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Effect of price and substitution on fertilizer use in

agricultural production:
An empirical analysis of corn and cabbage

YIN Jun', DANG Jinggi® » SUN Xiaoxia'"
(1. Institute of Sustainable Development, Fujian Agriculture and Forestry University, Fuzhou 350002, China;

2. School of Management, Zhejiang University, Hangzhou 310058, China)

Abstract In order to investigate the fertilizer’s demand price elasticity in China’s corn and cabbage production, the
elasticity of substitution between fertilizer and labor, between fertilizer and machinery, translog cost function model and
equations of shadow elasticity of substitution based on theoretical analysis were constructed by using the factor input
and price data of corn and cabbage from 2004 —2016. The results showed that: Various price variables such as fertilizer
price, labor price and machinery price had significant effect on the amount of fertilizer input in corn production. Fertilizer
price variable had significant effect on fertilizer input in cabbage production. The fertilizer’s elasticity of demand of both
corn and cabbage was in a low elasticity range, the fertilizer’s elasticity of demand of cabbage was higher than that of
corn. Currently, there were compensation relationship between fertilizer and labor input in China’s corn production and
an alternative relationship between fertilizer and labor input in cabbage production. There were strong alternative
relationship between fertilizer and labor in corn production and compensation relationship between fertilizer and labor of
cabbage.

Keywords agricultural production factors; fertilizer; demand price elasticity; elasticity of substitution; corn; cabbage
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Table 1 Fertilizer input in some countries and regions in 2014

SR A0 RE i A 4t/ (¢/ 77 hm®)

Average amount of fertilizer applied

[ 2 B3 X N Al /T t
Countries or regions Net weight of fertilizer input
H1 & China 5974.75
2% America 2127.43
Jin& K Canada 411. 51
H 7 Japan 101. 67
W EU 1731.83
WH Asia 11 324. 80
A World 19 329.02

56. 54
13.77
8. 94
24.07
16. 01
23.53
13.65

T VORI AR BRI A VB FE http: / www. fao. org/faostat/en/,

Note:; Data sources: Food and Agriculture Organization of the United Nations, http: / www. fao. org/

faostat/en/.
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Table 2 Descriptive statistics of main variables

F K Corn [7 43¢ Cabbage
Variables ¥l brifE 2 e KME e /ME Bagic bR ifE 2 S NIE e /ME
Mean Std dev Max value  Min value Mean Std dev Max value  Min value

ALREAN 4% / (5T /kg) 5.33 0. 20 8.35 3.24 5.63 0. 24 9. 27 3.06
Fertilizer price
B A kg 22. 89 0.17 33.85 12. 82 35.75 0.41 82.21 8. 66
Fertilizer input
FEM M/ Ge/T.HY  17.36 0.13 23. 83 13.72 17.01 0.13 23. 25 13.70
Labour price
5 A/ T H 9.05 0.43 20. 90 2.69 23.02 0.42 54. 34 7.88
Labour input
LA Hr 4% /o0 1.29 0.21 2.51 0.94 1.17 0.11 1.48 0.98
Machinery price
PLW A (M F5F5%0  73.99 0.58 199. 15 0.13 67. 66 0.75 255.79 0. 00

Machinery input

4 SKIESR

E N SR Ot B S R PR ST BUR e
Fi PR 1 X A RS 173 00 R SR 3 K R IR 1 3R )
FH A 572, A 20042016 4R AR IS S HAt Al
A7 R AR GO - o3 A T R T OK R Sk
P R 13 00 28 005 B8 W0 o0 ik [ml IR A T 4 R 5
F ) T R R IBE 1230 A 7 e A ) SR A B 5 5
SO ) — 2 B RN R 2R A R AR AE S
b Al 2E 7 2R 2 ) B R AU
4.1 EXRMBEBEREABBEEMGITER

R 20 C6) ) #4935 K (B3] P 52 ) B o 5
AR 3 5T U 5 AR AR

Su ™ = Bi + 38 InPy + 375 InXy, +

307 T+ 30 0 Dy + e (13)
Sy = B+ 2B;InPy, + 2y InX,, +
211271'sz+2115011sz +€ik/ (14)

FIEFRHAADMADH S.P.X FA&EE L
SRTIRAHE T, Sy if ] e 28 5. D, S 48 03 K #0022
iy AR B A AR 7 B e AR

EARERED . BHTRZEMTTARAEYEA R R AE
PRER AT WAy A 2R B AT 58 R RS A
F 15 (Seemingly unrelated regression, SUR) J7 %
XF R A AT R GAG T i R ) R Y
HARYE Greene!™ SR ALAY 7 1 XFRT n—1 A0 4%
BRLASE n A0 A% JF H R AR TR n— 1 A0y 8007 72
. 3T SUR MAliiH45

3 MIHSR BoR, AP &L A ER
PN A5 5008 H A A 0 (0105 ZR A B 3 >0 0 2 B/
AR BRSO B2 2R A A% I 38 O A B S 24 R s BB 3 5026
FmE R AT E L R BUE >0, 8, Ut
W25 Ay B B SR A G ROR B . I AR WE S
PR TR o 3 A 1 DA R A T T 1k A A X T
S e v ] KRB S B AR PR AL R TR 3 Y
it 235 B AT A NS 75 SR AN 35 A2 AR 1Y
HHE.
4.2 HWEFERMigHEE

HRAE R 3 15 3 09 A 0 85 2 L B 1 Al i 45 2R
FUAH B 1) 8 A Ay 20 8 A 3z 2 (100 358 1 2004—
2016 A [ K A B 35 AR 7 I AR T 5 oK p A 5P
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Table 3 Cost share function SUR estimates

TR BAS 153 5 R BT [ 7 3% B AR 173 45 R AL
Corn cost share function Cabbage cost share function
Gk
Variables A0 I8 15 %51 5 BN A i HLE A %00 A IE A % 57 Bl A HLBE A7 5
Fertilizer Labour Machinery Fertilizer Labour Machinery
share share share share share share

FERE A # 0.141° —0.037" 0.017" 0.072* 0. 005 —0.002
Fertilizer price (0.014) (0.016) (0.007) (0.023) (0.035) (0.017)
55 S A% —0.037" 0.115" 0.011 0. 005 0.129 —0.134"
Labour price (0.016) (0.047) (0.017) (0.035) (0.106) (0.035)
BLARAN 0.017" 0.011 0.011 —0.002 —0.134™ 0.069
Machinery price (0.007) (0.017) (0.013) (0.017) (0.035) (0.022)
A 0.114" 0.087 " 0.022" 0.092" —0.075"" —0.016""
Fertilizer input (0.008) (0.020) (0.013) (0.004) (0.01D) (0.004)
BRI E TN —0.058" 0.041* —0.049 —0.063" 0.092" —0.011"
Labour input (0.008) (0.021) (0.014) (0.005) (0.013) (0.004)
LA —0.003" —0.004 0.041" —0.004" —0.019" 0.025"
Machinery input (0.001) (0.004) (0.003) (0.002) (0.0035) (0.002)
R? 0.964 0.948 0. 835 0.928 0.913 0. 857
WL Observed value 261 261 261 209 209 209

TE 55 I BUE D 53 07 2R AR ME TR L oo Lo L x G301 FRIRAE 1040520 F1 10 %0 7K i35

Note: The values in brackets are Heteroskedasticity-Robust standard error. *xx ,

1%, 5% and 10% levels. respectively.

ConE 2 e . w2 a] A R OR AR SR i AR I T
KA A% FRAE R B <0, UL BE & fL I A0 A% 19 F
FLACNE A8 A 2 25 1 30 B L 3X 3R 5 BOUR AT DL it
P& 5 B A R BEARAAE D A P b AL BB . BB
AN = e 5 S B DR A e N 3 R Sl )
—0.12 F1—0. 29, kb T~ {5k = 5P 9 X 1] 158 B Ak T
o R WA K& A2 Bl 1 23 6] B A A B i 2o 8 B A IE fr
A 35 B 5 AR Fe A BSCRBCT LB IR bk 3
B A () 7 2R U FE e = sk X ) A sl L ]
I M B 2 DX R] T

AHER T K (B 132 00 °F 38 40 I8 55 SR A & i Pk
e Ul TR A 3 A A BB 8 K A0 A AR Ak Y R 0 A
MUK, X —E R LA T RFEM S REEDZ

*% and * mean significant effects of the variables at

)1 2200 . R VR VR AR 7= 5 Tl 3 R 45 0 K % L
7 AR B 2 T P BRI S DR AR X
T3 3 46 A5 S T AR, b A 77 B R A0 A R Ak I R
ARG, AR VR K T LR T R AR R
SBOR TR A HARTE T RS 1 7 DL AR B 1 R
HEE LR, PR A2 R B U AR B i A BORE R T
HEZTRX 1T M0 b6 A8 U XT 3025 . X L
P AR Bl AT DL & B, T K A Ak BB T SR B B
M 2011 A1 i 2 B 0 K B T B SR ) R AR 2
Ra s, — A nT fE M R 2011 4 [ 55 e A A 11
o A ) 4 E AR AR R R R A (2011—2015)
H G TR B DL RO i AR Ml A 2 A 3 A A G
BT TR A = PR T —E R



216 hoE kR R R R 2020 4 % 25 %

0.00 -
—&— F K Corn

—&— [ 3% Cabbage
-0.05

A 009
-0.10

= -0.151- 013 0.3 012

= —0.20

Z 025

AN SR Ak
Price elasticity of fertilizer demand

-0.30

-0.35
-0.36

-0.07

-0.03

-0.22

| 1 | | | | J

.40
2004 2005 2006 2007 2008 2009

2010 2011 2012 2013 2014 2015 2016
4E0) Year

B2 ERMEBFRGUEERMEEE

Fig. 2 Demand price elasticity of fertilizer for corn and cabbage

4.3 EEHAEME

HRAE 2 3 15 21 A 13 80 R 80 3 Al 25 21
a0 fA2) AT LhiH A 2004—2016 4F 1 [H
T KR 2% A 7 AR -5 sh AR s (IRl 3 T

0.6
05 046 047
0.4
0.34
0.2

0.1

FHE—25 R
Elasticity of substitution of fertilizer—labor

—— F K Corn
—— [ 93¢ Cabbage
-04 1 1 1 1 1

RO AL CAn &l 4 i) . BRORE
SES; >0 ¥t Bl 2 2 Z [ A7 75 5 A ¢ &R HAUE 8K
BRI R ; SES, <0 Uk W % R 2 8] 77 7 B 4h 56
Z HBC(E B R 5D 56 &l ; SES, =0 0] id B 22 %

1 1 1 1 1 1 )

2004 2005 2006 2007 2008 2009

2010 2011 2012 2013 2014 2015 2016
AEf Year

B3 ERBEEXEFHLRE-ZEHENRE G

Fig. 3 Elasticity of substitution of fertilizer-labor of corn and cabbage production



553

FHIRAE i e 55 AR AR ol A 7 r A B il T B 3R W ——— LA S KR R S )

217

ZIEAAEAE AN AUOE &R

AL HE-57 2 25 AR 58 1 A SR B A 2004—
2016 AF F R AN B 3¢ 48 7 i 78 b AR AT 0 55 3 A7 18
HERCRABHEEV R TRES. B 3 K,
2011 AFJ5 » TR AL A 15 55 8l 2 (] i 2R AU SE R 5% AL
R B AN O ZR I o0 5 T A O 300 ) K R
BRI BT U E K R S B AL IE A
AR AT A IE-25 B B AU B W . ROk
il AP NIR AW St R B L Sl e DA R S o
o — i R s A B OR A R A AR HE S
B 24 i 5 1 3 A 7 b B AR IS AR AR AT 52

AR HE-HIL A A 55 1 A R B 2004—
2016 4F FOR A 7 9 AL HE 5 LA £ A A7 7 5500 1Y
ARG A T B 19 35 A 7 DU A7 7 5 o ) AR G AR o [
4 KW B I () A RS L R A A AR IE 5 AL
PRASE A H A OG A% 0 J3E 22 1 T W L A3 2

EIRZ >0, 5, U B Bk A= 7 i A AP AR IR 4 A G 2 i
BUBR A S B 10— 55 LA £ A BT 7l O 1Y
1 B W £ A8 37 Ry 0 0 — B AR AT £ A I R 14 34
PRcss o B05 A HILAN I 25 B0 T EOPLAR O A% T B
I AP e e BRI AL AR A TR sk 2> A A BE A L B
Z A 2 P D AU A & BRI K S it A AT R PRI
MRE = AN, S 205 S AR e i A A IE S
BUB Z 18] 52 B0 B4 5C & A9 TR A] RE 2 - B 2R 2k
7 AR DA SRR A N+ e ol R AR AR X T K R L &
KA R AR B/ TGk AT BB AL =
77 P HL BT T B 3 A 7 0 At kR T R AR
BEAE A it AC AL 45 i B vt AE T B ok A7 4 2 fB AR
P R S X 57 B i 2R T L B AT LA
18 3t A% B SR O 2 ek D K A= 7 BT AR B LB
A IR B 2 AE 5 T A A AR AN A% L LA —
HHIAEHA

L2r —4— K Corm  —8— [#[93% Cabbage
i 084 083 g 084 o8

. PP 0T om 0.68

E 082 063 06  (s8
< 06

<

g

L
%é 03}
2%
]
%? 0 1 1 1 1 1 1 1 1 1 1 1 J
=£5 244 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
23

g

€3}

4y Year

B4 ER.EBFXEFBLIB-THE R E

Fig. 4 Elasticity of substitution of fertilizer-machinery of corn and cabbage production

5 HiE5HE

5.1 HARLEiL
AT 5T e N B N AP e T Al AR B R TR SR A
FREPE Al AR AR 8 A 52 i TR 25 45 2 A W 9% B0R

)E/\

O HFZEE,

HH

A7 L B RE Al L 0 e A R R X AR e R
FREACHAE R 20042016 AF Fp [ 3 2 5 K i[5
F 3™ DX A B At B8 38 5 A5 0 s Sl » >R
LA 5 [0 5 777 36 SEE 23 B 1 [ R P s 2
7 AR HE B 5 SR A R i L A HE R S5 Bl A A

S5 P 3 BT BRI Y I A 3 A 7 B P AR S 5 95 3 B OGO AT SES #fdtk A sUHEATTHBE L T LAAS B 5 1 3 A 7 A P L

WA 55 Bl 2 1] [a) B A 7R AR 2 R AR IS S PR A R B AR



218 LR

2020 4 55 25 &

DL R ACTE FORLAR B AR S0P . A SR A5 B0 2538 &
BEALEE 5 — AL AN A% L 97 B M A FLALA A A% 5 2%
M A% AR X E R A T AR B B B Y
) 5 £0 AT A % XoF [ 1 3 A 7 b AR B EE A i B
Ergm, AL AR BN B, S T R VB R Ak
JE 55 3R AP M B 43 1 R — 0. 12 FL—0. 29, $4 4k T
S DX R] HL 42 30 X R BR . 2 W40 IE f % A2 Ak 6T R
KRR 1 35 A= 77 o AR IS 50 A 52 M 858 /0 3 3 o] 4%
TR RE i A AR X 52 i EL AR R B8 A 5 T3 28 4 Ak IR 5 2R
M A% SR 3 R R T K U BH ] 38 A R b g R e
A4 AR Ak B R A X BRI ARRR . AR =L BRI
FERE NS5 S5 AAFAE B AR G L 55 S A 1 b T2
FEACIE R A 1T B ] S 0 A0S 0 55 3l 4%
AFFAERL S AR R G PE<<0. 10, 550U, &
K B E AL A AR AOC R How A sk, |
132 1 AL B FN 557 2h A7 AE BAN OC R AP BE 25 B (14 5
T K AN P38 A 7 R R R BL AR A AR B AN G R
5.2 BURRBRT

BT LR ES1E  A W5 AT LUk AT 8 it i
FEARME 3 SR AN A —  EUER T B S AR S A A
B AL RO B A B BSR o PR AE A AR 75 R A1 A 5L P i 15
IR B R 2 v A0 T B 4% AN BB A 80 R AR )
Az AR IR B 3k R Ak B A A% 52 i 2 3 ik
FARAE A | 300 A R 55 5 BOM AT DLz T AR (g ) f
MUK, — 0 B FE B4R m A%, (6] i 3= 280 H AR i
B IR BE A . 5 L 3 Y O A R R R
AV B A% KT Al A= 7= e (8 A IS 5 A E AT IR
SR BRI 1 22 7 I H B A 7 PR X
KA 7 I A ALK R A& R AT M A% R S A5 T LA R
B R oK A = i A o i AR IR B A5 080 TR 3 A 7
ST FLARCRE A (R A A% R G L 52 150 (8 11 258 A 7 08 WL AR
W L] A R AR R S 2k 7 R P AR IE A
55 = s AR 55 S R A S HRR I By
BN AA, WS HEF SRR RIE
A 47 fig 5 Al 287 BE T, ) 32 Bl 4kl 55 B
TIBARFETE o BEAR T KA 7 i A I A N AR
B B A R, R I SR FH B2 it AT 42 R 19 ] Be 1k
T ANAAT DABEAR oK AR 7= g A IR B X (B
S 7 i 2 AR AR B 5 A A R

S EZ#k References

(10 2R, AHY A 25 B 55 a5 v A 72 it A A7 24 5% o) B 3K 2% A7

(2]

[3]

[4]

[5]

(6]

7]

[8]

[9]

(7. 74 p RO K2 2241 . ASCHERMAE, 2015, 36(12): 157-161
Jiang T B. Analysis on influencing factors of farmer’s
fertilization behavior in construction of the rural ecological
environment [ J . Journal of Southwest Minzu University :
Humanities and Social Sciences, 2015, 36(12): 157-161 (in
Chinese)

Dawson C ], Hilton J. Fertiliser availability in a resource-
limited world: Production and recycling of nitrogen and
phosphorus[J]. Food Policy, 2011, 36(S1); 14-22

EAL Ty, 0 AT TR R R A AR T A BT L L Ak
b 28 55 0] 8T, 2008, 29(8) : 65-68

Wang Z L., Xiao H F. Analysis on the effect of application of
fertilizer on grain yield growth [J]. Issues in Agricultural
Economy, 2008, 29(8): 65-68 (in Chinese)

B A% BN BT — RO 1 7 1 5 18K 43 BT . 2004—
2011 4E[T]. P EA AT 22 35F . 2013(6) : 14-26

Xing Y, Hu X P. Analysis on influencing factors of China’s
new grain yield increase: 2004 — 2011 [J]. Chinese Rural
Economy. 2013(6): 14-26 (in Chinese)

A AR SR E K5 R, P g AR % (2002—2016)
[M. dbst: i B e it i i, 20022016

National Bureau of Statistics. China Statistical Yearbook
(2002 — 2016 ) [ M ]. Beijing: China statistics press, 2002 —
2016 (in Chinese)

A AR 3R R R ST R T R A S T AR 5 (2002
2016) (M. bt . | gE it th ekt . 2002—2016

National Bureau of Statistics. China Rural Statistical Yearbook
(2002 — 2016 ) [ M]. Beijing: China statistics press, 2002-2016
(in Chinese)

EA, w Iy, ok, BB, DAy, AR, KRS T E L
JIE B 7 Ml BR 8 A 5 B 5 4 03 43 e LT 1. AR IR Tk, 2008, 35
(6): 16-21, 40

Wang L., Gao L, Zhang W F, Ma J, Ma W Q, Gao X Z,
Zhang F S. Evaluation of environment of chemical fertilizer
industry in China and analysis of international competitiveness
[1]. Chemical Fertilizer Industry. 2008, 35(6): 16-21. 40
(in Chinese)

B, shdt . AN EARBOR B B R TN AR
FOKR WS HILT . ROk K 4, 2011, 16(1) . 140-
147

Yang Z X, Han H Y. Technical efficiency of fertilizer and its
influencing factors: Based on wheat and corn empirical study
(V1. Journal of China Agricultural University ,2011, 16(1) .
140-147(in Chinese)

Larson B A, Frisvold G B. Fertilizers to support agricultural



553

FHIRAE i e 55 AR AR ol A 7 r A B il T B 3R W ——— LA S KR R S )

219

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

(191

development in sub-Saharan Africa; What is needed and why
[J]. Food Policy, 1996, 21(6) . 509-525

Wu Y R. Chemical fertilizer use efficiency and its determinants
in China’ s farming sector: Implications for environmental
protection[ ] |. China Agricultural Economic Review, 2011, 3
(2): 117-130

Takeshima H, Nkonya E. Government fertilizer subsidy and
commercial sector fertilizer demand: Evidence from the federal
market stabilization program (FMSP) in Nigeria[ ] ]. Food
Policy, 2014, 47. 1-12

REDE, Rf. LIEFEWK . MBS HRLT] #BE RS, 2017,
45(18): 57-60
Xiong Y, Wu J. Zero growth of fertilizer: Review and
revelation[ ] |. Environmental Protection, 2017, 45(18), 57-
60 (in Chinese)

Croppenstedt A, Demeke M. An empirical study of cereal crop
production and technical efficiency of private farmers in
Ethiopia: A mixed fixed-random coefficients approach [ ] .
Applied Economics, 1997, 29(9) . 1217-1226

Kormawa P, Munyemana A, Soule B. Fertilizer market
reforms and factors influencing fertilizer use by small-scale
farmers in Bénin[ J]. Agriculture Ecosystems & Environment ,
2003, 100(2-3): 129-136

hIgE, BRIDE R AR P R AR R0 it T ety RS R L R e DR R 43
B AR IR LT ). s EAR A 2355, 2007(9) : 9-16

Ma J, Cai X Y. Analysis on farmers’ willingness to reduce
nitrogen application and its influencing factors: A case study of
the North China Plain[J]. Chinese Rural Economy, 2007(9):
9-16 (in Chinese)

Mapila M A T J, Njuki J, Delve R J, Zingore S, Matibini J.
Determinants of fertiliser use by smallholder maize farmers in
the Chinyanja Triangle in Malawi, Mozambique and Zambia
[J]. Agrekon., 2012, 51(1), 21-41

Abdoulaye T, Sanders J H. Stages and determinants of
fertilizer use in semiarid African agriculture;: The Niger
experience[ ] ]. Agricultural Economics, 2005, 32(2); 167-
179

Bz, sk, ffal, FFEME. R PR ARRA: 17 R H
W) A 2% 43 BT« AP N R A 24 608 710 S 461 L 1. ol el e Ao W 5%
2015(4): 61-70

Tian Y, Zhang J B, He K, Feng ] H. Analysis on farmer’s
low carbon production behavior and its influencing factors:
Based on the use of chemical fertilizers and pesticides [ ] ].

China Rural Survey, 2015(4): 61-70 (in Chinese)

Mustapha A B, Said R. Factors influencing fertilizer demand

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

in developing countries: Evidence from Malawi[ J]. Journal of
Agribusiness in Developing & Emerging Economies, 2016, 6
(1): 59-71

SREG . EEMG. T A AT it Y Y 5 ) PR3 - R T A B T AR
BE B SEUE A AT LT ). AE AR 40, 2011(2) : 33-38, 43

Gong Q, Wang Y P. Influential factors of chemical fertilizer
employing in China; Empirical study based on provincial panel
data[ J ]. Ecological Economy, 2011 (2): 33-38, 43 (in
Chinese)

hter, Ze5, 2, VEBATE. JRUBS AT o r 4k 10 o it
130 BT . AR A 225, 2014(3) ¢ 85-96

Qiu H G, Luan H, Li J, Wang Y J. The influence of risk
aversion on farmers’ overuse of chemical fertilizer[ J]. Chinese
Rural Economy, 2014(3): 85-96 (in Chinese)

Yan X, Jin J, Liang M. Grain crop fertilization status and
factors influencing farmers’ decision making on fertilizer use:
China case study [ J]. Agricultural Science & Technology
2016, 17(10) : 2394-2398+2440

Binswanger H P. A cost function approach to the
measurement of elasticities of factor demand and elasticities of
substitution[ J]. American Journal of Agricultural Economics ,
1974, 56(2) . 377-386

Woodland A D. Substitution of structures, equipment and
labor in Canadian production [ J]. International Economic
Review, 1975, 16(1) . 171-187

Garcia R J, Randall A. A cost function analysis to estimate
the effects of fertilizer policy on the supply of wheat and corn
[J]. Review of Agricultural Economics, 1994, 16(2): 215-
230

AR A E B A AR AT BEAS 1 4 T B Al B
ARAETTLI]. W 2Eig M, 2014(T): 10-15

Li Z J. Substitution elasticity of China’s agriculture; The role
of human capital and technological changes [ J]. Collected
Essays on Finance and FEconomics, 2014 (7). 10-15 (in
Chinese)

W koK. BREAMMA TR PRI E O T 2 E
AT [ E WLEE AR PBAELT . R E AR LT, 2015(3) ¢ 84-91
Hu H, Yang Y B. Research on farmer’s fertilizer application
from the perspective of factor substitution: Based on the data of
national rural fixed observation point [ J]. Journal of
Agrotechnical Economics, 2015(3); 84-91 (in Chinese)
KREAE . 17 5 3. Ay MU X 57 B 14 5 4 30 1 B X 48R 5 Pk
GIBT BT Y Sk PR 29 SRR F LT oh R 4 Ok K A
2017, 224(5): 52-58, 136

Zheng X Y, Ying R Y. Analysis of agricultural machinery on



220

L L I N =

=2 4 2020 4F % 25 %

[29]

[30]

[31]

[32]

[33]

[34]

[35]

labor substitution elasticity and regional heterogeneity: Based
on the perspective of topographic constraints[ J]. Journal of
Zhongnan University of Economics and Law, 2017, 224(5) ;
52-58, 136 (in Chinese)

Mcfadden D. Constant elasticity of substitution production
functions[ ] |. Review of Economic Studies, 1963, 30 (2);
73-83

HOKAREE . #haR - B, Rl & i E bR 4 A LML B3T3
FEM. dbat s E AR SRR AE I AR, 2000

Hayami Y, Ruttan V. W. Agricultural Development . An
International Perspective [ M]. the revised and expanded
edition. Beijing: China Social Science Publishing House, 2000
(in Chinese)

Liu Y M, Hu W Y, Jetté-Nantel S, Tian Z H. The influence
of labor price change on agricultural machinery usage in
Chinese agriculture [ ] ]. Canadian Journal of Agricultural
Economics, 2014, 62(2) . 219-243

Zhu S, Xu X, Ren X J, Sun T H, Oxley L., Rae A, Ma H Y.
Modeling technological bias and factor input behavior in
China’s wheat production sector [ J]. Economic Modelling .
2016, 53 245-253

FEW], WAL, AR, RE/NEA S HERECRTR
(0. v E AR Ml R 22 4, 2018, 23(6): 169-176

Gao D M, Wang L. H, Tian Z H. Research on the factor
substitution relationships of wheat production[ J]. Journal of
China Agricultural University, 2018, 23 (6). 169-176 (in
Chinese)

Guilkey D K. Alternative tests for a first-order vector
autoregressive error specification[ J]. Jowrnal of Econometrics .,
1974, 2(1): 95-104

TR 7 0 5 o 2 B R R AR R A 3B I S A O ik
L] B AU H R &P FFE, 2015, 32(4): 88-105, 122

Hao F. and estimation methods

Formula correction

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

comparison on elasticity of substitution within translog
funcitons [ ] ]. The Journal of Quantitative & Technical
Economics, 2015, 32(4): 88-105, 122 (in Chinese)

Greene W H. Econometric Analysis[ M]. 8th Edition. Upper
Saddle River: Prentice Hall, 2017. 292-304

Christensen . R, Greene W H. Economies of scale in US
electric power generation[ ]]. Journal of Political Economy
1976, 84(4): 655-676

Morishima M. The fundamental marxian theorem: A reply to
Samuelson[]J]. Journal of Economic Literature , 1974, 12(1) ;
71-74.

GRESPNERE S e S | B O o o 7 e o = (a0 L
fi FORHL 4 (2004—2016) [ M. Jb 5t s @ e i R #t . 2004
2016

National Development and Reform Commission. National
Agricultural Products Cost-Bene fit Information Com pilation
(2004 —2016) [ M]. Beijing: China Statistics Press, 2004 —
2016 (in Chinese)

Duvick D N. The contribution of breeding to yield advances in
maize (Zea mays 1.)[]]. Advances in Agronomy, 2005, 86
(5): 83-145

Kole C. Joshi C P, Shonnard. D R. Handbook of Bioenergy
Crop Plants[ M]. Boca Raton: CRC Press, 2012; 405-432
Mckeown A W, Westerveld S M, Bakker C J. Nitrogen and
water requirements of fertigated cabbage in Ontario [ ] ].
Canadian Journal of Plant Science , 2010, 90(1): 101-109
PRbhs, REFRE, KT, LR, BEE. PE/ANEZA P HA
W RER TR EGHEMRAT RO P ERRZF,
18-30

2013(9):

Chen S Z, Song C X, Song N, Wang J] M, Ma H Y.
Technological progress of Chinese wheat production and factor
demand and substitution behavior[ J]. Chinese Rural Economy ,

2013(9): 18-30 (in Chinese)

FAER . T B



