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An efficient cryopreservation protocol was developed for groundnut embryonic axes using vitrification
technique. Embryonic axes obtained from seeds of four groundnut genotypes were dehydrated in Plant
Vitrification Solution (PVS2) solution for different durations (0, 1, 2, 3, 4 and 5 h) before plunged into
liquid nitrogen and held for 1 h. Survival and shoot formation of cryopreserved embryonic axes were
significantly influenced by the dehydration duration with embryonic axes treated for 2 h recording the
highest survival (70%) and shoot formation (65%). Among the groundnut genotypes evaluated, Samnut
22 and 23 gave the highest survival (74.44 and 75.56%) and shoot formation (72.22 and 72.78%) after

cryopreservation.
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INTRODUCTION

Groundnut (Arachis hypogaea L.) is an important crop
worldwide. It is cultivated in at least 100 countries of
which China (40.9%), India (14%), Nigeria (7.44%) and
the United States (7.41%) are the largest producers.
World production of the crop is about 41.27 million metric
tonnes, with an average yield of 1.68 tons/ha (FAOSTAT,
2012). Almost every part of the groundnut plant is
economically important. The seed contain high quality
edible oil (44 to 52%), easily digestible protein (26 to
28%) and carbohydrate (20%), besides vitamin (E, K, B1
and B3) mineral and dietary fiber. Haulms (leaves and
stalk) are utilized as fodders while the cake, formed after
the oil extraction is a high protein animal feed. The shells
are used as fuel, filler in feed industry and in making
cardboards. Being a legume with root nodules, it enriches
the soil by fixing atmospheric nitrogen, thereby contri-
buting to soil fertility (Waliyar et al., 2007). Groundnut
germplasm is conventionally stored in gene banks and
seeds are the preferred propagule used. However, due to
their high lipid content and thin seed coat they cannot
tolerate the gene bank conditions for longer periods like

other true orthodox seeds. This led to the suggestion that
groundnut should be considered as suborthodox
(Vazquez-Yanes and Arechiga, 1996; Gagliardi et al.,
2000).

Seeds of some Arachis species have been reported to
lose viability after 2 to 3 years of storage (Roberts and
Ellis, 1989; Dunbar et al., 1993). Studies on groundnut
seeds viability in Nigeria have revealed that 75% of all
the evaluated lines lost viability after 2 years of storage
(Alarou, 2006). This therefore implies that long term con-
servation of groundnut seeds using conventional tech-
nigues is impossible. Cryopreservation is becoming a po-
pular technique used by gene bank curators for storage
of challenging plant germplasm. Cryopreser-vation is the
storage of biological material in liquid nitrogen (LN) at
ultra low temperature (-196°C). At this temperature, all
cellular divisions and metabolic processes are stopped
which allows conservation for an unlimited period of time
(Engelmann, 2004). Cryopreservation benefits include
small space requirements, low maintenance costs, and
only a modest number of replicates is required to conserve
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Table 1. Analysis of variance for survival and shoot formation of cryopreserved embryonic

axes of groundnut.

Source of variation

Degree of freedom

Mean square
Survival (%) Shoot formation (%)

Dehydration in PVS2 5 3839.17* 3648.06**

Genotype (G) 3 15586.57* 14871.76*

PVS2 x G 15 615.46** 653.98*

Error 48 66.67** 48.96**
*P<0.01.

a plant effectively (Shibli and Al-Juboory, 2000). It also
has an added advantage of long-term storage without
subjecting to frequent subculturing which is known to
induce somaclonal variation (Jain, 2011). Cejas et al.
(2013) reported genetic stability of cryopreserved plants
at both phenotypic and molecular levels over time.
Recently, cryopreservation has been applied in the elimi-
nation of virus and bacteria pathogens (Ding et al., 2008;
Helliot et al., 2002).

The most popular cryopreservation techniques in use
are the vitrification-based; they include vitrification, desi-
ccation, encapsulation-dehydration and encapsulation-
vitrification. Cryopreservation by vitrification has an
advantage of being simple, having greater survival rate
and applicable to a wide range of plant material.
However, the utilization of cryopreservation requires an
efficient and reproducible protocol that will ensure high
survival and regeneration. Hence, this study was carried
out with the objective of establishing an efficient
cryopreservation protocol for groundnut using vitrification.

MATERIALS AND METHODS

Seeds of four groundnut genotypes (SAMNUT 10, 21, 22 and 23)
were obtained from the groundnut breeding unit of the Institute for
Agricultural Research, Ahmadu Bello University, Zaria. The seeds
were surface sterilized by sequential treatment for 5 min in 70%
alcohol, 20 min in 10% NaOCI (commercial bleach) plus 2 to 3
drops of tween 20, rinsed thrice with sterile distilled water and
immersed in 5% NaOCI plus 2 to 3 drops of tween 20 for 10 min
with occasional stirring and rinsed thrice with sterile distilled water.
Thereafter, seeds were soaked in sterile distilled water for 3 h.
Embryonic axes were excised from the seeds and precultured on
solidified Murashige and Skoog (MS) medium (Murashige and
Skoog, 1962) supplemented with 0.3 M sucrose for 24 h.
Precultured embryonic axes were then treated with a loading
solution (2 M glycerol + 0.4 M sucrose dissolved in MS medium) for
15 min at 25°C. Treated embryonic axes were transferred to 2 ml
cryovials and 1 ml PVS2 [30%(w/v) glycerol, 15%(w/v) ethylene
glycol and 15% (w/v) dimethylsulfoxide (DMSO) in MS medium with
0.4 M sucrose] was added with a micropipette and dehydrated for
different duration (0, 1, 2, 3, 4 and 5 h) at 25°C before directly
plunged into LN and held for 1 h. After storing, cryovials were
rapidly warmed in a water bath at 40°C for 2 min. PVS2 solution
was drained from cryovials, replaced twice with 1 ml of unloading
solution (1.2 M sucrose dissolved in MS medium), and held for 10
min. Cryopreserved embryonic axes were then cultured on MS
medium supplemented with 15 mg/L benzylaminopurine (BAP) for
recovery under 16 h photoperiod at room temperature. Data were

collected on survival and shoot formation. Survival was determined
by the appearance of green color, increase in size, callusing and
development of the root or shoot pole and expressed as a
percentage of embryonic axes that survived within two weeks of
culturing.

Shoot formation was expressed as percentage of embryonic
axes forming shoots within one month. Treatments were arranged
in a completely randomized design (CRD) with ten embryonic axes
per treatment and these were replicated three times. Data collected
were analyzed using the general linear model (GLM) procedure of
the statistical analysis system (SAS Institute Inc., 1990). Means
were compared using Duncan’s multiple range test (Duncan, 1955)
at 0.05 probability level.

RESULTS

To determine the optimum time of exposure to PVS2,
embryonic axes of groundnut were dehydrated with PVS2
for different duration prior to a plunge into LN.
Dehydration duration in PVS2 significantly (P<0.05)
affected the rates of survival and subsequent shoot
formation of the cryopreserved embryonic axes (Tables 1
and 2). Very low survival and shoot formation was
observed when embryonic axes were treated in PVS2 for
1 h. The highest survival (70%) and shoot formation
(65%) was obtained when embryonic axes were
dehydrated in PVS2 for 2 h. Increasing the dehydration
time from 3 h upwards significantly (P<0.05) decreased
the rate of survival and shoot formation. Significant
genotypic differences were also observed among the
genotypes in response to the PVS2 treatment (Table 2).
SAMNUT 22 and 23 had the highest survival (74.44 and
75.56%) and shoot formation (72.22 and 72.78%),
followed by SAMNUT 10; while SAMNUT 21 recorded the
lowest survival and shoot formation.

Significant  (P<0.05) interactions were observed
between genotype and dehydration time in PVS2 on
survival and shoot formation rate (Table 1). Keeping the
genotype constant and varying the dehydration time in
PVS2 from 1 to 2 h, there was a significant increase in
the survival and shoot formation rates in all the
genotypes. However, further increase in time resulted in
a decline in the survival and shoot formation rates with
the exception of SAMNUT 22 which significantly
maintained higher survival and shoot formation rates.
Individual genotype interaction with the dehydration time
in PVS2 indicated that there was a good interaction
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Table 2. Effect of dehydration time in PVS2 on survival and shoot
formation of embryonic axes of groundnut.

Treatment Survival (%) Shoot formation (%)
Dehydration in PVS2 (h)

0 73.33% 73.33°
1 45.83" 40.00°
2 70.00% 65.00°
3 46.67" 45.83°
4 46.67° 46.67°
5 25.00° 25.00e
SE# 2.55 2.86
CV (%) 15.93 14.19
Genotype

Samnut 10 40.56" 38.89"
Samnut 21 14.44° 13.33°
Samnut 22 74.44° 72.22%
Samnut 23 75.56° 72.78°
SE+ 2.08 2.33
CV (%) 15.93 14.19

Means followed by the same letter(s) within a column are not significantly
different at P<0.05 level of significance using DMRT.

Table 3. Effect of genotype x dehydration in PVS2 interaction on the survival
of cryopreserved embryonic axes of groundnut.

Treatment level
Dehydration in PVS2 (h)
0 1 2 3 4 5
SAMNUT 10 66.67° 43.33% 80.00° 46.67° 6.677 0.00
SAMNUT 21 46.67° 667 26.67° 6.67 000  0.00
SAMNUT 22 93.33° 66.67° 86.67%° 90.00° 60.00° 50.00°
SAMNUT 23 86.67* 66.67° 86.67%° 83.33° 80.00° 50.00°

Means followed by the same letter(s) are not significantly different at P<0.05 level
of significance using DMRT.

Genotype

Table 4. Effect of genotype x dehydration in PVS2 interaction on the shoot
formation of cryopreserved embryonic axes of groundnut.

Treatment level
Dehydration in PVS2 (h)
0 1 2 3 4 5
SAMNUT 10 66.67" 33.33% 80.00° 46.67f 6.67‘: o.oof
SAMNUT 21 4667 6.67i 20.00" 6.67 000 0.00
SAMNUT 22 93.33%* 60.00° 80.00° 90.00* 60.00° 50.00'
SAMNUT 23 86.67° 60.00° 80.00° 80.00° 80.00° 50.00'

Means followed by the same letter(s) are not significantly different at P<0.05
level of significance using DMRT.

Genotype

between SAMNUT 22 and 23 up to 3 h dehydration time. SAMNUT 21 consistently recorded the lowest survival
However, these genotypes were not different from and shoot formation rates throughout the dehydration
SAMNUT 10 in both survival and shoot formation rates. duration in PVS2 (Tables 3 and 4). The cryopreserved



——

(a)

Abdulmalik et al. 283

(b)

Figure 1. Recovered microshoots after 4 weeks on MS media + 15
mg/L BAP. Microshoots from cryopreserved embryonic axes (a),
microshoots from non cryopreserved embryonic axes (b).

embryonic axes resume growth within one week of
culturing on recovery medium and developed shoots
within three to four weeks without intermediary callus
formation. There were no apparent morphological abnor-
malities observed in the regenerated microshoots and
resultant plantlets (Figures 1 and 2).

DISCUSSION

One of the key to successful cryopreservation by vitri-
fication is the careful control of dehydration and pre-
vention of injury by chemical toxicity. Optimization of the
time of exposure to PVS2 is important for producing a
high level of shoot formation after vitrification. In this
study, we were able to obtain the highest survival and
shoot formation with embryonic axes dehydrated with
PVS2 for 2 h. Ozudogru et al. (2009) also observed very
high survival rates at 2 h time of dehydration in PVS2 for
embryonic axes of groundnut. Very high survivals were
also reported at 1 to 2 h for embryonic axes of groundnut
(Gaglardi et al., 2002). The high survival and shoot
formation reported here could be attributed to sufficient

dehydration. Since only after sufficient dehydration will
the cell content be able to vitrify upon rapid cooling in
liquid nitrogen without forming lethal ice crystals and
hence ensuring high survival. According to Volk and
Walters (2006), three mechanisms by which PVS2 aids
cryoprotection are by replacing cellular water, changing
the freezing behaviour of water remaining in cells and
impeding water loss during air drying. In addition to their
physical protective properties, cryoprotectants also impart
additional protection against cryoinjury as they can
stabilize proteins and membranes and act as antioxidants
(Fuller, 2004).

The poor survival and shoot formation observed at 1 h
time of exposure to PVS2 could be attributed to the
insufficient dehydration of the embryonic axes. While the
drastic decline in both survival and shoot formation rates
observed from 3 to 5 h dehydration period could be due
to the toxicity of the PVS2. Chemical toxicity of PVS2
usually increases with time and causes a decrease in
survival rates (Yamuna et al.,, 2007). The poor perfor-
mance of SAMNUT 10 and 21 compared with the other
genotypes could be attributed to the sensitivity of these
genotypes to the PVS2 treatment. Takagi (2000) reported
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Figure 2. Regenerated plantlets flowering. Plantlet from cryopreserved embryonic axes (a); plantlet from non

cryopreserved embryonic axes (b).

that sensitivity to dehydration by vitrification solution
varies among species and even within cultivars. Geno-
typic influence has been reported in vitrified embryonic
axes of maize (Usman and Abdulmalik, 2010) and shoots
tips of grape (Matsumoto and Sakai, 2003). The
significant interaction between genotype and dehydration
time further confirms that dehydration time in PVS2 is
genotype-dependent. The high post thaw survival and
shoot formation recorded in this study could also have
been enhanced by the preculturing of the embryonic axes
on high sucrose medium and treating with loading
solution prior to exposure in PVS2.

Matsumoto et al. (1994, 1995) reported the positive
effect of preculturing on high sucrose media and of
loading treatment on post thaw survival.

Conclusion

Results obtained show that exposure time in PVS2 is
very critical to survival and subsequent shoot formation of
cryopreserved embryonic axes of groundnut. Most of the

groundnut genotypes recorded very high survival and
shoot formation at 2 h exposure time in PVS2. This
therefore indicates the potential of cryopreservation by
vitrification for conservation of groundnut.
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