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Dynamics of Nitrogen and Phosphorus in Paddy Field Water Under Agricultural Residue Applications in
Chengdu Plain

LI Han'?, DENG Ou—ping", HU Jia'?, DENG Liang—ji"**, ZHANG Shi-rong'*’

(1.College of Resources and Environment, Sichuan Agricultural University, Chengdu 611130, China; 2.Institute of Ecological and Environ—
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Abstract: Applying agricultural residues has improved soil fertility and thus crop yields. However, little information is available about the
risk of nitrogen and phosphorus pollution caused by agricultural residue applications in paddy fields. In this study, an experiment with three
agricultural residue application rates was conducted to study the dynamics of nitrogen and phosphorus in paddy field water. The concentra—
tions of total N(TN), dissolved total N(DTN ), ammonium(NH;-N) and nitrate(NO3; =N ) under different treatments all reached their peak
values 2~3 days after applying residues, and then decreased rapidly. The concentrations of different forms of N showed no significant differ—
ence between different treatments 21 days after treatments. The concentrations of total P(TP) and dissolved P(DTP) under different treat—
ments attained their peak values on the 1st day after treatments, and then declined. However, TP and DTP significantly increased 5~7 days
after swine manure treatment. In comparison with chemical fertilizer, wheat straw did not have significant effects on the concentrations of
different N and P forms. High rates of swine manure significantly decreased ammonium concentrations and ammonia volatilization potential
in paddy field water, but significantly enhanced P loss. The applications of agricultural residues had no significant effects on rice yields and
P contents in brown rices. Considering food production and environmental risks resulted from applying agricultural residues in Chengdu
Plain, we suggest that under the whole wheat straw returning the paddy field carrying capacity for swine manure per 667 m? during rice grow—
ing season should be less than the amount of excretion by three swines during half year.
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P,0s j‘j 75~90 kg'hm‘z; éﬁ'ﬂﬁlﬁp(KzO /a\'% 60% ) s :J:ﬁ‘é
K,0 7 90 kg -hm™2; i 4 A1 Ry FEAE— R PR A
RIE LA (70% ) ZFEAE(309% ) BTt o[RS, DA
P F R I AR SR A A BR R T g 3, Y
P AR ANIR], S 2E HHEME R 1.5~3 kg A5, fif
AT KRR 18% (K S IRIERG ). & TWIrE)s,
2013 ARG FFIRE 28 5K 55.46% . 4 N 0.68% P05
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Table 1 Design of experiment

g mm  EF s WRee?
g-hm?  kg-hm N P,05 K,0
2013 CK — — — — —
CF — — 180 90 90
Tl 6000 — 180 90 90
T2 6000 11250 1283  (90.7) 765
T3 6000 22500 754  (181.4) 708
2014 CK — — — — —
CF — — 180 90 90
Tl 6000 — 180 90 90
T2 6000 11250 1477  (89.3)  64.3
T3 6000 22500 1154 (178.5) 385

S N EE RSB IEE AR P.Os Bt
Note: Values in the brackets were amount of P,O5 from swine manure

applied.
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Figure 1 Variation of air temperature during 21 d after treatments
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Table 2 Water temperature in paddy fields during sampling(°C)
Jite A J s i) /d
5 7
233 223
235 224
238 221
23.0 223
24.0 23.0
219 224
21.7 221
217 226
223 230
224 227

4y Abp

2
20.9
20.0
21.2
21.2
21.5
20.5
20.7
20.9
20.2
21.1

3
23.0
22.8
22.8
22.5
22.2
21.5
21.6
22.0
21.0
21.8

15
23.0
23.0
22.5
22.8
232
20.7
21.0
20.6
21.0
20.8

21
22.7
22.7
22.6
23.0
229
209
20.7
20.7
20.9
21.1

2013 CK
CF
T1
T2
T3
CK
CF
T1
T2

T3

20.3
20.7
20.5
21.0
21.2
19.7
19.8
20.3
20.0
19.6

21.9
214
21.7
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21.3
21.3
21.8
21.6
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R A SR, mg L TN B A& &, mg L PN 2l
PURLS A S i mg- L PP O UKL 85 5 i, mg - 17,
TP Jy S 75 & ,mg - L DTP Jy Al VA M G 5 ik, mg -
1! |]0]O

1z | Microsoft Excel 2007 1 SPSS Statistics 16.0
AT g A SRR

ZRE5SH

2.1 AENETHEKABES N E55EHFIE
PRI AS LI (5 3 .3 4), HRIK KT
AN R G ES LS Yie b e, Hf PN &
Bt 3 it FH 2 A B84 I3, T3 403 R PN & i i
FE T HABAN L ; 5 CF A5 E, 2 359t FH X FHTRTZK
NO;-N &I #50m . £IEA N 2 40EC L) A

[, 5 CF AbFHAH F, T1 AbFR N &I N 25400 4]
YIC 5, T3 Ab PR 5 2 K DTN/TN \NH;-N/TN

2

52
Hefs)
2.2 AEAETHEKABRES N ZHETL

Wi 2 Jis, T K TN 2 e AR K56 Fp 34
TP S FE s AR AR B, S FRAEE S 2 & 3
d IR FNEAE , Bl F52E R R, SRS 15 d, Rt
FHALEN HTEK TN S 85w T CK A8 ; 2



488 RAIRERFFR EIREEE L]
®3 AELETHEASEES N EE(mg L)
Table 3 Concentrations of different forms of N in paddy field water under different treatments(mg-L™)
Gy Ak TN DTN DON PN NO3-N NHi-N
2013 CK 14.15+2.39d 7.18+0.72¢ 4.28+1.04¢ 6.96+1.82¢ 1.17+0.20b 1.73+0.51d
CF 53.62+15.38bc 37.68+10.72ab 19.67+4.61a 15.94+7.64bc 2.66+0.63ab 15.35+4.30ab
T1 62.68+6.39ab 42.33+4.64a 21.09+2.40a 20.35+2.38b 2.71£0.19ab 18.53+1.59a
T2 50.99+3.77¢ 29.48+2.96b 11.77£0.42b 21.51+1.22b 4.70+1.87a 13.01£1.36b
T3 74.03+£10.57a 32.95+2.47b 21.58+3.14a 41.08+12.31a 4.23+1.68a 7.13+1.29¢
2014 CK 7.22+1.28d 4.08+0.61b 2.52+0.54¢ 3.14+1.26d 0.72+0.38b 0.83+0.30c
CF 53.57+5.63¢ 38.05+3.55a 20.08+2.84b 15.52+2.65¢ 3.95+1.07a 14.02+2.14a
T1 62.52+7.24bc 37.49+10.43a 16.46+3.60b 25.03+3.35bc 4.62+2.10a 16.41+5.67a
T2 68.73+1.23ab 42.26+3.08a 21.73+1.38ab 26.47+3.82b 4.66+1.02a 15.87+3.22a
T3 75.98+10.51a 37.45+3.40a 26.92+4.63a 38.53+10.94a 2.97+0.49a 7.56+1.45b

T RN RSB E A 7 EREE 5%KFT 2257 035, A (B4 8 Uil E B iy~ 39{E. T Il.

Note: Values followed by different letters in a column are significantly different at 5% level. Values were mean values of eight measurements during 1 Jun

to 21 Jun for the year. The same below.

®4 AEGETHEARERES N ZSELLG] (%)
Table 4 Ratios of different forms of N to total N in paddy field water under different treatments( % )

AEAy qb 3 DTN/TN DON/TN PN/TN NO;-N/TN NH;-N/TN
2013 CK 51.32+4.86cd 30.03+2.63ab 48.684.86ab 8.50+1.95a 12.78+5.50b
CF 70.85:8.25a 37.145.29a 29.15+8.254 5.03+0.85h 28.67+2.22a
T1 67.56+0.65ab 33.62+0.59 32.44:0.65¢d 43320.15b 29.61+1.22a
™ 57.77+0.97he 23.12:+0.95h 42.23+0.97be 9.10+2.96a 25.55:2.61a
3 45.27+8.27d 29.90+7.86ab 54.738.28a 5.50+1.35h 9.79:+2.43b
2014 CK 57.40+12.19ab 36.40+13.08a 42.60+12.19ab 9.7243.51a 11.28+2.48h
CF 71.13+2.67a 37.46+3.07a 28.87+2.67h 7.38£1.72ab 26.30£4.01a
TI 59.19+10.42ab 26.15+2.98a 40.81:£10.42ab 7.2743.01ab 25.77+6.51a
™ 61.53+5.13ab 31.65+2.54a 38.47+5.13ab 6.76£1.35ab 23.12+4.89%
T3 49.98+8.63b 35.75£6.50a 50.02+8.63a 3.96:0.77b 10.27+3.49b
5001 4007 T
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Figure 2 Dynamic changes of TN in paddy field water under different treatments
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Figure 4 Dynamic changes of NHi-N in paddy field water under different treatments
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Table 5 Concentrations and ratios of different forms of P in paddy field water under different treatments

g b3 TP/mg-L! DTP/mg-L" PP/mg-L"! (DTP/TP)/% (PPITP)/%

2013 CK 0.4420.25¢ 0.23£0.17c 0.2120.10b 48.69+14.00c 51.31214.00a
CF 1.95+0.30b 1.300.20bc 0.65+0.14b 66.96+3.76ab 33.03+3.76hc
T1 2.77+0.18b 2.1420.12b 0.630.14b 77.30+4.21a 22.69+4.21c
T2 6.24x1.54a 3.88+1.46a 2.3620.74a 60.85+13.46bc 39.15+13.46ab
T3 6.58+0.76a 3.800.5% 2.78+0.18a 57.57+2.67he 42.43+2.67ab

2014 CK 0.360.24b 0.17£0.13¢ 0.19+0.12b 44.48+9.03b 55.52+9.03a
CF 1.4320.59h 0.76£0.32¢ 0.67+0.17b 52.86+1.55ah 47.14+1.55ab
T1 1.8020.70b 1.13£0.50bc 0.67+0.23b 62.55+3.92a 37.453.92b
T2 5.08+2.16a 2.57+1.5% 2.52+0.61a 48.78+11.51b 51.22+11.51a
T3 4.69+1.31a 2.21£0.76ab 2.48+0.42a 46.886.89h 53.1242.67a
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Figure 5 Dynamic changes of TP and DTP in paddy field water under different treatments
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Table 6 Yields of rice grains and N and P contents in brown rice

under different treatments

Wy M hkkgohm® A Rtmgokg B e hmg kg
2013 4 CK 4 806.4+240.7¢ 12.27+0.31¢c 1.67+0.05b
CF 7 498.4+413.6ab  16.67+0.35a 1.90+0.06a
T1 7 282.8+227.4b 15.13+0.60b 1.81+0.07a
T2 7 607+£614.6a 16.33+£0.15a 1.89+0.02a
T3 7 246.1+300.1b 15.33+0.61b 1.91+0.09a
2014 4 CK  4202.1+387.5b 11.82+0.95b 1.41+0.12¢
CF 7 835.7+883.5a 15.66+1.83a 1.77+£0.09ab
T1 6 922.9+461.3a 15.05+0.36a 1.72+0.07bc
T2 7 142.7+869.1a 15.72+0.49a 2.08+0.29a
T3 6 831.3x1 098.0a 15.49+0.78a 2.10+0.27a

T RN RSB 5 A ) T B 22 8 5% AR
Note: Values followed by different letters in a column are significant

between treatments at the 5% level.
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