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AR OROMZE 4.9 7%, ARGAIRRORANZE 3.9 /%) o ALHEJH R T RS ds, ARZ L flo K A3 2015
ARV A A () BT H AR BRI BAR R K (P35 92.90% ) 5 fLIE ., REAGBAFARBCR TR, RENEHK
ABARZCRE R [FiR] REEEDIBE RO AL, M TIAR, N5, L7 #iiL, TR
WX, HACREBATK AR R - ACHEBORBICREAR, WAL AT R, ROZN R D8I S 8 i TAE I e . %
RATARZERE M, WFEFEREREAT ARSI . A2y & AR PG AN [R]85 EE R BARCR, A BB
RECALH ;. NERHA 2 A I R ARG PSR | 2™ 3 (9 H PR B M 2 300, Gl i B BT A T 3
FUBLRIT5 T o

KR AR BURE IR RZE B

FRESES: F323.3 XEEFRIREG:A XEHS 1005 -9121[2020]04260 - 13

0 55

BT X — ATl — AP I A KRR — ELRURCHR R AR T A T e A% L
fa) i, 2010 4F LSk b [ E5 S A i AL 1 899. 9 77 hm? #9% 2015 4F [ 2 168.3 J7 hm?, 9K 14. 1% , =
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(2005) 17 gRfaEsE (2014) 100 Ak K] (2010) R IEHT C - D AR R AR S R P A kI
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{H0 6.56, HE4 diE BMRAGUOF A RHE 21,69 Biii 15,26, iff 10.86, FIgyL9.82, L 8. 71, pu)i|
8.71, yI#57.87, bt 7.86, BEva7.64, il 7.13, 5Ak6.42, i 6.27, #idL 6.09, Z#5.61, 7F
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3.1 EBENMERES
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NTEA . Fhy-of . RS . HUBAE L o . RS . RIS 2 . BoRIRSS . T HA R 4AE; HgiR—
WL, I, SEEI YT RIRE AR, 2 Em I (BOTROREHEIT 0.99) W5 ik, H
R TR A 7 pR SR ARy

InY =B, +B,InF +B,InM +B,InC +B,In0 +BsInL + B, (InF)*> +B, (InM)? +B, (InC)* +B, (InOlm)* +
B (InL)* + (v-u)

Hor, v (Yield) UKD T dh B B A W)™ &, F (Fertilizer) 3452 WAL AIHA 58 H],
M (farm Manure) fUREBAWURGEHIAZ, € (Chemical pesticide) AERBAWKLGHIBALH], O
(Other material cost) URER TALIE DY . RENM I . K25 Z MR A WUHABY B2 AT, L (Labor cost) X
REFATHEAMNTIA . B AFHESEG v FoR A AT R 5 w HIHCRIN,

FAFEMEE IR ARCE EF, RBEAFFAETCRCRI, M4 u=0, fREEM, C. O, LA, WHRTA™
P TFEET L, R SR e Y, AR AR £, AR Y =f (f, M, C, O, L),
A

InY" =B, +B,Inf +B,InM +B;InC +B,In0 +BsInL +B; (Inf)> +B, (InM)? +B, (InC)* +B, (InOlm)* +
B (InL)? +v

Y =InY", ZARWOF RS 155

Bs(Inf —InF)* + (B, +2BsInF) (Inf —InF) +u=0

20, =B, +2B5InF,

MR E AR Ep =exp [( -0, + / —4u)/2Bs ]

REMMBARBREy =exp [ (-0, + / ~4u)/2B;]

AR ARYCRE, =exp [( -6, + / —4u)/2B; ]

3.2 LIEERSH

TEARO A= S, BERBORAY A AL TR (8] 2 A B A0, 1SR 2011 481 2015 4 BERHLE
G HEVBIEIEAT IS, B H] Frontier 4. 1 AR, R KU T, 425K T Fios.

BRI 2011 AESRUNGETT B VE T B 85 T 2015 41, Hrp Bk 2 8° MBS E y 3976 1% KF Eik
=, UL AR TP AEEROR R GO, T LR I BENLRTIS 7 ik — 25 i B R AR AR R 2K
Ko y{HR0.996 5, RIFERZMT It ol AR, 4 99. 65% &l LU AL b e AR AR i B
1, HA0.35% 2 ICEERIBEHLR R TRy o AR AL — 2D 15745 31 4 [ 2% 150 26 A A 7 1) 5
TCHARBCRFE IR 25 I HARBCR, gk 8 fis,

20112015 4245 21 4y B M3 A2 7 09 5 H R AR 83. 16% HEME T 92.90% , 6K T
9.7% . 2015 4F, Frsmisoi oA R BRSO s 7y 98. 14% , VLI BRI 77. 65% o BRVE | (TR HY
HRFCREIGRAR D, 435I 19.7% | 19.1% 5 1195 INRBARBCR TREMEZ , 535 FRE4.5% .

2011—2015 AE4x [ 21 by DX 3 7 Al 26 7 1 F- X AU IE P A FERZCR I 59. 95% T REF 42.57% , T K&
17.38% ; 2015 4 e R R BRI 54 82, 199 | ARG A 17.91% . R, & R4 AR AR M
39.40% 5 MF T 94.96% , M 55.56% 5 2015 4EFsE A e =i {8 98. 79% , L7 . IIZR B EARBORISAR Ny
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83.24% . 84.56% , HARMMARFILHLAL 20 gwy-r (5, m, ¢, 0, L) wHNETASH

AT T 90% UL |, M2 20 7 4 A fitam
M 66.00% T FER] 43.37% , T F& 22.63% ; o P P
2015 4P 8T 8 1 AR 2 WK e e M 84.46% , 11T - 0114 20154F 2011 4F 2015 4F
AN 21.26% . R 13.5870  4.4018 20.1112 25.8400
82015 4EALAE . R 2G5 AFE AR R IL IR 5 a. 7.4587° 21509  4.1968  2.8038
SHEAT K S0, 453 9. % 10 fif RFN 1.74027*-0.1783  0.6502  0.5320
— " NS (v &) -0.6797 1.6182 1.9552 1.938 0
zo%%?ﬁf%ﬁﬁﬁ%ﬂUkﬂkw?A HAb 2t -2.2569  0.9951  4.0697  2.5414
BOMRHEE, BRI, HALME S AR HER ST 53170 -2.3814 55471 54992
i, AR A S AR, W5, LT, AEHE 0 -0.6163* -0.1826 0.3484  0.2375
WL, TE, HALIER A M BARBCR e/ sl ik e TN Z0.1478°* 0.0140  0.0605  0.046 6
JIN, A 6, 2 S O A e 25— YR 0.0802 -0.1518  0.1833  0.1812
H42 10 3 S AP R BURA ARG R IS om0 e
355h . . ) . 3
FoORECRR G KR AR DR, 0 D e o
R e R R, At b DX O 5 BUAR O A A SR {BLA B8 2 42 1 23601
o MEBERFEARBRWUMME, WA, e (Log likelihood function) ' ’
S, MR TR AR, WAR K TR 0% 5% 1% L
Z5 A,
F=8 2011 F. 2015 EZMIZHEF MBI ERTRNEARANE %
WX BICE AR R FEIE A HE AR % RFNEH AR AP AFE AR
2011 2015 2011 2015 2011 2015 2011 2015
Jb5¢ 81.76 90. 08 39.83 44.20 25.15 93.85 67.36 37.50
Fo 92.28 95.58 91.08 82.19 66. 50 96.52 80. 13 78. 84
e 79.38 95.75 55.87 39.31 28. 66 97.16 60. 92 27. 64
1P 89.11 93.35 65. 19 45. 11 34.01 95.73 77. 88 47.94
SEin 98. 67 96. 37 90. 98 31.76 83.97 97.60 97.40 47.58
T 89.22 94.18 65.85 27.70 26. 33 96. 08 78.83 21.26
& 91.45 94.82 84.45 60. 04 64.90 95. 67 83. 14 48.32
BT 97.24 93.43 96. 04 71.73 82.20 95.43 93. 80 67.42
-7 98. 82 93. 68 68. 34 65. 44 96. 86 94.45 97. 64 55.59
T 82.11 77.65 66. 71 34.50 40.27 83.24 59. 00 34.17
Wi 90. 72 94. 68 37.68 28.40 66. 45 95.48 80. 84 29. 68
TR 85. 60 88.74 50. 03 32.33 26.74 92.15 69.83 49. 64
% 82.84 78.29 27.85 17.91 23.62 84. 56 69. 23 16. 84
SON] 74.97 94. 10 49. 09 44. 98 28.02 95.79 50. 62 52.51
Wk 89. 08 93.21 76.77 38.00 81.02 92.80 73.52 66. 67
wil] 92.54 95.54 78.29 63.35 85.99 96.26 86. 16 43.53
BT 66.93 86. 61 46. 68 46. 95 29.48 90. 24 33.22 38.04
Hily 96. 62 92.96 65.57 40. 08 78.76 94.90 93.75 42.48
i 93.25 92.31 89. 56 59.57 67.70 95. 67 83.03 73.58
FE 97.72 90. 43 39.34 27.46 90. 19 92.75 94. 38 64.45
pe 99.53 98. 14 69. 58 64.87 60. 74 98.79 98. 98 84. 46
S ¥ 83.16 92.90 59.95 42.57 39.40 94.96 66. 00 43.37

T WARPFRARAE (7, X)) BEREASBARBCROMBCE, MORRIESE (1, X)) ZRBARMEE, tiF R
(EEINBpv eSS
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R 2015 FURBANRARKE K HERELRIFHIER

=k 1 2 3 4 5
AP (%) 17.9 80.0 30.4 42.7 62.7
MR b s Yo/ ki i
g T WAT. . o Wb, . . Ak R il
il R FELN ban R e N 5 N
X WK R R 2. TH Wit BepE . .

F10 2015 FUZRARABEARYLE K HEREN RS HHER

R 1 2 3 4 5
AP (%) 33.4 81.7 68.0 48. 4 19. 1
2 Yo W Wi Wk Fh
Jes. WL . o mJpr. Wb, WS, NS SR iR R
1 A7 i N . . 17, IR
X Wor. peg o B W, T R P L7, AR

4 HZREHREX

RSO A i A IR 23 A AR FE AR S B BOR IR AR S IO, WETEILRE . RGBS
MR KU+ iR 21 () Bl & i AHE e B R 22 RS, 45 i DX ) 4 22
PEARC (2015 AFAHZE 4.9 %) 5 i~ A 24 A FH AT B2 0] E AT 3 ol 2 B Rl I a3, 4% Ml X 22 () A i
ZERPHARTS (2015 4FAHZE 3.9 ff) o K BRI MrE R, MR ARG A ol S 4R b2 T+
R AR L MPAIR) ARIXRI (AR IR ED T . ARJEEIX . WEX, PUQERIX, KILS5%ERH
X) I, TS 00E A AlA " A BEKSF-  TIU T i A R DR 0 2 A B — B, ZOR AR
SE RO LSRR . EREBESSRAIEA 2y (TR TR, B fE . 2 RAE T, BRI
VER AT . e, KA BT AR R R D, AR RCR SGE B e miK P, AR 1/,
WR ARSI R “pIE” FIBE, AIBES SR GURAN ; XTIk, W5, L7, Wi, TH, Hik
JEBEAACFAR R ACIEEARRCREAR, WAEAIE IR, SR Z N KA S SR T AR FI o [RIRE A it
3 FH T A 2 By i A A

EEERI TG LT B ARFSIRIRRIBOE, R R AT, HIEERREILR
AT B IR B BC B A SR SC Gl b Y BRE . ARIESCHR T AE IR, A G e 5 | i Y, &
HRCE MR 2 BT, BEORRRAE 5 RE SN PIBAE 7 B0k, A Z TSR TS M R H s, a7,
L 7R WAL AR 25 R 2R BIR R K, HEORRCR SRR, it ok, s AR & MA
IR INORIES TAETIE, B A G AT R B2 5 B K I MR (55, 51 i
WRABCERC . WX TR EEAD | BORMCRE AR, BRI, Wb, Hile, TE . B, i
JIN, L US| RRA R . AR | T I BEURINC BN B DO N | Bk o RV RO T 3 T
PERE IR A T BL e

OCHER L R0 i R U T R IR RIS XOR Y 2 TP RCR , BRI CEW, ik
AEAZy “ X8 PG AR T — D2l 7w R RO . 20 RO RE, LR B 5t 3¢
A A R BN W B e A IR L e R RN, DD R B A P A R, AR
REIR BN AKRFE . BRI SOMAARCR o W10 v, 7R, AR, WYL, LI I A4 A A i R A
TR B ARHAE TAE, BB R R, DStm sk (e, RGHRA
FRYA T, RENMBABARAI, WS — DAL . 25 B S0 gt 1
HUSRE . MACK, AR RBARBCR SR ARG IR IS, P Al ARG B ENIE, T
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RENERI BT 2 A ARFEZIATIRA MBI, DIBIREAS 15 254 2 SR 2 R

B (M, X)) SO SOTHORRCR, BEREITR & iR k- (R 92.90% ), ZA
AER AR (0.35% ) o WEAREGHE AR R A K, HIE T A IR TAOL BHE 2t LR T
PRECITAYA AT, B, NSEH . b RHE DU A5 Ml R i 22 5 O OR B SR AE 7 B AR )
e, R R AR o T RORBCRERATTIR AR, I SR BSOS A AR 1) £ B A
TAE, PLEBIRSESEA G MK H o X TREPY | o S SRR MBI A - X, B AT LS4
HAgR, Al DA A F S A R MR 4. R, SCR B9 A4 R g A = 2 DR SRR Bt 1A 35 R
A
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STUDY ON THE COMPREHENSIVE BENEFITS AND INDUSTRIAL
EFFICIENCY OF CHEMICAL FERTILIZER AND PESTICIDE
IN GREENHOUSE TOMATO*

Hao Li'*, Zhang Wei', Jiang Peng', Zhao Jingjuan', Li Zhongcai’

(1. Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097 , China;

2. Shandong Institute of Business and Technology, Yantai, Shandong 264005, China)

Abstract Through the analysis of the relationship between the input of fertilizer and pesticide and the output
benefit in the production of greenhouse tomato in China, this research study on the comprehensive benefit and main
production factor efficiency of fertilizer and pesticide application in greenhouse vegetables (i. e. greenhouse tomato
production) , evaluate the economic effect of green vegetable by reducing fertilizer and pesticide, so as to provide
theoretical basis for scientific 'double reduction’ task. There were no mature methods and indicators in the existing
literature for economic evaluation of the effect of reducing fertilizer and pesticide in greenhouse vegetable
production. In this research, the data of " national agricultural product cost-benefit data collection" was used as the
basis of the study, and the greenhouse tomato production of 21 provinces and cities in China was taken as the
evaluation unit; Based on SFA, the econometric model of factor contribution rate of facility vegetables was built,
and the technical efficiency of chemical fertilizer and pesticide was analyzed; evaluation of the economic effect of '
double reduction’ of chemical fertilizer and pesticide in greenhouse vegetables, based on ’'double reduction yield
coefficient "and " double reduction economic coefficient’ as indicators; meantime, combined with the economic
benefits of greenhouse tomato production, the law of comprehensive changes of industrial elements was studied; The
results were showed as follows. During the 12th Five Year Plan period (2011-2015), the amount of fertilizer and
pesticide used in various provinces and cities of China varied greatly (In 2015, the maximum difference between
the use of chemical fertilizer and pesticide was 4.9 times and 3.9 times, respectively). The amount of chemical
fertilizer decreased and the amount of pesticide increased slightly. In 2015, the unit technical efficiency of facility
tomato production reached an extremely high level (average 92.90% ). The technical efficiency of fertilizer and
pesticide input decreased, and the technical efficiency of farmyard manure input increased. Policymakers should set
up "double reduction" task indicators by classification. The investment of chemical fertilizer is extremely high, low
efficiency of chemical fertilizer technology, and great potential for reduce fertilizer use, for Shandong, Inner
Mongolia, Liaoning, Zhejiang, Ningxia and other provinces. So they should strengthen the work of reducing
fertilizer use and improving efficiency. According to the input efficiency of various factors in different provinces and
cities, producers should reasonably allocate the input structure of factors, and focus on the progress of agricultural
science and technology to improve the frontier of unit production; Market allocation of fertilizer and pesticide
resources should be adjusted according to the goals of policymakers and producers.

Keywords efficiency; double reduction evaluation; fertilizer; pesticide; greenhouse tomato
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