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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 
fulfillment of the requirement for the degree of Doctor of Philosophy 

 

GENETICS AND COMBINING ABILITY OF CORN (Zea mays L.) 
GENOTYPES FOR FORAGE UTILIZATION 

 

By 

MAIZURA BINTI ABU SIN 

June 2019 

Chairman: Professor Ghizan Saleh, PhD 
Faculty: Agriculture 
ABSTRACT 

Studies were conducted to evaluate agronomic and nutritive quality performance 
of forage corn inbred lines obtained from the International Wheat and Maize 
Improvement Center (CIMMYT), with the objectives to reveal genetic variation 
among these genotypes using simple sequence repeat (SSR) DNA markers, to 
investigate and select potential parental inbred lines from different heterotic 
groups based on genetic diversity revealed by agronomic and molecular 
characteristics towards hybrid variety production, and to determine their 
heterosis and combining ability, and performance of hybrids produced for forage 
utilization. In the first study, genetic diversity and relationships among 30 corn 
inbred lines comprising of 28 introductions from the International Wheat and 
Maize Improvement Center (CIMMYT), one from Indonesia and a locally 
developed one, were evaluated using 100 simple sequence repeat (SSR) 
markers. A total of 550 alleles were detected on 100 loci from the 30 inbred lines. 
Results showed that allelic richness per locus was in the range of 2 to 13 loci, 
with an average of 5.50 alleles. From these, the effective alleles (Ne) per locus 
was estimated at 3.75 alleles, indicating that those alleles were effective in 
showing diversity among the inbred lines. Although allelic richness among the 
inbred lines was high, estimate of observed heterozygosity (Ho) was found to be 
low for each inbred line, with an average of 0.017. This indicates that the inbred 
lines have reached homozygosity at almost all loci amplified. Polymorphic 
information content (PIC) values among the 100 loci ranged from 0.178 to 0.874, 
with mean value of 0.624, showing that the SSR markers used were informative 
and able to assess genetic diversity among the inbred lines. Four heterotic 
groups were formed from the dendrogram constructed using Unweighted Pair 
Group with Arithmetic Averages (UPGMA) method within a similarity index of 
0.350.  In the second study, 19 diverse homozygous inbred lines representing 
28 inbred lines from the first study were evaluated under optimum conditions, 
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and were found to show significant differences in performance of the traits 
among them, indicating that the lines varied in many aspects, and these 
differences could be exploited for specific purposes in breeding programs. 
Genetic distances among the inbred lines based on phenotypic and molecular 
characteristics were used to identify major heterotic groups and have revealed 
the presence of high level of genetic diversity among the inbred lines studied. 
Selection of the parental inbred lines among the genetically diverse ones for 
making crosses was conducted based on their performance for important forage 
traits. In the third study, six parental inbred lines were selected and crossed in a 
half-diallel arrangement to produce 15 single-cross hybrids. Fifteen single-cross 
hybrids and their parental inbred lines were evaluated in a randomized complete 
block design (RCBD) with three replications at two different environments, for 
agronomic and forage nutritive quality performances. All hybrids showed 
superiority over their parental inbred lines for biomass traits studied, indicating 
the existence of a substantial amount of heterosis in the hybrids. Among the 
hybrids produced, HF10, HF3, HF15, HF1 HF13 and HF11 revealed forage yield, 
forage yield components and forage nutritive quality performance better than the 
check varieties (BTL1 and Pool26) in the two environments studied. Moreover, 
these hybrids exhibited consistently high mid-parent and better-parent heterosis 
for the traits studied, indicating the accumulation of favorable genes inherited 
from their parental inbred lines. Mid-parent and better-parent heterosis estimates 
revealed from the evaluations were positive for all traits except acid detergent 
fiber (ADF), neutral detergent fiber (NDF), days to tasseling and days to silking, 
where the lower magnitudes of these traits were superior, indicating earliness. 
The combining ability analysis reveals the presence of significant general 
combining ability (GCA) for all traits except dry leaf yield, dry ear yield and ADF, 
and the presence of significant specific combining ability (SCA) for all traits 
except NDF, days to silking and days to tasseling from the combined data of the 
two environments. This indicates that there were significant additive and non-
additive gene actions involved in the genetic control of the traits measured from 
the combined data of the two environments. Inbred line CML428 was identified 
as the best general combiner among the parental inbred lines and performed 
consistently, with significant GCA estimates for fresh plant yield, dry plant yield, 
fresh stem yield, dry stem yield, plant height and ear height, and was therefore 
identified as the superior one possessing high accumulation of favorable additive 
genes. In addition, high negative estimates of GCA were found contributing to 
early days to flowering of the progeny. Among the crosses, HF9 (CML331 x 
CML498), HF6 (CML331 x CML383), HF11 (CML383 x CML491) and HF10 
(CML383 x CML428) were identified as the best combinations giving favorable 
positive SCA estimates for forage yield and yield related traits at each 
environment and pooled environments. In general, fresh and dry matter yields 
exhibited low narrow-sense heritability although having high broad-sense 
heritability, indicating the preponderance of non-additive gene actions in the 
inheritance of the yield traits measured. Based on genetic similarities among the 
parental inbred lines, when data were taken from amplifications of microsatellite 
markers with more than 30% polymorphic bands, CML491 and CML498 were 
found to reveal the highest genetic similarity (0.410), while CML383 and CML428 
were found to exhibit the lowest genetic similarity (0.149). The low genetic 
similarity could indicate diverse genetic background among the inbred lines, due 
to prior selection applied on the parental inbred lines from different heterotic 
groups. The combination of CML383 x CML428 (HF10) was identified among 
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those with high yield and good nutritive quality performance. In addition, this 
combination was one of the best, with favorable positive SCA estimates for 
forage yield and yield related traits at each environment and pooled 
environments. There were significant positive relationships between genetic 
similarities of parental inbred lines based on 100 microsatellite markers used and 
mid-parent heterosis for fresh plant yield, and between genetic similarities of 
parental inbred lines based on microsatellite markers with more than 30% 
polymorphic bands and mid-parent heterosis for fresh plant yield in Field 10 and 
also when data of the two environments were combined. This reveals the 
effectiveness of the markers used in this study for prediction of performance of 
hybrids produced for forage utilization. The performance of these superior 
hybrids was consistent across environments, and therefore these hybrids should 
be considered for further testing in multi-locational trials to reveal their potential, 
before their release as new forage corn hybrid varieties in the future. 
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GENETIK DAN KEUPAYAAN BERGABUNG GENOTIP JAGUNG 
(Zea mays L.) UNTUK KEGUNAAN FORAJ 

 

Oleh 

MAIZURA BINTI ABU SIN 

Jun 2019 

Pengerusi: Profesor Ghizan Saleh, PhD 
Fakulti: Pertanian 
ABSTRAK 

Beberapa kajian telah dijalankan untuk menilai prestasi agronomi dan kualiti 
nutrisi titisan-titisan inbred jagung foraj yang diperolehi daripada International 
Wheat and Maize Improvement Center (CIMMYT), dengan objetif untuk 
mempamerkan variasi genetik dalam kalangan genotip-genotip ini melalui 
penanda DNA jujukan mudah berulang (SSR), untuk mengkaji dan memilih 
titisan inbred induk yang berpotensi dari kumpulan heterotik yang berbeza 
berdasarkan kepelbagaian genetik menggunakan ciri agronomi dan molekul ke 
arah pengeluaran varieti hibrid, dan menentukan heterosis dan keupayaan 
bergabung antaranya, dan prestasi hibrid yang dihasilkan untuk kegunaan foraj. 
Dalam kajian yang pertama, kepelbagaian genetik dan hubungan di kalangan 30 
titisan inbred jagung yang terdiri daripada 28 yang diperkenalkan dari 
International Wheat and Maize Improvement Center (CIMMYT), satu dari 
Indonesia dan satu inbred tempatan yang dibangunkan, telah dikaji dengan 
menggunakan 100 penanda mikrosatelit DNA (SSR). Sejumlah 550 alel telah 
dikesan pada 100 lokus dalam 30 titisan inbred tersebut. Keputusan 
menunjukkan kekayaan alel untuk setiap lokus adalah pada julat 2 hingga 13 
lokus, dengan purata 5.50 alel. Dari ini, alel yang efektif (Ne) setiap lokus adalah 
dalam anggaran 3.75 alel, menunjukkan bahawa alel bekenaan adalah efektif 
dalam mempamerkan kepelbagaian di kalangan titisan-titisan inbred tersebut. 
Walaupun kekayaan alel antara titisan inbred adalah tinggi, anggaran 
heterozigositi diperolehi (Ho) didapati rendah bagi setiap titisan inbred, dengan 
purata 0.017. Ini menunjukkan bahawa titisan-titisan inbred tersebut telah 
mencapai homozigositi hampir di semua lokus yang diamplifikasi. Nilai 
kandungan maklumat polimorfik (PIC) di kalangan 100 lokus berjulat dari 0.178 
hingga 0.874, dengan nilai purata 0.624, menunjukkan bahawa penanda SSR 
yang digunakan adalah penanda yang bermaklumat dan boleh mengakses 
kepelbagaian genetik antara titisan-titisan inbred. Empat kumpulan heterotik 
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telah dihasilkan daripada dendrogram yang dibina menggunakan kaedah 
Kumpulan Pasangan Tak Berpemberat dengan Purata Aritmatik (UPGMA) di 
dalam indek persamaan 0.350. Dalam kajian kedua, 19 titisan inbred yang 
pelbagai dan homozigot mewakili 28 titisan inbred dari kajian pertama telah 
dinilai di dalam keadaan yang optimum, dan didapati menunjukkan perbezaan 
ketara titisan-titisan tersebut dalam prestasi ciri-ciri yang diukur. Ini memberi 
gambaran bahawa titisaan-titisan tersebut berbeza dalam pelbagai aspek, dan 
perbezaan ini boleh dieksploitasi untuk tujuan khusus dalam program 
pembiakbakaan. Jarak genetik di kalangan titisan-titisan inbred ini untuk ciri-ciri 
fenotip dan ciri-ciri molekul telah digunakan untuk mengenal pasti kumpulan 
heterotik utama dan telah menunjukkan kehadiran kepelbagaian genetik yang 
tinggi antara titisan-titisan inbred yang dikaji. Pemilihan titisan inbred induk di 
kalangan yang berkepelbagaian tinggi untuk menghasilkan kacukan telah dibuat 
berdasarkan prestasi untuk sifat-sifat penting foraj. Dalam kajian yang ketiga, 
enam titisan inbred induk telah dipilih dan dikacukkan di dalam susunan 
separuh-diallel untuk menghasilkan 15 hibrid kacukan tunggal. Lima belas hibrid 
kacukan tunggal berkenaan bersama-sama dengan enam titisan inbred tersebut 
kemudiannya telah dinilai di dalam RCBD dengan tiga replikasi di dua 
persekitaran yang berbeza untuk prestasi agronomi dan kualiti nutrisi forajnya. 
Kesemua hibrid menunjukkan keunggulan dibandingkan titisan inbred induknya 
untuk ciri-ciri biomas yang diukur, menunjukkan wujudnya heterosis yang ketara 
pada hibrid-hibrid ini. Antara hibrid yang dihasilkan, HF10, HF3, HF15, HF1 
HF13 dan HF11 telah mendedahkan prestasi hasil foraj, komponen hasil foraj 
dan kualiti foraj yang lebih baik daripada varieti-varieti kawalan (BTL1 dan 
Pool26) di kedua-dua persekitaran yang dikaji. Tambahan lagi, hibrid-hybrid ini 
mempamerkan heterosis induk-pertengahan dan heterosis induk-terbaik yang 
konsisten tinggi untuk ciri-ciri yang dikaji, yang menunjukkan terjadinya 
pengumpulan gen yang diperlukan diwarisi dari induk titisan inbrednya. 
Anggaran heterosis berdasarkan nilai pertengahan induk dan nilai induk terbaik 
yang diperoleh dari penilaian ini adalah positif untuk semua ciri-ciri kecuali 
kandungan ‘asid detergent fiber’ (ADF), ‘neutral detergent fiber’ (NDF), hari 
pentaselan dan hari perambutan, di mana magnitud yang lebih rendah bagi sifat-
sifat ini adalah yang unggul dan menunjukkan sifat awal. Analisis keupayaan 
bergabung mendedahkan wujudnya keupayaan bergabung am (GCA) yang 
bererti bagi semua ciri kecuali hasil daun kering, hasil tongkol kering dan ADF, 
dan wujudnya keupayaan bergabung khusus (SCA) yang bererti bagi semua ciri 
kecuali NDF, hari pentaselan dan hari perambutan, dari data gabungan kedua-
dua persekitaran. Ini menunjukkan terdapatnya tindakan gen additif dan 
tindakan gen bukan-additif yang ketara dalam kawalan genetik ciri-ciri yang 
diukur pada data gabungan dari kedua-dua persekitaran. Titisan inbred CML428 
telah dikenalpasti sebagai penggabung am yang terbaik di kalangan titisan 
inbred induk, dan menunjukkan prestasi yang konsisten dengan anggaran GCA 
yang ketara untuk hasil pokok segar, hasil pokok kering, hasil batang segar, hasil 
batang kering, ketinggian pokok dan ketinggian tongkol, dan dengan itu 
dikenalpasti sebagai yang unggul, dan memperolehi banyak pengumpulan alel 
aditif yang diingini. Tambahan lagi, anggaran GCA negatif bermagnitud tinggi, 
didapati telah menyumbang kepada awalnya hari berbunga pada progeni. 
Antara kacukan, HF9 (CML331 x CML498), HF6 (CML331 x CML383), HF11 
(CML383 x CML491) dan HF10 (CML383 x CML428) telah dikenalpasti sebagai 
gabungan yang terbaik, dengan anggaran SCA positif yang diperlukan untuk ciri-
ciri hasil foraj dan komponen-komponen berkaitan hasil foraj di setiap 
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persekitaran dan apabila data dari yang persekitaran digabungkan. Secara 
amnya, hasil bahan segar dan hasil bahan kering mempamerkan 
kebolehwarisan sempit yang rendah walaupun mempunyai kebolehwarisan luas 
yang tinggi, menunjukkan bahawa ada dominasi tindakan gen bukan-aditif 
dalam pewarisan ciri-ciri hasil yang diukur. Berdasarkan persamaan genetik 
antara induk -titisan-titisan inbred, apabila data diambil dari penanda mikrosatelit 
yang menunjukkan lebih daripada 30% jujukan polimorfik, CML491 dan CML498 
mendedahkan persamaan genetik tertinggi (0.410), manakala CML383 dan 
CML428 mempamerkan persamaan genetik yang paling rendah (0.149). 
Persamaan genetik yang rendah yang dipamerkan menunjukkan latar belakang 
genetik yang luas antara titisan inbred, kerana pemilihan awal yang telah 
dilakukan ke atas induk titisan inbred tersebut yang diperolehi dari kumpulan 
heterotik yang berbeza. Gabungan antara titisan inbred CML383 x CML428 
(HF10) telah dikenalpasti sebagai gabungan yang mempunyai hasil yang tinggi 
dan mempunyai prestasi kualiti nutrisi foraj yang baik. Di samping itu, kombinasi 
ini juga adalah salah satu daripada gabungan terbaik, dengan anggaran SCA 
positif yang diingini, bagi ciri-ciri hasil foraj dan ciri berkaitan hasil foraj pada 
setiap persekitaran dan bila data dari persekitaran digabungkan. Terdapat 
hubungan positif yang ketara antara persamaan genetik induk titisan inbred 
berdasarkan 100 penanda mikrosatelit yang digunakan dengan heterosis 
berdasarkan nilai pertengahan-induk untuk hasil pokok segar, dan di antara 
persamaan genetik antara induk titisan inbred berdasarkan penanda mikrosatelit 
dengan lebih daripada 30 % jujukan polimorfik dan heterosis berdasarkan nilai 
pertengahan-induk untuk hasil pokok segar di Ladang 10 dan juga apabila data 
dari dua persekitaran digabungkan. Ini mendedahkan keberkesanan penanda 
yang digunakan dalam kajian ini untuk meramal prestasi hibrid yang dihasilkan 
untuk kegunaan foraj.  Prestasi hibrid ini adalah konsisten pada semua 
persekitaran, oleh itu hibrid-hibrid yang unggul ini perlu dipertimbangkan untuk 
diuji selanjutnya dalam pengujian pelbagai lokasi bagi mempamerkan 
potensinya, sebelum diisytiharkan sebagai potensi penggunaannya dalam ujian 
multi-lokasi berskala besar sebelum ia didaftarkan sebagai varieti hibrid jagung 
foraj baru akan datang.  
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Corn is one of the world’s most important food crops besides rice and wheat 
(FAOSTAT, 2017). The diverse use of corn as human food, animal feed, forage 
and bio-fuel has led to its production in great amount. There are many types of 
cultivated corn, among commonly grown are flint corn, dent corn, flour corn, 
popcorn and sweet corn. Corn is mostly planted for the grains but the plant 
biomass is also harvested for forage used as feed to the ruminants. Presently, 
there is an increasing demand for corn plants for use as forage in the form of 
silage. Corn when used as forage offers a high-quality feed for dairy cattle 
(Michalet-Doreau and Philippeau, 1999). It is also widely used as an energy and 
roughage source for beef cattle (Mosanto, 2010). This is because of its high 
digestibility, energy, nutritive quality and palatability (Craig, 2010).  
 

Corn has been widely planted with a total world production of 1,134.7 million MT 
harvested from 197.2 million ha, as reported by FAOSTAT (2018). The United 
States is the leading corn producer (371 million MT of total corn production), with 
4.0 million MT harvested for forage utilization in 2017 (FAOSTAT, 2018). In 
Malaysia, corn production was mainly for sweet corn and occupied 
approximately 10 000 ha of land, with a total production of 64 900 MT in 2016. 
Corn is mainly grown in the states of Perak, Johor, Pahang and Kelantan (MOA, 
2016). Recently, the Malaysian government has aimed to allocate 20,000 
hectares of land for grain corn production, with early trials grown in Terengganu 
states. This effort was taken by the government in order to reduce the county’s 
dependence on importation, especially from Argentina and Brazil  which worth 
RM3.3 billion annually (USDA, 2015). In addition, this effort explains that corn 
will be grown widely in Malaysia not only for sweet corn for human consumption 
but also for animal feed.  
 

Malaysia utilizes more than three million tonnes of animal feed materials every 
year, including the available agriculture by-products. Feed contributes to a large 
proportion of the cost of production in livestock industry. The livestock industry 
is dependent on imported feedstuffs ranging from cereal grains, vegetable and 
animal protein such as soybean meal, corn gluten meal, fish meal, meat and 
bone meals, mineral sources and various micro-ingredients including vitamins,  
minerals and other additives used to improve feed efficiency and growth (Loh, 
2003). However, the ruminant industry depends primarily on locally available 
native pastures and supplemented with crop residues and agro-agricultural by-
products such as rice-bran, copra cake, palm kernel cake (PKC), oil palm fronds, 
palm oil mill effluent (POME), spent bleaching earth (SBE), palm press fiber 
(PPF), rice straw, rice bran and rice husk (Wan Zahari and Wong, 2009). 
Livestock production in the country is mainly in the hands of smallholders who 
are largely dependent on forages for their feed resources (Mohamed, 2007; 
Mohamed et al., 2013). Feeding methods that are usually practiced in Malaysia 
are ‘cut and carry’ and grazing system. These methods are extended and 
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traditionally practiced using grasses such as Brachiaria decumbens, Brachiaria 
humidicola, Panicum maximum, Pennisetum purpureum and Setaria sphacelata 
(Wan Zahari and Wong, 2009). Yet, high quality feed is insufficient for adequate 
nutrients required for body weight increment and milk production to support 
ruminants. Grasses have low protein content (6% to 13%), digestibility and 
energy concentration (Alimon and Hair-Bejo, 1996). Apart from highly digestible 
forages, productive performance can be greatly improved by supplementing with 
protein sources, concentrate or combination of both. Thus, the use of grasses 
needs extra supplementary feeds to increase the nutritional values of the feed 
for ruminant consumptions. 
 

Conventionally, sweet corn is the main type of corn grown in Malaysia. Sweet 
corn plants are also used to make silage as a by-product after the cobs are 
harvested. This sweet corn silage production is mainly conducted in the state of 
Terengganu, amounting to 120 tonnes per year. Since the introduction of the 
sweet corn stover ensilage program in 1996, an estimated amount of 400 tonnes 
has been produced to feed the farmers' cattle. The Department of Veterinary 
Services (DVS) in Malaysia undertakes silage making as a form of fodder 
conservation since the 1960s. Unfortunately, there has not been any breeding 
program specifically dedicated to developing corn varieties suitable for this 
purpose. To date, there is lack of corn varieties specifically bred for forage 
production. Improvement of hybrid varieties from combinations of inbred lines 
with wide genetic background would be effective if the traits are selected from 
those which have small environmental biases. Determination of genetic 
backgrounds based on phenotypic and genetic diversity is important for 
conserving, evaluating and utilizing genetic resources, in order to understand the 
pre-breeding and breeding potential of germplasm, so that uniqueness and 
distinctness of genotypes could be realized (Franco et al., 2001). Moreover, 
studies on genetic diversity and relationships among plant materials are 
important in crop development programs including corn hybrid breeding. 
Knowledge on genetic variability among corn germplasm can provide information 
to estimate degree of inheritance, variation and level of heterosis needed in a 
breeding program. This requires evaluation and selection of promising corn 
inbred lines for use in hybrid production. Those hybrids should meet the 
requirements for direct use as forage. Therefore, the objectives of the present 
study were: 
 

i. To investigate genetic variation among 30 corn inbred lines for forage 
traits using simple sequence repeat (SSR) markers, and subsequently 
place them into heterotic groups,  

ii. To evaluate yield and nutritive quality performance of these forage corn 
inbred lines obtained from various sources, and select potential ones 
based on their genetic variations from molecular and agronomic 
characterizations of important forage traits,  

iii. To evaluate general combining ability and specific combining ability 
among six selected inbred lines for forage traits, towards hybrid 
production, and 

iv. To evaluate performance of 15 corn hybrids, and estimate heterosis, 
heritability and genetic components for forage traits measured on them. 
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