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Effects of treated domestic sewage irrigation on ammonia volatilization in straw—-returning paddy fields

LI Meng-yao'?, WANG Xu-gang', XU Xiao—feng', DUAN Jing—jing’, XUE Li—hong*", YANG Lin—zhang™’

(1.College of Agricultural, Henan University of Science and Technology, Luoyang 471000, China; 2.Key Laboratory of Agro—Environment
in Downstream of Yangtze Plain, Key Laboratory of Food Quality and Safety in Jiangsu, Institute of Agricultural Resources and Environ-
ment, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 3.Jiangsu Mudflat Collaborative Innovation Center of Biological
Agriculture, Yancheng Teachers University, Yancheng 224002,China)

Abstract: In this study, a soil column monitoring experiment was conducted to assess the effects of treated domestic sewage irrigation on
floodwater ammonium (NH:—N) and nitrate nitrogen(NO3—N) concentrations, ammonia volatilization (NH;), and paddy yields in straw—re-
turning paddy fields. Treated domestic sewage significantly improved the NO3—N concentration and the pH of floodwater, and also signifi-
cantly improved the rice yields, plants nitrogen uptake, and soil urease activity. Compared with tap water irrigation, treated domestic sew-
age irrigation significantly decreased the cumulative NH; emission by 35% without nitrogen fertilizer application; while it increased the cu-
mulative NH; emission when nitrogen fertilizer was applied with the same N input. The yield—scale NH3 volatilization losses were decreased
with the use of treated domestic sewage irrigation due to the improved yield. Thus, treated domestic sewage irrigation in straw-returning
paddy fields can not only reuse and purify wastewater, partially replace nitrogen fertilizer use, increase paddy yields, but also reduce the
yield—scale NHj; volatilization losses, which is promising for rice production and environmental emission.

Keywords : ammonia volatilization; straw-returning; paddy fields; nitrogen uptake; treated domestic sewage irrigation; pH
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RAE RS RE A R M Sk ER, M4
DRI 45 R A0 R 2R 2R o e it &0 2 9 9%~40% . 24,
FERALEAR T A Z R R, P @B A DSR2
fiff - HEANTRERIR R =, DTG /K A4 & 8 3R Ak A
HIERR ARSI BRI REZ A fE X,
IR RS L E W, AL ARy —Rhik B
LAl R0 A T P BRVE R L iR T L
Tt A HLTR S5 1 SRR R s i 2R L R a8 s 1% i 208
N AR TR AR MOKREYI A RAR
GG R AD LA  FEFF A B AT 3G 0 4 S5 IR il 1%
P AR DR PR 2 A K i TR K NHG-N R S, &
SRS H A5 R HERC N, SRS FE AN AR H, R
FH 3 fin 24 4% % 18.29%'

KU e R AR IR ) A R EA B (]
— gl K SR K IR B EEFE R T K
2017 ARV FH 7K 2R 3.8% 10" m®, A /K Ay
62.32% , A4 AT 3x10° m? B FE K B 19, Ry —
Fft R FE VIR, 38 2 CREE V5 K AL 75 Y HE bR v )
(GB 18918—2002) [ E 15 /K K A& A FEER
R TR ML S5 B AR ORI 1 3R 4,
W AR R R K IR, ELAT ARG R T AR Y
Hers, FLR 32 DI RR I, 2 A% oAt 5351 Bl A i el
FHK 5k R0 K 9% 666 i 7 323 30, AR TR K R
F & AR R A EY IR AL 43, A 1 V5 K W] LA
$5 v I R T 4 T R 2T 44 250 T SR, Hop
LT Y FR A3 A R TE A E RS TS o it v e 5 DG B
T 2% fift DR R P48 FH i - 398 20 3% [ 5 Pir s it 174 47 T
SO, TR S AT R BOR A AR 2 1 A 1 T K
(LA NHE=N 2 =) 76 e FH T [3AEG FH 17 2K TN R 5 da
Fonseca ZE {58 2 B, {5 /K HE R A B i 17 4 3 4
RO, A AU ER SRR T e AU . R
P AR 5 e B A FF A FH AT R P T 2K NHE-N ¥
B, AR A A 3t T 7K IR AT R I FH AT 7K NHE-N i
JE U0 Fe R K 28% o Ik bR HETM A 15 15 K R
ARKH T R R B NOS=N o A 15 75 7K R 7K T X
Rl A4 FH RS FH 22045 8 2 5 A AR Dl HE RO, B Rl
AVERE . AR SCGH B AR SR, A TR TG K
JFE 7K R X A P 2 HE R HE s e, DA R AR TR
KB K B A BRI PR 2

1 METTE

1.1 iR Be R
IK B Z AR 5256 T 2018—2019 AR 1R VL 7144 4l B

2B SRS KA P AT o AR UK R RPN R R 46 5
At 1 S MR KRS £ BUE TR AIRE H JE A
PRALME R N BV 172 g kg B 0.54 g kg AR
1 23.09 mg- kg™ A 159.28 mg- kg AT HLIE 29.2
g-kg' pH 5.90, %%k H 4% 30 em, & 50 cm, 2% A 35
kg 7K G £ BEAAR RN 3 /0, B 3 bk . AR 15 /K B
JKEE B BTG K AR B K T 15 K AL B 3R
K AYO M T2 R K SEA AL 5 R« R 9.12
meg- L VAR 1.28 mg- L' AR 6.49 mg- L' B #E
0.03 mg-L™" .pH 9.85.
1.2 X3 ig it

I 6 Kb FE - FEFTF AR H +38 K I+ A it
FNEAL L (TNO) , FEFF AN A FH +385 7K FE Bk + it 2008 A 2
(TN1) , 5 FF 34 FH + 3 7K WE + AN it Z B AL BE (STNO)
T FFAAS FH + 375 7K 98 B+ it U IE AL B (STN ) , A5 FF 34 H +
A TG K R K TR + AN il ZZUIE b B (SWNO) |, RS 38
FH -+ A= 146 75 7K R /K Tk + it 508 A B (SWN D) o B4
AbPRE 3R E A

B AN it SR A FE A | oAt A R LR UE AR 2 B AR A
—5, 7240 kg N-hm™?. FALFT ALK IR i 7K
VR TR Ak 4 R < B < BRI =32 31 4 11 EL 451 3 ) i
Ao AT 5 7R K T A I IS R o 9 K
TR A 3 — 3, BERE RN AR 19 S P R 28 it P 2 75 Bk
IRHE AT A UL o R U I = i e K R
JEE | AR Al P T A T AKHE R T AL, B
i B ML B PR 2R A LR Rt A5 b B3R FLAR A A
T 00 L3R 1o BT A3 Kb BB I8 & — 350, 4 P.Os 65
kg-hm™ K,0 100 kg hm > /EJiE AL — Uit A  BEAE BT
FHERL Ay 2ot 5l R 45 it Jon ot o0 5 25 3.28 o, B AR T
NEAL R EALBR, i A 1,12 g0 FEFFIE H 4%
INFZ P HE 6 000 kg - hm ™, AR AE $10.35 1153, i H i
279 450 kg-hm™, &5, B8 HFSHF 66.76 ¢, f
RIS HEA R . KM HI BENE 45 5 OK A
Ay BEI S P T 2Z 8) ) R T, AR s [ 48 R4 2~
5 em K2 KRS
1.3 HERRESNE
1.3.1 &5k E

SR R FH 4 A X ] R 7 — B T R g i i
EWE . BUGEALS 7 dNELR HilE . 2L
H At 2R B2 15 6] 24 8.:00—10: 00 A1 13: 00—15: 00 4~
B 4 b, 3 5 0.01 mol - L HLSO, 1 <& 0 iR 15 31 24
YE& B HEGE i, 227 & BRHERCRE 23k H HE
T2,



ARSI, 5 K R R TR L 2 1625
1 ERBEREREFNER (kg-hm™)
Table 1 Nitrogen application of each treatment (kg+hm™)
FEHE I Basel fertilizer BEALIY Tiller fertilizer FEHEI] Panicle fertilizer
A3 - = = St
Treatments AL A S 15K AR AL ASL 15K AR PEALA A 15K AR Total N
Fertilizer N Sewage N Fertilizer N Sewage N Fertilizer N Sewage N

TNO 0 0 0 0 0 0 0

TN1 72 0 72 0 96 0 240
STNO 0 0 0 0 0 0 0
STN1 72 0 72 0 96 0 240
SWNO 0 6 0 12 0 8 26
SWNI1 72 6 66 12 76 8 240

1.3.2 A 7K NH;=N \NO3—N Fl pH )il 2

T AR BIERENE S — R N, B H R F 17:00—
18: 00 F 50 mL %} % BCAE I HH T K 9 2 0%,
W >~ SKALAR SAN** SYSTEM il i /K £ NH ;=N #l
NO+N. MK pHAdH pH3310SET2(FE ) JFALE .
1.3.3 A PR B 3R 0

IR T S WS B0 B K AR R 25T
A3 T R B SR e DR R B K R R
RS AR, L ZOL I E fE AR B A S i Tk
T B B A 245 o 5 R FH = 5 BURR V5 4 0~20 em 73k

3.0 1 a At AL B
BF

B R SRS T R B AN - R R AN L £
DI AE - SRS P
1.4 BiEs S5 RE

{8 F Excel 2007 F11 SPSS 17.0 #AF % #4864 143
B AR FE . R A Excel 2007 #E47 R F 4 . R
Duncan JEE1 728 5Pk HOAsE

2 HRE5HMH

2.1 HTMEK NH;-N #1 NO,-N Zh7s 3%
A A TR H T K NHE =N 3 BE 28 Ak 1 3 W1 1.

251
-&- TNO
2.0 —& STNO

-@- SWNO

NH:~N/mg- L™
&

FH T 7K NHi-N Ve
=

The floodwater concentration of

@

TF | PF

~—I

o

1 2 3 4 5 6 17

90 [ b it AL £
BF

14 15 16 17 18 19 20 45 46 47 48 49 50 51
IKFEREHR S5 T EL Days after rice transplanting/d

—1

= | TF | PF

g 5[ o TNI
S - STN1
¥, 60F -O- SWNI
z &
LEP
ZSS 45t
Z57%
SEZ gl
Esz 30
=

=I5t

=

0

1 2 3 4 5 6 7

14 15 16 17 18 19 20 45 46 47 48 49 50 51

IKFERE LS5 K EL Days after rice transplanting/d
BF TF Fll PF 73 5373 g /K RS R AR I0] BEAC I ANREALIY . B2 FOR 3 EAL A SD A (n=3) . T[]

BF, TF and PF were represented for base fertilizer stage , tiller fertilizer stage and panicle fertilizer stage of rice , respectively. The error bars represents the

SD value between three replicates(n=3). The same below

B 1 AEAEAEKNH-N B

Figure 1 Dynamics of NHi=N concentrations in floodwater under different treatments
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ANTit B A b FHFH TG K NHE—N v B 15 45 435 78 541
JKAF, TNO Ab HE 17 7K NH3-N ¥R 5 7E K Rg % 4% 05 2
W TR 5 20 d Bk B0 g A T SWNO Ab B Ifif
7K NH:-N ¥ B 46 Z AR R P RUIRAS KR AR 5 20 d
f FH T 7K NHG-N 3% & SWNO 4 F H STNO Ab BRFEAR T
1.51 mg- L™, B MR A 64% . Jiti il 200 19 45 Ak B HH i 7K
NHi-N ¥k B3 28 5 TR AR A B8, H 34 7e e e
1~3 AR FN M . BERAE T H 1 7K NHG-N S0 5 (£
2) A {E B 2 v 1 2 AT S A AR AE 0, 55 TN T A A
Lt , SWNT &b PR AE JE A 409 4 3 RAIK 17 7T 7K NHG-N (%)
SR (H AR BENE A 0 25 4R T B TET K NHE-N Y
SR8 R, HLFH T K NHG-N 04 {8 HE STN T Ab B4R =
3527 mg L',

i 2 AT DUA ), HTE K & DL NHG-N O 32
NO;-N ¥ B SRR, AL 5 mg- L' AR EIE T
T 7K JHE BE AL 35 (TNO A1 STNO) H i 7K NO3—N #e J& ¥4 78
IKFERAR 1 d 5 IR B i w0 A, B S K e Ak 4 d Js
R A%, 15 TNO AL FEAH EE , STNO 4 #H AT i NOS-N ¢
FEWEAR AR 0.64 mg - L™, FEHE A 35% ., SWNO AbHi H
[ 7K NO3—N ¥ B 7E K g #8 4k 5 18.20.47 d i Bl
{8, 43575 T STNO 4bFH 1.85.3.97..0.99 mg-L™" . B
Jite JFF) 38 5 B v T R AR A FH 3 K R A B FH AT 7K NOS—
N ($3) . SHEAT L 5 K HEME AL FEAH e , SWNO
FTSWNT Ab BE5 i 25 2 55 T FH AT K NOS-N ¥R B 51H
Jrp STNO A0 FE 3 A4 A 13K Bl 25 /K F , STN T Ab BE7E
S BERA TR B i /KT 5 STNT AR HE 2.68 £5(F23) .

£2 AEAIE TAEAEHE A 7K NH;-N F 43R E (mg- L")

Table 2 Average NHi—N concentration in floodwater in different fertilizer stage of different treatments (mg-L™")

A Treatments FLAE W] Basel fertilizer BEAL ] Tiller fertilizer FEAL T Panicle fertilizer I{H Average
TNO 0.47+0.01¢ 0.90+0.05¢ 1.26+0.06b 0.88+0.01h
STNO 0.40+0.00¢ 0.97+0.01¢ 1.23+0.02b 0.87+0.00b
SWNO 0.36+0.00¢ 0.73+0.00¢ 1.22+0.78b 0.77+0.00b

TN1 12.92+0.51a 14.21£0.51b 7.37+0.78a 11.50+0.44a
STN1 12.71+0.47ab 15.82+1.02a 6.54+0.31a 11.69+0.43a
SWNI 11.88+0.33b 16.22+0.52a 6.52+0.30a 11.67+0.08a

T A SUAN ) NG BRI AR SR 22 55 ik 25 (P<0.05) . Rl

Note: The different lowercase letters in a column indicate significant differences among treatments at P<0.05 levels. The same below.

7
= — BF I
£ Ol mTNO A STNO - SWNO
Eﬁ 5+ O-TNI &= STNI  -O- SWNI
=24
o
Tob 4y
S s
Zz7 3
ELZz 2
=2
T Iy
=
0

5 6 7 14 15 16
IKFEFS AR S5 K AL Days after rice transplanting/d

E2 RELAEBHEANO-NKRENEEZTN

Figure 2 Dynamics of NO3;=N concentrations in floodwater under different treatments

TF |

17 18

%3 ARE4LE TR REEB®EANO-N EHIRE (ng-1L™)

Table 3 Average NO;—N concentration in floodwater in different fertilizer stage of different treatments (mg-L™")

—

19 20 45 46 47 48 49 50 51

Jb P Treatments FEAC ] Basel fertilizer BENOH Tiller fertilizer FEHEH Panicle fertilizer HI{H Average
TNO 0.56=0.10hc 0.12+0.03b 0.08+0.02¢ 0.25+0.04h
STNO 0.22+0.04d 0.16+0.02b 0.09+0.01bc 0.16+0.01b
SWNO 0.610.01b 1.04+0.13a 0.40+0.13a 0.68+0.06a
TNI1 0.83+0.06a 0.70+0.18a 0.3720.0 a 0.63+0.08a
STN1 0.3820.07cd 0.22+0.04b 0.3120.04ah 0.3020.05h
SWN1 0.4520.05hc 0.81+0.18a 0.37+0.10a 0.54+0.09
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2.2 HEKpH

25 b FE TR 7K pH 20 2 AR A 50 U & 3, T 7K
pH BE/K RS AR I [a] 2 2 T e Jo B AR a4 it ZUNE
AT HE 1 i 7KV IR A L AT K pH, TN T STN T A Bl 4%
A HE B FH T 7K pH 4391 B TNO A1 STNO 4G 2 55 0.13
F10.14, 55 Ko AN &AL XS A T 15 7K BBk
HEMEAL B AN 2 . O R A /e, AR
JK R K HE AL BRI TR 7K pH ZEK RSB AR S 7 d N (BEHE
19) 35 B 3 TR FRA B K AR PR (R 4) .
23 SELHINEE

AL FR 5 2 HE ol 1 s SRR B WK 4. TG

8.6

VR AT 75 148 FH it o1 20 A 25 £ofF 45 Ach #2442 2 HlE
T BE AR A A PR AR A HEGE R
TNO 4b ¥ 245 K HE G B 70 SENE IS 1 d ik 31 e 0
{BL, 1T STNO FI SWNO &b B 43 7E it B LS 2 d 13 d ik
FHE R AU . 5 TNOALHEAH Eb , STNO Ab B A 1
e FH 204 2 HESGE &, TNO T STNO A B A& H R
W EIE S 54 1.04 kg N-hm2+d ' F10.89 kg N-hm™-
d'. 5 STNOKLFEAHH: , SWNO ZbFR 4445 & H HECS
B T 19%, 7 0.72 kg N-hm™-d™", JAUIE T % 4b 5
e 556 3 d Ik BIWEAE , Bl 5 2 W PR A, TNT,
STN1 FI SWN1 &b 3 24 4% & H HE 18 73 0 8 3.78.

TF I PF I
ga & TNO -4 STNO -@- SWNO
o -0 TN1 & STN1  -O- SWNI
£
%3 73
EZ 7
=%
=
7.4
7.0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J
1 2 3 4 5 6 7 14 15 16 17 18 19 20 45 46 47 48 49 50 51
IKFERE )5 KA Days after rice transplanting/d
B3 ARE4EEEKpH ZZEEN
Figure 3 Dynamics of floodwater pH under different treatments
F4 AEALIET A E B HE KT pH
Table 4 Average pH value in floodwater in different fertilizer stage of different treatments
Kb F Treatments AL W] Basel fertilizer HEAE ] Tiller fertilizer FHAE ] Panicle fertilizer H4{H Average
TNO 7.38+0.06d 7.48+0.07b 7.38+0.02ab 7.41+0.04¢
STNO 7.49+0.01cd 7.65+0.04a 7.34+0.07b 7.50+0.03b
SWNO 7.86+0.02a 7.63+0.01a 7.43+0.02ab 7.64+0.02a
TN1 7.54£0.05¢ 7.62+0.04a 7.47+0.01a 7.54+0.01b
STNI 7.69+0.02b 7.75+0.02a 7.47+0.04a 7.64+0.02a
SWN1 7.84£0.02a 7.75+0.02a 7.46+0.01ab 7.68+0.02a
301 . X
——  BF | PP -—]
= L
g B & TNO —A STNO  -@ SWNO
_gT 20k -0~ TN1 -4 STNI -O- SWN1
i
=
HEE I5¢
ez
Wz i0r
E
g 5F
< N
0 : =0 e , .
1 2 3 4 5 6 7 14 15 16 19 20 45 46 47 48 49 50 51

IKFERE AR IS KAU Days after rice transplanting/d

B4 FRAESIFELZHMEE

Figure 4 Dynamics of NHsvolatilization fluxes under different treatments
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3.45.3.94 kg N-hm™-d™", 5 TN1 L #AH L, STNT &b 3
& B HEBAERFAR T 9%, 1 SWN1 AR5 &
H HERCAE L STNO AL HE T T 14% .,

EGHEAE A Eb , BERE S A il 20N Ak 3L 1 S 4
JifC 3 i — B R TE AR /K . TNOLSTNO ., SWNO 4k
PR 4% & HHF (5397 0.38.,0.36.,0.22 kg N -
hm™-d™", SWNO &b B H, STNO &b BEFEAR T 39%. 5 A
Jiti A EAH L, BERE G NS A S T A B
HEfGE B, IR BEAR G 26 1 d ik B sAE , Hodh SWNT 4k
PR, M 24.53 kg N-hm™2-d™", F STN1(8.46 kg N -
hm2-d™) A TN1 ZEBF (18.26 kg N-hm2-d™) /3 542 5
T 190% F134% . SWN 1 Ab B G445 %% HEHCHE &7 it 5%
NE 2 d J5 G PG, Bl S YR T STNT AT TN AR 2

TK e E AT A 1) 5 i HlE TS A R R EE I
WA FrFEAK . ANt ZUIE AL BETR , TNO L STNO 1 SWNO
b R A2 5k HEICGE B H 38 4 51 R 0.30,0.58,
0.25 kg N-hm2-d™", 5 TNO &b B AH Lt , STNO 4b B 45
¥ H HE L E 38 i T 93%, i SWNO 4b B 0 e
STNO &b ¥ ) 284 & H HECAMEFEK 57% . it A Ak
R, SWNT Ab P22 45 & HEilHE i Tl 55 1 d ik
FIHE AR, TNT AT STN T AL HRE 72 AR 2 d Ji5 ik 2 HE
THCUEAE , SR JE B AR . it 260 T 5 A #2035k H HEK
i (E DL SWNT Ab PR A 5 (2.29 kg N-hm ™ -d ™), H:
S TN1 AR B (2.26 kg N-hm™2-d™") , 1fif STN1 &b i %
f(1.77 kg N-hm2-d™"),
24 SEEZRRHME

A PR e RARHECR AR 5. it i 2UIE
HHeE T KRR Ik RGN 23
A2 TNO 4b BE4E & T 6.15 fi5 , STNT Fl SWN1 &b B 4%
STNO F1 SWNO &b 3735 42 5 1 3.92 4% (6 /K HE B ) 11
8.70 f5 (A= 1E 15 /K BAKHERE ) . AHERIET , TLigTE K
I R K R, R FE I T8 W, 245 e R AR HE
P RE RN, 5 STNT AL PRAR b, SWN1 &b PEAE 5L
JIE S99 BN S AR e B s R AR

oA B A 3 KO A A N R S
IR AN T 28.6%.
2.5 KkfEFE AR EEMFERELHINE

A S5 RUE I A5 1F T, R AT B e K R ™ ol 2
FEAR T 15%. Joit s it UL , 55 i K E e AL 35 AH
Eb, A2 16 5 7K R K I 3 K R e B R
SWNO AZbHE AT SWN1 4bH 4351 Fb STNO Fll STN1 Ab 3 i
FHEE T 94% F134%(P<0.05) o

FETF KRR A & SRR TR
S R HECER: , IR it A B R R
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x5 AELEMEIER RRHMENZIE (kg-hm™)
Table 5 Cumulative NH; emission in different periods of paddy season(kg+hm™)

Jb P Treatments AL Basel fertilizer BEAEIY Tiller fertilizer TEREH] Panicle fertilizer S Total
TNO 7.25+2.70b 2.68+0.77¢ 2.13+0.98b 12.05+4.39¢
STNO 6.21+1.42b 2.51+0.66¢ 4.0720.30b 12.79+2.26¢
SWNO 5.04x1.11b 1.5320.10¢ 1.7720.39b 8.34+0.74¢
TN1 26.43+3.98a 43.97+3.19a 15.8220.60a 86.22+4.22a
STN1 24.15£1.37a 26.33%3.56h 12.42+2.51a 62.90+3.73b
SWNI 27.60+3.63a 37.2744.52a 16.02+2.69a 80.89+8.92a
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The different lowercase letters indicate significant differences among treatments (P<0.05). The error bars represents
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Figure 5 Effects of different treatments on nitrogen uptake of plants
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Figure 7 Correlation analysis of ammonia volatilization flux with NHi=N concentration and pH of floodwater
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Table 6 Rice yield and yield—scale NH; volatilization losses

fbam IR it P A R HE
Rice yields/ Yield—scale NH; volatilization losses/
Treatments o o
g-pot g-kg
TNO 79.99+4.67¢ 1.03+0.33be
STNO 71.40+3.00¢ 1.53+0.25h
SWNO 138.42+10.28a 0.43+0.05¢
TN1 132.43+3.45a 4.61+0.31a
STN1 112.23+6.42h 3.99+0.37a
SWN1 150.71+£3.22a 3.80+0.43a
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