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Impacts of arbuscular mycorrhizal fungi on soil aggregation dynamics of neutral

purple soil

PENG Sili, SHEN Hong, YUAN Junji, WEI Chaofu, GUO Tao "
College of Resources and Environment, Southwest University, Chongqging 400716, China

Abstract: Soil structure plays important roles in soil ecosystem functioning as it controls fluxes of water, gases and
nutrients. Aggregate stability is used as an indictor of soil structure. Current approaches to investigate the formation and
stabilization of aggregates in soils have been influenced considerably by the hierarchical model of the aggregation process in
which primary particles and clay microstructure are bound into microaggregates (20 —250 wm) , and larger macroaggregates
(>250 pm up to several millimeters diameter) are formed by the binding together of microaggregates and smaller
macroaggregates. Many physical, chemical and biological factors (and their interactions) contribute to soil aggregation, yet
among the biological aspects, mycorrhizas are recognized as being of special importance. Arbuscular mycorrhizal ( AM)
fungi form mutualistic symbiosis with more than 80% of the higher plant species. The contribution of AM to soil structure
varied at different hierarchical levels: plant community, individual root, and the soil mycelium.

In our studies to investigate the impacts of AM fungi on soil aggregation dynamics in the neutral purple soil, split root
device was used and the soil were passed through sieves and then amounts of different size of aggregate were measured to
obtain fractal features of soils. Path analysis was also used to evaluate the indirect or direct influencing factors. The results
showed that inoculation with both G. intraradices and G. mosseae tends to increase the organic matter content and total
glomalin related soil protein content in mycorrhizal soil. Mean weight diameter ( MWD ) and geometric mean diameter
(GMD) with wet-sieving methods in mycorrhizal compartment were significantly higher than that of root compartment which
resulted in the lower fractal features of mycorrhizal soil. All these results account for the important role of AM fungi in
improving soil structure. Path analysis showed that hyphal density had the most important direct effect. The different ability
of AM fungus to improve soil structure revealed the function diversity of AM fungi. More AM fungal species and soil types

will be considered in our following studies.
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IR R R I FPRITE M R AR R H SRR R R R A R R E ML 32 B0 A )
YRR Ab2E Ve B e A1 Z R B R VE R A5 e | el A ) B2 - S ) i 2 A B 43, ST Il - 3 AT SR A B T R
AN RS VLR E S RS T ,AE AR (arbuscular mycorrhiza, AM) B JE A& 85 A9 — 2R 5E Y, K
RO M T IRAE IR ESAAAE D B 1 90% L) R FRAENS 5 AM B g v 2 6 RN 1R Bz
R AR TR AR R 09— 2R, A ELTE S AR S A T ARG AR W O W8 %, 1Y DR ) R T 5 AN R i
e, fEmEMTEN S b A AR T, AR RG h G EE M6, FI— B R HREZ —,
AM B RYAEYILLG , — 5 ARSI 22 7] ATE 3 e s e R s 22 467 55— J5 T AM EL TR 34 R 4300
— PR PR R Z A C 38 (glomalin related soil protein, GRSP) O N R RRER RS R, B A
TARIRAME T AM LB A3 S0 a5 7 - 8 P SR M RN e o A v (4 FH 52 BBk i 2 i S

EURT, P OCTF AM B I (2G5 + SRR RT3 A AT ARBFSE R AR BT T AM H
RGNS SR+ SRR SRR R/ INFIRRE PRS2, IF128 FE AR 73 A 25 52 el [R5 1 R/ N kA T
&, it — 20 AR HAE RO A= 25 R G VR T S (AL BB A A
1 #R57EE
L1 kR
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Fig.1 Split-root device
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PUT & A = TARERBE S

F1 SREEPENEREENNEM ER REATERHREAGLEREE
Table 1 Shoot dry weight, root dry weight and frequency of mycorrhiza of non-mycorrhizal and mycorrhizal wheat plants in the split-

root system

R i EATE AT H YL T 22 9
. Shoot dry weight Root dry weight Rate of inoculation Length of hyphae
Mycorrhizal status
/g /g /% /(em/g)
G. intraradices #RE Roots room 4.63 a 0.162 a ND ND
HRZE Mycorrhizas room 0.191 a 46.8 a 33.4 b
G. mosseae R E Roots room 4.40 a 0.204 a ND ND
I R Mycorrhizas room 0.183 a 45.7 a 74.0 a

FPEUE T 5 A HME, FE AR TR 5% K 285 B 1

x2 SREBFLEAVNEMBREBRLEAXEQRE

Table 2 Organic matter and TG concentration in the split-root system

B SRR R
b AR PR
. Organic matter concentration Total glomalin concentration
Mycorrhizal status

/(g/kg) /(g/kg)

G. intraradices HZ Roots room 11.08 a 6.89 a
R ZE Mycorrhizas room 11.48 a 7.45 a

G. mosseae HZ Roots room 11.36 a 7.33 a
HHRZE Mycorrhizas room 11.52 a 8.04 a

FPBUE D 5 AEEIF-HME, R AR FEAEE 5% K LR 255 B2 1

2.3 EIREERMXHEEN SR

A3 2 TN, B AL B A PR R AR TC SrE e s, 5 E A PR A R AXT I , R G, mosseae 1)
TG FE i,
2.4 HIHERGARKES B

TR A BRI N >0.25 mm BRI RBIAH <0.25 mm AR BAK A ] KN B AR B 54 G PEFETE 22
o —HE >0.25 mm B FREFRY + AR SE R A, HBCE 5 IR AE IR IEARSE T Ik
P82 SR - 1 P SR A S AR, | o S AT SR R A 55 Al AR R R SR AR K Rt P SR Ak, s 3 i, 76 0
B R G, mosseae TR ZE N >0.25 mm M ROR S 1 W25 R TARE BN T 4. 9% , AR = SR =E MW
X P22 55 N FERIAE > 10 mm AX—Kige b, M 6. intraradices WAL PR FH R A FE 35

R3 SRKEPRRARGSE

Table 3 Content of the different sizes of soil aggregates in the split-root system

B bk Qb3 £ F AR 18 Content of soil aggregates/ %

Isolates Treatments > 10mm 10—7mm 7—5mm 5—3mm 3—2mm 2—Imm  1—0.5mm 0.5—0.25mm
R Dry sieving
Glomus [ 22.2 b 13.5a 11.2a 20.8 a 5.28a 9.54 ab 6.40 ab 3.78 a
intraradices M= 15.9 ¢ 13.7 a 11.9 a 22.1a 5.92 a 10.5 a 7.30 a 4.16 a
Glomus R 26.8 a 13.0 a 12.0 a 20.8 a 5.34 a 8.98 b 5.28b 2.60 b
mosseae Rz 20.7 ¢ 14.1 a 11.7 a 21.5 a 5.50 a 9.58 ab 6.52 ab 3.58 ab
MR Wet sieving
Glomus R 3 5.48 ab 3.95a 1.49 a 7.60 a 6.92 b 5.87b
intraradices R 1.81 ¢ 3.12 a 1.39 a 7.21 a 8.33 a 8.30 a
Glomus HRE 7.57 a 4.22 a 1.31 a 7.44 a 6.86 b 6.83 b
mosseae = 4.46 be 3.95a 1.23 a 6.54 a 6.41b 6.60 b

RPEE N 5 DEE A, R R AR FRAUR 5% KF B2 B
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PR VA AR (0 2 33 AR AR R SRR KRR PR A SRR X O 5 e A5 M AR e M A B DUk . M0 A
R, >0.25 mm A9 RS BE R NI G, mosseae ITEIRE , K 33.8% ,38/NT T AL HE T 9 94. 9% , it
12 1 33 1 3 PSR AR R 43 g AR K Bk SR AR /KRR Pk TR AR i Bl it e /b . SR 3 AT 35 G, mosseae
MR Z N > 0. 25mm ZKFEME AT SRR i 1 2 m T HAR % 3 0RIE 15. 7% , B A — AT SR IAER L B H2Fh AM
HEBE AR =@, M 6. intraradices BIFRRAR P E 25 A B E HEMRE >1 mm FKENM:
P SRR e 9 i T X AR = ka3 e 4 R R W] > 5 mm (& Sk 3] T EKF

BZ XN A1 RN G, mosseae F1 6. intraradices ¥ T H BARBIIE AR E |, THEFRN G. mosseae
FIE I 1) A B DR R P X 8

MWD 24 9 A RAR R Z3 B A8 b , FABBEAE TR 14T SR A 55k F 438 o o 98 5 JHAEL OS50 T AT SR AR R
PEFF . GMD S22 %o AT SR AAAE = BOREER A A iR, AR, P SR A 3 A JORE 2R 1 i o3 A1 i 22 | LB 2 )
AT

MR 4 ATH, FIRAL PR R , B2 FP G. mosseae W EEHRE MWD 1 GMD ) 8 3 & TAH N R =, ##/ G.
mosseae AR ZE MWD F1 GMD ik, FEHAR Z 05l 17.9% F135. 1% . Wik B TR B T AR A28
R HEF G, mosseae HITEARZE MWD Al GMD HJ# K, 7354 0. 925 H10. 296, #6175 19 MWD A0
GMD /N T, X 02 T AEK BRI T K AR K R P SR A fife ) 235

I PADRL S R AR 53 A 1) 3 T A B S e 1 SR R P A SR A R /R Rk R AT SR A 5 1 X LI 254 5 F
PSR B BRSSP RIS S0 AT B AT AE B/, I Sl LA RAF s SEae e T~ 9
' G. mosseae WM ZE /M AERU R AL T HAR E | I WA A B AY BAIRME 2. 30, %81 G. intraradices B TRIAR %=
SRR A /N T HAR S e, W0 A 3 45 A B[] A0, 52 IAH W] i A (E SR e 8505 T i Ab 3L

R4 HSREBEFIEARGFEFHEEER JLAFHEERMSBEH
Table4 MWD, GMD and fractal dimension of water-stable aggregates in the split-root system

b3 E5E7S PR E R EAR JUT ¥ E R B4

Treatments Isolates MWD/mm GMD/mm D

F9% Dry sieving

Glomus intraradices R 5.76 b 3.37 b 2.41 a
i 5.13 ¢ 2.92 b 2.43 a

Glomus mosseae R 6.33 a 4.08 a 2.30 b
RE 5.37 be 3.02 b 2.45 a

HE0H Wet sieving

Glomus intraradices R 0.797 ab 0.270 ab 2.90 b
= 0.557 ¢ 0.237 ¢ 2.90 ab

Glomusmosseae R 0.925 a 0.296 a 2.90 b
i 0.716 be 0.251 he 2.91 a

MWD ; Mean weight diameter, GMD ; Geometric mean diameter, D: Dimension

2.5 ERBSHT

A AT 1 A g DRI AR 5 22 R AR 2 o 2% I 72 0 A e ) L o R e L A G Y
AR E XA B (A1 A 1) 3 Wt B, A i of PR A B ) B s A P AR R BOR B L SE AR AT R
FITEBAL & R 5 1998 4F- Jastrow 25 0 B UG T HAE MR B ARG - 458 T SR AATIE 1 o B T A 1

ARG T BB R 0 - 4 A R AR R AR 4 NIRRT TR, i S R L X, X, X,
Xy XN Fon R R %8 A TE  SHAPUE SR M GRSP &, MR 4 ATAH A2 YL %5+ f
i MWD B 4238 A2 R 844N, E e Hum oo oAl PR 2% 0 [l 3230 72 R AR (R el o B 2 9% 1 ) Z ok, i
AR YR % MWD {1520 3 2 (B80T 228 B 1 A 0 MWD %) 1 830 A 2R Mk ok i i
BRI X MWD (TR HEI 7R RECZ RN/ B T 2255 BE X MWD A 5 B B AR08 . MR T J00 1 A

http : //www. ecologica. cn



2 4 ZIBH] A DR AR ECE X P 5 0 S A SR AACRRAIE B4 5 503

i MWD (1) BL3EE A% R B8 0 080, I FLE 2 oAl R 2R ) ) 42230 48 R A A /Iy, R BEAIRTH B4 A O R A
M AE, AR R TE S MWD 2HAHE, R3PS T AR i MwD ) B HE R R A
STt MWD B[R4z 48 R A RN IE  #09E J5 O T 0 MWD (9 H 56 R 50k 0. 133, 1/ X2 5 9 MWD
(1) [E] 23 A R/, R REHEIS B AR R B T, GRSP B 2 X1 Ui R 0 1) B 230 42 R AR/, (B2
o JH A e A R 2R ) (R A R A, H S MWD B IEARSE M 5E R A4k 0. 250 #10.132,

LEA LIRS M nT A TR 229 FEXE T 0 MWD FIIR 0 MWD A5 25 EL W RON, A OC R 0. 813 Al
0.639, fRYR  HHEA P& & A GRSP & =X T MWD A [ 2800, MO REK K R - 1R YLK > GRSP
T > FHCAVLT S L, RYFE A GRSP =X R I MWD A R AL, A R BN . R Y2 % > GRSP
i,

x5 TEARCFEFHEEER(MWD)ZRMEZMNBERSH
Table 5 Path analysis of the impact factors of MWD

(st R T 225 *E%%ﬁi if%?éﬁmlﬁﬁﬁ E'H%ﬁ%?%?ﬁﬁ ‘
K725 ' Independent Rate' of Length of hyphae Root dry weight ~ Organic matter Total glomalin ,Ek%ﬂ'
Dependent variable variable inoculation/ % /(em/g) /g /(g/'kg) /(e/kg) Summa-tion
(X)) (X5) (X3) (Xy) (X5)

TP AR X 0.068 * 0.626 -0.008 -0.001 0.027 0.712

MWD of dry sieving X, 0.058 0.734* -0.000 -0.001 0.023 0.813
X, 0.004 0.001 -0.122" 0.002 0.025 -0.090
X, 0.004 0.098 0.020 -0.010* 0.020 0.133
X 0.017 0.155 -0.028 -0.002 0.108 * 0.250

M- AR X -0.022* 0.577 -0.001 -0.018 0.009 0.545

MWD of wet sieving X, -0.019 0.677" -0.000 -0.026 0.008 0.639
X5 -0.001 0.001 -0.020" 0.033 0.008 0.021
X, -0.002 0.090 0.003 -0.196" 0. 007 -0.097
X -0.005 0.143 -0.005 -0.037 0.036 0.132

* N HAEBR R
3 itig

UEBF G R /N A3 AR B B A T 8 b b P e R ORI AM ELR S H IR R 2% B | 3845 BT AT GRSP
it D A R AR R ME R/ AT B AL, AR BV TR 35 50 TR 43 A 5 2 AR
FEH I e A AR ] A R AR A BRI T4 B AR AR R R ARAR R 0T, 45 5 W 4R AM L1 (25 38
T MWD F GMD , it B 32 Ach $ 58 25 W38 0 1 O 9 AT R RS (36 3) ; TRINHRAAR T R e 4 (% 4)
T KRR SR AREIC R A B 0, 3R AP S A RS e o, RIS R IEAR B4R T . RIS AR T,
Z e RN G. intraradices 1 G. mosseae BIFER EMAEFR ER AN TEZR AL E (L 1) ,AM HRFEIRITE
TG = A — R GG 3R 3RS M R s AR SR

PR AR A R ST DUR  TE R R A PR AR B 22 (36 1) AEARX T e i 2 1 F 3 rh s 22 % B (H, AR5
TSI (ER N XS e T DA R 34852 30 A 45 Bl 2% A4 BR 1 40 R FE A9, Johnson %) 5 Qiang S W 45
WA E TGS R, B LLAE I U PE R B 22 N 45 H 1R T — AN BRI, AN TR L 5 | 36 R0 14
AT I T AM LR R R - eSS R A ML T 2 ST A R A S v A R R B A AL S RN A O
ARG b, IE AR g R A R R AM B )G HEEA LA AR (F 2) . E I LA
P H, GRSP & —JHZ AW 5, Y4011, GRSP 4 (5 - HEA WLERIY 5% 70 FE SR 5E P AR % TG 13 i
BEIIE R T . 5o, 45 R 7R 148 GRSP AU TE 6. 89—=8. 04 g/kg Z[H] (£ 2) , W& = Tl A (44
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