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Abstract 

Scientific analysis of plant growth helps in improving the efficiency of cultivation 

practices through optimization of their environmental conditions. The ultimate aim of this 

research was to derive an optimal policy for better growth of date palms by considering its 

dynamical response to environmental parameters such as solar radiation, soil moisture, 

and temperature. Field experiments were conducted at an irrigation scheme located in the 

Jordan Rift Valley. A drip irrigation system is installed to water ten trees of date palms 

either with fresh or saline water depending on the soil matric potential. The circumference 

of the trunk of a tree was measured using a dendrometer at 30 mins interval and recorded 

in a data logger. Environmental parameters including the soil matric potential, solar 

radiation, and soil temperature were also logged every 30 mins. This study focused on 

determining a nonlinear model representing the growth dynamics of the date palm tree 

responding to those environmental parameters. The linear regression was applied to 

estimate the kernel coefficients of discrete Volterra series modeling the time series. The 

non-linearity of the model is expected to explain diurnal shrinkage and swelling of the tree 

trunk under different environmental conditions. 

1. Introduction 

The level of crop production is highly dependent on 

the efficiency of cultivation practices through 

optimization of their environmental conditions. Over the 

years, a plethora of studies on plant growth analysis have 

been conducted and proven to sufficiently contribute to 

development of better agronomic practices. Deriving an 

optimal policy will thus contribute to improved 

management in crop production by providing an insight 

on how to tailor environmental parameters to favour 

possible better growth response and eventually lead to 

higher yields.  

Modeling of dynamic systems aids in revealing 

information from complex relationships which have not 

been detected using traditional analysis and designs. 

Likewise, it can be used to analyze experiments that 

involve collection of repetitive measurements, over time, 

which cannot be well represented using simpler methods 

such as factorial analysis of variance (Wang et al., 2015; 

Irwin and Wang 2017). 

This study involves field experiments that are 

conducted at an irrigation scheme located in the Jordan 

Rift Valley, where the climate is extremely arid with 

soils of high salinity levels according to Unami et al. 

(2015). It has a reservoir equipped with facilities for 

flash floods harvesting (Unami and Mohawesh, 2018) 

and is fitted with a desalination plant used to provide 

fresh water (Unami et al., 2019). A drip irrigation system 

is installed to water 10 trees of date palms either with 

fresh or saline water depending on the soil matric 

potential monitored every few days using a tensiometer. 

The circumference of the trunk is used as an indicator of 

the growth of a tree, measured using a dendrometer with 

a 30 mins interval (∆t) and recorded in a data logger. 

Different environmental parameters are monitored at the 

site.  

It is known that the change in circumference 

increment of the tree trunk over time had diurnal 

shrinkage and swelling under different environmental 

conditions (Ueda and Shibata 2002). Volterra series was 

thus applied to represent the nonlinearity of the growth 

dynamics, and different environmental conditions are 

hypothesized to dominate the kernel coefficients as the 

response of the plant. Therefore, the aim of this research 
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was to test this hypothesis by examining the kernel 

coefficients estimated from the observed data. 

 

2. Materials and methods 

2.1 Experimental setup 

The circumference of the trunk of one of the date 

palm trees is measured using a dendrometer Ecomatic 

DC2 at 30 mins interval (∆t) and recorded in a data 

logger HOBO U12. Environmental parameters including 

the soil matric potential, solar radiation, and soil 

temperature are also logged every 30 mins, using a mol 

ML-2400AEL tensiometer, a Hukseflux SR05 

pyranometer, and a METER 5TE soil sensor, 

respectively. Figure 1 shows the date palm tree with the 

drip tubes, the dendrometer, the data loggers, and the 

pyranometer.  

2.2 Mathematical methods 

A discrete Volterra series of order 1 is used for 

representing the growth dynamics as: 

where Ct (dm) is the circumference of the tree trunk at 

time t ∆t, ai (i = 0, 1, 2) are the kernel coefficients, and εt 

represents the error. The kernel coefficients are assumed 

to vary in response to the different environmental 

parameters. The least squares method is used to estimate 

the value of the kernel coefficients that are the best fit to 

a set of data for certain ranges of the environmental 

parameters. The resultant simultaneous equations are 

represented as: 

which is solved with the Gauss-Seidel method in order to 

estimate the kernel coefficients for each combination of 

ranges of the environmental parameters. 

A total of six variables were selected as the 

environmental parameters dominating the kernel 

coefficients: the solar radiation R (W/m2); the soil matric 

potential P (log10|Value in kPa|), the soil temperature T 

(℃); and their increment in ∆t  which are denoted by ∆R, 

∆P, and ∆T respectively. The kernel coefficients 

estimated from different combinations of ranges of the 

environmental parameters are modelled with the linear 

regression formulas 

where αij (j = 0, 1, … 6) are the coefficients identified 

with the least square method.  

2.3 Acquired data 

We finally obtained four sets of data series during 

the periods from August 3rd, 2018 through September 

27th, 2018 (Period A), from October 22nd, 2018 through 

December 27th, 2018 (Period B), from February 11th, 

2019 through April 27th, 2019 (Period C), and from 

November 22nd, 2019 through November 29th, 2019 

(Period D). 

 

3. Results 

3.1 Partitioning ranges of the environmental parameters 

The samples of each environmental parameter are 

sorted and divided into groups of almost identical 

populations to determine the ranges. After a process of 

trial and error, the numbers of groups are decided as 3 

for R, 5 for P, 1 for T, 3 for ∆R, 3 for ∆P, and 2 for ∆T 

making the 270 combinations of the ranges. 

3.2 Linear regression formulas for the kernel coefficients 

The identification results for the coefficients αij 

defined in (3) are summarized in Tables 1 to 4. These 

values can be considered as the sensitivity of the kernel 

coefficients to the environmental parameters. 

 

4. Discussion 

Figure 2 is used as an example to illustrate the 

diurnal shrinkage and swelling of the circumference of 

the tree trunk in comparison with the estimated one. The 

observed values of the circumference generally ranged 

between 2.98 and 4.61, implying that the α2j -values are 

not negligible and that the quadratic terms of the 

Volterra series have significant effects on the growth 

dynamics. The diurnal shrinkage and swelling of the tree 

trunk may be driven by the solar radiation and the soil 

temperature, as the corresponding αij (j = 1, 3, 4, 6) have 

significant values. However, the signs of most αij are 

indefinite, and the response to the soil moisture in 

particular, which instantaneously increases when 
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Figure 1. Experimental site of irrigated date palms including 

instruments and sensors for measuring their respective 

environmental parameters. 
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irrigated, is not well quantitated. It is inferred that the 

structure of the model, which is of order 1, is not the best 

to represent hysteresis which is intrinsic to plant growth 

and dynamics of soil moisture. The models of higher 

orders shall be considered in the follow up studies. 

 

4. Conclusion 

Modelling the growth dynamics of date palms with 

the Volterra series revealed its nonlinearity and response 

to diurnal behaviours of the environmental parameters. 

However, the relationship between the plant physiology 

and the soil moisture is still unclear. The model should 

be improved to achieve the goal of higher yields of 

agricultural products.  
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Table 1. Identified coefficients αij for the period A 

Table 2. Identified coefficients αij for the period B 

Table 4. Identified coefficients αij for the period D 

Table 3. Identified coefficients αij for the period C 

Figure 2. Observed and estimated changes in the circumference of the tree trunk from 0:00 on December 9 th, 2018 to 0:00 on 

December 13th, 2018 (Irrigation was performed with saline water during 11:30-13:30 on December 10th, 2018). 
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