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Abstract: [Objective] The relationship between soil organic carbon and iron oxides is crucial to the regulation of
soil carbon stability. In terrestrial ecosystems, subsoil is an important organic carbon reservoir, which has been paid

increasing attention due to its dynamic processes. However, little is known about how carbon inputs affect the
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interactions between soil minerals and organic carbon, especially in the subsoil. [ Method ] To address the knowledge
gap, this study investigated the effects of two different crystalline forms of iron oxides, goethite and ferrihydrite, on
the priming effect of topsoil (0~10 cm) and subsoil (20~40 cm) in subtropical forests. We incubated the soils by
adding '*C-labeled glucose to quantify the intensity of the priming effects in a laboratory experiment. [Result] The
results show that the priming effects of topsoil and subsoil were 1.63 mg-g 'and 0.61 mg-g~!, respectively, indicating
that the priming effects decreased with soil depth. An interactive effect was observed between the type of iron oxides
and soil depth on the priming effect of SOC. In topsoil, the addition of goethite significantly decreased the intensity
of the priming effect (P < 0.05), while ferrihydrite showed no significant influence on it. In the subsoil, the addition
of ferrihydrite significantly increased the intensity of the priming effect (P < 0.05), but the addition of goethite had
no significant effect on the priming. In topsoil, after goethite was added, the co-precipitation produced iron-bound
organic carbon, which inhibited the mineralization of organic carbon, influenced microbial carbon limitation, and
further decreased the intensity of the priming effect. In the subsoil, the intensity of the priming effect was influenced
by the limitation of microbial carbon and phosphorus. Glucose acted as an electron shuttle, increasing iron reduction
and COz production. The reduction and dissolution of ferrihydrite reduced the protective effect of iron oxide on SOC,
which in turn enhanced the mineralization of SOC. Iron oxides can increase SOC accumulation and stability through
mineral protection and lead to SOC mineralization through redox reaction. [ Conclusion ] Overall, the priming effects
of topsoil and subsoil have different responses to iron oxides, and the influence of iron oxides on organic carbon
accumulation is affected by their properties and soil conditions.

Key words: Priming effect; Soil depths; Iron oxides; Mineral protection; Soil carbon limitation
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Table 1 Properties of soils at different soil depths

£t 7S T K&

TR LA LK AL . ) BRI
Total Total Available Mineral
Soil depth SOC/(g'kg™) C/N ratio
N/(g'kg™) Fe/(g'kg™) PAmgkg") N/(mgkg™)
E et
Topsoil 58.57+0.15a  5.41+£0.15a 10.84+0.30a 17.45+£0.66a 1.69+£0.19a  5.03+0.18a  5.29+0.02a
(0~10 cm)
WK 115
Subsoil 36.00+£0.33b  3.47+0.02b 10.37+0.06b 23.95+0.45b  1.82+0.03a  2.70+0.05b  5.52+0.08a
(20~40 cm)

7 AFRVNG F BRI RAN A 358 R JE 7] 22 573 2 3% (P<0.05) . Note: Lowercase letters represent significant
differences between different soil depths at the 0.05 level.
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ool ¢ 0o0f ©
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$37 1 7] Incubation time /d $# 3R i Incubation time /d

TE: CK, FE#¥IN; Fh, KEKD™s Goe, FHEKN™: Glu, Hi%&HE: Fh-glu, KEKI+HI4EHE: Goe-glu, FHEI™+H%HE. Note:
CK, no addition: ~ Fh, ferrihydrite; Goe, goethite; Glu, glucose:  Fh-glu, ferrihydrite + glucose:  Goe-glu, goethite + glucose.
10~10cm (a) F120~40 cm (b) -3k SBUY L3I CO2 LAKAE 101 K 85 F% 1L B2 b s I 25 bl

(Glw. KEEF F# & WE (Fh-glu) BLAEHERT FIE & (Goe-glu) £ 0~10 cm (¢) #120~40 cm (d) *
Herb i BB
Fig. 1 Cumulative soil-derived COz in 0~10 cm (a) and 20~40 cm (b) soils and cumulative priming effect for CO2
in 0~10 cm (c) and 20~40 cm(d) of soils over the 101-day incubation under the treatments of Glu, Fh-glu, and
Goe-glu
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®2 ARALE LRSS ER RRERE
Table 2 Cumulative priming effect values of different soil depth after incubation under the same

treatment/(mg-g™")

SO KE 1% TR JE EN
Treatment Topsoil (0~10 cm) Subsoil (20~40 cm) Significance
Glu 1.62+0.09 0.61+0.05 P<0.01
Fh-glu 1.63+0.16 1.08+0.04 P<0.01

Goe-glu 0.87+0.05 0.60+0.05 P<0.05

2.2 AR BRI R H)

MBC 1 DOC ¢ &g TR BE A3 b PR (& 2a RIS 20D 4 &5 0 (18 2%
BT 2R )2+ CK Al Fh 4bFEf) MBC & DOC & &. )2 H3EH ) Fh-glu ZLFE ) DOC &
HEREFEKT Glu ¥ (P<0.05), X TWRZELEEM S, 7E# &R INE UL Fh 221
MBC &8 REFEWEM T 20.3% (P<0.05, Kl 2a & 2b). WKZE T3+ Fh-glu 42 1) MBC
R Glu A 11.2% (P<0.05).

FELHErh, 8RS 3 RAEE 15 R RGAEYIORIR ) 535 & T8 9858 73 R G 7%
GG, 5 Glu SFEAALL, Goe-glu ZFREE MK T K2 HIRIOTUEMIBRIR 8], 320 1 sk
VIt BR ] (P<0.05, & 3a Al 3¢). fENVR)ZE -4, Fh-glu AbEE ) 3950 M bR ) & 2
=T Fh 4b3 (P<0.05). Goe-glu AFE T IBRAE P R 1) 52 = T Glu 462 (B 3d).

[ JckEFrh [ Goe (@ (b)
800 7] Glu P Fh-glu B Goe-glu 300 |
A A
< 600 2 aped =
;ﬁ E’ be ¢ B = _54” b
] o = a = Z200F b,
H \E/ b p 2 ? b Jﬁ é
8 S4o0f = =
H @ = 8
g > = a
100 |
200 -
0 0
0~10 20~40 0~10 20~40
~+ 395 ¥ Soil depth/cm ~+ 395 ¥ Soil depth/cm

T ARKREGFREA R LR EEREE, ARG FRRORER — LR L AR AR 25 8% . BEKF
A P<0.05. Note: Different capital letters represent significant differences between soil depths. Different lowercase letters represent
significant differences among treatments within the same soil depths at P < 0.05.
B 2 BEFRAEAE AN R B IR AR R R (MBC) (a) FIRIVATEA FLER(DOC) (b) & &
Fig. 2 The content of microbial biomass C (MBC) (a) and dissolved organic C (DOC) (b) of soils within different
depths at the end of incubation
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0.8
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Microbial C limitation

}% % 1| Incubation time/d

153 [ Incubation time/d
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120 120
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=
s E10) A 100 A
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= n__ [ a a abd a 2 1o 1)
T8 cc Il }
: e
60 | 60 ’ BN ’ ’g
Kl D
Ol
40 40 ‘ = h ‘ b !g
3 15 73 101 3 15 73 101

1% 9705 18] Incubation time/d 1% 77 1] Incubation time/d

T ANFERE FRHRE AR W (1) 2257 53 . A F/NS TR R [ — I (RIS R A B ) 22 5 2 o S35 ME7K-FBR P<0.05. Note:
Different capital letters represent significant differences between periods. Different lowercase letters represent significant differences among
treatments within the same period. Significance levels are set at P < 0.05.

B 3 ANFEAFET 4 AN S 13 0~10 cm (a, ¢) A1 20~40 cm (b, d) FAEMIBRAITES> PR $ . 3
AR BR A AT B R, IR IR IR DL B A RN (R FE>45 FORBEIR ], Ay <45 F0R
ZUPR D
Fig. 3 Soil microbial carbon and nutrient limitations in 0~10 cm(a. ¢) and 20~40 cm (b. d) of soils under each
treatment at four sampling time points. Soil microbial carbon limitation is represented by the vector length, and
soil microbial nutrient limitation is represented by the vector degrees (degrees >45 denote P limitation and <45
denote N limitation)

2.3 TR IR IR BRI R AR

TWRZERETNRE, Fed SRR RN IR (& 4a FE 4b). fER)Z L5
5 R IN AT ETRE ) 3R AHEL, Goe-glu AT Fh-glu A3 73 73 22 §2 % 1 Fed 1 Feo 5
B (P<0.05, K 4a 1 4c). #Lok, 5 Glu AeFEAHLL, BRGNS 3% E KL R InfE 35 77
53 RINHEE T Fep & & (B 4e). EIRZLIES, Fh-glu &P Feo & & T L4l
I EREIALE (P<0.05, ] 4d).

BIREE R, FTA A R )Z LB Fe-OC & &A1 C: Fe IR T WER/ZLIE. 5 Glu &b
B, BREACYIRIT NS 1 R EAER E LI ) Fe-OC &8 (& 5a), RELHD,
Fh-glu Al Goe-glu #LFE ) C: Fe N 1.76~3.2, TELT Glu 4bF (P<0.05, & 5b). #2015
T BE R LRI I B PR T 3% pH (R 3).
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Different capital letters represent significant differences between periods. Different lowercase letters represent significant differences among
treatments within the same period. Significance levels are set at P < 0.05.

B4 FA03 4 ANEFE A 0~10 cm (ay ¢ e) F120~40 cm (by d. £ T3] Feo. Feo Ml Fep &
Fig. 4 The contents of Fed, Feo and Fep in 0~10 cm (a, ¢, e) and 20~40 cm (b, d, f) of soils under each treatment at

four sampling time points
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Fig. 5 The content of Fe-OC (a) and C: Fe (b) of soils under each treatment of different soil depth at the end of

incubation
R 3 HEFRGEHE L% pH
Table 3 pH of soils at different soil depths at the end of incubation
uSE KE 4% WAL JZ A3
Treatment Topsoil (0~10 cm) Subsoil (20~40 cm)
Glu 5.52+0.02a 5.64+0.03b
Fh-glu 5.56+0.02a 5.68+0.02a
Goe-glu 4.82+0.02b 4.53+0.01c

E: FPIAE TR R R 22 7 5.3 (P< 0.05). Note: Different letters in the same list represent significant
differences at the 0.05 level.
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VE: R RIRAE 0.054 0.01 F10.001 KT EZ R B3 . Note: *, **, and *** denote significant differences at 0.05, 0.01,

and 0.001 levels, respectively.

B 60~10 cm (a) A120~40 cm (b) - I3ERRIR 3N 55 B K F 1) Pearson FH ¢ R AL [

Fig. 6 Pearson’s correlation coefficient matrix of the PE with key important influencing variables in0~10 cm (a)

and 20~40 cm (b) soils
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