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Changes of soil fungi and bacteria after forest mother soil
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Abstract: [Background] Forest topsoil transplantation has been widely used in the restoration of degraded
ecosystems because it carries a large number of seed banks and microbial communities. However, there are
few studies had been carried out on the changes of fungi and bacteria communities after soil
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transplantation. [Objective] This study compared the composition and diversity of fungi and bacteria of
transplanted soil to its mother soil and receptor soil. [Methods] Using Illumina HiSeq high-throughput
sequencing technology, the characteristics of fungi and bacteria of mother soil, 15 months of transplanted
soil and receptor soil were obtained, and their diversity and richness were compared. [Results]
Basidiomycota and Ascomycota were the dominant fungi in the three soil types; Acidobacteria,
Proteobacteria, Actinobacteria and Chloroflexi were the dominant bacteria, the relative abundance of
dominant fungi and bacteria changed significantly after soil transplantation. PCA analysis showed that
there were significant differences in community structure of fungi and bacteria among the three soil types.
UPGMA analysis showed that the distance between the transplanted soil and the receptor soil was closer,
the species composition of the transplanted soil was more similar to the receptor soil, and there was no
significant difference between the dominant genera of fungi and bacteria in the transplanted soil and the
receptor soil. After transplantation, the abundance and diversity of fungi and bacteria were significantly
different from its mother soil. [Conclusion] The composition and diversity of bacteria and fungi of
transplanted soil turned toward the receptor soil after 15 months. The findings provide a theoretical
reference for further study of microbial ecosystem on rocky desertification environment, and provide a
scientific base for the improvement of soil translocation technology.

Keywords: Transplanted soil, Receptor soil, Forest mother soil, Microbial diversity, Rocky desertification,
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anthyllidifolia) . =56 (Pittosporum brevicalyx)
MR EE & (Eriobotrya prinoides). AT (Fraxinus
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(Dalbergia kingiana)%§ Ry L 30 F, 7 55 7T FH
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HiSeq 2500 MIJF4% , Mlumina 23 ] ; PCR X, Applied
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PRAFF-80 °C, HIEG LI
152 LTIEMYEY PCR 15

FH3E 5 a5 1548 e 5/ 25865 7 51 41
AP AN 16S rRNA FEFE V3-V4 XIF(E 59
5'-ACTCCTACGGGAGGCAGCA-3" ; JZ [ 5] ¥y
5'-GGACTACHVGGGTWTCTAAT-3")HI [ ITS1
XIRAE514 5-CTTGGTCATTTAGAGGAAGTA
A-3'; 2 5% 5'-GCTGCGTTCTTCATCGATG
C-3"), W HARXI PCR WAZ: 2xKOD FX
Neo Buffer 25 pL, 1E. KM5I#(10 umol/L)%
1.5 uL, KOD FX Neo (1 U/uL) 1 pL, dNTPs
(2 mmol/L) 10 pL, DNA 5 pL, ddH,O #bE 50 pL.
PCR Wi 4544 : 95 °C 5 min; 95 °C 1 min, 50 °C
1 min, 72 °C 1 min, 15 PM§¥; 72 °C 7 min, X
H#r X3k PCR 4lifbJ5 1T Solexa PCR, JUhifk &R
(40 uL): HAYX I PCR 4lifk ;=% 10 uL, MPPI-a
(10 pmol/L) 1 pL, MPPI-b (10 pmol/L) 1 uL,
2xPhpsion HF MM 20 pL, ddH,O 8 uL. PCR JZJi}
2. 98°C30s; 98°C 10s, 65°C30s, 72°C
30 s, 10 MEFF; 72 °C 7 min, RMEEHRE, H
1.8% M B HE M EE A I . S LUK Ab T 45
i Qubit ZEE i/ RGN PCR =Yy b4 14
i, AR BRI R, ARG
AR TAR N E B TR A fdTH Tllumina HiSeq
2500 -5 (2x250 paired ends)%T Ak 4 HRE T
A7 i 38 U AT
1.6 B

i/l QIIME (V1.8.0)3k - #) UCLUST X}
Tags 7E 97%MIAHLEE KF- T #F47 R 26, 4/15% OTU,
FFEF SILVA (ZHE) M UNITE (FLE) /02450
JEXT OTU #1724 R . R QUIME KA A
AFGERE R R, BRI R G
L2 SRR it & S KT BT 2 R i ]
Mothur (V1.30)5AF, XHE o 2R EGHET T
i o B RE G I & PR ANV BGHEA TR HEAR IS, 1] QIIME
BT B ZHE1E (Beta diversity) 43 M1 . R H
Microsoft Excel 2010 Xf 36490 . Bk . &, .

BiLOESFA ML S TP A 3, e ] SPSS K
ST S N e
2 HERG500
21 HFMBEIRHITERMIIEECERTE
FRMAE - TR 15 H)E, i pH
B BRARER A TN AZ 0K + 3 0] 0 i 2 22 5, HAE AR 5
F(6.69£0.19)—(6.940.11)Z [A) (F 1), 4k . 2%
T A P R I A1 > R RS2 K
T4, (HTHF 2. 2%, TEAPR S
B AT i 25 25 F(P<0.05), TS ARAREE 1) 22
FRARE . 2. AU, 2SRRI REE
R G i1 W g 7 N o N U /N e W0 % N w1816
2t AR S5 2E R B E(P<0.05), FE A
R R R AR E . HUSUH & R AR
TSR IR g, R IR R
PR R, WEMZE g ES AR
F(P<0.05). KR &8 = H I EER
22 FHEL. THELIEMZTATIEREMEEE
Ilumina HiSeq & i & W /¥ 3-8 10 J5 4k 15
675 401 ZXE WA RTH, BIIEECh 2 277 bp,
SN 253 bp, JErPA 1 289 4 OTU, Hip
THEIX 1 071 4 OTU, %4k 1 1024 OTU, H£hik
663 > OTU; HMEARUTS 567 197 5%, SBsIEEL

F1 FEALETIEBLIER

Table 1 Physicochemical properties of soil under

different treatments

TiH ILHE (T ZREHER)  FRAREEL M)

Items Transplanted soil Receptor soil Forest mother
soil

pH 6.69+0.19a 6.94+0.11a 6.77+0.06a

T.C (g/kg) 65.45+0.40a 44.53+£0.32b  51.31+0.60ab

T.N (g/kg) 5.26+0.05a 3.64+0.04b  4.12+0.02ab

Hy.N (mg/kg) 299.33+41.93a  248.33+4.63a 259.67+14.15a

SOM (g/kg) 120.04+2.57a 84.14+0.66b  89.55+1.72ab
T.P (g/kg) 1.03+0.02ab 0.65+0.02b  1.50+0.44a
A.P (mg/kg) 3.05+0.33ab 2.36+£0.30b  3.83+0.14a
T.K (g/kg) 7.36+0.06ab 5.39+0.18b  12.33+0.46a
AKX (mg/kg) 184.67+1.53b 236.67+4.62ab 275.00+2.00a
T.Ca (g/kg)  10.04+0.56a 9.85+0.50a 7.10+0.21a

0 TR G AR NG iR HA B PE 22 7(P<0.05).
Note: Different lowercase letters after the same line of numbers
indicate significant differences (P<0.05).
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43777 bp, KN 419.7 bp, =4 1591 4~
OTU, HHTHEIX 1 587 4~ OTU, 2k 1 5754
OTU, EHA 1543 4~ OTU,
FEMAG BRI BoR , BEFRFEA 3G, B
TR OTU HBLAHR S (& 1), SCUER
5% (coverage) L HRIL 99% (5% 2), ULEHFEILIA
B T AESL I OTU AN SB35l (4 34 i ik 22 1
%, AU P DR BE AT LA S e - 38 BUBE | A0 B A0 B 5K
T
TR 12N FEERT ) (Ascomycota,
35.84%) F#H T | ] (Basidiomycota, 28.01%). #
TFE ] (Mortierellomycota, 2.99%)55 H AR
PR BRI 5 0.5%—5%) (K 2A). +

HE A0 B 0 ) 2K N R I'] (Acidobacteria ,
30.20%) . ZEHH 1 (Proteobacteria, 30.34%). Ji
28 T8 '] (Actinobacteria , 18.36%) . %% 25 B |']
(Chloroflexi, 5.87%), EAI TR RN FEER T 5%,
AXT FE FE AR AT 0.5%—5%) IS HEA 255
It 7 1] (Gemmatimonadetes , 4.82%) . LT ']
(Bacteroidetes , 2.79%) . Jeid i ] (Verrucomicrobia,
2.34%). BRI (Rokubacteria, 2.04%). 15
I"J(Planctomycetes, 0.51%) (Kl 2B).

X143 2857 KT 3 A 2 B KT 5%
KB R, T LW TFEET]
(Ascomycota) FXT 3 BE AR i 35 5 T AR ARCEE {4
(P<0.01), 4% LIEHTFIE1(Basidiomycota)tax}

A
1 600f
200t 14007
120071
§ 00t/ 5 1000f
E / - E
2 2 800}
E 4007 - E 600} — Transplanted] — Receptorl Motherl
o (@)
/ — Transplanted] — Receptor] Motherl 400} | Transplanted2 —Receptor2 ——Mother2
200F | Transplanted2 — Receptor2 — Mother2 00l | — Transplanted3 — Receptor3 Mother3
— Transplanted3 — Receptor3 Mother3 |
of ! or !
0 20000 40 000 60 000 0 10 000 20 000 30 000
Number of sequences sampled Number of sequences sampled
B 1 EEE 97%EXH T AELE IEEREA)MMEEB) I MG %
Figure 1 Sample dilution curves of soil fungi (A) and bacteria (B) under similar conditions at 97%
*2 AREAEBTZEERMAREEERHS ZHEEL
Table 2 Richness and diversity of fungi and bacteria under different treatments soil
i H H 4 Fungi M7 Bacteria
Ttems T4 3E(T) SZRAIER) AR M) 4G HE(T) ZREHER) ARMEE L (M)
Transplanted soil Receptor soil Forest mother soil Transplanted soil Receptor soil Forest mother soil
ACE 941.95+29.07a 964.94+1.78a  589.01+15.85b 1 573.37+2.00a 1 553.28+9.02a 1 508.08+16.62b
Chaol 948.91+29.80a 973.23+1.07a  611.7+54.49b 1 577.78+.76a 1 560.18+8.41b 1 522.29+11.34¢
Simpson  0.014 3+0.01a 0.011 3+0.00a  0.036 9+0.00b 0.007+0.00a 0.006+0.00b 0.006+0.00b
Shannon  5.413 7+0.24a 5.399 6+0.10a  4.082 5+0.06b 6.334+0.01a 6.363+0.02a 6.286+0.03b
Coverage 0.999 4+0.00 0.999 1+0.00 0.998 9+0.00 0.998+0.00 0.998+0.00 0.996+0.00

T RSV A AN RN PR BA B35 R 25 57 (P<0.05).

Note: Different lowercase letters after the same line of numbers indicate significant differences (P<0.05).
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B2 FEALETIREREA)FIMEEB)R KT LRYE R FE F

Figure 2 Composition and relative abundance of fungi (A) and bacteria (B) communities at the phylum level under

different treatments

F AR M T RARAR A (P<0.01); 1EHE L8R
FFE ] (Acidobacteria) MIXT 2 B i 25 8 T ARk +
(P<0.05), iT#% TR | (Proteobacteria) X
F R E =T 2R (P<0.05), F#
I"J (Actinobacteria) ¥ % 3= & W {8 35 Mo AL F 32 1A +
HE(P<0.01), 1T TIEERT [ ] (Chloroflexi)AHXS +
JFE A 2 AT T AR BE 1 (P<0.01)
23 THELTEREDEFMKE LN LIIERD
=5

XT3 S b S TR R A BRRE VR R T R R
43 ¥7 (principal component analysis, PCA) & B, 1
R (KB 3A)S — F s (PCL) AR = F B4
(PC2)TTHR A3 51 K 65.16%F1 18.13%, Ril5iilk
R 80%, 3 HKHEHL AN AR E LR
(R=1.00, P=0.003), 3 ZEFEHIAFFE S IAIAT 225 0 B9
Ul ] 22 S R TN 22 575 AR (8] 3B)
55— E WL (PC RIS — 43 (PC2) BT Mk 3 43
B R 49.45%F1 34.83%, BT simkREL 80%,

3 JEHFEHb A IA) A7 AE 2% 22 5+ (R=0.753, P=0.006),
3 RMEHIAE A B, B R 22 R KT
HNES,

UPGMA MR, T HIEAEE 4A)
AT (K 4B) R B8 52k 13 i, TRl
YA PIFP AL Y 5 327 AR AR, 5 AR R £ 22
SR, FEHATFLHEAREER, FE
AN FEEH AR TR RE S Z R+ 508 %
5 (P>0.05),

24 ZEMFEIFHITERHIEWEDZ HH
T

FLA AN % ACE Ml Chaol 5%k
7N, ZREVEFLEE ] Simpson 5401 Shannon 35 %3
TN o L% 3 B | A AR S AR AR
23R EP<001), 5ZhtLHELEELER
(P>0.05); iFHk H AN F 5 M AR S 2%
MBE A 2% 5 525 (P<0.05), ACE Fi1 Shannon 53214
T i 2 22 5 (P>0.05) (3 2).
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PCA-PC1 vs PC2 B PCA-PC1 vs PC2
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’ * Mother
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-1.0r o

PC2-percent variation explained 18.13%
PC2-percent variation explained 34.83%

05 00 05 10 15 7 0 i
PC1-percent variation explained 65.16% PC1-percent variation explained 49.45%

B3 TREEQMMAEB) P ZHMERMEMS
Figure 3 Principal component analysis (PCA) of p diversity of fungi (A) and bacteria (B)

A Similarity Taxonomic composition Taxa

R1 I [ Unclassified
R2 I — ) Others
Trichoderma
R3 [
T1 I [ Purpurcocillium
T2 N o /¢

Cortinarius
T3 [N R, T Lactiftuns
Mi Mortierella
{ Penicillium
M2 I e

—— M3 T I BN Russula
R: Receptor; T: Transplanted; M: Mother

B Similarity Taxonomic composition Taxa
M1 Others
M2 I S Uncultured bacterium_¢ KD4-96

| Uncultured bacterium_f 67-14

Haliangium
—T1 R s Uncultured bacterium_o_Rokubacteriales

Uncultured bacterium o Gaiellales
— 12 .
2 Uncultured bacterium_o_IMCC26256

—T3 I s Uncultured bacterium { Gemmatimonadaceae
—R1 I — R somones

RB41

—R2 IR Uncultured bacterium_c_Subgroup_6
—R3 T —

M: Mother; T: Transplanted; R: Receptor

M3

4 TRERWAHEEB)REMTRELSE
Figure 4 UPGMA combined with histogram chart of fungi (A) and bacteria (B)
e AMEEREDFEEHEZ R TR, HAHh Others, R EBEHZEHEIHN Unclassified.

Note: The right note represents the top 10 species by table species abundance, the others are classified as others, and the uncommented
species are classified as unclassified.
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3 WiE4R

- AR R B A S R G Y T A A
ZARR I D ) & A 7 NP A G b a2l 0L v W=
WA FRERT IR R i Ak
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Il &, W] BRI PR A
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5 L R R A R, RS, U
A YIRETE (025 T TR AR B R AR AR AL, T
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A AR A 1) H R U A O PR S AR
T 6 SR A i SRR B R U AR A Ry A
PR AR, AR, BN, RN
PRSI T RS BRI T A K S R R
FRIEHAER, PRI T E KRS HRA R R
FASEPH D, FH T ] AT S R AR i AR AT
AT JAFDGE = B 10 o 30 4% 38 P AR T 1R 1 AR 2
i & Tk 3, R SiER HEhaREE
BRI 5. Fierer RUGIAH, 4+ aR &R
B NKEINEE AR B 1) A R SR R A R T
N, 38 pH R0 Ak A ISR T ] o R
PO R +HET R 5 Y pH 8 He 2 R A 18
(F 1), (FRC DT TRASRES TR [ TR 3= AR i 21K
Tz k44, HHLF M AR —B 05T

R/ R BTl G b7 T3 O G N
FEH R L XA B LA AR Ry 3, A2 4 358 XA B
DAREAS 3=, T 4 DX U 4% 1 49 v 57 () b
FIEW K MAER 15 A HRRBEYIRS . PR
TR . G R A e AR b, e
G R AR, BT IE A S I AR R
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