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Potential of Arbuscular Mycorrhizal Fungi, Biochar, and Combined

Amendment on Sandy Soil Improvement Driven by Microbial Community
ZHANG Zhe-chao, YANG Jiu-yang, HAO Bai-hui, HAO Li-jun, LUO Jun-qing, LI Xue, DIAO Feng-wei,
ZHANG Jing-xia, GUO Wei "

(TInner Mongolia Key Laboratory of Environmental Pollution Control and Waste Resource Recycle, Inner Mongolia Key Laboratory of
Grassland Ecology, School of Ecology and Environment, Inner Mongolia University, Hohhot 010021, China)

Abstract: Sandy soils are considered as a significant transition phase to desertification. The effective recovery of sandy soils is of great
significance to mitigate the desertification process. Some studies have shown that arbuscular mycorrhizal ( AM) fungi and biochar
improved the sandy soil, but there have been very few studies regarding the combined effects of AM fungi and biochar amendments on
sandy soil improvement. Additionally, the roles of the bacterial and fungal community during the process of sandy soil improvement
remain unclear. A greenhouse pot experiment with four treatments, including a control ( CK, no amendment), single AM fungi-
assisted amendment (RI) , single biochar amendment (BC), and combined amendment ( BC_RI, biochar plus AM fungi) , was set
up. This study investigated the effects of different amendment methods on the Nitrariasi birica mycorrhizal colonization, biomass,

nutrient (N, P, K, Ca, and Mg) content, soil organic carbon, soil nutrient (TN, TP, and TK) content, and soil water-stable
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aggregate composition. High throughput sequencing technology was used to investigate the roles of the bacterial and fungal communities
during the process of sandy soil improvement. Combined with multiple analysis methods, the improvement mechanisms of different
amendment methods were explored. The aim was to provide basic data and scientific basics for reasonably and effectively improving
sandy soils. The results indicated that a significant mycorrhiza colonization was observed in the inoculation ( RI and BC _RI)
treatments, but there was no substantial difference in the mycorrhiza colonization with the RI and BC_RI. Compared with the CK, the
shoot biomass and shoot element (N, K, Ca, and Mg) contents were significantly increased in the RI, and the shoot element (N, P,
K, Ca, and Mg) contents were significantly increased in the BC and BC_RI; compared with the RI and BC, the root biomass and the
root element (P, K, Ca, and Mg) contents were significantly increased in the BC_RI. Compared with the CK, the soil organic carbon
contents were significantly increased in the BC and BC_RI, the soil TN contents were significantly increased by 152. 54%, and the soil
TP and TK contents were significantly decreased by 12.5% and 18. 8%, respectively. The proportion of soil aggregates with particle
sizes of 0.25-0. 05 mm was the highest in each treatment, and the large particle size ( >0.25 mm) soil aggregate was significantly
increased in the BC_RI. Compared with the CK, the Sobs and Shannon indices of the bacterial/fungal community were significantly
decreased in the RI and BC_RI. There was a difference in the microbial community compositions and abundance in the various
treatments. The results of the RDA and network analysis were as follows: the effects of AM fungi, biochar, and combined amendment
on the soil environment and microbial community structure were significant; in the different amendment treatments, the relationship of
the microbial molecular ecological network was significantly changed, and the composition of the core species varied; compared with the
RI, there was a higher network connection degree and a richer core species composition in the BC and BC_RI; moreover, the essential
role of Rhizophagus intraradices was weaken and the core roles of the other microorganisms ( especially bacterial species) were
enhanced under the combined effects of biochar and AM fungi. The SEM results demonstrated that the application of AM fungi and
biochar could directly affect the bacteria/fungi community structure, and further affect the plant growth and soil propé'r.ties._-The
differences in the microbial community structure ( especially the change in the microbial interaction) were the key drivin“g.fﬁ;c"tars that
led to the difference in the soil improvement effectivefiess. In summary, the effects of t.he different amendment friétl_l(“).(is on the
improvement effectiveness of sandy soils varied. The migtebial community played key roles in the process of sandy soil, i'fhpr_ps/ement
and there were potential advantages and dpphcdtlons in au;uslerdtlng3 the ecological réstoration of sdndy soils under the coh’fblned AM
fungi and biochar amendment. f ‘ P

Key words: ml(I‘Obld]. commumty, arbuscular mycorrhlzal (AM) fungi; blOChdr., combmed atnendment sandy soil” 1mp1:0vement
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S3HT. FIFH HCL(1 mol- L") X - HEAT WAL 3 DL &

TR rl-‘r’r*&ﬁij:i;%%@/" M%/\Lﬂ 7

Wk - 438 v B TC AL Atk 28 4, o AL B S Y A AR
105 °CHE 2 1H f, FREL A 56RE 5 (120 mg) , FI T
FOMT I A2 R A R LR S 4 N A f’r\
SRR 3 07 5 9 3 (1 ) ISR R
JEZ (trace metal grade ) & 1k & ( HCl) I Al E&
(HNO,) XH#E S HEAT IR AR il ICP-OES 43 #7AF
ahrbAs P ORI 4 K AR BREOXCT 3 0 HERE &, 4
S R W L (W/V) 1/2.5 B 1/5 HRlimA £ 55+
KRG IR A& E, FIH pH it (Seven Compact
$210) i HL 5 A ( Seven Compact S230) 43l il 22
RS pH (K 3 (EC) L S B E A AT
P ARAE (NY/T 1121.20-2008 ) , 5% FH 1% 55 v % 4 ¢
IR AT SR AAZH 53 LA R AT 23 10 5 . YAk 4 ks
P20 R HE B A A s e
L5 o FAEEst . ol
F:JH FasiDNA® |SPIN 1] £ (MP Bistedicals,
CA, USA ) X i ikt HERE i (0. 5 g) 7 DNA #EATHEIR,
i R 22 Ak 4 J6 % &It ( Nano Drop‘.-®"““u Nﬁt 2600,
Wilmington D, USA) W a2\ DNA. ¥ Ji Fil 4 1]
PCR #IEIRL (ABI GeneAmp® 9700, CA, USA) | i
RV SR S0 o 14 (B3 41 %A 165 rRNA-; |
JEP V3 ~ V4 XORIELBLITS rRNA JEP ITS X Linjz:& :
PCR 4 4; HRH 2% SR IRAE I favkxt PR 47
%ﬂ:ﬁ_}/ﬂiiy\(w FH 8 B 181 050 7] & (Axygen

Biosciences , Union City, CA, USA) X} H#x i Be b 17 4)

JRE ] Wi, Fie BRI 34 f Uk g i AR, a5 O8I
(Quantus™ Fluorometer, Promega , USA) Xf PCR 43 1]
WO A TG . IR IS A B A TR A
] ( Majorbio Bio-Pharm , H1[E |7 ) #5E , Bt 4lifb 5 1Y
PHEF LGS FROEA (5B Hlumina MiSeq “F-5, 43
SRS - SEEAN A TRV A T e T R AT

&3 PCRIMFIER
Table 3 PCR primer sequence

TiH FEAIME

YT 16S rRNA JEH 5|
LI ITS tRNA JE[H 514

338F: 5'-ACTCCTACGGGAGGCAGCAG-3"; 806R: 5'-GGACTACHVGGGTWTCTAAT-3’
ITS1F; 5'-CTTGGTCATTTAGAGGAAGTAA-3"; ITS2R: 5'-GCTGCGTTCTTCATCGATGC-3'

1.6 HAEkb3isrHr

T R B £ HE S A R AL FE A i 56 5 Hhs 1 1ot
Excel P15 MARAEDR 22, R H SPSS 17. 0 3K
P XF B Hl i A7 ge it e s R B ER O 22 0
(ANOVA) Fr#r A [a) b P 22 55 P, 38 i Duncan £
HEWERKE R B EM(P<0.05). Wl RIESF
(ggplot2 1) XJAF 4 S 4 38 B A PR AL 8 A B4l 2E 1 7
ATRRAL. SR AU 55 25047 AML LT A= it
B 2 HAE R 2 P .

K Mothur #0445 546 16S rRNA B ITS rRNA

BEDRI e e 9 kA7 25 A2 R uE AL k. A
UPARSE & ¥ (UPARSE 7.1 http://driveS. com/
uparse/ ) BEOE AL J5 09 T Ui B0 a6 47 D42 B AR DL PR

KT 97% WL Fe 5 &) o3 S — A 454 7y 2R BT
(OTU) , 35 16S rRNA #(¥ £ ( Silva: Releasel32
http://www. arb-silva. de ) Fl ITS rRNA %% ¥z /&
('Unite; Release 7.2 http://unite. ut. ee/index. php)
P47 e X%, 38 i Ribosomal Database Project ( RDP
http://rdp. cme. msu. edw/ ) B X B OTU /L3
FeAN AT U A 32, S DRAIE A 45 SR A0 A R, )



2070 7D 53

B 42 %

A FEA R FEA Y 51 4 B B MR A e 47 B -k
FTIG ST S B ek, 45 hb BLRE AN R 15 2]
475 044 2% (4T ) 163 754 5% (BB Ak )5 A 2L
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775 A H 1 OUTs.

FIH Mothur (http ://www. mothur. org/wiki) i1
S W) 2 RS B0 ( Shannon ) K BE V% 4 R 8L
(Sobs) ; A Qiime 1. 7. 0 (http://qiime. org/index.
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PCoA ) , LA 2E & Ab BRI A= W 1 V& 53 A1 B 235 14 2 1k
225, FIH Circos-0. 67-7 (http://circos. ca/) ¥ #
AL PRd B OC R AT AT AL, JFiE A R 155 (stats
1) Fll Python (scipy 1) 715, % 22 4 £ A ) ol i
1778 R ARG 36 ( Kruskal-Wallis H test) , H 51 A [A]
AbBR A BAT S M2 SRl R R, BC
F1 BC_RI AbH 4 Ff(i] Spearman *ﬁ?é@%%ﬁ, FIH
Cytoscape 2. 6. 0 {53 S HI B A 7 B B2 7 3 40
T ELR YRR SC R P ARG U AN R 28 R J5 50

A W RE VR ﬂz FH X R CajﬁOCOS“ ( VGI‘SIOH.

5.0) ¥, B FH JT 4% 53 M7 ( redundancy analysis,
RDA) #RF AM BB A2 9 5 S 4 it FH R £ S 45
oy | S o R Bl AR W R v A5 22 R B R T
2E R 77 FEARAY (structural equation modeling , SEM ) #4)
HEAM ELRE R s BT LA R DL U
YRR A H O &, Rl FH SPSS E 44 Amos ( version
24.0) #EAT SEM 7347, LAFRIE AM B A= it
X Vb e R R AT FHAIL .

2 HFREHMW

2.1 BEHURYCR NE AR R S SRR
v
A PR AR AR YL S /NI ORI AE W B R T
F(N, P, K, Ca fl Mg) & EWE 1 Fimx. ﬂfzﬂ%
B CK 1 BC) /N FLAAR 2 v o WL 3 jﬁﬁlﬂ
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Fig. 1 Mycorrhizal colonization, biomass, and mineral nutrient element (N, P, K, Ca, and Mg) content in the different treatments
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R WP K. Ca 1 Mg/ Eﬁ%ﬁﬂﬁjﬂu
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A WEH (P <0.05) , X HH N @Eﬁﬂlﬁ i
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ZHAER, X/ A FF N S AR P ﬂl
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SoHr
ARNTFALFE A+ HEA WL & AN E 2 (a) BTk, 5
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AEEEXT A PR S =R E W, 5 RIAHLE,
BC_RTAh 2 ffi 75 + e HLAR & &= W F W T
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Fig. 2 Soil organic carbon, soil nutrient element content, and soil water-stable aggregate composition in the different treatments
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(phylum level) in the different treatments
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