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Effects of the Grain for Green Project on bacteria and fungi community structure in the black soil of central
Jilin Province , China

WANG Jiucheng"?, WANG Xingming®, DONG Siqi"*, ZHANG Bing"*, WANG Zhao"?, ZHOU Xue"*, GAO Qiang"*

(1. College of Resource and Environment, Jilin Agricultural University, Changchun 130118, China; 2. Key Laboratory of Sustainable
Utilization of Soil Resources in the Commodity Grain Bases in Jilin Province, Changchun 130118, China; 3.Comprehensive Service Center
of Chengzi Subdistrict Office, Jiutai District, Changchun 130500, China)

Abstract: To determine the effect of the Grain for Green Project on the soil bacteria and fungi community structure, soil samples were
collected from arable land in Chengdong Village, Jilin Province, and its adjacent poplar woodlands that have been restored for 20 years.
The diversity, community structure characteristics, and networks of bacteria and fungi were analyzed using high—throughput sequencing
technology. Our results showed that the diversity of soil bacteria decreased, whereas the diversity and abundance of fungi increased
significantly after reforestation. Changes in the abundance of bacteria after farmland retirement were not reflected in the dominant species.
The abundance of Actinobacteriota decreased from 28.19% to 26.12%. However, the abundances of Acidobacteriota and Proteobacteria
increased from 16.83% and 15.94% to 22.50% and 18.42%, respectively. Changes in the abundance of fungi were mainly reflected in the
dominant species; the abundance of Ascomycota decreased from 46.54% to 35.93%, Basidiomycota decreased from 41.34% to 31.52%, and
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Mortierellomycota increased from 7.14% to 24.22%. Both bacterial and fungal communities were significantly different after reforestation;

however, the difference in fungal communities was greater. The network analysis of soil bacteria and fungi showed more nodes and edges,

complex co—occurrence relationships, and higher connectivity after restoration. Redundancy analysis showed that soil bacterial and fungal

community structures were affected by soil pH, organic matter, available potassium, available nitrogen and available phosphorus (P<0.05).

The results indicated that the community structure and diversity of soil bacteria and fungi in the black soil of central Jilin Province were

significantly affected by the Grain for Green Project, and the networks of fungi and bacteria were more complex and more resistant to

interference after reforestation.

Keywords : Grain for Green Project; soil bacteria; soil fungi; community structure; co—occurrence network
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Table 1 Basic physical and chemical properties of the soils before and after the Grain for Green Project

TRE . A _ _ R ﬁﬂﬁ _ ﬁlﬁﬁ@’f& _
St i pH Available potassium/ Available phosphorus/ Organic matter/ Alkaline hydrolysis nitrogen
(mg-kg™) (mg-kg™") (g-kg") (mg-keg™)
P1 5.89+0.06a 212.33+8.02a 16.24+0.21b 30.06+0.77a 95.31+8.57b
P2 5.84+0.11a 211.33+6.51a 14.82+3.1b 28.61+0.18a 99.96+4.09h
P3 5.79+0.10a 213.00+6.08a 17.51+0.36b 28.61+0.56a 95.44+4.89h
P4 5.85+0.07a 212.00+5.00a 16.81+0.38b 28.70+0.22a 105.46+8.74h
P5 5.96+0.06a 216.00+5.29a 17.44+0.49b 29.71+0.51a 105.25+5.67h
PM1 4.30+0.08b 134.67+5.51b 40.35+0.31a 27.20+0.32b 170.56+8.93a
PM2 4.33+0.05b 137.00+6.00b 40.43+0.27a 25.66+0.51b 164.14+7.35a
PM3 4.31+0.08b 136.67+8.08b 40.74+0.18a 26.99+0.20b 169.82+5.60a
PM4 4.25+0.05b 134.67+8.33b 41.30+1.58a 26.44+0.52b 167.39+6.30a
PM5 4.37+0.07b 136.33+7.57b 41.52+0.39a 27.21+0.20b 164.88+4.95a
TE AR INE FREFR R R R 22 53 .35 (P<0.05) o
Note: Different lowercase letters indicate significant differences among sample points (P<0.05).
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Figure 2 NMDS and ANOSIM similarity analysis of soil bacteria and fungi before and after the Grain for Green Project
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Figure 3 Abundance analysis and diversity analysis of soil bacteria and fungi before and after the Grain for Green Project
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Figure 5 Network analysis of bacteria and fungi community before and after the Grain for Green Project

®2 BHEMEIE LEMEN S FESRNEFESE

Table 2 Characteristic parameters of the molecular ecological network of soil microorganisms before and after the Grain for Green Project

HEY Tt R HEHERL S35 1 o0 2% B L RERM S FRAR I BE
Microorganism Site Node number Link number  Average degree  Network diameter Modularity Clustering coefficient Average path distance
Hd P 88 298 6.921 8 0.635 0.466 3.859
PM 66 180 5.552 5 0.347 0.065 2.594
g1l P 86 383 8.907 1 0.738 1.000 1.000
PM 81 194 2.395 1 0.715 0.401 1.000
http://www.aed.org.cn — 923 —



MV BEIR S FRBE A4 - 5 40 4 - 2 400

61.74% ) ¥ K F 1 AH S EL, F2 AR BF AT IS B B 9 Fh [a]
PMEXRZRRTFEF LR,

3 g

R A 3 R 23t LA VR ) R BRI 25 R i )
M2E 5, I — R R ks AR e I . AT A
IR 138 pH B K SO RO AR A A
BT i34 B f 22 5 (P<0.05) , R IR BFA bk i
F e LSRR AR o, 3K 15 T U S X TR A ik
R 30 T 5 ) - 35 B S5 A AT 5 R0 5% B PG S
ANTFE BB MRS 0 R L RO DT T4 R — 2, 1R
BFIE AR 13 B i B34 0 AT BB 2 52 b R A B
RO S RO W T A
P& B30, L PR EEAS B s , LA ih T
5, S B PH S S A T, AT
e pH B2 L o IBAFE L SRR R 1
BEARR , o2 TR AEREAE I 2 PR, PR AR
PRt TE R B RL B VBB SR TR, (R BE MRS Y
RAMRAE T AR AR RRES A BB TE

WFFEAE SRR IR A RS T 58 A% 4 1 A L
ARV B AR IR BEIE RS 4 B 22 M BT AR
X — R I e FMESE S A7 A L DR B Ak ) BF
I LA R K i SO IR B 1 - S TR WA I AR AR Y B
FER B W SRR AHO AR BT,
AT RESE: T IR AR AR K b 1) A7 B8 b L 2 22, AE )
FPS RS I8 5 P35 T T 4 A7 R0 T ) A e 4 A
()07, PR IHC R B S AR I F 240 T R L 1 A 1 A 28k
PR,

SR TR RN LT A PR A5 A A A SR L IR
IEARET T T LR VR S5 A R 22 5 KT 40T, /T
RE 2 FH T L AT L 40 T 0 PR 58 A8 A B AU LT
022 5 T EAAR B Fh 2 IR BT TR T
(Ascomycota) FllFHF % [ ] ( Basidiomycota ) F #H X} =
A7 B AR AL 1A R TR B AR SR A R B
JE HIERWERR N E M AR -8, FRET
(Ascomycota) FIFH T | ] ( Basidiomycota ) 34 DA A= 5
FRBUN T ST 2 3 TR o 3R A ME R S A LI Y
FE R A LR R R R R
RERY, T ELAH 7 1 1 O B AR L 1R A B A B RE RS
PO TR I T XA A0 AR A RS2 ), SR ) A A S A
A T W A A IR R, TR
(Ascomycota) 75 18 % F U] fE 0% 16 7095 A L 58 vp A
A2 T e B AP 1A T ] (Basidiomycota) Ay 3=, HLAE
— 924 —

5 R A AW R BT HE TR 1] (Asco-
mycota) A AH X 5 B8 728 AR 2 B G, ] RE T T4
] (Ascomycota) 3 HHF ] ( Basidiomycota ) HAT B
e F RE DR A A (B O B AR AL AN (], 20 R
F AR BT 09 F B IR 2 R AR H )
h E L4255 1] (Chloroflexi) JEEEE | ] (Firmicutes) .
FH L LEF 1] (Methylomirabilota) . Z5ER & ] (Myxococ-
cota) FUFFE ] (Bacteroidota) - B ¥4 % A i 2781k,
Horp 225 1 ] (Chloroflexi) U FT I ] ( Bacteroidota)
Z: 5 R BT R WY AR o T R E PR 0 S
[IE2, RDA 25 58 WoR iR B S 3 o i A2 1k &
B A R L A R AR A, X T T R A
TF I 9 AR AL S8 L AR W e 7 o) R 0t N B AV 40 1
WA SE 2 R — 2, B+ R W) 2 A 13 5T A
AT o A AT D BRI ] (Acidobacteriota)
(YRR 32 FE 5 18 pH B S 35 AH OG0 45 R S0 A B
FEIGE R — B, EARME D B HHE RS TR
(Basidiomycota ) ¥ B Jali /b , FOA T 32 52 f2 e fide ot [ 47
BLETE, (A ML AR B R S T, Rt 1
F "] (Basidiomycota) 3= B 54 HLTT & 2 2 1 AH G .
25 TR, 1 S EREE DR 18 2 S 2 5 ) - S A R R
IR L E LRI &R

R P A 25 T 28 ok AR B A PRI J - S A T N L R
TR YT A TR A TR 028 B 19 AU RSO i 42
KO W I 285 BRI OC 2R A2 2R 18 L RIS 20 v B 3T
T EAT B 22 0 I 285 1 B8 e R ) i RO e R A
FH M RUBER H A AR o LB R 2 rh 1 1
FHICAN ARG AT LRSI W) Z TR AN TRl B AH DG G 2R
Tl Wy ) A 25— B TE DI OGRS B AR GG
B AT BUH R OC R M 2 RSO R, AWt
FER B IBHFE ARG AN M L A B SR N E
Z , T RE 23 B R RO AT W) A A A T, HLHGAE
B2N K /%)) {U) WA RN i

4 #ig

(DBHFEMIE , IV T 0%, S AL
Jo A pH (B e o, B R AR

(2)IBHFEMS , t S0 B AP AR, 0
FUG ZREPE AR R 25 T e SR R AR 3
PR M R 4G 2 B B35 22 5, B AR 41
PR 22 5 R T AT, AW I T LA B 0 IR 5 1 Fry B
SR SN BUR

(3)IBHHE M , L Sl A Wy HAT B A I 28 1L

http://www.aed.org.cn



IR, A« R Sl DGR A OGS 8 A T R L B 5 A B0 5 202347 1

ST AT R RE B, IR W 2 (R T O R S A
iy, AEL R ] AR B SC R AR BF T — 350, DAME X R
mES

S k-

(1] dLAP I, ABIEER, AR, 45 B vy B ARl 5 DGR BFHb AR B F AR K
S L XS IR AR R ()], Al 24, 2007, 16(1) : 16-23.
WEN Z M, HAO X H, JIAO F, et al. Spontaneous succession and its
impact on soil nutrient on abandoned farmland in the northern edge of
the forest zone on the Loess Plateau[]]. Acta Prataculturae Sinica,
2007, 16(1):16-23.

[2] ARAT, BRIENI. 552 10 X PRI B B Ak 2 bk a3 3 A HLa 2 1k
XFHEL)). BREE 5 R i, 2018, 30(2) : 112-113. LIN H, CHEN X G.
Comparison of the changes of soil organic carbon in the main forest
units in the Wurn and mountain areas of Wumeng, Gansu, China[J]. En-
vironment and Development, 2018, 30(2) : 112-113.

(3] ﬁﬁ)‘(% SRRLR], BRIE, 45 . 2 LR HEE MRS et T (L

1. A SR PR IE 44, 2005, 20(2) :272-278.  PENG W Y, ZHANG
K L, CHEN Y, et al. Study on the change of soil properties after return-
ing farmland to forest on loess slope[]]. Journal of Natural Resources,
2005, 20(2) :272-278.

[4] 327 HL . S [6) o 3B 2 B0 - Sy A R 14 52 0[] B3 7 AR
$5,2021(4):13-15. PENG W L. Effect of different land conversion
types on soil physical properties|J]. Protection Forest Science and Tech-
nology, 2021(4) :13-15.

[5] 82303, SKBHFI, 48 . IR B AR B - i Js X - S LR
T [7]. b 5 0F 5T 5 JF &, 2006, 25(3) : 94-99.  PENG W Y,
ZHANG K L, YANG Q. Forecast of impact of the returning farms to for-
ests on soil organic carbon of Loess PlateaulJ]. Areal Research and De-
velopment, 2006, 25(3) :94-99.

(6] i, IR, R 55, 55 . SEALIL b st KOS IR IR R A =00 1 ¢
HRARNE B 52 (D). B AR 2 41, 2020, 36(15) :54-59. YANG
Y. YANG Y T, WU Z Y, et al. Different modes of returning farmland to
forest in Bashang area of northern Hebei: effects on soil physicochemi-
cal properties[]]. Chinese Agricultural Science Bulletin, 2020, 36(15) :
54-59.

[7] DELGADO-BAQUERIZO M, ELDRIDGE D J, OCHOA V, et al. Soil
microbial communities drive the resistance of ecosystem multifunction-
ality to global change in drylands across the globe[J]. Ecology Letters,
2017,20(10) : 1295-1305.

[8] FIERER N. Embracing the unknown : disentangling the complexities of
the soil microbiomelJ|. Nature Reviews Microbiology, 2017, 15: 579~
590.

[9] BANNING N C, GLEESON D B, GRIGGA H, et al. Soil microbial com-
munity successional patterns during forest ecosystem restoration[J]. Ap-
plied and Environmental Microbiology, 2011, 77(17) :6158-6164.

[10] LIU J, JIA X Y, YAN W M, et al. Changes in soil microbial communi-
ty structure during long—term secondary succession[}]. Land Degrada-
tion & Development, 2020, 31(9) : 1151-1166.

[11] 805 5 e AT M. JEat: s Ol AT, 2000 BAO'S

http://www.aed.org.cn

D. Agrochemical analysis of soil[M]. Beijing: China Agriculture Press,
2000.

[12] BERE, Z0p 30, FLHEALL, 25 . JCHL ) SR AN IR] A W0 45 B AN R EVR e
TiE 22 S K FC R ) DR 3R 0] N AR 25 AA 4, 2021, 32(11) £ 4107~
4118. FANJ,LISY, DU Y X, et al. Differences of bacterial commu-
nities in different biological soil crusts around thermal power plant
and their influencing factors[J]. Chinese Journal of Applied Ecology,
2021, 32(11):4107-4118.

[13] 7 5 4%, kL, i.i S5 U H DX R 7 0 40 B X b e
ARV OS2 W (). 1 AR AR A 4R, 2022, 33(7) - 1810-1818.
YANG G S, ZHANG Z S, ZHAO Y, et al. Decomposition of litters and
its effects on soil microbial community in Shapotou area, ChinalJ].
Chinese Journal of Applied Ecology, 2022, 33(7):1810-1818.

[14] LI S F, HUANG X B, SHEN J Y, et al. Effects of plant diversity and
soil properties on soil fungal community structure with secondary suc-
cession in the Pinus yunnanensis forest[]]. Geoderma, 2020, 379:
114646.

[15] MONTAGNA M, BERRUTI A, BIANCIOTTO V, et al. Differential

biodiversity responses between kingdoms (plants, fungi, bacteria and

metazoa) along an Alpine succession gradient[J]. Molecular Ecology,
2018,27(18):3671-3685.

WO, RIA, XV, 45 . IRBRA AR i B b P BT S

TR RENR : DL BERE BE 5 S A 1)), B0ll 27412, 2019, 28(7) :

14-25. CHANG H T, ZHAO J, LIU J N, et al. Changes in soil physi-

[16

co—chemical properties and related fractal features during conversion

of cropland into agroforestry and grassland: a case study of desertified

steppe in Ningxia[J]. Acta Prataculturae Sinica, 2019, 28(7) : 14-25.
[17] FRA0R, 1R, dE i, 45 3 AN [RLR AR A MO R+ 5
ROV BFSEL]. P E K AR, 2013(11) :46-50.  SU C X, SHANG
Y N, HONG Y H, et al. Improving soil effects after different returning
farmland to forest in Pu’ er City of Yunnanl[J]. Soil and Water Conser-
vation in China, 2013(11) :46-50.
GeRE e, HKRAR, TSR, A RRID VD M AR OSSR Ry =X
X SEREPE RS IR[)]. K R4, 2006(4) - 116-119. WU X
Y, ZHANG L, DING Y R, et al. Effect of land use on soil properties in

ﬁ
=
X

inter—distributing area of farming and pasturing of Keerqin sandy land
[J]. Journal of Soil and Water Conservation, 2006(4):116-119.

[19] JEZME, W5 SR, 22 AR . e A1 35 Al DR b A0S - S 4 T
T R0, AR FE AR 55, 2020, 37(7) :8-10.  LONG J H, LAN J
C, JIANG Y X. Effect of returning farmland to forest on soil bacterial
community in Karst rocky desertification areal]]. Agricultural Technol-
ogy Service, 2020, 37(7) : 8-10.

[20] 5k # 3L . 1B B b - A W AV R BT B 8 AL RRAE (D] B
B : R K, 2018:38-41.  ZHANG L Q. Succession of soil micro-
bial communities across the vegetation chronosequences in aban-
doned farmland[D]. Kunming: Yunnan University, 2018:38-41.

[21] WANG J, LIU G B, ZHANG C, et al. Higher temporal turnover of soil
fungi than bacteria during long—term secondary succession in a semi-
arid abandoned farmland[J]. Soil and Tillage Research, 2019, 194:
104305.

[22] ZEIRIL, SR M, X . WA R B Ao Oxt L i I35

— 925 —



ARSI 5540 % - 54 10

FERISZ ML), K T PR FEIE IR, 2014, 34(2) 1 186-191. LIS J, ZHU
T H, LIU Z X. Effects of two models of forest rehabilitation on domi-
nant groups of soil microbes[J]. Bulletin of Soil and Water Conserva-
tion, 2014, 34(2) : 186-191.

[23] sk EE BL, SRS W], TR, 55 . ST A IR A IS b T - A R R
LR )]. A2 2R, 2019, 39(8) 1 2715-2722.  ZHANG L Q,
ZHANG Z M, ZHANG L M, et al. Succession of soil fungal and bacte-
rial communities in a typical chronosequence of abandoned agricultur-
al lands[J]. Acta Ecologica Sinica, 2019, 39(8) :2715-2722.

[24] FAl, WK, EALTE, 55 TR RS B AT el b Pty 1 e
R 2 B L REPE IR IR )], SR TR, 2020, 41(5) :2476-2484.
WANG N, PAN X C, WANG C K, et al. Effects of simulated acid rain
on soil fungal structure and diversity in the transition zone of Phyllo-
stachys moso broad—-leaved forest[]]. Environmental Science, 2020, 41
(5):2476-2484.

[25] STERKENBURG E. BAHR A, BRANDSTROM D M, et al. Changes
in fungal communities along a boreal forest soil fertility gradient[J].
New Phytologist, 2015, 207(4):1145-1158.

[26] JUMPPONEN A. Soil fungal community assembly in a primary suc-
cessional glacier forefront ecosystem as inferred from rDNA sequence
analyses|J]. New Phytologist, 2003, 158 :569-578.

[27] GLEESON D B, KENNEDY N M, CLIPSON N, et al. Characterization
of bacterial community structure on a weathered pegmatitic granite[J].
Microbial Ecology, 2006, 51:526-534.

[28] BASTIAN F, BOUZIRI L, NICOLARDOT B, et al. Impact of wheat
straw decom—position on successional patterns of soil microbial com-
munity structure[J]. Soil Biol & Biochem, 2009, 41:262-275.

[29] ZUMSTEG A, LUSTER J, GORANSSON H, et al. Bacterial, archaeal
and fungal succession in the forefield of a receding glacier[J]. Microbi-
al Ecology, 2012, 63:552-564.

[30] EIHE, JR5F K, R, & FREREHR T HA S A

— 926 —

AN W) Fh ALV, b ERLE AR AR, 2010, 40(8) :731-
737. WANG H Y, GUO SY, HUANG M R, et al. Ascomycetes have
faster evolution rate and higher species diversity than Basidiomycetes
[J]. Scientia Sinica(Vitae), 2010, 40(8) : 731-737.

[31] S SCAR, SRR, 4230 . S A RIT 58 IR B 1)), 2
2, 2020, 60(9) : 1801-1820. XIAN W D, ZHANG X T, LI W J.
Research status and prospect on bacterial phylum Chloroflexi[]]. Acta
Microbiologica Sinica, 2020, 60(9) : 1801-1820.

[32] LYDELL C, DOWELL L, SIKAROODI M, et al. A population survey
of members of the phylum Bacteroidetes isolated from salt marsh sedi-
ments along the east coast of the United States[J]. Microbial Ecology,
2004, 48(2) :263-273.

[33] T LA, Z2WT, SCR A, A5 . AR AL A R T U B NE A A
Py [T, P AR AL, 2016, 49(22) : 4408-4418.  DING J
L, JIANG X, GUAN D W, et al. Responses of micropopulation in
black soil of northeast China to long—term fertilization and crops[J].
Scientia Agricultura Sinica, 2016, 49(22) :4408-4418.

[34] JONES R T, ROBESON M S, LAUBER C L, et al. A comprehensive
survey of soil acidobacterial diversity using pyrosequencing and clone
library analyses[J]. The International Society for Microbial Ecology
Journal, 2009, 3(4) :442-453.

[35] VORISKOVA J, BALDRIAN P. Fungal community on decomposing
leaf litter undergoes rapid successional changes[]]. The ISME Jour-
nal, 2013, 7:477-486.

[36] LAYEGHIFARD M, HWANG D M, GUTTMAN D S. Disentangling
interactions in the microbiome: a network perspectivelJ]. Trends in
Microbiology, 2017, 25(3) :217-228.

[37] 5KUK, PN, SCHIAE . F/M G P75 Ve i A 9 AR 25 R 45 B S]],
WL, 2021, 43(3): 1529-1534. ZHANG B, SUN € X, WEN X
H. Impacts of F/M ratio on microbial networks in activated sludge[J].

Environmental Science, 2021, 43(3) :1529-1534.

http://www.aed.org.cn



