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ABSTRACT

The demand for com is increasing due to the increase in human and livestock populations
of Malaysia. Drought stress and fertilizer management are problems of com cultivation
and production. In this study, the growth and yield performance of Thai Supersweet com
variety were compared at different levels of drought stress and potassium rates. A pot
experiment was conducted in 2017 inside an insect proof net-house of Faculty of
Sustainable Agriculture (FSA), Universiti Malaysia Sabah. The experimental design used
was completely randomized design (CRD) and each combination of treatment consisted
of four replicates. The drought stress treatments were soil moisture content (SMC) of
29.00% (control), 14.50% and 7.25% whereas the rates of potassium fertilizer were 30,
60 and 90 kg/ha. The data was analyzed using Two-way ANOVA and LSD was applied
to compare means. No interaction effect (p>0.05) were observed in stem girth, leaf
number, leaf length, leaf width, leaf area, cob length, cob diameter, cob girth and
chlorophyll content. However, the plant height, first cob height from soil surface, fresh
cob weight, grain number per cob, 100 grain weight and free proline content shown
interaction effect (p<0.05) among the treatments. It was concluded that 7.25% SMC +
30 kg/ha K (T3K1) was sufficient for irrigation and fertilization for the com plants as
there was no significant difference observed when compared to the control treatment,
29.00% SMC + 60 kg/ha K (T1K2). Further research should be conducted to study the
drought stress and potassium effects on other com varieties and in open field trial.
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KESAN KEMARAU DAN KALIUM PADA PERTUMBUHAN DAN HASIL
JAGUNG MANIS

ABSTRAK

Permintaan terhadap jagung semakin meningkat disebabkan oleh peningkatan
penduduk Malaysia dan jumiah termakan di Malaysia. Kemarau dan pengurusan baja
adalah masalah penanaman dan pengeluaran jagung. Satu kajian telah dijalankan di
dalam rumah kalis serangga Fakulti Pertanian Lestari (FPL), Universiti Malaysia Sabah
pada tahun 2017. Dalam kajian ini, prestasi pertumbuhan dan hasil jagung manis, Thai
Supersweet telah dibandingkan pada tahap kemarau dan kadar kalium yang berbeza.
Reka bentuk eksperimen yang digunakan adalah Reka Bentuk Rawak Lengkap (CRD)
dengan empat replikasi. Rawatan kemarau yang diaplikasi adalah kandungan lembapan
tanah 29.00% (kawalan), 14.50% and 7.25% whereas the rates of potassium fertilizer
were 30, 60 and 90 kg/ha. Data telah dianalisis dengan menggunakan ANAVA dua hala
dan LSD digunakan untuk membandingkan min. Tiada perbezaan yang signifikan
(p>0.05) diperhatikan dalam ukuran lilit pokok, bilangan daun, panjang daun, lebar daun,
luas permukaan daun, panjang tongkol pertama, ukuran tongkol, ukuran lilitan tongkol
dan kandungan klorofil. Walau bagaimanapun, ketinggian tumbuhan, tinggi tongkol dari
paras permukaan tanah, berat tongkol, bilangan butiran jagung per tongkol, berat 100
butiran jagung per tongkol dan kandungan proline menunjukkan signifikan (p<0.05)
antara rawatan. Kesimpulannya, 7.25% SMC + 30 kg/ha K (T3K1) mencukupi untuk
pengairan dan pembajaan untuk tanaman jagung kerana tidak terdapat perbezaan yang
signifikan jika dibandingkan dengan rawatan kawalan, 29.00% SMC + 60 kg/ha K (T1K2).
Kajian lanjutan haruslah dijalankan untuk mengkaji kesan kemarau dan kalium pada
variety jagung yang lain dan di padang terbuka.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Maize (Zea mays L.), also known as corn, is the third most important food grain crops
after rice and wheat throughout the world. Corn is one of the most versatile crops which
can be grown in diverse environmental conditions. There are more than 1.2 billion people
in the world subsist on com as a staple food which is known as a cereal grain with good
source of energy. It is a grain food crop which rich in dietary fibre, protein and calories,

vitamins A, C and E (McCann, 2009).

Nowadays, it is the most crucial raw ingredient in the livestock feed including
chicken, cattle, goat and fish, but Malaysia is currently importing up to four million tonnes
of comn grain worth about RM 3.1 billion a year (Sinar Harian, 2016). Despite of being a
good source of food and feed, corn can also be utilized as a major ingredient of industrial
products. According to Datuk Seri Ahmad Shabery Cheek, the Minister of Agriculture and
Agro-based Industry, The Malaysia’s food import bill 2015 was reported at RM 45.39
billion, whereas the food export amounted to only RM 27 billion, leaving a deficit of over
RM 18 billion (Sinar Harian, 2016).

Datuk Seri Ahmad also stated that the world will have around 7.7 billion people
by 2020 and the figure will be approximately 9.3 billion by 2050, hence the demand for
com in the developing countries will double between now and 2050 (Sinar Harian, 2016).
In order to meet the local demands, the farmers in Malaysia have been encouraged to
cultivate com extensively. Our food import bill can be cut down by cultivating com in a
large-scale. However, com often threatened by severe abiotic stresses, of which the

5 UMS
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According to the USDA (2017), the area harvested of corn in Malaysia was 10,000
ha in 2016. Although Malaysia is able to produce 58,000 metric tonnes of corn in 2016,
but the total consumption are 3.90 million metric tonnes in 2016. The total import of
comn in Malaysia is 3.80 million metric tonnes whereas the total export is only 10,000
metric tonnes, which only occupy for 0.26% out of the total consumption (USDA, 2017).
Due to the insufficient of production for human consumption and animal feed within the
country, Malaysia is one of the largest import markets of com.

In 2014, the self-sufficiency ratio (SSR) of sweet comn is 93.5% and the import
dependency ratio (IDR) is 12.3% (Department of Statistics, 2015). The SSR is the extent
to indicate whether the production is sufficient to meet the domestic needs whereas the
IDR indicates the country’s dependence on imports of agricultural commodities to meet

the domestic needs.

As a result of insufficient comn production, Malaysia government is urging on the
establishment of large-scale plantations of corn in the country. Unfortunately, the
farmers and smallholders in Malaysia who do not own the knowledge of appropriate
fertilizer application during drought stress condition tend to import nearly 100% of com
for local usage from other countries, which indirectly arouse to the reduction of outcome

of the com produce (Sinar Harian, 2016).

Drought is one of the significant limiting abiotic factors for crop productivity and
had become an increasingly severe problem in many regions all over the world, which
generally inhibits plant growth through reduced water absorption and nutrient uptake.
In different parts of the world, more frequent and prolonged drought events are
anticipated due to climate changes and global warming, which reduced the growth and
final yield in crop plants. Drought stress happened in the comn field will reduce the
production and yield of com crop (Aslam et al., 2013). One of the objectives of com

breeders is to improve the drought tolerance of corn.

z UMS
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1.2 Justification

According to the reported data by USDA (2017), the corn production in Malaysia is facing
a lot of challenges in attaining full sufficiency level and incapable to ensure the national
food security. The great amount of comn import from other countries further showed the
severity of the problem. Moreover, several challenges engaged in the insufficient of com
production such as the climate change, resources scarcity and increment of population
growth. The increment in population of Malaysia and livestock population caused an
insufficient supply of com to the locals. In addition, the disclosure of high import bill of
Malaysia in 2015, which was about RM 45 billion had brought the Malaysia government
to come to realize the need for cultivation of com extensively. This initiative will be able
to fulfill the national production of com and reduce the amount of import bill in the
following years. Moreover, water is considered as a main limiting natural resource. Thus,
research on crop management practices that enhance drought resistance and plant
growth when water supply is limited has become increasingly essential.

As farmers tend to import a huge amount of corn currently, application of proper
amount of potassium fertilizer can help to minimize the effect of drought stress and
hence increase the yield of com. By studying the effect of drought stress on com, we
are able to observe how the plants react to drought and the mechanism involved in
resisting drought. If the com plant manifests to produce satisfactory yield with
application of optimum potassium fertilizer under drought stress on oxisol, it is
economical for the farmers and smallholders to cultivate it locally. The finding of the
optimum rate of potassium fertilizer through this study can assist the farmers and
smallholders to achieve maximum yield of comn even under drought stress condition. In
case the cor production within the country is sufficient for the animal feed and human
consumption, the import bill of Malaysia can thereupon be reduced and the national food
security can be improved. This will also serve as a hint to further improve of sweet com
notably in breeding high yielding and drought-tolerant sweet corn variety.

; UMS
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1.3 Objectives
The objectives of this study are:

1. To investigate the effects of drought stress levels and potassium rates on growth

and yield of com.

2. To determine the effects of potassium fertilizer rates on growth and yield of comn

under drought stress.

1.4 Hypothesis

Ho: There is no significant difference between different drought stress levels and different

potassium rates on the growth and yield of com grown on oxisol.

Ha: There is significant difference between different drought stress levels and different

potassium rates on the growth and yield of corn grown on oxisol.

. @UMS
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CHAPTER 2

LITERATURE REVIEW

21 Com

Corn (Zea mays L.), also known as maize, is a member of the grass family Poaceae. It
is a cereal crop which was first grown by people in ancient Central America and
introduced in Malaysia as sweet maize in the early 1970's (Dauda, 2015). The word
“maize” was derived from Spanish form of the indigenous Taino word for the plant, maiz
(Dauda, 2015). There are a total of five species and many subspecies in the genus which
are all similar to the cultivated maize, with less developed cobs. The wild ones are
sometimes called teosintes, and they are all native to Mesoamerica some 8,000 years

ago (MOA, 2016).

PERPUSTAKAAN
UNIVERSITI MALAYSIA SaBaN

It is now the third most important cereal crop in the world and is the staple food
source for people in many countries. It is highly desirable as an animal feed due to its
high energy and feed value of the kemnel, leaf and stem. According to Nuss and
Tanumihardjo (2010), comn contains about 72% starch, 10% protein, and 4% fat, which
supply an energy density of 365 Kcal/100 g. Corn can be grown throughout the year in
most of the Asian countries for various purposes including fodder and feed for animals,
food grain, sweet comn, green cobs, baby com and popcom (Ranum et al., 2014). The
com grain is used for both human and animal consumption. It is grown primarily for
grain and secondarily for fodder and raw materials for industrial processes.
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2.1.1 Taxonomy of Corn

Com belongs to the tribe Andropogoneae of the grass family, Poaceae. The taxonomy
classifications of corn in botanical field in order of kingdom, division, class, order, family,
genus, tribe and species are Plantae, Magnoliophyta, Liliopsida, Poales, Poaceae, Zea,
Maydae and Zea mays respectively.

2.1.2 Botany of Corn

Com (Zea mays L.) is a grass that belongs to the large and important family, ‘Poaceae’.
It is a tall, thick-stemmed annual grass, usually with a single stem. It varies in height
from one to four meters tall, with one or more tillers which producing large, narrow,
opposite leaves, borne alternately along the length of a solid stem (Lukeba et al, 2013).
It is monoecious and diclinous, with male and female inflorescences bom separately on

the same plant, hence itis a cross-pollinated plant.

According to Tripathi et al. (2011), the root system of comn is divided into three
types, which are seminal roots, adventitious roots and brace roots. The seminal roots
are the roots which develop from radicle and usually persist for long period, whereas the
adventitious roots are the fibrous roots developing from the lower nodes of stem below
ground level which are the effective and active roots of the plant. The brace roots, also
known as prop roots are produced by the lower two nodes of the corn plant. The roots
usually grow very rapidly and almost equally outwards and downwards. Favourable soils
may allow com root growth up to 60 cm laterally and in depth (Tripathi et a/., 2011).

The stem is cylindrical, solid and generally attains a thickness of 3 to 4 cm (Szoke,
2002). It normally possesses eight to 21 internodes with a height of 2 to 3 m depending
upon variety (Tabanao and Bernardo, 2005). The interodes are short and fairly thick at
the base of the plant; become longer and thicker higher up the stem, and then taper
again (Sz8ke, 2002). The ear bearing internode is longitudinally grooved to allow proper
positioning of the ear head (cob). The upper leaves in corn are more responsible for light
interception and are major contributors of photosynthate to grain.

s UMS
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The leaves of com plant grow alternately on the opposite sides of the stem. The
number of leaves varies from 12 to 18. Quick ripening varieties have few leaves whereas
late ripening varieties have many leaves. The leaf length varies between 30 and 150 cm,
and the leaf width can be up to 15 cm. The leaves typically consist of sheath, auricle,
ligule and blade (Schichnes et al., 1997). It is supported by a prominent mid-rib along
its entire length. The leaf blade is long, narrow, undulating and tapers towards the tip
and is glabrous to hairy. The leaf sheath is the longitudinal dimension into the basal
portion of a leaf whereas the distal or tip portion is known as the blade. The auricles are
narrow at the midrib and expand towards the margins of the leaf (Freeling and Lane,

1994).

Corn plant bears its flowers in spikelets like all the inflorescences of grasses. The
spikelets are of two types, which are male and female (Nielsen, 2002; SWI, 2015). The
apex of the stem ends in the tassel, an inflorescence of male flowers and the female
inflorescences are borne at the apex of condensed, lateral branches known as shanks
protruding from leaf axils (Abendroth et al,, 2011; SWI, 2015). The male (staminate)
inflorescence is a loose panicle which produces pairs of free spikelets each enclosing a
fertile and a sterile floret. The female (pistillate) inflorescence is a spike which produces
pairs of spikelets on the surface of a highly condensed rachis (Abendroth et a/., 2011).

The female flower is tightly covered over by several layers of leaves which known
as husk, and they do not show themselves easily until emergence of the pale yellow silks
from the leaf whori at the end of the ear (SWI, 2015). The silks are the elongated stigmas
that look like tufts of hair initially and later tum into green or purple colour (Abendroth
et al, 2011). Each of the female spikelets encloses two fertile florets; one of those
ovaries will mature into a corn kernel once sexually fertilized by wind-blown pollen (SWI,

2015).

The grains of com are surrounded on the cob by the chaffy remains of the glumes
and the lemmas and paleas of the two flowers. The grains are supported on very short
and spongy pedicels. A corn cob usually contains between 300 and 1,000 seeds (Tripathi
et al,, 2011). The seeds are either rounded or dented according to variety. The colour
of the corn seed varies greatly with variety, ranging from white through yellow, red and
purple to almost black. The individual corn grain is botanically a caryopsis, a dry fruit
containing a single seed fused to the inner tissues of the fruit case. The three main
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of corn seeds are the pericarp, endosperm and embryo (Doll et a/.,, 2017). The outer
layer of the endosperm is the aleurone layer; a layer of cells in which most of the stored
protein of the seed is laid down, but the bulk of the endosperm consists of large cells
packed with starch grains (Doll ef al., 2017). The embryo itself is rich in fats, minerals
and proteins and contains considerable quantities of sugars. Figure 2.1 shows the

morphology of a com plant.
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Figure 2.1 Morphology of corn plant
Source: Seed Program Specific Work Instruction (SWI), 2015
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2.2 Growth and Development of Corn

Ordinarily, all varieties of corn follow the same general pattern of development. However,
the specific time interval between stages and the total number of leaves developed may
vary between different hybrids, time of planting, planting site, seasons and
environmental stresses (Zaharah, 1992; Alom et al., 2009). The development of a com
plant can be divided into two major phases, which are the vegetative stage and
reproductive stage (Nielsen, 2002). The vegetative stage begins from seedling
emergence to the formation of tassel whereas the reproductive stage commences at
silking and pollination to the grain-filling and maturity (Zaharah, 1992).

2.2.1 Germination and Emergence

The favourable condition for com seed germination and emergence is that the sail
temperature for sowing should be above 21 °C and possess adequate and uniform
moisture (Belfield and Brown, 2008; Milind and Isha, 2013). The corn seed sown in such
conditions may undergo imbibition in a rapid mode and capable to emerge within two to
three days. However, germination and emergence of com seed will slow and uneven
when the soil temperature is less than 18 °C (Milind and Isha, 2013). In this case, the
radicle emergence may extend to a period of six to eight days. Additionally, radicle
emergence will be slow if the depth of sowing of corn seed is deeper than 8 cm (Belfield

and Brown, 2008).

The nutrient reserves in the endosperm of seed are used for feeding the
emerging seedling from first week until the primary roots of the corn seedlings develop.
Upon that, the corn seedlings can initiate the process to supply the plant with water and
nutrients from the soil (Abendroth et a/., 2011). The first internode of the stem will grow
rapidly until the seedling eventually emerges, which is usually four to five days after
sowing. The prerequisites during this stage are that there must be optimum temperature
and sufficient moisture in the soil which are deemed favourable for com seed

germination and emergence (Nielsen, 2015).
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