+ 1 (Soils), 2022, 54(6): 1149-1156

DOI: 10.13758/j.cnki.tr.2022.06.008
RS, RIGE, sk, . ORFT A TS AR AT T XA K A MLBR A4 B A M BsE . 3, 2022, 54(6): 1149-1156.

MRAFE M RR S LAEBC e XS 1B MR L IR B MLk E 57 R E B

=A I

ke, kiR AR, RREY, A

(1 FEERMICZER IR SGIEZRE, M 350002; 2 TR RGEN SEREE SR ESSRE, WM 350002; 3 ARAWTEMR
B A A m R TR ST Gy, #EM 350002)

 OE: R, wESAECK). EE). WFEYTRB). WFEYTUREGEIEBR4 ALK, Fitkies
N EE AR BN @ P,Os : KoO=12 : 7 & 22) S5 XA A ) AR TR A, - FE AT A 0y 5 5 A I el Yo AR08 - 394 MLk 2 5
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Effects of Combined Application of Tobacco Stem Biochar and Chemical Fertilizers on

Organic Carbon Fractions and Microorganism in Tobacco-growing Soil
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Engineering Research Institute of Conservation & Utilization of Natural Bioresources, Fuzhou 350002, China)

Abstract: To study the effects of the combined application of tobacco stem biochar and chemical fertilizers on soil organic
carbon fractions and soil microorganisms, a pot experiment was conducted with four fertilization levels, including blank control
(CK), chemical fertilizers (F), tobacco stem biochar (B), and tobacco stem biochar combined with chemical fertilizers (BF), and
the combined application of chemical fertilizers according to the mixture of the chemical fertilizers (N : P,Os : K,0=12 : 7 : 22)
with tobacco stem biochar. The results show that, 1) compared to B treatment, soil pH is decreased by 6.59% under BF. Also, BF
results in a significant increase in the contents of soil organic carbon (SOC) and easily oxidized organic carbon (EOC), while soil
soluble organic carbon content is decreased significantly by 29.63%. However, the effects of BF on extremely unstable soil
particulate organic carbon (POC) and microbial biomass carbon (MBC) are not significant. 2)Soil dehydrogenase activity is
significantly increased nearly twice under BF compared to F, while soil invertase, dehydrogenase and catalase activities are

decreased under BF compared to B. 3) BF improves the richness and species diversity of soil bacterial community, Compared
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with B, the relative abundance of soil Chloroflexi which is involved in soil organic matter decomposition is increased by 16.79%,
while the a and  diversities of soil bacteria are decreased. 4)RDA analysis shows that SOC, EOC, POC and MBC are the main
factors affecting the decomposition of soil organic matter and the distribution of bacteria involved in carbon cycling. In
conclusion, The combined application of tobacco stem biochar and chemical fertilizers can improve SOC, POC, EOC and MBC
contents, reduce DOC content, improve soil enzyme activities and bacterial diversities, increase the relative abundances of some
bacteria mainly involved in carbon cycle, such as Chloroflexi and Gemmatimonadetes, promote organic carbon cycling, improve

soil quality, optimize soil ecological environment, thus can provide reference for tobacco stem waste utilization and tobacco

planting fertilization management.

Key words: Tobacco stem biochar; Fertilizer; Organic carbon fractions; Soil microorganism
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FFEANG BRI, RN T A5 T5 Y R R E AR )
AU, PRI, B R AR Rl TR A R T kR
R G ) A i R P R R AR R Y S AR,
BT HLAR(SOC)BEAS FRAF -8 IR . S e £ 498 o
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AT A= M e e B RE R AT 2000808 L ST, 2
oy L SRR B AL R S A, AR A R, G
SRR 254 o b AU SR IR B AT AR A4 2
A HUBRZH 5, S0 ST A A SR R
B, B RO A, (AT A B AL HE R
X A LR 53 B AT AR M 52 MR T 5 1 R DL
T FET UG, ABFSE LR H LRI R
SR EEARIRKI: , RITTHAFLE ) 5 55 A Rt X AR A
AT MUBR AL 70 BAT S A W2 , A figp DR AR A 1
SERRFEAN A | TR R A R AL (L R

1 MRS

1.1 A

MR - R B R A O B 2 B R O
(119°04'10" E, 26°13'31" N), +3EKRI KRS+, 4
Yo URFF R JER R, X JE R 1 em i,
FE 500 C AT R FAESE AWy Bk AL (2 AR
F R AL il 32 A PR w1 ) Je ik 2 h
YA 5 2 mm G I A AR R AS S AL 5 L
F 1o PEHRE SR R AR A AR L S
NI/
1.2 RIEiET

AT R EARIAL, R E 4 A3l OXF -
(CK); QtifblE(F); @uitiFrAPFim(B); @HF
AW R AL IR BC A (BF), ARAbBEEE 3 R, ALk
FNSHZIMEL TN N : P,Os : K,0=12 : 7 : 22 #i
B, PEEUIREIFZE N BER (N 210 g/kg). BfR 4%
(N 180 g/kg, P,05460 g/kg). HRlZEH(K,0 500 g/kg).
ST A ) S50 e ARBTG5 K vt FH 43301 < R A
Y% 20 t/hm?, BifRE 206 kg/hm?®, WEfR %k
106 kg/hm?®. BRER4T 709 kg/hm?, FPAE], 43 5IFREL
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Table 1 Basic physicochemical properties of test materials

R A1 R pH 2hk(g/kg) 2% (g/ke) 2 (g/ke) 2 (g/kg) B A (mg/kg) A R (mg/kg) AT (mg/kg)
KFE 5.18 18.32 0.96 0.41 13.48 68.72 218.09 118.40
H Wy 9.74 645.20 22.62 7.69 106.97 45.80 17.41 55.48

Gi—id 2 mm G AT EFE 7 kg, HRIGLIE S HFFA
Yiise AR  S R G55, B A BEAE 25 em,
1 30 em BERL A, DEAKIRARE LR, fF iR
E e R AR KR DU L A (AR o AT RS K, T A%
A1 Bk i Y R R A U T L
1.3 HmRERMNEFE

BERCRAE : MRISIRE R EE 0 ~ 20 cm R)Z 11
FESL, R, ToreE LT —80 C vKFET AT
M5E H3EA Y, e+ BT 4 °C K NIRITEA
T A, I AR T S BEE a
2 mm g5 H

3 pH MIIIE . RAK LR 2.5 0 1(Vim)iZ
$&, UEWH pH iH(PHS-3E, INESA, HrE)IIE .

T PR B E . 34T HLER (SOC) R
4 H BRI AT R /MW (LECO TruMac, 3 [E)ill
FE; MR HLIR(DOC) R /K LR 1 10 4likiR
$2-TOC 43HH{(SHIMADZU, HAO)WE; B8ty
PLER(EOC)RKHH 333 mmol/L =4 B4 A Ak i & 5
WK A HLER(POC) K 5 g/L 7 il i v i o i -
HeJe DGR AT 22 5 A 90 A W s ik (MBC)R

SR T A+ - AR R R IR
TR AR A 5 SRR R TR I ARM L €8 3 D
AE; TR . o A AU . B AU S R 3,5-
TARHOKGIR L . MR s 2,3,5- 0K
FE U S ALY AT (TTC )M .

S W I A« SR AN ] A B AR o
W AT AR B R R R . F 0.8% BifE
B HL KA DNA $2HUT L, IR 54Nt

X DNA #47 &, R lllumina Miseq /5 & it
F7im i 5, PCR 973559170 16S rDNA V3-V4 X
515 F i1 806 R(Jb 5t BLAE ZRFE IR AT FRA FD . ff
QIIME %4, Ll UCLUST J&5 A Xt T H, % 97%
H R FIARLE BEATIH IR AT OTU 143, LAEE4S OTU
rh R B g s O FE SR 9% OTU AR ES . 1 1)
FE R %54 722K A Green genes.
1.4 HHELIE

X Microsoft Excel 2019 3 3%45, FJ SPSS
20.0 AR - g mm AL S B A T B 2 25 3 A
SNK #:i7E4T 3 P36 (P<0.05), 32 Origin 2019
231 £ HEAN TR PCoA 7#TEl, ST RDP 432545 T Xt
TIEATRT | JE AT B TR S A BUHEAT 43T, R
Canoco 5 X 14 pH. AWK > & . BEEME AL
L2 TR AR 7 AE T T B2 A RDA 4317 .

&R

21 T pH RENKREASESENTK
HRFF A9 50 5 AR B B it o) 398 pH FNAT ARG &1
YRR W 2, SXFREAH LG, it P RAT A R
e, HE pH B EHEE T 12.98%, hijiti FH AL AE ) i
ERRIRT 6.11%; MRFFAEY R S LIERC RS, 55
Jita A AL BEAR 3 pH BEFRAIKT 6.59%.
Xof HA [ e S Ak 38R 3 HLRR 2 2 28 Ak, AT DL
H, Bk MBC 4b, PR IR X 558 HLAK 250 A 52
AN A A OR G, 3 ML A o
SIS G R A P e 5 AR e R S 3 e
SOC K& EOC &, 5t EYmmAHLt, 45
BERET 14.52%. 26.91%. (HHHF A8 ik 51k

2

%2 FEMGAELET L pH R&AHIFE S S I51E

Table 2 Soil pH and organic carbon fractions under different fertilization treatments

Ah 3 pH SOC(g/kg) DOC(mg/kg) POC(g/kg) EOC(g/kg) MBC(mg/kg)
CK 524+0.05¢ 10.37+£0.11 ¢ 38.45+£3.77 ¢ 1.63£0.06b 3.28+0.88¢ 163.89 £6.39 ¢
F 4.92+0.02d 10.36£0.26 ¢ 39.57+£5.75¢ 1.71+£0.10 b 371+139¢ 21826 £2.37b
B 592+0.12a 20.73 £0.38b 68.34+232a 4.54+0.07a 4.72+0.51b 240.22+591 a
BF 553+001b 23.74+0.38 a 48.09+7.55b 4.65+0.32a 599+193a 24501 £3.21a

TE: CK: XM F: Bifbhl; B: MiZ#Fisc; BF: A=W B AALACHCHE . [R5 8 /NG = REA [ 26 7m A R 22 57 W 25 (P<0.05),

ICE
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BB 11 DOC 7 & B MK T 29.63%, X Al fiE
5 AR B FRAT A 4 o e Bic it 3 pH BRARA ¢,
+4 pH B T RIS, At
SERRATE R B il S MR AL, ELARE T A A AR HE
Herp BIEAA LAY AR, Sl iia il
Y Z IAJE i 5e 4, kb £ DOC 19 B8, ARFFA4:
Vst s, = Rt A A X + 38 POC Hil MBC
A NTE .
22 TEEFEETH

AN [ it A Ak 3% - A8 il 5% 2 ) s ) LR 3. i

AN, PRI T AR R, (ARRAL T
P S R P AR A A o Ak B P
WG | I UG RO i STl SRS PR S B e A
A SRS , 5 it A AC A BEAR 1L, BR +
SRR VERERR RS, TR I . REOREEG | B AU A
AACE RSV WA P, o R AU i 2
5 5T A W TR A L, AR T A 5 AR AE it
Joi ., IR . B SURG RN I ST S RS, oy
BIFEAR T 23.23%., 34.39% Fl 12.26%, {H+IEEH
TRt T 1 5 Bt T A 0 T e A SR L T S

*3 FREEELET HIREEET L

Table 3  Soil enzyme activities under different fertilization treatments

Qb P A (mg/g) HERE R (mg/g) Mot S (ng/g) i A AL S (mg/g) R PE B PR Bl (mg/g)
CK 81.60+5.68 ¢ 4.18+0.70 ¢ 5.90+0.01b 0.75+0.07 ¢ 269.38 £11.28 b
93.33+1.57b 4.87+0.07 ¢ 2.23+041¢c 0.80+0.04 ¢ 278.48 +£10.33 ab
101.03£5.77 a 895+0.77 a 9.80+0.01 a 1.06 £0.08 a 290.69 +£10.03 a
BF 107.62 +£8.58 a 6.87+£0.21b 6.43+1.72b 0.93+£0.04b 303.45+22.75a

23 TEAE o, pBSHEHETR
it FH AR 2B ) o e A R T vy - R A TR =F
M AN R AP - ST o ZAEPEFE A0 22t in
T 4R, o 2R T IR W I 0 T EE R
ZREPE, o ZREEOR, MEFEE BB, MEFEE
ZREMERE . Horp Observed species ZfiE S FR WL 5]
) OTU 4L, Chaol F&EUFALGHFNF= & a4k,
Shannon F8 505 & MEHFIE IS EEMEFE . HE
4 AT, JRAF AR At FH BR824 R IR T o
ZREVE, HHEANTE Observed species {HL Al Chaol $5%X
3Rl CK B &R T 5.02% F1 6.31%, {H Shannon
BEAS A PR 2 ) 22 N 8 2 SR AR W o S AR I T
i JE o, XF LG B AR W BT o oAb B, & M A
Observed species {E Al Chaol 8% B & FHMK T
4.79% F17.01%,
x4 TEMELETHIRMAE o ZHM

Table 4 o diversities of soil bacteria under different fertilization

treatments
bR Observed species Chaol #§%% Shannon 5%
CK 2345.87+29.50b3175.19+151.52b 8.83+0.14a
F 2311.63+54.47b314032+113.97b 8.65+0.20a
B 2463.67+69.15a 3375.69 +41.07 a 9.02+0.17 a
BF 2345.57+46.36b 3138.94+38.56b 8.82+0.07a

B RN AT LA B2 AN (] Ak L B 1 % 45 44 B9
FRIPE, AWFFEAE OTU ZK-F- LX) 240 T A v 2 & 1
1T PCoA AT 5MHT, PCoA M REHSHE U AR ]
e BRI, CREAEAAE R AR AR AR 2 AR HE

JP, i AR FEA A B, WA [R] 25 57, 25 5l
AN, FEESEGT . WE 1 Fras, PCL AT PC2 W44l
TR — F T (69.5%) FIEE — F 51 (25.7%), P
F o BFRLUGTRACR N 95.2%, 11 PCoA KR, B £
FEPEI BT R, SXFIEAH E, S I AR A BT + 14
VRHE I 2540 T Y 35 52 ) 5 T AR A ) I3 i i 25 5 ) -
PR R AE VR 2R 5 M A 0 o e 5 A A T ot Ak 24 55 G
b Ah B 2 [ RE B 50, 78 R HE P A AN B R TE AL S R
TR KR A= 90 [0 e A B L S 2 g ), 3R BH AT 26 4 o e
5 A E Ot — 25 52 i) - 49 40 TR VR S5 A AR A

2 - T T
O CK
A A L 33
1 A |/ ®B
_ A BF
S
e L 4
a
g ° %
A n
o ¢
| | | |
-1 'S i
1 1 1
-3 -2 -1 0 1 2

PC1 (69.5%)
1 ARERLIET HIEMEEE % 5% PCoA D HTE

Fig. 1 PCoA analysis of soil bacterial communities under different
fertilization treatments
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(Chloroflexi, 20.39%) . ZF HLAfIF#[](Gemmatimonadetes,
12.37%)FFRFTF i [ ] (Acidobacteria, 7.64%), 540 ]
TR B 84.53% ~ 88.42%. MHFFAE M) T et =
SRR, R T R 2 T A
LR TRIARXT 2B, BEAIR T S TR T TR T 1R 1] A AH
PR A A e S AL OGS, 5 i fb AR AH
Wb, HEARETT . FRMMETT . AR
(Bacteroidetes) . kR "] (Nitrospirae)FH X} 3= B 43 5]
PR T 1.68%. 36.07%. 127.81% FI 40.79%, ifi+
HESVISTA] . BRATEE ] . JRBER ] (Firmicutes) 55 AH X}
FEEREAL, A ERERE T TR REAIRIE K, FRACT
37.82%; S HNANFT AW SO AR L, HRAT AW
IERECHEfS , ISR AT BRAT AT TAH
X E R, PR TR S IR E RO,
M 16.79%, T IEASIEEETT . SFRMEE T, JRERERE
I BUFFEE T T FAPERT ] (Verrucomicrobia) AH X =F &
EEDIy 8

100
EEEB

= Proteobacteria

80 = Chloroflexi

@ Actinobacteria

< 60 Acidobacteria

X = Gemmatimonadetes
-

_—

>

=

-~

= Firmicutes

40+ ® Bacteroidetes
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0 u other
CK F B BF
AbHR

2 ET RDP ST T ARIHEARAIBME 1K R ERE ST
Fig. 2 RDP analysis of bacterial flora at phyla level under different
fertilization treatments

W 3 B, {fiH RDP 22588 751 s 17 JE 7k
PO, GIREIR, BT RN RS, dhFrh
) IR PR 53R 9 AN A AT R R
B JE S B B M A & (Sphingomonas, 5 4.79% ~
8.15%) . 2 L0 11 J& (Gemmatimonas , 4.30% ~ 8.11%) .
o 3R & (Oryzihumus,, 2.76% ~ 6.65%) . #ETE Vg
LR 8 (Haliangium,, 1.08% ~ 2.60%) 1R 14 W8 #4 B
J& (Acidothermus, 1.31% ~ 2.53%). HFFA=4) 5 5 it
FEAEAS: 398 2 PR B Ja 7K 1 R T - 498 7R s /K P A
Fe CK 735l 1 176 A5A 111 4% MIFTAE Y s
SRS, S5t e AEAN AR L, 4 A
J& . BB REE . B THE (Roseiflexus) . 5

FEW B (Massilia) BB B W L, Hrh B3 E
b St AL AR A PR = T 339.25%; 5 MUt MR AT AR ) i
SACPRARLG, IR AR MR R . RS |
RSB FT J& (Anaeromyxobacter) . T3¢ 1 J& 43l $2
T 17.91%., 19.32%. 16.84%. 32.09%, ifii 25 fify
WiE . R R R . BT
JEMIFEMR T 13.85%. 6.16%. 22.00% HI137.09%.
Gemmatimonas

100 ¢
80 I I l l
Oryzihumus

60 » Haliangium
u Acidothermus

40 + u Anaeromyxobacter
w Candidatus Solibacter

20+ u Roseiflexus
» Massilia

0 u other
CK F B BF
gLl

3 ET RDP S A EEAEAEME B K ERE D
Fig. 3 RDP analysis of bacterial population at genera level under
different fertilization treatments
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ISER /N o S0 Hi S AR 148 5 Fh S 1 0 240 71 7
150 2KF B 10 ALl 1 S50 520 TR Vi i A
XPERE, Soma A5 A s AR Sk ] 0y e AR IE
AN, Je /N (< 90°) I 28 71 T 3 1E AH 56 i i
#, RZ0)MAH G E . HE 4 TLLEH,
+3E pH. SOC. DOC. POC, EOC., MBC &5+
HEAC PP G P 4 2 TEAH DG OE R (P<0.05), SHitkiA
T JERERR]  SUFFEE T IR AR T T 2 0 ARG,
HEAH] . BRATET] . U T2 R E R A, L
 DOC it 5AIE AT T . AR TE A ] &2 25 6 A

3 ihie

3.0 WFEMRRSWIBEREX LI1E pH A
AN KM
AW FE A AT A 0 it FH 4R = T
pH, TSRS, 5 S ARAT A= 9 B AH L pH
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Fig. 4 Correlation among soil pH, soil carbon fractions, enzyme
activities and relative abundances of bacteria at phyla level
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AL ARG M, X5 Zhao ZEUOFSE (04518 I AR 57
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