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Abstract
The trial was conducted in the seed quality laboratory of SENASEM, in order to evaluate in seeds from Moringa 

oleifera Lamarck provenance Supergenius the effect of different hydration times (HT): 3 hours (T1), 6 hours (T2), 12 
hours (T3) and 24 hours (T4), on germination (G), plant height (H) and growth rate (GR) 5, 7, 9, 12 and 14 days after 
sowing (DAS); as well as their effect on foliage weight (FW), root weight (RW), average of daily foliage weight (AFW) 
and total plant weight (TPW) 14 DAS. Trays that contained inert sand as substrate, which were placed in germination 
chambers, were used. The design was completely randomized blocks, with four repetitions. The variance analysis was 
done per variable for each evaluation date, and for the comparison of means Tukey’s test was used for 5 % of significance. 
The results only allowed to detect significant differences for germination (5 DAS) and for H and GR (6 and 12 DAS). The 
hydration of M. oleifera seeds during 12 or 24 hours can contribute to improve the performance of the growth variables of 
this species. On the other hand, the RW and FW contributed in 14 and 86 %, respectively, in the total weight of the seed-
lings 14 DAS, which indicates that this plant can be very efficient for forage production during its initial growth stage.
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Introduction
For millennia, practically all parts of Moringa 

oleifera have been used by man. The leaves, flowers, 
fruits and roots are appreciated for their nutritional 
value and can be used feeding humans and animals. 
The leaves are exceptionally rich in vitamins and in 
different aminoacids (Fuglie, 2001). The analysis 
made indicate that the meal of M. oleifera leaves fa-
vorably compares to powder milk regarding its pro-
tein and calcium components, and additionally has 
a high content of vitamin A. Besides having high 
nutritional value, the leaves are rich in antioxidants, 
among which isothiocyanates stand out, which can 
show anti-cancerous, hypotensor, hypoglycemic and 
antibiotic properties. The concentrations of antinutri-
tional factors in the leaves, such as protease, tannin, 
saponin and lectin inhibitors are insignificant (Olson 
Fahey, 2011). The leaves are also used as forage, bio-
pesticide and for biogas production (Fahey, 2005).

M. oleifera arrived in Venezuela a little more 
than a century ago. It is known as the “tree of a 
thousand uses, marango, drumstick tree” and 
even “Mom’s best friend”, and in the Zulia state it 
is called “flower of guayrén or guaireña”. It is an 
evergreen tree, of accelerated growth (Berroterán, 

2015a), which usually reaches from 10 to 12 me-
ters of height. It has an open and expanded crown, 
of inclined and fragile branches. The stem has a 
thick and whitish bark, of cork-like aspect. These 
characteristics make it an excellent living post and 
thus, splendid for ornamentation; and it also has  
the peculiarity of being rich in nectar and pollen, 
for which it is melliferous par excellence; that is, it 
is preferred by bees for producing honey and other 
derived products (Berroterán, 2015a).

The Ministry of the Popular Power for Agri-
culture and Lands and the Ministry of the Popular 
Power for Science, Technology and Innovation of 
the country, through the «National project for the 
production and use of Moringa oleifera» and in 
collaboration with the Republic of Cuba, in 2012 
a program of research and production of this plant 
started. At the beginning of the project 286,5 ha 
were established in the socialist enterprises of ir-
rigation and in the research and social production 
farms ascribed to both ministries, under different 
agroclimatic conditions of the national territory. 
The goal for the production of M. oleifera seed 
in 2012 was to sow 300 ha (Baldizán, 2014; Ber-
roterán, 2015a).
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Due to the importance that the national Government 
has recently assigned to this crop, little research generated 
in the country about this topic and the need to search 
for alternatives for animal feeding, the objective 
of this study was to evaluate the effect of different 
hydration times in Moringa oleifera seeds provenance 
Supergenius on the morpho-physiological variables of 
this plant.

Materials and Methods
Description of the site and experimental 

conditions. The trial was conducted during July, 
2015, in the laboratory of seed quality control of the 
National Seed Service (SENASEM for its initials 
in Spanish), Aragua site. The seeds were obtained 
from the lots established for the production of such 
input, in the socialist production farm Los Tama-
rindos, located in the Zamora municipality of the 
Aragua State.

Experimental procedure. M. oleifera seeds 
provenance Supergenius were used, harvested in a 
period no longer than two months. They were ex-
tracted from mature capsules from different plants 
of the same cultivar, and were selected from the 
portion of the middle third, which had adequate 
moisture content, those free from mechanical dam-
age by pathogens or insects and the ones that had 
the characteristic color they show when they have 
reached physiological maturity, according to the re-
ports by Bayé-Niwah and Mapongmetsem (2014).

The trays that contained the samples to be evaluated 
were placed in metallic shelves at the same height (1 m), 
inside a germination chamber at constant temperature 
of 28 ºC, relative humidity of 50 % and with 8 hours 
of light per day (white light).

Measurements. The seeds were initially 
subject to the following treatments: T1: 3 hours 
of soaking before sowing, T2: 6 hours of soaking 
before sowing, T3: 12 hours before sowing, T4: 24 
hours of soaking before sowing; for such purpose 
100 seeds were introduced in glass flasks (previ-
ously sterilized), to which distilled water was added 
until being fully covered. In this stage those that 
were observed floating in each flask were removed, 
to avoid the use of possibly empty seeds. The seeds 
that would remain 24 hours in water were first 
soaked, and then the ones of 12, 6 and 3 hours, in 
order to guarantee that they were all simultaneous-
ly removed from soaking. Once this process was 
finished, 100 seeds were sown per germination tray 
(four repetitions) for each soaking time (a total of 

16 trays), to which a substrate of washed and sieve 
inert sand had been previously added, with a 2-mm 
mesh, and they were later placed in germination 
chambers (ISTA, 2005).

At 5, 7, 9, 12 and 14 days after sowing, the ger-
mination and height reached by the seedlings were 
evaluated. In the case of germination, the seeds 
that showed visible emission of the seedling were 
counted; while the height was measured plant by 
plant from the neck or cotyledonal node to the api-
cal bud, with a plastic graduated ruler. For each day 
of evaluation the growth rate was estimated, as the 
average difference between the heights recorded at 
different measurement days and the number of days 
corresponding to the studied period, according to the 
criterion expressed by Váldes-Rodríguez et al. (2014).

After 14 days all the plants of each experimen-
tal unit were taken, separating independently the 
roots (without substrate traces) and the aerial part, 
to dry them in stove during 24 hours. Once dry, 
they were weighed on an analytical scale to obtain 
the weight values of the foliage and the roots; and, 
in turn, to estimate with them the total weight (on 
dry basis) of the plant, through the addition of both 
values. Likewise, the percentage proportion of fo-
liage weight/total dry weight and root weight/total 
plant weight were estimated, as well as the average 
daily weight of the foliage and total plant weight, by 
dividing the foliage weight and total plant weight 
between the number of days.

Data analysis. Variance analysis (ANOVA) 
was made according to simple classification linear 
model, considering the evaluation date and the 
means were compared through Tukey’s test for  
5 % of significance, after verifying that they fulfilled 
the normal distribution and variance homogeneity 
adjustment. All the analyses were made through the 
statistical program INFOSTAT 2016e®.

Results and Discussion
Table 1 shows significant differences for the 

variable germination from 5 DAS; the seeds sub-
ject to the hydration times of 12 and 24 hours had 
the highest percentages (26 and 28 %, respectively). 
Nevertheless, there was an increase in this varia-
ble at 7 days, with values that exceeded between 
3,3 and 15,5 times the recorded ones for that date. 
In this regard, Bayé-Niwah and Mapongmetsem 
(2014) reported initial values of germination at 6 
days, with an increase of double or triple the growth 
rate at 10 days depending on the position of the seed 
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in the capsule, as well as a decrease in such rate at 
18 days.

After the seventh day no statistical differences 
were found for the above-mentioned indicators, 
which reached values between 94 and 98 %. These 
results are higher than the ones obtained by Padilla 
et al. (2012), who reported 86 % of germination 
between 11 and 15 days when evaluating different 
hydration times. On the other hand, Berroterán 
(2015b) obtained 90 % when using seeds from the 
same provenance that was evaluated in this study.

For the case of the average height and growth 
rate values, there were only significant differences 
at 7 and 12 days. In this regard, Parviainen (1981) 
indicates that height is one of the oldest variables 
in the classification and selection of seedlings 
in nursery and is considered important for the 
evaluation. Likewise, Gomes et al. (2002) state 
that the height of the aerial part, when evaluated 
in isolation, is a variable that allows to combine it 

with others such as stem diameter of the root neck 
and the root weight/aerial part weight ratio, to have 
a complete estimation of the growth factors.

The height values in this research 14 DAS turned 
out to be higher than the ones found by Padilla et al. 
(2012) and Váldes-Rodríguez et al. (2014) at 40 days. 
Likewise, the results were better than the ones ob-
tained by Bayé-Niwah and Mapongmetsem (2014), 
for the height as well as for the estimates of growth 
rate (from their data), which could have been due to 
the fact that these authors used seeds from natural-
ized cultivars, collected in eight localities of the Su-
dan-Saheila region; while in this study seed from a 
provenance of M. oleifera, from India (Toral et al., 
2013) and taken to Cuba through the Government 
(Berroterán, 2015b). on the other hand, the growth 
values on the seventh day for the hydration times of 
3 and 6 hours are close to the maximum values ob-
tained for this variable by Pérez et al. (2010); how-
ever, those obtained at 12 and 24 hours are similar 

Table 1. Average values of the evaluated variables in M. oleifera seedlings, subject to different hydration 
times.

DAS HT 
(hours)

H 
(cm)

G 
(%)

GR 
(cm/día) DAS ST 

(hours)
H 

(cm)
G 

(%)
GR 

(cm/day)
5 3 1,35 9,00 b 0,27 7 3 3,83 ab 87,00 0,55 ab

5 6 1,47 6,00 b 0,29 7 6 3,61 b 93,00 0,52 b

5 12 1,25 28,00 a 0,25 7 12 5,05 a 94,00 0,72 a

5 24 1,23 26,00 a 0,25 7 24 4,98 a 94,00 0,71 a

General mean 1,33 17,13 0,27 General mean 4,37 92,00 0,63
SE 0,103 44,916 0,004 SE 0,333 15,666 0,006

9 3 9,82 94,00 1,09 12 3 19,83 b 96,00 1,65 b

9 6 9,47 96,00 1,05 12 6 21,74 ab 96,00 1,78 ab

9 12 10,26 95,00 1,14 12 12 21,11 ab 97,00 1,76 ab

9 24 10,02 96,00 1,11 12 24 22,53 a 99,00 1,88 a

General mean 9,89 95,25 1,10 General mean 21,30 96,75 1,77
SE 0,206 4,472 0,002 SE 1,040 3,444 0,007

DAS HT 
(hours)

H 
(cm)

G 
(%)

GR 
(cm/day)

FW 
(g/day)

AFW 
(g)

RW 
(g)

TW 
(g)

TAW 
(g)

14 3 21,78 97,00 1,56 7,26 0,52 1,16 8,42 0,60
14 6 24,00 99,00 1,71 8,62 0,62 1,31 9,93 0,71
14 12 23,27 96,00 1,66 8,01 0,57 1,53 9,54 0,68
14 24 24,81 98,00 1,77 8,38 0,60 1,23 9,61 0,69
General mean 23,47 99,00 1,68 8,07 0,58 1,31 9,38 0,67

SE 2,252 2,888 0,011 0,452 0,002 0,091 0,671 0,003

DAS: days after sowing, HT: hydration time, H: height, G: germination, GR: growth rate, FW: foliage weight, AFW: average foliage 
daily weight, RW: root weight, TW: total weight, TAW: total average daily weight. a, b: values with different superscripts in each 
row differ at p < 0,05 (Tukey’s test) 
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to those reported by Toral et al. (2013) for most of 
the accessions evaluated at 10 days.

Figure 1 shows the average height and growth 
rate values which were recorded 14 DAS. For the 
former variable they oscillated between 21,78 (at 3 
hours of hydration) and 24,81 cm (at 24 hours); and 
for the latter, between 1,56 (3 hours) and 1,77 cm/
day (24 hours).

The highest estimated values of the daily 
growth rate were 1,88; 1,78 and 1,76 cm day-1 (for 
hydration times of 6, 12 and 24 hours, respectively) 

at 12 DAS, but after that date such indicator showed 
a slight decrease. On the other hand, at 5, 7, 9, 12 
and 14 days the mean height values were 1,33; 4,37; 
9,81; 21,30 and 23,47 cm; while for the growth rate 
they were 0,27; 0,63; 1,10; 1,77 and 1,68 cm day-1, 
respectively. Both variables showed a higher slope 
in the growth rate of the plants at 9 days (fi gure 2).

For the variables foliage weight, root weight 
and total plant weight at 14 DAS no signifi cant dif-
ferences were found; however the lowest value was 
recorded for the treatment in which the seeds were 
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subject to the lowest hydration time before seeding 
(3 hours); while the average means of these varia-
bles for the hydration time of 6 hours were equal 
or higher than the general means. Figure 3 shows 
the performance of these variables at the different 
hydration times at 14 DAS.

The estimated values for the daily forage 
weight from the total average weight of this indi-
cator oscillated between 0,60 (3 hours of hydration) 
and 0,71 g day-1 (6 hours), with a general mean of 
0,67. In this sense, Peil and Gálvez (2005) stated 
that the distribution of dry matter between the roots 
and the aerial part of the plats can be described as a 
functional balance between the activity of the root 
system (absorption of water and nutrients) and that 

of the aerial part (photosynthesis), because the rela-
tion between the root mass and the aerial part mass 
is proportional to the relation between the specifi c 
activity of the aerial part and that of the roots; which 
contributes to increase the specifi c activity of the 
root system, just like the adequate contribution of 
water or macronutrients (especially nitrogen), and 
the increase of the water potential.

Figure 4 shows the percentage proportion of the 
foliage weight and the root weight, with regards to the 
total weight of the M. oleifera plant at 14 days of age.

In this regard, Peil and Gálvez (2005) indicated 
that the yield of a crop is given by the capacity to accu-
mulate biomass in the organs that are aimed at harvest. 
The appropriate balance between photoassimilates 
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for the different parts of the plant is highly impor-
tant to optimize production, and can be obtained 
through an adequate source/sink relation. Based 
on this and considering the obtained results, it can 
be stated that M. oleifera is an efficient plant in the 
production of green biomass (at least during its ini-
tial growth stage), which, along with its nutritional 
values ratifies it as an alternative and attractive spe-
cies for forage production programs in Venezuela 
(especially in a plan of forage for cutting).

This statement acquires higher importance if 
it is taken into consideration the report by Pérez 
(2011), regarding the fact that the cost of feeding 
cattle was ten times lower when offering them M. 
oleifera, than when balanced feedstuffs were used. 
The digestibility (utilizable percentage of the for-
age consumed by a ruminant) and efficiency tests 
conducted with cattle showed similar feed conver-
sion rates and milk production as the ones obtained 
with balanced feedstuffs and forages. In this regard, 
Berroterán (2015a) states that, due to the high bio-
logical value of its components, M. oleifera could 
be used as a forage of unparalleled conditions for the 
nutrition of beef and dairy cattle, goats, sheep, pigs, 
poultry and fish; as well as for the elaboration of pro-
tein meal, which is the raw material of concentrate 
feeds for animals, of high conversion and low cost.

Conclusions
The hydration of M. oleifera seeds during 12 

or 24 hours can contribute to improve the perfor-
mance of the growth variables of this plant. On the 
other hand, the root weight and foliage weight con-
tributed in 14 and 86 %, respectively, in the total 
seedling weight 14 days after seeding, which indi-
cates that this plant can be very efficient for forage 
production during its initial growth stage.
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