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Optimal liquid bio-fertilizer application rate and frequency with coco peat as growth 

media were estimated using Response Surface Methodology (RSM) to maximize 

Nitrogen Uptake Efficiency (NUE) and minimize Nitrogen loss (N loss) with 

favourable Pak Choi yield. A central composite design (CCD) was conducted to 

determine the experimental design of Pak Choi into 20 treatments based on 5 level 

codes (-α, -1, 0, 1, α) for three factors, as assigned coco peat (CP) (0%, 25%, 50%, 

75%, 100%), bio-fertilizer rate (BFR) (0, 50, 100, 150, 200 kg N/ha) and application 

frequency (AF) (subsequent 1, 2, 3, 4, 5 day), respectively. The growth performance of 

plant height, girth, and fresh weight was measured at harvesting day and analysed the 

nutrients composition. These field data were used to determine the optimum value of 

plant yield, N loss and NUE by full quadratic polynomial model generated from RSM. 

The RSM analysis optimum output indicated combination of 25% CP with 150 kg N/ha 

of BFR at subsequent 4 days that produced the best growth performance on plant 

height, girth and yield of 11.88 cm, 9.31 cm, and 18.29 kg, respectively. No significant 

interaction of three factors found on the nutritive compositions (N, P, K, Ca and Mg) 

by RSM. Within RSM optimization process, an ANOVA output indicated significant 

terms that fitted two- factor interaction models on yield and NUE as well as a quadratic 

model on N loss which described their relationships found in this study. These two 

models enabled to predict response optimization range based on maximizing yield and 

NUE while minimizing N loss. The models result was predicted Pak Choi maximum 

yield (≥ 10378.43 kg/ha) were obtained at optimum range: 0 - 20% of CP with 155 - 

200 kg N/ha of BFR and AF at subsequent day 4 to day 5. The maximum NUE (≥ 

47.75 kg yield/ kg N) were obtained at the range of 0 - 20% CP, 175 - 200 kg N/ha 

BFR and subsequent 4 to 5 day of AF. While, 0 - 50% of CP, 175 – 200 kg N/ha of 

BFR and subsequent 3 - 5 day of AF were predicted to minimize N loss (≤ 13.86 kg 

N/ha). In line with these models optimum output ranges, the models could be used to 

predict the optimum value by setting the goal of yield, NUE and N loss align with 

adopting a numerical optimization function. Hence for example, this study was targeted 

to maximize the NUE (++++), minimize the N loss (++++) and maximize the yield 
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(+++) based on the degree of importance (+, the most “+”, the greater of desire). The 

output of predication shows the combination of 19% CP, 190 kg N/ha of BFR and AF 

at subsequent 4 day was given the best optimum value at maximum of NUE of 49.60 

kg yield/kg N, with minimum N loss of 1.05 kg N/ha, ultimately achieved better Pak 

Choi yield of 10739.02 kg/ha. These results were used to conduct a validation 

experiment on field to validate the model prediction accuracy. Validation result proven 

a small deviation between the expected and observed value for yield (10725.47 kg/ha), 

NUE (47.07 kg yield/kg N), and N losses (1.09 kg N/ha) at 0.12%, 5.10%, 3.38%, 

respectively. This expresses that the models are valid and fit to be used for prediction 

on Pak Choi yield, NUE and N loss. In conclusion, this study proven that RSM model 

simulation result shows a promising Pak Choi yield, along with better NUE, while 

reduces in N losses at the value of CP < 20 %, together with BFR value < 200 kg N/ha 

at subsequent 4 days of AF. This also indicated that reduced in the cost of fertilizer and 

significant to environmental friendly (less pollution) by applied lower rate of fertilizer 

than common farming applied (200 kg N/ha). In addition, farmer able to achieve their 

targeted yield and reduce the fertilizer cost by using the model obtained from the RSM 

optimization. The research finding highlighted utmost effect of liquid bio-fertilizer and 

coco peat on Pak Choi yield, NUE and N loss. 
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Kadar dan frekuensi aplikasi baja bio cair yang optimum dengan gambut kelapa 

sebagai media pertumbuhan dianggarkan menggunakan Metodologi Permukaan 

Respons (RSM) untuk memaksimumkan kecekapan pengambilan Nitrogen dan 

meminimumkan kehilangan Nitrogen dengan hasil Pak Choi yang baik. Reka bentuk 

komposit pusat (CCD) dilakukan untuk menentukan reka bentuk eksperimen Pak Choi 

ke dalam 20 rawatan berdasarkan 5 tahap kod (-α, -1, 0, 1, α) untuk tiga faktor, seperti 

ditetapkan coco gambut ( 0%, 25%, 50%, 75%, 100%), kadar baja bio (0, 50, 100, 150, 

200 kg N/ha) dan kekerapan aplikasi (setiap 1, 2, 3, 4, 5 hari). Prestasi pertumbuhan 

tinggi tanaman, lilitan, dan berat segar diukur pada hari penuaian dan menganalisis 

komposisi nutrien. Data lapangan ini digunakan untuk menentukan nilai optimum hasil 

tanaman, kehilangan N dan kecekapan pengambilan N oleh model polinomial kuadratik 

penuh yang dihasilkan dari RSM. Hasil analisis optimum RSM menunjukkan 

kombinasi 25% gambut kelapa dengan 150 kg N / ha kadar bio baja pada setiap 4 hari 

menghasilkan prestasi pertumbuhan terbaik pada 11.88 cm ketinggian, 9.31 cm lilitan 

dan hasil tanaman 18.29 kg. Tiada interaksi yang signifikan dari tiga faktor terhadap 

komposisi nutrien (N, P, K, Ca dan Mg) oleh RSM. Dalam proses pengoptimuman 

RSM, keluaran ANOVA menunjukkan istilah penting yang sesuai dengan model 

interaksi dua faktor pada hasil dan NUE serta model kuadratik kehilangan N yang 

menggambarkan hubungan mereka yang terdapat dalam kajian ini. Kedua-dua model 

digunakan untuk meramalkan jangkauan pengoptimuman tindak balas dengan 

memaksimumkan hasil dan kecekapan pengambilan N sambil meminimumkan 

kehilangan N. Model meramalkan hasil maksimum bagi Pak Choi ( ≥ 10378.43 kg/ha) 

diperoleh pada julat optimum: 0 - 20% gambut kelapa dengan 155 - 200 kg N/ha kadar 

bio baja dan kekerapan aplikasi setiap 4 ke 5 hari. Maksimum kecekapan pengambilan 

N (47.75 kg hasil /kg N) diperoleh pada julat 0 - 20% gambut kelapa, 175 - 200 kg 

N/ha kadar bio baja setiap 4 ke 5 hari berikutnya. Sementara, 0 - 50% gambut kelapa, 

175 - 200 kg N/ha kadar bio baja dan kekerapan setiap 3 ke 5 hari berikutnya 

diramalkan akan mengurangkan kehilangan N (≤ 13.86 kg N/ha). Model ini digunakan 
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untuk menganggarkan nilai optimum dengan menetapkan sasaran hasil, kecekapan 

pengambilan N dan kehilangan N dengan mengadopsi fungsi pengoptimuman numerik. 

Sebagai contoh, kajian ini disasarkan untuk memaksimumkan kecekapan pengambilan 

N (++++), meminimumkan kehilangan N (++++) dan memaksimumkan hasil (+++) 

berdasarkan tahap kepentingan (+, yang paling banyak “ + ”, semakin besar keinginan). 

Hasil ramalan menunjukkan gabungan 19% gambut kelapa, 190 kg N/ha kadar bio baja 

dan kekerapan aplikasi setiap 4 hari berikutnya memberi nilai optimum terbaik dalam 

memaksimum kecekapan pengambilan N 49.60 kg hasil/kg N, dengan minimum 

kehilangan N 1.05 kg N/ha, turut menghasilkan hasil Pak Choi yang lebih baik iaitu 

10739.02 kg/ha. Hasil ini digunakan untuk melakukan eksperimen validasi di lapangan 

untuk mengesahkan ketepatan ramalan model. Hasil pengesahan membuktikan 

penyimpangan kecil antara nilai yang diharapkan dan diperhatikan untuk hasil 

(10725.47 kg / ha), kecekapan pengambilan N (47.07 kg hasil/kg N), dan kehilangan N 

(1.09 kg N/ha) pada 0.12%, 5.10%, 3.38%, masing- masing. Ini menyatakan bahawa 

model-model ini sah dan sesuai untuk digunakan untuk membuat ramalan untuk hasil 

Pak Choi, kecekapan pegambilan N dan kehilangan N. Kesimpulannya, kajian ini 

membuktikan bahawa hasil simulasi model RSM menunjukkan hasil Pak Choi yang 

menjanjikan, bersama dengan kecekapan pengambilan N yang lebih baik, sementara 

penurunan kehilangan N pada nilai CP <20%, bersamaan dengan nilai kadar bio baja 

<200 kg N / ha pada kekerapan aplikasi setiap 4 hari. Ini juga menunjukkan berlaku 

pengurangan kos baja dan mesra alam (kurang pencemaran) dengan kadar baja yang 

lebih rendah daripada penggunaan pertanian biasa (200 kg N ha). Di samping itu, 

petani dapat mencapai hasil yang disasarkan dan mengurangkan kos baja dengan 

menggunakan model yang diperoleh dari pengoptimuman RSM. Penemuan kajian 

menunjukkan pengaruh besar baja bio cair dan gambut coco terhadap hasil Pak Choi, 

kehilangan kecekapan pengambilan N dan kehilangan N. 
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CHAPTER 1 

INTRODUCTION 

 

 

In Malaysia, livestock practices in term of waste management is always recklessly 

concerned and resulted in various environmental pollution issues, mainly due to 

inappropriate and “unrestricted” discharge of livestock waste (i.e. animal manure, 

bedding, animal food waste) into environment. In fact, these wastes can be recycled, 

reused and composed as bio fertilizer through conventional windrow method or 

advance in-vessel systems. The latest technology particularly, in-vessel composting 

that requires less space, shorter period and provides better control condition which can 

produce both solid and liquid form of compost known as bio fertilizer. According to 

Pangnakorn et al. (2009), bio fertilizer defined as a product from bio fermentation or 

digestion of vegetables, fruits and animal wastes fermented with sugar and effective 

microorganisms. It contains living microorganisms that may enhance the physical and 

chemical condition of soil and potentially useful for the efficient growth of plants. 

 

 

The bio-fertilizer in liquid or solid form can substitute the expensive chemical 

fertilizer, as well as conserves the soil fertility as it caused by depleting soil organic 

matter in the long-term application of chemical substrate (Sundaravarathan and 

Kannaiyan, 2002). In the previous studies by (Harris, 2003; Schloter et al., 2003; Timo 

et al., 2004; Zhou and Ding, 2007; Ma et al., 2010) indicated that compost or bio 

fertilizer was a good solution to replenish the loss of soil organic matter via sequestrate 

the soil carbon in reduce the CO2 emission, as well as a good preventing the 

environment pollution. In addition, the utilization of bio fertilizer promotes organic 

farming concept while may give extra profit to farmer in substituting the expenses of 

mineral fertilizer/insecticide/pesticide used, also, promoting healthy food consuming 

with better quality (safe and nutritious) as a bio product. This bio-products produce 

from organic farming reduces dependence on non-renewable resources, which recycles 

by product from household, agriculture and other human activities. 

 

 

Solid bio fertilizer as product of composting has been commonly used in study to 

determined bio fertilizer effect on planting compared to liquid form bio fertilizer. In 

this study, abundance of cattle manure with combination of food waste were composed 

inside in-vessel composter for 30 days to generate the liquid bio fertilizer. The liquid 

were collected and used to study its effect on Pak Choi (Brassica chinensis) growth and 

also effect on nutrients loss to the environment. In the study, Pak Choi used as a test 

crop and harvested at 42 to 75 days of planting. The Pak Choi were chosen due to it is a 

perennial plant grown commercially as an annual, native to China but is extensively 

grown throughout Asia and common prefer vegetable being consumed in Malaysia. 

Pak Choi also called Chinese white cabbage is high valued fresh cut vegetables. It has a 

light, sweet flavour, crispy texture, and high nutritional values, rich in minerals and 

vitamins (Able et al., 2003; Lu, 2007).  

 

 

In planting, growth media is known to be played an important role in germination rate 

and physiological parameters namely, plant height, number of leaves, yield and etc. 
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(Vendrame et al., 2005). The media is important to supply roots with nutrients, air and 

water, allows for maximum root growth and provides physical support to the plant. 

Common plant media such as coco peat or coconut fiber is an alternative organic 

material that often being used as growing media due to it easily accommodates water in 

the pores. It can be a safety substitute for soil and healthy plants because characteristics 

of coco peat which saves a lot of water and air rich pores growth for seed germination 

(Awang et al., 2009).  

 

 

In line with abundance and availability of liquid bio fertilizer was produced but under-

utilized that lead to waste of nutrients that available to be utilized by plant. The study 

aimed to investigate the optimum utilization of bio-fertilizer rate, application frequency 

and coco peat using Response Surface Methodology (RSM) approach. RSM, a 

statistical or mathematical technique for analysis of problems where an optimum 

response of interest influenced by several variables (Montgomery, 2005).  

 

 

The RSM optimization analysis involves the processes of single and interactive effect 

of important factors (CP, BFR and AF) on Pak Choi yield, NUE and N loss value. The 

values of were investigated and optimized through response surface methodology 

(RSM), Model generate by RSM is able to display the optimum condition of maximum 

liquid bio fertilizer efficiency and allows prediction of nutrients loss and uptake in 

specific fertilizer application frequency and amount with growth media ratio according 

to the plant yield. Finally, best combination of liquid bio fertilizer application 

frequency and amount with growth media generated by RSM model then used to 

replanting for validation.  

 

 

This study consists of three major steps (a) field experiment data collection, (b) RSM 

analysis and field validation. The general objective of study was investigated the 

response of the plant growth in terms of height, girth and fresh weight (yield) and plant 

nutritive compositions (N, P, K, Ca and Mg) that influent by the factors (independent 

variables) assigned as CP, BFR and AF. These response field data were collected to 

determine the Pak Choi yield, nitrogen uptake efficiency and nitrogen loss by RSM.  

 

 

1.1 Specific Objectives 

 

 

The specific objectives of this study were: - 

 

(i) To determine the effect of cattle liquid bio fertilizer application rate 

(concentration) and frequency on Pak Choi’s growth traits and nutritive values 

at different coco peat ratio. 

 

(ii) To determine the effect of cattle liquid bio fertilizer application rate 

(concentration) and frequency on nutrients losses and nutrients uptake at 

different coco peat ratio. 
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(iii) To determine the optimum fertilizer rate (amount), fertilizer frequency and coco 

peat that maximizes the plant nutrient uptake and minimizes the losses into the 

environment. 

 

1.2 Significant Study   

 

 

Desired production of Pak Choi and best utilization of liquid bio fertilizer can be 

achieved if the optimization model of Pak Choi has been developed. This study aims at 

improving the use of RSM to optimize nutrient uptake and losses of Pak Choi with 

favourable yield. This research will give new information about the relationship 

between coco peat, bio-fertilizer rate and application frequency, particularly the 

utilization of bio-fertilizer and its optimization on growth performance, nutritive value, 

nitrogen uptake efficiency and nitrogen losses. 
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