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“34147 Vit E i m R AE R, B OR 52 (4) N,PiKy; (5) NP Ky (6) NoPK,; (7)
% (Monter Carlo) B P S0 =7  N,PK,; (8) N,P,K,; (9) N,P,K,; (10)
TR £ T X R R R R R ) e A A 56.7%F1 N,P,Ky; (11) NyP,K,; (12) N\PK,; (13)
37.3%, XFOIRNE L TR R R N PL,K,; (14) NP K, Hifr, “0” KFEFRRARN
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Table 1 Main physical and chemical properties of the soils in the seven representative experiment sites and fertilizer application rate

of their Treatment N,P,K,

+ 4 = R AR N,P, K, &b it Al i Application
. Soil physical and chemical properties rate of Treatment N,P,K, (kg hm )
FS kR + SICImIch PIODETLes
o o IR WA AR A
© tes ott genus pH Organic matter Alkaline N Olsen-P Availiable K N P,O; K,O0
(gkg)  (mgkg") (mgkg') (mgkg")
JEIRE JKe H Plaster
1 . . 5.3 28.3 109 22.4 184 180 72 135
LianchengCounty field
yAET JK e HPlaster
2 o . 5.3 16.6 84 25.2 73 150 60 105
LonghaiCity field
e M Yellow
3 f@iMiFuqingCity ) 7.1 18.1 105 21.2 18 150 63 104
clayey soil
FE L U H Plaster
4 . . 4.6 24.7 144 8.0 110 180 72 135
LianchengCounty field
il £ # 2 M Yellow
5 . . 5.4 20.8 128 19.0 58 165 66 99
XianyouCounty clayey soil
Je it JK e H Plaster
6 o ) 5.2 15.6 124 37.5 117 150 60 105
LonghaiCity field
il JKUS H Grey
7 . . . 5.4 21.1 116 17.0 60 165 50 116
XianyouCounty shatin soil
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F2 BEEIMRRMERESSERLENTESTE
Table 2 Early rice yields in the seven representative trial sitesrelative to treatment(kg hm™)
1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 5730 4482 5898 6150 7134 7134 6882 6432 6966 6933 6864 6948 6836 7134
2 4539 4605 6126 6344 6639 6726 6486 6026 6554 6266 6135 6116 6000 6681
3 5985 5015 7080 7602 8249 8294 7278 7440 7683 6551 8168 7521 7118 7926
4 4250 4875 5709 6500 7376 7625 6759 6875 7359 7280 7526 7125 6626 6875
5 4800 5355 6705 6675 7125 7095 7020 6000 6870 6675 7095 7050 7005 7050
6 7470 6225 8599 8300 8825 8876 8351 8576 9026 8576 8450 8675 8475 8745
7 4800 5700 6945 6900 7350 7395 7305 6495 6945 7050 6855 6705 6645 6795

E: B—AF 51 ~ TR A B —1TF 51 ~ 14ERIENE AR B, 3500 . INGPK; 2N P,K,5 3N PK,; 4N,PK,;
5N,PK,; 6N,P,K,; 7N,P;K,; 8N,P,K,; 9N,P,K;; 10N,P,K;; 11N;P,K,; 12N,P,K,; 13N,P,K,; 14N,P,K,. R[] Note: The
serial number, 1 ~7 in the first column represents one of the seven trial sites, sequentially. The serial number, 1 ~ 14, in the first
row represents 14 fertilization treatments, i.e., 1N PK,; 2N,P,K,; 3N,P,K,; 4N,PK,; 5N,P K,; 6N,P,K,; 7N,P;K,; 8N,P,K; IN,P.K ;
10N,P,K;; 11N,P,K,; 12N,P,K,; 13N,P,K,; and14N,P,K,.The same below

1.2 ZINERER NS ELL IS A E kg hm™; e G HE2Z, kg hm™?; YAIIAS &,
B % =70 Ik Z 3 X0 B 1 BF % 0 kg hm . FERFHOLSIIHAMTI, #R4E “3414”

mr W 1AL B A . B . B & 55X
Y=by+bN+b,P+bXK+bN +bP +bK + (1) R A9 aIHZE BN, P K, N°, P?,

b,NP + bNK + b,PK + & (1) K*. NP, NKFIPKA 4 — MRG0 5 A FEX
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P,> K, N,P, N,K, P,K,
P,> K> N,P, N,K, P,K,
P,> K, N,P, N,K, P,K,
P,> K,> N,P, N,K, P,K,
P? K,> N,P, N,K, P/K,
P,> K> N,P, N,K, P,K,
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NKZJE, PP5NPH#PKZIH , K’ 5NKHSPKZE  RECGFMACL R St —30, ANRHk. Kk,
MRRBGE0.732 2, FAAEmRELMEMG, Wikl o IR SIE SRR A7 1 7 1) 2 LRk E
Wt Ir RAE SR R e A ), HAbe MRS Ay X RR A T B AR B E A B T Y
I BT AR AR, TN T ARG

3 =R STAEMAEE BOLS[E Y3 5 4 1 2L B 153 )

Table 3 OLS regression analysis and typicality discrimination of TQPMs (ternary quadratic polynomial models for fertilizing effect)

, SAIEH 53]
e GeitK o
e (1) I BH Parameters of the Model (1) Typicality
Statistical test
No. discrimination
b, b, b, b, b, b by b, by by F R’ P PS Max RF

1 5786 10.01 11.71 3.74 -0.074 -0.27 -0.059 0.14 0.067 -0.028 5.7 0928 0.054 — — —
2 4533 2647 -394 8.44 -0.091 -0.12 -0.084 0.024 -0.050 0.12 298.6 0.999 0.000 N Y —
3 5965 11.47 0.035 30.25 -0.073 -0.28 -0.19 0.25 0.032 -0.14 9.9 0.957 0.021 Y Y N
4 4282 596 29.63 19.55 -0.045 -0.30 -0.034 0.19 0.026 -0.23 83 0.949 0.03 Y N —
5 4842 10.28 1891 25.06 -0.061 -0.20 -0.18 0.069 0.068 -0.081 13.6 0.968 0.012 Y Y Y
6 7460 16.21 10.09 7.89 -0.115 -0.35 -0.072 0.21 0.058 -0.086 20.4 0.979 0.005 Y Y Y

7 4780 16.41 12.26 12.43 -0.058 -0.084 -0.056 0.015 0.018 -0.030 27.4 0.984 0.003 Y Y Y

Fe (1) = R BTN R . Y” FRIERIRE, N FRFERE. CPST RABASHSS, “Max” £
N E RN, “RE” i’%m?ﬁﬁﬁﬁﬂﬂio T, Note: Model (1) is TQPM. “Y” stands for normal, “N” for abnormal. “PS” for

parameter symbol, “Max” for site of Maximum yield, and “RF” for recommended fertilization rate. The same below
2.2 IEI JHEERERP DT REEY B, K (1) NERRRHY )94 [l 5 715 1 42 B
WRiZWRY], =X I ANEEAIAE ARIZPE2H G 5 0 5 T4tk AR OC 1 94~

fﬁiﬂﬁgé/\/ié Hig, WEBFEZEAT 2, IS5 X0 R E X RS . [
I BRax ML fE FOA O R S B R AR A 25 IR SO, RAR TR, BT RO IE(E
B MR ER AT AL (4) , MIKEREE  AYSR 1 RO X AR R XY 7 22 TR I8 73.82%, HijT
T 1 SR R A, X SO T [l 9 g R AT = AT FINT5 22 5Tk ARIK99.9% L) L.

F4 F25 B ARITEMXRIN RS REFEE

Table 4 Nine principal components and their eigenvalues of the matrix X designed for Field Trial Site No.2

PC: Z = q,N+q,P+q:K+q,N*+q;P*+qK*+q,NP+q,NK+q,PK VCR
PC A
4\ 4> q; 94 qs '8 q7 qs ‘D) (%)

H1EM/PCL 0.0038  0.0050 0.0013 0.8371 0.0374 0.1784 0.2262 0.4568 0.0789 2.399x10° 73.82
H2FEM/PPC2 —0.0015  0.0004  0.0048 —0.4129 0.0353 0.7369 -0.0686 0.4525 0.2752 6.263x10" 19.27
H3EM/PPC3 —-0.0002  0.0056 -0.0005 —0.1154 0.4723 -0.0528 0.6996 -0.2334 0.4657 1.710x10" 5.26
HAEM/PPC4 0.0018  —0.0020 -0.0023 -0.3195 —0.0258 —0.5740 0.2092 0.7204 -0.0714 3.924x10° 1.21
HSEM/TPCS —0.0099  0.0017  0.0075 0.1157 0.2551 -0.2981 —0.6057 0.0662 0.679 1 1.021x10° 0.31
E6FIMAPC6  0.0110  0.0026 0.0032 0.0000 0.8417 0.0635 -0.2097 0.0936 -0.4844 4.164x10° 0.00
ETEWMAPCT  0.8245  0.2634  0.5006 -0.0022 —0.0092 —0.0035 -0.0015 -0.0028 -0.0070 3.297x 10> 0.00
H8FIMPPCS  —0.5483  0.1548 0.8217 0.0005 -0.0010 —0.0014 0.0074 0.0002 -0.0113 4.967x10" 0.00
HOFIMAPCY  —0.1390  0.9522 -0.2721 0.0001 -0.0029 0.0003 -0.0028 0.0028 -0.0031 1.571x10" 0.00
W “PC” FmEMSY, AR, VCRERTZHHE, FNote: “PC” stands for principal component. “A” for

eigenvalue, and “VCR” for variance contribution rate. The same below

http: //pedologica. issas. ac. cn



472 + 21

Eild 55 4%

h9 T B 9 3 43 A s i B it R iy
25, RGN (5) BT RAKA E RS
AERGR B T XN, P KL N2, PP K2,
NP . NK. PKZ9/ [l 928 & i ok R B (%
5) o MRIEAEKRANGEAX (1) R, 551 E
oy B BT AR RNV, F A R T NPAE

HAENL s B2 oy W T (R AR KA
> S T IV AR NGO 5 5 3 T R Rk
TN RPN, A S T [l 5 AR SN 5
SR o HA I A B B R KU 5 L A 4
A, AHEBIE

=5
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Table 5 Determination coefficient (+*) between various regression variables and 9 principal componentfor field trial site No.2

PC

0 (1) K [R5 45 i Regression variables of Model(1)

N p K N’ P’ K* NP NK PK
H1FEMS> PCI 0.865 2 0.035 7 0.000 2 0.003 2 0.024 7 0.012 3 0.054 9 0.003 7 0.000 1
H2F WA PC2 0.081 4 0.014 8 0.812 4 0.023 8 0.004 7 0.004 3 0.035 1 0.001 8 0.021 8
Hi3F WA PC3 0.188 1 0.709 8 0.001 9 0.010 5 0.028 9 0.002 1 0.041 3 0.016 8 0.000 6
K4 srPCA 0.936 9 0.059 5 0.001 3 0.002 2 0.000 1 0.000 0 0.000 0 0.000 0 0.000 0
%5 EArPCS 0.073 1 0.017 0 0.830 6 0.000 6 0.014 5 0.064 2 0.000 0 0.000 0 0.000 0
H6EIrPCO 0.177 2 0.789 6 0.001 1 0.030 0 0.002 1 0.000 0 0.000 0 0.000 0 0.000 0
$57 F M APCT 0.570 8 0.013 7 0.389 3 0.008 0 0.017 4 0.000 9 0.000 0 0.000 0 0.000 0
Hi8 M 4rPCS 0.760 1 0.194 7 0.014 2 0.030 9 0.000 1 0.000 0 0.000 0 0.000 0 0.000 0
H9F A PCY 0.1419 0.450 2 0.352'1 0.001 9 0.044 7 0.009 3 0.000 0 0.000 0 0.000 0

2.3 ERSEVARIEER KL HEEFER S

WIS EWRTHN, P, K, N*| P2
K*. NP, NK. PKZ: [ 975 & A9 2 41 & & BOm
TR VE A0 M X0 B — A7 0 BUE, 40 9 144
PR A AR E, A ROR BT R . TR
8N I 74> 32 54343 ) S B T XHE B T 2245 B
99.99%M199.90% VA I, H L, ik itk ars4
2 B B 74 32 B A3 2 A

I B 5 % 7 ) 14 Ab B P, R4S
OLSIHAF b il (1) RBIER (F6) . hT
“34147 AT ECH 144, B HBE N3,
KT8 3 A3 sl 74 2 B A 2 A T 32 3 m A

G e i 1 E S W= S35 S | AP S (T = vl
TCAERBE R i 22 A B4 ok SH6 ., 25 SR EH,
15 . 25 M35 R K 5 T 15 — o HE RO AL B 55 4k
T A )8 I — M AR AR A i B R X 495080
RUORHA it A7 A A e, HE5 R 50LS
o] U AR 7] 359 J TG B v = i oS A AR LR S, (R
7AN T RS 1) B A] 453 = s R AR SRR, 55 A
65 I 5 W OLS [l A 4 M 15 2 ML AL =, R FH A8
L 1A= 05 W il L T VA B 5 2 T W )
J&, 750 SR T8 AN B AT 7 A A, A
BRI OLS I LA AR B T AR B ALK, S5 5R R
MAES .

%*6 =X EMABMED R E RS B FNEL B 43 B
Table 6 Principal component regression and typicality discrimination of TQPMs
TV
A | ) o ETERT
(1) S % Parameters of Model(1) Typicality
Numbers Statistical test
0. discrimination
of PC p

b, b, b, by b, b b b, by by F R P PS Max RF

8 1 5807 11.30 3.23 591 -0.075 -0.21 -0.061 0.16 0.048 -0.006 7.7 0.9250.019 Y Y Y

2 4515 2512 532 5.79 -0.090 -0.15 -0.081 —0.004 0.22  0.091 134.4 0.9950.000 Y Y Y

3 5946 9.99 10.04 27.09 -0.072 -0.31 -0.187 0.22  0.064 -0.17 13.2 0.9550.006 Y Y Y

4 4335 9.28 7.82 25.11 -0.047 -0.25 -0.039 0.24 -0.024 -0.168 9.3 0.9370.012 Y N —

5 4855 11.17 11.90 27.72 -0.062 —-0.18 —0.183 0.09 0.046 -0.061 17.9 0.966 0.003 Y Y Y

6 7469 1693 5.13 9.31 -0.12 -0.33 -0.074 0.23 0.043 -0.070 27.6 0.978 0.001 Y Y Y

7 4794 17.29 4.71 1390 -0.058-0.056-0.058 0.034 0.003 -0.007 35.3 0.983 0.000 Y Y N

7 1 5802 10.52 3.39 7.01 -0.074 -0.25 -0.063 0.17 0.048 -0.018 10.5 0.9250.005 Y Y Y

2 4489 20.63 6.59 12.52 -0.086 —-0.16 —0.093 0.057 0.024 -0.002 7.3 0.988 0.000 Y Y Y

3 6 006 20.09 6.77 11.98 —-0.081 —0.29 -0.160 0.088 0.058 0.031 12.4 0.9350.003 Y Y Y

4 4387 18.44 595 12.29 -0.054 -0.23 -0.021 0.14 -0.026 -0.023 9.6 0.918 0.007 Y Y Y

5 4943 2131 6.68 10.57 -0.069 —-0.16 —0.149 -0.027 0.036 0.165 10.8 0.927 0.005 Y Y Y

6 7466 16.47 526 10.00 -0.12 -0.33 -0.075 0.23 0.044 -0.079 37.7 0.978 0.000 Y Y Y

7 4804 18.87 4.41 11.40 —0.06 —0.052-0.054 0.006 0.003 0.033  45.5 0.982 0.000 Y Y N
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Table 7 Comparison in recommended application rate between TQPMs different in modeling method

3 i/ ek [l I A 8> T A el U A 7> A U A
HEAFHEAT OLS regression modeling 8 PCs regression modeling 7 PCs regression modeling
J¥*5No Recommend

fertilization N P,0; T P,0, K,O Tt N P,O, K,0O T
Yield Yield Yield
MAR — — — — 183 65 117 7292 184 66 117 7294
: EAR — — — — 132 44 73 7 144 132 44 76 7149
MAR — — — — 149 41 79 6721 148 48 87 6717
? EAR — — — — 133 23 49 6636 129 37 68 6 655
MAR — — — — 201 65 77 8320 173 42 73 8319
’ EAR — — — — 157 48 69 8239 150 33 58 8262
MAR — — — — — — — — 261 86 83 7 564
) EAR — — — — — — — — 246 79 27 7453
MAR 166 58 88 7 346 166 59 87 7341 165 51 83 7313
’ EAR 137 49 76 7286 136 47 77 7278 147 33 61 7237
MAR 133 45 81 9084 132 45 81 9082 132 45 81 9082
¢ EAR 110 38 56 9012 110 36 58 9012 110 36 60 9013

MAR 168 66 119 7301 — — — — — — — —

’ EAR 144 54 92 7219 — — — — — — — —

E: “MAR” FoRlmEiiitat, “EAR” F/RLFIENote: “MAR” stands for maximum application rate and “EAR” for

economical application rate
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Table 8 Effects of modeling using OLS and PCR on TQPMs

e S A 0 P A Y L)

A R Ratio of the models up to statistical significance in Duncan test (%)
Number  NRSS (%) —
Modeling method ¢ trial JEHLAVELHI Non-typical models sy I A A
of tria
Max PS RF Typical models
OLS 171 15.8 (27) 36.8 (63) 14.6 (25) 53(9) 27.5 (47)
84~ 4> a1 )4 PCR using 8 PCs 171 9.4 (16) 32.2 (55) 0.6 (1) 16.4 (28) 41.5 (71)
74~ F ST FIHPCR using 7 PCs 171 17.5 (30) 21.1 (36) 0.0 (0) 18.1 (31) 43.3 (74)
OLS%5 484> F 1y MIHOLS
171 7.6 (13) 29.8 (51) 0.6 (1) 13.5 (23) 48.5 (83)
combining with PCR using 8 PCs
OLSZ5 474~ F M4y MJIJOLS
171 12.9 (22) 18.7 (32) 0.0 (0) 12.9 (22) 55.6 (95)

combining with PCR using 7 PCs

TE: “NRSS” FIRRIKGEH BEFE KV MACREERL ;55 P A B it 36 > #Note:

insignificant. The digits in the bracket are numbers of trials
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“NRSS” stands for models statistically
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Principal Component Regression Technology of Ternary Fertilizer Response
Model for Improving Success Rate of Modeling

LI Juan' ZHANG Mingqing'® XU Wenjiang® KONG Qingbo' YAO Baoquan’
(1 Soil and Fertilizer Institute, Fujian Academy of Agricultural Sciences, Fuzhou 350013, China )
(2 Fujian Institute of Subtropical Plants, Xiamen, Fujian 361000, China )

(3 Fujian Cropland Construction and Soil and Fertilizer Station, Fuzhou 350003, China )

Abstract [ Objective ] There is a large number of non-typical ones of ternary quadratic polynomial
models for fertilizing effect (TQPM) used in fertilization practice, severely affecting accuracy and
practicality of the fertilizing effect models. In order to improve success rate of modeling for field
fertilization experiments, this study was oriented to explore new modeling methods. [ Method ] Based
on 171 field fertilization experiments of “3414” in design on response of early rice to N, P and K
fertilization in Fujian Province, efforts were made to explore methods to diagnose multicollinearity of
TQPMs and technology for modeling with principal component regression and effects of their usage.

[ Result ] Diagnoses of number of conditions of the square matrix (X'X) of the matrix X designed for the
“3414” field experimentsand variance inflation factors (VIF) of the model parametersshows that TQPMs
do have serious multicollinearity, which is mainly caused by the specification of the models per se, and
severely restrains application value of the ordinary least squares (OLS). Among the 171 field experiments
ofearly rice response to N, P and K fertilization in Fujian province, ternary typical fertilizing effect models
using the OLS regression modeling method accounted for only 27.5% of the total. Theproportions ofthe

non-typical typed models, such as no maximum-yield point, unreasonablesigns of monomial coefficientor
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quadratic coefficient, and extrapolation of recommended fertilization rate, reached 36.8%, 14.6% and
5.3%, respectively, of the total using the OLS modeling method.Principal component regression ( PCR )
extracted 9 unrelated principal components from the designed matrix, thus eliminating the negative effect of
multicollinearity. When the first 7 principal components were used in regression modeling, the proportion
of ternary typical fertilizing effect models increased up to 43.3% or 1.6 times as high as that using the
OLS method. What is more, compared with the OLS modeling method, PCR decreased the proportions
of non-typical models with unreasonable coefficient symbolsby a large marginfrom 14.6%to zero, and
the proportion of non-typical models with no maximum-yield point from 36.8% to 21.1%, which fully
manifested the positive effect of eliminating the hazardof multicollinearity on success rate of modeling.
Seven-principal-component regression modeling made use of more than 99.9% of the variance information
of the designed experimental matrix X, and all the typical models established by PCR modeling did
not differ much from those by OLS modeling in recommending fertilization rate and predicting yields.
As principal component regression is a kind of biased estimate, only the experimental designed matrix
was taken into account in extracting principal components, but not relationship between each principal
component and yield of each corresponding treatment. As affected by regression bias, typical models
by OLS regression may occasionally turn into non-typical ones. Therefore, from the aspect of practical
application, the use of OLS modeling in combination with modeling based on regression of the first seven
principal component, increased the proportion of ternary typical fertilizing effect models up to 55.6%,
or 2.0 times as high as that using OLS modeling alone, and was much better than using the PCR alone.
[ Conclusion ] Principal components regression can eliminate the defect of multicollinearity of the ternary
quadratic polynomial fertilizing effect model The use of the ordinary least squares method in combination
with the PCR modeling based on the first seven principal components is the optimal modeling strategy that
can significantly increase the proportion of ofternary typical fertilizing effect modelsto predict early rice
response to N, P and K fertilization.

Key words Early rice; N, P and K, Fertilizing effect model; Multicollinearity; Principal component

regression; Ordinary least squares (OLS)
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