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OB DR RON AT R, BB AN R BT A B M AT (R AT B e SRR B (CK) RHEAE 8 t/hm? (FWL). e &
16 t/hm® (FWM). =il 24 thm® (FWH), BF5 A 5005 HE N0 - SR R 40 TRV 25 W0 IO AR AR AR, O B Ax I M AR
FHAE (SR b . &5 R 5 CKAHLL, FWH Ab¥n] 5248 o L0 pH. FHUK. S5 2B e, . RS
PE. RYEERR BT YE . 206 R AMRKABHTPE(10.39% ~ 89.42%) . L3415 OUT $H (112.91%)~ Chao $5%1(111.20%). Ace %k
(111.37%). 2B B ] (Proteobacteria) (¥ AH Xt == 5 B it AL (1) 3G I im0, 11 B AF B4 1) (Acidobacteria) W AH S5 40 B R U 1) SIS AN ke
KWAEYMCH TR AEHEAL 5 B 3 . DREEAEVE . R MEBEIREEL M. pH. 2%, 2B MRS 0B baxT L 3ed i i B
LSRN 2 REERSIAA 2, e i R R I 9 A R4 v R e S L T R

KR B ARhRMENC, ANETETE; MRS
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Effect of Food Waste Composting on Enzyme Activity and Bacterial Community Structure of

Flue-cured Tobacco Soil
ZHANG Xiaohua, WANG Keqin, SONG Yali*, YANG Xin, CHA Lianling
(College of Ecology and Environment, Southwest Forestry University, Kunming 650224, China)

Abstract: In order to investigate the changes of soil enzyme activity and bacterial community structure after fertilizer application
and to provide basic data to support the promotion of food waste compost on farm, flue-cured tobacco growing soils in central
Yunnan were taken as study object, different application rates of food waste compost (base fertilizer) were designed: no fertilizer
control (CK), low fertilizer application rate (8 t/hm?, FWL), medium fertilizer application rate (16 t/hm” FWM), and high
fertilizer application rate (24 t/hm?, FWH). The results show that compared with CK, FWH significantly increases soil pH, the
contents of organic carbon, total nitrogen, total phosphorus, alkaline soluble nitrogen and effective phosphorus, the activities of
urease, acid phosphatase, fluorescein diacetate hydrolase activity (10.39%—89.42%), soil bacterial OUT number (112.91%), Chao
index (111.20%), Ace index (111.37%). The relative abundance of Proteobacteria is increased with increasing fertilizer
application, while Acidobacteria is decreased. Both membrane transport and carbohydrate metabolism of the bacterial community
are significantly enhanced after fertilization. Urease and acid phosphatase activities, pH, total nitrogen, total phosphorus, alkaline
nitrogen and effective phosphorus all have effects on the community composition and diversity of soil bacteria, with alkaline
nitrogen and urease activity being the most important factors regulating the bacterial community.

Key words: Food waste composting; Bacterial community; Enzyme activity
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e %55 %

R L 3 B8 SRR P R AR L o U SG n, 24k i
OB BT, TR B RS e
A% T M AR 25 R G0 8l B fi R ORG-S A Wi
TR, HE AV SEONEHETE | A8 2R U
TR SR S X AT HE T e R, BE SR L4
RTNE S NE ) A Bk AL A8 A, TR 5
B R T 1 D200 T R 9 R O R 5 M SR AIE S A B SO
HE B R FHACR o

I 2 A BT AR Hh T Ay B e AL T - 45
PN 5 BTG T R R LA R AR e R R R
A= 355 S R PROK iR B TR R I B e SRR 3R 0
BTGP, AT AR A AR RS A AL AT
A AR S AR DCERGE 4R v b WA e M
M, PR A bR A K B EEAE T AR (R K e 11
AR AR, BAE A LR AR A T LT
WFATHUIL, BAHE R ME 1 533
NEAHLE , Tt FH B A b SR AL I S b B A BT . EL R
MR RZ, 5 TACRBREURGEER CL R
JROWEANA AL A & 1 DL RS TESE T R A
AL R B AT AT, o Rl A IS A A
PR, [RIRE, o n] Sl A e A HLIE T, A%
PRI M X PR HILAE R /L, i< A B — it FH AR JIE )
(i) R o (LRI 0 i /0 O T S A 33 S A XS - 39 4 AT
FEVE RSN, Jo Ay O AT H ) it P o4 % e L S
AT B SRR F AT

N T L TR A B AE N TR 25 2R, 5
2 H T AR O IS LA TRy | B VA
20 B v AT AR AR L R AT Z B A L 2R ARBIESE
FPUE A FH [V 38 L A5 [ Jof 2% 33 ML it P 4 % £
SRR PE RN R P AR s, BIFST B A (DI
JoF 2% 7 392 S RS it P X A AT 398 R0 M8 5 0 ARV RIS 1 14
SN 5 (2 5 HE ALt FH 2 75 2 3 B0 e A B v 4
SRR RE A 2 57 s OFRNEMERL I FH J5 40 7 HF v A 10
Ve BEHEPER R ELOC R, DU R A B A
FBE PRAL A TSR A A

1 #RERE

1.1 HRXEMER

RSN T s RET O X & o fE e
BIR, HbAb 213 X R AR 2SS AL, 102°34'12.307E,
24°17'32.33"N, M4 1 625 m24F H B4 19475,
H R 44%, TRk 3L 52 d, 24V H %K i 909.1 mm,
FEK RE 130 ~ 150 d, K 24 h [E/KE K 41 mm,
Ja& AT PN VA A R IR R U, TR RS
WZEH 5—10 A, BHRLELIRLEE), habis
REMM, TRk, REREA R . AL
12.07 glkg. % 091 g/kg. 2 51.06 mg/kg. Bl
A 20.00 mg/kg . ARLHE 1.92 mg/kg. pH 5.00,
1.2 REigit

RGBS, S K326, T 2021 4 4
H 18 H ARk, Mk R EBETTRFE AR Z—THA
PR R 16 500 H/hm®. iR 4 LB, it
FEAEXFIR(CK), fRMEAC R 8 thm*(FWL), it e it
16 thm* (FWM) . &t 24 hm?(FWH), il %
i BEIRG AR, B0 3 AER,
1 mx1 m PERHERN S RE T, BEARE TR 2 HRIG I
12K, BRETZEAHBEI R TF 2 m, BEYLHE
A, FH ()45 SRR i ) 24 Ml A B A R R — 30, BB
B 7O SEAE, A ZEFPAE, 28/ 30 cm. FR[EIHE 40 cm,
4 A 27 Ht AL, 5 A 24 HEAEEAE, R EA
BEERELBI R 12 0 6 ¢ 24, JBAEEBEER LGN 18 : 5 :
22, KNl A BRI 1,

Jf A B MR B . KRG BRI 50%,
T AENGENY 40%, BERRES & 10% MY HLBITR &
5], W KERE 45% ~ 50%. K EBEEFS 10
FE ERTETRS], WAA VYR, HEATHER], R
JEIRF] 55 °C BHFMRSE—IRBIME, Z 551k 60 'C B
He—IR, 10 ~ 15 d RIa] JEA B2 Jof 4 dur 30 A ) 33
AN : AL 472 ghkg. 2 18.05 g/kg. 2k
1.89 g/kg, pH7.2~7.5,

x1 BLEEREE

Table 1 Amounts of fertilizer applied in each treatment

AbE REAC (BT AR RLOMENT) PraaliA Pr & ol i 1 A B PrE oA P& 2l
(kg/m’) (kg/m’) (kg/m’) (kg/m’) (kg/m’) (kg/m’) (kg/m’)
CK 0.00 0.000 0 0.000 0 0.030 0 0.045 0 0.036 0 0.014 0
FWL 0.80 0.014 6 0.001 5 0.030 0 0.045 0 0.036 0 0.014 0
FWM 1.60 0.029 1 0.003 1 0.030 0 0.045 0 0.036 0 0.014 0
FWH 2.40 0.043 7 0.004 6 0.030 0 0.045 0 0.036 0 0.014 0

T R a oA . Prasisi o BTG AL LR AT & 52 BT A8 S A 20 R A B e
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1.3 1TEHERRESNE

T 2021 4F 9 A, FERE T RS R
HRHER 0 ~ 10 cm i FEl A HCHEZ 0 ~ 30 em JEFE N YRR
R 3R, BIBR A BRFIGRAR S 2R IR AT, 43 AP
By, BALHEELE, —F KT EH T T80
fitg eI, 5 —F o CE T —80°C VKAEIRAAE, M
T DNA &I 7 =7

AR A R R LT vk e
145 pH SR A pH 3k (m « 2 V=12 SYIE; RAE
BRI P ALSMIMPAEI E A HLIR(SOC) s SR HHE i
FLICTE DI 2 2 Z(TN) ;R ER BRI Lt 320 5 4
(TP) FIA W (AP) 5 R R A: 4 13035 0 e Ak A R
(AN). S PE 5 2R F R & e, i)
SR A TR A RA R, - 5K
(URE)., BRPEBEREF(ACP). ZMy%A L (PPO). #¢
JGER Z TR K B (FDA) X2 W Al B ASC7E R i I
O RO IR R RR o 2 SR i £ 3
M5 J1 . 4 PR ML Ulg B4, BV R A
+ AR F4: 1 pg NH;-N | 1 nmol i}, 1 mg S E T .
1 pmol #7317 Ry 1 AN ) 5L

X Fl OMEGA 7| & E.Z.N.ATM Mag-Bind Soil
DNA Kit IR EURE i DNA, PEATBBE I L Tk G
W, A7 FE K20 DNA 1528 5 EE . R Qubit2.0
DNA FilH & X FEF 4] DNA K &, DAfe
PCR JZJ¥ W I A f) DNA & . PCR 4" 34 fir FH 951 40°A -
16S tRNA H[H V3-V4 X5[4¥) 341F (CCTACGGGN
GGCWGCAG)FI 805R (GACTACHVGGGTATTCTA
ATCC) ; PCR ¥ 44555, X PCR F=# it 41 B b

HLpk, SRAA: T3 A M) & (cat: SK8131) X
DNA A7, [ Qubit2.0 &, # A
FERFIR 1 1 MBI TR G, RaiRGH5, A
F IR SRS MY o il Y LA T AR
T A4 FRZS A 7E lumina MiSeqF & F 52 F ),
SRR FALBER AT s ab B, AT uE . PR &
Brim AR, ARYE A 00 S5 BRI s P8, KR
| FIE FCAS 09 SE A B R REA A RUT 938 4
RDP 732545, LAU4ne 741, {# 4 Mothur 71554
P = & R 2 AR G TR
1.4 HESZITHH

b R BT AN R o ZREMER
SPSS 25.0 # 17 HP % J7 2253 H1(One-Way ANOVA) Al
/N E ZEROEN 2 E ILE(LSD); HMEfFk S HIE
A=Ak 2 E I R B A TUAR 43 W1 (RDA)R H Canoco 5.0 %k
5 B TS PEAT IR A B T 128 A 43 LU HERRAE I [k
Origin 2019 #7220 ; REIMEH R4.1.1) 787
WAEHATL N, IF45E Gephi-0.9.2 2 33tk
i, B E S AN IR 4R . DIRERY SR FAL

2 HEREHH

2.1 [ERBIRHEREREXT T IEE SRR
M 2 aT%0, B0 FE 0 ~ 30 cm + )2/ pH.
SOC. TN, TP. AN, AP & &l + Z R
ik, 0~10cm 2, XFEE CK, it B A by 35 e AR
B = 11 pH(10.16 ~ 0.39 N H037) . SOC(117.27% ~
23.80%). TN(147.12% ~ 89.42%), H:f pH Fll TN &
TR 45 it A £ 6] 22 5 {35 (P<0.05) . pH 7E 10 ~ 20 cm

x2 ARLETHRTIRILF MR

Table 2 Soil chemical properties under different treatments

b T2 pH SOC TN TP AN AP
(cm) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)
CK 0~10 526001 Ad  1025=0.15Ab 1.04+0.05Ad 127.16£440Ab 30.62+0.33Ad 9.32+0.27 Ad
10 ~20 522+0.01 Aa  9.83+0.05Ab  097+0.02Ac 112.64+0.88Bb 28.05+0.09 Ac  3.54+0.34 Bc
20~ 30 523+0.02Aa  9.70+0.18Ab  0.94+0.05Aa 104.10£0.66Cb 21.64+0.54Bb 1.59+0.01Cd
FWL 0~10 542+0.02Ac 1249028 Aa  1.53£0.02Ac 127.31+£3.09 Ab 42,56+ 1.06 Ac  12.63+0.21 Ab
10 ~20 536+0.01 ABa 10.96+044Bab 1.07+0.01 Bb 125.75+4.63 Aa  36.97+0.31 Ab 11.82+0.05 Aa
20~ 30 524+0.01Ba  10.60+0.58Ba 0.89+0.01Ba 121.22+3.74Aa 23.14+0.63Bb  2.73 +0.08 Bb
FWM 0~10 547+£0.02Ab  12.02+048Aa 1.85+£0.03 Ab 16234044 Aa 47.60+0.46 Ab 10.68 + 0.26 Ac
10 ~20 527+0.02Ba  7.48+022Cc  1.09+0.01Bb 134.63+1.32Ba 39.68+0.28Ba  5.43+0.29 Bb
20~ 30 521+0.01Ba  9.95+0.73Bb  0.96+0.01 Ba 106.87+0.66Cb 21.01+£0.69Cb 3.61+0.35Ba
FWH 0~10 565+£0.02Aa 12.69+£0.02Aa 1.97+0.01 Aa 165.34+132Aa 54.84+137Aa 14.91+0.57 Aa
10 ~20 531+0.01Ba  1237+027Aa 126+0.03Ba 136.14+0.38Ba 41.23+0.43Ba  5.98+0.09 Bb
20~ 30 529+0.02Ba  725+038Bc  0.85+0.05Ca 12044+1.64Ba 33.07+0.70Ca 2.43+0.14 Cc

e FEE /NG FRER R R R — £ 2 AN R 3 ) 22 7 1 35 (P<0.05),

0.05).
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F120 ~ 30 om /2 Ab B E] 2% 58 13 7F 10 ~ 20 cm
T2, FWM b H R FEREALT SOC &i( ] 23.91%),
FWH AbH i 535 SOC 7 11(125.84%), [HRFK T
20 ~30 ecm 1) SOC (| 25.26%). 10 ~20 cm +
JZ TN &S A FE R B 3 5 55(110.31% ~ 29.90%),
1M 20 ~ 30 om 22 5 AN 1 38 it FH B 4 7 e HE A 2 g !
FARE 0~30 cm H2HY TP Fl AP & H(P<0.05), 4
SR 0.00% ~ 30.52% F1 14.59% ~ 235.90%. Xkt
CK, i RBr A B ER ST 0 ~ 10 cm I
10 ~ 20 ecm )2 AN & 5(138.99% ~ 79.10%.
131.80% ~ 46.99%), TMi{E 20 ~ 30 cm +/2{Y FWH 4t
PR FIE T AN SH(152.82%).
2.2 [FEIRBIRHEENERAEX T IEEE N
P 1 A[%0, 0~10, 10~20, 20 ~30 cm + /2
i) URE FI ACP {5 V£ Y5 bl + 2 R B A B i B A%, HL
2253 5.3 (P<0.05); 1M PPO il FDA 7 14:7E 0 ~ 30 cm
TENTEF AR E ., XTI CK, 0~10cm 1)Z,

URE 7§ 1 76 FWL(132.02%) . FWM(143.94%) .
FWH(173.91%)4b 38 F ¥4 & 24 55 (P<0.05), ACP FI
FDA J&PE{UAE FWH BT 8 428 5, 7050 R 13.93%
1 80.10%(P<0.05); 7E 10 ~20 cm +/Z, URE, ACP
F FDA JEMANAE FWH 4b# T g 23 5 (P<0.05), 43
4 50.17% . 16.67% #120.01%; £ 20 ~ 30 cm 1
JZ ACP. PPO Fil FDA G PETERAL I N 22 7oA 1 3
I FWH 43 URE 1% 2 E 229 39.14%.,

23 E&RLRHERRERAEXT T IEEE RN

oA

231 FIEYN o ZHEE H % 3 A % CK,
it FF B Ay SR AR B SR B A /9 OTU B H . F &%
(Chao $8%8 . Ace ¥8%0) 12 #£ 1 (Shannon 58045 %L
FWL AbBEXE + e 40 0 7 2 FEvE e A 1 28, i
FWM #il FWH 43 F OTU $ &R 12.21%.
12.91%, Chao $5%02m 10.45% . 11.20%, Ace #5%%
$21 10.28% . 11.37%, Shannon #54432% 0.31. 0.29.

[ )CK []FWL [ FWM [l FWH
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Fig. 1

Soil enzyme activities under different treatments
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%3 16SrRNA £H OTU ¥. FEEMEZHMEY
Table 3 OTU number, abundance and diversity index of 16S rRNA gene

isi! OUT % H Shannon #8541 Chao 155X Ace 155k

CK 1998.33+45.18 b 5.66+0.16 b 2409.10 + 63.96 b 2402.19 +50.54 b
FWL 1931.33+177.45b 578 £0.15b 2406.22 +109.52 b 2416.13+85.42b
FWM 224233+84.92a 5.97+0.08a 2660.83+122.47a 2649.15+11795a
FWH 225633+ 17552 a 5.95+0.13a 2678.97+89.18a 2675.27+89.09 a

T SRR/ NG 5 B R 22 7R Ab BE 0] 22 57 . 25 (P<0.05).

232 RIEAHRERERALN W 2 R TR K
2 - S AN TR 2H SOREORS SF BE AT PR (R AG I
26 AT, BRI sAGT AT 13 AR,
AVAN other), ZFJE ] (Proteobacteria) . FRFTEI]
(Acidobacteria) . itk [ ](Actinobacteria) it A Xt 3 i
2y BERER 64.87% ~ 70.80%, JLFELIMAMFTE X
BIPEFATT ] o AR TE TR T TR AR XS 32 B2 5 1 2R 8 5 f A
KRF, B JZTRBERG AN REAR , FRFF R T AR XS
JEE D FR AR B, TR T AR = BE7E 4% 2 /] T
BRSO~ 30 cm 22T
(Bacteroidetes) [ AH X 3= B 5 Jof 4 47 35 HE T it FH o 52
IEAASG; TRRAT IR T FI4% 25 3 ] (Chloroflexi) Ay AH X
= 52 e P S 8 i R AT

Kl 3 R AR A AL E N AEXS FRERT 11 A4 09TE
J& : KrJEHEE 4 (unclassified Sphingomonadaceae |
unclassified Bacteria . unclassified Acidobacteria Gp1 .
unclassified Rhizobiales), FRFTHAE 3 1~(Gpl .Gp2.

100

=== P
| = =
ol = B ~
e [
I 55
- \ % A
oY \ N
SN N N
S \ % >
M INEZ %
A Z
7 / &
Z 40 4
20
0
CK FWL FWM FWH| CK FWL FWM FWH| CK
0~10cm 10 ~20 cm
4R

Gp3), RN E (Sphingomonas), ¥ H
J& (Gemmatimonas), WPS-2_genera_incertae_sedis,
Saccharibacteria_genera_incertae sedis; . 3 PR
FRAEWAE(Gpl . Gp2. Gp3)FHXT R 5 B A b AL
Jite FH £ 52 A 56 O 2R (P<0.05) .

233 TIRMEIERIIRE T SR PICRUSt 4k
A T it FH i o S P S 3 440 A1 A3 ) g Y A
e, BB IREREIN RS KEGG Bl k4T3
e, —INEERI 4K 6 25 Riff(metabolism), %1%
& EAb B (genetic information processing). i E
At P (environmental information processing) . il Jifd i 2
(cellular processes). AZE¥(human diseases) . 1L
Z 4 (organismal systems), M & 4 AR FE  XFH CK,
TE 0 ~ 10 om 1 J2 25 i AT AL 4 1 2 42 v B o e s
FRE, 24 35.69% ~ 46.57%, (AAIR]f AL 7] Ty g
K5 DL ECAE O ~ 10 em AT 10 ~ 30 em )22 R AT
AR e 2 A B AV B R DIRE , 24 i D RERE A

7] other
unclassified_Bacteria

[l Planctomycetes

[ ] Firmicutes

B8 candidate_division_ WPS-1
[ candidate_division_ WPS-2
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Fig. 2 Relative abundance of bacteria at phylum level
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Fig. 3 Main dominant bacteria
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Fig. 4 Primary functions of soil bacteria

) 48.84% ~ 49.53%, #54b B[R]} S D REHE R 42 22
S FEIE A RevTER , A 5 RIS b
M2 T RE,

THINREEL ARG 41 28, WA 5 R, SI6E
FEEFEE 10.66% ~ 10.99% & HEE L (amino
acid metabolism)IfE . 10.47% ~ 11.02% [HHRAKILE
W) A% i} (carbohydrate metabolism) 3 i . 9.27% ~
10.61% B9 A2 % (membrane transport)JIfiE . 6.83% ~
7.15% A& i 518 & (replication and repair) T fE .
5.60% ~ 5.80% [¥HEE LI (energy metabolism)JIHE |

4.06% ~ 4.36% &% (translation) T E . 4.04% ~
4.17% 1 5 7 R 4 A2 B9 AR 8 (metabolism of
cofactors and vitamins)IIHE . 3.99% ~ 4.12% [FIJg T
R (lipid metabolism)RESE M — K FIfE. Xt
b CK, FEiz i A K fb & PRI o) R 35 76 it FH It A
B3 HERE S 2
24 TEAFHRMEHEENERHEZNTD
kg BH RS it FH 6 23 57 35 A I A 38k 2 1 I T it
TG PEXT A P IS B, SR ITAR 43T (RDA)
VEAS 38 A WAk 2F T8 b 5 20 TR ETR 4L 2R 2
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Fig. 5 Secondary functions of soil bacteria

EOCR (A 6), [RIBTHEAT B2 PE T 1 A TR
HEVR AL IR R Z RV AR G Hr (B 7). 456 6
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FRXT AN T (RS S5 A R 2 FE TR A s, 24P
e — . PUZFR; RDATL Al RDA2 SLf ke T 4N V%
78.59% HYAR S ; Hid AN il URE 7 M2 I8 ¥ 40 s i
K 8K T, AN Hl URE W& M 8 52550
JERER TSRO BA T T I0 EEA G, ST IRAT
P TSRO 3 A G

3 ihie
3.1 HEFAES LRI + A S R AN RS
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A 5T R IRAEAF A 4R Z 0 ~ 10 em 1 {2t
TR M 5 A2 AT ) s e AT R B 3 4 R 2
T3 pH, SR HIERACER, ORI ARBIR
HERE A B ) pH(7.0 ~ 7.5) i THF 5% [X 13 pH(5.00),
Lee SR 7K U0 A0 R FE RN S A6 TG 52 1 -1 498 v it
FH B HERE RAE S = T 35 pH, H3ERR LA 2 st
AT AL A SRR ek i S k%) 18 o i
i, AR AR A T R AR RIS R TR
ARV TR | KRR AL, B =K
WEYRE RS DIRISS, AT PR 4=
19743 . Baiano 25 [RIREIA N Az W i3k (R 17 6144 0
B B HENE & S A WU R AR5y, 5 ey
It A AR A A A SO 0~ 30 cm 1
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