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Compare different effect of arbuscular mycorrhizal colonization on soil structure
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Abstract: Soil structure plays important roles in soil ecosystem functioning as it controls water, gas and nutrient fluxes in
soil. Aggregate stability is used as an indicator of soil structure. Current approaches to investigate the soil aggregation
dynamic 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 m) , and larger macroaggregates ( >250 pwm 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 previous studies, most experiments were carried out with pot or other single compartment devices, this made it
difficult to clarify different effects of mycorhiza symbiosis on soil aggregation. In present study, the split root device with four
compartments was used to quantitatively compare the change of soil aggregates in mycorrhizosphere, rhizoshere,

hyphosphere and bulk soil. The results showed that there were significant positive correlation between hyphal length
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density, easy extractable glomalin (EEG) and mean weight diameter( MWD) , geometric mean diameter( GMD ) and the
amount of larger macroaggregates (>250 pwm up to several millimeters diameter, R ,;). The correlation coefficient between
water stable aggregates and hyphal length density in mycorrhizosphere soil and hyphosphere soil was 0. 777, 0. 671
respectively. The GMD and MWD of R, ,5 in hyphal compartment were higher than those in root compartment but were lower
than those in mycorrhizal compartment, which means mycorrhizal hyphae had greater effect than root did, but less effects
than mycorrhizae did, on formation and stabilization of soil aggregates,. The different ability of different AM fungi to
improve soil structure revealed the function diversity of AM fungi. More AM fungal species and soil types will be considered

in following studies.

Key Words: four compartment; hyphosphere; MWD ; GMD; water stable aggregate

TIEEE AT PR A DY S U2 5 PR TR R A S 4 F AR R AE TR R AR [ RUBE R
NI LT, B 2R E . IR RO 3SR A 1 I A PR RN A Rl SR i A B 1R SR A
TS E 2R B AL BOVE ] B BT 22 TRl B )V T A &t 2R i e A S JHG v e i R e 4 R Y
1 ML ECER ( Arbuscular mycorrhizal fungi, AMF) J& F SR B o A e HL 32 A0l fiA 838 A 4r
KW —ZE Y, ERes 565 - 90% L IR AR 22 IE B AEE B AR ( Arbuscular mycorrhiza, AM ) 3t/
PR e AM AR SRR R LI AR AR T2 TR TS - RS AL, R Y
T 22 55 A0 I AR B 50170 Wh 7 A 1) — M A 1 —— R R AR OC 13 485 11 ( Glomalin related soil protein, GRSP)
25+ HE PR TE ORER A | AR TR AR L BRI T 4/ FH 32 BBk b 22 1) G 1

TEC I RIAFTE R B 225 1 A HLTH GRSP e + e A RUE s AS & h A EZAME Y HE s
HEAT T8 R 22 2 A AR 0 B 7 2 AR, 765 SEBIF ST A AR B AR 2R (TR 22 L GRSP S50 A= K R 43 A T[]
—2S (AP, TR B T 8 1A SR, JE 1 L XA L AR G S R 3R A K /DN, BB 38 i 38 42 43 AT ( path
anslysis) [HH4ZRAG 0 o BRI, ASBFSE R HI DU % 0 AR 2he 8 s ) B e TR A AL D AR 2R D R TR AR T 22, 4 BT L A TR
HE PR 443 ( Mycorrhizosphere soil ,M) AR Pr 443 ( Rhizoshere soil ,R) | [ 22 PR 3% ( Hyphosphere soil , H) FIIEAR PR
T3 (Bulk soil,S) TIERIRIAFFIE  NTTRESS & PPN AR R S22 MR MRS EZTE TIE PRI iUAER
EHTIE
1 #R57E=%

1.1 Bk

P . /NFZ Triticum aestivuml (438H 14 5)

At AM B . Glomus mosseae ( G. mosseae) Glomus intraradices ( G. intraradices) Il Glomus etunicatum ( G.
etunicatum) o 3 AR A E RO R S BT IR PR A B, SR F = BT R R S A AMF fil R 22
BRI EL

B O th S L R A ERITALRT PR A R A= 5 1, R R AR R VDB A KA 5
WAL FEB W EE O+ CRARIRMIE ) BN M pHT. 1A ML 10.79 ¢/kg; 2% 0.78 g/kg;
20,82 g/kg; 24 20. 54 o/ kg ; Blf# A 28. 34 mg/kg; AW 10.91 mg/kg; HALHN 53.2 mg/kg, TIEZLXT
J& oy SRR DL AR R B A,

1.2 st

G A A B AN 1 R, U ZE B AR S % RS, e ER ] 3mm JE YA HILBERE AR N T A, B> % 1)
RxTEx 4 :5em x 10 em x 15 em, M ZEH R ZHK 14 em, 5 10em, JE 3 mm B HLBEERR R IT, 100 S
MR &K H ZEFM 20 400 H Y Je de R IT , 5 22 R E i e e W, AR RIANRE . il
R 3 BN R AL B, AL B 3 AN E R, B A BT R 4 MR TR AY . AR B
( Mycorrhizosphere soil, M) AR & 4 3% ( Rhizoshere soil, R) | 7 2Z R 4 3% ( Hyphosphere soil , H) Fl3E 4R br 1 3%
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(Bulk soil,S)

B /NEF T 10% 19 H,0,74 5 10 min, 2555 77K
VRS E TR v = 101 B SR, I U R
DeRRKAMEZ B E, R/ hER M 5—10 em BYAR R BT
TR A2 0. 25 kg - 3E & F | W= IS, KR
BRI SI WIS A B TR E T RETE M E en
ANSHEHFFI TR A AN 0.5 kg 13, R EMMA T’
SRR RNR G50 3 55 Fm 0. 25 kg + s
WES, SEMHEMANEIES R M, 57HR5
FFZEHEK 150 mL, LUJG BER A AR E 7 K ANE 7K 47,
IFPRFF Y = R — B, w5 T 2009 4F 12 A& l
2010 4 3 H 7EVU R RAFAEY) B 52 M 1T Sem —]
1.3 FE&SOHT

B 3 A H IR WO IHRE Sl B0 T
35T FE WU E I IO, K HEHT [ ARZE 4 /)N
OFFIE 1 em ZE47 1/ 8 Frth o iR &, K& Uk
e BC—PAR R BT 1 em KARBE TR A BUBEAR 2 1
g MEMRARYR, FIFAEES 105 CRAFH/NITE 70 CHET, T A R ZU & i p i, 3R
KT8 H,

A LT B I 5 S FH TR TR AR A I (K, Cr, 0,-H, S0, 1) o 3 A1 B A4 1 43 A R 10 =% 1 975 4
TR RRRYLER A IR 58 SR 10T TR 22 5 B I S TR 224 BE i B Abbott 28 A IR IER TN L AR
AT RE R AR RS . A R A H,S0,-H,0, 14 &, A oa WLIC &I 2 2UA I E . 85 & R H,S0,-
H, 0, 7M., HUEH 5 LU

A5 Wright =3 B9 5 ik, D 5E 1 1 A9 R ER 28 B &K (total glomalin, TG) A1 5 #2 HUAY BR 22 5 &K (easy
extractive glomalin, EEG) , TG ME A2 AR . FREL 0. 25 g +3E011 2 ml pHS. 0 .50 mmol/L FFEEFR IR £ 57 7F
121 °C FHEHL90 min, #RJ57E 10000 g F &L 6min, #5E FIHWUG , BRI S5 A IR B 3257, v T H e
60 min, [F] i 1H — 4 1 5500 B0 IR 80 W, AR AR, R A 5 Ik, B R E A B IO B R R R
10000 g#5.L> 10 min, IR P AER$ER Z M5 ik B, 4 g & A ERERZ, M EEC W&
pH7.0 .20 mmol/L FFEFRANIZEEFITE 121 CF $2HX 30 min,

1.4 Hdabag

I FH SPSS BRI U6 B AT B K 2 G0 HT, 5% KT LSD £2 5 Fh A b 36 4% b 3L Y4 (1 =2 ] 1) 2%
S

A RAR A R A B 115K T 0.25mm HIRIK R, s -

M M

R =025 g Dr<0.0s

0.25 — MT MT
ﬁq:‘ , M,.>().25 %Zl—:\‘jtﬂ: 0.25mm %&Fﬁ% ,MT%ZT_\‘%‘%&IKAE\E: s M,<0A25 %%ZT—\‘/J\? 0.25mm %&I&ﬁ%o
ST L (MWD) FUIL P40 (GMD) 62 TR I 9 0 3 ) T G 09, 575 5530
11N S

40um /B 2% |

15cm

B1 SREETREE

Fig.1 Split-root system
: WARPR 43 Mycorthizosphere soil \R: #2FR +3 Rhizoshere soil |
. W25 13 Hyphosphere soil . S: FIHEMR PR 13 Bulk soil

n

MWD = Y x0, GMD =exp[( Y w,lgx,) /(Y w,) ]
i=1 i=1 i

S oo, R R R AT — KL AR L 11 SR AR 1) - 24 o o AR ,wgé:ﬁi**ﬁﬁ%?ﬁirﬂ R A RS T
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2.1 SRS [R] AR B AR L TR /N 22 AR AR T TR AR R e 38 1 52 il

M 1T AT RLF R 3 AR M S I T R AR BRI AR IR R R R YR 30% —44% | Horp R
G. intraradices Fll G. mosseae PR RAZYLF 0 2 5 THAN G, etunicatum MR R AR R EIHHRIE AW
FRALA A, el 3 FEEAN R M Hl R AR R AW R 22 R AR B3 R MO R 28 L SRR SE R Rk A AN )
G TR AL S R A R I LA i A B WA R B BT AR B MO R AR R AR 2
FYARRE B M ERREHEMEREESA ST R EiEH, K250 ERr A S R ER AT E,
HH ErTEESEA T E HERF G mosseae H b 3R 4 W i 1 I Z K TR 6. intraradices 1 G.
etunicatum W Wi

®1 EMEREENNEZHBTHRENE BREFRARERERKR

Table 1 Root biomass, N and P content and uptake in the split-root system

EE 2 POEEH o MRS R MR &k Ho T R A A b AR RENCELES
Mycorrhizal Rﬁfiﬁi? /e Root N content Root P content Root N uptake Root P uptake Mycorrhizal
status /(g/kg) /(g/kg) /mg /mg colonization/ %
G. intraradices

M 0.62 a 6.74 ab 2.89 a 4.16 a 1.79 a 42.6 a
R 0.67 a 6.02 b 2.47 a 4.08 a 1.64 a 0c

G. mosseae

M 0.66 a 6.15 ab 2.72 a 4.07 a 1.81 a 44.0 a
R 0.54 a 6.19 ab 2.52 a 3.34 a 1.33 a 0c

G. etunicatum

M 0.58 a 6.91 a 2.75 a 4.00 a 1.60 a 30.4 b
R 0.58 a 6.19 ab 2.31 a 3.60 a 1.34 a 0c

RPEAE N 3 DEEMFE, HG AR FRACK 5% KF_Ei2e 5 B

R2 BEMEREFENNEMEBTEREBEFRR

Table 2 Shoot biomass, N and P content and uptake in the split-root system

e LT M LR A Hb LR b I FR I R b b R

Mycorrhizal . - Shoot N content Shoot P content Shoot N uptake Shoot P uptake
Shoot biomass /g

status /(g/ke) /(g/kg) /mg /mg

G. intraradices 17.45 a 13.88 a 6.41 a 242.1 a 111.8 ab

G. mosseae 17.49 a 14.24 a 5.43 a 249.1 a 94.8 b

G. etunicatum 18.09 a 13.64 a 6.63 a 246.9 a 120.0 a

2.2 HEFPAR [R) AR R AR B R0 DU % I T 225 B AT HLBT IR R i s

3 o, TR AR AN 22 7] LUl M =M H 22 Mg M EE H % 76 M EH/H 51
HREWHELL 2% ELE 64—S8lem/g Z 0] FEFN G. mosseae B M 15, M 80.65cm/g, R EM S EEA
W22 . P G. mosseae RN G. etunicatum Bf JH % TG &t 5 ; MM G. intraradices BF )M % TG & T H:
fl3 A=, XTF EEG &, HFh 3 A U = 3 R B A [F] 0 3 HS>SM>S>R, AP G, mosseae
M G. etunicatum P H B E S TR R ZEM S %, S0 LM 6. etunicatum ) H 5

TIEA AT LB P T A AL BT, 45 3 b 0 A LY BT (R A3 AR R AR ) | 336
A=W BB WA ) R B BT, LT AE A HLBT AR A TR E S AR R A LR 2 S A 1B
T FERER 3 BB ARG AL H R 0 S A LT A e o )LD 6. intraradices 1 H IR
22 PR A LS R RS AME 200 EEG &5 m A1 5%, o GRSP F2 2 i 8 S MR K AL & W 2 08, XA
ML 5 A7 R B B ik
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Table 3 Hyphal density, OM content, TG and EEG content of soils in the four compartments

L PGPL [E4: AL e VElE: ¢ v
Mycorrhizal Hyphal density Organic matter ,Hiﬁ%@% EEG
status /(em/g) /(g/kg) 16/ (g/ke) /(g/kg)
G. intraradices
M 65.36 a 15.91 a 4.69 a 1.03 a
R 0b 15.03 a 4.56 a 0.95a
H 66.00 a 16.19 a 4.64 a 1.05 a
S 0b 15.63 a 4.59 a 1.01 a
G. mosseae
M 80.65 a 14.89 a 4.57b 0.96 b
R 0c 13.95 a 4.62 ab 0.89 ¢
H 64.97 b 15.54 a 4.82 a 1.04 a
S 0c 15.36 a 4.65 ab 0.94 be
G. etunicatum
M 71.24 a 15.10 b 4.70 ab 1.05 ab
R 0b 15.40 ab 4.57 be 0.97 b
H 74.77 a 15.82 a 4.79 a 1.13 a
S 0b 15.58 ab 4.54 ¢ 0.99 b
2.3 HERAS [) DA AR L TR NS DU 3 - SFEAE A RRAE 19 52

F AT RANER AT M R H.S L4 MWD (GMD Hl R, ,s AT 085 475 (1 AT 3R (i
TEIKRRPE AT AR AR RRAE AT A, 0775 S A ) S 7K R P R A K A A AT 3R A ) S AR AT SR8 0 2 o e )
K FME A R MARRAE | RO T R AR ISR ) AR Ak, 7 3T R A 2 PR AR A 3R R K AR A R
T, R4 P TIIAFHY R, s 35 = TR, UL -3 AT SRR IR 23 g AR KRR R AR, T 25 A T, 7
G. intraradices 1 G. mosseae , R, ,{HII N R>S>SH>M , #5F1 6. etunicatum "N H>R>S>M, JRE T/ T M =

Ry s MWUE BN BRI ST M G. intraradices 1 G. mosseae B} | R, ,{HY A M>H>R>S, HiH £ F) 6.

mosseae N M E B FEHTHEILE M G eunicatum B H ZRE S THEILE, B TH MWD

GMD F I AR A AR AL B AR 328 6. intraradices )iy M>H>S>R3EFN G, mosseae B} 4 M>H>R>S | #:F G.
etunicatum B8 H>M>S>R,

F4 TEARGFIEHESERJLAEHEEMAT0.25mm KEEARGESE
Table 4 MWD,GMD and R,

FERN b 3 0 Dry sieving HEF Wet sieving

Mycorrhizal status MWD GMD Ry 25 MWD GMD Ry.»s
G. intraradices

M 5.68 a 3.04 a 90.68 a 0.445 a 0.239 a 35.98 a
R 5.99 a 3.45 a 93.63 a 0.374 b 0.216 b 33.55 a
H 6.15 a 3.48 a 91.61 a 0.392 b 0.223 b 35.40 a
S 5.85a 3.29 a 92.99 a 0.379 b 0.218 b 33.95 a
G. mosseae

M 6.19 a 3.49 be 92.45 a 0.525 a 0.258 a 40.09 a
R 5.57b 3.35¢ 94.23 a 0.442 be 0.233 be 35.96 b
H 6.54 a 4.03 a 93.99 a 0.490 ab 0.244 ab 36.36 b
S 6.13 a 3.69 b 94.07 a 0.416 ¢ 0.225 ¢ 33.98 b
G. etunicatum

M 5.50 ab 2.79 b 87.83 b 0.525 a 0.253 ab 37.73 b
R 5.19b 2.92 b 91.53 a 0.466 a 0.238 b 36.58 b
H 5.81 a 3.56 a 93.13 a 0.538 a 0.269 a 42.38 a
S 5.26 b 3.05b 91.36 a 0.477 a 0.245 b 36.84 b
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2.4 ARV T

BAHREGEX,) SIRBOREFER TR (X,) BEREFERSEX,) RIERX,) MEZL%E(X,) 5
MWD GMD Fl R, , Z [AIF A REUN K 5 iR, SEit25 R BN 4% E S MWD GMD Fl R, ¥t i %
FIEAHCOCR  EEG AR L1 5 MWD 1 GMD A 2 1 IEAHCC R ,EEGC S TG I 2% A
EMIEMER R,

R5 MESREETEEENEXRY

Table 5 Correlations between variables included in the experiment

FHLGEwE SREERE HEREHR (F2ES W25 . KT 0.25mm £y
IR S Aﬂ 4 7 b FA .
organic matter HESE EEG & TG Rate of Length of hyphae q:igfﬁ)E{I JL{EJ?;M’[J)Eh: IKFaNE AR A4
/(g/kg) /(g/kg) /(g/keg) inoculation /(em/g) v) v,) i Ry s
(X)) (Xy) (X3) /% (Xy) (Xs5) ‘ ’ (Y3)
X, 1.00
X, 0.383" 1.00
X; 0.065 0.439 " 1.00
X, -0.040 0.084 0.032 1.00
Xs 0.212 0.535"" 0.377"° 0.581 " 1.00
Y, 0.027 0.396 " 0.208 0.352° 0.578 ** 1.00
Y, -0.057 0.331° 0.206 0.374" 0.534 " 0.964 ** 1.00
Y, -0.029 0.377"° 0.171 0.266 0.601 ** 0.844 " 0.785 " 1.00
M ZE 1 H #2295 5 5K Ry s & B RYAHOCOCR WA 2 Fin . M ZE I H 2R T 0. 25mm KA1 R
B 5T 22 A B IEAOCOC R MR R0 h 0.777 #10.671,
45 ¢ a5 ¢
£ M "
i~
iy
€ wl
&
i
El
ﬂ@
%
g 35¢
g |
£ r=0.777% r=0.671%
a P=0.014 P=0.048
+
R 30 L L 1 ] 30 1 1 . )
50 60 70 80 90 50 60 70 80 90
T 4222 BF Hyphal density/(cm/g)
B2 TEFLZESKTO0.25mm kBHEARGEEZEMNXER
Fig. 2 Relationships between Hyphal density and R, ,s in the mycorrhizosphere soil and hyphosphere soil
3 g
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