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Soil Organic Carbon Mineralization of Black Locust Forest in the Deep Soil

Layer of the Hilly Region of the Loess Plateau, China

MA Xin-xin' ,XU Ming-xiang'* , YANG Kai'

(1. College of Resources and Environment, Northwest Agriculture and Forestry University, Yangling 712100, China; 2. State Key
Laboratory of Soil Erosion and Dry-land Farming on the Loess Plateau, Institute of Soil and Water Conservation, Northwest Agriculture
and Forestry University, Yangling 712100, China)

Abstract: The deep soil layer (below 100 ¢m) stores considerable soil organic carbon (SOC). We can reveal its stability and provide
the basis for certification of the deep soil carbon sinks by studying the SOC mineralization in the deep soil layer. With the shallow soil
layer (0-100 cm) as control, the SOC mineralization under the condition (temperature 15°C , the soil water content 8% ) of Black
Locust forest in the deep soil layer (100-400 ¢m) of the hilly region of the Loess Plateau was studied. The results showed that; @
There was a downward trend in the total SOC mineralization with the increase of soil depth. The total SOC mineralization in the sub-
deep soil (100-200 ¢m) and deep soil (200-400 ¢cm) were equivalent to approximately 88. 1% and 67. 8% of that in the shallow layer
(0-100 ¢m). @Throughout the carbon mineralization process, the same as the shallow soil, the sub-deep and deep soil can be divided
into 3 stages. In the rapid decomposition phase, the ratio of the mineralization or organic carbon to the total mineralization in the sub-
deep and deep layer (0-10 d) was approximately 50% of that in the shallow layer (0-17 d). In the slow decomposition phase, the
ratio of organic carbon mineralization to total mineralization in the sub-deep, deep layer (11-45 d) was 150% of that in the shallow
layer (18-45 d). There was no significant difference in this ratio among these three layers (46-62 d) in the relatively stable stage. 3
There was no significant difference (P >0.05) in the mineralization rate of SOC among the shallow, sub-deep, deep layers. The
stability of SOC in the deep soil layer (100-400 ¢m) was similar to that in the shallow soil layer and the SOC in the deep soil layer was
also involved in the global carbon cycle. The change of SOC in the deep soil layer should be taken into account when estimating the
effects of soil carbon sequestration in the Hilly Region of the Loess Plateau, China.

Key words:the Hilly Region of the Loess Plateau; Black Locust forest; deep soil layer; SOC mineralization; mineralization rate of
SOC
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MK i) 30 ZARK R AR RRER AR B, E 5t
ARFECAARN T AR G B S5 it , L A T iR AR 2
ARG, MU 1980 4EHYAE 5% SEANE] 40% L)
T KA R L 7 I A g R
8 R PR B T AT DL I R B IR O S A LRI R
( Robinia pseudoacacia )  F B N T ¥k, DL#F 5%
( Caragana korshinskii ) H1 V& ¥ ( Hippophae
rkamnoides ) %5 A T ) T ARHE D\ DL K B8 5 98 1 1)
# il B ( Rosa Lindl. ), T %
( Syringaoblata) . FEHE ¥ ( Ostrypsis davidiana ) FIAR
R ( Sophora viciifolia ) SF RIRFEMN ; VI K AR E
(Artemisia sacrorum) . 22 % (Artemisia giraldii) |,
T2¥E (Stipa bungeana Trin. ) . [ ¥ ( Bothriochloa
ischaemum) . i & ¥ ( Setaria viridis ) . ¥ ¥ & &
( Carex lancoolata Boott) 55 A 3= A ¢ A ¥2 e K &2
Figh >
1.2 FFEHEEICR 3R SR A

2010 4 8 JH i) AE4RY TR R BIESE 3 Bl
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7 e P T000 A AL B . T s AN RIS e P R R
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Table 1 ~ Characteristics of studied sites
FEH R/ m b2 A YR/ (°) e M E B A A A
AT Artemisia sacrorum
1 1224 h 30 E2R(TL 2858 Artemisia giraldii
K15H Stipa bungeana
T 4 Artemisia capillaris
2 1221 1y 27 I PE il Lespedeza bicolor
K EH Stipa bungeana
il Lespedeza bicolor
3 1224 h 30 [} Z5# Artemisia giraldii

o i .. .
%%% Artemisia scoparia

R2 HMEIREE, AkE, ANRIERENE"

Table 2 Characteristics of each soil layer in studied sites

+JZ/em T/ C BKIE % EWri/g AP S /g kg ™!
0~20 24.60 0. 36a 20.27 £0. 55a 4.30 £0. 06ab 5.96 £0. 34a
20 ~40 23.90 +£0. 36ab 18.21 £0. 74b 7.76 +7.22a 3.20 +0. 60b
40 ~60 23.53 £0.46b 12.64 £1.52¢ 0.44 £0. 14b 2.96 +0. 70be
60 ~80 22.87 +0. 55bc 6.55 0. 36g 7.64 £7.38a 2.57 £0. 50bed
80 ~ 100 22.30 £0. 44cd 7.02 £0. 68fg 4.16 £3. 86ab 2.35+0.33cd
100 ~ 120 22.37 £0.55¢d 7.01 £0. 34fg 0. 08 £0. 005b 2.21 +£0.06d
120 ~ 140 21. 63 £0. 35de 7.65 £0. 45efg 0.30 £0. 20b 2.17 £0. 18d
140 ~ 160 21.00 0. 79ef 7.29 0. 38fg 0.30 +0. 10b 2.20 +£0.48d
160 ~ 180 20.90 £ 1. 15ef 8.33 £1.33ef 0.19 £0. 16b 2.37 £0.70cd
180 ~200 20. 03 +£0. 64fg 8.01 +1. 38ef 0.03 £0.02b 1.92 +0.33d
200 ~240 19. 60 +£0. 80g 8.04 +0. 70ef 0.04 £0.01b 2.04 +0.33d
240-280 18.37 +0. 3h 8.69 +0. 64de 0.14 +0. 10b 2.04 £0.28d
280 ~320 17. 80 £0. 70h 9.13 £0. 32de 0.14 £0. 08b 2.28 £0.08d
320 ~360 18.07 £0. 75h 9.78 £0. 15d 0.04 £0.02b 2.37 £0.22cd
360 ~400 17.40 £0. 70h 9.86 £0. 19d 0.17 £0. 13b 2.42 £0. 15¢d

D) A5 R 10 em x 10 em x20 em K/NHARPHPR R & BIPAREN/NE FZHRERA2E 7 582 (P <0.05)

FIHL N B2 20 mL 0. 05 mol-L ™" ¥k B 1) NaOH ¥
W 50 mL /NGERR , T LAWR WSCA BILAS 43 fif R e 1)
CO, ARG BB, B s TR R e IR
TEIRAR N EEFR. DABRE kb FE 7K 4, A 4 49800 R
FrfasE. 7EHRMEE2,3.5,7,10, 13,17, 21,
25.29.34 .39 45,62 d ¥k NaOH I ¥ , [F K
HUH B NaOH #5822V A = Mrh AR 5 A 1
mol-L"'BaCl, ¥ ¥ 1 mL K B BK$E 2 5], A1 0.05
mol - L. "' HCI {7 B L1 2165 A4l CO, MR
TSR RN HIEA VIR e, A A
wE 2R,

A A BLAK A0 5E - SR % R B A0 il
ﬁ—é(zg'_

TSR W B e I A2 L R R AT R 2R IR R
o
1.4 Bt E 550

I SPSS 13.0 Ak 4 b o B 7 J7 22 o A
(ANOVA) X} + 354 pLa B fb i | 5 fk i R )

AL WEREHIT B EEAR. H CurveExpert 1.3
A RAUAE DL T Bh 2.

2 HRE5H

2.1 THEEAYLR S b R IR AR

Bl 2 UREE RN, A HLRR S b R A T
BRI 1), WIR)Z (100 ~200 cm) AT HLAR
AR IIACEYIE (0. 590 0. 083) g-kg ™' 52
(0 ~ 100 em) + 3 (0.670 = 0.097) g-kg™' By
88.1% , L FE 25 (P >0.05); HJZ (200 ~400)
em 8 HLOK 1k & 0 I ACE Y (0.454 +
0.011)g-kg ' HIRZ LN 67.8% , R EER(P
<0.05).
2.2 AP fa R s R s A

T PR it FE — T LA Ao 3 BB
OF MLBRE 7 B B . 55370, HHEA PRk H 3
WAL R, 01 i B BRI, Q%18 7 i
B B . B2 15 R E] A2 A ML H S5 1k R 2%
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Fig. 1 Total SOC mineralization in each soil layer
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Wz WZSWREML, Ko Bd o b 3 A WRE ., BZ LR b S0 e LU A k-

Br(KE2).

FJRR AR A i A e S BT
At LB S AR (18] 3) . )2 LIEAEm (b5 57
0 ~ 17 d PREFAIRS LR B8 L8 5 AP 24 {6

PHE I (23.2 £3.5)% . (27.3 +0.5)% , 21K
RZTHE(47.3+4.6)% 1 50% , 2 RFEXER(P<
0.05). 2RI RAETE IR 45 d 5B 218
ORBYEL TR IR)E 3 AN Z IR BRI

0.8 0.06
o &E 5 (b)
Coe 0 WERE _ 005¢
%ﬁ X BE E‘) 0.04
@ 04 ér" 0.03
= ®
& = 0.02
Bk 0.2 =3
001} X
0 X L L L L L L ! 0 L
0 8 16 24 32 40 48 56 64 0 8 16 24 32 40 48 56 64
B IR/ B 3Emt i/
B2 BEXTEENHRTUERR, FUERTUHES
Fig. 2 Dynamics of cumulative SOC mineralization and SOC mineralization rate in each soil layer
- O ek 2R B B R85 XSRS B
B 80 s 355 IS K S 2ot 5
X ods Fed? ads Fe o e e oty
s L fss L35 gy be 35 40 5%t ol ab*
x 60 14,69 %t ‘2, Figs® Jab: ab:
I s feoed] 2 o oK faoat V6t oK
240+ Tete 7o) et e Sty o
g O oty A o
a }‘:“:‘ ‘:“:‘ ‘:“:“
Eofl |® & b = B .
& e & ¢ be c
O 1 1 1 1 | Il ] Il
0~20 2040 | 4060 | 80-100 | 120-140 | 160~180 | 200-240 | 280320 | 360-400
&R TR E B®E
+E/m

bR T /NS FRER I 22 5 3 (P <0.05)
B3 EMERELEGNBRTHLES 2TV UENLHNSHE

Fi

g.

3 Percentage of SOC mineralization in each soil layer in total SOC mineralization at each stage
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AT AR Bt e ORRARER = A LA AR A 4R 3897

P 43 50 4 (0.011 +0.001) . (0.012 +0.002) .
(0.008 £0.0005) g-(kg-d) ~'; WIKZE ., HZ 1%
WAk S B AT S48 53 50 R (65. 9
+4.6)% . (60.4+3.3)% , 2 Hik)= 11 (42.6 +
1.6) % 1 150% , 2 1 #2%5 (P <0.05). &2 K+
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Table 3 SOC mineralization potential (C,) and mineralization rate constant (k)
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Fig. 4 Ratio of CO,-C released by SOC mineralization to the total SOC in each soil layer
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Table 4  Correlations of total SOC mineralization, CO,-C/SOC, k with characteristics of each soil layer
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