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Effects of Different Cropping Patterns on Diversity of Microbial Communities, Enzyme

Activities and Physicochemical Properties of Flue-cured Tobacco Rhizosphere Soil

LIU Shiyao', JIN Jiangshan', LI Hulin', GUO Xingzhu®, CHEN Wei?, ZHANG Dazhi?, LIU Yu?, WANG Guohui?, LI Yu’e?,
JIN Hongshi®, JIN Zhe*", NAN Li""

(1 College of Agriculture, Yanbian University, Yanji, Jilin 133000, China; 2 Yanbian State Tobacco Company, Jilin Tobacco
Company, Yanji, Jilin 133000, China; 3 Jilin Tobacco Industry Co., Ltd., Yanji, Jilin 130031, China)

Abstract: In order to clarify the effects of crop rotation and continuous cropping on the diversity of microbial communities,
enzyme activities and physicochemical properties of flue-cured tobacco (JI-Tobacco IX wvariety) rhizosphere soil, a field
experiment was conducted with three treatments of tobacco continuous cropping (N-N), maize-tobacco rotation (Z2-N), and soya
bean-tobacco rotation (G-N), the nutrients and enzyme activities were measured, the structure and diversity of microbial
communities of the rhizosphere soil were analyzed using the high-throughput sequencing, and the economic traits of tobacco
leaves were determined. The results showed that rotation cropping (Z-N and G-N) enhanced soil organic matter and total nitrogen,
while N-N enriched soil available potassium and phosphorus. Soil urease activity under G-N and acid phosphatase activity under
Z-N performed best. Z-N had the highest Chaol and Shannon indexes in both soil bacteria and fungi, and the highest relative
abundance of Aspergillus phylum and Acidobacterium phylum of bacteria and Stamenomycetes phylum of fungi. The highest

relative abundance at the genus level was found in bacterial Bacillus spp. under Z-N soil and in fungal Aspergillus spp. under G-N.
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PCA analysis showed that there were significant differences in soil bacterial and fungal community structures under different

treatments. Spearman’s correlation analysis revealed that there was a significant correlation between soil physicochemical indexes

and the community structures of bacteria and fungi at the genus level. Under different cropping patterns, Z-N had the best

economic traits of tobacco, with highest yields, production values and the ratio of top-grade tobacco leaves, while N-N was the

lowest. In conclusion, Z-N comprehensively performed better and could be a new rotation pattern in tobacco-planting areas in

Jilin Province, and further study is needed to explore its mechanism and methods in soil improvement.

Key words: Flue-cured tobacco; Planting patterns; Rhizosphere soil microorganisms; High-throughput sequencing; Enzyme

activity
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AN 30 kg/hm? . BEAE 75 kg/hm?®. £3E 90 kg/hm?.
2023 AEMHEEFIFE T 3 H 12 HERN, 5 H 17 H RKH#
., AZEMEHE RN 75 kg/hm?, E(N). BEP,0s). #
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K HI SPSS 27 AT Z E . R QUIME 4K
JEFT Alpha ZFEVEFR . WUEEYERE b . TEBR)IAE
YV 15 BEAT AR R S5 A ) A M4 AT

2 ZEREHSWH

2.1 AEFEER T EER bR 212 0 1 R A R0

AR PR T ARAR PR E A ML . SRR
B4 R & 25 5 B35 (P<0.05), T+ pH G
BEEEREE D, AIRMEA SRS, %
PUNFEAEALB(Z-N . G-N) &3 5 TIEEAL BE(N-N);
B | AT SO0 S U AE N-N AR 2 S T 2N
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R1 AEFERN T AR IR R

Table 1 Physiochemical properties of flue-cured tobacco rhizosphere soils under different planting patterns

Qb3 LT (g/kg) B (g/kg) AW (g/kg) 2% (g/kg) pH

N-N 17.78 £ 1.03 b 0.30£0.08a 0.42+0.01 a 1239+2.37b 5.13+039a
Z-N 19.96 + 0.68 a 0.15+0.03b 0.28£0.01 b 16.70 + 1.66 a 523+0.16a
G-N 20.86+1.33 a 0.15+0.01b 0.24+£0.05b 16.32+3.30a 5.12+0.32a

T RPRSIEEE/ING TR AR R A BR IR 22 53k B35 K F(P<0.05), Tl

2.2 A[E)FRAE RS X I KR AR B 1+ R B S M Y RS0

N Te) Ao AR A X 5 5 I T AR B R
Bt ORI | R R WETR T . OB | i A SRS TR (R
2)o H, N-N ARBEAE SRR NG RN . il

SBEEE R 17.18, 4.18, 172.91 (mg/(g-d)),
FART Z-N. G-N Zb3; G-N Kb {1 JIR it 176 7 o v
h 346.53 (mg/(g-d)); FRYEBEIREHGMEAE Z-N L
&, K 1876.66 (mg/(g:d)).

x2 AREFEZEN T HHERPR L IREE RS

Table 2 Enzyme activities of flue-cured tobacco rhizosphere soils under different planting patterns

Ab M (mg/(g-d)) IR (me/(g-d)) T8 P 15 12 67 (mog/ (g d)) TR A (mg/(g-d)) i A b A (mg/(g-d))
N-N 17.18 +3.21 b 280.26 +52.93 b 1 605.43 +200.77 b 4.18+0.46 b 172.91 +151.73 b
Z-N 23.69+2.15a 280.15+25.75b 1876.66 £ 152.89 a 494 +0.74 a 336.02 +140.72 a
G-N 2421 +4.06a 346.53 £ 109.42 a 1604.73 +130.54 b 5.01+0.51a 339.09 = 170.20 a

2.3 AEMEERIEERE TIERED S FE

FapAl

X T4H78 , Chaol 5% Shannon F5%(7E 3 F
FEAR A 0] 25 5 0 2% (R 3), W RBI/NHESIIN T
Z-N>G-N>N-N; Simpson F8%{7F 3 FFptER = 2 (7]
AFEE B2 5 . AN, W e AR A rh 3k
£ 99% Lh L, UiBIREAS TRl s R AR
VAT AR AR, UEBHAS I e 45 5 T AR SR
FEA i A= ) ) LA 10

LA tDNA ITS 591534 A 55 FEITE 99%
PLF(F 3), AR4EHLE Chaol $8%0F1 Shannon $5%1
225 0 (P<0.05), SHREAR, RI N Z-N 5,
G-N 5fk . N-N fi Simpson f& £k, N 0.826 7.
24 AEFMEENXIEERR L IBEMEYERSE

eal:apA

241 AN[FEFREA S R HRAR PR LRGP TR
FHEE 3BT AR S R T EE R 3 A

AT TR (& 1): ASIEBE T T (Proteobacteria), 4 Eii
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A% 27.38% ~ 28.96%; MRFT I J(Acidobacteriota), 55k
F 16.00% ~ 22.83%; U J(Actinobacteriota), 5
MAEH) 8.28% ~ 13.33%., 3 FE 1A BEA

57.56% ~ 64.03%, HAASIEEE T TRBRFT T 1E Z-N
IR AR R e, KR G-N B3 A
[JAE N-N 38 ip oA X 32 8 B e

%3 ARMERR T EERRTIEAMEFEEREE Alpha T

Table 3  Alpha diversities of bacterial and fungal communities in flue-cured tobacco rhizosphere soils under different planting patterns

el Qb Chaol 5%k Simpson $5 3 Shannon 35 %1 (%)

i) N-N 2419.86 £ 145.18 ¢ 0.996 9+ 0.000 4 a 9.60+0.11 ¢ 99.94
Z-N 3305.07+78.85a 0.9978+0.0001 a 10.19 £ 0.05 a 99.96
G-N 2895.13+162.93b 0.9975+0.0001 a 9.90 +£0.08 b 99.97

B N-N 135512+ 8221 b 0.826 7+0.0125¢ 5.56+0.39¢ 99.94
Z-N 1523.38+104.38a 0.8529+0.0060b 591+0.18a 99.91
G-N 1284.49 +£296.03 ¢ 0.889 6 £0.068 4 a 571+£020b 99.93
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Fig. 1 Abundance of bacteria at phylum level in flue-cured tobacco

rhizosphere soils under different planting patterns
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Fig.2 Abundance of fungi at phylum level in flue-cured tobacco
rhizosphere soils under different planting patterns
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Fig. 3 Abundance of bacteria at genus level in flue-cured tobacco
rhizosphere soils under different planting patterns
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Fig. 4 Abundance of fungi at genus level in flue-cured tobacco
rhizosphere soils under different planting patterns
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Fig. 5 Principal component analysis of bacteria (A) and fungi (B) at genus levels in flue-cured tobacco rhizosphere soils under different planting
patterns
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Fig.6 Heatmap of correlations between bacteria abundance at genus level and environmental factors in flue-cured tobacco rhizosphere soils
under different planting patterns
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Fig. 7 Heatmap of correlations between fungi abundance at genus level and environmental factors in flue-cured tobacco rhizosphere soils under
different planting patterns
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Fig. 8 Economic traits of flue-cured tobacco leaves under different planting patterns
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