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Carbon and nitrogen properties and the characteristics of soil organic carbon

mineralization in permafrost regions in the northern Great Hing’an Mountains
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Abstract: The response of soil carbon to hydrothermal dynamic in permafrost regions is a major uncertainty factor in
projections of climate. A series of breakthroughs have been made on organic carbon storage and potential emission in shallow
soil (0—30 c¢cm) in China and abroad, however, the response of deep soil to climate warming in future merit more
consideration. This study used soil cores from 0—6 m (including active layer and permafrost layer) , which were drilled in
the northern slope of the Great Hing’an Mountains, to explore the profile characteristics of soil carbon, nitrogen and
phosphorus contents. Three temperature (T, 5°C, 10°C and 15°C) and moisture (W, 30%, 45% and 60% ) treatment
were set to clarify the feedback of soil organic carbon mineralization at different depths in permafrost regions to climate

change. The results showed that the values of pH, soil organic carbon, dissolved organic carbon, total nitrogen, nitrate
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nitrogen, and ammonium nitrogen were positively correlated with soil depth, and the average reserves in permafrost layer
were higher than that in active layer. After 60 days of incubation experiment, the total carbon mineralization ranged from
0.20 to 4.86 mg C under the treatments for all samples. On the whole, the increase in temperature promoted the
accumulative mineralization of soil organic carbon. The influence mechanism of soil moisture on soil organic carbon was
complex, and the mineralization showed a trend of decreasing first and then increasing with the increase of soil moisture. By
analyzing the mineralization of soil organic carbon at different depths, we found that the average value in the deep
permafrost layer was significantly higher than that in active layer. Three-way ANOVA showed that depth, temperature,
moisture and interaction had significant effects on the mineralization of soil organic carbon ( P<0.001). The average value of
Q,, of active layer and permafrost layer were 2.46 and 1.91 respectively, which showed the lowest values at the top layer of
the permafrost soil. The difference between active layer and permafrost layer was smaller with the increase of moisture. Due
to the vertical differentiation of soil properties and organic matter, the total carbon mineralization and (Q,,values varied with

depth in permafrost regions.

Key Words: climate change; Great Hing’an Mountains; permafrost; organic carbon mineralization; temperature sensitivity
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2.1 EEEAb M

WK 1 TR, B e B & K L ITE 0—20 em Fl 150—210 em, 1% 82 i 1308 /K 2 B2 T B B B4 i 14
WA, 4R 2 & KN Z ARG L2 THER (29 150 em A4L) FFEATS/IN, AL T8 7% (£ 360 em Ab) 357K
e PR R IR G R pH R AR S B BE TR R 0 i G ke A AR A R AE 4.83—7.08 X [a], HoiE
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JZ ZAFUR )R B AR EIE 7 BN 56.90 .57.51 F157.34 g/kg, DOC & FIME N 3.63 ¢/kg, Horp i
SEVEER 3.15 ¢/ kg, ZAETR L2 FIMEN 3.80 ¢/kg, BVAKE 1 )2 1 L3 SOC #1 DOC % & 19531
A FLAE S 4%, T 24008 2 h 8 B R EE A A A A AHARL, TN NH-N H1 NOZ-N 97 143 34 0.79—
5.50 g/kg . 19.25—78.50 mg/kg 1 3.50—11.00 mg/kg Z [0, EAKAE G302 H +HE TN NH;-N fil NO;-N &
i B A ¥ S s D A S AR R 2 P R TN R NOS-N 25 i S A8 5yl A AR AE , 1T+ 8 NH -
N & b VR BRI R A 13 TP & R AE NS 2hZ M A AR LA S SOC 25400, R 0—
20 em [ 2.03 g/kg 23 K E] 40—60 cm 1Y 5.41 g/kg, Z G ZEHIE/NE 120 em 1Y 3.49 ¢/kg, Z4E L )2
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Fig.1 Profile distribution characteristics of soil physicochemical factors

SWC: Soil water content,SOC: Soil organic carbon,DOC: Dissolved organic carbon,TN: Total nitrogen,TP: Total phosphorus

FASCIIMT R | - e A - [ AAAE B B AR DG OC &, Horp 4248 SWC  pH .SOC . DOC ¥ 5 1- 4 TN NO;-N,
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LN TR B N R | 5 3 pH  SOC . DOC TN \NO;-N, NH-N £ 8 F1IEA5E, 5+ 3 TP #1 C/N £
WEAME(EL),

F1 TEFNHRERTHESELETEAR Person XD

Table 1 Person correlation analysis of accumulated SOC mineralization and soil physicochemical factors

WK M AN R wE o m mbE e s owe LDE
kit SWC 1
PR pH -0.132 1
HAHLIE SOC 0.010 0.117 1
?Oﬁz'&mw’% 0.506 " 0.137 0.083 1
BTN 0.184**  0231**  0.655**  0.198*" 1
KB TP -0.189**  -0.328**  0.084 -0.274**  -0.520"* 1
THEA NO3-N 0.175* 0.625** 02477 0.504*  0.654**  -0.761"% 1
FEAH NH;-N 0.227**  0.580"*  0.518**  0.144" 0.6717* -0.547"*  0.650** 1
BRAL C/N -0.140*  -0.157**  =0.050 -0.149* =036 0.720**  -0.656"* -0.469"" 1
T Depth 0.061 0.847°*  0415*" 0209 0588 -0.566""  0.804**  0.882** -04317* 1
B
Accumulated 0.030 0444 0373** 0284 052" -0472**  0.615**  0599**  -0.387*F  0.643"" 1

mineralization

* P <0.05, * * P <0.01;SWC: Soil water content,SOC: Soil organic carbon,DOC: Dissolved organic carbon, TN Total nitrogen, TP : Total phosphorus

2.2 HEEAHLIRE LR

MK 2 ATLUE A 60 d MR, 30% 7K 23 35 3% 1, i 82 58 HLak R ki 3 (E 7E 0.31
(5C) £ 0.77(15C) mg C Z [, 2GR 2 5P R0 b2 FHEAE 1.10(5C) £ 1.99(15C) mg
C ZIa), 45%K53¥55E T, 1 sh)2 LA WLk 2R L i P ETE 0.30(5°C) £ 0.89(15C) mg C Z A, £
SRR )E A P R LB EAE 0.75(59C) 2 1.44(15°C) mg C Z[Al, 60% /K557 T, i shj= 4
AT LR B AL R P TE 0.42(5°C) F 0.92(15°C) mg C Z 8], Z4EH 12 +30A MLk 20 b iF1
{HA7E 0.86(5°C ) & 1.58(15°C) mg C =[],

BT BRI T IR NA R F 5 MUt FEX 7K 328 4k B iy LA R 2%, S B S/
(MR BERR) JE 38 K (IR BN ) FOAFAE . XF LU AT 2 )2 f 24 VR 1 )2 - 38 Lk 2R ki, vl L 18
MLk B e R R R 22 Rl W, M EET A AL A 0 S E Y H BT 360—390 em 2
6] , VR 4 39 A VRS2 T A, ARAE H PRAE 150—180 em ZJ8], LR E N Z4EE 200 B T 250 R R
B KA FIR BE S 28 HAE X R {2 25 (P<0.001) (% 2)

F2 TEHRERE KD REZENZEMEAXNTEFSNBRERBY LENZN

Table 2 The effects of soil depth, temperature, moisture, and their interactions on cumulative SOC mineralization

" BRI xR
S R e X -
y ; . WEEXRE WOk K5y
S R BB ey s Koy Ky
. . Depthx Depthx Depthx
Influencing factors Depth Temperature Moisture - . TemperatureX -
Temperature Moisture . Temperaturex
Moisture .
Moisture
UL
RBRT L& P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001

Cumulative mineralization

2.3 +HEH MR LAY R AU
QBB TS 10°C , B3R LR EERE 2 A2 L iS5, HIE 3 nl %, R)Z HEMEZF K12 270
em ALY HEEUCHE IR O, 18, 43 FITE 2.44—3.44 1 3.68—4.39 Z[i], TifE L4 1209 TOHS | 134 HLER
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Fig.2 Accumulated SOC mineralization after 60-days laboratory incubation experiment
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Fig.3 Temperature sensitivity of the mineralization of SOC ((,,) at different depths
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WEFEARXS B = | R 2 - e JE ML 5 26 2 - 3ETR S —1R T RE 2> Z2 % - 3 MR A HILAK Bl - 398350 1f1 20 A 19
SRR SRR N IR )E R S A A AR I BT T o — T, SR R B HERR I K
PR i R 7R B AT 5 ISERAE IR B AP T A S R AR E MR R 2 O IR R A A R
FTET o3 A7 R, ARAIE 5T T R D42 B2 22 A7k X BT A A T I & 30 338 1 & 1 19 90 A 5 LA AL
A O, Mg S A AR 2R 0 AR KA R 2 I R il R R PR 1R BB 2 A Wi sh A& 3l )2 P SOC AT TN
B BRI SR, 1 24 L 2R R AR A5 175 SOC A1 TN BEXE 43 ik, DAL 52 B0+ Bt % 3 1 85 o
b I[0PIRE S

A 1A, B KRR B AL R I 2 B T =W B PR . 3 BI7E 120 em (180 c¢m 390 em ¥REEAL,
AL R AR5 B2 S AR L2 DS AR Z V52 . Mu 262 4R34 L 4R35 2 AR 4 X A AR5 )
FER LGRS AENG 28 s, 200 2 0 8 2 1K AR RIRATIF R &K BB AR S —= A8
BB R R e AR TR+ K IR 2 AR RS e ik . 25 1, Z4F R+ X+ 3 & oK R 1 Bk 5
TR A ML AT 50 57 ¢, 38K AR5 UL e T B VAR G, 18 09 75 K AN R T IUE o3 5
S I SWC 5 DOC NOS-N Fl NH:-N ¥ E 52 FAE R,
3.2 A IERA MR O HLER AT AL A5

R AAE S LA MR LY, A S e Uy A E R B VA5G, (H K OO 56k
PRAH T W 10) 52 2% W R B DG R (845 1 845 FRAL N+ 5 A BILER 7 A6 AR FH =2 18] B89 OC R AT SR AE AR 3R B AN
P WNER 2 PR, K2SLIE ZARTR - IX S IEA LR 204k &5 SOC .DOC TN \NO;-N F1 NH;-N 7 it i 3 1F
X A5 C.N B TARN, R ZAIEFMER A AT CO, B ™A R A C.N BRI T4 HLERAY 5t
AR IR Ay 4R+ X A3 HU A , 05 2 DUA MUIE S A7 AE s il 4 e e s b, S 80k
Y2 R R BRI MRS AR HANE RS A T fEgEA LRI 2 R R BT LA & % e &
A LT R0 N TR AT RE sk Lok A A3 . L3 pH 5RUEYIRFE CREY], g TRAED A&
YrE R /NAE M, IS XA EEIR O 22 57, AN [A) 2 3 %0 F 35 pH X — PR Z anfol /E 1 T -3 L +5A A
WS, 5 Xiao 255 XL HERY A 5T 245 1 — 30, A9 B 38 pH 54 MUak 2R 1k i 5 35 IE A6,
JE A AT RE 2 3 pH (YA 3N 1T R BEA PLB A AT O R E Y AR R PR T R R, XA S TR
AEUUTE R R AT I S B A T 3l R S O 2 R RO R O B IR, e A X b E
i 13 pH S5 A MR R i Z B OC R, L P IE 208 S LA RO R AR LR et A R
SR A A R 2 Z AR+ X 3 TP 5 DOC 1 CO, EFL R E I TMAIE IR, kT 2240y
JEASE S I E S A A7 A 1] P S T R A 20, SRR P BRSO % 0 2 TR0 A7 A B R s Y
I H BTG B S S0k 0, D G X 38 J) 7 i s il 3 etk — 2D 5
3.3 HHEEEE K AR XA P AL 15 i

— BN, 2 N R B H A P R AN A2 BRI R, - 3 A B R B T v R A RO S K A
F 150 S R EE DL b i 35 T SCHE R A (K 2) , 5 RBP4 AR, sk
5 ER R R ARG AR S DIM 6 MR ATk S22 8 AN W e 9% 5 A W IR Z i 1
PRI I = K A3 R i A B 52 1) 1 AS B, 9 AP [RI TR BE 3K B8 00 1 22 S5 sl 2 e AR AE A 5 30K
NRAZB IR Z — FATTZATAIFFE 3 B MR S 800 F5 K 22 5745 P RhAR Y - A MLAR 5™ fL Bl 7K
AL A A S HT AR S R — 8, AT R B IR T K B A S EAE R X 4 ML R AR
TR R AN, R R AL A R A R 2R, K2 2 YR ik M R T R e D 1
PRI SR T ISR, R 2 WoR B AR R RS I SR IR R A AR R A AR G
KR AP A P0G S A, PRl ml 0 - 3 a0 7 1 Bl 35 T %) 22 55 0 A R R vl BB 2 38T
WLERD Ak B B R BE AR AR B R, 5 b - Sk R AGAH CE D B A AR L 2 P A fE 22 5 X2 8t
A MU b R R B AR A ) B R R
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3.4 AP R IR U

ZAEB RGBT R N R ER G R0, A HLaR ™ 1% 5L SRR A7 A E BOR i 25 22 57 (LTS
BN g B - SR A e LR R A AR . B R ] 0—6 m LR LRI Q, [HAEIL LY 0.45—
4.93 Z 6], Qo fEAEA KoM ALBRH] BEAT 1 2E P22 52 (P>0.05) 4878 T 3K 0 R BA™ A FH 16 52 ) nl R i it
HABPI AR 1R B2 Qo BETREE B4 T R 0N, S (2 2,46, 5 16) b X I 3t -3 AR (L2
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