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Effect of Coniferous and Broadleaf Mixture Measures on Soil Organic Carbon
Stability of Pinus massoniana Plantation in Red Soil Erosion Area

JIANG Yongmeng, SU Haohao, LU Yuming, DENG Wei, LIU Jueling, LU Maokui, XIE Jinsheng
(College of Geographical Science» Key Laboratory of Humid Subtopical Ec-Geographical Processes of
the Mimistry of Education s Fujian Normal University» Fuzhou 350007)
Abstract; [ Objective ] To investigate the effects of coniferous and broadleaf mixture measures on the stability
of soil carbond7 pools in Pinus Massoniana Plantation in red soil erosion arcas.[ Methods] In this study, we
examined the impact of forest restoration on soil organic carbon fractions in the Pinus massoniana pure forest
(CF) and Pinus massoniana and Schima superba mixed forest (MF) in Changting, Fujian Province. We
analyzed soil profiles from different years (Y10, Y20, and Y41) by categorizing soil organic carbon into
particulate organic carbon (POC) and mineral-associated organic carbon (MAQOC). [Results] (1) Compared
with CF, the contents of MAOC, SOC, and POC in the 0—10 cm soil layer in mixed forest significantly
increased. The long-term stand mixing effectively avoided the depletion of MAOC in long-term restoration of
pine forest. (2) POC/SOC in the 1020 cm and 40—60 cm and 0—20 c¢m soil layers in Y20-MF and Y41-MF
decreased significantly after coniferous and broadleaf mixture, but MAOC/SOC in the 2060 cm and 0—10
cm soil layers in Y10-MF and Y41-MF increased significantly; (3) MAOC/SOC was observed in the 20—60

cm soil layer, while in Y41-MF, it was found in the 0—10 cm soil layer. Additionally, in mixed forests,
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MAOC/SOC in the 0

significantly. The opposite trend was observed in the masson pine forests. (4) Linear fitting revealed that

10 cm soil layer continued to increase with age, whereas POC/SOC decreased

POC and MAOC were both significantly and positively correlated with SOC, but the increase in SOC in
mixed forest soils were more dependent on the increase in MAOC, whereas the masson pine forests soil was
more dominated by the non-stable carbon component (POC); (5) Redundancy analysis indicated that DOC,
TN, TP, and NH{ collectively explained 66.2% of the variation in carbon fractions. This suggests that the
enhancement of soil nutrient effectiveness following the forest conversion is crucial for MAOC accumulation
in mixed forests.[ Conclusion | This study demonstrates that forest conversion in subtropical red soil erosion
areas could increase the accumulation of stabilized carbon pools by enhancing soil nutrient effectiveness. This
process helps avoid the loss of soil carbon pools during long-term restoration efforts,

Keywords: carbon stability; particulate organic carbon; mineral-associated organic carbon; coniferous and

broadleaf tree mixture
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o A A [ RS E 1 A LA 2H o3 19 A2 AL R AR )
SR X 2 ok T 3 DXk o] 7 1) TS R B ) 0 A 24 1 R
PAR 4 E A e PE B AR 3R 04 SC B3R Y L LU N B 22 4R T
IR AL 21 5 X R AR Bk [ A B R S
1 MBERZE
1.1 ARRHER

BIF 5 X b Ak A A K TT B (25°33"—25748 N,
116°18"— 116°31"E) o T 3 ety 2 XU X 45 13
it 17.0 ~19.5 °C, 4 Jo 75 #] 265 K, 4F B K i 4
1 700 mm, Hrp 3 5008 T 4—6 AR LY
1 400 mm, -IERAL R PoHURAL 55 K B IR IR 2L
U e 22 e PS8 . 0 B & AR ARl 2 oAl F 4R
R ENNHERGEER BN LA H K L
TR . DI A B T 5 2 B (Fagaceae) EFL
(Lauraceae) M55 B (Theaceae) T3 7% B (Rosaceae ) %5
2 PRI RA AR Bl S 2 B b, Ly T N 360 B
RACHIK iR T A 4B R A T FE 56 S, A HE B
KA EFE DL DB (Pinus massoniana ) A faf (Schi-
ma superba Gardner) N T M I M2 bR 32 .
1.2 HRAE
1.2.1 #A&  F 2022 43 AERKIT B HE %
YOARARLA 3 A AN [] 40 52 4 BIR D J2 A AR RS 7 1) TR 22
ARAE S 350 B AR FEFE ML, 43 5 RS 10 481 2 AL 4
ARSI CY10-CF/ME) WK & 20 4F- 5 AR AEAK/ 1R
BER (Y20-CF/MF) MR 5 41 45~ 2 # 40 Ak/ 1R 38 Ak
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WERE DT 36 24 A, BT REHL 32X R 2038, iy ok kL
FE R a & B IE M By 8°~15°, i 5 JF 4 Hir XF
A5 FE M FEAKE L IE A7 P8 A L 38 35 Rl R AR 56 9 R 3k B
25 FE b IR BB AR A KR L L BLAR

Y10 v FoR Mt X, Y10-CF S A R4 KRS
TR A, RN 1 741 #k/hm® , F 3
B 2.00 m, FHHIFE 3.10 em; Y10-MF 4 2012 4E
FEIR AL T R A AR EE By b, b A A AR A A5 i) i AR o O
BCATR AR BB B B R AA %6 BE 1 982 #K/hm”, ~F- 1%
Jy4% 10.91 em, SB35 9.80 m A faf %5 8 N 731 #k/
hm? , P 6.16 m, PR 6.70 cm; &% JE N
524 #k/hm® M 5.39 m, AL 6.19 cm,

Y20 3 T A7 BE T X3, Y20-CF iy 2002 4F 38 i3 7%
SR b, R b R AR AR 5 B4 i v FRE L H AR K,
BB B AR B 3 341 #k/hm” IR 7.00 m, F
Y42 7.40 cm; Y20-MF 2 2002 4E7E D B AA SR Fak Ah
PTG e N S S N R N S B vl N
PR B AR B 1 966 #k/hm” , IR 9.32 m, F
BiMgA2 A 11.43 cm; BUF % 672 Bk /hm” , F- BB &
7.53 m, AR 7.31 cms A ff % 406 £k /hm? ,F
IR e 6.49 m, 4R 5.24 cm.,

Y41 i F /A B X, Y41-CF 5 3 T 1981
A R PR AT B, T R AR Ak ™ E A A
RN 910 Bk /hm” P ¥ & 6.63 m, P-4 42
10.84 cm; Y41-MF Sy 1981 4F gk 47 bk Hb A 4% 0K &2 %
it , SEHTTE R A RS I B R O H e
FAFIAST , T AN 1105 #k/hm® SEXIR 14,60 m,
YIRS 13.74 cm s R A% B2 439 Bk /hm® , YR
1 12.70 m, P4 14.10 cm.,
1.2.2 #&RKEL5RB>H T 202243 H Faj
T HIERERCRE RN 5 em REVHEBCS"E L
S BORE JE ), % 0—10,10-—20,20—40,40—60 cm +
2R AT 0 R R AR B — AR ERE DT N R — T2
BES SR E TS FEMRA N 1 AN EARE N FRiC T3 AL
WA G ISR 2, ARG SBRR A AR B kA 75 i
S5 P AR 4 B A AT 1 0 LT RS A B, TR
B, WSO b 3R U Vi ) [ S L 3 2T D E O
IR E N AC DN

* H i & oc Z /3 #1{Y (Elementar Vario MAX,
7 ) I = HEA HLAR (SOC) AT A (TN ; + 3 n] %
A HLEK /A (DOC/DON) | H 25 8 F K = 2 )5 . 43
S FH A A BB 4> #r A (TOC-VCPH, Shimadzu,
Kyoto, Japan) Fli#% £E ¥ 251 73 #r4% (Skalar San+ —+,
Holland) 5% ; 35" B & (NH, \NO; )l + 5 4 %
(TP, 43 51> H] KCI % W $2 LR HCLO, — H, SO,

TH AR PR WUS » 3% 22 3 8h 43 74X (Skala San+ +,
Holland) il & ,
F1 HWEHAEYVHRERESH

Table 1 Carbon and nitrogen content of ground litter

i FAEY /(g kg™ A/(ge kg™ AL
DEM 492.831+0.77a  5.58+1.16a  91.08+20.52b
Y10-CF
I 3413242416 4.1240.41a  82.8040.63a
MW 502.21+5.61a  5.7740.23a  87.00%3.63b
Y10-MF  Aff  460.3940.79a  9.12+£1.36b  51.27+8.05a
3 357.1244.12b  5.2440.76a  68.15+-1.52b
Y 415.27433.68b 2.61+0.42b 161.21417.95a
Y20-CF

T3 349.36+£3.31b  4.20+0.76a
DR 458.79422.90b  3.342£0.08b
Y20-MF  AKfi  436.84+16.41a 8.54%1.12b
TEH 376.62+11.01b  5.95+1.14a
R 521.13+33.65a  3.3441.04b

85.21+15.23a
137.3810.24a
51.92+7.79a
64.98+12.23b
164.32+37.44a

Y41-CF
THE 441.62£15.99a  5.87+1.46a  75.23+56.22a
LR 485.37+23.21a  5.30+1.68a  96.5420.82b
Y41-MF ~ Afif  478.00£7.08a 12.19+1.35a  39.80+5.25a

TH  428.68+11.55a 6.97+1.38a
V4 TP SR P B B8 B 2% R R N 70 2
Tl A [ Ao b =2 [ A7 78 W 35 22 53 (p<<0.05)
T HEH VLK o 4L T Y B o Al oy kY Rk
2 mmfii W+ 14 30.0 g BT 250 mL PR A
150 mL FrEEFCHIAY 0.5 %0 B 7S BERR S W, & TR
HLAESER G 18 h. Ik 7€ MR K Bk il i 53 pm
1) SR HEA T - S 0 43, e BB AE 53 pem G 1S 0
Wiki B ML (particulate organic matter, POM) , 1 i 13
53 pm G A &R 53 &8 T - W W) 45 & A1 HL T (mineral-as-
sociated organic matter, MAOM) , ¥ 2 I~ 7E 40 C
PERG LT A A AR E L TS 2 AN R L,
LT A ST B i 100 B TIE 2 AN SR
1B HLEK (SOO) FLEA (TN, 43 35 00k 25 A AL
W (POC) FI4™ Jit 45 5 A Hlik (MAOC) .
1.3 BESH
ABEFE Th T A W46 EE Y7 Excel 2020 844 i
R0 Ab B R SPSS 22.0 #¢E X 84 ot 17 48 1143
Bro R HECXFEAR T K50 M 2 R J7 200 #0712, o3
B AN ] b 2 1] - 38 24 55 PR 5 AN 6] i 2H 4 19 22 5L OF:
PR /N 25 22 53 1 (LSD) 4T 1 35 P LE 455 ] Pear-
son AHIEHE > M B 58 X 7 5 A [ i 41 73 22 [) B A O
PE 5 TUA 23 B 2R 20 5 TR X6 - S e P At 1) 5%
Wi o FFAT BT B 22 ) 2458 i Origin 2021 F1 Canoco
5.0 BEsi .
2 H#RE5SH
2.1 SR HIEBE U ERIZE N
MR 2 W] DL L R TR A0k 3 R AR B 2 AT

63.024+10.60b
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WERW, 5 DR MA L, £ RS S Y10-MF Ff
i 0—40 cm )2 Y41-MF #£4 0—10 em 12 pH
AR (p<<0.05), Y10-CF 1 Y41-CF ¥ # SOC 7E
TRAS O 5 W E A 0.15~11.13 g/kg(p<C0.05), 1fij
Y20-CF 5 Y20-MF £ # pH,SOC T i # 22 F (p >

0.05), [A]m}, B RETRAC B 2 H M Y10-MF 1 Y41-MF #
M1 0—40 em +)2 TN F1 Y10-MF k3t TP(p<<0.05) .fH
X4 4 )2 DON.NH, \NO3 %A W3 5 (p =>0.05),
FFRTR A B Je Y41-MF 0—10,20—40 em +JZ DOC
% Y41-CF B ZEH(p<<0.05),

F2 rTEEAER

Table 2 Soil physical and chemical properties

\ B S0/ TN/ TP/ DOC/ DON/ NH{ / NO; /
e R/ em i (g kg (g+ kgD (g+kg")  (mgekg ') (mgekg ')  (mgekg™)  (mgekg D)
0—10 4.52£0.03Ac  9.77£0.83Ba  0.60£0.04Ba  0.04+0.01Ba  11.86+£1.30Aa 1.61+0.17Aa  7.3842.02Aa  0.05£0.02Aa
. 10—20 4,60£0.04Ac  4.87£0.75Ab  0.41£0.06Ab  0.04£0.01Aa  6.34£0.70Ab 1.41+£0.19Aa 4.45+1.87Aa  0.05%0.03Ba
ioCE 20—40 4.79£0.02Ab  2.38%0.28Ac  0.24£0.05Bb  0.03+0.01Ba  6.07£0.73Ab 1.24+0.05Aa  4.96F2.41Aa  0.05£0.03Aa
40—60 493+0.17Aa  1.80£0.23Ac  0.23+0.06Ab 0.024+0.01Ba  6.24£0.79Ab 1.444+0.12Aa  3.90+1.88Aa  0.06+0.04Aa
0—10 4.2440,03Bc  19.134+2,12Aa  1.11+0.10Aa  0.11£0.01Aa 21.60+4,78Aa 1.17+0.24Aa 13.35+2.05Aa  0.0640.02Aa
10—20 4,37£0.05Bc  7.864+1.13Ab  0.58+£0.07Ab  0.08£0.01Ab  6.99£2.632Ab 0.79£0.31Ba  8.52+0.81Ab  0.0940.02Aa
VIOME 20—40 4.5940,05Bb  3.7840.29Ac  0.38+0.04Ab  0.06+£0.01Ab  8.38+0.90Ab 1.34£0.28Aa 7.95£0.97Ab  0.2140.08Aa
40—60 4,75£0.07Aa  2.77£0.34Ac  0.35£0.02Ab  0.05£0.01Ab  6.12£1.52Ab 0.89£0.11Aa  7.10+0.72Ab  0.3640.18Aa
0—10 4,14£0.01Ad  20.49%2.09Aa  0.83£0.07Aa  0.06+0.01Aa 44.05£3.96Aa 2.00+0.22Aa  6.50=1.19Ba  0.11£0.01Aa
- 10—20 4.35+0.04Ac  7.33E£1.12Ab  0.47£0.06Ab  0.04+0.02Ab 13.96+£0.92Ab 1.564+0.28Aa  6.2640.93Aa  0.11£0.03Aa
R 20—40 4,66£0.05Ab  3.13£0.25Abc  0.27£0.04Abe 0.03+£0.01Ab  9.87£1.58Ab 1.51+0.25Aa  1.2430.04Ab  0.24£0.07Aa
40—60 4,87£0.05Aa  2.04£0.11Bc  0.18£0Bc 0.03£0.01Ab  7.44£1.96Ab 1.27£0.11Aa  1.60+0.40Ab  0.1640.06Aa
0—10 4.1440.,01Ac  23.7642,09Aa  1.26+0.14Aa  0.11£0.02Aa 36.80+4.05Aa 1.94£0.30Aa 18.55F1.32Aa  0.1140.02Aa
10—20 4,47£0.09Ab  8.134£0.77Ab  0.55£0,06Ab  0.07£0.01Ab 14.00£1.14Ab 1.33£0.13Aa  6.42+1.00Ab  0.2640.12Aa
Y2OME 20—40 4.86£0.10Aa  4.00£0.44Ac  0.36£0.03Ac  0.06+£0.01Ab  7.47£1.64Ab 1.24+0.06Aa  3.8940.98Ab  0.20£0.08Aa
40—60 5.01£0.08Aa  3.03£0.19Ac  0.38+0.02Ac  0.06+0.01Ab  6.64£1.17Ab 1.234+0.21Aa  4.21£0.12Ab  0.25£0.05Aa

0—10 4,31£0.02Ac 11.36+1.67Ba  0.54£0.10Ba  0.07£0.02Aa 30.27£3.15Ba  1.71+0.33Aa  6.9040.65Ba  0.02+0Aa
10—20 4,52£0.08Ab  5.0940.47Bb  0.31£0.,03Bb  0.04£0.01Aa 13.284£2.01Ab 1.23+£0.27Aa  7.08+0.40Aa  0.0540.01Aa

VILCE 20—40 4,6440,10Ab  2.1640.22Bb  0.1740.01Bb  0.04£0.02Aa  5.61+0.94Bb  1.23+0.17Aa  6.59F0.58Aa  0.024+0Aa
40—60 4,84%0.11Aa  2.5040.65Ab  0.21£0,03Ab  0.04£0.01Aa  5.42£1.59Ab 0.99+0.11Aa  6.85+0.18Aa  0.0740.02Aa
0—10 4,0940,04Bb  22.4942.,65Aa  1.16+0.11Aa  0.11£0.01Aa 64.82+6.24Aa  2.63+0.23Aa 11.25+1.17Aa  0.274+0.11Aa
10—20 4,26£0.05Aab  8.2940.83Ab  0.49£0.02Ab  0.04£0.01Ac 14.42£0.68Ab 1.31£0.15Ab  6.30+0.54Ab  0.2440.13Aa
VIAME 20—40 4.38+0.05Aa  4.60£0.44Abc 0.30£0.04Abe 0.084+0.01Ab  9.31£0.3 9Ab 1.05+0.19Ab  4.314+1.38Ab  0.11£0.04Aa
40—60 4.53£0.04Aa  2.6520.31Ac  0.21£0.,04Ab  0.06£0.01Ab  7.61£1.40Ab 1.02£0.01Ab  3.02+0.69Ab  0.0440.02Aa

T AP P S {E AR E2E 5 RIS R R B B 375 AN TR Ak B i) 22 53 2. 25 (p<<0.05) o R R)/ING P BERIRANIR] 2 J2 (1] 28 57 . 35 (p<<0.05) . Tl

22 STRARTMARLIERASRESEHNF NI
LT AT LAE AN RIS - e 20 5374 B AR
Z5, Y10 FEH MAOM i 4 b (55.50 %6 ~65.47%0) 1
T POM(31.32%~40.18%0) » 11 Y20, Y41 FEHIAS [F] 41
Sy A7 AR . SRR ZE IS Y20 FEHBFD Y41 iy
POM Ji &/ kb 5 3 F MK 2.79 % ~18.45 % . MAOM
2H 53 T H B R E RN 7,34 %0 ~17.62 % . 1 £ R TR
X Y10 415 s & LG B E R, bR Y20-MF
FEH POM 4143, Ho Al 45 B b sk 41 53 50 4t # B G Bk 5
+E2F(p=>0.05), H POM Jfi & &7 L 7E 5 B AS Hk
FRIVTER 52 PR v 57 bR 0% %) 348 it 4 o
2.3 AR ARAS EF VLRSS E 6K
=AU

A 2 ml 0, 4R 32 5 0—10 em + )2 POC &

RN 12.26 % ~90.16 % . A LT POC, MAOC XJ #k
A3 PHLRS i 1% e 7 BEORR A R R 22 J5 Y10-MF B
H1 020 em+ )2 MAOC 3 3 /i 62.28% ~79.36 %
(p<<0.05), 1M Y20-MF #1 Y41-MF ¥t #i 4 MAOC 4y
JHE N 20.14 % ~65.65% A1 50.34 % ~103.10% (p <<
0.05), £HEHL POC.MAOC Y4Bt -+ 2 % B i 38 hn i
F BRAG i 2 AR R 5 v XF POC Al MAOC 6
ZHAER.

it — 25 73 B AS [\ e 21 53 FH X 5Tk (& 3) &R
MAOC % SOC #xf srkis 5] 39.51% ~74.82% ,POC X
SOC By BTk A 24.57 % ~65.11%, 4FRIEAS)S Y20-MF
FEHL 10—20,40—60 cm )21 Y41-MF #£H1 0—20 cm
+J2 POC/SOC BERAK 2.22% ~24.63% (p<<0.05) , T
Y10 £ 2060 em + 21 Y41-MF #£H#8 0—10 em +
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2 MAOC/SOC B3EHEN 7.47%~9.70% (p<<0.05) ,

Y10-CF A1t , Y41-CF #£#1 0—20 em 1 )2 POC/SOC
100

100
t&E:ns (a) Y10
A H: ns
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