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Abstract

There is increasing narrowing of the genetic base of exotic species introduced in many parts of the world. This is causing
arestricted genetic diversity and consequential loss of biotic and abiotic tolerance of these species. Hence, there is need
to establish the genetic stability of such species for future genetic broadening. One such plant is Moringa oleifera Lam.
which belongs to the family moringaceae; a monogeneric family of shrubs and trees consisting of 13 species and is native
to India. M. oleifera is the most economically useful species in the genus and is widely cultivated and naturalized in
tropical and subtropical areas and in over 60 countries worldwide. In Kenya, M. oleifera is widely cultivated in coast and
some parts of Eastern Kenya. A provenance trial was set up at South Eastern Kenya University (SEKU), located at Kwa
Vonza location, lower Yatta Sub-County, Kitui County. The aim of the provenance trial was i) to determine whether the
collected Moringa exhibited different growth and fruiting habits and ii) if so, select the best performing provenances for
large-scale propagation of the species in Kenya. The trial involved fifteen provenances selected from a wide
geographical region in Eastern and Coastal regions of Kenya. Each provenance consisted of 200 seedlings at a spacing
of 2m by 2m and was replicated three times. The experiment was laid in a randomized complete block design (RCBD).
Growth data (diameter and height), fruiting and fruit maturation were measured for a period of 12 months. Monthly
growth data were used to generate horizontal and vertical growth curves. Duncan Multiple Range Test (DMRT) and test
of homogeneity of variances were used to detect existence of statistically significant differences in the fifteen
provenances. The results indicated statistically significant differences (p<0.05) between the provenances with the
Mwakiki provenance being the most significantly different and the Mackinnon one being the least. Intra-seasonal
fruiting and fruit maturation peaked in the months of November and December. Pearson and Spearman correlation
analysis showed very strong positive correlations between growth and yield traits. The results also showed that the
Mwakiki provenance had a stable performance in the three traits studied and is recommended for adoption especially
where fruit production is the preferred end product. Molecular analysis of all the species should also be done to
determine the genetic base status and correlate them with this phenotypic analysis.
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1. Introduction

Moringa oleifera Lam. belongs to the family moringaceae, a monogeneric family of shrubs and trees consisting of 13
species [1, 2]. M. oleifera is the most economically useful species in the genus and is widely cultivated in tropical and
subtropical and naturalized in over 60 countries worldwide [3, 4]. The species is well adapted to survive in different
ecological conditions and grows best in well-drained sandy or loamy soil with a neutral to slightly acidic pH at an altitude
up to 2000 m a.s.] (Nouman et al. 2014; Salem, 2016). Further, according to Manh et al. (2005), the species can grow
well and produce high biomass in acid sulfate soil. Maundu & Tengnas (2005) documented that the species grows best
under conditions characterized by direct sunlight, mean annual temperature of 12.6 °c to 40 °%c and mean annual rainfall
of at least 500mm. The species tolerates harsh environmental and climatic conditions and does not rely on moisture
from immediate rainfall as it stores water within the roots and other succulent tissues for utilization during periods of
water scarcity [5]. M. oleifera is a promising species in agroforestry systems [6].

M. oleifera is largely propagated by seeds and cuttings [7] with seeds being the most preferred part of the plant [8, 9].
The species is multi-purpose and is used for its medicinal values, fodder, food, water purification, biopesticides, biofuels,
growth regulator, soil improvement amongst a host of other uses [10]. According to [11], M. oleifera is easily cultivated
in variable range of climatic and geographical conditions. Its leaves and green pods serve as valuable sources of protein
supplement for human and ruminants in the tropics during the dry season [12, 13]. The recent attention into biodiesel
production has put Moringa as an alternative source of fuel production [11].

Despite the fact that M. oleifera has been widely grown in many African countries, its original native homeland still
remains unknown [14, 3]. Due to lack of such information, scientists have raised concerns over likelihood of using
propagation materials of narrow genetic base with restricted genetic diversity [15]. To address the challenge,
provenance trials have been carried out in different countries [16, 17, 18] with the aim of selecting best performing
provenances for cultivation. As a precursor to establishment of large-scale M. oleifera plantations in the South Eastern
region of Kenya, seeds were collected from different parts of eastern and coastal regions of Kenya. A provenance trial
was carried out in South Eastern Kenya University (SEKU). The objectives of the study was to determine whether the
collected M. oleifera provenances exhibited different growth and fruiting habits and if so, identify the best performing
provenance based on growth and fruit traits.

2. Material and methods

2.1. Study Site

The M. oleifera provenance trial was carried out in South Eastern Kenya University (SEKU) located 15 km off Kwa Vonza
Market, along the Kitui-Machakos main road, Yatta/Kwa Vonza location, Lower Yatta Sub-County, Kitui County. The site
lies at latitudes and longitudes of 037.75546° E 01.313580S respectively. The site elevation is 1173m a.s.I (Figure 1).

2.1.1. Climate

The experimental site falls under agroecological zone IV characterized by semi-arid conditions and erratic rainfall
regimes. The rainfall pattern is bimodal with the short rainy season occurring between November and December and
the long one between April and May. Mean annual rainfall ranges between 500-1050 mm with annual mean
temperatures ranging between 16° C to 349C [19].

2.1.2. Soils and Geology

The soil texture at the study site is mainly sandy to loamy sand, which is prone to soil erosion and are generally poorly
drained [20]. The geology of study site consists of high grade metamorphic granitoid granulites which are composed of
quartz and feldspars (over 90%) and mafic hornblende and pyroxenes which is about 10% or less [21].

2.2, Selection of M. oleifera Provenances

M. oleifera was first introduced to the Kenyan coastal region from India in the turn of 19t century [2]. The provenances
were selected from original introduction sites located at the Kenyan coast and some parts of Eastern Kenya. The location
and elevation of the fifteen provenances are shown in Table 1 and figure 2.
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Figure 1 Location of research site in SEKU, Kitui County, Kenya [22]

Table 1 The elevation and location of the 15 provenances of M. oleifera used in the study

S/No. | Provenance location | Elevation (m) | Latitude Longitude

1. Maungu 530 047°26'95" | 96°06'570"
2. Kilifi 27 059°44'79" | 95°98'335"
3. Saburu 283 052°95'49" | 95°80'457"
4. Mwakiki 710 044°20'76" | 96°28'881"
5. Diana Ukunda 27 056°37'71" | 95°30'786"
6. Pwani University 16 059°45'79" | 96°00' 249"
7. Vipingo 19 059°13'83" | 95°81'938"
8. Mbololo 687 044°36'46" | 96°28'838"
9. Waa Kwale 20 056°68'96" | 95°38'948"
10. Gede 5 060°39'55" | 96°28'791"
11. Mackinnon 364 050° 50" 71" | 95°87'498"
12. Likoni 15 057°23'26" | 95°48' 075"
13. Miasengi 447 049°37'28" | 95°94'039"
14. Kibwezi Town 867 038°71'81" | 97°37'178"
15. Shika Adabu 26 057°05'38" | 95°44'872"
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Figure 2 Location of seed collection areas (provenances)

2.3. Field Experimental Design

The provenance trial was set up in a 10 acre piece of land. Staking was carried out and pits of 0.3m by 0.3m prepared.
For each provenance, 200 seedlings were transplanted using a spacing of 2m by 2m and the same was replicated three
times. The experiment was laid in a randomized complete block design (RCBD). The subplots within the main plot were
separated by 4m. A buffer zone measuring 10m wide was created around the core field plot.

2.4. Data collection

2.4.1. Growth parameters

One month after transplanting, 20 plants for each provenance were selected randomly at the centre core of each subplot
and tagged. Boundary plants were avoided. Root collar diameter (RCD)/diameter at breast height (DBH) and height
were monitored and recorded on monthly basis for 12 months. A veneer caliper and a ruler were used to measure
diameter and height respectively. As the plants grew, the veneer caliper and the ruler were replaced with a diameter
tape and calibrated height measuring rod respectively. At the initial measurements, RCD was measured at 30cm above
the ground.

2.4.2. Fruiting and fruit maturation

The tagged plants were monitored for fruiting and fruit maturation during the October-December fruiting season. Direct
counts of the total number of fruits per tree and the total number of mature/harvested fruits were carried out twice a
month during the fruiting season.

2.5. Data analysis

Diameter and height data for the fifteen provenances were used to generate horizontal and vertical growth curves
respectively. In addition, the diameter and height data were subjected to Duncan Multiple Range Test (DMRT) to detect
existence of significant differences. Both diameter and height data were also subjected to Pearson correlation analysis
to isolate existence of significant relationships between the two growth traits. Intraseasonal fruiting and fruit
maturation were subjected to test of homogeneity of variances to detect existence of significant differences across the
fifteen provenances. Spearman correlation analysis was used to establish existence of relationships between growth
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parameters (diameter and height) and fruiting. Similarly, intraseasonal fruiting was subjected to Spearman correlation
analysis to detect existence of significant relationship between fruiting and time during the fruiting season. Charts were
used to depict mean fruiting and fruit maturation per tree for the fifteen provenances.

3. Results

3.1. Diameter of M. oleifera provenances

Shika Adabu provenance had the highest mean DBH of 6.79cm followed by Mwakiki with a mean of 6.65cm and Maungu
with 6.17cm (Figure 3). Mackinnon provenance had the least mean DBH of 3.95cm followed by Gede and Likoni
provenances with mean DBH of 4.23cm and 4.5cm respectively (Figure 3). When the data was subjected to Duncan

Multiple Range Test (DMRT), there were significant statistical differences (p<0.5) among the fifteen provenances.
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Figure 3 Diameter of fifteen provenances of M. oleifera
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Figure 4 Height of fifteen provenances of M. oleifera
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The fifteen provenances of M. oleifera showed statistically significant differences in height (p<0.05). The provenances
performance in height followed an almost similar trend as observed in diameter with Shika Adabu provenance having
the highest mean height (3.44m) followed by Maungu provenance with 3.17m and Mwakiki recording 3.02m (Figure 4).
Mackinnon provenance had the lowest mean height of 1.2m while Gede and Waa had 1.53m and 1.68m respectively.
The height for all provenances had not leveled off by the end of the monitoring period. All the fifteen provenances
showed a strong positive correlation (Pearson, rs = 0.918, p<0.01) between DBH and Height.

3.3. Intra-seasonal fruiting and fruit maturation of M. oleifera provenances

Test of homogeniety of variances showed that Mwakiki provenance was the most statistically significant at p=0.011 in
terms of fruit production. Similarly, Miasenyi and Kilifi provenances had significant differences (p<0.05) in fruit
production. Fruiting had a positive correlation (Spearman, rs = 0.856, p<0.01) with DBH. A similar positive correlation
(Spearman, rs = 0.795, p<0.01) was also observed between fruiting and height of the provenances. Mwakiki provenance
had the highest mean fruits production at 153.25 fruits per plant followed by Maungu and Shika Adabu at 104 and 80
fruits per plant respectively (Figure 5). Mackinnon provenance recorded the lowest mean fruits production at 6 fruits
per plant followed by Gede and Waa each at 12.5 fruits per plant (Figure 3.3).
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Figure 5 Fruit production for the fifteen provenances of M. oleifera

H Sept. Oct. Nov. Dec. ®™Jjan.

180 -
160 -
/]
g I
£ 140 -
L 120 -
/]
2 001 | [
P
s |
E
L]
[T
(1]
p -
/]
>
-

Provenances

Figure 6 Intraseasonal fruiting of fifteen provenances of M. oleifera
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Intraseasonal fruiting indicated that fruiting started in the month of September and peaked in November. While all the
other provenances showed a decline in fruiting after the peak. Saburu, Diani, Miasenyi and Shika Adabu provenances
maintained peak fruiting in the months of November and December (Figure 6). Though fruiting started in the month of
September when the study site was dry, a strong sychronization of peak fruiting and peak rains in the months of
November and December was observed. When intraseasonal fruiting was correlated with time, a very strong positive
correlation (Spearman, rs = 0.928, p<0.01) was found at the onset of the fruiting season in September but a relatively
lower positive correlation (Spearman, rs = 0.663, p<0.01) at the end of the fruiting season in January.

Though fruiting started in the month of September, fruit maturation for most of the provenances started in October.
Fruit maturation peaked in the month of December for all the provenances except Diani, Waa and Shika Adabu where
fruiting peaked in January (Figure 7). When harvested fruits from the fifteen provenances were subjected to analysis
of variance, statistically significant differences (p<0.05) were found in Pwani, Mwakiki and Miasenyi provenances.
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Figure 7 Intraseasonal fruit harvesting of fifteen provenances of M. oleifera

4. Discussion

4.1. Diameter of M. oleifera provenances

In this study, we observed diameter ranges of 3.95cm - 6.79cm. Similar DBH performances were observed in two
provenances of M. oleifera grown in Zimbabwe [17]. Further, the DBH ranges obtained in this study are closely
comparable with those obtained by [18] which ranged between 2.86cm-8.58cm. The statistically significant differences
in DBH of M. oleifera provenances observed in this study have also been reported elsewhere by [23]. The observed
differences in DBH growth performance across the fifteen provenances is likely to have been contributed by seed
transfer distances as well as changes in elevation. For instance, Mwakiki and Maungu provenances are nearer to the
experimental site compared to Gede and Likoni provenances and had mean DBH of 6.65cm and 6.17cm respectively
compared to Gede and Likoni provenances which had mean DBH of 4.23cm and 4.5cm respectively. Further, Mwakiki
and Maungu provenances home sites had elevations of 730m a.s.l and 510m a.s.l respectively compared to Gede and
Likoni provenances with very low elevations of 5m a.s.] and 15m a.s.l respectively. Probably, the differences in seed
transfer distances combined with differences in provenances home-site elevations contributed to differences in
adaptability at the experimental site and hence the observed differences in DBH. Our findings are supported by [24]
who documented provenances home-site advantages and the effects of long distance seed transfers. [25] in a study on
the performance of provenances attributed the variations in growth to climatic changes caused by seed transfer
distances. Elsewhere, in a study on performance of different provenances of M. oleifera, [18] attributed the differences
in DBH development to variations in adaptability among provenances, good climatic condition, that is, availability of
rainfall and genetic superiority.
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4.2. Height of M. oleifera provenances

The results of height growth showed that Shika Adabu had the highest mean height of 3.44m followed by Maungu and
Mwakiki provenances with 3.17m and 3.02m respectively while Gede provenance had a mean height of 1.58m. This
showed that height growth followed an almost similar trend followed by DBH growth where best performing
provenances in terms of DBH performed equally well in height growth and vice versa. The observed similar trend in
DBH and height growth can be attributed to allometric growth pattern common in many terrestrial plants. Further, it is
highly likely that the factors that influenced DBH growth such as seed transfer distances and elevation equally affected
the height growth. For instance, the experimental site has an elevation of 1173m a.s.l while the fifteen provenances had
their native elevations ranging between 5m-867m a.s.l. Technically, in the experimental site, all the provenances were
growing outside their native altitude range thus forcing them to adapt to the new elevations. Probably, the furthest
moved Gede provenance with an elevation of 5m a.s.] was greatly disadvantaged by the changes in elevation at the
experimental site. However, it is important to note that M. oleifera grows in wide range of altitude such as between 0 -
1000m a.s.l [3] and upto 2000m a.s.l [26]. Changes in elevation lead to pronounced changes in temperature and
consequently the rainfall regime. While the climatic condition at the experimental site is generally dry, the climate at
the coastal Kenya, where most of the provenances were obtained, is moist. Elsewhere, in a study on performance of M.
oleifera provenances in Zimbabwe, [18] attributed the observed variations to provenance adaptability as well as rainfall
differences. The influence of local climatic and environmental conditions on performance of provenances has also been
documented by [27, 28].

The minimum and maximum mean heights of the provenances of 1.2m and 3.44m respectively obtained in this work
are relatively lower than mean height documented by [18] which ranged between 2.66m-8.16m. The differences in
mean heights for the two studies can be attributed to differences in monitoring period in which this study monitored
the provenances for 12 months while Edward’s monitoring lasted for 30 months. The differences in mean height
between the two studies clearly explain why the height growth curves had not leveled off in this research work at the
end of the test period. It is likely that if the provenances in the current research were monitored until the curves levels-
off, a higher mean height would have been achieved. Positive correlation across growth traits observed in this work has
been reported elsewhere. For instance, in a study on seed characteristics and biomass production of M. oleifera
provenances grown in Ouagadougou, Burkina Faso, [16] found significant positive Pearson product-moment correlation
coefficients (r) among the studied traits. Similar positive height-diameter relationship has been supported by [29, 30].

4.3. Intraseasonal fruiting and fruit maturation of M. oleifera provenances

The findings of this work indicated that intraseasonal fruiting was highest in Mwakiki provenance. Mwakiki and Maungu
provenances ranked second and fourth in terms of nearness to the experimental site and produced 153.25 and 140
fruits per plant respectively. Fruit production for the two provenances was higher than that of the furthest moved Gede
and Waa provenances where each produced 12.5 fruits per plant. Similarly, Mwakiki and Maungu provenances home
sites had relatively higher elevations of 710m a.s.l and 530m a.s.I respectively compared to low home sites elevations
of 5Sm a.s.l and 20m a.s. for Gede and Waa provenances respectively. Based on these trends, it is highly likely that seed
transfer differences played a critical role in fruit production with the furthest moved provenances being disadvantaged
by long seed transfer distances that probably led to pronounced changes in environmental and climatic conditions.
Additionally, the furthest moved provenances had major changes in elevation and latitude which are of major concern
due to their influence in temperature regimes. The findings of this research work raises similar questions with [24] on
how far a plant material can be moved from home site and remain ecologically productive. Further, our findings
complement [31, 24] assertions that local provenances are the best.

This work observed peak fruiting in the month of November for all the provenances as well as syschronization of the
fruiting episode with the peak rains in the October-December rain season. The observed synchronization of peak
fruiting to peak rains is a clear evidence of a natural sychrony by the provenances to ensure fruit survival. Fruiting is a
resource demanding activity and syschronizing it with peak rains ensure fruit survival due to availability of resources
particularly water. Our findings are supported by [32] who found out that synchrony is an adaptation strategy
developed against water scarcity. Elsewhere, [33], in an experiment on M. oleifera, noted that fruit set decreased with
the decrease in irrigation treatment. According to [34], peak fruiting in India occurs in the months of September and
October which is slightly earlier than what was noted in this research work. However, it is worth noting that the
monsoon season in India lasts from June to September. This work noted that some provenances such as Saburu, Diani,
Miasenyi and Shika Adabu had a prolonged peak fruiting and late fruit maturation. Though the study could not
authoritatively explain the causes, the prolonged peak fruiting and delayed fruit maturation can consequently delay
fruit harvesting. The onset of fruiting in September as observed in this work is a clear indication that flowering in M.
oleifera occurs during the dry season. Our findings are consistent with [35] who documented that dry period favours
flowering and fruit set in M. oleifera and heavy rainfall leads to flower drop, which ultimately leads to poor pod set.
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Though fruit maturation and harvesting in this experiment occurred between October-January, [34] reported fruit
harvesting between September and November. Peaking of fruit maturation in the month of December as noted in this
work is an indication of when mass harvesting of the fruits should be done.

5. Conclusion

The study concluded that Mwakiki provenance had a generally good and stable performance in DBH, height and fruiting
indicating a probable influence of seed transfer distances and elevation on the performance. Further, though Shika
Adabu provenance performed best in DBH and height growth, its low fruit production make it less preferred for
adoption especially where fruit production is the preferred end product.

Recommendations

It is strongly recommended that Mwakiki provenance is adopted due to its stable performance in all the three traits
under study and its adaptability to the local conditions. Further, the nearer to the planting site, the better the provenance
performance. However, the genetic base status of the provenances needs to be determined and correlated with the
morphological and climatic data obtained above. The broadening of the genetic base can be done by sourcing germplasm
from native plant species in India.
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