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Abstract: A plant factory has been developed at Horticultural Research Centre, MARDI 

Serdang. The cultivation approach under the plant factory consists of nine units planting 

racks with each rack having seven tiers or levels that can cultivate up to 900 crops per 

rack. Each unit of planting racks has been installed with electrical conductivity (EC) and 

pH monitoring system. EC is a meaningful indicator of water quality, soil salinity and 

fertilizer concentration. In this study, the data for EC and temperature were taken for each 

level different locations (three points along the rack) to evaluate the fertilizer quality 

distribution. The objective of the study was to evaluate the effectiveness of EC and 

temperature distribution on the planting rack of vertical farming system under the plant 

factory. From the study, it was found that EC and temperature parameters were not 

significantly different at each level and the point location of the vertical farming system. 

EC and temperature parameters were significantly different with the time (week) and 

point location from week to week. The effect of the interaction between time (week) and 

level on EC and temperature parameters were not statistically different. Therefore, it can 

be concluded that the effect of EC and temperature distribution at different levels of the 

vertical farming system did not depend on the time. 

Keywords: Plant factory, vertical farming system, fertilizer concentration distribution, Electrical 

Conductivity and temperature monitoring. 

Introduction 

A plant factory is a closed growing system/ 

structures which enable a farmer to achieve 

constant production of crops all year around. 

The facility utilizes artificial control of light, 

temperature, moisture, and carbon dioxide 

concentrations. Nowadays, the method is 

receiving importance and gaining the intention 

of the growers. The method can provide 

sufficient food supply throughout the year. In 

the system, the plant grows around the year by 

artificially adjusting and controlling the 

surrounding environmental conditions such as 

temperature, carbon dioxide (CO2), humidity, 

light intensity, airflow, and nutrients supply 

within the confined facilities ( Moon et al., 

2014; Lee & Yoe, 2015) . Besides, the system 

minimised environmental impact and 

maximised the crop yield with significant 

results as compared with traditional (open-

field) cultivation system (Stanghellini, 2014).    

With a growing human population, there is a 

growing need for sustainable practices, 
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especially within agriculture. As the 

population increases, so does the number of 

resources used to provide for it. Vertical 

farming technology has the potential to impact 

the world economically, environmentally, and 

socially. Recently, the application of vertical 

farming into cities has increased due to the 

consciousness of the public about food safety. 

The main idea behind vertical farms is to 

reduce the overall amount of resources used 

and to decrease agriculture’s carbon footprint.  

    Plant physiology, growth, and development 

are closely associated with the environmental 

conditions and nutrient supply (Savvas et al., 

2008; Signore et al., 2016). Evaluation of the 

optimum fertilizer/ nutrient application to 

crops is fundamental to improve crop 

production, especially for fast-growing leafy 

vegetables (Gorbe & Calatayud, 2010; 

Haydon et al., 2015). Inadequate management 

of nutrient solution such as the use of a too 

high or a too low concentration of the nutrient 

solution, or an imbalanced ion composition 

could inhibit plant growth due to either 

toxicity or nutrient-induced deficiency (Benke 

& Tomkins, 2017). The electrical conductivity 

(EC) is an index of salt concentration and an 

indicator of electrolyte concentration of the 

solution. EC of the nutrient solution is related 

to the number of ions available to crops in the 

root zone. The optimal EC is crop-specific and 

depends on environmental conditions. In 

general, higher EC hinders nutrient uptake by 

increasing the osmotic pressure of the nutrient 

solution, wastes nutrients, and the increases 

discharged of nutrients into the environment, 

resulting in environmental pollution (Kalantari 

et al., 2017). Lower EC may severely affect 

plant health and yield.  

    The National Policy on Industry 4.0 also 

known as Industry 4WRD is one of the 

initiatives by the government of Malaysia to 

enhance the implementation of precision 

agriculture in the industry (Ministry of 

International Trade and Industry, 2018). 

Precision agriculture has been popularized 

since the evolution of industrial revolution 

(IR) was introduced in the late 1960s.. 

Besides, the concept requires producers and 

farmers to communicate with technology 

rather than operating them. In this paper. The 

objective of this study is to evaluate the 

effectiveness of the vertical farming system 

that have been developed under the plant 

factory in order to control and monitor the 

irrigation for EC and temperature distribution. 

The objective can be related to the policy via 

using the precision technique for monitoring 

system. 

Materials & Methods 

Vertical farming system description and 

operation 

The planting racks (vertical farming system) 

was developed into a seven tiers/ levels of 

nutrient film technique (NFT) hydroponic 

container to cultivate crops. It consists of three 

main components which were fertilizer tank, 

planting rack and hydroponic container. The 

vertical farming system height is 7 m, which 

each rack has a length of 2.5 m, width 0.9 m 

and height of 0.12 m (Fig. 1). The most 

important component of this vertical farming 

system is the EC monitoring system in which 

a sensor has been installed inside the fertilizer 

tank and a monitor that will display the reading 

at the planting rack (fig. (2)). Each rack/ tier 

can accommodate up to 900 crops at one time 

and for seven tiers at the vertical farming 

system can cultivate up to 6300 crops.  

Lettuce Cultivation 

Lactuca Sativa of Red Coral and Butterhead 

were planted in a Nutrient Film Technique 

(NFT) hydroponics plot of 0.9 m wide, 0.01 m 

thick and 2.5 m long that vertically arranged 
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under planting rack structure (Figs. 3 and 4). 

The water level inside the growing container 

was 0.08 m which can reach by the crop roots. 

The crop spacing was 0.01 m, and for 2.5 m 

long of growing container it can accommodate 

near 900 crops. Lactuca Sativa was 

transplanted under the crop protection 

structure after three weeks of seeding in 

nursery. The crops were transplanted and grow 

inside the plant factory for three weeks before 

harvested. The lettuce of Red Coral and 

Butterhead were used in this study due to its 

high price and can be easily grown using the 

hydroponic system.       

 

Fig. (1): Vertical farming system.   

 

Fig. (2): Fertilizer monitoring system. 

 

Fig. (3): Red Coral lettuce. 

 

Fig. (4): Butterhead lettuce 

 

Data collection 

Data collection have been conducted on 7 tiers 

of planting rack under plant factory in MARDI 

Serdang, Selangor, Malaysia. Handheld EC 

and temperature sensors have been used to 

record EC and temperature reading at three 

point locations at each hydroponic container 

(inlet, middle and outlet) on the planting rack. 

Data were recorded at 60 minutes’ interval 

time for 8 hours per day from 8.00 a.m. to 5.00 

p.m. for 6 weeks. The data were recorded after 

the crop was transplanted from the nursery to 

the plant factory.  
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Fertilizer flow rate calculation 

The fertilizer flow rate can be determined if the 

water pump power capacity of the water and 

the force (pressure) required to produce that 

flow are known. The following formula was 

used to calculate fertilizer flow rate as shown 

in Equation 1 (Pritchard, 2011): 

Q =  
𝑤𝑎𝑡𝑒𝑟 ℎ𝑜𝑟𝑠𝑒𝑝𝑜𝑤𝑒𝑟 𝑥 3960

𝑇𝐷𝐻 𝑥 𝑆𝐺
      (1) 

 

water horsepower is the minimum power 

required to run the water pump, TDH is total 

dynamic head equals to vertical distance liquid 

travels (in feet) and friction loss from the pipe, 

Q is the flow rate of liquid in gallons per 

minute, and SG is the specific gravity of the 

liquid which in this case is the SG of fertilizer 

use for fertilizing the crops. The specific 

gravity (sg) of the liquid fertilizer should be 

provided by the fertilizer provider. 

Data Analysis  

The data obtained were subjected to 

descriptive statistics, analysis of variance 

(ANOVA) and correlation analysis. All the 

statistical analysis was carried out using SAS 

statistical software (Version 9.4, SAS 

Institute, USA).  

Results & Discussion  

EC and temperature of fertilizer distribution 

on the vertical farming system 

Table (1) shows the EC and temperature at 

three point locations at different levels of the 

vertical farming system. The EC fluctuated 

along the levels for left, middle, and right 

locations of the hydroponic tank at each level 

of the vertical farming system, ranging from 

2.16 - 2.20 µS, respectively. The standard 

deviation was quite low which was between 

0.03 to 0.09 µS. The temperature increased 

significantly along the levels for left, middle, 

and right locations ranging from 25.17 - 25.65 

°C, respectively. For temperature, low 

standard deviation was also achieved which 

was between 0.81 to 1.00 °C. In this case, both 

parameters were not significantly different 

with the level and point location. 

    Table (2) shows the EC and temperature in 

three point locations for each level of the 

vertical farming system at different weeks. 

The EC increased significantly along the 

weeks for left, middle, and right locations 

ranging from 2.12 - 2.30 µS, respectively. The 

standard deviation was quite low which was 

between 0.01 to 0.07 µS. The temperature 

fluctuated along the weeks for left, middle, and 

right locations ranging from 24.16 - 26.90 °C, 

respectively. For temperature, low standard 

deviation was also achieved which was 

between 0.13 to 0.47 °C. In this case, both 

parameters were significantly different with 

the week and point location. 

    Normally, the environmental factors 

including temperature, humidity, light, and 

CO2 concentration are essential in the crop 

growth and quality via plant factory system. 

Proper temperature is needed depending on the 

type of crops in order to evaluate the 

germination and growth of the crops (Ryu et 

al., 2014). 

    Maneejantra et al. (2016) studied the 

cultivation of spinach in a plant factory which 

was highly influenced by the nutrient content, 

environmental conditions, and hydroponic 

system. In a similar study, Engelen-Eigles et 

al. (2006) developed a potential commercial 

system via plant factory to determine the effect 

of temperature and light intensity on the 

growth of watercress. It can be noted that high 

temperature resulted in a decrease in 

photosynthesis rates as well as reduced water-

use efficiency for the crop growth (Sakamoto 

& Suzuki, 2015). 
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Table (1): EC and temperature in three point locations at different levels. 

Level Parameter 
Point location 

Left Middle Right 

Control 
EC 2.16±0.06a 2.16±0.06a 2.16±0.06a 

Temperature 25.27±1.00a 25.27±1.00a 25.27±1.00a 

1 
EC 2.20±0.05a 2.18±0.09a 2.19±0.05a 

Temperature 25.17±0.97a 25.23±0.98a 25.18±1.00a 

2 
EC 2.20±0.06a 2.20±0.07a 2.20±0.06a 

Temperature 25.23±0.97a 25.23±0.98a 25.25±0.97a 

3 
EC 2.19±0.07a 2.20±0.07a 2.20±0.09a 

Temperature 25.17±0.96a 25.22±0.93a 25.22±0.90a 

4 
EC 2.16±0.03a 2.18±0.03a 2.16±0.05a 

Temperature 25.17±0.96a 25.18±0.94a 25.18±0.94a 

5 
EC 2.19±0.06a 2.19±0.06a 2.18±0.07a 

Temperature 25.28±0.96a 25.30±1.01a 25.23±0.99a 

6 
EC 2.17±0.07a 2.17±0.09a 2.19±0.06a 

Temperature 25.65±0.85a 25.50±0.83a 25.35±0.90a 

7 
EC 2.16±0.06a 2.17±0.09a 2.17±0.08a 

Temperature 25.65±0.85a 25.50±0.83a 25.48±0.81a 

* Different letters within the same column indicate statistical difference by the Tukey’s 

test, P < 0.05 for seven levels. 

 

 
Table (2): EC and temperature in three point locations at different weeks. 

Week Parameter 
Point location 

Left Middle Right 

1 
EC 2.13±0.04b 2.12±0.03c 2.13±0.04b 

Temperature 25.04±0.47cd 24.99±0.31c 25.04±0.47c 

2 
EC 2.17±0.01b 2.15±0.04bc 2.17±0.01b 

Temperature 25.40±0.19bc 25.46±0.24b 25.40±0.19b 

3 
EC 2.18±0.04b 2.19±0.05b 2.18±0.04b 

Temperature 24.16±0.18e 24.19±0.16d 24.16±0.18e 

4 
EC 2.17±0.01b 2.17±0.01bc 2.17±0.01b 

Temperature 25.50±0.22b 25.50±0.17b 25.50±0.15b 

5 
EC 2.17±0.03b 2.17±0.03bc 2.17±0.03b 

Temperature 24.70±0.18d 24.69±0.16c 24.70±0.18d 

6 
EC 2.28±0.07a 2.30±0.04a 2.28±0.07a 

Temperature 26.90±0.13a 26.90±0.13a 26.90±0.13a 

* Different letters within the same column indicate statistical difference by the Tukey’s test, P < 0.05 for 

six weeks. 
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    Chen et al. (2016) studied the growth of 

Boston lettuce and coral lettuce for 14 days for 

germination with the nutrient solution 

circulating between the planting beds and 

storage tank with a pump in order to maintain 

the uniformity of the nutrient intake. An 

efficient plant factory governed by factors that 

affected the crop growth which was light 

intensity, EC, pH, temperature, humidity, CO2, 

etc. (Amado et al., 2016; Shamshiri et al., 

2018). To evaluate the potential of the vertical 

farming system under plant factory, Tamura et 

al. (2018) investigated the phytochemical 

accumulation and yield of leaf lettuce in 

conjunction with various growth factors 

including temperature, EC, and light intensity. 

In other research, Hasegawa et al. (2014) 

reported the change in CO2 and temperature in 

relation to the growth of the plant samples. It 

was revealed that plants cultivated at low 

temperature showed high photosynthesis rates 

compared to the plants cultivated at high 

temperature. Hence, it can be noted that 

temperature was vital in the plant growth and 

yield under plant factory system.  

Pearson correlation between EC and 

temperature of fertilizer distribution 

Table (3) shows the ANOVA of EC and 

temperature parameters: left point temperature 

(T1), middle point temperature (T2), right 

point temperature (T3), left point EC (EC1), 

middle point EC (EC2), and right point EC 

(EC3). The ANOVA analysis results showed 

that the EC and temperature parameters were 

significantly influenced by the week at 

P<0.05.  

     

 

Table (3): Analysis of variance (ANOVA) of EC and temperature parameters. 

Factors  Parameters Mean square P<0.05 

Week EC1 0.020 <.0001* 

T1 6.930 <.0001* 

EC2 0.030 <.0001* 

T2 6.938 <.0001* 

EC3 0.021 <.0001* 

T3 6.744 <.0001* 

Level EC1 0.002 0.8938 

T1 0.145 0.9917 

EC2 0.001 0.9683 

T2 0.063 0.9994 

EC3 0.002 0.8881 

T3 0.061 0.9994 

Week*Level EC1 0.001 0.8924 

T1 0.050 0.8952 

EC2 0.001 0.9994 

T2 0.039 0.9935 

EC3 0.002 0.9843 

T3 0.048 0.8999 

Abbreviation of variables were T1: left point temperature, T2: middle point temperature, T3: right point temperature, 

EC1: left point EC, EC2: middle point EC, and EC3: right point EC. 

* The means are significant at P < 0.05. 
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    The highest mean square was recorded for 

T2 with the values of 6.938. Meanwhile, the 

EC and temperature parameters were not 

significantly influenced by the levels with the 

highest mean square of 0.145 for T1. It was 

observed that the effect of the interaction 

between week and level on EC and 

temperature parameters were not statistically 

different (T1, T2, T3, EC1, EC2, and EC3). In 

other words, the effect of different levels does 

not depend on the week. 

     In a study conducted by Baek et al. (2016), 

temperature and air flow stagnation were 

important for the plant cultivation in order to 

determine the crop quality and growth in a 

vertical type plant factory. Tamura et al. 

(2018) suggested that the growth and quality 

of vegetables cultivated in the plant factory 

were influenced by the temperature, humidity, 

light source, and fertilizer. Lee et al. (2019) 

reported the growth of crisphead lettuce by 

comparing the type of cultivar, temperature 

and light intensity. It was revealed that the 

growth of crisphead lettuce was significantly 

influenced by temperature in low light 

intensity condition for all type of cultivars. 

Similarly, Lee et al. (2013) investigated the 

productivity and quality of lettuce under 

artificial plant factory, indicating that low 

temperature conditions were applied to avoid 

tipburn due to reduction of photosynthetic 

rates.  

    The Pearson correlation coefficients 

between EC and temperature from different 

point locations are presented in table (4). The 

results demonstrated that the strong correlation 

was achieved between EC and temperature 

parameters to determine the growth of lettuce. 

All parameters were significantly different 

with the growth of lettuce at p<0.05. Based on 

the result, the EC3 was positively correlated to 

the EC1 (r = 0.942). Among the EC and 

temperature parameters values, the highest 

correlation was recorded between T2 and T3 (r 

= 0.995). These observations showed the 

discrepancy in both EC and temperature 

parameters that could be explained by the 

importance of these parameters in the growth 

of lettuce. In this case, the EC and temperature 

parameters were feasible in determining the 

quality and growth of lettuce in the plant 

factory system.  

 

Table (4): Pearson correlation coefficients between EC and temperature from different point 

locations. 

 EC1 T1 EC2 T2 EC3 

T1 0.517*     

EC2 0.883* 0.521*    

T2 0.535* 0.991* 0.546*   

EC3 0.942* 0.454* 0.883* 0.475*  

T3 0.511* 0.987* 0.517* 0.995* 0.448* 
Abbreviation of variables were T1: left point temperature, T2: middle point temperature, T3: right point temperature, 

EC1: left point EC, EC2: middle point EC, and EC3: right point EC. 

* The means are significant at P < 0.05. 
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Fertilizer flow rate calculation 

Using the Hydroponic Nutrient Film 

Technique (NFT) we don’t need to fill full 

water into growing container, just need a 

constant flow of fertilizer to the crops. The 

water depth is shallow, only a few mm (1/4 

inch) so we don’t need a large volume of water 

to be pumped through it. The pump just needs 

to be able to keep up with how fast the water 

is flowing out of the tubes. Typically, NFT 

system are constructed using long tubes that 

are angled so the water flows downhill as it 

flows through the tube.  

  *A pipe friction loss charts 1” PVC pipe 

cause a loss of 6.3 ft of head every 100 ft, all 

1” PVC pipe in the vertical farming system 

have 1.2 m long in total equal to 4 ft. so, (4 ft 

x 6.3 ft) / 100 ft = 0.252 ft head. Looks up the 

friction loss from each fitting in the pipe. For 

1” PVC pipe, one 90o elbow connector and 

three treaded fitting contribute to a total loss of 

15 ft. adding this all together, the total friction 

loss is 0.252 +15 = 15.252 ft (friction) 

    Vertical distance of NFT hydroponic 

growing container is 2.5 meter, equal to 8.2 ft 

TDH = 15.252 + 8.2 

         = 23.45 ft 

And from fertilizer provider, SG for fertilizer 

is 1, so 

Q =  
𝑤𝑎𝑡𝑒𝑟 ℎ𝑜𝑟𝑠𝑒𝑝𝑜𝑤𝑒𝑟 𝑥 3960

𝑇𝐷𝐻 𝑥 𝑆𝐺
       

    

Q= 0.5 Hp x 3960     = 84.43 l/min 

     23.45 ft x 1 

The flow rate of fertilizer distribute to the 7 

tiers of vertical farming is calculated at 84.43 

l/min. 

Conclusion 

Based on the findings, the EC and temperature 

parameters were not significantly different 

with the level and point location. EC and 

temperature parameters were significantly 

different with the week and point location. The 

EC fluctuated along the levels ranging from 

2.16-2.20 µS, respectively. Meanwhile, the 

temperature increased significantly along the 

levels ranging from 25.17-25.65 °C, 

respectively. The EC increased significantly 

along the weeks ranging from 2.12-2.30 µS, 

respectively. Meanwhile, the temperature 

fluctuated along the weeks ranging from 

24.16-26.90 °C, respectively. The effect of the 

interaction between week and level on EC and 

temperature parameters were not statistically 

different. Therefore, the effect of different 

levels does not depend on the week. Thus, this 

technique provides a range of information 

which could be required to provide a greater 

understanding regarding the evaluation of 

fertilizer EC and temperature distribution via a 

vertical farming system. 
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