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Key factor substitution and growth path of citrus production:
An empirical analysis based on the panel data of main production area
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Abstract To explore key factor substitution and growth path of citrus production based on the panel date on the cost-
benefit of citrus from 1997 to 2014 in seven main production areas in China. An empirical analysis of the substitution
relationship among the citrus production factors to investigate the technical progress and growth path of citrus
production in China was conducted by using transcendental logarithmic production function. The results showed that: The
output elasticity of labor force and agricultural machinery was relatively stable, and the output elasticity of chemical
fertilizer and other factors was fluctuant; The substitution relationships of chemical fertilizer to labor, agricultural
machinery to labor,and other factors to labor force were significant, The substitution relationships of chemical fertilizer
and agricultural machinery to other factors were stable; There also existed a complementary relationship between
fertilizer and agricultural machinery factors;In the process of citrus production, the labor-saving technical progress was
obvious,and the land-saving technical progress is developing constantly. The future growth path of citrus production
should be mainly in the direction of labor-saving agricultural machinery technology and aided in the direction of land-

saving biochemical technology. In conclusion, the choice of the development direction of citrus technical progress should
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be made bases on its endowment advantage of production factors; Focuses should be on the development of labor-

saving citrus production machinery technology and reasonable application of the land-saving biochemical technology

including chemical fertilizer, pesticide, plastic film,and free-virus seedling wood.

Keywords factor substitution; growth path; transcendental logarithmic production function; random effect model;
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Table 1

Inspection and selection of different estimation methods
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Estimation method

Test method
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Test result

R4 OLS Mixed OLS
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R4 OLS Mixed OLS
FEHLE N Random effects

[& & % v Fixed effects
FEHLEL W Random effects

F#3. F(14,105)=5. 39;
Prob>F=0. 000 0

LM K5« x* (1) =0. 005
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Table 2 The results of Random-effect model estimation

G flitt 28 P o 1% t 18 PH

Variable Estimated parameter  Standard Error t value P value
C 4,591 9™ 0.367 3 12.500 0 0. 000 O
InL 0.086 3" 0.033 5 2.570 0 0.010 0
InF 0.043 9 0.081 0 0.540 0 0.588 0
InM 0.000 7 0.028 1 0.020 0 0.980 0
InO 0.082 0 0.078 6 1.040 0 0.297 0
InL * InL —0.046 4™ 0.020 9 —2.2200 0.026 0
InF % InF —0.069 8 0.095 5 0.730 0 0.465 0
InM % InM —0.018 1 0.014 7 1.230 0 0.218 0
InO * InO 0.124 67 0.075 2 1.660 0 0.098 0
InL * InF 0.156 4 0.106 4 1.470 0 0.141 0
InL % InM 0.021 8 0.036 1 0.600 0 0.546 0
InL * InO —0.034 8 0.112 3 0.310 0 0.757 0
InF * InM 0.148 2 0.069 9 2.120 0 0.034 0
InF % InO —0.111 0 0.1327 0.840 0 0.403 0
InM * InO —0.161 8™ 0.075 3 2.150 0 0.032 0
Adj-R? 0.610 3
AE%0 Number of years 18
FEAS$ Number of samples 126

TR x| ox Lo SPRHIRRTE 120 5 0F 106 B AR AKF L.

Note: *** , ** and * denote the significance in the 1% ,5% and10% levels, respectively.
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Fig. 1 Output elasticity of productive factors in citrus production from 1997 to 2014
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Table 3 Substitution elasticity of productive factors for citrus from 1997 to 2014

fehe- A B - HAb B R - fhe- A AL -
A 58 5580 8 M LI HAbER HAbER
Year Fertilizer- Mechanical- Other factors- Fertilizer- Fertilizer- Mechanical-
labor labor labor mechanical other factors other factors
1997 2.43 1.15 1.88 —0. 23 0. 63 0.56
1998 1.71 1. 20 0. 35 0. 34 0. 67 0. 65
1999 2.94 1.16 2.21 —0.10 0. 65 0.57
2000 3.07 1. 11 1.72 0.07 0.77 0.52
2001 2.78 1.04 1.53 0.16 0. 85 0.49
2002 2.57 1.11 1.07 0.02 0. 63 0.49
2003 2.54 1. 06 1.25 0. 05 0. 65 0.51
2004 2.03 1.03 1.41 0.18 0.63 0.53
2005 3.16 1.03 1. 38 0. 26 0.68 0. 50
2006 3.32 1.05 1.09 0. 29 0.77 0. 46
2007 3.06 1. 06 0.99 —1.12 0.07 0. 36
2008 2.41 1.07 1.10 —0.45 0. 64 0. 49
2009 2.37 1.11 0.78 —0.16 1.25 0.55
2010 2.29 1.07 0.56 0.03 0. 67 0.58
2011 1.96 1. 14 0.18 —0.54 0.68 0.63
2012 2.00 1.17 0. 44 —1.29 0.70 0. 66
2013 3.28 1.13 0. 38 —0.04 0.71 0.63
2014 1. 84 1.28 0.53 0.03 0.72 0.70
1 r
Mean 2.54 1.11 1.05 —0.14 0. 69 0.55
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K #2014 4E 9 97 038. 15 J&/hm® il 339. 06 J&/d. 4%
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F4 19972014 R ERRN E .5 R B MKBE K BEHBS
Table 4 Land productivity and Labor productivity change of the Citrus from 1997 to 2014
RNV VAN L S T iﬁ;fj; i 3% e/
Ff GE/hm?) S W B/ d) e (d/hm®) K
Year Land Growth rate of Labor Growth rate Land to K value
productivity land productivity productivity of labor labor ratio
productivity
1997 29 210. 16 3. 64 36. 74 (—4.96) 795. 00 (—0.73)
1998 35 295. 54 20. 83 40. 24 9.53 877.05 2.19
1999 43 867. 32 24.29 64. 37 59.96 681. 45 0.41
2000 47 696. 52 8.73 72.76 13.03 655. 50 0.67
2001 53 103. 00 11. 34 80. 64 10. 83 658.50 1. 05
2002 54 774,66 3. 15 60. 06 (—25.52) 912. 00 (—0.12)
2003 54 201. 96 (—1.05) 51.40 (—14.42) 1054. 50 0.07
2004 48 116. 94 (—11.23) 51. 64 0. 46 931. 80 (—24.24)
2005 47 579. 82 (—1.12) 99. 34 92. 38 478. 95 (—0.0D
2006 47 641. 56 0.13 77.69 (—21.79) 613. 20 (—0.0D)
2007 53 677.65 12. 67 103. 63 33. 39 517.95 0. 38
2008 55 358. 85 3.13 99. 45 (—4.04) 556. 65 (—0.78)
2009 60 998.79 10. 19 127. 00 27.70 480. 30 0. 37
2010 71 027.10 16. 44 186.13 46. 56 381. 60 0.35
2011 74 933.70 5.50 193. 33 3. 87 387. 60 1.42
2012 76 037. 20 1.47 216.91 12. 20 350. 55 0.12
2013 83 719. 35 10. 10 275.48 27.00 303. 90 0.37
2014 97 038. 15 15.91 339. 06 23.08 286. 20 0. 69

TE R AR5 B Dy B 5 K= et /B 72 R R/ 95 g A 7 I K K> 1 K<) M K=1 35036 BC £k M R

o AR B

Note:Data in bracket is negative; K= Growth rate of land productivity/Growth rate of labor productivity, K>1,K<C1 and

K=1 represent the growth path of BC technology,M technology and “neutral” respectively.

BT 2,32 A9, 23 A% B i 3 FE ARG AR Y 55
By A 7 AR b M A AR A A B R AR T HL 57 s AR
PRI LI T A R (R TR A AR
A M 55 L AR A Gl RO e A — AR b R AR
AR A 9 I 55 4 A R 2T MG AR AR
HE 55 B I T AR HE T NG 55 3h AR 7 R A R
e+ 2 W1 R AG 25 7 4 39 1 DAAR T 97 3 A 72 RO
T B A B R BE AP R 2 57 B
200, AT A K BE AR 9 K (R & BR 1998 4R,
2001 A1 2011 4F , HoAl AR £ 3 B A AR B9 K {39/ T
Lt 3R E 3 1997 4 LUK ARG A= 7= e A AL T
W P2 T 55 Bl AR ROk S BN K ) AR
2002—2008 4R i) K {H R Z Jy ekt T 0 H A4

F B AE T 3X — B Bod A A= 7 19 b b A 7 5 5 55
Bl AR 7 AR ATy 1) AH B, P I AT AR G b DE T L F R
FEAS R Wi 45 R H W 00 v M . 0, AR A 0
HiAE 5 Rl 2003 4ERY 54 201, 96 JC/hm® F [&
2004 4E 1 48 116. 94 J6/hm’ fH Z 35 3 4 7= R i
2003 4Ef# 51. 40 o/ H _FFF3)] 2004 4E 1y 51. 64 o6/ H
A IR AR K B T (2 DT Sz e
2004 4% B T AR AR AT AR SR 1 55 Bl # A k2> T, T DA
PRERENR T 97 8h W BB R L 5 BRI W — 3,
ZRAORAE TR E A AE AR 7 o R i R AR
O F R A: P F AR HE AL Ty ) Al DUHE I K B DR 3
R A A2 77 3 AR W Ak 2 B R R AR L MR B A (1 1
SHETT 430 X5 A R 55 Bl A A R R IE L T A AL
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2017 4 55 22 &

A MG 27 B 38 K A5 45 T 97 3 A2 7 5OR b b AR
7 AR L[] B T A AR AR 7 A W ek R G R A 8
K BACE R S 3 K7 [ 5642 . [, % 18 3 H
T AT A A= 7 B8 IR A R P 30 I AN 3 3 3 [ A
A A 7 2 A R A AL MU S 3R AR AT AR R T
871, JUHIE R 57 3l J1 S0t i B2 B A A A Wy
e s oA o TR T AT A 2R 7 B R B AR B B L AT
2955 B B A LR AR T 1 O 32 DAY 29 - 3 A
Pl B T 18] g

4 HAREREHRER

BT E 7 ARG 3277 X 19972014 4E A
WA 5 b 1 TR B AR R TR AR A 7 0 R R X B
A 7 R B SR FH B ML S0 B AR R AT T SEUE S BT FE U
LAl b0 T IR E ARG A A R e AR
FEERZ A IR T E R A 0
TIREMAE A AR L SRS, S E
LB .

S — A PR R R A A AR SR A
55 Bl 77 Y SR R AL AR 7 S A L A R
SE S AR IE 7= H P R b B2 2R b U s R ok
HLARTT S A A 7 2o B v 55 2 g 7 s (E e AR
PRFEFE 0. 25 2247 s AL ALB = 3 3 1k 1B — LA T 3%
MK S FR 4340 A A0 s AR IE 7= o ok {2 S T )
B 0 B R R Hh L L7 s — ELAL T IR KR s 3
b B 22 7 M M 2 B B T R 2 S R T
(1 AR

5 T DA 45 25 7 B 3 2 M) ) AR B
B oM AR R b 45 R A AR R R B
55 (0 P4 R < Ak B 55 55 3h T Rk BLAR 5 57 3
J1 HAE R 555 5 Jy AR 5 A R AR HL A
H5HAME R AR S R L. Hrb, e IE S 57 3h
I3 AR AL 5 55 30 ) A EE R 5573 )1 Z [ AR
WAPE B S BE 4 Bk 2. 54,1, 11 F1 1. 05, fEAE R Ky
B R R AR ALK 5 HAh 23 2 ] 1Y)
B RBENRE . MBS HAZ R RS H
b2 28 22 A B 2 A S S 4 43 51 0. 69 FHO. 554
HARVE A2 AR IE 5 Al MU 2Z 18] 38 A7 7E — 22 (1)
HANER,

5 = TR M AR AR B i T 2 55 B AR
SEA T A o R VAV BV E 5 3 NS s 2 LV NS [0 S <34
L A7 0 A 1 9 1 9% AT 2457 3 R A ML B
A1 Ry L LT 2 2 AR R 1 o A

AU B IR BINBOR B S T EA . —
e AR AR A 7 B R S I 4 A 0 R AV ARG 2B 7 H R gt 2P
(0 % JE T 1) o 5 A 7 B Z R A A 0 1) 52 AR 2k
A A TR A E AR 7 Al A 22 I Bl g L R A A 4
AR T7 18] I3 LA 24 55 8l BB R O = | o H oy 2 2
PR . R UK R 148 TR A e AR
PR Bl B FE AN 57 3 1 5 A% F1 97 3 1 A A W
K R K R 24 55 B R BRI T A
T A MUK AE A A AR & 5% 19 57 3 ) 2238
TEJE WE s K7 % SR L2 7= BB R JE R 1S & 1
L i Fr B AT A ol ) AR AR BT & 2 A AR ™l 45 2 i
FeA R B AR AIE ., R H AL A 2 R T
T v AR A A W 2 B R T A AR 2R R PR R
P ARAE fd A 2 A 25 Y () IR 22 7 B 4 (8 2 fR AT
B2 A AT RE A IR R L JE Bk B A R 2 L AR L it
MBLZR: B H .
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