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A study was conducted on GI tagged Tezpur litchi (Litchi chinesis Sonn.) varieties at litchi
garden, Porua, Tezpur and on a litchi variety at Experimental Farm, Department of
Horticulture, Assam Agricultural University, Jorhat during 2016-2018 to have a
morphological studies of Tezpur litchi. A total of seven varieties i.e., Bombay, Shahi,
Piyaji, China, Bilati and Elaichi from Tezpur and Shahi from Jorhat district with four
replications were laid out in a Completely Randomized Design (CRD). The results
revealed significant effect on canopy spread with maximum value in cultivar Tezpur
Shahi. Cultivar Bombay showed early flowering with lowest duration from flowering to
harvesting, whereas, reverse is the case in cultivar Bilati. The highest fruit weight, fruit
circumference, fruit volume, aril weight, aril thickness and specific gravity were recorded
in the cultivar Bilati. Piyaji recorded the highest seed weight, length and diameter. The
cultivar China displayed significantly highest yield per hectare (48.47t/ha), whilst, the
lowest yield (13.92t/ha) was recorded in JorhatShahi. The cultivar Bilati displayed least
fruit cracking with highest skin strength which is partly due to high fruit skin calcium and
high boron.

Introduction

Litchi (Litchi chinensis Sonn.) belongs to the
family Sapindaceae and Genus Litchi. It is
one of the most delicious, exquisite and
nutritious summer season fruit. Tezpur is an
ancient town on the banks of the river
Brahmaputra which is the administrative head
quarter of Sonitpur district of Assam. Tezpur
is especially famous for one horticultural crop
viz. Litchi for its unique characteristics for
which it got. The popular varieties of Litchi
tree grown in Tezpur are Bombay, Bilati,
Shahi, Elaichi, Piyaji and China which are
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grown with some excellent qualities. Apart
from this, its agro-climatic conditions make
Assam a favorable area for the cultivation of
the  litchi  tree. But large scale
commercialization is yet to start in the state.
Flowering of the trees starts from February
and is harvested in the month of June - July.
Bearing habit of the trees varies according to
the varieties. These Tezpurlitchi are exported
to Bombay, Delhi, Kolkata, and Rajasthan
and also to USA. Tezpur Litchi is
characterized by its pleasant flavour, juicy
pulp (aril) with attractive colour and small
seed with tight pulp which makes the fruit
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different from other litchi varieties grown in
the country and so it got the coveted
Geographical Indication (Gl) in the year
2014. Though the basic information on
flowering and fruiting in litchi with respect to
the subtropical situations is available; the
morphological bases as related to the
uniqueness of Tezpur litchi was yet to be fully
understood. Keeping the above facts in view,
present investigation was taken up with the
objectives to get a detailed morphological
study of the Tezpur litchi.

Materials and Methods

The experiment was conducted in two places,
one at litchi garden in Porua in the district of
Tezpur during 2016-2018. The area is located
at 26°39'N latitude, 92°47'E longitude and at
an altitude of 47 meter above mean sea-level.
The second site was in the Experimental
Farm, Department of Horticulture, Assam
Agricultural University, Jorhat during 2016-
2018. The area is located at 26°47'N latitude,
94°12'E longitude and at an altitude of 86.6
meter above mean sea-level. The seven
varieties used for the experiment were
Bombay, Bilati, Shahi, Elaichi, Piyaji and
China from Tezpur and Shahi from Jorhat
district. A total of four replications were laid
out in a Completely Randomized Design
(CRD).

To measure the canopy, the diameter of the
tree’s crown (i.e. canopy) is measured, i.e. the
distance from one edge to the other straight
along the cardinal directions (north-south and
east-west). Tree shape was recorded by visual
observation of the trees. Crown shape of the
trees were observed and classified into seven
groups namely pyramidal, broadly pyramidal,
spherical, oblong, semi-circular, elliptical and
irregular. Time of flowering was recorded
when plant gave new extension growth. Four
flowering panicles per tree, one in each
direction, were tagged at random before
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flowering. The panicles were tagged in all the
varieties, as and when emerged, depending on
the time of flowering in each variety. The
tagged panicles were used for recording of
date from the day of first flower opening to
the day of last flower opening in each panicle.
Total number of days from flowering to
harvest was calculated to determine the
flowering to harvesting period. The fruit
weight of 10 fruits of each variety in each
replication was estimated with the help of an
electronic balance measuring gram quantity to
the third decimal. The length of fruit was
measured in cm from the base to the apex of
the fruit after harvest and their average was
taken. The circumference of fruit was
measured at the middle portion of the fruit by
vernier calipers and expressed in cm.Fruit
volume was determined by  water
displacement method and expressed in cubic
centimeter (cc).Fruit shapes were observed
and classified into round, oval, oblong,
conical, elliptic, cordate and lon gcordate.
Weight of the aril was taken by removing the
peel from ten fruits of each variety and their
mean weight was expressed in gram. Weight
of the peel was taken by removing the peel
from ten fruits of each variety and their mean
weight was expressed in gram. The aril-peel
ratio was calculated as follows:

Aril weight (g)
Peel weight ()

Aril - peelratio=

The thickness of the aril was measured with
the help of vernier caliper and expressed in
mm. Aril colour was recorded at the ripe stage
and classified as white, dull, white, creamy
white, creamy yellow, yellow, pearl white,
waxy white, waxy yellow. The seed weight
from ten fruits of each variety was observed
and their mean weight was expressed in gram.
The length of seed was measured in cm from
the base to the apex of the seed and their
average was taken. Record was taken on same
seeds that were used for measuring the seed
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length. Diameter of seed was measured at the
widest point using vernier calipers and
average was expressed in cm. Seed coat
colour was recorded and classified as off
white, creamish, dull brown, brown and dark
brown. The specific gravity was recorded
from the selected fruits by measuring their
weight (g) in air and in water and then
applying the following formula:

Specific gravity = (Weight in air)/ (Weight in
air-Weight in water)

Fruit yield was expressed in terms of number
and weight of the fruit. It was calculated by
multiplying the average fruit weight with the
total number of fruits produced per plant and
per hectare. Fruit cracking percentage was
recorded by counting the number of total and
cracked fruits on the tagged branches and
converting the differential into percentage.
The firmness of the fruit skin was measured
using a penetrometer from the selected tagged
fruits and data recorded in kgcm™. The care
was taken to use the smooth and uniform
pressure applications throughout the data
recording. Each reading consisted of 10 fruits
and the data recorded on the two opposite
sides of the equatorial area of the fruit.

The selected fruits from the tagged branches
were thoroughly washed for ten minutes with
tap water and then with distilled water. The
fruit skins from the samples were peeled and
once again washed with distilled water and
allowed to oven dry at 70°C until the
achievement of a constant weight. The dried
samples were grounded to powder and sealed
in petridishes for chemical analysis(lsaac and
Kerber, 1971). The calcium content in the
fruits kin was determined by the atomic
absorption flame spectrophotometer. The
spectrophotometer was calibrated with a
standard  solution of 5pg-mltas  per
recommendations of the manufacturer. The
peeled skins of the selected fruits were
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washed thoroughly first with the tap water
and then with distilled water. Tengrams of the
sample was taken and dried for 12 hours
at75°C in oven and then ashed for 3 hours at
525°C. Ashes were extracted with 10ml of
2M HNOgzand were heated on a hot plate.
Filtered contents after dissolution were
diluted to a final volume of 50ml. This
solution was used for determination of boron
content in the fruit skin by the azomethine-H
method using atomic absorption flame
spectrophotometer (Harp, 1997). Boric acid
standard solution (1000mg/l) was used for
standardization.

Observations made during field
experimentation and data obtained from
laboratory  determinations  relating to
morphological and biochemical aspects were
subjected to analysis of variance. The data
generated during the experiment were
statistically analyzed using Completely
Randomized Design (CRD).Significance and
non-significance of variance of different
treatments were determined by calculating the
respective ‘F’ values (Panse and Sukhatma,
1985).Critical differences (CD) at 5%
probability level were calculated only when F
value was significant.

Results and Discussion
Tree characters

Canopy spread was recorded highest in
TezpurShahi i.e., 15.80m which is followed
by China i.e., 13.57m, whereas, the lowest
canopy width of 8.65m was observed in case
of JorhatShahi. Regarding tree shape, broadly
pyramidal, dense and symmetrical canopy
was observed in China and Bombay, while
Bilati had oblong shaped canopy. Spherical
shaped canopy was noticed in Elaichi,
TezpurShahi and JorhatShahi and elliptical
tree shape in Piyaji. The canopy spread and
tree shape was positively influenced by the
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age of the plant (Chavaradar, 2016).The
crown structure of a tree solely depends on
branching pattern and crotch angles. The
difference might be due to their different
genetic makeup and response to soil and
climatic conditions of the area.

Flower character

The cultivar Bombay started flowering from
last week of February while the -cultivars
TezpurShahi, JorhatShahi and China flowered
during the first week of March. The cultivars
Elaichi, Bilati and Piyaji started flowering
during second week of March. This indicated
that the cultivar Bombay is an early season
variety, whereas, TezpurShahi, JorhatShahi and
China were mid-season varieties and Elaichi,
Bilati and Piyaji were late season varieties. The
pattern of opening of flowers was similar in all
the varieties under study in the sequence as,
firstly male flower, then female flower and
lastly pseudo hermaphrodite flower. The lowest
duration of flowering of 18 days was recorded
in Bombay, followed by TezpurShahi, i.e., 21
days. The highest duration of flowering of 31.5
days was observed in Bilati. Flowering to
harvesting interval period was found highest in
case of cultivar Bilati, i.e., 92.25 days followed
by Piyaiji, i.e., 88 days, whereas lowest number
of 81.25 days was taken from flowering to
harvesting in case of cultivar Bombay.
Observations on flowering behaviour of the
varieties with respect to time of flowering,
duration of flowering and flowering to
harvesting period showed variation among
cultivars except the trend of opening of flower.
The early season varietiy Bombay took shortest
days for flowering and flowering to harvesting,
whereas late variety Bilati took longest days for
flowering and flowering to harvesting (Table 1).
These variations in phonological parameters
might be due to the genetic makeup of the
cultivars as well as environmental conditions
prevailing in the region.
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Fruit morphological characters and yield

The highest fruit weight of 27.79kg was
recorded in case of cultivar Bilati, which is
followed by China cultivar, i.e., 21.88kg. The
lowest fruit weight of 13.12kg was observed
in JorhatShahi. The cultivar Piyaji recorded
the highest fruit length of 3.82cm which is
followed by China, i.e., 3.42cm, whereas,
JorhatShahi recorded the lowest fruit length
of 2.97cm. The data presented in Table
1revealed that the fruit circumference was the
highest in Bilati, i.e., 12.40cm. The lowest
fruit circumference of 8.7cm was observed in
JorhatShahi. It is evident from Table 1 that
the cultivar Bilati recorded the highest fruit
volume of 29cc, which was followed by a
fruit volume of 24.50cc in cultivar China.
Whereas, the cultivar JorhatShahi recorded
the lowest fruit volume of 14.37cc. Singh
(1990) suggested the possible cause of
differentiation in fruit size was due to the
variation in characters of the pericarp like cell
size, laticiferous canals and intercellular space
in different tissues of the fruits which
contribute to increase in length, breadth and
thickness of the fruits. Varied fruit shapes
were observed in different varieties of litchi
out of which JorhatShahi, Bilati and Elaichi
exhibited round shaped fruits, while both
cordate and oblong shape were observed in
Piyaji cultivar. Cordate fruit shape was
observed in cultivar China and oval fruit
shape in both Bombay and TezpurShahi.
Table 1 showed the data for aril weight of
different litchi varieties with the highest aril
weight of 18.42g in Bilati, whereas, the
lowest aril weight of 9.40g was recorded in
case of JorhatShahi. In case of peel weight,
the highest value of 4.98g was recorded in
Bilati and that of lowest was in TezpurShahi,
i.e., 1.93g. Since, the skin Ca and skin B
content were higher (Table 2) in case of
Bilati, the peel weight of Bilatiis high, since
Ca and B are responsible for cell division and
cell wall development of the peel and reverse
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is the case for TezpurShahi. The aril-peel
ratio was the highest (6.41) in TezpurShahi
while the lowest value (3.07) was observed in
JorhatShahi. The highest aril thickness was
observed in Bilati, i.e., 0.97cm and the lowest
aril thickness was recorded in JorhatShahi,
i.e.,0.47cm (Table 1). Creamy white aril
colour was noticed among all the cultivars
under study. The fruit weight, fruit length,
fruit circumference, fruit volume, fruit shape,
pulp weight, peel weight, pulp-peel ratio and
aril thickness are related to each other. The
variety Bilati recorded the highest fruit
weight, fruit circumference and fruit volume.
At the same time Bilati was also found to
have the highest pulp weight and aril
thickness. Whereas, JorhatShahi recorded the
lowest fruit weight, fruit length, fruit
circumference, fruit volume, together with
lowest pulp weight and aril thickness. These
differences in litchi cultivars depend on
genetic factors (Khurshid et al., 2004),
nutrition (Cronje et al., 2009), plant water
balance and fruit tree orientation (Waseem et
al., 2002), thus, it was likely to observe
variations in fruit and pulp weight among
different cultivars. The data presented in
Table 3 revealed that, the seed weight (3.690),
seed length(3cm) and seed diameter
(1.27cm)were recorded the highest in Piyaji,
whereas, the lowest seed weight (1.45g), seed
length  (1.95cm) and seed diameter
(0.83cm)were recorded in Elaichi.

The seeds of all the cultivars under study
were brown in colour. The above result
indicates that seeds of Elaichi fruits were the
smallest in size and that of Piyaji were the
largest. Some varieties have the tendency to
divert its manufactured food material towards
mesocarp resulting in increased percentage of
pulp. If the more food is diverted towards the
endocarp the stone percentage is increased.
The high pulp yield is an extremely important
characteristic not only for fresh consumption
but also for the technological use of litchi by
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the food industry. Table 1 revealed that, the
specific gravity was the highest (1.091) in
Bilati, whereas the lowest specific gravity was
observed in JorhatShahi, i.e., 1.036. The
specific gravity is generally correlated with
chemical composition such as starch content,
dry matter and total sugars (Zaltzman et al.,
1987). The highest yield per plant (310.20kg)
and the highest yield per hectare (48.47t/ha)
was recorded in case of variety China,
whereas, the Ilowest was in variety
JorhatShahi. Yield of the tree depends on
many factors that include nutritional factors
(Singh et al., 2012), management practices,
climate and locality of tree (Lal and Kumar,
1997; Syamal et al., 1983; Roy and Mishra,
1982). Due to high fruit weight, fruit volume,
aril weight and more number of fruits in
varieties of litchi in Tezpur, the yield was
higher in those varieties (Table 1). Huang et
al., (1992) reported that, canopy spread had a
great role to play in yield of the tree.

Fruit skin characters

It was evident from Table 2 that, the highest
fruit cracking per cent was observed in case
of TezpurShahi, i.e., 27.22% and the lowest
was found in Bilati, i.e., 12.55% indicating
the high susceptibility of cultivar TezpurShahi
to fruit cracking and low susceptibility of
cultivar Bilati towards fruit cracking. The
tendency of fruit skin cracking is a serious
postharvest problem of litchi fruit (Li et al.,
2001(a)).1t generally occurs when trees are
subjected to drought soon after fruit set and if
the drought is severe enough, fruit
development is affected, particularly the
development of the fruit skin, resultantly the
cell division is reduced and the fruit skin
becomes inelastic, and often splits when the
aril grows rapidly before harvest. Poor
orchard management, mechanical injuries and
micro-nutrient deficiencies result in fruit
cracking of litchi (Singh et al., 2012).



Int.J.Curr.Microbiol.App.Sci (2020) 9(11): 567-575

Table.1 Variations in morphological characters and yield of different varieties of litchi of Tezpur and Jorhat

Treatments Canopy Duration = Flowering Fruit = Fruit Fruit Fruit Aril Aril Specific = Yield Yi
spread of to weight = length circumference = volume weight @ thickness gravity (kg/plant) @ (t/l
(m) flowering = harvesting (9) (cm) (cm) (cc) 9) (cm)
period
Bombay 12.47 18.00 81.25 19.25  3.22 10.05 22,77  12.48 0.66 1.06 195.16 X
TezpurShahi 15.80 21.00 84.00 18.13 = 3.27 9.87 16.25  12.17 0.57 1.05 285.15 :
Piyaji 8.87 26.50 88.00 19.36  3.82 10.01 21.62  14.57 0.70 1.08 270.36 .
China 13.57 22.25 85.25 21.88 @ 3.42 11.07 2450  15.02 0.702 1.05 310.20 .
Bilati 8.72 31.50 92.25 27.79  3.35 12.40 29.00 18.42 0.97 1.09 182.05 28
Elaichi 8.85 24.25 87.25 13.36  3.07 8.77 14.87 9.83 0.56 1.07 128.92 20
JorhatShahi 8.65 21.50 84.25 13.12 297 8.70 14.37 9.40 0.47 1.04 89.11 13
S.Ed 1.01 0.39 0.35 0.39 0.04 0.12 0.56 0.39 0.03 0.12 6.85 5.
C.D.(0.05) 2.59 1.001 0.90 1.02 0.11 0.25 1.43 1.01 0.07 NS 17.61 12
Table.2 Variations in morphological characters and B and Ca content of fruit skin among different varieties of litchi of Tezpur and
Jorhat
Varieties Peel weight (g)  Aril-peel ratio Fruit skin Skin strength = Fruit skin Ca  Fruit skin B
cracking (%) (kgem™) (mg/100g DW) (mg/100g DW)

T, (Bombay) 3.00 4.16 21.25 2.87 4.88 0.120

T, (TezpurShahi) 1.93 6.42 27.22 2.48 4.48 0.114

T3 (Piyaji) 3.58 4.07 27.05 2.52 4.74 0.118

T4 (China) 2.85 5.42 23.29 2.85 4.63 0.115

Ts (Bilati) 4.98 3.73 12.55 3.21 5.29 0.123

Te (Elaichi) 2.43 4.04 13.36 2.94 4.72 0.113

T7 (JorhatShahi) 3.07 3.07 18.45 2.93 4.22 0.107

S.Ed 0.10 0.16 0.97 0.08 0.06 0.001

C.D. 0.26 0.41 2.50 0.20 0.15 0.002
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Table.3 Variations in morphological characters of fruit seeds among different varieties of litchi
of Tezpur and Jorhat

Varieties Seed weight

(9)
T, (Bombay) 2.92
T, (TezpurShahi) 2.63
T3 (Piyaji) 3.69
T4 (China) 2.85
Ts (Bilati) 2.37
Te (Elaichi) 1.45
T (JorhatShahi) 3.60
S.Ed 0.16
C.D. 0.41

The highest fruit skin strength of 3.21kgcm™
was the highest in Bilati while the lowest fruit
skin strength of 2.48kgcm™ was recorded in
TezpurShahi. Since the turgor pressure of the
expanding aril against the pre-grown pericarp
is believed to cause fruit cracking (Joubert,
1985), the tensile strength of the litchi fruit
skinis an important mechanical property to
resist the pressure by the aril tissue and,
hence, a greater tensile strength is indicative
of lower susceptibility to fruits cracking
(Huang and Huang, 1998). The fruit skin
calcium content was the highest in Bilati, i.e.,
5.29mg/100g dry weight and the lowest
calcium content was recorded in treatment
JorhatShahi, i.e., 4.22mg/100g dry weight.
Considerable research has been conducted
that shows that low calcium content might be
responsible for fruits cracking which clearly
proved that one of the reason for high fruit
cracking in TezpurShahi might be because of
its low fruit skin calcium content (Table 2).
Qui et al., (1999) reported that cultivars
which accumulate more calcium, resulting in
higher concentrations of structural calcium
and galacturonans have greater cracking
resistance. This indicated that, lowest fruit
cracking in Bilati might be because of its high
fruit skin calcium content. The structural
calcium levels in litchi pericarp generally
decline during 22-52days after anthesis due to
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Seed length = Seed diameter
(cm) (cm)
2.57 1.07
2.17 0.97
3.00 1.27
2.25 1.03
2.05 0.90
1.95 0.83
2.77 1.22
0.06 0.05
0.15 0.13

dilution of structural calcium(Huang et al.,
2004). Bilati is least prone to fruit cracking
because of high calcium and boron content in
Bilati fruit skin than that of TezpurShahi
(Table 2) as calcium is a structural component
of the cell wall and the availability of calcium
during early fruit development is important
for cracking resistance (Huang et al., 2004).
But the less fruit cracking despite the lowest
calcium content in fruit skin of cultivar
JorhatShahi indicated that calcium alone
might not control the fruit cracking in litchi.
This argument is further strengthened by the
observation that while the highest fruit
cracking in cultivar TezpurShahi with
comparatively high calcium content than
JorhatShahi had about two fold higher fruit
cracking than JorhatShahi (Table 2). The
highest fruit skin boron content of
0.123mg/100g dry weight was recorded in
Bilati and the lowest boron fruit skin content
was recorded in  JorhatShahi, i.e.,
0.106mg/100 DW (Table 2). Boron is an
important micronutrient involved in the
metabolism of nitrogen, phosphorus and
absorption of salts, cell wall development,
cell division, and the movement of sugarsand
its deficiency results in fruit discoloration and
cracking (Dale and Krystyna, 1998). This
might be one of the reasons of low fruit
cracking in Bilati due to high fruit skin boron
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content in Bilati. Boron is also responsible for
activation of dehydrogenase enzymes, nucleic
acids and plant hormones, synthesis of cell
wall material and increase in methyl esterase
activity (Brady and Weil, 1996). The highest
boron content of fruit skin and the lower fruit
cracking in cultivar Bilati indicated that boron
might help in  decreasing cracking
susceptibility either by promoting calcium
metabolism in cell wall as suggested by
(‘Yamaguchi et al., 1986) or directly involving
in cell wall structure through formation of
borate esters with hydroxyl groups of cell
wall carbohydrates and/or glycoproteins
(Blevins and Lukaszewski, 1998; Loomis and
Durst, 1992).

In the light of the above finding, it can be
concluded that there is existence of variations
in morphological characters among the seven
varieties of litchi of Tezpur and Jorhat.
Among all the varieties, Bilati cultivar of
litchi is superior among all the cultivars in
regards of fruit weight, fruit circumference,
fruit volume, aril weight, aril thickness and
specific gravity, whereas, highest yield per
hectare was observed in China variety of
litchi.
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