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Evaluation of cotton (Gossypium hirsutum L.) yield gap in Behshahr county using
boundary line analysis
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ABSTRACT

Mahdavi Abdolmaleki, M., Soltani, A., Zeinali, E. and Jafar Nodeh, S. 2025. Evaluation of cotton (Gossypium hirsutum
L.) yield gap in Behshahr county using boundary line analysis. Iranian Journal of Crop Sciences. 27(3): 231-250. (In
Persian).

Introduction: Yield gap, defined as the difference between potential and actual yield, is a major challenge in crop
production. Identifying the limiting factors of yield gap is the first step toward increasing productivity without expanding
cultivated lands. Cotton (Gossypium hirsutum L.) is a strategic crop in Iran, and Behshahr county is a major production
hub in Mazandaran province. Despite its importance, no comprehensive study has been conducted to determine the local
yield limiting factors in this region. This study aimed to identify managerial factors affecting the cotton yield gap in
Behshahr county using Boundary Line Analysis (BLA) and to provide optimal management recommendations.
Materials and Methods: The study was conducted during the 2022 and 2023 growing seasons in 88 cotton fields in the
Miankaleh region, Behshahr, Iran. Management data were collected through face-to-face interviews with farmers and
field monitoring. Recorded variables included sowing date, plant density, nitrogen fertilizer rate and application
frequency, irrigation frequency, pest and weed management, crop rotation, and harvesting method. The actual yield was
recorded at the end of the season. The Boundary Line Analysis (BLA) method was used to quantify the yield gap and
determine the attainable yield. Statistical analyses were performed using SAS 9.4 and Excel 2016 software.

Results: The average actual yield of farmers was 2124 kg.ha*, while the attainable yield estimated by BLA was 3961
kg.ha*. Consequently, the calculated yield gap was 1837 kg.ha* (45.4%). The analysis identified weed infestation (53%
gap contribution) and the number of harvest pickings (51%) as the most significant limiting factors. Other contributing
factors included planting date, crop rotation, and irrigation frequency (each contributing ~48%). The optimal ranges for
maximizing yield were determined as: plant density of 7-11 plants.m?, sowing date between May 18 and June 10,
nitrogen application of 90 kg.ha* (pure N), at least two irrigations, and five pesticide applications.

Conclusion: The study revealed that farmers in Behshahr county are achieving only about 54% of the cotton attainable
yield. A significant portion of this gap is due to suboptimal crop management practices. Improving weed control
strategies, adopting mechanized harvesting (or increasing hand-picking frequency), observing the optimal sowing
window, and including legume crops in crop rotation are the most effective strategies to narrow the cotton yield gap in
this region.

Key words: Cotton, Crop rotation, Sowing date, Plant density and Weeds

Received: January, 2026 Accepted: June, 2026

1. PhD Student, Gorgan University of Agricultural Sciences and Natural Resources, Gorgan, Iran

2. Professor, Gorgan University of Agricultural Sciences and Natural Resources, Gorgan, Iran (Corresponding author, <
mahtamahdavil981@gmail.com)

3. Associate Prof., Department of Agronomy, Faculty of Plant Production, Gorgan University of Agricultural Sciences and
Natural Resources, Gorgan, Iran

4. PhD Graduate, Department of Agronomy, Faculty of Plant Production, Gorgan University of Agricultural Sciences and
Natural Resources, Gorgan, Iran

® 20250 The Authors. This is an open access article distributed under Creative Commons Attribution 4.0 International
@ License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in any medium or format,
BY

as long as you give appropriate credit to the original author(s) and the source.

YYy


https://agrobreedjournal.ir/admin_emailer.php?mod=send_form&sid=1&slc_lang=fa&em=mahtamahdavi1981-ATSIGN--GMMAAIL-.com&a_ordnum=1445
https://orcid.org/0000-0001-6540-3896
https://orcid.org/0000-0002-6941-4047
https://orcid.org/0000-0001-8810-1399
https://orcid.org/0000-0003-4757-3415
http://agrobreedjournal.ir/article-1-1445-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-10-17 ]

VP ol o osled pmin 5 ol 010 ol p sl "

.(Chaudhary, 2000) 535 o 5 ,Skes (&,ILL ol 3l
3 Shes M o8 ol 0313 0L Slgar Sl
s 5 U BT Ssaas Gl (ST Jled 53 4y
o5 S0 53 0 S ASVEL SVPH OXFs 55 LT
(e olie Cus gl (T Cus gl fole X
VT ble 6 B (53,5 35208 e sllaals 2y s
a5 Shes M slowl Eel SSU s
oIl s .(Hengsdijk and Langeveld, 2009)
387 gl 3 88 any s Shes M (i | 5L slabe
w38 035 Yl ( (B o3Il 03 S S 5 0l d
o3l (01 F I8 e 03 Vb ¢ gloand 50
(3 G358 b Ol A5le g laoslys 3l culial
A ey 5 e (055 i slas S
el od s iyl 5 Shas Mt sloul Jalye
Mt (gladls wlie > .(Changule et al., 2010)
oy 3 ealial b ol Ol 53 oT 4z s Shes
(Boundary Line Analysis; BLA) (¢ ,» L 5I1UT
Suj,af,u@w)&,gff,g\v«v
s 058l 3 Shas 5 Ao )3 75 4 aidlate 01555108
G Aoz Sl el e Jlesl Ly ilasls
F) i 358 (LSS 3 p 5SS #0) 03 58
&G il (LT Casler (OLSs s p S LS
Cpr 2 23 S AL P) Sy oS15 s Sag
Sl g )b 5 (Cdig )l Lol ) cals &b
oS S FOAL 63 Shos 4 015 on «(gr Lawlsl 5D
(Shokrgozar Darabi et al., ol cws ,LSa s
(Soltani et al., 2018) ol,Len 5 Skl _w 2017)
ot )5 sS Calimn Ghlia p3 4SS 1)1 F
(Lo s #Y Sk L) o3 PP B P o asy s Shas
cnl ol 1 il o (LS 53 p S LS YOPY Uslas)
S 4y oppoml Ot s glaotul ¢ iyl &
bl 5 513 4y 050l 5> Shoe 5 aily 3 Shes i
D5 Gl 4, 0 Jhd gkl o s Ol
YL LS Gl il G e cpl 3 L s ls

Yer

4o

@ Ol $5,sliS DI 5 co i Lol

BodyTans Hlez U amw (b il Comer 21530 S
Olgr Camazm sl 33 LS b b 2153 ol e
93 3 g a5l .(Bruinsma, 2009) 35 i wels
533 Shee I 5 S 5 e 28 b
2 el 5 L OB (55 lmes 28) ela A1
Shls Sl 93 58 a8 Cul osls DL Sladsw
NECEI S G I FSPUCIWE T, L .
e G el L (6555 laST Il g lues i
23 35m g U 53 aig A 3 olE K el
) e b L iS5 a1 il
3 S T o 28 L (gl 86T el kil

PR LN L P L W= RS g5 0313 S

Lol Sy pl 25 on o smimn Lapliip 5 g 50
OT J2als sla sy 95 Shae oM odslp S 505
gl S 05y Jgeamen U 5 Ol B ol 0
(Van Ittersum et al., 5% osls lpl o i8S 55
2013, Kamkar et al., 2025)
5 Shes o Sl ol jsbas 3 Sles s
oS S (i) 058l 5 Shoe 5 013,518 315
as.(Lobell et al., 2009) Cul adlaie ¢S 5 1))
£l Lo Shes )3 ax g o6 el s
5058l 5 Shes o ol ailaie 5 01 slsS”
S slaw | Ja¥5) 0T edialS” folge vy g
Sl 4 B 1A Ol a2 3550 (5 Sas
Ol »1 ,5.(Nehbandani et al., 2017, 2020, 2021, 2023)
T s Sl S0 Ulssan 5 Sas s
o Shee Mt zalS” gliuly s th sl ol
oS G (55 Sas Glacas st 385 Sl
(Lobell et al,, C—ul Lo iw dibie &G 53 215
5 Shes Mt 2alS7.2009; Van Ittersum et al., 2013)
Slestiul ohlS 55 Eebicdd g 2l ogde
sy slaana 2alS (s S5 658 5 et


http://agrobreedjournal.ir/article-1-1445-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-10-17 ]

"YEN-YO OV F O 5  Sldlls (g sugann by 3l ealizal L (GOSSYpIUM hirsutum L.) az 5 Sles o b5 "

o 4y (B3 nlin ot lad | T Ol g2 b L
3)56 &)1}: Sl .Q..éjf}léj): axllas 540 adbate
2L OIS S disad gz e Sy bl 5
el adlaie S gl LT aneler o3 5l
ool 512 5Y (65bT i 51 osisad sltas
crl s (Cochran, 1963) u5U 4l & 5 La o
Sl Oliabl mlas bl a5l &6 g0l ¢ 595
S 4 g0 e sl calllan 350 Cho (63,57
Sdas 4SSy e 93 35 oh denlies amal= WL Hlg
31 ealial L 45 g05 e ¢ By 3 gekme 5130 S
L.t)l}a D o Jodad 3 gdoue dmal C}L.,a!;...ij_.é
L s odbsuail 33Lal (6,8 4 sa5 g, l sl
(o) pile 5 e gl ir 1S, 05 8
L ol T wlie s Sl Ll 505, 6

Y 5 Lalsyy)
2
Tlo = Zefq (\ @b)
—__To
R (¥ il

3as N ¢ o lgs 4l god oo N cad gl 4l gl 02 M0
gl b bl jlade Z (65UT anale glauaty JS°
q=1p candllan 3 g0 Lo (63,51 S P OLabsl
izt (6,5 4 god s sl g
03 edd plail o e Slles 5 DL
ol (Cils p b o als 31 a ol ub 0,50
9 O (b 510155 5LiS 4 b gy e Sl
o 5V as 50 ag by pe SLedbl 5L iST 4 25
(S T T 5 1505 Londs e 50 o (g ga
et 5 o) S ilwenlT Sllas a b g o Sled|
9 r>r_; Ol g sluss ¢ ¥ cosla_wl 3y 50 Ol sl ¢
P o8 (S el b e Sledlbl e
5 QU 53 ¢ 8hS) (e oo O m coslizal 35 50
Doy s cblS Ol b Sl B 4 by e Sl
g5 Jols (21 ol 4 dis 4 Ly e DALl (2

e 35S e (&S 5 L) (B e 35S

YYF

ool 4SS el s 1y as celys s O (e
3 et g5 B ol 31 OISl oins OLLS § 5 50
(Soltani et al., 2018) Ll » adkte -pl )3

5oty ey Ghle b S ) i Ol -2
Lol Oy ke Olal js J gmemes opl A 5 Cdab
O5SE dObdS) Sl on Ol )3 Sliios 3 g 5
5 Sas oS 3 gudous ol s olulis S oo T
bl ol i | o i ISl ailete 5 ST a4y
eate Sla sy 5 el Ll b Ll 4 4 g
Coda L g oplcadbele g3 opl o O, 5LiS
sl 2 S3e e s (o olse ol d
Slp e Slat—o g Gl s T 4 o Shes
aadllan > gn adlat 55 02l > Slas 4 b €S53 5
S el

by 9y 9 30
Ol i Ol g8 JSSUe dilate 53 G oyl
sler Olajlow 518 b plamit 01,050
Ol Hs VFe Y Jb)}%wﬂjckwd)')jw
FLSL) 03 Ol g pl ol 03 B RPN
5 s 1R (sladaie 55 b ys plaw 3l 5 2 WY
9 sy Sdea syl 30 S35 50 sala S s
a3 08 sl 5 OT § 93 cadlaie slagsil
o) 93 S b sb e e 5 Jtine 5 b e
.(Najafi Terojeni et al., 2022) 5,15 5523 an-U
ol o] a7 diate i 5l pn SleMb!
Jsor 53 0 (55T maz gy ST el Sy ko

el 0 51,1 )
asy 50 M 3 VFY VP Gladla js Gdsw ol
G 53 gy Ol g llSSLo aibate ) o815 4y
Lo ys bl y (G313 8 o ol Ol Ol
laas )50 .uwﬁ,&gﬁw&“,f@t}”\wj\
TGS Y o S PN I N E R g
S g5 Gl 3 Shes Oljs 5 (2155 Slaca 4o


http://agrobreedjournal.ir/article-1-1445-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-10-17 ]

Vo F ol o osled i Gy o 010 o p ke 4 8"

Table 1. Meteorolgical information of the experiment site during cotton growing season (April-November) and the long-term 15 years average (2009-2023)

Les
Temperature ("°C) B 5 s
Jle Joto Sl Evapotranspiration Sk s b BT el
Year Month obo Min Max (mm) Precipitation (mm)  Humidity (%)  Sunny hours
Apr. s 105 18.6 98.0 18.0 78.0 176.7
May Ciges, 154 22.4 125.0 27.2 80.0 172.2
Jun. s 195 27.6 175.7 14 74.0 332.7
2022 Jul. = 232 313 226.5 1.2 74.0 316.3
Aug. sls,e 239 32.0 176.7 17.3 77.0 254.1
Sep. sees 211 319 167.2 111 73.0 288.6
Oct. % 198 28.4 98.9 29.1 78.0 1835
Nov. o7 118 20.8 33.0 78.8 81.0 176.1
Apr. s 107 19.9 86.3 47.8 76.0 214.2
May Ciges, 152 235 127.8 414 78.0 246.7
Jun. s 20.6 25.6 240.0 6.32 75.0 262.3
2023 Jul. = 226 28.0 280.0 8.4 74.0 259.9
Aug. sls,e 247 33.7 225.6 3.2 70.0 282.1
Sep. sses 218 315 172.1 20.4 69.0 249.3
Oct. % 166 26.1 74.0 266.4 76.0 207.0
Nov. olT  14.2 24.4 44.7 65.5 79.0 202.0
2009-2023 15 years average due S 141 21.8 85.1 52.6 79.2 197.3
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Table 2. Classification of management, agronomic and operational variables recorded in the studied cotton fields

obL@a’ / S g
Management / Input

anliw p 53 0ol Gla a9 s Ll
Recorded indicators and variables in the questionnaire

Slaw 5 s oes Slasin
General characteristics &

Folie JS Combun cady a5 53 555L8S 4 2 5 able ¢

records
SilwoslaT 5 sl &y it
Crop rotation & soil
preparation management
pS15 sl Slles
Planting operations & Plant
density

(& 5 4) 58 S pan Sy e
Nutrient management (base
&top-dressing)

Bl 5 LT oy e
Irrigation & Crop protection
management

3 Shee 5 Sl p Cu e
Harvest management &
Yield

(Age, experience of the farmer in cotton production, total field area)

g3 5 i Olabs sl (DY 5a S8 Jle o 2T (255 o5l Conds
Crop rotation status (last year of legumes), frequency of plowing and disking

Crrn 02 S5 o8 0515 Ok e sk 5 Cand s (LB Gas (B pan 5y HIMRs (035 (6 5 56

Sowing date, cultivar, seed rate, planting depth, seedbed status and moisture, final plant
density.m=2

Ly G s (5 e Slabs 5 Ol gn oy 5) &5 s 35S O 5o s Slabs sl (N, P, K, S, ZN, MQ) w0l obs 0l e
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Base elements (N, P, K, S, Zn, Mg), top-dressing frequency and nitrogen rate, rate and

frequency of growth stimulants (amino acids, humic acid, fulvic acid and tonic fertilizers),
manure rate
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Harvest time, picking frequency, total seed cotton yield (kg.ha%)
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Fig. 1. Cumulative frequency percentage of cotton seed yield in the fields of Miankaleh district, Behshahr county
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Table 3. Classification of relative frequency distribution of general, agronomic, and management characteristics of the studied cotton fields across different classes
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3058 A5 Al e CEE s Sy S5 s s Sas
Farmer Production a5 i 3l s sl Sl Cands Sowing LT sl Plant Seed cotton
alb age record Field area Plowing Disking Production depth Irrigation density yield
Class (year) (year) (ha) frequency count condition (cm) frequency (m?) (kg.ha?)
1 <35 <15 <2 1 <3 Weak 3 <3 <8 <1500
Frequency sl 3
queney 12 18 25 36 92 35 55 6 41 21 24
(%)
2 35-50 15-30 2-5 >2 4-5 Moderate 4 4 8-10 1500-2500
Frequency sl 3
queney 12 52 48 52 8 46 45 32 47 57 49
(%)
3 >50 >30 >5 - >5 Suitable - >5 >10 >2500
Frequency sl 3
quency: lsls 30 27 12 0 19 0 62 12 22 27
(%)
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Fig. 9. Relationship between cotton seed yield and frequency of pickings
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