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Effects of soil disturbance, residue application, and arbuscular mycorrhizal (AM)
symbiosis on growth of Medicago truncatula and soil water-stable aggregates
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(State Key Laboratory of Grassland Agro-ecosystems / Key Laboratory of Grassland Livestock Industry Innovation,
Ministry of Agriculture and Rural Affairs / College of Pastoral Agriculture Science and Technology,
Lanzhou University, Lanzhou 730020, Gansu, China)
Abstract: Arbuscular mycorrhizal fungi (AMF)—plant symbiosis plays an important role in agricultural ecosystems but is
casily affected by agricultural practices such as tillage and plant residue retention. In this study, the effects of different AMF
and their combinations on the growth of Medicago truncatula and soil water-stable aggregates (SWA) under soil
disturbance/non-disturbance and residue application/non-application were investigated by simulating a crop rotation system
of wheat (Triticum aestivum) followed by alfalfa (M. truncatula). The results showed that 1) the responses of AMF and M.
truncatula symbiosis to soil disturbance and residue application were different. 2) The growth rate and phosphorus
absorption of M. truncatula promoted by AMF were inhibited by soil disturbance, which had a negative effect on AMF.
3) The growth rate and P absorption of M. truncatula were improved by residue application. 4) AMF improved the content of
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SWA, and the influence of soil disturbance and residue application on SWA depended on the diameter of the soil aggregates.

In conclusion, the proper application of AMF, no-till, and residue had the potential to improve soil structure, reduce water

and soil loss, and increase crop yield under field conditions.

Keywords: arbuscular mycorrhizal fungi; tillage; straw application; Medicago truncatula; Triticum aestivum; soil structure;

soil aggregates
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AN, B TZAFER AM H AR AR R
gihHE A BARWAEH, eI 088 i ol
T8 F R R IR W A B AR RE T, SR AR A R 2 PP A
BRI 2R 3 R B AL, T L RE 8% 2 LA ) — 4 2 TA] Y
W) 5 R B3, T S AN A S R G D R,
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PAAE 1R BIF 0 20 M0 1) 3 B — 1) b 338 - Pt BORS AT 78
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3 PR AT 78 55 8B R 3R AML L TR AR A 3

AR DL K A 3K RS (A1 SR AR B 5 i /D A R . AR
I 7T 1 E 40 BT o5 0 AM 1 0 SR
15 SAH W) 9 5 18 (Medicago truncatula) 4 UL %
b K AR ] SEARTE sl i) 52, LU O R SR AR R
FIF R 3 B (G B A0 RS AR 06 B f2 3F AM
— ARV L AR TR B 4 i A AR 7 g A Y+
SEM SR AL BRI

1 MRS 5%

L1 IR

T Y M kLR /N ZE (Triticum aestivum) F1 %5 22 5
1&g o WIS T AM B A WA, 7500 IR N BRI
(Glomus intraradices) F1 2 %k B il & % (Gigaspora
margarita). W5 ALY - 400 3 1 B9 (90%) +
+ (10%) IR A1), W56 Fr H L fyb + A s K
PORW, KEWE N 121 °C, KK 1h, 24 h J5, HiK
KB 1he W5, BT 110 'C BT K50 57 H
TIFRIYD ) pH ORI R S Bk 1 Al .

#1 #HHTEpH MEYHEE
Table 1 pH and available phosphorus of the tested soil

2%y T U (T 12) Available

H

Composition phosphorus (dry soil)/(mg-kgfl) p
417> Fine sand 4~6 6.9
VP Coarse sand 5~7 6.8
14 Soil 10~12 6.9

W+ LIREY

Sand + soil mix 6~7 6.9

1.2 RIGwIT
121 MEAKRE

¥ 140 g AM EL B A A 1260 g 70 LR A
FNBRAC R, WE 4 P Fh b 2. AR Y SRR S
BPHREMEE WNREE + BREMES AL
FhAb 3 (NM). BEAEEMALEE 20 25, AN — A H
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5, St 4 kbR, St 80 2. IR BLE R prik oy
BT NER TR AT E . KRR, BHEBER
N, 4 7d G, F2 BRAEK S ER. 70d
Je s S5 M T BY HCH b Ay, PREEE MR E . U2 g
T P & B IE, FIARFEFT, FIERFTE 55 A0 3 .
122 FEEEEA KRR

U A2 B 9 A2 A8 BT, R B IR T A R T 4K
. 2R J5 H 3% NaClO ¥R 1 90 s, P FH Jo & 7K i
e 5. K HABRIAE SRR IEAM R R I, B4
B R LR 8 30 Fio 76 B4 4F T, B+ 25 C M
F2do WOK/NF G, 4 MM E SR E — AT
PoAb B (NR, 3£ 40 70), 5 —F b7 LT
(L 40 7). TR, K N ZRBTH S 5 EE L
BB A . 4 AR b BEAE 3T PR R T4 b
RS G408, A4 g /NEFREIE S
(R). FHZEIIN 200 mL B 89 10 mg-kg ' ) KH,PO,
T DL R R E T R K IR TR
1.3 MEIEHR

AM H 2 e fHPMRAE D 2 L35, B 0.1~
0.2 g, F Giovannetti #1 Mosse'” JT i 77 ¥ 58 M A
PR AR B 2 e

EREEEE: EREERAEK 1445,
BT ELHE 384y, 76 70 'C HEFE A HE 2 d, M &= T (g).

2 B SR SRR AR R v A0 e A
LUkT 3

22 K J& (hyphal length density, HLD): % [ 3¢
R [21] Bk 77 k00 €

39 A R A - 2 R SCHR [22] P U7 V20 €
1.4 BRI

iR H SPSS 17.0 BAF AT I7 273 HT (ANOVA),
JS7 ] B /N S 35 1 25 530 (LSD) X ¥ $ ik 47 b g
(P <0.05).

2 gER

21 PMEIREER

HR#EM AM HH (NM) MH L, 2/ AM HH#
BEBRKT/ANENZEZFEMETE (P <0.05. M
AM B R RREEE, IRNERBEENRLER S (17%),
FR R IR BB IR R (69%), BMEMBEKKE
92 55 () 1R Y R R AR (32%). TRl AM H 1 A X /)
2 Hh bR W S B O (GR 2).

T2 NEAMEFERER, EFE, BTE. #3=

Table 2 Arbuscular mycorrhizal fungi (AMF) infection rate, stem dry weight, grain dry weight, and phosphours content of wheat

AME R R e ESN- T H e =
AbEE Treatment AMF infection Stem dry Grain dry Phosphours content/
rate/% weight/g weight/g (mg'g 1)
ANEEFT Non-mycorrhizal 0.00 =+ 0.00¢ 3.33+0.08a 3.33£0.07a 0.25+0.02a
IRANERFEE Glomus intraradices 77.00 + 0.04a 2.18 +0.02d 1.98 £ 0.03d 0.21 +0.02a
Y ek E TS Gigaspora margarita 32.00 £ 0.04b 2.94 + 0.04b 2.38+0.04b 0.25+0.05a
TR B Mixed 69.00 + 0.03a 2.41 £ 0.06¢ 2.30+0.02¢ 0.19+0.02a

[E] HIAN [l /IN G 7 R 7 AM I B AL B 1] 22 57t 2. 35 (P < 0.05).

Different lowercase letters within the same column indicate significant differences between AMF treatments at the 0.05 level.

22 EBREBEEYE

P RS AT 5 DL AR AM B H 0
HEAE ARG T (B 1). 5AF b HAH
Bb, 45 H0 0 25 PR AIC 1 e ol Ak P 955 0 1 A ) 25
T (P <0.05); 5 AINASFF AL BEAH b, F5 AT 78 o5 2
FIIM T AL B DL R AE AN TR T AR
PN BRE RN A PP AL T AR E = T E A
EME2HREMESOHEMRTE B 1) 545
AEPRAHLE, BEFh AM B B E R VT EEE AN E

- A
2.3 HEYELAHEE

EOR B AM B AL B AR B, B FF AM E R 2
FEE T MY EM AR A 2 (P <0.05), MR
NIKBERFEEE S ERe, HIRZREGHER,
EMEREREERK. SATHMAIIL, + 1%
TP 2 AR T PR R A A 2R A
EME2hREMRESEEEGERESE. HAEEEX
el W Wi 5 oK 32 B RG AT 78 75 5200 (P > 0.05) (B 2).
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Figure 1 Shoot dry weight and root dry weight of Medicago truncatula under different treatments
R: MM : NR: RMAEH. ARDEFRERRARTHEAM Bl A4 0B FHAEREZE T (P<0.05): *FnF—LETHE
AM HE IR, BAEESAEELHATEREZESR (P<0.05); FEIFMA.
R: residue application; NR: non-residue. Different lowercase letters on the bars indicate significant differences between soil disturbance and arbuscular
mycorrhizal fungi (AMF) combination treatments at the 0.05 level, and * indicate significant differences between residue application and non-residue under

the same soil and AMF treatment at the 0.05 level; this is applicable for the following figures as well.

O A28 Non-mycorrhizal [ RPN ER#ERE Glomus intraradices W23k E S Gigaspora margarita W 1851 Mix

o]
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k. WTEAHLE

Figure 2 Shoot and root phosphorus content of Medicago truncatula under different treatments

24 EZKE (HLD)

SRR EAEL, M AM B B ER S T
T3 HLD (P <0.05), KW, M B ES%REMRES
(1) 11 HLD #2 = i F% & MK (B 3). HLD K52 3] -1
THAIFEM (P> 0.05). 5 A0 AS AT 4k BEAH Lb, F5FF
T R T IRA B AL HLD.

2.5 TIEFBEK

5 RAEFIAE BT B, R AM B B4R e it
TR HOK RN B RAR T . T AR B T, 5
0.5~ 1 mm E 42 ) = /K 72 P B AR & & s
>2 mm E A2 L KR R RS B AR, TR
T PR AT i o K AR A AT S AR 5 e PR H
AR AR 13T P 2 AR TR AR ok

PR EMEHEMES LR >2mm B4 LK
P B A B (P<0.05), B ERE T 0.5~1 mm

O A$:F Non-mycorrhizal O WA ERBERE Glomus intraradices
W 2k E S Gigaspora margarita B 185 Mix

4 r T4 Disturb AT Undisturbed

—a—

i 22 K ¥ Hyphal length density/(m-g™

RNRRNRRNRRNR] RNRRNRRNRRNR

B3 FRLEMELKE

Figure 3 Hyphal length density under different treatments
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HAR KA B R AR T B3 i (P> 0.05), B3
Pev AR MR A ERFE B AL BT /Y 0.5~2 mm H AR

K A TR A R, R PR AR T R AR A
BRPEBF 0.25~0.5 mm H A2 H 8K Rtk B R 5 &
(#£ 3).

x3 TELETLRARMEEAREKST 6

Table 3 Composition of different water stable aggregates under different treatments

FAK B 4L Diameter

ol
Treatment >2 mm 1~2 mm 0.5~1 mm 0.25~0.5 mm <0.25 mm
D+R  544+102abc  23.85+ 1.02hi 31.94+0.64cde  24.86+0.70b  13.91+2.20abc
\ D 6.16 = 1.15ab 20.03 £ 0.41 26.99 + 0.63 35.73 4 0.67 11.10 £ 0.61b
R P ER B 7 a J g a c
Glomus intraradices  Np 4+ R 671+ 1.13a 26.02 + 1.28defgh  32.02+045cde  25.66 + 1.04b 9.59 + 0.50bc
ND  6.16+0.80ab 22.56 % 0.90ij 26.60 + 1.04g 34.65+0.78a 10.03 + 0.85bc
D+R  334+050bcde  28.82+ l.13abede  37.51+2.17a 16.11 £2.73¢ 14.22 + 1.42ab
+ + + + +
e D 2.13 £ 0.40de 30.67 + 1.69ab 3557+195ab  18.44+2.16de  13.19 = 1.23abc
Gigasporamargarita  \p 4R 6.44+324a 2935+ 1.71abe 3139+ 1.80cde  19.66+ 1.69cde  13.16 + 3.04abc
ND 4.15 £0.75abcde  28.89 £+ 0.90abcd 34.79 + 0.99abc 18.78 £2.47de 13.38 +£2.73abc
D+R  3.12£047cde  25.10 £ 0.91ghi 3127+1.16de  23.58+091bc  16.94 + 2.64a
. D 544+0.77abc  25.61 + 1.10fghi 33.05+0.52bcde  22.56+2.63bed  13.34 = 2.51abe
TRA
Mixed ND+R  4.71+0.74abcd  29.08 + 0.75abed 3248 +£0.76bcde  21.89+ 1.57bcd  11.83 + 1.90bc
ND  488+090abcd  27.06+0.75cdefg  34.43+0.55abed  24.69 = 0.60b 8.93 + 0.41c
D+R  1.86+0.39d 2843+ 131bedef 3226+ 0.50bcde 25.51+0.73b  11.95 +0.76abc
p— D 263+0.72cde 2697+ 1.38cdefeh  32.49+0.92bcde  26.01+1.14b  11.90 = 1.17abc
Non-mycorrhizal — \p L R 154+ 0.38¢ 3190+ 1.31a 30.83+ 1.10ef  21.86=0.88bcd  13.87 = 1.47abc
ND  127+0.17 25.62+1.02¢fghi  27.41+237f  33.88+1.58a  11.82=2.11bc

D: -9t ND: AT R: AFFE 5 NR: RIREFF . ARNG FRERRFE — KRR AR A, ASFE 3T AT 2 M AM B A B2 £ 6l A7

RS E LS.

D: soil disturbance; ND: non-disturbance; R: residue application; NR: non-residue. Different lowercase letters indicate significant differences among the

various soil disturbance, residue retention, and AMF combinations within the same diameter of soil water stable aggregates at the 0.05 level.

TIEFIFEXNEAN 0.5~2 mmb KR
RARIE A B3 M (P <0.05); F5FF 7 55 3 Z
B % 1~2mm 1 0.25~0.5 mm = 3 /K £ 1 2 1k
TE A 35 520 s 3P0 FI RS #T78 76 4 B4 > 2 mm
(1) - 358 7K A 1 A1 SR AR T i 2 35 B2 1R (P > 0.05); 22
Filt AM LB A BLAZ > 0.25 mm () 33 K Fa b B 5 Ak
TR W . BT LI AT & B2 M AM B
B R0 B4R < 0.25 mm 3 K Ra v T R AR Bk
DATE S A LNEEIN

3 i

A TR A SR A R 1N S B R R AR R
G5, E IR 3 4 FHRF T L 8 R AR 25 LA
[ AM EL B 52 bl b 38 5k 42400 2 0 L R R B
LB AR . TEE BN K R,
SRR Bk AT A L, PR P ERTE S RIR &
PP ELAT I ) AML 2L 1 12 e 3R, A L 251
(ARG — 5, R T A F AM L B R S
(K12 YL e T 1K 2 5
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x4 TELENZEZRHFESTPE

Table 4 P values of multivariate analysis of variance under different treatments

sk i;%ﬁjt BH AT Bt AR 22 H AN Interactions
Indicator disturboalrllce S) appfl{iizlt(ii(l)lrf (R) MYC(Ol\ilr)hlzal SxR SxM RxM SxRxM
25 Stem weight <0.0001 0.0001 <0.0001  0.0944<0.0001 0.0265 0.1160
HRE Root weight 0.0024 0.0393 <0.0001  0.1248 0.0021 0.3496 0.2249
25T & & Shoot phosphorus content <0.0001 0.0579 <0.0001  0.6607 0.0032 0.2514 0.5005
R B 1% 2 & Root phosphorus content 0.1001 0.1049 <0.0001  0.6686 0.0217 0.4162 0.0852
# 22K /% Hyphal length density 0.6757 0.2510 <0.0001 05162 0.959  0.2448 09725
T AR > 2 mm SWA >2 mm 0.1858 0.9820 <0.0001 02042 0.1775 0.2689 0.9820
T HEF A 1~2 mm SWA 1~2 mm 0.0176 0.0012 <0.0001  0.0445 0.1616 0.0118 0.4656
+ 3% & 0.5~1 mm SWA 0.5~1 mm 0.0283 0.0980 <0.0001  0.7854 0.0175 0.0006 0.0903
T HEFFR K 0.25~0.5 mm SWA 0.25~0.5 mm 0.1897 <0.0001 <0.0001  0.1043 0.6526<0.0001 0.0044
HIEF R < 0.25 mm SWA < 0.25 mm 0.0554 0.1052 0.3255  0.6588 0.1278 0.7049 0.7834

SWA: soil water-stable aggregate.

BA AM HE FEAR 7R i EAEY R, BA
7] 122 o Ak B X /0N 2 P A B 0 ) R AT 22 5 3K AT g
5 AM H - 2 FEEA O . iR BREE B AR &
WL R EMES T EE L K, HMRANS
AM H OB %, 25 B 5 D, Bk 1 BR 0
BTN A K,

3 EMAMER., TETIHMERBEXE
ZEBEEYENZ

A AM H B ek VR EE R ALK, XM
Smith 25 R — B, 3 AM BB X/ 2R
B g A Km0 22 R v R R AN R R
AM B8 {2 4 T B2 AR [, 40 Klironomos™ %t 64
FloAE P ai 78 K I, [ —Fh AML 5L B RJ DA 2 Bl 40 1)
AN AERK, KT AM BB 52 AE Y E K1
ZREME . BIBT PN 7R AM B A R 2
E g K AK, 2R R MR EY K. X
P LT A R R AM I [R5 0 A A
A K BRI o BRI 2 b, T G 95 AR AE A
AM HE ARG IR A 2 5, R, FiA7E 5
X 5% A A 1) 5 e A DR 42 PR AN [R] AML 3 B 1 3R L 22
Ft, RUIA A AM B — 18 ) 3 A Aok 34 858 1 N
(K1 REAL Y A FT 78 5 A0 BEG R AE K 1 B A 36 TR
AN, AT RE 2 T AR AT 5T R 3R 1T 7 A R AT
()77 2 H 78 o I IA) e, DABROIR R 1A AT B fige 1) ol

F 0N, R O A 9T v A T 2 R I ) R 45
e AS AR W A K. AR R, FEFFTE % At
b (R, MR A A KO,

32 BEMAMER. TRTHMBEFEBEEINE
ZEHEHSENE

R AM B 5 T R A e T Bl Y TR R
K, BARNIE I AM B B G FE 47 Bl R UAC 4T R 30
HZ 5, (B R AM B A R T Y0+ 1%
FE43 B USRI R F BT 35 R R A TR B I
WR A, IX AN 45 5 5 Xomphoutheb 2557 [ BF 95 AH AL,
AT R 30 S B B B = AR 4 ) - s R Bl g R S . RS AT
78 55 IF AR B2 5 B AE N R I M U, R IR Gn E R
A, AW FC RS R 5 R O IR A BD, AR R
W3 53 WIS TS T WL/ o 53 A1 Hasbullah 25 4
18, AT 28 Y AT DA o A A0 0] B 1 RS, T R R
AP 2 TR 78 5 R 3 R A 6 PR R ST, T R A
7 & (Vicia faba) 75 ¥ F J& ¥ & (Cicer arietinum) F%
78 25 U A T LA 5% Tl 1 W WAL

33 BT, BHEEN AMERELKE
aEAL

W e R, LTI R AM R T 4K
B AR 2R, BRIk AM BB B 2210,
M52 AM g X PR e AR T, LT
PR AM B 1 1 22 K, R H R0 AM K
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S B B A0 45 e, RN AT A 9 2 A BT
U R 7 SR R AT R 5 . RS AT 5% AM
P 24K I 500 DR R D B AL B T s (R
BB AL T T M 2 K AT R, TR A
SPL 4 5 R T 2 T 4 0, 2 5% PO o L

34 BEMAMEE., TEFRMBEHFESET L
K FS M ] B AR AU 52 M

W 502 B, B 1E B F A1 78 75 35 0] 2 35 52 )+ 38
A 54K (0 % R 2 4 A AR T — o B T A
7] AM B A5 AT 78 56 A0 3 T 0 8y AT s 4 gk
Ttk A SR AR A e, H =3 X 0.25~0.5 mm H A&+
152 ) SR AR 1 S R A7 AE 28 ELAUNE o AN TR AMEL B R
A B4R I 3 A R AR A AN R 2 i, 3R B [
AM FL R A 58K AR 1 H R AR I B, B AN R Y
PEFYY, AM E % 0.25~2 mm B 4% + 3K Fa vk
BT B A B E R, # A4 GERmH < 025
mm Fi 42 [ 3 F R AR, X U AM BB 1 T 22 )
B 22 3 WA R RE R B4R > 0.25 mm F 38 R B
AT RS BRI RE T 36 %) 0.25~0.5 mm B4

2% Y #k References:

1 KRR HI AR A B e, X2l T
T AT v 5 b 398 A SR AR TR RS ) A oG B B = e B
i o oy ™, st e M g R R W, N &M,
AMINE FRYE S d B AT R 3 52 > 0.25 mm B 47 1 15

AR A Y. LT 2 B % g KRR M 4]
AR 2 A DL B A DGR 2 &, 0 TT BRI o A 4
HRSAE a0 AM I (14 B V& 45 1) (A1 45 5 ) 1 18K AR
PSRN, B, MRS S AM B R g
FHPANSEINAEAT 7 55, X ocE HIRES M AT X .

4 45

AM F R A5 2 A I AN R AL 45 % T A RS AT
T 56 1 SAFAE 2 . RTINS A A
K I W B AT SRR L, AM LB RIRS AT 78 5 2 ik
TR ERE RN . TP AT 5 A
AM 2 onf 4 398 K R 1 1] SR AR B TR B S e, R
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