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Mechanism and driving factors of chemical fertilizer reduction from

the perspective of factor substitution:
A micro-empirical research from the main facility vegetable production area
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(1. Research Center for Rural Economy, Ministry of Agriculture and Rural Affairs, Beijing 100810, China;
2. Information Center, Ministry of Agriculture and Rural Affairs, Beijing 100125, China;
3. College of Economies & Management, China Agricultural University, Beijing 100083, China)

Abstract In order to promote farmers to change their fertilizer input behavior and accelerate the substitution of organic
fertilizer for chemical fertilizer, based on the survey data of vegetable growers in the main facility vegetable production
areas of Huang-Huai-Hai and Bohai Rim. this study discusses the mechanism of farmers’ substitution of chemical
fertilizer with organic fertilizer. Translog production function model and spline model are used to analyze the current
situation of using organic fertilizer instead of chemical fertilizer, factors affecting the substitution relationship between
organic fertilizer and chemical fertilizer, different substitution performance of heterogeneous farmer. The results show
that: 1) The output elasticity of organic fertilizer is 44% higher than that of chemical fertilizer, and the substitution

elasticity is 1.269. 2) The scale of land is moderate and distributed continuously, the production specialization level of
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farmers is higher, the output effect of organic fertilizer is better, and farmers have stronger awareness of ecological and

environmental protection, which is conducive to farmers to replace chemical fertilizer with organic fertilizer. However,

at present, the service capacity of cooperative organizations is insufficient, the high quality and good price mechanism

has not been effectively formed, and the quality of organic fertilizer is poor, which limits the enthusiasm of farmers to

reduce the use of chemical fertilizer. 3) Farmers with family land scale of 0.500 — 0.667 hm? are more inclined to use

organic fertilizer rather than chemical fertilizer. Based on the above results, this study puts forward some

suggestions as follows: Promoting continuous production and moderate scale operation; Strengthening the education

and providing training for farmers on organic fertilizer knowledge and scientific operation; Stablizing the source of

organic fertilizer, and improving the quality and effect of organic fertilizer; Encouraging social service organizations to

intervene in production links; Establishing the brand of green agricultural products and realize high quality and good

price.

Keywords organic fertilizer; fertilizer reduction; substitution elasticity; household heterogeneity
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Fig.1 Mechanism of farmers replacing chemical fertilizer with organic fertilizer
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Table 1 Variable setting and explanation
%5 TR B B R
Category Variable name Description Mean SD
B Q. g/ D B 2 7 9987.26 11 013.76
T A E, (hm® /D 0 i i 0.075 0. 004
B A E B A L. CT/HD IERTIEC TN 211. 33 192. 16
Vegetable production LI A F,GE/ D LA IN 2154.74 3 142.66
AHEHRA O, GT/#MD B HLAE$ A 1475.96 1 569.31
HERAHRA K.Co/#H)  WHHERAHRA 4458.19 3 200. 64
FEEST S 18K Lab, A A 1 R BE 5 B J1 8L 2.42 0.95
oz :‘:[" - Jk t 7.
RS AT FIEHF L Land, hm® A P 5 B2 Bk b 1T AR 0.70 0.98
Farmers’ Endowment
and specialization level FEEM BB Num, A 5% E b W B 3.75 4,88
Ll A A 7= K F Spec A 7 52 35 Ml TG B o B T B EL 0.71 0.32
EEA G VEH Coop RPTIER 2B A BT & 1E 0.38 0.48
tt (E=0.F=1
A5 5
o Wi I Ra LI A LR 88T 37977
Organizational support
. . B
and market incentive )
T3 W Mar . 0. 80 0. 40
A P A5 RO B B B R I K A
fetg 2 ml g5 (=0, 2=0D
FEM Gen FEWR (Z=0,58=D 0.91 0.28
FEER Age. ¥ R 51.69 8.79
FEZHUFHEIR Edu FEZHEFER 8.59 2.28
P EB AR Vyear JH 3 B S o A R 17.65 8. 74
H
ﬁﬁ AEBEIR Ad SR 2 S HE IR 3% 7 Ak 2 1 Ak 0.61 0.49
Others A CR&=0.2=1
AHUEIAHE Ack FA R A HLIE 1 IR0 COR T =0, 0.67 0.47
TH=D
A7 i B Day.d S FE RIS K 189. 74 86. 01

TE D7 BB AT« BRI AE 77 55 31 J1 O Y FEA M SR 3 A 77 i 01 / BB+ 2 30 A M 2R SR AR 7 e TR

Note: Labor input= Number of family vegetable production labor X Production cycle of vegetables (this greenhouse)/Number of family

land+ Number of employees (this greenhouse).
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B HUASE 12 T 328 1 A AiE L 5 LA 2 R A A AR
RN 5 A HUAC 9 7= 1 3R R 0. 108, K e o3 figk m] il
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Table 2 Estimation results of translog production function model

A5 EX 4 P o 1%
Variable Coefficient Standard error

THAX A E —1.085 0.918
FEHA L —0. 269 0.330
LA F 0.238 0.129
AHEHA O —0.135 0. 180
HEREHA K 0.336 0. 746
T HIA A - J7 E —0.221 % 0. 097
FFEWABF- T L 0.028 0.022
AR T F? 0. 006 0. 004
HHIER AT O 0. 015 xxx 0. 005
HERARZAMNTT K 0. 004 0. 047
THIAR A X T BN A EXL —0.101 0. 066
T A XA EXF 0.018 0.026
THAR A XA HLEHR A EXO —0.055 * 0. 030
THFBA X HERAZLA EXK 0. 264 *x 0.107
FEFTAXIEHREA LXF —0.000 1 0.012
FHETAXAILEHA LXO 0. 004 0.015
FHETAXHERAHFA LXK 0. 025 0. 045
EHRA X B HNEHA FXO 0.012 0.011
IERAXHERAEHZA FXK —0.039 *x 0.016
AHNEHEAXHERAKZA OXK —0.007 0. 024
HH Constants 5.628 * 3.236

TE oo o e SR RN THE RAE 120,520 10 0 Gk L2, FIF.

Note: x*xx , xx and * represent significance levels of 1%, 5% and 10%, respectively. The

same below.
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Table 3 Elasticity measurement results
ZERY 3 f% Structural decomposition
. - - — — R L
s 2R BN BN 5 S8 A MR 5 AL A .
) Output Elasticity of
Variable . Factor cumulative Scale effect and Coordination effect L
elasticity Substitution
effect self investment and other inputs
e A F 0.075 0.238 0.079 —0. 241
1. 269
AHHLLEA O 0.108 —0.135 0. 200 0. 044

TE AR A LA A 23R R B 008 @y v s PAE A UL B 5 A B A0 asInF ag InO; AR 5 HABEA T8 e
1nE+a1;1nL+alxln0+a15)1nK‘a131nE+a151nL+a131nF+a2<;ann

Note: Factor cumulative effect of chemical fertilizer and organic fertilizer are a3 and a;; Scale effect and self-investment of chemical

fertilizer and organic fertilizer are asInF and ayInO; Coordination effect and other inputs are ai2InE~+a15InL + a15InO+a19InK

and 01131HE+0(151HL+0(131I1F+0/2<;l]’lK.

55 oA R AR A HANION L T RN S i, T g
SRR P AL FE A R T BRSBTS, SR
B A HUIE = e e AR e 44 96, HmT 6B i D A
S A RE K 0 R o it P R Ao R e A A B RN i
Uk 17 A ML i U0 A R kst g L 4
EEYI R . R BE AL BT RS A AL — R e
BT R 1. 269, R I ML XTI AE 09 B A0 e
A BB P iz A HUIE AR AR /98 77 .
3.3 RPABNEERUBHZIEEZDH
3.3.1 RpPEZRE+ LAKF 3R P A BAEH AR
1% e 64 3% v

W 4 FroR s FEERHF b E B T 10 % KF Y
B EVER G AR A P A LR B AR IR . B B
T AR R Ad A P2 B8 L g ool A 7=, JF RS R
AR R ZE 0 L 45 5 A P A HLAE R AR Ak e B 7R
etk . ZRBE b H B A 190 A0 I 38 1 K S B il
FUA LR XA AT g 5 A . 38 8% S A 7 DAL= /K
B FE AR BT IR 3/ KA 43 A T4 7 3 i) b
e, 3k BEORE AR I G & R B B S R B g3
FRC O R . ROt R R 8 3 R AR R TR
/M T R AE B, e B S e AR 3 i I
LRy W N DA i S I o (S P o U [
AN N 1 N AN ) 1B 5 e e Ui
7 L& b U HUB AN 57 3l ) B TC S 7 D SR
WE b OE ZR AR R P 4B LA L BRI AR
B O AP B P L Bl A KO 1 4 = A R T
Jil A P AT HLAE R AR AR IE L A P AR 7= ol Ak R B s
T [ 47 L T A o 0T 388 33 2 77 ) A0 Pkt AR L oy
SR 2 P 8 25 AR P AR Rk A, K

JE 55 801 1 B A X A AT MU AR A AL 7= A= B 3 52

We o T 82 PN A AR P AE A 7 aok i AT A ) AR

AR AKE AT B B AR AR MR 97 8 )

B 2 AR PR BE U L BRI T gl AT R

3B 4 i B M

3.3.2 B EBLE TGRSR P A IIEEXAL
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W4 PR RS T 10K R BE
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A AERE I AT A P A LR AR A R 2 30 I 1) 52
e AT B8 14 J5E DR 8 A3 B VR AL A A - 25 52 ) IR 55
RE AR, BUR A EALZ L3 FI 355 S IR &5 5 H T
Z AT 2T WA IR 55 T8, T W B AR e R
T AT G A L X R RO HUA R 8 A s A 4R A
FE A P IF R 2 (0 26 7 L T B S 0 o & A RE AR R
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JEEARALIE 3 S AN 2
3.3.3 AXFERFEHNBAENFR P ANIEHE KA

fie 44 % ¥

FH 2% 4 P AT, AR i B K Y R B R R 5 BB R A
B2 el A SR A AE O, T R g A
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AP 5 L PRE SARAE I 25 . TR R IR Z
A 1R W LA FH ) A 52 A8 RS A BILAE 2 ) 2



%5

TR AE . TR T A AL AL Ul e ML T S K 8l PR R O B Bt i S ™ X B IO S IR 275

P AR BN B HE 40 3 AR R T T L A rh A A
BB B W A 00 2R I IR i o X il A 7 X A7 AL AE
FEA AR B e A AR T S S A AR

170 TAYUILE T 57 s 42 R A 7= 23R A7 A
R T R A AT BE IS I AT K PRt L A P BB
R A AR (9 FRIE

x4 RPEVEERUEBZMEZEFEGITER

Table 4 Estimation results of influencing factors equation of organic fertilizer

substitution for chemical fertilizer by farmers

A A PR iR
Variable Coefficient Standard error
KEESS 8 J18L Lab —0.006 0.016 0
FEEH T Land 0.034 » 0.021 0
FEE M AL Num —0. 012 %xx 0.003 0
Ll A A 7= K Spec 0. 057 % 0.023 0
A A 1EH Coop 0.023 0.036 0
25 F e Rat —0. 044 *xx 0.017 0
i W Mar 0. 005 0.029 0
FEMES] Gen —0.131 0.092 0
J1EFER Age 0. 004 *x 0.002 0
P EZHEFER Edu —0. 005 0.009 0
FEB MR Vyear —0.001 0.002 0
ABEHR Ad —0.007 0.0310
AHLENE Ack —0.066 * 0.038 0
A7 JE 81 Day —0. 001 *x 0. 000 2
B Constants 0.277 0.187 0
3.4 FEANMERFPENEERULENRRES T ik,

5 H S A R RUREA P A HILIE R XA IS
(1 22 5 A 7 AIE L 245 & 7 52 E BF i T R AE 0. 500 ~
0.667 hm” I, & F7 B 1) F F A HLAE B AC AL AE O
At 705 B DU R ok e o B AR AT D e AR B S R R L X R
DR L %3 B AT B AR A S A B IR B G o
2 1 BI85 AR KE VB SRR L RERE AR P
PR A AT REPE Y I 5 X R R GE i W A
56, FCAD BRSNS A 7 A7 AILAE — Al BT RS A i 32 2
T S SRR AL N TR IRAE 2
R AT A 2 A B O AR A LB 22 5 L i LA K
W) R AR A e B 2 s fi A a1 M) 4 PR KL TR
2. RS PR A EEAR SR 4 B BN

4 BERSBERT

ARTIF 5% B T 05 I 5 BRIV 5t R SR A o X
B SRR R AR L XA P A LR R AR AR AR AT R
HEAT BRI A3 AT, 32 FH R A B0 7 R BB A R 2%
A0 A5 SEIE ARG 56 % P A AILAE R AR AR IE A9 47 S BIR
ML R MR 3h P AR AL T B R AT A
22 HF AR R DA A HLAE = Y v H Ak AR
7 B 44 90 A HLIR AR AR AR #E o 1. 269,
TR BB T A7 4k 22 K8 S o fif
FAPUIE . 2)38 B B h i v 2238 L Bl kK F
P o O R AR AL A MR S IR RN R A
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Table 5 Spline model estimation of farmers’ behavior of organic

fertilizer replacing chemical fertilizer

=X
AR

Variable

5% JGE B 1L T A (<<0. 167 hm?) Land

5 BERFHLTG AL (0. 167~0. 333 hm?) Land

FEEHHLH AL (C>0. 333~0. 500 hm®) Land

S GEBE ML T AL (>0, 500~0. 667 hm?) Land

FBEHFHLTE L (>0, 667 hm®) Land
FUETF ) JIEL Lab
FHEWEREL Num

Lol kA 72 K F Spec
SEAT G VEHE Coop
5 2 b Rat

i3 W Mar

FrEMI Gen

F R Age

P EZHFFR Edu

F B SR AEBR Vyear
HEARFEHR Ad
AHLIEIAH Ack
7= Day

H B0 Constants

N1 T R
Coefficient Standard error
0. 220 0. 155
—0. 069 0.117
—0.097 0.164
0. 344 * 0.203
—0.011 0. 054
—0.007 0.016
—0. 011 *x%x 0. 004
0.051 * 0.029
0.017 0.032
—0. 043 %xx 0. 007
0.003 0.038
—0.132 %% 0. 056
0.004 * 0.002
—0.005 0. 007
—0.002 0.002
—0.008 0.031
—0.067 * 0.035
—0. 001 *x 0. 000
0.167 0. 183

FIFHEsh A P A AL AL AE . & PEA 25 RE
AN AR B R A ROV A PR SOAS a E
6 ) R BR 1 T A PR AR B M . 3D SR JEE A b 1T AR
1E 0.500~0. 667 hm® A4 F 545 5] T FH A3 HLAC ¢
FACRE , B /N A 7 fif F A BLAE (4 3l ) Je 28 5%
BN AS JE  BASE 3 K 1) A P 0K TN 0 M OGO
b FEHMAE .

MR DA B BF 52 4518 49 81— BB UK R R - — S i
Bl PR R IS AR E L AR A HILAE it R 3t
AHEE M, BB . IR ARIE I B 2R A
A B HET kL AR B I 2 AR R AR T 28,
ST AR P R Bk AR A S HLAE F R S R
R FT M, = EMEAIIET S,

RS A UL A 7™ [ 55 v L 32 = -5 e 3 A HILAE
Bt SRR bR BT A R A HLIE I Xt
A HLIETE P 25 T 38 5 A0 0 £ g A Rt A ATLJIE 114
BURAE . PSR B A 2 AR IR 55 M R 5T A BAR AR 7
E = AV L . (7 S S B o S AR TR o (e S R AP O
57 2y 3 PR 5 I A aed e AR AR O . R
HE— AT 7 5 M UE TR B, ST R R 7
i 2 DG 5 DG o e 2 A A Dk A A
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