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Abstract Asparagus racemosus is a commercially important
medicinal plant, traditionally used for combating gynecologi-
cal problems in India. The majority of plants used by the
pharmaceutical industry come fromwild sources, endangering
the natural population of the species. The plants are being
overharvested, so this species faces a real danger of becoming
vulnerable in its natural habitat. Ex situ conservation using
in vitro tools is a possible solution to this problem. Ex situ
conservation of plants involving in vitro tools has been initi-
ated through axillary branching using nodal explants. Studies
on in vitro storage under slow-growth conditions were carried
out to develop an efficient protocol for conservation of
A. racemosus germplasm. In vitro shoot cultures generally
require a 4-wk subculture onto fresh medium when grown at
25±2°C under a 16-h photoperiod. In this research, the use of
mannitol or sorbitol as an osmoticum and reduction of sucrose
to 1.5% (w/v) in half-strength MS medium led to maintenance
of the cultures for 6 mo at 25±2°C with no subculture. Sur-
viving shoots from the slow-growth cultures could be regen-
erated with 100% efficiency, indicating that the subculture
interval was successfully extended by this method. Tempera-
ture and medium modification both had significant effects on
the growth of stored shoots, and the two factors showed sig-
nificant interaction. In experiments designed to test encapsu-
lation as a storage method, micropropagated shoot clusters
encapsulated in calcium alginate beads were successfully
stored up to 75 d at 25±2°C under a 16-h photoperiod. Stored
shoots from both storage methods were subsequently

recovered and multiplied on MS medium with 3% sucrose
and 1.11 μM benzylaminopurine at 25±2°C. Well-
developed shoots were rooted and acclimatized successfully.
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Introduction

The genus Asparagus is a member of the Asparagaceae family
and contains approximately 200 species distributed through-
out the world (Dahlgren et al. 1985). This genus consists of
herbs, shrubs, and vines that are known all over the world for
their medicinal importance in addition to their use as food.
Members of this genus are characterized as herbaceous peren-
nials, tender woody shrubs, and photosynthetic stems
(cladodes) (Obermeyer 1983). Asparagus racemosus is an
important medicinal plant and is found in tropical and sub-
tropical regions of India. It is a climbing undershrub with
leaves reduced to minute scales and spines. Its roots are tuber-
ous, smooth, and tapering at both ends.

The plant is used for its phytoestrogenic properties in com-
bating menopausal symptoms and increasing lactation (Mitra
e t a l . 1999) . S te ro ida l sapon ins a re the majo r
phytoconstituents in A. racemosus that impart its
immunomodulant, galactagogue, adaptogen, antitussive, anti-
carcinogenic, antioxidant, and antidiarrheal properties (Pise
et al. 2012). The plant contains saponins called Shatavarin
I–X, which support the body’s own production of estrogen.
Due to its multiple uses, the demand for this medicinal plant is
continuously escalating and has led to destructive harvesting
practices, thus endangering natural populations. This plant is
being overharvested for its roots, which contain its core prop-
erties, and it is thus regarded as vulnerable in its natural habitat
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(Warrier et al. 2001). The extensive use of A. racemosus has
led to its inclusion in a list of 32 medicinal plants prioritized
for conservation and development by the National Medicinal
Plants Board (2002). Micropropagation protocols for
A. racemosus have been standardized (Kar and Sen 1985;
Bopana and Saxena 2008; Pant and Joshi 2009). Further,
in vitro tools involving slow-growth techniques have paved
the way to conserve species ex situ and have been employed in
many species (Withers 1980; Dodds and Roberts 1995), in-
cluding other species of Asparagus (Fletcher 1994; Bekheet
2000). These slow-growth techniques are widely used due to
their reliability, as genotypes can be effectively conserved
without the loss of viability in the form of disease-free stocks
in a controlled environment. Slow-growth techniques are
based primarily on conditions that allow minimal growth of
cells, tissues, or organs by reducing temperature or adding
osmotic regulators and growth retardants to the medium. In
general, the most widely applied procedure for minimizing
culture growth is temperature reduction, which can be com-
bined with decreased light intensity or storage in the dark
(Engelmann 1997). Based on this general observation,
Pandey and Sinha (2013) successfully stored A. racemosus
cultures at 4°C for 3 mo under dark conditions. A storage
period of 3 mo is quite short because cultures would need to
be subcultured four times in a year when maintained for germ-
plasm preservation. Further, the low temperature used in the
protocol requires cold-storage facilities, which increases the
conservation costs and makes the technique uneconomical.
Thus, it is necessary to develop more efficient methods for
germplasm conservation of this species, with longer subcul-
ture intervals.

The aim of the investigation was to devise a conservation
technique that is easy to establish, is cost-effective, and pro-
vides the maximum regeneration rate for stored cultures. The
most ideal conditions for slow-growth storage of plants were
determined. We worked to design a conservation technique
that utilizes a normal culture-room temperature to store shoot
cultures, thereby providing an extended storage period as
compared to previous reports on this plant. In addition to
slow-growth storage, we also tested an alginate encapsulation
technique that could serve as an alternative to cryopreserva-
tion. To the best of our knowledge, this is the first time that an
alginate encapsulation method has been employed in conserv-
ing this plant.

Materials and Methods

Plant material. Single nodal segments were used for estab-
lishment of in vitro cultures and were collected from plants of
A. racemosus maintained in the greenhouse of the School of
Studies in Biotechnology, Pt. Ravishankar Shukla University,
Raipur, India. Disinfected explants (0.1% (w/v) HgCl2 for

10 min) were inoculated into Murashige and Skoog medium,
(MS; Murashige and Skoog 1962) with 3% (w/v) sucrose,
0.75% (w/v) agar (Himedia, Mumbai, India), and 2.22 μM
6-benzylaminopurine (BA; Sigma-Aldrich, Saint Louis,
MO). The pH of medium was adjusted to 5.8 before autoclav-
ing at 121°C and 15 PSI for 20 min. All cultures were main-
tained at 25±2°C, under a 16-h photoperiod with a light in-
tensity of approximately 2000 lx provided by cool white fluo-
rescent tubes.

In vitro slow-growth conservation. The semisolid basal medi-
um used for the study consisted of half-strength MS salts with
MS vitamins. All culture media were prepared from stock
solutions of macro- and micronutrients according to Chawla
(2002) and were solidified with 0.75% (w/v) agar. Sucrose
was used as the carbon source at 1.5 or 3% (w/v). Mannitol
and sorbitol were added individually to the medium at 2 or 4%
(w/v) for slow-growth storage. The vitamins, sucrose, osmotic
agents, and agar used in culture media composition were from
Himedia. The pH of eachmediumwas adjusted to 5.8, and the
molten media were dispensed into 250-ml glass flasks (60 ml
per flask) and autoclaved for 15 min at 121°C. To determine
the effect of temperature, cultures were maintained at 15±2 or
25±2°C under a 16/8-h light/dark photoperiod provided by
daylight fluorescent lamps.

Shoots clusters containing 3–4 shoots were isolated from
the proliferating cultures and placed in the slow-growth stor-
age medium described above. The experimental design was
fully randomized in a 2×7 factorial arrangement, consisting of
two temperatures each with seven osmotic treatments (T1–T7;
Table 1). Each treatment consisted of six replicates, where
each replicate was a flask with three shoot clusters (n=18
clusters per treatment).

Encapsulation of shoot clusters and culture incubation. The
gelling medium was prepared with liquid MS basal medium
containing 3% (w/v) sodium alginate (Himedia). The pH of
each medium was adjusted to 5.8. Media were autoclaved for
15 min at 121°C. Shoot clusters containing 2–3 shoots with a
length of 0.4–1.0 cm were excised from proliferating cultures,
coated with medium-viscosity gelling medium, and placed
into a sterile 100 mM CaCl2 solution for 15–25 min. The
encapsulated shoot clusters were then washed with deionized
water three times and placed in culture bottles containing ster-
ile cotton soaked with sterile distilled water to maintain the
relative humidity inside the bottle. To evaluate the temperature
and light requirements for successful encapsulation, the en-
capsulated shoots were stored at 8±2 and 25±2°C and placed
under both light (16-h photoperiod) and dark conditions.

Regrowth of stored cultures and data collection. The medium
for growth recovery consisted of semisolid MS basal medium
containing 1.11 μM BA and 3% sucrose. All in vitro cultures
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stored at 15±2°C were regenerated after 4 mo of storage.
Cultures stored in T1–T5 treatments at 25±2°C were recov-
ered after 4 mo and the cultures stored in T6 and T7medium at
this temperature were regenerated after 6mo. For slow-growth
storage, observations were recorded every 2 mo under storage
conditions; for encapsulated cultures, observations were re-
corded every 15 d. Plant development was evaluated by mea-
suring survival, number of shoots, and plant height after 4 wk
of recovery on MS+1.11 μM BA and 3% sucrose.

Rooting and acclimatization. Recovered shoots from the
slow-growth storage and encapsulation treatments were root-
ed and acclimatized according to Bopana and Saxena (2008).
Shoot clusters containing 3–4 shoots were inoculated into
half-strength MS medium containing 1.61 μM naphthalene
acetic acid (NAA), 0.46 μM kinetin (Kin), 98.91 μM adenine
sulfate, 500 mg/l malt extract, 198.25 μM phloroglucinol

(PG), and 3% sucrose. After 40 d in rooting medium, rooted
plants were hardened by transplanting them into pots contain-
ing cocopeat for 15 d and eventually into a mixture of soil and
sand (2:1).

Statistical analysis. One- or two-way analysis of variance
(ANOVA) appropriate for the design was carried out to detect
the significance of differences among the treatment means.
Means were compared using Duncan’s multiple range test at
a 5% probability level using software SPSS 16.0.

Results and Discussion

In vitro slow-growth conservation. The cultures kept at 15±
2°C grew slowly but survived for only 4 mo. Effective storage
for 6 mowas observed at 25±2°Cwhen the carbon source was

Table 1. Effect of storage treatments on in vitro slow-growth storage of A. racemosus when shoot cultures were stored in conical flasks at two
temperatures under a 16/8-h light/dark photoperiod

Conservation temperature Treatment code Treatment (in half-strength MS medium) Survival (%)

After 2 mo After 4 mo After 6 mo

15±2°C T1 Control (3% sucrose) 50.00±0.00 50.00±0.00 0.00±0.00

T2 2% mannitol+3% sucrose 52.78±2.79 38.89±0.00 0.00±0.00

T3 4% mannitol+3% sucrose 33.33±0.00 16.67±0.00 0.00±0.00

T4 2% sorbitol+3% sucrose 100.00±0.00 63.88±2.79 0.00±0.00

T5 4% sorbitol+3% sucrose 33.33±0.00 19.45±2.79 0.00±0.00

T6 2% mannitol+1.5% sucrose 58.33±2.79 58.33±2.79 0.00±0.00

T7 2% sorbitol+1.5% sucrose 100.00±0.00 72.22±0.00 0.00±0.00

25±2°C T1 Control (3% sucrose) 100.00±0.00 30.55±2.79 0.00±0.00

T2 2% mannitol+3% sucrose 100.00±0.00 33.33±0.00 0.00±0.00

T3 4% mannitol+3% sucrose 77.78±0.00 30.55±2.79 0.00±0.00

T4 2% sorbitol+3% sucrose 100.00±0.00 52.78±2.79 0.00±0.00

T5 4% sorbitol+3% sucrose 72.22±0.00 30.55±2.79 0.00±0.00

T6 2% mannitol+1.5% sucrose 100.00±0.00 100.00±0.00 77.78±0.00

T7 2% sorbitol+1.5% sucrose 100.00±0.00 100.00±0.00 75.00±2.79

All medium compositions are given as percent (w/v). Survival percentages are mean±SE. Shoot survival was determined by shoot color, i.e., green
shoots were recorded as healthy. Each treatment contained 6 replicates, where each replicate was a flask containing 3 shoot clusters, i.e., n=18 shoots
clusters per treatment. Italicized items indicate the treatments with greatest survival

Table 2. Two-way ANOVAs for effect of slow-growth storage medium and temperature on growth characteristics of A. racemosus under storage
conditions

Source of variation Shoot number Shoot length

df SS MS F value P value df SS MS F value P value

Temperature 1 23.884 23.884 32.724 *** 1 26.646 26.646 113.665 ***

Treatment 6 45.601 7.600 10.413 *** 6 27.037 4.506 19.222 ***

Temperature × treatment 6 43.647 7.274 9.967 *** 6 15.654 2.609 11.130 ***

df degrees of freedom, SS sum of squares, MS mean square

***Significant at P≤0.001
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used at 1.5% in half-strength MS medium with 2% of an
osmotic regulator (Table 1).

A two-way ANOVA (Table 2) revealed that the two storage
temperatures and seven treatments used in the study had sig-
nificant effects on the growth of stored shoots. Moreover,
these two factors showed significant interaction effects for
both shoot number and shoot length under storage conditions.

Effect of temperature. Of the two storage temperatures tested,
25±2°C was significantly more effective in maintaining cul-
ture viability under storage conditions in terms of survival
percentage, shoot length, and shoot number (Tables 1 and
3). The survival percentage after 2 mo of storage was much
higher in cultures stored at 25±2°C than those stored at 15±
2°C (Table 1). Low temperature reduced shoot growth but at
the same time exerted a deleterious effect on shoot survival
and quality regardless of the osmotic treatment applied. The
most effective treatment in terms of shoot survival at 15±2°C
was provided by the addition of 2% sorbitol and reduction of
the sucrose concentration. Under these conditions, shoots
were able to survive for 4 mo. Slow-growth conservation in
A. racemosus has also been practiced by Pandey and Sinha
(2013), who achieved 3 mo of storage at 4°C in the dark.
Although their protocol slowed shoot growth, the storage pe-
riod was short and the regeneration efficiency of stored shoots
was not evaluated. The authors also reported drying and whit-
ening of shoots at 25°C, which may be due to storage of
cultures in the dark. Through our experiments, an extended
storage period was achieved in a standard culture room. Al-
though low temperatures may be more effective for slowing
the growth of some in vitro cultures (Fletcher 1994; Akdemir
et al. 2010), Tyagi et al. (2009) were able to conserve carda-
mom effectively at 25±2°C, consistent with our findings.
Thus, the temperature requirements appear to vary from spe-
cies to species and may depend on the agro-climatic condi-
tions in which a particular species is found. Tropical and sub-
tropical plant species are generally cold sensitive and undergo
chilling injury at low temperature (Engelmann 1991).

Effect of osmoticum and carbon source concentration. In or-
der to restrict the growth of A. racemosus, storage medium
was modified by addition of mannitol or sorbitol at 2 or 4%
and reduction of sucrose to lower levels (from 3 to 1.5%).
These modifications induced slow growth relative to the con-
trol, and in the best treatments 75.00% (T7) and 77.78% (T6)
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Figure 1. Mean values of (A) number and (B) length of shoots
regenerated after 4 mo (T1–T5) or 6 mo (T6–T7) from slow-growth-
conserved cultures of A. racemosus stored at 25±2°C. Parameters
recorded 4 wk after transfer to MS+1.11 μM BA. Within each figure
part, values marked with different letters differ significantly at 5% as
analyzed by Duncan’s multiple range test.

Table 4. Overall effect of different treatments (media) on growth
parameters of A. racemosus under slow-growth storage conditions

Treatment Shoot number Shoot length (cm)

T1 2.36±0.29bc 2.21±0.39a

T2 2.15±0.27bcd 1.61±0.16a

T3 1.71±0.16cd 0.73±0.39b

T4 1.60±0.63cd 1.66±0.18a

T5 1.36±0.13e 0.90±0.11b

T6 2.89±0.38ab 1.81±0.13a

T7 3.25±0.35a 1.90±0.20a

Values include the cultures from both temperatures stored on the indicated
medium (up to 4 mo for T1–T5 and up to 6 mo for T6–T7). Values are
mean±SE; means in the same column followed by different letters differ
significantly at P≤0.05 as analyzed byDuncan’s multiple range test using
SPSS 16.0. Italicized items indicate the best treatments for storage

Table 3. Overall effect of temperature on growth parameters of
A. racemosus under slow-growth storage conditions

Temperature Shoot number Shoot length (cm)

15±2°C 1.74±0.87b 1.14±0.54b

25±2°C 2.96±0.23a 2.15±0.14a

Values include the cultures from all treatments stored at the indicated
temperature (up to 4 mo at 15±2°C and up to 6 mo at 25±2°C).Values
are mean±SE; means within the same column followed by different
letters differ significantly at P≤0.05 as analyzed by Duncan’s multiple
range test using SPSS 16.0. Italicized items indicate the best temperature
for storage
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of the cultures could bemaintained for a period of 6mo at 25±
2°C (Table 1). Out of seven treatments tested, only two, i.e.,
half-strengthMSmediumwith 1.5% sucrose and 2%mannitol
or sorbitol, allowed the cultures to be maintained for over
6 mo. Shoot number and shoot length were both significantly
greater during storage in these two media than in most other
treatments (Table 4). The plantlets maintained in these media
showedmaximum survival with 100% regeneration of surviv-
ing (green) shoots.

Short- and medium-term storage of plant tissues under
in vitro culture conditions leads to increased oxidative stress
and senescence. Mannitol acts as a scavenger of hydroxyl
radicals and protects plant tissues against oxidative stress
damage (Shen et al. 1997; Abebe et al. 2003). Previous trials
(Pandey and Sinha 2013) in this plant suggested that 1%man-
nitol was beneficial for the in vitro storage of A. racemosus.
Also, in other species such as potato (Solanum tuberosum:
Sarkar and Naik 1998) and enset (Enset ventricosum: Negash
et al. 2001), the addition of mannitol to the storage medium
resulted in improved survival of stored cultures. The sugar-
alcohol sorbitol has an osmotic potential similar to that of
mannitol in solutions at equivalent molarity and has been
employed as an osmoticum in many species (Cordeiro et al.
2014). Fletcher (1994) incorporated 4% sorbitol in the conser-
vation medium for storage of Asparagus officinalis L. up to
16 mo. Moreover, the effect of these osmotic agents depends
on the temperature, genotype, and culture conditions, as sug-
gested byMarino et al. (2010). Mannitol has often been found

to have deleterious effects on the quality of stored cultures
(Conner and Falloon 1993; Cordeiro et al. 2014), in contrast
to our findings. In our experiments, effective storage was
achieved by incorporation of mannitol at low concentrations
into the medium, whereas higher concentrations of osmoticum
were deleterious to in vitro-stored cultures of A. racemosus. A
positive effect of mannitol was reported by Marino et al.
(2010) and Kovalchuk et al. (2009), who used gas-
permeable culture vessels. We also used cotton plugs to close
the mouths of the flasks, i.e., they were not air-tight or sealed.
This could explain the positive effect of mannitol and sorbitol
on in vitro-stored cultures.

The efficacy of each technique used for slow-growth stor-
age was measured by the regeneration percentage and the
quality of shoots regenerated after fixed periods of storage.
Cultures stored at 15±2°C were recovered after 4 mo of stor-
age, and cultures at 25±2°C were recovered after 4 mo (T1–
T5) or 6 mo (T6–T7) in MS medium with 1.11 μM BA
(Fig. 1). The regeneration percentage was found to be 100%
irrespective of the storage medium and temperature used. All
of the cultures that survived under storage conditions regen-
erated fully and had a normal multiplication rate. The shoots
stored on media with 2% osmoticum and 1.5% sucrose (treat-
ments T6 and T7) had good proliferation rates when regener-
ated. The cultures stored onmediumwith 2% sorbitol with 3%
sucrose (T4) also displayed a good proliferation rate, which
again demonstrated that a lower osmoticum level is best suited
for storage of shoots of this plant. This technique thus

a b c
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Figure 2. Slow-growth storage,
encapsulation, and regeneration
of Asparagus racemosus shoot
cultures. (a) Stored shoots at 25±
2°C on half-strength MS+2%
mannitol+1.5% sucrose. (b) Stored
shoots at 25±2°C on half-strength
MS+2% sorbitol+1.5% sucrose.
(c) Regenerating shoots 10 d after
transfer into MS+1.11 μM BA
stored up to 6 mo. (d) Small shoot
clusters encapsulated in sodium
alginate beads. (e) Shoots emerging
from encapsulated beads when
transferred to MS+1.11 μM BA
for regrowth. (f) Regenerating
plantlet from encapsulated beads
10 d after transfer to MS+
1.11 μM BA. (g) Well-developed
shoots after regeneration from
slow-growth stored shoots. (h)
Rooted plantlet. (i) Hardening of
plantlets in cocopeat.
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substantially increased the interval between subcultures,
allowing in vitro cultures of A. racemosus to be maintained
for several years. Figure 2a–c shows examples of stored cul-
tures and their regrowth after storage. In the present study, a
storage period of more than 6 mo was difficult to achieve due
to desiccation of the medium. Other strategies such as the use
of growth retardants might help and would need to be
standardized.

Encapsulation of shoot clusters. Encapsulation technology
has been worked out by many researchers in recent years for
different plant species. Vegetative propagules of uninodal cut-
tings have been used for encapsulation of woody plants such
as mulberry (Morus indica and Morus alba: Bapat and Rao
1990; Pattnaik et al. 1995; Pattnaik and Chand 2000), olive
(Micheli et al. 1998), and the medicinal plant Withania sp.
(Singh et al. 2006) using cold storage.

The most important feature of the encapsulated propagules
is their capability to retain viability in terms of regrowth abil-
ities after encapsulation and even after storage (Standardi and
Piccioni 1998). In this study, the encapsulated shoot cultures
could be effectively stored at 25±2°C for 75 d when 16/8-h
light/dark conditions were provided (Table 5). Figure 2d–f
shows encapsulated shoots and their regeneration. There was

significant interaction observed between light and storage
temperature that affected the survival of encapsulated shoots.
Low temperature was not suitable for storage of encapsulated
shoots as they lost viability within 30 d irrespective of the
light/dark conditions. On the other hand, the viability of en-
capsulated shoots stored at 25±2°C was markedly influenced
by light: after 30 d of storage greater viability was observed
when illumination was provided than in continuous darkness.
Temperature and light requirements have been studied in dif-
ferent species (Micheli et al. 2007; Sujatha and Ranjitha
Kumari 2008), and a number of studies report that normal
growth-room temperature and low illumination is beneficial
for encapsulation of plant parts (Janeiro et al. 1995; Divakaran
et al. 2006). The viability and regeneration capacity was
checked every 30 d by inoculating the shoots intoMSmedium
containing 1.11 μM BA. All the encapsulated microcuttings
stored at 25±2°C showed viability immediately after encap-
sulation and after 1 mo of storage. After that, the regeneration
percentage started declining and reached an average of 60%
regeneration after 75 d of storage at 25±2°C (Table 6). The
shoot number and shoot length of the cultures regenerated
from encapsulated shoots are given in Table 6. The stored
cultures were fully regenerated, rooted, and acclimatized as
shown in Fig. 2g–i. After acclimatization, 90% survival of
regenerated plants was obtained.

The present study describes an efficient and cost-effective
protocol for short- and medium-term conservation of
A. racemosus. Through the slow-growth storage procedure,
shoot cultures could be maintained without subculturing for
6 mo at 25±2°C, which is much more economical than cryo-
preservation that requires deep freezing or vitrification. More-
over, encapsulation of shoot cultures into alginate beads could
provide a method for its short-term storage and easy renewal
of cultures when required. This is the first report of in vitro
slow-growth storage of A. racemosus for up to 6 mo and
utilization of encapsulation technology in conservation of this
plant.

Table 5. Effect of storage period, temperature, and light conditions on survival of encapsulated shoots of A. racemosus

Storage period Survival (%)

8±2°C 25±2°C

16-h photoperiod Dark 16-h photoperiod Dark

0 d 100.00±0.00 100 100.00±0.00 100.00±0.00

15 d 100.00±0.00 100 100.00±0.00 100.00±0.00

30 d 56.67±3.34 33.33 100.00±0.00 70.00±3.34

45 d 13.33±0.00 0.00 73.33±0.00 20.00±0.00

60 d 0.00±0.00 0.00 70.00±3.34 0.00±0.00

75 d 0.00±0.00 0.00 40.00±0.00 0.00±0.00

90 d 0.00±0.00 0.00 16.66±3.34 0.00±0.00

Values are mean±SE, where each treatment contains 15 encapsulated shoots clusters

Table 6. Regeneration of encapsulated shoots of A. racemosus stored
at 25±2°C under 16/8-h photoperiod

Storage period Regeneration (%) Shoot number Shoot length (cm)

0 d 100.00 12.50±0.23a 3.50±0.56a

30 d 100.00 10.24±0.11b 4.16±0.27a

60 d 70.00 5.23±0.27c 2.89±0.42b

75 d 60.00 3.33±0.09d 3.35±0.38ab

Data were recorded 4 wk after transfer to MS+1.11 μM BA. All values
are mean±SE; means in the same column followed by different letters
differ significantly at P≤0.05 as analyzed byDuncan’s multiple range test
using SPSS 16.0
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