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Effects of Different Organic Materials on the Stability of Saline-alkali Soil Colloid
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Abstract: [Objective] Soil colloid stability plays an important role in soil nutrient retention, structure formation and crop
growth. The application of organic materials is an effective method for improving saline-alkali soil, but their effects on soil
colloid stability in these conditions remain unclear. [Method] In this study, we investigated the effects of biochar (BC), cattle
manure (CM), and maize straw (MS) on soil colloid stability at different salinity-alkalinity levels (non-saline-alkali, mild saline-
alkali, and moderate saline-alkali) through soil incubation and sedimentation experiments in the laboratory. [Result] (1) The

addition of organic materials significantly reduced the diameter of saline-alkali soil colloidal particles, making it similar to the

* NEE IR X AR EENH (2021EEDSCXSFQZDO11) . SB/R £ Ui i B X nl 45 8 R @ WRR QT 7~ i X B BRHE ST H  (KCX2024005)
%t Bl Supported by the Rejuvenating Inner Mongolia with Science and Technology (No. 2021EEDSCXSFQZDO011) and the Ordos National
Sustainable Development Agenda Innovation Demonstration Zone Construction Science and Technology Support Project (No. KCX2024005))

+ MIHASEHE Corresponding author, E-mail: jyshang@cau.edu.cn
fEZ WA INEZRE (2000—), 53, WIRREBHN, A7, EEMNFLESLRMT. E-mail:3067273175@qq.com
Weks HHH: 2024 - 08 - 30; IEMEERG HI: 2024 - 10 -27; M E R HM (www.enkinet): 2025 - 02 -

http://pedologica.issas.ac.cn



+ 5 5 ik
Acta Pedologica Sinica

diameter of non-saline-alkali soil colloid. In mild saline-alkali soil, the effect of MS treatment was most effective, and the
colloidal particle size decreased from 785.7 nm to 360.2 nm. In moderate saline-alkali soil, the effect of CM treatment was
most effective, decreasing the colloidal particle size from 675.8 nm to 393.6 nm. (2) The stability of soil colloids was related
to the degree of soil salinity. Compared with non-saline-alkali soil and mild saline-alkali soil, moderate saline-alkali soil colloid
exhibited significantly high stability, likely due to elevated high pH and high alkalinity. (3) Organic materials had minimal
effect on the colloid stability of non-saline-alkali soil and mild saline-alkali soil. However, CM and MS treatments significantly
reduced the colloid stability of moderate saline-alkali soil, causing colloidal particles to agglomerate. Therefore, in moderate
saline-alkali soil, the application of cow manure and maize straw may be more effective than biochar for stability improvement.

[ Conclusion] The application of organic materials ameliorates the basic physicochemical properties of saline-alkali soil and
optimizes the state of soil colloid. Compared with biochar, cattle manure and maize straw, due to their rich functional groups
and nutrients, significantly reduced the colloid stability of moderate saline-alkali soil upon application, thereby inducing
colloidal aggregation and promoting the formation of microaggregates.

Key words: Soil colloid; Biochar; Cow manure; Maize straw; Zeta potential; DLVO theory
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Table 1 Basic physical and chemical properties of soil

N . . N2 ‘Ié‘ih _ [k WA s Eho
R 8% B/ LI Organic K PE AL Water- PRI Sand ki Silt Fiki Clay
Soil type pH (mS-cm) carbon/(g-kg™) soluble salt (2~0.05 (0.05~0.002 (<0.002

content/(g-kg™) mm)/% mm)/% mm)/%

E S 8.61 0.57 10.73 0.66 56.33 13.90 29.77
B A" 8.3 249 12.15 7.16 45.43 24.25 30.32
PR R AR 8.66 5.24 12.87 15.75 29.67 37.36 32.97

(D Non-saline-alkali soil; @ Mild saline-alkali soil; @ Moderate saline-alkali soil.

FOKFEAT (MS) BUE ARt b A R B HESEIGnG, 43 (CMD B LR AR E T BA X
BARFYg, YR (BC) (450 )CLMVAEYIR) W H M st E A EM TR IR AR . Eid
MEBZXT BEEE | mm &M AYYEH pH. F53 BC RAIRSEENE : FrE 2.00 g H
BFLELT 20 mL 280K, A4+ 20 min, % 30 min, {EH pH THAHESRADME . HHLIRS
ERBRETCR M AN . S8R oK, FORREFE. AFFRMAEYIR K pH 205008 4.02, 7.17. 9.37;
HSR8 3.37. 2,75, 2.12mS-em’';s AHBE RS AN 401, 319, 252 g-kg'ls
1.2 BHAIRIEIERIE
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um) . TIERAARRIRAE 60 °CCAF T, R E & ZEIENERE .

1.4 TIBFTARIAR A B AL AN E
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BEED HATIE . EA 1 mmol L' ) NaCU/E A SR, FEH] 100 mg L' PR EI, W5
pH N 7.0, TARIRFER 25°C, 5 35 i A ) - 250 ok EL A2 N Zeta HLA o
1.5 TIERARFEE M RUNE

AR AR R R I AN G T (Tul900, 4T, FED BEATINE . AR E R
NaCl (1~1 000 mmol-L'") F1 CaCl, (0.5~10 mmol-L") {ENEF StH MR IR, BB T IERIA BRI
WREN 100 mg L, /] 0.01 mol-L!' ff) HCI Al NaOH 5 -3 e & BV pH A 7.0+0.2, TAFIRE
N 25°C. # TR S R /IR A G, IIAJEHE 10 mm A e b M, 7£ 300 nm KT, &
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2.1 BHAIRILIIMNEBYFHES TR A M R 4R

= FE WUADRLL AN SRR S AR B AR E S (B 1D. 1E 3 300 cm! 4bf-OH Hi4aHR
3. 2920 cm AR C-H #RBNF1 1050 em! &b I /K AL A 4 C-O PRSI RS UG RS20 1 A %o 5 E pe K
NIy A MS>CM>BC; 1E 1 640 e &b 757 C=C #RENA 1 420 em! AL H) 75 & F6 E C-H R3S
TR AE X 528 B =T 9: CM>MS>BC.

|
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T H Wavenumber/em™’

B AR (BO). 238 (CMD RITKASFE (MS) ({8 B AR 2T 4 it
Fig. 1 FTIR spectrum of biochar (BC), cattle manure (CM) and maize straw (MS)

WINAENRLE TSR & 8. BORL B Zeta AT ZEIEARVE R 03 2 Pion. JESRBLd, &
AR ML ELE 2 BRI R IR & s B R, CM BN H k& &, MR MS
BEFR TR SR, PESRMET, CMAMS BEMINHERASE, 1 BC EE K HIE
G B ARTRA - IR BRSO 384.1~459.0 nm, A INAS A HLARHE 42 B A B 2h Al - iR
PRSRL BRI AR . Bldn: BB RN MS )5, BRER B A% H 785.7 nm FE1K % 360.2 nm,
FEAK 54.2%; S EA, WIMCMAIMS J5, IR IARER B2 7 5B 2 393.6 nm 1 415.8 nm.
ANFEA PRGN LI AR Zeta HALINZEXTE, RERIKIIRKBGEREL (Ppa). MR
Bk, 0 MS AbHE,  AKRT @ax B 33.9 AT HEINEE 82.2 kT, #8)0 143%.

% 2 FEIEHAIRIALIE T T AR A R

Table 2 Basic properties of soil colloid with different organic materials addition

o . 75 S L T B 4% A o s
RS s Lk FURLILEE zea Bl gkeenee

. Colloid content/ Particle diameter/ Zeta potential/
Soil type Treatment o Do KT

% nm mV
B[N CK 16.9a 429.6=18.8b -22.9+0.5a 43.1
Non-saline-alkali BC 13.9¢ 384.1+8.0c -26.9+0.5bc 62.4
soil CM 14.2bc 459.0+12.9a -27.7+0.9¢ 76.5
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MS 12.9d 437.2+15.9ab 26.240.4b 62.1

A E L CK 16.5b 785.7+68.1a -17.6£0.7a 339
Mild saline-alkali BC 17.1b 421.8£19.6bc 28.0£2.1bc 73.0
soil CcM 18.0a 420.6£18.4bc 25.9+1.3b 60.7

MS 10.9¢ 360.2+7.8¢ 30.7+1.3d 822

— CK 5.7b 675.8+154.2a 22.0+0.8a 59.3
Moderate saline- BC 4.6¢ 574.0437.7a 23.141.8a 62.3
alkali soil CM 9.0a 393.6+17.7b -29.7+0.5¢ 77.8
MS 9.4a 415.8417.7b 27.240.5b 65.7

TR RN EMEZE R (LSD) WREUR M E R, Al — LR R AR B R TE AR ) = B R OR ZE S R (P<0.05). Note:
Differences between data were compared by the Least Significant Difference (LSD) method, and different letters between treatments on the
same soil indicate significant differences (P < 0.05).

2.2 NEIBHAR T EER R B TR E RO R2 0

ANEAHEH A INGE 7 AR AR Zeta BRATZAXTE (B 2). fE NaCl K &, CK &b
HEIREAR ) Zeta AT ARG R E-22.93~-12.16 mV, WINIAFEBAIIR)E, TIRRAR Zeta B ARLTE
Fil /&£-27.67~-14.27 mV. CaChL{k&RH, CK AHHIERIA Zeta AL ARLTEE 2-13.10~-9.10 mV,
I BC 4bEE, TIERAK Zeta HIATBR FEAK, ZHIEHIA-18.67~-11.70 mV.

a) NaCl b) CaCl,
710 »
>
E =10 |
s
= B
o
S - —
N ) BC o0 BC
=30 A CM A CM
MS — v MS
1 1 1 720 1 L 1 L 1 1 J

0 100 200 300 400 500

W& Concentration/(mmol-L™)

0 2 4 6 8 10 12

¥ Concentration/(mmol-L™")

Bl 2 TREHLAREXS A ik LR A Zeta HOALIFI M
Fig. 2 Effect of different organic materials on colloidal Zeta potential of non-saline-alkali soil

IINE NIRRT NaCl A F b AR sh i i A e PR fr e 22 5% (&13). CKAREE T Rl ik
BIFRAE 1~50 mmol- L' {8 75 L N RILHH BOm AR E 1, (HREE & 7N, AR R IR
PG, BARAEE VRIS . Bilin: NaClVEBRIK DY 100 mmol-L- i, &-AEHH AR X IR ' R BLA -
MS(0.72)> CM(0.64)> CK(0.52)> BC(0.35), UiEZERMREE T, 0 MS A1 CM 145 T 338 i iR F e Pk,
7N BC ik gs AR EME . £E 1 mmol L i) CaCla VAW, WS INASRIA BRI WOt B3R
BLA: CM(0.90y> MS(0.71)> BC(0.62)> CK(0.55), VEBAFEIZIRIREE T, =M HLAARIEG o 35 fi 4
ffasErt, o CM ALBERUR BN .
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HJ 8] Time/min

W a-d T St LRI NaClLiEWR, B e-h N CaCl ¥ . Note: Background electrolyte: NaCl solution ( figure a-d ), CaCl, solution
(figure e-h).

P 3 A R LA T =l ke A A R PR ' P2 4 5
Fig. 3 Effect of different organic materials on the relative absorbance of non-saline-alkali soil colloid

ANFEE PR AR S B AR DT AR A & 4 FroR. NaClf& &S, M CK, MS M
CM FERHIRRAAGRRE SR, BC fEm HRIRATIRIER . CaCl KR, dINA HLRHS 35 14
DIBUEEFFAK . BIRITE S mmol-L' CaClL i, 5 AbH LR A TIRLR R E A CK(0.015 min®
> BC(0.013 min")> MS(0.012 min)= CM(0.012 min"). SZI&4E FHH, 4V 2 7 om B AR AT,
JEAATURLAE (A R BLREE ,  TIRUE R kaep AL BB B T ORBEIEMN,  haep BFEZ G, AR
RLRORS E VRIS s B T oR T IN S — (BN, MU kaep ANFESZERIRIEFONE, AR RE TR AR,
579 S R A SO e A e

a) NaCl —+=—CK b) CaCIl —H—-CK
—95-BC —©-BC
- 0021 ~ oy 002F -
s
= é 0.01 - 0.01 -
PN
]
E
o
3 :
0 = 0k
0 100 200 300 400 500 0 2 4 6 8 10
WeFF Concentration/(mmol-L™) ¥ Concentration/(mmol-L™)
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] 4 S [ ARt =l Bl o A AR o 26 1 5
Fig. 4 Effect of different organic materials on the colloid deposition rate of non-saline-alkali soil
2.3 NEIBHADR X2 E B T AR AT E RIS
BHPRHE =52 R TR Zeta HIAL FIZEXTHE, X PP GAEARIRE SR T Mg & (&
5). NaClfk &, CK AP IR Zeta AL/ (-18.27~-12.03 mV), WIIAFRAENIEE,
TR Zeta FRATARALTERIAE K (-30.70~-11.80 mV ),  H. X FiL AR5 oA S A8 Ak i o7 B N BURR . NaCli%
AR FE H 1 mmol- L' 0438 2 500 mmol- L' i, A0 BE Zeta FEAL FRAUAE N: MS(18.90 mV)>BC(16.17

mV)> CM(12.06 mV)> CK(6.24 mV). CaChLiER Y, WIIAFAIENS L3RR Zeta FEALFZIA
Ko

2) NaCl b) CaCl,
._IO -
z ~10}
23
25|
E 8. y O CK s O CK
=3 ' O BC BC
g S
N30 A CM A CM
v MS O 7 MS
| | 1 1 1 1 ,20 L L L L L L |
0 100 200 300 400 500 0 2 4 6 § 10 12
#e i Concentration/(mmol-L™") ¥ Concentration/(mmol-L™")

B 5 AU B bl iR Zeta HLA PRI
Fig. 5 Effect of different organic materials on colloidal Zeta potential of mild saline-alkali soil
ARG HURL O 2 B Bt e A e VRS (e 2 7 (B 6). NaCl#& &R, 7E 100 mmol-L-
VHIBSTORIE R, S ACEARX RO ERI N : MS(0.95)> BC(0.91)> CK(0.83)> CM(0.50). K%k
WEETS MS Al BC g HIR IR AR E M, IR 35 ) th 7 U BV T CM 955 38R
ARG, IR R AR, TERCREMR, FPADIRE. CaCh ik &T, WMINEIIRE, TR

A E g aE. Blan: 75 3 mmol-L' ) CaCl, i, S MIAXI G E RN : CM(0.95)>
MS(0.58)> BC(0.45)> CK(0.37), FH:rf CM 38 5 i /A F2 52 P R RUR i 35 35
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Fig. 6 Effect of different organic materials on the relative absorbance of mild saline-alkali soil colloid
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Fig. 7 Effect of different organic materials on the colloid deposition rate of mild saline-alkali soil
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Fig. 8 Effect of different organic materials on colloidal Zeta potential of moderate saline-alkali soil
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Fig. 9 Effect of different organic materials on the relative absorbance of moderate saline-alkali soil colloid
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Fig. 10 Effect of different organic materials on the colloid deposition rate of moderate saline-alkali soil
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