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Effects of Selected Biochars Appllcatmn on the Mlcroblal Community Structures
and Dlversmes in the Rhlzosphere “of Water Spinach ( Ipomoea aquatica

Forssk. ) Irrigated with Reclaimed Water

CUI Bing-jian"*, CUI Er-ping'*, HU Chao'?, FAN Xiang-yang'**, GAO Feng'*"

(1. Farmland Trrigation Research Institute, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China; 2. Key Laboratory of
High-efficient and Safe Utilization of Agriculture Water Resources, Chinese Academy of Agricultural Sciences, Xinxiang 453002,
China)

Abstract: The utilization of reclaimed water is one of the most important ways of alleviating the shortage of water resources for
agricultural irrigation. As an effective disposal method for biomass waste, biochar has been widely used in the improvement and
remediation of agricultural environments. However, few studies have been performed on the effects of biochar application on microbial
community structures and pathogen abundances in rhizosphere soils irrigated with reclaimed water. Based on a pot experiment, high
throughput sequencing technology and quantitative polymerase chain reaction (PCR) methods were used to investigate the effects of
different biochars on the microbial community structure and diversity and pathogen abundance of rhizosphere soils irrigated with
reclaimed water. The results showed that four different types of biochars had different effects on the soil nutrient status. Rice hull-
derived biochar and rice straw-derived biochar resulted in significantly increased soil pH with reclaimed water irrigation, while peanut
shell-derived biochar, rice straw-derived biochar, and wheat straw-derived biochar significantly increased EC values (P <0.05). The
Sobs index, Shannon index, and Chaol index of bacterial community in the rhizosphere soil significantly increased with rice straw-
derived biochar treatment, while the Simpson index significantly decreased by adding peanut shell-derived biochar, rice hull-derived
biochar, and wheat straw-derived biochar (P <0.05). There were differences in the relative abundances of bacterial communities in
rhizosphere soils under different treatments. The dominant taxonomic groups at the phylum level were Proteobacteria, Actinobacteria,
Chloroflexi, Bacteroidetes, and Acidobacteria. The dominant genera included Pseudomonas, Rheinheimera, Arthrobacter,

Sphingomonas, and Aeromonas (relative abundance >5% ). Redundancy (RDA) and heatmap analyses showed that the diversities and
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compositions of bacterial communities in rhizosphere soils in different treatments were closely related to soil EC values, organic matter,

total nitrogen, and cadmium contents. Biochar application had no significant effect on the abundances of Aeromonas hydrophila and

Bacillus cereus. Rice straw-derived biochar and peanut shell-derived biochar could significantly reduce the y-Proteobacteria, while rice
hull-derived biochar and wheat straw-derived biochar could significantly reduce the relative abundance of AOA (P <0.05). In
conclusion, there were no obvious negative effects observed from reclaimed water irrigation on soil quality. Biochar application not only

significantly improved the physicochemical properties of the soil, but also impacted the bacterial community structure and the

abundance of the functional bacteria in the rhizosphere soil, which was closely related to the soil properties.

Key words :reclaimed water irrigation; biochar; bacterial community; pathogens
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Table 1  Physicochemical properties of the selected biochars

. EC Na* K* TOC BAR peti::

b pH A o | . AR '
/S+em /mg-kg /mg-kg /mg-kg /mg-kg /mg-kg
AEEFE A Y iR (PBC) 9.58 1378 34 449 12.94 0.3 29.4
IKFERGFFAE B¢ (RBC) 9.11 773 53 246 11.65 1.0 38.8
FaseA: 9 i (RKBC) 9.01 1398 76 397 88.99 0.9 83.3
NERERT A R (WBC) 8.34 1917 32 519 21.63 0.9 10.5
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Table 2 Primers for quantitative PCR detection

5 HIGRE  FEal(s-3) PRI
a-Proteobacteria 16S F: ACTCCTACGGGAGGCAGCAG; R: TCTACGRATTTCACCYCTAC 365 [20]
B-Proteobacteria 16S F: ACTCCTACGGGAGGCAGCAG; R; TCACTGCTACACGYG 360 [20]
y-Proteobacteria 16S F. TCGTCAGCTCGTGTYGTGA; R: CGTAAGGGCCATGATG 170 [21]
Acidobacteria 168 F: GATCCTGGCTCAGAATC; R: ATTACCGCGGCTGCTGG 500 [20]
Actinobacteria 16S F: CGCGGCCTATCAGCTTGTTG; R: ATTACCGCGGCTGCTGG 300 [20]
Bacteroidetes 16S F: GTACTGAGACACGGACCA; R: ATTACCGCGGCTGCTGG 220 [20]
Firmicutes 168 F. GCAGTAGGGAATCTTCCG; R: ATTACCGCGGCTGCTGG 180 [20]
Ammonia-oxidizing archaea archaeal amoA F. STAATGGTCTGGCTTAGACG; R; GCGGCCATCCATCTGTATGT 635 [22]
Ammonia-oxidizing bacteria bacterial amoA F: GGGGTTTCTACTGGTGGT; R: CCCCTCKGSAAAGCCTTCTTC 491 [23]
Nitrogen-fixing bacteria nifH F: AAAGGYGGWATCGGYAARTCCACCAC; R : TTGTTSGCSGCRTACATSGCCATCAT 432 [24]
Aeromonas hydrophila Cytolytic enterotoxin F; GAGAAGGTGACCACCAAGAACA; R: AACTGACATCGGCCTTGAACTC 232 [25]
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Enterococcus faecium 238 F. AGAAATTCCAAACGAACTTG; R: CAGTGCTCTACCTCCATCATT 92 [28]
Pseudomonas syringae oprf F. AACTGAAAAACACCTTGGGC; R; CCTGGGTTGTTGAAGTGGTA 304_—[29]
Legionella spp. 16S F: GAGGGTTGATAGGTTAAGAGC; R: GTCAACTTATCGCGTTTGCT / 4'3.(.)_ ; £30]
Mycobacterium spp. 165 F: ATGCACCACCTGCACACAGG; R: GGTGGTTTGTCGCGTTGTTC 4‘7'6 3 [31]
AT BB 168 F: ACTCCTACGGGAGGCAGCAG; R: ATTACCGEEGCTGCTGG : 20b [32}
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Table 3 Physicochemical characteristics of rhizosphere soil in different samples
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PW_CK 8.12ab 1 580ab 0. 60a 0.22b 0. 64a 11.62a 37.39a 0.11a 12.77a
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Table 4 Bacterial community « diversity indices for different samples

Ab P Sobs 54 Shannon F§%X Simpson 8% Ace T5%K Chaol F8% R
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