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Effects of domestic sewage tail water reuse on soil microbial biomass carbon and nitrogen contents and soil
enzyme activities in paddy fields
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Abstract: Field experiments were conducted to explore the changes in the microbial biomass carbon and nitrogen contents and enzyme
activities in paddy field soil after the reuse of rural domestic sewage tail water. The effects of combined applications of tail water and

nitrogen fertilizer on the soil microbial biomass carbon and nitrogen contents, soil enzyme (urease, phosphatase, nitrate reductase, catalase,
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and sucrase) activities, and soil nutrients in paddy fields were investigated, with no fertilization and conventional fertilization under pond

water irrigation used as the control. The results showed that the application of tillering fertilizer, conventional fertilization, or nitrogen
reduction fertilization under tail water reclamation increased the soil microbial biomass carbon content by 28.75%~-34.75% and 14.43%—
23.63%, and the nitrogen content by 7.10%—16.04% and 15.9%-46.88%, in 2019 and 2021, respectively, relative to the contents in the
soil. During these two years, the urease activity increased by 34.92%-51.61% and 0.98%~2.94%, respectively, and the organic matter by
1.11%-11.10% and 6.38%—11.40%, respectively, under tail water irrigation treatment. Although the organic matter content in the water—
irrigated soils generally presented an upward trend, the increase was greater in soils irrigated with tail water. In summary, the contents of
soil organic matter and microbial biomass carbon and nitrogen and the urease activity in the paddy fields were increased by tail water
irrigation, indicating that the reuse of tail water could increase soil fertility to a certain extent and plays a role in soil improvement.

However, the environmental safety of the long—term reuse of tail water in the paddy field needs to be determined with further experiments.

Keywords : domestic sewage tail water; irrigation; soil microbial biomass carbon; soil microbial biomass nitrogen; soil enzyme activity
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70 kg« hm?, jifi # & (K,0) 4 70 kg~ hm™. 556 5 FH A&
NE R PR 2R, FENE CBENE REAE He 5] ok 3: 30 45 AR Ry i
BERRES (12%) , B IE A A AL 1 (60% ) , B B AE A AT
W, 4320 . 2019—2021 4F kit A= 3 15 7K 8 K B
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Table 1 Basic physical and chemical properties of the tested soils

-~ e 5 A WL B wh
! TN/(g-kg™) TP/(g-kg™) Available potassium/(g-kg™) Clay/% Silt/% Sand/%
5.98 1.52 0.776 39.8 30 34 36
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Table 2 Quality of the tested domestic sewage tail water and pond water
WiH I EC/ COD/ TP/ NO;-N/ NH:-N/ TN/
Ttem P (pS+em™) (mg-L™") (mg-L™") (mg-L™") (mg-L™") (mg-L")
J27K Domestic sewage tail water 8.1+0.68a 1 339.04+54.07a 29.18+6.27a 0.16+0.01a 8.39+0.24a 0.46+0.15a 9.11+0.48a
i3 7K Pond water 7.54+0.38a 274.63+42.01b 14.73+2.09b 0.15£0.01a  3.59+0.16b 0.29+0.15a 3.82+0.79h

T A NG B 2R [l — 8 AR A [l K A 7 1 25 122 5 (P<0.05)

Note: Different lowercase letters indicate significant differences in water quality for the same index (P<0.05).

JFEEEHE, 6 H 12 H CN.CON SN, SRN Jiti 5:AE , 13 H
FERKHE 6 26 H it in 43 BENE , 76 7 A K45 H
K5 A5 f5 8 1 5 Ht s A, 7 10 J1 14 H kg K
;2021 5T 6 H e HIFUA B 6 H 8 H CN,
CON SN . SRN iti A8 ,6 F 9 H B4k /K F,6 F 18 Hjiti
Py EENE  7E 7 IR T LB HEE 5 8 A 5 Hijiti
JOFEAE ,F 10 A 13 H KR .

2019 4EF12021 4= STN SN F1 SRN 4k B 43 51| 7 8%
FEIK 5 YR 6 I, 45 UK 7K £ 2 500 m® - hm ™, FE 7K &L
FEWE 54358 2 500 m? - hm ™13 000 m*-hm>, ¥ K
HAERARNE 3R KA BT A A
HI R K 2 24.69 kg-hmH127.33 kg-hm™, 5 & $%
A BB EE 43 51 R 10.529%~28.15% F 11.52%~

&3 2019 F 2021 FIRBHERBNEREKE
Table 3 Nitrogen input and irrigation amounts during the trial

periods in 2019 and 2021

30.26%.
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£E, T I0AE A EG0CAE Py ik RN il s P 55 5 o) — 78
A3t VRS X AR BR 3 20 H A1 100 H i, AT
M 5%E pH EC %5,

- 3 A W e R AR A 4 R R FH R B
Z5 — Tk R BRI B 5 R T O kN P B LE
5 W TR 0 1 U SR R W R R B L a3k s i A
Ak SRS 2R A 0.1 mol - L i i BRI 2 30 2 , DA
1 h PR - 8 i i el AR AL U 22 e 8RR 1o AL
SBNE T o i PR A i I D R FH il e L £k
TRt 5 1 LA 24 h 5 B v A T 7 A o A R Y o i

T /KA Trrigation amount/ 4% A3 Nitrogen ﬂé%‘:{;\‘ °
- o J((nf.hm; . 1npuﬂ(k%l:f;¥ - it 1.4 BB
v Teamen WK g B P Excel 2003 HCFFIETTHCRALIE, 2 SPSS 25 4
. Fertilizer K T AT b
water _sewage tail water water X TS B A T GBI, SR FH T 22438 (ANOVA)
2019 CNO 3000 0 0 11.46 11.46 ;Elgma Duncan gﬁ*ﬁ%ﬁg@ff P<0.05 E@*E%ﬁﬂﬂv—k
CN 3000 0 210 1146 22146 e
e E S
CON 3000 0 210 1146 22146 BT
STN 500 2500 63 24.69  87.69 2 ERE54HH
SN 500 2 500 210 24.69 234.69
SRN 500 2500 168 2469 192.69 2.1 B/KE A3t ERp MR TIERS M
2021 CNO 3000 0 0 1146 11.46 AL PR W IR SR R R 4 PR
CN 3000 0 200 1146 221.46 2019 4 CNO A3 + 1 pH f /55 4 5.22, 35 7K it 01
CON-— 3000 0 2100 1146 221.46 Qb3 pH H KA 4.96, CNO b PR 53 25 = F HoA AL #2 .
STN 0 3000 63 2733 90.33 o e
2021 47 STN 4t 3 pH f5 5 o4 5.85, SRN 4b B 55 1% 2y
SN 0 3 000 210 2733 23733 R
SRN 0 3000 168 2733 19533 550 2021? pH P47 4 2R gﬁ%ﬁﬂ:zow@(ik
MR K R A Rl K xR i A it Ass  0:09) HIRECTE20194-FI2021 4R FEK SN 2k,
MBS K BN 53 51 284.07.361.63 pS - em™, £ CN 43> il 34 fm 1

Note: Irrigation water nitrogen input=Irrigation amountXtotal nitrogen
content; Total content=fertilizer nitrogen input + irrigation water nitrogen
input.
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Table 4 Nutrient properties of soils under different treatments in harvest period in 2019 and 2021

ANy Ab B EC/ NO:-N/ NH;-N/ TN/ TP/ HHLT
Year Treatment pH (pS+em™) (g-kg™) (g-kg™) (g-kg™) (mg-kg™) Organic matter/(g-kg™)
2019 CNO 5.22aD 255.30bC 0.23aC 0.32abF 1.48eD 5.12¢CD 26.11cF
CN 4.96dF 218.53¢E 0.21aD 0.30abG 1.71abB 5.83bB 28.64bEF
CON 5.15bD 200.87dF 0.32aA 0.37aE 1.61cdC 6.24aA 28.13bEF
STN 5.08cDE 202.26dF 0.22aCD 0.29bH 1.68bcB 4.91cD 28.96bEF
SN 5.14bD 284.07aB 0.25aB 0.32abF 1.55deD 5.21cC 29.34bDE
SRN 4.98dEF 232.43¢D 0.17aE 0.29bH 1.77aA 5.64bB 31.82aCD
2021 CNO 5.67cB 151.90dG 0.05bH 0.56aB 1.03¢G 3.95cdHI 28.78dEF
CN 5.65¢BC 150.67dG 0.11aF 0.53aC 1.10abF 4.43abFG 32.47beBC
CON 5.83abA 131.37eH 0.04bH 0.53aC 1.16aE 4.75abEF 30.80cdD
STN 5.85aA 247.23¢C 0.05bH 0.73aA 1.01dG 3.64dl 34.54abAB
SN 5.71bcAB 361.63aA 0.08abG 0.72aA 1.06bFG 4.31cGH 34.62abAB
SRN 5.50dC 293.87bB 0.05bH 0.42aD 1.10abF 4.80ak 36.17aA

FE : [ B AR NG PR R ZAR A A B2 (A AFAE .35 22 57 (P<0.05) , AR RS FHEEFR 45 A BRAE B ) 22 53 18 35 (P<0.05) -

Note: Different lowercase letters of the same column indicate that there are significant differences among treatments during the same year (P<0.05).

Different uppercase letters indicate significant differences between years (P<0.05).

K FHE I A B I 3 i (P<0.05) . 2019 4F CON A4b 3 1
SR A R, N0.37 g kg, B E T STN Al
SRN Ab P, LA AL i 51 25 570 2021 4R 45 b B
AEAYEE EFH(P<0.05) , STN SR S s, N
0.73 g-kg'c 2019 4F SRN AbFf + HEfil 25 A & e fiX
H70.17 g-kg ™', CON A PR 57, 2 0.32 g-kg ™', M4EAAL
PRIE]C BEMEE R 2021 AE AL BRAY SR S Y B
# MR (P<0.05) ,CN AL BEAS A A & ik fie , M 0.11 g+
kg™, WL 7 T CNO.CON . STN . SRN ZbFf

1A VLB LA T ) — I S A
5 2R R M 5%, TR 4 R K Ak BB AL
Bl i 45 M O A E B A SE I . 2019 AF 12021 4
SRN Ab R A% 5, 4390 49 31.82.36.17 g-kg™'. WHAEH 2
KHE R A P2 - ST AL 4 34 R 0 K E I A
B, 2021 4F 3k 3] 2 1 2% 7 (P<0.05) 5 B CNO 41,
2021 445 b 1 4 34 HIL 35 B8 2 8 1 2019 4R, i 3
K HEWE B T 9.49%~13.37%, J& K E W 3G A T
13.67%~19.27%., 2019 4EH1 2021 4E 4 3 TN 43 5] &
SRN b #LF1 CON Kb B #5554 1.77 g - kg ' A1 1.16 g
kg™, CNO 1 STN b BRI AR , 4371 4 1.48 g kg™ #1101
g-kg'o 2019 4F 12021 4F 1- 45 TP ¥ &£ 7E CON 1 SRN
Ab PR =, A A 6.24 mg - kg Fi14.80 mg - kg, B
{7 CNO; STN Kb BRI AR, 7351128 4.91 mg - kg™ F1 3.64
mg-kg'o 2021 445 A0 FE A 3E TN (TP #5 2. 3 R B (P<
0.05)

2.2 B/AKEI A L EMEMERENZ N

R Wi R R TS TR A, T DL
Z 5 L AR S U R B S AL SR o A
A 1 R K VE MR AR S, e W e AN ) A
I R K I 34 = Tt K E AL P . 2019 4 A
2021 4 - B U AE Wtk e 7 S B A R AL A 1 A2 A A
FEA— B, (H 2021 4F 45 4k BE 35 I8 3R B (P<0.05) .
2019 4F 12021 4FFl 435 STN A1 SRN Ab BHf5 5 , 49 1)
49359.67 mg- kg H1339.35 mg- kg, WK A + 3 AR
Wyt e 5 Ak 3RS AT T A , e R 2 K Ak 3 I
0 T b K E R AL B . 2019 4E Y BRI STN SN,
SRN 4b ¥ 5 CON #h ¥ JG B i 22 5%, {H 18 35 &5 F CNO
CN &b 3 ;2021 4E W3R 1 STN SN SRN Ab Bl i3 2% =5 T
CNO AL BE 8 5 H A gb BEJC i E PE 22 55 (1) .

2019 4EF1 2021 4F , WOIR 1 & A0 8L 1= SR 1)
R FR TR . 2019 45 AR, STN (SN 4b
BEE 2% = T CN CON Zb B, 4R J5 , SRN 4 B ) + 4
A R A R Bl 57.89 mg - ke, BB T
CNO.CN #b 3, STN SN . SRN &b 3 45 CN 4b BE - 3£ 13
A N T 7.1% .10.46% . 16.04% , [ 7K
TBE Ab 9 2 1 598 G A i R T 0 K R Ak
2021 AEFh AT, SN b B 55 5 5 M 55.41 mg-kg™', B
JKVE R AL P STN (SN SRN 4b P {5 2 /= - il 34 7K 35 Y%
ACERZH ., YSOHRIA , SRN Ab B+ e M e U B e
39.26 mg - kg™, FE /K HEWE STN SN, SRN b F 4% CN
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b B RSN T 15.9% . 36.8% . 46.88% (F 2) . 5
2019 4FAH L3¢, 2021 Al B 0T s 3R + 3 G A= 4
A A FFR )R B (P<0.01 3 P<0.05)
2.3 E/KE AT 1 i iE A0
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CN kb B3 51381 T 46.03% . 34.92% . 51.61%. 2021
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* indicates the significant difference between different years in the same period for a treatment group (P<0.05). ** indicates that a treatment group has a

very significant difference between different years in the same period (P<0.01). Different lowercase letters indicate significant differences between

treatments during the same period of the year(P<0.05). The same below
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Figure 1 Effects of different treatments on the soil microbial biomass carbon content at different growth stages
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Figure 2 Effects of different treatments on the soil microbial biomass nitrogen content at different growth stages
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Figure 3 Effects of different treatments on soil urease activity at different growth stages
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Figure 4 Effects of different treatments on soil phosphatase activity in different growth stages

WWW.Qes.019.CN




NEG 22

VRERR Rt Y F4EF 1 H

SN 4b PR £ 55, 43 318 2.05.2.08 mL- g™ -h™', B2 & T
STN .SRNALFR(E6) . PHAEAH LA, 25 Ab T - 3T 4 b
ST PE A7 7R AR P [B) B (2 35 BB 3 22 5% (P<0.01,
P<0.05)

- SR SO e AL 2 S b —Fh B A
XK, HHgEPaYLE R B R e R
WP IR 5 B A O, LR A 7 W LA e R BEY A4
Ko 20194F, JhFH I CNO . CON | STN 4b 1 7 b 1
2R T LA A B2 WSCER B CIN A B 1) TR I T
A%, 4 30.81 mg-g'-d", B4 K E I ASE R
STN b PR g 176 M 35t 350 &5 . 2021 4%, il 1A
CNO. STN 4b 55 bl il 7 4 & 3% %5 CN .SN .SRN 4k
PR A5 A B 2 A TG R 22 R (7).
BT CON A1 STN &b HAE O3 9147 s (8] JC . 2 Pk 25 5=
(P>0.05) , HoAth b FEAE Sl AU RIS AR 0T 38 A J 26 1 2
F(P<0.01),

o
=)

g
o
T

o
%)

il 30 D o
Nitratase activity/(pg-g™+0.5 h™)

(=]

3 g

— WA R A A T T K R K VE AN 23 5 |k 1 g
pH E A B I, TiK 1A JE /K I Tl e 235 ke -3 oy
TR T ARSI R KK T R 4 AR T
IKARFR A BRIRARHERC R K , At 3 K AH ., COD |
TN & m o W X 43 pH FERE(E 4K, o0 5.98,
TR YE 1, Zead 3~5 a RR/KHERE) , pH (A AR T %
T 0.06~1, {55 5 B jta AEAH L A B 2 AR Ak, B Ak
b A 3 75 KR K T I - 358 pH A LS N X
GAYDON 287 () i 57 45 SR — 3, A i 40 8 /K it A
(SN)ALBR EC {35 5] T 284.07~361.63 wS-cm™, i
15 TR R AE A B 3 5 R AR A I Y 4 A —
MAEBRKE 2021 4 J 7K I 0 it 3 7K 8 pH (E 34
150 T 2019 4, il 25 W R S B) 0 14 0, 398 pH (B & 134
P, T A S B BT g2 b VR AR K

20194F E 20214
E J‘Vr % a|a
: a a%ab “lafal®
| Ol by
|
I
i A R i R

Panicle fertilizer period

Mature period

Panicle fertilizer period Mature period

HH ] Growth period

[ CNO

[O0CN [OJCON [OSTN [OSN

[0 SRN

B5 AEEE AR T BHERE REE 2

Figure 5 Effects of different treatments on soil nitrate reductase activity in different growth stages
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Figure 6 Effects of different treatments on soil catalase activity in different growth stages

1% WHART]



LA, A5 < AR T K R K [l TR e FH S A 4 e R - S A 14 52 e 223

60 20194

50 -

OF e BT e
LT

30 |F **

20 - d

10

THEWE ARG P
Sucrase activity/(mg-g™'+d™)

B 20214
%—I—
a i b a J‘I:_—I_ %iLJ-—L_%%%

b alalalala|a
®

(e}

TR e

Panicle fertilizer period

Mature period

TR ek

Panicle fertilizer period Mature period

A H W] Growth period

[ CNO

[OCN [ CON [OJSTN [JSN [JSRN

B7 REEFE X LRI T EREE RN

Figure 7 Effects of different treatments on soil sucrase activity in different growth stages
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Table 5 Analysis of the correlations of soil enzyme activities with the microbial biomass carbon and nitrogen , organic matter,

total nitrogen, and total phosphorus contents

AEA) Year T H Ttem JIKIE Urease WHRME Phosphatase fili R iA )51 Nitratase 14 L5 Catalase  FEHH I Sucrase

2019 AR Microbial biomass carbon 0.554 -0.744 -0.538 0.006 0.221

W Y148 % Microbial biomass nitrogen  0.694 -0.523 0.520 0.137 -0.084

A HLE Organic matter 0.355 0.459 0.613 0.432 -0.309

A TN 0.007 -0.393 0.330 0.539 -0.115

A TP 0.056 0.676 -0.188 0.195 -0.9327%

2021 WE YRR Microbial biomass carbon 0.750 -0.308 0.995% 0.208 0.023
W E 1R & Microbial biomass nitrogen  0.297 -0.143 0.034 0.072 0.103

HHLIT Organic matter 0.939%* -0.608 0.907* 0.433 -0.458

A TN 0.161 -0.406 0.430 -0.150 -0.499

LR TP 0.310 -0.367 -0.164 -0.099 -0.705

11 #RIRTE P<0.05 7K 1 i AHDG 5 - 3RIRAE P<0.01 K- B i EAH G

Note: * means significant correlation at the P<0.05 level ; ** means significant correlation at the P<0.01 level.
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