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Abstract

ATANASOV, S. S., P. I. DASKALOYV and V. I. NEDEVA, 2016. An intelligent approach of determining relation-
ship between tomato leaves color and soil moisture and temperature. Bulg. J. Agric. Sci., 22: 1027-1035

In this article is presented a model of the relationship between the soil moisture and its temperature and the color of the
leaves of greenhouse tomato plants. This dependency is modelled using nonlinear regression statistical Quasi-Newton method.
Piecewise linear regression with breakpoint models are received. The impacts of the factors non-included in the model are
taken into account, as they are equated to the random error. A methodology for collection, characterization and processing
of information from the experiments is proposed. During the experiment wireless sensors for soil moisture and temperature,
handheld portable colorimeter and combined device for measuring environmental parameters are used. In statistical processing
of the information the software platform Statsoft STATISTICA is used. The obtained models predict soil moisture based on the
measured RGB values and the soil temperature, with an error ranging between -4.85% to +14.98%. The resulting dependency
allows creation of an intelligent system for optimal managing the process of irrigation of greenhouse plants.

Key words: soil moisture, color of tomato leaves, nonlinear estimation

Abbreviations and Acronyms: pm — micrometer; kLx — kilolux; 0 (theta) — soil moisture, m*/m?; T — soil tempera-
ture, °C; R, G and B — color components of the color model RGB; Ravg, Gavg, Bavg — average values of the color
components; A and C — qualitative factors group: Al — before irrigation, A2 — after irrigation, C1 — young leaves,
C2 — older leaves, FC — field capacity

Introduction

There are various sensors for measuring soil moisture
(wireless or not), but they are relatively expensive especially
when they are wireless, or if they are wired that hampers the
infrastructure in a greenhouse. On the other hand, during the
process of irrigation, most of the water is drained into the
soil, and only a small part of it is absorbed by the plant. Wa-
ter should be saved because it is a priceless natural resource
that is scarce in many regions of our planet.

All this requires looking for a smarter approach for deter-
mining the relationship between irrigation and the amount of
absorbed water. A method that provides information that the

*Corresponding author: svetoslav.atanasov(@trakia-uni.bg

plant is well watered and which eliminates the disadvantages
of wireless and wired soil moisture sensors. This method
needs to be sufficiently objective to ensure optimum irriga-
tion and water saving.

The studies in this matter are too scarce and the analysis
of the literature so far concerns the following information,
engaged partly with the problem:

The temperature of the leaves is used for measuring the
water status of the plant, which determines index of water
stress, which in turn can be used for the creation of schedule
for irrigation (Gallardo, 2004; Ton et al., 2001; Ton and Ky-
put, 2003). This method has the problem that it is late indi-
cator of water stress because the temperature rise is starting
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when there is partial stomatal closing, leading behind to re-
duction of other more sensitive processes as growth through
leaves expansion (Gallardo, 2004).

In another study the water stress index of a kind of grass
(Lolium perenne) is determined using infrared thermometry
(Stanghellini and De Lorenzi, 1994 and Nemali and lersel,
2008).

The thickness of the leaves is also used to determine the
schedule for irrigation (Sharon and Bravdo, 2001). The sen-
sor continuously measures the leaf thickness with an accu-
racy of £ 1 um. The method is based on the fact that the
thickness of the leaf is related to the potential of the hardness
of the leaves and the fact that if the plant is subject to water
stress there is reducing in its hardness. It was tested on fruits
be turned on irrigation system in response to changes in the
thickness of the leaf, leading to watering with high frequen-
cy and low water volume, resulting in water savings of 30%
in tests of citrus crops for six years, avocado for three years
and cotton during the season (Sharon and Bravdo, 2001).

According to preliminary supposition, based on observa-
tions of the plants on the crop level before the actuall study
experiments, young leaves (at the top of the plant) should be
carriers of information about the need for watering and thats
why twice as many RGB color samples are taken from them.
Based on the same observations, during a period of drought
the color of the both the young and older leaves darken.

The main goal of this paper is to establish a relationship
between the soil parameters 0 and T on one side and the color
of the leaf mass of greenhouse tomato plants on another (rep-
resented in RGB color space) and to obtain a mathematical
model describing this relationship. This modelling can be an
intelligent approach for determining the need for irrigation
with practical advantage optimizing the process of watering.

Materials and Methods

Study area

The studies were performed in certified tomato green-
house located in the city of Plovdiv (Bulgaria), where all
environmental parameters and the health of plants are kept
in optimal range. The dimensions of the greenhouse are ap-
proximately 50 m to 35 m (in length of 15 columns by 3 m,
each row is approximately 2 m wide). Tomatoes are grown
here year-round within two harvests (from January to July
and from August to December).

The studied tomatoes are from one sort — Panekra and
they were planted on 31.07.2015. Experiments were con-
ducted on the 18" and the 28" of September 2015, the first
one 24 hours after irrigation, the second one 24 hours before
irrigation, as follows:

m First experiment in clear and sunny weather, humidity
in the greenhouse 73% (W), temperature of the air in the
greenhouse 25.7°C (W,), humidity outside the greenhouse
65.8% (W,), temperature of the air outside the greenhouse
25.5°C (W,) and luminance in the greenhouse 39-47 kLx
(Wy);

m Second experiment in cloudy and rainy weather, humidity
in the greenhouse 84% (W), temperature of the air in the green-
house 19.8°C (W), humidity outside the greenhouse 85.8%
(W,), temperature of the air outside the greenhouse 16.8°C (W,)
and luminance in the greenhouse 5.2-6.2 kLx (W.).

The studies were conducted at the end of a row, separated
specifically for this purpose. The test section has a length of
15.53 m with controlled irrigation through two taps. Before
the first tap, as for the whole greenhouse, the irrigation norm
is 30 m’ decare’!. Between the first and second tap is 20 m?
decare™ and after the second tap to the end of the row it is 10
m? decare’!. Fertilization is carried out by dissolving 20 kg
of fertilizer and the solution is put on drip irrigation with the
water — 20 m’ decare™!.

In measurements of the all environment parameters fol-
lowing tools were used:

m Wireless sensor for measurement of 6 (Model Onset
W-SMO);

m Wireless sensor for measurement of T (Model Onset
W-TMB);

m Handheld portable colorimeter for measuring the color
of the foliage PCE-RGB2;

m Device for measuring humidity and temperature of air
and the luminance PCE-EM 883.

In statistical data processing software platform Statsoft
STATISTICA 10.01.11 were used. The statistical data pro-
cessing was conducted in University of Ruse.

Soil data

The soil in the greenhouse is alluvial meadow. Its main
water-physical properties for the layer 0-40 cm are charac-
terized by the following indicators: bulk density is 1.33 t m?,
moisture on FC is 30.9% volumetric water content and the
maximum water supply is 164.4 mm. The irrigation norm
is calculated for moistening of layer 0-0.40 m, while still
maintaining moisture before irrigation over 80% from FC
(Ovcharova and Harizanova-Petrova, 2012).

The alluvial meadow soil has a low usable water reserve
(TAW = 116 mm m™). It consists mainly of sand — between
68% of the surface and 53% and the lower-lying horizons.
The content of physical clay is between 9% and 22%. The
hydraulic conductivity at saturation fluctuates from 62-82
cm day! to 10 cm day! in the clay soil layer 60—100 cm
(Popova and Ivanova, 2012).



An Intelligent Approach of Determining Relationship between Tomato Leaves Color and Soil Moisture...

1029

Calibration of the sensor for the particular soil type

The calibration of the sensor for this particular soil is de-
scribed in details by Atanasov (2015). The calibration fol-
lows the standard procedure for capacitive sensors calibra-
tion described by Starr and Palineanu (2002).

Methodology applied in soil moisture and color of the
leaves data collection

The colorimeter measures the color of the leaves in 10-
bit RGB color model. Studied are nine randomly selected
plants — six measurements were performed on young leaves
for each plant (from the top of the plant), three measure-
ments of older leaves for each plan (from the lowest part of
the plant) or altogether as follows — for young leaves after
irrigation (C1 A2) — 54 measurements, for older leaves af-
ter irrigation (C2 A2) — 27 measurements, for young leaves
before irrigation (C1 Al) — 54 measurements and for older
leaves before irrigation (C2 A1) — 27 measurements.

In the first experiment, the plants were with a height of
about 1.50 m and in the second about 1.90 m. Readings for
each plant are averaged and in the further work are used four
basic tables with average values of RGB (Table 1, 2, 3, 4).

Table 1
Aggregated measurements data of plants, young leaves
after irrigation (C1 A2)

| R | G,, | B, | 0, m¥/ m’ | T, °C
Plant 1 119.33 141.00 90.00 27.28 20.89
Plant 2 116.33 137.67 83.33 2431 20.94
Plant 3 120.50 141.50 90.33 27.83 20.94
Plant 4 118.67 140.50 86.33 25.52 20.72
Plant 5 126.67 149.00 87.67 24.53 21.10
Plant 6 123.17 144.17 89.33 28.16 21.65
Plant 7 97.17 115.83 71.67 26.62 21.27
Plant 8 126.67 147.67 91.17 23.87 21.37
Plant 9 123.67 143.50 92.00 31.02 21.80
Table 2
Aggregated measurements data of plants, older leaves af-
ter irrigation (C2 A2)

| R, | G, | B, [0m/m]| T°C
Plant 1 149.00 168.67 121.33 27.28 20.89
Plant 2 129.00 150.00 102.00 24.31 20.94
Plant 3 126.33 149.33 100.00 27.83 20.94
Plant 4 141.00 164.00 105.33 25.52 20.72
Plant 5 146.67 168.67 112.00 24.53 21.10
Plant 6 140.00 161.33 99.67 28.16 21.65
Plant 7 148.00 168.00 117.67 26.62 21.27
Plant 8 154.00 175.33 119.33 23.87 21.37
Plant 9 146.33 165.33 111.33 31.02 21.80

Table 3
Aggregated measurements data of plants, young leaves
before irrigation (C1 A1)

| R, | G,, | B,, | 0, m¥ m® | T, °C
Plant 1 100.83 12383 7483 2475  19.18
Plant2 11550  141.83 7933 2255  19.44
Plant 3 9550  116.67 7150  24.64 1851
Plant4  108.50 133.17  76.17  20.02  19.03
Plant5  104.33  127.83  74.83 2431 19.13
Plant6  129.33 16650 8233 2673  18.70
Plant7  107.33  130.50  79.67  21.67  19.22
Plant8  117.00  142.83 8233 2420  19.03
Plant9 10033  121.83 7517 2574  20.72
Table 4

Aggregated measurements data of plants, older leaves
before irrigation (C2 A1)

| R, | G, | B, |om/m| T.°C
Plant1  147.67 167.67 122.67 2475  19.18
Plant2 13867 157.00 11433 2255  19.44
Plant3  133.67 156.67 106.67  24.64 1851
Plant4  131.67 149.67 10667 2002  19.03
Plant5  146.67 168.00 11667 2431  19.13
Plant6 13800 15933 11167 2673  18.70
Plant7 14133 160.67 108.00  21.67  19.22
Plant8  139.67 157.67 11833 2420  19.03
Plant9 13500 15333 10633 2574  20.72

6 and T were measured once, near the plant and in the
root zone, in the soil layer 10-20 c¢cm. In the second experi-
ment (before irrigation) three additional plants were exam-
ined, which were later used as control values to verify the
developed model.

Multifactorial approach for representation of the object
of study and methodology

The object of the study is multifactorial at the input of
which acts the controllable factor @ and the uncontrollable,
but measurable factor T. The influence of all other disturbing
(W ~W,) and unaccounted factors is equivalently replaced
by the random error ¢ (Figure 1).

The scheme in Figure 1 corresponds to the so-called ac-
tive-passive experiment and is characteristic of the real ob-
jects (Mitkov and Minkov, 1985). In terms of the mathemati-
cal treatment of the results from multivariable experimental
studies it is not necessary the input factors to be divided
into two groups — controllable and measurable (Mitkov and
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Fig. 1. The object of the study with one controllable and
one uncontrollable factor

Minkov, 1985). Therefore, hereinafter factors 6 and T are
considered as independent variables and color components
as dependent variables, depending on 0 and T.

The task is to find a mathematical model describing the
relationship between the average value of the parameters of
the color components from one side and the factors 6 and T,
on the other.

Because factors 0 and T are measurable, the connection
between them and the average value of each component of
the color model has been investigated using the methods of
the multi-factor regression analysis.

Because the factors ,,before/after irrigation* and ,,young/
older leaf™ are qualitative, their impact has been investigated
using the statistical multi-factor analysis of variance.

During the studying of the normal distribution of the val-
ues the full set of the samples was used, and for the variance
and the regression analysis — the averages R, G, and B |
were used.

Results

Study of the distribution of the random variables

Firstly, it was examined the distribution of the obtained ex-
perimental data for the color components of each plant (random
variables). There were used 54 measurements of young leaves
before and after watering and 27 measurements of older leaves
before and after irrigation. Determined were standard deviation
and coefficient of variation (variance) for each of the measured
color components. It was chosen Shapiro-Wilk test for normal-
ity, because in smaller samples and medium sized samples its
power is significantly better than other known tests. It is as-
sumed that big is the sample for which the number of observa-
tions is equal to or larger than 30, i. e. n > 30.

Figure 2 provides an illustration of the normal distribu-
tion of R (red color component) in young leaves after irriga-
tion, using Shapiro-Wilk test W = 0.99 and its level of sig-
nificance p = 0.96. Because p >> 0.05, this indicates that the
data is normally distributed (in other words, the null hypoth-
esis is true). The result shows that the component R in young
leaves after irrigation has Gaussian (Normal) distribution.

Histogram: R
Shapiro-Wilk W = 99117, p =.96013
— Expected Normal
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Descriptive Statistics (Young leaves after irrigation - 54 measurements.sta)|
Variable | Valid N | Mean | Std.Dev. | Coef.Var. | Skewness | Kurtosis |
R 54 119.1296 13.32616 11.18627 -0.061494 -0.217699|

Fig. 2. Study of the distribution of the obtained values
for Rin C1 A2

At the bottom of Figure 2 are shown: “ValidN”” —number of
measurements (54); ,,Mean‘ — arithmetical mean (119.1296);
,»Std.Dev.“ — standard deviation (13.33); ,,Coef. Var.” — coeffi-
cient of variation (11.18627), representing the standard devia-
tion divided by the arithmetic mean (in percentage) — in this
case 11% means that the data is very tightly around average
and have a very good homogeneity; standard error (1.81) and
the last two parameters (skewness and kurtosis) show how
distorted distribution is: asymmetry (-0.06) and excess (-0.22).

An analogous manner is used to analyze all the param-
eters of the distribution of all color components. In Table
5 are shown summarized results (where “Var.” is variable,
“F1” and “F2” are Factor 1 and Factor 2, “C1” means young
leaves, “C2” means older leaver, “A1” means before irriga-
tion, “A2” — after irrigation, “ND” — availability of normal
distribution (Yes/No)).

From the summarized results in Table 5 it can be con-
cluded that most components have Gaussian distribution,
only components B in C1 A2 and C2 A2 and G in C1 Al
don’t possess Gaussian distribution.
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Table 5
Aggregated parameters of the distribution of values
Var. | F1 | F2 | W | p | Std.Dev. | Coef.Var. | Skewness | Kurtosis ND
R C1 A2 0.99 0.96 13.33 11.19 -0.06 -0.22 Y
G Cl1 A2 0.99 0.90 15.05 10.74 -0.05 -0.34 Y
B Cl1 A2 0.95 0.02 9.66 11.14 -0.64 0.002 N
R C2 A2 0.96 0.42 11.55 8.12 0.19 -0.80 Y
G C2 A2 0.95 0.18 11.58 7.09 0.22 -0.83 Y
B C2 A2 0.91 0.02 11.04 10.05 0.52 -1.04 N
R Cl1 Al 0.98 0.33 14.97 13.77 -0.11 -0.77 Y
G Cl Al 0.95 0.03 20.92 15.63 0.73 1.88 N
B Cl Al 0.99 0.74 9.31 12.04 0.03 -0.14 Y
R C2 Al 0.97 0.71 13.03 9.37 0.08 -0.75 Y
G C2 Al 0.98 0.91 14.57 9.17 0.08 -0.49 Y
B C2 Al 0.98 0.78 11.77 10.47 -0.37 -0.09 Y
Analysis of variance (ANOVA) A: LS Means
Main effects ANOVA (Figure 3) is used for each color Current effect: F(1.33)=5.2918, p =.02788
component, based on the data from Tables 1-4 plus added Verpamective hypothess decomposition
qualitative factors A (before/after irrigation) and C (young/ 138
older leaves). Each color component is dependable variable, 136
A and C are categorical predictors (factors). 134
132
Univariate Tests of Significance for R (Spreadsheet1) 130
Sigma-restricted parameterization ~ 128
Effective hypothesis decomposition 126
SS Degr. of MS F p 124
Effect Freedom 122
Intercept | 583571.2 1/ 683571.2) 7529.697| 0.000000
A 410.1 1 4101 5.292 0.027885 120
c 6449.4 1) 6449.4  83.216 0.000000 118 1 3
Error 2557.6 33 77.5 A
Fig. 4. Influence of factor A on Ravg
Fig. 3. Results from YES-influence of factors A and C on Ravg
C; LS Means
Current effect: F(1.33)=283.216, p =.00000
Figure 3, taken from the program, shows that the both Ven?fffif;ﬁdtﬁii;hgzzdfggg‘ f::ég?:tewals
factors A and C have significant impact on R . since the 150
probability p for both factors is less than 0.05. Stronger in- 145
fluence has factor C (as can be seen from Figure 4, 5). The 140
component R has the largest values in older leaves after 135
1rrigation. 130
Following the same procedure, for the remaining G,, and P 12s
B, color components were obtained the following conclu- 120
sions: Only factor C has proven influence on G and B, Gavg 115
and B, have the largest values in older leaves after watering. 110
105

Regression analysis
The principle of progressive complication of the model
was used, i.e. transition from simpler to more complex models,

Fig. 5. Influence of factor C on Ravg

cl

C
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until reaching an adequate object model (Mitkov and Minkov,
1985). Unsuitability of the multiple linear regressions and the
polynomial regression of the second degree has been estab-
lished on the base of previous studies, during the modelling of
the relationship between the studied parameters.

Modelling with Piecewise linear regression with break-
point

The data were modelled using nonlinear estimation —
partially-linear regression with breakpoint, also known as
stepwise regression.

From the above- mentioned studies, conducted so far
(multiple linear regression and the polynomial regression), it
became apparent, that the environmental factors, which are
the object of this study, have inherent nonlinear behavior ac-
cording the color of the leaves. During the data modelling
with Piecewise linear regression with breakpoint it was once
again assumed that the color of the leaves is a dependent vari-
able, which varies against the independent variables 6 and T
(as predictors). The variation of the data for 6 and T does
not follow a distinct linear relationship in terms of the color
of the leaves. It is difficult such a dynamic relationship to
be modelled using conventional linear methods such as mul-
tiple linear regression. Therefore, it was used the approach of
non-linear estimation to calculate the relationship between
the set of independent variables and the dependent variable.
The model is divided into two parts and the estimates of
the model are obtained using the nonlinear Quasi-Newton
method, representing non-linear, multivariate, iterative, re-
petitive optimization method, which significantly minimizes
inconsistencies and the errors in the process of predicting of
color. In Quasi-Newton method, in order develop a model
for predicting the color of the leaves, the derivative of the
first order of the function is calculated at a given point in
order to find its slope at this point. The subsequent derivative
of second order shows how quickly the slope of the point and
its direction is changing (Prasad et al., 2006).

The following coefficients of the empirical equation were
obtained using this method.

The general model, computed by the least squares meth-
od, looks like:

y=(b, tbx +..+b x)(y<b)+
+ (boz + blle Tt bmzxm) (y> bn) (N

Using parameters R, G
be rewritten as:
Ry Gy Boh =
(b, +b,,0+b,T) (for {Ravg, G, Bavg} <breakpoint b)

or (b, +b,0+b,T) (for {R .G, B, }>breakpointb) (2)

Thus, STATISTICA calculates two separate linear re-
gression equations (one for the y values, which are smaller
or equal to the breakpoint (b)) and one for the y values bigger
than the breaking point) and the exact value of the break-
point. Later in studies it was found that breakpoint is equal
of the mean value of the specific color component.

For R from Table 1 according the model (2) was ob-
tained the showed in Figure 6.

The coefficient of determination is 98.669%. It shows that
98.669% of the variance of R is due to changes in the per-
centage of 0 and T. The rest 1.331% is due to factors not in-
cluded in the model. These conclusions are valid for the other
color components — G, and B, . Table 6 summarizes all the
model coefficients for all the color components from Table 1.

This iterative method is suitable for several independent
variables and one dependent variable (RGB color compo-

Table 6
Model coefficients and breakpoint for R, G, and B,
(at C1 A2)

Bavg, 0 and T the model can

avg’

Variable from | Coefficients RM GaVg Bavg
the model
Constant b, 868.17 2.35 611.21
0 b, -3.80 —12.44 -1.73
T b, -31.49 20.90 -23.19
Constant b,, 10.35 28.84 63.16
0 b, -1.06 124 0.22
T b, 6.66 6.99 0.99
Breakpoint  119.13 140.09 86.87
R 0.99 0.99 0.99
Variance ex- 98,67%  98.03%  97.46%
plained (%; R%)

Model is: Piecewise linear regression with breakpoint (Young leaves after irrigation.sta)
Dependent variable: R Loss: Least squares
Final loss: 8.555109364 R= .99332 Variance explained: 98.669%

N=9 ConstBO| 6 | T

| Const.BO| 0 | T

| Breakpt.

Estimate [ 868.1665 -3.79798

-31.4949 10.34683

-1.06165 6.658626 119.1296

Fig. 6. Piecewise linear regression modelling of R, from Table 1 (C1 A2)
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Model is: (Young leaves after irrigation.sta) 20 Normal Probability Plot of Residuals
Dep. Var. : R
Obsened | Predicted | Residuals 13 °
(1] 119.3333 120.4836  -1.15028 if 1.0 Lo
2| 116.3333 116.3333  -0.00000 2 0s . '
(3| 120.5000 120.2326 0.26737 § ' °
(4| 118.6667 118.6667 -0.00000 % 0.0 o~
5| 126.6667 124.8015  1.86519 E e
6| 123.1667 124.6099 -1.44325 & -
7| 97.1667  97.1667  0.00000 10 °
8| 126.6667 127.3000 -0.63333 L5 o
9| 123.6667 122.5724 1.09429
200 45 0 w5 00 05 10 15 20

Fig. 7. Observed, predicted values and residuals for R,
at C1 A2

nent) for values above and below the breakpoint. With this
non-linear optimization approach are achieved acceptable
small values of residuals, with predicted values very close to
the observed values, as shown in Figure 7.

Figure 8 shows that all experimental data are inside or are
very close to confidence area (at confidence level y = 0.95)
and the regression line passes close to the experimental points.

Figure 9 shows that, the values of residuals are within ac-
ceptable limits with even distribution. The high value of R?
=0.99 forR _from Table 6, shows that the color component
significantly depends on the variables included in the model.
The points are located close to the straight line, i.e. it can be
assumed that the residuals have a normal distribution.

Similar reasoning can be applied to all other examined
color components shown in Table 6 through Table 9. The

Predicted = 1.5855 + 0.9867*x; 0.95 Conf.Int.
130
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Fig. 8. Scatter diagram — predicted against measured
values of Ravg, C1 A2, model (2)

Residuals

Fig. 9. Normal probability graph of the residuals of the
model (2)

Table 7
Coefficients and breakpoint for R, Gavg and B, models
(at C2 A2)

Variable from Coeffi-
the model cients Ravg Gavg Bavg
Constant b,, -1.61 -201.15 180.44
0 b, -0.62 -0.19 -0.54
T b,, 7.22 16.99 -3.06
Constant b, 110.74 55.37 272.8
0 b, -0.84 -1.45 -0.07
T b, 2.84 7.14 -1.26
Breakpoint  142.26 163.41 109.85
R 0.86 0.98 0.95
g‘;‘;ﬁlgg SR 74,68%  95.52%  89.37%

model coefficients of the color components, according Table
2, Table 3 and Table 4 are summarized in Table 7, 8 9.

Verification of the developed model (2)

After that, using the model (2), a verification of reverse
dependence, researching 6 as dependent variable and the
color component and temperature as independent, was
made.

For this purpose, during the experiment, are taken
RGB values for three control plants before irrigation
(Plants 10-12). With them the model (2) adequacy was
approbated.

Analytically model (2) is rewritten in accordance with 0
as follows:
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Table 8
Coefficients and breakpoint for R, Gavg and B, models
(at C1 A1)

Variable from Coefficients R G B
the model avg avg avg
Constant b, 104.72 137.12 57.18
0 b, -2.12 -2.59 -0.59
T b, 2.48 2.57 1.63
Constant by, -746.30  -1727.72  131.70
0 b, 9.26 19.02 0.25
T b,, 33.59 74.11 -2.98
Breakpoint 108.74 133.89 77.35

R 0.98 0.99 0.98
Variance explained (%; R?) 96,98%  97.51%  95.14%

Table 9
Coefficients and breakpoint for R . Gavg and B, models
(at C2 A1)

t\}/;rlrarllt;lgefrom Coefficients R, G, B,
Constant b,, 122.18 169.45 122.02
0 b, 0.53 1.16 0.42
T b, 0.02 -2.16 -1.25
Constant by, -785.96  -512.82  -222.52
0 b, 2.89 2.96 4.80
T b,, 44.99 31.73 11.75

Breakpoint 139.15 158.89 112.37
R 0.93 0.95 0.97
Variance explained (%; R?): 87.42%  91.13%  93.54%
Table 10
Approbation of the model (3) in C1 Al

R (G [B [0, [T

Plant 10 108.83  131.67 81.50 22.00 19.03

23.32 20.93 25.30
+14.98%

model calculated

Model error

Plant 11 118.67 14633  81.67 23.21 18.96
model calculated 24.63 24.66 25.13

Model error

Plant 12 110.50  133.50 80.67 21.45 18.89

model calculated 2401 20-09 2037

Model error  +11.92% _

Table 11
Approbation of the model (3) in C2 Al
| Ravg | G'd\'g | BZIVg | emeasured T

Plant 10 131.67 152.67 101.33  22.00 19.03
model calculated 1 696 20'94 748

Model error  -22.93% | #481% | -66%

Plant 11 153.67 174.33 128.00 23.21 18.96
 nodel caleulated 29.93 28.93 26.61

Model error  +28.94% +24.65% +14.65%

Plant 12 154.00 175.33 117.33 21.45 18.89
 odel caloulated 31.13 30.02 24.56

Model error  +45.13% +39.95% +14.50%

0= ({Ravg, Gavg, Bavg} —bo1 — bZlT) / bu
(at {Ravg, Gavg, Bavg} < breaprint bO)
or
0= ({Ravg, Gavg, Bavg} — boz — b22T) / b1z
(at {Ravg, Gavg, Bavg} > breaprint bO) (3)

In this way the model (3) is obtained.

The results are provided in Table 10 and Table 11. “Mod-
el error” is the difference between 6 calculated (predicted)
with the model (3) and 6 measured, in %.

The results from Table 10 and 11 clearly show, that the
older leaves are not suitable for determination of irrigation
needs, because the predicting error in too large. The young
leaves before the irrigation are most informative, because the
error is acceptably small.

Conclusions

During the studing of the normal distribution was found
that almost all investigated values to RGB components have
a Gaussian distribution, except the B component in young
and older leaves after irrigation and the G component in
young leaves before irrigation.

The Analysis of variance shows that both the factors A and
C have significant impact on the R.. color component. Stron-
ger influence has factor C. On G, and B, color components
proven influence has only factor C. Components R, G and
B,. have greatest values in older leaves after irrigation, which
proves the second part of the preliminary suppositions, based
on observations of the plants on the crop level before the actu-
all study experiments, that during a period of drought the color
of both the young and older leaves darken.

In the regression analysis is proven the availability of a
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non-linear relationship between the examined one dependent
(color component) and two independent variables (0 u T).
Because of the resultant high coefficient of determination
R?, the model (2) and the method piecewise linear regression
with breakpoint can be used to predict with high precision
the values of the color components, based on the moisture
and temperature of the soil. During the data processing it was
found that the breaking point is coinciding with the mean
value of the each examined color component.

In the younger leaves, the model (3) and the method
piecewise linear regression with breakpoint can be used to
predict with high precision the values of the soil moisture
(and hence the need of watering), based of the color of the
leaves and soil temperature, because of the low levels of er-
ror in predicting (Table 10). That confirmes the first part of
preliminary supposition, based on observations of the plants
on the crop level before the actuall experiments, that the
younger leaves (at the top of the plant) are the carriers of
information about the need for watering. That in turn justifies
the methodology and why twice as many RGB color samples
are taken from them during the experiments.

The color components of older leaves before irrigation
are not suitable for establishing the need for irrigation, be-
cause of the obtained high levels of errors (Table 11).

This models (2) and (3) can be used as base of creation
of farmer’s information and/or monitoring systems, used to
determine the need of irrigation.

Acknowledgments

This article was prepared with the financial support
of Trakia University, Bulgaria. Research project Ne2-
OUP/30.04.2015 entitled ,,Experimental Scientific Labora-
tory in Automation and Information Technologies in Preci-
sion Agriculture”.

References

Atanasov, S., 2015. Soil specific FDR sensor calibration in soil
moisture measuring. Research Papers of Rousse University, 54:
217-221 (Bg).

Gallardo, M., 2004. Using indicators of plant water status for ir-
rigation scheduling, In: Jornadas Técnicas de Agricultura, Alm-
eria, Spain (Esp).

Mitkov, A. and D. Minkov, 1985. Mathematical Methods of Engi-
neering Research. Rousse University, 216 pp (Bg).

Nemali, K. S. and M. W. van lersel, 2008. Physiological re-
sponses to different substrate water contents: screening for high
water-use efficiency in bedding plants. Journal of the American
Society for Horticultural Science, 133 (3): 333-340.

Ovcharova, A. and B. Harizanova-Petrova, 2012. Influence of
the water factor on the growth and development of celery in the
region of Plovdiv. Research Papers of Rousse University, 51:
121-125 (Bg).

Popova, Z. and M. Ivanova, 2012. Impact of climate uncertainties
and soil characteristics on maize yield and irrigation require-
ments in Plovdiv region. Water Managements, 5/6: 26-33 (Bg).

Prasad, A. K., L. Chai, R. P. Singh and M. Kafatos, 2006. Crop
yield estimation model for lowa using remote sensing and sur-
face parameters. International Journal of Applied Earth Obser-
vation and Geoinformation, 8 (1): 26-33.

Sharon, Y. and B. Bravdo, 2001. A fully-automated orchard irriga-
tion system based on constinuous monitoring of turgor potential
with a leaf sensor. Acta Horticulturae, 562: 55-61.

Stanghellini, C. and F. De Lorenzi, 1994. A comparison of soil-
and canopy temperature-based methods for the early detection
of water stress in a simulated patch of pasture. lrrigation Sci-
ence, 14 (3): 141-146.

Starr, J. L. and I. C. Paltineanu, 2002. Methods for measurement
of soil water content: capacitance devices. In: J. H. Dane and
G. C. Topp (Eds.) Methods of Soil Analysis: Part 4 Physical
Methods. Soil Science Society of America, Inc., pp. 463-474.

Ton, Y. and M. Kopyt, 2003. Phytomonitoring: A bridge from sen-
sors to information technology for greenhouse control. Acta
Horticulturae, 614: 639-644.

Ton, Y., N. Nilov and M. Kopyt, 2001. Phytomonitoring: the new
information technology for improving crop production. Acta
Horticulturae, 562: 257-262.

http://www.onsetcomp.com/products/sensors/w-smc

http://www.onsetcomp.com/products/sensors/w-tmb

https://www.pce-instruments.com/english/measuring-instruments/
test-meters/color-meter-colour-meter-pce-instruments-colour-
meter-pce-rgb-2-det _52837.htm

https://www.pce-instruments.com/english/measuring-instruments/
test-meters/digital-thermometer-pce-instruments-digital-ther-
mometer-pce-em-883-det 2197129.htm

Received August, 12, 2016, accepted for printing November, 1, 2016




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


