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Table 1 Common single factor—based fertilizer effect function model (7]
RETY ST PREER BTN Ty A LIS Y
Model types Function types Typical effect equation Mathematical version
— T A A 2R 2P )7 FE Linear equation )
Y=b,+b X
One—factor model Linear function
ZR B2 A 2
Y=by+b X+b,X
Polynomial function Quadratic polynomial
SN 2EN , o
Y=by+b X+b,X +b. X
Cubic polynomial
TRER AL K TT R .
Y=A (l-exp (-cX) )
Exponential function Michaelis—Menten equation
i e T A .
Y=4 (1-R")
Spearman equation
g LM+ F B REL )
Y=by+b X, (X<c), Y=P, (X=c)
Platform function Linear + platform function
ZW+F B R R ] R
Y=by+b X+b,X*, (X<c) , Y=P, (X=c)
Quadratic+platform function
eI TENE I AL ATz g _bo X 45X
. . . . B 1+ by X
Inverse polynomial Linear inverse polynomial
function Wk Lt o _ by + by X
Quadratic inverse polynomial L+ by X+ by X
ZotE = IeiEsk EATE VT ZREHA P=b+b X +b,Xy+b, X+, X, +b: X, X,
Ay Polynomial function Quadratic polynomial Y=bo+b X, +b,X,+b,Xs+b X, +b X, +b X, +b, X, X,
Binary or +b X\ X5+b, XX,
multivariate
- 0.5k 2= . 05 0.5 05y 0.5
fertilizer Y=bo+b X, +b,X," +b:.X,+b,X,+b:s X, X,
Square root polynomial
response model
xR XPECE A 2
InY=by+b InX,+b, (InX,) *+b,n (X,) In (X,)
Log function Logarithmic transformation
N 1 1 1 1 1 1
A TE WL Wi L 1 1
IR R LT ESEN P T-Na A B B TR

Inverse polynomial

function

Inverse polynomial of reduction

yield

e BER R YRR R, XFOREALE, X, X,. GBIV, P KPHIRIRN, P05, K,OMHE S, HABRT S MAE R4 Note: ¥
in models was output, and X was application rate of fertilizer. X;, X,, X;or N, P, K are application rate of N, P,05 and K,O fertilizer

respectively. Other symbols were model s parameters
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Table 2 Simple correlation coefficient of independent variables and its variance inflation factor (VIF) in ternary quadratic polynomial

model for the field experiment designed in “3414” matrix on paddy rice response to N, P and K fertilization in Fujian province

A 75 i {5 4% ft Independent variable
Independent : FRERIRIS

variable X, X, X, X X2 X, XX, XX, XX, VIF
X, 1 38.12
X, 0.257 6 1 38.12
X, 02576 02576 1 38.12
X 09429 02222 02222 1 11.87
X2 02222 09429 02222 0.1996 1 11.87
X} 02222 02222 09429 0.1996 0.199 6 1 11.87
XX, 07388 0.7388 0.1691 07322 0.7322 0.1836 1 45.69
XX, 0.7388 0.1691 07388 0.7322 0.1836 0.7322  0.5472 1 45.69
XX, 0.1691 0.7388 0.7388 0.1836 07322 07322 0.5472 0.5472 1 45.69

E X X X ERARN, PO MK,OE il & . TE Note: X,, X,, X; were application rate of N, P,05 and K,O fertilizer

respectively. The same below
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Table 3 Simple correlation coefficient of independent variables and its VIF in ternary square root polynomial model for the field

experiment designed in “3414” matrix on paddy rice response to N, P and K fertilization in Fujian province

ERO A A & Independent variable .
AR
Independent
) Xl“j XZO.S )(305 Xl Xz /Y3 X[0,5X20,5 XIOvSXJO.S X20.5X30,5 VIF
variable
x> 1 393.85
X, 0.3229 1 34.61
X3 03229 0.3229 1 280.44
X, 0.9614 02801 0.280 1 1 166.69
X, 02801 09614 02801 0.2576 1 15.31
X, 02801 02801 09614 02576 02576 1 20.96
X,x," 0.7502 0.7502 0.1776 0.7328 0.7328 0.1625 1 285.07
XX 0.7502 0.1776  0.7502  0.7328 0.1625 0.7328 0.5129 1 41.69
XX, 0.1776 0.7502  0.7502 0.1625 0.7328  0.7328 0.5129 0.5129 1 234.87
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Progress and Prospect of the Study on Crop-response-to-Fertilization
Function Model

ZHANG Mingqing LI Juan KONG Qingho YAN Fang
( Soil and Fertilizer Institute, Fujian Academy of Agricultural Sciences, Fuzhou 350013, China )

Abstract In the past 40 years, the study and application of crop-response-to-fertilization function
model has made significant progresses and has already become the main technical basis for and a branch
system of the project of soil-test-based formulated fertilization. The quadratic polynomial model is the most
commonly used fertilizer effect model under study and in application. This paper reviewed briefly progresses
that have been made in the study on types, applicabilities, experimental designings and, parameter
estimation empirical fertilizer effect models, class characteristic fertilizer effect models, non-typical
recommended fertilization optimization method and combination of function methods with soil testing and
so on. On such a basis, the paper points out that the prevailing fertilizer effect model in the present days
has three problems, i.e. multicollinearity, heteroscedasticity and unreasonable professional hypothesis. In
quadratic polynomial models strong multicollinearity exists between the one-degree term and the quadratic
term, the one-degree term and its interaction effect terms, the quadratic term and its interaction effect
terms, and in the square root polynomial model, exists severer multicollinearity. The serious multicollinearity
causes errors in “+” or “=” signs of the model coefficient or difficulty to evaluate relationships between
independent variables in contribution to crop yield. Model residual analysis shows that fitting residual error of
the quadratic polynomial model displays a gradually dispersing funnel-like distribution pattern with increasing
rice yield, which indicates that residual variance differs with yield level. Serious heteroscedasticity causes the
least squares parameter estimation to be no longer valid, and f test and F test no longer reliable. Besides,
the prevailing quadratic polynomial model has two defects in being conformable with practice, that was,
linear relationship is used in the function between yield increment per kg nutrient and fertilization rate,
and symmetrical relationship is in the function between yield-increasing effect of fertilization before the
maximum rate and yield-reducing effect after the maximum rate, which makes it difficult to reflect the actual

relationship quantitatively between field fertilization rate and crop yield in the field. The paper also analyzes
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causes of the problems and their diagnostic method. Therefore, it is suggested that in-depth study should be
done to explore remedial measures to eliminate or relieve the impacts of the defects the multi-factor fertilizer
effect model and proper conditions for its application, to develop non-structural fertilizer effect models so as
to overcome the irrationality of the professional hypothesis of the empirical model, to unfold development of
fertilizer effect parameter identification technologies on the basis of the large volumes of “3414” experimental
data, and eventually to realize microscopic guidance using fertilizer effect models and to provide theoretical
modeling basis for development of a software system for fertilization recommendation.
Key words Fertilizer effect model; Multicollinearity; Heteroscedasticity; Non-structural model;

Fertilizer effect parameters; Parameter identification
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