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Effects of different treatment levels of sewage on bacterial community structure and enzyme activity

WU Xiao—fei, HE Yuan, HUANG Zhi-ping’, ZHANG Dan—dan, ZHENG Hong—yan, DING Jian

(Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China)

Abstract: In order to determine a sewage treatment gradient suitable for the utilization of rural domestic sewage resources, indoor pot
experiments was used to design four sewage treatment gradients including domestic sewage raw water, anaerobic effluent, contact oxidized
effluent and tail water to irrigate Zizania latifolia and rice, and the effects of different treatment gradients of domestic sewage on the soil
bacterial community structure and enzyme activity were studied. The results showed that sewage irrigation with different treatment
gradients had no significant effect on the diversity of the soil bacterial communities, and reducing fertilization could increase the diversity
of the bacterial communities. Sewage irrigation had a significant influence on the dominant species of soil bacteria at the phylum level.
Compared with the control group, the gradient of sewage treatment had a positive correlation with Proteobacteria, the relative abundance of
Actinomycetes in soil increased by 16.74% to 95.90%, and the relative abundance of Acidobacteria decreased by 9.57% to 47.38%.
Sewage irrigation promoted the activity of alkaline phosphatase and sucrase, and the improvement rates were 11.67%~55.60% and
11.36%~156.66%, respectively. Urease activity in unfertilized soil increased by 10.45%~25.88%, and contact oxidized effluent reduced
the urease activity by 25.84%. Other treatments had no significant effect on the urease activity in fertilized soil. Under the same irrigation

condition, the activity of the three enzymes in the unfertilized soil was greater than that in the fertilized soil. The results showed that
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fertilizer had a significant effect on the soil bacterial community structure and enzyme activity. Different treatment gradients had no

significant effect on the soil bacterial diversity, but significantly affected the soil enzyme activity and relative abundance of dominant

species in each phylum.

Keywords : wastewater; treatment intensity; irrigation; fertilization level; bacteria; enzyme activity
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Figure 1 Schematic diagram of sewage treatment test facility
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Table 1 Test water quality

ki I RSE

1 7K AL BEA B Sewage treatment gradients  COD/(mg-L™) TN/(mg-1") NHs-N/(mg-L™") TP/(mg-L™") pH
(1) 285.82+30.40 74.26+2.34 55.74%1.67 1.89+0.21 7.89+0.14
(2) 87.49+8.45 59.37+3.61 42.52+3.04 1.79+0.17 7.5620.25
(3) 62.60+10.30 36.42+3.13 27.704.25 0.50+0.08 7.50+0.31
(4) 65.4127.86 21.670.45 18.44+4.31 0.32+0.06 7.36+0.14
(5) 4.9622.11 1.47+0.26 0.27£0.12 0.12+0.07 7.61+0.24
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Figure 2 Rarefaction curves of different treatments (a=0.03)

22 TEBEERRRESW

TEZFEARRER o WA AR A R A Z ]
PRI, M AR L B B s B, R A R SR A F —
BB AN 3 T, B AR AR A A% Ak B R] ) B AR K
LA 0.8 J A HERT , FEAS 7 W K2, — 2K 2
FW3 . FW4 . FW2 . FW1, 53— )& CK . W3, W4 FCK,



2030

URIEINCX ity 53965 98

W1

i 2
FCK
w4
w3
CK
FW1
“_{ FW2
FW4
FW3
(I) . 0.65 . 0.I10 . 0.I15 . O.I20 . 0125

B B 28 Distance
3 EF bray curtis SRR R

Figure 3 Multiple copy clustering tree based on bray curtis
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(Acidobacteria) A AH X & (27.10% . 16.35%) 4 15 T
HoAth A R, 55 %5 BROAH BT 5 95 7K HE R X R TR T
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R2 AEAGEX A EEE SN

Table 2 Effects of different treatments on soil bacterial community diversity

AP Treatments Chaol Coverage Shannon Simpson || Zb3! Treatments Chaol Coverage Shannon Simpson
w1 6844.50a  0.988 4a 10.21a 0.002 8b FW1 5306.08a  0.9913a 9.77a 0.003 3a
w2 6165.95a  0.989 0a 9.49h 0.008 4a FW2 6102.92a  0.989 3a 9.83a 0.004 0a
w3 6650.62a  0.988 7a 10.16a 0.002 7b FW3 5846.42a  0.989 8a 9.42a 0.008 8a
W4 6877.10a  0.988 3a 10.13a 0.003 7b FW4 5929.02a  0.989 6a 9.55a 0.008 8a
CK 7019.092a  0.988 7a 10.21a 0.003 3b FCK 5964.34a  0.989 8a 9.95a 0.003 0a

T RIS R NG R OR AL K R4 A P22 5 B3 (P<0.05) 0 T 1A,

Note: Different lowercase letters in the same column indicate significant differences among treatments at this fertilizer level (P<0.05). The same below.
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Figure 4 Relative abundance of soil bacteria at phylum level
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Figure 5 Relative abundance of soil bacteria at genus level
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PR A6 = B, W2 X 5 1 4 VR fe dg L AR
FE T+ & 100% F1261.40% , FW1 ., FW3 fil FW4 K 2 ;
S5 FCKAHH ,FW3 B HESHT Candidatus_Nitrotoga
B AH X 32 B, THIE Sk 588.69% , T Hi At 5 7K Ab 3 %)
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Nitrotoga 47 8. 25 (AN A T, B R A 97.35%

LTt AE 3 LY, 76 AR NE 1 35 T K AR
TR A F 41 JE (Anaeromyxobacter) | Sideroxydans Fl
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T8 7K I 20 X 45 22 B 50 B I8 (Sphingomonas ) 1A
XA AL T 0.81%.
2.4 AEIAIERHEE Sk LIEEE AN

P 315, it I - S L, A BB (1) IR
el A5 AN it JES 8 b P ol R G 2 R AT 5 BR UL LA
T[] — A B B 35 AR T, A it S = 38 v %) JOR T
TR Tl R A it S - R L 1 T
PE o STt A - S8 % B W 2 il 0 1k R B W2>W 4>
W1>W3>CK, 57t A 1 58 v i 28 fb e 34— 3, 15 7K
TR Xt - SR W R TS 1k LA A VR, RS TR
ZF T ARG (2) T I H A Bl 2 0 5 2 A X T
Xif HE 43 B4R R T 55.40% FlI 46.67% , A1 i /F FH f 58
S it A - 39 R A 1 26 T R WS W I>W3>W2>CK,
55 K UHER AR L, 75 7K VTR X6 A i FES - 39 Ik it 7% 7 A
PEVEVE R, HLBE 25 75 /K A B B (38, - 398 g il 1%
P e AR S T, 78 W2 kb BE rP DR B S PR B AR, A
106.49 U~ g™ it A - 358 v I i M SR LR FW 1> FCK>
FW4>FW2>FW3, FW3 A4b ¥ A X} F FCK F% ik T
25.85% , AWl T MR B 2 , LA LA Ak 35X it A - 43¢
ORI 335 1 G S8 3 RS o AN it A 9 1 AR G
R W2>W1>W3>W4>CK, it JE - 398 7 A il 5 1k %
P FW3SFWI>FW2>FW4SFCK , 75 7K 3 0 1338 v
TG P K 9 A T TR %) 9 PR A T

3 itig

AT R, T A KT A 7] A R AR B 1Y
15 KHEBE XS LA R 2R AR %S
Ihekwe W SE 25 . (HILAE Z 055>
15 K HEWE T2 5 IR RUE Y 2 X AT RE AT LA L
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A (84~ A 247 ) , 1 Bastida %7 Dang 55/fiff
FEHR) 3 A3 30 AEVE LS AR LE , AR R g v 8 S 1
AR AT - R R T USRI, FE AN
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BT 22 Ml M Y5 KRR A B WOSCE SR B, T W2 H A
Py HE RS, TS B SR L o 22, DT 3K
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15 KA BRAR BE B RS | T5 K e BE 3, s
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Table 3 Effects of irrigation with different sewage concentrations on soil enzyme activity

yhgLil R PE R R i Alkaline JIKEG Urease/  HEME Sucrose/ b3 TR PER 2§ Alkaline JIKRG Urease/  EWHEG Sucrose/
Treatments phosphatase/(U-g™) (U-g™) (U-g™") Treatments phosphatase/(U-g™") (U-g™") (U-g™")

W1 4 177.55+342.52h¢ 115.81+5.02a 8.14+0.98a FW1 4223.45+260.94ah 85.60+1.48a 6.50+0.412a

w2 5426.31+144.40a 106.49+1.10ab 8.47+0.57a FW2 4 493.82+70.93a 78.66+2.92a 5.95+0.83a

W3 3899.30+136.27be 113.09+5.50a 6.34+0.23ab FW3 3726.48+32.99b 62.05+7.14b 6.59+0.13a

w4 4591.42+225.32b 120.62+6.38a 4.85+1.59b Fw4 4 237.96+145.94ah 81.30+4.17a 2.86+0.37b

CK 3491.80+316.37¢ 96.15+13.99b 3.87+0.43h FCK 3 063.86+284.48¢ 83.68+1.84a 2.57+0.12b
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