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O INVESTIGATE the factors affecting irrigated wheat yield loss, compared to the attainable

yield, a non systematic survey experiment was conducted in 60 fields in the city of
Parsabad-Moghan, during two years 2013-2014 and 2014-2015 using Comparative Performance
Analysis (CPA). Sampling of wheat fields was performed randomly from 5 different points of
each farm using a square meter. All the information about management operations, soil and crop
characteristics including seed bed preparation, planting date, varieties and their site preparation,
seed rate, planting ways, weeds control ways, amount and timing of herbicides and fungicide
use and wheat harvest time were recorded during a seasonal year using questionnaire. At the end
of the seasonal year, the actual yield harvested by farmer’s was recorded. Among the various
parameters, planting time, spike density, the number of split application of urea, land preparation
operations, farmer experience and repeated use of fungicides had significant effects on wheat
yield. The results showed that the average actual yield (6431.85kg/ha) and attainable yield
(8749.27kg/ha), were different with a gap of 2317.42kg per hectare. The share of each of the
factors were: Wheat planting time of yield gap 18%, spike density, 29%, the split application
of urea 20%, land preparation operations 4.6%, farmer experience 14.3%, repeated use of
fungicides 13.4%. The improvisation cases referred above can reduced yield gap and increase

yield to more than 8.7ton/ha.
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Introduction

Due to different involving factors like various
diet conditions, destruction of arable land,
growing competitive struggles for water and
energy and many other factors, the security of
food industry has become vulnerable (Ray et
al., 2013 and Sharma et al., 2012). Ensuring
sufficient food production has been an important
challenge throughout the world. A great number
of international organizations are cooperating to
find a way to fulfill human need to food and at
the same time to conserve land quality for coming
generations. Having good knowledge of land and
production management should be a necessary
task for users of agricultural lands and decision
makers as well. In order to meet the need to
increasing demand for food, it is still significant to
use a system to control yield gap close (Kayiranga,
2006).

Farmers everywhere are seeking to improve
their life quality by increasing household
welfare, such as food security and their earnings,
but when they want to adopt technology, they
face so many obstacles. That’s why many studies
about yield gap have tried to realize constrictions
causing this failure resulting in increased yield
gap in comparison with they expect from analysis
of economics and risk avoiding plans (Fischer
et al., 2014). One of the strategies which may
solve this problem is quantify the production
potentiality of farmland in order to determine
ways to boost the yield of main crops (Patrignani
et al., 2014). This can be done by applying high
yielding management practices (Yang et al.,
2008) and closing yield gaps between farmers’
actual yield and potential yield (Cassman et al.,
2003; Licker et al., 2010; Tilman et al., 2011 and
Mueller et al., 2012). Yield gap closing has been
a slow process in general. Taking this, during
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the past 20 years, average differences between
annual international rates increases in farm and
in potential yield were only 0.5% of farm yield
(Fischer et al., 2014).

Yield gap is referred to as the diversion of
yield on experimental station and actual yield
in the fields. Interfering factors for yield gap is
known as yield constraints (De Bie, 2000). For
many researchers, yield gap has been a challenge
as a factor narrowing yield. According to De Bie
(2000), yield gap can have at least two attributes.
It can have minimum of two attributes. The main
factor which refers to general not transferable as
the environmental condition and some internal
technologies which are in hand at research
stations. This parameter is the main difference in
management practices. The second component
of yield gaps in mainly the result of differences
is management practices. When farmers apply
suboptimal doses of inputs and excessive cultural
practices, management gaps start to arise. The
second form of yield gap can be managed which
can be narrowed by applying more endeavor in
terms of research and extention services beside
appropriate intervention from government
authorities.

Decreasing yield gaps in main crops
using effective management operations can
cause the production to be improved, beside
giving environmental and economic benefits.
Investigating the yield gaps in the aimed crops can
lead to better understanding of yield variability,
yield capacity, and the input effectiveness of
these crops may reveal suitable pathways for
boosting agricultural efficiencies (Fischer et al.,
2009; Carberry et al., 2011 and Van Ittersum et
al., 2013).

CPA is one of the methods used to quantify
the yield gap. Using this method, the main yield
limitations and some quantified functions for the
yield gap are determined. In the comparative
analysis using multiple regression and stepwise
analysis (Rezaie & Soltani, 2007) function
limitations, and consequently production model
will be determined. Understanding the functional
limitations can help us in trying to reduce yield
gap. Reducing the yield gap not only helps to
increase yield and production, but also improves
the working efficiency of land use, reduce
production costs and increase yield stability
(Torabi et al., 2011). For prosperous CPA, the
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investigations must concentrate on specific
land use class and the system of land use under
survey must be reflected the whole prevailing
range of environment condition and different
technology use. Appearing in a specific area of
study CPA considers the different conditions of
the environment aspects (De Bie, 2000).

Yield gaps in a region and among farming
households can be related to management in
agronomic practices (Fanadzo et al., 2011).
Realization of farming management practices in
Moghan is therefore a main input point by the
aim of boosting food fruitfulness and decreasing
within site yield gap. This study suggests an
agronomic study method which is used to
determine yield gap and variability in wheat
grain yield among different farms and identify
the key affecting factors in order to improving
strategies. For instance, local-level grain
yield measuring along with the assessment of
management practices are necessary to find the
main causes and opportunities.

The study aimed to (I) Demonstrate an
approach for farm level agronomic survey,
quantify the gap between current and attainable
yields for Wheat in the Pars Abad Moghan, (II)
Quantify production constraints that contributes
to the current yield gap and (III) Increase wheat
yields through agronomic means in different
wheat cultivars in Pars Abad Moghan.

Materials and Methods

This research was carried out at the
Agricultural and Natural Resources Research
Center of Ardebil Province (Fig. 1) in
northwestern Iran (39° 41'N and 47° 32'E;
altitude: 45-50masl). Weather data (precipitation
and air temperatures and Humidity) were
obtained from a meteorological station situated at
the same location where the trial took place and
reported as mean decade data, together with 26
year averages for temperature and precipitation
(Fig. 2). According to the Pars Abad, Moghan,
synoptic station, it is a semi-arid region with
mild winters and hot summers. The maximum
and minimum temperature was 37°C in June
and -13.2°C in January. The average rainfall
was 317mm and relative humidity was 76%
according to the meteorological information
during these two years of experiments.
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Fig. 1. Location of Parsabad Moghan Basin in Ardabil province, Iran.
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Fig. 2. Long-term average of monthly maximum, minimum and mean temperature (°C), Rainfall and humidity
recorded during the period 1989-2015. (Arrows indicate the growing period of wheat (October—June) in these

areas).

Data collection and research method

Sixty farms were selected for two consecutive
years (2013-2015) and all necessary information to
the survey was collected from the farms. Selected
farm management practices, including seed
bed preparation, operation (including planting,
irrigation and weed fight) and harvested were
done under the supervision of experts for wheat.
Despite, conditions of the farms were diverse in
operation management. Information on physical
and chemical properties of soil, data management,
including the preparation of planting bed (type,
number and timing of plowing, etc.), the use and

location of formulated packages, planting, fertilizer
(type of fertilizer nitrogen rate and the number of
using fertilizer), weed fight, pests and diseases,
including type of toxin and the toxin intake, number
and timing of irrigation, harvest time, information
on crops including registration and performance
measurement and yield components, the stem
elongation, heading, pollination and grain filling
and the leaf area index of selected plants from
each field (10 plants randomly) were calculate and
recorded. To determine the yield, the relationship
between all variables (qualitative and quantitative,
qualitative variables were coded as zero and one)
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were measured and performance through stepwise
regression method (Torabi et al., 2011) were
examined. The final model was determined by
the controlled trial and error method, which could
quantify the functional limitations. By putting
the average observed variable (Xs) in 60 farms
of the study, the model calculated the average
performance. Then by putting the observed value of
the variables in the model, the maximum attainable
yield was calculated. The difference between the
two was considered as the yield gap. Yield gap
ratio for each variable represents the contribution
of each variable’s performance to total yield
gap which is shown in percent in Table 1. SPSS
software was used to analyze the data. The research
method is shown in flow chart (Fig. 3).

Results and Discussion

Temporal trend of wheat yield

The Fig. 4 shows the temporal trend (1996-
2015) of local wheat yield and production level.
Based on this figure, a high variability in the wheat
yield is observed over the years. Many farmers
are not aware of the causes of yield variability.
The increase in production was mostly due to
the increase in the area under cultivation in the

region. During this period, grain yield has been
decreasing.

Descriptive statistics

Figure 5 shows the distribution of yield data. In
order to test normality, the 60 yield data obtained
were subjected to descriptive analysis. This is done
to fulfill the assumption of regression analysis
since dependable variable must have a normal
distribution. There are some sufficient statistical
rationales that data are normally distributed. the
p-value for Kolmogorov - Simrnov 2-tail test using
as average 6327kg/ha and as standard deviation
1189kg/ha had a non-significant probability that
data the follow a non-normal distribution, this
there is not enough evidence to suggest that the
date are not normally distributed. Transformation
of the yield date was therefore not required.

Regressions

A stepwise multiple regressions was performed
to obtain a model to determine the kind of
management practices that can alter wheat yield
variability in an effective way in the experimental
area. The most important variables that had a
significant impact on yield were used for stepwise
multiple regression analysis.

TABLE 1. Quantification of wheat yield gap by yield constraint.

Variables Coefficient Measured amount in Measured amount in Gap
the farm the model
Average Optimum Average Selected amount o
%o
amount amount  (kg/ha)

Intercept 7254.22 1 1 725422 7254.22 0 0
Planting date -17.98 73.22 50 -1316.5 -899 -417.5 18
Spike density 3.8 486.3 668 1847.94 25384 690.46 29.7
Number of split fertilizer or Urea 422.21 1.95 3 862.31  1326.63  464.32 20
The number of operations to prepare 268.43 543 5 -1449.52 -1342.15 -107.37 4.6
the land
Farmer’s experience -21.39 47.52 32 -1016.45 -684.48  -331.97 14.3
Number of repetitions fungicides 182.68 1.3 3 237.48  548.04 310.57 134
Average yield(kg/ha) - 6327 8600 - - - -
Estimated yields(kg/ha) -0 - - 6431.85 8749.27 -
Estimated yield gap -0 - - - - 2317.42 100
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Fig. 3. Flow chart of research method.
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Fig. 4. Temporal trend of wheat yield and area in Parsabad Moghan, data source (Agricultural Organization of
Ardabil, 2015).
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Fig. 5. Right: Distribution of yield date and fitted normal distribution curve and Left: Normality test for yield date.

Production models and yield gap by yield
constraints

In this regression, the yield per unit area was
considered as the dependent variable and other
variables such as planting date, spike density,
using urea, preparation of the land, the farmer’s
experience and the number of repetitions of
fungicides were used as independent variables.
The results can be seen in equation. Finally, using
this equation, the actual yield, the attainable yield
and the contribution of each variable to reduce
performance were determined.

Y (kg/ha)=7254.22-17.98 (PD)+3.8 (SD)+422.21
(NSF)-268.43 (NOP)-21.39 (FEP)+182.68 (NRF)

where: Y is yield, PD: Planting date, SD: Spike
density, NSU: The number of split fertilizer or
urea, NOP: The number of operations to prepare
the land, FEP: Farmer’s experience and NRF: The
number of repetitions fungicides.

Figure 6 conveys the relationship between
the obtained actual and estimated yield having
correlation coefficient (R= 0.94, significant at
0.01, P=0.000). Standard error and coefficient
variation (CV) are 458kg/ha and 7%, respectively.
These statistics shows that the model has a proper
exactness and can be used to determine yield gap
and the proportion of each yield constraints.

Table 1 shows the estimate yield gap (kg/
ha) and the proportions’ of each yield limitation
factors to the overall yield gap. By means of
production function and parameter statistics, the
average and optimum amount were obtained for
each explanatory parameters. The calculate of the
relevant attribution are based on comparison of the
level of average yield and best yield obtained from
investigated plots (60 samples). The difference
in yield multiplied by the coefficient suggested
by the model indicates the contribution to overall
yield gap for each particular variable.
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Fig. 6. Relation observed and estimated yield relationship.
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The model estimated maximum and
average yield as 8749.27 and 6431.85kg per
hectare, respectively which shows a consider
ability difference. The total estimated yield
gap of 2317.42kg/ha appear to be the result of
management and biophysical constraint (Fig.
7): Planting time (18%), spike density (29.7%),
number of split application of urea (20%), land
preparation operations (4.6%), farming experience
(14.3%) and repeated use of fungicides for wheat
13.4% is verfied.

Yield and planting date

The analysis of management parameters
indicates six major constraints that significantly
affect wheat yield in the study area. The average
yield gap was 2317.42kg/ha (Table 1) due to
above factors. Most of farmers in Parsabad
Moghan are not aware that they could increase
yield by improvement of management practices.
Identifying the causes of gaps will provide
actionable information to enhance food security.
It is obvious that substantial improvement
could be determined in wheat yields in Moghan
providing that wheat is planted on time and plant
stands are good. The results CPA in Table 1 show
that planting date with 18% yield gap is one of the
factors that create a gap between actual yield and
attainable yield. The model output suggests that if
farmers cultivate on 20 November (50 days after
the September, their yield increases at a rate of
417.5kg per hectare. Farmers in the region plant
autumn wheat late and in a bad weather conditions
due to poor crop rotation (corn as second
crop) leading to late harvesting of maize (late
December). These conditions, in turn, increases
density and the number of operations required to
produce the crop. In Parsabad Moghan, wheat is

mainly planted on 38 to 100 days after the first of
October. As it can be seen in Fig. 8 by increasing
the number of days from the beginning of October,
the yield is dropped significantly (P<0.01).

Planting date and yield gap

It is well obvious that remarkable increases
can be determined in wheat yields in the Moghan
if wheat is cultivated on time and plant stands are
proper. Doing a pilot project based on a variety
of cultivars showed that timely planting can help
to improve yield and reduce wheat yield gap.
Selection of the most ideal time (November 21)
and suitable time November 6 till December 6)
for planting in the Moghan region reduced the
average yield gap from 2322, respectively to 537
and 1366kg/ha (Fig. 9). The results of planting
time showed that the optimum planting date in
the region (Moghan) is from of November 6 to of
December 6.

Mabhloji et al. (2000) also investigated the
effect of two planting date (7% of May and the
7% of July) and water stress on yield and yield
components of bean in Isfahan stated that the
delay shortens the development phases and
also accelerates the ripening time and flowering
(vegetative period) resulting in a 29.6% yield
loss. Flowers et al (20006) stated that planting date
had a great effect on wheat yield and decreased
yield up to 24%. Others stated that the reduction
in yield caused by the planting date could be due
to the shortening of the grain filling period, the
increase in temperature during the grain filling
period, the reduction in the number of seeds, the
weight of 1000seeds, the reduction in density and
other factors associated with grain yield (Kumar
et al., 2013; Hassan et al., 2014 and Kerr et al.,
1992).
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Fig. 7. The contribution of the major limiting factors to wheat yield gap.
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Spike density and yield gap

Spike density per unit area is one of the factors
affecting grain yield. The results of field survey
(Fig. 10) show that by increasing the density of
wheat spikes per square meter, yield increases
significantly and linearly (P<0.01). Among the
variables examined in the Table 1, removable
spike density had the highest proportion (29.7%)
in creating the gap between the actual yield and
attainable yield. Spike Density in wheat is mainly
affected by planting date. The data obtained in
the field survey showed that wheat farmers who
planted on an optimal date (from 15 November to
15 December) had more spike density and greater
yield.

Egypt. J. Agron. 40, No.3 (2018)

Fertilizer aplication and yield gap

In the study area, the application of fertilizer
(Urea) was done differently. One of the reasons for
yield variations between farms is due to the variation
of N fertilizer management such as splitting,
timing and amount of N fertilizer application.
High yield, profitability and sustainability are
the important effects of split application of urea
fertilizer. Using urea in two or three phases, helps
producers increase productivity of plants, increase
yield and reduces wasting urea by leaching,
volatilization and denitrification (Shirinzadeh
et al., 2017). According to Fig. 11, the range of
nitrogen fertilizer use was 550kg the fields. The
region farmers have an average consumption
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of 356kg urea fertilizer. According to the third
quartile, 75% of farms had urea consumption of
450kg. The results of biomass analysis (Fig. 12)
of different farm fields indicated that maximum
nitrogen recovery efficiency (224kg/ha) observed
in November sowing date with 350kg/ha of urea
fertilizer in three stages, tillering, stem elongation
and booting. Also, nitrogen use efficiency among
the farmers in the region was an average of 16.6kg/
kg of nitrogen. While, the figure in England was
reported at 26.5kg/kg of nitrogen (Sylvester-
Bradley & Kindred, 2009), it has been shown
than manure increase yield (Zingore et al., 2008).
The present study, also conveys that farmers who
applies manure in large amount and frequently
apply it less efficiently than those who apply it in
less quantities.

Suitable agronomic management by using
fertilizer can play an important role in reducing
the yield gaps in the region through increasing

actual yield. Optimization of nitrogen with the
nitrogen supply in the crop can improve the
recovery of nitrogen efficiency. So split use of
nitrogen fertilizer is an effective way to increase
the efficiency of urea use which will significantly
be effective in disease control and prevention of
water waste in irrigation of wheat, reducing the
risk of freezing and ultimately increasing wheat
yield (Shirinzadeh et al., 2017). In Parsabad
Moghan (Fig. 13), Based on different N rates (120,
240 and 360kg ha') and application time (T1, T2,
T3 and T4), a wide range of wheat grain yield was
obtained; grain yield ranged from 3890kg ha
to 8300kg ha' (Fig 1). Result of N rates and its
timing interaction effects indicates that maximum
wheat grain yield was obtained from 360kg N ha™!
when it was completely used in T2 (application
in tillering, steam elongation and grain filling in
three stages) as well as T4 (nitrogen application
in sowing, tillering and grain filling).
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Regression relationship of split urea fertilizer
after planting reveals significant relationship
between independent variable and yield in farmers'
fields. Farms in which used urea fertilizer at right
time and replication, had a higher yield (Fig 14).
The results of the comparative analysis showed
that optimum nitrogen fertilizer consumption
could eliminate 20% of wheat yield in the studied
area (Table 1) (Hajjarpoor et al., 2016). Using
this method stated that improper management
of nitrogen consumption caused a 25% decrease
in wheat yield in Gorgan province. Torabi et al.
(2011) reported the impact of this restriction in the
same region 18%.

Land preparation

Based on comparative analysis, land preparation
operation were one of the factors affecting grain
yield. Operations management of agricultural
land which in turn affects the management of
water, machinery, density and row spacing is the
result of the implementation of incorrect crop
rotation imposing the late planting of wheat in a

Egypt. J. Agron. 40, No.3 (2018)

bad weather conditions and low temperature to
the farmers of the region. This condition increased
land preparation operations for wheat. Figure 15
shows the regression relationship between land
preparations and planting time which indicates the
significant relationship between this independent
variable and yield in agricultural fields (P<0.01).
By increasing the number of land preparation
practices, the yield has decreased.

Some researchers noted heavy traffic, increase
the intensity of the physical structure of the soil,
unsuitable and improper soil conditioning agent,
culture conditions as the factors affecting root
growth and plant tissues (Kay et al., 2006). Early
planting, suitable farm management (Anderson,
2010), results in reducing the number of operations
for providing land, improved physical and
chemical properties (Arvidsson et al., 2014 and
Romaneckas et al., 2012) of soil (Morris et al.,
2010) and biological properties (Melero et al.,
2009 and Morris et al.,, 2010), environmental
regulations and maintaining the optimum rate of
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nitrogen (Carver, 2010). Besides improving soil
structure, air and water infiltration and biological
and microbial activities (Soane et al., 2012),
reduces mineralization and increase soil organic
carbon in the long term which has impact on the
activity of soil microbial biomass (Alvaro-Fuentes
et al., 2013; Melero et al., 2009; Swedrzynska et
al., 2013 and Carver, 2010).

Experiences farmers

Technology transfer can be slow in farmers
of smallholdings. Good wheat agronomy requires
moderately high levels of farmer skill (especially in
pest control) and given that these crops in this region
are primarily grown by farmers of smallholdings.
In this study, there was an inversely significant
relationship between the farmer’s experience and
crop yield, which was probably due to the lack of
updated information among experienced farmers.
It seems that the old farmers are more willing to
traditional agriculture compared to farmers with
less work experience. The average age of farmers
was 47.52. Young farmers with a college education
had more yield than old ones. According to field
study, product performance significantly decreased
with increasing farmers’ age and experience.

Older farmers are more likely to use traditional
methods and show less interest in application of
new findings. Based on the variable of farmer’s
experience, wheat yield gap was 3.14 percent in
this study (Table 1). Nekahi et al. (2015) found
similar results in Bandar Gaz in Golestan Province.

Fungicide application

Because of the sensitivity of cultivars to disease,
especially Fusarium and wheat rust in Moghan,
yield is greatly affected by this variable. According
to the survey on wheat and comparative analysis
with stepwise regression method, frequency, type
and dose of fungicides to control the disease had
13.4% rate of impact in controlling the diseases
(Table 1 and Fig. 15). Correlation between repeated
fungicides and grain yield was 75% and farmers
could successfully decrease yield gap by 311kg by
increasing the number of fungicide consumption.
Figure 16 indicates a significant regression
relationship between fungicide and grain yield
and shows a growing function with the use of
fungicides. HGCA et al. (2001) stated in their
experiments that the effect of fungicide on disease
control was 15%.
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Fig. 14. Regression relationship between splitting urea fertilizer use and yield in the farmers’ fields.
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Fig. 15. Regression relationship between number of the land preparation operation and yield in the farmers' fields.
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Fig.16. Regression Relationship between repeatedly use of fungicides and grain yield in the farmers’ fields.

Conclusion

The yield gaps study on wheat in Parsabad
Moghan during 2013-2015 identified six
management and biophysical constraints. The
total estimated yield gap of 2317.42 kg/ha appear
to be following management and biophysical
constraint (Fig. 4): Planting time (18%), Spike
density (29.7%), number of split application of
urea (20%), Land preparation operations (4.6%),
farming experience (14.3%) and repeated use of
fungicides for wheat (13.4). Therefore to narrow
yield gap of wheat in the study area, by selecting
suitable planting date, farmers can be hopeful
to 18% of increase in yield per hectare. The
optimum planting date in the area (Moghan) is
from 6™ of November to 6™ of December. But it
is better to start planting date from the first half of
November and end on the first week of December.
Creating high density can be possible by planting
date, genotype and seeding rate. In this way, we
can create the appropriate density of 29.7 percent
(690.46 kg per hectare) to reduce the yield gap in
the area. High yield, profitability and sustainability
are some of the important effects of split urea
application. Using urea in two or three phases will
help producers increase productivity of plants for
nitrogen, increase yield and reduce waste in the
form of urea fertilizer leaching, volatilization and
denitrification. Based on production model, split
use of fertilizer will increase yield by 20%, or
464.32 kg ha''. Reducing the number of operations
was effective in improving the yield gap at a
rate of 4.6%. The cultivars used in Moghan
are susceptible or moderately susceptible to
Fusarium. The results showed that due to lack of
genetic resistance to disease, by selecting suitable
time, amount and type of fungicide used to control

Egypt. J. Agron. 40, No.3 (2018)

these diseases, we can be hopeful to partly chemical
control methods, increase yield. Frequent use of
appropriate fungicides was effective in controlling
Fusarium with the rate of 13.4%. Farmers’
experience is also one of the factors affecting the
yield gap in Moghan. Old and experienced farmer
more likely use traditional ways without regarding
the recommendations of the technical experts while
they should have updated information on to reduce
yield gap.
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