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Abstract

The present study entitled “Standardization of Grafting Technique in Annona cherimoya Mill.

(Lakshamanphal)” was undertaken at the Custard Apple Research Station, Ambajogai, during 2025–

2026. The study was conducted to develop a suitable and reliable grafting technique for these two im-

portant Annona species under the local conditions. The investigation was carried out with twenty treat-

ment combination comprising five different time of grafting (15th December, 1st January, 15th January,

1st February and 15th February) and four length (6, 8, 10 and 12  cm) of scion sticks were tried in

Randomized Block Design with Factorial concept (FRBD) with 4 replications for Annona cherimoya.

Minimum days required for sprouting (12.50), days taken for first leaf opening (13.50) at initial days

and mortality percentages after 30 and 90 days (5.31 and 9.94 00%), maximum number of sprouts

(2.88),

leaf area (44.31, 50.56 and 56.44  cm
2
) at 30, 60 and 90 DAG respectively. Maximum success rate

(94.69 and 90.00%) at 30 and 90 days. Maximum fresh weight of shoot (27.50 g), Dry weight of shoot

(14.36 g), length of root (26.42 cm), fresh and dry weight of root (25.06 and 9.28 g) after 90 days re-

sults indicated that successful grafting was recorded when grafting was carried out on 15th February

(G5) using 10 cm long scion sticks (L3).

Keywords: Leaf area, Success, Mortality, Percentage, Scion

Introduction

Lakshamanphal (Annona cherimoya Mill.) is an important fruit crop belonging to the family Annonaceae

and is cultivated in tropical and subtropical regions of the world. Among these, the genera Annona and

Asimina are important fruit-producing groups. Annona cherimoya Mill. is native to Central America and is a

diploid species with a chromosome number of 2𝑛 = 14. It is cultivated in Southeast Asia, the West Indies

and other regions for its delicious fruits (Jansen et al., 1991) 
[1]

. The crop performs well under mild climatic

conditions, with annual rainfall of about 600–1000 mm, mean temperatures of 15–25 °C and relative humid-

ity of 60–70 per cent. It grows on a wide range of soils, although sandy loam to loam soils with moderate

fertility and a pH of 6.5–7.6 are considered suitable.

Flowering generally occurs during April to May, while fruits require approximately eight months to mature.

The main harvesting period extends from August to November, although fruits may be available throughout

the year under favourable tropical conditions. A mature tree generally bears about 25 fruits annually, with in-

dividual fruits weighing approximately 150–500 g. The ripe fruit is sweet and aromatic and is commonly

consumed fresh. It is also used in fruit salads, sherbets, ice creams and beverages.

Increasing demand for Lakshamanphal has created a need for improved propagation technologies. The crop

is commonly propagated through seeds; however, seedlings are heterozygous and do not retain desirable

characteristics of superior mother plants. Therefore, vegetative propagation is highly essential for producing

uniform and true-to-type planting material. Budding, grafting and air layering have been attempted in

Annona. Chovatia et al. (2000) 
[2]

 reported successful air layering using shoot ringing and suitable auxin

concentrations. Hence, standardization of efficient grafting techniques, particularly grafting time and scion

length, is important for rapid multiplication and successful establishment of superior Lakshamanphal plants.

Materials and Methods

At the Custard Apple Research Station in Ambajogai, the experiment was carried out in a green shed net

house. Geographically, it is located in latitude 18°44° North, longitude 76°23°, and an elevation of 1500 feet

above mean sea level.

A part of the Marathwada region and the district, which is located in the center west of Sambhajinagar, are

often more than 1500 feet above mean sea level. Eight months of the year usually dry, but the southwest

monsoon season bringing rain. The warmest month has a maximum temperature of 40 °C. Beginning in mid-

November, the low temperature drops to 12 °C. The region typically receives 950–1000 mm of rain annually

between June and September.
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The experiment was laid out in Factorial Randomized Block Design

with twenty treatment combination and each treatment was replicated

four times. Treatment involved date of grafting (15
th

 December, 1
st

January, 15
th

 January, 1
st

 February and 15
th

 February) were combined

with length of scion (6, 8, 10 and 12 cm). Observations were recorded

on various growth and grafting parameters including Days required

for sprouting, Days for first leaf

opening, Number of sprouts recorded at initial days, Leaf area (cm
2
)

recorded at 30, 60 and 90 DAG. Success rate (%) and Mortality (%)

at 30 and 90 DAG. Fresh weight of shoot (g), Dry weight of shoot (g),

Length of root (cm), Fresh weight of root (g), Dry weight of shoot (g)

at 90 DAG.

The statistical analysis of data was done according to standard proce-

dure given by Panse and Sukhatme (1996). Following treatment com-

bination were employed. Leaf area (cm
2
) correction factor for Annona

species is (0.75), Success rate (%) and Mortality recorded by follow-

ing formula.

Table 1. Treatment combinations

Sr. No. Treatment combination

1 G1L1

2 G1L2

3 G1L3

4 G1L4

5 G2L1

6 G2L2

7 G2L3

8 G2L4

9 G3L1

10 G3L2

11 G3L3

12 G3L4

13 G4L1

14 G4L2

15 G4L3

16 G4L4

17 G5L1

18 G5L2

19 G5L3

20 G5L4

Leaf Area = Length×Width×𝐾 (Correction factor)

Graft success =
Number grafts of survived

Total number of grafts
×100

Mortality percentage =
Total number of grafts survived

Total number of grafts sprouted
×100

Results and Discussion

Days required for sprouting Effect of time

The data presented in Table 4.2 showed that the time of grafting had a

significant effect on the number of days required for sprouting of the

grafts.

Among the different grafting dates, grafts prepared on 15
th

 February

(G5) sprouted earliest, taking only (12.50) days, followed by G4

(12.69 days), G3 (13.94 days) and G2 (14.00 days). In comparison,

grafts prepared on 15th December (G1) took the longest period of

15.00 days to sprout.

The differences in sprouting time may be due to the prevailing condi-

tions at the time of grafting, which can influence the physiological ac-

tivity of the scion and the formation of the graft union. When condi-

tions are favourable, faster cell activity and better healing at the graft

union may help the scion to sprout earlier. Similar findings were re-

ported by Kudmulwar et al. (2008) 
[3]

 in custard apple. Khopade et

al. (2013) 
[4]

 also observed variation in the number of days required

for sprouting in custard apple grafts, with values ranging from 12.66

to 22.40 days. The present findings are in agreement with these earlier

observations.

Effect of length on scion stick

The results presented in Table 4.2 showed that the length of scion

sticks had a significant effect on the time taken for sprouting. Among

the different scion lengths, grafts prepared using 10  cm long scion

sticks L3 sprouted earliest, taking (13.25) days was at par with (13.35)

L2 and (13.75) L4. Grafts prepared with 6  cm long scion sticks L1

took the maximum time of (14.15) days to sprout. Similar results

were reported by Purbiati et al. (1991) 
[5]

 and Gurudutta et al. (2004)

[6]
, which are in agreement with the present findings.

Interaction effect

The data presented in Table 2 showed that the combined effect of time

of grafting and length of scion sticks had a significant influence on

the time required for sprouting. Among the different treatment combi-

nations, G5L3 recorded the earliest sprouting, taking only (11.50) days

was at par with G4L4 (12.25), G5L1 (12.50) and G5L2 (12.75). Grafts

made on 15
th

 December using 12 cm long scion sticks took the long
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2
6
1
8
0
6
1
8
, 2

0
2
6
, 9

(
9
)
, D

o
w

n
lo

a
d
e
d
 f

r
o
m

 h
ttp

s
://w

w
w

.d
o
i.o

rg
/1

0
.3

3
5
4
5
/2

6
1
8
0
6
0
X

.2
0
2
6
.v

9
.i9

n
.6

6
3
2
 b

y
 I

n
te

r
n
a
tio

n
a
l J

o
u
r
n
a
l o

f
 R

e
s
e
a
r
c
h
 in

 A
g
r
o
n
o
m

y
 o

n
 [

0
2
/1

0
/2

0
2
6
]
. S

e
e
 th

e
 T

e
r
m

s
 a

n
d
 C

o
n
d
itio

n
s
 (

h
ttp

s
://w

w
w

.a
g
r
o
n
o
m

y
jo

u
r
n
a
ls

.c
o
m

)
 f

o
r
 r

u
le

s
 o

f
 u

s
e
; O

A
 a

r
tic

le
s
 a

r
e
 g

o
v
e
r
n
e
d
 b

y
 th

e
 a

p
p
lic

a
b
le

 C
r
e
a
tiv

e
 C

o
m

m
o
n
s
 L

ic
e
n
s
e

998



est time, with (15.75) days required for sprouting. The differences ob-

served among the treatment combinations may be due to the

combined

influence of grafting time and scion length, which affected the estab-

lishment and growth of the graft union.

Days required for first leaf opening

The results presented in Table 2 showed that the time of grafting sig-

nificantly affected the number of days required for the first leaf to

open. Grafts made on 15
th

 February (G5) showed the earliest leaf

opening, taking only (13.50) days, was at par with G3 (13.63 days)

followed by G4 (14.50 days) and G2 (14.69 days). Grafts made on

15
th

 December (G1) took the longest time of (15.38) days for the first

leaf to open. The earlier opening of the first leaf in grafts performed

on 15th February (G5) may be attributed to the favourable tempera-

ture and environmental conditions, which enhanced cambial activity,

callus formation and graft union development. Similar observations

were also reported by Usare (2016) 
[7]

, which support the findings of

the present study.

Effect of length of scion stick

The data in Table 2 showed that scion length significantly affected the

days required for first leaf opening. The minimum period (13.85

days) was recorded with 10 cm scions (L3) was at par with L2 (14.05),

followed by L4 (14.60). While maximum (14.85 days) was observed

with 6 cm scions L1. The early leaf opening with L3 may be attributed

to adequate carbohydrate reserves, which supported rapid bud growth

and leaf emergence. Similar findings were reported by Purbiati et al.

(1991) 
[5]

 and Gurudutta et al. (2004) 
[6]

.

Interaction effect

The interaction between time of grafting and scion length signifi-

cantly influenced the days required for first leaf opening. G5L3

recorded the earliest leaf opening (12.00 days), followed by G3L4

(13.25), G5L2 (13.50) and G3L1 (13.75). While G1L1 took the longest

period (16.50 days). The early leaf opening in G5L3 may be attributed

to favourable temperature and adequate carbohydrate reserves, which

promoted faster graft establishment and bud break.

Table 2. Effect of time and length of scion on days required for sprouting

Treatment Days required for sprouting No. of days required for 1st leaf opening Number of sprouts

Time of grafting (G)

G1 15.00 15.38 2.38

G2 14.00 14.69 2.69

G3 13.94 13.63 2.56

G4 12.69 14.50 2.69

G5 12.50 13.50 2.88

SEm ± 0.26 0.16 0.15

C.D.at5% 0.74 0.46 0.44

Length of scion (L)

L1 14.15 14.85 1.50

L2 13.35 14.05 2.25

L3 13.25 13.85 3.50

L4 13.75 14.60 3.30

SEm ± 0.23 0.14 0.14

C.D.at5% 0.66 0.41 0.39

Interaction effect (G x L)

G1L1 14.75 16.50 1.50

G1L2 14.00 14.50 2.00

G1L3 15.50 15.50 3.25

G1L4 15.75 15.00 2.75

G2L1 15.00 15.50 1.50

G2L2 13.50 14.50 2.25

G2L3 13.25 13.75 3.50

G2L4 14.25 15.00 3.25

G3L1 15.25 13.75 1.50

G3L2 15.00 13.00 2.25

G3L3 12.50 14.50 3.00

G3L4 13.00 13.25 3.50

G4L1 13.25 14.00 1.50

G4L2 12.75 14.75 2.00

G4L3 12.50 13.50 3.75

G4L4 12.25 15.75 3.50

G5L1 12.50 14.50 1.50

G5L2 12.75 13.50 2.25

G5L3 11.50 12.00 4.00

G5L4 13.50 14.00 3.50

General Mean 13.63 14.34 2.64

(continued on next page)
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Treatment Days required for sprouting No. of days required for 1st leaf opening Number of sprouts

SEm ± 0.52 0.32 0.31

C.D.at5% 1.48 0.93 0.88

Number of sprouts effect of time of grafting

Grafts prepared on 15
th

 February (G5) recorded the maximum number

of sprouts (2.88), which was at par with G4, G2 and G3 (2.69, 2.69

and 2.56, respectively). The minimum number of sprouts (2.38) was

recorded in G1 (15
th

 December). This may be attributed to favourable

environmental conditions and better physiological activity of the

scion. Similar findings were reported by Ghojage et al. (2011) 
[8]

 in

jamun.

Effect of scion-stick length

The maximum number of sprouts (3.50) was recorded with 10  cm

scion sticks (L3), which was at par with L4 (3.30), while the minimum

(1.50) was recorded with 6 cm scion sticks (L1).

Interaction effect

The interaction between grafting time and scion-stick length was sig-

nificant. The highest number of sprouts (4.00) was recorded in G5L3,

which was at par with G4L3 (3.75), G4L4 (3.50) and G5L4 (3.50). The

lowest number of sprouts (1.50) was recorded in G1L1.

Leaf area (cm
2
)

At 30 DAG, the data presented in Table 3 showed clear differences in

leaf area per graft among the different times of grafting. The highest

leaf area was recorded in G5 (44.31) followed by G4 (40.56), G3

(38.38) and G2 (35.50), while the lowest leaf area was observed in G1

(34.00).

At 60 DAG, G5 continued to record the highest leaf area (50.56), fol-

lowed by G4 (46.56), G3 (44.25) and G2 (42.19). The minimum leaf

area was recorded in G1 (40.13).

At 90 DAG, the highest leaf area was recorded in G5 (56.44), fol-

lowed by G4 (52.56), G3 (50.88) and G2 (48.19) whereas G1 recorded

the lowest leaf area (46.13).

Similar findings were reported by Gadekar et al. (2010) 
[9]

, who

recorded a maximum leaf area of 43.29  cm
2
 in jamun. Alam et al.

(2006a) 
[10]

 and Ram et al. (2012) 
[11]

 also observed significant dif-

ferences in leaf area among grafts of different mango varieties.

Effect of length of scion stick

Leaf area was significantly affected by the length of scion sticks used

for grafting. Among the different scion lengths, L3 recorded the high-

est leaf area of (40.56), (47.10) and (53.50) at 30, 60 and 90 days after

grafting, respectively. Lowest leaf area was recorded in L1, (36.95),

(43.00) and (49.00) at 30, 60 and 90 DAG. Maximum leaf area ob-

served in L3 might have been associated with better leaf growth and

development of the grafts. Similar results were also reported by

Nalage et al. (2010) 
[12]

.

Interaction effect

The interaction between time of grafting (G) and length of scion stick

(L) did not show a significant effect on leaf area at 30, 60 and 90 days

after grafting. However, the highest leaf area was recorded in G5L3

(47.25), (54.25) and (59.25) at 30, 60 and 90 DAG, respectively.

Lowest leaf area was recorded in G1L1 (32.75), (38.75) and (44.75) at

30, 60 and 90 DAG respectively.

Success rate (%)

The data in Table 4 showed that grafting time significantly affected

graft success in Lakshamanphal. The highest success was recorded in

G5 (94.69 and 90.00) at 30 and 90 DAG respectively followed by G4

(92.50 and 88.00) whereas lowest was observed in G1 (82.65 and

77.63). Higher success in G5 may be attributed to faster callus forma-

tion and graft healing, resulting in better leaf development, photosyn-

thesis and carbohydrate production. Similar findings were reported by

Kumar et al. (2012) 
[13]

, who recorded 96.4 graft success in custard

apple.

Effect of length of scion stick

The results presented in Table 4.8 indicated that the length of scion

had a significant effect on graft success at both 30 and 90 days after

grafting (DAG). Among the scion lengths used in the study, highest

success was recorded with 10  cm long scions (L3), which gave

(92.55) and (89.10) success at 30 and 90 DAG respectively. Lowest

success was observed with 6 cm long scions (L1), recording (85.40) at

30 DAG and (79.15) at 90 DAG. The higher graft success with 10 cm

scions (L3) may be due to adequate food reserves and viable tissue,

which promoted rapid callus formation, better cambial union and im-

proved graft survival. Similar results were reported by Ratan et al.

(1987) 
[14]

, Radhamony et al. (1989) 
[15]

 and Radha et al. (1998) 
[16]

,

who also observed better graft success with suitable scion length in

their studies.

Interaction effect

The interaction between time of grafting (G) and scion stick length

(L) was not significant effect on graft success at either 30 or 90 days

after grafting (DAG). However, the highest success rate was observed

in the G5L3 treatment combination, recording (97.75) and (94.50) suc-

cess at 30 and 90 DAG respectively. In contrast, lowest success rate

was recorded in G1L1, with (78.00) at 30 DAG and (71.00) at 90

DAG. The results indicated that the combination of a suitable grafting

time with an appropriate scion length favoured higher graft success,

although the interaction effect was statistically non-significant.

Table 3. Effect of time and length of scion on leaf area (cm
2
) at 30,

60 and 90 DAG

Treatment 30DAG 60DAG 90DAG

Time of grafting (G)

G1 34.00 40.13 46.13

G2 35.50 42.19 48.19

G3 38.38 44.25 50.88

G4 40.56 46.56 52.56

G5 44.31 50.56 56.44

SEm ± 0.47 0.47 0.54

C.D.at5% 1.34 1.35 1.55

Length of scion (L)

L1 36.95 43.00 49.00

L2 37.80 43.80 49.80

L3 40.56 47.10 53.50

L4 38.80 45.05 51.05

SEm ± 0.42 0.42 0.49

C.D.at5% 1.19 1.20 1.39

Interaction effect (G x L)

G1L1 32.75 38.75 44.75

G1L2 33.75 39.75 45.75

G1L3 35.00 41.50 47.50

G1L4 34.50 40.50 46.50

G2L1 35.00 41.00 47.00

G2L2 35.25 41.50 47.50

G2L3 35.75 43.50 49.50

G2L4 35.00 42.75 48.75

G3L1 36.50 42.50 48.50

(continued on next page)
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Treatment 30DAG 60DAG 90DAG

G3L2 37.00 43.00 49.00

G3L3 40.75 46.75 55.25

G3L4 39.25 44.75 50.75

G4L1 38.00 44.25 50.25

G4L2 39.25 45.00 51.00

G4L3 43.50 49.50 55.50

G4L4 41.50 47.50 53.50

Treatment 30DAG 60DAG 90DAG

G5L1 42.50 48.50 54.50

G5L2 43.75 49.75 55.75

G5L3 47.25 54.25 59.25

G5L4 43.75 49.75 55.75

General Mean 38.55 44.74 50.84

SEm ± 0.94 0.95 1.09

C.D.at5% NS NS NS

Table 4. Effect of time and length of scion on success rate of grafting at 30 and 90 DAG (%)

Success Rate Mortality

Treatment 30 DAG 90 DAG 30 DAG 90 DAG

Time of grafting (G)

G1 82.65 77.63 17.44 22.75

G2 86.56 81.81 13.69 18.56

G3 89.63 84.38 10.69 15.88

G4 92.50 88.00 7.50 12.06

G5 94.69 90.00 5.31 9.94

SEm ± 0.23 0.27 0.18 0.24

C.D.at5% 0.66 0.76 0.52 0.69

Length of scion (L)

L1 85.40 79.15 14.60 20.85

L2 88.55 83.40 12.00 17.35

L3 92.55 89.10 7.45 10.05

L4 90.40 86.05 10.00 14.40

SEm ± 0.20 0.24 0.16 0.21

C.D.at5% 0.59 0.68 0.47 0.62

Interaction effect (G x L)

G1L1 78.00 71.00 21.55 28.50

G1L2 81.75 76.25 18.75 24.25

G1L3 87.50 83.50 13.50 17.50

G1L4 84.00 80.50 16.50 20.50

G2L1 82.75 76.75 17.50 23.75

G2L2 85.75 81.00 15.00 20.00

G2L3 90.00 86.75 10.50 13.25

G2L4 87.75 82.75 13.00 17.75

G3L1 86.00 79.50 14.50 20.75

G3L2 89.00 83.25 11.50 17.50

G3L3 93.00 88.75 7.50 11.75

G3L4 90.50 86.00 10.00 14.50

G4L1 89.25 83.00 11.50 17.50

G4L2 91.75 87.25 8.75 13.50

G4L3 96.25 92.50 4.50 7.75

G4L4 94.25 90.00 6.75 10.75

G5L1 92.00 86.25 8.50 14.75

G5L2 94.50 89.25 6.00 11.50

G5L3 97.75 94.50 2.25 5.50

G5L4 95.50 91.00 3.75 8.50

General Mean 89.36 84.53 11.09 16.01

SEm ± 0.46 0.54 0.37 0.49

C.D.at5% NS NS NS NS

Mortality (%) effect of time

The data presented in Table 4 showed that the mortality of

Lakshamanphal grafts varied with the time of grafting. Minimum

mortality was observed in G5, recording (5.31) and (9.94) at 30 and

90 days after grafting (DAG) respectively. It was followed by G4

(7.50 and 12.06), G3 (10.69 and 15.88) and G2 (13.69 and 18.56) at

30 and 90 DAG respectively. Maximum mortality was recorded in

G1, with (17.44 at 30 DAG and 22.75) at 90 DAG. Minimum mortal-

ity in G5 may be due to favourable temperature and humidity, promot-

ing rapid callus formation and better graft union. Similar observations

were reported by Mulla et al. (2011) 
[17]

 in jamun which are in agree
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ment with the findings of the present study.

Effect of length of scion stick

The results presented in Table 4 showed that the length of the scion

had a significant effect on graft mortality at both 30 and 90 days after

grafting (DAG). The minimum mortality was observed when 10 cm

long scions (L3) were used, with mortality of (7.45) and (10.05) at 30

and 90 DAG respectively. In comparison, maximum mortality was

recorded with 6  cm long scions (L1), which showed (14.60) and

(20.85) mortality at 30 and 90 DAG respectively. Lower mortality in

L3 may be attributed to adequate food reserves and better physiologi-

cal vigour, resulting in successful graft establishment. Similar results

were also reported by Ratan et al. (1987) 
[14]

 and Radhamony et al.,

1989) 
[15]

, which support the findings of the present study.

Interaction effect

The results presented in Table 4 showed that the interaction between

time of grafting

(G) and scion stick length (L) was not significantly influence graft

mortality at either 30 or 90 days after grafting (DAG). The lowest

mortality was observed in the G5L3 treatment combination, with

(2.25) and (5.50) mortality at 30 and 90 DAG, respectively. Highest

mortality was recorded in G1L1, which showed (21.55) and (28.50)

mortality at 30 and 90 DAG, respectively. Thus, the G5L3 combina-

tion performed better in terms of reducing graft mortality, while G1L1

recorded comparatively higher mortality under the conditions of the

study.

Fresh weight of shoot (g) effect of time

The data showed in Table 5 in regards to time of grafting revealed

that maximum fresh weight of shoot (27.50) was recorded in the G5

which was followed by G4 (25.69), G3 (25.44) and G2 (25.06) at 90

DAG. Minimum fresh weight of shoot (22.69) was recorded in G1.

Effect of length of scion stick

The data showed in Table 5 in regards to different length of scion re-

vealed that maximum fresh weight of shoot (28.05) was recorded in

L3 which was followed by L4 (25.60) and L2 (24.45) at 90 DAG.

Minimum fresh weight of shoot (23.00) was recorded in L1. This

might be attributed to the maximum scion height, number of leaves

and leaf area resulting in a greater accumulation of glucose necessary

for vegetative development of the plant and a higher shoot weight.

Roshan et al. (2013) 
[18]

 in anola) and Pawar et al. (2018) 
[19]

 in cus-

tard apple observed a similar result regarding the fresh weight of

shoots in custard apple grafts.

Interaction effect

Interaction effect between time of grafting (G) and length of scion

stick (L) with regards to fresh weight of root was non-significant.

Maximum fresh weight of shoot (29.50) was recorded in G5L3, was at

par with G4L3 (28.25), G2L3 (27.75), G1L3 (27.50), G3L3 (27.25) and

G5L4 (27.25). However minimum fresh weight of root (18.25) was

recorded in G1L1. The higher fresh shoot weight recorded in G5L3

may be attributed to better graft establishment and stronger vegetative

growth, which promoted greater photosynthetic activity and accumu-

lation of assimilates in the developing shoots. Similar observations

were reported by Pawar et al. (2018) 
[19]

 in custard apple.

Dry weight of shoot (g) effect of time

The results presented in Table 5 indicated that the time of grafting in-

fluenced the dry weight of the shoot. Highest shoot dry weight was

recorded in G5 (14.36) followed by G4 (13.06), G3 (12.42) and G2

(11.20). Lowest shoot dry weight was observed in G1, (10.48). The

higher shoot dry weight in G5 may be due to favourable environmen-

tal conditions that enhanced graft establishment, photosynthesis and

dry matter accumulation.

Effect of length of scion stick

The results presented in Table 5 indicated that the length of the scion

had a noticeable influence on shoot dry weight. The highest shoot dry

weight was recorded with 10  cm long scions L3 which was (13.19)

followed by L4 (12.55) and L2 (12.01). Lowest shoot dry weight was

recorded with 6 cm long scions L1, at (11.46). The higher dry weight

with 10 cm scions L3 may be attributed to adequate stored carbohy-

drates and better physiological vigour, resulting in stronger shoot

growth and greater dry matter accumulation. Similar findings were re-

ported by Pawar et al. (2018) 
[19]

 in custard apple, who observed

higher shoot dry weight along with better graft survival and vigorous

shoot growth under successful softwood grafting conditions.

Interaction effect

Interaction effect between time of grafting (G) and length of scion

stick (L) with regards to dry weight of shoot was non-significant.

Maximum dry weight of shoot (15.28) was recorded in G5L3 followed

by G5L2 (14.47), G5L4 (14.29) and G4L3 (13.94). However minimum

dry weight of shoot (9.57) was recorded in G1L1. The maximum value

in G5L3 may be due to the combined effect of favourable grafting

conditions and optimum scion length, promoting better growth and

assimilate accumulation.

Root character

The data showed in Table 6 in regards to time of grafting revealed

that maximum length of root (26.42) was recorded in the G5 which

was followed by G4 (24.56), G3 (22.63) and G2 (20.31) respectively.

Minimum length of root (18.90) was recorded in G1. The higher root

length recorded in G5 may be attributed to favourable environmental

conditions that promoted better graft establishment, nutrient uptake

and root activity, resulting in enhanced root growth. The variation in

length of root in cashew grafts has been also reported by Sardar et al.

(1991) 
[20]

 and Roshan et al. (2013) 
[18]

 in aonla, which supports the

present findings.

Effect of length of scion

The data showed in Table 6 in regards to different length of scion re-

vealed that maximum length of root (23.50) was recorded in the L3

which was followed by L2 (22.70) and L4 (22.55) respectively.

Minimum length of root (21.95) was recorded in L1. The superior per-

formance of L3 may be due to adequate carbohydrate reserves and

vigorous scion growth, which increased photosynthate supply to the

developing roots. Similar result was reported by Amrita et al. (2019)

[21]
.

Interaction effect

Interaction effect between time of grafting (G) and length of scion

stick (L) with regards to length of root was non-significant. Maximum

length of root (27.95) was recorded in G5L3 followed by G5L4

(27.60), G5L2 (27.00) and G5L1 (26.00). However minimum length of

root (18.24) was recorded in G1L1. The maximum root length in G5L3

may therefore be associated with the combined effect of favourable

grafting conditions and optimum scion length.

Table 5. Effect of time and length of scion on fresh weight of shoot

and dry weight of shoot at 90 DAG (g)

Treatment Fresh weight Dry weight

Time of grafting (G)

G1 22.69 10.48

G2 25.06 11.20

G3 25.44 12.42

G4 25.69 13.06

G5 27.50 14.36

SEm ± 0.62 0.21

C.D. at 5% 1.77 0.61

Length of scion (L)

(continued on next page)

International Journal of Research in Agronomy https://www.agronomyjournals.com
2
6
1
8
0
6
1
8
, 2

0
2
6
, 9

(
9
)
, D

o
w

n
lo

a
d
e
d
 f

r
o
m

 h
ttp

s
://w

w
w

.d
o
i.o

rg
/1

0
.3

3
5
4
5
/2

6
1
8
0
6
0
X

.2
0
2
6
.v

9
.i9

n
.6

6
3
2
 b

y
 I

n
te

r
n
a
tio

n
a
l J

o
u
r
n
a
l o

f
 R

e
s
e
a
r
c
h
 in

 A
g
r
o
n
o
m

y
 o

n
 [

0
2
/1

0
/2

0
2
6
]
. S

e
e
 th

e
 T

e
r
m

s
 a

n
d
 C

o
n
d
itio

n
s
 (

h
ttp

s
://w

w
w

.a
g
r
o
n
o
m

y
jo

u
r
n
a
ls

.c
o
m

)
 f

o
r
 r

u
le

s
 o

f
 u

s
e
; O

A
 a

r
tic

le
s
 a

r
e
 g

o
v
e
r
n
e
d
 b

y
 th

e
 a

p
p
lic

a
b
le

 C
r
e
a
tiv

e
 C

o
m

m
o
n
s
 L

ic
e
n
s
e

1002



Treatment Fresh weight Dry weight

L1 23.00 11.46

L2 24.45 12.01

L3 28.05 13.19

L4 25.60 12.55

SEm ± 0.55 0.19

C.D.at 5% 1.58 0.54

Interaction effect (G x L)

G1 L1 18.25 9.57

G1 L2 21.25 10.45

G1L3 27.50 11.45

G1L4 23.75 10.43

G2 L1 22.50 10.59

G2L2 24.25 10.80

G2L3 27.75 11.71

G2L4 25.75 11.67

G3 L1 24.25 11.35

G3L2 24.75 11.74

G3L3 27.25 13.54

G3L4 25.50 13.02

G4 L1 23.75 12.37

G4L2 25.00 12.58

G4L3 28.25 13.94

G4L4 25.75 13.33

G5 L1 26.25 13.38

G5L2 27.00 14.47

G5L3 29.50 15.28

G5L4 27.25 14.29

General Mean 25.28 12.30

SEm ± 1.25 0.43

C.D.at 5% NS NS

Fresh weight of root (g) effect of time

The data showed in Table 4.14 in regards to time of grafting revealed

that maximum fresh weight of root (25.06) was recorded in the G5

which was followed by G4 (24.00), G3 (23.41) and G2 (22.91) respec-

tively. Minimum fresh weight of root (22.25) was recorded in G1. The

higher fresh root weight in G5 may be attributed to favourable grow-

ing conditions that promoted better root development and fresh

biomass accumulation. Hussain et al. (1997) 
[22]

 observed significant

difference in fresh weight of roots in sapota grafts. Roshan et al.

(2013) 
[18]

 also observed such difference in sapota grafts, which con-

firms present finding.

Effect of scion stick

The data showed in Table 4.14 in regards to different length of scion

revealed that maximum fresh weight of root (24.63) was recorded in

L3 which was followed by L4 (23.63) and L2 (23.15) respectively.

Minimum fresh weight of root (22.70) was recorded in L1. The supe-

rior performance of L3 may be due to better graft establishment and

vigorous plant growth, which supported greater root development.

Similar result was reported by Amrita et al. (2019) 
[21]

 and Ashok et

al. (2020) 
[23]

.

Interaction effect

Interaction effect between time of grafting (G) and length of scion

stick (L) with regards to fresh weight of root was non-significant.

Maximum fresh weight of root (26.25) was recorded in G5L3 fol-

lowed by G4L3 (25.25), G5L2 (25.00) and G5L4 (24.75). However

minimum fresh weight of root (21.62) was recorded in G1L1. The

maximum value in G5L3 may therefore be associated with favourable

grafting conditions and optimum scion length.

Dry weight of root (g) effect of time

The data showed in Table 6 in regards to time of grafting revealed

that maximum dry weight of root (9.28) was recorded in the G5 which

was followed by G4 (8.53), G3 (8.13) and G2 (7.25) respectively.

Minimum dry weight of root (6.06) was recorded in G1. The higher

root dry weight in G5 may be attributed to enhanced root activity and

better utilization of available nutrients, resulting in greater dry matter

deposition. The similar result regarding dry weight of roots in aonla

grafts has been reported by Roshan et al. (2013) 
[18]

 which support

the present finding.

Table 6. Effect of time and length of scion on length of root, fresh

weight and dry weight of root at 90 DAG

Treatment Length of root

(cm)

Fresh weight of

root (g)

Dry weight of

root (g)

Time of grafting (G)

G1 18.90 22.25 6.06

G2 20.31 22.91 7.25

G3 22.63 23.41 8.13

G4 24.56 24.00 8.53

G5 26.42 25.06 9.28

SEm± 0.26 0.14 0.10

C.D.at 5% 0.75 0.41 0.31

Length of scion (L)

L1 21.95 22.70 7.08

L2 22.70 23.15 7.68

L3 23.50 24.63 8.65

L4 22.55 23.63 8.00

SEm± 0.23 0.13 0.09

C.D.at 5% 0.67 0.37 0.27

Interaction effect (G x L)

G1L1 18.24 21.62 5.25

G1L2 18.50 22.12 6.00

G1L3 20.25 22.62 7.00

G1L4 19.00 22.62 6.00

G2L1 19.50 21.62 6.50

G2L2 20.75 22.62 7.50

G2L3 21.25 24.25 8.00

G2L4 19.75 23.12 7.00

G3L1 22.75 22.50 7.37

G3L2 22.75 22.75 7.75

G3L3 23.00 24.75 8.62

G3L4 22.00 23.62 8.75

G4L1 23.25 23.50 7.87

G4L2 24.50 23.25 8.00

G4L3 25.75 25.25 9.37

G4L4 25.00 24.00 8.87

G5L1 26.00 24.25 8.37

G5L2 27.00 25.00 9.12

G5L3 27.95 26.25 10.25

G5L4 27.60 24.75 9.37

General

Mean

22.70 23.53 7.85

SEm± 0.53 0.29 0.21

C.D.at 5% NS NS NS

(continued on next page)
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Effect of scion stick

The data showed in Table 6 in regards to different length of scion re-

vealed that maximum dry weight of root (8.65) was recorded in L3

which was followed by L4 (8.00) and L2 (7.68) respectively.

Minimum dry weight of root (7.08) was recorded in L1. The superior

root dry weight with L3 may be due to stronger root development and

efficient assimilate partitioning towards the underground portion of

the grafted plant. Similar result was reported by Amrita et al. (2019)

[21]
 and Ashok et al. (2020) 

[23]
.

Interaction effect

Interaction effect between time of grafting (G) and length of scion

stick (L) with regards to dry weight of root was non-significant.

Maximum dry weight of root (10.25) was recorded in G5L3 followed

by G5L4 (9.37), G4L3 (9.37) and G5L2 (9.12). However minimum dry

weight of root (5.25) was recorded in G1L1. The maximum value in

G5L3 may be associated with better physiological balance between

scion growth and root development, favouring greater accumulation

of dry matter in the roots.

Conclusion

Based on present investigation entitled “Standardization of grafting

technique in Annona cherimoya Mill. (Lakshamanphal)”, it can be

concluded that minimum days required for sprouting, days taken for

first leaf opening and mortality percentages, maximum number of

sprouts, leaf area, success rate, fresh weight of shoot, dry weight of

shoot, length of root, fresh and dry weight of root can be made suc-

cessfully on 15
th

 December (G5) and 10  cm (L3) long scion sticks.

Whereas, maximum days required for sprouting, days taken for first

leaf opening and mortality percentages, minimum number of sprouts,

leaf area, success rate, fresh weight of shoot, dry weight of shoot,

length of root, fresh and dry weight of root were recorded when graft

made on 15
th

 December (G1) and 6 cm (L1) long scion sticks.

:975.43.

References

1. Jansen PCM, Jukema J, Oyen LPA, Lingen TGvan. Annona retic-

ulata L. In: Plant Resources of South-East Asia No. 2: Edible

fruits and nuts. Wageningen, The Netherlands: Pudoc; 1991:316.

2. Chovatia RS, Singh SP. Effect of time on budding and grafting

success in jamun (Syzygium cumini Skeel). Indian Journal of

Horticulture. 2000;57(3):255-258.

3. Kudmulwar RR, Kulkarni RM, Bodamwad SG, Katkar PB,

Dugmod SB. Standardization of soft wood grafting season on

success of custard apple (Annona squamosa L.). The Asian J.

Hort. 2008;3(2):281-282.

4. Khopade R, Jadhav RG. Effect of different grafting dates and

wrapping materials on success of softwood grafting in custard ap-

ple (Annona squamosa L.) cv. local selection. Int. J. of Agri. Sci.

2013;9(2):806-808.

5. Purbiati T, Arief A, Suprapto. Effect of GA3 concentration and

scion length on growth of mango minigralts. J. Institute

Pertanian-Malang Indonesia. 1991;1(2):48-51.

6. Gurudutta PS, Jain V, Singh PN. Response of mango, cultivars to

epicotyl grafting. Indian J. Hort. 2004;61(3):267.

7. Usare E. Study on effect of time of grafting and different grafting

methods on propagation of mango. Department of Fruit Science,

College of Agriculture, Indira Gandhi Krishi Vishwavidyalaya,

Raipur (Chhattisgarh). 2016.

8. Ghojage AH, Swamy GSK, Kanamadi VC, Jagdeesh RC, Kumar

P, Patil CP, et al. Effect of season on softwood grafting in jamun

(Syzygium cumini, Skeels.). Acta Horticulturae. 2011;890:123-

127.

9. Gadekar A, Bharad SG, Mane VP, Sarika Patil SP. Seasonal varia-

tion in success of softwood grafting of jamun under Akola condi-

tions. 2010.

10. Alam MA, Islam MS, Uddin MZ, Barman JC, Quamruzzaman

AKM. Effect of Age of Seedling and Variety of Scion in Stone

Grafting of Mango. Int. J. Sustain. Crop Prod. 2006;1(2):27-32.

11. Ram RB, Kumar D, Sonkar P, Lata R, Meena ML.

Standardization of stone grafting in some mango cultivars under

Lucknow conditions. HortFlora Research Spectrum.

2012;1(2):165-167.

12. Nalage NA, Magar SD, Bhosale SS, Mhetre DA. Study on the ef-

fect of length of scion stick on success of epicotyl grafting in

mango (Mangifera indica L.) cv. Kesar. The Asian Journal of

Horticulture. 2010;5(2):506-509.

13. Kumar, Shukla AK. Standarization of bench grafting in Custard

apple. Hort. flora Reaserch Spectrum. 2012;1(2):149-152.

14. Ratan J, Aravindakshan MM, Gopikumar K. Studies on stone

grafting in mango. South Indian Horticulfure. 1987;35(3):192-

198.

15. Radhamony PS, Gopikumar K, Valsalakumari PK. Varietal re-

sponses of scion to stone grafting in mango for commercial prop-

agation. South Indian Horticulture. 1989;37(5):298-299.

16. Radha T, Aravindakshan K. Response of mango varieties to epi-

cotyl grafting on commercial scale. Horticultural J.

1998;11(1):25-31.

17. Mulla BR, Angadi SG, Mathad JC, Patil VS, Mummigatti UV.

Studies on softwood grafting in jamun (Syzygium cumini Skeels).

Karnataka J. Agric. Sci. 2011;24(3):366-368.

18. Roshan RK, Pebam N, Panchbhai DM. Effect of Rootstock age

and Time of Softwood Grafting on Grafting Success in Aonla

(Emblica officinalis). Acta hortic. 2013.

19. Pawar RS, Munde GR, Jadhav AR. Studies on success of soft-

wood grafts in different custard apple (Annona squamosa L.) cul-

tivars. Journal of Pharmacognosy and Phytochemistry.

2018;7(5):3267-3269.

20. Sardar C, Prabhakar Rao C, Ravishankar, Subba Rao N. Studies

on softwood grafting in cashew. South Ind. Hort. 1991;39(3):119-

123.

21. Amrita T, Dilip RK, Nesara B, Khamrang M, Sabastian KS.

Influence of grafting height and scion length on healing of graft

union and growth characteristics of Citrus reticulata cv. Nagpur

Mandarin grafted on Rough Lemon rootstocks. Int. J. Curr.

Microbiol. App. Sci. 2019;8(3):2066-2074.

22. Hussain Amir, Bukhari Mushtaq Ahmad. Performance of different

grafting methods in chiku (Acharas sapota). Pak. J. Bot.

1997;9(1):47-57.

23. Ashok K, Devender C, Arvind M, Sarita D, Bishnoi OP. Effect of

rootstock thickness on wedge grafting in guava (Psidium guajava

L.) under different growing conditions. The Pharma Innovation J.

2020;9(12):162-169.

How to cite this article: Jadhav M, Munde G, Ovhal S, Magar

M, Bhujbal R. Standardization of grafting technique in Annona

cherimoya Mill. (Lakshamanphal). International Journal of

Research in Agronomy. 2026;9(9):997-1004. doi: https://www.do

i.org/10.33545/2618060X.2026.v9.i9n.6632

International Journal of Research in Agronomy https://www.agronomyjournals.com
2
6
1
8
0
6
1
8
, 2

0
2
6
, 9

(
9
)
, D

o
w

n
lo

a
d
e
d
 f

r
o
m

 h
ttp

s
://w

w
w

.d
o
i.o

rg
/1

0
.3

3
5
4
5
/2

6
1
8
0
6
0
X

.2
0
2
6
.v

9
.i9

n
.6

6
3
2
 b

y
 I

n
te

r
n
a
tio

n
a
l J

o
u
r
n
a
l o

f
 R

e
s
e
a
r
c
h
 in

 A
g
r
o
n
o
m

y
 o

n
 [

0
2
/1

0
/2

0
2
6
]
. S

e
e
 th

e
 T

e
r
m

s
 a

n
d
 C

o
n
d
itio

n
s
 (

h
ttp

s
://w

w
w

.a
g
r
o
n
o
m

y
jo

u
r
n
a
ls

.c
o
m

)
 f

o
r
 r

u
le

s
 o

f
 u

s
e
; O

A
 a

r
tic

le
s
 a

r
e
 g

o
v
e
r
n
e
d
 b

y
 th

e
 a

p
p
lic

a
b
le

 C
r
e
a
tiv

e
 C

o
m

m
o
n
s
 L

ic
e
n
s
e

1004

https://www.doi.org/10.33545/2618060X.2026.v9.i9n.6632
https://www.doi.org/10.33545/2618060X.2026.v9.i9n.6632

