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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 mechanisms and current application status of soil organisms in aggregate formation and stabilization are still
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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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Fig. 1 Main mechanism framework of soil aggregates formation and stability driven by soil organisms (drew by Figdraw)
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Fig. 2 The number of papers published on soil aggregates from year 2014 to 2023
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VIR FIE N E S R HTT, WATE T SRR BoA i 51 B Y am i BE RE S 4kt
AEYIRAR, BIE RSO G & 5| I SRTEAE, Miltner Z5205IE B T 1A= 0 4T M Bk Bk B3 420 2 T F i 4]
RRRIZOYIRZ —.
2.1.2 MRS FEAE R RS2 B T Y B & B e VR, LR AR 2k
BRI P B 22 W] DAIE I o 8 S AR R A AL R Ak (41 SR AR B kb 20 S ke SR T BOK B SR AR Y . B3 B 22
PG, NRTRE O HGRRE T R/NRTRD) o] AR A KR 22 FE 91220 T 2228400 “IREpL”, BEE
FEASWT A 2 0 AR A1 %) ORI EK H 77, AT 38 9 386 ORI ML 2 TR IG5, FF I i 5
LR, Ji SRR RN], RIRAEIK S 78 R B R A AT TR, BRI 22 KA B T K
P8 R FRARHITE AN RS e M o 4R s TR L6 BT BRFAE TR E 1 3 B 0T 48 (A1 3R 1) B AR AR B R il
Lehmann £#250%F 31 MEE M CRIETRE] HPEIMEBEREID K15 MRS HREATH T,
WEFC S5 R W 22 B KB (RN . AR Z MBS TE GHIGE ) M RGK B e R E R
TR A A3 B 398 P SRR T 1 S A 22 R I B 24P 3R . Fan 45120025 | e IR B WAk S
T IR AR e PEAAAE A O, RILTG R TE B A IR p b T, Bk, KEMZES -
AR E R R IEA G, JCHR AR HIRAE (Arbuscular mycorrhizal fungi, AMF) 2.
DRI, B2z MR BN B2 5 R A SR AR (T B S R e B TR R
2.2 WEMIRRIN D I TS ER

AEY AT Lol o A RSB (EPS. BRIEF 3R AE) A 3B Rk - [A) 35 22 1) A= W I 2 7 kAl
BEA SRR A E . — IS, SEYIIR MG St A 2 358 B A E S A 8 B 2 5K
Al
2.2.1 EPS I8 1) T IRH RIE T AR E HZHEE S EPS &AM AR KA I A% v 431 1 40 i 41
WER R FREY, FEHZHE. EOkt. R DNA FEHS, AV 753 r) EPS JEid {2
- EIUR G PR R A ST A BRI A SRR R T i S AR PR AR AR R . BRI RSS AR
JRYDPTRI R PR SRR AR KB B S 2 A ) EPS B AE RIS R 20). AN R B R 2 £
SRR RE /0 72 e E AR T H 7 AR 1) EPS RS » 202 EPS Wil i 2 i) BE i 415y, HAT DA
et 3B RS R A BAR T L S A E , B WISTAE Y i oh 2 BB 36 1 P o VR ki 455 771,
ZRER AT A DL TR S 2 Gy e VRO i, 1K AT e H T BIERIR TR B . RS H 2
FANLE e CREE, A, ZAEEE), AMUAeaEd S Bl T b 25 L Rim, m44E+
BESURLY) R L7, 1] AN RGP 3R 25 & R SR 74123, Tisdall A1 OadesPIFE 1982 4FRIA
U EPS-Z B & T8 b i E B BRI 5577 . Puget B L5 AR, EPS-ZHEXTHMIAI R & (<50
um) HITER AR+ B . Ghasemzadeh 5P3IF 57 R S AR B bk (Bradyrhizobium strain)
Gy EPS-Z FEde | LI SRR E M. Sher FEBIWT LK IMIE AR (Panicum virgatum) [F)3%55
AJ DL R A A 53 1 EPS-22 MR 19 i - 458 A SR A B T B S AR

http://pedologica.issas.ac.cn



+ %
Acta Pedologica Sinica

x® 1 BERRMEIRSN S PERAC

Table 1 Overview of common microbial exopolysaccharides>”]

iIblEZ 4 AR D%y JEA R A HLAiT ¥R
Extracellular Producer bacteria Components Substrate Charge  Molecular weight/Da
polysaccharides specificity
BRI Xanthomonas HIEIE . H R MR pEE At LAt (2.0~50)x108
Xanthan campestris HEPRR . R
e HEREREL
B Sphingomonas sp. HERE. WAE. REWE. WAERE.  SUEAY 5.0x10°
Gellan WEWERR . B L. Witk
e HEREREL . WEE
HFIRIREL Pseudomonas TEVERERR . R Wi (I T ol (0.3~1.3)x109
Alginate aeruginosa- PEIETR . LIRS Pseudomonas
Azotobacter vinelandii sp.)~ JERE O
T Azotobacter
sp.)
YR o ILE . BARTLHE . v HIEHE HIEHE ik ~109
Cellulose ATE B 22 IR PR B
e 2 8 Agrobacterium- H A bR Gkl W 5x10%~2x10°6
Curdlan Cellulomonas sp.~
Rhizobium sp.
b Streptococcus mutans % HEWE W 106~10°
Dextran Leuconostoc
Mesenteroides
ZEW R Streptococcus sp. HIPEETR . O il 4 B 1 LA} 2.0x10°
Hyaluronan Pasteurella A B
multocida
R Streptococcus RNE. R & bE TR A b Fp 3.0x106
Levan salivarus,~ Zymomonas
mobilis
PR A Alcaligenes sp. EINE. 2EFLbE TEhE At L] LMW<5x103
Succinoglycan CEREL . AR L HMW>1x10°
BRHABR Hh 3R T
[izE
B Alcaligenes sp. EINE. REERE. WENE. B SR 1.0x108
Welan Sphingomonas sp. HIEPEISR . BEIR w
£
o R TR Enterobacteriaceae . AR kL A7 HA A7 2x10%~6x10°

Colanic acid

M. OB IR
EgLi\

EPS- [ - 2 th Az T UM o (K iy . AU PL e

http://pedologica.issas.ac.cn

SN REVE R LG T K AR T



+ %
Acta Pedologica Sinica

DU -+ B WL /K Rk, [T EPS-E H AR & B B, DRIt - 338 A S i s
FAHER . EPS-JRHHE T F 2 — Lo HAA SR g i [ IR AW 1) (WU R . B
S5, — T XL AR T A 2 R A AR, 5—J7 ] DAE IR B AR gt 5, PRtk
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BRI/ RN EOARTTIE, UM Ko 7ot AT Bk A K 13 (Glomalin-related soil
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GMD) & EE-GRSP #1 T-GRSP 2 IEM X, JAR I T-GRSP S 3, i Ak 1198 [ 5 s e s 1 fe 2 2 1) T
FEFE, THZANBIEMA (025 mm~2 mm) F11) T-GRSP. Lu 25475 58 & I EE-GRSP 2 50 oK
MR PR 338 A S AR AR e HE AR A R IR TE e E R R . BRT . %T GRSP 1E R I SRR T B oA
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Fig. 3 An overview of glomalin-related soil proteins (GRSP) functions, properties and factors affecting its secretion

(modified from Agnihotri et al.[*l)
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ARAY, R IUH A B AL R ) E IR A R AR e . R . SRR MR IR, H B
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YeRACPE, XELLE FHE T RAEI AP AR T BRI R RS . BRI S, fE
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Fig. 4 Biophysical mechanisms of aggregation in soil
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RETR, XA EERW; (3) FHNZRITYE (Anecic), HATEAE LIRRAEFI K AMEE KA
PEEEEIR U, Sl R B R AR RN R R, X A S IR E )
AHEIEAERP, %55 ORI 7 AR A RS R A i IR RS, g5 SRR I AR R R 3R A
15l (Pontoscolex corethrurus) FUHAFZEH W (Amynthas robustus) VA JIRWIZRISARIZ F W (Amynthas
aspergillum) BT INEIRESEGIN T 2 Fh 1458 RABERIZII) A (1) K HT R AR (d>2 mm) A7) (P<0.05).
TR A A OIS T AW AN A2 2 [8] 1) LR E ) (Metaphire guillelmi) HeFh 115 FHA LA [ £
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— IR AR Y, VR G R ) LA oy SORE B B T ] R AR s SR ) i i BN AT AL
W AR A AR, HOY SR B BRI, IX P A AR A et R SR . FLBRBEAK DR A
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ITE RS AR E D) Ml FE A & — MR AR KRR R Ak, HAWR S Em T R EIEHES 20, W
UG AT DA Ak AT SR AR B R B SR AR R R2003) se b, i ] A 338 R 29 O, 2 00l B R VRLAE
RN XEE FEFE (oKW EY. |AR. 28, TG RN —J7 0w A 3 iR AR
W A AR AV S L IROR 45 S T R A TRARY . R AR AE IR B B K 1 B
VA TEBERI N SREE, R EATRS & RN IR, IR ERE 1 imsg %
(1) L3 B SR AKI4 - Guhra ZEOSIHIF 50 R A A SRAA TR O A vh il Bz SR RV e i ad 6 1
BRI 5] R BIER, BUE R & FIAESN )1 5] e R B 5 3 B R AR I TR B SRR E

Guhra S5V 582 B ] B Jk 350 18 23 %ok 380 W ot B0 R S MR PR BA 2 0 T VR M S5 S T
B, M| R RRGR AL S R TR BRAT I A BLICHL A SR ) R 70 5 B8RS 2 3 70 s i T A= 40
EPS AHfh. TAEY) EPS 177 B AN B o T B PR AR B BORT & MR BT 2541280 AHEL 2T, il B Bk
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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

EXY/ES Pifh S B %A FEAR SCHR
Biological Species Test soil Test condition Main results Reference
class
Eiile) Pseudomonas MEFEL EBREEFRL, pH=7.72, BHHFE  FANEFRRK, 50 g HIEEF S mL10® SxIRAM L, XL EPS-2 R bR [38]
Bacteria chlororaphis A20 21.5 g'kg!, & 1.12 gkg! CFU-mL"' R &3, 25 °CHi3%30d ffi LR KB EA (5025 mm) HIELHB
Bacillus proteolyticus BINT 128%~169%
A27
4l Rhizobium phaseoli Mn-6  ELEEMIH =R AR R 2 IR SIRIERLERE IRE TR, 1 kg L3EH 100 55X RHARLL, BeRhizm” EPS WG [73]
Bacteria FEATAR A L5 (R 62.5%, Bki 20%, MY 17.5%),  mL10°~10" CFU-mL"! (&R, ToRRZEIEE  Kife>2 mm F 2~1 mm FIRE R A S H
pH=7.9, HHLF 3.4 gkg's, &% 045 gke! Bl LB HORE BRI 13.6%M 5%, Hik# T Ek4:
Kk
. Rhizobium sp. . Hh BT 7574 B o 11 1 S A b A A el 1 AR IR T B IR R A = T ARG, 500 Bl EPS S MR S L EHALG [74]
Enterobacter ludwigii pH=6.5, BBk 13.96 g-kg g IR 15 mL10" CFU-mL! MR, & KREZEMA (5025 mm) 5 L EbEfh224R
Bacteria Rhodotorula WREFR 90 d, #AkHEFE 454 PRI 71.31%, AR A H K
and fungi mucilaginosa . B P L L - 3 25
Steptomyces albospinus FI
Trichoderma harzianum
HH Mortierella capitata #1 HEEFER S LA AESHWIE O A S L% SN TEEIRNE, 15 g DBEMER lom  FIRNTEY A SRR BRI K [36]
Fungi Trichocladium JEED MARMEEE (B 72.9%, FRL17.5%, K BiflgEEE 224K, 20 CCERERHE 45d AEHIRBIERBIRAE (>1 mm) Hify
uniseriatum W 9.6%), pH=8.02, HHLEK 7.93 g-kg', &% 0.66 R, PR R4 1 EPS-HERSER YT +
gkg! B B RRAEA
AMF Funneliformis mosseae ~ HEZEASFELAILMAE, pH=5.54, BHH BEFTKLHZRRE, 3ke HLEEM S0 ABRREREDERR T L+ GRSP [75]
28.12 g'kg!, &R 1.36 g'kg!, &M 0.52 g-kg! B (20 METFgD, HFES0d FEAREZRA (>0.85 mm) LLA
AMF Rhizophagus intraradices B P 52 P AIFE R PG L BRAR A NE/NE TR IREARARILCEZARIRI, | kg TIRER ML ER I B R i g% 2 [76]

Wb+, pH=7.48, HHLF 7.2 g'kg', &% 0.7 g'kg',
21 0.28 gkg!, A 2.08 gkg!

50 g W7 (370 AMF-gh), IR 150d

PR ERERHIRAA (5025 mm) B
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N AT RN (Eisenia
Animal Setida) FAFERE|
(Pontoscolex
corethrurus)~ AL E
18 CAmynthas robustus)

FIZ R E W (Amynthas

aspergillum)
) BRARIE IR (Metaphire
Animal guillelmi)

T 2R A R AL R A AT ) 7R 41 3

E P RFRIRLE, 500 g IR 12 g, 23 °C  PIWERIRAE (g3 Al A AR I D

(pH=4.25, HHIWK 27 g'kg', &% 1.85 kg fl BHRGALEESE 40 d
I IR AR ST AR T T 4% [l (1 41 5
(pH=4.25, HHLH 27 g-kg's &% 1.85 gkg)

H I R 4415 B TR B Lk

FAMH RS, 1 m? L3RR 375, 2500 125

pH=4.69~5.53, A HL 13~23 g-kg!, &% 0.74~0.87  kiicdsl, ¥5Fe 1 4E

gkg!

R 32 38 P SR AR (VTR Bl M A S R e £

Wil E S REAR AR TR (>2 mm) B
i, 3t T3 R R R [ Rl A SR A
(<0.25 mm) #7A%

[60]

[61]
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WRIT % EPS AN E ) O 2 N T IEUKARER . PRAKARER . B8 AL EEATS e
EELRUS,  (H A I i NI AR B IR AR TERE, AN SRR T LARSE RS
i A 52 TR BAAE UL, Rosenzweig <5 BO1E I 7% N 2 J iz LA e B i o - 338 (0 R /K i
71, G5 RRWIAIN> 1% 00 2 JEUR AT 22 48 0 3R Rk e 0 DA S R IR . SR S, JEd e+
RN EPS SRAREE HUERIA I S As € B BRI T 7. EPS A7 BRIK P AT R Hote) 2
M EZRBIA R, HATHE S EPS P~ RIS WG AR A A i T . SR e e Qi TRER-82,
BE, ROKRFEENS EPS MIALEERFE S o« DRERFIE LU A 7 R [l AT i) die HE 2 A1 48 05 T BEAT VR N BT

23

Fto
B | SEAE VN — BTG A W RFERA s R A HLILAE, AR AR 3 1T iz RS, i
Fe PSR R, AR T IR AR . Li S5 SR 7t FH s 20 2 - g i g A R

BAKRI R, R B 200 4 i T 25 B hn>0.25 mm ) L3R ARG, HES MWD 30
20.8%~56.6%, ‘mEHEE T HIEARARIKAREE. BRIBIEEZ 48, HRTIEARA HAh IR E Y= 1k
TR R A RGET A I, R — PR T 2 IR AN e R T T
4.3 AT BIEEVEMEIERIBFI & BB

A HOAE Y ANIE S R AR YT REIE N H AR IS, DR A A 2 A P E (i a3k SR AR TR 1 B A s 7 T
BAEERIFRIE ). EVRIBOR G AR TR 0%, 8RN A& RS R T o5 R 3 5 A b A=
U AR U T PO R AR I O I B AR Y 5 3 Bk IR R UTUE  (Microbially induced carbonate
precipitation, MICP) FARTEZ - TAZGUSAR ) T iz BT 75 7890, (HAE AR A= 338 v it FH 2R 4
SRR B AR o A S P AR SCIIE T AT AR T A0S = o DRI, SRR 06 BT R R FH AR Ak R i k[
RARTE B R 1) S A o e 8 b3 B ) A PG R R A R B R, DL PR AR R ) A
BERFEZEY) . HRERE S . BERQEAFN A MESEET . ARSI AT AT U I S AT BEAR LG, B AR G UK
VR = T A R AP I RS K AL BE AR Pl IR R I R, B AR A K R T
TERL I PSR T B R ) S A B R AR AR e P, XD UE B T HAE 9 R AR G R T AT
PEo it F A A AR B AR RGN AR O AR R HIB S M BB —

5 Zig5RYE

TIRPIR A SIRNE ) e EERF L2 —, o RIRES T LR R oR A KA R A A=)
ZREE, R KRR e HIRAEDIRF RS RS TR, A HEE. Yise
W B A HUR BERE FE o E S A sh o IR A . AL 1 RUEY i B SRR i)
R A /E RVROS A WU 2 eV P DA R sh e s A= e st A P AN A/ R A S 3B A SR AR (R R 1l B A
E. REAETIEAEY) (EEYIMEIY)) WS 3 BRARTE G R AR 2 ML O T CEAS T Rk
R, NBGERTT IR R AL TR S, (Bl T IR RGN R 2 2 A VE DL IR IO A i T
FIRPRIE, BUA BT/ 2 RO F R x5 A W)UKl (1 P SR A 1l S A s L 5 SR R Z IR NI
TCo BHIL, ARRAIBI TR H m OGE LLR LA T T :

1) 2 REZ SRR b IR A Y aKah 1 3 H R AR s R A e L . £ L aRei A ) i d
W FEAR 5777 (AR ARAT X SRR . LA 90Kk ZIRE 7Bk it
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2) W) EPS Al GRSP H R i 5 i AL AL . EPS A1 GRSP 1FJy B 2 () - 3 AR WG &7 »
Xt HZH RS R AN AL R AE LA AW TR AN IR, DRI 7R Bt — 0 ] B LA W 5 iR 42 AR 58 0 1
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A ) 3 TR R R A [ SR AR B R S AR PR s M ML T ST 981 0 A PR

4) TIREVIA TR BRI SOLRE RAE U] . TIPS TSRS 22 AR A B A7 SR
RRATAMAESTIRE, MR T 2R SR LRSS EENCR, #ER 7 ZRNLREY
e AR RIBIE TR 22 A SRE R M s D TSR BT AR I il S R R P T, 0 SR 2% L ma P 4
PRI SR Er P W 0ot [T SR AR R S A R O LTS Sk Z IR AN FE - Bk, H RS K2 sh9 (i
deisl> SRAN ) AR AR B AR T BN T 7, (H AN S AL D5 AT o

5) HEW A IRES R S RGO A S N o — D T ISR AN 3G A A LR LR A A R )
Lot et B SRR AR RE s 55— ol I BRI e e B Rl E R s e 7k
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Pl IREEH T RS HE A%
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