0.26 [18]
deciduous forest
B LI, Hr
Maoershan Mountain % i M Ak Hard-wood  HE453:/0 ~10 RS
-0.18 ~1. -0.18 ~1.
China(45°24'N, broad-leaved forest In-situ incubation 30 0.18 9 -0.18 35 This study
127°40'E)
SRR AT
Q. mongolica forest -0.17~-0.77 -0.16 ~0.65 This study
EAR/N 7N ARBES
P. koraiensis forest 0.15~1.08 -0.16~1.03 This study
AN 2%
HIPHAA 0.12-0.50 0.13~0.50  AUHIIE
L. gmelinii forest This study
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3.2 HEAV RS ER

AR AGE , T A& BENET A —RIEEE AR, R R T, K ERMA S ,5.6 A
N ALIEERIA T . AP TS M TCHLR A 2 A0 AR B 80 et B A st 39050 2 AL T BR 3D , 8 5 b R R 2
A UIRE S LK REV HET RS R REENESIE T, 70,4 FRBED L5240
JRFIT AR 1 2 R R B, AR 28 R G MR R SO0 R R B4 e 8 R P L 5 R YR o

PR TIEAFEE RPKPMBEES B R, AR5 T 3 ARk a S R G0 (B RE AR L0 AR 7% i1
M) BRI £ (A 2) W T4 10em BN ER S, THLAR K B E T Sl B A M=
o FETEMTIERAVIBERTTZRE, R, RENART LEREH T HEAEERSEWE
M, TR A E AT AR T PR R AR A S 'S Y, AP 4 MEKRESRSE LE %
BEAEREMLEENR AIASE, DIERAYRER TR LN 1.5 ~3 5. FENEIURTIEMKE MM
EYEE, NIRRT ARG T RIFHFME. 75, LEBRRRNAERIE L35 R TR 3EK GBAE, AR T
AL B R E (R 2) . XMRREIT I ZERER, PR T #y b Bet, 35w B EREE 5
HE BREEK, DIER TR, S 230 e 125 R Im A%, 5 B do e R i Tk iR 2 .
3.3 HEAVRERRE T

AW, RETIREX A A E BE NN, SUENENEEEHSHRSR 3", ARE
B 10 em J5 , HIERE S AV AT ERR , X 5RIHXAERKZEP 10 em DT HIFREBMK T 2K
NIRRT REMERRER X, HEEAV LS LKA ERIE KRR, IR K TEE N,
KAHEIAEFIFEHAER, Ko —E&8E, MG i, X5FNEH KR8 RM
WAt 4 FARELR E T K 0 & A R R, SRR, LA BRI AR AR 968 T 1k
SEE(EREKE) MBS TEEH L, AAFE P ES T AR ES RS LA T Lk o
HEl& A 4 FARENT 2 RIBoK X0 b A B2, FEH TIEE TR LIESKEEUAKR A
BURY D AW TE S S RIE T . ARS8 b R St A B BORE BE AR, — TR T - 3B P R AE AR
B SRR P 9 5 Bk, RIS AR BE s SR AR I 554 T, A bt 2 2 2 2R R R L FEE A
4 g
4.1 FRIGEFEHFARLIEET L SMUAERFER BT, 6.7 A% L IBAT LIEREEL, ZEHHE
WEI A L RAPR (B2 T BRAR T AR 4 Fh AR KB b3 R 2 (1.59 £0.16) mg-kg™d ™' (1.08 +0.26)
mg-kg™+d ™", (0.77 £0.16) mg-kg™+d ' H(0.50 £0.20) mg-kg -d ™', Ak RRAEAR AR AR+ IR A T
b 5B EE A AL
4.2 AMBERTERT I HUESBEAERENSRIEES R, BEHIET () WEAAERT TR L%,
L2 IEHAER S 0 ~20 em (ZE R 0 ~ 15 em) £ )2 B4 B LB 4331 - B E Ak 74. 4% ~86.5%
LIRAPK 76.3% ~90.5% SEHAE 84.6% ~95.7% J&EMH A 74.1% ~82.8%
4.3 AMBHRESREMT () IERREFAAEREZER . FHRFSE RESSHMARNESRENT
RE ST FA MR SibK, 4 FAES RGO H5 0 L3RR N : (0.58 £0.01) mg-kg™'-d ™" (BEFHHK) > (0.
47 £0.19) mg-kg "d ™" (ZHHK) > (0.39 £0.11) mg-kg d " (ZEHHEA) > (0.23 £0.06) mg-kg -d ' (7%
HEFAMK) s ¥ AL SRAR IR : (0. 61 £0.03) mg-kg™"-d ™" (FERIAK) > (0.48 £0.19) mg-kg™-d ™' (LLIAK) >
(0.33 £0.11) mg-kg ™ “d " (ZEHHEM) > (0.22 £0.02) mg-kg "-d " (FEHIAM) o
4.4 FIRFEHRMESRERY MIBEZZMERWILFZ M, A9 5 LEHIBEREEFEMARX, LEL
BEKBESAF WZEIRIE IRRBCR, HEMAYIREN AT AR, LR IR AR
H5TBAN L2 BE MK,
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