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Abstract: The "Workswell Wiris Agro R Infrared camera" (WWARIC) was utilized to monitor and detect water 
stress conditions in mandarin, as well as predicting optimal irrigation regimes. Air temperature, canopy 
temperature, and vapor pressure deficits were similarly measured and subsequently used to compute crop water 
stress index empirically using Idso techniques (CWSIIdso). Baseline equations were established for transpiring and 
non-transpiring conditions in mandarin. CWSIIdso and CWSI calculated from the WWARIC (CWSIW) depicted a 
high correlation (R2 = 0.75 at p< 0.05) in measuring the level of water stress in mandarin. The WWARIC was 
also able to detect water stress in all three camera modes (empirical, differential and theoretical) at a height of  
12 meters above the mandarin canopy. The results showed that the WWARIC could effectively identify mandarin 
water stress with enough precision, speed, and in real time showing water stress in different ranges and colors. 
 
Keywords: Infrared thermometry, Crop water stress index, Baseline equations, Real-time, Workswell Wiris Agro 
R infrared camera. 
 

 
 

1. Introduction 
 
Climate change, urban sprawl, rapid 

industrialization, high population growth, and rising 
demand for fresh water for domestic and commercial 
purposes are all major threats to irrigated agriculture 

globally [1,2]. When left unchecked, this condition 
will result in crop production under limited water 
availability (water-stressed conditions), with the 
ensuing output being deleterious [3,4].   

The most widely used approaches in monitoring 
water stress in tree crops (water potentials and 
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stomatal conductance gs) are demanding, time 
consuming, cannot be  easily automated, and only give 
a point measurement in a leaf, a single soil location, 
branch, or tree [5, 6]. Additionally, the reliability of 
data obtained from water potential (Ѱ) measurements 
may be low because water potential (Ѱ) reduces in 
isohydric plant species (example mandarin) since 
effective stomatal regulation can be preserved by these 
species. This feature hinders noticeable decrease in 
water potential (Ѱ) during limiting water (drought) 
conditions or during periods of high evaporative 
demand [6]. 

The use of infrared thermometry and its associated 
devices from space to investigate the fluctuations in 
plant canopy temperature as the state of plant water 
changes has been successful [5, 7]. In commercial 
orchards, less sophisticated and automated remote 
sensing technologies are important to rapidly and 
precisely estimate plant-water status in order to 
minimize yield reduction and production losses 
resulting from water deficit [5, 8, 9]. 

The Crop water stress index (CWSI) has been 
normalized to assess the extent of crop water stress 
while curtailing the effects  of ecological conditions 
influencing the interactions  between air temperature 
and plant canopy temperature [7, 10, 11].  
Measurement of CWSI is developed on the 
relationship connecting actual canopy temperature (Tc) 
vis a vis the theoretical canopy temperature data 
obtained from two different thresholds namely; a 
lower limit (when maximum plant transpiration is 
achieved under full irrigation when stomata are 
completely opened) and an upper limit (when plants 
are not transpiring because they are under extreme 
water stress conditions leading to complete stomata 
closure) [5, 10, 12]. 

Currently, the CWSI model is used to detect 
water status in most crops. However, the technicalities, 
tedious and arduous procedures used during the 
computations of CWSI values in assessing plant water 
stress result in low farmer-researcher adaptability [5, 
12, 13]. To minimize the problems of farmer-
researcher compliance and other related issues, the 
CWSI camera has been designed to effectively 
evaluate crop water stress promptly independent of 
secondary weather data, complex mathematical and 
scientific formulae and workable operating system 
software. 

The aim of this experiment is to study the 
efficiency and possibility of using the “WWARIC” to 
monitor water stress and to appropriately schedule 
irrigation regimes in mandarin. 

 
 

2 Materials and Methods 
 
2.1. Experimental Site and Design  
 

A four-by-three randomized complete block 
design (RCBD) was used for the experiment at the 
South China Agricultural University Citrus 

Experimental Orchard near Yangcun town.  
36 mandarin pants were subjected to 4 water treatment 
levels; full irrigation (80–100 % FC) and regulated 
deficit irrigation schedules (70–75 % FC, 60–65 % FC 
and 50–55 % FC).  

Water was supplied using a gravity-driven drip 
system with an adjusted flow rate of 6 L/h. Before each 
irrigation scheduling, the soil gravimetric water 
content was measured and expressed in terms of 
volumetric water content (θv). These data were 
compared with the soil water content (θv) data 
obtained by measuring with an IMKO TRIMETDR 
probe that was inserted horizontally along the walls of 
ditches dug closed to the plant root zone (about 0.5 m 
from the base of the plant) at different depth intervals. 
The amount of irrigation water applied was estimated 
from the equation used by [14, 15] as 

 

 = −100 × × , (1) 

 
where FC is the field capacity of the soil, BD is the 
bulk density of the soil, D is the rootzone 
depth, SMC is the prevailing soil moisture content on 
a volume basis, and dn = amount of 
irrigation water applied. 
 
 
2.2. Estimating CWSI and Relative Leaf 

Water Content 
 

Weekly CWSI using Idso approach and Relative 
Leaf Water Content were determined from the 
equations (1) and (2) respectively 

 
 CWSI ) )  (2) 

 
where Tc is the mandarin leaf cover temperature (°C); 
Ta is the orchard air temperature (°C); D2 is the lower 
reference point and D1 = the upper reference point. 
 

 RLWC = FW − DW)TW − DW) × 100,	 (3) 

 
where RLWC (%) = the relative leaf water content, 
FW = the weight of fresh leaves, DW = the weight of 
dried leaves, and TW = the weight of turgid leaves. 

 
 

2.3. Estimating CWSI using the WWARIC  
 

The Workswell Wiris Agro R infrared camera has 
an inbuilt four-color map with full radiometric 
(temperature) information. The camera can be 
operated rapidly to capture videos and images 
simultaneously as thermal imagery, digital imagery, or 
digital video imagery. During operation, the camera 
images can be viewed as picture-in-picture (PIP), 
full screen RGB with segmentation, or dual-screen. 
There are three micro-HDMI video outputs in the 
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formats: 1280 × 720 pixels (720p), an aspect ratio of 
16:9, and a micro-HDMI video output.  

Aerial images captured with the WWARIC were 
processed with CorePlayer software version 1.4.1. The 
CWSIW was compared with the CWSI(Idso) and the 
relative leaf water content (RLWC) to determine 
precision through correlation. 
 
 
2.4. Data Analysis 
 

Statistical analyses were conducted using the IBM 
SPSS version 21 software. One-way ANOVA was 
used to analyze the differences in the water stress 
parameters studied (the leaf temperature (LT°C), the 
relative leaf water content (RLWC) (%), the leaf 
chlorophyll content (LCC) (mg g−1), and the water 
stress index, CWSI(Idso)) within treatments and blocks. 
The treatment means were separated by the Tukey 
HSD method to indicate significant differences among 
the treatment means, at 0.001, 0.01, and 0.05 levels of 
significance. 

 

3. Resuts 
 
3.1. Empirical CWSI using Idso Approach 

and Baseline Equations 
 

VPD and canopy-air temperature differences 
measured were significantly different (at p < 0.001) 
among treatments and within treatments, however, 
both parameters were strongly correlated to the CWSI 
determined from Idso procedures at R2 = 0.67 and R2 
= 0.79 respectively as seen in Fig. 1.  

The estimated CWSI(Idso) values ranged from 
−0.21 to 0.79, with average values of 0.15, 0.33, 0.47, 
and 0.60 recorded for treatments 80–100 % FC,  
70–75 % FC, 60–65 % FC, and 50–55 % FC, 
respectively. Graph of the estimated CWSI during the 
experimet is shown in Fig. 2. 

The baseline equations developed for the 
mandarins were Tc − Ta = 	−0.56 × VPD) 4.05 
for the transpiring baseline and Tc − Ta = 	4.05 for 
non-transpiring baseline. 

 

 

 
 

Fig. 1.  Correlation between    A. CWSI(Idso) and VPD (kPa) B. CWSI(Idso) and Tc-Ta (°C). 
 

 

 
 

Fig. 2. Estimated CWSI(Idso). 
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3.2 Relative Leaf Water Content 
 

The RLWC increased with increasing water 
available to the plant. RLWC increased steadily across 
all the treatments during the experiment, however, 
there were few weeks where there was little reduction 
in the values collected. The estimated average RLWC 
(%) estimated during the experiment was 93.93, 86.79, 
84.59, and 82.88 for treatments 80–100 % FC,  
70–75 % FC, 60–65 % FC, and 50–55% FC, 
respectively. The observed relative leaf water content 
for the study period is presented in Fig. 3. 

 
 

3.3. Mandarin CWSI Estimated from the 
Workswell WIRIS Agro R Infrared 
Camera 

 
Fig. 4 shows a digital image of the mandarin 

orchard captured using the WWARIC and the 

isothermal imagery obtained  after processing with the 
WIRIS core player version 1.4.1 during a sample data 
collection session. 

 
 

4. Discussion 
 

The results revealed that, the CWSI computed 
using Idso approach increased with increasing soil 
water deficit. The average estimated CWSI from Idso 
approach for the period of study was in the order  
80 – 100 % FC < 70 – 75 % FC < 60 – 65 % FC < 50 
– 55 % FC which corresponded to CWSI values of 
0.15 < 0.33 < 0.47 < 0.60. This is similar to the results 
of [12, 16–19] who observed that the CWSI in plants 
increases with decreasing water availability of in the 
soil and vise versa.  

 

 
 

Fig. 3. Estimated RLWC (%). 
 

 

 
 

Fig. 4. Digital image and processed isothermal image. 
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The results of the estimated CWSI from the 
WWARIC  on the four water application levels were 
established by categorizing the CWSI values into a 
0.25 interval range comparable to the procedures 
proposed by [11,18,20]. The CWSI recorded during 
the measurement session under the 80 – 100% FC 
treatment were within the CWSI range of  
0.00 < CWSIW ≤ 0.25, which is shown by a deep green 
coloration, while treatments under 70 – 75 % FC water 
stress level were within the range 0.25 < CWSIW ≤ 0.5 
represented with a light green color. Also, CWSI for 
mandarin under 60 – 65% FC water stress level were 
within the 0.5 < CWSIW ≤ 0.75 range which is 
represented by a yellow color while CWSI for 
mandarin under 50 – 55% FC water stress level were 
within the range 0.75 < CWSIW ≤ 1.00 which is 
represented with light brown coloration.  
Nevertheless, CWSI value > 1 is indicated with dark 
brown color on the tiff image shows lack of (typically 
showing the mulch cover but not necessarily water 
stress within the canopy). 

Moreover, the estimated CWSI from the field data 
was strongly correlated with the CWSI gained by the 
WWARIC (R2 = 0.75)  which indicates that the 
camera is capable of estimating the extent of stress a 
particular plant is subjected to in-situ  and in real time 
in any plant condition. This outcome is similar to the 
results from [11], where the WWARIC was used to 
successfully study water stress in tomato grown under 
greenhouse conditions. 
 
 

5. Conclusions 
 

This novel WWARIC has demonstrated enough 
precision, swiftness, and intelligibility in the in-situ 
estimation of water stress in mandarin, presenting 
estimated CWSI in specific color ranges and values. 
The following colour codes were established from the 
studies; deep green colour represents plants under the 
treatment 80 – 100 % FC (little or no stress) within a 
range of 0 	< CWSI ≤ 0.25 , light green colour 
indicates plants  subjected to 70 – 75 % FC (mild to 
medium water stress level) for the range  
0. 25	 < CWSI ≤ 0.5 , yellow colour represents plants 
under 60 – 65 % FC (medium to high water stress 
level) within the range  0. 5	 < CWSI ≤ 0.75 and light 
brown colour depicts plants  subjected to 50 – 55 % 
FC (high to extremely high water stress status) for the 
range 0. 75	 < CWSI ≤ 1. However, the dark brown 
colours seen on the Tiff image represent complete 
drought or no water present (CWSI > 1) which in this 
case was the image for the ground plastic mulch cover 
since there wasn’t total drought situation during the 
study period. When adopted and used in precision 
agriculture, this camera will save significant time, 
money, and other resources.  
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