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In recent years, agriculture has increasingly relied on chemical 
fertilizers to achieve higher yields and boost productivity. 
Unfortunately, excessive use of chemical fertilizers may result in lower 
crop production and decreased soil fertility. Organic fertilizer and 
compost may complement chemical fertilizers, providing a low-cost 
and sustainable plant nutrition supply. This study aims to demonstrate 
the optimal ratio of composts and water that will maximize soil fertility 
through the application of a 32 factorial design. Using the 32 factorial 
designs with randomized complete blocks, 27 jasmine plants were 
randomly grouped into three blocks. The treatment or compost used 
were dried leaves, orange, and banana peels. The height of the plants in 
each pot was measured for 30 days and the growth rate was calculated. 
The plant growth rate was analyzed using the analysis of variance 
(ANOVA). Each factor and combination factors was analyzed according 
to the main and interaction effect. The result show that soil fertility is 
maximized with the use of dried leaves with one cup of water, followed 
by the orange peel with three cups of water, and the banana peel with 
two cups of water. The results can be improved by taking the 
measurements for more than 30 days with the addition of other 
composts and locations for the blockings. 
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1. Introduction 
There are around 400,000 species of terrestrial plants recorded in the world, with around 2,000 new species 
discovered each year [1,2]. Most of terrestrial ecosystems are occupied by plants [3]. Soil fertility refers to the 
soil's ability to deliver vital nutrients for plant growth while avoiding damaging amounts of any detrimental 
element. Fertile soils provide a sufficient and balanced supply of nutrients that are easy to break down and readily 
available to meet the needs of plants [4]. The important nutrients can be classified as macronutrients and 
micronutrients. Macronutrients are the nutrients that are needed in high quantities by plants while 
micronutrients are nutrients that are needed in small amounts by plants but they are as important as 
macronutrients [5,6]. Fertilizers are substances that have at least one nutrient element in natural and manmade 
chemical materials that are beneficial to plant growth. There are two kinds of fertilizers, organic fertilizers and 
inorganic fertilizers [7,8]. 

Chemical fertilizers such as nitrogen (N), phosphate (P), and potassium (K) are usually formulated and 
manufactured by fertilizer companies [9]. During the last three decades, this method has significantly increased 
grain yields in several countries. Nowadays, agriculture is practiced with high amounts of chemical fertilizers. 
Unfortunately, the overuse of chemical fertilizers lead to a decrease in crop production and soil fertility [9]. 
Moreover, overuse of chemical fertilizers can cause nutrient deficiency, which can hasten soil acidification [8]. 
Natural fertilizers come from plants and animals such as green manures, crop wastes, food wastes, and compost 
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[6,8]. It enhances soil structure by increasing organic matter in the soil [10,11]. One of the key sources of organic 
matter in the soil is the compost [12]. It contributed a lot to preserving the environment and soil quality [13]. 

Design of experiments is a crucial technique for analyzing  several factors simultaneously and determining 
their interactions [14]. The experimental design allows each factor to be evaluated individually. This allows a 
particular study to the most information from the factors in just a few experiments [15]. Randomization, 
replication, and blocking are three key principles of experimental design [16]. Factorial design is one of the 
experimental designs that includes all potential combinations of each level of factors [17]. This design can be only 
used with small numbers of factors and levels [18]. 

Hopefully, this study can show that factorial design can be applied in various fields including agriculture. The 
broad aim of this study is to encourage agriculture industry practitioners, to switch from chemical fertilizers to 
natural fertilizers such as compost. The results of this study will assist in providing their plants with the best 
compost and water ratio. Consequently, it can minimize greenhouse gas emissions, environmental pollution, the 
death of aquatic and soil organisms, ozone layer depletion, and human disease. Additionally, this study encourages 
the usage of compost to resolve the problem of erosion by enhancing the soil's water holding capability, texture, 
and solid strength [19].  

2. Methodology 
This section explains all the important methods used in this study. It describes how the data was collected during 
the experiment, the factorial design, and the analysis of variance (ANOVA). Furthermore, the adequacy of the 
models is also discussed with the application of the equality variance test, main, and interaction effect.  

2.1 Factorial Design 
The factorial design used was 32 factorial design in a randomized complete block. It included two factors with 
three levels each that create nine combinations. These combinations were replicated three times at three blocks. 
The model used in factorial designed is called the effect model. The effect model used in this study is shown in 
equation (1). 
 

𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 = 𝜇𝜇 + 𝜏𝜏𝑖𝑖 + 𝛽𝛽𝑗𝑗 + (𝜏𝜏𝜏𝜏)𝑖𝑖𝑖𝑖 + 𝛿𝛿𝑘𝑘 + 𝜖𝜖𝑖𝑖𝑖𝑖𝑖𝑖    �
𝑖𝑖 = 1, 2, . . . , 𝑎𝑎
𝑗𝑗 = 1, 2, . . . , 𝑏𝑏
𝑘𝑘 = 1, 2, . . . ,𝑛𝑛

                                     (1) 

where 
𝜇𝜇         = overall mean 
𝜏𝜏𝑖𝑖          = the effect of the ith level of the row factor A, 
𝛽𝛽𝑗𝑗         = the effect of the jth level of column factor B 
(𝜏𝜏𝜏𝜏)𝑖𝑖𝑖𝑖  = the effect of the interaction between 𝜏𝜏𝑖𝑖  and 𝛽𝛽𝑗𝑗  
𝛿𝛿𝑘𝑘        = the effect of the kth block 
𝜖𝜖𝑖𝑖𝑖𝑖𝑖𝑖       = random error component 
 
The experimental unit selected for this study is the jasmine plant. Since there are three blocks in this design, 27 
pots of jasmine plants were used. There are two factors namely Factor A and Factor B. Factor A is the three 
different types of compost, which are the banana peel, orange peel, and dried leaves. Only one spoonful of compost 
had been used. Meanwhile, factor B is the amount of water used in the experiment. The measurement levels are 
one cup, two cups, and three cups of water, where, each cup is 250ml. Lastly, the blocking factor has three blocks, 
the outdoor corridor path, garden, and backyard. 

2.2 Data Collection  
The jasmine plant growth rate is the primary data collected daily for 30 days. The jasmine plant growth is recorded 
by measuring the height of the plant and its eventual growth rate is calculated by using equation (2) [20]. 
 

Jasmine plant growth rate =
𝑆𝑆2 − 𝑆𝑆1
𝑇𝑇

 (2) 

where 
𝑆𝑆2 = height of the jasmine plant  
𝑆𝑆1 = height of the jasmine plant a day before 
 𝑇𝑇 =  number of days between 
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2.3 Analysis of Variance (ANOVA) 
The significance of each factor on the response parameter is determined by using the analysis of variance 
(ANOVA), to test the equality of the row factor effect. The hypothesis is shown in equation (3) [21]. 
 

         𝐻𝐻𝜃𝜃: 𝜏𝜏1 = 𝜏𝜏2 = ⋯ = 𝜏𝜏a = 0  
                             𝐻𝐻1: At least one 𝜏𝜏𝑖𝑖 ≠ 0                            (3) 

 
The second hypothesis is used to test the equality of column factor effect. The hypothesis is shown in equation (4) 
[21]. 
 

    𝐻𝐻𝜃𝜃: 𝛽𝛽1 = 𝛽𝛽2 = ⋯ = 𝛽𝛽a = 0 
                         𝐻𝐻1: At least one of 𝛽𝛽j ≠ 0                         (4) 

 
The ANOVA test then evaluates whether or not the effect of these factors is equal using the F distribution. It is then 
compared with 𝑓𝑓𝛼𝛼,𝑎𝑎−1,𝑁𝑁−𝑎𝑎 where 𝛼𝛼 is the significance level, N is the number of observations and a is the number 
of treatments at 0.05 level of significance. 

2.4 Model Adequacy Checking 
Model adequacy has been simply done by exploring the errors. It was analyzed by graphical analysis of residuals 
such as normal probability plot, residual plots and test of equality variance. By analyzing the residuals, different 
model adequacies and ways to deal with several commonly occurring abnormalities have been discovered. 

2.4.1 Test for Equality of Variance 
Bartlett’s test had been used to test the equality of variance. The hypotheses are shown in equation (5) [21].  
 

                                                                                    𝐻𝐻𝜃𝜃:  𝜎𝜎 1
2 = 𝜎𝜎 2

2 = .  .  . = 𝜎𝜎 𝑎𝑎
2  

                                                                      𝐻𝐻1: Above not true for at least one 𝜎𝜎 𝑖𝑖
2                             (5) 

 where 
 𝑎𝑎 = total number of the factor’s levels 

 
When random samples are drawn from independent normal populations, the methods entail calculating a 

statistic where distribution of the sampling is nearly approximated by the chi-square distribution with 𝑎𝑎  − 1 
degrees of freedom. The test statistic is showed in equation (6) [21]. 

 
𝜒𝜒02 = 2.3026𝑐𝑐

𝑞𝑞  
(6) 

where 
 𝑞𝑞 = (𝑁𝑁 − 𝑎𝑎)𝑙𝑙𝑙𝑙𝑙𝑙10𝑆𝑆𝑃𝑃2 − ∑ (𝑛𝑛𝑖𝑖 − 1)𝑙𝑙𝑙𝑙𝑙𝑙10𝑆𝑆𝑖𝑖2𝑎𝑎

𝑖𝑖=1  
 𝑐𝑐 = 1 + 1

3(𝑎𝑎−1)
(∑ (𝑛𝑛𝑖𝑖 − 1)−1 − (𝑁𝑁 − 𝑎𝑎)−1𝑎𝑎

𝑖𝑖=1 ) 

 𝑆𝑆𝑃𝑃2 = ∑ (𝑛𝑛𝑖𝑖−1)𝑆𝑆𝑖𝑖
2𝑎𝑎

𝑖𝑖=1
𝑁𝑁−𝑎𝑎

 
𝛼𝛼 = confidence level 
𝑎𝑎 = number of total treatments 
𝑛𝑛𝑖𝑖 = number of samples in i-th treatment 
𝑆𝑆𝑖𝑖2 = the sample variance of the i-th population 
 

When the variances of the sample 𝑆𝑆𝑖𝑖2 are greatly differ, the number q is large, and when all the 𝑆𝑆𝑖𝑖2 is equal, the 
number q is zero. Therefore, H0 must be rejected for values of 𝜒𝜒02 that are too high. In other words, only reject H0 
when 𝜒𝜒02 is larger than 𝜒𝜒𝛼𝛼,𝑎𝑎−1

2  [21].  

2.5 Main Effect and Interaction Plots 
A factor's effect defined as the change in response caused by a change in the factor's level. Since it pertains to the 
principal aspects of interest in the experiment, this is commonly referred to as a main effect. On the other hand, 
the difference in response between the factor’s levels is not similar to the levels of another factor. There must be 
an interaction between the factors when this happens [21]. 
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3. Results and Discussions 
The height of the plants is measured at each pot in centimeters and its plant growth is calculated for 30 days. It is 
summed and represented in Table 1 according to the arrangement of 32 factorial design with randomized 
complete block. 

Table 1 Data for the jasmine plant growth rate 
Factor Block 

1 2 3 
B 1 2 3 1 2 3 1 2 3 
A          
1 2.2 2.9 4.5 7.2 6.9 4.0 9.1 14.7 9.0 
2 3.7 4.4 3.2 7.2 2.2 7.0 11.5 12.7 14.0 
3 7.3 4.4 5.5 8.0 9.3 6.9 10.6 8.6 7.6 

 
The results of ANOVA are shown in Table 2. At 0.05 level of significance, the value of F distribution for the 

main effect of composts is F (0.05,2,16) = 3.63. Since the F ratio, F0= 0.34 < 3.63, the H0 is not rejected. It can be 
concluded that there is no different effect between the types of compost. Next, the value of F distribution for the 
main effect of the amount of water is F (0.05,2,16) = 3.63. Since the F ratio, F0 = 0.16 < 3.63, the H0 is not rejected. It 
can be concluded that there is no different effect between the levels of the amount of water. Lastly, the value of F 
distribution for the interaction of composts and the amount of water is F (0.05,4,16) = 3.01. Since the F ratio, F0 = 0.87 
< 3.01, the decision is to accept H0. It can be concluded that there is no different interaction effect between the 
nine combinations. It is concluded that there is no significant effect between the type of compost and the amount 
of water. Furthermore, the interaction effects of composts and the amount of water are also insignificant. 

Table 2 Analysis of variance for plant growth in 30 days 
Source of variation Sum of Squares Degrees of Freedom Mean Square F0 

Compost 3.472 2 1.736 0.34 
Amount of water 1.699 2 0.849 0.16 
Compost*Amount of water 17.848 4 4.462 0.87 
Blocks 204.343 2 102.171  
Error 82.517 16 5.157 

 

Total 309.879 26 
  

 
Based on the model adequacy checking, Fig. 1 shows that the residuals resemble a straight line which indicate 

that the error distribution is normal. This satisfies the normality assumption.  Meanwhile, in Fig. 2, the residuals 
are randomly scattered which suggests that the variance is constant. Fig. 3 indicates the residuals are independent 
since the pattern is also randomly scattered. The results support the validity of the assumptions for normality, 
constant variance, and independence are satisfied.  

 

Fig. 1 Normal probability plot 

 

Fig. 2 Residual versus fits plot 
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Fig. 3 Residual versus order plot 

 Bartlett’s test result for equality of variance for compost can be referred to Table 3. The value of F distribution 
for composts is F (0.05,2) = 5.99. Since the F ratio, F0 = 5.17 < 5.99, the decision is to accept H0. It can be concluded 
that the variances of composts are equal. Fig. 4 shows the confidence intervals are overlap which support that the 
means the variance of the composts are almost equal. 

Table 3 Result for Bartlett’s test for compost 
Test 

Method Test statistic p-value 
Bartlett 5.17 0.075 

 

 
Fig. 4 Graph for Bartlett’s test for compost 

 
Bartlett’s test result for equality of variance for amount of water can be referred to Table 4. The value of F 

distribution for amount of water is F (0.05,2) = 5.99. Since the F ratio, F0 = 1.25 < 5.99, the decision is to accept the 
H0. It can be concluded that the variances of amount of water are equal. Fig. 5 shows the confidence intervals are 
overlap which means the variance of the amount of water are almost equal. 
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Table 4 Result for the Bartlett’s test for amount of water 
Test 

Method Test statistic p-value 
Bartlett 1.25 0.536 

 

 
Fig. 5 Graph for Bartlett’s test for the amount of water 

 
The main effects plot in Fig. 6 shows that the dried leaves and one cup of water produced the highest plant 

growth in 30 days. Besides, it also shows that the banana peel and three cups of water produced the lowest plant 
growth in 30 days.  

 

 
 

Fig. 6 Main effects plot for growth in 30 days 

 
 

Fig. 7 Interaction plot for growth in 30 days 
 

Based on the interaction plot in Fig. 7, a lower plant growth rate was observed from the banana peel with 
three cups of water, followed by the orange peel with two cups of water, and dried leaves with three cups of water. 
The greater plant growth rate is attained by the dried leaves with one cup of water, followed by the orange peel 
with three cups of water, and the banana peel with two cups of water. 

4. Conclusion 
The mean growth for jasmine plants is studied for 30 days using a 32 factorial design. This design was applied with 
two factors, which are, the type of compost and the amount of water in a randomized complete block. The results 
found that the mean growth for the jasmine plant was greater when applying the dried leaves with one cup of 
water. However, the mean growth was lower when the banana peel with three cups of water was applied. Based 
on the observation during the experiment, it is believed that the outcome of the effects of both factors A and B, 
which are compost and amount of water respectively, are not significant due to the uncontrol nuisance factor. The 
inconsistent weather conditions affected the experiment since it was done outside and not in the controlled 
climate of a greenhouse. Further evaluation of more than 30 days may be required to obtain more significant data. 
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