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Table 5 :  Effect of mulches on fruit yield and cost of mulching (summer season-2010)

Treatment Yield/plant (kg) Yield  (kg/ha) Cost of mulching (`/tree) Cost (`/ha)

Control 3.90 1560 - -
Bajra straw 4.25 1700 12 4,800
Maize straw 4.30 1720 12 4,800
Grasses 4.20 1680 6 2400
Brankad 4.36 1744 2 800
(Adhotada vassica)
FYM 4.45 1780 15 6,000
Black polyethylene 4.62 1848 36 14,400
SEm ± 0.02 11.50 - -
CD (P=0.05) 0.08 34.4 - -

Received: March 2013; Accepted: April 2015

Conclusion
The study reveals that black polythene is the best option for 
conserving soil moisture, followed by FYM and brankad 
(Adhotada vassica). The increase in soil moisture has 
resulted in increased yields. However, due to moisture stress 
and poor yields this is a resource poor region. Investing in 
black polythene sheets may not be a viable option for local 
farmers. Due to limited population of domestic animals 
in the kandi area, availability of FYM is also limited. The 
locally available FYM may not be sufficient for mulching. 
Considering the economics of the treatment, availability and 
biodegradable nature, mulching of Eureka lemon plant with 
locally available material like brankad (Adhotada vassica) 
is a viable option under rainfed condition for enhancing soil 
moisture storage, growth and yield of fruit crops.
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ABSTRACT: Annona is one of the favourite dry land fruit of Maharashtra, because it is hardy in nature and drought tolerant. 
One of the important bottlenecks to increase the area under production is unavailability of suitable and improved varieties. 
Among 101 genotypes collected from Western Maharashtra; twenty two genotypes were found superior for physicochemical 
characteristics. On the basis of two year data (2011 and 2012); the highest fruit pulp percentage was found in Island Gem 
(61.72) and SG-8 (60.46), but genotype SG-8 was superior for other fruit quantitative and biochemical characters. Dendrogram 
using average linkage on the basis of physicochemical characteristics revealed that genotype SG-8, Island Gem and Pink 
Mammoth formed distinct cluster from other genotypes. The Annona is highly perishable fruit, so shelf life is an important 
trait. The genotype SG-8 showed highest (five days) shelf life among selected genotypes. Hence, the genotypes collected from 
various regions had significant variation for various traits and can be evaluated physicochemically and promising one can be 
selected for further improvement programme. 

Key words: Annona genotype, quantitative and biochemical characteristics, dendrogram

Annonaceous fruits are the most important delicious fruits 
and widely grown in India. Adaptability to varied soil and 
climatic conditions, freedom from pests and diseases, hardy 
nature and escape from animal damage are the positive 
features of the Annona. Owing to these features, custard apple 
has become naturalized in many tropical and subtropical 
parts of the world. In India, custard apple is grown in the 
states of Andhra Pradesh, Bihar, Karnataka, Maharashtra, 
Orissa, Rajasthan, Tamil Nadu and Uttar Pradesh. Out 
of them, Andhra Pradesh ranks first in the production. In 
Maharashtra, the area is mainly concentrated in dry hilly 
regions and wastelands of the Aurangabad, Pune, Dhule, Beed 
and Nagpur districts. Among the breeding method, seedling 
selection is a handy method of improving majority of fruit 
crops as these are perennial in nature. Orchards raised from 
seeds present an excellent opportunity for seedling selection, 
because of wide genetic variations. Cheema (1928) observed 
that the seedling selection method offers a considerable scope 
for improvement by taking advantage of genetic variations 
among the natural hybrids. Due to heterozygosity and 
cross pollination nature of Annona, there is a large genetic 
variation in leaf, inflorescence and fruit characters. All these 
factors offer a great scope for improvement through seedling 
progeny selection hence the present investigation was 
undertaken with a objective to select promising genotypes 
for further crop improvement.

Materials and Methods
Exploration: During this study, the exploration of four 
districts of Maharashtra (Ahmednagar, Aurangabad, Beed 
and Pune) were carried out and ninety (90) elite types were 
collected on the basis of morphological characters. Eleven 
promising genotypes were selected from the existing 
germplasm available at All India Coordinated Research 

Project on Arid Zone Fruits, Mahatma Phule Krishi 
Vidyapeeth, Rahuri for evaluation and comparison with 
collected genotypes.

Observations: All the genotypes presented in Table 1, 
were screened for selection of promising genotypes. All 
quantitative and biochemical characters were recorded for 
two seasons during year 2011 and 2012 as per Bioversity 
International and CHERLA (2008) i.e.descriptors for 
Cherimoya. Ten fully expanded and healthy leaves and ten 
flowers collected from marked and identified trees at bloom 
period and ten physiologically mature representative fruits at 
harvest were collected and observed for this study.

Data analysis: Two season data for fruit quantitative and 
biochemical characters were pooled and subjected to 
statistical analysis (Panse and Sukhatme, 1985). The cluster 
analysis was done as per Sneath and Sokal (1973) and 
Dendrogram was drawn using Average Linkage between 
groups; SPSS software packages were used to analyze the 
data.

Results and Discussion
On the basis of pulp percentage and shelf life, twenty 
two superior genotypes were selected from among 101 
genotypes for further analysis. Pooled data of twenty two 
Annona genotypes for year 2011 and 2012 (Table 2) shows 
considerable variations between genotypes for quantitative 
and biochemical characters. Characters showing a greater 
quantity of range had higher coefficient of variation (CV), 
meaning a higher selection possibility for those characters 
for further selection procedure. 

Quantitative and qualitative characters: The Island Gem, 
SG-8 and Arka Sahan showed highest pulp percentage  
(Figure 2) with low seed values i.e. seed percentage and 
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number of seeds per fruit. Scheldeman et al. (1999) and 
Da Silva et al. (1999) reported significant variation for 
above characters in Annona genotypes. Shete et al. (1991) 
selected custard apple seedlings on the basis of quantitative 
characters and biochemical parameters. Shelf life in Annona 
fruit is one of the important breeding objectives and SG-8 
recorded highest shelf life (5 days) among selected twenty 
two superior genotypes at ambient temperature. Girwani 
et al. (2011) reported similar results for fruit and quality 
characters.

Biochemical characters: The highest Total Soluble Solids 
(TSS) and Total sugars were recorded in SG-8 (26.950B, 
24.96%) followed by SG-12 (26.550B, 24.00%) while lowest 
TSS was found in PT-1(18.730B) and lowest Total sugars in 
AJ-2 (17.01%). For good taste and flavour, TSS: acidity ratio 

should be high which was found highest in SG-12 (171.20). 

Cluster analysis: Grouping of Annona genotypes based 
on quantitative and biochemical characters was performed 
and Dendrogram divided into three major clusters which 
further sub-divided into five clusters (Figure 1). The Island 
Gem, SG-8 and Pink Mammoth formed distinct clusters 
from remaining selected genotypes. Though Arka Sahan is 
interspecific hybrid, grouped in cluster ‘E’ in which popular 
genotypes Balanagar, Purandar selection and Hyderabad 
selection were present. Among cluster ‘A’ and ‘B’, SG-8 was 
superior for quantitative, biochemical characters and shelf 
life. Hence, physicochemical characterization and cluster 
analysis was helpful in selection of promising genotypes. 
Nimbalkar et al. (2004) performe the similar analysis for 
classificatory purpose.

Balanagar

Purandar Sel.

Madhu

Hyderabad Sel.

PD-16

Arka Sahan

PT-13

PD-23

SG-21

PD-5

SG-12

Red Sitaphal (A)

PT-1

Red Sitaphal (O)

Salem Sel.

APK-1

PG-4

PD-14

AJ-2

Pink Mammoth 

SG-8 

Island Gem
Fig. 1 : Dendrogram of grouping twenty two Annona genotypes based on qualitative and biochemical characters
(Table 2) using average linkage between groups

Fig. 2 : Rind, pulp and seed (%) of genotypes

Table 1 : The studied Annona genotypes and their pedigree 

Source of Annona genotypes Genotype code Pedigree

Balanagar 1 Selection from Mahboobnagar

Madhu 2 Selection from Balanagar  at MPKV, Rahuri

Purandar selection 3 Selection from local types in Purandar

Salem selection 4 Selection from local types in Tamil Nadu

Hyderabad selection 5 Selection from local types in Andhra Pradesh

APK-1 6 Selection from local types in Tamil Nadu

Arka Sahan 7 Interspecific hybrid between Island Gem (Annona atemoya) 
and Mammoth (Annona squamosa)

Island Gem 8 Selection of Annona atemmoya at Australia  

Pink Mammoth 9 Selection of Annona atemmoya at Australia  

Red Sitaphal (A) 10 Selection at Australia 

Red Sitaphal (O) 11 Selection at Australia

Pathardi, Dist., Ahmednagar PT-1 to PT-17 Local collection from Pathardi

Sawargaon, Tal. - Ashti, Dist., Beed SG-1 to SG-21 Local collection from Sawargaon

Purandar, Tal. - Saswad, Dist., Pune PD-1 to PD-30 Local collection from Purandar

Pemgiri, Tal. - Sagamner, Dist., 
Ahmednagar

PG-1 to PG-8 Local collection from Sagamner

Ajanta, Dist., Aurangabad AJ-1 to AJ-14 Local collection from Ajanta

Y.S. Saitwal et al. Selection of Annona Genotypes



91

number of seeds per fruit. Scheldeman et al. (1999) and 
Da Silva et al. (1999) reported significant variation for 
above characters in Annona genotypes. Shete et al. (1991) 
selected custard apple seedlings on the basis of quantitative 
characters and biochemical parameters. Shelf life in Annona 
fruit is one of the important breeding objectives and SG-8 
recorded highest shelf life (5 days) among selected twenty 
two superior genotypes at ambient temperature. Girwani 
et al. (2011) reported similar results for fruit and quality 
characters.

Biochemical characters: The highest Total Soluble Solids 
(TSS) and Total sugars were recorded in SG-8 (26.950B, 
24.96%) followed by SG-12 (26.550B, 24.00%) while lowest 
TSS was found in PT-1(18.730B) and lowest Total sugars in 
AJ-2 (17.01%). For good taste and flavour, TSS: acidity ratio 

should be high which was found highest in SG-12 (171.20). 

Cluster analysis: Grouping of Annona genotypes based 
on quantitative and biochemical characters was performed 
and Dendrogram divided into three major clusters which 
further sub-divided into five clusters (Figure 1). The Island 
Gem, SG-8 and Pink Mammoth formed distinct clusters 
from remaining selected genotypes. Though Arka Sahan is 
interspecific hybrid, grouped in cluster ‘E’ in which popular 
genotypes Balanagar, Purandar selection and Hyderabad 
selection were present. Among cluster ‘A’ and ‘B’, SG-8 was 
superior for quantitative, biochemical characters and shelf 
life. Hence, physicochemical characterization and cluster 
analysis was helpful in selection of promising genotypes. 
Nimbalkar et al. (2004) performe the similar analysis for 
classificatory purpose.

Balanagar

Purandar Sel.

Madhu

Hyderabad Sel.

PD-16

Arka Sahan

PT-13

PD-23

SG-21

PD-5

SG-12

Red Sitaphal (A)

PT-1

Red Sitaphal (O)

Salem Sel.

APK-1

PG-4

PD-14

AJ-2

Pink Mammoth 

SG-8 

Island Gem
Fig. 1 : Dendrogram of grouping twenty two Annona genotypes based on qualitative and biochemical characters
(Table 2) using average linkage between groups

Fig. 2 : Rind, pulp and seed (%) of genotypes

Table 1 : The studied Annona genotypes and their pedigree 

Source of Annona genotypes Genotype code Pedigree

Balanagar 1 Selection from Mahboobnagar

Madhu 2 Selection from Balanagar  at MPKV, Rahuri

Purandar selection 3 Selection from local types in Purandar

Salem selection 4 Selection from local types in Tamil Nadu

Hyderabad selection 5 Selection from local types in Andhra Pradesh

APK-1 6 Selection from local types in Tamil Nadu

Arka Sahan 7 Interspecific hybrid between Island Gem (Annona atemoya) 
and Mammoth (Annona squamosa)

Island Gem 8 Selection of Annona atemmoya at Australia  

Pink Mammoth 9 Selection of Annona atemmoya at Australia  

Red Sitaphal (A) 10 Selection at Australia 

Red Sitaphal (O) 11 Selection at Australia

Pathardi, Dist., Ahmednagar PT-1 to PT-17 Local collection from Pathardi

Sawargaon, Tal. - Ashti, Dist., Beed SG-1 to SG-21 Local collection from Sawargaon

Purandar, Tal. - Saswad, Dist., Pune PD-1 to PD-30 Local collection from Purandar

Pemgiri, Tal. - Sagamner, Dist., 
Ahmednagar

PG-1 to PG-8 Local collection from Sagamner

Ajanta, Dist., Aurangabad AJ-1 to AJ-14 Local collection from Ajanta

Y.S. Saitwal et al. Selection of Annona Genotypes



92

Ta
bl

e 
2 

: T
he

 p
oo

le
d 

da
ta

 o
f q

ua
nt

ita
tiv

e 
an

d 
bi

oc
he

m
ic

al
 c

ha
ra

ct
er

s f
or

 se
le

ct
ed

 tw
en

ty
 tw

o 
ge

no
ty

pe
s o

f A
nn

on
a

 G
en

ot
yp

es
/

ch
ar

ac
te

rs
1

2
3

4
5

6
7

8
9

10
11

12
13

14
15

16
17

18
19

20
21

22
23

B
al

an
ag

ar
9.

82
4.

51
1.

44
2.

99
0.

86
7.

78
8.

60
26

.1
0

24
0.

27
43

.0
5

1.
48

0.
65

41
.6

0
48

.0
2

10
.3

9
0.

24
25

.9
5

10
8.

15
4.

75
21

.1
1

2.
49

23
.6

0
3

M
ad

hu
12

.3
2

5.
36

1.
56

2.
90

0.
84

8.
74

9.
46

27
.2

0
25

9.
85

44
.1

0
1.

50
0.

68
42

.6
8

46
.0

5
11

.0
7

0.
26

25
.8

5
10

1.
30

4.
61

21
.0

8
2.

38
23

.4
5

3

Pu
ra

nd
ar

 se
l

9.
51

4.
62

1.
71

2.
98

0.
85

7.
86

8.
30

27
.0

0
24

2.
96

40
.6

0
1.

38
0.

56
39

.6
0

50
.6

1
9.

79
0.

25
25

.1
0

10
2.

40
4.

62
20

.8
0

2.
15

22
.9

5
3

Sa
le

m
 se

l
7.

86
4.

10
1.

28
2.

80
0.

75
6.

83
7.

45
22

.2
0

17
6.

53
35

.5
0

1.
50

0.
70

48
.3

9
39

.0
3

12
.5

8
0.

23
24

.9
0

10
8.

25
4.

61
20

.6
7

2.
10

22
.7

7
3

H
yd

er
ab

ad
 

se
l

8.
64

3.
82

1.
40

2.
80

0.
70

8.
38

8.
45

24
.1

0
22

8.
35

37
.7

5
1.

65
0.

74
49

.2
8

36
.5

9
14

.1
4

0.
24

24
.8

8
10

3.
65

4.
50

20
.5

0
2.

12
22

.6
2

3

A
PK

-1
7.

20
3.

52
1.

06
2.

88
0.

70
6.

49
7.

00
21

.8
0

16
1.

99
36

.6
3

1.
52

0.
72

48
.2

3
39

.4
9

12
.2

8
0.

24
24

.8
5

10
3.

50
4.

53
21

.2
7

2.
03

23
.3

0
3

A
rk

a 
sa

ha
n 

9.
14

5.
38

1.
04

3.
35

0.
98

7.
12

8.
55

29
.2

0
26

4.
46

21
.5

8
1.

90
1.

20
34

.8
2

58
.7

0
6.

50
0.

29
25

.4
5

87
.7

5
4.

76
21

.2
4

2.
20

23
.4

4
4

Is
la

nd
 g

em
14

.6
8

7.
20

1.
36

3.
70

1.
05

11
.9

5
12

.2
0

37
.1

0
65

2.
03

19
.9

5
1.

92
1.

25
33

.2
1

61
.7

2
5.

07
0.

29
25

.8
5

90
.7

5
4.

83
21

.0
1

2.
53

23
.5

4
4

Pi
nk

 
M

am
m

ot
h 

12
.2

8
7.

60
1.

32
3.

64
1.

00
10

.3
6

12
.0

3
33

.8
0

44
8.

64
34

.4
5

2.
27

1.
16

48
.3

9
44

.5
7

7.
05

0.
24

26
.4

8
11

0.
30

4.
96

18
.9

0
3.

30
22

.2
0

4

10
 (A

)
7.

20
3.

16
1.

60
2.

57
0.

95
5.

91
6.

80
22

.4
0

14
6.

81
53

.1
5

1.
47

0.
62

53
.6

2
31

.8
1

14
.5

8
0.

34
20

.1
6

60
.1

5
4.

80
16

.4
8

1.
50

17
.9

8
2

11
(O

)
5.

96
2.

88
1.

42
2.

40
0.

94
5.

64
6.

45
21

.6
0

12
8.

86
54

.7
0

1.
49

0.
65

51
.6

2
32

.6
2

15
.7

7
0.

35
20

.1
0

57
.3

5
4.

82
16

.2
3

1.
50

17
.7

3
2

PT
-1

8.
60

4.
21

1.
58

2.
60

0.
77

5.
86

7.
15

21
.2

0
14

5.
19

44
.2

0
1.

45
0.

60
51

.2
3

32
.3

8
16

.4
0

0.
31

18
.7

3
60

.3
5

5.
06

15
.5

5
1.

51
17

.0
6

2

PT
- 1

3
8.

52
4.

34
1.

42
2.

82
0.

75
7.

25
7.

70
28

.2
5

21
7.

44
44

.0
8

1.
28

0.
52

41
.4

4
44

.2
4

14
.3

2
0.

15
20

.1
8

13
4.

50
4.

56
16

.2
6

2.
36

18
.6

2
2

SG
-8

11
.6

0
5.

38
1.

86
3.

10
0.

98
8.

21
9.

30
35

.0
0

38
8.

55
31

.2
9

1.
30

0.
55

34
.7

0
60

.4
6

4.
85

0.
29

26
.9

5
92

.9
0

4.
76

22
.2

9
2.

67
24

.9
6

5

SG
-1

2
11

.6
8

5.
32

1.
80

2.
90

0.
85

7.
95

9.
05

33
.0

0
31

3.
66

37
.8

2
1.

80
0.

90
36

.6
9

56
.2

4
7.

08
0.

16
26

.5
5

17
1.

20
4.

54
21

.7
1

2.
29

24
.0

0
4

SG
-2

1
11

.6
0

4.
30

1.
74

2.
91

0.
84

7.
46

8.
86

30
.9

5
31

7.
42

33
.1

6
1.

40
0.

65
37

.6
8

58
.0

9
4.

23
0.

27
25

.6
0

94
.7

5
4.

55
19

.3
6

1.
91

21
.2

7
4

PD
-5

9.
20

4.
25

1.
40

2.
80

0.
75

7.
80

8.
75

33
.9

5
28

9.
04

40
.3

0
1.

50
0.

58
41

.0
5

52
.0

6
11

.0
7

0.
27

26
.0

0
96

.2
5

4.
63

19
.0

1
3.

07
22

.0
8

4

PD
-1

4
11

.1
0

4.
21

1.
38

2.
75

0.
70

7.
55

9.
05

32
.9

5
13

6.
36

40
.3

6
1.

51
0.

54
40

.7
1

51
.7

8
7.

51
0.

26
25

.4
8

99
.8

5
4.

60
18

.5
5

3.
13

22
.6

2
4

PD
-1

6
10

.5
0

3.
91

1.
30

2.
85

0.
76

7.
05

8.
45

28
.8

1
21

7.
92

46
.0

1
1.

70
0.

72
39

.7
8

47
.7

0
12

.5
3

0.
22

24
.1

5
11

2.
30

4.
51

19
.1

2
2.

08
23

.4
4

3

PD
-2

3
8.

00
4.

21
1.

24
2.

72
0.

63
8.

15
8.

75
26

.9
5

19
5.

21
46

.9
4

1.
80

0.
74

39
.8

2
46

.4
2

13
.7

7
0.

17
22

.7
3

13
3.

80
4.

41
17

.7
7

2.
51

17
.4

4
3

PG
-4

8.
75

4.
41

1.
30

2.
70

0.
63

6.
90

7.
65

24
.1

0
18

1.
13

44
.2

9
1.

60
0.

62
44

.4
2

41
.9

6
13

.6
2

0.
27

25
.1

5
95

.0
0

4.
52

21
.1

8
1.

77
17

.4
5

3

A
J-

2
8.

72
4.

42
1.

30
2.

75
0.

68
7.

20
9.

05
26

.1
5

15
0.

69
50

.2
3

1.
60

0.
59

41
.7

0
42

.7
6

15
.5

0
0.

25
25

.2
0

10
0.

80
4.

55
20

.9
2

2.
16

17
.0

1
3

M
in

5.
96

2.
88

1.
04

2.
4

0.
63

5.
64

6.
45

21
.2

12
8.

86
19

.9
5

1.
28

0.
52

33
.2

1
31

.8
1

4.
23

0.
15

18
.7

3
57

.3
5

4.
41

15
.5

5
1.

5
17

.0
1

2

M
ax

14
.6

8
7.

6
1.

86
3.

7
1.

05
11

.9
5

12
.2

37
.1

65
2.

03
54

.7
2.

27
1.

25
53

.6
2

61
.7

2
16

.4
0.

35
26

.9
5

17
1.

2
5.

06
22

.2
9

3.
3

24
.9

6
5

M
ea

n
9.

68
4.

60
1.

43
2.

91
0.

82
7.

66
8.

59
27

.9
0

25
0.

15
40

.0
1

1.
59

0.
72

42
.7

6
46

.5
1

10
.9

1
0.

25
24

.3
8

10
1.

15
4.

66
19

.5
9

2.
26

21
.3

4
3.

22

SE
m

±
0.

44
0.

24
0.

05
0.

07
0.

03
0.

30
0.

30
1.

03
26

.0
4

1.
86

0.
05

0.
05

1.
25

1.
94

0.
82

0.
01

0.
51

5.
33

0.
03

0.
43

0.
11

0.
58

0.
17

C
V

 (%
)

21
.5

1
24

.4
0

15
.1

2
10

.7
5

15
.3

0
18

.5
1

16
.5

3
17

.3
5

48
.8

3
21

.7
7

14
.5

3
29

.3
9

13
.7

7
19

.5
6

35
.2

5
19

.9
1

9.
80

24
.7

2
3.

50
10

.3
0

21
.8

2
12

.7
5

25
.1

7

1-
 L

ea
f l

en
gt

h 
(c

m
), 

2-
 L

ea
f w

id
th

 (c
m

), 
3-

 P
et

io
le

 le
ng

th
 (c

m
), 

4-
 P

et
al

 le
ng

th
 (m

m
), 

5-
 P

et
al

 w
id

th
 (m

m
), 

6-
 F

ru
it 

le
ng

th
 (c

m
), 

7-
 F

ru
it 

w
id

th
 (c

m
), 

8-
 F

ru
it 

gi
rth

 (c
m

), 
9-

 F
ru

it 
w

ei
gh

t (
g)

, 1
0-

 N
um

be
r o

f s
ee

ds
, 1

1-
 

Se
ed

 le
ng

th
 (c

m
), 

12
- S

ee
d 

w
id

th
 (m

m
), 

13
- R

in
d 

(%
), 

14
- P

ul
p 

(%
),1

5-
 S

ee
d 

(%
), 

16
- A

ci
di

ty
 (%

), 
17

- T
ot

al
 S

ol
ub

le
 S

ol
id

s (
0 B

), 
18

- T
ot

al
 S

ol
ub

le
 S

ol
id

s:
 A

ci
di

ty
, 1

9-
 p

H
, 2

0-
 R

ed
uc

in
g 

su
ga

rs
 (%

), 
21

- N
on

-r
ed

uc
in

g 
su

ga
rs

 (%
), 

22
- T

ot
al

 su
ga

rs
 (%

), 
23

- S
he

lf 
lif

e 
(d

ay
s)

References

Bioversity International and CHERLA. 2008. Descriptors 
for Cherimoya (Annona cherimola Mill.). Bioversity 
International, Rome, Italy; CHERLA Project, Malaga, 
Spain.

Cheema, G.S. 1928. Improvement of Pandhari Sahebi grape by the 
use of seedlings. Agri. J. India, vol. XXIII (2): 111.

Da Silva, J.F., Benzeraa, J.E.F. and Tavares, J. A. 1999. Conservation, 
characterization and evaluation of sour sop germplasm 
under the semi-arid conditions of Chapada do Araripe, 
Pernambuco State, Brazil. Pl. Gen. Res. Newsletter, 120:25-
29.

Girwani, A., Madhavi, A., Suresh Kumar, T. and  Satyanarayana 
Reddy, G. 2011. Evaluation of custard apple hybrids for fruit 
yield and quality attributing characters.  Acta Horticulturae, 
890: 251-254.

Nimbalkar, C.A., Bajaj, V.H., Baviskar, A.P. and Deshmukh, V.D. 
2004. Classificatory analysis for genetic diversity in Wal. 
Statistics and applications.2 (2): 39-45.

Panse, V.G. and Sukhatme, P.V. 1985. Statistical methods for 
agricultural workers. 4th ed., I.C.A.R., New Delhi, India, 
347pp.

Scheldeman, X., Urena, V. and  Van Damne, P. 1999. Collection 
and characterization of cherimoya (Annona cherimoya) in 
Loja Province, Southern Eucador. Proc. Ist International 
Symposiom On Cherimoya. Acta  Horticulturae, 497:153-
172.

Shete, M.B., Karale, A.R., Keskar, B.G. and Kale, P.N. 1991. 
Seedling selection in the custard apple. Journal of 
Maharashtra Agricultural Universities, 16 (2): 271-173.

Sneath, P.H.A. and Sokal, R.R. 1973. Numerical Taxonomy. The 
principles and practice of numerical classification. W.H. 
Freeman and Co. San Francisco, New York.

Received: October 2014; Accepted: February 2015

Y.S. Saitwal et al. Selection of Annona Genotypes



93

Ta
bl

e 
2 

: T
he

 p
oo

le
d 

da
ta

 o
f q

ua
nt

ita
tiv

e 
an

d 
bi

oc
he

m
ic

al
 c

ha
ra

ct
er

s f
or

 se
le

ct
ed

 tw
en

ty
 tw

o 
ge

no
ty

pe
s o

f A
nn

on
a

 G
en

ot
yp

es
/

ch
ar

ac
te

rs
1

2
3

4
5

6
7

8
9

10
11

12
13

14
15

16
17

18
19

20
21

22
23

B
al

an
ag

ar
9.

82
4.

51
1.

44
2.

99
0.

86
7.

78
8.

60
26

.1
0

24
0.

27
43

.0
5

1.
48

0.
65

41
.6

0
48

.0
2

10
.3

9
0.

24
25

.9
5

10
8.

15
4.

75
21

.1
1

2.
49

23
.6

0
3

M
ad

hu
12

.3
2

5.
36

1.
56

2.
90

0.
84

8.
74

9.
46

27
.2

0
25

9.
85

44
.1

0
1.

50
0.

68
42

.6
8

46
.0

5
11

.0
7

0.
26

25
.8

5
10

1.
30

4.
61

21
.0

8
2.

38
23

.4
5

3

Pu
ra

nd
ar

 se
l

9.
51

4.
62

1.
71

2.
98

0.
85

7.
86

8.
30

27
.0

0
24

2.
96

40
.6

0
1.

38
0.

56
39

.6
0

50
.6

1
9.

79
0.

25
25

.1
0

10
2.

40
4.

62
20

.8
0

2.
15

22
.9

5
3

Sa
le

m
 se

l
7.

86
4.

10
1.

28
2.

80
0.

75
6.

83
7.

45
22

.2
0

17
6.

53
35

.5
0

1.
50

0.
70

48
.3

9
39

.0
3

12
.5

8
0.

23
24

.9
0

10
8.

25
4.

61
20

.6
7

2.
10

22
.7

7
3

H
yd

er
ab

ad
 

se
l

8.
64

3.
82

1.
40

2.
80

0.
70

8.
38

8.
45

24
.1

0
22

8.
35

37
.7

5
1.

65
0.

74
49

.2
8

36
.5

9
14

.1
4

0.
24

24
.8

8
10

3.
65

4.
50

20
.5

0
2.

12
22

.6
2

3

A
PK

-1
7.

20
3.

52
1.

06
2.

88
0.

70
6.

49
7.

00
21

.8
0

16
1.

99
36

.6
3

1.
52

0.
72

48
.2

3
39

.4
9

12
.2

8
0.

24
24

.8
5

10
3.

50
4.

53
21

.2
7

2.
03

23
.3

0
3

A
rk

a 
sa

ha
n 

9.
14

5.
38

1.
04

3.
35

0.
98

7.
12

8.
55

29
.2

0
26

4.
46

21
.5

8
1.

90
1.

20
34

.8
2

58
.7

0
6.

50
0.

29
25

.4
5

87
.7

5
4.

76
21

.2
4

2.
20

23
.4

4
4

Is
la

nd
 g

em
14

.6
8

7.
20

1.
36

3.
70

1.
05

11
.9

5
12

.2
0

37
.1

0
65

2.
03

19
.9

5
1.

92
1.

25
33

.2
1

61
.7

2
5.

07
0.

29
25

.8
5

90
.7

5
4.

83
21

.0
1

2.
53

23
.5

4
4

Pi
nk

 
M

am
m

ot
h 

12
.2

8
7.

60
1.

32
3.

64
1.

00
10

.3
6

12
.0

3
33

.8
0

44
8.

64
34

.4
5

2.
27

1.
16

48
.3

9
44

.5
7

7.
05

0.
24

26
.4

8
11

0.
30

4.
96

18
.9

0
3.

30
22

.2
0

4

10
 (A

)
7.

20
3.

16
1.

60
2.

57
0.

95
5.

91
6.

80
22

.4
0

14
6.

81
53

.1
5

1.
47

0.
62

53
.6

2
31

.8
1

14
.5

8
0.

34
20

.1
6

60
.1

5
4.

80
16

.4
8

1.
50

17
.9

8
2

11
(O

)
5.

96
2.

88
1.

42
2.

40
0.

94
5.

64
6.

45
21

.6
0

12
8.

86
54

.7
0

1.
49

0.
65

51
.6

2
32

.6
2

15
.7

7
0.

35
20

.1
0

57
.3

5
4.

82
16

.2
3

1.
50

17
.7

3
2

PT
-1

8.
60

4.
21

1.
58

2.
60

0.
77

5.
86

7.
15

21
.2

0
14

5.
19

44
.2

0
1.

45
0.

60
51

.2
3

32
.3

8
16

.4
0

0.
31

18
.7

3
60

.3
5

5.
06

15
.5

5
1.

51
17

.0
6

2

PT
- 1

3
8.

52
4.

34
1.

42
2.

82
0.

75
7.

25
7.

70
28

.2
5

21
7.

44
44

.0
8

1.
28

0.
52

41
.4

4
44

.2
4

14
.3

2
0.

15
20

.1
8

13
4.

50
4.

56
16

.2
6

2.
36

18
.6

2
2

SG
-8

11
.6

0
5.

38
1.

86
3.

10
0.

98
8.

21
9.

30
35

.0
0

38
8.

55
31

.2
9

1.
30

0.
55

34
.7

0
60

.4
6

4.
85

0.
29

26
.9

5
92

.9
0

4.
76

22
.2

9
2.

67
24

.9
6

5

SG
-1

2
11

.6
8

5.
32

1.
80

2.
90

0.
85

7.
95

9.
05

33
.0

0
31

3.
66

37
.8

2
1.

80
0.

90
36

.6
9

56
.2

4
7.

08
0.

16
26

.5
5

17
1.

20
4.

54
21

.7
1

2.
29

24
.0

0
4

SG
-2

1
11

.6
0

4.
30

1.
74

2.
91

0.
84

7.
46

8.
86

30
.9

5
31

7.
42

33
.1

6
1.

40
0.

65
37

.6
8

58
.0

9
4.

23
0.

27
25

.6
0

94
.7

5
4.

55
19

.3
6

1.
91

21
.2

7
4

PD
-5

9.
20

4.
25

1.
40

2.
80

0.
75

7.
80

8.
75

33
.9

5
28

9.
04

40
.3

0
1.

50
0.

58
41

.0
5

52
.0

6
11

.0
7

0.
27

26
.0

0
96

.2
5

4.
63

19
.0

1
3.

07
22

.0
8

4

PD
-1

4
11

.1
0

4.
21

1.
38

2.
75

0.
70

7.
55

9.
05

32
.9

5
13

6.
36

40
.3

6
1.

51
0.

54
40

.7
1

51
.7

8
7.

51
0.

26
25

.4
8

99
.8

5
4.

60
18

.5
5

3.
13

22
.6

2
4

PD
-1

6
10

.5
0

3.
91

1.
30

2.
85

0.
76

7.
05

8.
45

28
.8

1
21

7.
92

46
.0

1
1.

70
0.

72
39

.7
8

47
.7

0
12

.5
3

0.
22

24
.1

5
11

2.
30

4.
51

19
.1

2
2.

08
23

.4
4

3

PD
-2

3
8.

00
4.

21
1.

24
2.

72
0.

63
8.

15
8.

75
26

.9
5

19
5.

21
46

.9
4

1.
80

0.
74

39
.8

2
46

.4
2

13
.7

7
0.

17
22

.7
3

13
3.

80
4.

41
17

.7
7

2.
51

17
.4

4
3

PG
-4

8.
75

4.
41

1.
30

2.
70

0.
63

6.
90

7.
65

24
.1

0
18

1.
13

44
.2

9
1.

60
0.

62
44

.4
2

41
.9

6
13

.6
2

0.
27

25
.1

5
95

.0
0

4.
52

21
.1

8
1.

77
17

.4
5

3

A
J-

2
8.

72
4.

42
1.

30
2.

75
0.

68
7.

20
9.

05
26

.1
5

15
0.

69
50

.2
3

1.
60

0.
59

41
.7

0
42

.7
6

15
.5

0
0.

25
25

.2
0

10
0.

80
4.

55
20

.9
2

2.
16

17
.0

1
3

M
in

5.
96

2.
88

1.
04

2.
4

0.
63

5.
64

6.
45

21
.2

12
8.

86
19

.9
5

1.
28

0.
52

33
.2

1
31

.8
1

4.
23

0.
15

18
.7

3
57

.3
5

4.
41

15
.5

5
1.

5
17

.0
1

2

M
ax

14
.6

8
7.

6
1.

86
3.

7
1.

05
11

.9
5

12
.2

37
.1

65
2.

03
54

.7
2.

27
1.

25
53

.6
2

61
.7

2
16

.4
0.

35
26

.9
5

17
1.

2
5.

06
22

.2
9

3.
3

24
.9

6
5

M
ea

n
9.

68
4.

60
1.

43
2.

91
0.

82
7.

66
8.

59
27

.9
0

25
0.

15
40

.0
1

1.
59

0.
72

42
.7

6
46

.5
1

10
.9

1
0.

25
24

.3
8

10
1.

15
4.

66
19

.5
9

2.
26

21
.3

4
3.

22

SE
m

±
0.

44
0.

24
0.

05
0.

07
0.

03
0.

30
0.

30
1.

03
26

.0
4

1.
86

0.
05

0.
05

1.
25

1.
94

0.
82

0.
01

0.
51

5.
33

0.
03

0.
43

0.
11

0.
58

0.
17

C
V

 (%
)

21
.5

1
24

.4
0

15
.1

2
10

.7
5

15
.3

0
18

.5
1

16
.5

3
17

.3
5

48
.8

3
21

.7
7

14
.5

3
29

.3
9

13
.7

7
19

.5
6

35
.2

5
19

.9
1

9.
80

24
.7

2
3.

50
10

.3
0

21
.8

2
12

.7
5

25
.1

7

1-
 L

ea
f l

en
gt

h 
(c

m
), 

2-
 L

ea
f w

id
th

 (c
m

), 
3-

 P
et

io
le

 le
ng

th
 (c

m
), 

4-
 P

et
al

 le
ng

th
 (m

m
), 

5-
 P

et
al

 w
id

th
 (m

m
), 

6-
 F

ru
it 

le
ng

th
 (c

m
), 

7-
 F

ru
it 

w
id

th
 (c

m
), 

8-
 F

ru
it 

gi
rth

 (c
m

), 
9-

 F
ru

it 
w

ei
gh

t (
g)

, 1
0-

 N
um

be
r o

f s
ee

ds
, 1

1-
 

Se
ed

 le
ng

th
 (c

m
), 

12
- S

ee
d 

w
id

th
 (m

m
), 

13
- R

in
d 

(%
), 

14
- P

ul
p 

(%
),1

5-
 S

ee
d 

(%
), 

16
- A

ci
di

ty
 (%

), 
17

- T
ot

al
 S

ol
ub

le
 S

ol
id

s (
0 B

), 
18

- T
ot

al
 S

ol
ub

le
 S

ol
id

s:
 A

ci
di

ty
, 1

9-
 p

H
, 2

0-
 R

ed
uc

in
g 

su
ga

rs
 (%

), 
21

- N
on

-r
ed

uc
in

g 
su

ga
rs

 (%
), 

22
- T

ot
al

 su
ga

rs
 (%

), 
23

- S
he

lf 
lif

e 
(d

ay
s)

References

Bioversity International and CHERLA. 2008. Descriptors 
for Cherimoya (Annona cherimola Mill.). Bioversity 
International, Rome, Italy; CHERLA Project, Malaga, 
Spain.

Cheema, G.S. 1928. Improvement of Pandhari Sahebi grape by the 
use of seedlings. Agri. J. India, vol. XXIII (2): 111.

Da Silva, J.F., Benzeraa, J.E.F. and Tavares, J. A. 1999. Conservation, 
characterization and evaluation of sour sop germplasm 
under the semi-arid conditions of Chapada do Araripe, 
Pernambuco State, Brazil. Pl. Gen. Res. Newsletter, 120:25-
29.

Girwani, A., Madhavi, A., Suresh Kumar, T. and  Satyanarayana 
Reddy, G. 2011. Evaluation of custard apple hybrids for fruit 
yield and quality attributing characters.  Acta Horticulturae, 
890: 251-254.

Nimbalkar, C.A., Bajaj, V.H., Baviskar, A.P. and Deshmukh, V.D. 
2004. Classificatory analysis for genetic diversity in Wal. 
Statistics and applications.2 (2): 39-45.

Panse, V.G. and Sukhatme, P.V. 1985. Statistical methods for 
agricultural workers. 4th ed., I.C.A.R., New Delhi, India, 
347pp.

Scheldeman, X., Urena, V. and  Van Damne, P. 1999. Collection 
and characterization of cherimoya (Annona cherimoya) in 
Loja Province, Southern Eucador. Proc. Ist International 
Symposiom On Cherimoya. Acta  Horticulturae, 497:153-
172.

Shete, M.B., Karale, A.R., Keskar, B.G. and Kale, P.N. 1991. 
Seedling selection in the custard apple. Journal of 
Maharashtra Agricultural Universities, 16 (2): 271-173.

Sneath, P.H.A. and Sokal, R.R. 1973. Numerical Taxonomy. The 
principles and practice of numerical classification. W.H. 
Freeman and Co. San Francisco, New York.

Received: October 2014; Accepted: February 2015

Y.S. Saitwal et al. Selection of Annona Genotypes


