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Scale efficiency and influence factors of potato household in the
mountainous areas of Northwest China

MA Liyang, LUO Qiyou™ . GAO Mingjie. LIU Yang

(Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract Based on the field research data of peasant household in Anding District of Dingxi City, Gansu Province,an
empirical study on the technical efficiency and influence factors of potato production in the mountainous areas in
Northwest China was conducted by using the translog stochastic frontier model. The results indicated that the overall
level of technical efficiency of potato production in mountainous regions was lower, which implied a large space for
improvement. Specifically, the average value of technical efficiency in medium-scale peasant household was higher than
that in small-scale or large-scale farmers household. For the influence factors on potato production,it was revealed that
in the characteristics of peasant household including the degree of specialization, cognitive level and labor forces had
positive impacts on the technical efficiency of potato production. In the variables of producer services, only the
fertilization positively affected the technical efficiency of potato production. In the variables of land features,a negative
influence of the lands’ scale on the technical efficiency of potato production was also found. Therefore, potato production
transformation that improves the quality and efficiency in peasant household should be encouraged by the government. It
is necessary to explore the moderate scale management of potato production to achieve the regular integration between
peasant household and the modern agriculture development.

Keywords mountainous area; scale difference; technical efficiency; influence factor; potato
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Fig. 1 The location and DEM of study area
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Table 1 The description of variables

T J5 1]
GIa =y 1 it
Expected
Variable Code Description
direction
/il Output Yoo MR U (/G /hm)
A PRRIE AR
Individual characteristics
FEAES Age 2 FrEARR/ B +
= # B L Education 22 YE=0/ =1 9rh=2,GHh=3, KRE&X =1 +
95 3 714 Labor 23 FRE57 BN S H /A ?
L AL Specialization 2 I B R A LLE /Y +
K PN K Cognitive level 25 REFELWHE AR, E=1,/F5=0 +
A A 2s Z=1,5=0 +
Whether to use agricultural film
A 7R IR 55 AR R
Productive service characteristic
Tl 38 1z 95 32 27 LA T AR 5 2 A/ (OT/hm®) +
Seed potato expenditure
it AT I 55 32 s Jiti JE 315 2%/ (O6/ hm®) +
Fertilization expenditure
9o 1L BT I IR 45 3 2y 9 I B IR R ]/ (OT/ hm?®) +
Pesticide expenditure
BRI 55 52 i .
. 4 Z10 A RSP 55 2% 11/ (T /hm?) +
Mechanical expenditure
- Ml KR AR A
Land variable
- b R AE 21 A B FPAE I A/ hm® ?

Cultivated land area

2 e Ak AR 212

Degree of fragmentation

Eh RS SRR/ T B F B/ (hm /80 —

R 7 AR FRFAE FILAE 7 1 IR 55 T BB 23 52 0 A= 7 R AL
TR L b DX, A MR AR (2, ) T b 40 4 Ak R 2
(z12) ] RE S H AR RCR Y B 25 W A R 7 SR 7 B
BRI —2H b s R P A i . FORBORBR
RS A IRy
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Table 2 Descriptive statistics of variables

P v 2%

AL/ hm® A ¥IMH B RAE e /ME FEA
. Standard ' '
Scale Variable Mean o Max Min Sample size
deviation
e/ (OG/hm”) 10 117. 84 5 239.43 27 486. 21 1499.25
107
<0. 40 AR A/ OL/hm*) 5 453. 37 1571.36 10 494. 75 1199. 40
(43.15%)
F7 s BN/ (A4 /hm*) 5. 70 2.25 10. 04 2.55
PE/ (Ot /hm?) 9 649.93 5 894. 30 36 731.63 562. 22
87
0.40~0. 67 AR A/ (OG/hm?) 5451, 42 1 540.03 10 644. 68 2 263. 87
(35.08%)
578l 1A/ (4 /hm*) 3. 45 1.05 6.45 1. 50
7 {H/ (J6/hm?*) 8 650. 07 5 876. 31 25 701. 50 749. 63
54
>0.67 AR/ Ot/hm?) 6 159. 97 2 419.79 18 485.76 2 548.73
(21.77%)
FF A BN/ (A4 /hm*) 1.95 0. 60 3.75 0. 45
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Table 3 Descriptive statistics of variables

41t Total

/NFRAE Small scale

e o -

- i fﬁﬁd Bokfl BUME M jjfzid Bk BUME

Mean deviation Max Min Min deviation Max Min
P EAER Age 54. 36 8.52 74 31 54, 85 9.21 74 31
ZHH R Edu 1.47 0.96 4 0 1.42 0.99 4 0
%3 J1 %/ N Labor 2. 89 1.10 7 0 2.73 1.03 5 0
LAl L2 Specialization 0.18 0.23 1 0.001 0.15 0.24 1 0.01
A PN K Cognitive level 0. 40 0. 49 1 0 0.36 0. 48 1 0
R AR 0. 69 0.46 1 0 0. 62 0. 49 1 0
Whether to use agricultural film
B M55 S /o 2472 945.75 6 750 0 2 418.6 903.45 6 000 0
Seed potato expenditure
Jiti Al 55 32 /ot 1860.15 793.5 6075 420 1.806.45 776.1 4 950 450
Fertilization expenditure
9s U B IR IR 55 S /ot 214.65  281.1 1950 0 206.55  272.85 1500 0
Pesticide expenditure
BB 55 32 /o 510.9  615.75 5250 0 504.3  571.65 2700 0
Mechanical expenditure
+ H A /hm?® Cultivated land area 0.58 0. 35 2.67 0.13 0.32 0.08 0.4 0.13
MEEAL L E Degree of fragmentation 0.18 0.07 0.47 0.05 0.16 0.06 0.4 0.05
F1 AL Mid-scale KHBL Large scale
=N o —
S by StTﬁﬁd WM RME g StTﬁ%i WM RN
Mean deviation Max Min Mean deviation Max Min

FTEAER Age 54.17 7.70 70 34 53.69 8. 44 72 34
ZHHEFE Edu 1.43 0.97 3 0 1.61 0.88 4 0
958 J1 %@/ N\ Labor 3.05 1.17 6 1 2.94 1.07 7 1
LlLfLFEBE Specialization 0.19 0. 24 1 0.007 0.24 0.22 1 0.01
A F1iNAIK S Cognitive level 0.40 0.49 1 0 0.46 0.50 1 0
B R 0.75 0.44 1 0 0.74 0.44 1 0
Whether to use agricultural film
R R %5 S /o0 _ _ _
Seed potato expenditure 2 503.65 1016.85 6 750 900 2527.2 920.55 6750 1125
Jiti JIE A 55 32 /O 1797 695. 4 3900 420 2 068.35 942.75 6075 495
Fertilization expenditure
9 HUE B IR IR 45 3 /ot 202.65  316.2 1950 0 250.35  235.5 900 0
Pesticide expenditure
HUARIR 55 32 L /o6 520.65  722.7 5 250 0 537.75  514.2 1 650 0
Mechanical expenditure
+ H AL /hm® Cultivated land area 0.58 0.08 0.67 0.47 1.10 0.37 2. 67 0.8
Y LR B Degree of fragmentation 0.19 0.07 0.47 0.07 0.22 0.07 0. 44 0.08
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Table 4 Results of stochastic frontier function

bk 22 b 22
b7 ES b RN
o Standard i Standard
Item Coefficient Ttem Coefficient
deviation deviation
WA Constant 19.09 ™ 6.41 WA FF Bl R I 0.01 0. 26
Quadratic term of capital and labor
A Capital —4,73% 2.21 BAK T 22 6° Overall variance 0.82" 0.11
978 J) Labor 0.25 0.15 HARIERAR Gy 0.90" 0. 04
Technical inefficiency
PR R IR 0,47 0. 20 eL 8K oK B E —210. 47
Quadratic term of capital Likelihood
FFE R IR 0. 04 0.08 LR B f 6iR 2% 24.09
Quadratic term of labor LR test
Howeex | oxx | x IPRIFRORGERIE 1N SU T0UHKETRE. TR,

Note: **% , ¥x and * represent the significance at the levels of

LIy 1 DX A P D % S AR PR HORBOR AR . 2
FEAR AR P E B B A 7P B R ROR B RAE R 0. 908,
/MBS 0. 058, 11 K 0. 567, F2 BB KR H R T
BRI, 7= IR 43, 3% B R A 0] . R A1
LR AR A PR P 3 L A 3570 R P
RORTE 0.5 LUR s &3 K T F B E 0 4 b 3
54% . Hrb 0.7 LA RS 30.25%.

Hh S5 RS A P R R ST B i TN BT R
MBI P, R 5, iR P A PR R R R
Sk 0.583, B 5 5 T /N AR R K RS AR P i 0. 569
F10. 537, U B /NS I R LA 47 2 1 IR 28
TFPIG R TR O e . FRIER
JLh S SRR AT Sy R 0 R L DX D S B R R

1%.,5% and 10% ,respectively. The same below.

— A5 Bl AR AR A AR PR RS N 4 i AR
N1 G IR A5 2 R0 AR ) R B T RS e K 2
FIORU A0 AR 7= RS 20 Ak R B R AIK L W) B B8 hn 1 A 7= 2
SR EERA, EPMEBER PP, A
67. 81 Y% REARCRTE 0.5 DL b Hdh>0. 7 BBk
BREARLE ZHAB R R 2 . RIBIR P OF 3434
RAHFAR, HL <0, 3 MIRBUREA I = P fUiE i 2
1M =>0. 5 (4 v s OREAS i o LA o — 21 rh e AR
[Fi] B o7 32 3 3] 00 A R R R /ME ) BTE K
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Table 5 Technical efficiency of potato household of different scales

BFEAS Total sample

JNFLAE Small scale

T AL Mid-scale KA Large scale

&S]
Efficiency 7 1 % 07 % 7 1 % &7 1 %
lue Sample Sample Sample Sample
va ) Percentage ) Percentage ) Percentage . Percentage
size size size size
TE<0.3 28 11.29 6 5. 61 10 11.49 12 22.22
0.3<<TE<0.5 60 24.19 32 29.91 18 20.69 10 18.52
0.5<<TE<0.7 85 34.27 41 38.32 30 34.48 14 25.93
0. 7<TE<1 75 30. 25 28 26.17 29 33.33 18 33.33
¥ M Mean 0.567 0.569 0.583 0.537
2.3 HMWMARSH I3 B T AR R RO & . T A A

BE DL AT YRR 25 51 R B A R 22 T0UA 90 005K
B TORAR I Ul I B AR RCR A R R A S B
BB A R BORRCRAR R 9 E AL REH PR R
TCRCRT, 7= A 4500 3R TES ), Rk, A
FENAR PR AE AR B L A 7 IR 55 A B o M R AR AR
3 RS R A Ll b DX P AR AR P R
BRI (9 2 00 DN 2R 2E AT i — PR BT
AR 6. TR R IR AR O B R AL
0 2R i R R B AF 5 R IE L D32 DR 38 0 B R SR
RAFAEIE (9 52000 /I 2 3 B AR S8R 0 40 G 5 2 R A
AL B B AT 5 g B D) 32 TR 386 2 AR 5 3 4 R A7 A
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Table 6 Estimation results of the technology efficiency loss model

it &4 n 1 1R 22
Estimation Standard
Variable ) t-value
coefficient deviation
A FURFAIE AR £
Individual characteristics
PR Age 0.008 0.011 0.74
Z#H BFFE Education —0.12 0.11 —1.11
37 5h 1% & Labor —0.30™ 0.11 —2.72
LAk LR Specialization —5.32 1.98 —2.68
A PN K Cognitive level —0.34" 0.19 —1.73
R A T FH A
0.14 0.21 0.69
Whether to use agricultural film
AT M IR S5 RR AR AR
Productive service characteristic
i R 55 52 i —0.009 0. 002 —0.55
Seed potato expenditure
it A IR 55 3 —0.05" 0. 003 —1.97
Fertilization expenditure
g HE B IR IR 55 3 —0.002 0. 006 —0.05
Pesticide expenditure
HUBE IR 35 32 0.01 0.003 0.55
Mechanical expenditure
+ M 4EE A8 48 Land variable
+ H B Cultivated land area 0.072 0.022 3.32
ML AR Degree of fragmentation 0.11 0.092 1.23
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