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INFLUENCE OF SEED SIZE AND SOWING DEPTH ON EMERGENCE AND GROWTH PERFORMANCE OF
SALVADORA OLEOIDES IN THE INDIAN THAR DESERT
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ABSTRACT

Series of trials on Salvadora oleoides were conducted to standardize the package of practices for large-scale raising of
seedlings for afforestation programmes in the Indian Thar desert with the major focus on the influence of seed size and
sowing depth on seedling emergence and subsequent growth. Among different combinations of seed size and sowing
depth, large sized seeds (>0.04 g) planted at 0.5 cm depth showed significantly higher emergence per centage, seedling
height, leaves plant”, and dry weight of seedling than other seed size and sowing depth combinations. The study
revealed that placement of large sized seeds at shallow depth may result in successful raising of this species in nursery
and thus may help in successfulimplementation of afforestation programmesin the Indian Thar desert.
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Introduction

Salvadora oleoides Decne locally known as
"Piloo", "Khukha", “Meswak” in Persian, is a small size
tree of Salvadoraceae family, constituting climax
vegetation in extremely arid parts of western Rajasthan
in India (Mertia, 1990}, which receives meager amount
of annual rainfall with erratic behaviour (<160 mm) with
coefficient of variation > 80. The region is characterized
by extreme temperatures {-4C to 48C), high wind speed
during hot summer months (mean daily wind speed ~18
km hr?), very high rate of evapotranspiration {15-18 mm
day” during summer months) and the landscape is
predominantly covered with deposited aeolian sands,
which is taxonomically known as entisol. Besides the
main use of Salvadora oleoides as the tree for sand dune
stabilization, it is also a major source of fuel, fodder for
camel, and twigs for thatching of huts in rural areas.
Salvadora oleoides yields 10-12 kg seeds per tree, which
are source of several edible as well as non edible oils
(Mertia and Gupta, 1993). The plant is valuable for
afforestation on highly degraded gravelly, rocky habitats,
and sodic soils in hot arid parts of India. Introduction of
fast growing exotic plant species e.g. Acacia tortilis from
isoclimatic regions of the world has proved effective and
potential for sand dune stabilization in India but only few
such cases may be found in the Indian Thar desert due to
several other limitations. In contrary, indigenous plant
species like Salvadora oleoides has much potential for
various type of afforestation in arid ecosystem of India.
Field traversing in the Indian Thar desert revealed that

regeneration of Salvadora oleoides is very less. Currently
it has also been found that there is a lack of information
on the standard propagation techniques of Salvadora
oleoides in the Indian Thar desert. Keeping in view the
above limitations, intensive research effort has been
aimed to standardize the propagation techniques of this
valuable and socio-economically important indigenous
plantspecies.

Large variation in seed size in the berries (fruits) of
Salvadora oleoides has been observed. Research reports
revealed that seeds of different sizes had led to different
level of germination and growth {Mertia and Kunhamu,
2000). Level of seed germination and the growth
behaviour of seedlings of a particular plant species
greatly influence the success of any afforestation
programme. A close relationship between seed
size/weight, seed quality, and seedling growth at
different levels of sowing depth was reported in several
literatures. The size of seed influences the fitness of
parent plants and their population regeneration process
(Harper, 1977, Fenner, 1985, Silvertown, 1989).
Germination process was found synergistically affected
by seedsize (Schaal, 1980, Weis, 1980, Zimmerman and Weis,
1983, Dolan, 1984, Morse and Schmitt, 1985, Winn, 1588,
Tripathy and Khan, 1990, Vera, 1997, Mertia and
Kunhamu, 2000, Nagarajan and Mertia, 2006),
Therefore, the seedling emerged from the large seeded
have greater survival ability even in the late—successional
habitats (Salisbury, 1942), in the areas where water

weight of seedling.

Among different combinations of seed size and sowing depth, large sized seeds (>0.04 g) planted at 0.5
cm depth showed significantly higher emergence percentage, seedling height, leaves plant” and dry
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scarcity is main cause of seedling mortality {Baker, 1972)
or in the places where the duration of growth season is
short {(McWilliams et al., 1968) as featured in the Thar
desert. One possible explanation for such success is that
seedlings originated from larger seeds develop larger
and deeper root systems which allow greater survival
and growth when resources are scare {(Harper, 1977,
Stanton, 1984}). In some cases seed is positively
correlated with the size of adults and their reproductive
output {Stanton, 1984, Dolan, 1984). Several authors like
Kaufman and Guitard {1967) suggested that larger seeds
produced vigorous seedlings leading to taller plants that
took longer for wilting initiation and permanent wilting
to occur under increasing soil moisture stress which
emphasized the importance of having bold seeded plant
forarid region.

The aim of this study was to evaluate the effect of
seed size and planting depth on seedling emergence,
plant height, number of leaves plant® and dry weight of
seedling in Salvadora oleoides under hyper arid parts of
Thar desert vis-a-vis to standardize suitable technology
forend usersonwide scale.

Material and Methods

Salvadora oleoides is a small tree with twisted
stem and drooping branches distributed through out the
arid part of western Rajasthan. Ripe fruits are red, one
seeded berries commonly called as 'Piloo' have a pulpy
covering and are edible. Fruits of Salvadora oleoides
were collected from widely growing natural population
from western bulge of Jaisalmer district (26°58'50" and
27°04'10" N and between 70°50'00" and 70°56'48" E) in
the first week of June 2009. Immediately after collection,
depulping of fruit was done by hand rubbing in bucket
filled with tap water and seeds were dried in natural
condition. Then the seeds were visually separated in to
three seed sizes; small (<0.01g), medium (~ 0.02 g) and
large {20.04 g). Moisture contents were determined on
three replicates each containing samples from fifty
seeds, by oven drying for 17 h at 103°C (ISTA, 1996). The
moisture content of seeds as per centage of fresh weight
atthe beginning of the experiment was 42 %.

The experiment consisted of two treatment
factors: i) three seed sizes i.e. small, medium, and large;
and ii) four planting depths i.e. 0.5 c¢m, 1.0 cm, 1.5 cm,
and 2.0 ¢cm. The resultant twelve treatment
combinations were evaluated in polybags filled with top
soil collected from natural Salvadora niche. The soils
were fortified with nursery mixture, which was
composed of sand, silt and FYM in the ratio of 2:1:1. The
experiment was designed in 3 4 factorial arrangementin
Randomized Complete Block Design (RCBD) with four

replications. Seeds of Salvadora oleoides were sown in
black polybags (20 x 8.5 cm size and 0.012 cm gauge).
Presoaking of seeds with water was done for 2 hours
before sowing the seeds (Mertia and Kunhamu, 2000).
One seed was sown in a polybag and each plot contained
50 experimental polybag. The polybags were arranged
side by side under nursery shade of 50% light intensity,
and regular nursery practices of watering, weeding, etc.
were carried out throughout the nursery period.
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Fig.1: Effect of seed size and planting depth on seedling
emergence of Salvadora oleoides; (a) main effect of seed
size, {b) main effect of seed depth, and (c) interaction
effect of seed size and seed depth. Columns with the
same letters are not significantly different (P<0.05, Tukey
test).

Number of seedlings height were recorded daily
from 4" day onwards after sowing up to 20 days. Seedling
heights were recorded at 2, 3, 4, 5, 6 and 7 weeks after
sowing. Seedling dry weight and number of leaves per
plant were recorded after 7 weeks of sowing. To study
seedling height, number of leaves per plant, and seedling
weight, five seedlings were randomly selected. Data
were analyzed using statistical package for social science
{SPSS) version 13.0software.

Results and Discussions

Seed size significantly influenced the seedling
emergence per centage. It was observed that large seed
emerged more rapidly than the small seed (Table 1). The
effect of seed size on seedling emergence is depicted in
Fig. 1. Previous research reports also indicated the higher




image3.jpeg
648

The Indian Forester

Table 1 : Effect of seed size, sowing depth on seedling emergence of Salvadora oleoides

[July

Seed size Seed depth Seedling emergence (%)
4DAS® I 8 DAS I 12 DAS 16 DAS 20 DAS
Large 0.5 cm 18 59 67 86 98
1.0cm 17 57 63 85 96
1.5¢m 11 51 53 71 88
2.0cm 7 40 a8 65 87
Medium 0.5 cm 14 54 47 65 75
1.0cm 13 53 55 64 73
1.5cm 9 38 42 53 71
2.0cm 7 34 38 49 59
Small 0.5cm 12 23 27 52 63
1.0¢cm 10 20 24 51 62
1.5¢cm 6 16 20 46 53
2.0cm 5 13 17 45 46
Mean+SE 1141° 3843° 43:3° 6142° 7243°

DAS = Days after sowing
SE indicates standard error of mean

Values with the same letters are not significantly different (P<0.05, Tukey test).

germination rate of Salvadora with large size seeds than
small sized seeds {(Mertia and Kunhamu, 2000).Higher
germination rate in larger seed was also observed by
Dyer, 2004 and Vleeshouwer et al. 1995. This might be
due to the facts that the larger seed contain greater
metabolic reserve, which would have available to make
up for lack of resources in the environment and this
metabolic reserve is believed to be the underlying
mechanism for overcoming hazards to seedling survival
and may help a seed to survive in a stressed environment
(Sinha et al. 1998a). The reserve food material, by
conferring the advantage of faster growth (Venable 1992,
Rees 1997) on a seed, also gives it the competitive
advantage over smaller seeds in field condition. Because
the reserve food is also applicable to enhance survival
ability from the stresses it may have evolved in response
to different hazards than those maintaining it (Sinha et al.
1998b). Planting depth also influenced both the rate of
seedling emergence and final emergence per centage
{Table 1). Seedling emergence per cent and the rate of
emergence decreased with the increasing depth. At the
final seedling emergence count 20 days after sowing
(DAS), sowing depths of 0.5 cm and 2.0 cm did not differ
significantly, but were significantly higher than the
emergence count for 1.5 cm and 2.0 cm depths. Seedling
emergence at 0.5 cm at 4 DAS was more than double of
that at 2.0 cm depth which had about five times lower
emergence at 20 DAS compared to the shallower depth
(Table 1). Emergence increments decreased considerably
between 8 and 20 days after sowing as compared to 4
DAS, however, enhancement in emergence occurred
during 8to 20 DAS. The 0.5 cm depth had almost reached
its peak emergence at 8 days after sowing where as
emergence from the deeper planting depths continued
increasing up to 20 days after sowing (Table 1). This

implies that deeper planting, apart from reducing final
emergence, may also expose the germinating seeds to
soil pathogens and insects thus increasing the risk of seed
rots. Overall, slow emergence exhibited by Salvadora in
this study may be due to the warmer temperatures
experienced in June at Jaisalmer (>48C) though in
existing ecosystem, ripen fruits of Salvadora disperses on
the ground in the month of June and seed emergence
starts just after receiving the showers. Further, larger
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Fig.2: Effect of seed size and planting depth on number of
seedling height of Salvadora oleoides; {a) main effect of
seed size, (b) main effect of seed depth, and {c}
interaction effect of seed size and seed depth. Columns
with the same letters are not significantly different
{P<0.05, Tukey test).
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Table 2 : Effect of seed size, sowing depth on seedling height of Salvadora oleoides

Seed size Seed depth Height of seedling {cm
2wAs® | 3was | awas | swas 6WAS | 7waAS
Large 0.5cm 115 126 13.5 13.8 14.2 15.2
1.0cm 10.4 114 13.0 13.4 13.8 14.2
1.5¢cm 6.3 7.4 8.2 8.4 8.7 9.5
2.0cm 43 53 6.5 6.8 7.0 7.7
Medium 0.5¢em 87 9.7 103 10.7 12.0 114
1.0cm 7.2 8.3 2.8 10.0 102 107
1.5¢cm 54 6.4 6.7 7.1 7.5 8.0
2.0cm 4.6 56 6.0 6.3 6.5 6.8
small 0.5¢m 6.2 75 7.7 7.9 8.1 8.5
1.0cm 5.1 6.0 6.7 7.1 73 7.7
1.5¢cm 34 43 a8 5.1 53 57
2.0cm 28 37 3.9 4.3 45 48
Mean:SE 6.3+0.4° 7.3:04°  8.1:05"  84:05° 8.7405" 9,205

SWAS = Weeks after sowing
SE indicates standard error of mean

Values with the same letters are not significantly different (P<0.05, Tukey test).

seed size confers enhanced ability to penetrate ground
cover (Reader, 1993), survive burial by litter {Metcalfe
and Grubb, 1997), avoid desiccation during dry spells
{Metcalfe and Grubb, 1997), grow in resource poor soils
(Rees, 1997), and increases a seed's probability of
surviving until environmental conditions improve such
as, the appearance of a canopy gap or a rainfall as seen
under the experiment. The main effect of placement of

)
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Effect of seed size and planting depth on number of leaves
per plant of Salvadora oleoides; {a) main effect of seed
size, {b) main effect of seed depth, and (c) interaction
effect of seed size and seed depth. Columns with the same
letters are not significantly different {P<0.05, Tukey test).

Fig.3:

seed on seedling emergence is depicted in Fig. 1. From
this figure it is clear that if the seeds are placed at a
shallow depth it may result into higher seedling
emergence per centage. The interaction effect of seed
size and seed placement depth is also depicted in Fig. 1c.
It was found that large size seed when placed at a shallow
depth showed significantly higher emergence per
centage than others.
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Effect of seed size and planting depth on number of seedling
weight of Salvadora oleoides; (a) main effect of seed size,
{b) main effect of seed depth, and {c) interaction effect of
seed size and seed depth. Columns with the same letters
are not significantly different (P<0.05, Tukey test).

Fig.4:
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Seed size also significantly influenced the seedling
height; large seed resulted into taller seedlings as
compared to small seed (Table 2) which might be
associated with the more reserve food materials in large
seed supplied over longer period in seedling. Better
seedling obtained by sowing larger seeds may be due to
larger embryo or gametophytic tissue and larger
cotyledons (Farmer 1980). Planting depths alse
influenced the seedling height (Table 2). Seedling height
decreased with an increasing in planting depth. Seedling
height showed two times more at shallow depth in
comparison to deeper from the beginning to end. It is
pertinent to note that the shallow depth in large seed
showed two times higher seedling height than the small
seed. Twoweeks after planting, seedling from large seed
had higher per cent of dry matter as compared to
seedlings from small seeds, although the difference was
not statistically significant. Planting depth significantly
influenced seedling dry weight and number of leaves at
seven weeks after sowing {Table 2). Although the 0.5 cm
depth had the longer seedlings, their dry weight did not
differ significantly with those from 1.0 cm planting depth.
Seedlings from 2.0 cm depth had significantly lower dry
matter and number of leaves than those at 0.5 cm depth,
but were similar to those at 1.5 cm planting depths. The
higher seedling dry matter at shallow depths planting

suggests that seedlings were relatively healthier and
could better withstand stress. This could influence the
ultimate plant stand after transplanting in the field. The
main effect of seed size and placement depth along with
their interaction effect on seedling height is depicted in
Fig. 2. Difference in seed size significantly affected the
height of seedlings with large seeds having the taller
seedlings than others. Placement of seed at 0.5 cm and
1cm resulted in statistically similar in seedling height but
they are significantly higher than sowing depth of 1.5 cm
and 2 cm. Interaction of seed size and sowing depth
revealed that large sized seeds at shallow depth resulted
into higher seedling height than others.

The effect of seed size and placement depth on
leaves plant” and dry weight of seedlings at 7 weeks after
transplanting is shown in Fig. 3 and 4, respectively.
Similar to the findings on effect of seed size and
placement depth on seedling emergence, it was found
that large size seed with shallow placement resulted in
both higher number of leaves plant* and seedling weight.
Therefore, we may conclude that large size seed of
Salvadora oleoides may be preferred over small seeds
and it may be placed at shallow depth for obtaining
better performance during raising of this plant species at
nursery stage and for better establishment in field
condition of the Indian Thar desert.
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