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The primary efforts in any wheat breeding program are the targeting of important traits and the
detection of genetic diversity among different wheat genotypes in different environments. Hence to
identify prominent traits in wheat lines in low altitude conditions of the bimodal humid forest zone of
Cameroon, 38 wheat lines were characterized on the base of morphological traits. The field experiment
was conducted in low altitudes conditions in 2016-2017. 18 morphological traits were scored on the 38
wheat lines sown following an incomplete alpha-lattice design. The result obtained revealed a high
genetic variation among all the studied traits in this area. Correlation and path correlation analysis
revealed overall positive influence of the glossiness of grains and grain color on the grain quality
character. Factors analysis based on principal component analysis revealed 3 important factors with a
cumulative variance of 40.3%. The first important factor F1, explaining 16.7% of the variance was
composed of Plant habit (Phb), Tiller number (Tnu), Culm thickness (Cthic), and Spike density (Sde).
The second factor (F2) explaining 12.4% of the variance was composed of Leaf angle (Lan), Glume color
(Glco), and Spike density (Sde). The third factor (F3) explaining 11.2% of the variance was composed of
Grain color (Gco), Grain quality (Gqu) and Glossiness of grain (GIGr). Thus, suggesting suitable
characters for wheat breeding programs in this studied area. The determination of contribution of
variance and cluster analysis studies allowed observing that the wheat lines SST835, Konstrad F2004-
1, Kenya2, SST843, SST806, Pfau4, Sup152-1 and Nd643-2 highly contributed to the variance in each
factor with a high genetic dissimilarity among them. Thus, suggesting they may possess a high genetic
polymorphism that could be further explored through molecular techniques for breeding programs.
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INTRODUCTION

Wheat is a cereal grass of the genus Triticum of Poaceae rice with a world annual production of approximately 766
family. It is the third most consume cereal after maize and million tons (FAO, 2019). Africa wheat demand has
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increased along the years, especially in urban areas due
to increase in population growth rate and strong
urbanization registered (Negassa et al., 2013). As the
main source of food security, wheat production in
Cameroon is estimated at 900 tons annually FAO(2019),
which is highly inferior to the national demand estimated
at 860,000 tons in 2020, with a projection of imports of
900,000 tons in 2021 (Anonyme, 2021). Cameroon is
naturally endowed with enormous agricultural potential
despite this fact our consumption depends at 100% on
importation (PAM, 2011). The major and logical resolution
would therefore be the increase in local production which
will involve the extension of wheat cultivation in the five
agro-ecological zones. Cameroon landforms are mostly
characterized by a high level of topographic variation.
Thus, wheat evaluation in high, mid and low altitude areas
will be of great necessity, to firstly extent wheat adaptation
capacities in these areas, and secondly provide
information to plant breeders, to target characters that
may easily permit a better selection of wheat lines highly
adapted in these environments. A Similar study was
conducted in high altitude conditions in Cameroon by Ngo
Ngom, (2017), where appropriate characters were
selected for wheat breeding programs in this high altitude
environment. However, the potential of adaptation and
expression of wheat lines in high and low altitude
conditions has been demonstrated by Altuhaish et al.
(2014) to vary significantly. Hence conducting the same
study in different environments with a greater number of
different wheat genotypes will be highly informative to
plant breeders and for wheat cultivation extension in
Cameroon.

The assessment of genetic diversity is a key
prerequisite for studying the adaptation of populations to
new environmental conditions, and therefore for the
selection of new varieties (Tékeu et al., 2017). Hence it is
important to study genetic variability in wheat germplasm
to meet the diversified goals, such as increase yield,
wider adaptation, desirable qualities, pest and fungi
diseases resistance (Fufa et al.,2005). Morphological and
agronomic characters played a pivotal role in determining
important traits, which can be used in breeding programs
(Siahbidi et al., 2012). These morphological descriptors
are displayed as presence/absence of character state to
discriminate accessions during germplasm evaluation
(Malik et al., 2014). Multivariate analysis is the most
commonly used approach for genetic variability
estimation. Multivariate technics like principal component
analysis or factor analysis and cluster analysis are one of
the preferred tools in agro-morphological characterization
of genotypes and their grouping on the basis of their
similarity (Mohammadi and Prasanna, 2003; Peeters and
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Martinelli, 1989).

Principal components analysis or factor analysis is a
method that reduces a large number of correlated
variables to a small number of uncorrelated variables or
component. It extracts a subset of identical variables,
identifies the basic concept of multivariate data, and
recognizes applied and biological connections among the
traits (Bramel et al., 1984; Siahbidi et al., 2012). Principal
component analysis or factor analysis is an approach that
gives comprehensive information of characters that
deeply reveals the variability in crops (Rachovska et al.,
2002). Factor analysis identifies plant traits that
characterize best the distinctness among selected
genotypes. It has been used to partition observed
agronomic variation in genotypes of many crops such as,
rubber (Omokhafe and Alika, 1999), sweet potato
landraces (Afuape et al., 2011), rice (Nassir, 2002),
sesame (Mponda et al, 1997) and durum wheat
(Ahmadizadeh et al., 2011; Siahbidi et al., 2012). Hence, it
exploitation may not only revealed the interrelationship
existing among the study traits, but also permit the
appreciation of important characters that could be chosen
by local plant breeders in selection of high quality wheat
cultivars. This study aimed to identify important
morphological characters in wheat lines evaluated in low
altitude conditions of the bimodal humid forest zone of
Cameroon.

MATERIALS AND METHODS
Field experiment

The experiment was conducted in low altitude area of 650 m above
the sea level, with average temperature and rainfall of 24.5°C and
1560 mm respectively, located in lowland of Nkolbisson zone with a
relative humidity of 62%. A total of thirty-eight wheat lines were
evaluated in a trial during 2016-2017. Accessions were collected in
Africa, Mexico and some from international Maize and wheat
improvement center (CIMMYT) (Table 1). Those varieties were
evaluated in an incomplete alpha-lattice design with 2 repetitions.
Each wheat line was planted in a single 3 m row with 25 cm spacing
between the rows.

Morphological measured traits

The 38 wheat lines were scored on the base of 18 morphological
traits, among which, Spike shape (SpSH), Leaf colour (Lco), Spike
waxiness (Swax), Plant habit (Phb), Culm thickness (Cthic), Glume
colour (Glco), Grain colour (Gco), Ear protrusion (Epr), Spike density
(Sde), Glossiness of grain (GrGlo), Grain quality (Gqu), Tiller
number (Tnu), Chlorophyll content (Qtl), Leaf angle (Lan), Internode
length (lle), Culm angle (Can), Stem diameter (Sdim) and Culm
length (Cle). These traits were collected following the wheat
descriptor model (Table 2), and were submitted to data analysis.
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Table 1. 38 wheat (Triticum aestivum L.) accessions selected for this study.

No. Wheat lines No. Wheat lines No. Wheat lines
1 SST866 14 Babax13 27 Nd643-2
2 SST 806 15 Sup152-1 28 Babax12
3 SST835 16 Babax7 29 Babax14
4  SST 843 17 Babax1 30 Kenya2
5 SST 895 18 Babax8 31 Premiol
6 SST 867 19 Babax10 32 Premio3
7 SSTO015 20 Babax11 33 WhlII3
8 SST 056 21 Attilad 34 Pfunyel
9 SST 88 22 Babax15 35 Kenya4
10 SST 087 23 Babax17 36 Nd643-1
11 SST 027 24 Nd643-5 37 Waxwingl
12 Pfaud 25 Croc_1 38 Kronstad F2004-1
13 Babax2 26 Nd643-3 / /

Data analysis

The 18 morphological characters were analyzed. Their means
subjected to analysis of variance (ANOVA), correlation analysis to
appreciate the interrelationship existing among them and genetic
correlation applied for computation of path analysis according to
Felipe de Mendiburu method (Singh and Chaudhary, 1979). Factor
analysis was done and principal components method analysis was
used to extract factorial load of matrix and to estimate the number
of factors. Hence, the factors having a root bigger than two were
selected, which permitted the formation of a factorial coefficient
matrix (Harman, 1976). Hierarchical clustering was done using the
euclidean distancing method. The data were analyzed using R
software of version 3.5.3.

RESULTS

Analysis of variance

The analysis of variance of the data collected following the
wheat descriptor model for all the studied traits indicated
significant differences (P<0.01) among the 38 wheat
genotypes evaluated in this environment (Table 3).

Correlation analysis

The present study showed positive significant
correlations between important kernel variables like
glossiness of grain (GIGr) and Grain color (Gco) (0.62**),
glossiness of grain and grain quality (Gqu) (0.57**) and
between grain quality and grain color (0.71**) (Table.4).
This indicate that the glossy grains in this studied showed
poor grain quality compare to powdery grains (Table.2),
and that white colored grains were mostly of good quality.
Also, positive correlation was observed between grain
quality and culm length (0.30%*) (Table 4), hence an
increase in culm length might negatively influence the
quality of grains in this study area (Table 2). On the other
hand, negative correlation were observed between grain

quality (Gqu) and variables like plant habit, chlorophyll
content (Qtl), leaf angle (Lan), culm thickness (Cthic),
internode length (lle) and stem diameter (Sdim) (Table 4),
which indicate an increase in each of this variable, will
positively influence the grain quality (Table 2). Equally,
positive correlations were observed between spike
variables like spike density and spike shape (0.53**)
(Table 4). Which indicate there is an increase in spike
density when the spike shape varies from oblong to
oblong-clavate (Table 2). Also, it was observed that the
spike density increases as the plant habit goes from erect
to prostrate (Table 2), as a positive correlation (0.39%)
was revealed between these variables (Table 4). This
observation was also, verified between the spike density
and culm thickness (0.43**), where an increase in culm
thickness positively influence the spike density (Table 2).
Furthermore, variable like glume color (Glco) showed
positive significant correlations with variables like leaf
color (0.38*) and leaf angle (0.31%*). Lastly correlations
were observed between important variables like culm
thickness and plant habit (0.39%), culm angle and leaf
angle (0.57*), tiller number and plant habit (0.62**), leaf
angle and leaf color (0.54**) and between plant habits
and leaf color (0.40**) (Table 4).

Path analysis

Path analysis is basically breaking down of correlation to
define path through which a particular character
contributes to a major trait. In this study it depicted the
strength of association of all independent variables under
study on the grain quality character (Table 5). Path
coefficient analysis in this study revealed that the
glossiness of grain had a maximum direct effect on grain
quality variable followed by the character grain color and
the spike shape (Table 5). Nonetheless, overall positive
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Table 2. Wheat descriptor model.

SIN Character Descriptor Abbreviation S/N Characters Descriptor Abbreviation
1 2 Erect Pha 9 2 Very sparse
4 Semi-erect 3 Sparse
Plant habit 5 |ntermediate 4 Slightly sparse
6 Semi-prostrate Spike density 5 |ntermediate Sde
8 Prostrate 6 Slightly dense
2 2 Yellow Glco 7 Dense
3 Yellowish brown 8 Very dense
Glco 4 Brown 10 2 Very short
5 Reddish brown 3 Short
6 Red 4 Slightly short
3 0 White Gco Ear protrusion 5 |ntermediate Epr
1 Light yellow 6 Slightly long
2 Yellow 7 Long
Grain colour 3 Yellowish brown 8 Very long
4 Brown 11 0 Absent
5 Reddish brown 2 Almost none
6 Red 3 Very little
4 2 Very close Can Spike waxiness 4 Little
3 Close 5 Intermediate Swa
4 Slightly close 6 Some
Culm angle 5 Intermediate 7 Much
6 Slightly open 8 Very much
7 open 12 1 Excellent
8 Very open 2 Very good
5 2 Very thin Cth 3 Good
3 Thin 4 Slightly good
4 Slightly thin Grainquality 5 ntermediate Gqu
Culm 5 Intermediate 6 Slightly poor
thickness g gjightly thick 7 Poor
7 Thick 8 Very poor
8 Very thick 9 Extremely poor
6 2 very light Lco 13 3 Powdery
3 Light green 4 Slightly Powdery
4 Slightly light Glossiness  of5 |ntermediate Gor
Leaf colour 5 Green gran 6 Slightly glossy
6 Slightly dark 7 Glossy
7 Dark green 14  Tiller number Integer Tnu
7 2 Dirill form-fusiform SpSH 15 Culm length Integer (Cm) Cle
3 Fusiform
5 Oblong
Spike shape 4 Fusiform-oblong 16  Stem diameter Integer (Cm) Sdi
6 Oblong-clavate 17 Internode length Integer (Cm) lle
8 Leafangle 2 Very close, 3 close, 4Can
Sl cose © merpedate 0 P egerugn

Very open




Mam et al. 51

Table 3. Sum of squares and Mean square of wheat morphological characters collected in this study

Repetition MS Genotypes MS

Character Genotypes SS  Error SS Total SS GM Ccv (df=1) (df=37) Error MS
Phb 266.276 30.276 298.776 4171 21.69 2.223 7.196** 0.818
Lco 142.487 38.382 180.987 5.513 18.47 0.118 3.851* 1.037
Lan 152.421 25.105 179.421 4.815 17.1 1.894 4,119* 0.678
Tnu 142.883 3.854 147.041 3.25 9.93 0.304 3.861** 0.104
Can 188.697 34.908 225.197 5.77 16.82 1.592 5.09** 0.943
lle 218.332 20.609 238.984 9.063 8.23 0.0431 5.9%* 0.557
Qtl 6565.76 17.72 6584.38 42.171 1.64 0.906 177.453** 0.479
Cle 7520.58 60.96 7582.24 32.96 3.89 0.707 203.259** 1.647
Glco 51.631 27.421 81.631 3.289 26.17 2.578 1.395* 0.741
Cthic 67.158 38.158 106.158 5.394 18.82 0.842 1.815* 1.031
SpSH 43.486 18.855 62.986 3.486 20.47 0.64474 1.175* 0.509
Sde 63.434 27.75 95.934 6.381 13.57 4.75 1.714** 0.75
Epr 109.105 3.789 113.105 3.342 9.58 0.21 2.948** 0.102
Swax 244.684 23.789 268.684 5.131 15.63 0.2105 6.613** 0.642
Sdim 0.863 0.076 0.943 0.221 20.74 0.001 0.0233** 0.002
Gco 118.947 13.526 132.947 3.473 17.41 0.473 3.214** 0.365
GIGr 356.632 9.947 366.632 5.21 9.95 0.052 9.638** 0.268
Gqu 79.789 16 95.789 3.052 21.54 9.23E-32 2.156** 0.432

SS: Sum of squares, MS: Mean Square, GM: Grand mean, CV: Covariance df: Degree of freedom, ***, significant at 0.05, 0.01 level of

significance respectively.

effect of the spike shape on the grain quality variable was
not significant due to the negative indirect effect through
some characters like the plant habit, leaf angle, culm
thickness, spike waxiness, stem diameter and glossiness
of grains (Table 5). The character tiller number showed a
direct positive effect (0.196) on grain quality, but a non-
significant positive association with the character grain
quality (Table 5). This can be justified by the negative
indirect effect through characters like plant habit, leaf
color, culm angle, chlorophyll content, culm length, culm
thickness, ear protrusion, spike waxiness, stem diameter
and glossiness of grains (Table 5). This observation was
also revealed for the character culm angle on grain
quality, that showed a positive direct effect (0.126), but a
non-significant positive association with the grain quality,
due to the negative indirect contribution of characters like
leaf angle, internode length, chlorophyll content, glume
color, spike shape, spike density, spike waxiness and
stem diameter (Table 5). Equally, the character leaf color
showed a positive direct effect on grain quality. However,
it was revealed a non-significant positive association with
the character grain quality due to the negative indirect
effect of some characters like leaf angle, tiller number,
chlorophyll content, glume color, spike density, ear
protrusion, stem diameter and glossiness of grain (Table
5). This observation was also verified for the character
spike density, that showed a positive direct effect on

grain quality, but with a non-significant positive
association, which here is justified by a negative indirect
effect of characters like plant habit, leaf color,, culm
angle, internode length, culm length, glume color, culm
thickness, and stem diameter (Table 5). Also, the
character ear protrusion and spike waxiness showed
positives direct effect on grain quality, but with positives
non-significant associations, this due to the negative
indirect contributions of variables like leaf color, tiller
number, internode length and plan habit, tiller number,
culm angle, internode length, culm length, glume color,
spike shape respectively. Instead, the variable culm
length revealed a positive direct (0.167) effect and a
positive significant association with the grain quality
variable (Table 5). On the contrary, variables like the
plant habit, leaf angle, internode length, chlorophyll
content, glume color, culm thickness and stem diameter
showed negative direct and indirect effect, hence with
negative association with the variable grain quality (Table
5).

Scree plot and factor analysis
Scree plots were constructed to appreciate the variation in

eigenvalue of the different factors and their importance in
low altitude conditions (Figure 1). Generally, factors with
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Table 4. Correlation coefficients between studied characters collected on wheat lines evaluated in low altitude condition.

Trait Phb Lco Lan Tnu Can lle Qtl Cle Glco Cthic SpSH Sde Epr Swax Sdim Gco Gqu GIGr
Phb 1

Lco 0.40** 1

Lan -0.60** 0.54** 1

Tnu 0.62** -0.28  -0.39* 1

Can -0.66** 0.2 0.57** -0.46** 1

lle -0.22 -0.07 0.031 -0.21 0.15 1

Qtl -0.15 0.27 0.25 0.12 0.02 -0.13 1

Cle -0.35* 0.09 0.18 -0.05 0.26 0.15 -0.046 1

Glco -0.098 0.38* 0.31* -0.13 0.16 -0.12 0.15 -0.01

Cthic 0.36* -0.21 -0.36 0.25 -0.42* 0.09 -0.2 -0.22 -0.001

SpSH 0.1 0.15 -0.01 0.2 -0.31* 0.24 -0.05 0.04 0.01 0.41*

Sde 0.39* -0.05 -0.05 0.22 -04* 0.24 -0.1 -0.17 024 043** 0.53* 1

Epr -0.21 0.028 0.037 -0.14 0.037 0.45* -0.21 0.33* -0.286 -0.16 0.30* 0.127 1

Swax -0.1 0.044 -0.13 -0.19 -0.096 0.231 -0.029 -0.061 0.068 -0.163 0.091 0.089 0.296 1

Sdim -0.023 0.054 -0.003 0.13 0.009 0.073 0.33* 0.169 -0.007 0.088 0.262 0.0002 -0.123 0.133 1

Gco 0.021 0.146 0.026 0.06 -0.046 -0.087 -0.048 0.172 0.071 0.13 0.16 0.196 0.11 0.13  0.065 1

Gqu -0.092 0.077 -0.05 0.107 0.004 -0.011 -0.183 0.30* 0.021 -0.10 0.20 0.091 0.219 0.159 -0.046 0.71* 1

GIGr -0.093 0.007 0.22 -0.01 0.042 0.04 -0.187 0.099 0.224 -0.04 0.03 0.226 0.038 0.048 -0.017 0.62** 0.57** 1

* and **, Significant at 5 and 1% probability levels, respectively.

Table 5. Direct and indirect effect of wheat morphological characters related to grain quality.

Trait Phb Lco Lan Tnu Can lle Qtl Cle Glco Cthic  SpSH Sde Epr Swax Sdim Gco GIGr Corr. Gqu
Phb -0.133 -0.003 0.119 0.106 -0.074 0.024 0.006 -0.063 0 -0.071 0.034 0.011 -0.001 0.004 -0.001 0.023 -0.021 -0.092
Lco 0.042 0.011 -0.1 -0.041 0.029 0.008 -0.014 0.015 -0.01 0.028 0.009 -0.004 -0.0001 0 -0.011 0.023 -0.023 0.077
Lan 0.066 0.0047 -0.239 -0.066 0.063 -0.006 -0.015 0.026 -0.011 0.041 0.002 -0.003 -0.0001 -0.013 0.001 0 0.05 -0.05
Tnu -0.072 -0.002 0.081 0.196 -0.058 0.0261 -0.006 -0.006 0.006 -0.038 0.034 0.005 -0.0007 -0.019 -0.0187 0.025 -0.002 0.107
Can 0.078 0.002 -0.119 -0.09 0.126 -0.018 -0.001 0.04 -0.007 0.064 -0.047 -0.009 0.0003 -0.009 -0.004 0.002 0.023 0.004
lle 0.026 -0.0007 -0.011 -0.0413 0.018 -0.124 0.007 0.025 0.003 -0.012 0.045 0.005 0.002 0.032 -0.011 -0.023 0.007 -0.011
Qtl 0.016 0.002 -0.062 0.0216 0.002 0.016 -0.058 -0.008 -0.005 0.03 -0.006 -0.002 -0.001 -0.005 -0.043 -0.002 -0.052 -0.183
Cle 0.05 0.001 -0.038 -0.0078 0.03 -0.018 0.002 0.167 -0.0004 0.045 0.006 -0.005 0.002 -0.005 -0.024 0.033 0.021 0.30*
Glco 0 0.002 -0.064 -0.031 0.022 0.011 -0.007 0.001 -0.042 -0.021 -0.002 0.003 -0.001 0.012 0.007 0.012 0.037 0.021
Cthic -0.044 -0.001 0.045 0.0354 -0.037 -0.007 0.008 -0.035 -0.0042 -0.215 0.109 0.01 -0.001 -0.011 -0.014 0.012 -0.018 -0.1

SpSH -0.02 0.0004 -0.002 0.0295 -0.026 -0.024 0.001 0.005 0.0004 -0.103 0.227 0.013 0.001 -0.001 -0.025 0.028 -0.002 0.29

Sde -0.044 -0.001 0.021 0.031 -0.036 -0.021 0.004 -0.026 -0.003 -0.066 0.093 0.034 0.0005 0.001 -0.007 0.046 0.045 0.091
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Epr 0.028 -0.0002 0.004 -0.023 0.007
Swax -0.004 0 0.023 -0.027 -0.008 -0.028
Sdim  -0.001 0.0009 0.0023 0.025 0.003
Gco -0.012 0.001 O 0.019 0.001 0.011
GIGr  0.01 -0.001  -0.045 -0.001 0.011

-0.053

-0.009

-0.003

0.011 0.055 0.009 0.041 0.04 0.003
0.002 -0.006 -0.003 0.017 -0.002 0.0003
-0.017 0.028 0.002 -0.021 0.04 0.001
0.0005 0.021 -0.002 -0.01 0.024 0.0061
0.011 0.013 -0.005 0.015 -0.002 0.005

0.006 0.039 0.014 0.025 0.01 0.219
0.006 0.039 0.014 0.025 0.01 0.159

-0.0006 0.013 -0.144 0.017 -0.002 -0.046
0.0006 0.013 -0.01 0.256 0.137  0.71**
0.0002 0.002 0.001 0.133 0.264 0.57*

Corr. Gqu: Correlation of variables with the grain quality.

Variances
1.5 2.0 25 3.0

1.0

|
Comp.1

Comp.2 Comp.3 Compd Conp.5 Comp6 Comp7 Comp.8 Comp.9 Conp.10

Figure 1. Scree plot showing eigenvalue in response to number of component for the estimate characters in
wheat lines evaluated in low altitude conditions.

eigenvalues greater than 1 (eigenvalue > 1) are
selected in all analyses. But the appreciation of the
variation in eigenvalue of each factor in this study
permitted to select factors with an eigenvalue
greater than 2 (eigenvalue > 2) (Figure 1).

The first three factors explained 40.3% of

cumulative variance (Table 6). The first factor F1
explained 16.7 % of the variance, was composed
of highly loaded suitable growth variables like
Plant habit (Phb), Tiller number (Tnu), Culm
thickness (Cthic) and Spike density (Sde), the
second factor (F2), explained 12.4% of the

variance was composed of variables like Leaf
angle (Lan), Glume color (Glco) Spike density
(Sde) and the third factor (F3) explained 11.2 % of
the variance was composed of Grain color (Gco),
Grain quality(Gqu) and Glosiness of Grain (GIGr)
(Table 6).
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Table 6. Factor analysis of wheat lines characters evaluated in low altitude conditions.

Trait Factorl (F1) Factor2 (F2) Factor3 (F3) Communalities
Phb 0.848 -0.161 -0.036 0.788
Lco -0.386 0.465 0.141 0.393
Tnu 0.582 -0.131 0.152 0.401
Lan -0.632 0.619 0.017 0.787
Can -0.768 0.067 -0.023 0.595
lle -0.08 0.077 -0.146 0.547
Qtl -0.16 0.245 -0.113 0.172
Cle -0.359 -0.059 0.244 0.25
Glco -0.056 0.552 0.141 0.385
Cthic 0.591 0.146 -0.079 0.389
SpSH 0.339 0.354 0.19 0.474
Sde 0.610 0.534 0.137 0.773
Epr -0.124 -0.025 0.084 0.494
Swax -0.023 -0.022 0.096 0.119
Sdim 0.008 0.065 -0.042 0.007
Gco 0.068 0.116 0.754 0.589
Gqu -0.046 -0.134 0.964 0.85
GIGr -0.036 0.238 0.625 0.45
Eigenvalue 3.334 2.487 2.235 -
Proportion Variance 0.167 0.124 0.112 -
Cumulative Variance 0.167 0.291 0.403 -

Contribution of wheat lines to F1, F2 and F3 factors

The evaluation of the contributions of each wheat line to
the variance in each factor showed that, lines SST835
and Kronstrad F2004-1 contributed 5% of variance in F1
factor. The wheat lines SST015 and Kenya2 showed a
contribution of 4% and lastly, the lines SST88, Atilla4 and
Premio3 showed a contribution of 3% in F1 factor (Table
7). It was observed a high contribution of more than 9% of
line SST843, followed by SST806 and Pfau4, which
showed a contribution of more than 7 and 6% of variance
respectively in F2 factor. Also, wheat lines SSTO056,
Supl52-1 and Babax2 showed different contributions in
variance of more than 5, 4 and 3% respectively in F2
factor. Lastly, it was observed in F3 factor a high
contribution of variance of more than 6 and 5% of wheat
lines Supl52-1 and Nd643-2 respectively. Babax8 and
Waxwingl showed a contribution of more than 4%, and
Pfau4 and Babax2 showed a contribution of more than
3% of variance in F3 factor (Table 7).

Cluster analysis

Cluster analysis appreciates the genetic similarity and
dissimilarity among genotypes. In this study cluster
analysis was performed to appreciate the genetic
variability among wheat genotypes that contributed to the

variance in each factor. It was revealed in this study that,
the wheat genotypes SST835 and Konstrad F2004-1 that
highly contributed (>5%) to the variance in F1 factor
(Table 7), showed a high genetic dissimilarity among them
(Fig.2). This observation was similar for wheat genotypes
SST015 and Kenya2 that contributed at 4% to the
variance in F1 factor (Table 7) and showed a high genetic
dissimilarity. However, it was revealed that wheat
genotypes SST015 and SST835 showed a low genetic
dissimilarity among them (Fig.2). In the second factor
(F2), the wheat genotype SST843 that highly contributed
(>9%) to the variance (Table 7), showed a high genetic
dissimilarity with the wheat genotype SST806 that
contributed at 7% to the variance in F2 factor and with the
wheat genotype Pfaud that contributed at 6% to the
variance in F2 factor (Figure 2). Also, the wheat
genotypes SST806 and Pfaud4 showed a high genetic
dissimilarity among them (Figure 2). Lastly, in F3 factor
the wheat genotype Sup152-1 that highly contributed (6%6)
to the variance showed a high genetic dissimilarity (Figure
2) with the wheat genotype Nd643-2 that contributed at
5% to the variance in F3 factor (Table.7). Also, it was
observed that genotype Babax8 and Waxwingl that
contributed both at 4% to the variance in F3 factor (Table
7) showed a high genetic dissimilarity among them (Figure
2). However, the genotype Babax8, was genetically closer
to genotype Nd643-2, meanwhile, genotype Waxwingl
showed a close genetic similarity with genotype Sup152-1
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Table 7. Contribution of the observations (%)
No. Genotype F1 F2 F3 No Genotype F1 F2 F3
1 SST 866 0.160 1.833 0.132 20 Babax11 1.279 1.164 0.312
2 SST 806 0.480 7.199 0.070 21 Attila4 3.694 0.938 0.008
3 SST 835 5.091 0.030 0.005 22 Babax15 2.542 0.063 2.947
4 SST 843 0.055 9.085 0.638 23 Babax17 1.154 0.234 0.001
5 SST 895 0.655 2.289 1.292 24 Nd643-5 0.739 0.091 2.598
6 SST 867 1.935 0.277 0.165 25 Croc_1 0.288 0.136 1.237
7 SST 015 4,143 0.510 0.579 26 Nd643-3 1.283 0.913 0.458
8 SST 056 1.970 5.183 0.852 27 Nd643-2 0.063 0.737 5.358
9 SST 88 3.873 0.079 1.122 28 Babax12 0.610 0.100 0.005
10 SST 087 0.355 0.049 0.443 29 Babax14 0.142 0.005 0.277
11 SST 027 0.008 0.104 1.439 30 Kenya2 4.074 1.367 0.456
12 Pfaud 0.793 6.787 3.040 31 Premiol 0.009 1.526 0.546
13 Babax2 1.498 3.414 3.468 32 Premio3 3.955 0.151 1.232
14 Babax13 0.300 0.141 2.889 33 WhlI3 0.000 0.085 2.835
15 Suplb2-1 0.854 4,901 6.898 34 Pfunyel 0.384 0.020 2.503
16 Babax7 0.632 0.203 1.639 35 Kenya4 1.434 0.010 0.291
17 Babaxl 0.541 0.060 0.477 36 Nd643-1 0.173 0.008 0.332
18 Babax8 0.065 1.363 4.320 37 Waxwingl 0.000 0.060 4.448
19 Babax10 0.082 0.085 0.136 38 Kronstad F2004-1 5.086 0.012 0.455
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Figure 2. Dendrogram of the wheat lines cultivated in Nkolbisson.

(Figure 2). and physiological traits of genotypes are primary steps in
plant breeding programs (Ahmadizadeh & al., 2012). A
high number of researchers by means of factor analysis

DISCUSSION have determined various important criteria that could be

The collection and characterization of various agronomic

used in selection of important grain quality and yield traits
in wheat genotypes. Thus, this study that purpose was to
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target important morphological characters essential for
wheat breeding programs in Nkolbisson study area
revealed after correlation and factor analysis that, the
character glossiness of grain and grain color showed
positive significant correlation and indirect positive effect
with the variable grain quality, and it appears in this study
after factor analysis that these characters were suitable
selection criterion for wheat improvement in this area.
These results confirm the report made by Gaines et al.
(1996), which classified the grain vitreousness and color
as physical factors that persuade the grain quality of
wheat. Also, this study revealed that important spike
variables like spike density showed positive non-
significant correlation with grain quality variable with
positive direct and indirect effect and factor analysis
study revealed that this variable is suitable for genetic
diversity study of wheat in this area. A Similar result was
obtained by Siahbidi et al. (2012), in their study of factor
analysis of agro-morphological characters in durum
wheat lines, where it was revealed a high loading in first
factor (F1) of the variable number of spikelet annotated
Spike density (Sde) in our study and appeared to be
effective in increasing yield in wheat lines. A similar result
was also observed in a study of the correlation and path
analysis of yield and its components and plants traits in
wheat, where the number of spike was observed like a
prominent traits that directly influences yield in wheat
(Okuyama et al., 2004). Also, Malik et al. (2014), showed
in their study that, morphological character like Spike
density and Plant habit were prominent determinants for
genetic diversity in Indian wheat. This result was verified
in our study since the character Plant habit (Phb)
appeared to be highly loaded in the first factor (F1).
Equally the variable tiller number in this study was
observed after factor analysis to be suitable for wheat
diversity study and positively contribute to grain quality
variables. Feng et al. (2007), in their study of the
difference in grain yield and quality among tillers in rice
genotypes differing in tillering capacity, demonstrated that
there exists a significant difference in grain quality among
tillers within a plant for both genotypes. In contrary, the
variable culm thickness that showed negative correlation
and negative direct effect on grain quality, appeared to be
suitable characters for wheat breeding programs in this
area after factor analysis. Indeed, large culm trait was
demonstrated to be an important trait in biological and
grain yield increase in rice Wu et al. (2011). Furthermore,
this study showed that an increase in culm length
negatively influence the grain quality character. Lastly,
the glume color, that showed positive but non-significant
contribution to the grain quality, appeared to be highly
loaded in F2 factor, indicating it is a suitable character for
wheat breeding programs in this study area. Instead, the
leaf angle character showed a negative contribution to
the grain quality variable, however, showed a high
loading in F2 factor. This same character leaf angle was
observed in a study of relationships between grain yield,

flag leaf morphology, carbon isotope discrimination and
ash content in irrigated wheat, to have non-significant
influence on wheat yield (Monneveux et al., 2004). On
the other hand, it was reported in recent studies that,
Leaf traits such as flag leaf angle, flag leaf width, flag leaf
length, the ratio of length/width of flag leaf, and flag leaf
area may be useful for improving grain yield in wheat (Liu
et al., 2018). For wheat breeders to increase the genetic
progress in yield, they search for germplasm of high
genetic diversity (Uddin and Boerner, 2008). The
estimated genetic diversity has great importance for
optimal utilization and conservation of germplasm for
plant breeding and other activities, so, there is a great
necessity of investigating the genetic diversity in wheat
germplasm, to broaden the genetic variation for future
breeding and genetic resource conservation program (Al-
Naggar et al., 2020) and crop improvement programs. To
this end, the contribution of each genotypes to the
variance in each factor was conducted to appreciate the
genetic polymorphism that could exist among the same
or different genotypes in view of targeting wheat
genotypes with high morphological diversity which could
translate the high genetic diversity existing among them,
since genetic diversity is the material basis for crop
improvement (Valentina Spani¢ et al., 2012). Hence this
study of the contribution of wheat genotypes to the
variance in each factor revealed that, in F1 factor the
wheat lines SST835 origin from South Africa, Konstrad
F2004-1 and Kenya2 both origin from CIMMYT highly
contributed to the variance and could possess after
cluster analysis a high genetic polymorphism that showed
a high dissimilarity among them. Also, wheat lines
SST843, SST806 from South Africa and Pfau4 from
CIMMYT, that highly contributed to the variance in F2
factor appeared to be genetically dissimilar after cluster
analysis. Main while in F3 factor only Supl152-1 and
Nd643-2 both from CIMMYT, were retain to highly
contribute to the variance with a high genetic dissimilarity
among them.

Conclusion

The determination of important morphological variables
remains primordial in the targeting of genetic characters
essential for crop improvement in plant breeding
programs. Thus, this study which aimed to identify
important morphological characters in wheat lines
evaluated in low altitude conditions of the bimodal humid
forest zone of Cameroon allowed to observe that, the
glossiness (vitreousness) and color of grains were
revealed as important variables for breeding purpose and
that could directly influence the grain quality of wheat in
this study area. Additionally, variables like culm
thickness, spike density, plan habit, leaf angle, tiller
number, glume color, were revealed to be suitable for
wheat breeding programs in this area, with the following



wheat lines SST835, Konstrad F2004-1, Kenya2,
SST843, SST806, Pfau4, Supl52-1 and Nd643-2 that
were observed to possess a high genetic variability and
hence could be exploited through molecular technic to
further target important genes that could play a pivotal
role for crop improvement in Cameroon.
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