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Abstract The objective of this study was to develop a

simple and cost-effective method to produce biofertilizer

using agro-wastes. There were five types of agro-wastes

being used in this study. They were wastes from water-

melon, papaya, pineapple, citrus orange, and banana. Solid-

state fermentation method was used to produce biofertil-

izer, which was then applied into vegetable plantation.

Physical property tests were done on the plant samples of

5 weeks of age in order to determine the effectiveness of

the biofertilizer. The results of the experiment showed that

the plant samples treated with biofertilizer from water-

melon, papaya, and banana wastes had promising physical

characteristics. Other tests such as analyses of pH values

and potassium content in the biofertilizers were also done

in this research. It was found that watermelon biofertilizer

had the highest pH value (5.15). The banana biofertilizer

had the highest content of potassium with a content of

3.932 g K/L.

Keywords Agro-wastes � Biofertilizer � Solid-state

fermentation

Introduction

Agro-waste is defined as waste which is produced from

various agriculture activities. These agro-wastes include

manures, bedding, plant stalks, hulls, leaves, and vegetable

matter. Agro-waste is usually produced through farming

activities. In farming situation, the agro-waste is often

useless and will be discarded [1]. The accumulation of

agro-waste may cause health, safety, environmental, and

esthetic concern. Thus, this represents a problem which

requires safe disposal [2].

According to Subba Rao [3] and Caprara et al. [4], agro-

wastes contain insoluble chemical constituents (e.g., cel-

lulose and lignin) and soluble constituents (e.g., sugar,

amino acids, and organic acids). Other constituents are fats,

oil waxes, resins, pigment, protein, and mineral. The agro-

wastes such as decaying part of plants are the primary

source of organic matter in soil [3]. Therefore, agro-wastes

are the cheapest source that can be used by farmers to

improve the fertility of soil.

Biofertilizer is commonly referred to as the fertilizer

that contains living micro-organisms and it is expected that

their activities will influence the soil ecosystem and pro-

duce supplementary substance for the plants [5]. Recently,

many studies and research have been focussed on devel-

oping and commercializing agro-waste-based biofertilizer.

In Malaysia, the use of microbial inoculants in industry

started in late of 1940s, and the most accepted biofertilizer

product is the mycorrhiza inoculums [6]. There is proposed

MINT-MAH joint research during the year 2002–2004 by

Rahim [6] and other biofertilizer manufactures such as IBG

Manufacturing Sdn.Bhd.

Over the years, there are plenty of interests of using

solid-state fermentation (SSF) process in development of

various bioprocesses and products. SSF can be defined as

a process that occurs in the absence of free water using

solid substrates or support [7, 8]. In SSF, microbial

growth and product synthesis are affected by various

environmental factors such as water activity, moisture
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content, temperature, pH level, oxygen levels, and con-

centration [9]. Moisture content is a critical factor on SSF

processes because this variable will influence growth and

biosynthesis of different metabolites [10–12]. Lower

moisture content causes reduction in solubility of nutri-

ents of substrates, low degree of swelling, and high water

tension [9]. On the other hand, higher moisture levels can

cause reduction in enzymes yield due to steric hindrance

of the growth of the production strain by reduction in

porosity (inter particle spaces) of solid matrix, thus

interfering oxygen transfer.

Thus, the objective of this research was to overcome the

problems of the agro-waste accumulation in the environ-

ment by utilizing them to produce biofertilizer using SSF

method. This study also investigates the applicability of the

biofertilizer in vegetable plantation.

Materials and methods

Agro-wastes

Agro-wastes that were used in this study are wastes from

pineapple, watermelon, banana, papaya, and citrus orange.

The source was obtained from the nearby fresh market. The

agro-wastes were cut into smaller size.

Solid-state fermentation (SSF)

Solid-state fermentation of agro-wastes was carried out

by using the method described by Attiya and Ashour [14].

Five hundred grams of water melon wastes was placed

into a polyethene bottle which has a capacity of 2.5 L.

Five hundred milliliters of water was added into the

bottle. The bottle was then placed in a room with tem-

perature of 298 K until soluble product is formed. This

soluble product was filtered with the fabricated filter (not

shown here). The filtered solution is the fermented

solution, which is also known as first batch water melon

biofertilizer.

Five hundred milliliters of this filtered solution was used

as inoculum precursor to the next SSF process with 500 g

new water melon wastes, which were placed in a poly-

ethene bottle. The precursor will increase the rate of fer-

mentation, which minimizes the duration of SSF process.

The bottle was then placed in a room with temperature of

298 K until the fermented mixture is soluble. This soluble

product was filtered with the fabricated filter (not shown

here). This filtered solution is called second batch water

melon biofertilizer.

Agro-wastes from pineapple, banana, papaya, and citrus

orange were also used to produce first and second batches

of biofertilizer. The procedure is the same as above.

Biofertilizer analyses

pH and potassium content analyses in the biofertilizers

were performed. Purpose of pH test was to analyze the

acidity of the biofertilizers, and this test was done using

digital pH meter. Analysis of potassium content was done

to determine the amount of potassium species in the bio-

fertilizers. The analysis was carried out using atomic

absorption spectrometer (AAS, Thermo Scientific, AAS-

iCE 3500, UK).

Applicability of the biofertilizer in vegetable plantation

The biofertilizers were applied on the Mustard plant

(Brassica Juncea Var Rugosa) samples of 2 weeks of age

in order to determine the effectiveness of the biofertilizer.

Each batch of the biofertilizers was applied on 100 plant

samples. At the same time, controlling samples and

another 100 samples were planted in the absence of any

fertilizer.

Seeds of plant samples were treated with mixture of

biofertilizer and water (1:10 mL v/v). Then, the seeds were

exposed to high intensity of sun ray (21–34 �C) for about

12 h daily. Observation and collection data were performed

for each seed after 3 weeks. The collection data were

length of the longest roots, number of leaves, and weight of

the seeds. The recorded data were analyzed.

Results and discussion

SSF process

First batch of fermented wastes is soluble and becomes

biofertilizer within 35–40 days. These results are in

agreement with the results reported by Kanmani et al.

[13]. The fermented solution from the first batch which

became soluble and produces enzyme was used as

inoculums precursor for the production of second batch

biofertilizer. The fermentation time of the second batch is

25–30 days, which is faster than the first batch. This

observation was similar with the result published earlier

by Attiya and Ashour [14].

Table 1 pH level of biofertilizer

Type of biofertilizer pH Level Potassium content (g K/L)

Papaya 4.45 2.245

Pineapple 4.42 2.828

Citrus orange 4.08 0.472

Water melon 5.15 1.529

Banana 4.52 3.932
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Biofertilizer analyses

Table 1 shows the results of pH and potassium content

analyses for the five types of biofertilizers. The pH values

show that all the biofertilizers are acidic. The citrus orange

biofertilizer has pH value of 4.08, which is the lowest

among all the other biofertilizers. The biofertilizers from

pineapple, papaya, and banana have the pH values between

4.42 and 4.52. The biofertilizer from water melon has the

highest pH value which is 5.15. These results show that

citrus orange biofertilizer has the highest acidity value

compared to other biofertilizers meanwhile water melon

biofertilizer has the lowest acidity in this study.

Banana biofertilizer has the highest potassium content

which is about 3.932 g K/L (Table 1). This is followed by

pineapple biofertilizer with content of 2.828 g K/L. The

biofertilizers from papaya and water melon waste show

results of 2.245 and 1.529 g K/L. The biofertilizer with the

lowest content of potassium (0.472 g K/L) is the biofer-

tilizer produced from citrus orange waste.

Physical analyses of plant samples

The biofertilizers were applied on the Mustard plant

(Brassica Juncea Var Rugosa) in order to determine the

effectiveness of the biofertilizers. All plant samples were

analyzed for the weight, length of the longest roots, and

number of leaves.

Figure 1 shows the average weight of the five-week-old

Mustard plants with the application of the biofertilizers.

These results represent the effect of the biofertilizers on the

plants. All the biofertilizers have contributed to the sig-

nificant increase of the weight of the plants. All the mus-

tard plant samples that used second batch biofertilizers

show much higher weight compared to first batch biofer-

tilizers. The plants which were treated with first (0.100 g)

and second (0.208 g) batches of water melon biofertilizers

show more prominent result as compared to other biofer-

tilizers. The biofertilizers made from papaya and banana

wastes also show significant result with the average weight

of 0.048 and 0.064 g, respectively, for first batch biofer-

tilizers and for second batch biofertilizers, and their aver-

age weight is 0.103 and 0.072 g, respectively.

Figure 2 shows the average length of longest root in the

Mustard plant samples, which were treated by different

types of biofertilizers. The plant samples that were treated

with water melon biofertilizer have the highest value of

average length of longest root which is 40.6 and 70.8 mm

for first and second batch biofertilizers, respectively. The

plant samples which were treated with citrus orange bio-

fertilizer have a lower value in average length of the lon-

gest root compared to the plant samples, which were
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untreated with any fertilizer (Fig. 2). This might be due to

the high acidity content of that biofertilizer (‘‘Biofertilizer

analyses’’ Section).

Figure 3 shows the average number of leaves in the

Mustard plant samples, which were treated by different

types of biofertilizers. It can be seen from Fig. 3 that plant

samples which were treated with first batch water melon

biofertilizer as well as second batch water melon biofer-

tilizer have the highest number of leaves. On the other

hand, plant samples that were treated with citrus orange

and pineapple biofertilizers for both of the batches have the

lowest number of leaves.

Thus, the physical analyses of the plant samples show

that the plant samples which were treated with water

melon, pineapple, and banana biofertilizers have gained

adequate supply of nutrients from the biofertilizers.

Conclusions

The present work showed that SSF method is suitable to

produce effective and economical biofertilizer, which

could increase the yield of crop. Efficient utilization of

the biofertilizers is reflected by crop growth rate, which is

in fact the gain in weight of the plants. Results also

revealed that high acidity content in the biofertilizer will

affect the plant growth. Thus, this study has shown that

agro-wastes from water melon, papaya, and banana are

suitable to be used to produce biofertilizers using SSF

method.
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12. Miranda, R.U., Gómez-Quiroz, L.E., Mendoza, M., Pérez-Sán-
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