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(Nitriliruptor) . ZF ¥ B )& ( Gemmatimonas ) | 1341 #F 1 J& ( Solirubrobacter) | 45325 4% 25 1 J& (unclassified_Chloroflexi ) 4% & &
J& ( Streptomyces ) 55 4 F ; Gemmatirosa , 7 532 2% %5 7 J& (unclassified _Conexibacter ) | 7 32 & 2k 7 ] (unclassified _Candidatus
Rokubacteria) ,Gaiella Fl Geminicoccus %5 5 A& 432 -8l AE Wy rT VR A AT T R B i [ 52 i AR AR e PE I AR R B, coxL. cutL
I ACO.acnA S5 AP DX IR B 3 - 398 fale A= 0y ok 1] sk 42 2 0 7 2y E S [N I 2 [ o 19 )&% (Nitriliruptor ) (R 70 S IR TR 1)
(unclassified _ Candidatus Rokubacteria ) , Geminicoccus, K 73 3% 4% 25 B J& (unclassified _ Conexibacter ) . + 3 21 ¥T & &
(Solirubrobacter) . A2 FRFTH ] (unclassified_ Acidobacteria ) FIZL (4 AT & J& ( Rubrobacter) 28 7 A~ @ 7328 + 38 335 A= Wy vl 4 Sy F
FEX R E AR R AR IO PE A WA, GDH2 Fl E1.4.7.1 2T 5% B # it + U E 9 A AR R A2 E i D e W, %
ST TR P T R BN SN H IR AR AR A R L,

SR BN 5 IR I ; T IR W s B T i AR s SR R

Effects of abandoned farmland on key microorganisms and functional genes of

soil carbon and nitrogen cycles in Minqin Oasis
SONG Dacheng'? ,ZHAO Wenzhi** , LI Guangyu', WANG Lide'* ,MA Rui’,REN Heng>, WU Hao'

1 Gansu Hexi Corridor Forest Ecosystem National Research Station, Gansu Desert Control Research Institute, Lanzhou 730070, China
2 Linze Inland River Basin Research Station, Northwest Institute of Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou 730000, China

3 College of Forestry, Gansu Agriculture University, Lanzhou 730070, China

Abstract: Utilizing the spatio-temporal intergenerational methodology, we conducted an investigation into the impacts of
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prolonged fallowing on the composition and functional genetic alterations of the primary microbial communities engaged in
the carbon fixation and nitrogen metabolism pathways within the regional soil. To accomplish this, we employed microbial
metagenome sequencing technology and utilized the carbon fixation and nitrogen metabolism pathways from the KEGG
database as a tool. The study was carried out in sample plots located in the Minqin Oasis, situated at the southeastern edge
of the Badan Girin Desert. These plots were categorized into nine groups based on the duration of fallowing: plots with no
fallowing, 1-year fallowing, 2-year fallowing, 4-year fallowing, 8-year fallowing, 13-year fallowing, 20-year fallowing, 30-
year fallowing, and 40-year fallowing. The findings revealed significant alterations in the abundance of soil microorganisms
and functional genes related to carbon fixation and nitrogen metabolism due to fallowing. Bacteria played a predominant role
in both carbon fixation and nitrogen metabolism. The primary carbon fixation pathways of soil microorganisms in the study
area were the reductive tricarboxylic acid cycle pathway, reductive acetyl-CoA pathway, and the 3-Hydroxypropionate/4-
hydroxybutylate cycle pathway. As for nitrogen metabolism, the main pathways identified were anaerobic ammonium
oxidation, dissimilatory nitrate reduction, assimilatory nitrate reduction, denitrification, and nitrification. Gemmatimonas,
unclassified Chloroflexi, and Streptomyces were main bacteria for carbon fixation of regional soil microorganisms, while the
nitrogen metabolism relied mainly on Nitriliruptor, Gemmatimonas, Solirubrobacter, unclassified Chloroflexi, and
Streptomyces. Gemmatirosa, unclassified Conexibacter, unclassified Candidatus Rokubacteria, Gaiella, and Geminicoccus
could be used as marker microbial populations of the pathways of carbon fixation in the cultivated land in the study area,
and coxL.cutl. and ACO.acnA were main response function genes of the pathways of carbon fixation in the cultivated land in
the study area. Seven genera of classified soil microorganisms, including Nitriliruptor, unclassified Candidatus
Rokubacteria, Geminicoccus, unclassified Conexibacter, Solirubrobacter, unclassified Acidobacteria, and Rubrobacter,
could be used as the marker microbial population of the pathways of nitrogen metabolism in the study area, and GDH2 and
E1.4.7.1 were main response function genes of the pathways of nitrogen metabolism in the study area. These results hold
significant importance in elucidating the processes of carbon and nitrogen cycling in the soils of Mingin Oasis under the

influence of fallowing.
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2 R S R S D R B AR AL B 9T 8 YR AR TR St B s e B 0 v PR PR DG BB I nifH B RN S HRS T
B ) RUBE VR T 55, B B S BE S DR X = B2 BT R E A7 AN W I A0 2007 25 03 B Sk DR A X = 8 D0 5 K
STt Ja BRI E 1, DR, SR JR A bk IR RUBE TR b S R0 PR OB A M D R A T 2 B A A
W5, % Tt — DR R SRR A P L A R

PR 2R PN DA R ) 29T DY AR A 285 22 4 (A A5 B, A R B AR 22 4 19 [ N, e 4 3 B A 25 o e D)
AE. RN, T JLA-4Fk , XS A K A T FEBHE i, O Hosz 2028 9% 25 RO B2 0, 33 38 2018 A 1 1 H g i i 22
18 B 1 ARAE v ORI O LA LR 2SS A R I RE , ISR AL AN 25 DREAR S ) = M R S A A B2, 7™ R X
BB RGN E S R, A SCR IR 75 5 R AL PR AR, Dhas TRk i 0] ) BF 8 S | % e 1o
AR AR B ¢ I B 2 PH AR A M P o R e [T | A Qi A SR Bl A W 2 i % D RE R R R AT T R 5, LI it
AN ). OBl E B LSRR WA R AR E ; @Bk [ 5E RIS AR S B T Rk DR s 126 2
XHBBFHECE RN, AR AL AR T R DGR A b+ e A SR I AR R

1 MRS

11 5T XA

WFFE LT P MU SRR 2 HOM 4 B B L PSR, M AR AR 103°35—103°37'E,39°01'—39°03'N,
SRR 1305 m( K 1) KBTS TE S, H IR 224 225808, H BRI A D, AR HREET .6 °C L 4F
F-HIRE K 110 mm, H P78 K 8835 200 mm DL b BRI DURFRE + 28 £ UME R ™ &, IHHEYI LIS
BB, FEEAS EETUR (Kalidium foliatum) /N R ( Nitraria sibirica ) (ZLHY ( Reaumuria songarica)
& FEEAA 2L A ( Halogeton arachnoideus) W% ( Suaeda glauca) (%5 VKFE ( Bassia dasyphylla) %%,

F1 PFRERFSMEMEREE

Table 1 Geographical location of plots of research areas

BB R i %G TR REVE L ARl
Abandoned years/a Latitude Longitude Altitude/m  Dominant plants species Soil environment
0 N 39°03'52.00" E 103°35'14.01" 1308.10 T
1 N 39°03'57.53" E 103°35'07.29" 1305.90 ik + o AR
2 N 39°03'51.62" E 103°35'09.84" 1306.60 [ 2502 R+ R + P I 2
4 N 39°03'50.80" E 103°35'10.89" 1307.90 % + b TR+ /N2
8 N 39°03'25.13" E 103°36'08.92" 1305.00 NP+ R R A A TRARIE 4
13 N 39°02'30.29" E 103°36'18.18" 1306.40 R
20 N 39°01'44.11" E 103°37'01.85" 1308.10 R
30 N 39°02'39.51" E 103°37'29.73" 1302.30 A AL+ TUR
40 N 39°02'54.31" E 103°37'55.49" 1302.80 SR +HERTUR

1.2 it

RIQTFAA T 2018 47, R A5 RV [ 9 773 | e 4% 1 8 B Y S 58 P Vg o8 2 AL ( 1300 m)  HETE P
I 52 N RS2 TP N BV E A G DX, XS Y R AELVE ) 38 R i A, R 2B D7 2K, A7 HE 40 em , 457
25 kg/hm? , AERIAGR 8 (30 kg/hm?) |, BEHERERR — 4% (20 kg/hm?) , RAFVEHBIE 42 FER [ iE #RAE R AR
JEOHEBGR B 1 4E (FEM S5 A2,2017 4RIBHF) (2 4 (FEfmdi 'S A3,2016 FFIB#F) 4 4E (KRR 5 A4,2014
AEIRHE) (8 A (FEM RS AS,2010 FFBRBE) (13 - (HEM S A6,2005 FiRBE) (20 4 (FEfh 45 A7, 292000 4
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BHE) 30 4F (FEM RS A8, 24 1990 AER ) (40 4E (FEM G s A9, 2 1980 4FiRHF) %5 8 i ALK 1 hm® (155
HAE AL L, #8570 )5, AR AR SPIRE 1 B, AR ] T TR it , 7 b P R 43k SRR . IR, DA DX 3
P AR BT B M A A X B . (BE T 5 AL
1.3 FRALCRAE

F 2018 4F 9 Hib AT R fOREE . BRI AS [ S Sk < iR AE” W R R, T HuRt
HIPR “S” TEBUREIL R 5 A~ H AR AR, RS Z AIAHEE 2 70 m, B RAE S NE 3 AN EEFES, REE
At S fdt FH O 5 R b R AR L BR S , T 20 em ZE A5 R IREERE ST R AE . 2 U5 R — R G SR
m RS AT ARG A 4 C HRERIRAAEAR T RS0 00 s . TR0 = N TR0 (1 mm) 0315, 43
2 B RAE, — 1 AT T R PR BT A2 | 53— (R AE T - 80 C AR ¥ 8 vk A 9, FH T DNA $2HUHI
T,
1.4 3ErRAp e

AN [FIRABEAT B A b - S A AL BT D0 3R 2, SR FH A2 35000 7 1= 8 pH (B R FHE Tk e + 15K
(SM) CRHAE )00 455 (BD) R EES FRER A AL -3 WO BE DN A HLTT (OM) R i 9L G Rk
D7E A (TN) R R -HBRT L (0 3000 5 Akl ( AP) >R FH U2 4 D00 7 A7 808 ( AK)

F2 TEMSREREUMER

Table 2 Basic physical and chemical properties of the soil samples

FE i %ﬁ OﬁrfaLrT); Alf—a?iﬁife Aﬁaﬁiﬁc FE . TR
Samples pH Total nitrogen/ matter/ phosphorus/ potassium/ Bulk den:“y/ Moisture/ %
(g/ke) (¢/ke) (mg/kg) (mg/ke) (g/om’)

Al 8.2020.01 0.29£0.02a 12.57£221a  0.53:0.23ab  189.48+73.69cd  1.7020.05a 0.12£0.01a
A2 8.07:£0.22 0.22:£0.05he 8.97:0.87bed  0.20£0.05h  132.81:18.04d 1.520.13b 0.09£0.01abe
A3 7.95:0.10 0.26£0.03ab 9.17+1.24bc  0.26:0.16ab  152.75:46.98cd  1.68+0.03ab 0.080.01bed
A4 8.05:0.21 0.2120.01he 9.34x0.99h  0.50£0.14ab  112.39:52.18d 1.62:£0.04ab 0.06::0.01bed
A5 8.37:0.31 0.2120.03¢ 8.73:1.13bed  0.73:0.26a  154.0737.82cd  1.61x0.01ab 0.06:0.01cd
A6 8.02:£0.24 0.1520.02d 7.92:0.25bed  0.33:0.07ab  377.01x117.19a  1.62:0.08ab 0.120.02a
A7 7.85:0.07 0.18+0.03cd 6.92:132d  0.43:0.11ab  262.90+50.92be  1.570.16ab 0.09:£0.03ab
A8 8.480.25 0.1720.01cd 7.14£0.46cd  0.57:0.19ab  263.12£46.75bc  1.54x0.10ab 0.05:0.02d
A9 8.09£0.12 0.21£0.02¢ 9.99+0.48h  0.54£0.05ab  314.75:33.5lab  1.64x0.11ab 0.070.01bed

[RI AN ] -1 3 - 4 0] 2% 57 1 35 (P<0.05) s A1 XTHEBF M A2 B HF 147 A3 3B MR 2 4 Ad B HF 4 45 ; AS iBBF 8 47 ;A6 B HF 13 455A7 .58
HE 20 48 AS B 30 4F; A9 iB B 40 4F

1.5 DNA $2IFIZ LK 41

FIFH Fast DNA™ Spin Kit for Soil (MP Biomedicals, 3% ) DNA $BGRF & #E174E 5 DNA fili 42, 28 5 11
TBS- 380 ( TurnerBioSystems , 32 [E ) %¢ Y6 A A M DNA ¥ B, 3148 F§ NanoDrop™ 2000 UV-Vis spectrophotometer
(Thermo Scientific, 3% [ ) MM RS /MGG EE TG DNA SR | 1% 3R HEEE RS LKA DNA 528, 2 J5
T-20 CHRAF

FEFER P FEE i Hlumina HiSeq 2000 5 58 i, B CiE 1k Covaris® M220 F A48 75 I B i L™
( Covaris, = [H ) ¥ DNA F BrfLALBER24 400 bp, 2R )5 R NEXTFLEX™ Rapid DNA-Seq Kit( Bioo Scientific , 3¢
D) IR S EE PE SO fJm il i HiSeq 3000/4000 PE Cluster Kit(Mlumina, 3% ) iR 5] & E 1 707 2R & B s
UL (PCR) BB, BT Al S 5 AT ASIF9E 20 ik R 2 00 e TAE R 9T Bl S5 A W R 2R A TR
N R SEIN, TR B R 2 I i 46 P 47 8 28 4828 2 3 1 ] 8 A W H R £ )2 bty SRA %54 %2 (NCBI SRA) (https ./
www.ncbi.nlm.nih.gov/sra/) , 5 %5 A (SRA accession) SRP131615,
1.6 ik st

M T ML P50 iR AT 8 s Ab B2, 17 55 (8 SeqPrep il Sickle ( Version 1.33) T H X JE 4h 751 it 174
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1 st B K FBR s YAk SR A AL B SR J5 4 F Megahit ( Version 1.1.2) Newbler MetaGene 55 T H.43 5| X
AP AN EAT DF 4 |2 RN DR T , X6 45 3 1 B PRLHEA T 0 b RN Zh RETE R L) S o326 A0 AR TUaR R T 5 B
(NR) KEGG g 3L H 3¢ JF 3R FER R BB . IR H 5 & , 8 blastp ( Version 2.3.0)
PR FF 91 5 NR B R AT Ex, AR A3 ak [ | 2UE B G 0 W b T B RE DR A R A L, JF 2 5 B R
RIS 2RZ BB E YA R, BT IRE R, EAT R B IR 2R A, 0 A e IR AT AL, A A B
A5 it ) ) D BEZH R 22 5 55
1.7 Bdioatr

2 Excel 2003 P B EA T AL 30 5 G5t 5 T SPSS 26.0 B AT BRI 2 5 22 4T fl ] RGBS
geplot2 FXT @K 114 T IR AE M RE IR 2540 DI Re IR = B | E Rl 5 D Re B R AR DG e A Il A T 251l JF
ZEE T AL A R E BRI & e KA T A0 BT S ARTE .
2 HRE5SH
2.1 N[RIEBFAR R b A 1982 B DR 41 T 45 2R

ANTRI IR B AR BRASE M - 198 2 B R 20 0 P 235 SR AN 3R 3 s 38 3 2 5 DR 26 0 75 58] 14 i s e 9] 48 i 5 o 2t )
A5 R A BRI B 05 128 K AU 1 ( pair-end ) {5 EVE TR 5 , 2 FE M HA5 8 5.07 /20905 5751 (reads) AT 1 T-#
VESYISRIIRE ST . b 4 22 3 R A0 3RS 6740984 2521244 /7 51] ( contigs) .

3 TEEEFEA DNA NFHIEST

Table 3 Statistics of soil genomic DNA sequencing data

Contigs ORFs
Sam?)]l-les AR ’?ﬁu%ﬁ ;o:l len\gt); Zve:a;e N507bp N907bp AR ‘Tw;njl len\g; Ave:a:e
Clean reads Contigs ( Congtigs) /bp length OREs (ORFs)/bp length
( Congtigs) /bp (ORFs)/bp
Al 58591373 759256 507511624 668.43 700 355 1011882 456943665 451.58
A2 56280366 694898 459976892 661.93 693 353 929261 420156309 452.14
A3 55631774 695139 449125489 646.09 684 351 915318 400166682 437.19
A4 59706452 803244 524542592 653.03 697 353 1066266 470324958 441.1
AS 59677058 760690 506059875 665.26 707 353 1030840 455494478 441.87
A6 52147730 737910 520816552 705.80 774 356 1022223 468020737 457.85
A7 53129011 747278 521754219 698.21 763 355 1033567 469310332 454.07
A8 60831119 864060 593896798 687.33 740 357 1190282 533917604 448.56
A9 50485515 678509 493961631 728.01 809 359 957331 442373131 462.09

2.2 AR R BFARE BB [ 1 SR AR W AR ) 20 1 B Sy R 3R PR 1) 552 i)
2.2.1  GRPFAE RO AR [ E AR A W) 2H S AR 1Y) 5

FFE XA (A1 AR B4 RRUA [ 3 A= Al s 1 1 B o AR A5 i [ e R b 3k 2 PR, o
IR E Y S A E 1Y 94.35%—97.16% , i T 5 DI RERUE Y B A E /Y 2.41%—4.99% , IEAb i Iy A 3, 4%
T btk T 3 % 9 G0 2B R X BBE > 19% 1 T8 53901 R 2 B LT R ( Gemmatimonas ) | R 73 28 4% 25 T4 /&
(unclassified_p_Chloroflexi) \#% % #J& ( Streptomyces ) . A 432 [# & (unclassified_d_Bacteria ) FIIA 72 i 28 14
J& (unclassified_c_Actinobacteria) , FEKT 1% FIZ2EEEY 81.66%—84.49%

IR BRI 5 DX Al [ 0 S0 A= W R I -2 b Ak, (R L= AR sy iAok, 8RB 40 4R 1],
5 b 3 e [ T SRR ) = B AR T ) P A 0 B b 1 PRI b ik R R, RSB RO B R
R4S )& ((unclassified _p_Chloroflexi ) | %f 0 54 J& ( Gemmatimonas ) . & 73 ZE 41 14 J& (unclassified _d_

Bacteria) A 432 B- R T B 24X (unclassified _c _ Betaproteobacteria ) , Gemmatirosa , unclassified _p _ Candidatus
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Rokubacteria 435 N % T 53.77% 37.17% .38.33% . 76.50% . 77.02% A1 49.64% ., 155 %5 1 J& ( Streptomyces ) (A&
L A & (unclassified_c_Actinobacteria ) | Ji 3 [ f# & J& ( Nitriliruptor ) 22X} B #4351 3K T 135.78% .
206.85% #1 1310.94%

A I 1, = cisifcd pChiomle
R A %esd Bacteria

A [ N o oo e cteria

unc%ass;?egiciBAet_a rgteobgcterla

A3 [IHNEDNEEEE 1O L sosphae  ovectena
I Solirubrobacter

G
« ITTENIENE I = .0 Candidatus_Rokubacteria

Conexibacter

As [T D = oo
I Ardenticatena
M Gaiella

45 L I I, - Gemin
. I I I I . || Cael?dlilzilgglcsc%motheonell_a
unclassified_c__Anaerolineae

A7 I, = ok

Pseudonocardia

As | I N [ Docardioldes ammaproteobacteria

I Candidatus "Actinomarina

A9 |H IR A ol opss

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
JE KPR 32 )8 5 B Percent of community abundance on genus level

ZH 5] Group

E1 AEHEEEEEREKELOMHENEES
Fig.1 Relative abundance distribution of species at the genus level for different carbon fixation pathway samples

AL IR A2 R BE 1 4R A3 R B 2 4F 5 A4 B BE 4 48 AS BB 8 4 A6 B 13 47 A7 R B 20 47 A8 IR B 30 47 A9 iR B 40 4F

2.2.2  IRAFARE R [ i R4 ) RE L A A 52 )

¥ KEGG B [5 7 3 i 5 D B HE PR 5 S HEA T LR, A I 3] -+ 3 ik [ 5 vk A= SRR L A 52 A, HOR[R]IR A
AP R b - SR 2] ) T R S PRI AR ) (8] 2 21 fHE PN 7R AN [A] IR B ATE B A I 2] A 6 1R )

Xof B 44 9% 3 0k [ SR AR T RE L AL AT 40 Hexs (&1 3) 45 2R o BB 0—2 4E ] 22 ThfE
PRREGE 2 B RN 225 4F - TH a3 i 0.054 (A1) TH2 0.062( A3) ;iR #F 2—20 4[] 2 P sh ik I THash 2%
T REE DR X = J3E B o5 {1 HH BRAE AR A 20 4F 1551 0.074 (A7) ;1B B 20 J5 52K 0E TR R 3 4R 1EE B 40 4ERT,
R 0.055(A9) , 5xF BRBFHAL TARMBIK- . (BBFEEZme 1 057 X E ek [ 5 2Dl He R i, H DR
B 20 AR I ]9 A, SRR B S EIHE TR AR
223 BRI BACY) TS D RERE AH B

W H s S5 HETCAR B R (NR Bl 8 ) #E-47 U, 23 5 e B 10 A~ FEZERE D Wy i (Ja oK) Kk [l s
WA FEREHE N KB HARSCREE (B 4) o ZR IR A 6 > F 28 Y Fh 5k [ 1 D) 58 ik KA AE 35 AH OC
FZ(P<0.05), 43 515 . Gemmatirosa | unclassified _p _Acidobacteria , Conexibacter , unclassified _p _ Candidatus
Rokubacteria ,Gaiella Fll Geminicoccus, Bk unclassified_p_Acidobacteria LLA), iy 5 AN FEJRWFN S 9 4> F 5
Bk [#] 7 D ek PR AF AR (.25 22 57 (P<0.01) |, Al AR IS DX GR Bk b Ak [ 5 i A b ic MU b e . ISk, 10 >
TR E D RESE A 2 5 3 DU ERAKCEF WA AR W3 22 & (P<0.01), 733 9 : coxL. cutL il
ACO.acnA , 2 W5 DX IR B T I G A Pl ] o A A2 3 B 1o D) RE R K]

2.3 AR AR BR X B AR AR P 20 1 B Dy R 5 R Ay il
2.3.1 IR AR A Y A AR AR Y R

WFFE DA [A) IR BFAE R A D BE LI A s an 8l 5 s . A fE s HE s AR B b 2 S i e,
RS L) B F Y 95.50%—97.66% , 5 T AR I, 5 D REM L B F LAY 1.73%—4.05% , BLob, s
I 2 3, 25 A b A o R v - SR A A T = B > 1% 19 T s 4 500 oy i R % £ 19 )& ( Nitwilivuptor ) | 25 5
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