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Abstract: Soil aggregates are an important component and basic unit of soil structure, and their stability is crucial for maintaining
soil health and crop productivity. The formation and stability of aggregates are the result of the joint action of biological and
non-biological factors, and soil organisms (microorganisms and animals) play a crucial role in this process. A thorough
understanding of the relationship between soil organisms and the formation and stability of aggregates is of great theoretical

significance in elucidating the process and mechanism of soil quality change. However, systematic summaries of the driving
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mechanisms and current application status of soil organisms in aggregate formation and stabilization are still lacking. This paper
reviews the effects of soil microorganisms and animals on aggregate formation and stabilization and clarifies the aggregate
formation process and stabilization mechanisms driven by soil organisms. The study discovers that microorganisms mediate
aggregate formation and stabilization through their physical characteristics, secretion of adhesive substances, and decomposition
of organic matter, while animals mediate aggregate formation and stabilization through biological disturbance and feeding.
Furthermore, the current status of using soil organisms and their products to increase aggregate stability is analyzed, emphasizing
the potential application of novel soil biological structural modifiers. In conclusion, prospective research directions are outlined
for future investigations. Researchers should concentrate on the following areas: (1) The formation and stabilization mechanism
of soil aggregates driven by soil organisms on multi-scale interface processes; (2) The composition and genetic regulation
mechanism of microbial extracellular polymeric substances (EPS) and glomalin-related soil protein (GRSP); (3) The influence
mechanism of soil archaea and viruses on the formation and stability of aggregates; (4) The formation process and stabilization
mechanism of aggregates mediated by soil food web; and (5) Development and application of biological soil structure improvers.
This paper aims to provide both theoretical insights and technical guidance for maintaining and improving soil quality.

Key words: Soil microorganisms; Soil animals; Soil aggregates; Formation and stabilization mechanisms; Soil biological

structural modifiers
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P A WK Eh Y R A SRR AR T EALHIRESE (AR Figdraw 224 )

Fig. 1 Main mechanism framework of soil aggregates formation and stability driven by soil organisms ( drew by Figdraw )
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Table 1 Overview of common microbial exopolysaccharides””!
Mioh 2 HE JEE R S
AR %y HL A I3 F B
Extracellular Substrate
Producer bacteria Components Charge Molecular weight/Da
polysaccharides specificity
U Xanthomonas campestris HIENE . TR A HERE . MR LA (2.0~50) x10®
Xanthan WG . LMRE: . TNERRRER
SE2 Sphingomonas sp. HAGHE . RAEHE. EAUNE  REME. AAOME. Rl by 5.0x10°
Gellan BEFR . CMREL . NERRRER  VE . AIVATEIEN .
i
PR ER Pseudomonas aeruginosa , IS BEEERR . H SRR | M (X 1 HL A (03~1.3) x10°
Alginate Azotobacter vinelandii LRI Pseudomonas
sp. ). JEME (XFF
Azotobacter sp. )
HYe o BTEH . BATER ., v A& HEE HHE ik ~10°
Cellulose JEW . 22 CH A
BEIR 2 hE Agrobacterium . ikt A A 5x10*~2x10°
Curdlan Cellulomonas sp. .
Rhizobium sp.
R Streptococcus mutans , 2 TR ik 10°~10°
Dextran Leuconostoc
Mesenteroides
75 W R Streptococcus sp. TR . WAL LKk 11 L fif 2.0x10°
Hyaluronan Pasteurella TS
multocida
R Streptococcus salivarus , . SWE . AR WM | 2 ik 3.0x10°
Levan Zymomonas mobilis
BRI B Alcaligenes sp. WA LR, o i B HL far LMW<5x10°
Succinoglycan IR EL . BEHIRER | 3- HMW>1x10°
FIET IR
e Alcaligenes sp. , WM, RAERE, WARE AN okTEN 1 L fif 1.0x10°
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AR TR Enterobacteriaceae GE) N NI S N AW iR 2x10*~6x10°
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MR, A LL4rk 5 $E B GRSP ( EE-GRSP ). i
HX GRSP ( DE-GRSP ) #/5 GRSP ( T-GRSP )., {5 .
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Fig.3 An overview of glomalin-related soil proteins ( GRSP ) functions, properties and factors affecting its secretion ( modified from Agnihotri
etal. ")

43U EPS K¢ GRSP 1Y -3 W) oA B R FH
st, YEE YIS o R S I A R
N - HEPH R R IR BT B —
23 WEYX LIEEVRNS BIER

A LG R T R R A SR AR i
SEVER, IR A SRR A I 1l B A o 38T ML 42
HET Py EL G, R4 BY T e B AE . JSORCRT T %
A HLBTHEA 385 5% fb s B B AN RUE P i 43
fEACHE R , S o3 fd e T IS T 10 s B e A )
SRR 2 A U 1 R R AR L M R I E BN R
91 DR b ol A A A s R L R e, A ) T
SRR AT A S ez B0, Rabbi 250 fF 72 45 L uF A
A BT R A o At sl T 3 A SR AR T B S R
FEo BT, Rabbi 2P LA (Do)
BATYE R (RIS ) ACFRAY 3 P BE Y . i s
TR v B A AT SRR 20 1 0 A8 A, B0 2 Ak B Y
TR AR AR g s . RN R OB AR

FUER | H R A FUB R R B B = TR
AbEAY A 3E (P<0.0001), £F4EZRABRAY K FI R A h
AL V7% BB AC R T T 400, 3 2 Ak 2K A SR A
HUA 57% AT e , 725 R A 3L ) R AT SR A 5 L
e TEFGEZR AN, X 22 UIE I T A LAY
P R HE T B RIARTE RS . BT, AEL
AW S AR E R, A AL oA 7™ AR R = 40
T REAWRIEEAITIHE G IERIER, #E—2 5
oAb A SRR 5 5 T 1wk AT SR A RN R P SR A, AT A2
T A RIEIE L R (E4),

3 LHESh YUK AY R AR 2
HLH

THERE T2 50%H RERENYEY R, TEAEY)
HBERAL 2 AR rp - R MO SR A S R ST E

http://pedologica.issas.ac.cn



142 + %

63 %

PNZIE R

\ o

©®

Y& il

) BEIANRA Y F I FATHLR

K4 e R Ay BT

Fig. 4 Biophysical mechanisms of aggregation in soil
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Fig. 5 Mechanisms of soil aggregates formation and stability promoted by animal feeding
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Table 2 Summary of experiments on promoting soil aggregation by direct inoculation of organisms
E/ES
Py MR 4 W AT EbiE Sk
Biological
Species Test soil Test condition Main results Reference
class
AN Pseudomonas ~ FYREHEELY (BSZEFEFT L), RHAEFRR, 50g RHEEM  SXHEAM L, X [38]
Bacteria chlororaphis ~ pH=7.72, AL 21.5 g-kg™', 5mL10° CFU-mL™ (2, ¥/ EPS-Z M bkl
A20 FI 4 112 gkg! 25 CHEFE 30d - LEpNEIE N
Bacillus (>0.25 mm ) By LLA
proteolyticus BEINT 128%~169%
A27
gl Rhizobium CAETH SRR A AO R T ToRAHIAE, 1 kg B3 SXTIRZAHLL, [73]
Bacteria  phaseoli Mn-6 SRR EWIIY T Ak 5+ A 100 mL10°~107 Z e EPS Wbk R
B (/) 62.5%, Bk 20%, P  CFUmL™ MR, FKEZE  £>2 mm fl 2~1 mm
17.5% ), pH=7.9, AL 3.4 I HER, B IR GEPNEIE SN AT
gkg!, &H 045 gkg! KN 13.6%H1 5%, H
B T B A KR
A Rhizobiumsp.,  WEVLHEMETERARL  EALEEFIREAMRER S EPS Sl [74]
B Enterobacter AWM EARYE, pH=6.5, AHl R, 500 g 1IEHR YIS 8RR
Bacteria ludwigii , T% 13.96 g-kg ™ 15 mL10” CFU-mL™" f B A1 (>0.25 mm )
and fungi  Rhodotorula W, JTWEFE 90d, ARG kR 2R BUE
mucilaginosa , 45d YIRS 71.31%, #H#k
Steptomyces RIS NI E TN
albospinus Al e b R
Trichoderma il
harzianum
N Mortierella hEREER S ERESIKR ENEEREIRRR, 15gHHE PR AR [36]
Fungi capitata ¥l ¥ (WIFGAE BB INH) (A R EAR 1 om BRI 2K, ER PR RAR AT LA
Trichocladium TR+ (8 72.9%, Fki 20 CRIEHIR 454 EERiIRE R NEIE SN
uniseriatum  17.5%, B> 9.6% ), pH=8.02, (>Imm) PTHFE,
AHLEE 7.93 gkg!, &K WP EL T P A2 1Y EPS-
0.66 g-kg' WHIE TR X 1 e R A
AR AE
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Biologieal Species Test soil Test condition Main results Reference
class
AMF Funneliformi ~ HEaRH SFELNILHLTEE, HEFRTWARIAL, 3kg  ARRERERH D ER [75]
smosseae  pH=5.54, FHHLIK 28.12 gkg ', HHEHERD 50 g WA (20 M @ T H3ET GRSP
25 1.36 gkg !, 48 0.52 gkg! Fgl), B3R s50d R IDNZIE TN
(>0.85 mm ) 4l
AMF Rhizophagus T ENSE A IERE R PG 800 RS /N 0 TC B AR R ISR AR LB A AE ) [76]
intraradices e NEF AT L, 1 kg IR 50 g W) (370 REESHE AR B35
pH=7.48, IR 7.2 g¢kg ', & AMTg!), KR 150d i 3R A R A4
H0.7gkg!, &M 028 gkg!, (>0.25 mm) AL
241 2.08 gkg!
Bk FFEMEE PESREERLE MR EAERRR, 500 g THEE O ARIBLES (FER [60]
Animal ( Eisenia FIZRLTE (pH=4.25, ALK 27  Fh 12 g, 23 CHImbE:  BIACEAT E S ) 4
fetida ), gkg!, BE 1.85gke!) FJ7HK 7 40d A3 A ERAK I B
PR AT MR R ST I R Bt s R Rt
( Pontoscolex BILIHE (pH=4.25, FHLEK
corethrurus ). 27gkg!, A 1.85gkg")
A 1 )
( Amynthas
robustus )
ZoIRAL 1 ]
( Amynthas
aspergillum )
iy AR R EWEAEHT R AL MRS, 1 m? BRI Sh AR SR TR I [61]
Animal ( Metaphire )~ 13, pH=4.69~5.53, AHUE 375, 250, 125 44008, i3 K (52 mm) L,
guillelmi ) 13~23 gkg', &R 0.74~ 1 4F Fe ik + Bk
0.87 g'kg™! A R 44 (<0.25 mm )

ROERBIVPAL AR AR TAREE S Sl %
FE R LR W Al A 9 P SRAAOE 1 M AR 0 E 0 HL W TR
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UL AT REXSAS 4 A= Wi B AR 0 A 28 R G D e il
ST A TR B — W), A UV ( SynComs )
AR BT SR BTEE AR T, O B B E S A A
YisE g P Y EAFRE ST, AHREIFESAETE I F R HE T 2k
RACR, A2 A AR Y210 S S 5 0 R 257
ke B 1 4 ) - 3R AE e R AR A o
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