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WY E FoC R RE AR M A R, ot
FRGEF AR RS, JEUEAT AR AL, B
O R B IE R, A R R R A
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1 ARSIk

1.1 KIBZERHEEERR T

201 7440 B FE AR A K AR L SRR R
BARRE - IXRE T AR, A, BT R )
BSR4 5 2k B KR Ay 3 ] B K
BE A 4 S5 A A HH 32 22 A e R A {16 4 4
PR KRR 149 A 224 1 A T AR AR 1) 2 58 A A 4 22 B

ES YN

BRI M FT, M T IERE - NRA
SERE A R R T e
etk (F1) , Hb, pHAHAIE, AHLE N
WA R, RO A BT ROGE  A R
(Olsen-P) 40.5 mol-L ™52 & o042 B —FH 46 4t
Fefayk, BT mol L' 2 R R R B — K MO
TR E %

TR &R KA e E R T,
o gh 3, Hodr, AR A A b IR
(1) NgP,, (2)NyP,, (3)NP,, (4)N,P,,
( 5 ) N0.25P0,25’ ( 6 ) N0.25P0,75’ ( 7 ) N0,75P0,25’
( 8 ) NO.75P0.759 ( 9 ) NO,SPO.S’ /fl&%qa N @é%ﬁa:'ﬁ[%&%
I 19 b PRI 5 2L, F AR i 2 £ 1
B, AbEE (4) R A R S i, A
SR L

R =R ER, ALK AHES, /NXH
20 m’, KK T HAMEEIRE (N46% ) , B
VeI B IRES (P05 12% ) , FRAEAHEALE (K,0
60% ) , I HL A HLIE . AR AE 3 FE AR FE AT
W, Ho, BEAE AR s ANEAE AT
SrBENE BN 4 B R A50% . 35%F115%
PR AR S AR AR 45 5 50% , oy BEMHASHEER AL
HERUK RSO ET, 25/DIXBSCAFR, 4 il SRR A
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myE L AR T SRR AL, Hofth I A A FR Y it
K HEAE = —5,
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Table 1 Main physical and chemical properties of the test soil in the experiments on rice and fertilizer application rate in the 4™

treatment
‘ HIUR R R SR WF (4) MR/
Fs o WER S BSe: £yt . . . -2
pH OM/  Alkaline N/ Available P/  Available K/ (kg-hm™)
No.  Factors Sites Soil types y » » »
(g'kg”)  (mgkg) (mg-kg™) (mg-kg™) N, P, K,
KRB
A K
1 N, P Yongchun Lo 5.65 2450 135.4 18.6 110.6 240 120 120*
ALY
County
KIS MHEATA
2 N, P o 44l 28.62 171.5 15.1 100.4 240 120 120%
Datian County  #f A A+
PiE a0
BB R K
3 N, K Yongchun L e 588 2910 150.5 22.7 47.4 240  60* 180
PN
County
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e
N HHR B R G GbEE (4) iR/
e &R s A i ) ] 5
OM/  Alkaline N/ Available P/  Available K/ (kg-hm™)
No.  Factors Sites Soil types B . . y
(g'kg™)  (mgkg) (mg-kg™) (mg-kg™) N, P, K,
KB i fE A K
4 N, K L 513 2894 151.9 29.1 82.7 240 60* 180
Datian County  #F A 1"
7RI
) W JE R R K
5 N, K Pinghe L, 537 2031 156.8 70.6 105.5 120 30* 120
N
County
T FimEE K
6 P, K 480 12.50 128.8 21.5 39.1 165* 120 180

Putian City B AR LY
TE e Fealy A5 0B S A BT N Z IR A o — A3 BB S AL B Notes: The data with asterisk in the table are results
of the binary NPK combination fertilizer application plus another nutrient besides the two. (D Typic Haplistagnic Anthrosols; @

Endogleyic Fe-accumuli-Stagnic Anthrosols; ®Fertilizer application rate in the 4" treatment
gley g pp

1.2 REZEZMEEBYINEER AR ERTE ED-M AR, L2, HAbe M1y

R 7 AT LIS IE " OCAR S BRI AL A E ] SRR 3 x 31 It B A Jr SRR R AR T
P, A SO AR A [ bRl 8 SR 8 i A AR I H 2 5K R KB ] TERLO%% ZN
SRR TR . B B R RGBSR ) P AR 20
R RBMELAIEY EEA . SREMELE, 22, 102, 12600 LAY A E b & /N R oK
I NA . HEEY . R E T RIS A4 S8 R U I RO 5 TR %ﬁ%ﬁﬂ%%
FERl AR IR DL 2 Hih, 19994E7E T BRACR, ASGRAE S5 i h 14 16,
FH T 55 05 DX 58 B ) 4 2E i I RO 6ok ] R 3R 175

®2 BEEM-TREORN R EMR I EER R

Table 2 Main physical and chemical properties of the test soil in the binary fertilization experiments on upland crops

e TR AR LR
5 27 ARV F S Ho A e LR - - N
) ) pH . Inorganic  Availiable P/ Availiable K/
No. Crops Years Factors Sites Soil types OM/(g'kg™) . . .
NAmg'L™)  (mgL™) (mg-L™)
iy [) 2 X e 5 A K
7 2003 N, K . 68 13.0 120.8 63.9 52.0
Potato Tongan District ~ #f Ay £
e Jeitg e R IK
8 2003 N, K 5 52 11.5 135.1 75.8 116.6
Potato Longhai City ~ #F AN+
EU Jeitgti JE R BB K
9 2002 N, K o 46 15.0 58.1 242 72.9
Green soybean Longhai City N
EE JeitET JRETE RO
10 2003 N, K o 45 16.6 101.5 46.2 36.4
Green soybean Longhai City N
T JeitET R IK
11 2003 N, K S, 5.8 12.5 176.7 40.0 88.3
Green soybean Longhai City G N
s FU5IX. 3 A K
12 2003 N, K . 48 9.0 31.4 24.2 78.0
Peanut Xiuyu District AR+
1A TG IX 3 5
13 1999 P, K o 5 46 19.2 332 40.8 78.2
Peanut Xiuyu District 1 & £k +°

e 1) R HEEZRAE MR o B SR 55 [ PR AR AL IR 552 R4 H 09 23 B 7 7% ( ASTi% ) Note:1)The test methods of the main
chemical properties of the test soil are ASI (Agro Services International Inc. USA). (D Typic Haplistagnic Anthrosols ; @ Endogleyic

Fe-accumuli-Stagnic Anthrosols; @ Typic Hi-weatheri-Udic Ferrosols
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S, AT — e AR R AR R A

Y=A(s+X)e™ (1)

A, YRS E, XhEEE, s BIEAE
Mg (RDH A R 0 A 2 Tt A R A 3R A3 B
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B AR EX=00] + 38 1 5 RE 4 5= & 2 (A
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AP, sy s s B e AU A Hh R T
ERSMMIE Y E (kg-hm™) o Kl +HEHF
o3 HE I 24 5 5 it AL B B AT AT, A RN R
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il 3% 0 i B 2 Oy, SRR D AR 2
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— NIRRT I A4 it A e B e v
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RS FHAC, o] FHEEMEAL . 15 25510
B, o6 R 22 10 I O A B — VR I AR Ak
TR RS RIS R AR EY AL RN 1Y
— A, MR R T R AT S ON G Y AR
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MRIVNFTSZ 135K AW DRE. £U
FAEAE R 7A Zn IR 45 8, DURA/NERE
FoK A EE IR B R L, AR Dy
P AR AL ) (R4 o BRI, E
1S E1TSIRE A 1AKK P, ot T IRk&E I
ANE AR e o) W E VR, (A5 135 FI5517
5 0 A A T 11 A A TR 4y S AT R A 11
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Table 3 Application rates and yields of rice and upland crops in the NP, NK and PK binary fertilizer experiments
L A b 35 K il S Sk A
5 fE A Treatment No., application rate and its yield/(kg-hm™)
No. Crops Items
1 2 3 4 5 6 7 8 9
1 Hf¥Early rice N - P,O; 0-0 0-120  240-0  240-120  60-30 60-90  180-30  180-90  120-60
FEbYield 7101 7667 9128 9 498 8 304 9251 9537 10019 9 980
2 HZ R Single- N - P,O; 0-0 0-120  240-0  240-120  60-30 60-90  180-30  180-90  120-60
cropping rice 7= Yield 5819 6846 7646 8492 7 848 8198 9020 9294 9353
3 F¥Early rice N - K,0 0-0 0-180  240-0  240-180  60-45  60-135  180-45 180-135  120-90
FEhbYield 6822 8126 8250 8 327 8 774 8 621 9101 9779 9 567
4 H 7R Single- N- K,0 0-0 0-180  240-0  240-180  60-45  60-135  180-45 180-135  120-90
cropping rice 7= Yield 5597 5978 5585 5592 6285 6 620 6612 6486 6617
5 HZfgSingle- N- K,0 0-0 0-120  120-0  120-120  30-30 30-90  90-30  90-90 60-60
cropping rice FEhbYield 8567 9182 9315 9 485 9527 9753 9795 9786 9 644
6 i fEarly rice  P,0;- K,0 0-0 0-180  120-0  120-180  30-45  30-135  90-45  90-135  60-90
FriYield 4616 5712 5463 5994 5696 6 837 6054 7152 7202
7 L EY B Potato N-K,O 0-0 0-180  0-300  180-0  180-180 180-300 240-0  240-180 240-300
et Yield 5898 8687 10343 18624 27027 24407 20664 25224 24573
8 452 Potato N-K,O 0-0 0-180  0-300  180-0  180-180 180-300 240-0 240-180 240-300
jPibYield 20526 23310 24185 31481 36194 35156 35648 36444 31598
9 £ Green N-K,O 0-0 0-105  0-150  180-0  180-105 180-150 255-0  255-105 255-150
soybean PR Yield 3214 3381 3489 7387 8213 7 825 7 462 8 438 8513
10 £ Green N-K,0 0-0 0-105  0-150  180-0  180-105 180-150  255-0  255-105 255-150
soybean Fe i Yield 4380 6765 6015 6135 8 145 7245 6795 7 635 7245
11 £ 5. Green N-K,O 0-0 0-150  0-225 180-0  180-150 180-225 240-0  240-150 240-225
soybean 7= Yield 8505 10338 10673 10532 12423 12048 10965 11507 11 340
12 £ Peanut N-K,O 0-0 0-90  0-150 75-0 75-90  75-150  120-0  120-90  120-150
FehbYield 3641 3911 4100 4250 4 440 4430 4230 4481 4410
13 1E/E Peanut P,05-K,0 0-0 0-90  0-129 60-0 60-90  60-129  86-0 86-90  86-129
P Yield 3495 4230 4260 4110 4560 4530 3975 4335 4230
P,0;-K,0 39-59  39-60  26-39 - - - - - -
FE i Yield 4275 4260 4140 - - - - - -

e R JE217T 2 135 050 A A B 10 28 4b B 12119 it AL £ A7~ £ Note: Listed in the bottom 2 rows of the Table were application

rate and crop yields in Treatments 10 to 12 of Experiment No. 13

22 “niFEMEHRENEEREZUE
R

X (2) B9 ZoCARSS M AB RO Y, R TR 3
14 61 7K i HE 2t 6 45 2R A AR e e/ s —3fe i [l 1

FBRIUR PR 5] 2 RSN RO R A L

RWoR, 6 KE A IR M AT R A e i
VR bR FE AL O RO RE 1 5 B e i 8 3
Ko S RAMAM AR RA L, B AR AL
RO AU, 5 3k 6 M A5 A FE RO B 45251, HRETR
P SRR, W] R T A] I  f) A AE A
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Table 4 Fitting of crop responses with the binary quadratic polynomial fertilizer response model (BPFM) in the binary fertilization
experiments
Tt R EZ AN B S H gt s tee il
5 5 Parameters of BPFM Statistical test Typicality discriminant
No. Nutrients
b, b, b, by b, by F R PS Max RF
1 N, P 6951 -0.104 91.120 0.0795 0.7033 -0.0102 24.6**  0.960 9 NT - -
2 N, P 5778 -1.369 92.470 0.0393 -0.7033 -0.0065 79.4*%* 0987 6 NT - -
3 N, K 6 833 41.394  -4.901 -0.1477 0.0623 -0.0222 14.2% 0.9342 NT - -
4 N, K 5543 -7.261 35451 0.0322 -0.1838 -0.0106 21.1*%* 09549 NT - -
5 N, K 8614 -13.839 47.154 0.1652 -0.3517 -0.0330 17.4*%* 09457 NT - -
6 P, K 4 443 47.119  13.921 -0.3331 -0.0350 -0.0251 9.7% 0.906 7 Y Y Y
7 N, K 5115  143.670 48.573 -0.3389 -0.1122 0.0056 33.3*%* 09823 Y Y Y
8 N, K 19651 121.630 43.773 -0.2487 -0.0976 -0.0775 13.8%* 0.958 3 Y Y Y
9 N, K 3193 37.341 8.782 -0.0797 -0.0518 0.0203 213.5%*% 0.997 2 Y Y Y
10 N, K 4380 16.102  43.578 -0.0291 -0.2115 -0.0327 20.5% 0.9715 Y Y Y
11 N, K 8 407 26.362  20.464 -0.0699 -0.0462 -0.0289 17.8* 0.967 4 Y Y Y
12 N, K 3634 11.829 4.853 -0.0543 -0.0136 -0.0154 34.6%* 09830 Y Y Y
13 P, K 3511 15.816 9.824 -0.1153 -0.0298 -0.0457 13.4** 09179 Y Y NT
14 N, P 4 687 15338  11.429 -0.0263 -0.0398 0.003 6 7.8% 0.886 7 Y Y
15 N, P 2998 14.621  6.2304 -0.0356 -0.0401 0.0285 16.2* 0.964 3 Y Y
16 N, P 8761 6.391 13.227 -0.0092 -0.0287 0.003 2 69.2%*  0.9857 Y Y
17 N, P 3682 18.993  18.940 -0.0425 -0.1109 0.0823 97.7** 09819 Y Y NT
e by~ bsFm IR ZWNEAB RE; *RRBEKENS%, TR BEKFE 1%, “PS” RRSHFFS, “Max” &

“RE” FORMEREAL . Y7

the quadratic polynomials fertility response model;

N4 Y

stands for parameters symbols in the model,

FORIETRIRE,

“Max” for Maximum yield and

“NT” £RFHIRE ., FRINote: b, ~ bs represents coefficients of

“*” means significance at the 5% level and “**” at the 1% level. And “PS”

“RF” for recommended fertilization rate in the

model. “Y” stands for normal and “NT” for abnormal. The same below

Ui,

PR3 DA E | BEAEA T4 IR R
s, DL A& /NEE TR TR EE e ARkt
SRk, R AR Ry i g Sr —on AR 45 R IR SR A
FEHEAT BP0 . FSIE TS B 1755 A
SRR, AR LI R S S IR E T
AR R 1 B A MR ARG G, o0 IRE T
FE 5 %S TR 30 o d 3 P A 6 Tk A5 38 e 70 = ) 3
R, OGRS R AR R [ A Rl 65 15 1) A W] Y A
5185 B35 175 RS S Y ARSI
RS o0 TR 2R — K, B8 T
JIEL £ A ) A B A 5K

Bk, 21740 ZniEgl g b, —oo
P 25 46 I Ak A AR 1 R SO 154, G A

K88.2% , I B AU I A A A LAY 5 11.8%
B AR AT R D R A TR 2 1 oI A R A 4R
2940 E e, B ekas TR AR ALY A
.
2.3 ZURBMUEREEREEREEX M

K PEN4.3 yuan-kg™' . P,O5 5 yuan-kg™'. K,0 5
yuan-kg ' FIR 52 yuan-kg BT, R
(3) Gl T3 50 Yot = ST AR 45 46 AT ASOR A0 A )
B S AL &, [FIRT, R PR ROk oy
S R4 rh R 5T Tk 22 T T AR Y R e
PIHEZERAL (F6) o 25 FM, MA ZSodE45H
JIE SSCRSE F) e ve t ES RN 28 5 i S i ) 4 AR 45 SR A 7
R RIS A, RIS IO .

Ry LB T A AR A AE HE R B b 25 R, X
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Table 5 Fitting of crop responses with the binary non-structural fertilizer response model (BNFM) in the binary fertilization

experiments

T ICARZE R MR AR 24

F 5
T o Parameters of BNFM

it

Statistical test

H AL )

Typicality discriminant

No. Nutrients

A Sy K ¢, x 10° ¢, x 10° F R’ PS Max RF
1 N, P 0.288 3 132.7 184.1 3.292 3.527 19.3%* 0.950 8 Y Y Y
2 N, P 0.602 1 180.5 53.85 2.458 8.630 64.1%* 0.984 6 Y Y Y
3 N, K 0.278 4 268.5 94.62 2.164 5.395 7.5% 0.8821 Y Y Y
4 N, K 0.179 4 289.6 108.2 2.583 5.181 9.0%* 0.899 8 Y Y Y
5 N, K 0.202 1 115.9 372.3 5.454 2.010 9.2% 0.901 6 Y Y Y
6 P, K 0.518 5 49.07 180.3 9.251 2.721 7.1% 0.877 0 Y Y Y
7 N, K 1.396 0 37.11 134.3 4.098 3.108 66.2%* 0.985 1 Y Y Y
8 N, K 0.793 5 113.6 242.1 2.976 2.605 13.5% 0.9311 Y Y Y
9 N, K 0.338 6 59.19 156.4 3.075 3.848 368.0%* 0.997 3 Y Y Y
10 N, K 0.455 4 192.1 57.03 2.447 7.523 8.6% 0.8959 Y Y Y
11 N, K 0.264 3 152.6 224.2 3.390 2.541 8.0% 0.888 6 Y Y Y
12 N, K 0.089 8 135.5 306.8 4.302 2.230 16.8%* 0.944 0 Y Y Y
13 P, K 0.176 3 101.5 206.5 6.504 2.835 7.3% 0.806 3 Y Y N
14 N, P 0.175 5 157.1 168. 5 2.358 3.243 13.2%* 0.897 6 Y Y Y
15 N, P 0.300 0 97.35 95.06 3.246 5.446 39.7% 0.975 5 Y Y Y
16 N, P 0.069 8 487.9 252.5 1.180 2.067 89.8%* 0.983 6 Y Y Y
17 N, P 0.310 6 115.3 87.32 1.992 4.103 41.7*%* 0.943 4 Y Y N

26T TR D 1 R A5 ) SR Y 10l s 75 2]
EOF =N 7 11 ) = e A I S W2 A e ]
53T o 2% B VPR A TR 4 2 19 e o i JES ek 22 1) D %
2P AR 22 TR A7 e i S R IE A G R (A
1) o [HE 5 FE A — I R 805 A 0.915 371
0.916 1, FRH M Yk 2 10 2 AR Y HE 1 114 35z e it AT
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Fig. 1 Relationship in recommendation fertilization rate between the binary non-structural fertilizer response model (BNFM) and the

binary quadratic polynomial fertilizer response model (BPFM)
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Binary Non-structural Fertilizer Response Model and Its Validaiton via Field
Experiment

ZHANG Mingqing' LI Juan' ZHANG Zande’ XU Wenjiang® YAO Jianzu*
(1 Soil and Fertilizer Institute, Fujian Academy of Agricultural Science, Fuzhou 350013, China )

(2 Datian Cropland Construction and Soil and Fertilizer Station, Datian, Fujian 366100, China)
(3 Fujian Institute of Subtropical Plants, Xiamen, Fujian 361000, China )

(4 Yongchun Agricultural Technology Extension Station, Yongchun, Fujian 362600, China )

Abstract [ Objective ] The binary quadratic polynomial fertilizer response model is set up on the
assumption that crop yield increment per unit of nutrient is linearly related to fertilizer application rate,
thus leading to a symmetric relationship in crop response to fertilization between before the maximum
application rate and after the maximum application rate of fertilizer is applied. This model obviously tends
to be low in modeling success ratio mainly because of its set biased error and existence of multicollinearity
and heteroscedasticity. This study has developed a binary non-structural fertilizer response model, which
is designed to have better applicability. [ Method ] On the basis of the unary non-structured fertilizer
response model and the principle that the functions of plant nutrient elements cannot be replaced by each
other, a binary non-structural fertilizer response model is constructed. Its fitting effect and its reliability
in recommendation of fertilization rates is verified via NPK binary combination field experiments on
crop response. [ Result] The model is OKed through all the statistical significance tests in all the 17
field experiments on crop response of rice, peanut, potato, edamame, winter wheat and summer maize,
but only 58.8% of the total test sites showed typical crop responses, and 41.2% did non-typical ones with
irrational algebetic symbols of monomial or quadratic term coefficient in model and extrapolated fertilizer
recommendation. Fitting tests of the model demonstrate that it has been OKed through all the statistical
significance tests, with 88.2% of the test sites showing typical crop responses, and only 11.8% non-typical
ones, all of the type of extrapolated recommendation, which demonstrates that the new model has improved
in modeling success rate by 29.4% as compared with the binary quadratic polynomial fertilizer response
model. Both models show significant linear positive relationships between maximum fertilization rate for
highest crop yield and economic fertilization rate for highest crop yield, but the first term coefficient of
the linear regression equation is 0.915 3 and 0.916 1, only, which means that for the increment of each kg
of fertilizer reccommended by the binary quadratic polynomial fertilizer response model only 0.915 3 kg
and 0.916 1 kg is recommended by the new model. The new model has fairly well overcome the problem of
the quadratic polynomial model’s recommendation tending to be higher. [ Conclusion] All the analyses
indicate that the binary quadratic polynomial fertilizer response model is a simple and specific one of the
binary non-structural fertilizer response model. The new model has a wider range of applications.

Key words NPK; Binary non-structural fertilizer response model; Quadratic polynomial fertilizer

response model; Field experiment; Fertilization recommendation
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