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T EIE MR M 2 T IR AR R IR R TR AR HE”

WreARt? . EeE? B2, A &S KRERS 3 F vl Faxy

(1 BRI =BE, B 650201; 2 PERGMOL R2ERIbRGE 2440, LB 650224; 3 [mifEAR], =il 655400)

W OE: ARUIELUE MG K326 AP, SR TS 5 AEZEAR(C)MEAR(R)E AL HUEFT M 1 4EMAS:, JFUUE 4 bt R B
AEBE . BO(O kg/hm?), B1(300 kg/hm?), B2(750 kg/hm?)Fl B3(1500 kg/hm?),  LEPIFMEHERIETT 4 itk 4 o b B0 388 5%
IR BAFME RN . 255 7EEMERNT, 5 C-BO AHEL, A-Ab3E s ns | SRk & ity I &1 i (P<0.05), R H
C-B0<C-B1<C-B2<C-B3; H:r1 C-B1.C-B2. C-B3 I TS Il i RN AE MR A 43 IS N 1™ 13.26% . 24.22% . 36.20%7F11 10.53% .
20.23%. 32.89%; HAbHE a) + B A: YyRAARRIT A HLAR 1) STV A R A 75 (k. 7E4RVERN R, 5 R-BOAHLL, #4bHeE +
S RE . TEW R IRTR B A Wy SRR A BRI () DTk 34 2R B0 B A ) T it P B ) B 2 e SR B e, BL7E R-B1 LR
KAH. FBE, 78 B0, BL ALBET, $erErh H3es3ht . Sk Wrsl I B A My sk VR pcxd A LA i) TTTR (B35 B2 = T340 (P<0.05),
I B2, B3ALHLT, #1Ed + Bea SR A R ARk & 1 i 2= THe1E(P<0.05). Mantel-test #6:55 & RDA Zr#i M, +HEA MR
A T S S R A S BN R L 25 L, FEAE PSR R AR A 2R B R R AT I I AR TS
REREVARGETE, WA SCR AN - BV EREAS , STBLIE a] S

KRR MM, PRI HHEELER; N sk ik

FE S S572; S151.9 XHRARERD: A

Changes in Microbial Residue Carbon in Tobacco Rhizosphere Soil Under Different Biochar

Application Rates

YANG Xiongwei® 2, HUANG Xiaoxia?, CUI Shifang?, JIN Hao%, ZHANG Jungang?®, LIU Yanzhong?!, LUO Yigui*

(1 College of Tobacco Science, Yunnan Agricultural University, Kunming 650201, China; 2 College of Landscape Architecture
and Horticulture, Southwest Forestry University, Kunming 650224, China; 3 Qujing Tobacco Company, Qujing, Yunnan
655400, China)

Abstract: The flue-cured tobacco variety K326 was used as the material, a one-year experiment was conducted based on a
long-term field trial with 5 years of C and R. Four biochar application rates were set: BO (0 kg/hm?), B1 (300 kg/hm?), B2 (750
kg/hm?), and B3 (1500 kg/hm?). The effects of the four biochar treatments on the accumulation of soil microbial residue carbon
under the two cropping systems were compared. Results showed that under C, compared to C-B0, C-B1, C-B2 and C-B3
significantly increased soil amino sugar and residue carbon contents (P<0.05) by 13.26%, 24.22%, 36.20%, and 10.53%, 20.23%,
32.89%, respectively. However, there was no significant difference in the contribution of microbial residue carbon to organic
carbon among different treatments. Under R, compared to R-B0, soil amino sugar, microbial residue carbon, and the contribution
of microbial residue carbon to organic carbon all increased first and then decreased with increasing biochar application rate, with
the maximum values under R-B1. Furthermore, under BO and B1, the values of amino sugar, microbial residue carbon, and the
contribution of microbial residue carbon to organic carbon were significantly higher under R than under C (P<0.05). Conversely,
under B2 and B3, the contents of amino sugar and microbial residue carbon were significantly higher under C than under R
(P<0.05). Mantel test and RDA analysis indicated that soil organic carbon was the primary factor influencing amino sugar and
microbial residue carbon contents under C. In conclusion, R combined with biochar application is an effective approach to

regulating the stability of soil-tobacco-microbial ecosystem, which can effectively mitigate continuous cropping obstacles in

OEEWH . =FEIE AR R E S0 H (2020530000241023) % Bl o
* Sl {E1EH (luoygui@163.com)
EETAN: BilEEQ997—), B, mmMivE A, Bidl, BB, EFMFRYEBASTI . E-mail: 492348507@qg.com

http://soils.issas.ac.cn



1044 +

4 557 &

tobacco cultivation and achieving sustainable tobacco production..

Key words: Tobacco; Cropping systems; Soil organic carbon; Amino sugars; Microbial residue carbon

¥ (Nicotiana tabacum L.)J2& ¥k [F 5 2 il 2 54k
Yz —0, e B AR S, (IR 4 [ 45
T NTY S8 5N W i P I /N (TR B i 5 A A/
AU B AR 7 DXAE X L B v ELAF AR S b o7 Ji 4
R BYSEN, =8 G IE IS H 2538 B, <10
ARG RN ARG R, JE I 5L 5
e, ;TR e R A R T ARSI
RPN, AR S 2 AR T AR X A o A e ) 2
PE, FIEHE S T EEN SN, EF 4 485 T b 4mE
LR 250 2 8 R AR i 278 Ak . Tan 2801
GEHE— 3R], ZAEMHRLE MRS 1385700 B A4
W ZFEVE D[R] — SO SC I 2 i R Ak 1 A
b, XU AL ECT SR ERIN . AT
R LA KR B o f Az . L, AR 48R R R g R
RN R I 5 RS R VB G 1Y R B PR 22— o AR AL
HAE, B IR 5 RAEY) & FRAC1E RE A% i 1 S 24 S L
THAEASFREE, $a ey SN0y RS M, el Y
A3 T A 0 A i et B T . AR Bk
B E kAR, BA TR RS EoL
B2 SRR R B, RARE AR T I, AR
T b S BT AR ) AR R AR ) 45 e - S A Y 2
FEPERL, W REph 45 T A F 10, B AR R R
o KEAFFERI, AW TR BEAT AR I 44 +
R A BN, R ORI R TRy, dE— DR
R AR D TRl AR Bk () FL B 5 A o e
SRR Wy (R RE DX BE IR 5 2H 1L, 2 T AR 1 6 AR 1)
BMAYEFR, FEF AR Z B, TEAE N
A g bt FH AR W R A R TR A TR R
) Z R B g 25 e Mo DRtL , it FH A= 4 o e
REE A S CEAT IR LI A AN E D 35 , 1t
JHFL 5 5 BT, SCB A RREL AR

+ 34 Bk (Soil organic carbon, SOC)H& & kil
YRR ZHREY , S A LU R 53 B B
TAEY) R e 2, SR S8 T 1Y) 2 R 4 A
T P B AR TR T A Wy B FE T 553U TE 1) 240 B 4 b
RAEHREYW, HAE 5 SR Bk s S B A
FEGEEE, FAIFRRAM, ek i 110 ~ 20 cm
)2 - 558 R U E W AR AR XA MILA 7T 34 BT R R
51%. KB (Amino sugars, Ass)fFE b idd: Yskikny
FEARRY), FEORI T E Y i 40 e B A BGs i
FeE PRI SR R VTN T I W I 2 Al N ) g

P EESE Rz —08, Hrr, JfBERR (Muramic acid,
MurN)YE R 41 B AR DR AR AR IR, 2 LA 4
i BE A SRy i —Sfe U 5 22 JL ) 4 H (Glucosamine,, GIUN)
FELET FLR AN v, X203 DTk K . 2l A P
JiL R R RN R M A AR A o 1 25 WA,
GIUN/MurN 1 L T B I LT 15 40 T 40 i e B 7
PR ARXS L 0201 Angst S PURTSE A B, AHAL TR
Yy el R RIS A | 35 SR B A W43 SR AN
TR PR T 22 R P A 428 T A A 0 R B AT e (R 1) 2 7
AN RIS T mEENEM . SR, K
R A 3 A R - S W 2 R 38 s i P AR
B U - SR G I B AR 5 A O S e A
RETEISL, I Ah e M3 1 1 3 b (3 A W R A ik an ]
Ak KIS e DR 2R A A A PR LG, RFE AR
+- e AR W BRSO A BB Y A AR UE , X T
PR A A T A I I AR A B L

ity T A O A S A RN e Y - U
it 18 Ay 4 ] e R A R A ot A 7 B[220 AR
G54 M M0 X SEBRA PG O, LG AR A K326 it
oAbk, MRIEELL 5 AEEAEFERAE (I F K4 AE)
() 2 A T TR0, FE B PR B E RS R R A
W I it FH % - S W R AR FR SRR A 5
PRVT T A W 3 Ak e Xof + S8 HLER 1Y) DTRRAREE | 38R
A ) B R AE G A S VR B A Hh A VR FH AL . Jd e A B
9, BTN I 1% A I [ 4 )27 PR AR 4
SNETiE

1 #R5FEZE

1.1 ORI X 54tk w4 4
IR0 17 T 25 B 44 M T 4% X (250407 N,

103°39' E), 4R, Foksei, TiEE5W,
JEAREE i g JR 2 IRV A i bk 5 5 A% VR AR
H1 5 AEFRAE (U —FORARAE) MR T, 3050 b 3436
HE 3 ¥5), SR R 2T e 4 FEA TR Ak i L3
1o HERA: T 5 R 25 600 °CHR 1 ERFEFEAE Y T
W, FEARFAME N pH 10.09, AL 899.00 g/kg,
4%10.09 g/kg, 4=# 3.61 g/kg, A % 100.89 mg/kg,
BT 14.59 g/kgo AR G FP A K326(F & H M
A RTHEA R AL, RAEE AT,
TR R A 3 O 30 3 B A — S f R 2R 1 7
k.
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Table 1 Initial physiochemical parameters of tested soil
HHERL pH AL (g/kg) B fi 2. (mglkg) A1 R (mglkg) HAL T (mglkg) 2% (9/kg)
AR 4,97 29.40 93.20 21.42 304.98 1.56
AR 5.60 32.71 126.20 51.70 401.23 1.61

1.2 R R

RGBS 2 FBHER, 4 A EY RN HL (%
2), KHMEHLIXH BT, S0P 3 WER, HA/NX
(60.61 m?)100 #RAH, it 24 4~/NX, 1 100 ¥R/ ;
FRAE 1 b A o5, AR 0 B e SR FH IR I 7 Ut (35
N5 AW BB A 35— Ui, A HLIE 2 AR
RN, MERMEYFEALEAE L E R 5 2 5, HeY LR BT
WA 7 R R A T FH ) 452

MR 2021 4F 2 A 10 HIFUREE, 2021 4F 4
H 25 Hi 1R Hk . fris etk 65d f, BA~/NIXBE
HLIEEL 3 #REEHH , B HARPR LREIR h—AEE, B/h
X 3WWEL . Kbk e LR 5, BT, Uk
ERR R B 1 8 B A TCRER I IEAS T, E
UKEMF MR A o 3 2 mm G, Bk A 4R R
AT/ N i 3 g e w2 = N s W 7 O 1 G
S, SR ARKT R, HFE g A TR
TGN E s O TR OMEAETE 20 °CYKAE, HIT
M FIEEK R BAAA.

®2 Kwigit

Table 2  Experimental design

HHERX AbFRLH Vi3 YRS
C-BO YR, AW BRI 0 kg/hm?
) C-B1 AW R AN N 300 kg/hm?
#AE(C) ;
C-B2 AW R AN N 750 kg/hm?
C-B3 AW AR BRI 1500 kg/hm?
R-BO XTHE, AW AES NS O kg/hm?
R-B1 AW TR AN A 300 kg/hm?
HIER) Lo
R-B2 Y BUR A NS 750 kg/hm?
R-B3 AW BN 1500 kg/hm?
1.3 TEHERNZE
1.3.1 - HERRAbpE i AL B A Ty

LS (R T ) 128, 1885 /K & (Soil water
content, SWC)H R GKHTfif 1 E T 105 °CHEF+F
gt 48 h ZETE )G, TR PEATHLS 258 ; 14 pH
KA pH e (BK 10 2.5); - 3EE HLER (Soil
organic carbon, SOC)#I4>%& (Total nitrogen, TN)HJG
Z 3P (Vario MAX, Elementar, 7)), 14
4> (Total phosphorus, TP)FHAREEL L 7k E . +

HE4E 5 A (Nitrate nitrogen, NH,™-N)3% 240360
JEE T (1 2 L €325 )T 2
1.3.2  TIREIMERIE Bt R4 Indorf S5R4
M7 AR I SR, IR T T D E Bk, g
BE WX (Muramic acid , MurN) . 4 X % % b
(Glucosamine, GIuN). Z{J&>f-FL B4 (Galactosamine,
GalN) i1t yfe i feff FH i P R VR AH €23% {X (Dionex Ultimate
3000, Thermo Fisher Scientific), Bt & 1/ \ ke Rk b rE
JKE#E (Aceclaim120 C18, 150 mm, 4.6 mm, 3 um,
Thermo Fisher Scientific), F4RZE W HATHRIAT A=
AAL IR AR AR 5 AR S E RS T €83 [ X
PO G EE AT S e B

M GIUN FHIBRATE R IRAY GIuN, AT LAZRTS
FAE H T Sk B ) TR R U A i 49 (Fungal
glucosamine, F_GIuN): F _GIuN =GIuN —2x MurN x
179.17+251.23 . S KM & 1k (Total Ass) oy 25 2 HEWE &
T2 AR RARDR S i GIUN AT MurN T35
B33, AL TR,

FNC = (GIUN +179.17-2xMurN +251.23)><179.17><9

(1)
BNC = MurN x 45 2
MNC = FNC + BNC (3)

A, FNC: B AR, BNC: 41 5%, MNC.
WAEY TR IR ; GIUN: Z A 20 ; MurN: JfIRERR ;
179.17 1 251.23 J& GIuN 1 MurN [)43F1, 9 1 45
53 ) 2 L A AR A i R 200 TR A A il 1) e e R K
1.4 HUESDH

£ Microsoft Excel 2019 % 44351 L filt 4 HE 4
PEATEC T 55 ] SPSS 26.0 LN K 7 2 0
(One-way ANOVA) Lt 55 [a] — B VEAR T AS [R] A 4 Jo
HRES AL B A Y 25 5, SRH] Ducan VE# T2 H L
(a=0.05); HHERAS Y BB BNz
FHRUKI R T7 2650 W1 5 F R 36 fe i ok A s REAS -5 50
T [R]— A= 49 3t e A BHR P AS ] AR A A K ) 1 2 S e
Mantel-test FF 1154 1 398 2 Sl K G A= W ok A ik 5
- SRR AR A B AR S, T R 4KF, vegan fLAN
MASS fi15%. Canoco 5. Origin 2018, R {447
e S S € T S R N (i
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AT 2.19%. 19.45%. 31.92%, [ElHf C/N 4%

2 ZER54H51 0 s N
BRI T 20.51% ., 19.93%. 68.13%; TP 4335 T

2.1 BMEEXS4EYRRASIET T EEIB I RS
& 3 mI A, AW AbBEX) pH, SOC, TP,
NH4*-N ., C/N ¥ i 2520, 1 SOC []i 2 B ERR L

17.12%. 11.64%. 26.71%. TE4eAEr, 45 R-BO ALk,
R-B1. R-B2, R-B3 "' pH il C/N 45l EHm T
12.44% 14.13% ., 16.90%71l 46.12% ., 41.66% ., 46.72%,

A= Wy o e b 3 e — 3 28 H A Y 3 [ §2 ) (P<0.05) M NHs-N 838K T 73.87% . 93.03% . 94.43%
fEifET, 5 C-BO ALk, C-B1. C-B2. C-B3 i soc  (P<0.05).
&3 TREHERA P REBUMR
Table 3  Soil physiochemical properties under different tillage practices
Qb3 pH SWC(%) SOC(g/kg) TN(g/kg) TP(g/kg) NH,*-N(mg/kg) CIN
C-B0O 6.73+0.32A  1233+090A 7.30%+0.13B  0.95%+0.21A 1.46 +0.08 A 1.43+0.74 A 8.63+2.12B
C-B1 7.25+0.04 A 1141 =031 A 7.46 +0.29 B 0.72 +£0.04 A 1.21 +0.04 BC 0.56 +£0.24 A 10.40 =0.86 AB
C-B2 6.72+040A  1249+161A  872+053A 0.88+012A  1.29+0.08 AB 2.25+0.64 A 10.35 +1.68 AB
C-B3  7.17+0.02A  10.73+062A  9.63+0.38A  0.66 +0.01 A 1.07 +0.04 C 0.66 £0.17 A 14.51 +0.52 A
R-BO  6.51+048b 12.31+0.84a 7.01+0.12a 0.98 +0.26 a 1.29+0.19a 2.87 +0.84a 8.09 +1.73 b
R-B1  7.32+0.09a 9.47+126a 7.26 +0.47 a 0.61 +0.04 a 1.09 +0.03 a 0.75+0.49 b 11.82 +0.49a
R-B2  7.43+0.05a 12.30+1.10a 7.21+0.22a 0.64 +0.05 a 1.02+0.01a 0.20 +£0.02 b 11.46 +0.73 a
R-B3  7.61+0.09a 10.31 +0.59 a 6.78 +0.15a 0.57 +0.04 a 0.95 +0.05a 0.16 +£0.02 b 11.87 +0.51 a
P ns ns el ns * ns ns
B * ns * ns ** * *
P>B ns ns e ns ns * ns
TE: pH, MAWIIE; SWC, &/KH; SOC, AHURK; TN, &&; TP, 4#f; NH N, #%&84%; CIN, AHES Rz . C: %k

BHERE, R ErEBRIERA,

BO: A=W 0 kg/hm?(WFHR4]), Bl: A=#fisc 300 kg/hm?,

B2: A#Hisk 750 kg/hm?,

B3: AWK

1500 kglhm?s P2 HHERI, B: AWBimALH. ARIKE FEERR EVEHHERE e oA [l A 4 B ab B4 2 18] 22 53 {2 2% (P<0.05) ;

AN /ING T B2 7R AE VR AR 8 v O ) 2 ) B A Ak B 2 ) 22 S i 3 (P<0.05) 5

(P<0.01), *#F7 i35 (P<0.05), ns FERA W3 (P>0.05), T,

22 HHMERXEEWRK

L

A& L AT A W R A B K 3 i A8 B G
MurN . GalN. GIuN, F-GIuN . Total Ass . F-GIuN/MurN
BIA 355200 (P<0.05), TEIEME, BEE AV PR &
AN, GaIN, GIuN, F-GIuN, Total Ass 25 ¥
BN 1Y a3 (P<0.05), 3 ly C-B0<C-B1<C-B2<
C-B3(Kl 1A~ 1E)., 5 C-BO #}t, C-B1, C-B2. C-B3
o F-GIUN/MurN ¥ 5 214 /111 (P<0.05), 433 n 1
22.44% . 41.62% . 30.24%(%l 1F), #E5efEH, 5 R-BO
A, R-B2. R-B3 1 MurN. GalN. GIuN. F-GIuN,
Total Ass i F[#{%(P<0.05), 2% T T 16.50%.
17.24% . 18.69% . 18.96% . 18.12%71 17.85% . 25.92%
26.60% ., 27.70%. 25.96%(/% 1A ~ 1E). Fti#&E 4= Hik
ARG, A rh LR A S iﬁa“riﬂn
(K 1B ~ 1D); 7EE¥ix B2, B3 AbHiAT, H
2 S T4 1E(P<0.05),

BT HESERERN

wx TR B 2 (P<0.001), **FmAk i E

23 HHMERXEEWRRLSET LIERMEDKRE

fix R AR H X B E) R AEKFE

M 2 a7 %, #HERSIEXT BNC. FNC/BNC A
FROA T AR W B e Ak B K 3 ) 28 AR ¥
FNC. BNC. MNC. FNC/BNC A & # 5 (P<0.05),
TEEAEY, BB Y FUR S =a3En, FNC #l MNC
B ERN#EH(P<0.05), £I A C-BO<C-Bl<
C-B2<C-B3(l 2A~2C). 7r%efEh, 5 R-BO AL,
FNC. BNC. MNC ¥R —8Efuias, H
R-B2 il R-B3 M{H MK (P<0.05), 4+ 5IFEART
18.85% . 16.39% ., 18.23%7/l 27.65% . 18.03% ., 24.72%,
R-B1 WG B & A4k H oM R AE (Bl 2A~ 2C). 1/E
Yk BO, BLF, i#fEH FNC. BNC, MNC &%
RTHeAE; WifE B2, B3 &, HAHWE & THAEP<
0.05), H:H, FNC/BNC Szt T B A4 B X i A= 4
BRAKAERT TRk, FE#E/ES, 5 C-BOAHIL, C-Bl,
C-B2. C-B3 1 FNC/BNC i 14 /ii1(P<0.05), 434
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ELE TR AR FNC (g/kg)

dk©

TR MNC (2/kg)
O o= W =t Y - 00 D

aly

{

http://soils.issas.ac.cn

E1 TEMEERFLETEENEE
Fig. 1 Content of soil amino sugars under different tillage practices
O &EEC B EE®
P:ns 35
e A Biw e L
o EEPES 3 &
— & *a
C b w25
E3 b o AB B B p
Z 20
Y
S
&
g 1.0
0.5
0
BI B2 B3 BO BI B2
P:ns 35
B ## (D)
~ PxB: ¥+ 39 A
a A*** _}
B — a B
— ] 25 a ,
C 1 b . <I> a
o b ‘ C
5 2.0
o
Z 15
1.0
0.5
0
Bl B2 B3 BO Bl B2
AbF
B2 AEMEERPTIEMEYRERNSE

.2 Contents of soil microbial residue carbon under different tillage practices
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HONT 22.11%. 41.58%. 30%([&] 2D); TEf/EH,
KA FRZH FNC/BNC 276 i 3754k

1l 3 AT, BRVERE . A R A 3 N A .
YEFIX} FNC/SOC. MNC/SOC A 3550, B
= AR FR A X BNC/SOC i 540, 78 Ak,
5 C-BO #Hlt, C-B1. C-B2. C-B3 1 BNC/SOC #j
H R, 7 FFET 5.32%. 20.24% . 15.69%(&] 3B).

AT, 5 RBO ML, R-B1 ' FNC/SOC .

BNC/SOC. MNC/SOC Gl # 25 H e K{E,

R-B2 il R-B3 ¥l ¥ %K (P<0.05), 435l N T
21.23%,18.65% ., 20.45%7i1 25.35% , 14.83% . 22.15%.
TEAEY) Bk BO.B1 T, i 4EH FNC/SOC.BNC/SOC .,
MNC/SOC & Z &k T4 1E(P<0.05); e i B2,

B3 F, #E BNC/SOC i3 & T i%4E (P<0.05),

O #EO W ®ER <
£ 1.0 p; Hx 2 045 p; ok < 14, p; ks
= (A) . L ek = (B) LY Lok “J L4 (O] xa LRk
8} | a % a B: &) B: Qo 13 a — B:
5 09 2% —3 PxB: ##* 0401 ,.a PxB: ns Z 5l = PxR: 4%
b2 : Z 5 : o L :
O 08¢ 9035 * b Z 1.1
Z. =z VI b = g L
A * A b
& 07t Ab m A a Z 10 A b
& Py ox 030 T AP . = oot AN i
= 06} A + = T c @ BC E I Tl +
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Fig. 3 Contributions of soil microbial residue carbon to organic carbon under different tillage practices

24 MEERXEEYRRLETEXEFNEE

1 R 180 £ W0 T A i B 2 I 5 1E

i 4 AL, fEEEY, pH S TN, TP BT
%, 5 CIN BEIEMX; SOCH CIN BFIEMX, 5
TP BE GG, TN 5 TP B IEAHG, 5 CIN &7
AHOG; THEEINE . sk ikmRsz SOC. TP. CIN
1) 5k 3 1520 (P<0.05), Hirp3Z SOC SEm R K (] 4A).
ERAEY, pH 5 TN, TP BE ARG, 5 CIN BEIE
G TN 5 TP BFEADE, 5 CIN BEAAIE; TP

5 CIN 2 5 AH 5 (P<0.05); 1M+ 338 HpE AN Ak M5k
AR 5 AR G 3 AR DG (K] 4B).

UEAN R 4 A v b RS B S e W iR AR
T SEHALPE BT RDA 43 Hr45  nl 1, RDAL Al RDA2
Wikl R T 88.56%0 22 {5 B, Hth SOC X T34
FEMEAS S R R e . O 70.9%(F=24.4, P=0.002)
(K1 5A). RDAL Fil RDA2 Wi T 89.21% % 5
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Fig. 4 Effects of soil physicochemical properties on amino sugars and microbial residue carbon under different tillage practices
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