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What inhibits the expansion of facility—based vegetable
cultivation: New explanations based
on agricultural hired labor

ZHANG Mengyuan', LIU Wenchao', HUANG Kaixing®, YUAN Zhaohui'
(1. College of Economics and Management, Hebei Agricultural University,Baoding 071000, China;
2. China Center for Agricultural Policy, Peking University, Beijing 100871, China)

Abstract This study aims to investigate the paradox whereby facility vegetable farmers do not expand production
scale despite high economic returns and rising output efficiency. Drawing on a set of survey data from 1 147
farmers across eight cities in Hebei Province from June 2023 to January 2024, nonlinear effect models and
quantile regressions were used for analysis. The results show that: 1) There is an inverted “U” shaped
relationship between the operation scale of facility vegetables and the output efficiency, and the optimal scale

interval corresponding to the efficiency peak is 1. 09 to 1. 23 hm*. 2) As the scale expands, farmers’ dependence
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on external labor increases, and the proportion, cost, and structural changes of hired laborers are significant.

The hired labor presents a dynamic transformation mechanism in which “high-efficiency labor” and “low-efficiency

labor” coexist, which is an important reason for the inverted “U” shaped relationship between the scale-efficiency

of facility vegetables. 3) Brick-wall greenhouses and autumn-winter crops show early efficiency improvements,

but the marginal cost rapidly increases when it exceeds thresholds. Plastic greenhouses and summer crops,

due to environmental and output instability, are difficult to achieve sustained efficiency gains through scale

expansion. Hired labor allocation efficiency is the core constraint on scale expansion, reflecting a trade-off

between specialization benefits and rising management costs. Efficiency differences across facility types and

crop seasons underline the importance to optimize labor use and improve management in facility agriculture.

Keywords facility vegetables; agricultural laborers; scale of operation; production efficiency
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Table 1 Variable meanings and descriptive statistics
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Variable Variable meaning Max Min Mean e
deviation
BRSR T A R g AR R AR AR O Wil SO0 8.718 8.161 8. 409 0.111
Vegetable production X )
efficiency (28159 R VATTR S S Nish = R I OO 1 9.048 6.477 8. 838 0.180
1
WFEWE TR S s AR B 2 1 AR AR A R R A, O B 5.298 0.001 2.633 0.979
Planting scale
T. b 14 ) .
E .61 . RTHRARSBFIHHFARLE, % 87.500 0. 000 56. 660 0.197
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BT 4k
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Hired labor structure
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Table2 Regression results on the effect of planting size on farmers’ productivity

it Y 21 Al Tt 7 K
Facility tomatoes Facility cucumbers
2t
Variable AT A ) A% T4 i) A2 AN 2% i A il AR
Without control With control Without control With control
variables variables variables variables
o R B A 0.964™ 0.221" 0.654™ 0.012"
Planting scale (0.062) (0.14D (0.066) (0. 152
AR AL (1Y) F- 5 T —1.102"" —0.696™ —0.746" —0. 422"
Square term of planting scale (0.062) (0. 086) (0.066) (0.093)
fig e —0.000™ 0.658™ 0.000™ 1.000™
Constant (0.026) (0.304) (0.028) (0.333)

T o e 0 G R ORTE 1000 500 B 106 R B0 38 36 S oy R br it . R 4~K 8.

Note: *, **, and *** denotes significance at the 10%, 5%, and 1% levels, respectively. The values in parentheses are robust

standard errors. The same applies to Tables 4 to 8.
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Table 3 Results of the U-shaped relationship test

fifg R L

Independent variable

Wi P4 21 A

Facility tomatoes

Bt ¥ R

Facility cucumbers

18)“U ™I i 28 $3 #1°/hm®

Inverted “U” shaped curve inflection point
)RR A TERE A DX ] N

Whether inflection point is within sample interval
75 S 15 R R

Slope of left endpoint

A S 3 A

Slope of right endpoint

“U G 5 2

Result of “U” shaped test

1. 230 1.090
= oo
38.403 35. 009
—16.966 —14.433
f#l“U" Ik 1« Uk

T - O] U T #2878 BUSE-A A A A Lk 56 28, 433 0 i 0T 7 1) Ao A T8 B O AR 0 52 305 1 200 25 e X A R 190 o R RIS

Note: D The planting area corresponding to the inflection point of the inverted "U" shaped curve represents the planting

scale point at which farmers achieve maximum output efficiency.

2.1.2 RAEHELE

Ay R 56 v 1] U1 45 SR R RS A T, AR F 5 275 Tk ik
WESE R Gy /N 2 SO IR 5 SR AR 7 iR A 7RG
D REBAE AL B BOR SR BORR A TSRS
RS XUBS A AR 5 2) FEAT XU 196 4 R b B, LA R A1
eI (BT 5 30 B 48 PR AR e, DL AR A1) i 0 7 AR

b R AR PR AR D A T RN AR
P[] 945 ( Extended regression model) ## i1,
AR FIR 4T EPER T 25 R BRI 2(FE Rt
B TURE A v 18 T4 ) A5 5O A1, Pk BEASE 9 — YR IT0 &R
By 25 O I J7 TR R O 0, 5 B UE ] ) 4
SRR — 3, R AW 5 4508 B Bm iy R fa v .

R4 "ARHEFRERBUEAERN@EAER

Table 4 Results of the robustness test of the "scale-efficiency" relationship

PBEJitE P £l Facility tomatoes

P i # K Facility cucumbers

=2

A2 HL
Variable Z2 9 g2 ZL Z2 ZE 9 g2 ZL g4
Result 1 Result 2 Result 3 Result 4 Result 1 Result 2 Result 3 Result 4
ol R A 0.190™ 1.214™ 0.713™ 1.248™ 0. 369 0.920™ 1. 1607 0.963"
Planting scale (0.14D (0.148) (0.208) (0.156) (0.154) (0.129) (0. 346) (0.136)
I AR S 7 I
?*ﬁjﬁtfni 0,482 —1.736"  —0.654™  —1.742°°  —0.237"  —1.370 —1.144 —1.377""
duare ter (0.085)  (0.109)  (0.153)  (0.108)  (0.093)  (0.094)  (0.254)  (0.094)
planting scale
s 1 A5 B
N il il Fis il il il il s il il

Control variable

TE SR 1,234 73 350 Oy 38 ) A2 ek S0 207 R A L O 6 A A o R R G T D7 9 1 TR U 5

Note: Results 1 through 4 present the regression results for robustness checks involving the inclusion of additional control variables, winsorizing

data, substituting the dependent variable, and applying alternative estimation methods, respectively.
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ARV AR A= 77 2 0 TR BB -0 7 56 & B v
J ke A REAS [0 U3 KRRl 1, 45 & B it 5 55 B A=
PR O, R B S B Rl AE AT L IR A
[Fi) T3 it 235 F B W 1 40 R 2 5 oK P 5 AR o R
S, AN TR 00 A2 A HLSE 50 A 0 3 2 R
SR, I [ e s MR 51K A 20 R e O R AR o Bl 2
55 Ff AR FE 11 A8 B R S5 4 A B AR 2% T 4 T T X

CHUBL-RORT IR BA B . BAKTE % 5 iR
= 5 KAFE DAL AE BT 5K b R4 T B, (3
e — 2 B 2 B A T BB U TR
S5 5 T R 5 B A U e T B 5 g 5 A R
AN AR E P, B AR 7 R A 3 FE A 2 Ak R 0
g, FERPE ST AN B35 (R 5) . X Fh 22 Fe A i 1
WU 28 7 7 it A Ml P 8 22 S5 Ak 3% BR i) = 2 AL A
KU

x5 ETAREHEEABRMEORBVYRRERAER
Table 5 Results of heterogeneity analysis based on different facility types and cropping cycle types
B 8 wiw
Vit M 6 Facility cucumbers Facility tomatoes pel R HEARHR
Facility and . " . o " Control Sample
acility and cropping s n
ny Cropping sequence HiR 1 i 2 HiA1 Hik 2 variable size
Resultl Result2 Resultl Result2
T HOGIRE 0.407™ 0. 331 0.339"™  —0.009
il 550
Earth-wall solar greenhouse (0.125)  (0.014> (0.113> (0.013)
Bt S A fite 1 H OB IR % 0.507" —0.264" 0.6547" —0.308" ] 178
Facility types Brick-wall solar greenhouse (0.226) (0.085  (0.249> (0.097) -
B3I DN ] 0.2757  —0.359 0.251"" —0.233 b 19
Arched plastic greenhouse (0.190>  (0.087) (0.187)  (0.087) -
A 0.1427 —0.033" 0.362" —0.362""
. ‘ , il 339
Early spring cropping cycle (0.041> (0.023> (0.025  (0.025)
F2e
ijt: = ( o B 0.125 —0.031 0.271""  —0.271 . 138
es of croppi 7
qe}(]lp ence PPIE  Summer cropping cycle (0.054)  (0.019) (0.031> (0.031) .
sequ
A 0.239™ —0.051"" 0.403™ —0.403™ ] 670
Autumn-winter cropping cycle (0.138)  (0.056) (0.074) (0.074) -

T AR 1 iR RS A o DT 25 2R 5 245 53 2 DA ol A JUASE - D7 O S Jol DT 25 28

Note: Result 1 is regression result of the planting scale. Result 2 is regression result of the square term of planting scale.

2.2 MBRMEIAZMESSIEDNER

WAL S5 A P R AT MY G 2 A B T itk —

A il R B -8R I R UV R E . R 68
L b R ARASE 7 DR A R T LA R T A R R T

F6 MEMBEMRIEIXRANKBIEER

Table 6 A test of the relationship between planting size and agricultural hiring

JiE T LA JiE T A JiE T 454
A5 Hired labor ratio Hired labor cost Hired labor structure
Variable 41 G2 41 G2 41 G2
Result 1 Result 2 Result 1 Result 2 Result 1 Result 2
Tl AR R A 0. 005" 0.002™ 0.2107 0.092" 0.670™ 0.406""
Planting scale (0.000) (0.001) (0.006) (0.009) (0.013) (0.021)
A5 i A2 N . N . N .
S 3t 4l ES A 4l ES A 4l
Control variable
I 0.465™ 0.525" 24. 450" —44.158™ 26.100™ 24.952™
Constant (0.006) (0.039) (0.202) (3.434) (0. 446> (2.556)

TE S5 2R 1AM A AL H 5 5 28 2 O A o A

Note: Result 1 is regression result without adding control variables. Result 2 is regression result with addition of control variables.
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5K e B 2R 7 SR AP T AN R 55 Bl g LR e A
PR X S5 BENE TSP M SE U A WA, BUR T2
B R 2R AR T R R K B4, B AR D R 22
e, AP IR H RORURE TN X AR O Bl L B SR
A SR YR L O S AR R A R TS 4R T
WA BRI B T B

JE AR A TE B RAS P L E 2 28 T R A Ak
Mo 55 30 J7 B e8GR TR BT 5K o e R Y
CNTE SRR AR RS A O R AP R
FHIAE R L A A 57 00 M LUK H R 4 S Y
FEFEAESS 55 80 ) SR 5% 1) LA SR Jie T8 3 .

A0l TN B AR A sl v i sk A P B X
Z 1 e A ) T R B AT B T A AR Il )
JREAT It SR A LG o ORI, AP MR X A i

(R B A AR SN T A B S R YIRS, ST T EM AR
H O, AR RS OR AU HEZh T TS K,
BT TSR PR Y TS 3h )
TN RS BOIBLY 5 o 19 A= 7 2808 B 9, 33X % KR
BE-ROR" LR E U G L T i — L R ks .
2.3 RUIBIR“ME-BR"EXRNYT BEE

5 050 A 8 SR (R 3D SR WA I it 7 41 A A 4 it
B TR R MRS 43 50 4 1. 23 F1 1. 09 hm? B}, A= 77 5%
IRB A . SR, A 5T SCPR A I & B, <1 hm*#f
RS B A P o LE v ik 82, 13% , 2% B 42 B o A
e 1t A A B S5 L B I 45 0k Tk . it — 4
B bR S (B 20, 38 TR T - MR -3 R 7 6
FRIHESE R TAT R 76 5 i BUASL Y ik 5 2 7= 4k
B SN R (I I T o 1IN O N
JE T2 X R -8R e R BAR S 3R 7R
& 843 % H A i X 5 it VG 21 A A T AR A
LN & M A

R7T RUBRBIXEHEEIMH MR- LR XRHOHMER

Table 7 The influence results of agricultural hired labor on “scale-efficiency” relationship of facility tomatoes

B

A 7785 Production efficiency

SCHL

Variable S G2 AR 3 AR 4
Result 1 Result 2 Result 3 Result 4
Toft L MG 1.008™ 0.785™ 1.929™ 0.233"
Planting scale (0.153 (0.117) (0.164) (0.132)
Foft FEL AL ) - 7 33 —1.061" —0.160"" —1.426™ —0.326™
Square term of planting scale (0.09D (0.073) (0.095) (0.077
Jie T He ) 0.692"" 0.351™
Hired labor ratio (0. 089 (0. 090
JRE T LA 8 SF- T —0.629"" —0.189"
Square of hired labor ratio (0.105 (0.088)
i TR AS 1.997 3.105™
Hired labor cost (0.112) (0.122)
it TR 1095 —1.033™ e
Square of hired labor cost (0.092)
Ji T 25 1.830™ 1.563™
Hired labor structure (0.087) (0.125
JiE T2 R B S 7 3 —2.390"™ —1.964™
Square of hired labor structure (0.11D (0.129
H R 1.667 0.587"" 1. 117 0.373"
Constant (0.297) (0.227) (0.257) (0.187)
i i T R Gy T

Control variable

TE SR VA IR T LU0 4528 2 (055 BB T RAS s &5 3R 3075 iR T 454 s B 1 4 Rl I A T e A 5454 . R 81 .

Note: Result 1 only considers the ratio of hired labor. Result 2 only considers the cost of hired labor. Result 3 only considers

the structure of hired labor. Result 4 considers ratio, cost, and structure of hired labor simultaneously. The same

applies to Table 8.
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P4 21 4 A,=0. 692(P<C0. 001) , & Jifi #& /K 2,=0. 672
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A 7R AR R T L T O TR (A 3 R LR
Jiti P4 41 Al A, = — 0. 629 (P<C0.001) , & jifi # JK A, =
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51 R TS BORY 11 PR O TT B B G, B AR
TR R 10332 F10.89206 . X R WY, 2 & Y i T LE
B T 2B B, B 51k 55 A 5 7 X
W )50, )55 0 AR K R B AR Tl o B AOR
A, B b 2 A 7 AT AE R T I R A X (] 5
JEE R T RE A% BRI T 2% 45 5 N TE) A0 (L, (HL e B8 44
) i Az A7 B DR 5T 5 250 R ARG RO T K 1 PN
LI

3B 55 B I i BE ST B T 5 Tt 4
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Table 8 The influence results of agricultural hired labor on "scale-efficiency" relationship of facility cucumbers

HE PR Production efficiency

5 it
Variable ZER ZER 2 ZEH 3 ghIR 4
Result 1 Result 2 Result 3 Result 4
T AE LA 0.941™ 0.812" 1.804™ 0.454™
Planting scale (0.173) (0.165) (0.198) (0.194
TR AR AR 7 ~F- J7 33 —0.843™ —0.296™ —1.206"™ —0.332"™
Square term of planting scale (0.103) (0.103) (0. 114 (0. 114
J T 0.672™ 0. 246"
Hired labor ratio (0.099 (0.132)
JR T LG A9 1 37 T 55 —0.716™ —0.045
Square of hired labor ratio (0.118) (0.129
JiE LA 1.335™ 2.848™
Hired labor cost (0.126) (0.185)
S T AR 1) 57 5 3t —0.892"" —2.500™
Square of hired labor cost (0.169 (0.173
i T854 1.508™ 1.458
Hired labor structure (0.105) (0.184)
J L85 4 1) F- J7 3 —2.127 —2.020"
Square of hired labor structure (0.134) (0.190)
W 1.775™ 0.961™ 1.250™ 0.626"
Constant (0.338) (0.298) (0.314) (0.278)
o< 2| s
Pz £l £l £ gl £

Control variable
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