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Introduction

Cotton (Gossypium hirsutum L.) is a strategic industrial crop, vital as the world's primary source of natural
fiber and a significant source of edible oil and animal feed. Despite its importance to Iran's economy, a
substantial "yield gap" exists between farmer-achieved yields and potential yields under optimal conditions. This
gap, largely from suboptimal management, is a critical concern as Iran seeks to regain self-sufficiency in cotton
production. While other regions have been studied, the specific agro-ecological conditions and local practices in
Behshahr County, Mazandaran, necessitate a dedicated regional investigation. This study aimed to quantify the
irrigated cotton yield gap in the Miankaleh region and identify the relative contribution of the most significant
management factors using the Comparative Performance Analysis (CPA) method.

Materials and Methods

This survey-based research was conducted over two consecutive growing seasons (2021-2022) across 88
irrigated cotton farms in the Miankaleh district, selected to represent local diversity in management and yield.
Data were collected via farmer interviews and field visits, covering farm characteristics, crop establishment,
nutrition management, crop protection strategies, and irrigation practices. The Comparative Performance
Analysis (CPA) method was employed. A stepwise multiple regression model was developed using SAS
software to establish a quantitative function relating final yield to management factors. Qualitative variables
were coded as binary (0/1). This model was used to estimate the potential yield (using optimal values for
significant variables) and compare it to the average actual yield (using mean observed values), thereby
quantifying the total yield gap and the contribution of each limiting factor.

Results and Disscusion

The average actual seed cotton yield was 2103 kg ha, while the estimated potential yield was 4620 kg ha,
revealing a substantial yield gap of 2518 kg ha’. This indicates farmers are realizing only 45.5% of their
potential, leaving a 54.5% manageable yield gap. The wide yield variation (649 to 4370 kg ha™*) confirmed the
profound impact of management. The stepwise regression analysis (r = 0.70) identified four key management
variables as the primary determinants. Pest management emerged as the most critical domain. The "number of
pesticide applications” was the single most important factor, explaining 55% of the total yield gap. Its strong
positive correlation indicated that higher yields were associated with more frequent spraying, a reactive response
to severe pest pressure (especially cotton bollworm) reported in 90% of farms. The second most important factor
was the "amount of top-dress nitrogen," accounting for 36% of the gap. Its positive coefficient confirmed that
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current nitrogen application rates were, on average, suboptimal. Conversely, the "use of Proclaim Fit" (6% share)
and the "use of Fenproxymate (Ortus)" (3% share) both showed a significant negative correlation with yield.
This paradox was not due to pesticide inefficiency. Instead, these chemicals served as "proxy variables",
indicating a critical flaw in management timing. Farmers used these specific chemicals as a late-stage response
to severe infestations, after economic damage thresholds had been exceeded.

Conclusion

In conclusion, the cotton yield gap in the Behshahr region is substantial at 54.5% (2518 kg hat). This gap is
primarily driven by two key management domains: suboptimal pest management (collectively accounting for
64% of the gap) and inadequate nitrogen fertilization (36%). The pest management issue is systemic,
characterized by severe outbreaks and a reactive, poorly-timed control strategy. To effectively close this gap,
agricultural extension programs must prioritize farmer education in two main areas. First, a shift from reactive
spraying to proactive Integrated Pest Management (IPM) is essential, including training in field scouting,
economic thresholds, and proper pesticide selection. Second, promoting balanced, soil-test-based nitrogen
application strategies is crucial for optimizing plant nutrition. These targeted interventions offer the most
practical pathway to enhancing cotton productivity in the region.

Keywords: Integrated Pest Management (IPM), Nitrogen top-dressing, Plant nutrition, Regression analysis,
Sustainable production
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Figure 1- Cumulative frequency percentage in Miyankaleh rural district, Behshahr county: A) cotton field area, B) cotton
planting date, and c) cotton yield (kg ha)
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Table 2- Significant study of the studied (quantitative) variables on cotton yield

JUETA Variable atse bzse R? Pr>F _‘5’_'°_‘—"M
Significance
" Age 1930.17+368.9342  4.183486+7.753088  0.003374 0.590874 Ns
g e Production history  2185.702+185.3704  -2.45024:6.58067 0.001609 0.710557 Ns
JS colus Total area 2097.214+146.214  9.860474+44.03017  0.000583 0.823329 Ns
i 31 Jlo 3] Mo 2142.816%9658464  -21.1339454.73613 0.00173 0.700373 Ns
o Jass Noome! 2025.37+364.6002  97.60501+350.9106  0.000899 0.781567 Ns
Swpsslss Numberofdisking  1476.332+199.5534  157.9007+44.7616  0.126406 0.000676 *x
o3 53y Cumd it
SRS e oo 1476.332+199.5534  22.63689£105.279 0000537 0.830262 Ns
PR Satty semtbedmoiste 9304 5714577 0123 -155.7144227.9128 0005398 0.496306 Ns
cuss at planting : = : . = . . .
s e Seed quantity/rate  2356.1864255.1133  -9.2153149.575042  0.010654 0.338577 Ns
S s Planting depth  1816.553+586.9318  88.44037+167.076  0.003248 0.597932 Ns
Odgl B Juad 98 Start of season to
et 3y fist planting day  2048.156+393.8064  1.118639+5.669796  0.000452 0.84406 Ns
5 505 i
o o o Basenetnilogen  5116.036488.01632  3.12322710.74714  0,000981 0.772049 Ns
ool 358" jlade Base net potassium
. il ot 2161.592£90.25366  -6.99268+6.589198  0.012926 0.291555 Ns
B olawd Hlia
o N % Basenetphosphate 5096 415+105.8699 1.870073#3.235935  0.003868 0.564836 Ns
oAls 58 e Base net sulfur
e foriloo amoun  2102.92$02.87145  1.588504+3.058117  0.003128 0.604789 Ns
abgie e BICMANSUM 5098 969+79.90782  315.5182+104.1114  0.096491 0.003224 *x
sbsy) s Basezincamount  2098.269+79.90782  344.2017+113576  0.096491 0.003224 **
Seopen gl ko Humicacld  2116.143:83.68179  9.3181+10.46673 0.009132 0.375811 Ns
. Number of top-
Sy 355 Sa G frtlisre 1773.86+213.7051  202.7612+114.2302  0.035341 0.079432 Ns
oAl By e Top-dress net
p nitrogen amount 1746.604£150.474  4.409398+1.61036  0.080189 0.007509 **
Sogen Syl jlade Humic acid
) amount (o) 2139.23482.65776  -80.3153+46.71075  0.033234 0.089136 Ns
Spogep Ayl lade Humic acid
) amount (kilogramy  2120.819484.66314  2.687653+11.21609  0.000667 0.811101 Ns
Number of
sl Clddola supplemental  2255.494+167.9046  -66.4603+73.76009  0.009352 0.370087 Ns
applications
98 058 e Supplemental
) fertilizer amount  2128.317+106.6079  -2.0646+32.2789 4.76E-05 0.949149 Ns
: (ko)
98 068 lade Supplemental
T fertilizer amount  2136.83+104.9687  -7.37418+36.75075  0.000468 0.841443 Ns
o (liter)
i . Number of amino
selanl o o oonlications, 2061.346+88.43881  276.0497+146.6592 0089566 0.063183 Ns
() eoslaad Jiia ATROASS 2060.304+85.50191 184.3223+78.73649  0.059907 0.021545 *
() slanal e JVIOTES 2120.434484.35031  -87.1892+196.6151  0.002281 0.658553 Ns
ol 2gS lads
- Manure amount  2133.593+84.22305  -30.6512+40.0048 0.00678 0.445663 Ns
<
ol 358" aie
Catlemanure  2132.407+83.64388  -1831.02£1961.623  0.010029 0.353217 Ns

(cs55)




psedlctassbs NIREOT 901.0454266.9577  247.4194451.86957  0.209219 7.46E-06 **
Sl dass o 1386.266+238.9933  230.2412+70.40573  0.110599 0.001547 o
g ‘“;:; G Sotondlent  270373843653771  -67.4802440.0615  0.031938 0.095727 Ns
o ol N;g]kbi%gf 1509.338+353.4298  155.0077+86.68069 0.035851 0.077256 Ns
S ko 0505 Pest problem score  713.8313+£703.0941  357.6434+177.0992 0.045274 0.056554 Ns
s dile JSie Weed problem 3418.755+536.9022  -438.196+179.6492 0.064705 0.016776 *
Bl oo 5y dme plsg Mo pd gy o yd S D D dre Ay NS 5 KX
=%, = and ns: are significant at 1%, 5%, and non-significant, respectively.
iy 3 yShos 1 axlllae 3590 ((865) (SL aiio (g I3 dro (w2 =T g
Table 3- Significant study of the studied (qualitative) variables on cotton yield
. @ ke Sl gxo
e Variable Gl Sl P Significance
df MS
pAS 1 LB gl cuss’ Previous autumn cultivation: wheat 1 338070 0.46 ns
158 2 LB o5l cuss’ Previous autumn cultivation: rapeseed 1 3548483 0.01 *
(Hordeum vulgare) o ; L opul cuis Previous autumn cutiljlllaéi;r;;l;arley (Hordeum 1 550211 034 ns
(Trifolium Spp.) s : 8 opul cais Previous autumn culti\;&;)ti;.r;: clover (Trifolium 1 1117540 018 ns
(Vicia faba) Ml : L o5l cuiS Previous autumn cultivation: faba bean (Vicia faba) 1 2732978  0.03 *
(Pisum sativum) 55,5395 : L8 030l <uiS Previous autumn cultivation: pea (Pisum sativum) 1 40022 0.80 ns
ol 1 8 bl cuss Previous summer cultivation: fallow 1 1400674 0.13 ns
Ty i skd Al cuss’ Previous summer cultivation: rice 1 124460 0.65 ns
Ay 1wl cuis Previous summer cultivation: cotton 1 1520651 0.11 ns
(Sesamum asus’: L3 aliaols cuzs Previous summer cultivation: sesame (Sesamum 1 418145 0.41 ns
indicum) indicum)
(Citrullus «wlgas : L5 el cuis Previous summer cultivation: watermelon (Citrullus 1 170435 0.60 ns
lanatus) lanatus)
(Solanum ui)sd»gf s Al s Previous summer cultivation: tomato (Solanum 1 667061 030 ns
lycopersicum) lycopersicum)
PRWATIX W C ERE Plowing: done/not done 1 109283 0.67 ns
&y [ )as S s ey Seed type: downy/delinted 1 8936 0.90 ns
ol 04 1 Setedus Disinfected/not disinfected 1 8936 0.90 ns
B gl S 9087 51 ool Use of carboxin-thiram (internal) 1 305752 0.48 ns
B el S o)l8 5l ool Use of carboxin-thiram (external) 1 1266969 0.15 ns
cida) oAb o8, Cultivar planted: latif 1 3766721 0.01 *
o asculS o8, Cultivar planted: may 1 2790347 0.03 *
OlidS soasuiS” o8, Cultivar planted: golestan 1 14141 0.88 ns
oL ebculS o8, Cultivar planted: taban 1 814624 0.25 ns
AGN:s s o8, Cultivar planted: AGN 1 215352 0.55 ns
0l BlgST B pandgs yds £ Seed type: farmer-saved/certified 1 10321 0.90 ns
Ui weusls b, Planting method: broadcast 1 63883 0.75 ns
iy, ieasls o, Planting method: row planter 1 63883 0.75 ns
al 058 5 oolazl Use of base fertilizer 1 596902 0.32 ns
Ol 59y 365 5l ealatul Use of base nitrogen fertilizer 1 177967 0.59 ns
b by 358 51 ol Use of base potassium fertilizer 1 111905 0.67 ns
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Olygd 5l osliiu]
5k 1 eolal
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G118 51 aslaal
(cxl8) wlgs opuiSolal 51 ookl
Jywedl 31 onlial
eyl 5l oalazwl
oY il eslaul
Ly ol 1 ool
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Olgieasd 1 olatul
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Jodly ;1 eolal
oSl 31 oolazl
(0o9sgl) com (oS98 jl o3lial
355 (s 3 ol
Cally o 5l ool
(mamwd) o piolids 5l oolaul
clgl 3l enlazal
ST colgl 51 ookl
So Syl olazal
58505 3l ool
OesYlo I eslal
Cudl 5 ool
O53bd 5l eslaiul
(gwel) oeyten 3l oolizad
oiS cale 3 ool
oM 5l enlil
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Use of base phosphorus fertilizer
Use of base sulfur fertilizer
Use of magnesium
Use of zinc
Use of base humic acid
Use of top dressing fertilizer (soil)
Use of humic acid
Use of animal manure
Use of pesticide
Use of dichlorvos
Use of fipronil
Use of dursban (chlorpyrifos)
Use of mancozeb
Use of curacron (profenofos)
Use of karate
Use of emamectin benzoate (captan)
Use of admiral
Use of cypermethrin
Use of larvin
Use of acetamiprid
Use of confidor
Use of dimethoate
Use of proclaim fit
Use of danitol
Use of abamectin
Use of fenpropathrin (ortus)
Use of zinc agro
Use of fenvalerate
Use of deltamethrin (decis)
Use of avant
Use of avant extra
Use of beak mak
Use of tebufenozide
Use of malathion
Use of tidefit
Use of diazinon
Use of permethrin (ambush)
Use of herbicide
Use of treflan
Use of super galant

Irrigation: done/not done

800084
373852
5102117
5102117
482852
607080
1239307
17344
34276
395456
153915
496322
2135135
612554
61170
549189
2088460
418732
5650625
90911
2468270
1179952
164298
667592
164276
667592
1577071
778671
2056960
518743
676036
182055
45854
172012
101087
54321
403677
2044121
49.51
20695
447421

0.25
0.44
0.00
0.00
0.38
0.32
0.15
0.87
0.81
0.42
0.62
0.37
0.06
0.32
0.75
0.34
0.06
0.41
0.00
0.70
0.04
0.16
0.61
0.30
0.61
0.30
0.11
0.26
0.07
0.36
0.29
0.59
0.79
0.60
0.69
0.77
0.42
0.07
0.99
0.85
0.39

ns
ns

**k

**k

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns

**

ns

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
Ns

WSl go ()10 gixe pAs g Mo yd iy o> Ky yd D dime S 4y NS g

** ‘*

#%, = and ns: are significant at 1%, 5%, and non-significant, respectively.
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Table 4- Regression Results of the Impact of Various Variables on the Yield Gap of Cotton Product yield (54.5% Gap)

Jie 4D paie JSU5 Jie b dlols 3,Slas 5,Shos Y5
o piin g Form of the variable in the model Yield by model Yjeld gap
Variables  Coefficient — SKilw saiobBl luke oNle ol Hlade M 50
Average Selected amount Average Selected amount @(r;%:q; %
fase Jl g2y
Intercept 622.3486 1 1 622 622 - -
(X1) 4.06695 85.61 306.8 348 1248 900 36
(X2) 275.0148 4.94 10 1359 2750 1392 55
(Xa) -289.078 0.5 0 -145 0 145 6
(Xa) -515.942 0.159 0 -82 0 82
>8es ke - - 2103 4620 2518 100

Average yield

(Xa) oo (S gy o 3l ookl (X3) cud walS'gy 5l oolimul (X2) iScsl 35,8 @ladd (X1) S g 95 Hlbo
* Top-dressed nitrogen amount (X1), number of pesticide applications (X2), use of proclaim fit (X3), use of fenpropathrin (Xa)
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Figure 2- Relationship between observed and predicted yield
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