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Introduction

The global population is currently estimated to exceed 8 billion and is projected to reach approximately 10
billion by 2050. To meet the food demands of this growing population, global food production must increase by
about 70%. However, several challenges hinder this goal, including changes in agricultural land use,
environmental issues, declining soil fertility, water resource shortages, and the slowdown in yield growth of
major cereals over recent decades. These challenges undermine the possibility of doubling global food
production within the mentioned time frame. Therefore, strategies to increase yield potential and reduce the yield
gap are critical components of achieving sustainable food security with minimal environmental harm. The yield
gap is defined as the difference between potential yield and actual yield, which often exhibits significant
variability. Inadequate agricultural management practices, such as improper planting dates, suboptimal seed
rates, insufficient plowing, improper fertilization, nonuse of herbicides, and inefficient irrigation, are the main
contributors to yield gaps in grain production.

Materials and Methods
This study was conducted to estimate the yield gap, identify the factors contributing to it, and determine the
contribution of each factor in Lorestan province, covering counties with varying climatic conditions, including
Khorramabad, Durood, Kouhdasht and Nourabad. For this purpose, management information from 240 irrigated
wheat (Triticum aestivum L.) farms was collected during the 2022-2023 season. The yield gap was determined
using the comparative performance analysis (PCA) method.
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Results and Discussion

The results showed that the average yield in the surveyed farms in Khorramabad, Doroud, Kouhdasht, and
Nourabad county was 5002, 5563, 4183 and 3333 kg.ha, respectively, With improved management, these
yields could potentially increase to 10936, 11815, 6218 and 10936 kg.ha. Based on the findings: in Nourabad,
the most influential factors in the yield gap were the amount of phosphorus fertilizer used (1004 kg.ha), number
of plowing operations (320 kg.ha), amount of manure used (60 kg.ha') and harvest date (202 kg.hal). In
Kouhdasht the yield gap was primarily due to the number of irrigations (1049 kg.ha'), nonuse of pesticide (353
kg.hal), use of the Kouhdasht variety (463 kg.hat), and lodging (170 kg.ha). In Doroud, the use of Talaee
variety (1951 kg.ha), number of top-dress fertilizer applications (1598 kg.ha?), inclusion of corn in crop
rotation (1083 kg ha*), farmer's background (826 kg.ha*), nonuse of herbicide (82 kg.ha), and farm area (469
kg.ha). In Khorramabad, sugar beet rotation (3246 kg.ha), number of irrigations (1269 kg.ha™), planting date
(841 kg.ha'l), pre planting irrigation (463 kg.ha*), nonuse of herbicide (40 kg.ha?), lodging (74 kg.ha) were
identified as key contributors to the yield gap.

Conclusion

The yield gap ranged from 1587 kg.ha! (32%) to 6252 kg.ha! (53%). The main factors contributing to the
yield gap due to suboptimal management included the frequency of top-dress fertilizer applications, number of
irrigations, crop cultivar selection, crop rotation practices, herbicide use, pest and weed control, as well as the
amount and application methods of chemical fertilizers. The achievable yield gap across the studied climates and
counties was estimated to range from 1,586 to 5,002 kg.ha™'. Assuming an average achievable yield gap of 3000
kg.ha!, and considering the area under irrigated wheat cultivation in the province, optimizing management
practices could result in an annual wheat production increase of 148488 tons. This increase corresponds to
approximately 80% of the province’s irrigated wheat production and 42% of its total wheat production. Since
variables such as crop rotation, use of appropriate cultivars, number of irrigations, number of plowings, and
planting date have a greater impact on the yield gap, optimizing these factors can significantly boost irrigated
wheat yields. Considering the cost—income ratio, such optimizations would also be more profitable for farmers in
the studied counties.
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Fig. 1- Relationship between estimated yield and actual yield in Kouhdasht (a), Doroud (b), Khorramabad (c) and Nourabad
(d) Counties
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Table 2- Quantification of wheat yield gap in Kouhdasht county and the contribution of each variable in the model

Joesa Cu o AS 450 33 b 5 p5 05101 p3lie Joe b ssddmwlxe p0lie 5yShos M5
Coefficient _Values measured in the field Values calculated by the model  Yield gap KW
Variable Ry Calo il gl ,lado
Average Optimum Average Optimum Value Percentage
Bee o2 4740.98 1 1 4740.98 4740.98 - -
Intercept
Cudans "’3)_ -1157.36 0.4 0 -463 0 463 23
Kouhdasht variety
. de"u“ S 139.89 55 13 769.39 1818.56 1049.17 52
Irrigation number
“5“5| 682.19 0.483 1 329.50 682.19 352.69 17
Pesticide
i -1023.98 1.66 1 -1194 -1023.98 170 8
Lodging
55kt - - - 4183 6218 2035 -

Yield
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Fig. 2- Contribution of key factors to yield gap formation in Kouhdasht county
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Table 3- Quantification of wheat yield gap in Doroud county and the contribution of each variable in the model
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gye) 4 Values measured in the field Values calculated by the model Yield gap
Variable Coefficient oSl olls oebe olls e KW
Average Optimum Average Optimum Value Percentage
boe 20 1450.16 1 1 1450 1450 - -
Intercept
ki el 31.09 24.43 50 729 1555 826 13
Farmer's background
40je ol 1129.73 451 0.9 586 117 469 8
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>5es - - - 5563 11815 6252 -
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Fig. 3- Contribution of key factors

45 20,5 oo CuiS (ladgle Cygods )3 39)9 (s yped )
a4 g, 53 p S shS VAT 5 e 3,Shes M5 T il
ol 2 A5 L o Ay o glis 5 05 bl 415 oS s 0
I8 asob L glatow plaw b )y s Cwl Sho
Sgdm el by 4 0Ses g cnl Jl (i &S A5 paS
RalS S b g (ks (539290 iz yh b 03> S S
L, (Popovici et al., 2009) 39 a5 o)l & Bb a5 cél
- o Jl_m u‘?‘-“'—’ oA_ABonOLZJ ))ﬂo.c » usb )_.l Wil
(Gorgizad et al., s)by Lot il g0y cuiS 5)Sas p 135 cusls
b I35 gl e wwy 40 2019; Yousefian et al., 2021).
=i g Cte Sl o e g g bgw Sl Gl o 0l L
(Nezamzadeh et al., 2019) x> 1318 5 Sloe
s 1 LS 55 p)Se S AY liedry SiSiale ) kil
Gl e S L i cadale colsy @ as g b g y3he 3, Sas
“Soles 9 Bl (30 dngs 3 bl G5 5 (e Blge ol 58
3 Skes JialS el 5y cladile G Cypio g jypdile 551y
(Nezamzadeh et al., 2019; Sekhavati et al., . Jals
S okt i1 5 e plo bawg sldplol Cligss j3 2019)
aol oy Slae M5 mals 5 o 5l oolizl lads slus § iScale
; Nekahi et al., 2014; Kamali et al., 2021) cwloas

to yield gap formation in Doroud county

a5B3g, dn Cans b O g lgieads ols O I ool
1 39S o 8 JlSiis 15l cou GaeolisS 3 a5 s sl
3ySlas Mo LS )3 2,55hS VFY 5 cusly o il puiS 3,Slos
Ol wlio 5l as glac e ,3 ol lis b gy 1o 0,5 angi |,
o3y ploul gy (oylol Sladd slaw wings 03,5 oolizul (5,lub
e VEN=2Y ely5 L )3 39 0l pwel d y30 ol 5L
OialS Lo VY Caedidy 4 Caws &S 2 o Lo YAD Sl
Capn 45 391 o len YF jla Jad )3 ()1 (e (i .3l
13 aemd e s |y LialS sopd Ar ol cocesih 5o 4o
Qisb e g)lie O ool @lio o ypte I 45 had slaailss,
5 ol L s ials el g ond lpS b 5 Sis 1,581
P> ) )_a1 L)—’l g oMb dsyle 4y (639)9 uj ul).«.a uu.le
e yze Colume (Jdd (rod 4 Wl g cunl Jogeatie S5 &)l5e
sl jd g atilh 3 ) Slee b IS 10 p,56lS FFA l5ea
O el e &S o503 500 b 5l gy e 3,Shes s
aS eglie d G yid (6 kol Sledd slaw ey g ol L]
oM 5:Sola joboss) 292 b (sladilig, gl T el aste
3 40 e b oot il izmed g ()30 b 3l i
b ga S e s Syl o bh gy 0y Slos 0l S
15y Slee M oS sl L5 gl (Momordica charantia L.)
Hoque et ) aib e Sos5 g bawgie g)l3e 5| 5 S)j &)l5e
[(al., 2022



VEF Hle doylods AV ol ((6559LiS (wlbisd pgo 4y p25 \oF

e Al (GLalS 4 aiz e Join) el 3 Shes
w6 alS Ll 158 4 48 s (Solanum tubersum L.)
y S plie yole olab (e slaaiy, Jblia Jgob)ls
paS plie CiS )3 @l slan (B Esed g 0> SRRl
2By A o ialS ) Wles g ceui aST Me 053k Wil
Gy Olwvgad g SB 3 39390 @lio 1 ytin edlawl Hblia
e whld pAS A3y Gl ey (e ) Sapll ohge
=l saxs o (Zare Faizabadi & Azizi, 2012) o8
dunlie pd Wi uian—paS Gols jd puS a3 Sles oS o lis
A by 0y Slas (gao) YO ili8l el puiS—paiS Cols b
.(Khansari et al., 2015)

2 eSS AYY Jolee 9 cuily 5 Sas 3 Cotio Sl cidlS Fo,l
O B e (Sl GBI 0t b sl il 3Skes S
Y555 oo b ol ylel pas g )l 151 55 aSis 5 oo L
3y Slas 254 5a8 L b dlS e alold o (o 50 52
ou CullS ()5 p e gty & (o)l slitwlay il 5y
3 pSolS FEY Jolre cuslS i ()bl plol ¢ 3uizs oyl 55 Loy
el S9) mop S 3 g2 e 3 )Slae Mo ialS o i
35Sloe M5 13 550 (sl ok 31 (2 CadlS 5
Lo 5 paS &)l50 59y Jlllae o (Tseng et al., 2021) >4
0313 Cud €3l Guyb a3, Slae W 5 0o yd V8 5 Y5 s iy
{ Nehbandani et al., 201; 7Nekahi et al., 2014) s
o WA Josle pasS cisls o b s Slidss 3 ioren
(Shirinzade et al., 2020) 3¢ 5,Skos s

ATy 95 Olias s 3 IS il 9 ySlae UA Jalad g a3
095y Jae it e (s 3)90 S ysie Oy ]
ol Cawd &y o5 Eypots 2lag oles g 391 S50 e
(¥) absleo
Y=4229.23+237.48X1+4.30X2-59.86X3-12.64 X4
i X1 i 13 S LS oLl 5,Skae Y (o o &S
S5LS 39 e X dd Gyma yiad 368 o Ko ud
Spd o b |y cably p gyl :Xa g oadd eolatwl

.(Soukhtehsaraei et al., 2023

_?qu_,_uﬁ,:,ﬁeﬁdu%slu%dfmﬁﬁ‘ﬁ:‘
oLt

i b old gem Sy Jde oy 3y90 (sl puiio oy
D9 ) Cogod & 1S QL] i yuite
(V) abslso

Y=670.85109+3357.35643X1+841.34722X,+33.046
64X3+331.07972X4+2359.81337X5-1487.00210X6

ol X1 LS 1 2 SskS bl 5,8kae 1 Y ] 3 &
Bl b ciS plgisas gl o juiie jleslitl ) w8y
5 G o) (obel) caslS i O Xa o+ ooliil pas ) paS
(ol S X cdlS gyl Xa e o)l s ) paiS cutS
~Gile ) oslimal | b (slacile b oyle) iSile I oslinal Xs
929 pie) 430 (g Ko o+ okl pas oV (pleend oS
S g 9 ¥ 05 sy F bawgia ayg F 05 (g ) yg
Al e (0 0L

et gl (Bly 3y Slos g 0050yl 0, Sas oy ey
WOA (RMSE) Lt clisyye 5:85lse s /5 S unan
Lbb o (o) YO Clalin (1Sile duo ) jiSa 43 pSslS
deyie 0 oddodnlin 3y Slas Slis 5 (1Sl (C -Y JSi)
3yShos s g (1 Sloe 9 LS 3 p)S9 LS ADe e 504 ¥
S 50 o 5elS VAVF 9 04T ply i g Jo b sddaule
g b g S )3 p)SslS BAVF oasygly 3,8les M5 S 50y
ol 5 Slas Sl jlude jl sddosalin 3 Sas @Shis 4l 4
W 1) dlols 2,8kee M lgiisn culple el 5SS Jia
S8 Ly Jyan 5 5, She S5 5 28,5 55 5 S 5,8k
Soltani et al., ) 5,5 o blod jlade pl doyd A dgds Cy o
(2016

Jsiz 3 gl Sy waew 9 3,Shoe M6 018l Jolge
Beta ) a8 i olis (sla yusio .ol odds oy lis ¥ S
el g, (smoyd YY) )bl sluss sy 00 L (vulgaris L.
V) piScale ;1 oolitul (aoyd A) cuslS i (oylol (aoyd VF)
M5 > 5e Jelge s 31 (322 V) 450 o9 5 (402
WWdg 3 Slas

M o it 331 U8 3 2 Sk YYFY | s ysisr gl



VOV o oS 08oe S5 31 50 (s yoko Jolge (o2 )02 9 (55

Jo 33 yuio b oot 9 Dl 5 (yliaw shend 53 @S 3, Shos Y5 (3510 (55U 08 — £ Jgu
Table 4- Quantification of wheat yield gap in Khorramabad county and the contribution of each variable in the model

A8 )30 43 D 505151 yalie Je b sadiamolone plie 5,Shos Y5
gues o Values measured in the field  Values calculated by the model Yield gap
Variable Coefficient Sl olho oSl NI JEEN KW
Average Optimum Average Optimum Value  Percentage
boe Sl e 670.85 1 1 670.85 670.85 - -
Intercept
s gl 3357.35 33 1 110.79 3357.35 3246.55 55
Sugarbeet rotation
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Pre-planting water
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Herbicide
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Lodging
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Fig. 4- Contribution of key factors to yield gap formation in Khorramabad county
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Table 5- Quantification of wheat yield gap in Nourabad county and the contribution of each variable in the model
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o Gy o Values measured in the field Values calculated by the model  Yield gap
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Average Optimum Average Optimum Value Percentage
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Table 6- Comparison of quantified yield gap results across the studied counties

Jawily 3 ,Sos 3 Sl (il 5,Shos Y&l 5,Shos Y ao >
Potential yield (kg.ha) Average yield (kg.ha!) Yield gap (kg.ha') Yield gap percentage
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