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Evaluation of yield gap associated with crop management in
rapeseed productionusing comparative performance analysis (CPA) and
boundary-line analysis (BLLA) methods in Neka region
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Table 1. Climatic parameters during the growing season of rapeseed (2015-16) as compared to the
long-term period (2001-2016)
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Evapotranspiration Precipitation Mean humidity Sunshine
Month  Year temp. temp. o
°C) °C) (mm) (mm) (%) hours
yar-af
181 266 98.2 84.5 75 210.4
4 201415
- FAF-a8
Sep.-Oct. 163 253 90.6 61.6 77 2187
2015-16
Yar-af
_ 109 188 44.4 106.5 80 156.9
o7 2014-15
5 \FAF-a0
Oct.-Nov. 113 187 36.9 71.8 82 111.7
2015-16
Yar-af
. 64 141 19.3 78 82 1322
5T 2014-15
- P48
Nov.-Dec. 35 119 17.7 90.7 82 137.8
2015-16
ar_af
6 14.5 18.8 64.7 84 143
s> 2014-15
- FAF-a8
Dec.-Jan. 44 122 19.9 10 83 141.7
2015-16
YAr-af
48 118 20.5 92 84 133.2
e 2014-15
_ K448
Jan.-Feb. 4 10 39.6 91 83 106.8
2015-16
Yar-af
85 142 30.8 59.2 55 97.7
2014-15
March.- yqq¢_q4
Apr. 6.3 14 44.4 19.2 84 1872
2015-16
ar_af
. 109 183 72.1 63.4 81 175.4
235 2014-15
5 FAF-a8
Apr.-May 10 171 66.1 49.7 84 152.5
2015-16
Yar-af
166 233 113.2 16.6 82 197.3
eyl 2014-15
- FAF-a8
May-Jun. 159 227 116.1 12.8 80 197.5
2015-16
Yar-af
204 27 116.8 18.1 63 1912
s 2014-15
- FAF-a8
Jun.-Jul 204 277 228.6 0 76 309.2
2015-16
V0o
e was 173 25.6 125.3 78.6 68.5 195.2
13-year 5501 16
average
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Table 2. Agronomic management factors (variable) recorded in the studied rapeseed fields in Neka region

Name and type of variable

e g sl

1- Variables related to farmers information: Name, gender, production history, and
education level.

2- Variables related to Fields information: Village name, geographical coordinates, field
area, previous crops, previous legumes name, previous years of legume cultivation, field
position, direction of the field gradient, drainage and flooding problems, field leveling
situation, leveling date and so on.

3- Variables related to seedbed preparation: Name and type of machinery and
implements, date and no. of machinery utilization, tillage method, seedbed situation and
humidity at the cultivation time, soil crusting problem and so on.

4- Variables related to crop fertilization: Fertilizer name, basal and top-dressing
application, application date, crop growth stages at the application time, amount and
method of fertilizer application, no. of top-dressing, amount and type of farmyard
manure, and so on.

5- Variables related to cultivation: Seed rate, seed disinfection condition, seed
disinfection material, cultivar name, cultivar type, source from which seed was acquired,
satisfaction rate from seed, planting density, planting method, planting date and so on.
6- Variables related to crop protection: Pesticide name and type, the type of toxic group,
the date and crop growth stages at the application time of pesticide, the amount and unit
of pesticide application, the mode of pesticide application, the frequency of herbicide,
insecticide, fungicide application and so on.

7- Variables related to weeding and other farming practices: Name of farming practice,
date of practices, implements used for each operation and so on.

8- Variables related to harvest: planting density at harvest time, harvest date, type and
name of harvesting machinery, seed yield amount, average seed yield of previous years,
management of crop residue, problems of lodging, pests, diseases, weeds, harvest, type
of combine machine, approximate percentage of seed falling, the most hazardous pests,

diseases and weeds in the current year and previous years and so on.

9- Other investigated variables: The most important problem and proposed solution from
the viewpoint of the farmer in the current year and the previous years, the effect of each
agronomic and management factor on yield reduction from the viewpoint of the farmer

and so on.
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Table 3. Quantifying the rapeseed yield gap and the contribution of each variable entered in the production equation
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Figure 12. The relationship between the observed and predicted yields (b). The difference between
the predicted and observed yields in the range of 20 % is shown by dotted lines. The continuous

line is 1:1.
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Figure 13. Scatter plots for seed yield data vs production history (a), field area (b), phosphorous
(kg ha?) (c), and potassium (kg ha) (d) variables along with the fitted boundary-line
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Figure 14. Scatter plots for seed yield data vs total nitrogen application (a), basal nitrogen (b),

nitrogen at vegetative stage (c) and nitrogen after flowering (d) variables along with the fitted
boundary line.
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Table 4. Boundary-line analysis along with the estimation of attainable yield and yield gap of

rapeseed
Jilas t)\}a Loy Jb‘jéjglm; .ngLJa B AJQL,.; O s
e e Sellol Gp i e (o > Sas
Variable Unit Mini.rnum Qut of Yiel'd based on Rel.ative Yield Relative Yield
optimal optimal level optimal level yield gap  yield gap gap
level (%) (kg ha!) %) (kgha) (%) (%)
g anle
e Year 2 10 2847 7204 796 27.96 5.58
Production history
TRCI
el ha!  0.88 67 3319 61.80 1268  38.20 8.89
Field area
et kgha! 54-173 25 2740 7485 689  25.15 4.83
Nitrogen
- kgha! 66.2 12 2811 7296 760  27.04 5.33
Phosphorous
&y
I kgha! 3538 23 2950 69.53 899 30.47 6.30
Potassium
bty s
Einiesd kgha! 59.54 4 2909 7051 858 29.49 6.01
Basal nitrogen
IS OT o ha! 5872 85 2951 69.50 900  30.50 6.31
N at vegetative stage
WE NP
SEIIRONE ohatl 657 74 2667 7690 616  23.10 432
N after flowering
¢ AS) e A5 EST
(ojinesle kgha! 0 27 3014 68.05 963 31.95 6.75
Pesticide (kg active
ingredient)
¢S AS) Bpan 25 ale
(ofjeosle kgha! 1-2.96 44 3030 67.69 979 3231 6.86
Herbicide (kg active
ingredient)
- é | = .
Sr el * 1 29 2946 69.62 895  30.38 6.27
Lodging problem
ST i
* 1 8 3587 57.18 1536 42.82 10.76
Pests problem
Yy g)ven Lﬁ.wa‘
. s * 1 10 3885 52.79 1834 47.21 12.85
Diseases problem
B3 sl Jg.i.n
Weeds problem * 1 64 3327 61.65 1276 38.35 8.94
Sl
o - - - 3070 67.51 1019 32.50 100
Mean

.(a);g;&,(ﬁ;gy(v)b};ﬁg(v)(.f;m@,a:)'l.x;:)l:;%::;q,_;,aL;ugup,ué)uf‘olsTmﬁj.\ﬁl,sJﬁmzxe
* The problem of plant lodging, pests, diseases, weeds was: none (1), low (2), medium (3), high (4) and very

high (5), respectively.

*: The average yield in 100 fields was 2051 kg ha™’.
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Introduction: Since projections show that the world’s population will surpass
nine billion by 2050, future world food security depends on the adequate food
production for the world’s burgeoning population. Achieving food security under
the current circumstances depends on the realization of the crop potential yield in
the field (Hochman et al., 2016). Hence, improving the crop yield is necessary in
view of the increasing pressure and global demands for food. On the other hand,
loss of high quality land, annual decline in crop yield, increased use of chemical
fertilizers and the adverse environmental impact of chemical inputs indicate that
the development of new strategies to increase yield with minimum environmental
impact is necessary (Chapagain & Good, 2015). Moreover, ensuring environmental
sustainability can lead to change in agricultural management practices (Gaydon ef
al., 2017). As noted, many factors prevent farmers from achieving the attainable
crop yield. It seems that, by determining the effect of each management-related
factor on the amount of yield gap, and consequently, the knowledge of the farmers,
it is possible to minimize the yield gap between the actual yield and the achievable
yield. Therefore, this research was conducted with the aim to determine and rank
the factors contributing to the rapeseed yield gap under the climate of Neka region,
Mazandaran province in Iran.
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Material and Methods: The research was carried out in 100 rapeseed fields
in Neka, Mazandaran province, Iran from 2015-16 to 2016-17. Most of the
management practices from seedbed preparation to harvest were recorded through
field studies. Field identifications were done in a way that included all the main
production procedure in the specific region with variation in management view
point. The final CPA model, the average paddy yield was calculated by the model
by placing the observed average variables (Xs) in the fields under study in the
yield model. Thereafter, by putting the best observed value of the variables in the
yield model, the maximum attainable yield was calculated. The difference between
these two was considered as yield gap. In the boundary line analysis (BLA), by
plotting scatter plot for the actual yield in the region as a dependent variable
against independent variables (14 important and first-grade variables), a function
was fitted into the upper edge of the data dispersion.

Results and Discussion: With approximately 150 variables under the study, the
final model with seven independent variables including soybean pre-sowing, rice
pre-sowing, top dressing, potassium application, nitrogen application at vegetative
stage, herbicide and pesticide application frequency and weed problem were
plotted against the depended variable of paddy yield. The yield gap caused by top
dressing and potassium application was 462 and 294 kgha'!, which, respectively,
contributed 27% and 17% to the total yield gap. The yield gap related to the effect
of soybean pre-sowing and herbicide application frequency was 170 and 411 kgha-
!, which, respectively, contributed 10% and 24% to the total yield gap. In yield
model constructed by CPA method, the actual yield and calculated potential yield
were 2394 and 4119 kgha', respectively. The total yield gap was estimated to
be 1725 kgha'. According to the BAL method, the average yield, based on the
optimum level of the 14 studied variables, was 3070 kgha' with a 1019 kgha™
yield gap per hectare. The average relative yield and relative yield gap for the 14
investigated variables were 67.51% and 32.50% respectively.

Conclusion: Among the seven variables entered in the model, the effects
of potassium consumption, soybean pre-sowing, top dressing and herbicide
application frequency were remarkable. Therefore, a significant part of the yield
gap can be compensated by managing potassium application rates and employing
integrated pest control. The findings of this study show that the model precision is
accurate and can be applied for both the estimation of the quantity of yield gap and
the determination of the portion of each limiting yield variable. It can be concluded
that the use of BLA in yield gap studies can clearly show the yield responses
to management factors and calculate the possible potentials. Thus, appropriate
management of cultivation practices in the fields can lead to increased yield and
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reduced yield gap.

Keywords: Attainable yield, canola, comparative performance analysis, boundary-

line analysis, management factors
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