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Influence of long-term fertilization on structures of arbuscular mycorrhizal
fungi community in a brown soil
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Abstract: [ Objectives ] This study aims to explore changes of community structures of AM (Arbuscular
mycorrhizal) fungi and to find out main factors of affecting the structures in a corn-soybean rotation system and a
long-term fertilization trial for 38 years in a brown soil. [ Methods ] Soil samples (0—20 cm) were taken from
six treatments of the long-term fertilization trial in April 2016, 1) no fertilization (CK); 2) chemical N input
(N); 3) chemical N and P input (NP); 4) chemical N, P and K input (NPK); 5) pig manure (M); and 6) pig
manure plus chemical N and P(MNP). Soil samples were analyzed using PCR-DGGE, cloning and sequencing
techniques, and the relationship between community of AM fungi and environmental factors was analyzed
using the redundancy analysis and canonical correlation analysis. [ Results ] The results showed that the
contents of total organic C (TOC), total N (TN), total P (TP), total K (TK), alkali-hydrolysable N (AHN),
available P (AP), readily available K (AK) in the organic fertilizer treatments were significantly higher than those
in the CK treatment and chemical fertilizer treatments, and the trend is: organic fertilizer > chemical fertilizer >

CK. Compared with the CK treatment, the chemical fertilizer treatments decreased soil pH, while the organic
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fertilizer treatments increased soil pH. The redundancy analysis showed that pH had significantly negative

correlation with the diversity and evenness of AM fungi. AP, TK and AHN had significantly positive correlation

with spore density. There was no correlation between AM fungi diversity index with spore density. The cluster

analysis showed that the community structures of AM fungi were divided into two groups, namely, non

fertilization group and fertilization group, and their similarity was only 42% under the long-term fertilization. The

result of sequencing showed that AM fungi species isolated from soil samples were mainly glomeromycota. The

canonical correlation analysis showed AP, AK, TOC and NH, -N significantly influenced the species of AM

fungi. [ Conclusions ] The long-term fertilization changed community structures of AM fungi by changing soil

physicochemical properties.
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Table 1 Application rates of the long-term fertilizer treatments

b ALAEFH 2 Chemical fertilization rates (kg/hm?) BRI 4 (Vhm?)

Treatment N P,0, K0 Pig manureamount
NP 120/30 60/90 0/0 0/0
NPK 120/30 60/90 60/90 0/0
N 120/30 0/0 0/0 0/0
CK 0/0 0/0 0/0 0/0
MNP 120/30 60/90 0/0 27/0
M 0/0 0/0 0/0 27/0

I (Note ) : FPEEY) 1979—1980 4E K, 1981 4ERHARE, M 34FEHEE 1 I RIPRHLRTEUE y EAFAEM S, RALEH
KGFREAEGREHE; JRE . IBEIRES MR FRAIHE A %52 (N, P,O,. K,0) The crop planted in 1979-1980 was maize and planted in

1981 was soybean. Repeat each three years. The value in front of the slash in the table is the application rate of fertilizer in corn planting year, and

after the slash is the application rate of fertilizer in soybean planting year; Urea, calcium superphosphate and potassium sulphate are converted to

effective components (N, P,0O; and K,0).

pH. 2. 28 AW, A . wiE RS -
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EECER - Z
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+13 DNA >R Ff] Powersoil® DNA isolation kit {25
& (MO BIO, Laboratories Inc, German) #F{7H L, #
H5EH) DNA B T-20°C PKAATRH
1.5 Hr R

AM EE W H #5415k # 50 PCR, 25—
BIRNAKRZR K 10 x PCR Buffer (A Mg?) 5 uL,
dNTP 4 pL (2.5 mmol/L), MgCl, 3 pL (2.5 mmol/L),
NS1 (10 mmol/L) 1.5 pL, NS41 (10 mmol/L) 1.5 pL,
Taq B (2 U/uL) 1 uL, DNA i 1 uL, il ddH,0 &
50 L. HE_RRNARGE M. TS
DGGE /3 ¥F%, &8 4% PCR LIS YA

T A GC % (CGCCCGCCGCGCCCCGCG-
CCCGTCCGCCGCCCCCGCCCG), MT AM1 fl
NS31 AN #7495 F (Archaeosporaceae) FIZEEK
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Table 2 PCR conditions of AM fungi

GIEYE4S 5191751 (5—3") S A
Primer Primer sequence (5'—3’) PCR conditions

NS GTAGTCATATGCTTGTCTC 94°C WiZEPE 3 min; 94°C 1 min, 50°C 1 min, 72°C 1 min, 30 MME¥; 72C

NS41 CCCGTGTTGAGTCAAATTA 7 min (—4%)

GC-NS31 TTGGAGGGCAAGTCTGGTGCC An initial denaturation at 94°C for 3 min; 30 cycles of 1 min at 94°C, 1 min at
50°C and 1 min at 72°C; and final extension for 7 min at 72°C (the first round)

AM1 GTTTCCCGTAAGGCGCCGAA 94°C TiZEPE 3 min; 94°C 30s, 58°C 45s, 72°C 45s, 28 MEH; 72°C

GC-ARCHI1311 TGCTAAATAGCCAGGCTGY 7 min (Z58)

NS8 TCCGCAGGTTCACCTACGGA An initial denaturation at 94°C for 3 min; 28 cycles of 30 s at 94°C, 45 s at 58C

and 45 s at 72°C; and final extension for 7 min at 72°C (the second round)
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(canonical correlation analysis, CCA) 2k CANOCO
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f; DNA JF3I L XH7E Gen Bank (#2219 BLAST #
Jeh AT AR &R, AR5 H R RS KR iR
IR,

Shannon 8% (H) i15HAX: H= - Pi x Pi,
Horh Pi 55 0 AR WG B AE o T AR VK I8 42
O B L

2 HPRET

2.1 KHAE (b AL X AR BB 1% R B 52 M)
it S d 2 A T AR R B BT (36 3).
M AbFRAY pH fe i, M 6.51; N ALY pH fAf, K
4.61; 5 CK AL, i A VLA EE + 58 pH F+5,
T Bt A0 AT Ak 3 398 pHL BRAIG, Ui BH it AT HILAE v] ¢
—E R LR R, P 4 pHL HNE
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(TP). A% (AP). BlffA (AHN) [
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Table 3 Physical and chemical properties of test soils

s pH ALK (g/ke) 2A (gkg) 2 (g/kg) 240 (g/kg)
Treatment (H,0) TOC Total N Total P Total K
CK 5.50+£0.03 ¢ 9.00+0.08 ¢ 0.90+0.01e 0.32+£0.01d 15.68 £0.64 b
N 4.61+£0.04 f 10.30 +£ 0.00 cd 1.03+0.01 cd 0.34+0.01d 16.45+£0.46 b
NP 5.30+0.01d 10.60 + 0.06 ¢ 1.06 £0.01 ¢ 0.32+0.01d 15.62 £ 0.69 b
NPK 495+0.01¢ 10.15+0.19d 1.02+£0.04d 044+0.01c¢ 17.72+£0.22b
M 6.51+£0.03a 13.35+0.00 b 1.34£0.01b 0.66£0.02b 18.02 +£0.38 ab
MNP 576 +0.01b 16.80 £0.02 a 1.68 +0.01 a 1.16 +0.02 a 20.58+0.30 a

s AW (mg/kg) WA (mg/kg) Bl A (mg/kg) AR (mg/kg) AEPEA B (mg/kg)
Treatment Avail. P Avail. K Alk.-hydr. N NH*-N DOC
CK 0.94+0.00d 76.60 +0.57 d 98.38+0.19¢ 0.98£0.06 ¢ 37.42+0.71 ¢
N 3.10+£0.11d 7828 +1.53d 102.34+0.61 ¢ 11.87+0.04 a 62.07+0.81b
NP 10.42+0.11 cd 84.96 +1.00 d 99.10+0.12 ¢ 2.00+£0.04d 51.96 +0.93 be
NPK 16.40 £0.38 ¢ 100.33 +3.06 ¢ 106.69 +0.41 ¢ 472+£0.10b 51.12+1.25 bc
M 102.33+0.10b 113.37+1.53b 125.71+£0.45b 4.10+£0.20 ¢ 70.09 +0.50 b
MNP 145.04 £0.67 a 13242+3.52a 149.22+0.76 a 4.39+0.18 be 153.85+0.64 a

H (Note) : [RFVEIE G AR 7L R BE 2% 5 8.3 (LSD ¥, « = 0.05) Values followed by different letters in the same column are

significantly different among the treatments ( LSD method, and o = 0.05).
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E 1 TEEELIELIR AM EE M DGGE EiE
Fig. 1 DGGE banding patterns of soil AM fungi in different treatments

F4 TERBLET AM HAESHEMIEY
Table 4 Diversity indices of AM fungi in different
fertilization treatments

b3 TAAREN (H) Yo (B) AR
Treatment Shannon-Wiener Evenness Bands

CK 1.93+£0.03 ¢ 0.989+0.00 a 5

N 2.28+0.06a 0.993+0.00 a 9

NP 2.06+0.04 b 0.987+0.00 a 7

NPK 2.17+0.00 a 0.986 +0.00 a 9

M 1.82+0.07 ¢ 0.993+£0.00 a 5

MNP 1.92+0.03 ¢ 0.976+0.02 a 5

T (Note ) [FIFIVEEHE G A F TR RS A BRIR 22 538 5%
K Values followed by different letters indicate significant
difference at 5% level among the treatments.
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Fig. 2 Spore densities of different fertilization treatments
[iE (Note) : A bA[R) 5=k 7R Ab 21 ) 22 5 5k 5 9% 1235 0K -F

Different letters above the bars indicate significant difference at 5%

level among the treatments.]
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0.89. 0.37, TiHABEMAMRYS M. 5
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Fig. 3 Redundancy analysis depicting the relationship
among soil physicochemical properties and AM fungi
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Fig. 4 Phylogenetic tree of AM fungi with different treatments
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Fig. 5 UPGMA dendrogram of AM fungi in different
fertilization treatments

H & 6 AT, REMREEHE AM B BEVE S5 M B 3
FLRNZE N AP, AK, TOC, NH,-N, H band 10,
band 15, band 16 JF A2 X s IR R, 7E45
T AE AL 3R $445 434 ; band 18 5 AP, AK. TOC Ky
WFEIEAHX, band 5. band 6. band 7. band 12,

1.0 TOC AP  AK

@ ;
= band 16 \i pand 15
= band 17);pand 10
Q I SRR URRR
N band : aband 11
2 band 142/ : a band 2
% ia band 3
< band 6** band 5
, NHiN
band 12
band 7
-1.0 L 1
-1.0 1.5

Axis 1 (31.3%)

6 AM EEZFERERES TR E RSB B N 4
Fig. 6 Results of the canonical correlation analysis of AM
fungi ribotypes and soil factors
[ (Note) : BWERIRE h =MIR, WRIEKREIKITHAIE
Ffir 44 Ribotypes are represented by triangles and named according to

the migration position on the gels.]

band 14 5 NH,-N & & ZF LM%, mHAY S + 5
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B4R (P <0.05, W ZERFRPKE).
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