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Abstract: Carbon sink forests is one of the effective ways to achieve " carbon neutrality" . Besides soil carbon (C) sink,
soil nitrogen (N) , phosphorus (P) stocks and stoichiometry were investigated under different afforestation patterns, which
provides the theoretical basis for estimating soil nutrition stocks. A single —factor randomized block design was used to

investigate C, N, and P contents, stocks, their stoichiometric characteristics and soil microbial biomass carbon in soils with
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different soil depths under four afforestation patterns including new afforestation, closed mountain afforestation, replanting,
and regeneration. The results showed that the storage of soil C, N, and P decreased with soil depth. The range of soil C/N,
C/P and N/P under the four afforestation patterns were 11.11—17.86, 17.00—242.59 and 1.18—15.99, respectively. Soil
C/P and N/P under closed mountain afforestation were significantly higher than the other afforestation patterns, while
regeneration pattern showed the lowest. The soil C was positively correlated to soil N and N/P, soil N was positively
correlated with C/P. In summary, the content and stock of soil C and N were the highest under closed mountain
afforestation, while phosphorus content was the lowest, indicating that the closed mountain afforestation is an effective
afforestation to promote the accumulation of soil carbon and nitrogen. However, the capacity of soil carbon sink under closed
mountain afforestation may be weakened by soil phosphorus limitation. Regeneration pattern has less nutrition limitation,

which has great potential to sequestration carbon.

Key Words: soil nutrients; ecological stoichiometry; afforestation pattern; carbon sequestration forest; subtropical
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Fig.1 Location of study site and distribution of study plots
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R1 TREWEXBCT AR AR

Table 1 Basic information of carbon forests with different afforestation patterns

T AR DA Fif W /m i1 WerE/(°)
Afforestation patterns Dominant tree species Altitude Aspect Slope
Ak AT ( Schima superba) | W ( Liguidambar formosana Hance) | AW 99.9 i 28
New afforestation ( Rhodoleia championii) SR BT (Michelia chapensis) ’
EgITREY N A0 (Schima superba ) | ZL4E ( Castanopsis hystrix) %18 1 ( Machilus
. . o 108 [ie] 36

Closed mountain afforestation chinensis )
?Ffﬁﬁﬁ‘ AAaf ( Schima superba ) ﬂXLﬂn—‘(Liquidambar formosana Hance) 89.5 PirEg 32
Replanting
ok v AT ( Schima superba) WAFF ( Liquidambar formosana Hance) . K 714

; S . 92.3 i) 18
Regeneration ( Michelia macclurei)

2.3 HHERCREHIE

R Ry - 35 A 22 (0—20 em) Y50 FIAE AL B B 55, e ELAR R AN RE Jr N3 IR 7 RR PR v
EHE 3 ARAESL B RFE ST 3 )2, 0—20 cm JZ 2040 cm 2 40—60 cm 2R E RS, HEIL
BES500 g Ay, HREERKA G e 2 mm G, FELADY A3 BUE BERE S E A0S 0.2 mm 57 0.15 mm (5

- 7% AR AL R 5 SR BRI IR AR bR R IR TN RE , pH AR LA 2k (oK HE 1:2.5) , kR
FHHET¥E ] H,S04-K, Cr, O, 02 + 445 HLAR (SOC) , TIEA A (TN) H2E i UL ICE UL 5E , H 4w
(TP) #E$E HCIO,-H,SO, T it Ji T AR BT b ikl e, H3rp e S R0 RS A S L 38 R0l 75 o) H B il
SO AR A R S R R SR S R R IR ALY
2.4 HIEEERABEEITE

SRR RT3 Ly T AR R B i

fit i (to/hm?) T=3 0.1%xE xD xC(1-6,) (1)
Afi# it (te/hm?) T= 220.1 xE xD, xN(1-G,) (2)
Wit i (1e/hm?) ; T:ZZO.leixDixP(l—Gi) (3)

K EARESE (2R (em) s DARE | B HIERE (g/em’) s CAVEEE | )2 IR 2 (2C/ke) s N, AK
T 2 LIRS (gCr/kg) 5P, o B i J2 TIEBE S 1 (gC/kg) s GARESS § B HBEKRT 2 mm BAERT Y
EFE T (%) ;0.1 AT R AL,
2.5 Hieaba

i1 R Excel 2019 XA SCHHR A TR A0 H ] SPSS 25.0 ZRA XS EHE A TR 430, B R & 2%
AT B/ N 25 51 (1LSD) X [R) v ek - e X B M B R | 20 Bt S A2 b o b 7 i
K (P=0.05) , T3 Ak o S5 hm B i it A0 LU (L2 18] R AH A 2R FH Pearson 23T, SR FHAUA 28 22 40 iF 5T
T A R S R A B AR IR 2 SOC TN TP i FIRR A 1L (C/N) BB C(/P) FIE#E L (N/P)
MIFEI (P=0.05) , It CANOCO 5.0 #RAF#EATTUAR 70 (RDA) |, 70 30k R B Ak 2 B REIE 5 1% pH |
B KR BESA SR ESA SR SRR E Y Rk A IR I T A R
3 ZRE55H
3.1 R[RIE AR SRR T AR ) SR A o ) 22 57

SRR AR MBI BRICAR IR 25 8 &K & (pH (SOC TN F1 TP BJFF7E i % 2% 5+ (P<0.01) , T A
] R B 2 )k 2k F R AR C R E M 2R (£ 2) .

H T AN [l i AR 52 AT FL A T A R BRI AR 0—60 om -3 B AL 7 4 {E 19 22 57
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PG 1) - S B 5 TR AR A S v T A i AR, S KR AR T A A
A (P<0.05)

F2 ENREXMTERENTEBEAER BGEBEERUFTERILNVNERFESN

Table 2 Two-way ANOVA on the effects of afforestation patterns and soil depth on soil physicochemical properties, stocks and stoichiometry of

C, Nand P
[ E7a
HERE BB AR AR WER RE AR BE ‘ ‘
Wg THEE aip B REC R MR BAR R BB ey ey

Soil bulk . pH Organic Total Total Microbial ~ Carbon ~ Nitrogen  Phosphorus

Factors K Moisture X R C/N C/P N/P
density carbon nitrogen  phosphorus  biomass storage stock stock
carbon

A 14.45577F 47.0087F* 44.250 %% 6.2947**  6.33277% 83.533 %% 4.812°**  2.680  3.844* 57.803%** 5204**  17.014  18.264***
B 6.652 0.203 0.153 1.379 1.085 0.503  0.547 4122%  6.724%  18.686*** 2.839 1211 0.680
AXB  0.794 0.882 0353 0.187 0.229 0.095  0.268 0.089 0125  4.658*** 0.243 0299  0.291

A FTREMBE, B FR THERE . + TR P<0.05 I EVE; + + FR P<0.01 BBEKT; + = » FIR P<0.001 1Y /KT

£33 TREIEWEX BT T ZEBUME R P E bR ER)

Table. 3 Soil physicochemical properties of carbon forests under different afforestation patterns( Mean=SD)

. ' i%@i‘ oK A PR £ R
Afforestati " Soil bulk density/ pH Water content/ Organic carbon/ Total nitrogen/  Total phosphorus/
orestation patterns

: (¢/cm) (¢/ke) (¢/ke) (¢/kg) (¢/ke)
B . 1.248+0.14a 5.11+0.45a 117.16+11.59¢ 4.50+0.86b 0.331+0.03b 0.06+0.00b
New afforestation

2

%TIJ-I Ak . . 1.016£0.10bc 5.12+0.45a 156.79+26.40b 13.07+8.04a 0.89+0.53a 0.08+0.02b
Closed mountain afforestation
#MEEF Replanting 1.074+0.16b 4.43x0.11b 152.76+12.34b 5.82+1.63b 0.37+0.07b 0.07+0.00b
TH A Regeneration 0.896+0.12¢ 4.44£0.21b 210.58+7.28a 6.97+1.88b 0.56+0.35b 0.27+0.05a

ARG FRAC R AT B3 225 (P<0.05)

4 Fhys MBS 118 SOC Al TN SR BN B B M i i KRB/ IMR YO BB MRS T
SR > AME AP S HT ARG BB AR R E RS T 0—20 em HIERR A S, M 20—60 em ARl ARAE AR |
Ao BRI BEFEZ(E 2)  EHUGEREM 0—20 em T3 TP & & W% 5 T HAL =AM = (P<0.01) .
3.2 OR[RIE MR CRR IR 380 S B AL 2= TR E

SR AR Rl AR 2 S e R A B e R (R 4) o 0—20 em T4, £ SOC
fiti LR TN it 2507 38 1L AR T e, 3 3 oo T LAt MR =, R 5 e 1 1 e | 1 2 Fi ) ; 148 TP 4
SETE TR G N e, HOE B el A A B R AT B R, S OR T EILE M, Sl E M+
HE C/P N/P (HI 38 o T HAh = Rl MBS, 43301 145,14 F1 9.97; 5 3% 5 T 3% B ZR bk 1+ S 249{H (61,
9.3) % 1l C/N . C/P FI N/P AR A A T B o=, 43510 12.49 27.19 Fn2.21, BEAb, [Ml—EMagEton
F] IR Tk A B 2 R 0 (18 3) , T a kAL BRAA REAR L B A SRR A R A
3.3 R[RIE AR ECRR AR T e A A ) i 25 57

2R N R AR IO AR IO R 4 (0—20 em) UZEWE YRR SR B E LS (£S5, HILF A
FEC Y R E A Wy ik i 0 T M, O e MR e A = . UE AR b+
HE A HUBR Y 1.42%—3.08% (FXIME R 2.17%) , i35 T B FRARAY F 9 1E 1.929%

3.4 bR A B RS T O R AR DG

FHOC AT EE R K ,0—60 em Ir A7 )20 118 m A S| A NP EWM B EFIEMAXEKLR, LEASGES
(C/P) B IEFICCR , RIER A Y A= Wy i S0 A0 AR 0 38 IEAH DG OC R | R E ) A W it e AN
£ 0—20 em )25 N/P B EEHELR(FE6),
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Fig.2 Soil carbon, nitrogen and phosphorus contents of carbon forests under different afforestation patterns

AN IR /INE TR AR 1) TR BE A ) AR 2 TR] 19 22 5 5838, AR [ R 3 [l — B M 2O [ L SR BE ) (08 22 5 (P<0.05)

F4 FREEWNEXBCHRE LEF S EER AT ERE CPEIRER)

Table 4 Soil physicochemical properties and stoichiometry of C, N and P of carbon forests under different afforestation patterns ( Mean+SD)

St b e DGR
) X Ak WAk o
A LBt kTota? ;‘otai£ LS
1 RRAFE L Organic . Microbial AL /30354 AL
) nitrogen phosphorus . .
Afforestation patterns carbon stocks/ biomass C/N C/P N/P
(/hm?) stocks/ stocks/ carbon/
2 2
(t/hm*) (/hm*) (me/ke)
B & Ak New afforestation 65.45+9.58b 4.97+0.73b 0.84+0.12b  103.30£60.69b 13.50+1.58ab  80.77+16.53b 5.97+0.97b
HilFHk
. . 129.80+£32.54a  9.96+2.28a 1.00£0.16b  207.76+81.93a  14.45+1.11a  145.14£60.05a  9.97+3.83a
Closure mountain afforestation
*MHEZEFF Replanting 72.31+13.61b 4.94+0.86b 0.88+0.15b  151.35£29.80ab 15.22+2.12a  85.86+19.43b 5.60+0.72b
TH G Regneration 70.19+8.57b 5.79+0.81ab 2.88+0.46a  142.61+£17.31b  12.49+1.08b 27.19+9.08¢ 2.21+0.82¢

x5 AAEMRERBCHATEMEDEDER (mg/ke)

Table 5 Soil microbial biomass carbon of carbon forests under different afforestation patterns

YK E Soil depth/cm 0—20 cm 20—40 cm 40—60 cm
B Ak New afforestation 88.99+47.81Ab(1.73) 137.10£90.96Aa(3.01) 83.83+39.82Aa(2.20)
ifi*ﬁounmn Afforestation 231.21+93.27Aa( 1.42) 200.72+69.89Aa(1.58) 191.35+109.38Aa( 1.88)
#MEEFI Replanting 141.31+51.27Aab(2.10) 166.39+5.72Aa(3.08) 146.34+19.05Aa(2.77)
B M Regneration 146.63+15.95Aab( 1.68) 149.63+8.50Aa(2.22) 131.82+2.45Aa(2.41)

155 A S W R RO A LB 9 TR (% ) , R L SRR 2 W A MR s AN TR)/N'G 7 A 3R () — B TR B AS (R A x X Ia] iy 22 5, 1
[F) R R R — AR 2T AN TR 1 R BE 22 1 22 57 (P<0.05)
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Fig.3 Soil carbon, nitrogen and phosphorus stocks of carbon forests under different afforestation patterns

F6 ITEH A BEESESHUFITELZEMNEXY
Table 6 The correlation coefficients between C, N, P content and their stoichiometry
TR Bk A B WA el Lo AWELL
Soil depth/em C N P C/N C/P N/P
fiK C 0—20 1 0.987 ** 0.081 — — 0.795""
20—40 1 0.986 " 0.031 — — 0.806 ™"
40—60 1 0.985"* 0.057 — — 0.716™"
AN 0—20 1 0.174 — 0.658 —
20—40 1 0.103 — 0.772*" —
40—60 1 0.149 — 0.659 —
W P 0—20 1 -0.557 — —
20—40 1 -0.249 — —
40—60 1 -0.382 — —
A AR 0—20 0.780 ** 0.790 ** 0.062 0.595
20—40 0.601 " 0.602 " -0.067 0.566
40—60 0.885"" 0.870 " 0.584 " 0.539

# FeR P<0.05 Y PE ;IR P<0.01 AR E K5 * * * FIR P<0.001 1§ i 2 /K

R T AR s R SRS 2 SR R HTUAR 8T (RDA) X R [A) 582 BAL A 5
T 175255 R I8 56 ( Monte-Carlo ) , 733 0—20 ¢m ,20—40 cm ,40—60 cm 4% /2 T3 FAL H 740 56 6 R 1%
FERHEF (£ 7). S5REW,0—20 em L2 BRI R T A B EME th REBVNHEY by H3RSOK & R
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AR AR A, Hoh S KR R e W R AR R B AT R AR R R B (P<0.05)
20—40 cm +JZ L T EZE R BN - B0 K & U E Y Rk AR Horp
KRR 3R R B R AR AR S 3 (P<0.05) . 40—60 cm )2 AL T 09 B M th R BN
R | A K R P W A e N S K R AL B R
fIE5% 0 2 (P<0.05) ,

x7 ETRRSTHLIEENERNFELE

Table 7 The RDA results of environmental variables on soil physicochemical properties

FIEREE/ em EiEg 2 BT P p
Soil depth Factors Importance ranking

0—20 T AR 1 16.3 0.004
20—40 FHEE K E 10 0.014
40—60 TR W A Wy s ik 14.3 0.018
0—20 (D GRYEX {7 2 11.4 0.008
20—40 [CGR7 LR {7 3.4 0.082
40—60 T A KA 5.4 0.036
0—20 AR 3 4.8 0.052
20—40 AT 2.4 0.154
40—60 T 1.9 0.216

4 itig

4.1 AWK B0 2 At 14 22 5 B A 23 A

FELRRS S bR AT AR o 3835 43 e R de O e BRI RE 2 SR, AN T] 4 i MR 3R 4 A
AE A i ANIR] , 32 B 1 i A 35 R i AR 1 0P R 42 ) e | R A B BRI GER DT
B Rk U AR AR B MG AR B A AE T IRORRR B D AR AR AT, AT
AR5 3] A SRR R . S/ RS D FERFIT AL W A R Bl 2 5 rh 36 B s LD i AR D S i+
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