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Abstract— Hydroponics is a technique to grow the plant without 

using the soil. This technique ensures that the plant gets all the 
nutrients needed from the water solution. The roots of plant will 
absorb the nutrient in water solution for the plant to be able to 
grow normally with several environmental factors to be 
considered namely oxygenation, salinity, pH level, conductivity of 
the nutrient solution, light intensity temperature, photoperiod as 
well as air humidity. Among all these factors, the pH value is one 
of the vital factors since the pH value contributes extremely study, 
the pH characteristic is investigated and evaluated specifically for 
hydroponics-based cultivation. Initial results showed that the pH 
changed drastically and sustained its value upon adding acid and 
alkaline at the highest concentration with an average of water pH 
value of 3.24 (after adding alkaline) and 4.66 (after adding acid). 
The pH value was consistently stable after this water mixture is 
left for 4 minutes. Note that the pH value is recorded from the 60th 
seconds upon mixed. Upon several experimental conducted it was 
found that the pH value changed minimally and could be 
neutralized upon adding purified water. In addition to that, results 
showed that the pH sensor can be placed in any position of the 
water tank based on the similar values of pH throughout the 
experiments. 
 

Index Terms—Hydroponic cultivation, pH value, Acid and 
Alkaline 
 

I. INTRODUCTION 
ydroponics is a subset of hydroculture namely the method 
of growing plants without soil [1]. There are many types 
of hydroponics technique such as aeroponic system, deep                                                                                                                                                                                                                                                                                                                                                                

 water culture, flow (food and drink) system and drip system,  
 flood & drain and, N.F.T (nutrient film technique) and wick 
system [2]. The hydroponics method used mineral nutrient 
solutions in a water solvent to ensure the plant gets all the 
nutrients required from the water solution [3]. It already known 
that nutrients element specifically carbon, hydrogen, oxygen, 
nitrogen, phosphorus, potassium, calcium, magnesium, 
sulphur, iron, copper, zinc, manganese, molybdenum, boron,  

 
 

 

 
chlorine and nickel are needed by the plant to grow healthy [4]. 
The absorption of water and nutrients takes place behind the 
root tip through modest root hairs. The technique in which the 
roots absorb water and nutrients is known as diffusion [5, 6].  

The solubility of nutrients in a hydroponic solution or 
soilless growing substrate is influenced by pH, particularly for 
metal micronutrients that turn out to be less accessible for root 
uptake as the pH increased [7]. This is because pH is a 
logarithmic measure of hydrogen ions concentration in 
solution. On the other hand, the acidic solution has a higher 
relative number of hydrogen ions which its substances 
dissociated to release hydrogen ions or react with water to form 
hydrogen ions. The alkaline solutions have a higher 
corresponding amount of hydroxyl ions which its elements 
separated release hydroxyl ions or react with water for hydroxyl 
ions. A pH value can be categorised or scale in three parts; 0.0 
- 6.9 as acid, 7.0 as neutral and 7.1-14 as alkaline. A standard 
pH value to grow plants are between pH 4 to 7, and the 
recommended pH for hydroponic culture is between 5.5 to 5.8 
because the overall availability of nutrients is optimized at a 
slightly acid pH [8]. However, based on pH characteristic 
through the titration curve, it is indeed challenging to sustain 
the pH value to be between 4 to 7 without proper close 
monitoring or controlling the pH value either semi-automated 
or fully automated [8, 9].  

The pH value is important to make sure the plant 
receives the maximum absorption of nutrients elements 
required. The plant will lose its ability to absorb some of the 
features if the pH value is not in the accurate range. As 
discussed in [10, 11], a pH less than 7 is said to be acidic, and 
solutions with a pH greater than 7 are basic or alkaline. If the 
pH value is closer to 1, it is known as more acidic while the pH 
value closer to 14 is alkaline in nature. For instance, the broccoli 
and lettuce need pH between 6.0 to 6.5, cucumber plants need 
5.5 to 6.0 pH, and tomato plants need 5.5 to 6.5 pH value [12]. 
If the pH values are not in a suitable range for each plant 
category, it will lose its ability to absorb the nutrients required 
by the plant. Hence, the plants are not able to maximise the 
absorption of nutrients and thus suffer deficiency due to the 
unsuitable pH value [13, 14]. Therefore, it is vital in ensuring 
the specific pH value according to the plants. For that reason, 
this research explored further a method to maintain the pH 
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value for the plants. Besides, some characteristic of pH value is 
tested and analysed.  

  

II. LITERATURE OF PREVIOUS WORK 
A study related to pH value was important, especially to grow 

plants. O. Belmehdi et al. in [15] proven that the different pH 
value affected the germination of O.elongatum (Morocco 
herbs). From the test, the authors concluded that the optimum 
germination percentage of O.elongatum was 91% at pH 6. At 
pH 4 that is more acidic, the germination percentage was only 
at 74% and at pH 8 that was more alkaline in nature the 
germination percentage was only at 68%. 

Conversely, Yina Zou et al. in [16] stated that one of the 
important parameters for the aquaponic system was to balance 
the pH value at the same time for fish, plants and microbes as 
well. This study reported nitrogen transformations based on the 
pH value. It was reported that the optimum pH value was at 6 
as compared to pH 7.5 and 9. 

On the other hand, note that growing medium for the plant 
was important in growth factors. The pH in the growing 
medium was highly significant for plant nutrient availability. 
As reported in [17], weight for stem in dry condition was more 
sensitive to the high value of pH as compared to leaf and root. 
The root weight also lowers in a growth process at pH 8 as 
compared to pH 4 to 7.  Thus, it is proven that the different level 
of pH value affected the plant growth in terms of plant 
production, quality and health. Therefore, many studies were 
done to develop a system that can neutralise and control the pH 
value to a suitable range for each plant.   

Furthermore, according to [18] pH neutralization is a process 
of neutralizing a solution safe to be used for the environment. 
However, it is indeed difficult to control pH neutralization 
because of many nonlinear characteristics process. Therefore, 
study to control pH value was important to be included in a 
control system using several pH controlling methods such as 
Proportional-only (P), Proportional-Integral (PI), and 
Proportional-Integral-Derivative (PID).     

 In addition, R. Izumi et al. in [19] mentioned that 
controlling pH value was one of the methods for checking the 
health status of plants. The suitable value of pH to be supplied 
to plants was indeed vital for better growth. Here, the 
researchers have designed a prototype sensor based on MEMS 
technology for measuring pH and EC value. This sensor was 
used to manually measure the pH value and monitor the needed 
pH range.  

 Additionally, as reported in [20], pH value was one of the 
factors for producing quality plants. The authors have 
developed a remote monitoring system for hydroponics plant 
media. The system built included a pH, EC, LDR sensor for 
measuring the suitable pH value from the plants. All the data 
was stored in the web server and further used for monitoring 
based on recorded data. The drawback is the system could be 
used for monitoring solely, and any further steps to sustain the 
correct pH value need to be done manually. 

 

III. RESEARCH METHOD 
This section will discuss in detail the experimental and 

analysis method that has been developed in measuring the pH 
level. 

A. Effect of Acid and Alkaline to the pH Values of Water 
As stated earlier, the purpose of this research is to determine 

the changes in pH values in water tank for every droplet of acid 
and alkaline solution. In this experiment, the pH down solution 
that contained acid was used to reduce the pH value level and 
pH up solution (alkaline) for increasing the pH value level. The 
water volume was fixed at 3000ml. The initial pH values of the 
water were recorded prior to experimental as reference. Firstly, 
one ml solution of pH up is dripped into the water via syringe. 
Water in the tank is replaced with new water before repeating 
the same step namely dripping of 1ml pH up. The change of pH 
values for the 1ml solution is recorded until the pH values 
reached a constant reading. The amount of 1ml was selected as 
the amount to be mixed into 3000ml of water due to ease of 
measuring changes of water pH value. The amount of 1ml was 
sufficient due to significant pH value changes upon applying 
pH up and pH down solution as discussed in Section IV.  

 

B. Effect of Acid and Alkaline to the pH Values of Water in 
Tank Versus Time 

In addition to that, the time at which the constant pH value 
level is reached was analysed too namely the constant time of 
the pH reacted with acid or alkaline. Firstly, 1ml alkaline (pH 
up solution) is dropped into 3000ml water. Prior to this, the 
water pH value was measured. This step is repeated for every 
30 seconds until 300 seconds (five minutes). This experiment is 
needed to determine the period of pH value versus time 
response. 

 

C. Effect of pH Value in Water Versus Time by Gradually 
Increasing the Amount of Acid and Alkaline 

The purpose of this experiment was to measure and analyses 
changes in pH value if the concentration of acid or alkaline is 
increased. Firstly, the acid solution was added with 1ml into 
3000 ml water in a tank. Then, 1ml acid was added for every 
four minutes. The data was collected for every 30 seconds in 
order to measure changes of pH value in water upon adding 
either acid or alkaline solution. The pH value data was collected 
until a consistence pattern is obtained.  

 

D. Determine the Accurate Position for pH Sensor in A Tank 
In this experiment, the absorption of pH down (acid) and pH 

up (alkaline) solution is tested either it can be uniformly mixed 
with water in the entire tank. This test was important to estimate 
the correct positioning of the pH sensor. After 60 seconds, the 
pH value of the water was measured through an eight different 
position as shown in Figure 1. The same procedure is repeated 
for the alkaline solution. 
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IV. EXPERIMENTAL RESULTS AND ANALYSIS 
In this section, all the results attained based on the four 

experimental conducted are reported and discussed. 
 

A. Effect of Acid and Alkaline to the pH Values of Water 
 

 

 
 
Figure 2 showed the increment and decrement of pH value 

water for each 1ml pH up solution (alkaline), and 1ml pH down 
solution (acid) dropped into the 3000ml water. The testing for 
pH up and pH down was conducted separately. The pH value 
increased consistently for every 1ml pH up dripped. This step 
was repeated for five times. The same procedure was repeated 
using an acid solution too. As shown in Figure 2, the average 

pH value difference for before and after dropped pH up and pH 
down was about pH 3.06 and 3.29.  

From the results attained for both acid and alkaline, it showed 
that there were changes in pH value. Recall that, to control the 
specific acceptable range of pH level needed by the plants, a 
precise amount of acid or alkaline is required. The accurate 
amount of pH solutions (acid or alkaline) are difficult to 
calculate by adding 1ml since it caused substantial changes in 
pH value. Therefore, another experiment namely investigating 
the effect of acid and alkaline occurrences versus time is done 
and further observe if pH values will change gradually upon 
adding more pH solutions. 

 

B. Effect of Acid and Alkaline to the pH Values of Water In 
Tank Versus Time 

 

 
Figure 3 showed the pH value recorded from 30 seconds up 

to 300 seconds. Based on the results attained, it was found that 
by adding the 1ml alkaline solution to the water has increased 
the pH value to 11.34 after 60 seconds. Also, the pH value 
gradually increased to 11.46 until 300 seconds. Refer to the plot 
in figure 3, it is observed that the pH value changed minimally 
for every 30 seconds and this proven that water was fully 
reacting with hydroxyl ion. As for the second test for the case 
of acidic, a 1ml acid solution is added by reducing the amount 
of acid. After 60 seconds, the water pH value was at 2.47. It can 
be seen the pH value changes minimally too up to 300 seconds. 
Hence, from this result, the pH value is consistent after 60 
seconds for both acid or alkaline. Therefore, this is a suitable 
time to begin the measurement of pH value. 
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Fig. 2. Results of pH values by applying pH up solution (alkaline) and pH 

down solution (acid) 

 
Fig. 1. Eight different pH sensor position for pH measurement 

 

 
Fig. 3. Water pH value for both acid and alkaline case versus time 
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C. Effect of pH Value in Water Versus Time by Gradually 
Increasing the Amount of Acid and Alkaline 

 
 

 
Figure 4 showed an increment and decrement of pH values 

for 40 minutes after a total of 10ml pH up solution (alkaline), 
and pH down solution (acid) applied. After 4 minutes of adding 
1ml of alkaline, the pH value has increased drastically to 9.77. 
The pH value continues increasing to 10.27 after another 1ml 
alkaline at the fifth minutes. 

Further, it is observed that very minimal value of pH is 
increased at a small pace after the alkaline is added up to 6ml, 
specifically six times of 1ml dropped in the water. After the next 
1ml of alkaline was added, the pH value showed a constant 
value, and this pattern remains the same until the tenth 1ml 
alkaline. Overall, a total of 10ml were added. Figure 3 also 
showed that the decrement pattern of pH value after the total 
10ml acid (pH down) was dripped. Overall the pH value of 
water decreased from 7.16 to 2.48 after 40 minutes with a total 
of 10ml acid added.  

Refer to figure 4; it is observed that the pH value showed a 
constant pattern after 4 minutes of adding alkaline or acid 
solution. This can be seen based on graph plotted from 0 to 300 
seconds. This showed that acid and alkaline had been absorbing 
by the water. Figure 4 also showed that the pH value of the 
water was almost constant at a value of 14 as most alkaline and 
value 0 as most acid. This is because the water was maximized 
with the acid or alkaline, and it can be neutral by adding water. 
Also, the alkaline pH water can be neutral again by adding an 
acid solution to the water and vice versa. 
 

D. Determine the Accurate Position for pH Sensor in A Tank 
The correct position of pH sensor in the water tank is vital to 

measure precise pH value. Therefore, eight different locations 
of pH sensor have been tested for this purpose, and the result 
shown in figure 5. 

 
 
 
 

 

 
Figure 5 showed the pH value measured at eight difference 

position upon adding of alkaline solution. From figure 5, the 
lowest pH value after adding of alkaline was 8.91 at position 
1 with the highest value 9.09 in position 3, 5, 6, and 8. The 
difference between the lowest and highest pH values were 
0.18 that indicated the alkaline was successfully absorbed 
with water if mixed it properly.  
 Figure 5 also showed that the pH value measured at eight 
difference position after an acid solution applied to the water. From 
figure 5, the lowest pH value was 5.08 in position 8, and the highest 
was 5.3 in position 1. Once again, it found that the difference 
between the lowest and highest pH value was only 0.22, which 
mean that the acid was also successfully absorbed by water upon 
proper mixing. This result proved that the pH sensor could be 
placed at any position in the tank since the water pH values are 
similar upon proper mixing using both acid and alkaline. 
 Based on the experimental and testing conducted as 
discussed in section IV, results attained proven that water  
reacted upon adding acid and alkaline solution. The pH value 
of water decreased after mixed with acid and increased upon 
mixed with alkaline, as also discussed by L.Bousset et al. [21].  

V. CONCLUSION 

As a conclusion, from the experiments conducted and results 
attained, the pH value changed drastically after the acid or 
alkaline solution added to the water. However, upon 
continuously adding a solution of either acid or alkaline for four 
minutes and above, the pH value changed minimally and 
reached the consistency value accordingly. Additionally, based 
on the experiments done, it can be concluded that the pH sensor 
able to place at any position in the main water tank due to 
similar results attained. The results showed that this is an 
important study regarding the effect of acid and alkaline for 
hydroponic cultivation technique because of any changes in pH 
value would affect the plant growing ability. For future works, 
real-time data about acid and alkaline effect to grow a plant are 
needed to analyse to obtain better pH characteristics accuracy.    
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Fig. 4. Increment and decrement pattern of pH value against time 

 

 
Fig. 5. Increment and decrement pattern of pH value against time 
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