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Introduction

The pressing need for global food security, particularly concerning strategic oilseeds like canola (Brassica
napus L.), underscores the importance of increasing agricultural productivity. Mazandaran province, though a
major producer, exhibits an average yield (1715 kg.ha) even below the national figure, with Behshahr County
being a critical area within the province for production. Closing the gap between actual and potential yield
remains the most effective pathway to enhanced national oilseed production. This study was specifically
undertaken to quantify the yield gap and precisely identify the key managerial constraints responsible for this
shortfall in irrigated canola farms within the Miankaleh district of Behshahr County, Mazandaran Province, Iran.

Materials and Methods

The research employed the Comparative Performance Analysis (CPA) methodology across two consecutive
cropping seasons (2021-2022 and 2022-2023). The study involved a comprehensive field survey and detailed
interviews conducted on 100 canola farms in the Miankaleh region, characterized by a moderate and humid
climate. Data collection covered farmer demographics, field characteristics, and intricate details of all agronomic
management practices, including land preparation, variety selection, sowing date, fertilization (base and top-
dressing), pest and weed control, irrigation, and final yield. The collected data allowed for a thorough analysis,
which began with the development of a yield function using stepwise multiple regression. This statistical model
linked various management variables (both quantitative and qualitative) directly to grain yield, enabling the
estimation of the average observed yield and the attainable potential yield by substituting average and optimal
managerial values into the final, predictive model.

Results and Discussion

The average yield achieved by the surveyed farmers was calculated at 2247 kg.ha, whereas the estimated
potential yield for the region stood at 4798 kg.ha*. This disparity resulted in a considerable total yield gap of
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2551 kg.hal. Importantly, the stepwise regression analysis successfully isolated and quantified the influence of
six distinct managerial factors that collectively accounted for a substantial 89% of this observed yield gap,
thereby providing clear targets for intervention. The single largest contributor to the yield loss was identified as
the suboptimal management of plant nutrition. A detailed breakdown showed that the most significant individual
constraint was the inadequate application of phosphorus (P) fertilizer, contributing a major 43 percent to the total
yield gap. Following this, the insufficient or complete lack of amino acid supplements accounted for a further 16
percent reduction in yield, indicating a gap in adopting advanced nutritional practices. Additionally, a deficiency
in sulfur (S) fertilizer usage contributed another 6 percent to the gap. Collectively, these nutritional deficiencies
highlight that nutrient management is the dominant factor limiting current production. Beyond nutritional issues,
pest control emerged as the second principal area of concern. Specifically, inadequate and untimely control of
snails during the crucial early stages of the growing season was quantified as contributing a significant 22
percent to the total yield gap. Finally, poor weed management practices also played a role. This was reflected by
the high frequency of herbicide application (11 percent contribution) and the need for supplementary hand
weeding (1 percent contribution), both of which signal sub-optimal control strategies and increased weed
competition that negatively impact yield.

Conclusion

The results unequivocally demonstrate that the most efficient pathway to closing the existing 2551 kg.ha™
yield gap lies in the optimization of the nutritional management program. Priority must be given to ensuring
adequate and timely application of key fertilizers, particularly phosphorus and sulfur, alongside the integration of
beneficial supplements such as amino acids. Furthermore, the establishment of an immediate and highly
effective strategy for controlling early-season pests, especially snails, is crucial. By focusing resources and
efforts on these specifically quantified managerial factors, a significant portion of the current yield shortfall can
be practically addressed, leading to enhanced farm profitability and a vital step towards achieving national self-
sufficiency in oilseed production.
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Fig. 1- Frequency distributions (cumulative and normal) for canola agronomic indicators in Miankaleh Dehestan, Behshahr

county (including A: field size, B: farmer's experience, C: cultivars, D: sowing date, E: growth period duration, F: sowing
methods, G: seed rate, H: plant population, I: nitrogen top-dressing, J: harvest date and K: yield)
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Table 2- Study of the significance of the studied (quantitative) variables on canola yield

5 bxse Re S
Variable Pr>F
() o 2860.01+297.63  -13.28+6.3  0.0428 0.0389 *
Age (year)
KJL») e w‘” 2450.87+152.17  -8.32#5.64  0.0217 0.1433 Ns
Production experience (year)
(Jl) ‘_’K g m,., 2323.1+115.34  -8.62+11.19  0.006 0.4427 Ns
Canola production experience (year)
(Lse) JS colue

Total canola area (ha)
(Jls) ¥l eSSl Jlo 3]
Last year of legume cultivation (year)
(223) (M Jgparee sLli:
Previous crop residue (%)
(o03) iSj oo
Drainage problem (score)
(o09) (S35 S
Waterlogging problem (score)
(dlaw) e Sl
Plowing count (count)

() Sy dlasws
Disk count (count)

2366.62+98.18

2288.64+88.53

2192.13+217.09

-31.9+17.73 0.032 0.0751 Ns

-24.79+33.13  0.0057 0.4562 Ns

2550.5%£316.21 -161.66+169.26 0.0092 0.3419 Ns

2282.19+82.68 -202.4+220.97 0.0085 0.3619 Ns

2274.48+83.34 -127.5+215.19 0.0036 0.5549 Ns

2158.83+163.49 79.26+114.75 0.0048 0.4914 Ns

25.3+77.83  0.0011 0.7458 Ns
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(LS )3 p)Soks) 5ds ylade
Seed rate(kg.ha™)

(o l) CdlS 3as
Sowing depth (cm)

(32 Jol 31 59,) 59, 4 cedlS 06

Sowing date (days after September 23)

(LS 53 p 5 5kS) b (RIS (g e
Base N (kg.ha™)

(LS )3 p)S5kS) by Al (ol 3987 ke

Base K (kg.ha™)

(S 5 p5olS) 4l yaud Hlude
Base P (kg.ha™)

(USa 5 p,55hs) 3,555 (alls 358 i

Base S (kg.ha™)
(S ) £,55kS) Al majure e
Base Mg (kg.ha™)

(e )5 p,55kS) aly ool e
Base Fe (kg.ha™)

(S 5 p SolS) a4l 350 Hlado
Base Mn (kg.ha™)

(LES2 )3 p,55kS) 4l g9y slde
Base Zn (kg.ha™)

(LS )3 p)5kS) Sengaenl jlade
Humic acid amount (kg.ha™)
(3lass) S paw 258 Slass
Top-dress count (count)

(S 13 p,SolS) Sy alls 59500 jlde

Top-dress N(kg.ha™)
(LS )3 p)SokS) S yand e
Top-dress P(kg.ha™)
(LS 3 p)SokS) S alls (oliy e
Top-dress K (kg.ha™)
(LS 53 S okS) S 3,555 )l
Top-dress S (kg.ha™)
(dhw3) o gutripunl dlass
Humic acid count (count)
(LS )3 p)5kS) Sengaewl jlade
Humic acid amount (kg.ha™)
(3hss) Syslgbges Slass
Fulvic acid count (count)

(ES2 )5 p,55LS) Saglsdanusl e
Fulvic acid amount (kg.ha™)

(dlaw) 985 dlaws
Booster count (count)

(LS )3 p)SkS) (g 395 )lade
Booster amount (kg.ha™)

1938.12+263.9

2160.58+195.75

2068.01+185.8

2277.41+98.2

2195.92+95.96

2298.24+121.35

2238.72+91.44

2263.66+80.84

2250.41+78.68

2250.41+78.68

2248.79+78.59

2266.08+79.23

2385.95+249.46

2018.48+211.5

2234.21+77.59

2247.8+81.52

2217.04+82.5

2191.94+90.48

2238.75+81.69

2260.16+79.01

2260.16+79.01

2288.39+89.48

2265.37+85.35

41.35+32.6

43.45+80.05

8.07+7.17

-1.58+4.75

4.49+4.03

-1.58+3.63

0.78+1.91

-10.61+34.73

1070.84+1123.99

1873.98+1966.98

79.23+71.37

-8.03+10.99

-32.01+59.19

1.2+0.99

408.61+188.19

3.47£7.49

20.4+13.74

115.72+80.93

5.97+7.19

-225.16+790.1

-450.31+1580.2

-56.45+79.72

-7.73+34.37

0.0162

0.003

0.0128

0.0011

0.0125

0.0019

0.0017

0.001

0.0092

0.0092

0.0124

0.0054

0.003

0.0149

0.0459

0.0022

0.022

0.0204

0.007

0.0008

0.0008

0.0051

0.0005

0.2076 Ns

0.5885 Ns

0.2627 Ns

0.7411 Ns

0.2683 Ns

0.6637 Ns

0.6826 Ns

0.7607 Ns

0.3431 Ns

0.3431 Ns

0.2696 Ns

0.4667 Ns

0.5899 Ns

0.2261 Ns

0.0323 *

0.6439 Ns

0.1408 Ns

0.1559 Ns

0.4079 Ns

0.7763 Ns

0.7763 Ns

0.4805 Ns

0.8225 Ns
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O+

(sa) aipal dpnol slaws
Amino acid count (count)
(S 43 (57) (Eye 355 e
Poultry manure amount (t.ha™)
(LS )3 o5) (ol 357 e
Animal manure amount (t.ha™")
(slass) u.Susl ladd dlasy
Pesticide count (count)
(dlw) ezl xds wlads
Snail control count (count)
(dlw) LiScle clads slaws
Herbicide count (count)
(shaw) Sz, cwlads dluss
Fungicide count (count)

(dlas) (puzg Dl
Hand weeding count (count)

(@royie »» G32) @yayio 3 13 g2 oS5
Plant density (plants m™)

(@rore > S5) @porie 3 jp e (515
Weed density (plants m2)

(320 Jgl 31 59) ceiilsp 206

Harvest date (days after September 23)

(0209) 029 JSe
Lodging problem (score)
(b)o;) 1l ‘SAM
Pest problem (score)
(o305) S)lom JSiito 0505
Disease problem score (score)
(o) 550 ile o o0
Weed problem score (score)

2227.83+82.85

2229.3+81.77

2243.64+81.15

2209.62+89.67

2180.04+80.08

2568.71+135.7

2300.67+99.42

2438.01+86.62

2167.96+191.44

2315.49+85.17

3756.22+2509.6

1675.28+321.77

1857.89+801.17

2439.9+205.4

2913.35+127.23

180.08+164.43 0.0121 0.2761 Ns

0.14+0.12 0.014 0.2411 Ns
0+0.01 0.0048 0.4931 Ns
112.29+102.19 0.0122 0.2745 Ns
278.08+£95.72  0.0793 0.0045 **
-248.64+90.06 0.0722 0.0069 **

-99.45+142.03  0.005 0.4855 Ns

-353.14+90.8  0.1337 0.0002 **
1.38+2.68 0.0027 0.6076 Ns
-3.11+1.89  0.0267 0.1044 Ns
-6.14+10.28  0.0036 0.5517 Ns

554.89+297.48 0.0343 0.0651 Ns

396.06+789.42 0.0026 0.617 Ns

-166.97+174.22 0.0093 0.3402 Ns

-334.41+55.16 0.2728 0 **

b (I Gxe pAs g Moy B wio)d ) zgkaw ()1 dxe 023 LS (i Ay NS

* ‘**

#%, % and ns are significant at 1%, 5%, and non-significant, respectively.

155 3, os 52 anlllae 3,90 (S (S puiio (6,13 Sx0 (o) 2 Y Jgi
Table 3- Significant study of the studied (qualitative) variables on rapeseed yield

ik @il a2y Olupe (ile )l
Variable df Mean of squares  Pr>F
il it Wbl i 1 7221915 0.0004 **
Previous summer: Fallow
28 1 3 alls a2 1 575154 0.335 Ns
Previous summer: Sesame
4y it Al oS 1 1434083 0.1265 Ns
Previous summer: Cotton
& ik bl ciS 1 5659569 0.002 **
Previous summer: Rice
13,5l ¢ L wliwols coss’
oS i 1 1096931  0.1821 Ns

Previous summer: Sunflower
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S 1L il S
Previous summer: Tomato
b 1 L8 bl cuis
Previous summer: Soybean
ailgain 1 L8 ailiunl cuss’
Previous summer: Watermelon
PS5 1 L8 ol cuiS
Previous fall: Wheat

Previous fall: Canola

Previous fall: Fallow

Ols)iglz_éi tsld ojmly cuss
Previous fall: Sunflower

5 ishd ol cuts
Previous fall: Barley
M ;LS ool cuis
Previous fall: Faba bean
ol oads plooil teseds
Plowing: Yes/No
ool plagl i Ky
Disk: Yes/No
PRV PAW pll ulawd
Leveling: Yes/No
odiiford plosl ;S dlle
Harrowing: Yes/No
ol o plodil : Setedd
Seed treatment: Yes/No

15 bl e 51,8 5 o0l

Use of Carboxin Thiram - Domestic

B Pl eS8l oalatl
Use of Carboxin Thiram - Foreign

33055 95 3 esliz
Use of Tebuconazole
JLER SRR 3
Cultivar: Zafar
0+ Youlo o05CuiS o3,
Cultivar: Hayola 50
)Jl)) ASCS p,é)
Cultivar: Trapper
851y0 oAduiS’ o8,
Cultivar: Drago
gy 0A5CS o8
Cultivar: Ritmo

231851

178951

168224

6538425

1011332

1974547

2037124

18433

437211

205203

20294

74916

1754636

5393636

326688

584482

3953019

612653

1480625

9520

1998880

50886

198146

0.541 Ns

0.5913 Ns

0.6027 Ns

0.0008 **

0.2003 Ns

0.0723 Ns

0.0679 Ns

0.8633 Ns

0.4008 Ns

0.5653 Ns

0.8566 Ns

0.7284 Ns

0.0906 Ns

0.0026 **

0.4679 Ns

0.3311 Ns

0.0103 *

0.3196 Ns

0.1205 Ns

0.9015 Ns

0.0706 Ns

0.7748 Ns

0.5721 Ns
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R 1 1169658  0.1681 Ns
Cultivar: Neptune
il ‘ oAdntS “’%’ 1 816343 0.2502 Ns
Cultivar: Imperio
esifod ploxl i Jloydy 1 411446 0.4151 Ns
Seed coating: Yes/No
P rassgtlord 2l 1)k g5 1 1325336 0.1421 Ns
Seed type: Certified/Self-consumed
el 0252155 ) ] oslia] 1 533267 0.3533 Ns
Use of: Sonasi certified seed
Sk osliz 1 4310233 0.0073 **
Use of row planter
g il 5l o3zl 1 383471  0.4315Ns

Use of centrifuge
Pl 1S )
Sowing method: Hand broadcasting
AL 258 5l ealazl

2171211 0.0593 Ns

. 1 3175621 0.022 *
Use of base fertilizer
4k 0o 355 5l edlizl 1 1450 0.9615 Ns
Use of base N
4l ol 298 3l oolizul 1 112309 0.6707 Ns
Use of base K
4l jiud 395 | oolizu 1 1492415 0.119 Ns
Use of base P
4k 2,555 355 | olizl 1 600045  0.3247 Ns
Use of base S
i 3l oot 1 23824 0.8448 Ns
Use of magnesium
ol 5l odliz 1 556268 0.3431 Ns
Use of iron
e oali 1 556268 0.3431 Ns
Use of manganese
9y jl oot 1 1261113 0.1522 Ns
Use of zinc
ol Sgogen 5l eolit 1 177409 0.5929 Ns
Use of humic acid
S 3,555}l ool 1 1459739 0.1232 Ns
Use of top-dress S
Seogeniol  odliz 1 1137112 0.1742Ns
Use of humic acid
gl Syglgh 5l eolic 1 50189 0.7763 Ns
Use of fulvic acid
o 358§l edlizl 1 931338 0.2192 Ns
Use of booster fertilizer
el sl 51 03lizs 1 1708407 0.095 Ns

Use of amino acid
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iy 355 5 onlial
Use of poultry manure
o 258 5 ealazl
Use of animal manure
S sl oslizl
Use of pesticide
Oy ymlo 5l oolane!
Use of Cypermethrin
ooV 51 oslial
Use of Malathion
Olewygd 3l oolaul
Use of Dursban
Wl ol 51 olitusl
Use of Acetamiprid
O3k I edlal
Use of Diazinon

Ogwosw | odlaul
Use of Sumithion

9551 s 3 sl
Use of Zinc Agro
Opelds leolazl
Use of Deltamethrin

ey 3l edlal
Use of Permethrin

oS 5d) (89S 6 il ealisal
(Use of Trichlorfon
y3eisS  oolizl
Use of Confidor
Llaite ;I edlitl
Use of Metaldehyde
Pgw )‘l odlésiwl
Use of Sevin
Oyl 9 dlp (ol 5l olil
Use of Acetamiprid + Cypermethrin
ooy 5 by (olil 1 oolisl
Use of Acetamiprid + Profenofos
052k g by (oolil ) orlazul
Use of Acetamiprid + Diazinon
293855 5 9,51 (59, jl odlil
Use of Zinc Agro + Confidor
Lol g oy o yplo I edlawl
Use of Cypermethrin + Metaldehyde
o9l a8
Snail control
oiSile 51 ealitl
Use of herbicide

3314037

27915

456690

70040

198146

352138

348425

483834

1965414

227036

580222

41096

556268

522430

358918

23985

1928951

636

584340

2162025

6289913

1329127

0.0192 *

0.8322 Ns

0.3905 Ns

0.7371 Ns

0.5721 Ns

0.9972 Ns

0.451 Ns

0.4534 Ns

0.3767 Ns

0.073 Ns

0.5453 Ns

0.3328 Ns

0.7971 Ns

0.3431 Ns

0.3583 Ns

0.4467 Ns

0.8443 Ns

0.0758 Ns

0.9745 Ns

0.3311 Ns

0.0599 Ns

0.0011 **

0.1415 Ns
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oy

o5 3l eslizl
Use of Trifluralin
Sl s 51 oalazl

Use of Butisan Star
oo S 1 oo liu!
Use of Select Super
VB gl oolizul
Use of Super Gallant
590 5 eolazl
|Use of Lontrel

59 g prgw cSlu LIS 3l oslisl
IMix of Select Super + Lontrel
L9 S 5 pgw cShe LI 51 aslizl
Mix of Select Super + Clean Weed
oSS 3l ealisl
Use of Gramoxone
el 31 U ol ) eolizl
Use of Roundup pre-sowing
as 3o ansls il 51 oslizl
Use of Roundup field margin
©9PF L dle (¢,548)
Spot treatment with 2,4-D

u&fc)lﬁ )l odléiw!
Use of fungicide

oS zB wlds sl
Fungicide count
eds 3l oolizal
Use of Tilt
95598 31 oalazl
Use of Folicur
Juto blBgss ;1 olaul
Use of Thiophanate-methyl
5eSSle 5 ealazl
Use of Mancozeb
1255 5 ange 5 LIS J oalis
Mix of Tricomix + Nutrica
oduds/ond plol z oy g
Hand weeding: Yes/No

D 19 UP9)
Weeding method: Hand

1

2632898

32192

604574

1073756

1077468

1573850

1965414

23985

923351

547053

32192

2575

301732

2243032

1533982

50189

178951

483834

7505541

3012987

0.0374 *

0.82 Ns

0.3229 Ns

0.1827 Ns

0.186 Ns

0.1093 Ns

0.073 Ns

0.8443 Ns

0.2212 Ns

0.347 Ns

0.82 Ns

0.949 Ns

0.485 Ns

0.0552 Ns

0.114 Ns

0.776 Ns

0.591 Ns

0.377 Ns

0.00033 **

0.0258 *

i (6D e pae g Mo B o )d N zalaw 13 (gl gixe odiad LS i 4 NS g

* ‘**

#%, % and ns are significant at 1%, 5%, and non-significant, respectively.
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23 0353)ly (e (sl it I Sy b ot g 3, Skos S gyl
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(V) doleo

Y (kg.hal) =-224653 + 308.343X; +347.366X,
+465.235X3 +666.055X, -233.732X5-72.294X5

Sade Xz by 3,565 565" 5 ealil X1 ,Sdes 1Y (o j> &S

Bl X5 gl @8> Xa caisol Al I o3kl Xa oSy yiud
F Jods 3 aib o g Sl Xe g il I ool cladd
03l )i aa S 3gumme Jalse I Ky ppes o 1S 3,Shoe S
9 YYFY i ypdy wSlis 5 buwgio 3)Shas (Jdo gubs .Cunl 00
o5 3y Shos WS S 03] peds HliSas 53 p,55kS FYAA
¥ Jpiz aag b as og )lSe 13 p)Sols YOO) odod;
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Table 4- Regression results of the effect of different variables on the yield gap of canola
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Fig. 2- Frequency distributions (cumulative and normal) for nutrient management and pest/weed control in canola farms,
Miankaleh Dehestan, Behshahr County (including: A. base sulfur Fertilizer, B. top-dress phosphate fertilizer, C. amino acid
application, D. snail control, E. weed problems, F. herbicide use or non-use, and G. number of herbicide applications)
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