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residue and food safety are different obviously. The empirical results showed that the level of

education, perception about pests and pesticide residue, government propaganda and cooperation’ s

participation lay positive influence on farmers’ concern about pesticide residue. Nevertheless, status

characteristic as village committee cadres, party members or cooperative cadres, perception about

pesticide safety and subsidy policy on control methods exert a negative impact on the application of

pesticide. The results indicated imperfect market system, blindness and convergence of dispersal

planters result in negligence of pesticide residue in apple planting.
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Table 1 Relationship between input ;;bjzﬁi EI] @ é‘;ﬁf . ﬁﬂ j%ﬁ le] 31.9 % L17.6 % L11.5 V .
indicators and output indicators 0 — a6
L 7% BB  HoAE I PSR BT 4E A P T BB IR 5F
HXRE 2 8 3 6
, AEXT AR ARG T SR AR AR KRR
Correlation y x1 x2 x3 x4 y 293 e A 2
coefficient KL B WL TR RS 7 A HUTH AR /)N
¥ 1000  0.838%* 0.826%* 0.900% *  0.952% * T 1,5 FAH 4 B~ 0. 976.0. 867.0. 817.0. 753,
z1 0.838* * 1. 000 0.926** (0,854 % * 0. 909 * * O. 750‘0‘ 646\0. 5939#%_":]:[5]*%};%&/\%%9
x2 0.826* * 0.926**  1.000 0.722% * 0. 889 * *
B - A Jir kY
3 0.900% * 0.854% %  0.722%*  1.000 0.870% S0F DEA JRHCRES . 5771 K By R KT
2 0.952% * 0.909% * 0.889%* 0.870%*  1.000 1B H A A 7= 3R AKSEARK , 40. 7% RO A RIS
T % 7E 0. 01 KF OO BFAIR, v
Note: * * means significant 0. 01 level (bilateral),
=2 2002—2015 £ B RTH EH R &£ 7B ZE DEA &
Table 2 High efficiency DEA of agricultural production in Heilongjiang Province from 2002 to 2015
F4 (X City M
Year  M/REE  FFFFAR LT #55 U L KK AR & HSHT ) 21k Mean
2002 1. 812 0. 645 0. 966 0. 727 0. 801 0. 644 0. 841 0. 558 0. 764 0. 806 0.792 0. 851
2003 1. 696 0. 386 0.984 1. 267 0. 602 0. 646 0.737 0. 569 0. 867 0. 600 0. 760 0. 829
2004 1. 407 0.719 1.153 0. 860 1.012 0.638 0.758 0. 648 0. 903 0. 887 1. 042 0.912
2005 1. 387 0. 766 1. 207 0. 869 0. 930 0. 638 0.731 0. 665 1. 018 0. 854 1. 261 0.939
2006 1.182 0.747 1. 068 0.794 1. 092 0.716 0.779 0.783 1. 160 0.782 1. 201 0. 937
2007 1.197 0. 662 1. 054 0.762 0. 997 0. 708 0. 817 0.711 1. 360 0. 877 1. 263 0. 946
2008 1.125 0. 664 1. 003 0.707 1.114 0.782 0. 801 0. 905 1. 452 0. 901 1. 201 0. 969
2009 1. 081 0. 595 0. 909 0. 664 1. 136 0.722 0. 777 0. 800 1. 445 0. 783 1. 151 0.915
2010 1.027 0. 543 0. 903 0. 656 1. 169 0.775 0.782 0. 694 1. 531 0.723 1.123 0. 902
2011 0.947 0.522 0.912 0. 680 1. 257 0.792 0.795 0.573 1. 530 0. 869 1. 189 0.915
2012 0. 858 0.512 0.894 0.707 1.184 0. 780 0.821 0. 604 1. 559 0. 906 1. 156 0. 907
2013 0. 897 0. 493 0. 861 0.598 1. 226 0.872 0. 848 0. 486 1. 621 0. 870 1. 141 0. 901
2014 0.922 0.523 0. 895 0. 606 0.914 0. 949 1. 047 0.522 1. 589 1. 069 1. 167 0.928
2015 0. 920 0.531 0. 849 0. 608 0. 805 0. 875 0. 897 0. 530 1. 672 1. 217 1. 157 0.915
HHE 1.176 0.593 0.976 0. 750 1.017 0.753 0.817 0. 646 1. 319 0. 867 1.115 0.912
4 2 11 5 9 4 8 7 10 1 6 3 —
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Table 3 Input adjustment of non-DEA effective city

H (XD City x1 x2 x3 x4

IR —38. 441 —6. 443 —45, 572 —24. 663
FFE/R  —153.011 —31.235 —218. 956 —20. 331
LY —13. 825 —2.198 —47. 607 —0.783
#d —7.984 —2.353 —41. 449 —2. 869
G0 —8. 033 —2. 069 —40. 959 —2. 953
PN —33. 209 —2.768 —17. 703 —7.073
HEARET —13. 402 —3.454 —54. 638 —11.125
LEW —11. 261 —2. 658 —16. 424 —2.116
HiE —34. 896 —6. 647 —60. 414 —8.989
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Table 4 Malmquist productivity index decomposition average of 11 cities in Heilongjiang Province from 2002 to 2015
H(R) City PARMRAE PARFE B i R BRI HBRR AR SRR He4
Effch=Pech X Sech Techch Pech Sech Tipch=EffchX Techch Rank
IR 0. 994 1. 020 1. 000 0. 994 1. 013 9
FFFIGIR 0. 985 1. 025 0. 986 0. 999 1.010 10
pLtin 0. 990 1. 063 1. 000 0. 990 1. 052 4
afs| 0. 986 1. 057 1. 000 0. 986 1.043 6
TR 1. 000 1. 045 1. 007 0. 994 1. 045 5
KR 1. 024 1. 036 1. 019 1. 005 1. 061 2
HEART 1. 005 1.019 1. 006 0. 998 1.024 7
& 0. 996 1. 021 1. 000 0. 996 1. 017 8
HEFHT 1.021 1.031 1.015 1. 005 1. 052 3
B 1.017 1. 060 1. 015 1. 002 1. 077 1
24k 1.018 0.974 1.015 1. 003 0.992 11
HE 1. 003 1. 032 1. 006 0. 997 1. 035 —
Z 12
i
%}1 é& 1.05
b g (1)2(5) —— BTFEPHRAAL Thpch
2T o0 —e— BRI Effch
ﬁ 5 08 —— HRESE Techch
B2 080 bt bbb e A ARSI Pech
# 2 P R B S - S I T s o
 IIIDILITIILIE
& T 83 I &I KR
AEGF Year
1 BRILARISEEEFHEREURESAEYINEEFATHEE
Fig. 1 Annual average change trend of agricultural total factor productivity index and
decomposition index in Heilongjiang Province
*5 2002—2015 EE RITIE L EREFTEIBPMELE R RGN
Table 5 Results and composition of total factor productivity index in Heilongjiang Province from 2002 to 2015
4y AR HARBEDANL SEHAR R AR AL SBEREFRATAL
Year Effch=PechX Sech Techch Pech Sech Tipch=EffchX Techch
2002—2003 0. 932 0. 983 0. 909 1. 025 0.915
2003—2004 1.183 0. 852 1.161 1.018 1. 008
2004—2005 1. 005 1. 104 1. 002 1. 003 1. 109
2005—2006 1.019 1. 007 1. 007 1.013 1. 026
2006—2007 0. 990 0. 947 1. 007 0. 983 0.938
2007—2008 1. 026 1. 059 1. 031 0. 995 1. 087
2008—2009 0. 943 1. 126 0. 960 0. 983 1. 062
2009—2010 0. 977 1. 094 0. 983 0. 994 1. 070
2010—2011 0. 998 1.072 1. 032 0. 967 1. 070
2011—2012 1. 001 1. 108 1. 010 0. 991 1. 109
2012—2013 0.972 1. 017 0. 989 0. 982 0. 988
2013—2014 1. 048 0. 999 1. 018 1. 029 1. 047
2014—2015 0. 970 1. 079 0. 984 0. 985 1. 046
B Mean 1. 003 1. 032 1. 006 0. 997 1. 035
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Estimation of Agricultural Production Efficiency in Heilongjiang Province
Based on Super-efficiency DEA Model and Malmquist Index

CUI Ningbo,ZHANG Zhengyan
(School of Economics and Management, Northeast Agricultural University, Harbin, Heilongjiang 150030)

Abstract; As an important commodity grain base, the sustainable development of agriculture in
Heilongjiang Province was related to the realization of food security and agricultural modernization in
China. Based on the panel data of Heilongjiang Province from 2002 to 2015, the efficiency of
agricultural production in Heilongjiang Province was measured and analyzed by using the super
efficient DEA model and Malmquist index respectively. The results showed that the overall level of
agricultural production efficiency in Heilongjiang was not very high, and the efficiency difference
between different cities was obvious. Non-DEA effective cities had different degree of input
redundancy. Under the main driving force of agricultural technological progress, the total factor
productivity of Heilongjiang Province was an average annual growth rate of 3.5%, agricultural
production showed strong sustainability. Finally, puting forward some suggestions to further improve
the agricultural production efficiency in Heilongjiang Province.

Keywords: agricultural production efficiency;super efficiency DEA ; Malmquist index



