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ABSTRACT

Salvadora oleoides is a multipurpose tree species which grows in the arid zones of India. The species is of immense commercial 
value and now threatened due to overexploitation for wood and medicinal uses. Natural recruitment in the species by means of 
seeds is very poor. We looked into the reproductive strategy of the species with an aim to generate a baseline data for the species. 
The main aspects of the investigation included reproductive phenology, floral biology and breeding system. The study was 
pursued over a span of three seasons in three natural populations located at various parts of Rajasthan. Flowers borne by the 
species are tiny, non-rewarding and are rarely visited by any vector. The trees flower between January and March, and the fruits 
become mature by May end. Flowers open during morning and the anthers dehisce within one hour after anthesis. The stigma 
becomes most receptive one day after anthesis. Although these floral events are conducive for effecting outcrossing in the species, 
natural outcrossing was lacking due to the absence of a suitable pollinator and wind pollination. In the absence of effective pollen 
export, the flowers exhibited spontaneous autogamy (autopollination). The latter was achieved by the proximity of anthers with 
stigma, and due to overlapping of the receptive phase of the stigma with pollen availability within the flowers. Controlled 
pollination experiments showed that the trees at all the sites were self-compatible. The amount of fruit-set through open-
pollination was comparable to that from autopollination. However, manual cross-pollination treatment resulted in greater amount 
of fruit-set (72-74%) than selfing (28-32%), which suggests the manifestation of inbreeding depression. It is inferred that 
autonomous selfing is favoured in the trees, as it ensures reproductive assurance under pollinator-limited environment.
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 Arid and semi-arid zones are characterized by scattered due to its high water content (15-36%). The tree is an 
and patchy distribution of vegetation. Forest patches in such important source of fuel wood for the local inhabitants. The 
zones are highly fragmented, and rarely attain more than two light yellow wood is used for building purposes, agricultural 
stories of vegetation. Thus, trees are the only forest forming implements, for making Persian wheels, and boats (Arora et 
components in arid zones. A great majority of arid zone al. 2014). Fruits are sweet, consumed by the local people, and 
treesare under threat, largely because of their slow growth rate area rich source of calcium amounting to about 15 times to that 
and over-dependence on them for extraction of timber or fuel- present in wheat (Rathore 2009). Fruits are also mixed in cattle 
wood (De Waroux and Lambin 2012). Recovery of threatened feed to enhance lactation (Khan 1994).Their application in the 
plant species requires a sound database on their reproductive treatment of enlarged spleen, rheumatism and fever has also 
strategy. Importantly, the reproductive biological studies also been documented. Seeds contain non-edible oil and large 
provide crucial information for the possibility of genetic amounts of lauric and myristic acids, and thus used for making 
improvement (Barrett 2010). soap and candles (Anonymous 1972).

Salvadora oleoides Decne (Salvadoraceae) is a At present the species is under threat (regionally 
multipurpose tree species, whichgrows in arid zones of India vulnerable) and has been recommended for conservation 
located in Uttar Pradesh, Rajasthan, Haryana, Punjab, Gujarat (Khan et al. 2011, Singh 2004). It is known that the tree is slow 
and Madhya Pradesh. The tree species is believed to be growing, and natural regeneration through seed is very rare; 
declining rapidly due to the paucity of suitable habitats, the seeds become mature only during monsoon when the 
overexploitation, anthropogenic activities and expansion of chances of fungal infection are high (Bhandari 1978, Mertia 
agricultural land (Khan 1994). Salvadora oleoides is locally and Kunhamu 2003). Low viability and poor germination of 
known as “jaal”and “piloo” (Hocking 1993). The family is seeds are considered to be the crucial factors that adversely 
represented by three genera and 12 species. So far only one affect natural regeneration (Arora et al. 2014). The objective 
taxon of the family has been investigated (Sharma 2015). The of the study was to generate a baseline data of the species with 
species is of immense ecological, economical and ethno- respect to its reproductive strategy. In general, such studies are 
medicinal value (Khan 1994). Ecologically, it acts as a crucial in identifying the conditions necessary for survival of 
windbreak in desert areas and stabilization of sand dunes seedlings and their recruitment in nature (Cordova-Acosta et 
(Khan 1994). Leaves and young branches of the trees are al. 2017).The information would be of considerable help in 
favourite fodder for camel and other livestock in the region designing conservation strategies for the species.
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MATERIALS AND METHODS morphological features, time of anthesis and onset of the 
stigma receptivity (Table 2).

Species and study area—Salvadora oleoides is a small tree, Breeding System—The outcrossing index (OCI) and the 
which can attain a height of 10 m under favourable conditions. breeding systemwere characterized according to the method 
The tree trunk is often twisted or bent, grows up to 2 m in described by Cruden (1977).To estimate the average amount 
diameter and is recognizable from a distance with a crown of of pollen production in a flower, an undehisced mature anther 
numerous drooping branches. from a flower (n = 30) was macerated in 1 ml of suspension 

For the present work, three natural populations of S. 
medium (50 % ethanol + 0.5-1 % of Triton-X) using a micro-

oleoides were marked in Rajasthan, India. The populations are 
pestle and vortexed for 2 min. After maceration, the number of 

located at Chauhtan, Barmer (SOCB; N 25° 37.459/ E 71° 
pollen grains was counted in 200 µl of this solution under a 

17.753), Mogra, Jodhpur (SOMJ; N 26° 07.601/ E 73° 03.895) 
microscope. Then, the number of pollen grains per anther (1 

and Palodra, Udaipur (SOPU; N 24°17.330/ E 73°50.984). 
ml) was estimated (Kearns and Inouye 1993). The average 

The cycle of the regional weather includes a short rainy season 
amount of pollen production in a flower was determined by 

(June to August) and a long dry season (September to May) at 
multiplying the average number of pollen gains produced in an 

the study sites. At SOPU, the average monthly temperature 
anther by four (number of anthers/flower). Difference in 

ranges from 20°C (December-January) to 39°C (May - June).  
pollen production per flower was tested between the three 

At SOCB and SOMJ, the monthly mean temperature ranges 
study sites through One-way ANOVA. The average number of 

from 34-48°C (May-June) to 17°C (December-January) in the 
ovules borne by an ovary was computed from a random set of 

winter. Ten flowering trees measuring approx. 0.5 m in 
100 flowers on five trees in each population.

diameter at breast height, from each population, were In order to establish the breeding system, ten trees were 
randomly selected for the study, for three consecutive years used during each season for various manual pollination 
(2011-2013). treatments viz. (i) autonomous selfing/spontaneous autogamy: 
Reproductive phenology— The reproductive phenoevents 

unopened flower buds (n = 1000, each population) were bagged 
(flowering and its duration, fruiting and dispersal) were 

a day before anthesis without emasculation and tagged; (ii) 
recorded from the marked trees (n= 10) located in each 

anemogamy: flower buds (n = 100, each population) were 
population. The trees were monitored fortnightly during the 

emasculated a day before anthesis and were covered with a fine 
peak flowering, and once every month during the rest of the 

mesh (1 x 1 mm) bag to restrict visit of insects but pollen 
year. The date of onset of blooming during each season was 

deposition by wind; (iii) facilitated autogamy/selfing: flowers 
noted down. On each of the selected trees, 20 flowering twigs 

on the day of anthesis (n = 150, each population) were 
were randomly tagged with metal tags. 

pollinated with pollen of the same flowers; (iv) cross 
Floral biology-The number of flowers produced per 

pollination/xenogamy: flower buds (n = 100 in each population) 
inflorescence was determined from a set of randomly tagged 

prior to anthesis were emasculated and bagged to prevent 
inflorescences (n = 100). The morphological features were 

deposition of pollen grains. Pollens grains collected from the 
recorded with the aid of a stereoscopic microscope (Olympus, 

different trees were deposited onto the stigma, (v) apomixis: 
India). Structural details of the flower were gathered through 

flower buds (n = 50, each population) were tagged and 
scanning electron microscopy as described by Mangla et 

emasculated one day before anther dehiscence. The 
al.(2013).Temporal details of anthesis and that of anther 

emasculated flowers were bagged and monitored for fruit-set, if 
dehiscencewere recorded from each population (n = 100 

any. Fruit-set from open-pollinated flowers (n =1200 flowers, 
flowers each). The dimensions of pollen grains (n = 100) were 

each population) was taken as control. Difference of fruit-set 
measured under the bright-field microscope (Primo Star, Carl 

form the open-pollinated flowers between the sites was 
Zeiss, Germany) by using a calibrated ocular micrometer 

compared by one-way ANOVA. The Index of Self-
(Erma, Tokyo). Pollen fertility (n = 30 flowers) was assessed 

Incompatibility (ISI) was calculated as the ratio between fruit-
by 1% acetocarmine (Shivanna and Tandon 2014), and 

set from the self- and cross-pollination treatments (Zapata and 
viability (n = 30 flowers) by employing fluorochromatic 

Arroyo 1978). Inbreeding depression (ID) based on seed mass 
reaction (FCR) test  (Heslop-Harrison and Heslop-Harrison 

was computed as, ID = 1-(ωs/ωo) (Charlesworth and 
1970).The stigma receptivity and its duration were determined 

Charlesworth 1987), where, ωs and ωo refer to mean seed 
by localizing the activity of non-specific esterases (Mattssonet 

weight obtained from self-and cross-pollinations, respectively. 
al. 1974) and peroxidases (Galen et al. 1985), at different 

The difference in seed mass of self- and cross-pollinated 
developmental stages of the flower. For this, six 

flowers was compared by two-way ANOVA. Difference in the 
developmental stages (F0-F5; n = 20 of each stage, from each 

level of inbreeding depression between the three sites was 
population) were recognized on the basis of their 

ascertained through one-way ANOVA.
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RESULTS three weeks at the sites. The fruits matured during May and get 
ripened by June.

Reproductive phenology-The reproductive phase in S. 
Floral biology- Flowers of S. oleoides are borne in 

oleoides (flowering to fruit maturation) lasted for nearly five 
racemes (Fig. 1A); the latter measured 4.45 ± 0.12 cm in length 

months (January to May) at all the sites. Although the 
(n = 100 racemes; each population). Generally, all the branches 

sequence of phenoevents was same, the timing was not 
of the tree developed flowers that were presented towards the 

uniform among the sites (Table 1). At SOCB, the inception of 
periphery of the canopy. On an average each raceme produced 

flowers and peak of flowering was observed one month earlier 
276.96 ± 15.13 flowers (n = 100 racemes, each population), 

than at the other two sites- SOPU and SOMJ. At SOCB, the 
and the flowers in a raceme invariably opened acropetally. 

onset of flowering during the study period remained confined 
Flowers are sessile, greenish-white, polypetalous, bisexual 

to January while at SOPU and SOMJ, flowering initiated by 
and odourless (Fig. 1A). Calyx is cup-shaped, 1.45 ± 0.02 mm 

the first/second week of February (Table 1). Flowering period 
long with a cleft about half-way down to form four rounded 

spanned over eight weeks in all the populations. The peak 
obtuse lobes. The corolla lobes are little longer than the calyx 

period of flowering occurred between the fourth week of 
(1.76 ± 0.02 mm long and alternate with those of calyx. 

February and third week of March at SOPU and SOMJ, while 
Stamens in a flower are four and epipetalous (Fig. 1D-E). 

at SOCB, peak flowering period resided between the second 
During anthesis (0700–0800 h) anthers are placed at a level 

week of January and third week of February. However, in 
corresponding to that of the calyx and the stigma lies just 

comparison to 2011, the blooming (canopies with opened 
below the level of anthers (Fig. 1B, D). The curvature of 

flowers) dates fluctuated by either beginning one week in 
stamen corresponds to that of the petal lobe and remains 

advance (during 2012) or delaying by almost a month (2013). 
aligned even after opening. Consequently, the four anthers 

During 2013, floral buds appeared by the last week of January 
persist within the corolla even during the post-anthetic stages 

at SOCB, and third week of February at SOMJ and SOPU. 
(Fig. 1C-E). The anthers are introrse with longitudinal line of 

Blooming began during early March at SOMJ and SOPU 
dehiscence (Fig.1 D-F). The pistil is pitcher-shaped with 

while at SOCB it began during the second week of February. 
shallow stigmatic surface, indistinguishable style and a 

During 2011 and 2012, fruit initiation began in the first week 
superior ovary (Fig. 1B inset, Fig. C inset). This arrangement 

of February at SOCB whereas at SOMJ and SOPU it began in 
of essential organs facilitates self-pollen deposition once the 

the third and fourth week of March respectively. On the other 
anthers have deshiced (0800-0900 h). 

hand during 2013, the fruiting period was delayed by two to 
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Table 2- Developmental stages of flowers recognized for controlled manual pollinations.

Stage Peroxidases Non-specific Key floral feature
(Bubbles/min) esterases

F0 39.67 ± 2.08 + Two days prior to anthesis, petals tightly closed, stigma least receptive

F1 104.5 ± 3.57 +++ One day prior to anthesis, petals extended, stigma less receptive

F2 191.42 ± 2.54 ++++ Anthesis, petals unfurling with an opening at the tip, stigma receptive

F3 290.33 ± 3.13 +++++ 1 day after anthesis, petals fully open, stigma most receptive

F4 72.33 ± 2.49 ++ 2 day after anthesis, petals fully open, stigma less receptive

F5 40.08± 1.92 + 3 day after anthesis, petals withered, stigma least receptive

Table 1– Date-wise reproductive phenoevents of S. oleoides at the three study sites during 2011 to 2013. 

Year Onset of Flowering Peak Blooming Period Fruiting Period

SOCB

2011 10.01.2011 20.01.2011 to 28.02.2011 04.02.2011 to 15.03.2011
2012 02.01.2012 15.01.2012 to 18.02.2012 02.02.2012 to 16.03.2012

2013 25.01.2013 10.02.2013 to 01.03.2013 24.02.2013 to 20.03.2013

SOMJ

2011 10.02.2011 25.02.2011 to 20.03.2011 14.03.2011 to 26.04.2011

2012 04.02.2012 20.02.2012 to 18.03.2012 12.03.2012 to 28.04.2012

2013 18.02.2013 03.03.2013 to 28.03.2013 29.03.2013 to 03.05.2013

SOPU

2011 07.02.2011 22.02.2011 to 25.03.2011 24.03.2011 to 01.05.2011

2012 05.02.2012 19.02.2012 to 21.03.2012 25.03.2012 to 02.05.2012

2013 20.02.2013 05.03.2013 to 29.03.2013 28.03.2013 to 05.05.2013



The mature pollen grains are nearly isopolar, 10.49 ± 0.18 out, as the emasculated and bagged flowers did not form any 
µm long and 9.68 ± 0.17 µm across, tri-colporate with micro fruits. The anemogamy treatment did not result in fruit set, 
reticulate exine (Fig 1G). The fertility of fresh pollen grains confirming the absence of wind pollination in the species. The 
was 95.4 ± 1.58% and viability 64.12 ± 3.12 %. The viability flowers that were bagged without emasculation resulted in the 
declined to 46.66 ± 2.54% after three days, and then to less formation of fruits, thereby indicating the occurrence of 
than 20 % (12.09 ± 3.2 %) within four days from the day of autonomous selfing (autopollination) in the species. 
anther dehiscence (at room temperature). Autopollination resulted in considerable amount of fruit-set 

The stigma is of wet-papillate type (Heslop-Harrison and (~16.48%) and the populations differed significantly through 
Shivanna 1977). The papillae surround the central opening of the mode (F  = 149.06, P < 0.001, one-way ANOVA). Fruit-(1, 8)

the stigma filled with exudates. The stigma exhibited set was highest at SOCB (22.03 ± 0.35%), followed by SOMJ 
receptivity simultaneously with anthesis (Table 2, Fig. 1B (17.7 ± 0.59%) and SOPU (9.7 ± 0.53%). The manual self- and 
inset). However, maximum receptivity was observed one day cross-pollinated flowers resulted in greater amount of fruits. 
after anthesis and it was retained for up to three days after These outcomes clearly confirmed the presence of self-
anthesis (Table 2, Fig. 1C inset). compatibility in S. oleoides. Among the self- and cross-

Breeding system—The Outcrossing index (OCI) value pollinated flowers, cross-pollination (xenogamy) yielded a 
of ‘2’ indicated to the possibility of autogamy in the species greater amount of fruits (73.22 ± 0.52%, range 72-74 %) than 
(Cruden 1977), as the (i) corolla diameter measured 1.24 ± the self-pollinated ones (30.52 ± 0.98%, range 28-32%).The 
0.03 mm i.e. 1, (ii) protogyny was absent i.e. 0, and (iii) the fruit-set of the open-pollinated flowers was lower (fruit-set: 
stigma and anthers were placed at different levels (i.e. the 16.81 ± 1.86%, range 9 to 22%) than that from manual 
value of 1). However, with only one ovule per flower, the pollinations (self/cross). Amongst all the three populations, 
pollen to ovule ratio of ~1.78 x 104 (n = 100 flowers) trees located at SOCB showed greater fruit-set (22.16 ± 
suggested the likelihood of obligate xenogamy in the species 0.44%) while those at SOPU showed the least (9.81 ± 0.73%) 
(Cruden 1977). The average number of pollen grains produced from open-pollinations.The value of ISI (0.43-SOCB; 0.41-
in a flower was 17,740.73 ± 334.42. The average pollen SOMJ; 0.40-SOPU) further indicated that S. oleoides is a self-
production of a flower did not differ significantly (F  = compatible species. However, a significantly lower amount of (1, 89)

0.003, P > 0.05, one-way ANOVA) among the three fruit-set from self-pollinated flowers than the cross-pollinated 
populations i.e. 17778 ± 635.36 at SOCB, 17716.1 ± 538.79 at ones suggest the manifestation of inbreeding depression.
SOMJ and 17728.1 ± 621.99 at SOPU. Index of inbreeding depression—Seed mass of the self-

Manual pollination treatments established that the species pollinated flowers differed significantly from that of the seeds 
is self-compatible (Table 3). Incidence of apomixis was ruled resulted from cross-pollination in all the sites (F = 823.77, (1, 221)

Table 3-Percentagefruit set in controlled manual pollinations and open pollination.

PollinationTreatment                  2011                    2012                      2013

No. of treated Fruit set (%) No. of treated Fruit set (%) No. of treated Fruit set (%)
flowers flowers flowers

SOCB

Autonomous selfing 1000 22.7 1000 21.5 1000 21.9
Anemogamy 100 - 100 - 100 -
Apomixis 50 - 50 - 50 -
Facilitated selfing 150 32 (48) 150 32.67 (49) 150 31.33 (47)
Xenogamy 100 74 100 72 100 75
Open-pollinated 1200 22 (264) 1200 23 (276) 1200 21.5 (258)

SOMJ

Autonomous selfing 1000 18.8 1000 16.8 1000 17.5
Anemogamy 100 - 100 - 100 -
Apomixis 50 - 50 - 50 -
Facilitated selfing 150 30 (45) 150 28 (42) 150 30.67 (49)
Xenogamy 100 72 100 71 100 73
Open-pollinated 1200 19.75(237) 1200 17.75 (213) 1200 17.91  (215)

SOPU

Autonomous selfing 1000 10.7 1000 9.5 1000 8.9
Anemogamy 100 - 100 - 100 -
Apomixis 50 - 50 - 50 -
Facilitated selfing 150 31.33 (47) 150 28 (42) 150 30.66 (46)
Xenogamy 100 75 100 72 100 75
Open-pollinated 1200 11.17 (134) 1200 8.67 (104) 1200 9.58 (115)
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DISCUSSION  P Β 0.001, two-way ANOVA). The mean seed mass through 
selfing was 26.66 ± 1.04 mg at SOCB, 30.83 ± 0.82l mg at The trees of S. oleoides exhibited a mass blooming pattern 
SOMJ, and 25.01 ± 0.87 mg at SOPU (n=100 seeds, each and the duration of flowering was intermediate type (~2 
population). The mean seed mass from cross-pollinated fruits months; Newstorm et al. 1994) at all the three sites. The strong 
was considerably greater than the self-pollinated ones (44.9 ± seasonality exhibited by the trees of S. oleoides is similar to the 
0.64 mg in SOCB, 47.78 ± 0.59 mg in SOMJ and 43.63 ± 0.5 pattern shown by tropical tree species (Adler and Kielpinski 
mg in SOPU (n = 100 seeds, each population). Inbreeding 2000, Anderson et al. 2005, McLaren and McDonald 2005, 
depression (ID) varied significantly among the three Stevenson et al. 2008,Tesfayeet al. 2011). However, 
populations (F = 3.185, P= 0.045, one-way ANOVA), the (2, 108) fluctuation in the date of inception of flowering was observed 
least ID value being observed at SOMJ (ID = 0.35) and the at the sites. During 2013, the initiation of flower buds and peak 
highest at SOPU (ID = 0.43) followed by SOCB (ID = 0.41). blooming was delayed by almost three weeks. It is believed 

that a variety of environmental factors like precipitation, soil 
water availability, photoperiod, draught or fruit predator 
abundance could result in inconsistent selective pressures on 
flowering times favouring early or late flowering in different 
years (Borchertet al. 2004). However, it is also proposed that 
phenological events are endogenous and their expression 
(intensity and duration) is affected by internal functions, 
mainly in water balance (Borchert 1991, 1992). In this 
context, a prolonged winter season experienced during 2013 at 
the sites might have caused a delay in the inception of 
flowering and bud break.Inspite of its wide distribution in arid 
regions, details of floral biology among the taxa of 
Salvadoraceae (Brassicales) are little known (but see 
Salvadora persica, Sharma 2015, Ronse De Craene and 
Wanntorp 2009). At anthesis, neither the stamens nor the 
stigma get exposed and remain confined within the gently 
incurved petal lobes. However in a related species, S. persica, 
it has been shown that the petals roll backward and the anthers 
are exposed due to elongation of filaments during anthesis 
(Ronse De Craeneand Wanntorp 2009). Pollen grains of S. 
oleoides are nearly isopolar while in S. persica heteropolar 
grains have been reported (Sharma 2015).

Viability of fresh pollen grains was 64%, which declined 
to <13% within 4 days after anthesis. Fresh pollen grains in S. 
persica are known to be rather short-lived (< 13% in 24 h) and 
exhibit greater extent of viability (72-80%) in comparison to 
S. oleoides (Sharma 2015). In general, anther dehiscence and 
the stigma receptivity may be simultaneous, distinct or 
overlapping among the species with bisexual flowers and it 
has been often related to the breeding behavior of the species 
(Pacini 1992). In S. oleoides, the maximum pollen viability (~ 
60%) was observed for 3 days after anthesis and the stigma 
receptivity was maximum one day after anthesis. Thus, due to 
the overlapping phases of the stigma receptivity and 

Fig 1—Floral biology of Salvadora oleoides. A. An inflorescence 
availability of viable pollen within a flower was able to showing flowers at different development stages within a raceme 
facilitate autonomous selfing in the species. Autopollination is (Scale bar = 5mm). B-C. Flower at anthesis (B) and post anthesis stage 

(C), respectively; inset: localization of peroxidases on the stigmatic thought to be an adaptive response that provides reproductive 
surface (Scale bar = 1mm). D-E. Scanning electron micrograph of a assurance under pollinator-limited conditions (Lloyd 1992).
flower showing placement of anthers and stigma at anthesis and post-

A significantly lower amount of fruit-set through selfing anthesis stage, respectively (arrows show introrse dehiscence of 
than outcrossing suggests that the species could be a anther) (Scale bar = 500 µm). F. Scanning electron micrograph of a 

stamen showing longitudinal line of anther dehiscence (arrows) (Scale preferential out breeder. Although the pollen:ovule ratio also 
bar = 200 µm). G. Scanning electron micrograph of a pollen grain with indicated to an obligate outbreeding behaviour, the 
microreticulate ornamentation of exine (Scale bar = 2 µm).
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outcrossing index (OCI) value and the manual pollination In S. oleoides, the mean seed mass of the cross-pollinated 
experiments clearly established that the tree species is self- fruits was greater than the self-pollinated ones, which 
compatible, and it recruited seeds only through autonomous indicated manifestation of inbreeding depression (ID) among 
selfing at the sites. The value of the index of self- the trees at all the sites. The ID value at the sites was less than 
incompatibility (ISI) in the trees among all the populations 0.5. According to Lande and Schemske (1985), the ID value 
suggested that the species is a self-compatible one.  Flower <0.5 is indicative of a predominant inbreeding behavior, as the 
structure and the absence of pollinators resulted in ID is week. This may be fundamentally due to purging of the 
autonomous selfing as a means of reproductive assurance at recessive lethals or semilethal deleterious alleles in the species 
the sites. There was no significant difference in the extent of (Whitlock 2000, Glemin 2003). As a consequence, more of the 
fruit-set between the open-pollinated flowers and those that homozygotes are selected in a selfing population than in 
were bagged to ascertain spontaneous autogamy, which randomly mating populations (Porcher and Lande 
confirms that autonomous selfing is the predominant 2005a,2005b). Decreased population size and physical 
mechanism of fruit-set in S. oleoides at the sites investigated. isolation due to habitat fragmentation have immense 

Conduciveness of autopollination in the trees of S. consequences on the mating system of a species and can lead 
oleoides could be mainly attributed to the simultaneous to selfing or selfing between relatives. Thus, there may be 
maturation of essential organs and their placement at the same increased selfing rates with higher incidence of inbred 
level in a flower. The four anthers cover the receptive surface progeny in the successive generations. Reduced fitness of the 
of the stigma at the time of anthesis. The introrse dehiscence of inbred individuals is usually more pronounced in smaller 
anthers and consequent shedding of pollen almost all over the populations and can threaten the viability of small population 
stigmatic region ensures autonomous selfing in the species. when the purging is in the initial phase (Willi and Fischer 
Flower size is considered to be an important trait in 2005, Oakley and Winn 2012, O’Grady et al. 2006).
establishing the mating system of a selfing species (Elle and The present study illustrates that Salvadora oleoides is a 
Carney 2003). According to the resource allocation models, self-compatible species and it predominantly recruits seeds 
the evolution of autonomous selfing in self-pollinating species via autonomous selfing (autopollination) under natural 
is associated with reduction in the size of corolla and the conditions. Although the flowers are open type and result in 
inflorescence (Ornduff 1969, Cruden and Lyon 1985). better fruit-set through outcrossing, absence of suitable 
Evolution of small flower size is favoured when the resources pollinator or wind-mediated pollination in the species leads to 
for attracting the pollinators are no longer needed, and once autopollination. Lower inbreeding depression values suggest 
the plants have become largely self-pollinating (Charnov that there has been prolonged selfing in the species and the 
1982, Cruden and Lyon 1989). In addition to this, smaller lethal alleles have been largely purged. Consequently, selfing 
flowers often have reduced anther-stigma separation (Eckhart is the preferred means of sexual strategy in the species. 
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