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Abstract

Heavy rainfall causes a loss of fertiliser to the environment, and it leads to environmental issues such
as eutrophication. Replenishment of fertiliser to replace the loss imposes a financial impact since
frequent applications are costly and labour intensive. Therefore, investigations on proper fertiliser
application in maintaining good soil pH, improving plant growth, and increasing crop yield from
various plantations across Malaysia are of paramount importance. Meanwhile, limited agricultural-
related studies about crop management in Malaysia have been done. This study presents a state-of-
the-art review of Malaysia’s paddy, oil palm, pineapple plantations, and the existing nutrient
management and fertilisation practices throughout the crop cycle. A systematic study of the existing
crop management in terms of farming practices, nutrient management, and fertiliser application on
the plantations of paddy, oil palm, and pineapple in Malaysia was carried out. Industry overviews for
these three crop types based on past situations and future directions are also included.
Recommendations on how to better manage these plantations are also outlined to promote a better
understanding of the past, current, and future direction of the agricultural activities and management
for principal edible crops like paddy, oil palm, and pineapple in Malaysia.
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1. Introduction

Some of the major agricultural activities in Malaysia are the plantations of paddy, oil palm, and
pineapple. Rice supplies an essential food source for more than 50% of the world population [1]. The
paddy production across the globe has shown an increasing yearly trend from 448.2 million metric
tonnes in 2009 to 499.1 million metric tonnes in 2019 and this is crucial to fulfilling the demand of the
increasing population [2]. Being one of the Asian countries that are highly dependent on rice as the
source of carbohydrates, Malaysia must increase rice production to support its rising populations. For
instance, in the year 2016, a total of 2.7 million metric tonnes of paddy were produced domestically in
Malaysia, with an average yield of 4 metric tonnes per hectare (ha). There are about 44 varieties of
rice that have been developed in Malaysia. Regardless of the rice varieties, the total domestic
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production increases moderately along with a quicker consumption rate. Realizing the fact that the
consumption rate outstrips the production rate, rice is imported to Malaysia every year to narrow
down the gap. Generally, there are two types of paddy in Malaysia, namely hill paddy and wet paddy.
Regardless of the paddy types, the effort to change from agriculture that relies solely on soil fertility to
agriculture that is dependent on fertiliser must be made. An appropriate fertiliser application is a
crucial factor that must be taken to improve soil fertility and rice crop yield [3].

Other than the paddy industry, the oil palm industry is considered as one of the major
contributors to Malaysia’s gross domestic product of the agriculture sector in the year 2018. There are
about 2.3 billion people in the world that depend on oil palm as a necessity. Around 5.74 million ha of
land in Malaysia were under oil palm cultivation, which was estimated to produce 86.33 million
tonnes of fresh fruit bunches (FFB) and 17.32 million tonnes of crude palm oil (CPO) in the year 2016
[4]. In South-East Asia, millions of people are working in oil palm agriculture [5]. Fertiliser
application is crucial in the Malaysian oil palm industry as it plays a major role in improving growth
and yields to get favourable conditions [6].

The trend of the area planted with oil palm in Malaysia is estimated to be increasing due to the
agricultural policies implemented by the government. As of December 2019, the total area planted
with oil palm trees in peninsular Malaysia and East Malaysia is 2,769,003 hectares (46.9%) and
3,131,154 hectares (53.1%), respectively [7]. Additionally, the distribution of planted area owned by
private estates, government schemes, state schemes and independent smallholders were 3,508,554
(61.2%), 951,169 (16.5%), 344,314 (6%), and 933,948 (16.3%), respectively [8]. The oil palm
activities are scattered and located in the whole of Malaysia as well as involving different distributors
in which private sectors have the biggest area of oil palm plantation.

The expansion of the planted area leads to a rapid increase in the volume of CPO and FFB.
Abdullah [9] stated that CPO production is heavily affected by the number of mature oil palm trees,
replantation, and FFB yield as it has become one of the major agricultural commodities. Other than
that, external factors such as the environment and natural phenomena have a significant impact on the
industry. FFB production fluctuates due to El Nino and La Nina. As a result, a decrease of 2.2% and
3.1% was recorded in 2009 and 2010 respectively. In the year 2016, the FFB production was
estimated to be around 86.3 million tonnes [8].

Apart from paddy as the important food crop and oil palm as the essential commercial oilseed
crop in Malaysia, the production of pineapple as one of the valuable tropical fruits in Malaysia
increased from 244,353 tonnes in the year 2013 to 340,721 tonnes in the year 2017, an increment of
39.4% due to expansion of crop area in the country. As of the year 2017, the pineapple had about
12,898.44 ha, which is equivalent to approximately 7% of the overall area planted with other tropical
fruits [10]. In terms of production capacity, the pineapple emerges as the second-highest, behind
banana production. The abundant use of fertilisers in today’s world is inevitable in promoting the
growth of crops and fruits. For the pineapple industry, Nitrogen, Phosphorus, and Potassium (NPK)
are widely used with intense research carried out worldwide on the effects of the nutrient conditions
on the pineapples [11].

The objective of this review is to present a systematic study of the existing crop management in
terms of farming practices, nutrient management, and fertiliser application on the plantations of
paddy, oil palm, and pineapple in Malaysia. Industry overviews for these three crop types based on the
past situation and future direction are also included. This review paper is significant as there are
limited agricultural-related studies relating to crop management available in Malaysia. Thus, this
effort could promote a better understanding of the past, current, and future direction of the agricultural
activities and management for principal edible crops like paddy, oil palm and pineapple in Malaysia.
The review starts with an introduction to fertilisers and soils, followed by the management of paddy,
oil palm, and pineapple, and lastly, ends with a summary and recommendations.
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2. Fertilisers and soils
2.1. Global and domestic fertiliser consumption

The fertiliser price level has a deep impact on crop production. It is reported that the agricultural
sector grew at a significant rate of 5.1% annually [12]. The research conducted by Rehman et al. [12]
also stated that the Asia Pacific region took 60% of the share market in the year 2018. Some of the
challenges faced by the fertiliser industry are volatility in energy prices and need for nutrients, low
agricultural commodity prices, strong competitors, and, lastly, soft global trade. It is also found out
that some of the innovations used to produce better eco-friendly fertiliser were stunted due to cost and
environmental regulations. It can be observed that the macronutrient levels increase and this increase
is due to the rising human population and demand for food [10]. As a result, the consumption of
fertiliser in the agricultural industry continues to increase.

According to the Food and Agriculture Organization of the United Nations [13], the world
consumption of macronutrients such as N, P and K is predicted to increase from 185 million tonnes in
the year 2014 to 187 million tonnes in the year 2015. As calculated with successive growth of 1.6%
per annum, it is speculated that it would reach 199 million tonnes in the year 2019 [13]. Meanwhile,
for the East Asia region including Malaysia and neighbouring countries, the compound annual growth
rate is expected to range from 0.41% to 1.44% for all macronutrients. In East Asia, the N consumption
was predicted to increase from 43,398 thousand tonnes in the year 2014 to 44,970 thousand tonnes in
the year 2019 [13]. For P consumption, the increment was predicted from 14,792 thousand tonnes in
the year 2014 to 15,040 thousand tonnes in the year 2019. Lastly, the K consumption was expected to
increase from 12,097 thousand tonnes in the year 2014 to 15,040 thousand tonnes in the year 2019.

2.2. Types of fertiliser

Based on the research conducted by Trenkel [14], there are three common classifications of
fertiliser used globally, namely, slow-release fertiliser, controlled-release fertiliser and super-
granulated fertilisers. The first classification is slow-release fertilisers from condensation products.
Currently, there are different types of slow-release fertilisers that have been developed. These
fertilisers are designed to address the limitation of conventional fertilisers that are lost to the ground
easily due to surface runoff, leaching, and volatilisation. Urea-formaldehyde (38% of N), urea-
isobutyraldehyde (32% of N) and cyclo diurea (32.5% of N) are commonly used by farmers. Morgan
et al. [15] found out that slow-release, controlled-release, and super-granulated fertilisers were used
for non-farm usages such as landscaping and nurseries.

The second classification is called controlled-release fertilisers, whereby these fertilisers are
coated or encapsulated with organic or inorganic materials. The coating gives a lower dissolution rate
and longer duration release. Under this classification, three typical coatings have been used to control
the perforation of water. The first type of control-release fertiliser is sulphur-coated urea (SCU). The
sulphur acts as a waterproof layer, which is steadily deteriorating via microbial activities, chemical
processes, and physical changes. The dissolution of urea in the SCU started with microbial activities
and was followed by the breaking down of the sulphur coating via hydrolysis reaction [14]. Secondly,
it is using polymeric or polyolefin materials as coating or capsule’s shell. Coatings for polymer can be
made of impassable or semi-passable barriers with small pores surrounding them.

The third coating type combines sulphur and polymeric material as a membrane or capsule’s
shell. Simonne and Hutchinson [16] asserted that coatings are able to reduce the rate of water
penetration. Thus, it helps control the release rate of N, P, K, and other micronutrients into the soil.
Apart from that, these hybrid coatings can reduce the burdens faced by farmers due to lower input
cost. The third classification is super-granulated fertilisers and others. Its application in tropical and

e-ISSN: 2289-7771 JA@.b

861



Journal of Applied Science & Process Engineering
Vol. 8, No. 2, 2021

subtropical areas drew attention to the manufacturers in the agricultural industry. By formulating the
standard soluble fertilisers in the compacted form, it has a slower release rate of nutrients into the soil
solution compared to standard soluble fertiliser.

2.3. Mulder’s chart for nutrient-nutrient interactions

Chemical fertilisers are usually formulated based on different compositions of NPK, and with a
small amount of other minor nutrients such as magnesium and sulphur. Besides, different plants
require a different level of NPK and therefore, a field test is necessary to determine the correct
amount. The reason being, imbalanced NPK levels may affect the productivity of the soil [17]. Also,
excess fertiliser can cause a reduction of useful microbial communities and contamination of
underground water. Effective nutrient management is also important due to nutrient-nutrient
interactions. According to Fageria [18], it is a condition when the supply of one nutrient affects the
absorption and utilization of the other nutrients into the plant. It has commonly occurred in the growth
medium when the concentration of one of the available nutrients is in excess [19]. This relationship
can be represented by Mulder’s chart which simplifies the understanding of interactions that occurs
between various plant nutrients [20]. More details about each plants nutrients were studied by Lai et
al. [21].

2.4. Bacteria in the soils

Besides fertilisers, microbial activity in the soil also plays a significant role in promoting plant
growth. According to Glick [22], the soil is a habitat for a variety of microorganisms such as bacteria,
fungi, protozoa, and algae. The motivation for the rising interest in microbial analysis is due to its
potential as a plant growth regulator [23]. Meanwhile, chemical fertiliser and pesticides are being
widely used to promote paddy growth. Research done by Doni et al. [24] discovered that paddy
growth can also be improved by using beneficial bacteria such as the plant growth-promoting
rhizobacteria (PGPR). PGPR can be found in the thin zone of soil surrounding the root zone called the
rhizosphere [25]. Aside from promoting healthy plant growth, these microorganisms are also able to
increase the efficiency of fertilisers, root biomass, and area, which indirectly enhance the plant's
nutrient uptake capacity [26]. Furthermore, Mhatre et al. [27] reported that some beneficial bacteria
have an antagonistic action against pathogens or Plant-Parasitic Nematodes (PPN).

Table 1 summarises some examples of PGPR and fungi with their roles. From Table 1, it can be
seen that different PGPR have different roles in controlling the growth performance of the paddy
plant. So, this shows that it is good to have various PGPR communities present in the soil. As can be
seen from Table 1, bacteria also play an important role in the soil’s nutrient availability [28]. Nutrients
in the soil need to be retained in the soil when crops die or used up to allow the soil to have enough
nutrients for further life to grow. These nutrients are recycled via ground detritus, ingested pant matter
or faeces as well as soluble organic products from the roots. It is also found that the root exudates and
the detritus contain lots of nutrients and are both sources of energy for numerous bacteria and
microbial communities. The soil bacteria vary from place to place based on the geographical nature of
the place as well as the various factors, including pH of the soil and temperature and therefore should
be studied independently.

One of the methods used to identify bacteria in the soils is using the Grams staining method that
classifies these bacteria as either Gram-positive or Gram-negative. This method was identified by
Hans Christian Gram, which uses the reactions of the bacteria's cell wall to certain dyes [29]. In Gram-
positive bacteria, their cell walls are made of peptidoglycan or murein. Gram-negative bacteria have a
much thinner layer of peptodologyen and do not include the lipopolysaccharide in their outer
membrane. The gram staining method uses slides that are stained with crystal violet and iodine. They
are then de-stained with alcohol and counterstained with safranin. Based on these results, gram-
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positive and gram-negative bacteria will stain purple and reddish pink, respectively [29]. This method
of classification has been used for numerous years and relies on the principles of observation that the
organism can be identified.

Table 1. Plant growth-promoting Rhizobacteria and its role in paddy plantation.

PGPR Role/Effect produced Reference
Azobacter Transport iron into plant cells' aiming for better [30]
growth promotion
Azospirilium Enhance rice yield components [31]
Bacillus sp. Suppress PPN and promote plant growth [32]
Enterobacter, Erwinia, .
Flavobacterium Act as phosphate solubilizers [33]
Pseudomonas sp. A dominant antagonist of PPN [34]
Trichoderma virens (fungi) Effect on germma‘upn, ropt and shoot length, [35]
grain weight
T ghanense (fungi) Promote the seedling growth of aerobic rice 36]
variety
Candzdatr01(9 ;Szgf)HY (CHHY) Stimulate the growth of rice seedlings. [37]

3. Paddy management
3.1. Varieties of paddy in Malaysia

Generally, there are two main types of rice cultivated in Malaysia, namely wetland rice and
upland rice [38]. There is no definite amount of rice varieties in Malaysia due to the continuous effort
to develop a new rice seed with a high yield and resistance towards disease. According to Nazuri and
Man [39], the seed research program is handled by the Malaysian Agriculture Research and
Development Institute (MARDI). Considering only the breed rice varieties released by MARDI, the
total rice varieties in Malaysia are 43 [40]. For instance, in the year 2001, the MR219 breed, which is
one of the rice varieties, was declared to be the most popular rice variety grown by the local farmers in
Malaysia due to its ability to improve rice crop yield up to 10.7 metric tonnes per ha [41]. In the year
2010, another new breed, namely MR220CL2 was developed and instantly became well known among
the farmers due to its better performance. For the traditional rice varieties, it is estimated to be not
fewer than 300 varieties in Sarawak. Different rice varieties have different characteristics, such as
diverse grain shape, aroma, colour, and texture. As mentioned in the previous subtopic, the most
famous rice varieties are Bario, Bajong, and Biris. Similarly, Sabah also has a diverse variety of
traditional rice. Tzyy Jiann Chong et al. [42] identified 22 different Sabah traditional rice varieties in
their research. Sulug, Wangi Keladi, and Belinda are a few examples of common traditional rice
varieties in Sabah, Malaysia.

3.2. Genetic analysis of paddy on the height, leaf size, and roots
Over the decades, there have been numerous rice genetics studies carried out by researchers.

Genetic analysis is essential for the future breeding of rice [43]. Normally, genetic studies involved the
analysis of rice height, leaf size, and roots. Hybrid rice has better characteristics and improved
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qualities such as larger grain size, higher growth performance, yield, and better resistance to pests and
disease [44].

According to Confalonieri et al. [45], the height of paddy can be used to estimate the potential
crop yield provided that the accurate technique is used. Meanwhile, the height ofrice crops is
measured by a field survey [46]. Biologically, the height of the plant changes due to the expansion and
elongation of its cell wall [47]. A few factors that affect cell expansion are conditions of the
environment and the plant hormones themselves. In paddy cultivation, it is essential to achieve the
optimum height of the plants. If it is too short, it may lead to insufficient growth, affecting the rice
yield. On the other hand, if it is too tall, it may cause rice lodging, which will make the harvesting of
rice difficult [48]. However, there is no optimum rice height that has been declared as it varies
depending on the rice varieties [49].

Leaf size is a crucial component of the plant since it is where photosynthesis occurs [50]. It is a
process where plants utilize sunlight, water, carbon dioxide, and nutrients to make food for growth
[51]. Not only does it play a major role in photosynthesis, but it is also a major factor that determines
the overall architecture of the plant and strongly affects crop yields [52]. Genetically, the leaf shape is
controlled by quantitative trait loci. The shape itself is determined by many traits such as leaf length,
width, area, and angle. According to Yang et al. [53], all these traits correspond to each other. For
instance, the area of the leaf is greatly impacted by its length and width. The leaf angle is also
determined by the leaf flag's length, where leaf drooping will happen if the length is too long. It has
been also concluded that a small leaf angle is better as it promotes better distribution of light for
photosynthesis [54].

The rice root system plays an important role in controlling the uptake of water and nutrients
from the soil to support plant growth [55]. It is also essential to provide mechanical support to the
plant. Research by Qu et al. [56] concluded that a strong root system, especially traits such as its
length and thickness, is positively correlated to drought resistance. Besides, Zhao et al. [57] found that
these traits also enable the paddy plant to survive under nutrient deficiency conditions.

3.3. Cultivation method in paddy plantation

According to Chen et al. [58], there are two rice cultivation methods: the transplanting and the
direct seeding methods. The cultivation method used may depend on the availability of the workforce
and technology. In Malaysia, both methods are still being used by local farmers. The traditional
method of cultivating rice is through the transplanting method. A few stages involved in this method
are raising nurseries, uprooting, picking seedlings, and transplanting to the field [59]. The
transplanting method can promote stable yield and give the crop ahead starts over emerging weeds in
the field, however, it is very laborious and expensive [60]. This argument is further strengthened by
Ali et al. [61] that the urbanization in recent years has caused most of the labourers to move to other
non-agricultural industries. As a result, labour cost becomes higher in the country.

For the past few decades, the cultivation method has been slowly shifting to the direct seeding
method, which is more comfortable and convenient. According to Marasini et al. [62], three principal
methods of direct seeding are dry, wet, and water seedings. Dry seeding is the sowing of dry seeds
directly into dry soil, wet seeding is the sowing of pre-germinated seeds on wet puddle soils, and water
seeding involves sowing seeds into standing water [63]. Direct seeding reduces cost and workforce, as
well as promoting stable rice growth [64].

3.4. Crop management strategies in paddy plantation
In the past, the maximum rice crop yield in China was achieved through the application of

integrated crop management. According to Peng et al. [65], plant and canopy morphological
parameters have been developed by scientists in the province of Jiangsu of China to increase the crop
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yield. This was developed to provide a guide for effective crop management at different growth stages
of the paddy plant. There was also an attempt to breed super rice or super hybrid rice by combining
interspecific heterosis with ideal plant types [66]. This was a successful effort as they managed to
increase the overall grain yield. However, their impacts on a certain aspects, such as socioeconomic
and environmental, were not adequately addressed. For each technology and alternative that have been
invented, it was found that the integration among a few critical components of crop management
practice, such as the synergy between fertiliser, water, soil, and pest management, was not properly
examined. Evaluating the effectiveness of the new technologies based on its positive impacts on
farmers’ profit and yield was a huge mistake. Environmental impacts should also be considered. In
fact, the sustainability of the rice production system can only be maintained and maximized if only the
natural resources and the ecosystem is protected.

Therefore, realizing the fact that effective and successful implementation of various
technologies cannot be measured solely based on the economic gains, four major elements have been
considered as part of the paddy crop management strategy in this research. They are farming practices
used by farmers, water source management, soil management, and effective environmental
sustainability strategy in paddy cultivation. Each of these aspects is elaborated in detail as followed.

According to Wang et al. [67], farming practices such as the method of cultivation, seeds
quality used in the cultivation process, and several plantation cycles per year could greatly affect the
crop yield. In some countries such as Malaysia and Thailand, cultivation may occur for two cycles in a
year, depending on the climate. For instance, in some of the subtropical regions in China, rice
cropping will usually occur between April to July for the first cycle, and July to October for the
second cycle [68]. Ray and Foley [69] also stated that the double seasons’ rice system contributes to a
higher multiple cropping index, which could increase the rice supply. However, despite being able to
increase rice production, the limitation of this double seasons farming is that it cannot be implemented
in a non-subtropical environment like Malaysia.

In rice cultivation, water is an essential need as it supports the plant's growth and development
[70]. According to Bouman [71], water is used for the transpiration process in the rice plant system
and to carry essential nutrients from roots to leaves. Usually, the paddy plant requires up to three times
more water than other cereal plants to produce 1 kilogram (kg) of rice grain [72]. Water is usually
supplied manually by farmers or naturally by rain. However, rapid industrialization and climate
change in a certain region have caused the water supply to be scarce. Tuong and Bouman [73]
estimated that up to 20 million ha of irrigated rice, especially in Asia, may suffer water deficiency by
the year 2025. Therefore, efforts to improve the available water supply technology in paddy
plantations must be taken, so that rice can be produced to meet the demand of the rising population.

According to Chen [74], it is necessary to study the soil and nutrient variations within a field.
The research also concluded that a soil-yield interrelationship must be established. Soil management is
one of the crucial components that determine the productivity of the crop [75]. Here, soil analysis
plays a major role in understanding the condition of the soil in the field. The study usually includes a
microbe analysis and a soil pH test. The microbe analysis is conducted to identify the beneficial
bacteria population level in the soil [76]. On the other hand, the soil pH is determined by the content
of Hydrogen ions present in the soil and can be managed by the addition of amendments and
fertilization [77]. For soil pH, the favourable soil pH for the growth of the rice plant is between pH 5.5
to pH 7 [78].

Besides focusing on maximising profits and production, effective crop management should also
emphasize environmental sustainability [79]. It involves the effort to preserve the environment to
achieve both economic and agricultural goals without affecting the natural resources and the quality of
the environment. Farmers often use pesticides to control pests and fertilisers to increase their crop
yield. Excessive use of these chemicals may harm the environment. For instance, the uncontrolled
application of fertiliser not only degrades the soil quality but will also cause major environmental
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issues such as eutrophication [80]. As for the effect of pesticides, overdoses to the plant may lead to a
high amount of residue in the food [81].

Therefore, it is recommended that the research and development program must be conducted to
determine the adequate number of pesticides and fertilisers that should be applied in different paddy
plants. Another way is by practising biological control to control pests in the paddy field ecosystem
[82]. Aside from being environmentally friendly, it is also relatively cheap and reliable because the
concept uses other living organisms instead of chemicals to control pest populations [83].

3.5. Factors affecting paddy growth

Many factors affect the performance of paddy growth, including the type of soil. This is
important as the type of soil may affect the root systems of the paddy plant. In addition, another factor
that will be discussed in this section is climate change. A few climatic factors such as temperature,
humidity, and rainfall rate have a major role in influencing the growth performance of the paddy plant.
Besides, other factors affecting paddy growth, which will be elaborated in detail under this subtopic,
are microbial activity and effective nutrient management.

Dou et al. [84] reported that rice production could be significantly affected by soil texture. The
reason being different soil textures will have different soil available water capacities (AWC). For
example, Six et al. [85] mentioned that more organic matter is content in clay soil compared to sandy
soil. Organic matter is directly proportional to AWC, which means the higher the content of the
organic matter, the higher the AWC. In this case, clay soil has a better performance than sandy soil
due to its water content. Besides, the soil type influences the plant’s root growth. As suggested by
Smith and De Smet [86], the root system is important to any type of plant due to its function in
supporting various biological processes in the plant and acts as the major interface between the plants
with the soil environment. McMichael and Quisenberry [87] stated that among the soil properties that
impact the development of root systems are the soil’s strength, temperature, composition, and water
content. Usually, long and dense root systems are better because they could enhance water and
nutrient uptake to support paddy growth [88].

According to Alam et al. [89], paddy production in Malaysia is highly influenced by variations
of climate factors. Some of the climatic parameters that could affect the growth of rice are temperature
and humidity. Temperature ranges from 27°C to 32°C is the most optimum temperature range for the
development of the paddy plant [90]. At the same time, the optimum relative humidity lies between
60% to 80%. In Malaysia, the average temperature is 26.7°C with an average humidity of 74% to 86%
every year [91]. Based on these statistics, Malaysia has yet to be affected by climate change. Other
than that, Yan et al. [92] also found that rainfall could affect the rice yield. Excessive rainfall may
cause floods which can damage crops and land fertility. Despite this, it will affect crop productivity,
but farmers may also experience economic losses from natural disasters. As mitigation steps alone are
not sufficient, the balance between measures against the factors contributing to climate change and
measures to deal with its adverse effects must be established. In addition, Ko et al. [93] also suggested
the effort to implement alternative management practices such as using new crop genotypes that could
easily adapt to the world climate's future changes and should be made to sustain the rice production.

Finally, through an effective nutrient management strategy, it has been proven that fertilization
plays a vital role in improving soil fertility and rice yield [94]. A research study conducted by Masni
and Wasli [95] had found that a proper application of fertiliser with adequate rate and timing can
increase the rice yield and influence the production cost. Fertilisers can be classified into organic or
inorganic fertilisers, and according to Han et al. [96], organic fertilisers are usually produced from
animal by-products while inorganic fertiliser is chemically formulated through research. Table 2
summarises the pros and cons of these fertilisers. It is found that inorganic or chemical fertilisers will
have more negative impacts on the environment. Organic fertilisers, on the other hand, have better
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tolerance towards the environment. The main issue with this type of fertiliser is that it has low nutrient
content, which may be insufficient to support the growth of some types of paddy plants.

Table 2. Pros and cons of organic and chemical fertilisers.

Type of

o Pros Cons
fertilisers
e (ost-effective and ecologicall .
) gieally e Low nutrient content, slow
friendly [97] .. .
. . decomposition, and different
. e It has a better tolerance with the soil . ..

Organic amount of nutrients composition

microbes [98]

e Able to alleviate acidification of soil depending on its organic

[99] materials
e Dissolves quickly especially in damp .
soil [100] e More expensive cost [103]

e Excessive use may lead to soil
acidification and nutritional
imbalance

e May cause environmental issues
such as water pollution and
eutrophication

e Reduce soil microbes’
population [104]

e Better performance in enhancing the
growth rate and the plant's overall

Inorganic productivity [101]

(chemical) e [t contains enough primary and
secondary nutrients that can raise soil
fertility.

e Promotes better improvement in crop
yield [102]

4. Oil palm management
4.1. Overview of the oil palm industry

The worldwide oil palm production is steadily growing, and the targeted production for this year
would be around 73.5 million metric tonnes in the years 2018 and 2019 market [105]. Currently, the
leading worldwide exporters are from Indonesia and Malaysia, with approximately 90% of the global
output. Indonesia received certification from Roundtable on Sustainable Palm Oil, around 20% of the
global oil palm production in the year 2017 [106]. The production level in the years 2015 and 2016
slightly dropped because of El Nino [105]. This phenomenon affected the whole world by shifting in
the winds and water current across the equatorial Pacific. In July 2019, data from MPOB also reported
that around 1,740 tonnes per month of crude palm oil were obtained, which increased from 1,510
tonnes per month in June 2019. The highest record obtained was in August 2015 with 2,051 tonnes per
month [107]. Inversely, the lowest record obtained was in January 1988 with 265 tonnes per month.
With the difference of about 30 years, the curve of growth illustrates a positive development.

4.2. Effective management of soil and fertiliser in oil palm plantation

With the implementation of good soil management practices, the soils can sustain the nutrients
and continuously supply the oil palm trees for over 75 years. Goh et al. [108] proved that poor soil
management practices lead to severe impacts on the production of FFB and growth. The research was
conducted at Rengam, Johor and Selangor. The respective oil palm plantation was able to yield 15 and
32 tonnes of FFB per ha in a year. With the presence of organic fertiliser, the yield of the FFB is the
same for both plantation sites. By manipulating the marginal land, many farmers are now able to
cultivate oil palm trees, exploiting the soil potentials. Thus, it helps to create strong competition
among suppliers and stimulate economic feasibility.
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Different soils need different conditions to unlock their full potential in maximizing the
production yield. Pretty and Sanders [109] discovered that soil utilization is at the highest if soil
management practices, external factors and internal factors are taken together into account. Lack of
land for food cultivation is one reason that soil management practices are needed to fulfil and satisfy
the demand and growing human population. Thus, it helps to exploit the soil potential by changing the
soil conditions. Another critical parameter that needs to be considered in the fertiliser management
system in an oil palm plantation is growth and yield. This is carried out by measuring the growth rate
and analysing the yield trend before and after the application of fertiliser. Additionally, some of the
objectives of fertiliser management are to provide enough nutrients in equivalent fraction to give the
optimum yield of FFB and standard growth curve for each palm, to apply proper and recommended
amount of fertiliser to give the optimum nutrients uptake based on the areas’ conditions, and to
assimilate the application of palm residues and mineral fertilisers.

4.3. Nutrient losses in oil palm plantation

In the oil palm plantation, nutrient losses may occur in various ways. Firstly, the nutrient may
be lost through surface runoff. Surface runoff is due to the quantity of water received from rainfall and
runoff gained from higher altitudes that flow over the land surface without permeating the soils.
Compacted soils and scattered vegetation are more susceptible to surface runoff. Maene et al. [110]
conducted a study on 10 years old oil palms in West Sumatra. It was found out that there was valuable
information in spatial variability when the researcher compared the soil water infiltration rates in palm
path, circle, and frond stack as the infiltration rate increased from the path, circle, and frond stack,
respectively. Table 3 shows the nutrients losses caused by surface runoff as evidence that surface
runoff is a concerning issue to the developers and farmers.

Aside from the surface runoff, the nutrient loss could occur via leaching. Leaching losses can be
defined as the translocation of soluble nutrients from the soil into the drainage water as it passes
through the soil profile. This factor could be a serious matter, especially on coarse-textured soils if the
rainfall surpasses the evapotranspiration. Rashmi et al. [111] stated that some of the important
parameters affecting the leaching losses are type, available nutrient content, amount and intensity of
rainfall or irrigation water, the nature of the crop plant or extent of the soil surface covered by it. The
researcher conducted an oil palm lysimeter study on early-stage oil palm trees, which was during the
first four years of the oil palm tree’s life, and found out that around 70% of Magnesium (Mg), 17% of
N, 2% of P and 10% of K were lost due to leaching. However, the losses were reduced significantly
when the oil palm trees entered their maturity phase. Some of the contributing factors to high losses
during the early stage were low extensive root system, not well-established ground covers, and poor
palm canopy cover.

Table 3. Average nutrient losses via surface runoff [110].

Percentage of Losses (%)
Area N P K Mg Calcium Boron

Oil palm row 13.3 3.5 6 7.5 6.8 22.9

Harvest path 15.6 3.4 7.3 4.5 6.2 33.8
Pruned frond row 2 0.6 0.8 2.7 0.8 3.3
fron d/ir;riee‘:t oath | 66 1.4 35 2.2 3.4 12.5
Nutrients applied | 4 52 205.9 32.8 78.9 24

(kg/ha)
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4.4. Environmental effect of over fertilisation in oil palm industry

Over fertilisation is a condition when there is an excessive amount of fertiliser used in
agricultural activities. As a result, there is an increment in the concentration of NPK in the soil. Luo et
al. [112] reported that heavy rainfall and irrigation are some of the main contributing factors of
fertiliser dissolution, where it percolates the excess nitrate fertiliser. Thus, it causes the waterways
such as rivers and seas to undergo hypoxia or lack of dissolved oxygen. A high concentration of
nitrates also leads to algae bloom and a source of nitrate poisoning to warm-blooded animals. Other
side effects found in a study conducted by Howarth et al. [113] are excessive N are eutrophication,
increment in pH of soils and waters, biodiversity loss, especially from the aquatic ecosystem, and
increment of greenhouse gases. One of the most significant greenhouse gases is nitrous oxide, which
helps to fasten up global warming and the thinning of the ozone layer. Other than that, building up of
K in the soils potentially could cause the salt formation and modification of soil structure.

5. Pineapple management
5.1. Overview of the pineapple industry

Pineapples (Ananas comosus [L.] Merr.) are a tropical fruit that is one of the highest produced
tropical fruits worldwide and are usually grown in tropical climates and areas [114]. Pineapples come
in various forms, and several types are cultivated worldwide more than others. These are Millie
Dillard (MD2), Smooth Cayenne, Singapore Canning, Queen, Perola, Manzana, Perolera and Espanola
Roja. Of all these types the most planted cultivator worldwide is the Smooth Cayenne due to its high
yields, shapes, and taste, making it ideal for canning [115]. In Malaysia, 9 major varieties are currently
grown. These are mostly Moris, N36, Sarawak, Moris Gajah, Gandul, Yankee, Josapine, Masapine,
and MD2. As of the year 2018, total pineapple exports totalled a massive US$2.12 billion, with an
increase of about 4.3% from the year 2017 [116]. Malaysia is one of the countries that export
pineapples accounting for 0.3% of the world’s total exports. There is a range of different types of
pineapples, with the MD2 pineapple specifically chosen in Malaysia to be promoted for industrial
planting. This is identified by the Malaysian Pineapple Industry Board as a key fruit, therefore helping
in penetrating markets and in increasing economic growth [11]. The main types of pineapple are
Smooth Cayenne, Queen, Red Spanish, and MD-2 [117].

Pineapples contain sugars and are generally acidic. It is balanced between the sugar to acid ratio
that helps determine the pineapple's use, i.e., canned, fresh, or as juice. The citrus acidity provides a
sourness to the pineapples and, hence, is generally related to the acid content and sweetness of the
pineapple [118]. The lower the acidity, the greater the sweetness and this is used to compare the
sweetness of the pineapples under the various fertiliser types. To test the acidity, a simple titration
procedure is carried out to determine the percentage of acid in the pineapple. The pineapple mixture is
titrated against a simple base such as sodium hydroxide with indicators placed inside. This acid-base
reaction shown in Equation (1) creates a colour change in the indictor when neutralisation is reached
between the acid and base. The reaction is represented by Equation (1) and is used to determine the
amount of acid percentage in the specific volume of blended pineapple. Simple mathematics can then
be used to determine this, and the method has previously been shown to be successful.

Total Acid in Pineapple + Sodium Hydroxide — Salt + watet @)
5.2. Nutrient management in the pineapple industry

Plants require numerous nutrients to thrive, more so in pineapples. They require various
nutrients to allow for proper growth, and these must be provided in specific quantities, with each
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nutrient factoring in the growth in its unique way [119]. NPK plays a big role in maintaining a healthy
life for these fruits. Peat soils or more commonly defined as organic soils contain mostly organic
matter, which means they have higher nutrient content and the peat soils of Sarawak tend to be acidic
with low amounts of N in the shallow layers of the soil [119]. This means fertilisers are provided to
enhance growth because organic materials alone are not sufficient to keep growing large quantities of
pineapple constantly.

Three main elements used by the plants and those in the fertilisers are NPK. Plants mainly use
N during the process of photosynthesis as it is a key component in chlorophyll. It is used when
proteins for plants need to be made. Research into the effect of N on the growth of pineapples was
carried out by Spironello et al. [120] whereby an experiment was carried out in Sao Paulo, Brazil
where N was applied alongside Potassium Oxide (K,O) in amounts of 0, 175, 350, and 700 kg per ha
mainly applied as urea and potassium chloride (KCI). They were applied in 4 splits of 11.4%, 17.1%,
28.6%, and 42.9%, respectively, at one, six, eight, and ten months after planting (MAP). The results
showed that at 0 kg per ha of N applied, the least yield of pineapple was recorded, thereby agreeing
with the theory that N is an important component for improving pineapple growth.

It also concluded that the increase in N did result in heavier fruits and larger yields, however,
the quality of the fruits was affected as the total titratable acidity, and total soluble solids (TSS) were
reduced. The best amount of N alongside KoO was found to be 498 and 394 kg per ha. Additionally,
Omotoso and Akinrinde [121] reported on the effect of N on pineapples in Nigeria. Their study
showed that the treatments consisted of N applied at 0, 50, 100, 150, and 200 kg per ha. N was applied
as urea and base doses of P of 50 kg Phosphorus Pentoxide (P,Os) per haand K at 100 kg per ha of
K>0 as KC1 was given to all the plants. The N was applied in 3 doses at the beginning, after 3 months,
and lastly at 6 months. The soil was a sandy loom and showed that it consisted of low N and available
P. The results were in line with these predictions as the production increased the pineapples' yield
alongside the size; however, peak production was found at 150 kg per ha.

Besides, another important macronutrient needed by the pineapples to grow is P. It is used by
plants in an essential role in the root’s development and the DNA of the plant. It is not as highly
recommended to be used as compared to that of N and K, however, it does have its effect. A research
study that was done by Valleser [122] showed the effect of P and the experiment was carried out in
Adtuyon clay soil in Bukidnon, Philippines. Smooth Cayenne Pineapple was used in this case as the
pineapple of choice. It showed that the amount of P was varied and applied in 3 replications. The study
consisted of a randomized complete block design with 5 variations of P as treatments, which were 0,
84, 127, 169, and 211 kg per ha, respectively [122]. These were applied separately apart from a
blanket dose of N and P that were already applied. These results showed that the final pineapple plants
with no P produced the smallest height than those that had. Larger fruits were also present in areas
where 211 and 169 kg per ha were applied. The overall yield did not change much with the different
rates of P applied. It is concluded that the 169 kg per ha produced the optimum fruit and yield for the
soil in Philippines and showed that the amount of P did not directly relate to the MD2 pineapple.

On the other hand, K has a less direct role as it is usually used by plants to help activate its
enzymes [123]. The effect of K in fertilisers was studied by Teixeira et al. [124]. Teixeira et al. [124]
highlighted the importance of K for plants and previous research that was done on the uptake of K as a
fertiliser. It was seen that KCI was used before; however, it had largely been replaced in the industry
due to being relatively easier to leach than other nutrients such as Potassium Sulphate (K,SO4) or K,O
[125]. This led to the investigation of the effect K had. The experiment was carried out in Brazil,
whereby randomised block design was used for 4 rates of 0, 175, 350, and 700 kg per ha of K,O and 3
other combinations were tried out. These combinations were 100% of KCI, 100% of K»,SO4 and a
mixture of 40% of K»,SO, and 60% of KCI. Base application of N and P were applied in a one-off
application of 80 kg per ha of P,Os and 600 kg per ha of N. The results from these showed that that
irrespective of the K source, the uptake of K by plants was directly related to the amount of K in the
soil and fertilisers. The results also disagreed with the previous theory that KCIl was more viable for
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leaching. However, it did show that KCl as a choice could be avoided due to pineapples' sensitivity to
chlorine in the soil unless proper management was taken. A range of 600 kg per ha was suggested for
the pineapple crop in this region as the data was shown. Large K values did reduce the Calcium and
Mg in the leaves, which may be explained by the competition between ions for transport sites in the
roots' plasma membrane [126]. It did conclude that K was important and that either source would
provide it as the changes amongst the different options were not relatively large.

Spironello et al. [120], Omotoso and Akinrinde [121], Valleser [122] and Teixeira et al. [124]
reported that the application of NPK fertilisers enhanced growth in the majority of the cases. The
different soil conditions, geographical locations, and pineapple types must be considered in these
scenarios as they all differed from one another. Furthermore, they reported that high N and K mostly
affected the yield with even base doses in other experiments that were of similar quantities. P,
however, seemed to show not much change, although it was still critical in the analysis.

5.3. Flower induction for the pineapples

Flowering induction is the stage in plants whereby they change from the vegetative state to the
reproductive state. It is influenced by various factors, including hormonal change, length of the day,
and climatic factors [127]. Flower induction can occur naturally or be induced artificially. Natural
flowering is a complex process that gives rise to various inconsistencies and issues. It is also stated
that flowering will occur between various seasons, which gives loss to farmers worldwide. It is mostly
caused when flowering is precocious and leads to difficulties as pineapple management is harder as
production and harvesting dates cannot be determined. This also results in slower sales resulting in
reduced incomes. Thereby, various studies are examined on artificial flower induction.

Turnbull et al. [128] investigated the effects of ethephon or 2-chloroethylpho-sphonic acid and
ethylene (C,H4) gas as they are considered the most frequently used chemicals in pineapple flowering
induction. The study chose to compare 5 versions of these components mostly, Zeothene, ethephon,
C,H4 dissolved in water, C,H4 dissolved in water with activated carbon, and lastly, commercial C,H4
gas. Zeothene is zeolite pearls loaded with pure C,H4 gas which is released upon contact with water.
These agents were applied between 8 to 9 MAP based on the commercial induction periods used.
Additionally, their study also sought to find the maturity stage for these MD2 pineapples by applying
the inducing agent Zeothene at different levels of 1 to 8 MAP. These treatments were applied 3 times
and were applied at the plant's central cup to increase effectiveness.

However, for the C,Hy4 gas field application, this was not the case as it was sprayed directly all
over the plant using a pressurized sprayer. This was the usual flower induction method consisting of
2.272 kg C,H,4 gas sprayed with a mixture of 7,000 Litre (L) of water, and 20 kg activated carbon per
ha. For the water-based solutions, they were created using Zeothene. Three different concentrations
were made using 0.389 g C,Hs per L. 0292 g C,Hy per L and 0.195 g C,Hs per L
corresponding, respectively to 100%, 75% and 50% of the commercial dose. They were repeated with
the addition of 2.86 g per L activated carbon (equal to a commercial dose of 20 kg activated carbon in
7,000 L of water per ha). Lastly, the Ethephon used was provided at 0.5 kg ethephon per ha dissolved
in 2,000 L of water with 5% urea and brought at pH 3.

The results concluded that the C;H4 and Zeothene dissolved in water were not seen to prove to
be the best flowering agents. It was also seen that the optimal concentration of the C,Hs water
treatment was suggested to lie at around 0.292 g per L or lower. It was also seen that activated carbon
in low dosages did not bring about much change in inhomogeneity except in high concentrations of
about 5%. Additionally, it was found that the Ethephon posed the least homogeneity, possibly
indicating retarded inflorescence development. Lastly, the application of these needs to be applied
centrally to reach the plant apical meristem.

Aside from using zeothene and C,Hs, another research study carried out by Valleser [129] used
the flower induction treatment of Ethrel and Urea and was applied at approximately 11.5 MAP for the
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MD2 pineapples that they had grown. 155 days after the induction treatment, they also applied a fruit
ripening solution of Ethrel and phosphoric acid. This ripening solution was put in place to help
enhance the ripening of the pineapples. This inducing treatment was used for the experiment as it was
believed to provide the best inducing yield. Furthermore, the study also attempted to determine the
effect of different rates of Ethrel application on different ages of MD2 pineapple plants for flower
induction. Valleser [129] also used a randomised block design and used MD2 pineapples 9, 10 and 11
MAP, and 0, 800, 1,000 and 1,200 ppm of Ethrel as a subplot.

Based on these results, it was seen that all the plants were susceptible to ethrel, and an increase
was seen after 18 days. According to Valleser [129], the plants are susceptible to chemical or
environmental factors and hormones, specifically CoHs as the main inducing factor. Ethrel or
Ethephon which is C;Hs in liquid form, thereby triggers this increase as seen by the apical
differentiation. These results also showed that plants above 3 MAP were susceptible to C2Hs4 induction
as they had reached maturity. Furthermore, plants that did not have any inducing factor showed low
apical differentiation irrespective of age. It also suggested that plants of 9 MAP would have an
optimum amount of 1,000 ppm Ethrel whereas that of 10 MAP would have suggested optimum rates
of 800 ppm. It was concluded at the end that plants of 11 MAP showed the best response to the Ethrel
at a rate of 1,200 ppm and induced the highest percentage of flowering.

Ethephon plays a factor in inducing the flowering in pineapples. However, this is not the only
factor that needs to be considered as various external factors play a role in the flowering induction.
According to Turnbull et al. [128], high temperatures may cause partial or total failure of the induction
with ethephon. Therefore, it is very dependent on the ambient temperature and relative humidity. It is
further seen that it is also relative to the pH of the inducer solution. Other factors include the
concentration before absorption by the plant; the rain, which may cause the solution to be extracted
from the leaf [130]; and high temperatures, which cause the product to undergo kinetic decomposition,
thereby causing losses in C,Hs which may forcibly extract the solutions from the leaf. Lastly, solar
radiation plays a factor, although the product is relatively stable in the presence of light [131].
Therefore, various variables play a role in the success of flowering with the use of ethephon. The
factors that affect the efficiency of ethephon as a flowering agent include rain, temperature, and wind
which affect the concentration of flora inducers, the absorption is affected by the Trichomes waxy
layer circle stomata, and pH, enzymes and temperature affect the decomposition of ethylene action for
flowering [127].

Lastly, other research studies related to the flowering agent were carried out by Roy et al. [132]
on the effect of alfa-naphthyl acetic acid and Ethrel on fruit growth and quality of Kew pineapple.
After standard farming practices were carried out on the pineapple plant, 300 mg per L naphthalene
acetic acid (NAA) was applied between 30 to 90 days either once or twice after flower emergence,
whereas Ethrel was also applied to the pineapples between 60 to 120 days of 0.25 or 0.5 mL per L.
This research showed that treatments at 45 days and again at 60 days showed the highest yields of
pineapple of 81 to 81.8 tonnes per ha. However, these treatments also decreased the soluble sugar
content, TSS, and increased fruit acidity. Thereby, NAA is a commonly used flower inducer for
pineapples due to the low cost and ability to induce pineapples similarly to other inducing agents.

6. Similarities and differences in paddy, oil palm and pineapple management

Although there are variations in the management of the three different crops, there are also
some similarities. The use of fertilisers is almost essential for all crops as nutrient uptake is vital in
helping the crops grow. The use of organic and inorganic fertilisers in paddy plantations showed a
great increase in crop production with inorganic fertiliser being more harmful to the environment but
providing better nutrient growth [94] [102]. This similarity is seen in pineapple management whereby
the use of fertilisers with a higher N and K ratio increase the pineapple growth and yield while in the
oil palm industry, good fertiliser practices enhance growth [120] [109]. Plant maturity and size of
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leaves play a big factor in the management of pineapples and paddy plantations. The plant size for
paddy shows that the correct size results in higher yields whereas shorter or longer sizes in the paddy
plant result in insufficient growth and rice lodging respectively [48]. In pineapple plantations, the plant
size is used to determine maturity before the induction of the pineapples to result in a better yield of
pineapples [129].

In oil palm management, the management of leaching and soil conditions plays an important
role in helping the plants retain nutrients that are needed for their growth. Priority should be given to
ensure the nutrients in the soils do not leach out to enable plants to constantly grow and produce FFB
for numerous years. In pineapple plantation management, unlike that for paddy or oil palm, induction
of pineapples is necessary, and the type of inducer used plays a role in the yield of pineapples [128].
Different inducing factors can be used based on the climatic conditions and ease of application with
some applied numerous times to increase yields. The similarities and differences in these plantation
managements vary due to the nature of the crops.

7. Summary

The rise in the number of human populations leads to a higher demand for crop products. To
fulfil this high demand, the use of advanced technology such as fertilisers and induction agents plays a
major role in increasing the overall crop yield. In addition, effective crop management strategies are
required for the environment and to increase crop productivity.

8. Recommendations

A recommendation is made to conduct more agricultural-related research at the national level,
especially local studies on the effect of fertiliser application in the plantations of paddy, oil palm, and
pineapples, which are currently found lacking in the research studies. Agricultural studies that have
been conducted by researchers are mostly conducted outside of Malaysia. There is a possibility that
these findings may not apply to the country’s agricultural industry due to variations in climate, local
soil conditions, and agricultural practices. Additionally, doing local research in the agriculture field
can promote a better economic implication to the country and the livelihood of the local farmers.
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