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Abstract: [ Objective ] The aggregation and dispersion of soil colloids influence macroscopic phenomena such as soil structure,

soil erosion, soil nutrients, and pollutant transport. This study aims to explore the process of purple soil colloid aggregation and
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its ion-specific effects under different fertilization treatments. Specifically, the study aims to elucidate the interactions and
microscopic mechanisms from the perspective of the effect of fertilization on mineral composition, surface properties, and
aggregation kinetics of purple soil colloids. [ Method ]In this study, four fertilization treatments, no fertilizer (CK), urea alone (N),
organic fertilizer replacing 10% urea nitrogen (LM), and organic fertilizer replacing 30% urea nitrogen (HM) were set up on a
purple soil in Southwest China. After 60 d of incubation, the effect of fertilization on the colloid aggregation kinetics of purple
soils and their causes were investigated by determining the colloid quantity, clay mineral composition and surface properties, and
soil colloid aggregation process. [ Result ] The colloids used in this study contained mainly hydromica, chlorite, montmorillonite,
vermiculite, and kaolinite, and the short-term fertilization treatments had no significant effect on the colloid content and mineral
composition. Compared to CK, the N treatment induced the highest surface charge density to the purple soil colloids, with the
greatest electrostatic repulsion between particles whereas LM and HM treatments decreased the surface charge density, and the
degree of decrease was directly proportional to the amount of organic fertilizer added. The aggregation kinetics of soil colloids
differed under different fertilizations and the critical coagulation concentration (CCC) decreased in the order of N > CK > LM >
HM. Under the same fertilization treatment, the CCC values of purple soil colloids showed an ion-specific effect, decreasing in
the order of Na*, K, Mg2+, and Ca®'. Also, correlation analysis showed that there was a strong positive correlation between the
CCC values of purple soil colloids and the surface charge density and a strong negative correlation with the specific surface area
and organic matter content. [ Conclusion ] Different fertilization treatments affect the interaction force between soil particles
mainly by influencing the surface chemical properties of purple soil colloids, thus, affecting the aggregation and dispersive
behaviors of the colloids.

Key words: Dynamic light scattering; Surface properties; lon specific effects; Aggregation rate; Activation energy
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Table 1 Basic physicochemical properties of purple soils from different fertilization treatments
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pH Colloidal organic matter
Fertilization treatment Organic matter content/ ( g-kg ') Soil colloid content/%
content/ ( gkg™")
CK 5.46 15.5+1.2¢ 16.8+0.2¢ 30.7+0.8a
N 4.66 14.4£1.0c 17.0+£0.2¢ 31.0+0.6a
LM 4.82 18.6+1.4b 18.3£0.1b 31.2+l1.1a
HM 4.83 22.0+1.2a 21.0+0.1a 31.9£0.6a
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10% nitrogen of urea; HM: organic fertilizer replacing 30% nitrogen of urea. Values in the table are means + standard deviation. Different

lowercase letters in the same column represent differences between treatments significant at the 0.05 level. The same below.
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Table 2 Relative contents of major minerals in purple soil colloids from different fertilization treatments
it HE A T Kz U AT SMA e A
Fertilization treatment ~ Hydratedmica/% Kaolinite/% Montmorillonite/% Corundophilite/% Vermiculite/%
CK 40 20 12 19 9
N 43 18 11 17 11
LM 43 19 9 18 11
HM 41 20 9 21 9
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Fig. 1 X-ray diffraction patterns of purple soil colloids from

different fertilization treatments
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Table 3 Surface chemical properties of purple soil colloids from different fertilization treatments

it A b AT VLT B HeRmIA T LT JEE FIA AL T L7
Fertilization Surface charge number/ Specific surface Surface charge Surface electric Electrostatic field strength
treatment (cmolkg™) area/ (m*g"') density/ (C-m?) potential/mV of surface/ ( 10° V:m™")
CK 48.9+0.2¢ 425+19¢ 0.1154+0.005b —142+2¢ 1.28+0.06b
N 50.5£0.5b 401+16¢ 0.126+0.004a —142+1c¢ 1.40+0.06a
LM 51.9£0.2a 545+24b 0.0955+0.0040c -139£1b 1.07+0.04¢
HM 52.1£0.2a 601+13a 0.0867+0.0017d —135+1a 0.979+0.017d
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Fig.2 Effective particle size distribution of purple soil colloids from different fertilization treatments

170.4 nm. SR F, AT A Ab 25 EE 3R A R0kE
2 BERT [R] 1G4 12 PR R . N b B+ i
i, CK AbHE (0 + i | LM AR B4 (5 + i iR . HM
Ab Bt R, DA N AR B — R AR (0
TR EEE, T LM R HM Ab B AT DU 2 60 4 R
REER , (EFER S APUIERE R IE .

FEAN ) FL e Vs v, R 0t S Ak 38 SR A AT
BRI AR B (B AR AL R B — 22 5%, UBH AN [R] Ha ff
Jo B AR B R kR s e Sy AN TR . AN, 45 B
30 min, HM 4b B R AR 454E 20 mmol-L 'NaNO;
KNO; % W 4 538 K %] 269.2, 581.7 nm, fE
1.0 mmol-L 'Mg (NO; ) 5. Ca (NO;3) , ¥ U 53
BIREK 2] 453.5, 520.5 nm. ST, DORh LT
A 22 5% A (] it S Ak 30 SR AR A2 38 K A 52 ) ) Fl /)
FIRMKIA: Na', K'. Mg®, Ca™',

W TR AARLAR Bt A [R] A2 AL B AR AL (1), W]
75 51055 it A Ak 34 5% 40+ S IR HE SR TAAR i Fi fife Jo vk
FEARAL (K 4) o YHL@ TR EEIRT CCC R,
PREER 18 3 RLCA HLH 5 5 Hufife Bk 5 % T CCC
T, BEARBESR JE DLCA HLHI . i A v 38 i
Xof FEL A VAR 8 A A g o 7 T 3E 2 RLCA B Be il
BHAMRIRER ML, 25 7E BAF AT, ASEAE AL

PR (7 1 R AR 7E RLCA [rB TAAR 34K 3% g R
[, i, 76 Na'"fK&", RLCA BBt TAAR K
HRE/NE R R N AR+ ik (0.120 ),
CK b FHEefa iR (0.180), LM AbFJ 48 (5, - i 4
(0.523), HM AbHiE @+ Ak (0.587 ). TAAR
A7 5 R AR T 45 S, R PR g AN ) it A Ak B
M AREER R 4, AR RZZH R
Ml SRS, NACEERIGIRARRYT, LM, HM &b
X f A SR U1 B ) 5 A S AR 4 B 4 ) i)
A AE AR 26 A [R] it AT Ak 4% 8 + fis PR AN ]
HL A BTV VR TAAR 385K 38 5t L 8 e S PR AL
N, H TAAR XF A BHES 17 376 R F— 4 B
B filhn, LM AbBERTE RLCA BBt TAAR 1
KR A/ NE MK N : Na® (0.578), K (2.11),
Mg™" (45.2), Ca** (51.1),

AN [ it A Ak B4 55 €21 - JRAA A 465 o PR O %A
CCCHEMH 25, #lln, CK. N, LM, HM #b#f
0 RAARTE Nafk & p CCC A 43510 313, 539,
150, 130 mmol-L™'. #AEHMFR AT, AR
Sb PR A BER CCC A Hh i B - N AR B 58 4,
TR CK Ab B2+ iR L LM A B4 6+ i ik
HM Ab B A, 355 5 R AR A B e ] 33 <

http://pedologica.issas.ac.cn



1132 + b1

Eibd 63 ¥

o0
o 060
#2100
v 150

©200
4 240

< 245V

> 350
0 400
* 450

or*ovaAadodQDOD

R kiA% Effective particle size/nm

o0
o0 ol2
ol2 Al4
ald v 1.6
v 1.6 o1.8
©1.8 422
a2 >4
>4 o5
03 2 o % 6
* 6 eI . o 7
0 0
0 10 20 30 40 0 10 20 30 40
d) ca®
18001 (g o0 1800 N 00
ol ol
1500 213 1500 al2
1200 v 1.5 1200 vl5
o 1.7 02
900 a2 900 <24
>3 >4
600 o4 600 o5
300 * 5 300 * 6
0 o 6| 0 o7
0 10 20 30 40 0 10 20 30 40

o0 1800 HM n(l)
ol 1500 °
Al2 al12
v14 1200 v 1.4
o 1.6 1.6
a2 900 <18
>3 >3
o4 600 o4
*5 300 *5
06 06
00 10 20 30 40 00 10 20 30 40
1800 o0 o0
00.8 ol
1500 ol 213
1200 vl12 v 15
015 o 1.7
900 ) a3
>3 >4
600 % o4 045
300 x5 * 5
06 055
40 40

18] Time/min

P 3 A [l AT Ak 24 4% €+ RS ARZE AR TR B Na™ (@), K© (b)), Mg™ (). Ca’ (d) V58 R A RORLAR B R 1] 7

24k

Fig. 3 Variation in effective particle size of condensate from different fertilization treatments of purple soil colloids in different concentrations
of Na* (a), K" (b), Mg* (c), Ca® (d) solutions with time
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Fig. 4 Changes in the total average aggregation rate ( TAAR ) of purple soil colloids from different fertilization treatments with Na* (a), K"

(b), Mg*" (¢), Ca* (d) electrolyte concentrations
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