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The effects of agricultural technological progress bias on the total factor productivity of grain
WANG Zhong-hua, YIN Ni
( School of Economics and Management, Harbin University of Science and Technology, Harbin,
Heilongjiang 150080, China )
Abstract : “Storing grain in technology” is an important guarantee of stable and high grain production. Based on
a panel data of 26 major grain-producing provinces from 2002 to 2020, this research seeks to measure the bias of
agricultural technological progress and grain total factor productivity by the three-factor nested CES production
function and the DEA-Malmquist model and to analyze the influence of agricultural technological progress bias on
grain total factor productivity by the spatial lag model. Results show that, China’s agricultural technological progress
was non-neutral, and there were differences in the bias of agricultural technological progress at different times, regions,
and different food crops. During the research period, China’s overall technological progress was biased towards
agricultural machinery elements. Different from the agricultural machinery-biased model of wheat, the characteristics
of rice and maize had obvious biochemical bias. From 2002 to 2020, the total factor productivity of grain fluctuated
significantly, and the comprehensive production efficiency of the main grain producing areas was significantly better
than that of the non-main producing areas. Currently, China’s agricultural machinery-biased model of technological
progress is not conducive to the promotion of the total factor productivity of grain and has obvious negative spillover
effects. In addition, biochemical-biased technological progress in non-major production areas has a more significant
effect on the total factor productivity of grain. Technological innovation that conforms to the biased characteristics of
grain technological progress can better promote grain production and income. Therefore, to promote a virtuous cycle of
technological progress and food efficiency, this paper suggests to replace scarce resources with technological innovation,
to give a full play to the advantages of agricultural mechanization, and to develop and apply new biochemical
technologies according to the endowments of grain production.
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Table 1 Main planting areas of maize, rice, and wheat
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Table 3 Results of the factor substitution elasticities in 26 grain-producing provinces

Al

B Cor) AR Copry )

RHVERGEMTR BSOS 97 3 2R

ROVE R SEACTORIINE B A A PR S 57 R

VAAYIAN
ab R (o, ) EOBE AT (5y0)

THE 15.321 0.189 Wi 0.883 0.197
WL 9.887 0.198 jiae) 0.876 0.210
Hw 5.200 0.173 pai 0.860 0.239
hawiii} 4.054 0.289 Il 0.852 0.183
IR 3.483 0.222 HEIE] 0.771 0.260
REyIAIN 2411 0.247 i) 0.480 0.203
Ly 2.065 0.220 BN 0.413 0.201
biR2] 1.893 0.263 L 0.408 0.274
B 1.753 0.279 NESLT 0.376 0.259
il d 1.393 0.265 by ] 0.368 0.258
i) 0.998 0.222 B 0.329 0.220
IR 0.947 0.179 b 0.297 0.235
Fiye 0.928 0.201 it 0.948 0.245
Wk 0.918 0.245
04 r
m o2 b
=
=
R0
2
ﬂ -02
=
-[<‘é 04 +
g g8 & 8 £ 5 83 2 o 2 3 2 2L m x5
'06 =1 (=} (=] S (=} (=] S (=} (=] 5 (=] (=} 5 (=] (=} (=] 5 (=} S
N (@] (o] o (@] (o] N (@] (o] o N (o] N N (o] (o] [V} (@] N

1 HESRERARESREEEHELES

Fig. 1 Variation trends of technological progress bias index in different regions of China

AR, AN PRSI AL BRI T [ A
HREAAR, KRB AME ARG A
TR R R, Gefifp 1R ET AR ) 2K 300 P A28 Dk
MRS 2. 2300 8 M frin Aok EEER A+
M A=A TR AP DU X AT 2455
ENARBLEAR T, X T AP A B AR AN A
Primib . S 8 A GRAAGE IR X, AR
PUBALAR 5 LA M AU AR K, B

IRBAE A 1) TARBURE AR

212 REREAEHIE AR T e ie ZIERIAE
WEAEY IR DL XA K R i 2 5, iE—20
SIMIAFAREEYH AR B 2Z 50, £45%£6
SRR T EK . REA RN K AR
AR RIS TR X AR LR AL A&
A R EAZBR, Al Az 7 i Z2 i fift FHAE Wik
A, BRIHREARE AR DA R BN A= A i ) B 4 AR



1034 A BB

5543 4

P TR TR XA STR B F, ARAE
ZENUB AR IR A R, FRAA L
TIPSR IS S52ZAN, PURgili
TARF=XHIARBLIZ S, e AU AR, X
BEh X FORAE T BRI ARV 3 P
TR i DX U2 B AL i 1) R AR A5 5 A A
[ B AR PRS0, A RHE G R
R B K P A L B2

REAT LR 77 I B PR 2D 2R 52 B IR SR W
R, RAITHIREA B ARAC G XA LR K+
BRI, FREAS FE A BOR BB E 2 3R A A i
[CBIEEs % S 23 2 e W e S N VR (R R i SR
THT AR B Re X R B 26 1, DR
XETAYHOR, KRR A = SR B EAE
il L3 K o B HRREBAR A BAR R RCEHOAR o

AR T >R P AR A R EOR AR S AL T 46
AZEIX, PR ZE MR TR A 22 7 X R R ALY
PR Hl, TR BN ™ X
PN L RS e e S N e e s
FEFTIRE B, UTAFRZBORE, 50k E
HA W 55 I P AW AU AR . 1958 ZRL
= PR AR RS X T 2R P PR Y
MHETT 30, AU AR ST Tk 26 DR A ™
R AEPE B RCR, MNP R . B,
FRIRFR [ AR R B RN 5 255 B AL
P ) AR A A, {HJEAZ AR = B L S B R AN S5
MR, BEAO AR TT M R AR
B BA AR
22 MEEEREFEMNEERRRARTWL

NIRRT ISR, AR LRI

R4 EREFRBERBIRARE S REEE
Table 4 Technological progress bias indices of maize
production advantage area
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Table 5 Technological progress bias indices of rice
production advantage area
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Table 6 Technological progress bias indices of wheat
production advantage area
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Fig. 2 Time series change of the total factor productivity of grain from 2002 to 2020
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Table 7 The average total factor productivity of grain in various regions of China from 2002 to 2020
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e 1.029 1.012 1.003 1.015 1.017
Ui 1.002 1.001 1.004 1.001 1.008
7R 1.014 1.001 1.005 1.006 1.010
I 1.014 1.003 1.002 1.004 1.012
174 1.039 1.033 0.999 1.032 1.011
(5] 1.019 1.007 1.000 1.008 1.015
s 1.014 1.001 1.000 1.002 1.013
P 1.009 1.002 0.998 1.001 1.015
WL 1.004 0.998 0.998 0.996 1.010
EIDN 1.000 0.997 1.003 1.005 1.005
I ?EE 1.011 1.002 1.001 1.003 1.011
Ho 1.017 1.006 1.003 1.010 1.012
IR 1.005 0.998 1.000 0.999 1.009
I 1.007 0.996 1.000 0.997 1.012
bl 0.990 0.986 0.998 0.986 1.010
fisaea) 1.020 1.000 1.006 1.006 1.015
TH 1.020 1.000 1.010 1.010 1.015
I 1.012 1.002 1.001 1.004 1.012

S (H 1.013

1.003

1.001 1.004 1.012
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Table 8 Moran index of the total factor productivity of grain from 2002 to 2020

Ay Moran’s I 5%k Py Ay Moran’s I 5%k Py
2002 0.025 0.043 2012 0.039 0.015
2003 0.025 0.041 2013 0.028 0.033
2004 0.032 0.026 2014 0.041 0.014
2005 0.032 0.026 2015 0.035 0.021
2006 0.025 0.043 2016 0.031 0.028
2007 0.048 0.008 2017 0.030 0.030
2008 0.026 0.038 2018 0.027 0.036
2009 0.039 0.016 2019 0.032 0.026
2010 0.024 0.043 2020 0.031 0.027
2011 0.023 0.047
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Table 9 LM test results

23 AR 25T

2 R B

(Lo WIRrS
L SATE) 1A oL TATE) pfE
Lagrange multiplier 30.809 0.000 35.247 0.000
Robust Lagrange multiplier 0.109 0.741 4.547 0.033
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Table 10 Measurement results of the spatial lag model
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AN B AE L R ] -0.016 0.029 -0.016 0.036 -0.006 0.073 -0.022 0.038
A I 25 B 0.003 0.006 0.003 0.005 0.001 0.034 0.004 0.007
Pk -0.011 0.647 -0.008 0.711 -0.003 0.743 -0.011 0.718
IREL KT 0.021 0.410 0.022 0.396 0.008 0.432 0.030 0.400
AR -0.014 0.223 -0.014 0.216 -0.005 0.269 -0.020 0.222
Vi & = -0.133 0.000 -0.134 0.000 -0.050 0.001 -0.184 0.000
A-Spatial Rho 0.281 0.000
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Table 11 Endogeneity test results

- Bl (1) B (2) B (3)

- EIEES p i EIEES p i EIEES p i
LA -0.267 0.000
B -0.011 0.002 -0.015 0.046 -0.070 0.069
P AR il P P
Sargan F&1 20.574 1.000 112.940 0.999
AR(2) K5 -1.050 0.295 -0.310 0.760
Anderson LM % 21.124 0.000
Cragg-Donald Wald F i1+ 10.801
RURIUE(ED 442 494 468
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Table 12 Regression results of the technological progress bias of different grain crops on the total factor productivity of grain

- ok iR N

[ml 2 %% pE mYSEX pE [EUSEXA4 pia
PNy H A i 171 -0.038 0.037 -0.005 0.635 0.019 0.081
A Hh 2 E R 0.009 0.259 0.005 0.549 0.012 0.374
g | -0.066 0.135 -0.002 0.958 0.035 0.350
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Table 13 Regression results of the technological progress bias and the total factor productivity of grain in main and non-main
production areas
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