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Blood fruit is a promising anti-oxidant rich underuti-
lized fruit species with potential as a natural colourant
for food, beverage and handicraft industries. The
species has been used for fresh consumption, treating
ailments and as a dyeing agent by local people includ-
ing regional tribes in tropical Asian countries. How-
ever, at present, fruits are harvested from the wild
and there is considerable scope for promoting their
cultivation in homestead gardens. Owing to limited
population of the species, seed germination studies
were conducted. Treatment of seeds with thiourea
(0.1%) or GA; (1000 mg/l) for 24 h was most congenial
for obtaining healthy seedlings in large numbers.
To extract chlorophylls and total carotenoids, dime-
thylsulphoxide was found to be a superior solvent over
acetone (80%). Differences in fruit sizes were
noticed in fruits grown in two states of India. These
findings form the basis for conservation as well as
domestication of this multipurpose fruit species in the
tropical Asian countries.

Keywords: Chlorophyll, germination, home garden,
liana, Menispermaceae, regeneration, tropical islands.

BLOOD FRUIT (Haematocarpus validus (Miers.) Bakh. f.
ex Forman, Menispermaceae) is a woody climber that
grows by taking support of large trees and yields edible
fruits'. Immature fruits, a source of vitamin C, are used
locally for preparation of value-added products like
pickles and chutney”. Fully ripe fruits are relished mainly
by the Bengali community in Andaman islands® and eth-
nic communities of Bangladesh®. Acidic sweet fruits turn
dark red on ripening, which can also be dried and stored
for future consumption. Antioxidant rich ripe fruits con-
tain iron, ascorbic acid, f-carotene, phenols, flavonoids,
minerals and anthocyanins, while anti-nutritional factors
are meagre®”. In Tripura, it is used to prepare processed
products such as squash and for dyeing local handicrafts.
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Tribes in Assam and Meghalaya are reported to use this
species for its juice’. Fruits contain bright red juice,
which could be utilized as a natural colourant in the prep-
aration of desserts and beverages®. Use of natural colou-
rants for improving the appearance of processed products
is a known phenomenon, e.g. use of kokum (Garcinia in-
dica) as natural colouring agent in the pummelo (Citrus
grandis) based beverages has been successfully demon-
strated’. Such natural colourants have been well accepted
alternatives as they are healthy and free from other harm-
ful effects as artificial colourants. Various plant parts
such as fruits and seeds (for treating anemia), roots (for
curing itching) and tender shoots (for treatment of jaun-
dice) are also being used in traditional medicines’. Nico-
barese tribes use leaf decoction for treating body ache®.

The species is known to tolerate varied conditions
including dry climate and highly acidic soils*. In addi-
tion, it thrives well in Andaman and Nicobar Islands
(ANI), which receive heavy rains of about 3100 mm, with
a distinct dry phase of 3—4 months. In Meghalaya, the
species has been categorized as Critically Endangered’.
In Bangladesh’, the species had attained the Vulnerable
status; however a recent report categorized it as highly
threatened®. Nevertheless, both reports suggest that
increasing anthropological activities and climatological
factors are major causes responsible for it, and there is
need to conserve the species on an urgent basis. Similar-
ly, in ANI, loss of biodiversity due to natural calamities
and anthropological pressure (mainly destructive harvest-
ing) is becoming a rising concern'’. Furthermore, fruit
predation by forest fauna, which hinders the natural
regeneration process in many underutilized species'',
could not be ruled out. In Middle Andaman island, local
people suggested forage of blood fruit by deer when
fruits were borne near the ground.

Presently most of the produce is harvested from the
wild, and no systematic efforts have been made so far to
promote its domestication. Its domestication could help in
reducing the burden on natural stock and the produce
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would serve as a source of nutrition to the local people.
Hence, the present study was undertaken as a basic step
towards the domestication of this species on a small
scale. Seed germination is one of the quickest means to
multiply any species in large number, which can assist in
replenishing the wild stocks'"'? apart from providing
planting material to the local farmers. Further, variability
generated through sexual propagation could be assessed
for identification of horticulturally superior types, there-
by assisting the crop improvement process, the basis of
domestication, in this novel fruit. Hence, the first experi-
ment aimed at standardization of seed germination tech-
nique in blood fruit. Secondly, photosynthetic pigments
play a vital role in primary metabolism of any plant.
These pigments would be required to be estimated during
various future studies pertaining to crop physiology, bio-
chemistry, crop production and crop improvement in this
species. Selection of the method for pigment determina-
tion varies with the species in question. Hence, in the
second experiment, we attempted to identify a suitable
method for determination of photosynthetic pigments in
this species. This article also highlights the importance of
this species, covering its distribution, morphology and
future prospects.

Materials and methods
Local names and distribution of the species

Blood fruit is known by various names®, viz. Khoon Phal,
Rakta Phal (Hindi), Roktogula, Lalgola (Bengali), Rosco
(Chakma), Ranguichi (Marma), Thaichak (Kokborok),
etc. In ANI, blood fruit has been reported to occur in
forests of North and Middle Andaman islands and North
Nicobar islands®". It has also been reported from Tripura,

Meghalaya, Assam, Arunachal Pradesh, Sikkim and West
Bengal®'*. Preliminary studies conducted at ICAR Re-
search Complex for North Eastern Hill Region, Tripura
centre revealed that it is mostly found in Gomati and
Dhalai districts, Tripura. Apart from India, it is also re-
ported from Bangladesh, Indonesia, Singapore, Pakistan
and Thailand™®.

Morphological studies

Fruits were collected from local markets of North and
Middle Andaman, ANI and Tripura and brought to the
laboratory, wherein they were allowed to ripen naturally.
Morphological parameters were recorded on 10 fruits
using standard procedures. Ten fully developed leaves
were used for recording their morphological features.

Seed germination study

Seeds were extracted from fully ripe fruits from ANI,
washed and divided into different lots with 48 seeds in
each treatment before imposing soaking treatments,
viz. T\: water soaking; T,: GA; (500 mg/l); T3: GA;
(1000 mg/1); Ty4: thiourea (0.1%) and Ts: thiourea (0.2%).
Treated seeds were sown in pro-trays filled with coir pith
and germination was observed till 115 days after sowing.
Data obtained was used for calculation of germination
characteristics. Germination (%) at different intervals was
calculated by dividing the number of seeds germinated by
the total number of seeds sown and multiplied by 100.
Mean daily germination (MDG = cumulative germina-
tion/total number of days), germination index'> and days
for first germination'® were also calculated. Ten plants
from each treatment were randomly selected after 115

Figure 1.
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a, Nine-week-old seedling; b, a young leaf; ¢, mature leaves borne on the well grown plant.
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Figure 2.
scence.

days of sowing for recording growth parameters.
Seedling vigour index was estimated by multiplying
seedling length (cm) with germination (%) in the respec-
tive treatment'’. Regenerated seedlings were transplanted
in black poly-bags (30 cm x 22.5 cm) filled with soil and
farmyard manure (1:1) and were staked using wooden
sticks till field transplanting. Data was analysed using
Web Agri Stat Package ver. 2.0 (ICAR-RC for Goa, Old
Goa, India).

Comparison of methods for pigment determination

Two methods were compared for determination of photo-
synthetic pigments. In the first method, recently matured
leaf sample (1 g) was extracted with pre-chilled acetone
(80%) till the residue became colourless and the volume
was made up to 10 ml. The extract was centrifuged at 4°C
for 10 min at 5000 rpm and the supernatant was used for
spectrophotometric determination. In the second method,
leaf sample (125 mg) was incubated in 6.25 ml of dime-
thylsulphoxide for 48 h in dark at ambient temperature.
The supernatant was used for recording absorbance using
spectrophotometer. Calculations were done using Well-
burn formulae'®.

Results
Morphological observations

Leaves are elliptic, ovate-elliptic or obovate-elliptic with
obtuse base (Figure 1). The average length and width of
leaves collected from ANI during the present study were
12.50 cm and 5.61 cm respectively, with 1.6 to 2.5 cm
long petioles. Though systematic studies have not been
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a, Blood fruit liana growing on a tree; b, inflorescence borne on the main trunk of the liana; ¢, close view of an inflore-

conducted on phenology, it has been found to produce
flowers more than once a year. Inflorescence (Figure 2),
borne on the main trunk or in axis, is a panicle of up to
40 cm length with flowers having six ovate petals. Due to
light greenish to yellowish colour, flowers in the upper
branches are not distinguishable from the leaves of sup-
porting trees. Drupaceous fruits are borne in clusters and
exhibit unsynchronized ripening in a bunch (Figure 3 a
and b). Fruit colour changes from green to reddish and fi-
nally turns dark red or purple (Figure 3 c¢). Pericarp is
generally thick but inedible. Owing to blood red colour of
pulp upon ripening (Figure 4), the species is known as
blood fruit.

The main fruit ripening season is April to June in ANI
and Tripura. Fruits are sometimes sold in local markets at
about INR 100-150 per kg (2017 price at Middle Anda-
man markets). Fruits obtained from Andaman and Tripura
markets were studied for morphometric parameters
(Table 1). Fruits from Tripura were lighter (12.78 g)
when compared to those produced in Middle Andaman
(15.11 g). A similar trend was noticed for fruit length and
width. Pulp content of 18.38% with total soluble solid
content of 18 to 19° Brix was recorded from Andaman
grown fruits.

Seed germination study

Germination as affected by different treatments is
presented in Figure 5. During the initial 45 days, no ger-
mination was noticed in any of the treatments. Most seeds
started germinating thereafter and a linear trend was ob-
served. At 50 days, varying degree of germination was
recorded in all treatments except control. This clearly
indicates the presence of dormancy in this species.
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Figure 3. a, Bunch exhibiting uneven ripening of the fruits; b, clusters of fruits borne in a bunch; ¢, colour
change during fruit development.

Figure 4. A cut open fruit showing attractive coloured pulp and seed.

Table 1. Comparative morphological parameters of blood fruit grown in different regions; ANI and
Tripura (India) and Bangladesh

Parameters ANI Tripura Bangladesh
Fruit weight (g) 15.11 £ 0.403 12.78 £ 0.519 28.0
Fruit length (mm) 35.82 £0.455 32.20 £0.450 40.0-50.0
Fruit width (mm) 27.26 £ 0.409 25.30 £0.380 20.0-25.0
Pulp (%) 18.38 + 1.899 - 22.0
TSS (°B) 19.0 - 18.0
Reference Present study Present study Khatun et al.®

Interestingly, treatment with 0.1% thiourea could induce days, germination was maximum (85.4%) in this treat-
germination in only 2.1% seeds by 50 days of sowing and  ment. This did not differ significantly from those treated
it remained the slowest until 70 days. However, at 115  with 1000 mg/l GA; and 0.2% thiourea at 115 days.
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Figure 5. Percentage of seed germination in different pre-treatments during observation period. 7: Water soak-
ing; T>: GA; (500 mg/l); T5: GA; (1000 mg/1); Ty: Thiourea (0.1%); Ts: Thiourea (0.2%).

Table 2. Effect of different pre-treatments on vine growth parameters in blood fruit (Haematocarpus validus) after 115 days of sowing
Final Vine length Root length No. of primary No. of secondary Number of Number of Collar thickness
Treatment germination (%) (cm) (cm) roots roots nodes leaves (mm)
T\: Water soaking 75.0bc 81.93b 7.98a 1.0a 12.5a 11.9¢ 4.2¢ 1.02a
T>: GA; (500 mg/1) 68.8¢c 75.76¢ 7.82a 1.0a 9.0c 11.9¢ 4.8b 1.08a
T5: GA; (1000 mg/1) 79.2ab 85.71a 7.03b 1.0a 11.1b 14.8a 5.6a 1.09a
T,: Thiourea (0.1%) 85.4a 70.58d 7.75a 1.0a 12.6a 15.1a 5.4a 1.05a
Ts: Thiourea (0.2%) 79.2ab 64.71e 6.14c 1.0a 12.1a 13.3b 5.0b 1.06a

Mean values followed by the same lower-case letter in a column did not differ significantly at P < 0.05 using least significant difference.

About 75% of seeds germinated in control (Table 2).
Treatment with 0.2% thiourea was found the most effi-
cient in inducing significantly earlier germination (47
days), while it was the slowest (52.5 days) in control
(Figure 6 a). Non-significant differences were noticed for
mean daily germination, germination index and seedling
vigour index (Figure 6b-d). This meant that though
delayed germination was noticed in control, it had no
negative effect on germination characteristics studied.

Newly germinated seedlings had glabrous green stem.
Vine length after 115 days of sowing varied between
64.71 cm and 85.71 cm (Table 2). Longest vines were
recorded from seeds treated with 1000 mg/l GA; (T3),
which was significantly superior to control (81.93 cm).
Length of the primary roots varied between 6.14 cm and
7.98 cm, however the root length in control was statisti-
cally comparable with those produced in treatments 7,
(500 mg/l GA3) and T, (0.1% thiourea). The number of
primary roots, however, differed significantly amongst
the treatments. Though a maximum number of primary
roots was produced in thiourea treatments (7, and T5), it
remained on par with the control.

Germinated seedlings are generally leafless during the
initial stage, and leaf development occurs with seedling
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age. The number of nodes was maximum (15.1) in seedlI-
ings obtained from thiourea (0.1%) treatment, closely
followed by those treated with 1000 mg/l GA; (14.8). The
number of leaves was also the highest in these two treat-
ments. For both number of nodes and leaves, the lowest
values were recorded in control. Thickness of the vines at
collar region did not differ significantly amongst the
treatments. Considering the germination and overall per-
formance, soaking of seeds in thiourea (0.1%) or GA;
(1000 mg/1) could be recommended for obtaining healthy
seedlings in large numbers (Figure 7 a).

Ex situ conservation

Thirty seedlings (obtained from the germination study)
were planted in the germplasm block of ICAR-CIARI,
Port Blair for conservation. Seedlings were also planted
in Dhanikhari Experimental Garden cum Arboretum of
Botanical Survey of India (Port Blair), Department of
Agriculture’s Organic Horticulture Farm (Sippighat) and
Krishi Vigyan Kendra (Middle Andaman Island). In order
to promote homestead cultivation, seedlings were also
distributed to farmers in South Andaman during this year.

CURRENT SCIENCE, VOL. 115, NO. 6, 25 SEPTEMBER 2018
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Figure 6.

a, Days for first germination (DFG); b, mean daily germination (MDG); ¢, germination index (GI);

d, seedling vigour index (VI) in blood fruit as influenced by different pre-treatments. 7,: Water soaking; 7»: GA;
(500 mg/l); T5: GA5 (1000 mg/l); Tu: Thiourea (0.1%); Ts: Thiourea (0.2%). Same lower-case letter on different
bars in a graph indicates no significant difference at P < 0.05 using least significant difference.

Figure 7.

A custodian farmer has also been recognized in the North
and Middle Andaman. These seedling progenies would
form the base population for identification of superior
type of blood fruit in future.

Comparison of methods for pigment determination

The method involving incubation of leaf tissues in dime-
thylsulphoxide was found superior for estimation of chlo-
rophylls and total carotenoids in blood fruit (Table 3). All
the parameters studied, viz. chlorophylla, chlorophyllb,

CURRENT SCIENCE, VOL. 115, NO. 6, 25 SEPTEMBER 2018

(a) Germinated seedlings of blood fruit; seedlings staked with wooden sticks; (b) polyembryonic seedling.

total chlorophylls, chlorophylla : chlorophylld and total
carotenoids were significantly lower in acetone method
(0.087 mg/g, 0.036 mg/g, 0.123 mg/g, 2.402 mg/g and
0.038 mg/g respectively), when compared to dimethyl-
sulphoxide method (0.405 mg/g, 0.132 mg/g, 0.537 mg/g,
3.059 and 0.071 mg/g respectively).

Discussion

Comparison of fruits collected from two states of India
and Bangladesh revealed considerable variations in fruit
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Table 3. Comparative performance of two methods on extraction efficiency of photosynthetic
pigments
Concentration (mg/g, FW)
Pigment 80% Acetone method DMSO method t test
Chlorophyll a 0.087 £ 0.002 0.405 £ 0.002 **
Chlorophyll b 0.036 £ 0.001 0.132 £ 0.002 **
Total chlorophylls 0.123 +£0.002 0.537 £ 0.004 *E
Chla : Chlb 2.402 £0.085 3.059 £ 0.046 **
Total carotenoids 0.038 £ 0.0003 0.071 £ 0.0005 o

morphology. Fruits from Tripura and ANI were compara-
tively lighter and smaller than those reported from Ban-
gladesh®. Pulp content, which is the economic portion
of the fruit, varied between 18.38% (ANI) and 22.0%
(Bangladesh). With the natural population in all these
regions being seedling originated, considerable scope
exists for identification of superior types with bigger size
fruits and higher pulp recovery. Systematic surveys could
be taken up in all the growing areas to tap the diversity.
As water soaking resulted in appreciable seed germina-
tion, it could be assumed that under wild conditions of
evergreen tropical forests, the species can regenerate on
its own, following a few showers of monsoon, as it would
largely simulate water soaking treatment. However, col-
lection of fruits from the wild by the local people and
predation by forest fauna hinders the natural regeneration
process''. Hence, assisted regeneration through nursery
raising is of paramount importance in its conservation.
Thiourea and gibberellic acid are amongst the most com-
monly used chemicals for seed germination. In blood
fruit, both chemicals were efficient enough to improve
germination and seedling growth. Positive effects of
thiourea could be attributed to its efficiency in overcom-
ing dormancy and its cytokinin activity'®. Earlier reports
indicated that GA; promoted germination process, post-
germinative development and conversion into plan-
tlets®?! through activation of hydrolytic enzymes that are
known to increase the osmotic content of seeds”. Seeds
treated with 1000 ppm GA; produced the longest seedl-
ings, which could be due to cell elongation activity of
gibberellic acid®**. Comparison of methods for estima-
tion of photosynthetic pigments revealed significant dif-
ferences and the method involving dimethylsulphoxide
was found to be superior. Efficacy of pigment extraction
method and the solvent employed varies greatly with the
species®’, wherein photosynthetic pigments of non-course
textured tissues (such as blood fruit) could be more
efficiently extracted using dimethylsulphoxide'®.

The way forward

Considering the nutritional importance and potential uses,
systematic efforts have been initiated to collect and eva-
luate the diversity, standardize mass multiplication, culti-
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vation techniques, etc. for promoting commercial scale
cultivation in Bangladesh®. In other places of distribution
too, it needs to be conserved on priority?®. Systematic
surveys could help in identification of types with higher
pulp content, precocity and tolerance to biotic and abiotic
stresses. Polyembryony was reported”’ for the first time
in the species (Figure 7 b), which could further be studied
in detail. Efforts have been initiated at ICAR-CIARI
(Port Blair) for standardization of micropropagation pro-
tocol. Procedures for isolation of anthocyanins and utili-
zation as natural colourant for preparing products need to
be standardized. Sensitization of stakeholders holds the
key to open up the vistas of domestication and sustaina-
ble utilization in such species.
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