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Abstract 

The agricultural sector is vital for the Greek economy, the Greek producers and consumers. The new era in 
agriculture leads scientists to find new more effective ways to estimate plant growth and biomass production and 
to increase water use efficiency. Given the above, a research project was organized at the Laboratory of 
Agricultural Hydraulics, University of Thessaly. For the first time in the climatic conditions of Central Greece, 
the project aims to assess another method to estimate the growth and biomass production of corn, based on 
multispectral photos and vegetation indices using a low cost multispectral camera and drone. Three surface drip 
irrigation treatments in three replications were organized and a randomized complete block design was used. The 
crop water needs were calculated according to the daily evapotranspiration using the Penman-Monteith 
procedure as it was presented by the Food Agricultural Organisation. The amount of water in each treatment was 
equal to A) 100% of the daily evapotranspiration (ETo), B) 75% of the ETo, and C) 50% of the ETo. Vegetation 
indices were calculated based on multispectral photos taken from a drone and the Simple and Multiple 
Regression analysis were used to estimate the maize growth and biomass production in Greek conditions. 
Different equations were formed to estimate the maize growth and biomass production and vegetation indices 
were used as independent variables. The results showed that vegetation indices can be used in the agriculture 
process to estimate maize growth and biomass production. In this paper the results of two consecutive years, 
2018 and 2019 are presented. 
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1. Introduction 

Worldwide agriculture has entered a new era dominated by the application of new technologies and methods in 
agricultural production. On the contrary, in Greece, the agricultural sector still follows conventional practices 
and sometimes seems to be against the introduction of the new technologies in agricultural production. 
Furthermore, the production cost is high as a result of the high prices of crude oil which affects the cultivation 
cost and the irrigation cost as well. The irrigation cost is affected by the methods of irrigation scheduling that are 
used too. The agricultural sector is one of the pillars of the Greek economy alongside tourism and is a resource 
of income for thousands of Greek families. Consequently, the above limitations are crucial for the development 
of the Greek agricultural production which makes it necessary for the scientific community to focus on finding 
solutions.  

New technologies have not entered the Greek agricultural production as dynamically as it was expected. 
Different factors have not allowed Greek farmers to extensively implement new technologies into the 
agricultural process and production. The most significant of these factors is the economic crisis that the country 
has experienced in the last decade. Its impact is still visible today. The decrease in the country’s gross domestic 
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product (GDP) has also resulted in a reduction in the funds available for investment in new technologies and 
practices in agriculture. 

At the same time, the agricultural sector in Greece faces specific problems that require solutions. One of them is 
the high cost of irrigation water as a result of the limited quantities available for agricultural use. It is well known 
that climate change has also affected Greece. As a result, an uneven distribution in rainfall water has been 
observed both geographically and in terms of time and duration. The consequence of this is that certain areas 
receive high amounts of rainwater without having the necessary infrastructure to store and to utilize these 
quantities of water while rainwater occurs at a time when crops have no water requirements. It is therefore 
necessary to develop techniques for the optimal management of available water to meet the needs of agriculture 
using new techniques. 

Researchers in the past have suggested practices for optimal irrigation water management. Drip irrigation was 
initially suggested, as it has minimal losses of water while it gives a high yield. Also, it is more feasible to use 
automation with drip irrigation systems in comparison with other methods such as sprinkler irrigation. Later, 
modern irrigation scheduling methods were used through the use of reference evapotranspiration (ETo) 
calculation methods such as the methodology presented by Allen et al. (1998), replacing other methods such as 
the evaporation pan class A and others. Soil moisture sensors were hardly applied to open field crops as opposed 
to greenhouse crops. Efforts have recently been made to apply remote sensing techniques and satellite imagery to 
assess soil moisture status and to implement an irrigation program. Each of the above methods has limitations. 
For example, measurements of the reference evapotranspiration using simple methods (Penman, Hargeaves, 
evaporation pan class A) causes over or underestimations of the ETo, whereas the FAO Penman-Monteith 
method requires detailed climatic data that is difficult to collect. Soil moisture sensors have high purchase and 
installation costs, while photos taken from satellites are expensive too and have altitude inaccuracies as well as 
repeatability problems (Jiang et al., 2015; Radhadevi et al., 2016). 

Another recurrent problem is the high cost of energy for agricultural use. In Greece, a significant part of energy 
needs is covered by oil. Oil, among other uses, is used in all agricultural machinery that is used in farming and in 
some cases in pumping irrigation water. In the last seven years, this problem has not been so serious due to the 
low price of crude oil. However, the price of crude oil is not steady due for several reasons including the health 
crisis (http1), thus occasionally the use of oil to pump irrigation water is not affordable. On the other hand, it is 
more expensive to use electricity in some cases, due to the high cost of the solid fossil fuels like lignite which is 
the main raw material in power production, whereas the whole procedure increases the greenhouse gas emissions 
(Tursi, 2019). The solution, in this case, is the use of renewable energy sources, such as biomass. Biomass can be 
used either as the raw material for solid fuels (pellets) or liquid fuel production (bioethanol) (Karatassiou et al., 
2016a, 2016b; Papoutsidakis et al., 2018). 

All of these concerns are being addressed and a new era for agricultural production has begun by using 
unmanned aerial vehicles (drones) in conjunction with various multispectral sensors. The most up-to-date 
practice is to use multispectral cameras and drones to calculate specific vegetation indices related to the plant’s 
physiological condition and to provide information on the plant’s health. The gradual progress of the research 
has led to finding of several such indices each associated with estimating different parameters such as Leaf Area 
Index (Potgieter et al., 2017), Soil Moisture (Belvert et al., 2012), biomass production (Gitelson, 2004). The best 
known of these indices is the NDVI (Normalized Difference Vegetation Index). International studies have shown 
that this vegetation index can be used to predict various parameters related to plant growth (Toureiro et al., 2017). 
For example, it can be used to predict possible plant stress due to pathogens up to two weeks before symptoms 
become apparent (Shawn, 2017) or to assess the potential lack of moisture in the field (Sruthi and Aslam, 2014) 
and to estimate the crop yield (Mulla, 2013), including biomass production (Latifia et al., 2015) and plant height 
(Payero et al., 2004).  

However, there are limited references to the use of vegetation indices based on low cost multispectral camera 
and drone combination in agricultural production. Especially, there are no studies that correlate specific 
vegetation indices with irrigation management, growth and biomass estimations in the climatic conditions of 
Central Greece. 

In the present research, a drone and a multispectral camera were used to take photographs of a corn crop. Corn is 
a plant that is ideally adapted to the climatic conditions of Greece. It is an important crop for the Greek economy, 
mainly for its high nutritional value for both humans and animals. Also, it is one of the cultivated plant species 
that give a significant production of both biomass and bioethanol (Ambrosio et al., 2017). Finally, it is a plant 
that is affected by different irrigation doses (Toureiro et al., 2017). 
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This research started in 2018 and its total duration is three years. The objective is dual. Initial main aim is to 
study the feasibility of using a drone and a multi-spectral camera to calculate vegetation indices in corn in the 
Greek climatic conditions. Additionally, it aims to study whether it is possible to use these vegetation indices to 
estimate the corn height and the dry biomass production under different irrigation doses. The main hypothesis 
was that if specific vegetation indices can be used to estimate the corn height and biomass production in the 
climatic conditions of Central Greece. The secondary hypothesis was that if the irrigation dose might affect the 
kind of vegetation index that is going to be used as independent variable in plant height and biomass production 
estimation.  

Based on the previous paragraphs this study has theoretical and practical implications as well. As previously 
mentioned it is the first time that such a low cost technique has been applied in the Greek climatic conditions. 
The collected know-how is going to be used as the basis for other research projects in the future. Furthermore, 
the knowledge is going to be used in training programs for farmers as well as in the under graduate and post 
graduate programs. Practically, the know-how is going to be used in every day agricultural practice for an 
optimal management of the natural resources such as irrigation water so as to save it and to economise and 
improve water use efficiency. 

2. Materials and Methods 

2.1 Cultivation and Irrigation Techniques 

A research project was designed and implemented at the Experimental Farm of the Department of Agriculture, 
Crop Production and Rural Environment, in the Velestino area, Magnesia, Central Greece in 2018. In this paper 
the results from the first two years 2018 and 2019 are presented. The local altitude of the farm is about 70 meters 
above sea level. The complete randomized block experimental design was used (Mongomery and Runger, 2003) 
with three irrigation treatments in three replications. The treatments were: a) surface drip irrigation (I-100) with 
irrigation dose equal to 100% of daily evapotranspiration (ETd), b) surface drip irrigation (I-75) with irrigation 
dose equal to 75% of the ETd and c) surface drip irrigation (I-50) with irrigation dose equal to 50% of the ETd. 
The data was analysed with the Statistical Package Minitab ver. 16 for Windows. The one-way analysis of 
variance (ANOVA) and the Simple and Multiple Linear Regression analysis tools were applied and the 
significance level was P < 0.05. The regression analysis was used to calculate equations to predict specific plant 
characteristics. Several vegetation indices were the independent variables while the dependent variables were the 
plant height of the crop and biomass production. This procedure was used to study the main hypothesis (if 
specific vegetation indices can be used to estimate the corn height and biomass production in the climatic 
conditions of Central Greece). Different vegetation indices were calculated for each of the three treatments so as 
to study the secondary hypothesis (if the irrigation dose might affect the kind of vegetation index that is going to 
be used as independent variable in plant height and biomass production estimation). 

The corn was sown on 04/17/2018 and 04/22/2019 with a four-row seeder. Each of the four rows consisted of 96 
plants so the distance between the plants was 13cm while the distance between the rows was 80cm. The total 
area of each plot was 30 m2. So, the total number of plants per ha was 9,600. The harvested took place in the 
second 10-days of September (728 Growing Degree Days). The treatments were free of nitrogen fertilization and 
the weeds controlled through two chemical applications. The first weed control was applied before the plant 
emergence and the second one after the emergence. 

The crop evapotranspiration (ETc) method was used in irrigation dose calculations. The FAO Penman-Monteith 
equation was used to calculate the reference evapotranspiration (ETo) as well as the simple crop coefficient 
(Allen et al., 1998). The daily meteorological data by an agrometeorological station as well as the daily ETo 
were recorded. The station is located 50m from the treatments. 

The irrigation doses were applied through a drip irrigation system. First and second class delivery laterals of 
polyvinyl chloride (PVC) were used. The distance between the drip laterals was 1.60m. The distance between the 
emitters was 0.50 m with an average flow rate of 4 l/h. The drip irrigation program started on 05/16/2018 and 
05/31/2019. During the first cultivation period in 2018, two sprinkler irrigations were applied to achieve the 
optimal crop emergence while the next year three sprinkler irrigations were applied. Flowmeters were placed in 
each plot and the exact amount of irrigation water was recorded after every irrigation. The irrigation dose was 
applied every six days. The irrigation dose was applied every six days two days earlier than the maximum 
irrigation interval which calculated according to the field properties (Papanikolaou & Sakellariou-Makrantonaki, 
2019).  

Weekly measurements of plant height and biomass were taken. The measurements of height were taken from the 
two middle rows of each plot. Every plant from an area of 2 m2 was measured. Every week a plant from each 
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between the sowing date and the end of August was 242.0 mm. About half of this rainfall water (118.0 mm) fell 
during the period between 10 of June to 10 of July. During this specific period, the corn growth was rapid and its 
water needs were high and were covered fully by the rainfall water, only. According to the recorded climatic data 
of the area, about five more irrigations would have normally been applied. The next year (2019) the total actual 
rainfall water between the sowing date and the end of August was 41.0 mm, only. During the irrigation period, 
the rainfall water was only 23mm and the crop water needs were mainly covered by irrigations. 

2.3 Vegetation indices Theory 

In the present study, the vegetation indices that were used were the NDVI, the WDRVI, and the RVI. All three 
vegetation indices were used to estimate the plant height as well as the biomass production. Those indices 
referred to one plot basis and an average value of each index per treatment was calculated. The NDVI is a 
commonly known vegetation index and is used to estimate the leaf structure, the leaf area index (LAI), and the 
photosynthetic canopy (Shawn, 2017; Xu & Su, 2017). The NDVI (Normalized Difference Vegetation Index) is 
calculated with the following equation (Xu & Su, 2017):  

NIR RED
NDVI

NIR RED




                                          (1) 

Where, 

NIR: is the near-infrared channel of the multi-spectral camera centered at 660nm with an interval -10 to +10 nm; 
RED: is the red channel of the multi-spectral camera centered at 850nm with an interval -20 to + 20 nm. 

The WDRVI (Wide Dynamic Range Vegetation Index) can be used to estimate biomass when the LAI is higher 
than 2 while the NDVI is used when the LAI is lower than 1 (Gitelson, 2004). This index is calculated with the 
following equation (Gitelson, 2004):  

aNIR RED
WDRVI

aNIR RED




                                  (2) 

Where, 

a: is a coefficient value of 0.20.  

The RVI (Ratio Vegetation Index) is used to estimate the leaf area index (LAI), the dry biomass of the plant 
leaves, and the leaf chlorophyll content (Sun et al., 2011). This index is calculatedwith the following equation: 

NIR
RVI

RED
                                      (3) 

The GVI (Green Vegetation Index) is used to estimate the biomass (Xue et al., 2004). This index is calculated 
with the following equation: 

NIR
GVI

GREEN
                                     (4) 

A multi-spectral camera was used to take photos of the experimental field during the cultivation period. These 
photos were used to calculate the above vegetation indices. This multi-spectral camera uses three different 
channels, the red (RED 660 nm), the green (Green, 550 nm), and the near-infrared (NIR, 850 nm). It could be 
remotely controlled via WiFi with a simple smartphone where appropriate software had been installed. Both the 
longitudinal and the lateral image overlap were set above 70%. The drone was almost staytionary above the 
centre of each plot. The focal length.of the camera is 3.37 mm and the camera angle 87o. The exposure value of 
the camera is 15.5. The spatial resolution of the camera is 5.5 cm/px at 120 m altitude. The empirical line method 
of radiometric calibration was used according to the manufacturer’s suggestions. A group of four different 
ground targets with known and stable reflectance was used. An image of the ground targets was taken before the 
drone flight and it was used as the reference image in the Camera Control Application software that supports the 
multispectral camera. Through that software the images were calibrated as for reflectance and atmospheric 
values even in the case of low flying height of the drone (4 m above the ground). In that way the group of images 
of each plot for each date were comparable. The general procedure consisted of 4 steps. In the first one the 
multispectral images were taken. Afterwards the images were processed with the Camera Control Application 
and the ImageJ software. In the third step the QGIS software was used and the vegetation indices were calculated 
and the last step was the visualisation. The photos were geo-referenced through a GPS that was connected to the 
camera. Additionally, the QGIS ver. 2.18, was used. The QGIS was used to calculate the vegetation indices as 
well as for the geometric correction of the images. For the geometric correction of the images, the ground control 
point’s procedure was used. One ground point in the middle of each plot was marked and its exact coordinates 
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75 75 75116 1045 54.9H NDVI RVI                                 (6) 

The above equation describes the plant height in acceptable accuracy as the correlation coefficient was found to 
be R2 = 77.1%. 

C) The average plant height of the treatment I-50 is described by Equation 7: 

50 50 5023.3 553 23.2H NDVI RVI                                 (7) 

The above equation describes the plant height in medium accuracy as the correlation coefficient was found to be 
R2 = 62.3%. 

Following the same approach, another three equations were formed to estimate the average dry biomass for each 
treatment.  

D) The average dry biomass of the treatment I-100 is described by the following equation: 

100 100 100545 54.7 588DB RVI WDRVI                                (8) 

The above equation describes the plant height in acceptable accuracy as the correlation coefficient was found to 
be R2 = 79.8%. 

E) The average dry biomass of the treatment I-75 is described by the Equation 9: 

75 75 75371 2318 148DB NDVI RVI                                 (9) 

The above equation describes the plant height in medium accuracy as the correlation coefficient was found to be 
R2 = 70.5%. 

F) The average dry biomass of the treatment I-50 is described by the Equation 10: 

50 50 50120 867 50.7DB NDVI RVI                                 (10) 

The above equation describes the plant height in medium accuracy as the correlation coefficient was found to be 
R2 = 61.1%. 

Where,  

Hi: denotes the average plant height of each treatment for the two years 2018-2019; NDVIi: denotes the average 
NDVI of each treatment for the same two years; RVIi: denotes the average RVI of each treatment for the same 
two years; WDRVIi: denotes the average WDRVI of each treatment for the same two years. 

The visualization of the real values of plant height and biomass production is shown in Figures 8a and 8b 
respectively.  
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4. Discussion 

4.1 Evaluation of Plant Height, Biomass Production and Water Use Efficiency 

The plants in the I-100 treatment reached a maximum height of 229a cm (mean max height of the 2018 and 2019 
periods). The plants in the treatments I-75 and I-50 reached 212b and 187c cm respectively. It must be noted that 
the difference in the mean maximum plant height in treatments I-100 and I-75 was only 3%, which is considered 
small compared to the difference in irrigation dose (25% less irrigation dose). The difference between I-75 and 
I-50 treatments was 12%. This observation is crucial for periods and areas where irrigation water shortages are 
deficient.  

The average maximum dry biomass production for the two years 2018-2019 reached 33900a kg/ha in treatment 
I-100, 29400b kg/ha in I-75 and 24000c kg/ha the treatment I-50. However, the difference between the I-100 and 
the I-75 treatment is 13% while the difference between the I-75 and I-50 is 30% which means that the dry 
biomass is more sensitive to deficit irrigation than plant height. The results for both plant height and the dry 
biomass production are consistent with those in previous researches (Papanikolaou & Sakellariou-Makrantonaki, 
2012; Sakellariou-Makrantonaki et al., 2009; Mygdakos et al., 2009; Karatassiou et al., 2016a, 2016b). 

The WUE was higher in the I-50 treatment. This result is significant and predictable as the crop water needs in 
the I-50 treatment were covered by only 50% compared to the actual maize water needs (100% of the I-100), 
while dry biomass production was quite high. The results are consistent with those in previous researches 
(Papanikolaou & Sakellariou, 2012; Karatassiou et al., 2016a, 2016b). 

4.2 Evaluation of the Vegetation Indices Measures 

The NDVI index increases until the first days of August, for each of the three treatments, when its maximum 
value is recorded. These results are consistent with those of other researches (Ghosh et al., 2003). 

According to the data, under the climatic conditions of the area, the RVI index affected by the irrigation dose but 
not as much as the NDVI one, especially in the treatments where deficit irrigation was applied. These results are 
consistent with those of other researches (Ghosh et al., 2003). 

In contrast to the positive values of the NDVI and RVI indices, the WDRVI values are negative and only the 
maximum value in the treatments I-100 and I-75 are positive. The results are consistent with those of other 
researches (Sakamoto et al., 2013). 

In contrast with NDVI, RVI, and WDRVI after reaching its pick value, GVI decreases less rapidly than the other 
three indices. The results are close to those published by Pritsolas and Pearson (2018).  

4.3 Evaluation of the Equations That Estimate the Plant Height and Biomass Production 

According to the results, the plant height can be estimated with equations where Vegetation indices are used as 
independent variables. It was observed that the WDRVI and the RVI indices were more sensitive in plant height 
estimation for the fully irrigated plants while the NDVI and the RVI gave equations that best fitted the height 
evaluation of the plants in the other two treatments. This result can be explained because the NDVI is more 
sensitive when it is used to describe characteristics of plants that are stressed and with lower canopy (Jin et al., 
2015). Those results are consistent with the results about the NDVI of other researches (Payero et al., 2004, 
Rahetlah et al., 2014). 

Biomass production is correlated with plant height (Rahetlah et al., 2014). Thus, the estimation equations were 
equivalent to those for plant height estimation. The WDRVI and RVI indices were used to estimate the biomass 
in the I-100 treatment while the NDVI and RVI ones to estimate the biomass in the other two treatments. The 
biomass production was estimated with acceptable accuracy as shown by other researches too (Llorenç et al., 
2011). 

From the four different vegetation indices (NDVI, WDRVI, RVI, and GVI) the three were used as independent 
variables to estimate the plant height and the dry biomass production of corn (dependent variables). Specifically, 
the RVI index seems to be the most sensitive and is present in all the estimation equations. The NDVI is the 
second most frequent index in the estimation equations. The WDRVI, a weighted NDVI index, appears only in 
the estimation equations of the treatment I-100. Five of the six equations predict the dependent variable quite 
accurately (R2 values ranging from 70.5% to 84.7%). In I-50 treatment neither the plant height nor the biomass 
production could be predicted accurately enough from these four vegetation indices. Finally, the GVI did not 
appear in any of the equations as it is more sensitive to the leaf chlorophyll content variation and it is not used to 
predict plant growth characteristics. The validation process of the equations about the height and biomass 
estimation confirmed the above analyses. In the validation were used the Adjusted Coefficient of Variance, the 
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Predicted Residual Error Sum of Squares (PRESS) statistic and the Data Splitting procedure. Further statistical 
analysis gave a mean value of coefficient of variance of about 26 which is characterized as acceptable for an 
open field agricultural project (Ehsan, 2018). 

As for deficit irrigation, the results showed that both plant height and dry biomass production were lower than 
those in full irrigation. There were statistically significant differences between the treatments. It must be noted 
that the average maximum plant height in I-75 treatment was only 3% lower than the I-100 treatment while in 
the I-50 treatment it was about 12% lower than in the I-75 one. The biomass production in the treatment I-75 was 
13% lower than the I-100 one while in the treatment I-50 was 30% lower than the I-75. This is a crucial result as 
in periods or in areas where the irrigation water is limited; the producer can choose between two proposals of 
deficit irrigation, 75% or 50% of the daily evapotranspiration with affordable losses in yield. 

4.4 Advances, Limitations and Future Works 

The use of UAV to take photographs for agricultural purposes is feasible and affordable, economically. It is a 
new approach to agricultural management and useful equipment in decision-making systems related to the 
agricultural sector. The key factor is the equipment to get even more affordable. If so, the multispectral cameras 
which use more than three different bands of the spectrum could be used so that more vegetation indices can be 
calculated from the same photo and more information about the plant’s health can be extracted at the same time. 
Furthermore, sophisticated software, including software used in photo calibration, could be openly accessed to 
minimize the total cost of photo analyses. Additionally, the real flight time of the drones must be increased so as 
to eliminate the need to interrupt the flight to recharge the batteries or to use a large number of them, which is an 
extra cost. 

Further study needs to be conducted to evaluate the effects of other parameters on the climatic conditions of 
Greece. Such parameters are the resolution of multispectral cameras that use different sensors. Sensors with high 
resolution give different results in VIs calculations. The height from which the photos are taken may affect the 
values of the vegetation indices. Photos taken in cloudy conditions may have an effect on the VIs in comparison 
with photos taken in sunny conditions. The specific VIs values could be different in the same conditions in 
another area of Greece and consequently, the above equations that estimate the plant height and the biomass 
production could be the same or vary. Finally, those indices could be used to estimate the same plant 
characteristics in other crops. 

5. Conclusion 

In this paper, the results of two years (2018-2019) project are presented. The aim was to study if it is feasible to 
use a drone and a multi-spectral camera to calculate vegetation indices in corn in the Greek climatic conditions 
and if it is possible to use these vegetation indices to estimate the corn height and its dry biomass production. 
Three different irrigation doses were applied I-100, I-75, and I-50.  

According to the results and the Simple and Multiple regression statistical analysis, both aims were fulfilled. 
Generally, it is feasible to use a low cost drone and a multispectral camera to take photos and calculate different 
vegetation indices. Indices such as NDVI, WDRVI and RVI were used as independent variables to estimate 
dependent variables such as the mean plant height and the dry biomass of corn in medium to high accuracy when 
different irrigation doses were applied. 
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