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Influence pathways and effects of agricultural mechanization on the application
of chemical fertilizers

WAN Lingxiao, YANG Guo
(Institute of Agricultural and Rural Research, Chongqing Academy of Social Sciences, Chongqing 400020, China)

Abstract: Achieving green agricultural production depends on changes in smallholder farmers’ production methods. Compared with
previous studies that focused on manual fertilizer application, this study focused on the effect of machinery use and use links on fertil-
izer application and uniformity among farmers. Using data from the 2017 China Rural Household Panel Survey (CRHPS), the impact
of agricultural mechanization on fertilizer application in wheat was explored through ordinary least squares (OLS) method, as well as
treatment effect models, with attention to differences in fertilizer application across sources of machinery use. The results show that
the use of machinery does not reduce fertilizer use in wheat but can reduce inter-farmer fertilizer application differences. Only ma-
chine sowing decreased fertilizer application and uniformity, mostly because wheat has a higher fertilizer application rate at sowing.
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After separating the various sources of farm machinery use, it is discovered that using machinery services rather than buying ma-
chinery equipment reduces the amount of fertilizer applied per hectare by 150.45 kg, and increases fertilizer uniformity. For instance,
compared with purchasing machine equipment, the purchase of machine services lowered fertilizer application by 213.45 kg per hec-
tare and increased fertilizer application uniformity by 0.32 units per hectare during seeding. Additionally, farmers can cut their fertil-
izer input by 283.95 ¥hm’ by adopting machine sowing. Purchasing machinery services can lower fertilizer input by 394.50 ¥hm °,
especially during seeding the input was decreased by 352.80 ¥hm . This suggests that agricultural mechanization can achieve fertil-
izer reduction and reduce inequality in fertilizer application among farmers, mainly through outsourcing. The findings of this study

can help expand our understanding of the relationship between agricultural mechanization and modern agriculture and can also

provide strong support for the green transformation and sustainable development of agriculture in China.

Keywords: Agricultural mechanization; Service outsourcing; Fertilizer reduction; Fertilizer application uniformity
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Table 1 Definition and descriptive statistics of variables

- o e wfEZE
i BT g R
. .. . Standard
Variable Definition and assignment Mean ..
deviation
AR it ] i ANGZ B T AR A A 53123 36.94
Fertilizer application amount Fertilizer application amount per unit area of wheat (kg-hm ) : :
AL 5T IINZE AN P e 5 R 2 PR e 22 S5 2 (L PR LA S AR AT e P
Fertilizer application |[Amount of fertilizer applied to wheat by farmers — average amount of fertilizer applied in the 0.36 0.91
uniformity village| / average amount of fertilizer applied in the village
AN ] INE B TR I 4850 2080.95 55.08
Amount of fertilizer input Amount of fertilizer input per unit area of wheat (¥hm °) : :
BB AR L =1, KL =0 075 0.43
Mechanical application Use = 1; not use =0 ’ ’
BB 55 o AR L i H=1; K ffHI=0 0.54 0.50
Mechanical service usage Use = 1; notuse =0 : :
P59 Gender 4=0; %5=1 Female = 0; male = 1 091 0.29
Ay Age 20174F 71 F4F#% Age of the head of household in 2017 55.94 11.25
ZHE4FIR Education ZHH AR = 4 PR Maximum years of education type (a) 746 321
. 1=AEH AT 2=AN0F; 3=—Jik; 4=tF; S=AE 47
IR Health ’ ’ ’ ’
BERRARLE Hea 1 = very bad; 2 = bad; 3 = fair; 4 = good; 5 = very good 321 1.08
FEEFF BN 1L P AEAVNWNEITE T I -YNRIAL] 0.88 0.16
Household labor force share Proportion of household population over 16 years old to total household population : :
FREWA Income FRE ST Logarithm of total household income 42.81 65.71
LB Soil quality IE#=0; 22=1 Normal = 0; poor = 1 0.03 0.16
ZE L Scale INZEFIHE R Scale of wheat cultivation (hm?) 0.56 1.04
FAHAEARREL AHE=1; RAE1E=0 032 047
Cooperation of organizations With cooperation = 1; without cooperation = 0 : :
R EEARSTEVIR DL - N R N
AAEALTIRG AN AR II=1; F SEZ A A =0
Agricultural technique . . 0.12 0.32
.. Someone trained = 1; no one trained = 0
training
FLHEA#E Fertilizer price ALAE M H Fertilizer prices (¥kg ) 2.18 1.01
AN AU L AN MU FH TR A SR e AR L 451 6321 447
Proportion of machinery Proportion of agricultural machinery use area to village arable land (%) : :
AR A = LU BN R 368 862

Number of organizations

Number of new business entities

HRYE201 74FH AT Z B8 B A (CRHPS) KU 44 BRI .. Compiled from the 2017 China Rural Household Panel Survey (CRHPS) database.
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Table 2 Descriptive statistics related to machinery use status and fertilizer application of farmers
- HUBAE R0 HURIR 55-feft FAR 10 H AU FR
Ean Mechanical application Mechanical service usage Self-purchased machinery usage
Variabl
anable i Use Af#if] Notuse f#ifH Use AAf#ifH Not use i Use RAdi ] Not use
ARt 4 Average fertilizer application rate (kg'hm ™) 1041.45 1125.15 1021.05 1112.1 1093.65 1125.15
JifEHEYA 5] B Fertilizer application uniformity 0.32 0.48 0.30 0.43 0.36 0.48
LA A 445 Average amount of fertilizer input (¢hm®)  2100.00 2024.30 2069.91 2088.27 2153.78 2024.30
FEA 4 Observations 817 271 588 500 238 271

FRYE201 747 H AR AT ZFEAE BRI 2 (CRHPS) £ 28 B f k.. Compiled from the 2017 China Rural Household Panel Survey (CRHPS) database.

E. WA FAUMIR &5t PALIE R B RS TR B AR 2o R 2 S 0, {EL RS 35 AR AU IX 4 P 6
FAHUMIR 25 14 0, B P 5 R FEALOR IR 45 1o PO RS S R . i — B0 3R 35 k , WL LA
F ] L 47 8 A 2 TR B LR P05 14 % K3 5 0 A4 ATt A e e 24
3 EREN SYBE . A ik LRGeS e B, O
z 16 1% G CF T 3, Bk FTRLEG ) 4 F
3.0 AR A R 7 F R 45 X 14 BE G R ) 0 AEAEFEAR 47.63 kg'hm * A FLALHE T B LA, HLI%F
22 3 RHURE I LR AS 1R B R AR ARG 5 S i BB S 14 4 A B3 67 B, e AE AR P A
BRI R, 45 R R, R EALOEE FE IR FPLERJR, RERSHRTE 0.14 BAALIG AR I AT . X 3R
F3 AR RFRR ARSI LR R R R

Table 3 Estimation results of the effects of machinery use and use links on fertilizer application

ARt [ES et K VAT AR ) [ AR B T 5T
Variable Dependent variable: average fertilizer application rate (kg-hm °) Dependent variable: fertilization uniformity
MU A -29.33 -0.14"
Mechanical application (21.15) (0.07)
HLHE -12.08 -0.10
Mechanical ploughing (18.23) (0.07)
Gk —47.63" -0.14"
Mechanical sowing (17.63) (0.06)
MM ZY -12.75 -0.03
Mechanical spreading of pesticides (19.28) (0.05)
PES -19.95 —22.58 -20.93 -23.03 0.10" 0.09" 0.09" 0.09"
Gender (28.58) (28.58) (28.58) (28.58) (0.05) (0.05) (0.05) (0.05)
AR 0.15 0.15 0.23 0.15 2.0E-03  2.0E-03  2.0E-03  2.0E-03
Age (0.08) (0.08) (0.08) (0.75) (2.0E-03) (2.0E-03) (2.0E-03) (2.0E-03)
ZHE TR -0.68 -1.13 0.08 -1.28 -2.7E-05 —1.0E-04 —1.0E-04 —3.0E—04
Education 0.37) (0.36) (0.38) (0.36) 0.01) 0.01) (0.01) (0.01)
fHERRRAR L 3.75 3.53 4.13 3.52 0.01 0.01 0.01 0.01
Health (7.28) (7.28) (7.28) (7.28) 0.01) 0.01) 0.01) (0.02)
FIEF S I15 L 81.00 79.50 77.40 82.73 -0.08 -0.08 -0.09 -0.08
Share of household labor (51.83) (52.05) (51.68) (52.13) 0.14) (0.14) (0.14) (0.15)
FIEWA 0.08 0.08 0.08 0.02 -32E-04 —32E-04 —29E-04 —3.3E-04
Household income (0.15) (0.15) (0.15) (0.11) (2.4E-04) (2.4E-04) (23E-04) (2.4E-04)
HEHb T -19.20 -17.78 -26.18 -15.08 0.01 0.01 0.01 0.01
Soil quality (46.20) (46.20) (46.95) (46.50) (0.08) (0.08) (0.08) (0.08)
ZE -0.98™" -1.05" -0.90"" -0.98"" —~1.0E-04" —-1.0E-04" —1.0E-04" —1.0E-04"
Operation scale (0.30) (0.38) (0.38) (0.38) (5.6E—04) (5.8E—04) (5.7E-04) (6.9E—04)
Al HAEAE -12.60 -15.30 -9.98 -16.05 -0.01 -0.01 -0.01 -0.02
Cooperation of organizations (17.03) (17.10) (17.18) (17.18) (0.05) (0.05) (0.05) (0.05)
A AR 18.98 18.00 18.32 18.23 -0.05 -0.06 -0.06 -0.06
Tech training (26.33) (26.33) (26.18) (26.33) (0.05) (0.05) (0.05) (0.05)
aitigis -129.68" -129.98™ -129.75™ -130.42"" -0.02 -0.02 -0.02 —0.02
Fertilizer prices (8.85) (8.93) (8.85) (8.93) (0.04) (0.04) (0.04) (0.04)
X IR REAGH REZSH REK REAGH REZLH REZSH| REESH| [REK
Regional characteristics Control Control Control Control Control Control Control Control
WAL 834.83" 828.98™" 829.59"" 824.10™ 0.04” 0.36" 0.34" 0.32"
constant (67.65) (67.65) (67.35) (66.83) (0.15) (0.15) (0.15) (0.15)
FUNIIE(ED
1088 1088 1088 1088 1088 1088 1088 1088

Observations

wkk kRS IERIR 1% 5% K 10% 0 B K 355 O R M@ FRIEIR . ***, ** and * indicate significant effects of the variables at 1%, 5% and
10% levels, respectively. The robust standard errors are shown in parentheses.
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Table 4 Endogeneity treatment estimation results of effects of machinery use and use links on fertilizer application

55 1B Bt First stage

S AU A LA R TS

Whether to use machine / link using machine

e A FHAUARIN 55/ FHIAUA e 55 275

Whether to use mechanical services / links using mechanical services

7|‘1: =N
Variable BUMGLH  BUBIERE  HLORHZS BURRIH L BUBRIZS
Mechanical Mechanical Mechanical Mechanical Mechanical Mechanical
application sowing spreading application sowing spreading
R AR AE I LL 1 0.2 0.02"" 0.02"" 0.02"" 0.02"" 0.02""
Proportion of machinery of village ~ (2.0E—03) (1.0E-03) (2.0E-03) (2.0E-03) (2.0E-03) (2.0E-03)
TR A P U -0.01" -0.01" -0.02" -0.01 -0.01 -0.01"
Number of organizations of village (0.01) (0.01) (0.01) (0.15) (0.15) (0.01)
LR test 3.23 3417 417" 3417 298" 357"
Prob>chi2 0.07 0.07 0.04 0.08 0.04 0.05
2528 Bt Second stage
Ak PR TR gt S AR A
Variable Average fertilizer application rate (kg-hm *) Fertilization uniformity
HUBRAL T —54.98 -0.21"
Mechanical application (35.18) (0.10)
Hli& —-83.63" -1.02""
Mechanical sowing (33.75) (0.07)
HUbAZS —61.73 -0.02"
Mechanical spreading of pesticids (45.53) (0.01)
HoAth s i A BRG] REAH] RECT] Az Ll BRG]
Others Control Control Control Control Control Control
DXAAFAE RECT el BTl RECE gl RECT
Regional characteristics Control Control Control Control Control Control
6.19" 9.72"" 8.89" 0.10" 0.12" 0.12"
Lamda (2) (3.25) (3.91) (4.03) (0.05) (0.05) (0.05)
0.19" 0.21" 0.31" 0.11° 0.13" 0.16"
P (0.01) (0.01) (0.13) (0.06) (0.06) (0.06)

wkk kRS IERIR 1% 5% K 10% 0 B K 355 O R M@ FRIEIR . ***, ** and * indicate significant effects of the variables at 1%, 5% and

10% levels, respectively. The robust standard errors are shown in parentheses.
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225, WK 5 PR, s HAL BRI SRR 2, A BE
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HUBREEFl, BEAS 235 AR 213.45 kghm * JEAL B, it
b, AR L A WL, BE T HLBUIR 55 5 RERS 42 71 1.17 5
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Table 5 Estimated results of treatment effect model (TEM) for the

effect of machinery services and self-purchased machinery on

fertilizer application

1B Bt First stage

S AU A LR TS

A FAUARUI 55/ P LA 55 2455

AR Whether to use machine / link using machine Whether to use mechanical services / links using mechanical services
Variable HUAUIR 55 HUAE IR 55 HUAIR 55 PR IR 55
Mechanical services Sowing services Mechanical services Sowing services
TR AL AE I L A3 0.01" 0.02" 4.0E-03"" 0.02""
Proportion of machinery of village (1.0E-03) (2.0E-03) (1.0E-03) (2.0E-03)
R A = GV -0.02"" -0.02"" -0.01" -0.02"
Number of organizations of village (0.010) (0.01) (0.004) (0.008)
LR test 17.45 10.90 15.53 437
Prob>chi2 0.00 0.00 0.00 0.04
#52B Bt Second stage
B L X ATTE AR )iy MENE LS ) B
Variable Average fertilizer application rate (kg-hm ) Fertilization uniformity
MUK 45 Mechanical services —150.45"" (44.47) ~1.1777 (0.08)
HLI% MRS5S Sowing services —213.45"" (48.90) -0.32""(0.30)
HoAth 4% A% i Others L4zl Control EL% 1] Control EL =il Control L4zl Control
X3 FFAE Regional characteristics L4l Control L4 Control CL45 i Control L4l Control
Lamda (1) 22.90™ (3.35) 16737 (4.21) 0.89"" (0.04) 0.16™ (0.07)
075" (0.07) 0.60 (0.12) 0.92(0.01) 0.20” (0.08)

p
ok kRN 1%
10% levels, respectively. The robust standard errors are shown in parentheses.
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Table 6 Robustness test estimation results of effects of machinery use and use links on fertilizer application

1M B First stage
LR JE A FIBUARIIR S5 /A FAURUIR 5 2135
AR Link using machine Whether to use mechanical services / links using mechanical services
Variable Bl HUARAR 55 BB S5
Mechanical sowing Mechanical services Sowing services
R AU LA 0.02" 0.02"" 0.02"™"
Proportion of machinery of village (2.0E-03) (2.0E-03) (2.0E-03)
Rl A 7 4 4 8 -0.01" -0.01" —0.02""
Number of organizations of village (0.01) (0.01) (0.01)
LR test 5.23 9.30 5.09
Prob>chi2 0.02 2.0E-03 0.02
5287 Bt Second stage
At LR DATIE ARSI WLt
Variable Average fertilizer application rate (¥hm )

HI#E Mechanical sowing
ML 55 Mechanical services

-283.95"" (104.55)
394507 (131.25)

HLIEIR 55 Sowing services

HoAb 4% A5 i Others L=l Control

X 3 FF1F Regional characteristics EL 4=l Control
Lamda (4) 11377 (4.94)
P 0257 (0.11)

-352.80" (126.75)

ELFHil Control L=l Control
EL 4551l Control EL =il Control

18.82" (5.88)
0.417(0.12)

13.68” (5.90)
0307 (0.13)

wx ok xRIRIR1% . 5% 0% R E AT 355 AR EFRIER . ***, ** and * indicate significant effects of the variables at 1%, 5% and

10% levels, respectively. The robust standard errors are shown in parentheses.
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