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Hippophae salicifolia (Seabuckthorn) is one of the potential multipurpose underutilised plant species
having huge multipurpose benefits including economic and ecological. Effect of different concentrated
doses of auxins, on rooting percentage, number of root per rooted cuttings and root length of male and
female stem cuttings was examined under open field condition. Results show that the cuttings
pretreated with 50 mg L™ indole-3-butyric acid (IBA) had best rooting traits (respectively for male and
female rooting percentage was 50.00 and 76.67%, root number was 2.3 and 3.0 and root length per
rooted cuttings was 2.5 and 3.5 cm). Therefore, cuttings pre-treated with 50 mg L™ IBA is recommended
for vegetative propagation through cuttings in H. salicifolia. Moreover, this study provides a significant
lead towards the development of a simple cost-effective propagation technique for large scale
cultivation and future domestication of the elite genotype for better nutritional security along with
socio-economic upliftment and sustainable rural development in Indian Himalayan Region.
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INTRODUCTION

Hippophae salicifolia (Seabuckthorn) is at the top of
multipurpose plant species in several countries and
gradually replacing a number of plants due to its huge
multipurpose benefits including high economic return
from market.

Seabuckthorn (H. salicifolia) belonging to Elaegnaceae,
is a thorny, dioecious small tree growing wild in the cold
and dry regions of Indian Himalaya Region mainly in
Uttarakhand, Jammu and Kashmir, Himachal Pradesh
and Sikkim. The ripe fruit of Seabuckthorn is a natural
bank of vitamins (A, B, C, and K and E) with antioxidant,
anti-cancer, anti-AlDS and anti stress properties (Koelz,
1979; Fuheng, 1991; Jain, 1991; Rongsen, 1992; Mingyu,
1994; Xing et al., 2002; Zeb, 2004; Dhyani et al., 2007).

Consequently, more than 150 processing factories viz.,
nutraceutical and pharmaceutical companies are enga-
ged in the utilization of this important natural resource by
producing more than 200 different kind of products
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mostly as life saving drugs, health tonics, food, and
cosmetics (Chen, 1988; Rongsen, 1992; Thomas, 2002;
Ahmad and Kamal, 2002; Raffo, 2004; Venugo-palan et
al., 2005; Lebeda, 2005; Sabir et al., 2005; Tiitinen, 2006;
Dhyani et al., 2007; Gayle, 2008).

Recently, the plant species has attracted an extraordi-
nary attention of researchers, scientists and environmen-
talists not only from Asia and Europe but also from North
America because of its economical and ecological
importance. However, in Indian Himalayan Region (IHR),
no attention has been given towards the scientific conser-
vation, propagation and utilization of this valuable plant.

In IHR, the natural resources of Seabuckthorn are
degraded and vanished through increasing anthropoge-
nic activities as the large scale clearing and burning of
forests, over harvesting of plants, conversion of wild
lands to agricultural, road and dam constructions etc.,
caused the plant to become over exploited, and to be
classified as near to threatened category by IUCN
(Dhyani, 2007). Hence, the conservation of this plant
species is required to pay necessary attention in terms of
mass multiplication and cultivation.



Propagation of the species by seed is time consuming
technique which also cannot maintain the fine biological
characteristics and economic properties that are geneti-
cally identical to the selected mother plants. In order to
meet the demand of development of adequate H. salici-
folia (Seabuckthorn) resources with a regulated ratio of
male and female plants for high amount of fruit yield,
propagation from cutting needs to be preferred (Dhyani,
2007).

Considering all these factors the present study was
investigated to determine the best vegetative propagation
protocol for male and female plants of the target species
with reference to rooting response and other parameters
under different auxin treatments.

MATERIALS AND METHODS
Experimental site and climate

Experiment on vegetative propagation of H. salicifolia was carried
out under natural environmental conditions at an altitude of 2600 m
amsl in village Tolma, located in Niti valley of Nanda Devi Bio-
sphere Reserve (NDBR) at Central Himalaya (28° 43’ 45” to 30° 20’
12" N and 78° 44’ 30’ to 80° 18 45" E), in Uttarakhand state of
India. The cuttings were collected from different pockets of Gangotri
Valley located at district Uttarkashi in Uttarakhand, India. The
genotypic selection of Seabuckthorn cuttings from different pockets
in Gangotri valley was based on the earlier research on best nutri-
tional constituents of the fruit berries (Dhyani et al., 2007). Mean
maximum and minimum aerial temperatures recorded during the
study period were 28.05 and —0.93°C, respectively.

Sex differentiation and collection of stem cuttings

The sex of a Seabuckthorn tree cannot be identified until first flower
buds or fruit berries appear. Therefore, to distinguish between male
and female sex the trees were randomly marked with two different
colours (red for male and green for female) during the fruiting
period (as only female plant yield fruits) in October 2004. Male and
female cuttings were collected in the first week of March, 2005 from
20 healthy mother plants. Stem cuttings of 15 to 20 cm length and
0.8 to 2.0 cm diameter, cleared for all leaves were collected and
immediately kept in plastic film bags to prevent from wind drying
and withering.

Auxin treatments and planting

Before going for experimental treatments all the cuttings were
properly washed with running water for dust clearing. One set of
male and female cuttings were kept as control (Cont.) and dipped in
distilled water. Auxins were applied in 1.5% v/v aqueous ethanol
solution. The basal part of cuttings was placed at 2 to 3 cm depth in
the different concentrated doses (25, 50, 100, 300, 500 and 1000
mg L) of indole 3-acetic acid (IAA), indole 3-butyric acid (IBA) and
naphthalene acetic acid (NAA) at room temperature. A total of
nineteen treatments were obtained. Each treatment has ten repli-
cate of cuttings. All the cuttings were planted in nursery polythene
bags filled with the soil substratum.

Datarecording and analysis

Observations and data recording for different growth parameters of
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root were made fortnightly. The final rooting was recorded after 90
days. Moreover, the male and female cuttings were again uprooted
after 6 months of planting to examine the root system. Weeding and
irrigation were done as per the requirements. One way analysis of
variance (ANOVA) and Dunnet test was applied for comparison of
control cuttings with treated cuttings. The MiniTab 15.0 statistical
programme was applied to process all the data in the study.

RESULTS
Effect of auxin treatments

After 90 days, the result show that the cuttings pretreated
with auxins were significantly greater in the percentage of
rooting, number of root per shoot and s’~average root
length of per rooted cuttings than the control cuttings.
The corresponding values of control cuttings were 26.67
+ 3.3%, 2.2 £ 0.2 and 2.3 + 0.3 cm for male and 40.00 +
5.8%, 3.3+ 0.4 and 3.7 = 0.3 cm for female plant cuttings
(Figures 1, 2 and 3).

Different doses of auxin pre-treatments induced differ-
ent rooting responses. The higher rooting percentage
56.67 + 3.3 for male and 76.67+3.3 female cuttings were
found respectively under 50 mg L* of IAA and IBA
(Figure 1). On the other hand the lower rooting percen-
tage were observed 3.33+3.3 under 1000 mg L™ of IBA
and NAA for male and female cuttings, respectively
(Figure 1). With regard to the effect of different doses of
auxins on number of root per rooted cuttings were found
maximum 3.3+0.3 for male and 4.3+0.9 for female under
25 mg L™ of NAA (Figure 2).

Results of average longest adventitious root were 3.1 +
0.3 cm for male and 4.2 + 0.4 cm for female cuttings
under the lower concentrated dose of IAA 25 mg L*
(Figure 3).

In general, the overall rooting traits were observed
(rooting parentage are 50.00 and 76.67%, root number
are 2.3 and 3.0, and root length per rooted cuttings are
2.5 and 3.5 cm) to have occurred under IBA 50 mg L™.

Effect of sex of donor plant

Sex of donor plant significantly (P<0.05) influenced root-
ing of cuttings in all pre-treated auxin treatments (Table
1). Rooting responses was generally higher in cuttings
obtained from female tree than from male tree.

Interactive effects on rooting

Interactive effect of sex and different doses ofauxin treat-
ments was significant at P<0.05 (Table 1). The interaction
of female tree cuttings and IBA 50 mg L™ resulted in
higher rooting percentage followed by female x I1AA 50
mg L™ and female x NAA 50 mg L™ (Figure 1). The com-
bination of female x NAA 25 mg L™ resulted in maximum
number of root per rooted cuttings followed by
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Figure 1. Effect of different auxin treatments against control on rooting percentage of male

and female plant cuttings after 90 days.
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Figure 2. Effect of different auxin treatments against control on number of root per rooted
cutting of male and female plant after 90 days.

female x 25 mg L™ of IAA and IBA (Figure 2). Similarly
the longest adventitious root was found under the
interactive effect of female x IAA 50 mg L™ followed by 50
mg L™ of IBA and NAA (Figure 3). The overall response
of female cuttings observed was significantly superior to
male cuttings at all levels of IAA, IBA and NAA treat-
ments.

DISCUSSION

In the present study, natural open field condition was
selected for the propagation experiments for undertaking
in-depth vegetative propagation experiments which pro-
ved the successful ex-situ propagation of this species
(Figure 4).
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Figure 3. Effect of different auxin treatments against control on elongation of root
length of male and female plant cuttings after 90 days.

Table 1. Statistical data representing the overall significant and non-significant different (P<0.05) for different growth parameters of

male and female cuttings.

Auxin

Parameter Factor I1AA IBA NAA
P-value Fcrit P-value Fcrit P-value F crit
Rooting percentage Within concentration 0.00* 5.05 0.00* 5.05 0.01* 5.05
gp 9 Within sex 0.88™ 6.61 0.04% 6.61 0.25™ 6.61
Root/shoot Within concentration 0.01* 5.05 0.42"™ 5.05 0.02* 5.05
Within sex 0.00* 6.61 0.04* 6.61 0.00* 6.61
Root length Within concentration 0.03* 5.05 0.00* 5.05 0.01* 5.05
9 Within sex 0.03* 6.61 0.01* 6.61 0.11™ 6.61

*Significant different; ™ non-significant. IAA, Indole-3-acetic acid; IBA, indole-3-butyric acid; NAA, naphthalene acetic acid.

Sex of donor plant has an important effect on rooting of
H. salicifolia cuttings. The effect of sexual differences on
propagation was also observed in several other dioecious
plant species like Taxus wallichiana, Taxus brevifolia,
and Taxus cuspidate (Davidson and Olney, 1964; Mitchell,
1997; Nandi et al., 1996; Kaul, 2008). The same results
have been reported for many plant species (Sharma and
Aier, 1989; Zeng et al., 2005; Guo et al., 2009).

The Dunnent test between control and treated cuttings
clearly indicated the importance of auxin application for
enhancing and stimulating the rooting traits of stem
cuttings. It has been repeatedly confirmed that auxin is
required for adventitious root formation on stems and that
the divisions of the first root initials are dependent on
exogenous and endogenous levels of auxins (Ludwig-

Muller, 2000; Kochhar et al., 2005). However, the promo-
ting effect varied with auxin concentrations and types of
auxin applied.

In the present study, the lower concentration of auxin
did substantially produce better rooting results than the
higher concentration of auxin. IBA 50 mg L™ produced the
best rooting results rather than other higher concentration
of auxins and hence was recommended for vegetative
propagation of H. salicifolia. This inhibitory effect caused
by high exogenous auxin also occurred in other plants
species such as peach (Tworkoski and Takeda, 2009)
and Paeonia (Guo et al., 2009). The study is also stren-
gthened by the Garonovich (2003), who recommended
treatment of Hippophae cuttings with IBA (100 mg/L), IBA
(50 mg/L) and NAA (50 mg/L) for 16 h.
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Figure 4. (A-F) Showing details about vegetative propagation of Hippophae salicifolia.

Most of the tree species rooting ability of cuttings has
been observed from apical to basal part of the shoots
which has been attributed to accumulation of
carbohydrates at the base of shoot (Hartmann et al.,
1997). Based on this fact and several studies by
Hartmann et al. (1990), Wassner and Ravetta (2000) and
Guo et al. (2009), we have also collected cuttings from
the young shoots of H. salicifolia for obtaining better
rooting traits. Such effects on rooting may be caused by
variation in the physiological status of the cutting tissues
on stock plants resulting in occurrence of gradients in the
cellular activity or in the level of assimilates or growth
regulators or in the level of lignifications (Hartmann et al.,
1990, 1997).

To enhance the rate of adventitious roots development,
auxin application has been found to increase the number
of roots initiated per rooted cuttings in a variety of plant
species (Mesen et al.,, 1997; Palanisamy et al., 1998;
Kesari et al., 2008). The result obtained for number of
root per rooted cuttings in the present experiments was
not significant (p>0.05) for both male and female cuttings
(Figure 2 and Table 1). It was observed that the number
of roots per rooted cuttings was found maximum if treated
with NAA 25 mg L while, the minimum number was
observed in the 500 and 1000 mg L™ of IAA (Figure 2).
On an average there were 3 to 5 roots formed in a shoot.
Similar to earlier study by Houle and Babeux (1998) on
Salix planifolia the number of roots per rooted female



cutting of H. salicifoila was found higher as compared to
male cuttings. Shuhua et al. (1989) also measured the
same number of average roots in H. salicifolia.

The cuttings treated with different concentrations of
IAA, IBA and NAA showed the significant differences
(p<0.05) for the root length of male and female cuttings
(Table 1). The results reveal that the IBA 50 mg L™
served as a best medium to stimulate and enhance root
length. The overall results showed 3.5 to 5 cm mean root
length for 90 days old stem cuttings of the target species.
Shuhua et al. (1989) observed an average of 3.6 cm long
root for the cuttings collected from the base part of
Seabuckthorn plant. The earlier work indicated that after
a period of 7 months of planting, the root length increa-
sed up to more than 15 cm long under various treatments
/ concentrations of IBA (Sankhyan et al., 2003).

The result of the present study also showed profuse
rooting with maximum of 19 cm elongated root after 6
months of plantation (Figure 4D).

Conclusion

The study provides significant information towards deve-
lopment of a simple and cost-effective technique for large
scale propagation, cultivation, afforestation of elite geno-
type under ex-situ conditions. The findings of the present
study revealed that the lower concentration of auxins
provide better results of rooting traits than higher concen-
tration and recommends the application of IBA 50 mg L™
in H. salicifolia. Since, it is a potential multipurpose plant
having a huge economic potential, the present study also
provides a considerable guidance towards the future
domestication of this species for poverty alleviation
through orchard development that generate income for
poor subsistence farmers in Indian Himalayan Region.
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