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Storing moringa seeds soon after harvesting at a specific storage temperature and
for specific storage duration may affect the seed quality and germination
percentages of the seed. Thus, an experiment was carried out to determine the
storage temperature conditions and storage duration that may be used by small
holder farmers when storing moringa seed to achieve optimum germination
percentages. The results of the study indicated that management of storage
temperature and storage duration of seed has potential to improve the seed quality
and germination percentage of moringa seed. Across all the treatments, the results
suggest that the quality of the seed improves with prolonged storage period up
until three months, thereafter the quality of seed decrease with storage time unless
stored under low temperatures (10 ° C). Good germination results were achieved
after storing the seeds at a storage temperature of 25 °C (ambient temperature) for
a duration of 60 days.
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INTRODUCTION

Moringa oleifera, also known as Horse radish, benzolive
tree, kelor, marango, mlonge, moonga, mulangay,
nébéday, saijhan, sajna, Ben oil tree, or drumstick- tree
(Fahey, 2005) is one of the world’s most useful and
nutritious plants (Verdcourt, 1985). The plant belongs to
the moringaceae family and is indigenous to Himalayan
tracts of India, Bangladesh, Afghanistan and Pakistan
(Fahey, 2005). In Zimbabwe, the plant is cultivated in
several parts of the country but mainly in the lowveld
along Zambezi valley, with the highest concentration
being found in Binga district where it is known as
Zakaland or Tonga by the locals (Trends, 2005; Maroyi,
2006).

Overwhelming evidence has been found that
moringa has high medicinal value (Basara et al., 2011),
and is multifunctional (Anwar et al., 2007; Oduro et al.,
2008). The plant has high nutritional value (Nambiar,
2006; Thurber and Fahey, 2005), therapeutic uses
(Thirusenduraselvi and Jerlin, 2007) and prophylactic
properties (Fuglie, 1999; 2000; Fahey, 2005).

Moringa is propagated sexually through seeds
and vegetatively through stem cuttings (Fuglie, 1999;
Church world Service, 2000). While the stem cutting
method is easy and successful for tree propagation, the
recent introduction of moringa as a field crop for
biomass production requires propagation through seed
(Nouman et al., 2012). However, seed viability of the
plant is low when compared to other field and
horticultural crops (Croft et al., 2012). In particular,
germination percentages of moringa seed is not very
good soon after harvesting of mature seed (Maroyi,
2006). Although moringa seed does not contain any
dormancy, studies on germination percentage of fresh
seed is still confusing with some studies reporting better
germination percentages from fresh seeds when
compared to old seeds, whilst other studies have
reported lower germination percentages on fresh seed
than on seeds that have been stored for a period of a
month up until three months even under different
storage conditions (Croft et al., 2012). Germination of
seed is a function of duration of storage, storage
temperature and moisture content at storage (Croft et
al., 2012). Therefore, good management of storage
temperature and storage duration may enhance
germination of the seed. There is need to investigate
and characterise specific storage conditions that are
optimal for favourable germination percentages of
moringa seed. Such a study should focus on the
development of threshold storage temperature and
storage duration limits that will allow farmers to have
optimum germination percentages. This information is
very important, especially to the small holder farmers
who normally retain the seed from the previous harvest
and use it in the next season. Therefore the major
objective of this study was to establish storage
temperature and duration threshold limits for optimum
germination of moringa seeds. The study was of the
hypothesis that germination is highest within the first
three months of storage, thereafter seed germination
can drop with increase in storage duration because of
changes in chemical constituents of seed cells which is

expected with time. We were also of the hypothesis that
optimal germination for moringa is achieved when
seeds are stored at relatively lower temperatures (10
9C) which preserves the seed from membrane
degradation, decrease in enzyme activity and changes
in chemical constituents of seed cells.

OBJECTIVES
Overall Objective

The broad objective of the study was to improve the
seed quality and germination percentages of moringa
seed through determining the optimum storage
temperature and storage duration requirements that
achieves a better germination percentages.

Specific Objectives

Storing moringa seeds soon after harvesting at a
specific storage temperature and for specific storage
duration may affect the seed quality and germination
percentages of the seed. Now, an experiment was
carried out to determine:

o The storage temperature conditions and
storage duration that may be used by small
holder farmers when storing moringa seed to
achieve optimum germination percentages.

MATERIALS AND METHODS
Study Site

The experiment was conducted at the Government
Seed Testing Laboratory, Seeds Services under the
department of Research and Regulatory Services
(Zimbabwe).

Experimental Design

The experiment was a factorial design laid down in a
Randomized Complete Block Design with two factors
(storage temperature with 3 treatment levels of 10 ° C,
250(C, and 35 °C and storage duration with 5 treatment
levels of Zero (0) days, 30 days, 60 days, 90 days and
120 days). Each treatment was replicated 3 times,
giving a total of 45 experimental units.

Treatment Development and Allocation

Soon after harvesting moringa seeds, the seeds were
tested for moisture content and stored for 120 days, 90
days, 60 days, 30 days and zero days at different
storage temperature conditions of 10°C, 25°C, and 35
0 C for each storage duration. Each treatment was
packed in labelled envelopes of 50 seeds each.
Treatment allocation in each plot was randomized by
BSTA Statistical package (Basic statistical Analysis
System -version 5).
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Management of the Experiment

The experiment was conducted according to the
International Seed Testing Association (ISTA, 2005)
and Association of Official Seed Analysis (AOSA,
2005). The germination substrate (sand) was first
washed under running tape water, before sterilization in
an oven at a temperature of 100 © C to control
pathogens. The germinating trays were also sterilized
with liquid detergent. During planting of seeds, the
seeds were tested for moisture content, before
mechanical scarification to increase water up take. The
seeds were planted in sand trays at a depth of 2 cm and
in a Walk-in-germination room that had a fluctuating day
and night temperature of 20/10 ° C respectively. The
evaluation of seedlings was conducted on the 7" day
and it was the first and final counting. The seedling
results were taken from visual observation and were
categorized into normal and abnormal seedlings. These
normal and abnormal seedlings were then used to
calculate the germination percentages. Normal
seedlings were defined as the seed that show the
potential for continued development into satisfactory
plants when sown in good quality soil and under
favourable conditions. Abnormal seedlings were
defined as that seed which do not show the potential for
continued development into satisfactory plants when
grown in good quality soil and under favourable
conditions. The abnormal seeds category also included
damaged seedlings, these were defined as seedlings
with weak development or psychological disturbance or
in which essential structures are deformed or out of
proportion. The data on normal and abnormal seedlings
were subjected to analysis of variance (ANOVA) using

the Statistical Analysis System (SAS, 2000). Mean
separation was by Turkey’s least significant difference
(LSD) at 5 % level.

RESULTS

Effect of Storage Temperature and Storage Duration
on Seed Germination

The significant (P < 0.05) interaction effect of storage
temperature and storage duration on germination of
moringa seeds is illustrated in table 3.1 below. For
moringa seeds that were stored at a low constant
temperature of 10 °C, significant differences (P < 0.05)
were observed between seeds that were stored for a
duration of 30 days and seeds that were stored for a
duration of 60, 90 and 120 days. Moringa seeds that
were stored at a low temperature of 10 °C showed an
increase in germination percentage when their storage
duration was increased to 60, 90 and 120 days than
when the duration was 30 days. For moringa seeds that
were stored for a duration of 30 days, significant
differences (P < 0.05) were observed between seeds
that were stored at a temperature conditions of 10 °C
compared with seeds that were stored at either 25 °C
or 35 © C. Moringa seeds that were stored at a
temperature of 35 ° C showed no significant differences
(P < 0.05) when the storage duration was either 30
days, 60 days or 90 days. No differences were also
significant (P < 0.05) across all temperature treatments
when the storage duration was either 60 days or 90
days. Highest germination percentages were achieved
for seeds that were stored at a storage temperature of
25 0C, and for a storage duration of 60 days.

Table 3.1: Effect of Storage Temperature and Storage Duration on Germination of Moringa Seed

Storage Moisture Storage |Average Average number (Average Germination
Temperature Content at |Duratio ([number of |Of Abnormal number of |%
planting % |n Normal Seedlings dead seed
seedlings

Ambient (25 ° C) 8.85 30 20.332 21.6 7 40.662
Ambient (25 ° C) 8.25 60 41.5° 5 6 83.00°
Ambient (25 ° C) 7.91 90 40.00° 5 4 80.00°
Ambient (25 ° C) 7.67 120 37.5° 8 6 75.00
High (35° C) 8.71 30 38.67 ° 5.6 5.6 77.34°
High (35° C) 8.18 60 41.00° 3.6 5.3 82.00°
High (35° C) 7.64 90 39.00° 6 5 78.00°
High (35° C) 7.55 120 27.52 19.6 8 55.002
Low (10°C) 11.05 30 21.672 18.6 9.6 43.342
Low (10°C) 11.25 60 37.67° 7.6 4.6 75.340
Low (10°C) 12.65 90 40.00° 4 6 80.00°
Low (10°C) 11.42 120 41 5 5 82.00°

Mean with the same superscripts are not significantly different at (P < 0.05).
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Lowest germination percentages were observed when
the storage temperature was low (10 °C) and with a
short storage duration of 30 days, except for seeds that
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were stored at a temperature of 35 °C for a duration of
120 days which also recorded lower germination
percentages .
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Fig 3.1: Germination performance of moringa seed under different storage
temperature and duration

Effect of Storage Temperature and Duration on
Seed Moisture Content

Storage temperature affected seed moisture content for
all the treatments under trial. Seeds that were stored at
a low temperature condition of 10 ° C had significantly
higher moisture content (P<0.05) than seeds that were
stored at temperature condition of 25°C and 35 °C (Fig
3.2). No differences were significant (P<0.05) in
moisture content between seeds that were stored at the
same temperature treatment but varying the storage
duration. Seeds that were stored at a low temperature
(10°C) showed an increasing trend of moisture content

with increase in storage duration and reached a peak
value in the 90 days of storage before decreasing in the
120" day of storage. In some cases, the outside cover
of the envelopes which contained seeds that were
stored at 10 ° C showed few deposition of dew, although
the inside of the same envelops appeared dry when
viewed using necked eye. However, seeds that were
stored at a temperature of 25° C and 35° C showed a
decreasing trend of moisture content with increase in
storage duration and their envelopes did not show any
sign of deposition of dew. Seed moisture content did not
show any effect on germination of the seed.
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Fig 3.2: Effect of storage temperature and duration on seed moisture content
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DISCUSSION

The results of the study indicated that management of
storage temperature and storage duration of seed has
potential to improve the seed quality and germination
percentage of moringa seed. Previous studies have
recommended the importance of pre-treatment of
moringa seed to achieve better germination results
(Nouman et al.,, 2012). The germination percentages
from this study compares well with findings by Muhl et
al. (2011), and this supports the reliability of the
findings. The results also confirmed that moringa does
not have any dormancy since the freshly harvested
seeds readily germinated after being exposed to the
conditions necessary for germination. Across all the
treatments, the results suggest that the quality of the
seed improves with prolonged storage period up until
three months, thereafter the quality of seed
deteriorates. This observation compares well with
findings by Croft et al. (2012) and is in agreement with
our study hypothesis where we expected high
germination percentages in the first three months of
storage before a decrease in seed quality thereafter.
This deterioration in seed quality after three months
may be a result of biochemical manifestation
(Copeland, 1988), membrane degradation
(shaumugavel et al., 1995; Singh and Dadlani, 2003),
decrease in enzyme activity (Perl et al, 1978), or
changes in chemical constituents of the cell (Verma et
al., 2003).

Contrary to one of the study hypothesise where
we expected lower temperature (10 °C) storage
conditions to maintain better viability of seed and
improve the germination percentage over time, the
quality of seed also improved when it was stored at high
temperatures (35 °© C). Even when the seeds were
stored for a longer duration (90 days), germination
percentages remained high under high temperature
conditions before deteriorating after 120 days of
storage. This quality improvement may possibly be
explained by the genetic adaptation of the seed within
the centres of origin and diversity where the ambient
temperature ranges between 30°C to 35°C. This high
ambient temperature also improves the rate of
enzymatic processes within the seed (Viceshouwers et
al., 1995). The existence of no significant difference in
germination percentages for seeds that were stored for
duration of 60 days and for 90 days across all storage
temperature treatments may suggests that there is no
need to prolong the storage of the seeds to 90 days
since viability would have been achieved with 60 days
of storage. However, it is important to take note that
viability of the seed may prolong to 90 days before
deterioration in quality starts to take place. Highest
germination percentages were observed when the
storage temperature was either 25 9C or 35 °C and the
storage duration was 60 days. However storing the
seed at 35 9C may require additional heating equipment
in seed storage rooms, especially in countries such as
Zimbabwe where the average ambient annual
temperature is between 25 ° C and 30 ° C. Use of
heating equipment will increase storage costs to the
farmers and is not relevant in small holder farming setup

in developing world. It is therefore suggested that
farmers can still achieve good germination results after
storing the seeds at a storage temperature of 25 9 C
(ambient temperature) for a duration of 60 days.
However, for quick planting of seeds which have been
harvested soon, the results suggest that the seeds may
need to be stored for 30 days at a temperature of 35 ©
C to give better germination results.

High moisture content that was observed in
seeds that were stored at low temperature of 10° C may
be a result of condensation process of water vapour
which takes place when seed envelop surface
temperature was lower than the surrounding air
temperature (Sentelhas et al., 2004) The results also
showed no effect of seed moisture on germination
percentages, and this is expected from seeds that does
not contain any dormancy.

CONCLUSION AND RECOMMENDATION

Storage temperature and storage duration have an
interaction effect on the germination percentages of
moringa seed. It is recommended that farmers and seed
houses may store the seed for a duration of 60 days in
the storage room where ambient temperature is
averaged at 25 ° C so as to achieve better germination
results.
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