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Soil carbon accumulation and carbon sinks under different afforestation patterns

in Chinese subtropical forests
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Abstract: Carbon sink forests can fix atmospheric carbon dioxide and they play an important role in mitigating global
warming. Research on the accumulation of soil carbon in carbon sink forests grown using different afforestation models in the
South Asian subtropical region will contribute to our understanding of carbon sequestration by carbon sink forests. A single-
factor randomized block design was used to investigate carbon sinks and three afforestation models. These were new
afforestation (1), closed mountain afforestation (1I), and replanting ( III). Soil carbon accumulation and carbon sink
function were also investigated. The results showed that the soil total carbon content was significantly different before and
after the five-year study period. The soil carbon content in the 0 - 20 em soil layer varied significantly among the
afforestation models ( P<0.05) , and the largest variation range was - 0.861+1.893 ¢ C/kg to 3.021+1.577 g C/kg. The
multiple comparisons of soil organic carbon content showed that the soil organic carbon content in the 0 — 20 ¢m layer for

the afforestation model was significantly different (P<0.05) from the other two models. In 2016, after nearly five years of
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carbon sinking and afforestation, there were significant differences in the soil organic carbon contents between the different
afforestation models (P < 0.05), especially in the topsoil. The soil carbon stocks in the 0 - 60 cm soil layer ranged
between - 2.233+3.540 and 8.670 +2.342 Mg C hm™” for the different afforestation models and the difference in soil carbon
stocks between new afforestation (I) and replanting (1II) was extremely significant ( P<0.01) after the carbon sink trees
had been allowed to grow for 5 years. The soil carbon stocks also increased significantly. Between 2012 and 2016, the soil
carbon sinks of the various afforestation models were ranked as follows; III>II>1, and the soils after closed mountain
afforestation (1) and replanting (1I1) were significantly better carbon sinks than after model 1. The afforestation model has
significant effects on soil organic carbon accumulation and carbon sequestration in carbon sink forests. The main differences
are caused by root decomposition, litter, and precipitation. The adoption of new afforestation models for the first five years
does not improve soil organic carbon. Furthermore, accumulation and fixation do not improve organic carbon levels.
Adopting a closed mountain afforestation model does improve soil organic carbon fixation, but does not increase the
accumulation of organic carbon. However, the replanting model (III) improves both soil carbon fixation and soil carbon

accumulation.
Key Words: subtropical ; afforestation pattern; carbon sequestration forest; soil carbon; accumulation
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FRARAY H IR IRRE T, B B SA TS A B ARSE AR TR AS 1A B RS EE AR S IR O 4A
ABRACMAE IR, AMEEF ED BB 2 T i 100 H JEZR I RIFGT L , X I8 A SEA AR AR | R4 T A M
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Table 1 Basic information of sampling plots

RN BT

. B Ff b B AR AR M /m W] WeRE/ (B . i el
Afforestation L. . ) . Planting density/ .
Varieties of trees Position Elevation Aspect Slope ) Soil
patterns type (Fk/hm?)
1 M KM 23°57'49" N 115°39'57'E 154 R 31 89 TRETHE
11 LMY KT 23°57°21"N 115°40'14"E 163 K 28 / DiSAR:
111 RN KM 23°57'47'N 115°39'35"E 160 N 26 54 IRELIE

2.3 HAERENCRE S

ABFFE 50 F 15 ARET (2012 4F) MRS (2016 4F) #E47 EHERFES A0, A 20 mx20 m FOFETT %
R IR BE 3 N R AN, B 25 M 3R VR VR W 5 AT R AL RFEIREE R 60 em., BN RAE S 4 0—
20 em 20—40 cm 40—60 em JEREHIERES, . BZEI T4 MBS TR HES KRS EEDY ) &
JEREI AR 500 g ZoAq, Hit 81 A AT ML E  HERAR IR Y IR S A SRR S IR R, S 10
H (2 mm L) , DA S R AE 4T 60 H (0.2 mm #54L) 3 100 H (0.15 mm F54L) M T840 & &
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2.5 HAEsit
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FEA AN TE MAR AT 2012—2016 4F 4 e 2t & 5t FIARAif fE 9520, fef5 42 ] GraphPad Prism 7.0 AU, SCHA]
RBAE R E R
3 Z£R55H
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Table 2 Effect of afforestation patterns on soil bulk density

Patterns 0—20 cm 20—40 cm 40—60 cm 0—20 cm 20—40 cm 40—60 cm
I 1.274+0.271a 1.408+0.159a 1.484+0.072a 1.251+0.029a 1.294+0.145a 1.350+0.109a
I 1.288+0.075a 1.318+0.024a 1.319+0.083a 1.302+0.173a 1.295+0.144a 1.460+0.025a
11T 1.280+0.045a 1.395+0.051a 1.404+0.041a 1.229+0.015a 1.317+0.051a 1.324+0.055a

B MBI REARRON 27, TR AEA Rl — S Rl NE R AN ] i A 2] 22 53 (2.2 (P<0.05)

£3 BEMEAWNTERSENIM

Table 3 Effect of afforestation patterns on soil carbon corrtent

0—20 cm 20—40 cm 40—60 cm 0—20 cm 20—40 cm 40—60 cm
I 4.742+1.776Aa 2.350+0.565Ba 1.4070.201Ba 3.881+2.009Aa 2.178+0.887Ba 1.179+0.111Ba
I 3.036+0.631Aa 2.059+0.763Ba 2.140+1.256Ba 5.041+1.828Ab 3.492+1.586Ba 4.455+3.600BCh
11T 4.575+0.964Aa 3.650+0.801Ba 2.745+0.663Ba 7.596+2.189Ac 6.279+2.014Bb 4.702+ 1.605Bb

FAEM R AT AR T RN AR 2R R 2257 B3 (P<0.05) 3 SO R —FIAR /NG FRE R R Rl M 2R 22 57 2.2 (P<0.05)

TR IS 4B 2 A5 0T . 2012 45, 3 Rl B I i & i 5 R A, ANl i B X 2 ] - 4
B i JC WA 25 e, HR I BE + )2 TR EE G I Ak, & @ MBI 0—20 em T2 HIESR S HER &S, A T
(3.036+0.631)—(4.742+1.776) g C/kg Z[8], 535} 20—40 cm JZ 1.253—2.018 f5H140—60 cm JZHY 1.419—
3.370 f5, Sl Hzi 5 MR, 2016 4F 3 Pz ] 4 58 R & A7 7E 0 3 25 7% (P<0.05) , L H R Z +
2SO A NSRS R A A A TR W AT S AR i 25 R 0 (P <0.05) , B
TR RO 4 & i AR R (R 3)

2012—2016 4,3 Fhidi X e & i BT i 45 SR R W1 . 2012—2016 4F[H],0—20 em +JZ i 11
T e mR E RN Z 8 3.021 g C/kg, MR T T 0.861 g C/kg, 22 ;20—40 em 2 HRIRES 11T
BN %, 2.629 g C/kg, I U/ T 0.172 g C/kg;40—60 em 2 B 1T HIESTR-G R INRZ, N 2.315
g C/kg MR T2, N 0.228 ¢ C/kg, 3 PR MR 3 A4 )2 - gem & AR (b i i 2 5 LA 2 SRR T 485t
1 515K 01 22 5400 8 3% (P<0.01) , AR T 548K 11 3 ik & AR b i 25 53 W 35 ( P<0.05) 85X 11 55t 11
Ttk G AR 22 R 3 (P<0.05) , UERARES T i i B AGC  F R 2, RIS T 3R i
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Table 4 The changes of soil carbon concentration in different afforestation patterns from 2012 to 2016

R AR R

AR The change of soil organic carbon corrtent in different soil layer/ (g C/kg)
Afforestation Patterns
0—20 cm 20—40 cm 40—60 cm
I -0.861+1.893a -0.172+0.726a -0.228+0.156a
11 2.005+1.230b 1.433x1.175a 2.315+2.428b
11 3.021+1.577¢ 2.629+1.408b 1.957+1.134¢

Gl —FUA R/ NG TR R AR S AR R 22 57 B3 (P < 0.05)

3.2 N[ i AR T PR A R i o AT

TEARR G B fifs 45 3 0 AT 2 2012 4F 3 Fofr sl Ao =X 1 e i et B = )23 T 88 1 38 o g sk 2>, 3 i A =X
(0—60 cm) - 3FERRAE I KB/ MK AMEERD (T SHEAR (D SEFILF AR |, GeTT0 47 32 B A [R] 1 A
AEARAET (2012 4F) T 3ahd 22 5 AN B3 (P>0.05) o MR 5 45 )5 (2016 4F) , 3 R k=l (0—60
em) T IERRAE T H KB/ MRYCHAMEERD () >EHLE AR (D) SHFEAR (1) 3 F i s+ i i i 25 7 W
(P <0.05)(£5),

R5 HEMEXI LIEREER N

Table 5 Effects of afforestation patterns on soil carbon storage

M 2012 4F4% 4 J= L e ik B 2016 4F4% )= 3Rk fif 1
Afforestation  Soil carbon storage in different soil layer in 2012/ (Mg C hm™?) Soil carbon storage in different soil layer in 2016/ (Mg C hm™2)
patterns 0—20 cm 20—40 c¢m 40—60 cm SAFN Total 0—20 cm 20—40 cm 40—60 cm S5 Total
I 12.167+4.167Aa  5.077+1.914Ba  3.328+0.54Ba  20.572+3.822a  9.934+2.913Aa  5.604+0.139Ba  3.207+0.561Ba  18.746+2.784a
1 7.860+1.898Ab  5.393+1.900Ba  5.462+1.213Bb  18.715+1.147a  15.026+7.19Ab  9.728+3.843BCh 6.576+3.594Ch  31.331+3.487h
1 9.948+ 2.448Ac  8.514+2.052Ab  6.428+1.736Bb  24.880+1.445bh  18.618+2.235ACc 16.737+2.452ABc 12.626+1.237Bc  47.982+2.502¢

FARY R — 1T R AR E F R FR AR LR M2 B (P < 0.05) ; F4E0 A — SR R/ING T8 R R R s M 2 22 5 8.3 (P < 0.05)

2012—2016 4F 3 Fhig Mo e fiff it R AL LR 25

w
(=}
|

N STRINS o b B 0—20cm
W] .2012—2016 4F ] B2 T 0—60 em Rk A% 5 2040 om I
Wb T 1.826 Mg € hin, Bk 11 0—60 em -+ HERk % 2 ok b

HOI, BN 2, 23.093 Mg C hm™, S FMEE
Fofr (T ) A5 20 A PRI AR AR 285 2R 48+ A HLAR fif 1t 1%
I, AT rE A e i i AR L i 2 LRSS Rk
HH L B AR (1) B S MR A (1) A5 - e fith A0
it 22 B 3 (P<0.01) B Ak (1) B 5 B L F Ak
(1) A5 4 B de i o A8 fb it 22 57 0 35 (P <0.05) , Tfij

TP R/ (Mg C/hm?)
(=}

Thanges of soil organic carbon storage
)

I 1 11
IR, Afforestation practices

L
=S

LT AR (I A X 5 A S A () B - 3 ik i i A Ak
HESARE(P>0.05), M=+ b & A8
I AME RN (1) >E I F AR ) >HEMAK ()
( [g 1) o

4 Z5iie

E1 AEEMER TEBREENTHER
Fig.1 The changes of soil carbon storage in different
afforestation patterns

PR [l NG SRR AN R i AR ] 22 5+ B35 P < 0.05

(1) SEARATF e f 22 5 035 (P<0.05) , H - AR A% 1E 0—20 em /285, B4 2 I imimi >
RIS 45 270 (g B 5 e T, AR T 40 8 3 i % SR 8 B AR PR WAL RS 3 Be JBR PR E B A 1 XA
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SRR R ) ORI, SO R S YR AR I PR ) B ORI HHEREA L G R R R EAKA
PTEDI o, VR D) B R R Wi R )2 R R RE E R U R AR, B L2 Ak
FREFHL T ER AR AR, SRR AL S A i RN, AR R S B v A R
JZ , H A LA A R % B - A 2 R s S 3R o P AR IR R W, 5 R A AR A AR B
YR LL0—30 em +)2RZ, AR ARAEYRER 93.7% , B R ZHUEHM ; <2 mm 400 0—30 cm +J2/EH
17 0—85 em + /2 BAIMAEYI R 73.5% ; D3 b AR I A K T ZAR R IR Z R licsz 4y, Rk, Rz +
Hemi A B K T IHAE , MR E e FE R TAUR . D IRR I A5 R T AR DA 75 386 m DA BAR R 1 & e
fiff £ AR 0, HLBE 2 IR mis s ARG 5E A5 1 AR S 45 )2 B EmAg K 2 A J2> B JE> C
JZ, TE 156 B 1 B s AR08 J2 - S s i B K

(2)3 Pl A X 22 ] e i e 22 5 3, A5 1R LAE HHERR A% I — 8 PR, w11 S5
T - 3emeil 84 o 2, 3 Fh i MO - St i 22 Ak i R BI/IMR U A MEEFP (1) >E LB M) >Hrik
M) HA Al 1T 5850 T e it AR A i 25 S 0 3% (P<0.01) X T 5850 11 - e il An b i 2%
S (P<0.05) M 11 54 1 Higeme s 2 b 22 S A B3 (P>0.05) , & BUX P 22 5 7T RS2 JH 7%
PIAEAN TR ARAR T 4370 25 IR B o A9 ) B AR 2R 2 - 3E— A9k 3R e R i A e T B A B 45 1, LT £+
B 25k FERAL T REHR T BE RN BB AR O — BNk, R L TR 2R 4 R T LA R 0 B 1k
AR X IR A TR Pt B AR A AT A USRI R, A
WA RFFTHE ), ZRAKA 75 D EATE 2 (A8 A X - SRR it e AR KT SR AR A5 00 i i i 9 & B, VR 0 LA K
A B AR 2R P A B3 T 38R A= 36 1 o 3R 0 A R G, T 0 K - A . ASBIFSY 3 R AR
FR B AR (D) B AR 0—20 em + 2 3R> T 2.233 Mg C hm ™, BB R X R AV 1 2
PR R TR THM, g P b R R R A B A M) B 0—20 em +
JZ - ERAE RGN T 7.143 Mg C hm ™ ULBH X A0 Al IS 35, E 22 T I%A A T4, ikl
EYIRA R 2 RALRE IEEE, WAMEER () BEMKE 0—20 em 2 IR B NRKZ, N
8.670 Mg C hm™ , Ui IA X AT fe M TR T4 40 A 3G N, 1285 X7 A B R T A RO () 6 Ak %o A 4 228 4 7t A
AME, — 7 T A HRASTE P EEAE Tk, 5y — T BTG PR AN T RIS, B TR R, 3 F MR =0 A
VR SRR R R RE ) i R B MRUCH AMEER (L) SEHLIFE AR (I SHEAR (D) X5 3 P i L4
f A AL LA — 3,

B RS AR (1) A5 X 3R A s/ D |, T R -5 A K o Bl ) 342 Tl A 5G| - 34 T £ b A 75 W 3 2k DA R A
FTRRERE IZIFT s AL B AT T B W AT 28 RS B 4 22 HLRR ) ) 4 s AR il o 1 K £
TR, DI BRSO AR A BB 3 2 A DL R o0 S 9 Y | AR B R K 4 R sk
H VL1950 A, A HOK R TH AU 681.1 km? LA ERR I K A 408.7 km? PRI SN 204.3 km?,
RITIR R 68.1 km® . 1999 4F-45 7K I 7 A FH T A # Jgi 45 A48 Bk + 3R R BUN 541.6 km? , Rt 26 Sy
210.56 km® VAR A 141.02 km®, 5 50K 22117 4>, AT AN 190.02 km®, F 3R IMBEERR4E R 5110 v
km? , T3 JUAE FLAE BK R T 965.22 km?, (SAEM Y 1/3, FHAEK L IMKIR ™, AW HBE M (1)
PR AT AR AR T AR, X RS R T 32 AR BN, E LA IR T S A, 5 v K
Ol H AR AR T AME RN () |, 78 J5AT MR A FE Rl _E X AR A7t RO M, — 1, 30 3 el A 43
B FERNZEAE T O RE A w 4 , oh 1- SRUE T S B L 45 18, 43 0 T W 3072 - BB ML S 3R 48, o — i T
X SEARAAS SEA TR AR, B AR A k[ B M RS, AN T AE R AR T 3 K R 32 DR L i k4 Jon e
2100 R E AR A S TR, S A 3, AR A Bl - SRR IR R |, SR T e bR gy A
[E1] J22 U AT 330 o i MRS 0T - S0 i i S M AR sl R K B it R fg 2 0

(3) Rz N8 M AR A 5%, T 358 A () ) i ARASE =, U4 S il AR I T BE . AR SCRF 9245 1
BRI AR S5 AR BEE R, BN E AR S BT 12.616 Mg C hm ™, #MEEFN (TIT) #4451 T 23.093 Mg C
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hn ™, T2 F 6 DU ) A [ s 35 it R M R RO - SRR R A T 4F 9T S /R 00, 5 4[] e d s MR i 17 15.937
Mg C hm™ FMETRZSHEINT 5.510 Mg C hm™ B IIE I T 4.431 Mg C hm™ , A< SCHR I 18 MREME S Pl
ST PR BB 2 T EE AN G AR Y 4,191 %, BRI, AU 2 i e V15 MR ARIIF 5%, B A 8 e Y 3 A
3, MM AL, 28 B 54 A BRI 6, TR CO, IHERL , 22/ BRI
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