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ABSTRACT 

All vegetation is vulnerable to stress due to biotic or 
abiotic factors. Remote sensing technology is a 
useful tool in managing abiotic stress. However, it is 
limited to damage assessment for biotic stress. The 
objectives of this study are to determine the pre-
symptom stage of ralstonia solanacearum infection 
in cucumber (Cucumis Sativus L.) and to study the 
effects of nutrient content, water level and light 
exposure on the electromagnetic spectral response 
of cucumber leaves in the pre-symptom stage. In this 
study, hydroponic sets of inoculated and non-
inoculated cucumber plants were grown in a 
controlled environment. A set of each inoculated 
and non-inoculated cucumber were subject to 
nutrient stress, water stress and light stress. 
Spectroradiometer measurements, photographs and 
notes were collected daily. Mean percent difference 
between inoculated and non-inoculated cucumber in 
normal condition of less than 15% indicates that data 
was collected during the pre-symptom stage of 
ralstonia infection. From the five vegetation indices 
used, the NRI, TVI and MCARI were successful in 
detecting a change in spectral reflectance in infected 
cucumber leaves that has been induced by light 
stress during the pre-symptom stage. This study has 
proven the hypothesis that a measurable change in 
spectral response can be induced for the early 
detection of vegetation biotic stress. 

KEYWORDS: Remote sensing, Induced spectral 
sgnature, vegetation indices, biotic stress, cucumis 
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INTRODUCTION  

The early detection of biotic stress in cash crops is an 
important advancement in remote sensing for crop 

management. (Chaerle et al. 1999) was able to 
detect spots of elevated temperature that were 
confined to area of Tobacco Mosaic Virus (TMV) 
infection on tobacco leaves before any disease 
symptoms became visible using infrared images. The 
local increase in temperature due to infection migh 
be detected through thermography. Furthermore, 
chlorophyll fluorescence is physiological parameter 
that also indicates  that a plant (leaf) is affected by 
stress. Therefore, both thermal and fluorescence 
imaging was combined to monitor spontaneous cell 
death in tobacco. These methods have advantages 
and limitations. Thermography is a passive system, 
thus it would not affect the target of interest. 
However, it is highly sensitive to environmental 
changes such as weather and moisture. Chlorophyll 
fluorescence imaging enables the quantification of 
photosynthetic parameters. Nevertheless, this 
method requires a light source of known intensity or 
artificial illumination. Besides that, the research 
conducted by (Chaerle et al. 1999 and 2002) were 
limited to TMV of tobacco plants. Thus, the 
application of the results of that research on other 
crop species remains unverifiable. These two 
techniques added to ones using vegetation indices 
are not able to detect infection of plants before 
symptoms become visible (in term of thermography, 
fluorescence or reflectance). At this point, the 
damage is already done and treatment or limitations 
of the infection are harder. Therefore, a technique 
for the early detection of vegetation biotic stress is 
needed even before the pre-symptom stage. In this 
study, this problem will be addressed by 
experimenting how a measurable change in spectral 
signature of a diseased plant in its pre-symptomatic 
stage can be induced through the manipulation of 
standard farming practices or abiotic factors. By 
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inducing a change in the diseased plant, the 
measured electromagnetic signature would contain 
new information that cannot be measured using 
conventional remote sensing method. 

METHODOLOGY 

The methodology of this study can be divided into 
four main steps which are experiment setup, data 
collection, data processing and data analysis. Each 
step plays an important role in leading the study to 
achieve its objectives successfully. Therefore, each 
step needs to be carefully executed in order to 
achieve results with minimal ambiguity. Eight sets of 
hydroponically grown cucumber plants were grown 
in a controlled environment. These sets consisted of 
combinations of normal cucumber, inoculated 
cucumber with a pathogenic agent, optimal 
conditions, manipulated nutrient content, 
manipulated water level, and manipulated light 
exposure. During a ten day period, the spectral 
signatures of the eight sets of cucumber were taken 
using handheld spectroradiometer in artificial 
lighting on a daily basis. At the same time, 
photograph of the cucumber sets and notes were 
taken. From the daily spectral signature 
measurement, the pre-symptom stage of the disease 
in cucumber was determined. The pre-symptom 
stage is the duration of time between inoculation 
and symptom development. This stage is when the 
spectral signature of healthy plant and inoculated 
plant shows a normal variation of no more of 10 to 
15% of percent difference. The hypothesis of this 
experiment is that there would be a detectable 
change in spectral signature in the sets that has 
abiotic manipulation (e.g. nutrient, water and light 
exposure) during this pre-symptomatic stage. Finally, 
the spectral measurements were quantitatively 
compared using a combination of vegetation indices 
such as the Normalized Difference Vegetation Index, 
Structure Insensitive Pigment Index, Nitrogen 
Reflectance Index, Triangular Vegetation Index and 
Modified Chlorophyll Absorption and Reflectance 
Index (Genc, et al 2008, Laudien et al, 2004). Using 
the vegetation indices, the difference in spectral 
signature was quantified. For the purpose of this 
study, the Analytical Spectral Devices (ASD) 
FieldSpecPro Spectroradiometer was used. The 
spectroradiometer can measure spectral response 
within the range of 350 nm to 2500 nm at 1 nm 
intervals. The spectroratiometer was operated using 
a Panasonic Toughbook Model CF-29. The 

spectroradiometer was attached to a pistol grip with 
an 8˚ foreoptic. 
Cucumber (Cucumis Sativus L.) was used in this 
study, and when its seedlings were 7 weeks old, 4 
out of the eight sets were inoculated with a 
pathogen. For this study, the bacteria ralstonia 
solanacearum was used. This bacterium is commonly 
known as bacterial wilt and it infects a wide range of 
vegetables and plants. The cucumber plants were 
inoculated with the bacteria by creating lacerations 
at the root and adding the cultured bacteria into the 
hydroponic solution 
 

 
 
 
 
 
 
 
 
Figure 1: (a) Creating laceration at roots of cucumber plant using a 

scalpel. (b) Adding cultured bacteria to hydroponic solution. 

RESULTS AND DISCUSSION 

The percent difference method was used to prove 
that the data was collected during the pre-symptom 
stage of ralstonia solanacearum in cucumber plant. 
The mean percent difference in reflectance of 
inoculated and non-inoculated cucumber leaf 
throughout the duration of data collection was less 
than 15%. This means that the average difference in 
reflectance values of inoculated and non-inoculated 
cucumber leaves in normal condition is very small 
and as such no significant spectral change has 
occurred during the pre-symptoms stage. 

The spectral measurements of cucumber in normal 
condition, nutrient stress, water stress and light 
stress were quantitatively compared using a 
combination of vegetation indices such as the 
Normalized Difference Vegetation Index (NDVI), 
Nitrogen Reflectance Index (NRI), Structure 
Insensitive Pigment Index (SIPI), Triangular 
Vegetation Index (TVI) and Modified Chlorophyll 
Absorption Ratio Index (MCARI). Using the percent 
difference of vegetation index values, the difference 
in spectral signature was quantified. 

The plot of NDVI values for cucumber in nutrient 
stress in Figure 2 (a,b and c) shows that there is a 
slight decrease from day 1 to day 10. However, the 
NDVI values for inoculated and non inoculated 
cucumber in nutrient/water/light stresses and 
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normal condition is very similar throughout the 10 
days after inoculation. All other Vegetation Indices 
used showed no significant difference between 
stressed and non stressed samples in the case of 
nutrients and water stress. However, the TVI, MCARI 
and NRI showed a very clear discrimination between 
the inoculated sample vs non inoculated one when 
submitted to light stress; Figure 4 (d,e and f). In fact, 
values for inoculated cucumber subject to light 
stress are considerably lower than that of non-
inoculated cucumber same condition and cucumber 
in normal condition from day 6 to day 10. This 
indicates that there is lower chlorophyll absorption 
in inoculated cucumber in light stress.   
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f) 
Figure 2: Comparison of Vegetation Indexes for both inoculated 

and normal Cucumis Sativus L 

 

CONCLUSIONS 

 

The pre-symptom stage is the period where the 
plant is infected but symptoms have not yet 
developed. The difference in reflectance of 
inoculated and non-inoculated cucumber is less than 
15% during the 10 days of data collection. Thus, it is 
proven that the pre-symptom stage exists at least 10 
days after inoculation. This is in fulfillment of the 
first objective of this study. The percent difference 
analysis of vegetation index values have proven that 
a change in spectral reflectance was successfully 
induced during the pre-symptom stage of ralstonia 
solanacearum infection of cucumber using light 
stress as an inducing factor. This phenomenon was 
detected using NRI, TVI and MCARI. This study has 
merely proven the hypothesis that a measurable 
change in spectral response can be induced during 
the pre-symptom stage of ralstonia solanacearum 
infection of cucumber. This serves as a stepping 
stone for countless research towards the 
implementation of this technique in precision 
farming practices. 
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