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Research on the contribution rate of fertilizer to grain yield in China
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( 1 Economic and Business College, Hebei University of Science and Technology, Shijiazhuang 050061, China;
2 Business College, Hebei Agricultural University, Baoding 071000, China )

Abstract: [ Objectives ] Chemical fertilizers play very important roles in the grain production of China,
however, fertilizer quantity applied per unit area in China is far higher than other countries. Some field trials have
shown that reducing fertilizer rate did not lead to a significant drop in grain production, some economists and
grain producers remain cautious about reducing fertilizer rate. So it is important to scientifically evaluate the
contribution rates of chemical fertilizers to the grain yields in China, and to make rational fertilizer application
decision at the country level. The existing studies mainly analyzed the relationship between grain yield and
fertilizer input as well as other factors using time series models, but the grain productivities varied from one
province to the others, and the effect of fertilizers on grain yield changes is also dynamically changing. So this

study chose panel data model to better depict input-output relationship of grain production in China, and reflect
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more accurately the contribution rates of fertilizers to grain yield changes in different stages. [ Methods ] Grain
input-output data of 30 provinces from 1995 to 2015 were collected respectively. Three kinds of panel regression
models of grain production functions in the form of C-D and binomial functions were estimated. By using
methods of fixed effect test and random effect test to evaluate different panel models, the random effects model
was finally judged to be better than the mixed effects and fixed effects models. Based on the regression results of
random effects model, the elastic coefficients of grain yield to fertilizer application quantity per unit area were
calculated. Using the concept of total factor productivity, the contribution rates of fertilizers were calculated using
grain production function and fertilizer elasticity coefficients to evaluate actual impact of fertilizers on grain
production. [ Results ] The empirical results showed that the elasticity coefficients were all significant, the
fixed elastic coefficient was 0.17, and the variable elastic coefficients showed an obvious inverted U-shaped
trend. It implied that the marginal fertilizer input had entered the stage of diminishing returns, continuing
increase of fertilizer application quantity seemed unable to realize the increase of grain production. The elastic
coefficient value of fertilizer application quantity was still high and bigger than other factors’, which
demonstrated the unsubstitutability of fertilizer to grain production increase, on the other side. The contribution
rates of fertilizers to grain yield increase showed that the contribution of fertilizers was diminishing and trended
to zero. The input-output data analysis result of 2015 also indicated that appropriate reduction of fertilizer input
would not lead to a sharp decrease in grain production, as the improvement of disaster prevention technology,
agricultural mechanization degree and other elements had played greater roles in the increase of grain
production. [ Conclusions ] It is suggested that the rates of fertilizers should be strictly controlled at the county
level, and the effect of fertilizer rate on yield increase should be improved by adjusting the way of fertilization and
balancing the fertilization structure, meanwhile, contribution rates of technological factors to grain yields should
be further promoted.

Key words: fertilizer application rate; grain yield; random effects model; elasticity coefficient; contribution rate
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Table 1 Variables in the model

A5t Hr
Variable

Computing method

(N SRS R

Code Relationship with dependent variable

HREL iR BRI TR

Grain yield/ grain acreage

AR R (kg/hm?)

Grain yield per unit area

ARG T AR AE 47 o T AR

Total fertilizer application rate/crop planting

AT ARALALE I (ke/hm?)

Fertilizer application rate per unit area
area

AN AR LS 1 (kwh/hm?)
Mechanical power per unit area
AREB L] (%)

Percentage of effective irrigation area
MBI R L 0] (%)

Percentage of grain disaster area

R TERR/AR A A RE i T AR

PN I RN E YRR R T AR
Total mechanical power/crop planting area
A SR W R A A E R R

Effective irrigation area/crop planting area

Grain disaster area/crop planting area

AFPD
—RIUNIE, Rk
AFER First degree term is positive, Quadratic term
is negative
IEAHR
AAMP . .
Positive correlation
IEAHR
IRAP .. .
Positive correlation
AR
AFAP

Negative correlation

T AR W] REAFAE 5 J7 22 R 4 AH G ] 57T 5 30
RE D E A A ORI RS, IR I 45 5 0 p o 22
K T HAUE IE (PCSE) Ariff 2 ME IE X A i . [
JE N R I 1) F geit i {E 4300 91.67 (AL 1) Fi
95.88 (7N 2), oy RE b, WCHI E i A5 AR TR AR
TR RO AR, AL A6 56 R FH 52 47 2k 36
L, BARLLR 2 1Y 2 EN 0, RN, mERE,
A AL A A FR A [ sl AR, A A
(Il A 25 R SR, H5EA MR —
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ey 28 S IR s A 3, X REE th T
ROCHE R 1A BRI 5 A E AR VR AR, T ASRE Sk i
RO B T AU B 7 B B RO A I 5 A
Ry eb IR FL ) R B R ST R 1, AT S0
B, LRI TR RR O B T AU £ A B 9 17
TP FH 5 A AE 28 g B A7 T AR AR AL 3l g 28 s B2
B3, (EAH AL R E0m 5 BN, w7 AT
14 = MUK AL LB A B SR AR AR B 7 07 T A 4%
T—EMEN, EAEMDGAE . R
TR T BUR B AR PR BER B, BLTUSS
UL F AT B AR BER AR R T A AT A &
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2 EAELER
Table 2 Model results

AT TE ARSI PR AL (1570 1) Cobb-Douglas function (Model 1)

IS PR (15 2) Binomial function (Model 2)

A TRARON Eiled AL A hE TRARUY Bl P
Variable Pooled effect Fixed effect Random effect Variable Pooled effect Fixed effect Random effect
RO - e - RO - - -
1.476™" (0.069) 1.9287 (0.130) 1.864™" (0.121) 2.813"7(0.141) 3.347"7(0.148) 3.284™" (0.190)
Constant Constant
LOG (AFER) 0.213"(0.014) 0.166™ (0.025) 0.170"*" (0.023) AFER 6.879" (0.512) 4.938™"(0.495) 5.055™"" (0.487)
AFER"2 —4.510"" (0.429) -2.706™" (0.347) —2.801""" (0.343)
LOG (IRAP)  0.166™" (0.016) —0.065™ (0.030) —0.042 (0.027) IRAP 0.008"* (0.001) —0.002 (0.002)  —0.000 (0.002)
LOG (AFAP) —0.105"" (0.008) —0.056"" (0.005) —0.058"** (0.005) AFAP —-0.023""* (0.002) —0.015"* (0.001) —0.015"" (0.001)
LOG (AAMP) —0.073"" (0.013)  0.085"" (0.013)  0.075™*" (0.013) AAMP —0.019"* (0.006)  0.027*** (0.007)  0.023"** (0.007)
R 0.507 0911 0.583 R? 0.500 0914 0.587

# (Note) : 55 H A PCSE Fafdhrifi2: Figures inside brackets were PCSE; *** | **  */3JIZRIRK 1%, 5%, 10% B9 & FHMEKFE

Represent significance levels of 1%, 5% and 10%, respectively.
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