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Abstract: [Objective] Soil organic carbon (SOC) pool, the largest C pool in terrestrial ecosystems, can achieve
long-term C sequestration. SOC plays a vital role in the global C cycle and is a key link in achieving C peaking
and C neutrality goals. Humic acid (HA) is one of the most important and more stable components of soil organic
matter, representing a more stable soil C pool. The vegetation coverage type of regional soil affects the quantity,
quality and composition of HA, and further affects its aggregation characteristics. In this study, HA in surface soil
under bamboo forest (Altitude 580 m) and broad-leaved forest (Altitude 280 m) in Jinyun Mountain, Chongging,
was taken as the research object, and then surface properties and aggregation characteristics of these two HA were
clarified. [ Method]The structural characteristics were evaluated by element analysis, thermal gravimetric analysis,
and Fourier infrared spectroscopy. Combined with dynamic light scattering and zeta potential measurement, the
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aggregation kinetic characteristics of these two HA colloids induced by Na‘, Mg®" and Ca®* were studied and
compared. [Result] It was found that HA in bamboo forest soil had higher C/N, C/H, stronger thermal stability
and aromatic infrared absorption characteristic spectra, indicating HA in bamboo forest soil had more aromatic
functional groups, more complex structure, and higher humification degree. The results of dynamic light scattering
showed that the critical coagulation concentrations of Na®, Mg2+, and Ca?* for the HA colloids of bamboo forest
soil were 1 097.9 mmol-L?, 8.6 mmol-L?, and 5.1 mmol-L™, respectively. The HA colloids of broad-leaved forest
soil did not aggregate in the Na* system, and the critical coagulation concentrations in Mg?" and Ca?" systems were
80.7 mmol-L* and 20.2 mmol-L™, respectively. The zeta potential of HA in bamboo forest soil was much lower
than that in broad-leaved forest soil. The absolute value of the zeta potential of HA in bamboo forest soil was 3.43
times that of HA in broad-leaved forest soil, which could be used to explain the difference in aggregation
characteristics between the two. The sensitivity of the HA in bamboo forest soil to three cations is much higher
than that of HA in broad-leaved forest soil, which can quickly aggregate and form larger particle sizes.
[ Conclusion] The change of coverage vegetation types will cause the corresponding change of HA properties in
surface soil. The humification degree of HA in high-altitude bamboo forest soil is higher, and the sensitivity to
cations is also higher. The results of this study provide an important reference for understanding the formation and
stability of HA after organic matter input into soil.
Key words: Humic acid; Vegetation type; Colloid coagulation; Dynamic light scattering; Cations
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VB AR Rk BEA FE 23 79 9. NaCl: 2 000 mmol-L™; MgCl,: 30. 38. 50. 60. 70. 100. 200-.
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Table 1 Yield and elemental composition of humic acid in surface soil of two forests

HA 257 PR £ 3 A it oo AL AL mrElL
Humic acid type Yield/(g-kgh) N/% C/% H/% S/% O/% CIN CH C/O
bk R

41.38 225 5733 384 052 3243 29.73 1.24 2.36

A Ak - S R
8.24 329 4101 469 032 3454 1454 0.73 1.58

W TRABCAILERFREE 2 TEREMA FE; CIN= (CuEREEAWC HMEFRE) /| (N tERE
BN AX R TR ED) , DAk, Note: The elemental composition is the percentage of elemental mass : elemental mass
/' HA mass; C/ N = (C element mass percentage / C relative atomic mass) / (N element mass percentage / N relative atomic mass),

and so on. (DBamboo forest soil HA,@Broad-leaved forest soil HA.

WE N ZH TR HA B BAT AR GR S 712 o A 2 n] [ B HA st fdhdase
PER A R . B 1 PR HA IORGE LK, S8 Cam R, GaREmRaE &0 v =
BB BB 1 (30~160 O MRFfK. WL &/KIMZE R B2 (160~500 ‘C: #EF e
S MR MIREE (B EPIRRIA ) Bt 3 (500~800 “C): 75 FEEMIFI A IRRBRE
B OEHEA ) . B IE ML a— RS, w3k 15 5 A E 5 # (Differential
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Fig. 1 Thermogravimetric curves and corresponding first derivative curves of humic acid in bamboo forest soil (a) and in
broad-leaved forest soil (b)
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Fig. 2 Fourier transform infrared spectroscopy of humic acid in bamboo forest soil (a) and in broad-leaved forest soil (b)
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Fig. 3 The effective particle size distribution of humic acid in bamboo forest soil (a) and in broad-leaved forest soil (b)
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Fig. 4 The effective particle size of colloidal aggregates of humic acid in bamboo forest soil (a) and in broad-leaved forest
soil (b) increased in different ionic systems
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YRR FEAR T CCC I, TR AR EE S 2 18 1 1) S 42 i (4] %68 58 (Reaction limited cluster
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FAH IR TAAR(104.85. 181.98 nm-min™) 431 4y il -4k + 33 HA figi f4 (10.30. 87.34 nm-min™)
) 10.18 fi5 1 2.08 fi.

PR HA BARTE Ca” h RIEERE R P T [ AF P9 Mg® /R 5001 Na* A R . Na™ i EH 2
000 mmol- L™ i, 77 AR - 3438 HA FiT i i bk 358 HA [P 2558 583 % 73 i)l 54.48 F110.00 nm-min’,
PRI HA, Na*. Mg?. Ca®™ k&% CCC {54 %14 1 097.9. 8.6. 5.1 mmol- L™, xiTfd
AR HA, 7£ Na™/k R AREEER; Mg®. Ca®*{k & (% CCC {E 4514 80.7 1 20.2 mmol- L%,
WA PR 13 HA 72 M@®* . Ca®* & R ¥) CCC B4 5 TPk 3% HA f) 9.4 5541 3.9 f%, {ik CCC{H
BEIRE HA BARTEZA B TR R R 5 KAEBER, RV HA RIARE R fae k. FiR4R
T, VARt HA BERTE = FiBH B TR &R b A% R B R 3 T i bk 3% HA; 3FH, AR
B PTRD HA AR ER B0RE DR DU AR U A, BI: Na'<Mg®*<Ca®*.
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Fig. 5 The total average agglomeration rate (TAAR) of humic acid colloids in bamboo forest soil and broad-leaved forest
soil in different ionic systems Na* (a), Mg?* (b), Ca®* (c)

2.4 BMHZRMNRELIE HA BRI ERRE FHCEMMEK

CHUNT A RAE A 43 B R AE M I R AR, 2R R B FRAVMRAE . pH SR F M. K
6 AT/ NPT HA FAARTE % F MR R 2R R G L7 B8 FEAR TR FE I AR Ak o Prbk 1458 HA FITRE Ak
3 HA AR BRI R 3 8-40.94 mV. -11.92 mV; 7Tk HA S EREBIE L, fEAME
pH ZMF FHRM M A E 2 fhag . MR ER I AR, PHE TR <A HA
PR, CHU LB A BT 50 RO N PR . 0, PRI E N 50 mmol- L i,
MgCl, 1 CaCl, & & H 7T Ak 1218 HA CHAL 37128 -9.76 mV Al -3.69 mV, i i #R 1= 1 HA ¢
HLA7 43 ) N-10.82 mV Al -4.77 mV. Tfi7E NaCl & &+, Pkl HA CH A LB Z R TR, 4
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LA R FE A 2 000 mmol- L™ I, A7k 35 HA [RICHLAZ 9-18.22 mV, 48 XHE B 18y 55.50%, 1
FE T AR L3 HA RGN (-11.83 mV) JLF-RAR. BEE AR EE N, HA Mg iR
PRSI I A2 N, 5 TAAR R —2 IR, =MESFX HA FIG AL mHE
JFN: Ca?*>Mg**>Na’.
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Fig. 6 The £ potential of bamboo forest soil humic acid (a) and broad-leaved forest soil humic acid (b) in different ionic
systems
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i, AR HA B2 A R (B 2), mRE RS LR R
gity, SHIR G A HURR RIS PR E SOC Rk,
3.2 BB RE TIRAEER AR B

PHES 75 HA B BAE AR S35 6 i HA 201 18] FR B AR BAE A . 2 R0 BSOS LA
MPHES T 53R Ik Wy B 2% & I /R F o A4 28 811 Derjaguin-Landan-Verwey-Overbeek(DLVO)
S, M@™ A1 Ca?* Ny B T RE A BT ARIE Li SO 9 AR S AL R
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e IR N: Na' < Mg? < Ca® (84, K 5). HAE AR RTBEMEEIRERD T, HE
TR ARIRZIE A B B R S 8. AT, AR LT #iF HA fEANF
R TR R AR e e, IF B HA BRI &, A S TR, BRI
PO T FIED R s (B 6). 2[R A PN LA BH B 1 5 B RE I 248 A INF B E S HA
MEERZE 5, WRMEMER . SR B, TR, HA B sst KA BAEH S5 90K
R 2 THI AT, 1 SR 2 1R S IHER T, MR E R R B wu BN HA 548 3
FRESY, HAFREMB A S 3= SEH.
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4 45 i
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