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Effects of Reducing Nitrogen and Phosphorous Fertilizers on Rice Yield, Nitrogen and

Phosphorus Losses in Paddy Field

TIAN Chang', ZHOU Xuan®, YANG Junyan®", SHI Dunjie', RONG Xiangmin', XIE Guixian', PENG Jianwei'

(1 College of Resources and Environment, Hunan Agricultural University & National Engineering Laboratory of High Efficient
Use on Soil and Fertilizer Resources, Changsha 410128, China; 2 Soil and Fertilizer Institute of Hunan Province, Changsha
410125, China; 3 Hunan Hualii Ecological Agriculture Development Co., Ltd. 411100, China)

Abstract: To explore the effects of reducing nitrogen (N) and phosphorus (P) fertilizers on rice yield and runoff losses of N and
P in paddy fields, a field plot experiment with different fertilization was conducted from 2016 to 2017 in the rice-planting area of
Maoli Lake, the yield of rice, the variation of N and P in surface water, the runoff losses of N and P, and the use efficiencies of N
and P fertilizers were monitored and compared after fertilization during the rice-growing period. The results showed that the
concentrations of TN, NH;-N and TP in surface water of paddy field under the treatments of conventional fertilization (CF) and
organic-substitution of 20% fertilizer-N (0.8FN-+0.20N) peaked rapidly after fertilization, and then gradually decreased. However,
the treatments of controlled release fertilizer with reduced N reduced effectively the release rate of N, and its N loss in surface
water was much lower than that of CF treatment, and TP loss under the treatment of reduced P fertilizer was lower than that of CF
treatment. Compared with CF treatment, from 2016 to 2017, the treatments of 20% reducting controlled release fertilizer-N (0.8N)
and 20% reducting controlled release-N fertilizer + calcium superphosphate-P (0.8NP) increased meanly the yield of rice by
5.55% and 3.22%, N accumulation by 19.01% and 13.66%, N fertilizer partial factor productivity by 31.94% and 28.83%, N
fertilizer agronomic efficiency by 47.52% and 33.75%, N fertilizer recovery efficiency by 95.30% and 73.31%, repsectively.

Compared with 0.8N treatment, 0.8NP treatment increased mean P fertilizer partial factor productivity of rice significantly by
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22.08%. Compared with CF treatment, 0.8FN+0.20N treatment reduced P accumulation and P fertilizer recovery efficiency by

11.14% and 36.04%, respectively. In conclusion, reducing controlled release N fertilizer and/or P fertilizer can not only ensure

high and stable rice yield, but also effectively reduce the runoff losses of N and P at the initial stage of fertilization in rice field.

The fertilization mode of reducing controlled-release N fertilizer can be adopted in order to save the cost of agricultural

production and control the non-point source pollution.

Key words: Reducing nitrogen and phosphorus; Rice; Fertilizer use efficiency; Runoff loss
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55 CF AbFRAIEE, 0.8N 1 0.8NP Kb /K Fekrhr 7= >
N 8.29% A1 5.35%, ifii 0.8NP AbHfi4 0.8N kb
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Fig. 1 Rice yield under different fertilization treatments

2.2 KIEEBERUWF A

M1 %% 1 A1, 2016 4F 0.8N 1 0.8NP £b3 N %
ZHESHBEET CF A 30.74%. 18.99%;
0.8NP 4b#f P 2 SHFLEALT CF 1 0.8N &b, {H2=
SRR FE ., 0.8N AFHAI 0.8NP AbH Y ATk A= 77
=T CF AbBE, 23050 i 4 & 35.37% F1 31.31%;
0.8NP Ah 38 AL Al £ 7 ) e e, o 2 = T CF A1 0.8N
AbFE; 0.8N A1 0.8NP AbH i AE Al A= 7= J1 %% CF 435
LT 8.29% F131.30%, H. 0.8N &b F @ A f A= 7=
B E T CF AbHL,

R1 EHEEANE T KFE R 2 RI R F AR
Table 1 Uptake and utilization efficiencies of N and P by rice under different fertilization treatments
Ay pusil Iy B (kg/hm?) HEHH i 4= 7 1 (kg/kg) RERHA 22 F % (ke/kg) HERH R H 2 (%)
N P N P N P N P

2016 CF 121.52b 39.82a 53400 240.32 ¢

0.8N 158.88 a 41.61a 7229 a 260.25 b

0.8NP 144.60 a 37.51a 70.12 a 31554 a

2017 CK 98.13 ¢ 31.50 ¢

CF 133.01b 45.61 a 52.07b 23431b 8.06 ab 36.27 ab 19.38b 3527 a
0.8N 14597 a 45.19a 6691 a 240.86 b 11.89 a 42.82 ab 3322a 3423 a
0.8NP 144.08 a 42.60 a 65.79 a 296.04 a 10.78 a 48.49 a 3191 a 34.67 a
0.8FN+0.20N 131.86 b 40.53 b 50.60 b 227.69 b 6.59b 29.65b 18.74 b 32.56a

T RP/NE PR R R R — 40 A R Ab BRI 25 5 1 P<0.05 B35 /K-
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89.04% , B MEJE 43 A FEAR 79.64% FI 78.94% .
0.8FN+0.20N 4h ¥ jife H 3 J5 FE AR5 TN P X3k B
A3 5M 33.07 mg/L Fil 36.48 mg/L, AL CF 4b
AL
2.3.2  Hfi7K NHy-N ¥ WK 3 iR, 2016 4F
CF 4b #ifi FE AL J5 H 1 7K NHy-N ¥R BEF 25 1 Kk
FWEAE (57.52 mg/L)Ja TR, B ALJE ik 8 g (E
(53.04 mg/L). 0.8N Fl 0.8NP 4b B SLAC 5 H i 7K
NH,-N W EEZ 8t 5 JBJEJE NH,-N W BE RIS 22
1 TR, 0.8N. 0.8NP AbFH NHi-N ¥ ¥ ¥ 76 i i
MBS 9 KikF|IE(E(4.98, 5.08 mg/L). 0.8N.
0.8NP Ab Hit FEAL f5 NH,-N ¥ 45 CF 4b B 43 71| A%
94.08% ., 94.08%, BALSS 73 HIFEAK 86.36% . 85.94%.
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—<— 0.8FN+0.20N

80 20174F J
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Fig. 2 Changes of TN concentrations in surface water of paddy fields under different fertilization treatments

2017 4F CK AbFH NH-N ¥ & — B A T HARK -
(1.17 ~ 1.68 mg/L)., CF 5 0.8FN+0.20N 4b Bjifii ft! 5
NH;-N AR -2, HTHEIEES 1 Kik
FNIE(H(45.79, 37.56 mg/L). BALJEEH 1 KIGAF| I
{E(44.20.50.75 mg/L). 0.8N F1 0.8NP 4bHjiti F AL 5 ,
FH 7K 1 NHg-N iR BEZ @i, GBS NHa-N W

BTG 2818 R4, 0.8N ., 0.8NP b3 KA J5 NH;-N
SERIMREERE CF PSR HIREAR 91.02% . 90.20%, i
JEJ5 43 I REAIG 82.04% ., 81.57%.

2.3.3 MK NO,-N kB WAl 4 ok, 2016 4F
CF 4b¥ NO; -N 7EHtE FENE 555 1 RiRfiK(1.21 mg/L),
b J 2202 B TFGBAE 7 dJ5 T 1.84 ~ 1.92 mg/L,0.8N
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Fig. 3 Changes of NH3-N concentrations in surface water of paddy fields under different fertilization treatments
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Fig.4 Changes of NO;-N concentrations in surface water of paddy fields under different fertilization treatments

2.3.4 HTE/K TPWREE WK 5 Fis, 2016 AL
JitiFHJS CE. 0.8N F1 0.8NP b B [ [ i /K TP #e
[ 1 K H BLIE(E (0.16, 0.16, 0.12 mg/L), BT
T HEXT P A [ E MUK RO, Bl B RS
MK TP WREEZ T NI, e LGS 9 Kik
FNEOE . WA CF AbEE i /K TP R E A 0.05 ~
0.16 mg/L. 0.8NP 4bFH# CF. 0.8N 4ZbPfH 7K TP
WAy BIREAG 23.91%., 28.72%. JEACJE4S 1 K, H
THI7K TP ¥R BEAT P o 3K 2 Fh Tt B4 s 3R i 135,
sy P WS I e A IRk, WK P
W BETH R o
2017 4 CK AbF TP ¥ FE A+ FAE AR (0.04 ~
0.06 mg/L), CF. 0.8N. 0.8NP 5 0.8FN+0.20N 4t #f
HTIK TP ik B AL — 3%, et 5EI0 5 BRI (E
(0.17. 0.17. 0.13 F10.18 mg/L)J5, ZEH&FEM%. B0
JEH 1R, FRAALBEM K P WA I Wl P

AEFREAR S, K TP WREEHIR TR, 0.8NP AbHE
MHRiZK TP ¥ % CF. 0.8N 5 0.8FN-+0.20N Zh 343
B % 24.55% ., 20.79%. 24.73%.
235 FEofidkE mE 6,5 CF AR L,
2016 4F 0.8N AbFEAF M HIHE 7K TN, NHs-N. NO; -N
AR A 69.08% . 70.61% ., 60.23%, 0.8NP
AL FEAY FIREAR 70.14% . 71.80%. 54.94%. 0.8NP /b
TP 2R HL CF AbFEAL 18.40%, 5 0.8N 4k
P2 R

5 CK 4bFEAHEL, 2017 47t 0 A0 A BR AR H H
7K TN, NH;-N. NO,-N. TP f&Jitit g/ mibihn 2.37 ~
12.20. 1.28 ~8.10. 0.40 ~ 1.18., 0.009 ~ 0.016 kg/hm’.,
5 CF 4bBEAA EE , 0.8N AL FEAR HI H KAk TN
NH;-N ., NO;-N . 435I 70.19% ., 74.34% ., 52.08%,
0.8NP AbFH 7 HIFEAL 69.83%. 73.55%. 48.29%,
0.8FN+0.20N Ab3H 43| FEAR 47.22% . 47.43% .
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Fig. 5 Changes of TP concentrations in surface water of paddy fields under different fertilization treatments
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38.61%; 0.8N #l 0.8FN-+0.20N AbFEFF M FHfi/K TP
RVAR I A S0 2.73% F1 8.43%, 0.8NP Kb H A
5.14%. LB RIS B RE A SRR ARRE I N Rk,
T AT o it FH B A AU AIRRS L P 3Rk, TAE N 4%
P, APUIERARACAEH , W N Rk,
H¥EIN P R H,

3 i

31 HRRRERAXKESE. ERFAEEH

HE7Ak N, PiREp=mm

it N 2 52 0 A FH 7K NH-N AT TN #REE 1Y)
FEEFU it N N K N FkE, H
B N AU IR B NT LB, P
TR0 SR FH T TR /K TN MR B R AE AR 24 H ik e
s TR, FEACEMAE 7 d 52 TRaE, B
FEREAL 5 d JE i TR . i N 5 1 s 15 d &
B 1A% FH K N2 R Ok i SRt 519 A

SR 55—,

AR 9 2 B« RO IE e it P A 004 A 1 H
7K N, PRl AL B B it N Y4
i, FAEA FROCRAWT TR, N RARF AWK
SERAERON) Sy, WUZE R H e R A AL B AR Rt gk

TR BRAL B R I 6% ~ 53%, YR N Ziik
RIE 1.4% ~2.6%. Y it AL SR E IR PR IR N 2R3
JAr, (0N ZEFRULI K S Bt NE ek el _E T
ABFEH, PR ENLEUE(0.8N A1 0.8NP)Zh HIELAL 5
FH 7K PIAE TN X3 RS CF AR BEFEAIL 89.04% LU
b, BAEJERER 78.94% L b TN #R3 iiK ERFR
69.83%A I o 5 B UNEE 2 it B 3 T35 L /K R A
TR, AR IRIROR , 153 5 &R AN S EY
PR

— IS, EAKCEBEIR A SR P Ak,
a4 P AR KSR Y BANT AR, A
FH HE AT 7K TP ¥R B2 et AT 5 e, 56 1 RakIg
{8, ELFfir el 4s B 7K TP ¥R EE & H R, 8 ~9d
JaFEATRE . AW, BELHEH S AEH ik TP
WA B B KA, J5 PE TR . 0.8NP b3 I If]
K TP -2 5 L AR I ALt i 0 ) A O ot A o
fik 23.91%. 24.55%, TP f&FIAALFFET 5.14%. 1G24
ol /Ll S it ) 2 AT S8R P A T FEL TR K TP VR B2, DA
MIFEAE P R BRI, S5 HTIII 25 AR — 5>,
R, MRSk Bz BB, BH LR I5R 5 1F
AR, SR il Al T 55 e 1) S5

Tl MG 4 i T 2 R R 11 T 7 1 Y 3

http://soils.issas.ac.cn



2

F B A5 e ARRE SRURA DG P Wit Xof /K A 7 R L T 7K SRR 2K P R T 317

FPVEH, FHEAREE KT, BRI
T E Mk RSB 50% 247 WK R = R 5
Mg/ N, ¥R B, BRI 20% AP R
FE = IO o A SRR R I, 1 it FH B AE T 42
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