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Effects of the N and P concentrations in domestic wastewater on the growth, N and P uptakes of rice

YIN Ai-jing"?, XUE Li-hong", YANG Lin—zhang'?, DUAN Jing—jing', HOU Peng—fu'

(1.Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 2.Key Lab of Food Quality and Safety of Jiangsu Province—State Key
Laboratory Breeding Base, Nanjing 210014, China; 3.Jiangsu Synthetic Innovation Center for Coastal Bio—agriculture, Yancheng 224002,
China)

Abstract : In this study, rice pot experiment irrigated with domestic wastewater in different N and P concentrations was carried out to investi—
gate the effects on rice growth, yield and uptakes of N and P. Compared to common chemical fertilizer treatment, domestic wastewater irriga—
tion significantly decreased the concentrations of N and P in the surface water, and the N and P concentrations decreased to the level of ze—
ro—N fertilizer treatment about 70 day after transplant. The growth status and yields of rice was closely related to the concentrations of N and
P in domestic wastewater under normal irrigation without chemical fertilizer input condition. The spikelet number per panicle,1000-grain
weight, and filled spikelets rate were increased, but the panicle number was significantly decreased with domestic wastewater irrigation,
therefore, the final yield showed a decreasion. When the TN and TP concentration in domestic wastewater was 20~25 mg+L™" and 1.0~1.5
mg- L7, the rice yield could be 95% of that with normal chemical fertilizer and the difference was not significant, but the N and P inputs by

domestic wastewater were only 64.1% and 23.2% of normal chemical fertilizer treatment. The N and P use efficiency of rice was enhanced
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by domestic wastewater irrigation when compared to the normal chemical fertilizer treatment. The uptakes of N and P by rice were positively

correlated with the concentrations of N and P in the domestic wastewater, and a positive interaction between N and P in domestic wastewater

was observed. If paddy fields was irrigated with domestic wastewater, a certain amount of chemical fertilizer should be applied during tiller—

ing stage to ensure the high yield of rice.

Keywords: domestic wastewater irrigation; nitrogen and phosphorus; rice; yield
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Table 1 Basic physico—chemical characteristics of the soil used in the experiment

pH BHLFT OM/mg-g” 2% TN/mg-g" 28 TP/mg-¢

SH KO/mg-g" KkL Clay/% W Silv% Tk Sand/%

5.98 22.1 1.52 0.776

39.8 30 34 36
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2 ZWARFKKBR(pHT.56)
Table 2 Water quality of original domestic wastewater in the

experiment(pH7.56)

[ZT 7 [ ol
Chemical composition Content || Chemical composition Content
EC/pS+em™ 424.00 Cl/mg- L™ 62.06
TN/mg- L™ 79.57 SO /mg- L™ 24.13
TP/mg- L™ 11.12 Cu/pg- L™ 53.81
NO~N/mg-1 133 Tnlpg 17 57.41
NH,~N/mg- L 78.23 Pb/pg L 8.56
Na*/mg- L™ 76.24 As/pg L7 2.22
K*/mg- L™ 51.60 Cr/pg L 1.03
Ca*/mg-L™" 31.44 Cd/pg L™ 1.65
Mg/mg 1 5.68 He/pg-1" 0.05
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pot™ Z [l DLE AL IS, S TR 32.1%~
64.1%1) N 1 11.6%~23.2%1] P,
13 H#mRESHH

IKFEEEA AT WA B RR 7~10 d SREE WK,
FAf 22 Skalar Yt 8l 43 Hr A0 5 H K H ) TN TP ¥
JE o R T AN R Ak B R B 22 SRR, AL FH TG 7K vk
JEAAR TR AR FR R T X e Al AR il

TEKAEOCH A B W (S BENE AT B AA0 1  HiRe
T ) W E M = AN BE o U R A AR N 4K AR
BVRPRLRIRSFE , BEA TN 7 520 P LA B R o FPRE
AR AR 5B i o AW 5 B . AEBR TN A TP 5
AW AT FRHETT I E , FHHRBRIR 5 AU4EUK TH A

i, L PRI VA I R PR 4 R o, WA R T D
FETH SRR AR,

IKFEWGRSG , ARk IR 5 5 R IR
T, 3 2 mm 0 W0E AU, 4 TP R
PR IR — e SRR T , WRAH A L kil ™, 13 TN
FRAAR IR 5 R K A LR e AR E

DUIE g 26 08015 7K b NP R IZ80R=, B
RN

R (B ) A& 2% F) FH 2% (Agronomic efficiency,, AEN/
P, kg kg™ )=l A& (B ) XAEY) 7 -5 T X AR
) R (B )

R (B ) WA FH 2 ( Apparent recovery efficiency,
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K H Microsoft Excel # {4 XEE 1748115 >R H
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2 HERES

2.1 AEAEE@EK N PRENZTWL

ASTR] A R FH AT 7K TN 3 B AE 44 7K R A= K 4
(AR LI 1o AR AL R] Y H I ZK TN VR AL 5
R, AR A BRAEREAR S 2 d PYRHREE R 100 mg- L,
BEAR A5 A9 3 d N TN W5+ 10 mg- L7,
RGBS 23 IO IR TRIK TN e AR
fRa /N, ZHEHE/NT 2 mg- L7 5K IE AL B H
7K TN S S 30 N i shny 284k, E Y H H sk
W B frern , WO JS 0 T R, i N AR SR TR B 3
AR N ARRE AR HTA, JE HOR A f5 —E N, A0
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Table 3 The loads of water and nutrients under different irrigation treatments in the rice pot experiment

ST AR AR TOKINHE kTP AN BAP
Treatment Wastewater/L Clean water/l. ~ Wastewater TN/mg+ L™ Wastewater TP/mg-L" N Loads/mg-pot™ P Loads/mg-pot™
NOPO 0 45 0 0 0 0
NcPe 0 52 0 0 1460 235.3
N2P2 39 6 10~15 0.5~0.8 468 27.3
N4P2 39 6 20~25 0.5~0.8 936 27.3
N2P4 39 6 10~15 1.0~1.5 468 54.6
N4P4 39 6 20~25 1.0~1.5 936 54.6
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Figure 1 Changes of TN concentration in surface water under

different treatments
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DL 2. AN [ b BRI] (4 FH TE K TP ¥R 2 AR i
SEPRAESEAE S 2 d WIS 10 mg- L, Z J5 B ¥
TR B DK G XSRS, 2 J5 SOBT E 25
XJ R K TP e AR, 2505 ] /N T 0.2 mg-
L V57K BEBR AL BRI TRIK TP %1 JLF-347E 0.4 mg-
L LUR R K V20K br i, 3 B P AbBE s T
Ik P 4RI AR IS VS K AL BRI T 7K TP ¥ BEAEAE KT
B AR 2/ N TR AN, fEA RS, T
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Figure 2 Changes of TP concentration in surface water under

different treatments
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Table 4 The heights and tillers of rice in different stages under different treatments

¥R Height/cm

Ay BESL Tiller

i B W 115 A T W 1 e
Before tillering fertilizer Before field drying Maturity stage Before tillering fertilizer ~ Before field drying ~ Maturity stage
NOPO 44.3b 60.3b 73.0b 25.0b 25.3b 23.3b
NcPe 49.4a 67.1a 79.1a 32.0a 40.3a 31.7a
N2P2 46.4ab 62.9b 79.5a 25.0b 27.3b 21.7b
N4pP2 47.4ab 62.1b 78.3ab 25.0b 28.0b 23.0b
N2P4 47.8ab 62.3b 75.9ab 24.3b 28.5b 24.5b
N4P4 46.8ab 61.6b 78.2ab 23.3b 30.7ab 25.7b

1 RAR R 2 1 A 25 5 .35 (P<0.05) , R 750 Duncan’s, T,

Notes ; Different letters for the same index mean significant difference between treatments at P<0.05 by Duncan’s. The same below.
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Table 5 Differences of above—ground biomass and yield component of rice under different treatments
Jb3 FEFF iR WAerE £ FEEK TR FREL G [
Treatment Straw/g-pot™ Grain/g-pot” Harvest index/% Panicle number 1000-grain weight/g Spikelet number/panicle Filled spikelets/% Yield/t-hm™

NOPO 60.1a 60.84d 50.3a 23.3b 26.80a 97.9b 98.5a 8.61d
NcPe 75.5a 90.98a 54.8a 31.7a 26.41a 110.2ab 97.5a 12.8%a
N2P2 63.9a 70.84bcd 52.7a 21.7b 27.83a 117.5a 98.2a 10.03bed
N4p2 68.0a 81.59abc 54.6a 23.0b 27.54a 128.8a 98.9a 11.55abe
N2P4 74.0a 80.09abc 52.1a 24.5b 26.84a 121.4a 99.0a 11.34abe
N4P4 69.6a 86.09ab 55.3a 25.7b 28.19a 119.7a 98.6a 12.19ab

N2P2 fhFRAR , HAR IS 0 2 1 T2 FORT IR, 5 i S
X BE DU 22 50 i 2, R N4P4 b K3 12.19 t-
hm?, FA 5 H AL AR XS B (12.89 t-hm™)
2.3 SAGER T OKFEXT N P B9IR U F A

JE HE AL BRI TN ¥ B ey, 1581 16.1 g-kg™,
R TS IH A NAPA 21, J5/K 4 Al kERE TN e i
WHBHEZ T 14.7~16.0 g kg Z[AI(R 6), #f
i N FLEEAT 0.89~1.47 g-pot™, i AR A PR 25, 28
I BRI, ARG KA BB A B 2 5%, J5/K P
WREMIET, & N5 KA B AR N B2 i i T
I N ARH ZEAR N 15K BATE 15K PR EEEE S
SRR TRPRL N R B NIRE T Pk
FIXE NI ARG IFRE N LR . T PR ASFE N
WIS FE N Wi 22 S 350 8. 35 . KA TN LRy
F 1.39~2.14 g-pot™, N ILIRFEEA T 64.0%~ 73.1%,
Ab PRI RAT B2 25 5 A0 R R R R B V5 K Ab B
IKFER N SRR RO 5

WO JE K FEAFRL TP MR AT 2.95~3.32 g-kg™,
Jit JEL Ak 3 2 A A v, 3 R N2P4 b, 5s

Ab PR HA 5 K AL BRI B 25 5 R AT PYRIEA T
1.29~1.54 g-kg™, % Ab BRI AT 0 25 25 57, (HLjite A 41
WA, A T57K B [FIRE PYREETR Rk TP %
SR 5K A N R EE ARG A I m, HaZ275 K
H P R R IR N B A

IKFERFRLAIFS AT P AR 540514 0.20~0.30 g-
pot™ 1 0.09~0.10 g-pot™ Z [0, FPki PR LUt AE
AbFRIR R, 3 T O BRI AL ] . 7ETS K P
W —S AT, B N W B IS KA P AR B
TR N WREEALRE . J5K Pk RN % A
R IkERL P AL R . RS A P BRI BT
Frpr, HA AR 22 R B3 . KRG TP LR &N
T 0.29~0.40 g-pot™, HFFRI A R A2 —3, &
N 5 7K Ab B 3 MU AR AL B 22 SR B %, B Tas
PG B IR N ¥ 7K A 3 20 Rt A A 2, s v
TR, PURIEET T 69.3%~75.9% , £ A0 B
2= F AR
2.4 FSKEBRK N PRI AE

BALFET KFENT NP R AR SEOLER 7,75

® 6 AEGETKBIFHAFEFPRBNSE

Table 6 Nitrogen and phosphorus contents in straw and grain of rice under different treatments

15 H Ttem NOPO NcPe N2P2 N4P2 N2P4 N4P4

¥FKL TN £ Grain TN content/g-kg™ 14.6¢ 16.1a 16.0ab 15.9abe 15.1abe 14.7be
¥R N L2 Grain N uptake/g- pot™ 0.89¢ 1.47a 1.13be 1.30ab 1.21ab 1.27ab
F5HF TN 4+ Straw TN content/g kg™ 8.53a 9.06a 8.70a 7.74a 7.34a 6.79a
FEFF N FLZ Straw N uptake/g-pot™ 0.50a 0.67a 0.56a 0.52a 0.56a 0.47a
TN F12 TN uptake/g+pot™ 1.39a 2.14a 1.69a 1.82a 1.77a 1.74a

N e3RFE %L N harvest index/% 64.0a 68.9a 67.5a 71.3a 69.4a 73.1a
FBL TP & & Grain TP content/g kg™ 3.31a 3.32a 3.01ab 3.29ab 2.95b 3.29ab
FkL P AR Grain P uptake/g- pot™ 0.20c 0.30a 0.21c 0.27ab 0.23be 0.28a
EFF TP & & Straw TP content/g-kg™ 1.47a 1.29a 1.35a 1.54a 1.37a 131a
FEAT P BLZR Straw P uptake/g-pot™ 0.09a 0.10a 0.09a 0.10a 0.10a 0.09a
TP 12 TP uptake/g-pot™ 0.29¢ 0.40a 0.30c 0.37ab 0.33bc 0.38ab

P #4854 P harvest index/% 69.3a 75.9a 71.2a 72.0a 70.2a 75.6a
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IKALEET N A2 F %R 21.1~30.5 kg-kg™', it i
X BRI AT I 25 5% . FETS /K N VR EEM RIS DL T, &
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W EE AL TR N WSR2 TR PR EEAR B, 150K
HEWERY N (W 2E 7 14 T 85.5~169.2 kg-kg™', K N ¥
V5 K AR PR 3 v TR XS B AL P (64.8 kg kg™ ) s 7E
FIFEREHRAT, & P URBETS KA B N A ™ )
W T P YR 5 K Ab 3

BT 15 K iR AR PARM, T KR PR
NAL, KA TR P WA R B T
JEAE XS BRAL I, R B 157K N e B2 A9 5 i i
I, BEAE 157K P U BE A N B SR R AR AR
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2.5 WERE g SRR

ALK A NP A KA KT
BRI o f R A% O 1338 TN F1 TP
TR TAERT 5, R —E TR W
FH A A0 B - 39E TN A TP 2 b 0 T R R,
15 KA BL S H AR P 2 [ 22 R I AN 2 . SR
JEACALBRAH L, B N4P2 AbBRAY 4 3 TN IR &5 1
HRACIEAL RSN, AR T5 K HEIR AL B A 148 N P ik
FEHRIEA , IR A BT TR, o N2P4 b 3
RN RigZ, k%) 3.85 g-pot™ ,N2P2 fi{ kY P &R
e, ik E] 1.19 gepot™ (3 8),{H 5 JL L1 & A b 3
25

XFF 3N kUL, 7RIS KB Pk — 3
PIAAET 157K N U EERR =7 OIS 12438 N ik B A
iy, IR R N dBk . MiEK N RE—2
B, WSk 3 N YR EERETS K PR EE R T R
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Table 8 Nutrient contents of soil after harvest under

different treatments

FEPUEE Concentration of 3 EEI B Changes of

b TN, TP in soil/ soil N, P pool/
Treatment mg-g” g+ pot™
TN TP TN TP
T
J;ﬁ;lti’fﬂ 1.52 0.587 — —
NOPO 1.41a 0.548a 2.03a 0.7%
NcPe 1.44a 0.550a 1.53a 0.74a
N2P2 1.37a 0.528a 3.07a 1.19a
N4P2 1.45a 0.532a 1.27a 1.1la
N2P4 1.33a 0.533a 3.85a 1.09a
N4P4 1.35a 0.545a 321a 0.85a

13 P ERUL, UGRS3 PR EERE TS K Pk
B3I RE 0, B Y5 7K A N v R A 3R T T, BDYS
KA NP ¥ EE B, 13 P R AL

3 1tig

TSRS NP AEEFRUR, MNP XT
KRR A R AT AR D FEREAE AT, 157K B H]
I AR A KA 07 5 FEA L A5 T, 5 T i
KBTI O T KRS 7 et G i 25 R, B A A= 35 75
KA NP BERE BUKAEACAI T, X KA 1 A PR 15
R AUTTEAEREY], AL F T i5K
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Table 7 Comparison of N and P use efficiency between different treatments

T NACERE  NBRRRE N PAORRUIR PUGRURR PR
Treatment AEN/kg-kg™ REN/% PFPN/kg kg AEP/kg-kg" REP/% PFPP/kg-kg™
NePe 26.6a 72.2a 64.8b 69.7¢ 71.7b 170.0c
N2P2 21.1a 62.6a 149.7a 157.4be 127.3b 1114.1a
N4P2 21.8a 45.0a 85.5b 326.4a 403.2a 1283.1a
N2P4 30.5a 84.6a 169.2a 107.3bc 124.2b 596.7b
N4P4 26.5a 36.2a 90.3b 188.1h 198.0b 641.3b
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