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CHEN Xinftong' , HAO Qing-ju’, XIONG Yan-fang' , HU Jiarlilr, JIANG Chang-sheng'**

(1. College of Resources and Environment, Southwest University, Chongqing 400715, China; 2. Chongging Key Laboratory of Agricultural Resources and Environment,

Chongging 400716, China)

Abstract; The type and structure of the substrate in constructed wetland affects the diversity and abundance of microorganisms, thereby influencing the effect of sewage
treatment. In this study, four groups of wetlands were constructed in the greenhouse: blank-constructed wetland (CWO0), hematite-constructed wetland (CW1), biochar-
constructed wetland (CW2), and hematite + biochar-constructed wetland (CW3), to study the differences in sewage treatment effects, greenhouse gas emissions, and
microbial community structures of constructed wetland systems under different filler substrates. The results showed that the addition of hematite or biochar increased the COD
removal rate of -0.12% to 1. 7%. The addition of biochar increased the removal rate of NH," -N by 22.48% and NO; -N by 6. 82% and reduced the emission flux of CH,
by 83.91% and N,0 by 30.81%. The addition of hematite reduced the removal rate of NH," -N by 1. 12%, increased the removal rate of NO, -N by 3.98%, and reduced
the emission flux of CH, by 33.29% and N,0 by 25.2%. Adding biochar or hematite increased the relative abundances of Actinobacteria and Proteobacteria, which was
beneficial to the removal of COD. The Ace, Chao, Sobs, and Shannon indexes in the substrate treated with biochar were the largest, and the Simpson index was the smallest.
The treatment with hematite was the opposite, indicating that the richness and diversity of microbial communities in the treatment system with biochar was the largest. Adding
hematite reduced the richness and diversity of the microbial community in the constructed wetland system. Adding biochar or hematite increased the relative abundances of
Dechloromonas, Thaurea, Saccharimonadales, and other denitrifying bacteria, which was beneficial to wetland denitrification. The addition of biochar increased the
abundances of nosZ, nirS, and nirk functional genes, which were conducive to the occurrence of denitrification. The addition of biochar increased the abundances of pmoA
functional genes, reduced the abundance of merA functional genes, and inhibited the production of CH,. It also increased the abundance of methanotrophic bacteria and
promoted the occurrence of the CH, oxidation process. Although the addition of hematite increased the abundance of merd functional genes, Fe® * competed with methanogens
for electron donors and inhibited the production of CH,.

Key words: subsurface constructed wetland; hematite; biochar; microbial community; functional gene
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Fig. 1 Schematic diagram of constructed wetland treatment system
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Table 1  Primers for fluorescence quantitative PCR
A 519 FIMFSI(5-3")
o7 nosZ-F AGA ACG ACC AGC TGA TCG ACA
nosZ-R TCC ATG GTG ACG CCG TGG TTG
i nirScd3aF GTC AAC GTC AAG GAG ACG GG
nirSR3cd GAC TTC GGA TGC GTC TTGA
ik nirKFlaCu ATC ATG GTS GG CCG CG o~ .
nirkKR3 Cu GCC TCG ATC AGR TTG TGG TT il i 1
o ML{F . GGT GGT GTM CCA"l‘TC ACC ACA'RTA YGC WAC AGCJJ;‘“ e
ML:R - TTC ATT GCRITAG TTW GGR TAG TT ' .
omod AIS9F GGN GAC TGG GAC TTG TGG [ & ’
Mb661R; CCG GMG GAA CGT CYT TACC
—~ 4 i ¥ : p ‘.’.-"'d # 5 N i "‘ I} / .
L4 Hemabs o) V7. 93.79% 1t XT3 b 3 SEAS I8k 41 % COD. Y2

AR SL PR S5 5 4 BT LE Microdoft Exeel
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2 ERSH
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2.1 AN[REDRFEE BT A N T 75 7K A BEASCR
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NH, -N, NO, -NFI TN [k £ an 3 2 fr7n, COD 1y

B R4 N 92.09%. 91.97%. 93.03% Al

‘al =

BRGNP >0, 05) | MR Ik W 3 A 6 5
BT COD 22 B% (P <0.05) . NH, -NIJ 254y
51k 45. 04% | 43.92% . 67.52% F1 65. 19% VRNt

WA 5 B RN, N £ R R (P <0.05).

NO; -NAYEBEF 554 84. 66% . 88.64% , 91. 48%
F182.95%, NO; -N e F& 4 K, NH, -N A 7Kt TN
) F BAFTE I 2L TN 19 £ BR300 3 Oy 43.40%
42.85% ., 65.61% F1 64.26% , B INEEH 41 5 25 (A%}
TRICHEZER (P >0.05) , TR Y5 25 15 hn
TN [ LBRFE (P <0.05).

F2  HAKKREELRER /mg L
Table 2 Basic indicators of effluent quality/mg+L ™!

Qb3 p(COD) p(TN) p(NH, -N) p(NO; -N)

CW0 34.99 £ 1. 60 24.75 £0. 96 23.15 =0.43 0.27 0. 041
CW1 35.57 £1.69 24.99 £0.72 23.62 =0. 38 0.20 £0. 060
CW2 30.87 +1.65 15. 04 +0. 61 13.68 £0.26 0.15 +0. 037
CcwW3 27.52 £2.37 15.63 0. 61 14. 66 +0. 65 0.30 £0.16

2.2 RIAECRE R A9 N T IE R & AR HERCR:
BRI RGAE S s AT B Y CH, FIN,O -
WHEGE Sk 3 iR, 5 CWO0 AH L, CW1, CW2
FrCw3 oy CH, ¥ HE ik E & B T
33.29% . 83.91% #182.77%,CW1. CW2 H1 CW3
(RIN,OF- ¥ HEGE 53 982 T 25. 2%, 30. 81% Fil
23.5%, IS N AE Y R BT A 4 B E > CH, 5
NOJHERL (P <0.05).

®3 BESGHRBEE

Table 3 Flux of greenhouse gas emission
e CH, HEfGE it N,OHE i it
/mg-(m’+h) 7! /pg(m®+h) !
CWO 34.18 +6.38 451.88 +61.92
CW1 22.80 £3.90 338.00 +36. 67
Cw2 5.50 0. 89 312. 67 +36. 64
CwW3 5.89 £1.20 345.70 +34.27
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Fig. 2 Taxonomy of the relative abundances of bacterial communities

at the phylum level in the substrates of different constructed wetlands
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Fig. 3 Taxonomy of the relative abundances of bacterial communities

at the genus level in the substrates of different constructed wetlands
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