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Article type: Background and Objectives: In recent years, the assessment of input and

Full Length Research Paper  output energy and global warming potential has gained a special place
among researchers in the agricultural sector. Correct management in

) ) choosing appropriate methods of agricultural operations reduces fuel

Article history: . L

Received: 03.13.2024 consumption, energy, and greenhouse gas production in farm products. For

Revised: 06.16.2024 this purpose, this study was carried out to evalua.te. the amount of

Accepted: 07.08.2024 production, energy efficiency, and greenhouse gas emissions of safflower
under conservation tillage conditions and fertilizer consumption.

Keywords: Materials and Methods: The experimental factors include three levels of

Carbon dioxide, different tillage systems, including conventional tillage, reduced tillage,

ge,i"“hfier management, and no-tillage as the main factor. Four levels of NPK fertilizer were used as
ilseed,

secondary factors at four levels of zero, 33, 66, and 100% of the required
amount of safflower. The design consisted of three main blocks (each
block for one replication). Each block was divided into three main plots
(each main plot for one tillage operation). The distance between each block
was 3 m, and the distance between the main plots was 2 m. There were four
sub-plots in each main plot, and the distance between each sub-plot was
considered 1 m. The area of the main plots was 21x15 m, and the area of
each sub-plot was 4.5x15 m. Safflower planting was done in rows with 5
planting lines with a row distance of 50 cm and a distance between plants
of 10 cm. The amount of seed used for safflower was 8 kg/ha. In all stages
of planting, keeping, and harvesting, all agricultural managements were
investigated based on the conventional management of the area and with
the farmer's method to measure all inputs and outputs to the farm. After
accurately recording the information, all Inputs were converted into energy
equivalents and greenhouse gas equivalents.

Organic matter,
Tillage

Results: The results showed that most of the investigated traits were
affected by the tillage system, fertilizer, and their interaction. In terms of
energy input, it was also found the highest share of input was related to fuel
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(50%) and human power (24.8%), which decreased due to the use of
conservation tillage and fertilizer consumption. The highest energy
efficiency in seed production in safflower (0.28 kg/MJ) was obtained from
reduced tillage and no fertilizer use. The results of specific energy
contradicted the efficiency and energy efficiency trend. For example, the
highest specific energy in the production of seeds and straw in the
safflower plant was obtained from the no-tillage system, which used 100%
of the fertilizer required by the plant. In this treatment, the specific energy
in safflower seed production was estimated to be 16.33 MJ/kg. The specific
energy in the production of straw was calculated at about 10.91 MJ/Kkg,
which indicates the inverse relationship between specific energy and
energy efficiency. Among the inputs used, phosphate fertilizer caused the
highest carbon dioxide production, urea fertilizer caused the highest
methane production, and fossil fuels caused the highest nitrogen oxide
production, and in all fertilizer levels and tillage systems, the highest
production of these greenhouse gases was related to these inputs.

Conclusion: Changing the tillage system increased energy efficiency in
safflower plant production. Although using nitrogen fertilizer increased the
production rate of the safflower plant, the productivity decreased due to
using 100% of the fertilizer required by the plant. Also, conservation tillage
has reduced the production of greenhouse gases in crop production.
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Table 1. The meteorological parameters in meteorological stations in Kermanshah Province.

S sles Lo g gle Jol gles S Ol o
Maximum temperature  Average temperature Minimum temperature Rainfall amount Month

°C) °C) °C) (mm)

17.7 12.3 6.8 125.3 October oLl
11.6 7.4 3.4 104 November A
10.2 4.5 -1.3 41.5 December &
11 54 -0.5 96.3 January B
12.2 6.5 0.1 79.1 February Lo
16.2 10.4 4.7 194.8 March 2098

24.4 16.7 6.6 17.5 April g2l
34 26 13 0 May sls

38.7 29.9 16.6 0 June =
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Table 2. Soil test results at a depth of 0 to 30 cm.
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Table 3. Amount of fertilizer in each sub-plot.

Jaf‘j&_awjdf-ﬂ MLL_:QLUF o)l g}&ﬁﬁy:ﬁﬁ{);; >_,SCE~«
Triple superphosphate Potassium sulfate Urea Total weight of fertilizer in each Fertilizer
(2) (2) (2 sub-plot (g) level
82 471 471 1023 33%
164 941 941 2046 66%
248 1426 1426 3100 100%
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Table 4. Amounts of inputs and output with their equivalent energy.
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Reference Total energy equivalent (MJ/ha) Unit Quantity (inputs and output)
Al .
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Table 5. Different types of machines and tools used for safflower cultivation (weight and useful life of the devices).
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Table 6. Coefficients for calculating the amount of greenhouse gas emissions per unit of various agricultural inputs.
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Table 7. Energy balance of safflower production in dryland cultivation in Kermanshah province.

355 Aoy Ve

358 Aoy

355 Ao 3 YT

385 Gyaepds

100% fertilizer 66% fertilizer 33% fertilizer No use of fertilizer S5 Il SisS
o S5 BIR*H o S5 BIR*H o S5 BIR*H o S5 BIR*H Form of energy Tillage
Energy  Amount Energy  Amount Energy  Amount Energy  Amount
Sl .
7.8 19225 9809 102 19225 9809 14.5 19225 9809 248 19225 9809 s
Human labor
Q‘YIJ:JLA
3 738.9 213.8 39 7389 213.8 56 7389 213.8 9.5 7389 213.8
Machinery
Jps & s
15.9 3898.9 69.2  20.7 3898.9 69.2 293 3898.9 69.2 504 3898.9 69.2
Diesel fuel
56.9 13972.7 713 49 92204  470.5 347 4615.1 235.5 0 0 0 90 _
Nitrogen 558 g
L EN=|
9.6 23555 713 83 15544 4705 59 778 235.5 0 0 0 == s 3 5
. e 4
Potassium - 2
. Fertilizer 3
2 480.2 124 1.7 317.6 82 1.2 1588 41 0 0 0 s
Phosphorus
sSile
2 490.3 2.1 2.6 4903 2.1 37 4903 2.1 63 4903 2.1 o fr
Herbicides otlbed
:Sesl .
0.3 62.5 0.6 0.3 62.5 0.6 0.5 62.5 0.6 0.8 62.5 0.6 oo Chemical
Pesticides poisons
L
2.5 625 25 33 25 25 4.7 25 25 8.1 625 25 -
Seeds
Sl s
55 11615 592.6 7.5 11615 5926 11.8 1161.5  592.6 262 1161.5  592.6
Human labor
Q‘YIJ:JLA
22 461.6 126.7 3 461.6 126.7 47 461.6 126.7 104 461.6 126.7
Machinery
Jps O s
77 1628.7 28.9 10.5 1628.7 28.9 16.5 1628.7 289  36.8 1628.7 28.9
Diesel fuel
65.8 13972.7 713 59.4 92204 4705 46.8 4615.1 23.5 0 0 0 "')”’L“d
Nitrogen N v g
iy et
11.1 23555 713 10 15544 4705 79 778 235.5 0 0 0 VM' otlbed f'(ﬁ,g
Potassium 2
. Fertilizer
23 4802 124 2 317.6 82 1.6 158.8 41 0 0 0 S
Phosphorus
sSile
23 4903 2.1 32 4903 2.1 5 490.3 2.1 11.1 4903 2.1 o f
Herbicidf:s otlbed
iSesl .
03 625 0.6 04 625 0.6 06 625 0.6 14 625 0.6 o Chemical
Pesticides poisons
L
25 25 25 25 25 25 25 25 25 14.1 25 25 -
Seeds
Sl s
56 1159.2 5914 7.7 11592 5914 122 11592 5914 29.6 11592 5914
Human labor
Q‘YIJ:JLA
1.6 3277 85.1 22 3277 85.1 35 3277 85.1 84 3277 85.1
Machinery
6 1251.3 222 83 12513 222 13.2 12513 222 32 12513 22.1 s
Diesel fuel
67 139727 713 61.4 92204 4705 48.7 4615.1 235.5 0 0 0 M
Nitrogen 558 Yoo
& 2 &
11.3 23555 713 10.4 15544 4705 8.2 778 235.5 0 0 0 == otlbed \?\ =
Potassium T 3 °
., Fertilizer v Z
23 4802 124 2.1 317.6 82 1.7 158.8 41 0 0 0 s
Phosphorus
sSile
24 4903 2.1 33 4903 2.1 52 4903 2.1 12.5  490.3 2.1 o f
Herbicidf:s otlbed
Sesl .
0.3 62.5 0.6 04 625 0.6 0.7 62.5 0.6 1.6 62.5 0.6 o Chemical
Pesticides poisons
L
3 25 25 42 25 Yo/ 6.6 25 25 16 625 25 -
Seeds

VYo
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Table 8. Balance of different forms of safflower production energy in Kermanshah dryland farming system.

355 Aoy Ve 358 doys 358 Lo ys YY S P
100% fertilizer 66% fertilizer 33% fertilizer No use of fertilizer i sl SIS
9% $5 A 9% $5 A % $55 % $55 Form of energy Tillage
Energy Energy Energy Energy
23.7 5821.4 30.9 5821.4 438 5821.4 75.2 5821.4 =
Direct
76.3 18725.2 69.1 13009.1 56.2 7468.6 24.8 1916.7 e
Indirect
104 25475 135 25475 192 25475 329 25475 R foest
Renewable Conventional
Ll
89.6  21999.1 86.5 16283 80.8 10742.5 67.1 5190.6 SRR
Nonrenewable
-
100 24546.6 100 18830.5 100 13290 100 7738.1 s K
Total energy
13.1 1786.5 18 1786.5 28.3 2792 63 1786.5 =
Direct
86.9 18447.8 82 12731.7 73 7191.3 37 1639.4 s
Indirect
Ll WALy
8.4 1786.5 11.5 1786.5 18.1 1786.5 40.3 1786.5 ST o
Renewable Reduced
Ll
91.6 19451.5 88.5 137354 83.2 8195 59.7 2643.1 ST
Nonrenewable
-
100 21238 100 15521.9 101.3 9981.5 100 4429.6 &AL
Total energy
11.6 2410.5 16.1 2410.5 25.5 2410.5 61.6 2410.5 =
Direct
87.8 18313.9 83.9 12597.8 74.5 7057.4 38.4 1505.5 s
Indirect
Ll S
86 17842 11.9 17842 188 17842 45.6 1784.2 ST S
Renewable No tillage
Ll
90.8 18940.2 88.1 13224.2 81.2 7683.7 54.4 2131.8 SR
Nonrenewable
-
100 20724.4 100 15008.3 100 9467.9 100 3916 s K

Total energy

(8355 (A gk 5 55,556 Sboos K A5 o p 55 bl v @S dsas
Table 9. The results of variance analysis of output energy of safflower production under the effect of tillage
and different amounts of fertilizer.
(Mean squared) ol o 500

S yesd b
(LS 5 8) s, 655 («13) 35,2 &5 df C.
' ’ Sources Of variance
Output energy (straw) Output energy (grain)
67036.1™ 10904080™ 2 Block) b,
16911913.3™ 528554653" 2 (Tillage) (3,551
1303447 12023663 4 (Whole-plot error) Lol gl
60364519.6™ 226234173" 3 (Fertilizer) s 5
12388468.1" 40685595™ 6 (Tillage x Fertilizer) »,Sx 55,551
1979630 4800026 18 (Split-plot error) & slas
18.2 5.77 - (Coefficient of variation (%)) &l ,uss o b Ao )3

T3

MJ‘J&MJ}&"}“ns‘;)b&mM)J@}uﬁcb»u)é%;gﬁjﬁ
** and * significant at 1% and 5% and ™, not significant respectively

Y
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Table 10. The results of comparing the average soil tillage and different levels of fertilizers on the energy
output of safflower.

(LIS 508) 52 $551 (&15) s &5, N o5
Output energy (straw) (MJ/ha) Output energy (grain) (MJ/ha) Fertilizer level (%) Tillage
6429.4 ° 322333 0
14978.6 48900 ° 33 o3
11590.2° 47041.7° 66 Conventional
10945.4 ¢ 474583 * 100
4644.5 31408.3 0
7683 ¢ 37793.8™ 33 il
10152.8 39733.3° 66 Reduced
5423.4°F 34925 °de 100
3144.7 & 290583 0
4628.2 ™ 31412.5 33 SiaSlE
6726.5° 36716.7 ° 66 No tillage
3158.9" 32037.5° 100
1794.6 4448.5 - LSD 0.05

LG Ao 53 0 Jlazl a3 (513 jms DI LSD Oe3l b 5l alie g slils sla Kl Oy o 5o
In each column, means with similar letters don’t have significantly different in probability level of 5%, from the LSD tests

M e G5 Gas G 4 by W
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Table 11. The results of analysis of the variance of energy use efficiency and energy productivity of safflower
under the effect of tillage and different levels of fertilizer.

(Mean squared) Sl o 500

S5 Sose e &3 G pae 2L i i il
Energy productivity Energy use efficiency Sources of variance
LS S els &l LS S els &l
Straw Grain Straw Grain
0.0011™ 0.0001™ 0.005™ 0.065™ 2 Block) S 5k,
0.0843" 0.0033" 0.434" 1.967 2 (Tillage) (53,551
0.0008 0.0002 0.005 0.124 4 (Whole-plot error) Lol slas
0.1300" 0.0552" 0.695" 34.64" 3 (Fertilizer) »,5
0.0171" 0.0041" 0.091" 2.860" 6 (Tillage x Fertilizer) > 58 g3, 551+
0.0024 0.0002 0.013 0.084 18 (Split-plot error) =3 slax
17.03 8.94 17.4 8.17 - (Coefficient of variation (%)) <l ,usd o b Ao >

%J‘)L;.JJJw‘nsjj‘éwMJ)@)&CEMJ)%;A{%J
** and * significant at 1% and 5% and ™, not significant respectively

S A5 55 a0 5 Sran 2L 5 38 A sl 5 55,08 5S0be amlis i Y Jpu
Table 12. The results of comparing the average tillage and different levels of fertilizer on the energy use
efficiency and energy productivity of safflower.

S3A oz S G s 1S
Energy productivity (kg/MJ) Energy use efficiency 58 Ch“ CisS
oS 5ol «ls oS 5ol &ls Fertilizer level (%) Tillage
Straw Grain Straw Grain
0.36 ¢ 0.17° 0.83° 417" 0
0.50° 0.15" L18° 3.87% 33 o
0.29¢ 0.11¢ 0.67 2.66¢ 66 Conventional
0.19°¢ 0.08 f 0.45° 193 100
0.46° 0.28° 1.05° 7.09° 0
037° 0.15" 0.78° 3.84" 33 als
0.28¢ 0.10¢ 0.65° 2.56¢ 66 Reduced
0.11° 0.07 < 0.26 ¢ 1.64° 100
0.35 0.30° 0.80 742° 0
0.21° 0.13¢ 049" 332°¢ 33 SiasS
0.19°¢ 0.10 % 0.45° 2.45 1% 66 No tillage
0.07 0.06° 0.15" 1.54° 100
0.06 0.023 0.14 0.54 - LSD 0.05

LG Ao 53 0 Jlazl a3 (513 jms DI LSD Oe3l b 5l alie Gog i slils sla Kl Oy o 5o
In each column, means with similar letters don’t have significantly different in probability level of 5%, from the LSD tests
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Table 13. The results of analyzing the variance of specific energy and net energy of safflower production under
the effect of tillage and different levels of fertilizer.

(Mean squared) Sl o 500

oA 655 Py (S5 s ol
Net encrgy Special energy & Sources of variance
LS S els &l LS S els &l
Straw Grain Straw Grain
67035™ 1090407.99" 0.137" 0.57" 2 (Block) < 5L
7985216.05" 3052957.717™ 3.623"  13.38™ 2 (Tillage) (53,551
8500761 1266873 237 5.86 4 (Whole-plot error) Lol slas
4259641.061"°  2962446.616 58877 173947 3 (Fertilizer) 55
1228019.06™ 407546937 4.66" 526" 6 (Tillage x Fertilizer) > 5% g3, 551+
1765198 4714818 127 0.37 18 (Split-plot error) e b (slax
22.17 8.96 24.5 6.75 - (Coefficient of variation (%)) <l ,usd o b Ao >

%J‘)L;.JJJw‘nsjj‘éwMJ)@)&CEMJ)%;A{%J

** and * significant at 1% and 5% and ™, not significant respectively

S Shnds Sl Wil S n o sats S3A palas (Y0) OKan 5 a8 iass oo
(YA col (5551 Js5Ke $/AE 4 158 &Ig,.:swﬁ P s
SoA M s s S ales oSS

S w5 Al 55 5 o pate S350 5 6055 At g 5 (55,08 Rl dmlis s VE
Table 14. Results of comparison of average tillage and different levels of fertilizer on specific energy and net
energy of safflower production.

A= 655 o saa 5
Net energy (MJ/ha) Special energy (MJ/kg) 55 Ch“ SiosSls

ALY Ll ALY Ll Fertilizer level (%) Tillage

Straw Grain Straw Grain
-1308.7° 244952 ° 2.78 °f¢ 6.02° 0

1688.6 ° 35610° 1.81¢ 6.48 33 £ yo
272403 ¢ 28211.2° 3.45 % 9.44¢ 66 Conventional
-13601.1°¢ 22911.8% 530°¢ 12.96 ¢ 100

214.9° 2678.7 220" 3.55¢ 0
-2170.1° 27940.7 ™ 3.08° 6.53 33 ials
-5369.1 ¢ 24211.4 % 3.52% 9.78 ¢ 66 Reduced
-15814.6 " 13687" 9.03° 15.21° 100

7712° 25142.4 °* 2.99 °f¢ 3.38¢ 0

-4839.7 ¢ 21944.6 % 471 7.58°¢ 33 SisSl
-8281.8¢ 21708.4° 527°¢ 10.25¢ 66 No tillage
-17693.9 ¢ 1184.7°F 10.91° 16.33° 100

1794.6 4448 5 1.25 1.04 - LSD 0.05

L5l oy 0 Jlaz! 3 ols, me O LSD a3l o 5l aslice b s gl Kol 0 52 s
D D BLECSL N 0 S 97 SDIP Gl D 2

In each column, means with similar letters don’t have significantly different in probability level of 5%, from the LSD tests
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Fig. 1. The amount of carbon dioxide gas produced due to the consumption of inputs used in safflower production.
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Fig. 2. The amount of methane gas produced due to the consumption of inputs used in safflower production.
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Fig. 3. The amount of nitrous oxide gas produced due to the consumption of inputs used in safflower production.
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Fig. 4. Production global warming potential due to consumption of inputs used in safflower production.
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