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Characteristics of soil nitrogen mineralization in the degraded and successional

primitive Korean pine forest in the Lesser Khingan Mountain, Northern China

ZHANG Xiuyue,FU Yanmei,LIU Nan,FENG Fujuan *
College of Life Science, Northeast Forestry University, Harbin 150040, China

Abstract: Soil nitrogen mineralization is a key component of the nitrogen biogeochemical cycle, which indicates the
potential of the soil nitrogen supply, and its changing process will impact the productivity of forest ecosystems. In this
study, soil samples were collected from the typical plots of primitive Korean pine forests and clear cutting-formed the
secondary broad-leaved forests in the Lesser Khingan Mountain, Northern China; then they were cultivated aerobically under
indoor conditions at different culture temperatures (4°C, 12°C, 20°C, 28°C, and 36°C) and humidity (20%, 40%,
60% , 80% , and 100% saturated water holding capacity; WHC). Soil nitrogen transformation rates were compared between
primitive Korean pine forest and the secondary broad-leaved forest. The results showed that the organic matter, total carbon,
total nitrogen, nitrate nitrogen, carbon-to-nitrogen ratio, total phosphorus, available phosphorus, available potassium, and
pH in the surface soil (0—20 cm) were significantly increased (p < 0.05) and ammonium nitrogen significantly decreased
(p < 0.05) in the secondary broad-leaved forest compared to the primitive Korean pine forest. An analyses of variance
showed that net mineralization rate and net nitrification rate of the surface soils were significantly lower in the primitive
Korean pine forest than the secondary broad-leaved forest; however, net ammonification rates showed the opposite trend

when it was compared between the two forest types. Soil nitrogen transformation rates were significantly affected by the
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temperature and humidity (p < 0.001). There were significant differences in responses of net mineralization rate to changes
in temperature and humidity between the primitive Korean pine forest and the secondary broad-leaved forest, the optimum
temperature and humidity were 28°C—36°C and 60% WHC for the soils of both forests. The temperature sensitivity index of
soil nitrogen mineralization ( Q,, value) in the primitive Korean pine forest was significantly higher than that of the
secondary broad-leaved forest (p < 0.05). The Q, value was negatively correlated with the matrix quality index (A) and

soil organic matter(p < 0.01).

Key Words: primitive Korean pine forests; soil nitrogen nutrition; net mineralization rate; temperature sensitivity index
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2017 FYCHH EGETTHAE 4 ) R W], I BUA ZRARTT LY 208x 10" km?, Herh 68% Jy Fh A i A AR, AR, 4
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Table 1 Overview of the study areas

AL A R BT

Forest types Geographic location Altitude/m ~ Major species

ZLKN ( Pinus koraiensis) /K B ( Fraxinus mandschurica) HEM ( Tilia
mandschurica) M ( Tilia amurensis) {0 AR W ( Acer mono ) 46 1% Hik

2 01n 15N
ﬁfn?i?;tégrean pine forest ﬁglizsfij 402 (Acer ukurunduense) | T 1 #% (Acer tegmentosum ) . 24 M #j ( Ulmus
laciniata) %% T 7 ( Syringa reticulata var. amurensis) . H82% ( Padus
racemosa) JXHME( Betula costata)
JK B 0 ( Fraxinus mandschurica ) . %5 #% ( Tilia amurensis ) | #% B¢
VG LN 47°12'49"N | 390 ( Phellodendron amurense ) . {4, &K # ( Acer mono ) . # 2% ( Padus
Secondary broad-leaved forest 128°52'12"E racemosa) | %% T T & ( Syringa reticulata var. amurensis ) . %4 ' #ii

( Ulmus laciniata)

1.3 EHNERLE
B FRSCBG T IR, Se R AL T30 5 4 5K i Zead oK 84085 FARIBOR 24 F 1 4 i i - 4F 30g %6
A 150mL HETE I, ANz A8 /K 43 B35 EA AR K B (WHC) 19 20% .40% .60% 80% ,100% , L& 43 B A
4°C 12°C ,20°C \28°C Fl1 36°C 1H L fH 155 FEAR 55 7% 30d, FEANALBE 3 YR 42, It 150 AR, I B 3515
TSR AR SR, R B 2—3d RAFRE LS TR AK 1R,
1.4 e e
HIEEA YU IR R0 E R H Multi N/C® 3100 ( AnalytikJena, Germany) s W B IR - 2 SR -
BRI (1 SO AR R SN - B AT LU (12 s R AT ] SR B — K M G BE v 5 B 7K & 1 105°C , 24h T
pH A pH 31 (7K £ =10:1) 3 285 IR )% 83 F AR 2000 51 5e 9y 5 bb (0 0 Ry — iR ik
1.5 i8Ik
AU A R SR 1 1 SRS G R AT 3 NOS-N R NHG-N it 22 iR 5 B R A U F
Ramm= ( [NH;-N],- [NH}-N].,,)/30 (1)
Rnit=( [NO;-N].-[NO;-N7.,,)/30 (2)
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Rmin=( [NH;-N].+[NH}-N].,,- [NO;-N].- [NO;-N1.,,)/30 (3)
A, Rmin Rnit ,Ramm J3 51 0 5 A (L3 A8 il AL 3 A0 3 [ NHG-N ] RO NHE-N 20 5o 55 5%
Fi 5 L AERE S NH-N B ;[ NOS-N | FI[ NOS-N T, 20 B 35 R0 5 3R & NOS-N HeE
IR Ak AR 5 TR T YOG SR AR RO AU

Rmin = Ae”" W
TR IR U ( Qo) HFE BT
Qlo — eXplOB <5)

R, AR R T R BRI (°C) A LR AL B e 0 8L

SRR B F AL — R — JC AN B 34 B

y=a + bx (6)

Ry R T WA (AR 19762016 45) b 2 K3 10b B R 24 10
R T BT AR R AT 1 T R
1.6 HdaAb B 3 Hr

K E A ZR 7 229387 (One-way ANOVA) K50 A [R) ARk S Y 0] - S PRAL AR BE Tt (A) K& Q, EHE
255 s R Z N ZRJ7 22458 (Multiple-way ANOVA) 315 IR I8 BE (B SRR RE AR R H AR B A FH O e /e Ak
BORPFZEN . BRI HTR T SPSS19.0, il K fd H R studio AT origin 01, 2 35 MEKE5 R p<0.05,

2 ERE5S

2.1 R T A AR A

B HEA AL AR LLAAMRRIUCLE R AR 0—20em RJZ LAAHLE Gk B A SR AR C/N B
B RO HUSCE  pH (1422 57 03 (p<0.05) 3 JBURZLAM AR 25 R m T UK A= i bk, £ 935 A 245 078 N 1 H:
AARPRU IR T U R AR (K 2) .

F2 TEBEHHME(n=6)
Table 2 Chemical and physical properties of the soils

BBk . - - - N~ e .
HHLR Total BA BER AR Jal B B Faxii
M Organic . Total Ammonium Nitrate ON Total Available Available pH Bulk
rganic
Forest types matter/ o g&b /L nitrogen/ nitrogen/ nitrogen/ phosphor phosphor/  potassium/ density
carl
(g/ke) (k) (g/ke) (mg/kg)  (mg/kg) /gkg)  (mgkg)  (mg/ke) /(g/em’)
JRIRZLAAM

Primitive Korean 90.77£16.11a  59.6£1.2a 502¢0.1a  11.67+0.84a  2.58+1.6la  11.88+0.14a  0.96x0.02a  19.87+444a  185.05¢7.56a  5.49+0.02a 1.23£0.20a
pine forest

PRI

Secondary broad- 142.33£20.66h  105.96.1h 8.3£0.5h 8.78z0.60h  6.65:0.98h  12.77+0.10h  1.28+0.02h  35.54x4d6h  241.5:27h  5.93:0.08h 1.06+0.08a
leaved forest

F 11.34 109.53 71.92 13.89 13.88 54.5 533.10 18.58 14822 86.69 3.61
P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.087

T on RREARK A R BB R 2 | S ARTRUNG R .57 1 2 (p<0.05)

2.2 BRAEHE I AU AL R A AR

IS LRI (L PR AR AL IO — R TR R A (e Al s AR 4
P R) R o AWTIE UL T AR R SRR RE T AR 2D A AR A= el bk ) £ S R A R, P v AL
MR A AR e A AT R R — B SR UL, IR ZLRA bR A AR T
AR (P 2) , I A AR Rt A R TR R AR (18] 3 8 4) o 38 3 o JEURR 2 A BRI A= ] ik
F10 S G A i A 2 S5 W 3, Rl AR B A A ) 5 B AT B8 0F  H GU A i R i A 2 3 (p <0001,
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Fig.2 Soil net ammonification rates under different forest types and incubation conditions ( temperature and moisture )
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Fig.3 Soil net nitrification rates under different forest types and cultivation conditions ( temperature and moisture )
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Table 3 Multi-factor analysis results of net ammoniation rate, net nitrification rate and net mineralization rate

— - BRICER (R, AR (R,,) T R (R
KR H Net ammonification rates Net nitrification rates Net mineralization rates
Difference source df

F P F p F P

ey
AR 1 171.84 <0.001 281.631 <0.001 173.68 <0.001
Forest types(F)
LI
Incubation 4 226.426 <0.001 291.04 <0.001 451.11 <0.001
temperature (T)
HeeE
incubation 4 25.13 <0.001 21.06 <0.001 35.53 <0.001
moisture ( M)
F=*T 4 6.97 <0.001 10.45 <0.001 6.80 <0.05
F*M 4 8.69 <0.001 22.42 <0.001 19.67 <0.001
T*M 16 12.13 <0.001 4.47 <0.001 5.32 <0.001
F+*T*M 16 8.94 <0.001 8.27 <0.001 9.79 <0.001
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Fig.4 Soil net mineralization rates under different forest types and incubation conditions ( temperature and moisture ) WHC ; 1 Fl 43 7K i
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2.3 AR A AR I R A B i

TEANFERE SRR EE T, BRAR LIRS U A [ e i ™ fh ok 26 T P88 A A ) o 7 e 4 A7 7E — a8 22 5% (A
BRI Al 2R 22 B FR TR T I T H v, ELAE 28°C—36°C Z [alik Bl KAl ., 7EARFRIRGIRIRE T, IR IR 20 bk
5 YR A TR OB 40 A 30 30 X 2 g i 7 AR D) SR A A B, = 1 A 3 459 ot 2 5% R 0 B T o 1 T
ZIERE SRR 60% WHC B R = S5 TR (E 4) .
2.4 RALEE S HHES R R IR R R QM5 R EAL A A DG

FIFHFEEARAL R, = A" TR T 5 KGR T AR LUK AN YR AR [ I B 4 49804 R0 1 1 23R 119 ek B
BURAE Qo , HIME S 51y 2.08 1 1.80, HPNH 2257 3, TEEBAISEL A AT LAVE Ay il 1t 2 0T BT = (4R b, B
PR FEFT TR B JRARLIAAARAY A (B B R T AR AR (R 4) .

R4 TESEERTLERBHEESE (n=30)

Table 4 Exponential model parameters of net soil N mineralization rates

MRAEY Forest types A/(mg kg™t d7") B/C R? Quo
JRARZIAAMR Primitive Korean pine forest 0.1957+0.0949a 0.0727+0.0104 0.73+0.14 2.08+0.21a
KA I AR Secondary broad-leaved forest 0.4205+0.1483h 0.0585+0.0093 0.77+0.06 1.80+0.17b

n FIREAE, R P BUR R T bR 2 A LB R, B IR N R AL RO AR O R ILA LR, Q o AU b IR B U R 2L
IR NG FRER R 225 B3 (p<0.05)

S U P AL P AU Qo TEAR AR FE L 32 4% T IR W i A i, I SR o o, T - S ) 2%
TUHRAR G b 35 B 0% T w42 R i - HEFE T ™ L Pearson’s HISGHEM TR, Qo5 FT I (14 45 31 +- e #L 4k
R (BRECS AN SRS, o 5 A LR E’J?FH?%T KB B (E5) .

3 Wit

3.1 RAREER S e R B R AL
F R R A SRR 2R, v A A R A A O AR AR e T AT IR
JE KRS B I 3R B e A A A o B 2 T AR 2D R AR, U I R 0 A MR AL T8 D P il T A
AR, XTI R R B BER BE T T 09, IORE 2 B R A R AR L EAR AR I B A G 7 T
7J<¥A“1EL,EJ‘E%)§‘VJ2’E AL AR [RITECRS  Be i i 0 0 2R 7 0 1 22 S S MR DA S 1Y), 2802 B A
I FE ARG A= 7 3 5P 5 ZR I B, ARG A )™ 3 A TP bR 3K B R R MBS TR IR T 2
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Fig.5 The correlation between soil physical and soil nitrogen mineralization Q10 value
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