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Effects of Vegetatlon Types on Caybon Cycle Functlonal Geneshn Reclalmed Soil- from

o

Open Pit Mines in the Loéss Plateau " ! i - P 8

ZHA® Jiao! %, MA ng ZHU Yan-feng®, YU Hgb-chen Z'i-IANG Qi*, CHEN Fu'*" § 4
(L. Schoo of Publi lic Ad mlmstrallon Hohai University| Nanjing 21]100 Chma X Engmeenng Research Center of Ministry of Education for Mine Ecological Restoration,
China Umwemty of Mifling and Technology, Xuzhou 2211167 Chinaj f'ﬁ SLhool of.BeogIdphy and Marine Science, Nanjing University, Nanjing 210093, China)

Abstract; Vegelation restofation can effectively improve the ecological environment of mining areas, enhance the ecological service function, and promote the carbon

-

sequestration and sink increase in the ecosystem. The soil carbon cycle plays an important role in the biogeochemical cycle. The abundance of functional genes can predict the
material cycling potential and metabolic characteristics of soil microorganisms. Previous studies on functional microorganisms have mainly focused on large ecosystems such as
farmland, forest, and wetland, but relatively little attention has been paid to complex ecosystems with great anthropogenic interference and special functions, such as mines.
Clarifying the succession and driving mechanism of functional microorganisms in reclaimed soil under the guidance of vegetation restoration is helpful to fully explore how
functional microorganisms change with the change in abiotic and biotic conditions. Therefore, 25 topsoil samples were collected from grassland (GL), brushland (BL),
coniferous forests (CF), broadleaf forests (BF) , and mixed coniferous and broadleaf forests (MF) in the reclamation area of the Heidaigou open pit waste dump on the Loess
Plateau. The absolute abundance of soil carbon cycle functional genes was determined using real-time fluorescence quantitative PCR to explore the effect of vegetation
restoration on the abundance of carbon cycle-related functional genes in soil and its internal mechanism. The results showed that; () the effects of different vegetation
restoration types on the chemical properties of reclaimed soil and the abundance of functional genes related to the carbon cycle were significantly different (P <0.05). GL and
BL showed significantly better accumulation of soil organic carbon, total nitrogen , and nitrate nitrogen (P <0.05) than that in CF. @) The gene abundance of rbel,, acsd, and
met was the highest among all carbon fixation genes. The abundance of functional genes related to carbon cycle in BF soil was higher than that in other types, which was closely
related to the high activity of ammonium nitrogen and BG enzymes and the low activity of readily oxidized organic carbon and urease in BF soil. The functional gene abundance
of carbon degradation and methane metabolism was positively correlated with ammonium nitrogen and BG enzyme activity and negatively correlated with organic carbon, total
nitrogen , readily oxidized organic carbon, nitrate nitrogen , and urease activity (P <0.05). @) Different vegetation types could directly affect soil BG enzyme activity or affect
soil nitrate nitrogen content, thus indirectly affecting BG enzyme activity, in turn manipulating the abundance of functional genes related to the carhon cycle. This study is
helpful to understand the effects of different vegetation restoration types on the functional genes related to the carbon cycle in the soil of mining areas on the Loess Plateau and
provides a scientific basis for ecological restoration and ecological carbon sequestration and sink enhancement in mining areas.

Key words; vegetation restoration; carbon degradation; carbon fixation; methane metabolism; functional gene

8 KR NN KR 28 R SR il B Y
), 7 A R SRR I AR TR W B : 2022-06-19; &1 HEA: 2022-08-22
1 ; S St Th e F4 52 (3] EEWB . ERARBIEILLTH (41907405,51974313 ) 5 TTHA
BRI HE 17 R, S B0 v D RE R T TR R LI E B LT ] (41507 ¢
B A W A W b ER AL SR AE R A T B ER fEEES BIK(1993 ~) 4 i, TR, EEBFIO X

BB, E-mail; zhaojiao@ cumt. edu. e

444 (4] T nmr%ﬁk T"fri AR /f’t Qﬁ‘: ?T QE AN /Z‘f‘—: z‘b ]j] ﬁE 7ﬁ] # JBAFEVEZ , E-mail: chenfu@ cumt. edu. cn



6 AR AT AN B o S R A L1 B B - SRR B ) RE S [ ) B2 ) 3387

RS LA BRI TR
BEUS (R X+ R e X R R IR ILAE
O e 2 AR I E S E R E 5 R
VL0 (A S8 v K R R S R
TZ A BT 5E 1 fn Guo 251 BOBIF 9T K B,
TEFMVES ST XA DR e 2 2006 5 Ao -39
DR %o AR I 0 7R L T TR L B B R A7 A (22
. Jia 25U HORRGE R BR, FEAR R B 4 R 6 0 4 4
e 2 R R 9 B 858 PR T B 0. AR T 2 % T
" % P R S T A B B T AR e B0
Tt R TR AEER Dy g B3 e = R 2.

SRR PR AE A ) M BR AL AR B b HLAT T B
7, SRS 5 P T B LA BRI ER G AR 4
TR (A LT 1 53 ) B0 1 5 ( €O, % AL A L
Wy ) R PRI (e A R e Ak ) ). ke
D 1ot 530S 2 R 0 R 5 SR s B 1 e A
SRS 1 S o T AR ) Tl
PR 5 5t A S T ﬁﬁ%ﬁMi%%ﬁ@i
Wit BRI FE LRI, LA 158 Lk fr

ke IEKIJJﬁEJiI$T“TUTﬁNJiii%ﬁ$%-A

%%%ﬁﬂﬁﬁﬁﬁﬁ T i i
EEA Jﬁ/,J\ R = f&ﬁzﬂﬁﬂ’ )?L@?ﬁ
S A R 3-FREIN R LB F . 3- ¥*%ﬁ~m}/4 T
ST BRAFEA AN IR /4- L T R 6 i 71

kﬁﬁ%xa%M¢%%co%wﬁﬁm@A%}

F) A A [ S 7 LA S B A R G i e
SRR Co, WA SRR AR IEHM&
PR R V5 ) RIAR B 23 s ) AS ], MATT 3 30 3 i A= 4
ZREMERIIRERY 25 52 BT o) BE AR P i
FREBED T RE, FRMANEHE RS R
4502030 (EJET T IX A TR H ol ks
TR Z8 A 75 R G AR B /D | R AR AT
B E BRI R AR+ 124 4. 88 J7 hm®, -
PR RFAE 30% Y. 5k, Ze X 20T
FRAEFRX, HHEREOK His e ®m ™ F 28
AR TR SR 25, B2l A B - 3 Ak &R
HZ PR, DI RETA: My I R AR RS B 785 B HE
BE—FEJT&E BRGWWE SR H 4R 1) Wit
HHPKE 515 T 0 X2 B R s P 2
&@Bfﬂmﬁ%ﬂ A BT 7555 4248 T B 1 AR A ] il
A=A A ) 4 A B AR AR T AR AR 20 A it AR S0k
PR - I R NV 2 R HE S AN R 2 R A A B
WFFEXT G, I SE 9 i PCR H A U e 24
FHOCTIRE LR = B 38 2o PRI AN [ AR B 2R R X A2
B A HERRAG IR T BE L N A0 52 T, 8 7R BTG A T R 2
DRI AN [ i e 28 250 f) i 1 ML, B 6 Sk 28 - B IR AZ

PO PRI I B 5 A 250 D R BRI o S 4
1 #R57F*%

1.1 SR IX AL
VEPR NS¢ ERG /R SRSV B R HE 3

12(39045'1\1,111016'13)ﬁbﬁ%@bﬁ,iﬁﬁﬁﬂﬁﬂéﬁ
T2 R R AU AR SR 7. 2°C AR K
#391.6 mm, HH 7 ~9 HERT 70%. FFE K&
(1824.7 ~2896. 1 mm) L TR, %X Ny iRl
A VA RO 215 ~ 1302 m. SBAS VA 5 R
HE+37 5 HUET AR NS 124. 00 hm?, ) 1995 4F 4 fili 4
FEIRAERE ) R & A gl AR ) A X4
XA, 43 3 )2, B2 R 250 30 m. i3 By koK £
TR, FEMAEV R, At SRS R T
HE ., EfE . BARBERIA. ?‘Aﬁﬂﬂﬂ?ﬁ%iﬁ% B

TR SRR VB, R LU?"%M\H@,#
i : /
1.2 FEALACRSE lﬁﬁ Hi ey 4 i

2020 47 1 28 F 218 A 2 H%J%T%ﬁﬁﬁﬁ’
REEHH(GL, L Ay k%lﬂi) HE (GBI, 1
) %JrﬂJr?Hi(CF T 1s S mx2.0m lEﬂEEﬁME)
WA IR (BE, /b4 1.5 mx3.0 m IE?EEWE) %né‘fr
m@meﬁ {HWMH/]\H% 1.5 mx3.0 m IEHE,EF
TR ) 35 ol 24 00 4 9 RE . 43 B BB AL
TEHLS A, B AR 0 ~ 10 em #1200 g, 1R A
R 000 MR AFE, BB T 25 MRAFE( IEI
1). RSt 2 mm G 9 25 Bk A1 R 3R 45 2% ot
VIR 3 0y, — OB - FELRAE T - 80°C rzk%’aFH
THEHCA- A DNA S5 & PCR i 55— i
T AC KA N, BEBEAL I RN S P 2 5 Rl Ay—
By EE N F AR, A A A A .

3 pH fH (K A 2,50 1) SR LA B
(PHC-3C, LIFE#E) , ZHEA PR (SOC) 2k HE 5
R ET K A SR I 2 P75 AU (TN) SR P i
8 A, S A (NH,) -N) FIR A Z(NO; -N) I
TRAGIR -2 A3 6 B vk A7 i P, 4 A sk
W (AP) R NaHCO, R HE-4R86P0 H (™) i 4
PO (CAT) I 38 e e 4 98 90 i v A 7 )
PL1g+31 h NIHFE0. 02 mol-L~" KMnO, AYAFH
PR B-HIFINETY G ( BG) 1 14 3 2 f 3 19y b (a3
ME, LA FE 1 h 5 1 g 358 (R 6 il 1 A A v 50
PR ; ZEYEALER(PPO) 15 8 1 41 2% = ) Hb (6 ik
PEAFIGE LA FR 2 h 5 1 g HIEP AR E TR
mg $EIR; HIENRES (URE) F A48 - 1 &R £ LL
R TIN A | 4 55 R 2 HE K ( S-LAP) T 1
5 &K ( Beijing Solarbio Science & Technology



3388 7D 53

E1 ﬁﬁﬁ[hﬁﬂxﬁaﬁ?ﬁTﬁ [

3" 111°17'15" 111°1847" E

;.ff §

Fig. 1 Locatlorl.pf the study area and samphng'snﬁ—ll |

’'s

Lid. ) G366 LR I SE , - S 5 Rl % 1
x%%&m:%m@&ﬁﬁMHWﬂi i’ =
1.3 ,wﬂa@i%{nﬁw# | r ; &,

fﬂ%ﬁﬂ%ﬁﬁ
(quaptllatlveﬁ;lcr 1al element cyci
ﬁﬁﬁwm (%%%lfﬂm
i]%@gii] E‘ﬁggﬁﬁefﬂg MagLBloiﬂi% DN&%}"
R o 0. 25 o LR WO R

H Qulpfifl 4.0 ( Thermo Fisher Scientific, Waltham
USA) T8 48 5 - DNA i J 40 5 30 £7 1%
WK DNA WeFERRIE N 20 ng-wL ™", 20 BB i AR
5 |9 A a0 S i 22 % 3 B qPCR otk i+ SmartChip
MyDesign Chip ( Takara Biomedical Technology,
Clontech ) f{fLH", £ SmartChip 3ZHf PCR RSt 17
Py B G TA PCR RN B3 N E R, Bk
BATA —A X IR PIEREEAE 95°C 16 4L 5 min, FREFT
40 MIEIR (95°C AEPE 30 5,58°CiR 2k 30 5,72°C 4
f#130 s). 7£ SmartChip 52} PCR RS 4T qPCR 2
JO7 e B CAF AN, A B A i 3 R e i 2. (8
Canco JR A ARIUREAS v 45 3 PR HH B RN 14 976 245
(Ct), Lk 16S rRNA 15K N 2 AT b o 10 3R URE A
Hh S R 1 AR X A R ,ﬁfrﬂﬁﬁ Roche {34 i
16S rRNA H P (1 266 08 o 0I5, , e 28 46 5 HL Al B P
OEGROPTEN R =S S
1.4 BAsgeit5 0

KR &K (one-way ANOVA) J7 250 Hike i A
[FIAE B S R 0] L Al 2 P T | S P L B - SRR
AUIRERE R R 22 55 W 2k P E 2 E RS

ﬁﬁ%@ﬁﬁ'

ﬁﬂ“%ﬁfﬁﬁé‘%/ ﬁlz\%% (18D), ’%j

(Pearson)Tﬁ?é %ﬂéﬁﬁﬂi‘ %%4@Hﬁwﬁ'ﬁ
A 5 S5 AR R . AR R AR ¢
#ﬁz%ﬂwiﬁwaﬂmhg aarﬁmmu_%mﬁf/
.%H’J*ﬁﬂé ﬁmrﬂ If, Ch}plot 5 (hups:; //www
chiplot. onhne/uuwﬁ LR
EI/J/J %;%Fé—] Kk CaplocoS O It AR o AT
(redundancy analysis, RDA ) ¥R A [R] 2R 455 PR - %) e
PEPRIRERER 15200 A Amos 7. 0 FRAFHU-A 4514
Fi R (structural equation model, SEM) 7347 3%
A PRI | R 1 LA R B 2 2 ik PR 2 5 ) ) ¢
F oo+ ERRAE R ) AR AL R T R AT I — kAL
B R0 Gy ot R g | Bk T AN R e AR =R )
REZRRE, R AT .

S (vf 2] /

(i=1,23,+3n=123,
Krf, o, FARERRALHFBGER, %ﬂ n o3
T TGS (A R AR B0 L PR B, o 3R IR A A
Tt 1 2 R0 FR B A Il A P D RE DS A AR I — AL =

2 HRE5SH

AN [ e 25 78 - A 2 1 o R RS 1 AR Ak
JAFE 1 A S [ A A S AR 4 S Ak v o )
SLURAEAE B EMEZ R (P <0.05) . +4 pH FI% &
R A S A — 50, ¥R IN AE M HL (CF |
BF fil MF) 39 & F GL fil BL; AR S 2R
AR AR B AR Ak R 34 AE CF i BF 3 rp i 3
f&F GL 1 BL(P <0.01); 3L, A&

2.1



6 AR AT AN B o S R A L1 B B - SRR B ) RE S [ ) B2 ) 3389

¥R GL > MF >BL > BF > CF i #3#,; 54 WA, 7E GL H3 v & /. Bk b, GL A1 BL
LA LR & 78 BF H3vh (R T HAh 4 bkl xF AR, A MBS AN H EE T

BRI (P <0.01). AW & & 7F BL Al CF 1 3 CF.
1 REEREER SRS

Table 1 ~ Change in soil chemical properties among different vegetation types
ZH H(GL) WA (BL) EH R (CF) TRASH (MF) RE 4K ( BF)
pH 8.00 £0.04bc 7.96 £0.03c 8.08 +£0.04ab 8.15 £0.04a 8.11 £0.03ab
o(AHER) /g kg ™! 11.44 +1.13a 6.83 £1.15bc 3.54 £0.29d 8.15 +0.68b 4.49 +0.15¢d
o(E%)/gkg™! 0.65 £0.08a 0.45 £0.05b 0.26 +0.04c 0.50 £0.01b 0.28 +0.02¢
o( ZENAE VLK) /mg-kg ™! 74.89 £0.20a 75.13 £0.67a 75.46 £0.33a 76.21 £0.13a 72.74 £0.72b
o(HERA) /mg-kg ™! 6.43 £1. 14¢ 7.88 +1.19bc 9.87 £0.35ab 8.81 £0.61abc 11.31 £1.00a
o(MHER)/mg-kg ™! 8.25+0.71a 6.32 +0.60b 2.27 £0.24c¢ 2.38 £0.09¢ 2.11 £0.21¢
o (HRHE) /mg-kg ™! 6.74 +0.63b 10.71 £1.19a 9.12 +0.84a 8.48 +0.45ab 8.96 +0.39ab
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