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Abstract
The peanut (Arachis hypogaea L.) is recognized as one of the most important legume crops globally for its use in human food; it is 

widely distributed and cultivated in tropical and subtropical regions. The purpose of this study was to evaluate the cryopreservation 
of five peanut varieties conserved in the INIAP Gene Bank, testing cryopreservation methods, and evaluating the germination 
percentage of whole seeds and embryonic shoots. Subsequently, two quantitative variables, shoot length and root, were evaluated. 
The average germination/elongation percentages of varieties and treatments ware higher when embryonic axes were isolated with 
99.31% than 86.06% seeds. The best germination and elongation percentage of the five varieties for seeds and embryonic shoots 
was obtained by the Peruvian variety with 88.13% and 92.50%. only for whole seeds statistical differences were observed between 
the fastigiata and hypogaea subspecies in NL and for embryonic axes they were not observed. observed statistical differences in the 
treatments evaluated for the two subspecies. The best treatments by variety for the germination and elongation of whole seeds and 
embryonic axes were obtained by the treatment (desiccation and LN) for whole seeds with 95.42% and embryonic axes with 92.83%. 
Ageing and cryopreservation treatments positively affected germination and elongation in whole seeds and embryonic axes. The 
two quantitative variables, shoot and root length showed variability between the five varieties; significant differences (≤ 0.05) were 
observed between the four treatments evaluated for whole seeds and embryonic axes. The three treatments for whole seeds and 
embryonic axes the non-cryopreserved control treatment, obtained good survival, then whole seeds germinated, and embryonic axes 
produced sprout development (aerial parts) and root formation. With the most effective treatments (desiccation and LN) for whole 
seeds and embryonic axes, the cryopreservation of the national peanut collection of the INIAP Germplasm Bank could be started.
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Introduction

The peanut (Arachis hypogaea L.) is native to South America, 
where the genus Ara-chis is widely distributed [1] in tropical and 
subtropical regions [2]. Cultivated peanuts comprise six varieties 
grouped into two subspecies: A. hypogaea subsp. hypogaea L. and 
A. hypogaea subsp. fastigiata Waldron. The subspecies A. hypogaea 
subsp. hypogaea includes the varieties hypogaea L. and hirsuta J. 
Köhler., while A. hypogaea subsp. fastigiata includes fastigiata 
(Waldron) Krapov. and W.C. Greg., vulgaris Harz, peruviana Krapov. 
and W.C. Greg. and aequatoriana Krapov. and W.C. Greg. [3]. The 
National Institute of Agricultural Research (INIAP) collection 
includes the fastigiata, peruviana and aequatoriana varieties [4]. 
For the fastigiata variety, the most important centers of diversity 
are found in Peru, Brazil, and Paraguay; the peruviana variety, is 
found in Peru and Ecuador, and the aequatoriana variety, is almost 
exclusive to southern Ecuador and northern Peru [4,5].

Climate change will be responsible for the loss of 50% in 
the range of distribution of the wild populations of peanuts, 
potatoes (Solanum tuberosum) and cowpeas (Vigna unguiculata). 
Furthermore, due to its effects, 16–22% of these species will 
become extinct by 2055 [6]. Due to the drastic process of genetic 
erosion, a series of strategies have been generated by gene banks 
[7], such as the conservation of orthodox seeds in cold rooms, 
field or in vitro collections [8]. However, in vitro storage can lead 
to somaclonal variation, which is a drawback in conservation 
programs. 

A method that allows the conservation of this type of seeds in 
the long term is the cryogenic technology [9,10]. For this reason, 
cryopreservation at low temperatures (-196 °C) for storage is 
considered the most appropriate method for indefinite periods, 
with lower risks of genetic alterations [11,12] and less periodic 
viability tests [13] reducing conservation costs [11,12]. Advanced 
cryopreservation methods can be used to avoid lethal damage from 
freezing [14,15].

Runthala., et al. [16] and Abdulmalik., et al. [17] published 
protocols for preserving peanut embryonic axes using 
cryoprotectants, with which they obtained variable survival levels 
(40-90%) depending on the genotype. Several methods have been 
developed for the cryopreservation of peanuts, such as desiccation 
in a laminar flow chamber [17] vitrification technique in embryonic 
axes [18], or both techniques in cultivated and wild species [19,20]. 

Tacan., et al. [21], measured the effects of accelerated aging 
and cryopreservation in seeds and embryonic axes of Phaseolus 
vulgaris L and Arachis hypogaea L. It was observed that aging and 
cryopreservation treatments positively affected germination and 
elongation. Another study [22] shows the differences, attributable 
to the genotype, in terms of proline content and the rest of amino 
acids, on stress conditions related to tolerance to desiccation and 
cryopreservation. Gagliardi., et al. [8], studied the effects of two 
cryopreservation methods (chemical vitrification and air drying) on 
embryonic axes isolated from A. hypogaea, in which both methods 
resulted in high levels (70–90 %) of recovery of the whole plant 
after liquid nitrogen treatment. The objective of this research was 
to determine the effect of cryopreservation with three treatments 
and control for five existing varieties in the peanut collection 
preserved in the gene bank of the National Institute of Agricultural 
Research (INIAP) of Ecuador, to evaluate the usefulness of the 
method for conservation of the peanut collection.

Materials and Methods

Sampling, experimental settings

The seeds of A. hypogaea were provided by the gene bank of 
INIAP. The selection of the eight morphotypes was made based on 
the morphological and taxonomic characterization carried out at 
the National Department of Plant Genetic Resources (DENAREF) of 
INIAP. Table 1 shows the two subspecies, the five varieties and the 
eight accessions with their respective codification and geographic 
distribution.

Subspecies (subsp) Variety (var) Accessions

Arachis hypogaea
subspecies. fastigiata

var. aequatoriana 
Krapov. and W.C. Greg.

ECU-11418 
ECU-11428 
ECU-11449

var. fastigiata Harz ECU-11448

var. peruviana Krapov. 
and W.C. Greg.

ECU-11494

Arachis hypogaea.
subspecies hypogaea

var. hypogaea Kohler ECU-11484 
ECU-11469

var. hirsuta Kohler ECU-11405

Table 1: Subspecies, varieties, and codes of peanut accessions 
from INIAP´s Gene Bank.
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The previous process to this research was seed multiplication to 
have an adequate number of seeds per treatment and repetitions. 
Then the seed conditioning was carried out, considering the 
protocols of Monteros-Altamirano., et al. [23]. 

Materials remained in seed lots stored at 15 °C and 30–40% 
RH for three months until use. In a laminar flow chamber, the 
embryonic axes of the previously disinfected seeds were extracted. 
For the disinfection process, the seeds were placed for 5 min in 70 
% alcohol, 20 min in 10 % NaOCl (commercial bleach) plus two 
to three drops of Tween®-20, rinsed three times with a distilled-
sterile water solution with 5% NaOCl plus two to three drops of 
Tween®-20 for 10 min. Shake occasionally and rinse twice with 
sterile distilled water. 

Description of the applied experimental methods

Whole peanut seeds (GS) and peanut embryonic axes (GEA) were 
subjected to the treatments detailed in Table 2, before germination 
tests. For each treatment, four replicates of 10 complete seeds and 
10 embryonic axes were prepared. All experiments were repeated 
twice.

Treatments Whole seeds
coding

Embryonic 
axes coding

T1: Control GS GEA
T2: Direct immersion in LN GS1 GEA1
T3: Dessication with silica 
gel

GS2 GEA2

T4: Desiccation with silica 
gel and immersion in LN

GS3 GEA3

Table 2: Treatments for whole seeds and embryonic axes of A. 
hypogaea. INIAP, 2023.

Germination tests 

Whole seed germination tests were performed by placing four 
replicates of 10 seeds in 9 cm Petri dishes on two sheets of filter 
paper (previously moistened with 3.5 ml of distilled water and 
moistened periodically further) in the dark at 25 °C; they were 
quantified at 10 days; the germination percentage of whole seeds 
and the number of days necessary to reach 50% germination of 
whole germinated seeds (T50) were measured [24]. In addition, the 
radicle length (mm) and shoot length (mm) were also registered. 

Embryonic axes were cultured in sterile glass containers with 
MS medium [25] supplemented with 0.3 M sucrose at 25 °C with 
illumination and a light/dark photoperiod of 16:8 h cool white 
fluorescent light (40 µmol m-2 s-1). Four repetitions of 10 axes per 
glass container were set up and quantified after ten days. The 
percentage of elongation of the embryonic axes, the number of 
days necessary to reach 50% of germinated embryonic axes (T50), 
the length of the radicles (mm) and the length of the aerial parts 
(mm) were measured.

Desiccation: silica gel

For seed desiccation (T3), forty seeds were placed in Petri 
dishes (9 cm in diameter) containing a layer of dehydrated silica 
gel of approximately 5 g and covered with a filter paper disc on 
which the seeds were placed; once sealed, they were kept for 3 h 
at 20 °C (Table 2).

Whole seeds cryopreservation 

For whole seeds, Treatment 2 and Treatment 4 were carried out 
(Table 2); the seeds were submerged in cryovials and introduced 
directly into LN. The seeds were removed from the cryovials after 
1 h at room temperature (20 °C) and were immediately placed in 
Petri dishes under the germination conditions indicated above.

For the T2 and T4 treatments of the embryonic axes, the whole 
peanut seeds were immersed in LN for 5 minutes, then placed in a 
Petri dish at room temperature 18 °C for one hour. After dissecting 
the embryonic axes under sterile conditions in a laminar flow 
chamber, 10 embryonic axes were placed in each container. In total 
there were four containers and 40 embryonic axes: each container 
with a solid MS base culture medium supplemented with 20 g l-1 
of sucrose.

Data analysis

Sugarcane The experimental unit for whole seeds (GS) 
consisted of a 10 cm × 6 cm petri dish containing ten whole seeds. 
For the embryonic axes (GEA), the experimental unit consisted of 
a 10 cm × 2 cm flask containing 30 ml of culture medium with ten 
embryonic axes.

A completely randomized experimental design (DCA) with ten 
observations was used. For each treatment, four replicates of 10 
whole seeds and embryonic axes were made for the five varieties 
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(Tables 1, and 2). For the analysis, the statistical program InfoStat 
version 2008 [26] was used. An analysis of variance and Tukey’s 
test were performed to compare means (α = 0.05).

Results and Discussion

Results and discussion must illustrate and interpret the reliable 
results of the study.

Germination

The seeds of all the peanut varieties studied tolerated the 
desiccation and cryopreservation treatments, both for whole 
seeds and for embryonic axes, since, in all cases, the treated seeds 
germinated (Figure 1).

Figure 1: Recovery of plants after cryopreservation of A.  
hypogaea of the peruvian variety. a) Seeds selected to carry out 

the treatments of both whole seeds and embryonic axes; b) 
Whole cryopreserved seeds; c) Germination of cryopreserved 

embryonic axes; d) Cryopreserved embryonic axes.

Study of the effect of cryopreservation on the germination of the 
subspecies: A. hypogaea subsp. fastigiata and A. hypogaea subsp. 
Hypogaea.

Germination data of whole seeds and the elongation of 
embryonic axes of A. hypogaea subsp. fastigiata and A. hypogaea 
subsp. hypogaea for 4 treatments is summarized in (Table 1).

The average germination for whole seeds for the fastigiata and 
hypogaea subspecies was 85.6%. (Figure 2 – fastigiata: black bar, 

hypogaea: gray bar, Appendix 5). For the treatments with applied 
NL, the average germination for T2 fluctuated between 76.0% 
(subsp. fastigiata) to 80.0% (subsp. hypogaea) and no statistical 
differences were detected between the two subspecies. For T4, the 
germination percentages were between 78.5% (subsp. fastigiata) 
to 78.3% (subsp. hypogaea), there was no statistical significance 
between the two subspecies. Only the T50 values for T1 obtained 
statistical significance between the two subspecies and an average 
of 3.5 days for the four treatments.

The mean elongation percentage for embryonic axes for 
fastigiata and hypogaea subspecies was 90.1%. (Figure 2 – 
fastigiata: black bar, hypogaea: gray bar, Appendix 6). For the 
treatments that were applied NL, the average germination was: for 
T2, germination ranged from 87.5% (subsp. hypogaea) to 88.5% 
(subsp. fastigiata). On T4, the germination percentages were 
between 82.0% (subsp. fastigiata) to 82.5% (subsp. hypogaea), in 
none of the treatments there was statistical significance between 
subspecies. The T50 values for the four treatments did not show 
significant differences between the two subspecies and an average 
of 3.6 days for the four treatments.

Figure 2: Germination and elongation percentages of whole 
seeds and embryonic axes at ten days, respectively, of the  

subspecies hypogaea and fastigiata (mean value + standard  
error), subjected to the following pretreatments: (T1)  
Untreated control; (T2) Direct immersion in LN; (T3)  

Desiccation and, (T4) Desiccation and immersion in LN. The 
black bar is data from evaluating whole peanut seeds (GS), and 

the grey bar is data from embryonic axes (GEA).
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Study of the effect of cryopreservation on the elongation 
of embryonic axes and germination of whole seeds of five 
varieties of A. hypogaea

The germination for the treatments with whole seeds with 
NL application were as follow: for T2 the average germination 
for the five varieties (aequatoriana, fastigiata, hypogaea, hirsuta 
and peruviana) was 75.3% (Figure 3 - black bar, Appendix 1); 
germination ranged from 62.5% (var. peruviana) to 81.7% (var. 

Appendix 1: Percentages of germination in complete seeds (mean value + standard error) at 10 days of germination tests, T50, mini-
mum and maximum values in A. hypogaea, submitted to the following pre‐treatments: (GSC) Untreated control; (GS1) Direct immersion 

in LN and (GS2) Desiccation, (GS3) Desiccation and immersion in LN. In each column, values followed by the same letter are not signifi-
cantly different at p ≤ 0.05 as determined by the Tukey test.

Variety Plant material Water content 
(%)

Germination (%) 
day 10 Mean ± SE

T50 
days Min Max

T1 (GSC)

aequatoriana 6.0 87.5 ± 2.8 2.9 b 70.0 100.0

fastigiata 6.6 100 5.0 a 100.0 100.0

hypogaea 6.6 92.5 ± 3.1 2.6 b 80.0 100.0

hirsuta 6.6 92.5 ± 2.5 2.2 b 90.0 100.0

peruviana 6.9 100 2.8 b 100.0 100.0

T2 (GS1)

aequatoriana 6.0 81.7 ± 3.7b 3.5 bc 70.0 100.0

fastigiata 6.6 72.5 ± 7.5ab 5.5 a 60.0 90.0

hypogaea 6.6 80.0 ± 1.9ab 3.8 bc 70.0 90.0

hirsuta 6.6 80.0 ± 4.1ab 3.0 c 70.0 90.0

peruviana 6.9 62.5 ± 2.5a 4.2 b 60.0 70.0

T3 (GS2)

aequatoriana 6.0 93.3 ± 2.5ab 3.1 bc 80.0 100.0

fastigiata 6.6 100 b 4.5 a 100.0 100.0

hypogaea 6.6 88.8 ± 1.2ab 4.1 ab 80.0 90.0

hirsuta 6.6 95.0 ± 2.9a 2.8 c 90.0 100.0

peruviana 6.9 100b 2.2 c 100.0 100.0

T4 (GS3)

aequatoriana 6.0 77.5 ± .2.2ab 3.8 b 70.0 90.0

fastigiata 6.6 70.0 ± 4.1a 5.0 a 60.0 80.0

hypogaea 6.6 77.5 ± 2.5ab 4.0 b 70.0 90.0

hirsuta 6.6 80.0 ± 4.1ab 3.2 bc 70.0 90.0

peruviana 6.9 90.0 ± 7.1b 2.8 c 70.0 100.0

* Different letters indicate significant difference (p ≤ 0.05).

aequatoriana) and statistical differences were detected with the 
other varieties. For T4, the average germination of the five varieties 
was 79.0%, the germination percentages ranged from 70.0% (var. 
fastigiata) to 90.0% (var. peruviana), statistical significance was 
also observed between varieties. The T50 values for the four 
treatments had statistical significance between varieties and an 
average of 3.6 days. The average moisture content of the seeds 
before applying the treatments was 6.5%.
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The percentage of embryonic axes that elongated after the 
application of NL were for T2 the average of the five varieties 
(aequatoriana, fastigiata, hypogaea, hirsuta and peruviana) was 
89.6% (Figure 3 – gray bar, Appendix 2), which ranged from 84.2% 
(var. aequatoriana) to 95.0% (var. fastigiata and var. peruviana) and 
no statistical differences were detected with the other varieties. 
For T4, the average percentage of the five varieties was 81.8%, the 
germination percentages were between 77.5% (var. fastigiata) and 
85.0% (var. peruviana), they did not present statistical significance. 
between varieties. The T50 values of T4 showed significant 
differences and an average for the four treatments of 3.8 days. 
The average moisture content of the seeds before applying the 
treatments was 6.5%.

Figure 3: Whole seed germination and embryonic axes  
elongation percentages (mean value + standard error), for 
whole seeds and embryonic axes at ten days of onset. Five  
varieties of A. hypogaea were, subjected to the following  

pretreatments: (T1) Untreated control; (T2) Direct immersion 
in LN; (T3) Desiccation and (T4) Desiccation and immersion in 
LN. The black bar is data from evaluating whole peanut seeds 

(GS), and the grey bar is data from embryonic axes (GEA).  
Different letters in the bars indicate significant differences 

(Tukey, p ≤ 0.05).

Appendix 2: Percentages of elongation of embryonic axes (mean value + standard error) 10 days after starting the elongation tests, T50, 
minimum and maximum values in A. hypogaea, subjected to the following pre‐treatments: (GEAC) Untreated control; (GEA1) Direct  

immersion in LN and; (GEA2) Desiccation, (GEA3) Desiccation and immersion in LN. In each column, values followed by the same letter 
are not significantly different at p ≤ 0.05 as determined by the Tukey test.

Variety Plant material Water content 
(%)

Germination 
(%) day 10 
Mean ± SE

T50 days Min Max

T1 GEAC)

aequatoriana 6.0 99.2 ± 0.8 3.6 ab 90.0 100.0

fastigiata 6.6 95.0 ± 5.0 4.5 a 80.0 100.0

hypogaea 6.6 96.2 ± 2.6 3.5 b 80.0 100.0

hirsuta 6.6 97.5 ± 2.5 3.5 b 90.0 100.0

peruviana 6.9 97.5 ± 2.5 4.0 ab 90.0 100.0

T2 GEAC)

aequatoriana 6.0 84.2 ± 2.3 3.9 70.0 100.0

fastigiata 6.6 95.0 ± 2.9 4.5 90.0 100.0

hypogaea 6.6 88.8 ± 2.3 3.8 80.0 100.0

hirsuta 6.6 85.0 ± 2.9 3.8 80.0 90.0

peruviana 6.9 95.0 ± 2.9 4.0 90.0 100.0
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T3 (GEAC)

aequatoriana 6.0 94.2 ± 1.5ab 3.2 90.0 100.0

fastigiata 6.6 97.5 ± 2.5b 4.0 90.0 100.0

hypogaea 6.6 92.5 ± 2.5a 3.4 80.0 100.0

hirsuta 6.6 87.5 ± 2.5ab 3.2 80.0 90.0

peruviana 6.9 92.5 ± 2.5ab 3.8 90.0 100.0

T4 (GEAC)

aequatoriana 6.0 82.5 ± 2.5 3.6 ab 70.0 90.0

fastigiata 6.6 77.5 ± 2.5 4.5 a 70.0 80.0

hypogaea 6.6 83.8 ± 2.6 3.5 b 70.0 90.0

hirsuta 6.6 80.0 ± 4.1 3.5 b 70.0 90.0

peruviana 6.9 85.0 ± 2.9 3.5 b 80.0 90.0

Different letters indicate significant difference (p ≤ 0.05).

Effect of cryopreservation on the length of roots of whole 
seeds and embryonic axes

According to the statistical analysis of the data from the 
experiment (n = 320 whole seeds and n = 320 embryonic axes), 
a significant effect was observed in the four treatments used for 
both whole seeds and embryonic axes. For the length of the shoots 
in whole seeds T2, var. peruviana had the most extended length 

Appendix 3: Morphological variability in complete seeds with two quantitative characters: aerial and roots length (mean value + stan-
dard error) in 10‐day seedlings is also shown. In Botanical Varieties of the Ecuadorian of peanut collection, submitted to the following 

pre‐treatments: (GSC) Untreated Control; (GS1) Direct immersion in LN; (GS2) Desiccation and (GS3) Desiccation and immersion in LN. 
In each column, values followed by the same letter are not significantly different at p ≤ 0.05 as determined by the Tukey test.

* Different letters indicate significant difference (p ≤ 0.05).

with 11.8 mm. For T2 embryonic axes, stem length between var. 
hypogaea with 15.5 mm. For whole seeds T4, var. peruviana reached 
the highest value for stem length with 18.9 mm. For T4 embryonic 
axes, var. hypogaea and var. peruviana obtained the highest values 
of stem length with 13.0 mm and 12.7 mm, respectively (Figure 5 
and Appendices 3, 4).
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Appendix 4: Morphological variability in embryonic axes with two quantitative characters: aerial and roots length (mean value + 
standard error) in 10‐day seedlings is also shown. In Botanical Varieties of the Ecuadorian of peanut collection, submitted to the 

following pre‐ treatments: (T1) Untreated Control; (T2) Direct immersion in LN; (T3) Desiccation and (T4) Desiccation and immersion 
in LN. In each column, values followed by the same letter are not significantly different at p ≤ 0.05 as determined by the Tukey test.

* Different letters indicate significant difference (p ≤ 0.05).

Figure 4: Root length (mm) (mean value + standard error) in 
whole seeds and embryonic axes in 10-day seedlings. Five  
varieties of the Ecuadorian collection of A. hypogaea were,  
subjected to the following pretreatments: (T1) Untreated 

control; (T2) Direct immersion in LN; (T3) Desiccation and, 
(T4) Desiccation and immersion in LN. The black bar is data 
from whole peanut seeds (GS), and the grey bar is data from 

embryonic axes (GEA).

Effect of cryopreservation on the length of shoots obtained 
from whole seeds and embryonic axes

According to the statistical analysis of the data from the 
experiment (n = 320 whole seeds and n = 320 embryonic axes), 
a significant effect was observed in the four treatments used for 
both whole seeds and embryonic axes. For the length of the shoots 
in whole seeds T2, var. peruviana had the most extended length 
with 11.8 mm. For T2 embryonic axes, stem length between var. 
hypogaea with 15.5 mm. For whole seeds T4, var. peruviana reached 
the highest value for stem length with 18.9 mm. For T4 embryonic 
axes, var. hypogaea and var. peruviana obtained the highest values 
of stem length with 13.0 mm and 12.7 mm, respectively (Figure 5 
and Appendices 3, 4).
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Figure 5: Aerial length (mm) (mean value + standard error), 
from whole seeds and embryonic axes in 10-day seedlings. Five 

varieties of the Ecuadorian collection of A. hypogaea were,  
subjected to the following pretreatments: (T1) Untreated  

control; (T2) Direct immersion in LN; (T3) Desiccation and, 
(T4) Desiccation and immersion in LN. 

Appendix 5: Percentages of germination in complete seeds (mean value + standard error) at 10 days of germination tests, T50, minimum 
and maximum values of the fastigiata and hypogaea subspecies, submitted to the following pre‐treatments: (T1) Untreated control; (T2) 
Direct immersion in LN and (T3) Desiccation, (T4) Desiccation and immersion in LN. In each column, values followed by the same letter 

are not significantly different at p ≤ 0.05 as determined by the Tukey test.

Appendix 6: Percentages of elongation of embryonic axes (mean value + standard error) 10 days after starting the elongation tests, T50, 
minimum and maximum values in the subespecies fastigiata and hypogaea, submitted to the following pre‐treatments: (T1) Untreated 
control; (T2) Direct immersion in LN and; (T3) Desiccation, (T4) Desiccation and immersion in LN. In each column, values followed by 

the same letter are not significantly different at p ≤ 0.05 as determined by the Tukey test.
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The black bar is data from whole peanut seeds (GS), and the 
grey bar is data from embryonic axes (GEA). Different letters in the 
bars indicate significant differences (Tukey, p ≤ 0.05).

Cryopreservation and its effect on germination

Effect of cryopreservation at the subspecies level

In the present study, for whole seeds, only statistical differences 
were observed between the fastigiata and hypogaea subspecies 
in the GS2 of the evaluated treatments. For embryonic axes, no 
statistical differences were observed in the treatments evaluated 
for the two subspecies, results similar to those obtained in seeds 
of leguminous species [27]. Different growth habit of the two 
subspecies did not influence the germination percentages, the 
subspecies hypogaea presents creeping or decumbent growth 
habit, [28,29] while fastigiata erect growth habit [30]. 

The whole seeds of the subspecies fastigiata and hypogaea 
presented an average germination between treatments of 86% 
and 85% respectively. The germination of the embryonic axes of 
the fastigiata and hypogaea subspecies presented germination 
between 91% and 89% respectively. The moisture content for 
whole seeds embryonic axes for the two subspecies was 6%. The 
lowest germination percentages for whole seeds and embryonic 
axes are the GS1 (LN) and GS3 (dried and LN) treatments for both 
subsp. fastigiata and subsp. fastigiata, in agreement with the results 
obtained by Tacán., et al. [22], where they average germination 
percentages of 80%.

Effect of cryopreservation on the germination of the five 
botanical varieties

The best germplasm conservation protocol, after 
cryopreservation, should be the one that allows the full expression 
of the germinative potential of the seed sample under study [31]. 
As can be seen in the results, all the whole seed sprouts and 
embryonic axes developed roots and aerial part; these results are 
like Tacán., et al. [21] and Gagliardi., et al. [8,20], who obtained the 
best results using peanut embryonic axes.

Factors such as the origin, quality and integrity of the seeds 
can affect their germination capacity [32,33]. In this study, the 
five botanical varieties of peanuts come from seven provinces of 
Ecuador with different adaptation characteristics or oil content 
and with limited intravarietal genetic diversity [34]. However, the 

results indicate that the origin and genetic diversity of the peanut 
varieties do not influence the cryopreservation processes used.

The whole seeds and the embryonic axes of the Arachis varieties 
showed high elongation ten days after sowing, with explants 
without the presence of calluses, like what was observed by 
Ishikawa., et al. [35] and Kuranuki., et al. [36].

The whole seeds of the peanut varieties presented germination 
and average seed moisture content between treatments of 86% 
and 6%, respectively, and the embryonic axes presented an average 
elongation of 90% with a seed moisture content of 6%. A similar 
study in peanuts presented percentage germination of whole seeds 
(79%), embryonic axes (92%), and a moisture content of 7% [21]. 
The lowest percentages of germination and elongation occurred 
in the treatments with immersion in LN and desiccation plus LN, 
both for whole seed (GS1 and GS3) and for embryonic axes (GEA1 
and GEA3), in agreement with the results obtained. by Tacan., et 
al. [22], Radhamani., et al. [37] and Chaudhuri., et al. [9], were 
they average germination percentages of 80% and elongation of 
82%. The oleaginous seed of Jatropha curcas L. presented similar 
percentages for cryopreservation in whole seeds and embryonic 
axes with a moisture content of 6% and after exposure to liquid 
nitrogen (LN), the germination percentages were 48 % (whole 
seeds) and 57% (embryonic axes) [31].

Almeida., et al. (2010) indicate that germination losses were not 
recorded for cryopreserved peanut seeds, but losses were recorded 
with these seeds in a natural environment. Similarly, Araujo., et al. 
(2015) indicate that the germination of cryopreserved peanuts is 
low because the seeds are kept with low moisture content (5%).

In the case of embryonic axes, this study agrees with the results 
obtained by Gagliardi., et al. [20], where they indicate that peanut 
embryonic axes dried for 1 hour (at a moisture content of 18%) 
and submerged in LN for 24 hours produced 80% sprouts. In wild 
species of Arachis from sections Arachis, Triseminatae and Erectoid, 
the regenerative response of embryonic axes was like this study 
and ranged from 70% to 100% [38].

In relation to moisture content, the percentages obtained could 
be attributed to adequate dehydration of the seeds and embryonic 
axes (water content 6.5%), which did not allow vitrification, 
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ensuring high survival [20]. Pritchard (1995) indicates that for 
peanuts the moisture content ranges from 6.7% to 7.4%, which 
agrees with the moisture content of this study. Reducing water 
content of tissues to a critical level seems to be a necessary 
requirement for successful cryopreservation of any type of material 
[41,42].

A characteristic of intermediate seeds of tropical origin, such as 
peanuts, is the fact that the longevity of dry seeds (moisture content 
from 7% to 10% is reduced with the drop in storage temperature 
below 10 0C, such as coffee (Coffea spp), papaya (Carica papaya 
L.) and African oil palm crops (Elaeis guineensis Jacq.) [43-46]. 
Cryopreservation of embryonic axes with a moisture content of (7% 
to 10%), may have a better chance of surviving cryopreservation in 
liquid nitrogen than in the case of recalcitrant whole seeds such 
as Citrus aurantiifolia (Christm.) Swingle, C. halimii B.C. Stone 
[47], Coffea arabica L. [48], Corylus avellana L. [49,50] and Elaeis 
guineensis [51,52].

Cryopreservation and its effect on root length and shoot length 
of whole seeds and embryonic axes

The minimal differences found in the length of the root of whole 
seeds and embryonic axes between the varieties could be due to 
the differences between the peanut varieties for morphological 
characteristics such as: the size of the leaflet, the height of the plant 
and the periods emergence and fruit maturation [53], variables 
used for the identification of botanical varieties of A. hypogaea [54].

Recovery after freezing was influenced by the treatments for 
whole seeds and embryonic axes and not by the culture medium. 
This confirms other results that indicate that the culture medium 
does not influence regeneration but is related to the characteristics 
of the genetic resource used, that is, it depends on the type of seed: 
orthodox, sub-orthodox (intermediate) and recalcitrant [8,55-57]. 
Cryopreservation of whole seeds and embryonic axes of varieties 
of A. hypogaea have the tolerance to osmotic stress necessary for 
successful cryopreservation.

Conclusion

All the peanut varieties germinated and showed excellent 
results with the GS1 and GS3 treatments for whole seed and 
GEA1 and GEA3 in embryonic axes, considering that none of the 
treatments had the presence of callus and, therefore, reduces the 
risk of somaclonal variation.

The similarity of behavior to the treatments of the single 
variety of A. hypogaea subsp. hypogaea and the four varieties of 
A. hypogaea subsp. fastigiata, without losing the morphological 
characteristics, both of whole seeds and embryonic axes, has shown 
that cryopreservation is a good tool for the long-term conservation 
of this species. 

The effect of each treatment on the survival of whole seeds 
and embryonic axes of subsp. fastigiata and hypogaea, constitutes 
an important starting point to continue with the implementation 
of cryopreservation and to continue applying methodologies to 
maintain or increase the survival percentages achieved after NL 
and seek to promote their regeneration.

The variables aerial and root length for whole seeds and 
embryonic axes presented significant variations between 
treatments and varieties. These differences indicate that this 
protocol could be used successfully in other intermediate species.

The vitrification technique for the cryopreservation of whole 
seeds and embryonic axes showed promise, since it allowed 
obtaining high percentages of germination and regeneration, 
using silica gel and NL, which will allow long-term conservation 
in the Gene Bank of INIAP for the simplicity and practicality of the 
methodology for the cryopreservation of sub-orthodox seeds.
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