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Article Info ABSTRACT
Article type: Background and Aim: Increasing crop production is essential to ensure
Research Full Paper

food security for the growing population. To improve yield, it is
necessary to identify the yield gap in each region and determine the
factors affecting this gap in crop production. Numerous studies have
investigated ways to improve food security, and most of them emphasize
addressing the yield gap as one of the most promising ways to improve
food security. Various methods can be used to identify the reasons for
the yield gap in a city, district, province, or country. For example:
evaluating the gap related to one or more factors with actual or virtual
simulation experiments, evaluating the multi-factor yield gap in farmers'
fields using the comparative performance analysis method, the frontier
function method, and the combined or integrated method are considered
important methods for identifying the yield gap.

Article history: . .

Received: 2025-7-30  Materials and Methods: To document the production, this research was
Accepted: 2025-11-3  conducted as a survey in the agricultural years 2023 and 2024 in the
villages of Kurdistan province. In the first year of the experiment, 64
farms for caola, 76 farms for barley and 95 farms for wheat and in the
second year, same farms for each crop were randomly selected. The
mean of total cultivated area of the studied farms in the first and second
years was approximately 510 and 545 hectares, respectively. All
management practices of the selected farms were supervised by
agricultural engineers. The planting season was considered based on the
type of autumn crop. In this research, the CPA method (Comparative
Performance Analysis or stepwise regression) was used for data analysis.
To determine the yield model (production), the relationship between all
measured variables (quantitative and qualitative; qualitative variables
were coded as zero and one, and yield was examined through the
stepwise regression method).
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i/lff)l(?efrop Results: Documentation results showed that in fifty percent of wheat,
Potential barley, and canola farms, the amount of seed used varied by more than
Yied gap 180, 165, and 8 Kg ha™, respectively. Also, fifty percent of farmers used
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more than 50 Kg ha'. The average plant density in wheat, barley, and
canola was 422, 340, and 54 plants m”, respectively. Also, the
experience of farmers for cultivating wheat and barley was between 4
and 50 years, and for canola, it was between 4 and 30 years. The average
area of farms for wheat was 9 hectares, for barley, 4.5 hectares, and for
canola, 8.3 hectares. The Pishgam wheat variety, Bahman barley, and
Neptune canola also had the highest frequency in cultivation. In the
previous cultivation for wheat, barley, and canola, fallow, cereals, and
cereals had the highest frequency of presence, respectively. For seedbed
preparation, the use of moldboard plow in wheat and barley and
goosefoot cultivator in canola had the highest usage. Based on the CPA
results in wheat cultivation, the contribution of yield-limiting factors
was: 1) seed rate (Kg ha™): 39.7%, 2) urea fertilizer application after
planting: 30.1%, 3) plant density (plants m?): 13.9%, and 4) phosphorus
fertilizer application (Kg ha™): 16.3%. In barley cultivation, the
contribution of yield-limiting factors was: 1) seed rate (Kg ha™): 42.8%,
2) urea fertilizer application after planting: 20.6%, and 3) plant density
(plants m™): 36.4%. In canola cultivation, the contribution of yield-
limiting factors was: 1) farmer experience (years): 34.4%, 2) urea
fertilizer application after planting (Kg ha™): 18.0%, 3) plant density
(plants m™): 14.5%, and 4) phosphorus fertilizer application (Kg ha™):
33.5%.

Conclusion: The results generally indicate that by optimizing the
management of key agricultural factors such as the application of urea
and phosphorus fertilizers, seed rate, and plant density, while paying
attention to the skills of farmers in all agricultural operations of crops,
there is significant potential for improving crop yield in the studied area.
In general, the CPA method provides a systematic approach to
evaluating yield potential and identifying the main yield-limiting factors
in the studied area, which can provide targeted interventions to reduce
the yield gap. The results generally indicate that by optimizing the
management of key agricultural factors such as fertilizer application,
seed rate, and plant density, there is significant potential for improving
crop yield in the studied area. Addressing these management limitations
can help reduce the yield gap and increase the productivity of cropping
systems.
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Figure 1. Seed consumption rate in wheat, barley and canola fields in Kurdistan province
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Figure 2. Amount of urea fertilizer applied Pre-sowing in wheat, barley and canola fields in Kurdistan province
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Figure 3. Amount of urea fertilizer applied Post-sowing in wheat, barley and canola fields in Kurdistan province
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Figure 5. Plany density in wheat, barley and canola fields in Kurdistan province.
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Figure 4. Amount of Phosphorus fertilizer applied Post-sowing in wheat, barley and canola
fields in Kurdistan province
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Figure 7. Field area of wheat, barley and canola in Kurdistan province.
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Figure 8. Type of used cultivars in wheat, barley and canola fields in Kurdistan province.
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Figure 9. Type of rotation used in wheat, barley and canola fields in Kurdistan province.
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Figure 10. Type of used tillage in wheat, barley and canola fields in Kurdistan province.
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Table 1. Quantification of the yield gap and the contribution of each limitation to the yield gap in wheat in Kurdistan

province.
55 0k (S ol ,slia ) i
. Jode Lol acale slde ST R Yo
Lo ize s ) Calculated values
g i Measured values in with the model 5 Sas (42,3)
Variables Coefficients the field Yield gap Yiedl
oSk Sl oSSk Sl components  gap(percent)
Mean Maximum Mean  Maximum
(Intercept)liw 3 5 ,& -4264.1 1 1 -4264.1 -4264.1 0 0
Rseed 28.1 202 300 5676.2 8340 2753.8 39.7
UFA 7.8 84 350 655.2 2730 2074.8 30.1
Den 3.3 408.3 700 1347.4 2310 962.6 13.9
PF 6.2 67.3 250 4173 1550 1132.7 16.3
ol 3 Ses Al
(Real yield) 38 9000
Lngv:: 03 e :,}J.o&/
S - - - 3831 10775 - -
Estimated yield with
model
ol 03 et ”:W/ Sl
et - - - - - 6924 100
Estimated gap yield
with model

3 4l ) (51— Den (s s Df}_l,_S) C3lS 51 ey 03l 355 OB e Ol (UFA (LS s (ijl,_S) b 20 ks Ol e Rseed

LS 2 0 S 5kS) 0 phnd 55 Gz Ol PF 5 (0 %0

Rseed: Seed rate (kg/ha), UFA: Urea fertilizer rate after planting (kg/ha), Den: Density (plants/m?), and PF:

Phosphate fertilizer rate (kg/ha)
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Table 2.Quantification of the yield gap and the contribution of each limitation to the yield gap in Barley in Kurdistan
province.
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'ﬁw e field with the model 25kee (4222)
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Mean Maximum Mean Maximum components  gap(percent)
e Sl 2 0
-3032.6 1 1 -3032.6  -3032.6 0 0
(Intercept)
Rseed 25.6 186.2 300 4766.7 7680 2913.3 42.8
UFA 6 65.7 300 394.2 1800 1405.8 20.6
PF 16.2 46.3 200 750 3240 2490 36.4
s 2878 9000
(Real yield)
03 ‘e 3 ,)J.a&/
o by ea - - - 2878 9687 - -
Estimated yield
with model
e 3 Shes Dl
Joe b o 033 _ - - - - 6809 100
Estimated gap
yield with model

)}Sdrm L)‘_;;ﬂ PF}(J%_‘\)r}g}QS)Q&\SJ‘wa_)J‘é_}SJIAAQ‘ﬂ UFA‘(Jw)JrJf}L:S)&W).LQ\J:A :Rseed
.(J%J) @f}l,_S) ajiw.é
Rseed: Seed rate (kg/ha), UFA: Urea fertilizer rate after planting (kg/ha) and PF: Phosphate fertilizer rate (kg/ha)
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Table 3. Quantification of the yield gap and the contribution of each limitation to the yield gap in Canola in Kurdistan
province.
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Variables Coefficients cL Sl Yield gap Yiedl
SO Sl S Sl
ol 5 ol 5 components gap(percent)
Mean Maximum Mean Maximum
(Intercept)l i 3 5, 2624.7 1 1 2624.7 2624.7 0 0
Exp 21.2 7.6 30 161.1 636 478 34.4
UFA 2 76 200 152 400 248 18
Den 5.9 66.2 100 390.6 590 199.4 14.5
PF 3.1 152.5 300 472.7 930 457.3 33.1
(Real yield) 35 5 Slos - 4019 6000 - - - -
Lgb.,\,:: 03 e :,}J.a&/
Je - - - 3801 5180.7 - -
Estimated yield with model
ol 03yt ”:,D»Ln&/ S
Jae b - - - - - 1379 100

Estimated gap yield with
model

onlﬂ:PF)(Gfﬂjzﬁﬁ) 515 Den (s s Df,L_S) S 51 S el 555 G pae Ol (UFA G, 3LES 4 25 Exp
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Exp: Farmer Experiment (year), UFA: Urea fertilizer rate after planting (kg/ha), Den: Density (plants/m?), and PF:
Phosphate fertilizer rate (kg/ha)
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