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2- Stochastic frontier analysis
3- Direct energy
4- Indirect energy
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Table 2.Direct and indirect energy inputs, renewable
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SiF ey Sil e e

Type of energy Energy value (%)

' oeibiame (655 ; 23291 53.9
Direct energy (MJha™)

s 28 555 19915 46.1

Indirect energy (MJha™")

o et
AR SS 21817 50.5
Renewable energy (MJha™)

b s 655

21389 49.5
Non- Renewable energy
(MJha™)
2l il 8 B 43206
Total energy inputs (MJha™)
paze 3,500 | 59331
Yield (MJha™)
Jpazee 3Slas 1 49442
Yield (kgha™)
S5l Span @.")Lf 0.82
Energy ratio
S35 90 e 0.68
Energy productivity (kgMJ™")
oA 5yl
-7875
Pureenergy(MJ kg
ok 55yl
1.47
Specific energy(MJkg ")
ool (6550 e 3 a8 ol )] oaims lis gls wismen

AlenrieS 9 )k 9 )8 98 0ld 93 4 bgrye 31 p 5 VL (Byuce
g b opizmen Cul (ol 355 5 S35 Cogw 03le5 93 4 by
ol I3 gxe 35 (6ylel Llod g 039 S 4 Sodp LS &S T
Jolos a0 gadgi claasly Lo M) &S Cunl s 1Y)
sl bgyo s Jelge 5 (5599585 51 el ST ool ¢ 3 e
a9 o 290y (35 (S dnsloma b g aabl 3 gl oyl

PpS e )3

e 0de] Conddy ol ) dngi b D (el (o 2FA/0)
3 ey o8 (51w g s ol i euiitne (551
888 Jod> ol jl &S 45 led (puized .l plaass (g5,
)SUL’ Cnand L))I ..\wl)g;o «[AY d)))l d).\a.a u’.)l)lf ] um
.)).gxlo.c wl)sl b Jol) 14wl 0.591..) )Ib9>).g aslaio » UJ\Jl)
oI 3l @b deosles (g5l Bpae 3 ialS g g
3 005 pbsl Slalllas plo @l b pols 50 guls auglie b
S 5 S Sllllas den Loy (50 oIS & dms o Lt
Syl s abai 5l S pangS cutS el 5L e 4 4 o
IS KM il (65,01 (yg0500 (aSLE Cpired LABL o
MJha'! o il 4 & 88 o o (adle ol @ly » asb e
ool as el ol ol Jaase /FA KE ((Bpas (5]
A3l e (Brae 3P SV ygo e SR Bl 555 Cans
Sl s opl 3l ~VAYD MTha! o5 Ll (5,0 ke
eyt |y phegw 3Slee g Cul e ie I (295 (551 G
S A8 (o Ol S pl 39 (it 3o LS (53] Buae
5 oMl )l (635l 0l (g5ysliS (o) 3y 531 &S slojll &
dalllas )d (yuizmad )l 3939 (655 Bpae SLS pas don
ol 0 duaslome VEY MIKE! b plys ohg (6555] Cans psls
o8 Jols Jyarme Lo & (Srae (655l IS Cunsd 5l 595 s
Céy i sdad il WSl PSS H jais g 508 eslh ol
ol (658 yui
3pSlas g (B glaodls @5yl ple daly )y
W @l )l ond oolizul oY1y LIS W ab j) Jgasce
sLadgS o Jod S g | (b (S8 425 g Mg 390
d))_)l 9 6)l_u| ul ‘UY|HL0 ‘)Lg 69)—‘) (P go—w u.JL\.o.a_.w
Blis LSS L 598wl ccawl oad a8 )3 Ja5 1> dlann S|

&b 3590 5l Jols gl casl 0 3,505 (OLS) Jgane layyo
ool osds (o)li5 Y Jgda jd (B OIS aJes

Ol (Bmae glmodles 65,50 51 398 Jsie @l el
3> Cogw 5 ) o0 ol (alrewd 395 (Sla 355 )l
Jodo ol 1 a8 65 lan sl e Cute LIS JLs Mg
Erae o 55l S (K8 dagS Jpame sl Cul pasiie ¥
ol 5551 Sl g 2oV aw 3 ) g5 5 5k slel &
Bsine 303 B o 3 J503 Ch g g iy (pliend 355
il e

oslisl LR Qyﬂ Sl Sslily g Wb QIS g mb ol Clsesl caa =)
Gl 04 «.:L’Z.ul O»Msb ulS .X.Jy el; ()“l'“)‘ L))‘ X9 ol
2- Ordinary least square (OLS)



YD pg0 Jlwows ¥ o lols & oo «5y9biS o opmilo 45 pis OV »

Jyaze 3)Skas p pAl waes 5 phinied glaely 5yl il
Slandl a8 cunl <V 5 IV L ply e pa g Cute ()3 dneS
ol 55l 5l g aopd N maw p phiniss ceslys oyl

b e b dme (lal Yl 5l oy g prdaw ) pbl waos

aiitone (slaodles (6551 31 0y90 0 5 Jol> gl —€ Jguaa

w55 Jyamo 3)Slacy pbaiod 5 p bl (e pd
8

Table 4- The estimating result of effect of direct,

indirect, renewable and non- renewable input energy on
tomato yield
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Table 3- The result of examining the effect of inputs
energy on tomato yield
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Table 5- The Generalized likelihood ratio (LR) test for select model
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Table 7- Farm efficiency and energy index based on cultivated area
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Introduction

While the world's population is growing, agricultural production is still based on the use of limited and non-
renewable resources. In addition to the scarcity of resources, their continuous using over the long term, causes

the widespread pollution, loss of soil fertility and low agricultural production capacity, eventually. The main
causes of the increase in energy consumption include the increase of world population, limited arable land, low
price of fuel and fertilizer and noted increased levels of human life. Attention to limited resources and adverse
effects resulting from the appropriate use of different energy sources on human health and the environment, has
been required examining the energy consumption patterns and the flows of energy in the agricultural sector.
Checking the share of input and output energy in different agricultural ecosystems, with attention to the type of
product and the type of materials used in production, can help to identifying defects and play a fundamental role
in the sustainable production, optimization of economic system, maintaining reserves of fossil fuels and mitigate
air pollution. With this approach, in this present study energy consumption and energy indices for tomato
production in Khorasan Razavi were studied.

Materials and Methods

The energy efficiency of units was analyzed using the stochastic frontier technique (SFA). Energy inputs
from two perspectives have also been divided. In the first view of energy inputs, including inputs that have a
direct energy (DE) and indirect energy (IDE). The second approach as well includes inputs that have renewable
energy (RE) and non renewable energy (NRE).The data for this study was collected through interviews and
completing 156 questionnaires using two-stage random sampling from tomato producer of Khorasan Razavi

province in 2012.
Results and Discussion

The results showed that the energy consumption for tomato production in Khorasan razavi province of Iran
were 43.2 GJ ha'. Water for Irrigation was attributed the greatest share of energy inputs (30%). The average
amount of diesel fuel consumption was 152 lha”, Human resources and machinery were 987 h ha and 44.6
h ha™ respectively. The average amount of water needed for irrigation was 12596 m’ ha™'. Average energy output
of the system was determined to be 35.3 GJha'. The share of different forms of energy inputs such as direct
energy was 53.9%, indirect energy was46.lrenewable energy was 50.5, and renewable energy was49.5%.
According to the results, the share of indirect energy was higher than direct energy and the share of renewable
energy was higher than renewable energy. Also the result of the study revealed that energy productivity and
efficiency in the investigated units were 0.68 and 0.82MJha™', respectively. The results show that the Cobb-
Douglas function to calculate the efficiency has more consistency and adaptation with the data. In other words,
Cobb-Douglas function is superior to the translog function. Average of technical efficiency was calculated 57%.

Conclusions

The results indicated that although a significant percentage of the investigated farms are inefficient, farmers
with higher acreage have favorable energy consumption and technical efficiency of these farms was higher than
that the other ones. Considering the obtained results, the main drawback associated with the technical efficiency
of energy use and production of tomato in Khorasan Razavi is inappropriate use of inputs due to
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mismanagement, lack of information and also the small size of the farms. Based on the results the better
management in the use of inputs and the enlargement of the size of agricultural land can improve energy
efficiency in the region. Also, for improving the measures of energy flows in growing tomatoes, determining the
appropriate amount of fertilizer (particularly phosphates) to grow tomatoes, conducting classes and printing the
brochures for farmers to implement correct procedures in the use of inputs and the use of machines, correction of
the system to reduce water consumption and cultivation of new varieties of tomato seeds in the region are
recommended.

Keywords: Energy productivity, Energy ratio, Renewable energy, Tomato



