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Introduction

Drought adaptation has a special significance in mod-
ern biomass production, in order to reduce production risks, 
to mitigate extreme water stress situations and to enhance 
food and crop safety. These goals can only be achieved by 
integrated complex approach in crop and fruit production 
as well as rural development (Juhász et al. 2013). Hungary 
has favourable agro ecological potential for pomaceous fruit 
production (Soltész & Szabó 1998). Orchards are relatively 
not highly water consumer comparison with cereal species. 
However, to ensure optimal water capacity values calculating 
breeding season it is the most important risk factor. Therefore 
in large orchards up-to-date information is needed on wa-
ter capacity and possible water stress of the fruit trees. The 
reason for this is that the physiological reactions against the 
changing water capacity appear much earlier than the water 
stress. These physiological changes cannot be observed visu-
ally in the early period of water stress. Thus early detection 
of the effect of different stressors, such as drought has a key 
role in the mitigation and prevention. 

The chlorophyll content is one of the indicators of the 
state of health (Burai et al. 2009), which affect the reflect-
ance spectra of the vegetation and the vegetation indices as 
well. Minimum at the visible spectral range is related to pig-
ments in plant leaves. Chlorophyll absorbs markedly spectral 
range between 450–670 nm. Healthy vegetation reflects the 
40–50% of the incoming energy between 700–1300 nm spec-
tral ranges due to the internal structure of the canopy, lignin 
content and parenchyma structure of the leaves (Gates et al., 

1965). In this way, the measured reflectance plays an impor-
tant role in distinguishing different plant species and possible 
water stress, even if these species are seems to be similar 
based on visible spectral range (Berke et al., 2004). In refer-
ence to this, searching areas referring to early recognisability 
of plant diseases, mapping of deficiency of nutrients by re-
flectance spectrum, the singular or association level approach 
of the vegetation in agro-ecological, cropping technologies 
respect, have to be mentioned (Santoso et al, 2011).

The development of remote sensing techniques and the 
new generation of satellite and airborne sensors could give 
advanced tools for analysing the biomass productivity in dif-
ferent space and time. Products of new generation of satellite 
and airborne sensors could give advanced tool for end users 
to produce new drought related products. The NASA and the 
U.S. Department of Agriculture Foreign Agricultural Serv-
ice (USDA FAS) jointly funded a new project to assimilate 
NASA’s Moderate Resolution Imaging Spectroradiometer 
(MODIS) data and in monitoring crop conditions for a spe-
cific region, remotely sensed vegetation index data can be 
use to track the evolution of the growing season compared to 
reference long-term mean conditions (Tucker, 1985).

Materials and methods

The field survey was carried out at the University of 
Debrecen, Centre for Agricultural and Applied Economic 
Sciences, Research Institute for Farm and Regional Re-
search Sciences at Pallag. The examination site is a mi-
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croirrigated intensive apple orchard. All species were 
grafted on M9 stocks. Leaf samples were taken from the 
following apple species: Golden Reinders, Early Gold, 
Gala Galaxy, Gala Must, Pinova, Buckeye Gala, Gala An-
naglo and Golden B from branches at 120 cm height, from 
five trees/species. 

Goal of this study was to elaborate the spectral detectabil-
ity of leaf characteristics concerning water stress. In order 
to achieve this goal, not only the spectral profiles of the leaf 
samples were measured, but also conventional gravimetric 
method for water content were carried out as a calibration for 
the spectral features. The spectral profiles (reflectance) were 
measured by laboratory scale AvaSpec 2048 spectrometer at 
400–1000 nm wavelength interval with 0.6 nm spectral reso-
lution. The AvaSpec 2048 system consists of one spectrom-
eter, AvaLight-HAL halogen light source which are joined by 
a fibre optic with 8 μm diameter and a self-innovated special 
sampling box in order to provide dark for measurements. The 
principal component analysis and bivariate correlation sta-
tistical methods were used to select that wavelength which 
relates to water content. Tukey variance analysis was used 
to determine the differences between different water content 
and detect spectral differences. Furthermore, MODIS NDVI 
time series data were analyzed for orchards situated in North-
Eastern part of Hungary in drought effected (2007) and wet 
(2010) years in order to detect differences. 

Results

The spectral profiles of apple leaves describe properly 
the spectral characteristics of healthy green vegetation (Fig-
ure 1) Chlorophyll absorbs markedly the electromagnetic 
radiations at 450–670 nm wavelength interval, especially 
at green and red color intervals. At 700 nm the reflectance 
increases steadily, and the leaves reflect the 60–80% of the 
light source energy between 700–1000 nm spectral ranges. 
It can also be stated, that due to the noise of the measure-
ments, but mainly to the thinness of the leaf samples, spec-
tral differences are not observed in water sensitive 900–970 
nm wavelength interval (Champagne et al. 2001), thus it is 
not possible to calculate the well–known Water Band Index. 
Therefore, other wavelength intervals were studied for wa-
ter sensitive.

Comparing the reflectance properties to dry material 
content of leaf samples significant correlation can be found 
at 540–575 nm (r~-0.610) as well as 750–830 nm (r~0.8)  
(Figure 2). 

Generally more water in tissues results larger absorbance 
and less reflectance. But in the 540–575nm interval inverse 
ratio was found, it is probably due to chlorophyll content, 
since the characteristics of healthier vegetation is not only 
observed by more water content, but also the chlorophyll 
content, which has high reflectance properties at the con-
cerned spectral interval. On the other hand, at NIR spectral 
range the reflectance increases as the dry material content 
grows, due to the water content changes and the changes of 

the internal structure of the leaves. Therefore, in the case 
of this spectral measurement method NIR spectral interval 
(750–830) should be used for water content and water stress 
detection in leaves.

Examining phenologic phases of the apple trees, the wa-
ter content of the leaves is permanently decreased. On the 
other hand, there were some exceptions in the case of several 
apple species. Small decrease in dry material content was ob-
served in leaves sampled in September. Based on the Tukey 
variance analysis, these changes were significant. These 
significant changes were also detected in the case of several 
wavelengths in NIR range as well. (Table 1). This also sug-
gest to use the NIR range (750–30 nm) for water content de-
tection and water stress analysis of trees.

Table 1. Changing of dry material content in the vegetation period based on 
Tukey variance analysis

Time series
Dry material content 

(%)
Reflectance
At 767 nm

02/07 41.65a 63.77a

15/07 46.47b 67.30ab

02/08 46.47b 69.57ab

15/08 43.54c 74.15b

02/09 43.18ac 69.87ab

15/09 41.88a 65.29a

*no significance differences within values labeled by the same letter 

(P<0.05)

Figure 1. Spectral profiles of the apple species

Figure 2. Correlation between reflectance at a specified spectrum with dry 
material content
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The reason for small decrease in dry material content is 
the weather. There were no significant precipitation in July 
and August before the sampling, but in September 10–15 mm 
precipitation has fallen, which increased the water content of 
the leaf samples. 

Analysing of the drought affected years, in the case of or-
chards drought can appear at the middle of June in the South-
ern part of the counties. On the other hand in wet years the 
higher NDVI values were detected representing good water 
supply circumstances. In July NDVI values were about 0.5-
0.6 in 2007, meanwhile 0.6–0.8 in 2010, and in August the 
average difference NDVI was 0.3–0.4 (Figure 3).

Beside lack of precipitation several other factors can 
significantly influence the yield. These factors are mostly 
climatic. In some of the examined years there were severe 
freeze damages in early spring, which caused decrease in 
yield. Another typical problem in summer is the hail dam-
ages. There was special circumstance in 2010, when the 
amount of precipitation was nearly twice as much as the long 
term average annual precipitation, thus the effect of excess 
water and pathogen agents had also negative effect.

Conclusion

The spectral profiles of apple leaves describe properly the 
spectral characteristics of healthy green vegetation, although 
spectral filtering is needed for proper examination. Even af-
ter filtering, Water Band Index can not be calculated from 

leaf reflectance data. For water stress detection 750–830 nm 
spectral interval in NIR range can be used. MODIS NDVI 
can be a solution for drought monitoring, but further studies 
are needed for certification.
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Figure 3. Average NDVI values in a wet and a dry year
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