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Abstract: 'Heavy metal pollution in rice fields leads to huge losses in rice yield every year and is thus of increasing concern. Therefore, it is important to understand the
changes in the microecology and physicochemical properties of paddy soil under different levels of cadmium pollution. The purpose of this study was to investigate the response
of the photosynthetic bacterial community in paddy soil to different cadmium pollution levels using 16S sequencing technology. The results showed that pH, total cadmium, and
available cadmium content decreased gradually with the increase in cadmium pollution. The soil & diversity was slightly different in the high cadmium (Cd), medium Cd, and
low Cd groups; however, the enriched photosynthetic populations and photosynthetic bacterial communities were significantly different among these groups. The effective
connections between photosynthetic bacterial species in the high Cd group were significantly greater than those in the medium and low Cd groups, the connections were closer,
and the density was higher. Alkaline nitrogen, pH, available (P/K), total (N/P), organic matter, total cadmium, and available cadmium were important factors affecting
the photosynthetic bacterial community and were significantly correlated with the photosynthetic bacterial community, explaining 59.90% of the variation in the photosynthetic
bacterial community. Effective Cd content was significantly positively correlated with Methylorubrum populi, Methylorubrum extorquens, Methylobacterium sp. Leaf125, and
Rhodopseudomonas sp. AAP120 (R >0.05, P <0.05). This study will provide a theoretical hasis for the microbial remediation of cadmium contamination in paddy fields.
This study is important for understanding the effects of cadmium pollution on specific functional microbial populations in paddy soils.

Key words: paddy soil; cadmium pollution; purple photosynthetic bacteria; 16S sequencing; microbial community distribution
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Table 1 Soil physicochemical properties under different cadmium pollution levels

HEEHE T TZ HXI1 HX SA QN

pH 4.76 +0.03d" 5.03 +0.02c 5.23 +0.03b 5.33 +0.03b 5.5+0.08a
(PR /mg-kg™' 142,13 £0.37¢ 139.52 +0.29d 158.23 +0.39b 190.10 +0.41a 138.97 +0.32d
(W) /mg-kg ™! 3.46 £0.05d 37.97 +0.41a 29.50 +0.36b 7.65 +0.06¢ 7.51 +0.03¢
(%) /mg-kg™"  118.72 £2.23b 76.08 +1.53d 99.53 +2.72¢ 156.82 £2.38a 104.43 £0.92¢
w(BE) /g kg™! 1.67 £0.02b 1.61 £0.06bc 1.50 £0.04cd 2.09 £0.04a 1.43 £0.05d
w( W) /gkg ! 0.46 £0.03d 0.88 £0.04a 0.77 £0.05b 0.58 +0.02¢ 0.57 +0.02¢
w( B/ g kg 9.98 +0.45a 10.15 +£0.55a 10.85 +0.36a 10.68 £0.52a 10.60 £0.37a
o(FHHLR)/g-kg™! 35.97 +0.52b 43.25 +1.43a 42.67 +0.84a 34.12 +1.14b 28.23 +0.52¢
(S5 /mg-kg ™! 4.61 +0.18a 2.77 £0.07b 2.43 £0.09¢ 0.36 +0d 0.34 +0d
o(ARER) /mg kg ™! 2.27 +0.09a 1.28 +0.08b 1.10 £0.06¢ 0.16 +0.01d 0.26 +0d

1) BATARRIFERRTE P <0.05 & T R4 A BEXER
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Table 2 Soil a diversity indices under different cadmium pollution levels

SR AL TZ HX HX1 QN SA
TARAGEL 4.65 +0.23bc 4.93 +0.13b 4.31 £0.13¢ 5.47 £0.19a 4.72 +0.12bc
AR AL 32.10 £9.44b 47.83 £6.06b 30.36 +5b 106.96 +16.75a 51.17 £5.44b
FEE 792.83 +70.63b 960. 83 +82.24ab 693.33 +60.04b 1226.83 +169. 65a 657.33 +46. 64b

Chaol #8%% 942.92 +80.17b 1164.7 £102.93ab

830.21 +£72.06b

1465.51 £191.76a 827.61 +43.23Db
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Table 3 Dissimilarity analysis-based on Bray-Curtis distance among different sites . N
MRPP { Anosim / r Adonis ' ot
G s P = R A ¥ ' W1z AP |
HX-HX1 0.7537 0. 006 0.3398 0.039° 1 35491 0,003
HX-QN 70,736 1 f0.002 | 07985 1 0/006 3.8725 0.002
_HX-SA . 0.8149 0,005 Y 527 0.005 28187 0.001
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~ QNsSA 4 0.6865 04006 0.5842 0,004 4.414 6 0. 007
.p"QN-TZ ! 0. 6008 L 0.004 | pr - 0. 002 6. 6852 0. 004
JsA- 1z) | 0/679 7 0.001 < —T0.8148 0. 003 4.899°8 0. 003
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Fig. 3 LEfSe analysis cladogram of bacteria in soil from different sample groups
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Pearson FH CHE 3 Hr, S5 R B W, AW & &S
Bradyrhizobium sp. BTAil | Methylorubrum populi .
Methylorubrum
Leafl25 .

Rhodopseudomonas sp. AAP120 Fl Methyloversatilis
universalis b 2 1FAH ¢, HH Methylorubrum populi |

Methylorubrum

extorquens .  Methylobacterium  sp.

Novosphingobium subterraneum |
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Leaf125 Fll Rhodopseudomonas sp. AAP120 #5&PE%s
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Table 4  Correlation analysis between available cadmium content and dominant species

of photosynthetic bacteria based on Pearson correlation coefficient

s R P
A% vs. Rhizobacter 0.058 0.761
R vs. Bradyrhizobium sp. S23321 -0.357 0. 053

H R vs. Bradyrhizobium sp. BTAil 0.411 0.024
B vs. Methylorubrum populi 0.59%4 0. 000 537
HRLE vs. Methylorubrum extorquens 0.579 8. 00E - 04
HRER vs. Methylibium -0.068 0.723
B34 vs. Methylobacterium sp. Leaf125 0.622 0. 000 245
R vs. Novosphingobium subterraneum 0. 450 0.0125
%5 vs. Bradyrhizobium sp. ORS 278 -0.297 0.111
R vs. Rhodopseudomonas sp. AAP120 0.534 0. 002 37
H %5 vs. Burkholderiales bacterium RIFCSPHIGHO2 12 FULL 69 20 0.132 0.488
R vs. Methyloversatilis universalis 0. 409 0.025

A9 % vs. Rubrivivax 0.021 0.911
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Fig. 5 Canonical correspondence analysis( CCA) and variation partition
analysis ( VPA) between photosynthetic bacterial communities

and environmental factors at different sampling points
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