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oringa oleifera Lam. belongs to monogeneric

family Moringaceae which is commonly known
as Drumstick, Sohanjna and Sahjan and native to the
foothills of the Himalayas in north-western India (Lalas et
al., 2012). The genus Moringa comprises 13 species, of
which Moringa oleifera is widely cultivated and adapted
by local communities across the globe: It is found
evergreen in nature in tropical climatic conditions, while
deciduous in nature in sub-tropical climatic conditions
(Folkard et al., 1999). M. oleifera has high amount
of nutrients and mineral supplements, for example,
proteins, K, Ca, Fe, etc. with a quality equivalent to that
of meat, milk and eggs (Fuglie, 2005), carbohydrates,
fat, fiber, essential amino acids and minerals. Besides,
it has shown outstanding performance as an alternative
protein source for animal feed to increase milk and meat
quantity and quality (Su and Chen, 2020). Digestibility
score of essential amino acids present in M. oleifera
plant parts are more than the standards given by WHO,
FAO and UNO for small children (Fuglie, 2005) and thus
used in different ways which improves human health
and his surrounding environment. It is broadly used in
traditional system of phytomedicine and showed a high
degree of safety without having any adverse effects on
human health (Saini et al., 2016).

It is an established fact that concentration of
photochemical ingredients, nutrients and minerals
varies with the geographical area and locality (Dahakd
et al., 2019). The variability in biomass, fruit yield and
phytochemical composition is strongly dependent on
the different agro-climatic conditions, genetic factors,
growth stage and cultivation techniques (Leone et al.,
2015). With wide range of uses of moringa, most of the
research studies are focused mainly either on nutritional
or medicinal values. Since, M. oleifera normally grows
in different environmental conditions; huge variations
for growth yield and phytochemical ingredients are
reported. For maximum utilization of the crop, proper
characterization especially at the morphological level
is very important for the identification of accessions
with superior agromorphological traits. Even though
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M. oleifera is cultivated under various agro-ecological
systems, large-scale commercial plantations are
still not reported in Indian subcontinent except four
south Indian states possibly due to less availability
of scientific research database for morphological
growth and productivity potential. Thus, morphological
characterization of M. oleifera is needed before
recommending it at commercial scale in subtropical
climatic conditions of Punjab.

The experiment was conducted at Department of
Forestry and Natural Resources, Punjab Agricultural
University, Ludhiana during 2020-21. The study area
falls in central zone of Punjab and characterized by
sub-tropical to tropical, semi-arid type of climate. The
minimum temperature may go down to 4°C or even
less,while the maximum temperature may be as high
as more than 45°C during summer season. Occurrence
of frost is not common. The soils are deep, well drained,
sandy loam in texture with low humus content. The soil
pH is neutral. The average annual rainfall in Ludhiana
is 760 mm, about three-fourth of which is contributed by
south-west monsoon during July to September.

The experiment was carried out in field evaluation
trial established since August 2017 at spacing of
3.5x2.0m in three replications with plot size of 5 plants
following complete randomized block design (CRBD).
A total of 15 seed sources collected from the different
geographical regions belonging to 10 states comprised
the base experimental material for present investigation
(Table 1, Fig. 1). Recommended fertigation regimes
and management practices were performed as per
schedule. The data on vegetative, leaf morphological
characteristics and green biomass were recorded
during first week of October, 2020 on the 3-years-old
plants. The data for leaf traits were recorded as per
procedure laid down for AVRDC-GRSU characterization
record sheet developed by the World Vegetable Centre,
Taiwan. The observations for vegetative growth traits
and leaf characteristics were recorded on plants having
2-months old vegetative growth after summer harvesting
(July, 2020) for green biomass. Data for leaf and leaflet
traits were recorded on thirty randomly selected leaves
in three replicates. Only healthy, mature and complete
leaves were subjected to data collection and further



Table 1. Geographical details of Moringa oleifera seed sources

Code Seed sources Status Locality Latitude (°N) Longitude (°E)
S1 Bhagya NRV UHS Bagalkot, Karnataka 16.16369 75.61728
S2 Konkan Ruchira NRV Dapoli, Maharastra 17.76883 73.19098
S3 Dantiwara LSS Gujarat 24.32191 72.31774
S4 PAU-1 LSS Ludhiana, Punjab 30.90111 75.80712
S5 PAU-2 LSS Ludhiana, Punjab 30.90111 75.80712
S6 PAU-3 LSS Ludhiana, Punjab 30.90111 75.80712
S7 PKM-1 NRV Tamil Nadu 11.01234 76.93541
S8 PKM-2 NRV Tamil Nadu 11.01234 76.93541
S9 ODC-3 NRV Tamil Nadu 8.187868 77.61255
S10 Jodhpur LSS Rajasthan 26.26309 72.99730
S11 Mysore LSS Karnataka 12.32137 76.61818
S12 Kadapa LSS Andhra Pradesh 14.48165 78.82783
S13 Ranchi LSS Jharkhand 23.44160 85.31822
S14 Jabalpur LSS Madhya Pradesh 23.09951 79.98904
S15 Pilibhit LSS Uttar Pradesh 28.70562 80.06157

Note: NRV-National released variety; LSS-Local seed source

evaluation. Green biomass was measured for 5 trees
in three replicates. The mixture of leaves and tender
twigs of each plant was taken collectively and weighted
to estimate the green biomass.

The data collected from the seed sources of M.
oleifera on different parameters were subjected to
statistical analysis. Coefficient of variability at phenotypic
and genotypic level, heritability (%) in narrow-sense,

Fig. 1. Geographical locations of Moringa oleifera seed
sources representing the distribution
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genotypic and phenotypic correlation parameters were
estimated using OPSTAT software. Path analysis
was carried out using the genotypic and phenotypic
correlation coefficients to know the direct and indirect
effects of the components on green biomass. SPSS
software, version 16.0 was used to perform principal
component analysis on data recorded for vegetative,
leaf morphological characteristics and green biomass.
The latent root criterion (Eigen values greater than
unity) was applied for estimating the number of principal
components. Bi-plot displays of the first three principal
components were used for grouping genotypes
illustrating the relationship between genotypes and
indices using JMP Pro 10.0 software.

A key to progress in tree improvement and
breeding programme is the degree and the extent of
variation present in a species germplasm (Zobel, 1981).
Variation observed in the traits was mainly due to the
seed sources and environmental conditions; hence
estimation of these genetic parameters is important in
the present study. Variability and genetic parameters
were estimated for vegetative, leaf morphological traits
and green biomass among seed sources (Table 2).
Factors of locality has very less influence on leaf length,
leaf width, leaf weight, number of pinnae, number of
leaflets, terminal leaflet length and dry biomass due
to less difference between phenotypic and genotypic
coefficient of variation. However, number of pollarded
shoots, pollarded shoot’s length, number of leaves,
petiolule length and leaflet weight have greatly affected
either by environment factors or management practices.
It was observed that green biomass was severely



Table 2. Genetic variability estimates for vegetative, morphological and biomass characteristics of Moringa oleifera

seed sources

Characters Mean Range Coefficient of variation  Heritability = Genetic Genetic
Min. Max. Phenotypic Genotypic (%) Advance gain
(%) (%) (% of

mean)
PH 316.29 250.00 363.33 12.09 10.14 70.40 55.40 17.53
SG 43.65 30.96 49.67 12.45 11.05 78.72 8.80 20.19
NOPS 15.40 8.53 19.67 27.69 23.20 70.20 6.20 40.04
PSL 134.29 68.00 181.33 28.47 23.89 70.40 55.40 41.29
LL 567.75 469.89 674.47 11.97 11.50 92.22 129.10 22.75
LW 457.02 358.24 533.44 13.49 13.02 93.10 118.30 25.88
NOL 12.70 11.67 14.20 6.50 3.97 37.30 0.60 4.99
LWt 14.81 11.18 20.79 20.71 20.25 95.56 6.00 40.77
PL 138.06 121.20 152.05 8.67 7.70 78.94 19.50 14.09
PLL 30.45 25.46 34.38 11.10 7.05 40.35 2.80 9.23
IL 95.07 78.22 107.22 8.47 6.94 67.12 11.10 11.72
NOP 15.43 11.85 19.89 17.67 17.26 95.48 5.40 34.74
LLL 24.94 22.99 26.87 5.59 3.92 49.10 1.40 5.65
LLW 15.84 14.00 17.24 7.67 5.62 53.55 1.30 8.47
NOLL 434.75 229.13 769.13 40.69 40.08 97.06 353.70 81.35
LLWt 63.84 49.40 79.60 18.91 13.18 48.57 12.10 18.92
TLLL 28.44 2411 41.75 16.86 16.35 94.13 9.30 32.69
TLLW 18.65 14.50 26.31 18.35 17.32 89.09 6.30 33.67
GB 8.73 6.35 11.29 27.31 11.39 17.40 0.90 9.79

Note: PH - Plant Height, SG - Stem girth, NOPS - Number of pollarded shoots, PSL - Pollarded shoot length, LL - Leaf length, LW - Leaf width, NOL
- Number of leaves/1m shoot length, LWt - Leaf weight, PL - Petiole length, PLL - Petiolule length, IL - Internodal length, NOP - Number of pinnae, LLL -
Leaflet length, LLW - Leaflet width, NOLL - Number of leaflets per leaf, LLWt - Leaflet weight, TLLL - Terminal leaflet length, TLLW - Terminal leaflet width,

GB - Green biomass

affected by environmental conditions. The value
obtained for phenotypic coefficient of variation was
higher than the corresponding genotypic coefficient of
variation for all the characters which indicated that the
traits were influenced by the environment conditions.
High and moderate phenotypic coefficient of variation
is indicative of the existence of substantial variability
pointing ample scope for their improvement through
selection (Salihu et al., 2017). Greater improvement,
therefore, could be obtained for these characters.
Comparatively, low phenotypic coefficient of variation
indicated the high stable nature of these characters
among different genotypes studied and less scope
of improvement in these characters in M. oleifera by
Selvakumari and Ponnuswami (2017).

Heritability and genetic advance give information of
total variations present in planting material as well as
environmental influences on the traits. The components
of variance with high genetic gain and high heritability
can be undertaken to generate an idea and scope for
response of selection to various characters (Chauhan
et al., 2020). Estimate of heritability (narrow-sense)
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revealed that the range of heritability for character
under study was from 17.40% (green biomass) to
97.06% (number of leaflets per leaf) for vegetative
growth and leaf traits. Number of leaflets (97.06%), leaf
weight (95.56%), number of pinnae (95.48%), terminal
leaflet length (94.13%), leaf width (93.10%) and leaf
length (92.22%) had very high heritability indicating that
the variability existing for these traits is tightly linked
with their genetic constitution. Genetic advance was
found highest for number of leaflets/leaf (353.70%)
which was followed by leaf length (129.10%), while
lowest (0.6%) for genetic advance was observed for
number of leaves/1m shoot length. Genetic gain was
observed maximum (81.35%) for number of leaflets/
leaf and followed by 41.29% for pollarded shoot length,
whereas minimum was recorded 4.99% for number of
leaves/1m shoot length. Very high heritability coupled
with high genetic advance was observed for the
characters namely number of leaflets per leaf (97.06%
with 81.35%) and leaf weight (95.56% with 40.77%).

Green biomass had very low heritability i.e. 17.40%
which means there is a high environmental influence.



It might be due to the effect of either management
practices like planting density, pollarding height and
frequency (Mabapa et al, 2017) or environmental
factors like soil type and fertigation regimes (Singh,
2021). High heritability reflects the effectiveness of
selection based on phenotypic performance but it does
not ensure high genetic gain for a specific character.
Therefore, selection encompassing heritability and
expected genetic gain gives more realistic results
(Johnson et al., 1955) as they reflect the additive type
of gene action. Heritability values were high than those
of genetic advance for most of the traits which indicated
that they were least influenced by the environment
and their phenotypes acted as true representative of
their genotypes and selection based on these types
of phenotypic performance would be reliable in annual
moringa (Raja and Bagle, 2008) and in perennial
moringa (Karunakar et al., 2018).

In general, genotypic correlation coefficients were
higher than corresponding phenotypic correlation
coefficients for most of the traits (Table 3). Green
biomass at genotypic level had positive significant
correlation with stem girth, number of pollarded shoots,
leaf weight and internode length, while at phenotypic
level only with stem girth. Plant height showed negative
correlation with stem girth at genotypic level. Number
of leaves/1m shoot length had only significant but
negative correlation with number of pollarded shoots
among vegetative traits at genotypic level. Leaf length
exhibited significantly positive correlation with stem girth
but negative correlation with pollarded shoot length.
Leaf length exhibited high significant and positive
correlation with leaf width, leaf weight, petiole length,
number of pinnae and number of leaflets/ leaf, while
highly significant negative correlation exhibited with
internode length. Leaf width revealed high significant
positive correlation with leaf weight, petiole length,
number of pinnae and number of leaflets but negative
correlation with internode length. Internode length,
petiolule length and petiole length had no correlation
with the leaflet traits except petiole length to number
of leaflet and leaflet weight at phenotypic level. Such
associations were also reported by Verma et al. (2019)
in perennial moringa.

Genotypic and phenotypic path coefficient analysis
was carried outconsidering green biomass as dependent
character and remaining traits were considered as
independent characteristics. The direct and indirect
effects of various characters were worked out from
correlation matrix and are presented in Table 4 and
Table 5 at genotypic and phenotypic level, respectively.
Path coefficient analysis revealed that the highest
positive direct effect contributing to green biomass was
observed due to plant height (r = 4.343) followed by
leaf weight (r = 2.610), number of pollarded shoot (r =
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2.336) and leaflet weight (r = 2.114) at genotypic level,
while leaf width (r = 1.573) and plant height (1.166) at
phenotypic level; hence direct selection for these traits
may be advantageous. At genotypic level, pollarded
shoot length exhibited positive indirect effect contributing
to green biomass was observed due to petiole length (r
= 10.309), leaf width (r = 7.777), leaf length (r = 7. 465),
number of leaflets (r = 6.905), terminal leaflet length
(r = 5.703), leaflet weight (r = 5.638), terminal leaflet
width (r =5.008), number of pinnae (r = 4.863), petiolule
length (r = 3.447) and stem girth (r = 3.415). Number
of pinnae showed positive indirect effect contributing to
green biomass was observed due to plant height (r =
4.310) followed by internode length (r = 3.987), number
of leaves / 1 m shoot length (r = 3.808) and pollarded
shoot length (3.361). At phenotypic level, leaf width
exhibited positive indirect effect contributing to green
biomass was observed due to leaf length (r = 1.472),
followed by number of leaflets (r = 1.071), leaf weight
(r = 0.937), petiole length (r = 0.882), number of pinnae
(r = 0.759), and pollarded shoot length through plant
height (r = 1.084). Unexplained effects are treated as
residual effects. Very low magnitudes of residual effects
at genotypic and phenotypic level indicated that the
traits included in present investigation accounted for
most of the variation present in dependent variable, i.e.
green biomass. These results are in agreement with
the results obtained by Verma et al. (2019) and Singh
(2021).

The present study identified five principal
components (PCs) with eigenvalues greater than one,
which collectively accounted for over 86.5% of the total
observed variability (Table 6). The biplots of PC1 versus
PC2, PC3, and PC2 versus PC3 are presented in Figure
2 (Yang and Kang, 2003). Of the nineteen components
examined, five exhibited eigenvalues exceeding unity,
explaining 86.51% of the total variation. The first
principal component (A = 6.346) explained 33.40% of
the total variation, with the highest loading observed
for petiole length (0.929). The second component (A2
= 4.014) explained 21.13% of the variation, with the
greatest loading for terminal leaflet length (0.908). The
third component (A3 = 2.557) accounted for 13.46%
of the variation, with the highest loading recorded
for internode length (0.756). The fourth component
(M = 2.246) explained 11.82% of the variation, with
leaflet width (0.784) showing the highest loading. The
fifth component (A5 = 1.273) explained 6.70% of the
variation, with the maximum loading for leaflet weight
(0.473).

Based on the PCA analysis, the nineteen
morphological characters were clustered into five
distinct groups, with a clustering variance proportion
of 0.71 (Table 7). The most representative traits were
plant height, leaf length, internode length, leaflet width,
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Table 6. Percentage of variance explained by different principal components in Moringa oleifera seed sources

Characters Component
PC1 PC2 PC3 PC4 PC5

PH -0.82932 -0.39641 -0.16400 0.26809 0.07495
SG 0.40165 -0.24353 0.40783 0.21469 -0.63856
NOPS 0.02885 -0.51143 0.50986 0.47448 0.15762
PSL -0.82932 -0.39641 -0.16400 0.26809 0.07495
LL 0.91166 -0.21785 0.07107 0.19589 -0.01523
LW 0.86639 -0.29373 0.18747 -0.05987 -0.03832
NOL -0.25472 -0.10074 0.70614 -0.46750 0.19052
LWt 0.67176 -0.49367 -0.39001 0.10757 0.16758
PL 0.92924 0.10820 0.03313 -0.21948 -0.07525
PLL 0.05248 0.30158 0.71383 0.23881 0.36664
IL -0.44820 0.13215 0.75667 -0.14785 0.18997
NOP 0.80327 -0.15794 -0.08786 0.37578 0.15507
LLL 0.11560 0.56999 -0.03859 0.75689 0.09691
LLW -0.09554 0.55955 0.09936 0.78405 -0.04040
NOLL 0.86479 -0.18907 0.16738 -0.12493 0.24342
LLWt 0.44243 0.50030 -0.11924 -0.05431 0.47357
TLLL 0.15196 0.90831 0.05922 -0.22494 -0.19853
TLLW 0.09374 0.89551 0.12006 0.00854 -0.30604
GB 0.01545 -0.54381 0.47285 0.18518 -0.36721
Eigen value 6.346 4.014 2.557 2.246 1.273
Percent of variability 33.401 21.129 13.458 11.824 6.698
Cumulative percent of 33.401 54.530 67.988 79.812 86.510

variability

Component 2 (21.1 %)

Component 3 (13.5 %)

2 -1 0

Component 1 (33.4 %) Component 2 (21.1 %)

Fig. 2. Bi-plot analysis for Moringa oleifera seed sources
for first three principal components
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and terminal leaflet length. These findings suggest
that traits contributing the most to variation should be
prioritized in breeding programs (Jagdev et al., 1991).
In this study, leaflet weight accounted for 96.6% of the
variation in divergence. The PCA results indicate that
five principal components are sufficient to characterize
M. oleifera seed sources, possibly reducing the need for
a larger number of traits. In line with this, Yilmaz et al.
(2012) demonstrated that 21 morphological traits were
sufficient for the characterization of apricot, compared
to the use of 57 traits. Similar PCA studies on Moringa
were conducted by Papoola et al. (2016).

In conclusion, the Moringa oleifera seed sources
exhibited substantial variability in morphometric traits,
offering significant potential for genetic improvement
and conservation efforts. Traits such as the number
of leaflets (97.06% heritability with 81.35% genetic
gain) and leaf weight (95.56% heritability with 40.77%
genetic gain) demonstrated very high heritability and
genetic gain, suggesting their suitability for direct
selection in breeding programs. In contrast, green
biomass showed low heritability, indicating a strong



Table 7. Variable clustering summary

Cluster Number of variables Most representative Proportion of Proportion of variation
variable variation explained explained by clustering

1 6 LL 0.682

2 4 INL 0.547

0.71

3 4 TLLL 0.623

4 2 LLW 0.966

5 3 PH 0.931

influence of environmental factors and management
practices on this trait. The inter-character correlations
provide a valuable basis for designing hybridization
strategies aimed at enhancing genotypic selection.
Path coefficient analysis indicated that plant height,
leaf weight, number of pollarded shoots, leaflet weight,
and leaf width had the highest positive direct effects
on green biomass. Thus, direct selection for these
traits could be advantageous for improving biomass
productivity in future breeding programs. Based
on principal component analysis (PCA), the most
representative traits for Moringa were plant height,
leaf length, internode length, leaflet width, and terminal
leaflet length. These traits could be leveraged for
further selection efforts to optimize the productivity of
elite Moringa sources. Additionally, selection strategies
focused on biomass production should consider these
key traits, as they have both direct and indirect impacts
on biomass yield in M. oleifera.
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