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Effects of formulated fertilizer pattern on rice production, economic and environmental benefits

HAN Xuemei', YANG Linzhang®, YU Yingliang”, XU Hongyan’, ZHU Xiuhong', YANG Bei’>, CHENG Hao’

(1. Wuzhong District Agricultural Environment and Soil Fertilizer Station, Suzhou 215104, China; 2. Key Laboratory of Agricultural
Environment of the Lower Reaches of the Yangtze River, Institute of Agricultural Resources and Environment, Jiangsu Academy of
Agricultural Sciences, Nanjing 210014, China; 3.Wuzhong District Yuexi Street Economic Service Center, Suzhou 215104, China;
4. Wuzhong District Agricultural Technical Advice Station, Suzhou 215104, China; 5. Nanjing Wondux Environmental Protection
Technology Co., Ltd, Nanjing 211122, China)

Abstract: The Wuzhong District in Suzhou City is a key region that requires the control of agricultural non—point source pollution. The
formulated fertilizer pattern established from soil testing is the main pathway to reduce the fertilizer input required for planting in this
region. The aim of the formulated fertilizer pattern was to improve or maintain a high yield, as opposed to being informed by a
comprehensive consideration of including agricultural production, economic profit, and environmental protection. Based on the present
formulated fertilizer pattern used in rice cultivation over the last 4 years, a field experiment was carried out using the formulated fertilizer

and implementing traditional fertilizer patterns for the different nutrient elements that were lacking in the soil. Economic and environmental
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benefits analysis was undertaken on the nutrient use efficiencies of rice, nitrogen and phosphorus loss from field, and the cost of production.

The results showed that the formulated fertilizer pattern was able to maintain rice yield with a lower nutrient input compared to the

traditional fertilizer pattern. This meant that the cost of fertilizer was 35% lower, increasing profits by 2 558 yuan*hm™. Higher(6.35~28.59

percentage points) phosphorous and potassium use efficiencies and lower (36%) nitrogen runoff loss was also observed in the formulated

fertilizer pattern. Based on the nutrient use efficiencies, there was still space to further reduce fertilizer input; organic fertilizers should be

used to replace a portion of the chemical fertilizer usage. The formulated fertilizer pattern was updated every 4~5 years to maintain mass

balance during agricultural production. A properly formulated fertilizer pattern would be conducive to an environmentally friendly

agricultural practice.

Keywords : formulated fertilization; rice; use efficiency; nitrogen and phosphorus loss; planting profit

I = it A 2 B0k R O R R B A T e —
VEYIRL it A A BB AR | FLAE [ PR () 4 ) i FH T
pi= R N W 1 OE/ae L P S 55 1 oY L ey Y R B
F 19924, 2005 3R E B A T “$em Al 255 4 7 g
170 B AR I B 7 R it 22 PR R R B
KR, UM SR HE AR N2 28 F A3 S 502 k5
W By A B AR AL RFE X A . 2t ek
JEE S , AN A B Al 3 R S PR A AR Y M
— [T R A = (AU MRS DT M SRS T
SRNZ AR o (B, I A e it AE 8 A8 o S8 R SR T
FHAI 02 7 =X B I W SR A T R R B A 7
A ILAh T 3K i NAFAEAS 2

FLASRUL, BB B2 A 5 2R LA ™ ™ A i
P&, &0 E AT e SR T AR A X
AV VRIS e HE R, Az e n] Rtk AR BTt
Hed o e, BUA FC S AR X VRS A 7 B 2R R
BT, LXK R AR Wt FFRE ™ Sk 9 0 1) 5 0 45 2]
JURZ MRS JLR it ) 8 i SR Y Il
BRI R S G5 REREHR R I T2 8 Z 05
JE B Ny S8 O ) B B AR SR I 4 7 E
(BN 5 £ KK ™ H A BB 3E A) 1) A28 e Bl 0 e 3
BEAh B it A Xof A 0 A 7= AT RS2 5 SR AR AR H
Wl ny . VENIERMEIbiE B HEARTFBZ — Bl
Jite AR PR e - ] i kA - 39 v RS U 1 K
B TE IR DI /0 RT3 Ok R P R L LA IR
ARG SRUBAE O 2 IR 110, SR T 1] At o i = Iy e I
58 S it %o R A R S ) A F 9 O R DL A o B
VR B0 I P 5 it A A B T - A LT B s
RO i A Y AR 2 500 - 1 it I A O
WFFE 0T A 3 11 S b g A8 b 0 D& T BE AN 08 T XA 1A
ST PE R AR 7 S R X A A A TR
MR . 7 A, DR M R R 2R 7 DL AN £
TF R SE R T R, B Y L it A A

EAT R BRI = i it e 4
TR

TLIRE T 5 DX B AR A, 155 T T 5 AR
2 KA o AR AR, B R K
257 FiE FR G0 NEARL i FH 232 DX b i 55 Gy
1) FEHoRIRZ — o KRR IZ XA B VR, Rl
T A 2 000 hm® A, A5 H 22 55 A4 A bt FH L 5% 43 1)
FRALCR 55 42 ¢ 22 31 JR 00 8 3K A 8 7K 51 e 1)
TELERFARE R ™ 19 [ B, 3 i R Ui e 2k L 0 548
AR A 7RI R AP A Y OGS 32 XA
WP ST6 =38 T L WA T30, i - e it NE
SETE IR PR IIK A TAEM F R Z —.
2015—2016 4 5 Hr X A lh A 735 11 - e e FH FH (]
6 A0 - 3 b B HRS , BHAA 3 3R i K
Fe = Hbw KA KRR T SR E S8, LK BT
JINTR R gy S 7P s - e RS R RS
il 2 NERHEC 7 7 %8, FF 4 L RAS T |, I &0
FHER B B R 16%: 12%: 17% (1E 7 I8 ( Hy 4
E AL T A BR S ) AR 7 ) VR BT, ¥ B K 36 BE
FERAE 15 A2 X 3K R AR A Iy B IR =, 12288
H 2017 4EFE T R e X, i R P X R 2R
FEVEFEFIRREZE T RTGEA A, O 2Lt T 4 - Fh
T2, S5 AR AR EE , ATy e R i 7R
A3 RIFRRCR AT 7 2 15 R AR 2R 496 0 1T 55 4t
fif? FEATEH” PR AR Ea i G 5
H T BRBL AN 7 3 2 [ BUER A 5 B IE

XTI, AR 5 2 BG4 282 S it T it M A =K 4 4>
L 2 P R P DX, 8 it A KR Rt A A
R A Sk AL 3 I it NS R K AR 5 43
FH A% AR AR P 28 55 W08 B 2 e, 3 A e 7 it
NERL A 22 T3l o IR B R0 4 A A 77 AT bk LT
i b B AR T i MR X R A L, Al 2%
R TAE R HE R SRR

WWW.Qes.019.CN




m@g 2616

VBRI R Rt Y F40EF 128

1 #R5EFE

1.1 ik R (Y
111 fad 145

AW G TT T 5 v X W B A A (31087 127
N,120°30"28" E) , v T 7T = A PN 38, J 37 4
HE IR 2 RS AR R 15.7 °CL, R K 1100
mm, % XK RE 2 th R DT & & T, BRE
JEZURE 18 em, 23 FAFRKFEHEE , T 5 a LIZK AR -2RIE
o FEEERVERI . X TT R BTE 2 R A A
PEJF AL 14.9 g- kg, 2R 1.79 g-kg ', W 0.44
g-kg™, BlLfE & 839 mg- kg™, A3 AUME 14.2 mg- kg™, AL
B 54.7 mg kg, PHE 32 15.7 emol - kg™, 5 H
1.23 grem™,pH 7.88,
1.1.2 B

ARG KRG S A R R RE 465, %A R I
IR B2 B AR B VE PRI JIr 2 75 17 5 1 B R, L
AR B 43 BE T v A O o A AR S SR A X Y
FE R £ ZRRE R R —
1.2 Rt & A EE

IR 15 BB Lt AR (CF) AN it AE (SF) 2 Ff s
2, AR A3 A B i (PKO) Bkl (NKO) | il
(NP) FIAR SR (NPK) LB, 575 35 1A~ AS it F AT A AE R
(28 FIALERL, Fe 9 A B, BEFp b FR 3 AN E AL, /)
XL 64 m* (8 mx8 m) . Hirr, sz Ab B A BERH 57 43
BN 5t R R 3 W R 5 A=A B R T 1Y
AN R A PR B R LR 15% 2 15%:15%, F
FRAZ A NEAE S SERE T 77 it JES F A dfe 2% Ak B0 P 2L
B A EC AR 169 12% 2 17% BT )5 5240 8 BEAE
R JIES PRI 0 ot FH R 2R T8 R kb 7o 2 Bt AR 1Y
IR0 5 AT DL 22 Ml S R A 1 G Bl A AT O

15 5, BIVH Bt AR AR =Xt B 5 B 525 kg - hm
FIR 2 450 kg - hm™, B 7 it A A5 =it FH B 7 5265 0
350 kg hm 2 FlIJR & 375 kg-hm?, EARAERFE A
T R,

FEZR 0 T J 1 2020 4, JLE | B AT A A AT it A
IR Zr 6 A8 H 7H1HM7THA29H;6 HOHR
AR AL 2 XN [ FE R 18 em*30 cm, 11 /]
10 H W3k
1.3 MR ERIBIRNE
1.3.1 FERRAE SR A M e bl

WIS, GEit & /INXF- 5 50 BER, LU AR , >R
LB/ X LR AE AR S (B3R5 )4 7, bk
FE B8 25 0858 43 43 JF , F 105 CHERR R 30
min, £ 80 “Ck B T 43 Hil 4k 2 48 it i, PRt 10850,
FAY AL . MO FERFE S R 25 053 ) B
1520 H i , W Hrh & (I3, Foss Scino KT260,
) B CBHBRPT L B3k, SHIMADZU UV-1800, H A) |
BRI EE L, Bk, i ED & . &b PR
(TR ILIBUR S Ve s Ly g = N 157 8
1.3.2 L3RR SR A A8 hn 2

2020 4EFE Z AR AR A 5 R0 X S BEE )2 (0~
18 cm) - 4FRE S A )G 138, T IR B AL
PET BT GEE DL 1.1.1) , AR RE IR I 2R 4 i B0 it E A
BC 5 i E 2 Fp AT B AN ol 22 A0 B 398, G I -3 4
ZCRAEAR 1.3.1) A (R RE 1.3.1) R AL (FE 4%
PR -tk i
1.3.3 TR YR A B AU 2% 1) 7

TRAE A R A B K RBE R L5 R HE K, IR
FIRER . F=i 2 hJa , F& /N HEK 112k EE X R
AR FR AR T, PR A R o L EH T K R AR AR Y 25 (A
SERTER , TR AR T A 5. B0 0 R) MR 4

F1 XA ER ERBHIERNE (kg hm™)

Table 1 Treatments and their nitrogen , phosphorus and potassium input(kg*hm™)

15 2 Pattern Qb PR Treatment N P,0s K,0
2 H CK 0 0 0

R CF-PK FEHE 79 HAE 79
CF-NK FEAE 795 BEAR 103.5; FEAE 103.5 B 79
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CF-NPK AR 795 BENE 103.5; B 103.5 B 79 FEAE 79
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Figure 1 Yields of rice in two fertilizer patterns

®2 KTETEEN

Table 2 The yield structure of rice

T A b I THRH T
Pattern Treatment ~ Spike number/(10*hm™)  Grain number per spike Setting rate/% Thousand kernel weight/g Yield/(t-hm™)

ZH CK 174.0+16.4b 95.2+7.7¢ 93.0+1.4a 28.9+1.0a 4.5+0.1b
WRREAE  CF-PK 180.0+14.9h 103.2+11.4bc 89.7+3.4ab 30.4+1.3a 5.1+0.9b
CF-NK 276.0+8.7a 116.1+7.8b 84.3+3.9b 28.1+1.0a 7.6x1.9ab
CF-NP 300.0+11.2a 120.7+14.2ab 91.2+1.0a 23.5+0.9b 7.8+1.1ab
CF-NPK 294.0+23.3a 137.8+16.1a 90.1+2.5a 24.4+0.9b 8.9+1.2a
Wi 7 it A SF-PK 192.0+25.1b 101.0+14.3bc 87.5+3.3ab 28.5+1.5a 4.8+0.5b
SF-NK 288.0+25.3a 127.9+13.8a 96.1+3.7a 23.9+0.6b 8.5+1.6a
SF-NP 282.0+19.8a 140.8+7.2a 90.8+3.1a 24.0+2.0b 8.7+0.7a
SF-NPK 296.0+14.0a 137.8+5.6a 92.0+3.0a 24.3+1.1b 9.0+0.9a

( e XT)2017 SRR AR L8 K 2020 4R AL 5 M NEAE T op s LR A B A HLBTS T O B AT ST 0T BRI RO T R A R

#(P<0.05).

Note: “*” indicates significant differences(P<0.05) of soil total N, total P and organic matter contents among treatment.

MRLMA R (F3) . WEIERA G EF, Br
Jit HEAE A Y i A R4 5 249 4% , Tl s AL it A A =X
N 6% K CK Ak A S0 K A1y A I AT 40

28.59 N HE A (FR3) . XU, B iENEAL ST
BRAREEAL A PSR B . AN, R F R SR B o
7 5 Bt A X R A A = 2 i v 1 R X

AKAE 7 R Tk, BV T AR AT 24277 2.81 kg
KRG MBERIR A (AR ) FE 5 B
N R A TE B 7 it AR A ST BEAS i s B 2 K
FE i, XPAERRR 2R ZR -5 48 T AR T e it e
B H U B 77 40 i B0 R RN LG S AR A KRR A
2R, BB ST KRR A K 3R 40 IR, 3t — i A
R T C it S AR A U D 3R B A SR IR B
AKFE ™ R A
22 EEIRRmAER

TER TR — BB LT, B 7 i AR X 2 35 PRI

T2 36% R is 12 A 2k i , X AR s AR i Bk

1% WHART]

Bk (k2 CK AL B 1o B0 fE) , £5 Hh fic it AR AR =X Ay [
NEARS | K 1 2 2R i (SR Rt N A = i —2F o
23 KBEFLEFWZER

i it A X A I i S A5 5 I 35 R T 35%
FRE R BE A, HIGIN T 4% 2477 1 (£ 4)
DR i, 78 Al S o AR TR B9 18 B0 T, T A A P 38
2 558 96 - hm > A A

3 g
3.1 BABIEERXHESF IMNERESHT
I -0 7 T S A 35 43 M2 1 g S5 ) 3 ok



FEH . % PG RE KR I SRS R B 2619

G 2007 (a)N
g
E i
2160
E
= 120
El
g
=
g 80 % %
]
z
@ 401 A FEHAE CF pattern
= A B SF pattern
= 0 L L L L )
CK PK NK NP NPK
Kb Treatment
& 601 (b)p
£
=
o 50T §
Z
£ 40f §
=
= o 8
5 v
2 20f
[~
il
g 10} @ HHLitAL CF pattern
= O 7 il SF pattern
g 0 ! ! ! ! f
CK PK NK NP NPK
Kb 3 Treatment
& 2007 (e)K *
£
=
21601
i
Z 120f %
: ¢
5
§ 80
~ 3 5
m_g 401 & FHUIENE CF pattern
= <& ML)y itAE SF pattern
ﬁ 0 1 ! ! ! J
CK PK NK NP NPK
AbFE Treatment

# TR I NEARE AL H ) e 2 25 57 8.3 (P<0.05)
* indicates significant differences(P<0.05) of rice nutrient accumulations
between treatments from CI and SF patterns

2 FMBERHE AR TRIKER S R

Figure 2 Nutrient accumulations of rice in two fertilizer patterns
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Table 3 Fertilizer use efficiency

i H Ttem 7%/ Nutrience  CF-NPK SF-NPK
FWA FHRCR % A 31.11 33.59
wh 17.03 23.38%
Gl 25.63 54.20%
e R HRR (kg kg ™) A 13.47 16.28*
wh 16.67 18.59
il 14.37 10.96
AT T1/ (kg kg™") R+ 20.07 22.06*%

1+ FoR W ANEAC B G T 2 22 5 i 35 (P<0.05) -
Note: * indicates significant differences (P<0.05) of fertilizer use

efficiencies between treatments from CF and SF patterns.
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The different lowercase and capital letters in a column indicate significant
differences among treatments at amount of N and P loss from runoff ,

respectively. The same letter means no significant difference
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Figure 3 Nitrogen and phosphorus loss from runoff in rice season
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Table 4 Income and expenditure of rice planting in two fertilizer patterns (yuan+hm™)

m@g 2620

A S HH 4
Revenue ai%%xpenduure CIasZij\ﬁj;non DE{;?I CF=NPK SF=NPK
X YEHEA et 15640 1418
[y 906
JR%E 60 50
i 1 800
AN TKHEA (N EIN PN 3750
FEWE R K H 450
PR 45 N T 4000
JE T FEORHET 442 461
oK ALE 1502 1568
A 5 32RO 48 062 50 184
i IRE! 34 641 37 199

T - DI B 7 X e 20 A 72 1 S2 B st R SR, 15 A I 2 700 JC -+, e 5 I 1 725 56 - ¢ (5 2 025 56 - ¢, BUR A 300 9T 1) , JR K
2000 7G -t FEKRHET 5070 -1, H R AL R 250 0 -1, ST HE K L1914 0.68 , B Al 46 JOR B A 8 I6 kg

Note : Based on the actual production expenditure in this region , price of 15—compound fertilizer is 2 700 yuan Ty price of formulated fertilizer is

1 725 yuan*t™';price of urea is 2 000 yuan-t. The costs for drying and packing rice are 50 yuan-t™ and 250 yuan-t™'. 68% of rice is available after husking.

The price for Nanjing 46 rice is 8 yuan-kg™.
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Figure 4 Fertilizer input or nutrient loss for unit rice output
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Table 5 Changes of soil nitrogen, phosphorus and organic matter

after using special formulated fertilizer patterns(g-kg™)

B Period 4% Total N 4f§ Total P A #LT Organic matter
2017 4F 1.68+0.07 0.56+0.04 20.97+2.74
2020 4F 1.75+0.16 0.44+0.02 13.30+1.82%

TE # FORBL T M NEAE R OB S LI B A LB e 2 (R 4
2728 5 .2 (P<0.05) .
Note: * indicate significant differences (P<0.05) of soil total N, total

P and organic matter contents among treatments.
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