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The potential of substituting labors with capitals in apple production under the constraint
of increasing labor cost
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Abstract ;: With the development of fruit production in China, the impacts and constraints of increasing labor cost on
the apple industry are increasingly significant. Based on a panel data of seven major apple producing provinces from
1998 to 2017, this paper divided apple production factors into machinery, other materials, household labor and hired
labor, and applied the method of beyond logarithm production function to quantitatively measure the output elasticity
and substitution elasticity of apple production factors. At the same time, this article also analyzed the changes in the
quantity and structure of labor force employed in apple industry in China in the past two decades and explored the main
causes. Results show that apple production employment has decreased by 27.15% over the past two decades, but the
employment structure has changed significantly, and the proportion of hired labors has increased from 2.87% to 28.24%.
The output elasticities of other materials and household labors are both 0.32, which are the core factors affecting apple’s
production increase. In the context of capitals substituting labors, machinery-household labors and machinery-hired
labors generally have a substitution relationship, but the effect of machinery substitution labors is weaker than that of
food crops. Other material-household labors have a complementary relationship. Other material-hired labors are in a
substitution relationship and the elasticity of substitution is twice that of machinery-hired labors. Based on the above
results, this paper suggests that reducing labor costs should further tap the potential of different types of capital to
replace labors, the first choice in the short-term is to promote labor-saving cultivation mode by increasing the input of
other materials, and in the long-term, by improving the level of mechanization through increasing the input of machinery
that matches the above-mentioned mode.
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Table 1 Descriptive statistics of variables

At RS ¥ifi bRt I/IMA SEYNIEN FEA R
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Fig. 1 Number and structure of apple production labors in China from 1998 to 2017
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Table 2 Model estimation results

. HA OLS Sk dma (i1 2 B FLGS it
SCEHLA N o N e NN " NN ¥ NN
EX e Frifiis EX i Frifiis EX FrifiEisR EX e Frifiiz
InM -0.107 0.539 0.693* 0.404 -0.644 0.369 -0.185 0.381
InF 0.919 3.117 -2.645% 1.391 3.118 2.701 -1.925 1.414
InH 0.903 0.747 0.808 0.584 0.688 0.731 -0.335 0.561
InO 2577 3.444 -1.225 1.804 -1.677 1.806 0.445 1.690
0.5x(InM)* 0.008 0.048 0.006 0.033 0.005 0.050 -0.007 0.030
0.5%(InF)* -0.192 0.667 1.370%%* 0.328 1.506%* 0.605 1.100%** 0.374
0.5x(InH)* -0.125 0.126 -0.153* 0.080 -0.149 0.106 -0.105 0.067
0.5%(In0)* 0.456 0.451 0.434% 0.243 0.509* 0.225 0.161 0.244
InMxInF 0.048 0.123 0.018 0.060 0.005 0.049 0.027 0.062
InMxInH -0.048 0.059 -0.017 0.025 -0.013 0.025 -0.014 0.022
InMxInO 0.000 0.093 0.101%* 0.055 0.100 0.069 0.016 0.052
InFxInH -0.100 0.183 0.032 0.101 0.055 0.150 0.192% 0.101
InFxInO -0.013 0.209 -0.358%x 0.178 -0.357% 0.120 -0.325% 0.179
InHxInO -0.033 0.087 -0.096 0.091 -0.090 0.058 -0.015 0.080
e 12.557 15.091 14.999 6.739 17.163 9.452 8.021 6.322
AMAZL 7 = = S
RIS dma S & S =
(e Ny 140 140 140 140
R 0.476 0.376
Wald chi2 343.41
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Table 3 Output elasticity means of the production factors
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Fig. 2 Output elasticity of factor input from 1998 to 2017
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Table 4 Substitution elasticity means of production factors
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