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Effects of continuous cropping on tobacco—planting soil bacterial community diversity in typical tobacco—
growing areas of Yunnan Province

AO Jincheng', LI Bo®, YAN Kai’, LI Yongmei'

(1.College of Plant Protection, Yunnan Agricultural University, Kunming 650201, China; 2.College of Resources and Environment, Yunnan
Agricultural University, Kunming 650201, China)

Abstract: This study aimed to clarify the influence of continuous cropping on the tobacco—planting soil bacterial community in typical
tobacco—growing areas of Yunnan Province. The V3~V4 region of soil bacterial 16S rDNA was determined using high—throughput MiSeq
sequencing and the influence of continuous cropping on abundance and diversity of the soil bacterial community was analyzed in relation to
the main chemical characteristics. The results showed that with the extension of continuous cropping duration, the number of endemic bacteria
and the abundance and diversity of the bacterial community showed an increasing trend in the Qujing tobacco—growing area, whereas the
Honghe tobacco—growing area showed an decreasing trend. The number of endemic bacteria in the Wenshan tobacco—growing area first
showed a decreasing trend and subsequently, an increasing trend, whereas the abundance and diversity of the bacterial community showed an
increasing trend. At the phylum level, the effective sequences obtained from continuous cropping soils in the three tobacco—growing ecological

areas showed 94.32%~99.31% sequence identity to the bacterial groups Actinobacteria, Proteobacteria, Chloroflexi, Acidobacteria,
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Gemmatimonadetes, and Planctomycetes, which were the dominant community groups (relative abundance>4.0%). The abundance and

diversity of the dominant phylum were spatially and temporally heterogeneous in different ecozones with the extension of continuous cropping

duration. Soil pH and available K, organic matter, and available P content were significantly correlated with bacterial community distribution

in the continuous cropping soil. The results provide a theoretical basis for reducing challenges owing to continuous cropping by revealing the

differences in soil microflora and physical and chemical environment in typical tobacco—growing areas of Yunnan Province.

Keywords : high—throughput sequencing; typical tobacco planting area; continuous cropping; bacterial community; redundancy analysis
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Table 1 Characteristic of soil chemical properties of tobacco fields with different continuous cropping years

AKX HEVEAEIR pH {H AL i L AR B
Ecological area Continuous cropping years/a pH value Organic matter/(g-kg™) Available N/(mg-kg™) Available P/(mg-kg™) Available K/(mg-kg™)
s T 0 5.7+0.4A 31.4+4.4a 70.0+21.7h 9.1+1.3B 27.3+3.3B
Qujing City 2 5.0:0.4B 40.6+9.2a 78.4+20.0ab 15.8+1.7B 44.2+4.4A
4 5.3+0.2B 44.5+18.0a 63.0+14.0b 12.4+2.1B 35.7+5.4A
8 5.2+0.1B 46.0+5.7a 100.8+10.0a 44.6+15.3A 119.6+38.7A
ARG P 0 7.1+0.2a 18.4+2.6B 41.2+4.8C 3.9+0.6D 69.3+20.8D
Honghe 2 7.0+0.1a 32.2+8.8A 76.9+20.4B 16.5+3.0C 320.2+15.0B
Prefecture
4 6.6+0.2b 37.4+5.4A 113.249.5A 54.3+6.0A 756.3+41.8A
8 6.5+0.1b 37.5+13.0A 112.0£30.6A 27.4+7.8B 148.5+20.2C
SCU M 0 5.1+0.1b 41.0+7.1a 61.0+19.7bc 16.5+2.9D 88.5+16.1C
W""_‘Sha“ 2 5.2+0.2ab 27.4+11.5b 50.5+13.8¢ 53.9+3.6B 267.9+47.4A
Prefecture
4 5.5+0.2ab 33.0+4.7ab 81.0+6.3ab 54.8+6.0A 188.2+8.7B
8 5.6+0.5a 31.6+7.5ab 100.8+15.2a 30.3+8.6C 167.717.3B

TE : R R NS FIORE TR 43 3R AR AR BRI 22 57 (.25 (P<0.05) R % (P<0.01) . Al

Notes: The different lowercase letters and uppercase letters in a column indicate significant difference among different continuous cropping years at P<

0.05 and P<0.01 level , respectively. The same below.
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Figure 1 Venn diagrams of bacterial community in continuous cropping tobacco soils of Yunnan Province

R2 AEEEEREATIEAHEEFEEEMESHES

Table 2 Community richness and diversity of soil bacterial community in tobacco field with different continuous cropping years

EEX AR Chaol $5% Shannon 5% Simpson $5%k Sobs 15 %% Ace 5%k LYRLIEE Yy
Ecological area Continuous cropping years/a Chaol index Shannon index  Simpson index Sobs index Ace index Coverage

b 0 1 828.85+159.09B  8.203+0.283C  0.991+0.003a  1443.8+91.6a 1 803.19+133.35B  1.00+0.00A
Qujing City 2 2 604.24+243.54A  8.546+0.076B  0.992+0.000a 2 173.2+183.1a 2 715.93+249.62A  0.99+0.00B
4 2 868.61+606.30A  8.948+0.311A  0.993+0.002a 2 502.0+482.5a 2 843.76+621.30A 0.99+0.00B

8 3024.91+215.34A 8.704+0.166AB  0.992+0.001a 2 502.8+167.0a 3 016.37+252.06A 0.99+0.00B

EARGIDL 0 4024.62+65.43B  9.445+0.145a  0.996+0.001a 3 375.4+42.0B 4 005.91+74.50B  0.99+0.00a
P]:eof';f?;re 2 4240.09+165.65A  9.506+0.087a  0.996+0.000a 3 547.8+142.2A 4193.69+161.74A  0.99+0.00a
4 3936.44+83.55B  9.186+0.080b  0.994+0.005b 3 334.2+76.6B 3 932.52+95.12B  0.99+0.00a

8 3946.88+84.77B  9.080+0.086b  0.994+0.000b  3276.6+63.7B 3 919.14+78.89B  0.99+0.00a

S 0 3284.55+123.60C  8.343+0.091B  0.989+0.001ab 2 667.2+122.4C 3 320.40+132.25C  0.99+0.00a
X:zjz?e 2 332831+186.28C  8.413x0.356B  0.988+0.005b 2708.8+117.0C 3294.30+£174.75C  0.99+0.00a
4 3710.78+177.48B  9.104+0.070A  0.993+0.00la 3 186.2+157.9B 3 691.80+197.80B  0.99+0.00a

8 4153.92+104.74A  9.286+0.179A  0.993+0.003a 3 567.2+61.1A 4 124.99+85.51A  0.99+0.00a
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Figure 2 Composition and relative abundance of continuous cropping soil bacteria community at the phylum level
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Table 3 Composition and relative abundance of bacteria community at the phylum level (%)

MEREE #3517 Qujing City ZL3]H Honghe Prefecture SC 1M Wenshan Prefecture
Bacteria community 0a 2a 4a 8a 0a 2a 4a 8a 0a 2a 4a 8a
W] Actinobacteria ~ 21.1¢5.0a 20.9+¢1.4a 23.3#5.1a 20.4+3.9a 38.9+1.9A 30.5+3.8C 38.9+23A 35.843.5B 19.744.7B 22.0+4.4B 17.9+1.1B 27.6+3.5A
L] Proteobactera  25.7+7.8a 21.0+2.7a 24.0+3.8a 24.7+1.0a 16.9+1.2b 24.4+2.1a 19.9+0.9a 18.8+0.7h 22.1+3.0B 23.2+3.3B 28.5+2.3A 21.7+1.1B
LRI Chloroflexi 18.2+48.0a 23.1#54a 103+12b 65+¢1.1b 93+14a 69+1.0b 7.5+0.5a 6.5:0.3b 209+3.4a 17.5:43a 82:1.1b 7.6+0.7b
FRFFIAIT ] Acidobacteria ~ 7.4+24b  104+1.6a 7.5¢1.4b  9.9+14a 13.7+0.5A 10.1:0.7B 6.8+1.0C  6.9+1.0C 17.5¢3.4a 11.1£1.2b 14.9+1.7a 10.3+1.0b
MR ] Gemmatimonadetes 4.2+3.7h  5.4+1.8b 10.6+1.8a 11.5:0.7a 7.5¢23C 10.9:02B 113+1.1B 153+1.0A 4.6£1.0C 9.9+2.2B 13.5+2.4A 14.7+1.9A
TFE ] Planctomycetes  9.7#5.0c  11.321.6bc 16.0£6.2ab 17.7+4.8a 3.4+1.2B 6.1:1.1AB 8.1x1.3A 8.8+13A 6.00.88 6.5:0.5B 5.2+1.1B 8.5:1.9A
PEMAT ] Verrucomicrobia  1.121.8a  0.5:02a  0.9:0.4a  12:0.6a 1.9+1.0A 1.9+04A 13204B 23:07A 3.4x12ab 25:0.5b 4.2+1.3a 3.320.6ab
WIAFH ] Bacteroidetes  1.9¢19a  0.5:0.1a  1.5:0.8a  12+04a 2.0:04B 58+1.1A 2.9+03B 2.1:02B 0.8:0.3h 1.4205ab 22+0.8a 1.9:0.3a
JEREF]] Firmicutes 12¢1.0b  02:0.0b 1.1x1.7b  3.3209a 0.6:0.1a 0.5:02a 0.820.1a  0.520.1a 22+17a 27+19a 1.6xl.la 14x1.2a
S]] Armatimonadetes  0.5#4.0be 03202¢  1.0202a  0.8+0.1ab  0.6+0.0A 0.9:0.3A 0.4:0.1B  0.9:02A 0.8202¢ 12:0.1a 1.1202ab 0.820.1hc

T [RATAN ) /ING AR 555120 3 2R AR AR BR ] 22 53 135 (P<0.05) AR .35 (P<0.01)

Notes: The different lowercase letters and uppercase letters in a line indicate significant difference among different continuous cropping years at £<0.05

and P<0.01 level ,respectively.
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2r ® GN-4a Chloroflexi
-0.57
P ® GN-8a Acidobacteria
| ILX-0a Gemmatimonadetes
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L]
S s °f LX-8 a .
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ML AR AR ; LX ASRLLAMA X s GN AR STIAK . pH OM AN AP AK 43511378 158 pHAE A LB BRUR 2 A 200 A
PR W E A, P<0.05 3 ## KR AH G, P<0.01 5 *#+IRBi tik 25 AH5E , P<0.001
ML stands for Qujing tobacco area; LX stands for Honghe tobacco area; GN stands for Wenshan tobacco area. pH, OM, AN, AP and
AK represent soil pH, organic matter, alkali-hydrolyzable nitrogen, available phosphorus and available potassium, respectively.
* indicates a significant correlation at P<0.05; ** indicates a very significant correlation at P<0.01;
##*indicates a very significant correlation at P<0.001

3 MERFS T EARBFN T RATEXERE ST
Figure 3 RDA and correlation heat map analysis of environmental factors and soil bacterial community
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