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Effects of Rapeseed-cake Combined with Decomposing Agent on Soil Bacterial Community

and Yield and Quality of Tobacco Leaf Under Rape Straw Returning
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Abstract: To investigate the effects of combined application of rapeseed-cake and decomposing agent under the condition of
rapeseed straw returning on the rhizosphere soil microenvironment and the yield and quality of flue-cured tobacco, this study took
the “rapeseed-tobacco” closed-loop cultivation mode in Luoping County as the research object, conducted a field experiment, and
compared and analyzed the regulatory effects of different treatments on soil physicochemical properties, enzyme activities,
bacterial community structure, as well as tobacco economic traits and the quality of upper tobacco leaves. The results showed that,
compared with the control, the treatments with rapeseed-cake and decomposing agent significantly improved soil fertility.
Specifically, soil organic matter, alkali-hydrolyzable nitrogen, available phosphorus, available potassium, and cation exchange
capacity (CEC) increased by 4.6%—13.7%, 3.2%—-12.9%, 4.0%—-18.1%, 10.7%—-57.9%, and 3.9%-16.5%, and pH increased by
0.2-0.9 units, respectively. In terms of soil enzyme activities, the treatments with rapeseed-cake and decomposing agent

significantly enhanced urease (2.9%—17.0%), sucrase (3.5%-56.5%), and nitrate reductase activities (0-50.0%), whereas catalase
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activity decreased by 2.4%-50.0%. Microbial community analysis revealed that the treatments with rapeseed-cake and
decomposing agent significantly increased soil bacterial diversity, with the relative abundance of Proteobacteria increasing by
6.1%-37.8% and its subordinate genus Sphingomonas increasing by 4.8%-90.7%, while the relative abundance of
Acidobacteriota decreased by 18.9%—50.9%, respectively. Redundancy analysis showed that soil TN and SOM contents were the
core environmental factors affecting the abundance of bacterial communities. These treatments effectively promoted the yield and
output value of tobacco leaves, improved the coordination of chemical components of B,F grade tobacco leaves. In conclusion,
under the rape straw returning to the field, the application of decomposing agent or rapeseed-cake+decomposing agent can
improve the yield and quality of tobacco leaves, and the overall effect of 450 kg/hm? rapeseed-cake + 45 kg/hm® decomposing
agent was better, which is suitable for rape-tobacco closed-loop cultivation in Luoping County tobacco-planting.

Key words: Straw returning; Flue-cured tobacco; High-throughput sequencing; Decomposing agent; Rapeseed-tobacco rotation
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Table 1  Effects of rapeseed-cake combined with decomposing agent on physicochemical properties in rhizosphere soil of tobacco plant
Ab 3 pH AP (g/kg) 2R (g/kg)  WHEA(mg/kg) AR (mg/keg) HAE (mg/kg)  FHE T35 & (cmol/kg)
YOFO0 5.240.5b 50.3+£0.8d 3.1+0.1¢ 210.6+15.5¢ 94.4+5.6bc 471.14£89.2d 12.7+1.7¢
YOF1 5.7£0.2b 53.9+4.7bc 3.5+0.6a 219.3+16.0c 117.249.4a 521.5+89.6d 13.4+1.5bc
YOF2 5.8+0.1a 53.5+2.4bc 3.2+0.2bc 216.246.9¢ 96.8+5.8bc 637.5+51.4bc 13.5+1.1abc
YOF3 6.1+0.4a 54.3+0.9bc 3.2+0.1bc 219.1£10.3¢ 77.9+12.7d 598.0+43.1¢c 14.8+1.8a
Y1F0 5.4+0.2b 53.2+0.4bc 3.2+0.1bc 238.3+4.9ab 92.9+3.1¢c 619.3+35.3¢ 13.2+0.8bc
Y1F1 5.840.3a 57.2+2.8a 3.4+0.2ab 233.6+8.9b 95.1+4.6bc 744.0+57.5a 14.4+0.7ab
Y1F2 5.4+0.1b 52.8+1.7¢ 3.3£0.1abc 239.7+11.8ab 102.0£6.5bc 693.5+51.2ab 13.9+1.0abc
Y1F3 5.4+0.1b 55.6+0.9ab 3.4+0.0ab 248.7+2.4a 103.6+8.5b 702.74£52.0a 13.8+0.6abc

T SRR NG T B SRR A B0 22 53K P<0.05 2K, T,

Fz2

R T e 7 A ) o M R AR B 3 BRI RO R

Table 2  Effects of rapeseed-cake combined with decomposing agent on main enzyme activities in rhizosphere soil of tobacco plant

Ak 2 it 4 A S (mmol/(g-h)) F A J5 i (umol/(g-d)) RN (mg/(g-d)) Ik (mg/(g-d))
YOFO 329.6+67.7a 0.8+0.2b 28.3+3.1c 209.1£15.0a
YOF1 225.6+15.2¢ 0.8+0.2b 29.3+6.3¢ 215.2+18.8a
YOF2 212.0£11.5¢ 1.240.0a 40.4+3.6ab 221.4+21.8a
YOF3 219.7+62.4c 1.0+0.1ab 35.3+5.8abe 244.6+27.3a
Y1F0 232.7+42.7be 1.2+0.2a 32.4%3.2bc 218.8+16.8a
YIF1 239.6+57.2abe 1.1+0.1ab 39.943.7ab 217.6+18.8a
Y1F2 164.9+47.2¢ 0.9+0.3ab 42.6+8.2ab 220.7£10.0a
YIF3 321.6+25.3ab 1.240.3a 44.3+2.7a 223.342.9a

22 HEFBFEHTHMAECHERE T TIEAE
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221 XFHIEANERETE o ZEEMERIEE AR

Jiti B BAGRIRE - e GREVR A A R AR A T

(R 3). 5 YOFO AHLL, HA P it g A7) Ak 2

W i AR R YK Sobs. Chaol 8%k, Ll F1Y3

AL PR TR R R o) 3 . YOFO, YOF2 4b# Shannon

%3

feB—%, ¥WRFEMT YOFL, YIFO. Y1F1, 5HAl
AEEEAH L 22 S AN B35 . A5 A0BE Coverage F8EU KT
96%, AbHEEIZERARE, UHNFIREY T,
Ak, YIFL F1 Y1F3 43 PD 58048 YOFO &b 3 i 2
PR, BIRSHR 59.9%., 76.3%. ZEL, WERAEF
AR TR T R 2GR 354 R T B s A
BETE o ZRENE, EIRLL YIF3 A B fcfd:

ARG TG HE FR FA T X T IR B B R & A IR R0

Table 3  Effects of rapeseed-cake combined with decomposing agent on soil bacterial community diversities

Qb ¥R Sobs FH#L Shannon F5%% Chaol F8%k Coverage F5%(%) PD 15%%
YOFO 3 358.3+1 098.3¢ 5.7+£0.7b 4 286.3+481.9¢ 96.84+2.2a 255.6+60.6¢
YOF1 4 779.3+774.1abc 7.0+0.1a 5 754.3+285.0abc 97.3+1.8a 374.8+68.5abc
YOF2 3 883.3+370.7bc 5.7+1.1b 5 088.6+1 254.8abc 97.2+1.9a 295.8+9.6bc
YOF3 4700.3+469.6abc 6.7+0.1ab 5976.1+346.7ab 96.7+1.3a 339.9455.6abe
Y1F0O 4 829.7+855.1abc 6.9+0.2a 5556.7+501.7abc 97.3+£2.3a 364.3+69.0abc
Y1F1 4 978.3+453.7ab 6.9+0.1a 5014.5+491.3abc 99.4+0.4a 408.7+35.0ab
Y1F2 4 627.0+150.8abc 6.3+0.3ab 4 852.7+195.4bc 96.84+2.3a 300.9+58.7abc
Y1F3 5981.0+1 208.0a 6.7+0.1ab 6 541.3+1 260.7a 98.3+2.1a 450.7+78.4a
2.2.2 X A TR A Vs 2R S 7K (Actinobacteriota) . M2 #T 1% [] (Acidobacteriota) , 5

(F1A), T HEANTRBEVE AR 2 BERT 3 7 AL S0 B
T MW A A% JE 1 1] (Proteobacteria) . il 26 B[]

YOFO &b A L , It 5 200) e i b 3+ 3R JE B )
AT E R T 6.1%~37.8%, Hift Y1F2 AbHH# iE
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Fig. 1 Dominant bacterial communities at phylum (A) and genus (B) levels under different treatments
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Fig. 2 LEfSe linear discriminant analysis(A) and Kruskal-Wallis rank sum test(B) of bacterial communities under different treatments
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Fig. 3 RDA(A) and correlation heat map(B) analysis of soil physicochemical properties and bacterial community
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Table 4 Effects of rapeseed-cake combined with decomposing agent on economic characters of tobacco leaves

Qb3 77 (kg/hm?) FEEOT/Mm?) EEMLBI(%)  PEEELLEI(%) M OT/ke) PAE (%) i1
YOFO 2 608.6+3.6bc 73 736.5+95.8¢ 50.9+£5.9b 42.4+5.5a 28.3+0.9b 53.2£1.7b 92.4+1.8¢
YOF1 2 711.6+12.6bc 77 141.2+175.9bc 54.2+14.6ab 37.2+12.0a 28.6+2.8b 53.8+5.3b 96.7+3.3bc
YOF2 2 773.2+16.6abc 76 775.4+157.6bc 54.5+6.1ab 31.8+6.7a 27.8+1.7b 52.3+£3.2b 96.2+3.0bc
YOF3 2 861.8+11.5ab 95 811.7+456.4a 68.5+2.6a 29.7+8.0a 33.5+0.5a 62.9+1.0a 120.1+8.0a
Y1FO 3 100.9+5.5a 94 021.0+176.0a 60.1+3.6ab 36.9+5.0a 30.3£0.3b 57.0+0.6b 117.8+3.3a
YI1F1 2 491.2+14.0c 75 072.0+548.0bc 61.5+£3.4ab 32.1+2.2a 30.1£1.2b 56.6+2.3b 94.1£10.3bc
Y1F2 2 975.6+3.3ab 88 939.0+116.7a 56.9+2.5ab 37.0+4.4a 29.9+0.8b 56.2+1.5b 111.5£2.2a
Y1F3 2 795.1£15.0abc 85350.5+618.6ab 66.1+10.5ab 38.4+14.2a 30.5+1.6b 57.3+£2.9b 107.0+11.6ab

W P8 (%) =B /AR —(CE)YI S X 1005 7748 =/~ {E/C\F i .

F5 HAAEMERBRFEMLFE NS REN ARG

Table 5 Effects of rapeseed-cake combined with decomposing agent on chemical composition and coordination of tobacco leaves
Qb3 SO (%) JE B (%) BAE(%) 5B (%) B(%)
YOFO 26.0+0.4b 2.2+0.1¢c 2.240.2bc 18.8+2.0b 2.0+0.0¢c
YOF1 28.8+1.8ab 2.4+0.1c 2.1£0.0c 22.3+2.5ab 2.2+0.3bc
YOF2 26.9+1.4ab 2.940.1b 2.4+0.2a 20.9+1.4ab 2.2+0.4bc
YOF3 26.5+1.3b 3.0+0.3ab 2.3+0.0ab 21.0+1.5ab 2.0+0.2¢
Y1FO 27.2+0.7b 3.1£0.1ab 2.3+0.0ab 20.5+1.3ab 2.3+0.1ab
Y1F1 28.4+1.4ab 3.1£0.1ab 2.3+0.1ab 19.5+£0.9b 2.7+£0.3a
Y1F2 28.9+1.6ab 3.3£0.3a 2.4+0.0a 18.8+1.9b 2.3+0.2ab
Y1F3 29.7+1.7a 3.240.2ab 2.3+0.0ab 23.3+1.0a 2.6+0.1ab
Qb3 (%) TER (%) BEDH L A PG
YOFO 0.4+0.1a 4.0+0.1ab 11.7£0.7a 1.0£0.0a 4.6+0.7a
YOF1 0.6+0.1a 6.3+0.2a 11.8+0.2a 0.8+0.1bcd 3.9+0.3abc
YOF2 0.6+0.1a 2.5+£0.2¢ 9.4+0.8b 0.9+£0.1ab 3.4+0.1bc
YOF3 0.6+0.1a 3.0£0.6bc 9.0+0.8b 0.8+0.1bcd 3.2+0.5¢
Y1FO 0.5+0.1a 3.4+0.3abc 8.7+0.5b 0.7£0.0cd 4.4+1.0abc
Y1F1 0.6+0.1a 3.8+0.9ab 9.2+0.1b 0.8+0.1bcd 4.3+0.3abc
Y1F2 0.6+0.1a 3.9+0.4ab 8.8+0.5b 0.8+0.0bcd 4.3+0.7abc
Y1F3 0.6+0.1a 3.6+0.2abc 9.3+0.4b 0.7£0.0cd 4.5+0.5ab
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FH &R T, S T it J65 220 ) A2 0 AR T 4 25 0 o ) Y
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Gy U

3 Tt

ik it T it PG A Y S 2 A MR AR B - SR IR L 1 R
AL & & 2 EFRITR MM T APLE IR

3.1

Wi, BA R AR AR . AN, SRR FRA
AU HIEA LR E R IE , ISR F & &8
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AT %t BRI AR e, Sl T S AR A A
T AL B A . AR SRR AR
A TR R R R A T X — S5 RS R R
SRR RF T 451 AR — 3, FLR A RTRE S T it
JE AR i R4 HE T SR AR A , Rl b B8 2 3% e W It
A o MRS FHAE I 148 FHASRES 18 A F A R 2+
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3.9%~16.5%, VARG 45 kg/hm’ i CEC #x%
1o UEIISEREFFIE B AR PF T, A T J 22500 T A
BB ARAR P - A IR, RRASHE T S5 A kT
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