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Abstract

Objective: To evaluate the effect of inoculation with the biofertilizer IHPLUS®BF on seed germination of Leucaena
leucocephala (Lam) de Witt cv. Cunningham.

Materials and Methods: The study was carried out at the Pastures and Forages Research Station Indio Hatuey,
located in the Perico municipality, Matanzas province, Cuba. To study the germination response of seeds of
L. leucocephala cv. Cunningham, an experiment was carried out with a completely randomized design with a 3 x 4
factorial arrangement. The treatments were formed by the combination of two factors: a) imbibition time and b)
dilutions of IHPLUS®BF. Three different times (8, 10 and 28 h) were combined with four dilutions (2,5; 5; 10; 15 mL L"),
and a control: seeds with thermal scarification treatment (water at 80 °C for two minutes).

Results: Germination kinetics maintained a similar performance in all treatments. The best response was obtained
with the combination of the thermal scarification method, with 28 hours of imbibition at 10 days and 96 % germination.
Germination potential, speed index, average germination time and time to reach maximum germination performed
best when the bioproduct was used with doses of 2,5, 5, 10 and 15 %, imbibed for 28 hours. These doses did not show
significant differences among themselves and had higher germination efficiency and a minimum of six days to reach
maximum germination.

Conclusions: The effectiveness of IHPLUS®BF during the germination process of L. leucocephala cv. Cunningham
seeds was proven, being the best combination the use at 5 % for 28 hours with higher germination efficiency.
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Introduction To mitigate these limitations, different pre-
germination treatments have been identified, such
as scarification by manual removal of the testa with

sandpaper, hydrothermal treatments, and immersion

The inclusion of trees and shrubs in pastures
is a viable alternative, due to their contribution
in reducing erosion, improving soil fertility by

providing atmospheric nitrogen and recycling
nutrients, among other aspects. In addition, it has
been proven that in systems where tree species are
used, edible biomass and crude protein content of
grasses increase, compared with those of improved
grasses without fertilization (Crews et al., 2016).

According to Hernandez-Hernandez et al.
(2020), the most commonly used tree species in
silvopastoral systems is Leucaena leucocephala
(Lam) de Witt cv. Cunningham. However, despite
these advantages, its seeds are covered by a light
layer of polysaccharides, galactose and mannose
(Gutiérrez-de-Gotera et al., 2007), which impedes
the passage of water and oxygen, reduces germi-
nation vigor and leads to germination percentages
below 20 %, which limits its use (Sanchez-Paz and
Ramirez-Villalobos, 2006).
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in water at room temperature or in sulfuric acid
(Reino-Molina and Sanchez-Rendon, 2022).

Theuse of IHPLUS® BF, alone orin combination
with the above-described scarification methods,
could be a viable alternative. This bioproduct,
produced at the Pastures and Forages Research
Station Indio Hatuey (EEPFIH, for its initials in
Spanish), based on microorganism technology, has
been widely accepted by producers. It is certified
for use as a biofertilizer and its application has
beneficial effects, such as promoting germination,
flowering, fruit development and plant reproduction
(Diaz-Solares et al., 2020).

Microorganisms have traditionally been used
to stimulate plant germination, growth and develop-
ment, because they produce numerous bioactive
compounds (Lopez-Davila et al., 2017). In Cuba,
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it has been used as a germination biostimulant in
different crops (Tellez-Soria and Orbera-Raton,
2018; Morocho and Leiva-Mora, 2019; Calero-
Hurtado et al., 2019), an effect that can be related to
the capacity of this bioproduct to excrete vitamins,
organic acids, minerals, chelates and antioxidant
substances that contribute to suppress the growth
of phytopathogenic microorganisms and generate
nutrients assimilable by plants, which stimulates
their growth. However, there are no results of the
application of THPLUS®BF on L. leucocephala
seeds. Based on this condition, the objective of this
study was to evaluate the effect of inoculation with
the biofertilizer IHPLUS® BF on the germination
of seeds from L. leucocephala cv. Cunningham.

Materials and Methods

Location. The study was carried out at the Seed
Laboratory of the EEPFIH, located at 22° 48" and
77 north latitude and 79° 32” and 2” west longitude,
at 19 m.a.s.1., in Perico, Matanzas province, Cuba.

Treatment and experimental design. To study the
germination response of seeds from L. leucocephala
cv. Cunningham to the application of different dilu-
tions and imbibition times (table 1), an experiment
was carried out with a completely randomized design,
with a 3 x 4 factorial arrangement. The treatments
consisted of combinations of two factors: a) imbibition
time with three different times (8, 10 and 28 hours)
and b) dilutions of IHPLUS® BF, with four dilutions
(2,5; 5; 10; 15 mL L"), and a control with seeds with
thermal scarification (water at 80 °C for two minutes).

Table 1. Description of each treatment under study.

Treatment Description

STT+ IHPLUS®BF (2,5 %) 8 h
STT+ IHPLUS®BF (2,5 %) 10 h
STT+ IHPLUS®BF (2,5 %) 28 h
STT+ IHPLUS®BF (5 %) 8 h
STT+ IHPLUS®BF (5 %) 10 h
STT+ IHPLUS®BF (5 %) 28 h
STT+ IHPLUS®BF (10 %) 8 h
STT+ IHPLUS® BF (10 %) 10 h
STT+ IHPLUS® BF (10 %) 28 h
STT+ IHPLUS®BF (15 %) 8 h
11 STT+ IHPLUS®BF (15 %) 10 h
12 STT+ IHPLUS®BF (15 %) 28 h
STT
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Control

STT - Seeds treated with thermal scarification in water at 80 °C
for two minutes. IHPLUS® BF.

Experimental procedure. Freshly harvested
seeds of L. leucocephala cv. Cunningham were used,
which underwent standard germination and viability
analysis with the application of the tetrazolium
method (Suarez and Melgarejo, 2010). The embryos
were classified according to their coloration: 1) alive
with high vigor, totally stained intense red, 2) alive
with low vigor, pale red color, and 3) non-viable,
colorless. The result of germination and viability
analysis was expressed as percentage of viable and
non-viable embryos (Maldonado-Peralta et al., 2016).

All seeds before sowing were subject to thermal
scarification, in water at 80 °C, for two minutes
(Gonzalez and Mendoza, 1995). Subsequently, they
were combined with the different treatments of
THPLUS®BF biofertilizer dilutions and imbibition
times, according to their three-phase pattern of
water absorption, at 25 °C.

Determinations. The following germination in-
dices were calculated, according to the methodology
proposed by Bewley and Black (1994):

» Germination potential (G %): total germination
value, expressed as a percentage.

* Germination rate index (GRI): It is obtained by
dividing the number of germinated seeds by the
number of days evaluated (from sowing to the
last day of evaluation).

GRI = ni/ti

Where:

ni = number of seeds germinated from the first to

the last.

ti = time in days (from the day of sowing to the end

of the evaluation).

* Average time to reach germination (ATG): It
is obtained from the multiplication of the time
in days (starts from sowing) and the number of
seeds that completed germination divided by the
number of germinated seeds.

ATG=)(txn)/Yn.

Where:

t = time in days.

n = number of seeds that completed germination.

» Time to reach maximum germination (TMax):
contemplates the day when the number of ger-
minated seeds did not increase further.

Statistical analysis. The data were processed
by factorial analysis of variance and the means
compared by Duncan’s test for 5 % significance,
after verifying that they complied with the normal
distribution adjustment (Kolmogorov-Smirnov
test) and homogeneity of variance (Levene’s test).



Data processing was performed with the statistical
package InfoEstat® (Di Rienzo et al., 2017).

Results and Discussion

The germination kinetics in each of the treat-
ments is shown in figure 1. In general, a similar per-
formance was observed in all treatments. In each
dilution, the imbibition time at 28 hours showed the
best response.

These kinetics show that the treatment that
combined the thermal scarification method with
28 hours of imbibition, after 10 days, achieved 96 %
germination. This performance is catalogued as
normal and shows that, in all treatments, even in the
control, the seeds did not show any type of innate
dormancy after scarification. This result is related
to that referred by Sanchez-Goémez et al. (2018),
who propose that hot water softens the testa, at the
same time that it presses the physical barrier of
the macrosclereids, so that the intercellular spaces
are connected. These treatments, therefore, allow
or facilitate the contact of water with the embryo
and stimulate its development. In addition, they
eliminate and wash away inhibitors present in
the seed coat, which favors germination (Flores-
Romayna et al., 2020).

In addition, the additive effect of the bioproduct
IHPLUS® BF is added with the entry into the seeds
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of growth regulating substances: auxins, cytokinins
and gibberellins present in the biofertilizer through
the imbibition process. These compounds stimulate
cell division and cell elongation, processes that
allow the growth of different plant structures (Igbal
and Hasnain, 2013).

Table 2 shows the performance of various indi-
cators that allow to know in greater detail different
characteristics of germination in seeds. As reported
by Sobrevilla-Solis et al. (2013), these indicators in-
clude germination potential, germination rate index
(GRI), maximum time (TMAX) and average time
(ATG) to germination.

All the evaluated indicators (germination rate
index, germination index, average germination
time and time to reach maximum germination)
presented better values in the treatments where
the bioproduct was used with the four doses (2,5,
5, 5, 10 and 15 %), soaked for 28 hours, with no
significant differences among them. There was
higher germination efficiency and it took at least
six days to reach maximum germination.

This performance seems to be related to the water
absorption curve in fresh seeds of L. leucocephala cv.
Cunningham. Reino-Molina (2005), when determining
the imbibition pattern of seeds in water, described that
when fresh seeds of the above-mentioned cultivar
were hydrated at an alternating temperature of
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Figure 1. Germination kinetics of L. leucocephala cv. Cunningham seeds with different dilutions of IHPLUS® BF and imbibition time.
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Table 2. Indicators related to seed germination of L. leucocephala cv. Cunningham.

Treatment Germination potential, % GRI, seeds days' ATG, days TMAX, days
STT+ IHPLUS®BF (2,5 %) 8 h 84,0b 2,1 4,43bd 5,5
STT+ IHPLUS® BF (2,5 %) 10 h 76,0¢ 2,00 4,39ebed 6.8
STT+ IHPLUS® BF (2,5 %) 28 h 92,0 2,3 4,65% 6,5
STT+ IHPLUS®BF (5 %) 8 h 80,0% 2,1 4,56 6,5
STT+ IHPLUS®BF (5 %) 10 h 80,00 2,1 4,634 7,0
STT+ IHPLUS® BF (5 %) 28 h 96,0? 2,5° 4,624 7,0
STT+ IHPLUS®BF (10 %) 8 h 76,0¢ 2,00 4,80¢ 7,0
STT+ IHPLUS® BF (10 %) 10 h 84,0 2,1 4,634 6.8
STT+ IHPLUS® BF (10 %) 28 h 88,0 2,3 4,07 5,5
STT+ IHPLUS®BF (15 %) 8 h 84,0b 2,1 4,17 5,5
STT+ IHPLUS® BF (15 %) 10 h 80,00 2,00 4,24 5.8
STT+ IHPLUS® BF (15 %) 28 h 92,0 2,30 4,14 6,0
Control STT 88,0° 2,2 44,48bede 6,3

P - value 0,0093 0,0093 0,0001 0,184
SE + 3,82 0,10 0,11 0,45

GP-germination potential, GRI-germination rate index, ATG-average germination time, Tmax- time to reach maximum germination.
a, b, ¢, d and e: Means with unequal letters in the same column differ significantly for p < 0,05.

25/30 °C, they followed a three-phase pattern of
water absorption, as occurs in the generality of
seeds of all crops. The aforementioned author stated
that the end of phase I is reached at 8 hours; phase 11
is a long process of water absorption, which until 25
hours constitutes a stationary segment of the curve,
and phase I1I constitutes the last stage of imbibition
that represents the emergence of the radicle (visible
germination), which was reached after 30 hours of
hydration of these seeds.

Seed imbibition time depends on numerous
factors: species, seed quality (health, size and
weight). It is also related to internal factors, such
as maturity, and extrinsic factors, like humidity,
temperature, oxygen supply, presence or absence
of light and seed dormancy. All these influence
the germination percentage, as referred by Valdez-
Yopla (2017).

There are different reports regarding imbibition
time. Gonzalez-Fuente (2017), in a similar study on
seeds of Sorghum bicolor L. (Moench) cv. UDG-110,
treated with ITHPLUS® BF, found that the highest
values were obtained with the variant 6 % - four
hours of imbibition with percentage higher than
80 %. Carrillo-Sosa et al. (2017), in a study where
they evaluated the effectiveness of the bioproduct
LEBAME (obtained by the Cuban Research Insti-
tute of Sugarcane Derivatives ICIDCA) found no
significant differences among the three imbibition

times (15, 30 and 60 minutes). Therefore, from the
practical point of view, the imbibition of tomato
seeds in LEBAME for 15 minutes (less time), was
pointed out as the best proposal.

The results of this research also coincide with
those obtained by different authors, who studied
the effect of different biopreparations based on
microorganisms isolated from the rhizosphere
on the germination process of various species
(Quintero et al., 2018).

Conclusions

The effectiveness of this bioproduct on different
indicators related to the germination process of
L. leucocephala cv. Cunningham seeds was proven.
The best combination was the use of this bioproduct
at 5 % with higher germination efficiency (six days
as minimum to reach its maximum germination).
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