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Moringa oleifera is widely promoted for nutrition, income diversification, and carbon benefits in
South Asia, yet comparative performance of improved cultivars versus local germplasm under
Nepal’s Terai conditions remains under-quantified. We conducted a randomized complete block
trial in Chandrapur, Rautahat district using five varieties of Moringa: Local, PKM-1, PKM-2, ODC-
3, MoMAX and evaluated plant height, stem Diameter at Breast Height (DBH), oven-dry biomass,
number of branches, pod production, and survival at 15, 17, and 19 months after transplanting
(MAT). Data was analyzed by ANOVA with Duncan’s Multiple Range Test and using Principal
Component Analysis (PCA). Results demonstrated that height did not differ significantly across
varieties, although PKM-2 tended to be tallest at 19 MAT (6.09 m) and PKM-1 shortest (4.50 m).
DBH differences were significant at 17 and 19 MAT where Local landrace consistently had the
largest stems, exceeding PKM-1, PKM-2, ODC-3, and MoMAX. Biomass differed markedly at 19
MAT where Local achieved the greatest oven-dry biomass (29.3 t ha™'), PKM-2 and MoMAX got
intermediate, and PKM-1 and ODC-3 were lower. Branch numbers did not differ among varieties.
Reproductive output measured using number of pods diverged strongly: at 19 MAT, ODC-3
produced the most pods (56.8 plant™'), PKM-2 and MoMAX were intermediate, PKM-1 was low,
and Local did not produce pods at given MATs. Survival was uniformly high (mean = 92.8%), led
by ODC-3 (96%). Principal component analysis confirmed functional niches: Local for
wood/biomass, PKM-2 for vertical vigor, ODC-3 for pods and field resilience, MOMAX as an
intermediate generalist, and PKM-1 the weakest overall. Results underscore the genotype x
environment X management interactions and support goal-oriented recommendations: Local for
biomass/carbon in low-input systems, PKM-2 for canopy/fodder, and ODC-3 for pod-led
enterprises, informing Nepal’s agroforestry scaling and climate-resilient farming agendas.
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Introduction

Moringa oleifera Lam., commonly known as drumstick
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The value of M. oleifera lies in its remarkable

tree, Horseradish tree, or Sahijan, is the most widely
cultivated of the 13 species in the genus Moringa (Fuglie,
2005; Oyeyinka & Oyeyinka, 2018). Native to the
Himalayan foothills of India, Pakistan, Nepal, and
Bangladesh (Mughal et al., 1999; Somali et al., 1984), it is
now naturalized across tropical and subtropical regions of
Africa, Asia, and Latin America (Roloff et al., 2009; Leone
et al., 2015; Rockwood et al., 2013). A fast-growing
perennial tree, M. oleifera typically reaches 5—-10 m in
height, occasionally up to 15 m, and thrives in marginal
soils and semi-arid conditions (Fahey, 2019; Thapa et al.,
2019; Foidl et al., 2001; Bhattarai et al., 2025). Its
adaptability is enhanced by tuberous roots that confer
resilience to drought, making it a crucial famine food in
arid zones (Kunyanga et al., 2013; Ojha & Mabhara, 2022).

multipurpose uses. Its leaves, pods, flowers, bark, and
seeds provide food, medicine, fuel, fodder, and raw
material for cosmetics, water purification, and bioenergy
(Anwar et al., 2007; Becker & Siddhuraju, 2003; Walia et
al., 2022; Joshi et al., 2022). Nutritionally, its leaves are
exceptionally rich in protein, vitamins, and minerals,
containing up to 17 times more calcium than milk and 25
times more iron than spinach (Rockwood et al., 2013;
Subedi et al, 2025). These qualities have led the World
Health Organization to promote Moringa as a “miracle
tree” for combating malnutrition and food insecurity
(Sreelatha & Padma, 2009). In addition to its nutritional
and ethnomedicinal significance, Moringa also contributes
to climate change mitigation through rapid biomass
accumulation and high carbon sequestration capacity
(Villafuerte & Villafurte-Abonal, 2009; Shode &
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Amanuel, 2016; Khadka et al., 2023). Its integration into
agroforestry systems offers income diversification, soil
fertility improvement, and resilience against climatic
variability, making it particularly suitable for smallholder
farming systems in South Asia and Africa (Ghimire et
al.,2022; Dahal et al., 2025; Mahara et al., 2022).

Given these multifunctional benefits, several high-
yielding hybrid cultivars were developed and planted.
Among these, Periyakulam Moringa (PKM) series
developed at Tamil Nadu Agricultural University (TNAU)
are the most widely disseminated, with PKM-1 and PKM-
2 selected for early flowering, compact growth, higher pod
yields, and better branching compared to traditional seed
sources (TNAU, 2020; Maharsi, 2020; Thampalayagowder
et al., 2017). Other improved varieties, such as ODC-3, are
promoted in India for superior pod yield and adaptability
under semi-arid conditions (Saresh et al., 2025), while
hybrids such as MoMAX are marketed for multipurpose
uses (leaves, pods, seeds). However, most of these hybrids
were bred under Indian Agro-ecological conditions, and
their  comparative  performance remains poorly
documented under Nepal’s Terai environment.

Despite Moringa’s rising popularity, its cultivation in
Nepal is still at a rudimentary stage, with scattered
adoption by farmers since the late 2000s (Pokhrel et al.,
2016; Thapa et al., 2019; Subedi et al., 2022). Local
varieties are widely grown by smallholders, but systematic
evaluation of their performance against improved hybrids
is lacking. Among few available studies too most of them
are focus either on single traits (like, biomass yield or pod
production) or on broader ethnobotanical surveys, leaving
a gap in understanding the multi-trait performance of
hybrids versus locals across growth (height, DBH,
biomass), reproductive (pods), and adaptive (branching,
survival) dimensions.

This gap highlights the need for rigorous varietal trials
under Nepal’s agro-ecological settings. The Terai region,
with its tropical monsoon climate, fertile alluvial soils, and
rainfall of 1,500-2,000 mm, provides ideal growing
conditions (Uprety et al., 2012; Subedi et al., 2022a;
Subedi et al., 2022b). However, growth performance of
different Moringa varieties—including survival, height,
diameter, branching, biomass, and pod yield—has not been
scientifically assessed in this region. Without such
information, promoting Moringa for commercial
agroforestry, carbon sequestration, or nutritional security
remains speculative.

The present study fills this knowledge gap by
evaluating the growth and yield performance of four
widely available hybrid varieties alongside a local landrace
under Terai conditions. Specifically, the study evaluated
the growth and yield performance of five Moringa oleifera
varieties - Local, PKM-1, PKM-2, ODC-3, and MoMAX,
under farmer-managed conditions, focusing on Moringa’s
height, stem diameter (DBH), biomass accumulation,
number of branches, pod production, and survival rate
across months after transplanting.

By systematically comparing their survival, vegetative
growth, branching, biomass, and reproductive traits, this
research provides an empirical foundation for
recommending site-specific varieties selection. Moreover,
varietal differences in growth and yield are known to be
context-dependent, shaped by genotype x environment x

management interactions, making local trials essential
before scaling. Therefore, conducting a comparative
evaluation of widely available improved varieties against a
local landrace under farmer-managed conditions provides
a critical knowledge base to support evidence-based
agroforestry development.

Beyond varietal performance, these results speak
directly to Nepal’s current policy trajectory. Nepal’s
National Agroforestry Policy - 2019 envisions scaling
agroforestry for livelihoods and commercialization -
precisely the context where matching variety to production
goals (biomass / carbon /fodder) can accelerate uptake and
farmer returns (GoN, 2019). Likewise, Nepal’s Second
NDC - 2020 and Long-Term Strategy for Net-Zero
Emissions (LT-LEDS) commit the land-use sector to
sustain high forest cover and mobilize negative emissions
before mid-century; selecting locally adapted, biomass-
efficient Moringa for low-input systems complements
these aims, while PKM/ODC cultivars support diversified,
market-oriented value chains (GoN, 2020; GoN, 2021).
Finally, priorities in the Forestry Sector Strategy (2016—
2025) and climate-resilient agriculture programs
emphasize resilient, multi-functional tree systems
(MoFSC, 2016, Devkota et al.,2025). Our varietal evidence
offers concrete, farm-ready choices that align with these
national targets for climate resilience, carbon benefits, and
rural income. Together this study can be critical to guide
farmers, policymakers, and agroforestry practitioners,
where Moringa could play a transformative role in income
generation, nutrition, and climate resilience

Method

Study Area

The field experiment was conducted in Bantole, Ward
No. 2 of Chandrapur Municipality, Rautahat District,
Nepal (26.9547° N, 85.3136° E) (Figurel). The district lies
within the Terai plains, extending from 95 to 892 m above
sea level, with 94.4% of the land in the lower tropical zone
and 5.6% in the upper tropical zone (DFRS, 2015). The
climate is tropical monsoon, with hot, humid summers and
a distinct rainy season from June to September that
provides the bulk of annual precipitation (DHM, 2017;
Karki et al., 2017; World Bank Group, 2019; Devkota et
al., 2025). Mean annual temperatures range between 25-30
°C, conditions favorable for rapid growth of tropical
multipurpose tree species such as Moringa oleifera (Joshi
& Pandit, 2023).

Soils in Bantole village are predominantly alluvial,
derived from fertile riverine deposits carried down from the
Himalayas. These soils are deep, well-drained, and highly
productive, supporting a variety of agricultural and
agroforestry systems (WECS, 2011; Dhakal et al., 2020;
Ojha et al., 2024). Large rivers such as the Bagmati and
Lalbakaiya provide supplemental irrigation, contributing
to the region’s agricultural intensity and resilience. The
experiment was conducted on farmer-managed fields,
ensuring that results reflect realistic cultivation conditions
and are directly applicable to on-farm management in
Nepal’s Terai.
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Figure 2. Experimental layout of the Moringa varietal trial
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Experimental Setup and Planting

A Randomized Complete Block Design (RCBD) was
employed with four replications and five treatments
(varieties). Each plot measured 9 x 6 m (54 m?) and
contained nine plants planted at 3 X 2 m spacing.
Replications were separated by 1 m and treatments by 0.5
m to minimize border effects (Figure 2)

In total, five treatments were applied, representing five
distinct varieties of Moringa oleifera. Among them, four
were improved hybrids - PKM-1, PKM-2, ODC-3, and
MoMAX, which are widely cultivated and promoted in
South Asia for their enhanced yield potential and
commercial traits. The fifth treatment was a Local variety,
included as a benchmark to evaluate the performance of
indigenous germplasm relative to improved hybrids under
Terai growing conditions.

Seedlings were raised at the Division Forest Office
nursery (Rautahat). Local variety seeds were sourced from

a high-yielding village tree in the month of June and July -
2024, while improved varieties (hybrid) were procured
from Moringa International, India. Two to three seeds were
sown per polybag (soil:sand:compost = 3:1:1) at 2 cm
depth. Bags were watered every 2—-3 days. Seedlings were
thinned to one per bag and hardened for one month. At ~30
cm height, seedlings were transplanted into the field, with
polybags carefully removed to avoid root damage. Planting
beds (9 x 6 m) were prepared with 30 cm high ridges after
clearing weeds, stones, and debris. Each planting pit
received 1 kg of well-decomposed farmyard manure
(FYM). In August, prepared soil was planted with one-
month-old Moringa seedlings spaced three meters apart
from one another and two meters between plants. The field
was adequately watered before planting to guarantee the
availability of moisture. If the transplanted seedlings did
not thrive, they were quickly replaced. Intercultural
operations included weeding, pruning, watering, and top-
dressing with 160 g of granular organic fertilizer per tree
during establishment.

Timing of Measurements

We measured at 15, 17, and 19 months after
transplanting (MAT) to (i) capture post-establishment
growth once transplant shock abates (~year 1) (Fahey,
2019; TNAU, 2020), (ii) bracket key Terai seasonal
contrasts post-monsoon/early dry (15 MAT), cool-dry
winter stress (17 MAT), and late-dry/pre-monsoon (19
MAT) that shape growth, survival, and allocation (DHM,
2017; Karki et al, 2017) and (iii) align with trait
phenology, as DBH/biomass differences typically emerge
after the first year while pod set in improved lines stabilizes
around 18-20 MAT (Mabapa et al.,, 2017; Patricio &
Palada, 2017; Youssef et al., 2022; TNAU, 2020; Saresh et
al., 2025). The two-month cadence balances temporal
resolution with farmer-managed logistics, maximizing
signal-to-noise while avoiding peak-monsoon
inaccessibility.

Data Collection

Direct field observation of the planted Moringa oleifera
served as the foundation for data collection. Three plants
were randomly tagged from various rows in each plot and
were monitored from 15-19 months after transplanting
(MAT) at two-month intervals. Plant height (m) was
measured from ground level to the terminal bud, while
stem measurements were recorded as circumference at
breast height (1.3 m) using a diameter tape and expressed
in centimeters (cm). The number of branches per plant was
counted from the main stem during each observation.
Aboveground biomass was determined by harvesting 100
g subsamples of fresh leaves and stem branches from each
tree, oven-dried at 65 °C for 48 hours in laboratory, and
converted to dry matter, with the dry-to-fresh weight ratio
used to estimate total aboveground dry biomass per tree,
assuming the subsample was representative of the
harvested components; tree-level biomass was then scaled
to a per-hectare basis using planting density In addition,
survival rate (%) was calculated as the proportion of
surviving plants relative to the initial number planted, and
pod yield was recorded by counting all pods per plant in
the field and confirming totals after harvest.
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Data Analysis

Data were entered into Microsoft Excel initially and
analyzed using R version 4.3.0. Model assumptions of
linearity, normality, and homoscedasticity were checked
using the Global Validation of Linear Model Assumptions
(GVLMA) test. Treatment effects were tested by Analysis
of Variance (ANOVA) under RCBD. Where significant
effects were detected, mean separation was performed
using Duncan’s Multiple Range Test (DMRT) at 95% level
of confidence.

In addition to univariate analyses, Principal Component
Analysis (PCA) was performed on the averaged values of
six key traits; plant height, DBH, oven-dry biomass,
number of branches, pod production, and survival rate
across 15, 17, and 19 MAT. PCA was used to reduce
dimensionality, identify patterns of trait covariation, and
assess the multivariate differentiation among varieties.
Eigenvalues and loadings were examined to interpret trait
contributions to each principal component, and biplots
were generated to visualize varietal clustering and
specialization across trait axes.

Results

Plant Height

Analysis of variance showed that all five varietal
differences in plant height were statistically non -
significant (p <0.05) under all three MAT [15 MAT (Table
1), 17 MAT (Table 2) and 19 MAT (Table 3).

As demonstrated in Figure (3), 15 MAT, PKM-2
attained the greatest mean height (5.22 m), which was
significantly taller than PKM-1 (3.86 m). Local (4.59 m),
ODC-3 (431 m), and MOMAX (421 m) were

intermediate and did not differ significantly from each
other. Similarly, at 17 MAT, the superiority of PKM-2
persisted (5.64 m), followed by Local (5.06 m) and ODC-
3 (4.90 m), which were statistically similar to MOMAX
(4.68 m). Again, PKM-1 remained the shortest (4.50 m).
By 19 MAT, PKM-2 maintained the tallest mean height
(6.09 m), but differences among varieties were not
significant, indicating a convergence in growth as plants
matured.

The small standard errors (SE = 0.12—0.15 m) indicate
precise estimates, while the coefficient of variation (CV =
10-16%) suggests moderate variability among replicates,
typical of field experiments. And, the grand mean plant
height increased steadily from 4.67 m (15 MAT) to 5.51 m
(19 MAT), reflecting overall growth progression across
varieties.

Diameter at Breast Height (DBH)

Varietal differences in DBH were not significant at 15
MAT but was significant at 17 MAT and 19 MAT at 95%
level of confidence [15 MAT (Table 4), 17 MAT (Table 5)
and 19 MAT (Table 6)].

Figure 4 shows that at 15 MAT, Local variety had the
largest mean DBH (34.7 c¢m), while PKM1 (22.3 cm),
PKM2 (26.5 cm), ODC-3 (25.8 cm), and MOMAX (23.8
cm) showed lower but statistically non-different values. At
17 MAT, varietal differences became pronounced. Local
(41.7 cm) was significantly greater than all other varieties,
which clustered together in a lower group: PKM1 (25.8
cm), PKM2 (31.3 cm), ODC-3 (30.4 cm), and MOMAX
(27.3 cm). The LSD (10.0 cm) confirmed that only large
differences were meaningful, but Local clearly separated
from the rest.

Table 1. ANOVA of Plant Height at 15 MAT of different varieties of Moringa oleifera

SOV df SS MSS F value Pr (>F)
Replication 3 4.35 1.45 3.11 0.067
Treatment 4 4.17 1.04 2.23 0.126
Residuals 12 5.60 0.47
Total 19 14.12

Table 2. ANOVA of Plant Height at 17 MAT of different varieties of Moringa oleifera

SOV df SS MSS F value Pr (>F)
Replication 3 2.84 0.95 2.79 0.086
Treatment 4 3.10 0.78 2.29 0.119
Residuals 12 4.06 0.34
Total 19 10.00

Table 3. ANOVA of Plant Height at 19 MAT of different varieties of Moringa oleifera

SOV df SS MSS F value Pr (>F)
Replication 3 1.52 0.51 1.68 0.224
Treatment 4 2.48 0.62 2.05 0.151
Residuals 12 3.63 0.30
Total 19 7.63

Table 4. ANOVA of DBH at 15 MAT of different varities of Moringa oleifera

SOV df SS MSS F value Pr (>F)
Replication 3 76.22 25.41 0.64 0.606
Treatment 4 369.52 92.38 2.31 0.117
Residuals 12 479.28 39.94
Total 19 925.02
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Table 5. ANOVA of DBH at 17 MAT of different varieties of Moringa oleifera

SOV df SS MSS F value Pr (>F)
Replication 3 37.98 12.66 0.30 0.825
Treatment 4 619.14 154.79 3.67 0.036%*
Residuals 12 506.63 42.22
Total 19 1163.75

Table 6. ANOVA of DBH at 19 MAT of different varieties of Moringa oleifera

SOV df SS MSS F value Pr (>F)
Replication 3 36.20 12.07 0.26 0.856
Treatment 4 732.92 183.23 3.89 0.029*
Residuals 12 565.52 47.13
Total 19 1334.64
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Figure 3. Average plant height of Moringa oleifera varieties
at 15, 17, and 19 months MAT.

Different lettersindicate significant differences among varieties according
to Duncan’s Multiple Range Test (DMRT) (DMRT) at p < 0.05. PKM-2
generally exhibited the greatest height, while PKM-1 remained the
shortest across growth stages; varietal differences diminished by 19 MAT

Figure 4. Average stem diameter at breast height (DBH, cm) of five
Moringa oleifera varieties (Local, PKM1, PKM2, ODC3, MoMAX)
measured at 15, 17, and 19 months after transplanting (MAT).
Values represent treatment means, and lines show growth trajectories over
time. Different letters above points indicate significant differences among
varieties at each MAT (p < 0.05, LSD test).

At 19 MAT, the same pattern persisted. Local attained
the greatest DBH (45.2 cm), significantly higher than
PKM1 (27.8 cm), PKM2 (34.4 cm), ODC-3 (32.8 cm), and
MOMAX (29.7 cm). The LSD (10.6 cm) supported this
distinction, while the relatively small standard error (SE =
1.53 cm) indicates reliable estimates.

The grand mean DBH increased steadily from 31.3 cm
at 17 MAT to 34.0 cm at 19 MAT, reflecting overall stem
thickening across varieties. The coefficients of variation
(20-21%) suggest moderate variability, acceptable in field
experiments.

Oven Dry Biomass

Analysis of variance revealed highly significant
differences among Moringa varieties in oven-dry biomass at
19 MAT (F-probability = 0.001; CV = 24.9%) (Table 9). The
Local variety accumulated the highest average biomass (29.3t
ha™ ), which was statistically superior to PKM-1 (11.2 tha™)
and ODC-3 (7.9t ha™ ). The DMRT test (p < 0.05) assigned
Local to group “a”, while PKM-1 and ODC-3 fell in group
“b”, confirming significant yield gaps (Figure 5).

In contrast, PKM-2 (12.8t ha™) and MOMAX (13.0t
ha) were grouped as “ab”, indicating they were not
significantly different from each other, nor from either
extreme (Local or the lower-yielding varieties). This
overlap suggests intermediate performance of these two
varieties.

The least significant difference (LSD = 1.42t ha™! )
implies that varietal means differing by less than 1.5 t/ha
were statistically indistinguishable. The small standard
error (SE =+0.19 t ha™') highlights precision in estimates,
while the moderate CV (24.9%) reflects some variability
among replications, which is typical in field trials of
perennial species.

Overall, the results indicate that Local variety is best
suited for maximizing biomass productivity, while PKM-2
and MOMAX may serve as moderate alternatives, and
PKM-1 and ODC-3 are relatively poor performers under
the study conditions.

Number of Branches

Analysis of variance indicated that varietal differences
in the number of branches were not significant at any
growth stage (15, 17 and 19 MAT) [15 MAT (Table 10),
17 MAT (Table 11) and 19 MAT (Table 12)].

Figure 6 depicts that at 15 MAT, the mean number of
branches per plant ranged from 2.42 (PKM-2) to 3.17
(PKM-1), with a grand mean of 2.77 branches. The high
coefficient of variation (CV = 70.4%) reflects large
variability among individual plants at this early stage,
which explains the lack of statistical significance. By 17
MAT, branch numbers increased across all varieties,
ranging between 5.0 (MOMAX) and 5.9 (PKM-1), with a
grand mean of 5.65 branches.
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The variability declined (CV = 34.5%), but varietal
differences still remained statistically non-significant. At
19 MAT, branch numbers stabilized between 5.0
(MOMAX) and 5.9 (Local and PKM-1), with a grand mean
of 5.68 branches. The coefficient of variation further
decreased to 14.8%, indicating more uniform branching,
yet no significant varietal differences were detected.

The standard errors (SE = 0.18-0.43) were relatively
small, suggesting reliable estimates, but the lack of varietal
effect means branch development is likely influenced more
by environmental conditions and individual variability
than by genetic differences among the tested varieties.

Table 7. ANOVA of oven dry biomass at 15 MAT of different varieties of Moringa oleifera

SOV df SS MSS F value Pr (>F)
Replication 3 1.52 0.51 0.50 0.688
Treatment 4 2.80 0.70 0.70 0.604
Residuals 12 12.00 1.00
Total 19 16.32

Table 8. ANOVA of oven dry biomass at 17 MAT of different varieties of Moringa oleifera

SOV df SS MSS F value Pr (>F)
Replication 3 0.80 0.27 0.30 0.828
Treatment 4 10.00 2.50 2.78 0.078
Residuals 12 10.80 0.90
Total 19 21.60

Table 9. ANOVA of oven dry biomass at 19 MAT of different varieties of Moringa oleifera

SOV df SS MSS F value Pr (>F)
Replication 3 4.32 1.44 1.69 0.22
Treatment 4 69.74 17.44 20.43 0.00002746*
Residuals 12 10.24 0.85
Total 19 84.3

Table 10. ANOVA of NBH at 15 MAT of different varieties of Moringa oleifera

SOV df SS MSS F value Pr (>F)
Replication 3 0.60 0.20 0.63 0.606
Treatment 4 1.19 0.30 0.94 0.473
Residuals 12 3.79 0.32
Total 19 5.58

Table 11. ANOVA of No. of Branches at 17 MAT of different varieties of Moringa oleifera
SOV df SS MSS F value Pr (>F)
Replication 3 5.22 1.79 2.46 0.113
Treatment 4 2.19 0.55 0.77 0.562
Residuals 12 8.48 0.70
Total 19 15.88
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Figure 5. Effect of variety on average oven-dry biomass of Figure 6. Average number of branches per plant of Moringa

Moringa oleifera at 19 MAT.
Different letters above bars indicate significant differences among
varieties according to Duncan’s multiple range test (DMRT) at p < 0.05.

oleifera varieties at 15, 17, and 19 months after
transplanting (MAT).

Different letters above points indicate statistical groupings according to
Duncan’s multiple range test (DMRT) at p < 0.05. No significant
differences were detected among varieties at any stage; all were assigned
to the same group (“a”).
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Table 12. ANOVA of No. of Branches at 19 MAT of different varieties of Moringa oleifera
SOV df SS MSS F value Pr (>F)
Replication 3 4.24 1.41 1.84 0.194
Treatment 4 2.41 0.60 0.78 0.557
Residuals 12 9.23 0.76
Total 19 15.88
Table 13. ANOVA of No. of Pods at 15 MAT of different varieties of Moringa oleifera
SOV df SS MSS F value Pr (>F)
Replication 3 25.6 8.53 0.842 0.491
Treatment 4 3124 78.10 1.237 0.342
Residuals 12 758.6 63.22
Total 19 1096.6
Table 14. ANOVA of No. of Pods at 17 MAT of different varieties of Moringa oleifera
SOV df SS MSS F value Pr (>F)
Replication 3 31.8 10.60 0.97 0.432
Treatment 4 1145.7 286.43 2.18 0.123
Residuals 12 1574.2 131.18
Total 19 2751.7
Table 15. ANOVA of No. of Pods at 19 MAT of different varieties of Moringa oleifera
SOV df SS MSS F value Pr (>F)
Replication 3 38.4 12.80 0.0686 0.797
Treatment 4 7572.2 1893.1 3.3768 0.039*
Residuals 12 7848.6 654.1
Total 19 15459.2
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Figure 7: Average number of pods per plant among
different Moringa oleifera varieties at 19 months after
transplanting (MAT).

Bars with different letters (a, b) indicate statistically significant differences
among varieties at p < 0.05 according to LSD test.

Number of Pods

The analysis of variance (Table 15) showed that
varietal differences in pod production were statistically
significant at 19 MAT at 95 % confidence interval.

Figure 7 shows that among the varieties, ODC-3 was
the highest yielder, producing an average of 56.8 pods per
plant, which was significantly greater than all other
varieties. PKM-2 (22.3 pods/plant) and MOMAX (16.3
pods/plant) formed an intermediate group, not significantly
different from either the highest (ODC-3) or the lowest
yielders. PKM-1 produced only 8.8 pods/plant, while the
Local variety failed to produce pods, both of which were
significantly lower than ODC-3.

Local PKM1 PKM2

Varieties

MoMAX oDc3

Figure 8: Survival percentage of Moringa oleifera varieties

at 15, 17, and 19 months after transplanting (MAT).
Opverall survival was high (92.8% at 19 MAT), with ODC3 and PKM2
consistently showing the greatest survival, followed by PKM1 and
MoMAX, while the Local variety recorded slightly lower rates.

The least significant difference (LSD = 35.9) indicates
that only large differences between means were
statistically meaningful, while the very high coefficient of
variation (CV = 113.8%) reflects considerable variability
in pod production among individual plants. The standard
error was small (SE = #0.19), suggesting that mean
estimates were reliable despite high variability in
individual plant performance.

The grand mean was only 5.7 pods/plant, heavily
influenced by the Local variety’s lack of pod production
and the generally low pod yields in PKM-1 and MOMAX
compared to ODC-3.
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Survival Rate

The survival rate of Moringa oleifera plants was
uniformly high across all varieties. Average survival rate
at 15, 17 and 19 months after transplant (MAT) were 94%,
93.4% and 92.8% respectively. Survival percentages were
consistently above 90% for all varieties at each observation
period, indicating excellent establishment under field
conditions.

Among the varieties, ODC3 exhibited the highest
survival rates (96% at 19 MAT), followed by PKM2
(94%), while PKM1 and MoMAX each maintained 92%
survival. The Local variety showed the lowest but still high
survival (90%) (Figure 8).

Based on the survival rate the ranking was ODC3 >
PKM2 > PKMI1 = MoMAX > Local. ODC3 and PKM2
were reported to demonstrate greater adaptability and
tolerance to environmental stresses, PKM1 and MoMAX
performed reliably but with slightly reduced field survival
while local wvarieties showed the least survival
performance.

Principal Component Analysis

Principal component analysis (PCA) based on the
averaged values of plant height, DBH, oven-dry biomass,
number of branches, pod production, and survival rate
across 15, 17, and 19 MAT revealed clear separation
among Moringa varieties (Figure 9). The first two principal
components explained 78.3% of the total variation, with
PCI (54.2%) primarily associated with DBH and biomass,
while PC2 (24.1%) was influenced by plant height and
survival rate, with pod production contributing moderately.

Along PC1, the Local variety was distinctly separated,
reflecting its superiority in DBH and biomass
accumulation. PKM2 was differentiated along PC2,
characterized by greater plant height but moderate
biomass. ODC3 aligned strongly with pod production and
survival, distinguishing it as the best performer for
reproductive traits and adaptability. PKM1 occupied a
negative position on both PCs, consistent with its weak
performance across most traits, while MoMAX was
centrally located, indicating intermediate performance
without pronounced specialization.

Overall, the PCA confirmed functional differentiation
among varieties, where Local excelled in wood
productivity, PKM?2 in height growth, ODC3 in pod yield
and survival, MOMAX in balanced growth, and PKM1 as
the weakest performer across traits.

Discussions

Growth Dynamics: Height, Stem Diameter and
Biomass

Varietal differences in height were not statistically
significant across MATs, but a consistent pattern emerged:
PKM-2 tended to be tallest by 19 MAT (6.09 m), PKM-1
shortest (4.50 m), and Local, ODC-3, and MoMAX
intermediate. This trend aligns with reports that improved
lines (PKM-2 & ODC types) often express greater vertical
vigor and canopy expansion than older selections or locals
(TNAU, 2020; Peter et al., 2023; Zeru et al., 2022; Patricio
& Palada, 2017; Saresh et al., 2025; Yadav et al., 2022;
Leone et al., 2015; Mashamaite et al., 2024). Height gains
commonly plateau as stands mature, while management

responses are captured more in stem growth and biomass
than height which explains the growth convergence effect
as at 19 MAT (Eshete et al., 2022; Mabapa et al., 2017;
Youssef et al., 2022). Still, height superiority of PKM lines is
not universal: under stress, alternative spacing, or different
germplasm, locals or other Moringa species can match or
exceed PKM accessions (Samuel et al., 2016; Némec et al.,
2020; Demisse et al., 2024; Sintayew et al., 2021). Trials in
Pretoria also showed wide early-growth variability among M.
oleifera accessions, underscoring strong genotype X
environment (GXE) effects (Zeru et al., 2022). Spacing trials
in M. stenopetala further show that closer spacing can
promote height while wider spacing favors diameter and
woody biomass, illustrating how management can reshuffle
varietal rankings (Eshete et al., 2022).

In contrast to height, DBH differences were significant
at 17 and 19 MAT, with the Local landrace consistently
attaining the largest stems, exceeding PKM-1, PKM-2,
ODC-3, and MoMAX. This indicates stronger allocation to
radial growth in local germplasm, while improved cultivars
emphasize vertical growth and/or reproductive output.
Samuel et al. (2016), Némec et al., (2020), Demisse et al.
(2024) and Eshete et al., 2022) have similarly reported that
local variety or landrace displayed greater stem thickening
and woody biomass.

The DBH signal likely reflects (i) genetic differences in
biomass partitioning (Patricio & Palada, 2017; Zeru et al.,
2022) (ii)) local adaptation to  site-specific
soils/climate/pressures (Sintayew et al., 2021; Samuel et
al., 2016) and (iii) management inputs like spacing,
irrigation, pruning (Youssef et al., 2022) (iv) varietal and
environmental interactions (Leone et al., 2015) favors
thicker stems as a survival response. Similar results were
reported by Singh et al. (2019) from India where landraces
demonstrated greater basal diameter than PKM varieties
during the first three years after planting and by Mabapa et
al. (2017) and Mashamaite et al. (2024) in South Africa
where local accessions of Moringa produced larger stem
girths and higher biomass than PKM1 under rainfed
conditions. Together, these reinforce the current finding
that local germplasm excels in stem growth and biomass
accumulation.

PKM1

50 Varieties
PKM1
PRM2
X Local
1.5 oDC3
X MoMAX
1.0
75 MoMA;
= X
= 0.5 Number of Branches
> s
z ;
5
2 0.0 Survival Rate T
5 onca T Biomass
o Local
-0.5 Number of Pods x
DBH
-1.0
Height
PKM2
=15
-2 -1 0 1 2 3
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Figure 9. Principal component analysis (PCA) biplot of
Moringa oleifera varieties based on averaged values of
plant height, DBH, oven-dry biomass, number of
branches, pod production, and survival rate across 15, 17,
and 19 months after transplanting (MAT).

Arrows represent trait loadings, and points represent varietal centroids.
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Conversely, contrasting results were recorded in India and
Bangladesh where PKM lines achieved greater stem diameter
and branching than local landraces under intensive
management (Yadav et al., 2022; Saresh et al., 2025; TNAU,
2020; Parvin et al., 2022). Also in Namibia, survival stress
reduced DBH across both local and exotic varieties, with
some improved lines maintaining higher radial growth despite
drought (Korsor et al., 2019). Likewise, experimental
manipulations of density and fertilization in Egypt and
Mediterranean climates showed PKM lines maintaining DBH
advantage under favorable inputs (Youssef et al., 2022; Salsi
et al., 2025). These contrasts suggest that genotype x
environment X management interactions strongly mediate
DBH performance.

Biomass results paralleled DBH: at 19 MAT Local
achieved the greatest oven-dry biomass (29.3 t ha™'), PKM-
2 and MoMAX were intermediate, and PKM-1 and ODC-
3. Similar results were observed in Ethiopia where M.
stenopetala consistently surpassed M. oleifera in stem and
total biomass (Sintayew et al., 2021), in Bangladesh and
India where local landraces maintained higher woody
biomass and carbon sequestration potential compared to
PKM cultivars (Parvin et al., 2022; Singh et al., 2019;
Yadav et al., 2022) and in Nepal where Devkota & Bhusal
(2020) and Shrestha and Shrestha (2019) documented
strong adaptability and biomass accumulation of locally
grown moringa in the Terai

Conversely, under favorable inputs and irrigation,
several studies highlight the superiority of improved
cultivars. Saresh et al. (2025) found PKM2 produced
greater dry matter in high-input systems in Gujarat and
Rajasthan. Similarly, Salsi et al. (2025) observed exotic
PKM lines yielding more oven-dry biomass than local
variety under Mediterranean irrigation regime. Also in
Namibia, Korsor et al. (2019) and in Egypt, Youssef et al.
(2022) both reported that improved cultivars maintained
higher biomass than local types.

Overall growth dynamics revealed distinct trade-offs
between vertical expansion, radial thickening, and biomass
accumulation. PKM-2 demonstrated superiority in height,
reflecting its breeding focus on vertical vigor and canopy
development, whereas the Local variety performs better
under low-input or stress-prone environments and is also
excelled in stem diameter and biomass, emphasizing its
adaptability and suitability for wood, carbon, and fuel
systems. MoOMAX maintained intermediate performance,
while PKM-1 consistently lagged behind. These patterns
confirm that improved cultivars such as PKM lines are
better suited for canopy-oriented objectives, while local
germplasm provides greater benefits for biomass
accumulation. Together, the results highlight the
importance of aligning varietal choice with site conditions
and production goals, as genotype X environment X
management interactions ultimately dictate performance.

Branching and Survival

The number of branches per plant did not differ
significantly among Moringa oleifera varieties at any stage
of observation (15, 17, and 19 MAT). Although branch
counts increased as plants matured, the lack of significant
varietal effect suggests that branching is a plastic trait
influenced more by environmental conditions, spacing, and
management practices than by genetic differences (Leone

et al., 2015; Patricio & Palada, 2017; Zeru et al., 2022;
Hamada et al., 2024). The initially high variability (CV =
70.4% at 15 MAT) declined steadily to 14.8% at 19 MAT,
indicating that branching stabilized with plant age and canopy
development. Similar trends of early variability followed by
later stabilization have been observed in provenance and
density trials of Moringa in Ethiopia, South Africa, and
Bangladesh, where environmental drivers outweighed genetic
control of branching (Samuel et al., 2016; Mabapa et al., 2017;
Parvin et al., 2022; Mashamaite et al., 2024). Recent studies
also show that under stress conditions (like water deficit or
UV  exposure), young Moringa oleifera plants adjust
branching as part of their plastic response without clear
varietal divergence (Araujo et al., 2016). This finding implies
that individual plant variation and site heterogeneity
outweighed any underlying varietal distinctions in branching
number and pattern.

Several studies align with our findings that branching
is largely environmentally regulated rather than genetically
fixed. Samuel et al. (2016) reported no significant
differences between M. oleifera and M. stenopetala in
Ethiopia, while Patricio and Palada (2017) noted high but
inconsistent variability across Philippine accessions.
Leone et al. (2015) stressed that branching responds mainly
to pruning and density. In addition, Youssef et al. (2022)
and Mabapa et al. (2017) linked branching to spacing
(density) and harvest interval.

By contrast, some studies report branching as a varietally
distinct trait. PKM-2 was bred for improved branching and
pod yield compared to PKM-1 (TNAU, 2020), and ODC3
produced more lateral branches than PKM lines in Rajasthan
(Saresh et al., 2025). Genetic effects were emphasized by
Peter et al. (2023) where genetic variation strongly influenced
the branching architecture in Moringa, Yadav et al. (2022) and
Singh et al. (2019) who found Thar Harsha/local varirty
denser than PKM types. Architectural contrasts were also
observed between M. stenopetala and M. oleifera (Demisse et
al., 2024), among Ethiopian provenances (Dekeba et al.,
2024), and under Mediterranean irrigation (Salsi et al., 2025).
Interspecific differences were reported in Namibia between
M. ovalifolia and M. oleifera (Korsor et al., 2019), while
spacing x provenance effects were significant in Ethiopia
(Eshete et al., 2022). Together, these findings show that
branching can reflect genuine genetic differences, especially
in improved cultivars selected for reproductive output.

Inaddition, this study recorded a high overall survival
rate of 92.8% at 19 MAT across all tested Moringa oleifera
varieties, confirming the species’ strong establishment
potential under suitable management. Comparable findings
have been reported in Ethiopia and South Africa where
provenance trials of Moringa stenopetala recorded
survival rates ranging from 50% for M.Gofa to 83.33% for
M.babile depending on site conditions (Dekeba et. al,
2024) in Ethiopia and seedling survival rates of M. oleifera
varied from 45% to 78%, while M. stenopetala showed a
59% survival rate in South Africa (Zeru et al., 2022).
Similarly, in Namibia, M. oleifera survival reached
approximately 89.19% under semi-arid winter stress (cold
and drought) (Korsor et al., 2017), while in Adola Rede
District, Ethiopia, M. oleifera exhibited 77.7% survival
after three years, compared with 88.7% for M. stenopetala
(Sintayew et al., 2017).
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This survival rate was lower than the 100% survival
reported for M. oleifera and 97% for M. stenopetala at the
Bako Research Center in Ethiopia (Samuel et. al, 2016).
However, direct comparison should be interpreted with
caution due to differences in environmental conditions and
management practices between the studies. Similarly,
higher survival rates ranging from 75% to 100% were
observed among different M. oleifera accessions cultivated
under the tropical climate of the central Philippines
(Patricio & Palada, 2017), further emphasizing the role of
site-specific factors in influencing establishment success.

In our trial, varietal ranking was consistent, with ODC3
and PKM2 showing higher survival than PKM1, MoMAX,
and Local is consistent with national, regional, and
international evidence on the performance of improved
Moringa oleifera cultivars. Trials in arid western
Rajasthan, India, demonstrated that ODC3 and PKMI1
outperformed several other varieties in terms of pod yield
and benefit—cost ratio, with ODC3 consistently superior
under wide spacing and moisture stress (Saresh et al.,
2025). Similarly, reports from Tamil Nadu Agricultural
University (TNAU) emphasize that PKM?2, developed as
an improvement over PKM1, produces higher pod yields
(48% greater), more lateral branching, and earlier
flowering, which contribute to both productivity and
resilience under field conditions (TNAU, 2020). Genetic
characterization further highlights PKM2’s superior
branch architecture and yield potential compared to PKM1,
while ODC3 is increasingly recognized as a robust cultivar
under both irrigated and dryland systems (Peter et al.,
2023). Improved cultivars like PKM2 and ODC3 generally
perform better than heterogeneous local seed sources due
to their genetic vigor and stress tolerance.

Taken together, branching in Moringa is a context-
dependent trait, governed by genotype X environment X
management interactions. Under Nepal’s Terai conditions, the
absence of significant varietal differences indicates that
branching is not a reliable parameter for evaluating varietal
performance. Instead, silvicultural practices such as pruning,
wider spacing, and irrigation are likely to have greater
influence, though improved lines may express stronger
branching potential under favorable management. Similarly,
the modest decline in survival from 15 to 19 MAT mirrors
patterns from other long-term trials, where initial establishment
is nearly optimal but slightly reduced by cumulative effects of
drought, pests, or competition (Dekeba et al., 2024; Sintayew et
al., 2021). With survival consistently above 90% across all
varieties, varietal choice appears to marginally affect
survivorship under favorable Terai conditions, and evaluations
should therefore prioritize productivity traits such as pod yield
and biomass. Nonetheless, evidence from harsher
agroecologies (cold or semi-arid zones) demonstrates that
survival can decline substantially, underscoring the need to
consider genotype X environment interactions when extending
these findings to other regions.

Reproductive Traits

Reproductive performance, measured through pod
production, showed significant differences among Moringa
oleifera varieties at 19 MAT. ODC3 produced the highest
yield, followed by intermediate outputs from PKM-2 and
MoMAX, while PKM-1 yielded poorly and the Local variety
failed to fruit. These findings confirm the breeding advantage

of improved cultivars for reproductive output. At TNAU,
PKM-2 was developed specifically for enhanced pod yield,
producing 41% more than PKM-1 (TNAU, 2020). Similarly,
Saresh et al. (2025) identified ODC3 as the best yielder under
arid Rajasthan conditions. Patricio and Palada (2017)
observed earlier flowering and higher pod production in PKM
accessions compared with heterogeneous locals in the
Philippines. The Thar Harsha variety demonstrated
exceptionally high pod yields (314 pods or 45-48 kg/plant)
exceeding PKM lines under semi-arid Indian conditions
(Yadav et al., 2022). Additional evidence of improved
reproductive performance has been documented by Singh et
al. (2019) in Indian landraces, Islam et al. (2020) in
Bangladeshi cultivars, and Leone et al. (2015) in their review
of genetic improvements. Likewise, Demisse et al. (2024) and
Zeru et al. (2022) linked higher pod production to M. oleifera
accessions, branching, and reproductive vigor, while Youssef
et al. (2022) and Parvin et al. (2022) noted that PKM cultivars
outperformed locals in managed systems. Collectively, these
findings reinforce our result that ODC3 and PKM lines excel
in reproductive traits.

Pod production showed very high variability (CV >
100%), likely due to asynchronous flowering, genotype-
specific reproductive allocation, and the juvenile nature of
trees at early bearing stages. Under farmer-managed field
conditions, micro-site variation in soil moisture, fertility,
and pruning history may further amplify inter-plant
differences in pod set.

The absence of pod production in the Local variety is
most likely related to varietal characteristics and delayed
reproductive phenology. Local landraces in Nepal are
commonly selected for vegetative growth and biomass
rather than early pod production and may require a longer
juvenile period. Management practices in this study,
optimized for growth rather than reproductive induction,
may have further delayed flowering beyond 19 MAT.By
contrast, several studies highlight conditions where local or
alternative germplasm outperformed improved lines. For
example, M. stenopetala produced more pods than M.
oleifera under Ethiopian conditions (Samuel et al., 2016;
Sintayew et al., 2021). Mabapa et al. (2017) demonstrated
that planting density and harvest interval strongly
influenced pod yields, sometimes overriding genetic
effects. Mashamaite et al. (2024) observed that climatic
stress reduced pod yields uniformly across varieties. In
Namibia, M. ovalifolia outperformed M. oleifera in pod
production (Korsor et al., 2019), while Salsi et al. (2025)
found no pod advantage of PKM cultivars under
Mediterranean irrigation. Similarly, Dekeba et al. (2024)
and Eshete et al. (2022) reported wide variability in
Ethiopian provenances, with spacing X provenance
interactions reshaping yield rankings. Parvin et al. (2022)
emphasized management inputs over genetic background
as the primary determinant of pod yield, and Aratjo et al.
(2016) showed that stress responses often governed
reproductive success more than varietal improvement.

Taken together, pod production in Moringa is highly
context-dependent, shaped by genotype x environment x
management interactions. Under Terai conditions, ODC3
demonstrated the greatest reproductive potential, but evidence
from other agro-ecologies underscores that local or alternative
germplasm can match or surpass improved lines depending on
stress levels, spacing, and silvicultural practices.
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Multivariate Differentiation and Implications

The PCA structure in our dataset (PC1: DBH/Biomass;
PC2: Height/Survival, moderate loading from pods)
revealed clear functional differentiation among Moringa
oleifera varieties. Vegetative growth traits such as radial
thickening and woody biomass separated from canopy
height and reproductive allocation, a pattern consistent
with previous multi-trait analyses (Leone et al., 2015;
Samuel et al., 2016; Patricio & Palada, 2017; Mabapa et
al., 2017; Youssef et al., 2022; Parvin et al., 2022; Zeru et
al., 2022; Mashamaite et al., 2024; Demisse et al., 2024;
Joshi & Pandit, 2023). The Local variety’s positive loading
on PC1 aligned with its superior stem girth and biomass,
echoing reports of landrace and M. stenopetala material
excelling in wood production (Samuel et al., 2016;
Sintayew et al., 2021; Némec et al., 2020). Conversely,
ODC3 aligned with pods and survival, reflecting evidence
that ODC/PKM selections achieve superior pod set and
field resilience (TNAU, 2020; Saresh et al., 2025; Youssef
et al., 2022). PKM-2 differentiated along the “height” axis,
consistent with prior studies showing PKM cultivars
prioritize vertical growth and earlier reproductive
development (Leone et al., 2015; Yadav et al., 2022; Salsi
et al., 2025).

At the same time, literature cautions that PCA
configurations are not fixed but highly plastic to genotype
X environment X management interactions. Improved lines
can outperform locals not only in pods but also in stem
growth or biomass under irrigation and fertilization, which
would shift cultivar loadings toward the biomass axis
(Youssef et al., 2022; Parvin et al., 2022; Salsi et al., 2025;
Yadav et al., 2022). Conversely, landraces or alternative
species such as M. stenopetala and M. ovalifolia can
surpass improved lines in reproductive or survival traits
under harsher conditions, moving their positions toward
pods/survival in PCA space (Samuel et al., 2016; Sintayew
et al., 2021; Dekeba et al., 2024; Korsor et al., 2019;
Shrestha & Shrestha, 2019). Provenance x spacing
interactions (Eshete et al., 2022; Dekeba et al., 2024) and
density/harvest-interval effects (Mabapa et al., 2017)
further reweight trait covariances (e.g., height vs DBH vs
pods), reshaping apparent specialization.

Taken together, our multivariate analysis highlights
distinct varietal niches: Local excels in DBH and biomass,
PKM-2 in vertical canopy growth, ODC3 in pods and
survival, MoMAX shows balanced but moderate
performance, and PKM-1 consistently lags. These findings
reinforce that varietal selection in Moringa must be aligned
with production goals : biomass and carbon sequestration
for locals, canopy and fodder for PKM-2, reproductive
yield and resilience for ODC3 and further tailored to site-
specific ecological conditions and silvicultural practices.
Rather than assuming uniform superiority, varietal
deployment should follow a multifunctional strategy that

integrates ecological adaptability with management
intensity.
Conclusions

This study provides a comprehensive evaluation of
growth, biomass, survival, branching, and reproductive
traits of five Moringa oleifera varieties under Nepal’s Terai
conditions, offering new insights into varietal performance

and functional differentiation. Results demonstrate that
varietal superiority is not universal but context-dependent,
shaped strongly by genotype X environment X management
interactions.

Improved cultivars, particularly PKM-2 and ODC3,
confirmed their breeding advantages: PKM-2 showed
consistent vigor in height growth, while ODC3 excelled in
pod yield and survival, validating their suitability for
fodder and reproductive-oriented systems. By contrast, the
Local variety significantly outperformed improved lines in
stem diameter and biomass highlighting its value for wood
production, carbon sequestration, and low-input
agroforestry. MoMAX expressed balanced but moderate
performance, whereas PKM-1 lagged across most traits.

Branching showed high early variability but no
significant varietal differences, reinforcing its regulation
by management (spacing, pruning, irrigation) rather than
genetics. Survival remained uniformly high (>90%),
suggesting that varietal choice influences establishment
only marginally under favorable conditions. Pod
production,  however, revealed clear  genetic
differentiation, with ODC3 and PKM-2 far surpassing
local germplasm.

PCA confirmed functional separation: Local clustered
with DBH and biomass, PKM-2 with height, ODC3 with
pods and survival, MoMAX as an intermediate generalist,
and PKM-1 as the weakest performer. This multivariate
pattern mirrors global literature, where landraces
consistently excel in biomass while improved cultivars
dominate reproductive traits, though relative rankings shift
under different ecological or management regimes.

Taken together, these findings emphasize that varietal
selection in Moringa oleifera must be goal-oriented and
site-specific. Local germplasm remains the best option for
wood, carbon, and energy-focused agroforestry in Nepal’s
Terai, while improved lines such as PKM-2 and ODC3
should be prioritized for pod yield, fodder, and intensive
systems. These insights provide a robust scientific basis for
farmer recommendations, genetic conservation, and future
breeding programs aimed at integrating productivity,
resilience, and multifunctionality of Moringa across
diverse Agro-ecological contexts.
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