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The thresholds of nitrogen and phosphorus inputs for rice production in

Lake Taihu area

11 Yan, ZHANG Ji-bing, ZHANG Chi, TIAN Wei, WANG Lei, TIAN Ran,
( Nanjing Institute of Environmental Sciences, Ministry of Environmental Protection of the People’ s Republic of China, Nanjing 210042, China)

XI Yun-guan,

Abstract: In order to minimize the nitrogen and phosphorus drainage in Lake Taihu area and keep the reasonable
rice yield, fertilization experiments were carried out in Taihu rice/wheat rotation field from 2011 to 2012. Six nitrogen input
treatments and four phosphorus input treatments were set to study the relationship between the thresholds of nitrogen and
phosphorus inputs and rice yield, fertilizer utilization rate and pollution drainage. The results showed that the optimum ni-
trogen and phosphorus input levels were 185. 18 kg/hm® and 54.22 kg/hm’ respectively to achieve the least non-point
source pollution and stable rice yield (9 000-10 000 kg/hm*). The nitrogen and phosphorus input levels were 18% and
32% less than local recommended fertilizer input amount, leading to the reduced investment and risk of non-point source
pollution from agriculture in Lake Taihu area.
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P2 = HEBHR R 2 4 il A FH i Y505 e HA B S
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e EERRUUM I | T K G Bk BE Aok s
G BB B A DR R AT I R3] P 7 2
SR BRI R o B i 7 iR KR A R
WERERS™ SR 15 Qe HET A 8 B B (L, R
W XK R A7 5 B AC RS

KX, H e O A A5 S 28 B 120°057057, 26 B
31°29724” MR 12.6 m, MK LS 2K B FEBE
M, PR IR T R A R AR R AR R
WIGH , K50+ E e+ RER Y, BHEZE 14
m, REZE 14 ~25 cm, L HEERAR AN, LA
AR (1) R iz Hh B+ 3R Iy 45 X i [ £

L MRS BT F bR 45 2 L M LB S HE W%
1.1 iKIgh = i -3 g+
SR AT R T AR 04
F1 s tENEAMER
Table 1 Physical and chemical properties of tested soil
+ 2 2R A HLEE X Wi AR SR
(em) (g/kg) (g'kg) (g/'kg) (kg/hm*) (kg/hm*) (kg/hm?) pH fi
0~20 1.71 31.0 1.17 164.0 11.5 76 5.13
20 ~40 0.59 9.3 0.96 50.4 11.6 72 6.97

AWELL P, 05 Fr i it pH (I E A HoK bR 1.0 : 2.5,

1.2 AW EIEE

RIRERI S E 6 AL FE #0544
AP RSP 3 A E A DA SRR S b A
YRR K R A 7 eh AR E R I A 100% AL W
ALFREOT R it P R 225 kg/hm? | 8 AE it FH 4 80
keg/hm? 5 FL A A B 2 it &4 0 ~ 200% ([A]B 4% A
100% %) ; it R 0 ~ 400% ([R]H A 100% &) o
®2 BECATMABEEREESR

Table 2 Six nitrogen application schemes in the rice season

/NX A 6.00 m, 5& 3.33 m, A NIRE (RS E
46. 4% ) ,BRIE N i HERR S (P, 05 % & 12% ) , $1IE
BRIRET (K,0 & i 52% ) , &34t

K5 T 2011-2012 FHEFT , B3AF KR i A% 6k B
[ J& 6 HHa) Wkt Ry 11 A4, BaRa0 1 d i
FHFEAE 8 A b 1At B A, 2 Wit Al & 3 DL 3% 2
M3, HHLHEAEH, S d RPE 1K,

Jiti S Ak WS IR B (kg) NKGEE R (kg) BAA (PréliA) (keg/hm?)
PO NO 0 0 0
75% FHIE N1 0.364 0.364 169
100% ZJE N2 0.485 0.485 225
125% AL N3 0.605 0.605 281
150% HE N4 0.728 0.728 338
200% AJE N5 0.970 0.970 450

x3 BEA4NBELEBEEREETR

Table 3 Four phosphorus application schemes in the rice season

i - BB (Fr4 P,0;5)
N Sy JNX FEAR ,0s
Jifi A Ak 2 AR (ke) (ke/hm? )

X} HR PO 0 0

100% AR Pl 1.333 80

200% WEAC P2 2.667 160

400% WEAE P3 5.333 320

1.3 HEXESHHF

1.3.1 sk FmlH3aes R8I Ean, 4
MR 0 ~20 em Fl 20 ~40 em TIERES T 135
PRAEHE I E . YEYIOIR JE - HERE 5 12012 4ERG 2
VEVIMCH G i 4 R TRE R 0 ~20 em IR G 1
FEBAFEART R 1 kg, BF RS KT,
IKFERERREE S . A BICRBE LU = 4 (R AT ) FJE
FEPIER AT (RS AT ) R &, 00 0 s &, I
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KA AR R A R YIE] e R UOEAEJS 1 d.3 d.5 d,
7.d.9 d SREE KRR, RAERE 2 £ - 00-
10 : 00,

1.3.2 Aok SR lE R EE R
ML CEREEILGE) 7 KRR AR S
R R A B 0 A S 5 7K P 4 i BT AR 75
TR I AR E- SR L e S AR
AN E SR IR 0T (Elementar 11, 285 ) 1)
SE , S AR AR L ke ™

2 45 3B

2.1 RRERBEAKE TAREBILE

HAR AU AL T (0K Rt (P 1), B
SRR O AR 585 85 K TR it (7
BELI 50% ) LR 7 S K B A KT 042
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8 000

20114
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Y=-1603.6x>+4 992.7x+5 628.1
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AL TR R A IGREE, 2011 #2012
A 2 AEIRER T, 100% RUEAL B 1) 7K Rl 20355 7 e 2 i
e, FEATKF] 9 ~ 10 v/hm® | FLHE 75% FHEAL B2 14
7% 200 ~ 400 kg/hm® ( 34 fin i@ B R 1.98% ~
4.56% ) , 7= 100 % ZNE AL PR it RE 15 7T 40 A 7K A
FEERRE I S AR AT 1, #5020 & 75 % it R, W)
B R, 2011 4F 200% FARAL BEEG 28 55 7 B
1,0 9.4 keg/hm?®, [H2E5 100% FEALPEZ [H] A
AEEXES,

X FERT/ R A 1Y 7 B LA AT 0 A, 45 R B
i 5 e e P 3, AR A/ RS FE I P LU (2 TR
#2011 AFFD 2012 AF it A i 5 4 LG Y IEAH O
ZE3 M 0. 869 F10. 955, BIEUIE Ay i A, X
K RERE 0 7 455 SR B fm B S LR e 4 1) 348 7 %4
R4 5

16 000
20129y 57834246 010.3x+7 531.6

14000 R*=0.9282
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R*=0.9341
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Fig.1 Relationship between nitrogen treatments and rice yield

AR W A Ah B R 7K e e DL TR 2, 248 SR e I 4%
RS 7K R 2855 7 i B 34 7= 8 BE AN 12.26% ~
13. 54% iR Tl AR . ASRIBEAE AL HAE 7] o3

14 000 . Y=-369.32x*+1 731.00x+9 901.40
20114 0
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Fig.2 Relationship between phosphorus treatments and rice yield
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2.2 ARER.BEEAKETKBFRIFAZR

AR R W i 5 e R 2 B B OE A 5%, 2011
2012 4FAHE 22500 9 A 0.974 F10.978, 2011 4EF1
2012 4F R4 R E B, 100% ZNE A B A 2010 26 08 F)
FHZR AR, 75% FACAL VR 2 (3 4) 5 1 8 A 2 WA
FHRCR B A N 2% A s i (£ 5) .

PN 4 T UL Bt e G G, R R AR B
T B2 B 5 RS AR Ay . AR RE A 3 43 1) SR A
TR R AR 511, KB 75% R AR AL HLY
SN0 22 LR FH R 05 55, 2011 I 2012 4F 43 1 35 3

F4 KBERSE.ARUWERFRRUMAZE

17. 62% F117. 80% 3100% FACALFER Z 2011 12012
FERARFR 5504 16. 68% F1 16.59% , H it
AL, KT SEOK Rt AU 7E 169 kg/hm® £ 47 i fig
PRIERE R R A ZAE ORI FH %

A AE (B 25 S s | KR i I AT e B i
(RGN S Ik A, 2 A A 5C R B3 B 0. 506 Al
0. 862, BENEFNLA) A BEAL ALt A 5 38 in 328 253
8, H 100% B AT Ab 2 A w8 A 28 08 1) FH 28 4y
23.34% ~24.46% (2 5) . XA 1 Bkt
FEER T IR T B Y 100% WL

Table 4 Nitrogen content, nitrogen uptake and nitrogen apparent use efficiency of rice

O b FAAsE MARmE  FFESE WA EREE ZERA £V LRI ES
(%) (kg/hm?) (%) (kg/hm?) (kg/hm?) (kg/hm?) (%)
2011 NO 1.049 51.620 0.601 25.271 76.890 0 -
NI 1.238 81.399 0.922 56.480 137.878 169 36.09
N2 1.288 89. 140 1.118 68. 869 158.009 225 36.05
N3 1.371 95.285 1.197 71.164 166. 449 281 31.87
N4 1.346 92.558 1.149 69.934 162.492 338 25.33
N5 1.700 107. 820 1.544 88.188 196. 008 450 26.47
2012 NO 1.136 61.907 0.589 23.842 85.749 0 -
N1 1.232 91.990 0.829 55.718 147.710 169 36.66
N2 1.295 99.235 1.147 73.967 173.200 225 38.87
N3 1.359 100. 060 1.208 70.574 170. 638 281 30.21
N4 1.423 108. 432 1.099 72.813 181.245 338 28.25
N5 1.570 104.988 1.715 82.256 187.244 450 22.55
NO ~ N5 ZbHEILEE 2,
x5 KEBSE BIRWERBERUM AR
Table 5 Phosphorus content, phosphorus uptake and phosphorus apparent use efficiency of rice
i s RasoR  ROBRICR  RERTRRAR TR RIBRRRUOICR  BIERA BRIDRIR
(%) (kg/hm?) (%) (kg/hm?) (kg/hm?) (kg/hm?) (%)
2011 PO 0.337 27.207 0.155 15.113 42.320 0 -
Pl 0.288 26.400 0.211 24.617 51.017 35.56 24.46
P2 0.355 32.110 0.200 23.167 55.276 71.11 18.23
P3 0.355 31.240 0.171 18.753 49.993 142.22 5.40
2012 PO 0.273 24.680 0.129 13.750 38.430 0 -
P1 0.197 24.000 0.186 22.730 46.730 35.56 23.34
P2 0.251 24.310 0.213 24.670 48.980 71.11 14.84
P3 0.290 28.960 0.188 19. 680 48. 640 142.22 7.18

PO ~P3 AbHRILF 3,

2.3 AEAGEAXKETHEHHEKPRSEIT
T 4FHE
AN TR RNt FH 7K FH T K rp 80 R g 45 R

(1 3) S | 76 R M 030 PR % R0 IES Ak L g Y i 7K
RAPE IR RN AR GRAF IEAHSCHE . EREACH)
1, NO ~ N5 2%~ 4b P FH 1K 206 3 22 S e I A
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Jit S A P P TR 7 R e R Y 2 ~ 20 A AN
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B3 EHEREFHEKSEREISE

Fig.3 Dynamic change of total nitrogen concentration in the surface water of rice field fertilized with nitrogen

2.4 AEBEEAXKFETEBEETKFHSE5)
BEUEHE

AN R Rt FH 7K 7 A HE T 7K P il B S5
Bt A 2 (8] o A7 7E B S IEAHOG (B 4), 2011 5
2012 AFRER S5 R TR, 100% A AL F 5 %5 BRAH L,
JEAEJE 9 d PN K BERBEARZE 1 ~3 %, H RN
JEEE 1 d Ah, B 22 S N T I RS UL

4.0
35
3.0
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2.0
L5
1.0
0.5
0

SRR (mg/L)
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N,
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HOREINTR] (£R- H-HD

(JIESS 1 ~9 d) ,200% W NE AL AT 400 % B NE AL HE
F14) FEEL T 7K Bt B 347 b 255 v 1 % R UM T 40 2 S
INBCHRE A B RIS HEOARS . it 1~3 d
Fef HH DK BRI BE 2R TR, 25 5 d WRE TR
W) 10% LT, HFRSE T BRI AR R SRV B (T
A AL BRZH AR AT 0. 05 mg/L) .

12

AL (mg/L)

IDCREIRTE) (4= - H)
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4 TEHEBEBEEEEXPIBREDSE

Fig.4 Dynamic change of total phosphorus concentration in the surface water of phosphorus-fertilized rice field

2.5 KBRRELER BEFIKEE

2012 AFEKAFWOAR 5 , 3 by R R SR o & B 4
R(FR6) W T HER Wk BE & R N A 0% 3
SN B H A ] it AR o A B R) 25 5 N W
THER B AT BN 4.97 ~ 7,12 mg/kg,
100% Z L &b B 5y 4 3 77 i ok S A S & (5. 46

mg/hm?* ) 7E it JE &b 2 v &b T B AR K P A 25 A& A

B2 B DN 5 4 TR A R LB A L it A A
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Table 6 Difference in soil nitrogen and phosphorus contents between fertilization treatments after rice harvest in 2012

WS A i =1 ol YR AR 7k
A R R, (e a iy Rl
NO 0.97 15.50 1.60 PO 457.00 11.10
N1 1.68 17.08 1.77 P1 468.00 13.10
N2 3.23 10.24 1.78 P2 551.00 23.50
N3 4.11 15.69 1.80 P3 550.00 25.30
N4 2.93 10.74 1.71
N5 4.81 13.71 1.70

NO ~ N5 bR L 2, PO ~ P3 Kb DL 3,

KBS ARERAENR BHERNEE
DAREARASOR S FE i, K /K R it A HE ROV By
i AN B A 1 29 58 55 B iR - 3R 45 - R
BERGE B N 7 180 [ 20 R PR 45 38 2K XU 1
LTINS, 15 BN KA = 7 5 IR BEARHE Uk 1
FIEHA R (E S) . IR 2R 1R 7= d v (X
Pt F KR 124. 6% A ( B 280. 35 kg/hm?) | i =
AR TR (007 I8 < 5% ) Wit AR I 7 55 R
82.3% & (Rl 185.18 kg/hm?) , ke ™ 1) it 4 12t 7
Fil /& 185. 18 ~ 280. 35 kg/hm?, v 2 7 sl HE #E 75
e/ Mtz A 185. 18 kg/hm’

2.6

120
= Y=-0.292 8x>+0.729 8x+0.547 7

s 100 R=09999 a4 _
= A PSR -
£o sof LT
it S e PS

ST b = 00253040196 6x+0.677 8

g R=07931

e 40

= 201

R

3 0 1 1 | ]
= 50 100 150 200

MR (%)

R (L Tic TR SRl 1 1]

Bs5 MEESKEFELELINEIENXER
Fig.5 Tradeoff relationship between nitrogen application rate

and rice yield and soil nitrogen content
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S 238.39% (Bl PO, 190. 71 kg/hm®) B, 7K &G = i
ey, 77 AR 2R B (080 IR R < 5% ) By it e

i F 55k 67.77% (B PO, 54.22 kg/hm?*) | 5tk =
) B 1 B 2 5422 ~ 190. 71 kg/hm? , Hirh A& 77 s
HEHER e Nt iR 54. 22 kg/hm?,

W 1207 Y=-0.021 1:*+0.100 6x+0.891 5 _ -~
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Tradeoff relationship between phosphorus application
rate and rice yield, dissolved phosphorus concentration

in the surface water of rice field

3 1 i

AR LS HE R | AR KRR i HE A R
FEAHI I 185. 18 kg/hm? , 7K Fef 7=l {43 25
%9 000.00 ~ 10 000.00 kg/hm? . X5 241 H Fif 3 51
HEFEN A (225. 00 kg/hm®) AHHLIBANE 1/5 BYEIK
Ao FIER TS BA XK RS FF (43 7 28R T i
B (EXREAS B RO A SS TR e
ZERB R i A RIS S EBUKRE A L R
B, R RFIHLIX. ASRIZRA + S SERH AL I A7 —
TEZES ST YRR TR A (EME K ARSI R)
it A FE Al I o AR R Bk 4k 8 S AR FH RUAE
BRI it FHATS A R S

ARHF TS5 T B, AW B K R 7 ek )
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BI{E A 54. 22 kg/hm® o K FEAFAR A 15 St Pif it S
FA) 1T T 22 SR (R 348 e A B it PR A AN A
ANBEIE TN AE AR 7 A, RO SO T B, X 5 E B
SR ZE AR BB SE A AR, X I AT
BB BERE 7 — R i R KR A KT

RIS 3 ~5 d PN A7K &L TS G i KU, 1t
A FH 7K OB R & i 35 E] 20 ~ 100 mg/L, 5 18—
SRR R BRI, AR 5 R R R AR T HE L, X A 4%
IKRE G5 Y, DK RS R UL, ft RE A 3 v
R R = S I 31 SR R e A o € i i e
Jit A B ] 50 1 it S 4t e 08 A A8/ R R TS
G AR I B [FIAE 2 3G IE AR % R T I
TSYL B R B AL RPN AT 3 ~ 5 d Jit AR A it
MBS 3 ~5 d VEMEREAS ELE 08IV H VR 75 YL HE O
JRUBS: , %o AL K PR B A A B S

IR 100% 2N Ak Pt AL 15 A1 100% A Ak
it A S P A O A7 8 A7 ) S U AR R R K
B R A5 X A I b X K R i R R AR
T S A R 1 O R AT ST, B Y b
IR B AR L I R Y 5 K A A A F
26 ~30 mg/ kg, 7F I A 18 5 Bk JE A b o i AT X
TR WA, AR W] e
RO B T R M A R G P ) R Y i
e A, PRI R T80 7 S8 22 A8 1 A 2 75 A 0 B
NEAFAF it 222 LA B 52 TR B AT 2508 43 T L A5 2
(EAFHE— A TR AR FE (04 AR ] 8,

IR A FH ] e Je R A T AR 22 |,
IR KU S T K RS Y ANE M RE A = R
219.00 ~270. 00 kg/hm?*"*¢4150 - Fe 5 p= i AF
P T 1 it 2R PR RO S HE O A 2R BB, AR
T I AL R BERRAIRE 185. 18 kg/hm?, LA# />
AR BEHEROAR

RICR O 2t ZAERRST, 4R AE R LK, K
FEMEAETE 199. 00 kg/hm’ /KT, REAH 218 300
kg/hm?® (9755 7, b AR B > 48 it 20 & 98 /0 T 3K 100
kg/hm? FIGER] T “ @™ WA MR HbR, #65ik
ALAET A8 R R O SR e - K RS U SR At A
oM 161.00 kg/hm®, o] fRIF ™ &35 7 285 ~ 8 172
kg/hm*, X 28 54K 48 9 185. 18 kg/hm’ Fi /™
WCHE R A G

ARSI IR B O 10 £ B &, R

KA P it e 7 124 IAE 90. 00 kg/hm® LR, E 7
A 9 2007 -2009 4F A 0 3 380K g F (5
SEIL R R I R K R A W A HE A R
30.00 ~60. 00 kg/hm® , X %& 5 AR 55 HE 27 1 K =
WCHE R/ N B 54. 22 ke/hm?EAR 4
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