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Abstract; Soil nitrogen mineralization of the dominant vegetation types in Changbai Mountain, Northeast China, was
simulated based on continuously observed soil temperature and published experiment data. Significant errors and biases,
which were caused by unreasonable calculation and parameterization, in previous reports were verified. In this study, the
nitrogen mineralization rates in different vegetation zones were estimated with temperature-dependent regression models. The
mineralization rates were 58. 5 kg+hm?-a”' in the conifer-broad leaf mixed forest which distributed in the foot of the

2

mountain, 34.5 kg-hm >a ™" in the pine-spruce-fir mixed forest of subalpine, 28.5 kg-hm *a ™" in birch-spruce-fir mixed

forest, and 19.6 kg-hm *a " in tundra. Based on the continuous records of soil temperature (), an integrated regression

(0. 1392¢)

model for estimating nitrogen mineralization rate (y, kg-hm *d™"), y =0. 038255¢ , was established. The seasonal

and vertical variation of nitrogen mineralization were also estimated with the regression model. The nitrogen mineralization

_2.

was estimated to decline at a rate of 2.31 kg-hm >a ™" per 100m with elevation increase.

Key Words: broad-leaved conifer mixed forest; spruce-fir forest; soil temperature ; seasonal change; nitrogen dynamics
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TEPR LA R A 7= RS L S B A BB L, R AR o F RAH G R IR it B = H S TR,
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F1 YRR

Table 1 Description of research sites

HERARK B LA R (m) PRFFh
Code Community Altitude(m) Dominant
. . 14 ( Pinus koraiensis) , & ( Tilia amurensis) , 7K
IWAST b , ’
Plotl [EMH-2T#ABK Korean pine mixed forest 740 M40 ( Frainus mandshurica)
. . 101185 75 #2 ( Picea jezoensis var. komarovii) , 41 742
A Z, - — b ’
Plot2 LIA =AM Korean pine — spruce - fir forest 1260 (P. koraiensis) , SL¥ 1 (Abies nephrolepis)
Plot3 EHEZ B HHK erman birch — spruce — fir forest 1680 £ 1% 75 A2 ( Picea jezoensis var. komarovii) , R¥ ¥

(Abies nephrolepis) , ¥ ( Betula ermanii)
Plot4 FHEMK erman birch forest 1940 HEHE ( Betula ermanii)
1L 3T A ( Vaccinium uliginosum var. alpinum) ,

Plot5 5 L TS VS Vaccinium community 2250 FHi #: Y ( Rhododendron confertissimum )
P0706 FEHEAK erman birch forest 1760 ¥ (Betula ermanii)
b Ji] FRIBURE i

R R E S A ERAC IR R R SR 2k AT R IR R AR St i, 8
BIA FAEIZEA R B BT AL B o ARSI B 006 16T BE R B 5 7 o

1.3 BRALH SRR 35

(1) 00 -YELE Wi RS 80 ) A9 5 26 T - AR G t
SIBULEEL A AT B, IF R A . ORI PR o ¢,
iy 4 MR (5,15.25 35°C) Bld, U ERBEEL T s | 2/
ERTRIZRESCA R B, AT E Z/
SRR QR EL, RIS -25C  BS 2[ g
ARSI O MBI S ~ 25T i B35 5| /"
BARS I —RIE, B — Dy RS FRE 7
o i IIERJE e SCHOR LR AT L, 25°C DA 2 z T
ASPRES (551 BT AR RILT AL Z 8 I AK) 15 L os |
FILPELEA (H 1), K— RSt iRs, $iH 2 0 o
APRES G L5 f R AE YA 250, T LA P — AR 0 5 10 15 2 25 30 35 %

& Temperature (C)

BTG, AR SCHR P A SEIME, XA 50 2 L B
RUDL R SCERASBY P A I 25 SR AT L3R, W HME S SE w1 e eom R 2 0 b R R 16 R
B B 35 AR B B B BB, A SC{F M N B Fig. 1 Daily soil nitrogen mineralization rate of two forest types in
’ﬂﬁ“ ;’;()”»ME” ﬂﬂiﬁ?ﬁlﬁ%ﬂﬂ“%ﬁ , “ ’ﬁji’l‘{ﬁ” ﬂg ;ﬁ”&ﬁﬁ relation with temperature in Changbai Mountain, China
R S KRR A 4:4:45  Based on Zhou et al. 2001

(2) HEIREHAR G T 5347 ARGE WL ) 3380 B2
Bl , TR H PR E A FIIRE IR . 72 B FBEE A SCERIRGE 5 1b-TRLRE e i, 5 72 8] [ /2
HHREZBTIE, BENEHFEE&AURSERTLE.
2 %R
2.1 KHEgH HIEREF AL

WE I LDARAAR 1 3R HIR B i, O 5.7°C, BEIBRI T RBHREAR, BEIF M - 1.8°C (WK 2250m) .
H - Y5305 B f e (B S RAE R L0, R 19.3°C, BARME N E R, -16.5C, NETZE, 7~8 A
R, RSB —3. BEEKEER, 5~10 A KIRERE FIMTE 0C L, HiA fHEA
A THSERE(R2) . HTRNMEEAT L, R AREGNIIRRSE —EES, HEER
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BR T I [ IR IR R o
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Table 2 Seasonal change of soil temperature in the main community types in Changbai Mountain

A R 1 FEH 2 HEH 3 FEd 4 FEH 5 H3 0706
Month Plot1 Plot2 Plot3 Plot4 Plot5 Plot0706
1 -2.9 -4.2 -2.8 -2.5 -12.6 -1.2
2 -2.4 -4.5 -4.4 -4.7 -11.9 -2.2
3 -0.8 -3.4 -2.0 -4.5 -9.6 -0.8
4 0.5 -0.3 -0.6 -0.3 -6.9 -0.1
5 8.2 3.6 2.9 0.6 -0.9 2.0
6 13.7 10.3 9.8 5.8 5.0 8.4
7 15.5 15.1 13.9 12.4 8.8 12.6
8 17.2 15.2 13.1 12.9 11.1 13.5
9 13.1 10.5 8.0 8.3 6.0 9.4
10 7.2 3.9 1.3 1.0 -0.2 3.5
11 1.6 -1.6 -0.4 -2.3 -2.7 1.2
12 -2.3 -6.1 -1.7 -4.8 -8.1 -0.3
FHJRE Mean 5.7 3.2 3.1 1.8 -1.8 3.8
/N Min -4.7 -7.9 -4.9 -7.7 -16.5 -2.6
K Max 19.3 18.3 16.6 16.7 14.5 15.4
HER Alt. (m) 740 1260 1680 1940 2260 1760
AE4y Year 2005 2007 2008 2005 2005 2008

Plot3 i1 Plot0706 XL i [E] &7 2007-09 ~2008-08 ; Observation time for Plot3 and Plot0706 was from Sep. 2007 to Aug. 2008

S G, WIKFERAH IR 2 REELAMK, R R0 A R R R, 2
A 8 A X3 BE (25 ) AP (¢, ) UG T IRBE-1BHR (h) RARTTH2
t; =20.082 —0.003889h R =0.99, P <0.0001 (8 HHREE)
t,=9.13-0.004049h R=0.86, P<0.0001 (4EF-HR )
MITBRECE, 8 A0+ 4R BEMR T R 4 100m #3332 0. 39°C, T 4~ K473 JE i Dok 2 = Ay
0.41°C,
2.2 Rl B B e R
R LIRAAR, R R ARSI R (3R 3 P IOAREN (7)) RIHAE ST 4t 9 ST M (81 1) A B 22 5117R
R AT BB SR OO I SRR SR o JR 5 BRE A X (B 295 ~ 35°C, (B2 SE PR il BE 20 °C LLF , T HL 22 % 7E

£3 REFRLREEMAHT LEE (kg hm2d~") R (1) KINR 5 T2

Table 3 Regressive equations of nitrogen mineralization rate (kg-hm~2%d~!) in relation with different temperature(t) ranges

Bk R & X [ B U s Tt

Community Range(C) Data source Code Equation

414 Pine 5~25 ik (1) Y =0. 050663¢ % 12584
=¥ 4% Spruce 5~25 R (2) Y =0. 02888660 152570
¢ A Integrated 5~25 A 3) Y =0. 038255¢ (% 1320
414 Pine 5~35 e (4) Y =0. 063¢ (% 1109
Z¥AZ Spruce 5~35 A (5) Y =0. 03556¢ (- 134750
¢ A Integrated 5-35 e (6) Y =0. 046311¢ (- 122620
4L# Pine 5~35 SR (7 Y =0. 079¢(% )
ZRA Spruce 5~35 SO (8) Y =0. 03¢0 14

a: Data for regression analysis were picked from the figure by Zhou et all®) ; b: a Cited equation'®]
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ISCLAF . &b, BRER KB RMATHREmK . Fl, D@2 25CH 3, SSiiEh 1.21
kg-hm *a™', FIFERFEMS ~25C X EIAE KB RITELER 230 1.03 F11.31 kg-hm *a™', JFHE
B SCIME . BT LA Sefie i 5 ~ 25°C KA A M BRI TG . 2 MRS ER SR & B i R A U
PR A . AR XM BIRELE AR L (K 3) , iR IL(F4) .

AN 5 R B 0 25 SR IR SO ) LA DI 3 o, Sl SR AR J G SO LA AR B8 5« 2 I
A7 AR R i SeH B _E A AR R BAE BT SRR A THE RO R MR R R A THME . F 25°C LR
A W A X B ASM (35C ) ML R EHRZER K, VLA RMINER R AR . (AKIRXT R
5 (BEEE) , SNEEHE R IR ZET] DL ZAWE o XA B (AR R D T2 £7 A AR AL 3 AN J 2 (0 A T = ]
TERBEEEE, HEZR¥IZERRBE, BT DA FAEET R LRAT i T8, 7E4A3,
M LLAMRHT R S ¥ AR P 45 B B R AT A6 58, HABAE S (SR & R .

®d4 “HFHEBTHATULREWMEHRERER (ke-hm > d™") L&

Table 4 Comparison of estimated and measured values of nitrogen mineralization rates(kg-hm ~2-d ~!) with different regressive equations

i B IRe EHXE

Community Data source Range( C ) 5C 15°C 25C 35C

ZL# Pine 529l Measured 0.0963 0.3262 1.1925 2.5187
£ Pine ZE A Re-estimated 5~25 0.0950 0.3346 1.1776 4.1447
£ Pine ZE A Re-estimated 5~35 0.1097 0.3325 1.0079 3.0553
ZIF5* Pine JFJ7 2 Estimated 5~35 0.1061 0.1914 0.3453 0. 6229
Z=¥8 ¥ Spruce 523 Measured 0.0576 0.3292 1.2181 3.3251
=42 Spruce ZEE A Re-estimated 5~25 0.0619 0.2848 1.3098 6.0228
=42 Spruce ZEE A Re-estimated 5~35 0.0698 0.2684 1.0327 3.9738
=42 Spruce JF7 72 Estimated 5~35 0.0604 0.2450 0.9935 4.0287
254y Integrated ZEE A Re-estimated 5~25 0.0767 0.3087 1.2417 4.9954
254 Integrated ZEE A Re-estimated 5~35 0. 0856 0.2923 0.9981 3.4087

a: SEWME IR RAEAS s « ZDAMARIEOF RAETH A5 SRR L S 22 AR K, WTRESHCR % B S BRI s R 2R AT L7 7
Measured, Estimated and Re-estimated stand for measured value, simulated value by previously reported equation and that by reestablished equation with
reported data, respectively. All original data were from Zhou et al. ('] ; # The estimated values for Korean pine forest were significantly different from the
measured one, and thus the coefficients in the equation are supposed to be fault; The equation for spruce forest was also adopted to both erman birch forest

and tundra soil

2.3 1IEAT IR

FHEGOF M EZET L E R R, Hb 5 ~10 Af (F¥4E) Mo EY 524K 80% LU L, &R
87% . &2 1 AR AT RN 1.1 kg-hm ™, FHJFH 0.2 kg-hm [ LLMMRER FRANA 8
AT LR RTIA 13.8 kg-hm ™, HJFEHN 5.7 kg-hm (£ 5) . £F BRSSP M7 LHBEHRL, HER
[T 2 [ AR 25 B K. IR ZE(8 Af) BRI LR 2R LLAAARE 0. 42 £, T4AZE( A H6) W
R 0. 19 o

B TIRE AR Z B ETRR, F7REMERZ 2 B EHELHEX(R=0.94, P <0.0001), H
KITHEN 1y =70.92 -0. 023104k, i h Rk (m) (E12) o NHTRERKREE, BKETHR 100m, FILHEFR
H% gk %y 2. 31 kg+hm %,

JAA S R B S 5 R A SR BRI R LR, IR 111.8 kgohm *a ™!, 41
MBEAZHA 57,4 kg-hm % a™" , TABFE A A M LR BRI AR B 2R 55K 58.5 kg-hm ™ a ™'
34.5 kg-hm *a™' , FASCHLERML, B RIBUEE KA LMARET LR R 91% , LM BRI
66.6% . AR, FARMAE LR E TR RS RREETE K. MO, B T8 RIS T4 i 20 AR AR
TR R R B ES SE PR, KRR R R 5 AR R A4S SR N 4.1 kg-hm ~a ™" (R FIAR R 5cdiE
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AT THE) , ARTFA SR BE(58. 5 kg-hm *a™"),
#®5 FHEHHTWMAT U (kg hm > month ™' ) FFH I
Table 5 Seasonal pattern of mineralization rate(kg-hm ~>month ~! ) in the vertical vegetation zones of Changbai Mountain
H 43 Month Plot1 Plot2 Plot3 Plot4 Plot5 Plot09
1 1.09 0.48 0.59 0.84 0.21 1.01
2 1.06 0.41 0.43 0.57 0.21 0.81
3 1.41 0.54 0.66 0.64 0.32 1.07
4 1.66 0.84 0.80 1.11 0.44 1.13
5 4.49 1.63 1.51 1.30 1.06 1.62
6 8.73 4.39 4.08 2.69 2.46 3.82
7 11.16 9.23 7.57 6.99 4.08 6.89
8 13.77 9.66 7.04 7.58 5.73 7.86
9 8.01 4.47 3.26 3.84 2.73 4.32
10 4.07 1.78 1.13 1.46 1.18 2.01
11 1.91 0.75 0.82 0.84 0.80 1.36
12 1.18 0.37 0.70 0.64 0.39 1.14
4}4F Annual *58.54 *34.54 28.56 28.49 19.63 33.04
W Alt. (m) 740 1260 1680 1940 2260 1760
FAy Year 2007 2005 2008 2005 2005 2008

* Plotl 7l Plot2 [{#" 4k & J& SIS SO 48 54 111.8 F157.4  Mineralization rates for Plotl and Plot2 by Zhou et al. ['*) are 111.8 and 57. 4,

respectively

2.4 FFBRMAERARRR

T BB RN Ty (R A S AR R B, AR
[l B B 2 HOAT 8] AR B T S M | U AR b
P, AR FEE R B IEMR, KhREHRE
KR dgeitath, AP HABURE fE X
B N LR, KA, KT 0CHAMBIRULE
RIS R H PR R T 5C BB ) RILH) R WAL
i FFHREMBIRYAEFT TRE, AHUE
MTRBRARXEEE, R LAAFT LRENE K
WO Z. F7ER 8 A6 K- F X REXREY,
MR 1 A F 53R B R A K. BT, 7 L3RR
BEBGEARMIEOLT, FTLAAH 8 A 4y IR BE 1744
$o DA RSERASCERIGE K25 —BC

AL B FURIR AR AT R AT, IERR
FE(APRE/NT -SCHREM) ABURSE, BR
7 B IR T T A R B, (ELAR SR R BUR
o XUIER, 7L EERIBRF T TTEL. K6 2
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PRI A
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20 —

y=70.92

—-0.023104h R=0.94
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Fig. 2 Annual soil nitrogen mineralization in relation with altitude

AR FHRESARSHEU S W RS, Bl BE R (P <0.0001),

3 itig

2 SO Y oo 8 B A R S B M D0, 2 T IR B A IR BE A M 2 7 A, T TR B L AR Y
TR AAFAE, Forp Xt AR A 2 R AUVE TR BB 4R AT TITIE, AU LR E#T IR,
FEXSH ARG T IR §E o AR SORYE SCRRAR AL 7 AL B LA S B SR BE RN S5 R BB U S T 7, IET
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SCER A R TR B LR R AT L R TR DTk B T RS, AR SR NS B 5P
RTUIFE KB RE LIRS, A5 BOZAE T EJLAJ7 E A ASEE, AR R T T Ee k.

®6 KALITHEAREHFEENTHERIRHEEXREDEAERSHY

Table 6 Regressive parameters for annual soil nitrogen mineralization rate in relation with thermal conditions

[ 25 & Independent variables a b R

AEH)E E Mean T of year (°C) 22.647 0.13089 0.92
8 H 3R E Mean T of August (°C+d) 3.2763 0. 16467 0.97
T BB 45 % Warmth index (°Cmonth) 14.612 0. 030265 0.98
R Accumulated T (°C-d) 22.542 0.0003562 0.92
AR R Effective accumulated 7' (°Ced) 10. 145 0.00072567 0.98

J# Equation:y =ae™ , (kg-hm2a~!)

60 —

O
50 —
s
£
B 40 —
g <
=¥
=5 o
T 30—
2 O
=)
z
2016
10 | | | | | | 1 | 10 | | | | 1 | |
2 -1 0 1 2 3 4 5 6 12 13 14 15 16 17 18
AP S H 13 F-343 B
Annual mean temperature (C) Mean temperature of August ('C)

B3 ARG RN R AT LUK 8 A B P E R

Fig. 3 Annual nitrogen mineralization in relation with soil temperature of the main plant communities in Changbai Mountain

(1) By EtE R A SRR AT LR BN R LR AERN 25 . LhrL, SHEPHFK
IR RARAZER ™, RRAZEWH/KSREEARRS . b T EIEsit Sk, MiZs5ARE+
WRBMERE, RetET LR,

() TR R AR SRR RE A 257, REH AT IR 1 8 (R AE
FERARML, (EHARE SR ) L3 (R T Z il SE RS, % A M - RE RN . Brid,
A T AR R LR LA SRR T TR AR SIS, #h SRR S8 38 AW L 25 (8] 7 AR B PR R S 8%, 47 fb
PN E AT AT 5E

G)HAT W RXM TR A5 BA N STRHGE R BUA T R TSR BIE, B XA R UL
Bt o FRIESCRARUH T R —EIRE T RN, EREA ARG AN LIRRE . IR
P4 S8 7 9L E AR i B A B S PRIR B I A — 3R, BB AR M. B IRAE 9 B IR B A A RS PR IR
I FEZEAR R, B AR ERAL IR B AR o

(4) ZZEWIRT KA T TRy R 7RSS, HrApuk RO E KB B3 RE R 2
— R, EEA T LI R, RRNREERME T 0 bR REFRA, EREHFRORB L.
LA, ZEAG SR 3Rk, BR TSI R AT, 1 ZE R W - 39 BE R IRI 2R Ak, AT BE
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WL 15 7B 5T DX [F) A 25 R GE 2T 3SR o sh S AL o

(S)BAFHE 0T RIS B, T2 E B TR S I et , BEATHPAR N 47
ik, ZETEAN N AR 45 R SR BE USSR, S MY 5 DLt BUA SCHR I B3 0 Rk N & AL B
FRAEERE L
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