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Abstract  

Maize is the most extensively grown cereal worldwide. It is planted on approximately 197 million hectares and, together with wheat and 
rice, constitutes a major element of the human diet as well as a key component in global food security. In Malaysia, maize is mainly used 

for animal feed, although 100 % of it is imported, which affects the nation’s food security status. In this sense, developing maize hybrids 

and varieties could be crucial for the successful cultivation of maize in the country. This study was conducted in Gambang, Pahang, 
Malaysia, to identify maize inbreds with the best adaptability for the region and the necessary characteristics to be used as inbred parents 

for developing outstanding hybrids. A total of 17 maize inbreds obtained from Asia and CIMMYT, Mexico were planted in a randomized 

complete block design (RCBD) with two replications. Each replication was planted on separate planting dates. A full diallel-cross was 

implemented to determine their ability to produce hybrids in all possible combinations. With the one-way analysis of variance (ANOVA), it 
was noticed that the seed weight, leaf number and ear aspect of the inbreds had significant differences. The inbreds HPOOL23 and 

MrChua-OP1 showed the highest seed weight values when used as either males or females. Moreover, the neighbor-joining method 

helped to identify the inbreds with high yield and good ear quality. This study will serve as a basis for understanding the behaviour of 

inbreds in hybrid development.   

Keywords: correlation analysis; grain yield; maize breeding; phenotypic similarity; phenotypic variability  

Introduction 

Maize is the cereal crop cultivated globally, covering 

approximately 197 million hectares in 70 countries across a wide 

range of latitudes and varying altitudes (1). In addition, together 

with wheat and rice, maize constitutes a major component of 

the human diet, accounting for approximately 42 % of the 

world´s food calories and 37 % of the protein intake (1). The FAO 

foresees that these staple cereals will continue to play a crucial 

role in food security until 2050 and consequently, it would be 

fundamental to augment their productivity to effectively 

address population growth and the triple burden of 

undernutrition, micronutrient malnutrition and overnutrition (2, 

3). 

 In Malaysia, maize is primarily used for animal feed, 

although 100 % of it is imported (4, 5). For the 2024-2025 

marketing year, the country is projected to import 3.7 Mt of 

grain to meet livestock feed demand, making the nation 

extremely dependent on overseas maize supplies (6). This 

situation has undoubtedly affected Malaysia´s food security 

status (7). Similarly, the New Sources of Wealth (SKB) initiative 

of the Eleventh Malaysian Plan (11th MP) has recognized that, 

local maize grain cultivation could be a fundamental approach 

to augment the food security of Malaysia and reduce maize 

imports, ensuring the increments of livestock price could 

remain steady and therefore affordable for consumers. In this 

respect, it is essential to continue developing maize hybrids 

and varieties with high yields that are adapted to Malaysia´s 

conditions, while also implementing new methods to reduce 

production costs, so that the maize grain industry can become 

more competitive, attractive and profitable for farmers (7). 

 Nevertheless, to develop successful maize hybrids, it is 

crucial to first identify and develop maize inbreds with the 

potential to produce these hybrids. A detailed characterization 

of the inbreds is essential, as it can help to understand the 

genetic diversity available for crop improvement by providing 

the necessary elements to create heterotic groups. Selection of 

inbreds with a good combining ability (general combining 

ability, specific combining ability or both) is needed to develop 

superior hybrids (8-10). Moreover, the combining ability 

methods and its effectiveness in developing high-yielding and 

nutritionally enriched maize hybrids, specifically for Malaysian 

conditions have been thoroughly discussed in recent studies 

(11). 

 Malaysia has been making significant efforts to develop 
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high-yielding hybrids. Initially, the focus was on developing 

inbred lines, resulting in the creation of over 200 families from 

various populations that were generated through self-

pollination and subsequently selected based on their 

performance in subsequent generations (12, 13). By the fifth 

generation of selfing, the research continued with the evaluation 

of the inbreds and consequently, with the revelation of many 

inbred lines that had potential as parentals (14). From their 

research, the hybrid Putra J-58 was developed and produced a 

high yield of 6.2 t/ha (15). Subsequently, the private company 

Green World Genetics (GWG) developed GWG 888, which 

demonstrated an even higher yield of 9.3 t/ha (4). In addition, 

positive correlations were found between yield and other traits 

of interest, such as seed weight, plant height and ear height, 

after testing 20 maize inbreds in the tropical environment of 

Malaysia (16). 

 Despite advancements, further research on maize in 

Malaysia is needed. This includes testing and developing maize 

inbreds and hybrids across more regions and states of the 

country, identifying maize inbreds that could be used as testers, 

as this is critical for forming heterotic groups and creating 

superior hybrids (17, 18). Additionally, developing maize inbreds 

and hybrids with enhanced nutritional content is a proven 

approach to defeat malnutrition and micronutrient deficiency in 

the population (19, 11). Consequently, this study was conducted 

to identify maize inbreds with better adaptability and necessary 

characteristics to be used as parentals for developing 

outstanding hybrids.   

 

Materials and Methods  

Plant material     

A total of 17 maize inbreds consisting of 10 Asian inbreds (8 pure 

lines and 2 lines derived from Asian populations) and 7 from the 

International Maize and Wheat Improvement Center (CIMMYT), 

Mexico (3 CIMMYT maize lines and 4 lines derived from Mexican 

populations) were used in the experiment (Table 1). 

Experimental design        

The experiment was conducted from April to August 2023 at the 
Green World Genetics (GWG) farm in Gambang, Pahang, 

Malaysia (3.740 ˚N, 103.051 ˚E). The average temperature 

during those months was 28.48 ˚C, while the average humidity 

was 79 % and the daily average precipitation was 5.62 mm (20) 

(Fig. 1). A randomized complete block design (RCBD) with two 

replications was used in this experiment (21). Each replication 

was planted on separate planting dates, as in addition of 

evaluating the maize inbreds, the intention was also to do all the 

possible crosses between the different inbreds to get preliminary 

data on how they function best (as male parent or as female 

parent); and to so, it was essential to plant two sets of inbreds at 

two different planting dates, to make sure all of them got 

crossed (synchronize) with the others, despite the differences in 

the flowering days. The first planting date was April 11, 2023 and 

S.No Inbreds Origin Type of material 

1 NS12 Asia Asian Line 

2 TESTER-A Asia Asian Line 

3 TESTER-B Asia Asian Line 

4 PH6W Asia Asian Line 

5 5241 Asia Asian Line 

6 43009 Asia Asian Line 

7 CR36 Asia Asian Line 

8 26211 Asia Asian Line 

9 MrChua-OP1 Asia Line derived from Asian 
populations 

10 MrChua-OP8 Asia Line derived from Asian 
populations 

11 CML481 CIMMYT-Mexico CIMMYT maize line 

12 CML310 CIMMYT-Mexico CIMMYT maize line 

13 CML264 CIMMYT-Mexico CIMMYT maize line 

14 HPOOL23 CIMMYT-Mexico Line derived from CIMMYT 
- Mexican population 

15 HPOOL33  CIMMYT-Mexico Line derived from CIMMYT 
- Mexican population 

16 HPOOL26  CIMMYT-Mexico Line derived from CIMMYT 
- Mexican population 

17 HPOOL22 CIMMYT-Mexico Line derived from CIMMYT 
- Mexican population 

Table 1. Different inbreds used in the experiment 

Fig. 1. Weather information for the entire period of the experiment (20).  
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the second one was April 19, 2023. In both planting dates, four 

rows were sown per variety and each row consisted of 26 plants. 

The distance between plants within a row was 25 cm and the 

distance between rows was 75 cm. The cultivation technique 

and agronomic practices were performed according to the 

parameters established by the Malaysian Agricultural Research 

and Development Institute (MARDI) (22). The data collected 

during flowering time included plant height, plant aspect, 

disease tolerance (Bipolaris maydis and Exserohilum turcicum) 

and leaf number. In contrast, the data collected during the 

harvesting time included seed weight (seed weight-female and 

seed weight-male) and ear aspect (Table 2). Correspondingly, a 

full cross-diallel was implemented to determine their ability to 

produce hybrids in all possible combinations (31, 32). 

Data analysis        

The one-way analysis of variance (ANOVA) was performed to 

elucidate the genotype effect on each trait. The Tukey-Kramer 

test at a 0.05 level of significance was conducted to understand 

the difference between genotype means. The Pearson 

correlation coefficient analysis was performed using genotype 

means to elucidate the linear relationship between traits with 

the following formula (33):  

 

 

  Where, n = the number of data points, i.e., (x,y pairs), in 

the data set, Σ XY = the sum of the product of the  x-value and y-

value for each point in the data set, Σ X  = the sum of the x-values 

in the data set, Σ Y = the sum of the y-values in the data set, ΣX2  = 

the sum of the squares of the x-values in the data set and Σ Y2  = 

the sum of the squares of the y-values in the data set.  

 Furthermore, a cluster analysis using the neighbour-

joining method, based on the Gower dissimilarity matrix, was 

performed to understand the grouping of genotypes using the 

genotype means of eight traits. The cluster analysis was 

performed to group the genotypes into clusters based on their 

phenotypic similarity. The Neighbor-joining method is one of the 

clustering techniques for phylogenetic tree reconstruction. The 

use of this method is crucial in identifying the different branch 

lengths between the study subjects, based on their similarities 

and dissimilarities (34). The statistical analyses were performed 

using SAS OnDemand for Academics welcome.sas.oda.com) and 

the cluster analysis was conducted using PBSTAT-CL (35, 36).  

Trait 
Evaluation 

time 
Trait description and importance How the trait was measured 

Plant height Flowering 
time 

This trait evaluates the size of the plant, which 
can be used to assess plant vigour and predict 

biomass (23). 

Using a long measuring rod divided into centimetres, the 
plant height was measured from the base of the stem (at 
soil level) to the top of the canopy or the highest point. 

Plant aspect 
Flowering 

time 

This trait evaluates the general appearance of 
the plant (evaluating how vigor, healthy and 

nice it looks). 

The parameters used to evaluate this trait were on a 
qualitative scale from 1 to 5, where 1 represented the best 
performances (very vigorous, with no diseases) and 5 the 
worst ones (full of diseases and terrible appearance) (24). 

Bipolaris maydis 
tolerance 

Flowering 
time 

This trait specifically evaluates whether the 
plant has the disease at a small, moderate, or 

null level. B. maydis is a worldwide serious 
foliar disease of maize that can cause a 40 % 

loss in yields (25). 

The parameters used to evaluate this trait were on a 
qualitative scale from 1 to 5, where 1 represented the best 

performance (zero presence of the disease) and 5 the 
worst (full of the disease) (24). 

Exserohilum tursicum 
tolerance 

Flowering 
time 

This trait specifically evaluates whether the 
plant has the disease at a small, moderate, or 

null level. E. Tursicum can cause extensive 
defoliation and could result a 50 % loss of the 

yield (26). 

The parameters used to evaluate this trait were on a 
qualitative scale from 1 to 5, where 1 represented the best 

performance (zero presence of the disease) and 5 the 
worst (full of the disease) (24). 

Leaf number 
Flowering 

time 

As the number of leaves, as well as their 
distribution in maize plants, are crucial 

aspects in determining the plant architecture, 
population structure and the plant´s yield 
potential (27), it is meaningful to evaluate 

them. 

It was determined by visual count of the leaves (27). 

Seed weight-female 
Harvesting 

time 

As the raw seed weight is a component that 
directly affects the yield, it is fundamental to 

determine this trait (28). The seed weight-
female helps measure the ability of the inbred 

to produce ears and seeds when used as 
females, regardless of whether it received 

pollen from other inbreds (29). 

The seed weight of the female refers to sum of the seed 
weights of all the ears that used the same inbred as female 

if they came out from crosses or from selfs if they came 
from that same specific inbred (29). Moreover, before 

doing this, we need to ensure that each ear is well 
identified (i.e., which male and female parents were used 
to produce it), so we can then group the ears based on the 
female parent and subsequently weigh them all together. 

The weights were measured with a balance. 

Seed weight-male 
Harvesting 

time 

As the raw seed weight is a component that 
directly affects the yield, it is fundamental to 

determine this trait (28). The seed weight-
male helps to measure the ability of the 

inbred to produce ears and seeds when these 
are used as males, regardless of which other 

inbred its pollen is going to fertilized. (29). 

The seed weight of the male refers to sum of the seed 
weights of all the ears that used the same inbred as male if 
they came out from crosses or from selfs if they came from 
that same specific inbred (29). Moreover, before doing this, 

we need to ensure that each ear is well identified (i.e., 
which male and female parents were used to produce it), 

so we can then group the ears based on the male and 
subsequently weigh them all together. The weights were 

measured with a balance. 

Ear aspect Harvesting 
time 

The ear aspect is an important trait reflecting 
the visual quality of the ear, including kernel 
uniformity, size and overall appearance. In 

this sense, the ear aspect is a crucial factor in 
selecting varieties and hybrids (30). 

The parameters used to evaluate this trait were inside a 
qualitative scale from 1 to 5; where the 1 represented the 

best performances (very good looking ears, filled of 
kernels, disease free) and 5 the worst ones (full of diseases, 

totally rotten and terrible appearance) (24). 

Table 2. List of the evaluated traits and their descriptions 

(Eqn. 1) 
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Results and Discussion 

Phenotypic variability among genotypes         

Table 3 displays average values for various morphological 

traits of different maize genotypes. The traits include seed 

weight-female (SW-female), when the genotype was used as 

female, seed weight-male (SW-male), when the genotype was 

used as male, plant height (PH), plant aspect (PA), leaf number 

(LN), ear aspect (EA) and the incidence of Bipolaris maydis (B. 

maydis) and Exserohilum tursicum (E. Tursicum) (Table 2). The 

results of the ANOVA (Table 4) showed that the genotype had a 

significant effect only in SW-female, SW-male, LN and EA. The 

coefficient of variations (CV) oscillated between 7.79 % (LN) 

and 17.97 % (SW-female and SW-male). Likewise, the three 

genotypes used as females with the best seed weights were 

HPOOL23 (335.97 g), MrChua-OP1 (322.76 g) and CR36 (191.48 

g); whereas the three genotypes used as males with the best 

seed weights were HPOOL23 (22.63 g), MrChua-OP1 (207.51 g) 

and Tester B (207.51 g). On the other hand, the genotypes 

MrChua-OP8 (77.26 g), HPOOL26 (55.26 g) and 5241 (52.52 g) 

demonstrated the lowest seed weights as female parents and 

CML310 (44.60 g) had the lowest seed weight as a male parent. 

Complementarily, as it was noticed in the Table 3, for 

genotypes 26211 and CML481 no data were collected for seed 

weight used as male or female parent; and for HPOOL33 no 

data was gotten for seed weight used as female, which means 

that no ears were obtained out of these materials due to a very 

poor performance. Moreover, this information is essential, as 

the seed weight of the ears is an effective trait that contributes 

to grain yield, which is the most desirable trait in maize (37, 38). 

 In addition, for the evaluation of both diseases, as well as 

for the plant aspect, most genotypes showed a score of 2 

(adequately resistant), indicating no significant differences. On 

the other hand, the LN ranged from 8.66 (TESTER-A) to 12.85 

(MrChua-OP8), suggesting that MrChua-OP8 exhibited better 

vegetative growth compared to the others (Table 3). 

Correspondingly, a higher number of leaves can indicate a more 

vigorous plant, which may be more competitive for resources 

such as light and nutrients (39). Nonetheless, another 

characteristic that revealed significant differences among the 

genotypes was the EA. Good ear aspect often correlates with 

better grain quality, which is crucial for both marketability and 

processing (40). Likewise, good EA can also indicate resistance to 

ear diseases. Poor ear quality can result from fungal infections or 

pest damage; thus, genotypes with better ear quality are likely 

more resistant to these issues (41). Furthermore, the EA also 

functions as fundamental reservoir for photosynthetic products 

in maize and is directly related to the yield (42). Additionally, 

based on the results obtained, the genotype 26211 has the 

highest EA rating (3.82), indicating better ear quality, while 

CML481 has the lowest EA rating (1.90), indicating poor ear 

quality. 

Phenotypic correlations among traits        

The phenotypic correlation analysis exhibited positive and 

negative correlations between the traits of interest under study 

(Table 5). Nonetheless, the strongest positive correlation was 

observed among plant height and leaf number (r = 0.877; 

p<0.01), which aligns with the idea that taller plants have more 

leaves. Consequently, this correlation was followed by the one 

Inbreds SW-female (g) SW-male (g) PH (cm) PA B.  maydis E. tursicum LN EA 

HPOOL23 335.97  a 222.63  a 116.81  ab 2.23  a 2.26  a 1.00  a 9.64  ab 2.91  ab 

MrChua-OP1 322.76  a 207.51  a 121.22  ab 2.16  a 2.02  a 1.00  a 10.50  ab 2.71  ab 

CR36 191.48  ab 110.05  ab 120.30  ab 2.46  a 2.42  a 1.00  a 10.06  ab 2.84  ab 

PH6W 150.41  ab 104.64  ab 118.63  ab 2.20  a 2.06  a 1.00  a 10.08  ab 3.20  ab 

CML310 144.47  ab 44.60  b 122.05  b 2.40  a 2.14  a 1.03  a 10.63  ab 2.95  ab 

TESTER-B 143.03  ab 207.51  a 121.17  ab 2.33  a 2.19  a 1.02  a 10.18  ab 3.14  ab 

HPOOL22 138.77  ab 168.02  ab 120.32  ab 2.10  a 2.02  a 1.05  a 11.10  ab 2.64  ab 

NS12 128.02  ab 113.43  ab 120.43  ab 2.33  a 2.05  a 1.00  a 11.09  ab 2.71  ab 

43009 126.74  ab 96.51  ab 128.38  ab 2.68  a 2.61  a 1.55  a 10.39  ab 2.90  ab 

CML264 124.21  ab 155.02  ab 117.70  ab 2.06  a 2.02  a 1.00  a 10.69  ab 3.19  ab 

TESTER-A 119.30  ab 150.41  ab 98.34  b 2.42  a 2.10  a 1.12  a 8.66  b 2.55  ab 

MrChua-OP8 77.26  b 137.38  ab 155.98  a 2.23  a 2.06  a 1.00  a 12.85  a 3.19  ab 

HPOOL26 55.26  b 136.00  ab 135.96  ab 2.00  a 2.00  a 1.00  a 12.03  ab 3.22  ab 

5241 52.52  b 126.74  ab 119.85  ab 2.59  a 2.33  a 1.03  a 10.04  ab 2.94  ab 

26211 . . 126.30  ab 2.53  a 2.32  a 0.96  a 11.78  ab 3.82  a 

CML481 . . 127.20  ab 2.20  a 2.10  a 1.00  a 10.50  ab 1.90  b 

HPOOL33 . 128.02  ab 116.67  ab 1.96  a 2.00  a 1.03  a 10.11  ab 2.92  ab 

F-test ** (≤ 0.01) * (0.02) ns  (0.12) ns (0.90) ns (.89) ns (0.21) *  (0.04) *  (0.04) 

Mean 150.73 140.56 122.78 2.29 2.16 1.05 10.61 2.93 

Range 52.52-335.97 44.6-222.63 98.34-155.98 1.96-2.68 2.00-2.61 0.96-1.55 8.66-12.85 1.90-3.82 

CV (%) 17.97 17.97 9.34 15.77 14.84 14.6 7.79 12.07 

Table 3. Mean performance of maize genotypes for different morphological traits 

SW-female: average seed weight when the line was used as female parent; SW-male: average seed weight when the line was used as male 
parent; PH: plant height; PA: plant aspect; B. maydis: Bipolaris maydis; E. tursicum: Exserohilum tursicum; LN: leaf number; EA: ear aspect;  CV: 

coefficient of variation; *: Significant at α= 0.05; **: Significant at α= 0.01; ns: not significant. Means followed by the same letter in the same 

column are not significantly different at α = 0.05 based on the Tukey-Kramer test. The ratings of PA, B. maydis, E. tursicum and EA oscillated 

between oscillated from 1 = highly resistant or great performance, to 5 = highly susceptible or most undesired performance 
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between PA and B. maydis (r = 0.845; p<0.01), indicating that 

plants with better visual aspects are more resistant to B. 

maydis, as resistant plants did not show any symptoms of the 

disease (Ovoid injuries with a dark brown border, extended 

russet injuries and /or orange stippled injuries) and in 

consequence, their aspect was better (43). In addition, a 

moderate positive correlation with E. tursicum, although not 

statistically significant (r = 0.488; p>0.05), suggests a similar 

trend, where better plant aspect is found to be associated with 

disease resistance. Specifically, the absence of disease 

symptoms is associated with a better plant aspect. 

Complementarily, it was observed that E. tursicum displayed a 

positive correlation with B. maydis (r = 0.610; p<0.01), 

indicating that genotypes resistant to one disease are likely to 

be resistant to the other. This could be due to general disease 

resistance mechanisms or genetic factors (28). Moreover, there 

is a moderate positive correlation between SW-female and SW-

male (r = 0.526; p<0.05), suggesting that some genotypes 

produce similar seed weights when used as female or male 

parents, which indicates the lack of significance in maternal 

effects for this specific trait (44). The remaining correlation 

coefficients fall within the range of -0.5 to 0.5.  

 Although plant height (PH) can be positively correlated 
with the yield potential in maize, taller plants often have more 

biomass and greater photosynthetic capacity, which can 

contribute to higher grain yields. However, excessively tall 

plants may be prone to lodging, which can negatively affect 

yield (45). In fact, according to a study in China in 2023, the 

yield components (kernel number and thousand-kernel 

weight) were negatively correlated with lodging resistance 

(more lodging less yields); and that this resistance was 

primarily due to a good stem and root allocation, as well as to 

a lower plant and ear height (46). Moreover, this situation is 

evident in this study, as the genotype MrChua-OP8, which had 

the highest plant height (155.98 cm), yielded the lowest 

amount when used as a female parent (77.26 g) due to lodging. 

However, when used as a male parent, it produced 

significantly higher yields (137.38 g), as in this case, only the 

pollen of MrChua-OP8 was used to pollinate other genotypes 

that were not affected by lodging. Nonetheless, significant 

genetic variability in PH allows breeders to select for optimal 

plant height that balances biomass production and resistance 

to lodging (47). 

Cluster analysis of maize inbred lines          

In this study, a dendrogram with three clusters was 

constructed using Neighbor-joining method (Fig. 2 & Table 6). 

The cluster one was formed of two sub-clusters, in which the 

first of this sub-clusters was conformed, at the same time with 

two groups. One group integrating only NS12 and the other 

group including Tester A and HPOOL 22. On the other hand, the 

sub-cluster two of the first cluster, was formed also with two 

groups. The first group formed with CML 310 and 43009; and 

the second group, comprised with two sub-groups. The first 

sub-group including HPOOL 33 and 5241 and the second sub-

group containing PH6W and CR36. Likewise, the cluster two, 

consisted also with two sub-clusters. The first sub-cluster 

involving CML 264 and the second sub-cluster composed with 

26211 and HPOOL 26. Finally, the cluster three, entailing, just 

as previous cases, two sub-clusters. The first sub-cluster 

formed only with Tester B and the second sub-cluster formed 

with two groups. In the first group, integrating CML 481 and in 

the second group, integrating HPOOL 23 and Mr Chua-OP1.  

 In addition, by comparing the relationships presented 

in the dendrogram (Fig. 2) with the means of maize 

morphological traits (Table 3), it can be seen that the clusters, 

the sub-clusters, groups and sub-groups were formed 

according to the similarity of the inbreds for ear aspect, seed 

weight-female, seed weight- male and leaf number, as these 

were the only traits in which significant differences were 

exhibited among genotypes and clusters. Moreover, in relation 

to seed weight-female and seed weight- male, cluster three 

was the one with the highest means compared to the other 

Trait Genotype  Replication  CV (%) 

SW-female 2.24 ** 8.66a ** 17.98 

SW-male 1.44 * 8.66a ** 17.98 

PH 256.52  114.90  9.34 

PA 0.07  0.04  15.78 

B. maydis 0.06  0.00  14.85 

E. tursicum 0.04  0.04  14.60 

LN 1.75 * 1.27  7.79 

EA 0.26 + 0.88 * 12.07 

Table 4. Summary of ANOVA mean squares for quantitative 
agronomic traits of maize inbred lines 

SW-female: average seed weight when the line was used as female 
parent; SW-male: average seed weight when the line was used as 

male parent; PH: plant height; PA: plant aspect; B. maydis: Bipolaris 
maydis; E. tursicum: Exserohilum tursicum; LN: leaf number; EA: ear 

aspect; For SW-female and SW-male, replication represents type 
(self or cross); +, *, **: significant at 0.1, 0.05 and 0.01 level, 

respectively 

  SW-female SW-male PH PA B. Maydis E. Tursicum LN EA 

SW-female 1        

SW-male .526 * 1       

PH -0.293 -0.127 1      

PA -0.142 -0.342 -0.087 1     

B. maydis 0.049 -0.202 0.0002 0.845** 1    

E. Tursicum -0.13 -0.258 -0.018 0.488 0.610 ** 1   

LN -0.371 -0.137 0.877 ** -0.212 -0.212 -0.199 1  

EA -0.322 -0.096 0.266 0.105 0.141 -0.121 0.41 1 

Table 5. Correlation between seven traits of maize inbred lines 

SW-female: average seed weight when the line was used as female parent; SW-male: average seed weight when the line was used as male 
parent; PH: plant height; PA: plant aspect, B. maydis: Bipolaris maydis; E. tursicum: Exserohilum tursicum; LN: leaf number; EA: ear aspect; *: 

significant at α= 0.05; **:  significant at α= 0.01 
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Fig. 2. Neighbor-joining tree of maize lines based on Gower dissimilarity matrix.  
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two clusters (267.25 g for seed weight-female and 212.55 g for 

seed weight-male) even though CML 481 did not present any 

data for seed weight-female and seed weight-male. However, 

for leaf number and ear aspect, cluster three was not the best 

one. For leaf number its values ranged between 9.64 and 10.50, 

while in cluster two, the values oscillated between 10.69 and 

12.03. Likewise, for the ear aspect, cluster two had the highest 

values, with a mean of 3.35 and a range of 3.19 to 3.82. In 

contrast, the means for ear aspect in clusters one and three 

were very similar, at 2.85 for cluster one and 2.66 for cluster 

three. 

 Likewise, by creating these categorisations based on 

phenotypical expressions, such as ear aspect or seed weight, 

together with those based on how well they combine with 

already proven specific testers, is how we should create 

heterotic groups. In addition, by using this strategy is less 

costly to evaluate the relative performance of a large number 

of inbreds, in terms of their ability to produce hybrids with high 

level of heterosis, which is the augmented performance of a 

hybrid compared to their inbred parents and it mostly gets 

expressed, when two inbred parents of different heterotic 

groups get crossed (48-50).  

 

Conclusion  

The inbreds had significant effects on seed weight, as well as on 

leaf number and ear aspect. HPOOL23 and MrChua-OP1 proved 

to be the best, with the highest seed weight values when used as 

both males and females. Correspondingly, the traits that 

exhibited the highest correlations were plant height and leaf 

number with r = 0.877; p<0.01. Moreover, the neighbour-joining 

method helped identify the clusters with the highest mean for 

seed weight (SW-female and SW-male), which was cluster three 

and to identify the cluster with the best ear aspect mean, which 

was cluster two. This study provides a valuable information for 

understanding the behavior of inbreds in developing hybrids.  
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