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Differences in organic carbon content and stability between the rhizosphere
and bulk soils of subalpine spruce plantations in western Sichuan, China

YU Jing, XIAO JuanM, LUO Shanghua, LIU Donghui & ZHOU Yu

College of Environmental Science and Engineering, China West Normal University, Nanchong 637002, China

Abstract We aim to study the differences in the stability of soil organic carbon (SOC) between rhizosphere
and bulk soils in high-altitude mountain forests in western Sichuan, which will help improve the prediction and
assessment of soil carbon sink potential in these forests. We conducted a multiple-site sampling campaign in
a typical high-altitude mountain forest in western Sichuan, including four spruce plantations, to measure the
contents of rhizosphere and bulk soil organic carbon (SOC) and simultaneously analyze the stability indicators
of SOC including particulate organic carbon (POC), mineral-associated organic carbon (MAOC), functional
group characteristics, and the concentrations of bound Fe and Al ions in soil metal-organic complexes. At the
four sampling sites, the SOC content in the rhizosphere was significantly higher than that in the bulk soil, with an
average increase of 37.3%. The proportion of MAOC in the rhizosphere was significantly higher than that in bulk
soil, while the proportion of POC showed the opposite trend. The composition of inert carbon functional groups
(alkyl-C and aromatic C=C) and stability indices (aliphatic, aromaticity, and combined index) in the rhizosphere
soil, as well as the concentrations of bound Fe and Al ions in metal-organic complexes, were significantly higher
than those in bulk soil and had a significant positive correlation with SOC content in rhizosphere soil. These
results indicate that the magnitude of the rhizosphere SOC content in subalpine spruce plantations in western
Sichuan is closely related to the physical and chemical protection mechanisms of SOC. This study revealed the
key role of root activity in regulating SOC accumulation and stability in subalpine forests, providing a scientific
basis for evaluating soil carbon sequestration potential in high-altitude forests in western Sichuan.
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Table 1 Location and soil characteristics at the four forest sites

ZH T B P2 FERi2 FER3 FExid
Parameter Soil compartment Site 1 Site 2 Site 3 Site 4
i Age of plantations (t/a) 30 45 55 75
& 31°35'22"N,  31°47'48"N, 31°47'5"N, 31°37'18"N,
Location 102°50'37"E ~ 102°41'53"E ~ 102°42'"14"E ~ 102°50'53"E
1k Elevation (h/m) 2947 3246 3190 3103
+3% % ¥ Bulk density (o/g cm™) 0.88(0.01) 0.90(0.01)° 0.83(0.01)° 1.03(0.02)°
I EKE RS 0.43(0.02) 0.39(0.02)° 0.44(0.04) 0.34(0.02)°
Soil moisture content BS 0.39(0.01)° 0.35(0.03)° 0.34(0.01)* 0.29(0.01)°
+#EpH RS 5.37(0.03)° 4.82(0.04)" 5.51(0.02)° 5.82(0.05)°
Soil pH BS 5.74(0.04)° 5.22(0.02)° 6.17(0.06)° 6.27(0.03)°
p5Yia RS 78.50(3.23)°  78.18(6.34)° 83.43(0.94)°  71.68(1.30)°
Total C (w/g kg™) BS 67.20(3.22)°  54.48(3.65)" 67.68(3.85)°  38.46(2.04)°
Jse RS 6.90(0.27)* 5.92(0.50)" 7.60(0.14)° 6.16(0.18)°
Total N (w/g kg™) BS 5.66(0.22)° 3.72(0.23)° 5.62(0.33)° 2.58(0.20)°
iR & RS 11.37(0.11)° 13.23(0.17)° 11.00(0.26)" 11.67(0.39)"
C:N ratio (r/%) BS 11.86(0.16)° 14.65(0.44)° 12.08(0.48)°  15.02(0.52)

RS: #RPrt4%; BS: -MREr L. RPBIERR-FEE GrER) . [F—A7 WA RN FREROR AN FM L 2 (i $E bR 22 7 B2 (P <

0.05).

RS: Rhizosphere soil; BS: Bulk soil. The data in the table represent average value (standard error). Different lowercase
letters in the same row indicate significant differences among four forest sites (P < 0.05).
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Fig. 1 Changes in organic carbon content in
rhizosphere and bulk soils at the four sites. SOC: Soil
organic carbon. RS: Rhizosphere soil; BS: Bulk soil. The
symbols *, ** and *** indicate significant differences in
organic carbon content between rhizosphere and bulk soils
at the 0.05, 0.01, and 0.001 levels, respectively. The asterisk
in the upper right corner of the figure represents the effect
of soil position (rhizosphere and bulk soils) in a linear mixed
effects model with forest land and repetition as random
factors (*** P < 0.001).

2 RIRMIERPRLIEPFR BN (POC) MFPLHEES
Bk (MAOC) HIE S EE

Table 2 Percentage of particulate ogranic carbon (POC)
and mineral-associated organic carbon (MAOC) in the
rhizosphere and bulk soil

PR TIEALE MAOC POC
Site  Soil compartment (P/%) (P/%)
1 RS 67.00(1.75)a  33.00(1.75)b
BS 43.74(0.38)b  56.26(0.38)a
9 RS 57.54(0.68)a 42.46(0.68)b
BS 48.14(117)b 51.86(1.17)a
3 RS 56.60(0.78)a  43.40(0.78)b
BS 49.84(0.99)b  50.16(0.99)a
4 RS 57.37(2.03)a  42.63(2.03)b
BS 42.51(0.79)b  57.48(0.79)a

RS: filbr 1:38; BS: JEMRbr LHE. il 2 om P IME (br
#HERD . A AR NG TR LR AR R AR B LR AEP <
0.057KF 1 2 7 i 3.

RS: Rhizosphere soil; BS: Bulk soil. Values are means
with SE. Different lowercase letters within a column denote
significant differences between rhizosphere and bulk soils
(P <0.05).
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EAREAEARBR 3R 43 7 °80.10. 0.13F10.23, 7E3EAR
b 4% 43 5125 0.06. 0.09410.15, Hibr 11y 0%
mETAEAR bR 18 (E2) . AHflH, R ISR AL
BHERP S G EAE E T B2 58 3.42F11.84
ma/g, ~FH5153 HILLAERR bR -3 5 51.15%134.27%,

=3 RPRAIERPR IR AL E e FHHE

HIE R EEKT (B3
2.3 HIESOCTESREMMXAR

FHRPEHT R, SOCHIfbL PR 9 2R TR
brSOCH . RFrSOCH &l -1ESOCI kI 2
FERIHG SR IE In (4D . BRI, RFrSOCH &Y

Table 3 Functional group characteristics of soil organic carbon in the rhizosphere and bulk soil

Ly A
# . LAk E Alkyl-C Aromatic C=C O-Alkyl-C Aromatic CH
Site Soil compartment
1 RS 7.43(0.29)° 10.45(0.34)° 77.65(0.34)° 4.46(0.18)°
BS 5.23(0.37)° 7.40(1.08)° 82.19(0.91)° 5.18(0.18)°
2 RS 7.28(0.86)" 9.82(0.59)° 76.83(1.21)° 6.07(0.36)°
BS 4.59(0.28)° 7.95(0.46)° 81.67(0.47)° 5.79(0.20)*
3 RS 8.50(0.26)* 11.85(0.33)° 74.64(0.29)° 5.01(0.36)*
BS 5.64(0.68)" 7.29(0.66)° 81.33(1.12)° 5.74(0.36)°
4 RS 7.43(0.24) 9.08(0.23)° 78.05(0.40)° 5.45(0.21)°
BS 5.60(0.50)° 6.48(0.92)° 82.11(1.59)° 5.36(0.30)°

RS: RFr43E; BS: A-MRFr13E. R Rom- T E GriEiR) . F— AR FE/NG FRER IR IRFR SRR PR Z [0 B4R IR EP <

0.05/KF L= E#.

RS: Rhizosphere soil; BS: Bulk soil. Values are means with SE. Different lowercase letters within a column denote
significant differences between rhizosphere and bulk soils (P < 0.05).
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Fig. 2 Functional group index changes in rhizosphere and bulk soils at the four sites. RS: Rhizosphere soil; BS:
Bulk soil. * and ** indicate significant differences in functional group indices between rhizosphere and bulk soils at the
0.05 and 0.01 levels, respectively. The asterisk in the upper right corner of the figure represents the effect of soil position
(rhizosphere and bulk soils) in a linear mixed effects model with forest land and repetition as random factors (*** P < 0.001).
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and bulk soils at the four sites. RS: Rhizosphere soil; BS: Bulk soil. The symbols of *, **, and *** indicate significant
differences in the concentration of bound Fe and Al ions in MOC between rhizosphere and bulk soils at the 0.05, 0.01, and
0.001 levels, respectively. The asterisk in the upper right corner of the figure represents the effect of soil position (rhizosphere
and bulk soils) in a linear mixed effects model with forest land and repetition as random factors (*** P < 0.001).

Vol. 31 No.3 Mar 2025 399,

~ 100+ o RS P =0.006, - o RS - RS P =0.000
o 90l * BS °R2°= 0.32 | *BS P =0.000, oo | *BS R2=(-).63,°. o
]]JIEH g ° 3 R2=0.70 o ° ° °
ws 8O e L y
% z 70 i ’ L] ° $°0 ° ' ' °
8 60p e ef - et e e 00se
e 4 e T = =0.
ﬁ% S0, P=0.793 « , P=0.103, T . R = 0.02
. 2 = ° .
S a0l . R*=-0.05 « R2=0.09 I .
N 0 o : . ° ¢ o* ¢
0.04 0.06 0.08 0.10 0.12 0.14 0.04 0.08 0.12 0.16 010 015 020 025 0.30
Jig 17 1 TiE HAETRH
Aliphatic Aromaticity Combination index

El4 AN SRBRAAERPR LRV AE AT IR M, FE MUK BESERSTIRAINES SR LML EVAD.
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with soil organic carbon (SOC) content at the four sites.
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soil organic carbon (SOC) content in rhizosphere and bulk soils at the four sites.
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