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Abstract 
Water is the key nutritional element for the optimal development of plants. A water deficiency leads to lower crop 
productivity. As the health status of a plant influences the photosynthesis process, a photosynthetic diagnosis of a 
plant can be carried by laser induced chlorophyll fluorescence, a reliable and fast method that is non-destructive to 
the sample. In this study, we show that it is possible to detect the water deficiency of rubber tree hevea brasiliensis 
from the chlorophyll fluorescence ratio. The fluorescence ratio used in this study is called the effective ratio and it 
corresponds to the both fluorescence peaks ratio. We noticed that the water deficient plants fluorescence ratios 
were higher than those of normally watered plants. Moreover, the stressed plants' ratios are greater than a threshold 
value which depends on the duration of water deprivation application. 
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1. Introduction 
Rubber tree is a perennial plant mainly cultivated for the sap extracted from its bark. Indeed, 90% of the dry weight 
of this latex is made of rubber (Obouayeba et al., 2006). Rubber is used as a raw material in the biomedical, 
pharmaceutical and pneumatic industries (Okoma, Dian, Allou, & Sangare, 2009). Rubber tree culture which 
began in1950 in Côte d’Ivoire, is steadily increasing. Currently, Côte d’Ivoire is the first african country producer 
of natural rubber and ranks seventh one in the world, with a production of 317 000 tonnes in 2015 (World bank, 
2016). At the end of the rubber exploitation period, its wood can also be used as softwood lumber or firewood. 
Furthermore, this perennial plant can be used for reforestation, given the structure of its foliage. So, besides being 
a source of income for rubber producers, this plant can also help to reforest arid zones in order to reduce 
desertification and global warming.  
The planting of rubber trees in low rainfall areas requires the selection of plants that are tolerant to water deficiency. 
In agronomy, the usual methods require years of study in real situation (Clément-Demange, Rivano, Nicolas, 
Gnagne, & Legnaté, 1995; Da Costa, De Resende, De Araujo, De Souza Gonçalves, & Higa , 2000). The use of 
physical methods, especially laser induced chlorophyll fluorescence is a faster, more reliable and non destructive 
alternative to plants.  
Indeed, the fluorescence emission is directly related to the photosynthesis process (Papageorgiou, & Govindjee, 
2004; Stirbet, & Govindjee, 2011; Wim, & Andrej, 2013) which itself reflects the plant health. Thus, the 
fluorescence spectrum study makes it possible to detect any stress undergone by the plant (Méthy, Olioso, & 
Trabaud, 1994; Bourrié, 2007) at the leaf scale or canopy scale.  
In this work, we aim to detect the hydric deficiency of hevea brasiliensis clones by the laser induced chlorophyll 
fluorescence technique. 
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2. Material 
2.1. Experimental Material 
For this experiment, data were collected in vivo and in situ using an USB4000 - type FL spectrometer. This device 
can record plant chlorophyll fluorescence spectra and reflectance spectra whose wavelengths range is from 360 nm 
to 1 000 nm in steps of 0.22 nm.  
The samples were excited by a LED emitting at 450 nm through a bifurcated optical fiber. The acquisition, storage 
and processing of the collected spectral data were conducted using a laptop. The Figure 1 shows the experimental 
setup.  
 

 

Figure 1. Experimental setup for laser induced chlorophyll fluorescence 
 
2.2 Vegetal Material  
We studied five hevea brasiliensis clones, named C2, C5, C7, C9 and C10. They were provided by the Centre 
National de Recherche Agronomique (CNRA) in Côte d'Ivoire. Theses clones are the most used in Côte d’Ivoire 
because they produce more latex with a good quality.  
3. Methods  
3.2 Water Stress Induction  
Hevea brasiliensis seeds were germinated in plastic bags with three replications. These seeds were watered every 
two (02) days. The seedlings of the five clones that grew after two months, were transplanted into 5 liters buckets. 
These buckets were previously filled with a mixture of soil containing all mineral elements necessary for the plant 
efficient development. Then, these buckets were randomly arranged under a greenhouse (see figure 2), as we did 
not want to be dependent on the rainfall. In the greenhouse, mean values of temperature and humidity were 
respectively 30°C and 78%. We continue watering the plants. But from the fourth month, the rubber plants were 
divided into two categories :  
- the control plants which are still normally watered (Normally Watered Plants or NWP); 
- and the stressed plants which are not watered (Water Deficient Plants or NDP).  
From this date and twice a week, the fluorescence spectra of every plant were recorded. This operation took 
place between 09:00 am and 01:00 pm. Then, we performed four sets of measurements in two weeks, until the 
plants were dry. So, the measurements were carried out respectively 04, 08, 11 and 15 Days after application of 
the water Stress (DAS). 
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Figure 2. Water stress study planting plan 

 
3.2 Data Processing  
The systematic ratio, computed from intensities of the fluorescence peaks at 690 nm and 740 nm is widely and 
successfully used in plant stress detection (Tremblay, Wang, & Cerovic, 2012; Soro et al., 2016). The effective 
ratio corresponds to the ratio of both fluorescence peaks. The first ratio is widely used unlike the second one. 
However, for a plant, the peaks may not be at 690nm and 740nm. The effective ratio reflects what really happens in 
the plant. It is therefore more suitable to study plants exposed to different stresses. So, in this work, we will 
compute effective peaks ratios to evaluate the resistance to water deficiency of rubber plants. 
During the measures at leaf scale, the hydric deficiency applied to the plant in the same block, was characterized 
from the averaged fluorescence spectra. The mean spectrum per block, for a clone at a given stress level, is the 
result of fifteen (15) measurements. Indeed, it is recommended to use the mean value of the fluorescence ratio 
for many measurements to have reliable results instead of one single measurement (Fedotov, Bullo, Belov, & 
Gorodnichev, 2016). 
We noticed that for the same applied stress level, there is no significant difference between the measurements 
performed on the blocks. We then worked with the average values of the effective fluorescence ratios computed 
on the three blocks, for the same given deficiency level. 
For all the recorded spectra, the digital data are converted to ASCII files and then imported into the MATLAB 
software to compute the ratios of intensities for the two effective chlorophyll fluorescence peaks.  
The various graphics were edited with the software ORIGINPro 8.  
4. Results and discussion 
4.1 Temporal Evolution of R for Five Clones after Stopping Watering  
The figure 3 shows for each clone, the effective fluorescence intensities ratio R=F1/F2 (F1 and F2 are the 
fluorescence intensities of the first and second peaks respectively) as a function of the number of days after 
water stress application. For each examined clones, we observe that the fluorescence ratio values of stressed 
plants are higher than those of the control ones. 

(NWP) (WDP) 
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Figure 3. Temporal evolution of the effective ratio R after hydric stress application.  

(NWP = Normally Watered Plants ; WDP = Water Deficient Plants) 
 

 
Figure 4. Temporal evolution of the fluorescence ratio for both peaks λ1 = 683.36 nm and λ2 = 730.64 nm. 

 
Moreover, for the C2 and C5 clones (graphs 3a and 3b), the WDP and NWP curves have similar characteristics. 
But, for the C7, C9 and C10 clones (graphs 3c, 3d and 3e), from the11th day after stress application, the R values 
continued increasing for WDP whereas theses values decreased for NWP. This observation highlights the 
difference in the hydric stress tolerance of rubber plants. Since the water deficient plants of C2 and C5 clones 
display the same behavior as the control plants, we can say that these families (C2 and C5) are tolerant to water 
deprivation.  
These observations are also showed on the temporal evolution curves of R obtained for the mean values of 
fluorescence peaks positions (see figure 4). The found average wavelengths are: λ1 = 683.36 nm and λ2 = 730.64 



apr.ccsenet.org Applied Physics Research Vol. 9, No. 5; 2017 

40 

nm. So for hevea brasiliensis plants, the fluorescence ratios measurements could be carried out at these 
wavelengths, instead of 690 nm and 740 nm values (systematic ratio) commonly used for the different clones 
under study. 
4.2. Comparison of R values for each DAS 
Figure 5 shows the histograms of R values for the four DAS.  

 

Figure 5. Histograms of R values for all DAS 
 
At 8DAS, we find that all stressed plants have a ration higher than 1.20, while the control plants have a ratio 
lower than this value. 
At 11DAS, the maximum value of ratio for control plants is equal to 1.38. The stressed plants have a ratio 
greater than this value. 
At 15DAS, the maximum value of ratio for control plants is equal to 1.31. The stressed plants have a ratio 
greater than this value. 
But, at 4DAS, no threshold value for the control plants can be found. The stress application time is not long 
enough for its effects to be perceptible.  
Thus, we find that there is a maximum value for the fluorescence ratio of plants without water deprivation. The 
deficient plants have always a ratio higher than this value. 
5. Conclusion 
This study allowed to show that it is possible to detect the water deficiency of hevea brasiliensis plants from the 
ratio of both effective chlorophyll fluorescence peaks.  
Indeed, stressed plants fluorescence ratio values are higher than those of control plants. Moreover, from 8DAS, 
all the stressed plants have a ratio greater than a threshold value while the control plants have a ratio lower than 
or equal to this threshold value. The threshold value is not a constant: it is equal to 1.20 at 8DAS, 1.38 at 11DAS 
and 1.31 at 15DAS. At 4DAS, the lack of water is not yet perceptible in most stressed plants. 
Also, the C2 and C5 clones showed tolerance to water deprivation.  
However, further experiments must be led to determine when, between 4DAS and 8DAS, the stress is really 
detectable for all clones. 
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