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Abstract

The study aimed to estimate wheat production based on aerial images taken with drone. The wheat crop, Alex
cultivar, was fertilized with variable doses of nitrogen, in the range 0 - 250 kg ha* N active substance (a.s.). During
the vegetation, drone images were taken on the experimental variants, between April and July 2018. The digital
images, jpeg format, were analyzed and the values of the RGB parameters were obtained (R-red, B-blue, G-green;
RGB colour system). At the time of biological maturity, wheat production was harvested, which recorded values
between 1,896.64 kg ha?' (V1-control), and 4,787.50 ka ha (V9). Regression analysis was used to estimate
production based on RGB parameters obtained from digital images, taken at four different times. Production
prediction (Yp) was possible in statistical safety conditions (R? = 0.997, p <0.001, images from April 29; R? =
0.993, p <0.001, images from May 13; R? = 0.990, p <0.001, images from 28 May; R? = 0.968, p <0.001, images
from 1 July). 3D and isoquants models were obtained, which expressed the variation of production according to the
R and G parameters. RMSEP, as a prediction safety parameter and the F-test showed different levels of accuracy in
predicting wheat production based on parameters R and G (RMSEP = 183.5859 for April 29; RMSEP = 330.3418
for May 13; RMSEP = 386.3834 for May 28; RMSEP = 703.9887 for July 1). The use of drones to obtain
information about agricultural land is very useful at farm level, and the study can be adapted to different crops.
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INTRODUCTION

Wheat is one of the first species of plants
"domesticated” and cultivated by humans in
order to provide food resources [9], [21].
Wheat is grown worldwide on large areas, in
different climatic and soil conditions and is
one of the main crops for ensuring food
security [56], [3], [17], [20].

The high ecological plasticity has made
possible the cultivation of wheat in different
eco-climatic conditions, and the production of
biological material with different adaptations
to stress factors, soil types and conditions,
agricultural systems, cultivation technologies,
productivity and quality indices [52], [44],
[45], [51], [15].

Market studies on wheat production, along
with other cereals, were also carried out, due
to the importance and share of wheat in the
trade balance of agricultural products [14],
[46], [47], [1], [34].

Wheat is suitable to be cultivated in different
agricultural production systems. The elements

of technology have evolved a lot, in relation
to new genotypes, more productive, more
adapted to soil and climate conditions, to

stress factors, with better baking and
industrialization indices [5], [25], [2], [10],
[19].

Cultivation technologies require a series of
inputs, and the elements of technology are
permanently adapted in relation to the soil as a
nutrient medium [7], [26], [39], range of
agricultural machinery [37], [28], [40], water
regime, water consumption and crop irrigation
[33], [4], fertilization (fertilizer assortments,
methods and application techniques) [6], [11],
plant protection [36], [12], [27].

Wheat goes through a long period of
vegetation, from sowing to harvesting, and
crop monitoring is necessary to manage the
vegetation in order to obtain profitable yields
[66], [13].

Wheat crop management integrates infor-
mational, decision-making and operational
elements, in order to achieve the proposed
objectives at the level of agricultural crops
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and the farm.

Agricultural crops have variable areas, in
relation to the agricultural system and the type
of farm. Agricultural crop management
requires knowledge of the status of each crop,
and this involves monitoring crops for which
different techniques and methods have been
developed and implemented [18], [54], [41],
[60], [42]. Crop monitoring based on satellite
or aerial imagery has a number of advantages
[29], [58], [62], [8], [38]. The present study
used aerial images, taken with a drone, in
order to estimate wheat production.

MATERIALS AND METHODS

The experiment was organized within the
Didactic and Experimental Resort, BUASVM,
Timisoara, in the agricultural year 2017 -
2018. The Alex wheat cultivar was grown in a
medium fertility chernozem soil conditions.

Fertilization was performed with different
doses of ammonium nitrate, in the range O -
250 kg a.s. N ha? (as. - active substance).
Based on fertilization, 11 experimental

variants were performed (Figure 1).

Fig. 1. Aspect from the experimental field, spring 2018

~ - ‘o

Source: original image, author's image.

A DIJI Phantom series drone was used to
capture aerial images.

The images were captured between April and
July 2018 at different moments of vegetation
of the wheat crop, Alex cultivar.

The digital images were analyzed to obtain
the spectral information in the RGB system
[48].

The experimental results were analyzed in
terms of statistical safety (ANOVA test).
Regression analysis was used to find models
for estimating production, such as some
equations, in relation to RGB values from
digital images. Statistical safety parameters of
the obtained equations were taken into
account to certify the degree of safety of the
obtained models (p, R? F-test). RMSEP,
equation (1), was also used to comparatively
evaluate the safety of the production
prediction based on the RGB values obtained
in relation to the images date.

2

RMSEP = %Z?:l(y,- - Yj) @
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PAST software [22] was used for statistical
data analysis. Wolfram Alpha (2020)[64] was
used to generate the graphs.

RESULTS AND DISCUSSIONS

Nitrogen-controlled fertilization, with variable
doses in the range 0 - 250 kg ha! N as.
(active substance) determined the
differentiated growth and development of the
plants on the experimental variants. This led
to the wvariation of production between
1,896.64 kg hal (V1) and 4,787.50 kg hal
(V9) (Table 1).

In response to variable fertilization, wheat
plants had a differentiated growth and
development, and this aspect was reflected in
the images taken with the drone at different
times of vegetation.

The taken digital images were analyzed, and
the values of the RGB colour parameters were
obtained, with graphical representation in
Figures 2 - 5.
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Table 1. Experimental variants and values of wheat
roduction, Alex cultivar

Experimental N Y
Variants (kg hal) (kg hat)
V1 (Ct) 0 1,896.64
V2 25 2,262.42
V3 50 3,131.25
V4 75 3,937.50
V5 100 4,018.75
V6 125 4,375.00
V7 150 4,512.64
V8 175 4,750.00
V9 200 4,787.50
V10 225 4,562.50
Vi1 250 4,181.25

Source: Original data from the experimental field.
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Fig. 2. Distribution of RGB values resulting from the
analysis of images captured on April 29, 2018

Source: Original data, obtained from the analysis of
digital images.
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Fig. 3. Distribution of RGB values resulting from the
analysis of images captured on May 13, 2018

Source: Original data, obtained from the analysis of
digital images.
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Fig. 4. Distribution of RGB values resulting from the
analysis of images captured on May 28, 2018

Source: Original data, obtained from the analysis of
digital images.
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Fig. 5. Distribution of RGB values resulting from the
analysis of images captured on July 01, 2018

Source: Original data, obtained from the analysis of
digital images.

Through regression analysis, the possibility of
estimating wheat production based on colour
parameters (RGB) obtained from aerial image
analysis was tested.

The estimation of wheat production (Yp)
based on the values of RGB parameters
obtained from the images taken at different
dates, was possible in relation to R and G, in
statistical safety conditions; R? = 0.997, p
<0.001, date April 29; R? = 0.993, p <0.001,
date 13 May; R? = 0.990, p <0.001, date 28
May; R? = 0.968, p <0.001, date 01 July,
according to the general relation of the type of
equation (2).

Y, = ax® +by? +cx +dy +exy + f )
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The values are shown in Table 2.

The graphical distributions of the Yp values in
relation to R and G, at different images dates,
are presented in Figures 6 - 9.

where:

Yp - wheat production predicted;
X —R —red colour parameter;

y — G — green colour parameter;

a, b, c, d, e, f - coefficients of the equation (2).

Table 2. The values of the coefficients of the equation (2) in relation to the date of taking the images

Coefficients of the Date taken of the images
equation April 29 May 13 May 28 July 01

a 2.1158926 -24.2122337 -56.6921688 -4.7607285

b 6.2395442 -32.6728229 -54.2965244 -2.1216543

c 851.3914815 -2047.8901262 690.7087314 655.6380987
d -518.2509759 1857.9479580 -606.6228166 -732.1025761
e -10.8542525 58.1380359 110.6000609 7.3470566

f 0 0 0 0

Source: Original values resulting from the analysis of experimental data.
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Fig. 6. Graphic distribution, as 3D model and isoquants, of Yp in relation to R (x-axis) and G (y-axis) parameters,
Alex wheat cultivar (images captured on April 29)
Source: original graphs generated based on experimental data.

-400 =200 0 200 400

Fig. 7. Graphic distribution, as 3D model and isoquants, of Yp in relation to R (x-axis) and G (y-axis), Alex wheat
cultivar (images captured on May 13)
Source: original graphs generated based on experimental data.
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Fig. 8. Graphic distribution, as 3D model and isoquants, of Yp in relation to R (x-axis) and G (y-axis), Alex wheat

cultivar (images captured on May 28)

Source: original graphs generated based on experimental data.
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Fig. 9. Graphic distribution, as 3D model and isoquants, of Yp in relation to R (x-axis) and-G (y-axis), Alex wheat

cultivar (images captured on Julay 01)

Source: original graphs generated based on experimental data.

The assessment of the prediction certainty of
the production predicted (Yp) in relation to the
R and G values, obtained from the analysis of
digital images, was made based on the R?, F-
test and RMSEP values, relation (1). The
values obtained are presented in Table 3.

In addition, the predictive error was taken into
account, as an average value, on each
experimental variant, in relation to the real
production () (Figure 10).

Table 3. Values of the parameters R? F-test and
RMSEP, in relation to the predicted production, based
on R and G, Alex wheat cultivar

Statistical Date taken of the images

Parameters | April 29 May 13 May 28 July 01
R? 0.997 0.993 0.990 0.968
F-test 560.2515 172.206 125.5518 36.9821
RMSEP 183.5859 | 330.3418 | 386.3834 | 703.9887

Source: Own data resulting from the analysis of
experimental data.
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Fig. 10. Graphical representation of the real yield (Y) and of the estimation errors in relation to the date of taking
over the digital images
Source: original graphs generated based on experimental data.

From the overall analysis of the values of the
determined safety parameters, it was found
that it was possible to predict the wheat
production (Yp) based on the analyzed
images, regardless of the time of sampling.
However, a comparative analysis of the values
of the respective parameters (Table 2), found
the variation of the estimated accuracy of the
production Yp, but in conditions of statistical
security for all cases.

Overall, the higher safety was recorded based
on the images from April 29, and
subsequently, as a result of a variation of the
plants, the prediction accuracy was reduced,
but in conditions of statistical safety
(R?=0.997 to R?=0.968).

RMSEP confirms the higher accuracy of
production prediction based on parameters R
and G, the lowest value being recorded for the
calculation based on images from April 29
(RMSEP = 183.5859).

A practical advantage of this approach is
given by the fact that in the respective
vegetation phase, plant nutrition can be
corrected by supplementing high amounts of
nitrogen fertilizers (the mineral element
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considered in this study).

Subsequently, in more advanced phases of
vegetation, plant nutrition can be corrected,
but with lower doses of fertilizers and,
usually, with foliar application.

Fertilizers are an important factor in
increasing  agricultural  production, and
fertilization has been studied in wheat crops in
relation to different genotypes, soil and
climate conditions, fertilizers, methods and
techniques of application, quantitative and
quality indices of production [49], [50], [32],
[59], [65].

Nitrogen is the nutrient that contributes most
consistently to plant growth and development,
and to the formation of agricultural
production.

Compared to the control variant (V1) for all
fertilized variants, a variation of the studied
colour parameters (RGB) was found,
associated with a better state of plant
nutrition.

The nutritional status was reflected in the
plant density, the biomass achieved, and the
light reception properties, and this was
highlighted in the RGB colour parameters
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studied.

Estimation of production in agricultural crops
is of interest and different estimation models
have been developed in relation to different
influencing factors [61], [30], [23], [63].
Mathematical models, based on different
types of equations (polynomials, logistics,
etc.), are important because they facilitate the
analysis of multiple data series, summations
and the calculation of optimal values in
relation to the variables taken into account
[53], [35], [31], [55], [57].

In the present study, the regression analysis
facilitated the obtaining of a mathematical
model, such as equation (2), which facilitated
the estimation of wheat production, Alex
cultivar, based on the colour parameters R and
G taken into account.

At the same time, a variation of the precision
safety was found, in relation to the moment of
taking the images, but the statistical safety
was maintained.

With the introduction and promotion of
techniques based on satellite, aerial, or
terrestrial imaging, the advantages of crop
monitoring were obvious, and this facilitated
the predictive modeling and estimation of
total biomass production or useful production,
in high precision conditions [24], [16], [43].
The present study used spectral information,
the RGB system, from aerial imagery to
obtain models for wheat production
estimation, and  contributed to the
development of the database and information
for farm-level crop management.

Through the data obtained, it provides
researchers and farmers with information and
methods of approach in order to monitor the
crops and facilitate real-time decisions.

CONCLUSIONS

Differentiated nitrogen fertilization generated
a specific variation of RGB parameters, as
spectral information associated with aerial
images.

The regression analysis facilitated the
estimation of wheat production, Alex cultivar,
based on RGB colour parameters obtained
from aerial images, taken at different times by
vegetation.

Compared to the date the images were taken,
the production estimation safety showed
different levels of accuracy, but in statistical
safety conditions. Images from earlier stages
of vegetation facilitated production estimation
with higher statistical certainty.

The data obtained can be integrated into
decision models for wheat crop management
and can be extended to other agricultural
crops.
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