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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment of the
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GROWTH AND YIELD OF SWEET CORN

BY

MOHAMED ABDIRAHMAN SHEIKH MUHUMED

September 2013

Chairman: Prof. Shamshuddin Jusop, PhD

Faculty: Agriculture

Corn (Zea mays L.) is one of the most important cereal crops worldwide, next to wheat
and rice. In Malaysia, corn can grow successfully as the climate of the country is suitable
for the crop. However, it is a minor crop even though the demand for corn increases over
the years. Corn is imported yearly to satisfy the country’s needs. The main challenges for
corn production are low soil fertility, low pH and water shortage. Thus, to overcome these
problems, two studies were conducted in a rain shelter at Field 2, Faculty of Agriculture,

Universiti Putra Malaysia, Serdang, Malaysia.

The objectives of first experiment were to determine the effect of soil moiture content and
fertilizer sources on the growth and yield of sweet corn and to evaluate the effect of their
interaction on the yield of the sweet corn. The treatments were four soil moiture contents

(Smc) namely: 100% (Smcl), 90% (Smc2), 80% (Smc3), and 70% (Smc4), and four
iii



fertilizer sources namely: mineral fertilizer (NPK), goat manure (GM), poultry manure
(PM) and without fertilizer (control). The treatments were arranged in split-plot design as
the moisture content was assigned as main plot factor while fertilizer sources as sub plot
factor. The results showed that the total dry matter (all above ground excluding yield)
significantly (P<0.05) increased with the increase in soil moisture content. 100% soil
moisture content (Smcl)) with goat manure (GM) gave higher biomass compared to PM
and control treatment. Highest root dry weight was achieved from 90% soil moisture
content (Smc2) with poulry manure (PM). In terms of yield components, interaction
between soil moisture content and fertilizer sources significantly (P<0.05) affected the
plant cob and ear weight. Both organic ( GM and PM) and inorganic (NPK) fertilizers
enhanced cob and ear weight at Smcl and Smc2 while NPK and GM gave higher grain
weight at Smcland Smc2 compared to PM and control treaments. Positive correlation
between total dry matter, yield components and nutrient uptake was observed, indicating

better crop response to soil moisture and fertilizer (organic and inorganic) application.

The second experiment was conducted in Field 2 under rain shelter to evaluate the effect
of soil moisture contents and inorganic fertilizer levels on the growth and yield
performance of sweet corn and to determine the maximum NPK rate that would enhance
high growth and yield of sweet corn. Three soil moisture contents and four fertilizer levels
were used namely: 90% (Smc2), 80% (Smc3) and 70% (Smc4), while NPK fertilizer
levels were: F1 (0:0:0 kg ha™), F2 (60:30:45 kg ha™), F3 (120:60:90 kg ha™) and F4
(180:90:135 kg ha™). The results showed that total dry matter yield significantly (P<0.05)
increased with increase in soil moisture content. 90% (Smc2) treatments with 150% (F4)

gave higher shoot dry weight compared to the other fertilizer levels. Soil moisture
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contents and fertilizer levels significantly (P<0.05) influenced the yield components. Ear,
cob and grain weight were found to be higher in 100% smcl with fertilizer level 150%
(F4) of recommended rate. When fertilizer level was increased from 100% (F3) to 150%
(F4) of recommended rate then ear (25%), cob (39%), and grain (23%) also increased.
This study showed that N, P, K, Ca and Mg uptake by the root and shoots was enhanced
as the fertilizer level increased. This indicates that corn responded to fertilizer application
by increasing total dry weight as supported by positive correlation between total dry

matter (root and shoot) and N, P, K, Ca and Mg uptake by the roots and shoots.

In conclusion, the current study revealed that sweet corn water demand is absolutely high
in which total dry matter and yield components increased with increase in soil moisture
contents for both experiments. In terms of fertilizers, organic fertilizers enhanced crop
biomass and yield components to a level which can be considered as an alternate to
chemical fertilizer application. Finally, in terms of NPK fertilizer levels, the current
recommended fertilizer rate is not enough and 150% (F4) seems to be the best choice as

this study has shown.



Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai
memenuhi keperluan untuk ijazah Master Sains

KESAN KANDUNGAN KELEMBAPAN DAN SUMBER PEMBAJAAN KE ATAS
TUMBESARAN DAN HASIL JAGUNG MANIS

Oleh

MOHAMED ABDIRAHMAN SHEIKH MUHUMED

September 2013

Penyelia : Shamshuddin Jusop, PhD

Fakulti : Pertanian

Jagung (Zea mays. L.) adalah salah satu daripada tanaman bijirin yang sangat penting di
dunia selain daripada gandum dan padi. Di Malaysia, jagung boleh membesar dengan baik
dan suhu adalah bersesuaian dengan keperluan tanaman tersebut. Wala bagaimanapun,
jagung merupakan tanaman minor berbanding tanaman lain seperti padi, sedangkan
permintaan tanaman adalah meningkat baru-baru ini dan sejumah besar jagung diimport
setiap tahun untuk memenuhi keperluan negara. Cabaran utama dalam pengeluaran
jagung adalah kesuburan tanah dan pH yang rendah serta masalah air. Untuk mengatasi
masalah-masalah ini, dua kajian telah dijalankan di kawasan teduhan hujan bertempat di

Ladang 2, Fakulti Pertanian, Universiti Putra Malaysia, Serdang, Selangor, Malaysia.

Objektif pertama kajian adalah untuk menentukan kesan kandungan kelembapan tanah

titis dan sumber baja pada tumbesaran dan hasil jagung manis. Terdapat 4 keadaan
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kelembapan tanah iaitu 100% kelembapan tanah (Smcl), 90% kelembapan tanah (Smc2),
80% kelembapan tanah (Smc3) dan 70% kelembapan tanah (Smc3) dan terdapat 4 sumber
baja iaitu baja mineral (NPK), tahi kambing (GM), tahi ayam (PM) dan juga kawalan
(tanpa baja). Rawatan-rawatan tersebut disusun dalam reka bentuk plot berpecah-pecahan
di mana pengairan adalah faktor utama manakala sumber baja sebagai faktor sub-plot.
Keputusan menunjukkan jumlah bahan kering (semua di atas tanah tidak termasuk hasil)
adalah nyata (P <0.05) bertambah dengan peningkatan kekerapan pengairan. kelembapan
tanah harian dengan baja tahi kambing menunjukkan biomas yang paling tinggi
berbanding dengan rawatan baja tahi ayam dan kawalan. Terdapat persamaan di mana
berat kering akar adalah paling tinggi dari pembajaan 90% kelembapan tanah berbanding
tahi ayam. Untuk komponen hasil, interaksi antara kandungan kelembapan dan pembajaan
adalah nyata (P<0.05) dan ia memberi kesan kepada berat batang dan tongkol buah.
Kedua-dua baja organik (tahi kambing dan tahi ayam) dan baja tak organik (NPK)
menambahkan berat batang dan tongkol buah pada Smcl dan Smc2 manakala NPK dan
tahi kambing menghasilkan berat yang agak baik pada Smcl dan Smc2 berbanding tahi
ayam dan kawalan. Terdapat korelasi positif antara jumlah bahan kering, komponen hasil
dan pengambilan nutrien telah diperhatikan yang mana menunjukkan tindakbalas tanaman

adalah lebih baik kepada aplikasi pembajaan.

Kajian kedua telah dijalankan di Ladang 2 di kawasan teduhan hujan untuk menilai kesan
kekerapan pengairan titis dan peringkat pembajaan terhadap tumbesaran dan hasil jagung
manis. 3 kandungan kelembapan tanah dan 4 peringkat pembajaan iaitu Smc2: 90%
kandungan kelembapan tanah, Smc3: 80% kandungan kelembapan tanah dan Smc4: 70%

kandungan kelembapan tanah, manakala peringkat pembajaan NPK adalah; F1 (0:0:0 kg

vii



ha'), F2 (60:30:45 kg hal), F3 (120:60:90 kg ha®) dan F4 (180:90:135 kg ha™).
Keputusan menunjukkan bahawa jumlah hasil kering adalah nyata (P<0.05) bertambah
dengan pertambahan kandungan kelembapan tanah. Rawatan 90% kandungan
kelembapan tanah, (Smc2) dengan 150% (F4) telah menunjukkan berat kering pucuk
yang paling tinggi berbanding dengan peringkat pembajaan yang lain. Selain itu,
kandungan kelembapan tanah, dan peringkat pembajaan adalah nyata (P<0.01) dan
mempengaruhi komponen hasil. Berat batang, tongkol dan butir buah ditemui paling
tinggi dalam 90% kandungan kelembapan tanah, (Smc2) dengan peringkat pembajaan
150% (F4) yang telah disyorkan. Apabila peringkat pembajaan ditingkatkan dari 100%
(F3) kepada 150% (F4), tongkol (25%), batang jagung (39%), butir jagung (23%) juga

adalah meningkat.

Kajian ini menunjukkan pengambilan N, P, K, Ca dan Mg oleh akar dan pucuk telah
bertambah dengan peningkatan peringkat pembajaan. Ini menunjukkan jagung telah
memberi tindakbalas kepada penggunaan baja dengan meningkatkan jumlah berat kering
seperti disokong korelasi positif antara jumlah bahan kering (akar dan pucuk) dan
pengambilan N, P, K, Ca dan Mg oleh akar dan pucuk. Kesimpulannya, kajian semasa
menunjukkan bahawa kandungan kelembapan tanah, bagi jagung manis adalah tinggi
yang mana jumlah bahan kering dan komponen hasil bertambah dengan peningkatan
kekerapan pengairan untuk kedua-dua kajian. Selain itu, baja organik meningkatkan
biomas tanaman dan komponen hasil ke peringkat yang boleh dipertimbangkan sebagai
alternatif lain selain penggunaan baja kimia. Untuk terma peringkat baja NPK, kadar
pembajaan semasa yang telah disyorkan adalah tidak mencukupi dan 150% (F4) adalah

merupakan pilihan terbaik seperti yang ditunjukkan dalam kajian ini.
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CHAPTER 1

INTRODUCTION

As the world population increases, the demand for food for the growing population
increases. By the year 2025, it is expected that human population in the world will
increase to over 8-9 billion which means that the consumption of the food will be higher
than present (Lascano et al., 2007). To overcome reduction of the food, it is necessary
to produce double and improve agricultural production. It is not only important to
increase the food production but also to sustain the production capacity in agricultural
sector (Rawlins and Raats, 1975). However, there are many constraints towards the
improvement of the agricultural production. Two of the major problems are water

scarcity and low soil fertility.

Water scarcity is the main problem affecting agricultural production in developing
countries particularly in arid and semi-arid regions. Water scarcity is due to long term
drought, high demand for water in households as well as irrigation and mismanagement
of available water resources; these problems have threatened the sustainability of
agricultural development. There is evidence that more than 40% of the people in our
planet are affected by water scarcity and by the year 2025, 1.8 billion people will be
living in countries with absolute water scarcity (Lascano et al., 2007). Two-third of the
world’s population suffered from water stress conditions (Forouzani et al., 2012).
Therefore, irrigation is very important for the countries with water scarcity to improve

crop production for their life sustainability.



The available water resources will decrease with increasing the number of population.
This challenge is common among the all developing countries especially in arid and
semi-arid regions of the world (Hassanli et al., 2009). This is due to the fact that most
arid countries are dry and receive less than one third of the world’s annual precipitation.
One approach to overcome this problem and improve the crop productivity is by

improving the irrigation technology and managing irrigation scheduling.

Fresh water and underground water use are other alternative ways for water resource
management particularly in countries with water scarcity (Kirda, 2002). In this study,
soil moisture content is considered as one of the most important factor in affecting soil
water conditions, fertilizer use efficiency, crop yield quantity and plant biomass weight
(El-Hendawy et al., 2008a). Corn is an important crop in the world due to its diversified
use. In Malaysia, corn is partly grown on highly weathered acidic soils. The yield is low
due to low pH and high Al concentration (Shamshuddin and Fauziah, 2010). Climatic
conditions in Malaysia are suitable for corn cultivation and sustainability. However, the
country imports large quantity of corn per year to cover the country’s demand for corn.
This phenomenon is not strange as corn is not a Malaysian staple food. Corn is grown in
other parts of the world particularly semi-arid countries like Somalia and developed
countries like United States of America and Canada. However, current available

literature illustrates that corn is susceptible to water stress conditions.

Maize, corn and Indian corn are the names which always appear in the literature.
Avoiding the confusion among them, maize is the common name of corn; a Zea mays is

the scientific name for corn. Zea mays is a Greco-Latin name meaning a wheat-like grain

2



and Mays is derived from the Taino word Mahiz, which means life-giver. A Zea may is
in the Gramineae (Poaceae) family. For further illustration, Zea mays is one of three
grasses in the Maydeasubtribe (corn, teosinte and Tripsacum ). United State is one of the
few countries that use the word corn (Shultz, 2008). According to the cereal production
statistics, corn ranks second to wheat. It is the most important staple food in sub-
Saharan Africa, alongside rice and wheat; the three are the most important cereal crops
in the world. However, its production is negatively affected on exhausted soil and
generally observed that it fails to produce good grain yield unless adequate fertilizers are

applied (Jaliya et al., 2008)

In total, there are 80 million ha planted with corn, mainly in developing countries; this
represents 60% of the world’s maize area, though only 40% of global production is
harvested from the third world. China, Mexico, Brazil and Argentina are the four
countries accounted 67% of the total third world maize production (Sheaffer, 2009).
However, globally the United States leads the world in corn production with a high
percentage of 39% in 2006-2007; China and Brazil are the two countries after the United
States in corn production with 21% and 6%, respectively. The United States is also the

top exporter of corn, followed by Japan (Shultz, 2008).

Sweet corn is used as an appetizer or can be used as grains and “ugaly” (local food),
especially in East Africa countries like Somalia. Compared with other varieties of corn,
fresh consumption of sweet corn is more preferable due to its soft grains, thin shells,
high concentration of sugar and tastefulness (Farsiani et al., 2011). Sweet corn has

sweeter taste than any other types of corn especially before the ripening and drying

3



because the endosperm consists of sugar as well as starch. There is still not enough
research to determine the optimum soil moisture content for corn crop; therefore, the
evaluation of different soil moisture contents and application of different fertilizer
sources is necessary. Apart from the water scarcity, there are other major problems
which cause decline and reduction of agricultural produce. These include low soil
fertility and poor water holding capacity. Low fertility exists in tropical countries like
Malaysia due to heavy rain fall throughout the year which causes leaching of nutrients.
Therefore, to overcome these problems there is a need for external inputs to improve soil
fertility. This study seeks to evaluate organic and inorganic fertilizer application effects
on the soils as well as to manage irrigation water.
The following were the objectives of the study:
I.  To determine the effects of different soil moisture contents on the growth and
yield of sweet corn;
Ii.  To assess the effect of organic and inorganic fertilizers on the growth and yield
of sweet corn;
iii.  To determine the interaction effect between fertilizers and soil moisture content
on the growth and yield of corn under sandy clay soil condition; and
iv.  To determine the maximum rate of NPK that would produce high growth and

yield.
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