
 

 

 

Abstract—The use of natural based superabsorbent polymer 

composites (SAPC) has been spearheading multidisciplinary field 

for many applications especially in agriculture, with the promising 

ability in enhancing soil water retention, increase plant growth 

performance, whilst economical and degradable in nature. Oil palm 

empty fruit bunch-graft-poly(acrylamide) superabsorbent polymer 

composites (OPEFB-g-PAAm SAPC) was synthesized via graft 

copolymerization of acrylamide (AAm) monomer onto OPEFB 

backbone with an assist of N,N’-methylenebisacrylamide (MBA) 

and ammonium persulphate (APS) functionalize as crosslinker and 

initiator, respectively, along with neutralization using solution 

polymerization method. The addition of OPEFB-g-PAAm SAPC in 

soil as soil conditioner for possible agricultural application has 

improved the degradability, soil water retention and promoted the 

plant growth performance of chili (capsicum annum). 

 

Keywords—Soil Conditioner, Degradability, Superabsorbent 

Polymer, Oil palm empty fruit bunch, Poly (acrylamide). 

I. INTRODUCTION 

HE application superabsorbent polymer composites 

(SAPC) as soil conditioners has been suggested to 

alleviate certain agricultural problems by helping conserve 

water in soil as to improve the physical properties of soil in 

view of increasing their water-holding capacity and nutrient 

retention [1-4]. SAPC potentially influence soil permeability, 

density, structure and texture, and also the evaporation and 

infiltration rates of water through the soils. It also reduces the 

irrigation frequency and compaction tendency, stop erosion 

and water run off, as well as increase the soil aeration and 

microbial activity [3]. The SAPC may also work as a 

controlled release system by absorbing water from the rainfall 

or irrigation and favoring the uptake some nutrient elements, 

holding them tightly, and releasing it slowly into the soil as 

conditions become drier to meet the need of plants to growth 

through osmotic pressure difference [1, 2, 5]. This behavior 

significantly reduces the amount of watering required by 
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plants. SAPC also help in reducing the death rate of plants,  

improve fertilizer retention in the soil, and increase plant 

growth rate [6].  

The type of SAPC that typically used in agricultural field is 

based on poly (acrylamide) (PAAm). PAAm is one of the 

materials worth looking into by any agricultural operation 

due to high reduction of irrigation induced erosion and soil 

loss, ease of use and integration [3]. PAAm also capable in 

maintaining a larger percentage of the original absorbent 

capacity than polyacrylates when exposed to the polyvalent 

cations, that present in the ground and irrigation water or 

been introduced by the use of fertilizer and pesticides [1, 5]. 

Nevertheless, this synthetic polymer based SAPC like PAAm 

has some limitations in its application fields. For instance, 

PAAm is poor in degradability which is less susceptible 

towards biodegradation especially for applications in 

agriculture and horticulture [7, 8]. 

Various methods like the preparation of natural based 

SAPC have been tried to overcome PAAm limitations. 

Natural based SAPC has attracted much interest in a way to 

improve the properties and degradability of pristine one. The 

incorporation of natural fibers is becoming popular due to 

their characteristics; biodegradable which reduces their shelf-

time, cheap and easily available from renewable agricultural 

resources [9]. Due to the presence of such natural fiber, the 

biocompatibility, biodegradability and non-toxicity of 

synthetic polymers like PAAm were assure [10]. PAAm along 

can be considered as a good candidate for a large scale 

production of superabsorbent material especially in 

agricultural and horticultural application, but in the presence 

of natural fiber as filler, this type of natural based SAPC 

displayed excellent condition to be further applied as soil 

conditioner [11. 12]. 

Even though, there has been a lot of research conducted on 

SAPC using PAAm with other various types of natural fiber, 

yet the incorporation of PAAm SAPs onto oil palm empty 

fruit bunch (OPEFB) fiber for developing natural based SAPC 

has not been extensively reported in the literature. A research 

on grafting of PAAm onto OPEFB has been reported, 

however this research mainly focused on the grafting 

processed and no emphasized have given in developing 
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natural based SAPC [13]. Regarding to this matter, attention 

has been directed toward natural based SAPC being prepared 

through graft copolymerization of AAm monomers onto 

OPEFB backbone; by involving the functional groups of the 

lignocellulosic material to interact chemically with the 

matrix. In this study, the influence of incorporated OPEFB in 

synthesized OPEFB-g-PAAm SAPC on the thermal 

properties and degradability was observed. The synthesized 

OPEFB-g-PAAm SAPC was also used as soil conditioner for 

possible agricultural purposes and the ability of such natural 

based SAPC to enhance soil water retention and aid in chili 

(capsicum annum) performance was also investigated.  

II.  EXPERIMENTAL 

A. Material 

Chemicals such as AAm, MBA and APS were purchased 

from Sigma-Aldrich, Germany and used as received without 

further modification, while OPEFB was purchased from 

Sabutek Sdn. Bhd., Teluk Intan, Perak, Malaysia. By using a 

laboratory scale grinder machine, OPEFB has been grinded to 

less than 100 μm particle sizes. It has been washed twice with 

hot distilled water and then with acetone as fiber preparation 

The washed OPEFB fiber was then dried in an oven at 50oC 

for a period of 24 hours to constant weight.   

B. OPEFB-g-PAAm SAPC Synthesis Process 

A novel OPEFB-g- PAAm SAPC was synthesized via graft 

copolymerization among AAm monomer and OPEFB fiber 

using MBA and APS as crosslinker and initiator, respectively 

in an aqueous solution followed by neutralization using 

NaOH solution. A synthesis apparatus with 500 ml five-neck 

round-bottom flask equipped with a condenser, a 

thermometer and a nitrogen line was set up in a thermostat 

water bath with a magnetic stirrer. Once the water bath 

temperature reaches at 60oC, an amount of AAm monomer, 

MBA crosslinker, APS initiator and OPEFB fiber were mixed 

together in a flask filled with distilled water and NaOH 

solution. The mixture solution was then stirred vigorously 

and dissolved oxygen was flushed out from the system by 

purging nitrogen gas continuously until the entire process was 

completed. The polymerization condition was set to be at 

60oC for a period of 15 minutes. Once the polymerization 

process finished, the product was filtered and thoroughly 

washed with distilled water to remove any unreacted 

monomers and base. The resulting powder of OPEFB-g-

PAAm SAPC was stored in a desiccator to avoid any moisture 

contact before been proceed with any further testing. 

C. Soil Burial Degradation 

The soil degradation of PAAm SAPs and OPEFB-g-PAAm 

SAPC were performed by using the simple soil burial test in 

order to stimulate the natural biodegradation of the sample 

and compare the extent of degradation of incorporated 

OPEFB sample and the pristine ones. All samples were 

buried in the normal soil of garden at a depth of 15 cm 

without any enzyme activity or any composting materials and 

located outside natural environment with an average 

temperature around 30oC and humidity of around 80oC. The 

buried samples were dug out at certain intervals degradation 

period (7, 13, 21, 30 and 90 days), washed with water in 

order to remove the sand from the surface of the samples, 

dried in an oven at 80oC for 24 hours before the measurement 

was taken. The weight loss of composted samples was 

calculated and evaluated using the following equation 1: 
 

Weight Loss (%) = [ (W1 – W2) / W1  ]   x   100%    ….       (1) 

where W1 and W2 were the weight before buried in the soil 

and the weight over time in a soil environment, respectively. 

This method has been applied by previous researchers [14].  

D. Water Retention in Soil 

The water retention capacity of SAPC in practical soils is 

more significant, as they would be applied to these fields as 

water-managing materials [4, 15]. In this experiment, the 

sand soils used were first dried in the oven for 2 days at 60oC 

to ensure that the soil is dry and free from moisture. The 

synthesized OPEFB-g-PAAm SAPC of different weights, i.e. 

0.1%, 0.5% and 1.0% (with respect to the mass of sandy soil), 

was well mixed in containers with 200 g of sand soil. The 

mixtures were irrigated with the proper amount of water     

(60 ml), and the containers were weighed at different set 

intervals. This measurement was carried out at room 

temperature. The weight loss of the mixtures against time was 

calculated at interval times and the practical water retention 

capacity of SAPC was obtained. A controlled experiment 

without the SAPC was also performed as reference. The 

following equation 2 was used to determine the water 

retention percentage of sandy soil treated with the SAPC 

(relatively to the initial weight of the mixture): 

 

Water Retention (%) = [ (Mi – Mt) / Mi  ]   x   100%  ....      (2) 

 

where Mi and Mt were the mixture initial weight and the 

mixture weight at certain interval time, respectively. For 

accuracy, the experiment was repeated two times for each 

sample. 

E. Water Retention in Agricultural 

   An equal amount of soil (200 g) was put into two containers 

(A and B) and a 0.1 wt% (w/w) of synthesized OPEFB-g-

PAAm SAPC was thoroughly mixed with the soil in the 

container A. The chili seedlings seeds were placed into both 

containers and an equal amount (200 ml) of water were 

irrigated initially. This assessment was carried out at room 

condition. The growth of both seedlings was observed every 

week until both seedlings were died. Once the seedlings were 

dead, another 200 ml of water were added. The growth 

pattern of the seedlings was observed and care was taken to 
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see that no pests or other diseases affected the plants. The 

technique used for this experiment was according to previous 

researchers [16]. 

F. Plant Growth Performance 

   An equal amount of soil (1.2 kg) was placed in polyethylene 

bags, and the bags was set into two type; the one without the 

addition of SAPC (controlled) and the one that contained 0.1 

wt% (w/w) of synthesized OPEFB-g-PAAm SAPC. The 

SAPC was mixed thoroughly with the soil in polyethylene 

bags. Equal amounts of chili plant seeds (capsicum annum) 

were placed in all bags and were exposed to environmental 

condition. Water irrigation remained constant starting day 

one for all the bags. The growth patterns of both types of 

plants were observed at different time intervals and the 

average of plant height and leaf width was also determined by 

a ruler. This plant growth performance was referred to the 

research conducted by previous study [4]. 

III. RESULT AND DISCUSSION 

A. Soil Burial Degradation  

The poor degradability of PAAm SAPs is unfavorable for 

agriculture and horticulture applications considering its 

potential to elevate some of the problems associated with 

disposal. With the intent to promote the degradability of 

PAAm SAPs, OPEFB was incorporated in the gel network 

since naturally occurring polymers are more degradable than 

synthetic polymers. Soil burial degradation tests were carried 

out where both PAAm SAPs and OPEFB-g-PAAm SAPC 

samples were buried in soil for a period of 90 days to study 

the effect of such environmental conditions on the 

degradability of the samples. Weight loss of the samples was 

compared and periodically measured, and the results are 

tabulated in Table 1. As shown in Table 1, OPEFB-g-PAAm 

SAPC experienced losses more than 25% of its original 

weight within 30 days, which is quite high, comparing to 

PAAm SAPs where only experienced 14% of its weight loss. 

However, slow rate of degradation was observed after 90 days 

for OPEB-g-PAAm SAPC. 

An approach of incorporating OPEFB in PAAm gel 

network has not led to fully biodegradable product because 

the synthesized SAPC does not degrades ultimately to carbon 

dioxide, methane, water and biomass under unspecified 

environmental influences.  
 

TABLE 1 

SOIL BURIAL DEGRADATION OF PAAM HYDROGEL AND OPEFB BASED SAPC 

 % Weight Loss 

Time Period PAAm SAPs OPEFB-g-PAAm 

SAPC 
7 days 4% 17% 

13 days 6% 19% 

21 days 9% 23% 

1 month 14% 25% 

3 months 21% 26% 

 

But like any other natural fiber, OPEFB does accelerate the 

degradability process of PAAm SAPs by providing locally 

high concentration of microbial activity and leads to 

degradation of the polymer [1]. The expectation is that the 

OPEFB will be destroyed by soil microorganisms and these 

microbes have evolved the extracellular enzymes necessary to 

cleave PAAm gel network into smaller particles or 

manageable size. 

B. Water Retention in Soil 

The capability of soils to retain water is a fundamental 

process which all plantations are depended. However, large 

pore spaces between sandy soils prevent the water retention, 

where water is dry out easily and leach precious nutrients past 

plant roots. The soil holds water in two ways: as a film 

coating on soil particles and in the pore space between 

particles [4]. Soil porosity depends on soil texture and 

structure, where water can be held tighter in small pores than 

in large pores through capillary forces. Therefore, clay soils 

with many small pores can hold more water than sandy soils. 

The addition of SAPC in sandy soils can markedly increase 

water holding abilities in such soils by absorbing and 

retaining large amount of water which indirectly increase the 

nutrient availability in plant roots [4]. 

A practical water retention test in sandy soils with and 

without the addition of OPEFB-g-PAAm SAPC was carried 

out under room temperature and results are shown in Figure 

1. From the figure, it is clear that the water retention in sandy 

soil decreased as the time was prolonged, and the sandy soils 

containing OPEFB-g-PAAm SAPC possess higher water 

retention over controlled one. As the amount of SAPC in soil 

increased, the water retention was also increased. The SAPC 

occupy some space between the sand grains, bind them 

together, and increase the number of small pore space 

between sand particles. However, external parameters like 

temperature may affect the water retention of the SAPC [4]. 

This result indicates that the OPEFB-g-PAAm SAPC can 

enhance the water retention capacity in sandy soil, as they 

would be applied to these fields as water-managing materials 

in transforming the dry area into green and fertile land.  

 

 
 

Fig. 1 Water retention in soil for OPEFB based SAPC 

(e) 

 

(f) 

 

0.1% SAPC Controlled 0.1% SAPC Controlled 
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C. Water Retention in Agricultural 

Agriculture and horticulture fields are the most SAPC 

frequently been applied for an effective utilization of water in 

dry areas. In this regard, water retention test in the presence 

of chili seedlings in sandy soil with and without the 

synthesized SAPC was investigated and shown in Figure 2 

below. Both plants with and without OPEFB-g-PAAm SAPC 

was added with 200 ml tap water initially and left under room 

conditions until its wilting. Once the plants started to wilt 

another 200 ml tap water was added into both containers. The 

wilting time for chili seedling planted in the presence of 0.1 

wt% SAPC is longer than controlled up to week 3. The 

magnitude of the chili seedling wilting and growth response 

may be due to the fact that the existence of SAPC in soil has 

increases the amount of absorbed water, thus improves the 

water retention and available water which promote the plant 

performance and enhance the root growth, resulting in 

delaying the wilting time of the plant [3, 22]. Therefore, the 

synthesized SAPC could act as a subminiature reservoir or as 

an additional water storage system when applied to farmland, 

which enables reduction in irrigation requirement and longer 

survival of the plants by retaining and supplying the soil with 

water under drought or water stress condition [15]. 

 

 

 

 

 

 Fig. 2 Water retention in agricultural (a)(b) week 0, (c) week 1, (d) 

week 2, (e) week 3 and (f) week 5 

D. Plant Growth Performance 

Seed germination and seedling development are the critical 

phases in an early growth and establishment of any plants. 

The successful establishment of agricultural crops are 

depends on the moisture available in the soil but poor soil 

moisture level could restricted the growth, particularly in arid 

and semi-arid environments [23]. The usage of OPEFB-g-

PAAm SAPC for its possible application in agricultural sector 

as soil conditioner has been suggested to improve soil 

moisture retention. Therefore, the effect of sandy soil 

(controlled) and that treated with 0.1 wt% OPEFB-g-PAAm 

SAPC on the growth pattern of chili (capsicum annum) plants 

were investigated. From an economic point of view, 

agricultural hydrogels should be evaluated through the 

growth and other responses of the plants such changes in 

height and leaf width, and the results are shown in Table 2 

and Figure 3 [3, 24].  

 
TABLE II 

THE GROWTH DIFFERENCES IN CHILI PLANTS 

 0.1 wt% OPEFB-g-PAAm 

SAPC 

Controlled 

(a) Average 

Plant 

Height 

(cm) 

Average 

Leaf Width 

(cm) 

Average 

Plant 

Height 

(cm) 

Average 

Leaf Width 

(cm) 

Week 6 12.0 2.4 5.5 0.9 

Week 8 16.5 2.5 7.5 1.0 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 The growth difference of chili plants in (a) (b) week 6, and 

(c) week 8 

 

From the tables and figures, it is clear that the presence of 

0.1 wt% of synthesized OPEFB-g-PAAm SAPC in soil would 

enhance the growth and performance of chili and garden 

balsam plants, and it seems to be better than controlled. The 

results suggested that the presence of SAPC particles around 

(b) 

(d) 

 

0.1% SAPC Controlled 

0.1% SAPC Controlled Controlled 0.1% SAPC 

(c) 

(a) 

(a) (b) 

(c) 

0.1% SAPC Controlled Controlled 

Controlled 

0.1% SAPC 

0.1% SAPC 
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the plants root, not only absorb large quantities of water but 

also have good water retention capability, which supplies 

plentiful water to promote plants growth and performance. 

Thus, plant survival was improved and its probability for fast 

growth becomes high [22, 24]. The addition of synthesized  

OPEFB-g-PAAm SAPC as soil conditioner for cultural 

practice will be useful to increase plant establishment in 

drought prone environments [23]. 

IV. CONCLUSION 

A novel OPEFB-g-PAAm SAPC was synthesized via graft 

copolymerization reaction of OPEFB and AAm, using MBA 

as crosslinker and APS as an initiator in aqueous solution, 

followed by neutralization with NaOH. Through soil burial 

degradation assessment, the degradability of OPEFB-g-

PAAm SAPC was higher than PAAm SAPs, as OPEFB 

promoted the degradability process of synthesized natural 

based SAPC. The synthesized OPEFB-g-PAAm SAPC was 

also used as soil conditioner for possible agricultural purposes 

and for their novel commercial importance. Based on water 

retention tests, it was found that synthesized OPEFB-g-

PAAm SAPC has good water retention ability which 

promotes the plant performance and delaying the wilting 

time. The addition of OPEFB-g-PAAm SAPC as soil 

conditioner reduced in irrigation requirement, longer plant 

survival and increased the probability for plant fast growth by 

retaining and supplying the soil with water. The synthesized 

OPEFB-g-PAAm SAPC found application in agricultural, 

especially in drought prone areas or water stress condition 

where the availability of water is less. 
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