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Seventeen tree tomato (Solanum betaceum Cav.) genotypes were evaluated for their morpho-biochemical diversity in
Randomized Block Design under three replications at Sikkim University, Gangtok in 2017-18. The genotypes were grouped
into five clusters and cluster I possessed highest number of genotypes (6). Highest inter-cluster distance (372237) was
recorded between clusters II & V. Intra-cluster was maximum in cluster III (28651.72) showing diversity within the cluster.
The genotype STT-110 produced maximum value for average fruit weight (81 g) and other fruit yield contributing
characters. Whereas, STT-40 produced maximum values for iron (1.86 mg/100 g), copper (0.47 mg/100 g) and manganese
(1.38 mg/100 g). Genetic parameters (PCV, GCV) along with heritability and genetic advance were highest for anthocyanin
(77.26%, 77.19%, 99% and 158.85%), flavonoid (56.91%, 56.90%, 100% and 117.22%), total phenol (52.76%, 52.72%,
99%, and 108.54%), manganese (50.87%, 49.26%, 93%, and 98.28%) and ascorbic acid (41.73%, 41.71%, 99% and
85.89%). Correlation coefficient analysis showed that polar and equatorial diameter of fruit was significantly correlated with
average fruit weight. Genotypic correlation coefficients were higher than phenotypic correlation coefficients, which indicate
the inherent association among the characters. This study highlights the potential utilization of STT-110 genotype for further

selection in future breeding programme for enhancing yield.

Keywords: Tree tomato, Genetic diversity, Genetic variability, Genotypes, Multi-elemental profiling

IPC Code: Int C1.>*: A01G 22/05, A61K 36/81

Tree tomato (Solanum betaceum Cav.) is a minor
vegetable and commonly known as Tamarillo. It is a
small, quick growing tree belonging to the family
Solanaceae having chromosome number 2n=2x=24.
Initially, botanical name of the plant was Solanum
betaceum given by Spanish botanist Cavanilles and
was later transferred to Cyphomandra betacea by
Sendtner. Later on, it was reverted back to Solanum
betaceum'. 1t is cultivated throughout the world; but
in India, it is cultivated in north-eastern region
especially in Sikkim and Darjeeling hills (West
Bengal). Although it is a relatively under-exploited
species, it is growing and shipping at a faster rate®. At
present, demand for the tree tomato fruits remains
strong due to increasing health awareness for its
unique flavour and nutritional properties. The fruit is
acidic in nature, recommended for its nutritional
qualities such as provitamin A, vitamins C, Bg, E, iron
and phenolics besides low carbohydrates contents”
It is also rich in pectin and contains a specific lectin in
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the cell walls of the fruit tissues and seed coat®. The
presence of some anthocyanin pigments, flavonols
and leucoanthocyanins is reported in the purple-red
seed jelly, with delphinidin-3-rutinoside as the major
anthocyanin.

Characterization of tree tomato is of great
significance for the fruit yield and quality
improvement. Its production is limited to the kitchen
garden for availability and use; therefore, it cannot
replace the conventional vegetables and only be used
as supplement at its particular native place’. This
study will provide information to the researchers for
improvement of this crop and encourage farmers to
produce tree tomato at commercial scale due to its
potential in the market, especially when it is
processed. Therefore, there is a need of screening tree
tomato germplasm to select elite genotype(s) with
improved quality and yield. An information on the
nature and magnitude of variability presents in genetic
stocks, heritability and genetic advance is of
considerable importance for a breeder to start any
effective crop improvement programme®’. The
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correlation  coefficient measures the mutual
relationship between different traits and determines
the associated characters on which selection to be
made for yield enhancement'®. The path coefficient
analysis is a tool for partitioning of direct and indirect
cause of association. Meager research work has been
carried out in tree tomato to estimate the level of
genetic diversity fall under north eastern Himalayan
region for future genetic improvement. Hence, the
study was undertaken to assess the extent of genetic
diversity, variability and character association at both
morphological and biochemical plateau in tree tomato
genotypes grown in north eastern Himalayan region
of India.

Materials and Methods

Experimental location

The experimental material comprised of 17 tree
tomato genotypes from various geographical location of
Sikkim, West Bengal, Nagaland and Meghalaya
(Table 1). The experimental material was analyzed in
Randomized Block Design with three replications.
Morphological and biochemical study was carried out at
Plant Ionome and Biochemical Analysis Laboratory,
Department of Horticulture, Sikkim University during
2017-2018.

Data observation

Fruit yield contributing and biochemical parameters

The observations were recorded on fruit yield
contributing and biochemical traits to estimate the extent
of genetic diversity. Five fruits were randomly selected

from each plant in each replication from every
geographical location. Observations were recorded upon
nineteen traits. Among biochemical traits, the estimation
of ascorbic acid and titrable acidity was done as
described by Rangana'', reducing sugar and total sugar
was examined with the method suggested by AOAC",
total phenol estimation was as per the method by
Thimmaiah", protein was estimated with the method of
Lowry et al.', estimation of anthocyanin was as per the
method by Swain et al'" and total flavonoid was
meamllﬁred through aluminum chloride colorimetric
assay .

Multi-elemental profiling

Elements like iron, copper, zinc and manganese
was analyzed by the PerkinElmer AAS (atomic
absorption spectrophotometer) by following the
procedure suggested by Ajai et al.'’. Prior to AAS
analysis, samples were acid digested to achieve clear
and colorless solution. Open air acid digestion was
performed with the wuse of di-acid solution
(concentrated nitric acid and perchloric acid) in the
ratio of 9:4. 1000 ppm stock solution of iron, copper,
zinc and manganese was made in a volumetric flask to
prepare standards of different concentrations i.e., 5
ppm, 10 ppm, 15 ppm, 20 ppm and 25 ppm.
Statistical analysis

The data were subjected to D statistics to determine
the degree of genetic diversity as suggested by
Mahalanobis'®. Genotypic and phenotypic coefficients
of variations were estimated by the procedure suggested
by Burton and De Vane'. The broad sense heritability
and genetic advance as percent of mean was calculated

Table 1 — Description of Tree Tomato genotypes

S.N. Genotype Source GPS location
1 STT-10 Pangthang (East Sikkim) 27°22.58’N- 88°36.33’E
2 STT-20 Tangzi Bikmat (South Sikkim) 27°9.69°N- 88°27.16’E
3 STT-30 KVK farm (South Sikkim) 27°9.76’N- 88°28.24’E
4 STT-40 Mirik (West Bengal) 26°53.60°N- 88°11.43 ‘E
5 STT-50 Lava, Kalimpong (West Bengal) 27°5.29° E- 88°39.62°E
6 STT-60 Sombaria (West Sikkim) 27°8.75°N- 88°8.54’E
7 STT-70 Phadamchen (East Sikkim) 27°14.30°N- 88°46.01’E
8 STT-80 Dzongu (North Sikkim) 27°31.733’N- 88°30.57°’E
9 STT-90 Pakyong (East Sikkim) 27°14.65°N- 88°36.20’E
10 STT-100 Mangalbaria (West Sikkim) 26°53.02°N- 88.48.41’E
11 STT-110 Nagi Karek (South Sikkim) 27°10.06°N- 88°28. 18’E
12 STT-120 Namthang (South Sikkim) 27°10.00°N- 88°28.67’E
13 STT-130 Ranka (East Sikkim) 27°20.79°N- 88°34.91’E
14 STT-140 6" Mile (East Sikkim) 27°18.50°N- 88°35.27°E
15 STT-150 Kohima (Nagaland) 25°09.66’N- 94°6.44’E
16 STT-160 Ri Bhoi district (Meghalaya) 25°47.79°N- 91°59.55’E
17 STT-170 Assam Lingzey (East Sikkim) 27°17.04’N- 88°36.68’E
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Table 2 — Clustering patterns of seventeen genotypes of tree tomato on the basis of genetic divergence

Cluster Number of genotypes Name of the genotypes
1 6 STT-20, STT-90, STT-150, STT-160, STT-30, STT-60
I 4
I 5
v 1 STT-120
\Y 1 STT-140

STT-40, STT-110, STT-10, STT-130
STT-50, STT-70, STT-80, STT-100, STT-170
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Fig. 1 — Clustering pattern of seventeen tree tomato genotypes on the basis of genetic diversity

as per procedure suggested by Johnson er al.”. Genetic

advance was computed by the formula of Lush®.
Correlation coefficient among all characters at
phenotypic (rp) and genotypic (rg) level were estimated
by formulae given by Al-Jibouri et al.”*. Path coefficient
analysis at genotypic and phenotypic level was
performed by taking iron as dependent variable as per
the formulac given by Wright” and elaborated by
Dewey and Lu*. Data analysis was carried out by using
INDOSTAT software version 8.1 (Indostat services,
Hyderabad, India).

Results

Genetic diversity (D* analysis)

Mabhalanobis (1936) generalized distance estimated
by D? statistics is an effective tool for the quantitative
estimation of genetic diversity for a rational choice of
potential material in breeding programme. On the basis

of D? values, all the seventeen tree tomato genotypes
were characterized into five divergent clusters (Table 2,
Fig. 1). Cluster 1 contained maximum number of
genotypes (6) followed by cluster III with 5 & II with 4
genotypes. However, cluster IV & V were found to be
monotypic and contained only one genotype. Average
intra and inter-cluster distances were also estimated
(Table 3) and intra-cluster distance was maximum in
cluster III (28651.72) indicated that genotypes included
in this cluster were highly diverse. Minimum intra-
cluster distance (0) was estimated in cluster [V & V,
because only one genotype was included in these
clusters. Whereas, maximum inter-cluster distance
(372237.00) was calculated between cluster 11 & V
exhibited maximum diversity followed by cluster Il &
V (233028.80). While, the lowest inter-cluster distance
(38684.14) was observed between cluster I & I11. Cluster
II produced highest mean values for TSS (12.91°Brix),
and multi-elements like Iron (1.43 mg/100 g), copper
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Table 3 — Intra and inter-cluster distance of seventeen genotypes of tree tomato

Cluster 1 1I 111 v \Y
1 23112.65 58955.32 38684.14 99557.34 229414.30
I 18467.28 39341.25 163271.70 372237.00
I 28651.72 84316.80 233028.80
v 0.00 105176.90
\% 0.00

Table 4 — Cluster wise mean values of nineteen characters in tree tomato

Cluster Polar Equatorial Average  Peduncle = Number Test TSS Acidity Ascorbic  Reducing  Total
diameter diameter fruit length of seeds  weight (°Brix) (%) acid sugar sugar
(cm) (cm) weight (g) (cm) /fruit (2) (mg/100 g) (%) (%)
I 4.82 2.00 44.30 4.53 162.72 5.28 11.53 2.06 35.26 8.22 13.29
I 4.71 1.96 44.93 4.59 156.91 5.46 1291 2.01 21.06 11.80 17.47
I 4.95 2.15 50.13 4.74 194.93 5.39 12.18 1.43 18.49 11.86 17.36
v 5.43 2.16 59.65 5.10 235.33 571 11.33 2.18 35.56 20.83 28.30
\% 4.58 1.97 41.47 3.93 178.00 5.21 12.33 2.30 16.64 6.95 12.43
Percent 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.15 441 3.68
contribution
towards
divergence
Cluster Flavonoid Total phenol Protein Anthocyanin Iron Copper Zinc Manganese
(mg/100 g) (mg/100 g) (g/100 g) (mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g)
I 39.48 417.53 1.02 1.64 0.88 0.25 4.00 0.68
il 19.95 326.94 091 0.64 1.43 0.36 4.68 1.08
I 39.98 353.05 0.91 0.79 1.04 0.28 4.24 0.76
v 86.96 522.20 1.13 2.60 0.68 0.34 3.24 0.29
\% 106.16 152.10 0.91 0.98 0.71 0.22 2.85 0.20
Percent 53.68 5.15 0.00 3.68 21.32 2.94 0.00 0.00
contribution
towards
divergence

(0.36 mg/100 g), zinc (4.68 mg/100 g) and manganese
(1.08 mg/100 g) (Table 4). Cluster IV showed highest
mean values for yield contributing traits like polar
diameter (5.43 cm), equatorial diameter (2.16 cm),
average fruit weight (59.65 g), peduncle length (5.10
cm), number of seeds/fruit (235.33), test weight (5.71 g)
and few biochemical parameters like ascorbic acid
(35.56 mg/100 g), reducing sugar (20.83%), total sugar
(28.30%), total phenol (522.20 mg/100 g), protein (1.13
g/100 g) and anthocyanin (2.60 mg/100 g). Cluster V
recorded highest mean values for acidity (2.30%) and
flavonoid (106.16 mg/100 g). The results also showed
that flavonoid contributed maximum contribution (53.68
%) towards total divergence followed by iron (21.32%).

Mean performance of tree tomato genotypes

Fruit yield contributing parameters

Mean performance of the genotypes for fruit yield
contributing traits is presented in Table 5. Maximum
value for polar diameter was in STT-110 (5.88 cm),
while lowest in STT-40 (3.90 cm). Maximum value
for equatorial diameter was recorded in genotype
STT-110 & STT- 170 (2.42 cm), and lowest in STT-

40 (1.65 cm). Whereas, average fruit weight was
maximum in genotype STT-110 (81 g), while lowest
in STT-40 (23.66 g). Among other traits, peduncle
length was maximum in STT-70 (6.00 cm) and lowest
in STT-40 (3.76 cm), number of seeds/fruit was
maximum in STT-80 (240.66) and lowest in STT-10
(97.33). Test weight was highest in STT-70 (6.75 g),
while lowest in STT-170 (3.85 g). All these genotypes
were significantly superior over their respective
population mean.

Biochemical and multi-elemental parameters

Significant variation was observed in biochemical
and multi-elemental parameters among all the
genotypes (Table 6). TSS was maximum in STT-130
(14.66°B) and lowest in STT-100 (11.10°B), acidity
was highest in STT-10 (3.39%) and lowest was
recorded in STT-80 (0.68%). Maximum ascorbic acid
was observed in STT-60 (47.52 mg/100 g) and lowest
in STT-50 (11.84 mg/100 g). Highest values for
reducing sugar and total sugar were observed in STT-
120 (20.83% & 28.30%); whereas, lowest value of
reducing sugar was noted in STT-60 (6.57%), and
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Table 5 — Mean performance of fruit yield contributing traits of tree tomato genotypes

S.N. Genotype Polar diameter (cm)  Equatorial
diameter (cm)

1 STT-10 4.65 1.99
2 STT-20 4.80 2.00
3 STT-30 4.79 2.00
4 STT-40 3.90 1.65
5 STT-50 4.81 2.11
6 STT-60 4.92 1.99
7 STT-70 5.50 2.35
8 STT-80 5.02 2.10
9 STT-90 4.60 1.87
10 STT-100 4.11 1.79
11 STT-110 5.88 2.42
12 STT-120 5.43 2.16
13 STT-130 441 1.79
14 STT-140 4.58 1.97
15 STT-150 4.76 2.03
16 STT-160 5.04 2.14
17 STT-170 5.31 2.42
Mean 4.85 2.04

SE (m) 0.10 0.04

CD (P=0.05) 0.29 0.12

(0% 3.70 3.66
Fratio 22.77 24.52

Range Lowest 3.90 1.65
Range Highest 5.88 242

Average fruit Peduncle length ~ Number of Test weight

weight (g) (cm) seeds/fruit (2)
41.42 5.50 97.33 5.54
45.34 5.13 206.66 5.74
45.12 4.36 105.33 5.60
23.66 3.76 153.66 4.51
50.01 4.06 107.66 577
44.88 5.00 161.00 5.61
63.14 6.00 210.66 6.75
47.23 4.83 240.66 5.44
35.29 3.80 185.66 4.99
28.35 3.80 209.66 5.15
81.00 4.80 218.00 6.55
59.65 5.10 235.33 5.71
33.66 4.30 158.66 5.24
41.47 3.93 178.00 5.21
4331 4.53 125.33 4.20
51.89 4.40 192.33 5.55
61.94 5.00 206.00 3.85
46.90 4.60 176.00 5.37
3.18 0.27 1.66 0.07
9.17 0.79 4.79 0.20
11.75 10.43 1.63 2.31
19.27 5.36 755.60 102.74
23.66 3.76 97.33 3.85
81.00 6.00 240.66 6.75

Table 6 — Mean performance of biochemical and multi-elemental parameters of tree tomato genotypes

SNN. Genotype TSS Acidity Ascorbicacid Reducing Total  Flavonoid Total phenol Protein Anthocyanin Iron Copper Manganese  Zinc
(°Brix) (%) (mg/100 g) sugar (%) sugar (%) (mg/100g) (mg/100g) (g/100g) (mg/100g) (mg/100g) (mg/100g) (mg/100 g) (mg/100 g)
1 STT-10 11.33 3.39 26.75 15.65 21.60 31.26 209.86 1.06 0.49 1.25 0.44 1.20 3.28
2 STT-20 11.33 1.52 42.90 7.80 13.60 46.60 383.36 0.77 2.32 0.84 0.31 1.08 5.92
3 STT-30 11.66 1.84 40.49 9.63 15.53 40.63 828.76 0.85 3.13 0.92 0.25 0.62 5.38
4 STT-40 12.00 1.28 14.61 11.07 16.30 18.10 364.86 0.91 0.22 1.86 0.47 1.38 5.22
5 STT-50 12.66 1.35 11.84 10.44 15.46 36.36 330.23 0.21 1.28 1.60 0.38 1.02 4.30
6 STT-60 11.33 1.77 47.52 6.57 11.36 37.13 213.23 1.04 1.27 1.39 0.27 1.13 3.38
7 STT-70 12.33 1.78 23.53 8.34 13.30 48.90 750.30 0.81 0.36 1.40 0.29 1.08 5.58
8 STT-80 12.06 0.68 16.69 11.34 16.20 39.56 207.73 1.02 1.72 0.75 0.25 0.57 4.90
9 STT-90 12.06 2.79 28.48 8.93 13.36 47.73 202.50 1.37 2.09 0.64 0.28 0.53 2.47
10 STT-100 11.10 1.92 11.89 11.35 18.23 25.00 218.83 1.49 0.35 0.72 0.22 0.75 2.88
11 STT-110 13.66 1.77 19.11 9.62 16.53 18.13 279.26 0.88 1.30 1.61 0.27 1.11 7.59
12 STT-120 1133 218 35.56 20.83 28.30 86.96 522.20 1.13 2.60 0.68 0.34 0.29 3.24
13 STT-130 14.66 1.62 23.76 10.86 15.46 12.30 453.76 0.79 0.56 1.00 0.26 0.63 2.64
14 STT-140 12.33 2.30 16.64 6.95 12.43 106.16 152.10 0.91 0.98 0.71 0.22 0.20 2.85
15 STT-150 11.46 2.78 30.83 9.26 15.43 37.53 508.96 1.07 0.37 0.65 0.17 0.39 3.82
16 STT-160 11.33 1.66 21.36 7.14 10.46 27.26 368.40 1.04 0.67 0.86 0.22 0.32 3.00
17 STT-170 12.76 1.42 28.48 17.85 23.60 50.10 258.16 1.05 0.27 0.75 0.24 0.37 3.57
Mean 12.08 1.88 2591 10.80 16.30 41.75 367.79 0.96 1.17 1.04 0.29 0.75 4.12
SE (m) 0.38 0.03 0.17 0.06 0.10 0.13 4.11 0.03 0.02 0.00 0.03 0.05 0.55
CD (P=0.05) 1.10 0.10 0.50 0.18 0.30 0.40 11.84 0.10 0.06 0.01 0.10 0.15 1.58
cv 5.48 3.23 1.18 1.04 1.11 0.57 1.93 6.49 343 0.84 20.63 12.68 23.18
Fratio 6.16  340.96 373241 3589.93 1879.73  29120.01 222345 56.78 1515.41 6128.30 5.23 46.22 6.68
Range Lowest 11.10 0.68 11.84 6.57 10.46 12.30 152.10 0.21 0.22 0.64 0.17 0.20 2.47
Range Highest 14.66 3.39 47.52 20.83 28.30 106.16 828.76 1.49 3.13 1.86 0.47 1.38 7.59

total sugar was minimum in STT-160 (10.46%). Highest
flavonoid was recorded in STT-140 (106.16 mg/100 g)
and lowest in STT-130 (12.30 mg/100 g). Total phenol
was maximum in STT-30 (828.76 mg/100 g), and

minimum in STT-140 (152.10 mg/100 g). Protein was
highest in STT-100 (1.49 g/100 g) and lowest in STT-50
(0.21 g/100 g). Highest anthocyanin was observed in
STT-30 (3.13 mg/100 g) and lowest in STT-40 (0.22
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Table 7 — Genetic parameters of different traits of tree tomato genotypes

S.N. Characters General Range Co-efficient of variation (%) Heritability Genetic Genetic
mean GCV PCV ECV % (broad  advance at advance
sense) 5% as % of mean

1 Polar diameter (cm) 4.85 3.90-5.88 9.97  10.63 3.70 87 0.93 19.26
2 Equatorial diameter (cm) 2.04 165-2.42 10.25 10.89 3.66 88 0.40 19.90
3 Average fruit weight (g) 46.90 23.66-81.00  29.01 31.30 11.75 85 25.98 55.40
4 Peduncle length (cm) 4.60 3.76-6.00 12.58 1634 1043 59 0.91 19.95
5 Number of seeds/fruit 176.00 97.33-240.66  25.96  26.01 1.63 99 93.94 53.37
6 Test weight (g) 5.37 3.85-6.75 13.50  13.70 2.31 97 1.47 27.42
7 TSS (°Brix) 12.08 11.10-14.66 7.19 9.05 5.48 63 1.42 11.79
8 Acidity (%) 1.88 0.68-3.39 34.46  34.61 3.23 99 1.33 70.67
9  Ascorbic acid (mg/100 g)  25.91 11.84-47.52 4171 41.73 1.18 99 22.25 85.89
10 Reducing sugar (%) 10.80 6.57-20.83 36.17 36.19 1.04 99 8.04 74.49
11 Total sugar (%) 16.30 10.46-28.30  27.84 27.87 1.11 99 9.34 57.32
12 Flavonoid (mg/100 g) 41.75 12.30-106.16  56.90 5691 0.57 100 48.94 117.22
13 Total phenol (mg/100g)  367.79  152.10-828.76 52.72  52.76 1.93 99 399.21 108.54
14 Protein (g/100 g) 0.96 0.21-1.49 28.00 28.74 6.49 94 0.54 56.19
15 Anthocyanin (mg/100 g) 1.17 0.22-3.13 7719  77.26 3.43 99 1.87 158.85
16 Iron (mg/100 g) 1.04 0.64-1.86 38.05 38.06 0.84 100 0.81 78.38
17 Copper (mg/100 g) 0.29 0.17-0.47 2450 32.03  20.63 58 0.11 38.61
18 Zinc (mg/100 g) 4.12 2.47-7.59 31.92 3945  23.18 65 2.19 53.21
19  Manganese (mg/100 g) 0.75 0.20-1.38 4926 50.87  12.68 93 0.73 98.28

mg/100 g). Among the multi-elemental profile, STT-40  Character association analysis . _

produced highest value for iron (1.86- mg/100 g), copper The genotypic and phenotypic  correlation

(0.47 mg/100 g) and manganese (1.38 mg/100 g).
Whereas, lowest value for iron was observed in STT-90
(0.64 mg/100 g), copper was lowest in STT-150 (0.17
mg/100 g) and manganese was minimum in STT-140
(0.20 mg/100 g). Zinc was highest in STT-110 (7.59
mg/100 g) and lowest in STT-90 (2.47 mg).

Genetic parameters

High range of phenotypic coefficient of variation
(PCV) and genotypic coefficient of variation (GCV) was
noted in anthocyanin (77.26% & 77.19%) followed by
flavonoid (56.91% & 56.90%), total phenol (52.76% &
52.72%), manganese (50.87% & 49.26%) and ascorbic
acid (41.73% & 41.71%). Whereas, moderate range of
PCV and GCV were recorded in traits like peduncle
length (16.34% & 12.58%), test weight (13.70% &
13.50%), equatorial diameter (10.89% & 10.25%) and
polar diameter (10.63% & 9.97%) (Table 7). Almost all
the characters under study showed a high value of
heritability in broad sense with maximum in flavonoid
and iron (100%). The data revealed that genetic advance
as percentage of mean was ranged as 11.79-158.85% for
different characters (Table 7). The highest genetic
advance as percentage of mean was noted for
anthocyanin  (158.85%) followed by flavonoid
(117.22%), total phenol (108.54%), manganese
(98.28%), ascorbic acid (85.89%) and iron (78.38%).

coefficient was estimated for fruit yield contributing
traits as well as biochemical and multi-elemental
parameters in tree tomato (Table 8). At genotypic
level; among multi-elemental parameters, iron was
positively and significantly correlated with copper
(rg=0.73), manganese (rg=0.84) and zinc (rg=0.55).
Among fruit yield contributing traits, polar diameter
showed significant positive correlation with average
fruit weight (rg=0.98). Likewise, equatorial diameter
showed significant positive correlation with average
fruit weight (rg=0.96). At phenotypic level, iron
expressed a significant positive correlation with
manganese (rp= 0.81), copper (rp= 0.56), and zinc
(rp= 0.44). Fruit yield contributing traits like polar
diameter showed significant and positive correlation
with average fruit weight (rp= 0.96). Likewise,
equatorial diameter showed significant and positive
correlation with average fruit weight (rp= 0.93).
Partitioning of the correlation coefficient was done by
path coefficient analysis through direct and indirect
effect of all characters on iron (dependent variable) at
both genotypic and phenotypic level (Data not
shown). Path coefficient analysis showed that average
fruit weight produced high positive direct effect on
iron via indirect effect of test weight, reducing sugar
and total phenol at both genotypic and phenotypic
level, respectively.
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Table 8 — Genotypic(rg) and phenotypic (rp)correlation coefficient for different traits of tree tomato
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rg S 062** 038 049 028 -0.13
ARV o - 0.54% 035 046* 017 -0.12
oL I8 ; 021  048* -0.10 0.08
» ] 018 038 -0.07 004
g - 018 005 -0.40
NSF - 018 003 -040
g - 009 -0.08
™ » - 007 008
g S 1030
8 S
AD B i
rp -
rg
AA
P
RS 2
p
rg
S
P
rg
FN
P
™ 2
p
rg
PT
p
rg
AC
P
Cu 8
p
rg
Zn
P
Mn 8

p
** significant at 1% level; *significant at 5% level

PD= Polar diameter (cm)
ED= Equatorial diameter (cm) NSF=Number of seeds/fruit
AFW= Average fruit weight (kg)

AD= Acidity (%)

PL= Peduncle length (cm) TSS= Total soluble solid (°Brix) RS= Reducing sugar (%) TP= Total phenol (mg/100 g)

TW= Test weight (g) AA= Ascorbic acid (mg/100 g) FN=Flavonoid (mg/100 g) AC= Anthocyanin (mg/100 g)

AA RS TS FN TP PT AC Cu Zn Mn Fe
023 0.18 020 020 021 -0.17 023 -0.26 0.47* -0.12 0.02
021 0.17 0.18 0.19 020 -0.15 022 -0.16 0.37 -0.11 0.01
0.08 020 021 020 0.16 -023 0.03 -0.30 0.42* -0.14 0.01
0.07 0.19 020 0.18 0.15 -020 0.03 -0.17 038 -0.14 0.01
0.11 0.18 021 016 018 -0.25 0.15 -021 0.56* -0.05 0.12
0.10 0.16 0.19 0.14 0.17 -023 0.14 -0.12 0.42* -0.06 0.11
0.47* 027 027 010 032 -0.11 0.01 0.08 036 025 0.10
036 021 021 0.08 025 -0.10 0.00 0.12 026 0.19 0.07
-0.09 0.14 015 024 -0.17 036 0.08 -0.33 0.15 -024 -0.30
-0.09 0.14 015 024 -0.17 035 0.08 -026 0.12 -0.24 -0.30
0.02 -025 -0.21 -0.00 0.27 -0.33 031 0.17 0.52* 038 0.37
0.02 -0.25 -0.21 -0.00 0.27 -0.32 031 0.10 039 036 0.36
-0.35 -0.01 -0.04 -0.26 0.00 -0.45 -021 -0.02 0.23 0.04 0.29
-0.27 -0.00 -0.03 -0.20 0.00 -0.35 -0.17 -0.06 0.06 -0.00 0.23
021 0.11 0.14 021 -0.05 0.39 -0.05 0.04 -0.42* -0.11 -0.23
021 0.10 0.14 021 -0.05 038 -0.05 0.03 -0.34 -0.11 -0.23
- 000 002 016 031 0.10 0.51* -0.13 0.02 -0.00 -0.22
- 0.00 002 016 031 0.09 0.51* -0.09 0.01 -0.01 -0.22
- 0.98** 0.17 0.00 0.18 0.03 034 -0.19 -0.18 -0.15
- 098* 0.17 0.00 0.18 0.03 026 -0.15 -0.17 -0.15
- 020 0.02 0.20 0.07 031 -0.09 -0.14 -0.15
- 020 0.02 020 0.07 024 -0.08 -0.14 -0.15
- -0.02 0.05 0.33 -0.18 -0.26 -0.54* -0.45
- -0.02 0.05 0.33 -0.14 -021 -0.52*% -0.45
- <027 027 -0.06 0.35 -0.00 0.05
- -026 027 -0.04 029 -0.00 0.05
- -0.07 -0.36 -0.44* -032 -0.54
- -0.06 -024 -0.38 -0.30 -0.52
- -0.02 023 -0.16 -0.26
- -0.01 0.18 -0.15 -0.26
- 0.21 0.75%* 0.73
- 0.14 0.58* 0.56
- 0.56* 0.55
- 0.46% 0.44
- 0.84

- 0.81

Fe=Iron (mg/100 g)
Cu= Copper (ng/100 g)
Zn= Zinc (mg/100 g)
Mn= Manganese (mg/100 g)

TS= Total sugar (%) PT= Protein (g/100 g)

Discussion

Our study revealed a wide range of genetic diversity
among tree tomato genotypes for most of the traits
related to fruit yield contributing, multi-elemental and
biochemical parameters. The clustering pattern of the
genotypes revealed no parallelisms between genetic
diversity and their geographical distribution.
Selection of genotypes for hybridization will be
effective up on genetic diversity rather than
geographical diversity. In our investigation, inter-
cluster distance was more than intra-cluster distances
revealing considerable amount of genetic diversity
which might be due to both natural and artificial
selection forces among the genotypes. The clustering
of genotypes helps in the selection of improved
genotypes for crop improvement programs, as
genotypes from different groups with a high genetic
divergence must be chosen to guarantee the selection

. 262 . .
gain®*”’. Clustering of genotypes also restricts the
number of crosses, and increases genetic advance in
. . 28,29 . .
successive breeding cycles””. Considering the

genotypes in present investigation differed in morpho-

biochemical and multi-elemental traits and belong to
different groups, heterosis can be expected in future
breeding programs®**'. High genetic diversity has been
found in the tree tomato genotypes in present
investigation may be exploited for further breeding
programs to develop the tree tomato as a commercial
crop in Sikkim***. Genetic variability among the fruit
yield contributing traits might be due to the genetic
variation and morphological differentiation, and would
be a selection criterion for increasing the yield***.
Using fruit size characterization data like diameter and
weight, considerable variations has been proved to
guaranty selection of suitable breeding lines in tree
tomato improvement program aimed for higher
productivity. The wide variation in the biochemical
traits like TSS, acidity and total sugar might be due to
the genotypic potential and environmental influence as
transpiration at maturity stage leads to the water loss
and may decrease the water content and concentrate the
soluble compounds®. The findings confirm that the
biochemical diversity assessment can be efficiently
utilized for the identification of superior genotypes, as
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well as the estimation of genetic relationships between
diverse groups of tree tomato. Multi-elemental
parameters showed greater degree of variation among
different genotypes. The concentration of minerals in
tree tomato fruits depends on soil fertility status, and
climate conditions. The characterization of multi-
elemental parameters of tree tomato fruits provides
information about the fruit quality, both for its culinary
and industrial uses’’. Among genetic parameters, high
range (>20%) of phenotypic coefficient of variation
and genotypic coefficient of variation (PCV and GCV)
was recorded in case of different biochemical traits™.
It is observed that value for PCV was marginally
higher than GCV for all the traits indicating less
environmental influences on them™. Higher estimates
of GCV and PCV indicated that the genetic variability
among the genotypes was due to their genetic makeup.
Thus, selection is effective based on quantitative traits
alone. Estimation of heritability combined with genetic
advance increases the intensity of selection in a
breeding program. High heritability (>60%) and
genetic advance as per cent of mean (>20%) was
recorded in flavonoid and iron along with other
biochemical and multi-elemental parameters indicated
scope for improvement through direct selection
pressure’’. Correlation analysis revealed significant
association of polar and equatorial diameter of fruit to
average fruit weight. These components are major
yield parameters to enhance fruit yield through
direct selection. Almost all multi-elemental and few
biochemical parameters were significantly correlated to
each other indicated direct association of these traits
may be useful in quality breeding. In our finding,
genotypic correlation coefficient was higher than
phenotypic correlation coefficient indicated that in
these associations, there was inherited relationship
between the traits*'. Path coefficient analysis showed
that average fruit weight had highest positive direct
effect on iron content™. Average fruit weight may be
taken as principal trait to enhance the iron content for
quality breeding. In general, average fruit weight also
significantly affects fruit yield per plant™. At both
genotypic and phenotypic levels, the residual effect
was very low (<0.5) in path analysis, signifying the
inclusion of the maximum traits influencing the iron
content in this analysis.

Conclusion

The results in the study showed significant genetic
variability among the tree tomato genotypes grown at
Sikkim and other north eastern Himalayan region.

The genotypes such as STT-40, STT-110, STT-10,
STT-130 and STT-140 of highly divergent clusters 11
and V, may be utilized in breeding programs. They
can be used for development of high yielding F,
hybrids with desirable quantitative traits through
heterotic combination. STT-110 produced important
fruit yield contributing traits ie., polar diameter,
equatorial diameter and average fruit weight and may
be utilized as breeding material for further analysis.
STT-110 also produced higher value for zinc. Except
zinc, other multi-elemental parameters were high in
STT-40. These genotypes may be used in the breeding
programs aimed for quality breeding. However, each
biochemical parameter was high in different genotype
or didn’t follow a distinct pattern. Present study
provides a scope for the selection of desirable parents
for hybridization programs and other breeding
analysis, such as trait-specific breeding in tree tomato.
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