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Introduction

In today's world, challenges related to agriculture, food security, water and energy resources, productivity, and
greenhouse gas emissions have emerged as significant issues for global societies. Through their international
impacts, these challenges have led to economic, social, and environmental changes on a global scale. One of the
most crucial issues that should be highlighted is the shortage of water resources. Water, as a vital factor in
agriculture and food production, holds special importance. Therefore, in order to achieve sustainable agriculture,
it is necessary to pay attention to the energy indicators, the efficiency of water consumption in the production of
agricultural products and the amount of greenhouse gas emissions. In general, a combination of energy indicators,
water efficiency and reduction of greenhouse gas emissions in agriculture can help to develop sustainable
agriculture and preserve the environment and help to provide safe and accessible food for the society. The aim of
the present study was to investigate the indicators of physical water, energy efficiency, and greenhouse gas
emissions on alfalfa and barley crops in two different climates: a warm and arid climate (Shahr-e-Qom Plain,
Qom) and a temperate and humid climate (Sari Plain, Mazandaran). This was done to assess the impact of climate
on the outcomes of these indicators.

Materials and Methods

To investigate the physical water efficiency and evaluate energy indicators in this study, major agricultural
products in Sari and Sharifabad Plains, including barley and alfalfa, were analyzed using cross-sectional data from
the agricultural year 2021-2022. Initially, the sample size was determined based on the Cochran formula and the
Bartlett method (2001). Subsequently, sampling was carried out using a questionnaire designed by the researchers
themselves. The questionnaires totaled 250 (Sari Plain: 150, Sharifabad Plain: 100), and the collected information
included the amount of input consumption and production quantity. The questionnaire, designed by the researcher,
was validated for validity and reliability by experts and specialists. The inputs used in the study of water efficiency
and energy indicators for the mentioned products in Sari and Sharifabad Plains included person-days of human
labor, machine working hours, fuel consumption of machines, the quantity of nitrogen, phosphorus, potassium
fertilizers per hectare, the quantity of various chemical pesticides (herbicides, fungicides, and insecticides) per
liter per hectare, the amount of water consumption in cubic meters per hectare, and the amount of seed consumption
in kilograms per hectare.
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Results and Discussion

The results of the descriptive statistics of input consumption in Sari and Sharifabad Plains in barley and alfalfa
crops showed that the highest input consumption of manpower in the cultivation of alfalfa crops in Sharifabad Plains
with an average of 225 hours per hectare, the highest amount of fertilizer consumption related to the alfalfa crop in
Sharifabad Plain is related to nitrogen fertilizer with an average of 130 kg per hectare, the highest amount of fuel
consumption of machinery related to alfalfa crop in Sari Plain with an average of 405 liters per hectare, the highest
amount of water consumption related to alfalfa crop in Sharifabad Plains with an average of 17500 cubic meters per
hectare and the highest yield of alfalfa was obtained in Sharifabad Plains with an average of 11550 kg per hectare.
The obtained results indicated that the highest input energy level in Sharifabad Plain for alfalfa was 5,674.50 MJ per
hectare. The results of energy efficiency indicated that alfalfa production in Shahrifabad Plain had the highest value
with 0.19 kilograms per MJ, while this index for alfalfa in Sari Plain was 0.13 kilograms per MJ. Additionally, the
energy efficiency for barley in Shahrifabad Plain was 0.13 kilograms per MJ, and for Sari Plain, it was 0.12 kilograms
per MJ, showing a somewhat similar level. The physical water use efficiency results revealed that the highest and
lowest efficiency levels were observed for barley in Sari Plain, amounting to 0.96 kilograms per cubic meter, and for
alfalfa in Shahrifabad Plain, amounting to 0.57 kilograms per cubic meter, respectively. Furthermore, this index for
alfalfa in Sari Plain was 0.67 kilograms per cubic meter, and for barley in Shahrifabad Plain, was 0.8 kilograms per
cubic meter. The results for greenhouse gas emissions demonstrated that the level of emissions in Sari Plain was
higher than Sharifabad Plain, attributed to excessive fertilizer and pesticide use in Sari Plain. The highest greenhouse
gas emissions in Sari Plain for alfalfa were 2681.65 kilograms of CO; per hectare, while in Sharifabad Plain, was
2351.85 kilograms of CO> per hectare.

Conclusion

The overall results indicated that crop performance in humid regions was not higher than in dry and semi-arid
regions, and this index depends on various parameters, including water consumption and managerial
considerations. However, water consumption in temperate and humid regions is significantly lower than in dry
and semi-arid areas due to higher precipitation. This result is increased efficiency in temperate and humid regions.
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Sl s 100l oyl Cawddy Cuns (5SS g 0,5 wuldl ol ye
Spbie 4B gy st 355 s ol 3 3,Shes I3
g Jpazme 13 (Bpae Cogw ool Cand 4 @S Gk (pioren
el Canddy HliSa )3 Jo51Ke VYDA b ply (65l cubs 4 bgsye
e adllas by i g (65,51 (109 YU ogead 5yl adlllas gl
Manafi Dastjerdi & Koohnavard, ) 55255 ¢ (63 yctwd
Gl 0 ) a5y Msi (5] (] Cawsas (sl 4 (2020
Sl (89959 &35 Mo yd FO dgas wizdlyyd g widly plowl 5l L]
& Phasbo 5 U o lazsl @S sloplioned 3 ovg cuiS
sl (Slgd e 3yl 5lai yd g Cgw o3l g0

b A wbe £ U Y ladblee b (g5l slo jasl i
(Pimentel, 1980; Herrhz et al., 1995; Hatirli et al., 2006)

o (EEFNETN
$iFl Sran 2B = ()m » Je}‘K») $2909 55 ")
B (S 5 2,530 ) e 3,500
SiPl e = ()m N J,;—Lia) oo s (¥)
oAb 5= 2 iRl w99 S5 ()
) . ()m 2 Jsﬁ&)dbs)s 3
eyt Siyl = ()m N 9591;) s St (%)

SIS lajls Las

G a8 b obowd ol (OIS a8 Lisl polie
Sl plale)S Ol Wgd oo duwlone ¥ g2 ) b Lissl ol s
9 SIS a5 5l 6 e il Gl 4 a2 b liSe S
A CO2 palio (553 b el Vv 0,90 o (sl ol ST o
15 (IPCC, 1995) 15 dpwlno ¥ ylys CHa 5 ¥+ 51y NoO )
S sl jlasl Gl st ke pleS olg bl
Se S (sl ol g ()l cudd 3 ds 5 2 Y gae
15 dguslea COp Joleo ol

2 osly Bpas ik oy bl @l & Jorr bl

Oty 48 2l LS aoigy g 2 Jgeaseo )3 2bliy b g (6l
Cubs 3wy Jpae cuiS Sl gy (Srae ol
365 Byuae i i S 50 el YYO (1Ske b oLl i
b 3555 295 4 bgiype dblin b cudd 3 aigy Jpamo 4 by
Cgw Bpas Olie (pyide GUISB 53 p)Seks We (1Sle

82959 035 anly 42 B ao gl3l &y IS o315 LS -Y Jaun
Table 2- Gaseous emissions (g) per unit of input

S99 CHs N2O COs PR
Input Reference
Jseis
Diesel (L) 5.2 0.7 3560 Kramer et al. (1999)
OI9r
v . 1 (2
Nitrogen (kg) 3 0.0 3100 Snyder et al. (200)
(P20s) yaus
1.8 0.02 1000 Snyder et al. (2009
Phosphorus (kg) nyder et al. (2009)
(K20) ol
! 01 7 L@
Potassium (kg) 0.0 00 Snyder et al. (2009)
SiSile
Herbicide (kg) - - 6300 Lal (2004)
S 5100 Lal (2004)

Insecticide (kg) - -
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iy cuds ) 4y Jpame & bgye Al 55 ity
Sl Cpan LS o ytin LS ) Jo3Ke WYAAX/D L plp
blod 5l g ableis b cuds 2 YA L plyy aoigy Jguae 4 by po
L) lie i ol <> 0 g2 Jparme (pogasce 555l

S oladl dgs 4 5, 55LS 5 o3 Ko A/FY

odlag ;> (65 oy 48 3> L oel Candas ol aeldl
i b aoigy Jpame )3 dlliy b cubd 4 bysye (Bpao O
Gl odel oty gl Coles ) awl 039 e 13 Jg515e VAYA-
g Jpame a5 o Lis 0 Sles ogad 53 (55l Oliee cn i
YoA¥0e b oyl ol olie oyt shyls sl b cusd g
Beheshti Tabar) l,\Ken 5 )l gy bl g0 HbS )3 o550
slagspl JS 5l b iSedl v &5 13,8 3,155 (et al., 2010
ol ls39)9 yobo 5l a8 (olyj Y game A5 1> (439)
bl b g (o)l b 9 > &S wad o L & Jods zuls
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Table 3- Average Input Consumption per Hectare for Alfalfa and Barley Cultivation in Sari and Sharifabad Plains

Cadd 3™ Sty
Plain Sari Sharifabad
$%9)9 » g » a5y
Input Barley Alfalfa Barley Alfalfa
Sl go5 55 50 80 225
Human labour (hr)
<Vlgeile 5.5 155 6.5 175
Machinery (hr)
R 165 405 145 275
Diesel (L)
e 97,5 475 125 125
Nitrogen (kg)
(P20s) 28 475 55 62.5 75
Phosphorus(P20s) (kg)
(K20) ety 475 50 125 55
Potassium (K20) (kg)
Lmu“su}k 0.75 0.75 0.36 0.35
Herbicides (L)
oSyl 05 05 1 2
Insecticides (L)
bosSesk 0.35 1 0 0
Fungicides (L)
okl 3625 13500 5175 17500
Irrigation water(m?)
b 2, ee 3475 - 4150 -
Grain yield (kg)
o 3_‘ 3750 7750 4250 11550
straw yield (kg)
- 2815 81 2775 85

Seed (kg)
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Table 4- Input and Output Energy in the Production of Studied Crops in Sari and Sharifabad Plains

Plain Sari Sharifabad
5 I | . » .
32y sly ta g Barley 4y
Energy Unit Barley (MJ hal)  Alfalfa (MJ ha?) ((MJ ha't) Alfalfa (MJ hal)
£29)9
ol -
Sl g9 hr 107.8 98 156.8 441
Human labour
Aol kg 6448.65 314165 8267.5 8267.5
Machinery
S5 kg 590.9 684.2 7775 7775
Diesel
u”’w kg 529.63 501.75 139.38 557.5
Nitrogen
(P20s) ,iud hr 344.85 971.85 407.55 1097.25
Phosphorus(P20s)
(K20) ety L 7887 19359 6931 13145
Potassium (K20)
LQJS‘JJL L 63.75 63.75 30.6 29.75
Herbicides
me;ow L 114.5 114.5 229 572.5
Insecticides
oS L 75.6 216 0 0
Fungicides
. d).w <! m?3 3697.5 13770 5278.5 19380
Irrigation water
™ kg 4138.05 2276.1 4079.25 2318.25
Seed
9
b kg 51082.5 ; 61005 -
Barley grain
o8 kg 46875 - 53125 -
Straw of barley
W kg - 122450 ; 201450
Alfalfa

SB glito cogldl Laylys 5l 3lio Wles oo pol ol 48 W) Sjo
» s S (Dargahi et al., 2016) ,Sen o 25,0
sl o0gl cussay @l QS sl )3 13 Jpame (5
Oy cdlae i ol @l b a5 waygl comsay (ol Wy
SiAl s egasce 5«3l Gogo e 1S3 P Spae L Gl
PSS 52 JoSe MA J33l5 y S5k +/N WIA oty s
D9 )lISJb » J9)&o YY¥Ys/a 9

» (Vahedi & Zarifneshat, 2021) bli oyl 5 (sasls

OlalS (Gliwjsd 558 Lol (Jed)l (pledal ol sl
(8299 5 xSle pe oS ol LS (] pAIS (g9 2 e
P il 0 g 58l agere 3Pl LB 20 5
OlSa yy Jo3Ee BAY/AY bl iy anllas 350 (clolio
9 Jo5l%e p p)SekS < INVY YAV (LS o516 VYE-AY/VD
yols adlbe guls b a5 155yl Canday ,iSa o550 YYYAY/Y

ML (65l Bpmn S g (655l (659000 Jto byl (S p )
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Table 5- Energy Indices in the Production of Studied Crops in Sari and Sharifabad Plains

Candd & STy p
Plain Sari Sharifabad
32 a>ly > g » gy
Energy Unit Barley Alfalfa Barley Alfalfa
<2925 530 MJ.hat 61240.68 61681.7 63007.35 67450.5
Input energy
s 3 MJ.hat 97957.5 122450 114130 201450
Output energy
oAl 5yl MJ.hat 36716.83 60768.3 51122.65 133999.5
Net energy
35 Spae S 1.99 1.81 2.99
Energy use efficiency -
SiAlSomre Kg.MJt 0.13 0.13 0.19
Energy productivity
eyt 555 MJ kg 7.88 75 5.26
Specific energy

5 obli s cusy (Sond (6ygope Cou Lol iy sblch
S g dgw Sy &y a8y Jgame j3 (ool Ll dqw bl
ol g Gl ALl (cxSo o JUy YYITY) (o)lo Cudd & Cans
b ol ot caSe ste 2 Jby VIFYY (alls 39 b Joae
Jeame gy (adls pl ol cuoed Canl 02> olaid] sg5 4
sl e ceSe jie p Jb) VAN L o el o
ol 0dg yu&.o oy JL) YI¥VS U‘)‘“" L ua.n> dgmw l.s .)uuu).w
app ooladl Jleon pogad ) cuwl S5 4 pfY Bl e )l
ol o) & st 3,56 (03b5 Jalse (Al s Jig o>
5 J”?Jv Auih ol > Aige OleMbl B cunl o4 el
0B 9w (poyp 3 1) pasls cpl Sl plon b adls (e
g5 5> sbauis Caglgl Jold Wlgi oo Jelgs cpl )57 (y
s slaaizin inls b il o sl o e (sl it

sl 38,8t

SIOAE slajls Ll
6 Sl GhlesS Jeudlly g SIS (glajls Laml o it
£S5 ohS YEAVSD Jolao) assgy Jgammo )3 (gylw cadd jo ol 5

2 Jyaze > )le Cdd 3 3 Glise (ryieS 5 (S 2 CO2
(Y Joaa) el cunday (i 13 CO2 p,55kS VOOF/YY Joleo)

OF Salall 9 (S3518 (5590 4
a0t 3o Oy 45 L Ol (S5 oy e
Fo ppSokS A i 4 g2 Jpae 4 bgyje g)lo <> >
Jgae 4 bgye (65l b )3 15 (6590 e (3o (58 9 oS
Conddy @l (7 Jgiz) bl oo yio gy p)SlS - /OV sy
o b )3 (5l > gl yo il 4y dgi b &S 0l Lt ol
23 bl Cubd &y S (0391 b il 3 52 S cytdin)
g0 il el pol ol o 3l (5508 O 4yl Jsamo
5,Shas bl yi by 5 Lol wunl oas s ol ) 9> Jgaxe
oS 0391 313,55 1 (60 bl ) YL O B 4y a2 b ey
Cs  dey Jpame 1 Ol Sy g Vb e ol
9 YUl S5 2 3 Ll o (65lo cudd 4 s Sl i
o 2l bl sas YU (59000 0183 5L5 Adsads Log ) T 6 pumo
Nouri-) ohlSen 5 el ()9 loadl b hagh
slila gl a8 glaalllas )3 .3l cisllas (Khajehbelagh et al., 2020
Ol 5y90540 oy B b (Ojaghlou et al., 2023) Ko
Ol &8 28l > 0ol pldl (o liw o 3 4y Jgae 5
e yio p p)SohS VYA L /Y (o Jpame nl 5y90 000
ilis 3l lsben yob ddlbs gl L o] ol & A8k o
» {Haghayeghi moghaddam et al., 2023) |,\Ken 4 pado
2 g ol 6y 9 ol Ol e Ban L oS gladllas
VXY B /05 oy o> Joame (650500 Oliwe 31 pbol jeuis
3l aalllas ol b ol ol 45 13,51 Casddy S 4 p ol
My aS ol lis (golaiBl (£)90 e guls pizad D> Slogd o
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Table 6- Physical Water Efficiency in Sari and Sharifabad Plains (kilograms per cubic meter)

el pe S 90 oAl 29w

Cadd Income (Rials) Cost (Rials) Physical productivity (kg/m®)  NBPD (Rials/m®)

Plain » Ay » g » Ay ® a2y

Barley Alfalfa Barley Alfalfa Barley Alfalfa Barley  Alfalfa

‘;)Lf 211900000 956250000 70212500 172050000 0.96 0.57 39086 33131
ari

Ju‘%”“ﬁ 247350000 581250000 84787500 133982500 0.8 0.67 31413 41427
Shariabad

(HU2 ;3 CO2 0,5 9hS) (£1); o Y quazme CuiS 3 S (yivle,S Jawily (yliwe -V Jou

Table 7- Global Warming Potential in the Cultivation of Major Agricultural Crops (kilograms of CO: per hectare)

Cowd

Plain

gy

Barley Alfalfa

<ol
Sari
sblc
Shariabad

1556.37 2681.65

1561.18 2351.85

ol &S g 0oy olaid] 38 4y 1) 1odS paews 5 35S JS LB puno
] a8l JialS Mo )d VY dgas s VY Sl j0 8,

S 5 4o

Cubd > domig Joaze &5 b (LB (Gl Gyge e @l

29 4 1y Olie ontde JoiSe » pSolS <N L oblea b
Cubd yd dg Jpame slp (aslis pl olise &5 e olaidl
Sx90re Oliee oped 35 J9ie 2 oS ek /WL il )l
2 eSS IV Ll sl i cuds )3 g Jgae sl (6500
S 59 Joi8e 1 p)SokS NV Ll (ool s gl g g3
S b ol Ol (i ppo e @l Wdg op w5390 b
Culd ) 9> Jgame (sl el S (g0 00 Oliwe (558 g (R
Cudd ) dxigy Jpazme g S plo p pSekS ALl o)l
ol Ol span @35 xS o g oSS IOV L bl
PSS PV L ply ol s )3 aomigy Jgare sl (a3 ls
PSS TN ply sbliy b s )3 g2 Jguammo (gl g cSlo e
S g8 izl (ol ool gl ] Cawd 4y s 520
Sk oyl cabd o GlObS olalE Ll e oS Dby lis
poews g 358 3y odlatwl ol pl cde a8 034 DblCay i cuss
Sl Ll (i YL Syt Ml gyl s
P YEMFO L ply abe Jgame gl (o)l cubd > sl
el Cunddy liSa )3CO2 p,55kS YYOVAD b plp sblcy i cusd

a8 Ll e 00,5 jasuie kel cunda mli sub

2 Lol dgy ply Loyd cusd 90 jo 0 o Jaae 0 gl
Oljee jlpgeww 9355 (VL G Joey (5l s gy Jguaea
»» (Dastan et al., 2012) l,Se2 g ks .cul jlay95 5V
T HF » Sk ol Jawily (lie 250l bl o (ladllae
b ol adlas gl 1535l Casday ,lSa ,3CO2 p,5skS Y-V I
«S’ (Mohammadi et al., 2014) ,Kan g (oo dslllae gl
398> b K39y 02l plosil elyj Y gae 69y 3 olnl Jlod
P8 il |y o ielesS Joudliy e o] el il
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