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Abstract—Water management and irrigation systems are vital 

to precision agriculture. Understanding of plant behaviour is 

critical for future deployment of such systems. This paper 

elaborates on the characterization of root diameter changes in 

commercial epiphytes under water stress condition. Two Vanda 

hybrids have been used in this study. Initially, consistency and 

linearity tests are performed on the dendrometers. The devices are 

then fixed to the root of the epiphytes. Subsequently, changes in 

root diameters, along with the surrounding temperature and 

humidity is then recorded by data loggers over a duration of two 

weeks, at every 15-minutes interval. The time-series data for root 

diameter, temperature, and humidity are analyzed. Changes to 

root diameter are well-captured, and the data plots have provided 

useful information related to the water status in roots. Parameters 

such as daily root shrinkage rate, maximum root minimum, and 

daily plots can be extracted from the recorded data. The 

information is useful  for monitoring the quality of plant growth 

against changes in their needs for water. 

 
Index Terms—Dendrometer, epiphyte, linearity test, root 

diameter, water stress.  

 

I. INTRODUCTION 

RECISION agriculture requires engineering systems that 

are capable of supplying plants with the exact amount of 

resources required for optimum growth condition throughout its 

lifetime [1]. However, this would require extensive studies for 

each target plant groups, and understanding the unique factors 

that influences these growth behavior is the key prior to any 

system deployment [2]. Over the past decade, several key 

parameters have been studied to optimize farm resources 

without compromising on the crop yield. These include nutrient 

monitoring [3], disease management [4], harvesting technology 

[5], sustainable quality seedling [6], quality of plant growth [7], 

and water management systems [8]. To date, these areas are still 

being actively researched due to the impact it has on the 

community. 
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Water management is an important element in any farming 

activities. This is evident through the erection of irrigation 

channels which regularly supplies water to plants. A reliable 

irrigation system is therefore critical to ensure steady and 

profitable crop production [9]. Traditionally, farmers would 

water their plants using manual methods. However, the scenario 

is different in the larger commercial farms. The practice has 

been upgraded to automated irrigation systems which 

automatically supply water based on fixed timing schedule. In 

the United States, deployment of such systems has started way 

back in the 1990s due to the increasing demand in precision 

agriculture practices. 

Water status in plants can be analyzed through physical 

measurements from the roots [10], leaves [11], and stem [12]. 

Meanwhile, indirect measurements methods can be derived 

from reflectance [13], canopy temperature [14], ultrasound 

[15], soil moisture [16], microwave [17], infrared [18], and 

remote sensing [19] techniques. Water uptake through the root 

is a critical process in the soil-plant-atmosphere continuum. It 

is not only used for plant development, but shapes microbial 

community, and bringing physical and biochemical changes to 

the soil [20]. Water status in roots have been studied from 

various aspects such as patterning mechanism based on water 

availability [21], and physical changes to the roots that can be 

esimated from two coaxial chamber model related to xylem and 

extensible tissues [22]. Hence, advanced understanding of plant 

behaviour is important for introduction of future precision 

systems. These would require extensive data that can only be 

obtained through laboratory experiments [23]. 

Despite the growing body of literature related to this area 

[24], this study will focus on commercial epiphytes. The plant 

species, commonly known as orchids, brings a considerable 

amount of revenue to countries such as Malaysia. Epiphytes 

have been included in the national conservation policies since 

1992 [25], and continues until 2020 [26]. The vandaceous 

orchid is used for the study, in which changes to root diameters 

in response to water stress is recorded using dendrometer that 

is integrated with data logger system. The research gives useful 

insights into future water management system for orchid farms 

that utilize advanced system identification and modelling 

techniques. 
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II. RESEARCH METHODS 

A. Consistency and Linearity Tests 

Dendrometer is a device used to measure various physical 

dimensions of plants. In this study, the DDS and DRO Root 

Aquatic Plant with DL 18 logger from Ecomatik is used to 

gauge the root diameter of an epiphyte. Two validation 

experiments are conducted on the devices. The procedures 

evaluate consistency of the dendrometer readings in relation to 

temperature and humidity changes. The latter are provided by 

HOBO U14 LCD External Temperature / Relative Humidity 

data logger. The first test is performed by setting up the 

dendrometer with no force applied to the expansion core. This 

configuration is maintained for a duration of 48 hours. 

Theoretically, there should not be any changes to the output as 

no force is being applied to the device.  

Subsequently, a linearity test is performed by comparing 

changes to the dendrometer reading against the micrometer 

screw gauge. This is performed to verify specifications 

provided by the manufacturer. The test is performed twice for 

the range of –3 mm to +3 mm. Positive and negative values are 

set by considering the value of 10 μm on the micrometer as zero 

reference. The values of 7 mm and 13 mm on the micrometer 

represents –3 mm and +3 mm, respectively. The ends of the 

micrometer spindle are fitted to the contracted dendrometer’s 

expansion core. The readings for every 0.5 mm spindle 

movement on the dendrometer is recorded by a data logger. 

Graphs are then plotted to observe for linearity error between 

dendrometer and the micrometer. The results are also observed 

for degree of consistency in dendrometer readings with 

temperature and humidity changes. 

B. Sampling and Data Collection 

The monopodial orchid that is used in this study is from 

genus Vanda, an epiphyte with huge stems. Two grown 

mericlones of Vanda hybrids, Ascocenda Fuchs Harvest Moon 

x (V. Chaophraya x Boots) is specifically selected to ensure that 

they have the same characteristics. The epiphytes are planted 

without any media, so that the root can only absorb water that 

is directly supplied to it. The studied samples are placed near to 

the open window to partially expose them to acceptable 

environment with at least 80% intensity from the sunlight. 

The focus of the experiment to observe effect of water 

shortage on root diameter. Hence, both samples are not supplied 

with water, but rely on moisture from air. This induces water 

stress response. Theoretically, the roots will suffer from water 

shortage and causes its diameter to shrink. The dendrometers 

are attached to the active root of each sample. Data collection 

is performed from 3rd to 17th  October 2018 using DRO Root 

Aquatic Plant with DL 18 logger. The root diameter, 

temperature, and humidity is logged at every 15-minutes 

interval. Data logging time is synchronized between the two 

devices via HOBO interface that are installed on the computer. 

Changes in the root diameter, temperature and humidity is 

then plotted against the time measured. Additional parameters 

sucha as maximum root diameter (MXRD), minimum root 

diameter (MNRD), maximum daily shrinkage (MDS), and daily 

shrinkage (DS) are then calculated based on the pattern of daily 

fluctuations in root diameter. DS and MDS can each be 

expressed by (1) and (2). 

 

MDS = MXRDday 𝑥 − MNRDday 𝑥 (1) 

DS = MXRDday 𝑥+1 − MXRDday 𝑥 (2) 

III. RESULTS AND DISCUSSION 

Based on the validation experiments, the dendrometers are 

considered to be linear as the differences in measurement  

compared to micrometer screw gauge is only up to 0.02 μm. 

Fig. 1 illustrate the plot of micrometer displacement against 

DDS readings. 

 
Meanwhile, the plot of micrometer displacement against 

DRO readings in Fig. 2 shows similar pattern with DDS. 

 

  
 

The dendrometers have also demonstrated high consistency 

with average reading of 3,195.6 ± 0.132 µm in varying levels 

of temperature and humidity. These are obtained over an 

average of 252 readings when its expansion core is contracted 

 
 
Fig. 1. Linearity and error between dendrometer (DDS) measurement and 

micrometer reading. 

 

 

 
 

Fig. 2. Linearity and error between dendrometer (DRO) measurement and 

micrometer reading. 
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slightly to provide sufficient space, following the micrometer’s 

spindle movement within the specified range. Results show that 

fluctuations of temperature and humidity have no effect on the 

dendrometer measurements. Such characteristics ensure that the 

root diameter will only change based on its water content. 

Following the linearity and consistency tests, dendrometers and 

other sensors are fixed to the samples as in Fig. 3. Meanwhile, 

Fig.4 shows the fluctuating parameters in the consistency tests. 

 

 
Fig. 5 illustrates the root diameter response for the entire 

study period of two weeks. The vertical axis represents change 

in root diameter (µm). Meanwhile, the vertical axis on the right 

is shared by temperature (°F) and humidity (%). Generally, 

temperature fluctuations from day to day shows approximately 

similar pattern. However, the root diameter demonstrates a 

shrinking trend and these are evident from the decreasing daily 

maximum root diameter. Such phenomena is valid as no water 

is being supplied directly to the roots over the study period.  

By focusing on the daily fluctuations, the greatest decrease 

in root diameter can be observed in the afternoon between 11.00 

am to 1.00 pm. However, the root diameter will return back to 

its maximum plateau between 6.00 pm to 1.00 am. These can 

be explained from the increasing humidity level at night. To 

better illustrate the daily fluctuating trends and its relationship 

with MXRD, MNRD, MDS, and DS, a magnified plot of root 

diameter changes from 3rd to 5th October 2018 is shown in Fig. 

6. The calculated MDS and DS is based on slightly modified 

method for estimating stem variation [24]. Table I shows the 

calculated parameters over the study period of two weeks. 

 
Generally, data on root diameter changes gives an indication 

on whether adequate water is being supplied to the plants daily. 

The MXRD and MNRD parameters are actual values recorded 

by the dendrometers. As previously elaborated, both parameters 

are then used to derive MDS and DS. The negative  values of 

DS indicates the the roots diameter steadily decreases, implying 

that the epiphytes is without water supply for more than a day. 

IV. CONCLUSION 

The study has shown the potential use of dendrometers for 

continuous monitoring of water status in epiphytes. Results 

indicate that the sensors can be integrated in decision support 

systems for automated irrigation in commercial orchid farms. 

This would have significant impact as the watering practices for 

epiphytes are different from terrestrial plants. Based on this 

study, the change of root diameter has demonstrated the best 

correlation with water status of the plant and thus, has the 

potential to be used as reference to initiate watering procedure. 

In the experimental setup, samples were forced to naturally 

acquire water without any form of assistance. Similar behaviour 

in epiphytes have been observed compared to terrestrial plants 

where root diameter will decrease without water supply. The 

rate of reduction however, is dependent on other factors such as 

microclimate of the surrounding environment, change of study 

protocols, and the species used as sample. 

Further study is needed to observe root diameter changes 

based on other factors such as climate, watering practices, and 

effects of fertilization for improved growth profile. This will 

help in determining the thresholds; not only for avoiding water 

shortage, but excessive watering to the epiphytes. Also, studies 

can also be conducted to observe stem response to water stress, 

as well as correlation between root and stem responses. 

 
 
Fig. 3. The dendrometers secured to the vandaceous root structure, along with 

temperature and humidity sensors. 
 

TABLE I 
DAILY CHANGE IN ROOT PARAMETERS 

Date Day 
MXRD 

(μm) 
MNRD 

(μm) 
MDS 
(μm) 

DS 
(μm) 

 

3/10/2018 1 4,405.54 4,316.09 89.45 0 

4/10/2018 2 4,355.34 4,302.14 53.20 -50.20 

5/10/2018 3 4,313.72 4,250.09 63.63 -41.62 
6/10/2018 4 4,309.71 4,274.29 35.42 -4.01 

7/10/2018 5 4,305.31 4,282.17 23.14 -4.40 

8/10/2018 6 4,294.58 4,237.51 57.07 -10.73 
9/10/2018 7 4,238.70 4,202.26 36.44 -55.88 

10/10/2018 8 4,211.33 4,175.60 35.73 -27.37 

11/10/2018 9 4,189.02 4,176.61 12.41 -23.31 
12/10/2018 10 4,188.84 4,180.44 8.40 -0.81 

13/10/2018 11 4,183.30 4,175.42 7.88 -5.54 

14/10/2018 12 4,175.60 4,173.93 1.67 -7.70 
15/10/2018 13 4,174.60 4,173.58 0.83 -1.00 

16/10/2018 14 4,174.59 4,154.44 20.05 -0.01 

17/10/2018 15 4,154.92 4,110.61 44.31 -19.67 
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Fig. 4. Consistency of dendrometer measurements with temperature and humidity changes. 

 

 

 
 
Fig. 5. Daily variations in root diameter, temperature and humidity. 
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