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Abstract: The present experiment was conducted at the Germplasm Centre (GPC) of the Fruit Tree Improvement Program (FTIP),
Bangladesh Agricultural University, Mymensingh, during the period from March to November, 2013 to investigate the effects of scion
wood maturity and time of cleft grafting on the success, survivability and growth  of grafts in BAU-3 (semiseedless) Lemon. The
experiment consisted of two factors such as Factor A: three maturities of scion viz., terminal, mid and basal portions of shoot and Factor
B: ten different dates of grafting viz., 25 March, each 10 and 25 of April, May, June and July and 10 August, 2013. The study was laid
out in factorial experiment following Randomized Complete Block Design (RCBD) with three replications. The grafts were kept under
observation in poly tunnel condition. Results revealed that, the lowest time for bud breaking (8.80 days) and first leaf opening (15.05
days) with the highest graft height (44.38 cm), number of leaves (22.47) and branches (3.40), graft success (97.39%) and survivability
(95.33%) were obtained by the grafts of mid portion of shoot used as scion when grafted on 25 June. On the other hand, the highest time
for bud breaking (14.67 days) and first leaf opening (21.67 days) with the lowest graft height (33.8 cm), number of leaves (12.43) and
branches (1.73), graft success (85.19%) and survivability (83.33%) were needed by the grafts of terminal portion of shoot used as scion
when grafted on 25 March. Therefore, middle portion of shoot used as scion and 25 June as grafting time are suitable for highest success
and growth of BAU-3 lemon.
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Introduction
Lemon (Citrus limon) is a profusely branched, evergreen,
thorny,  big  shrub/under  tree  belonging  to  the  family
Rutaceae.  In  Bangladesh  it  is  known  as  Elachi  lebu.
According to the available statistics, the area under garden
of lime and lemon cultivation in  Bangladesh  was 4,000
acres and the production was 55000 metric tons in 2010-
2011(BBS, 2011).  FTIP BAU Lebu-3 (semi seedless) is a
variety of lemon. It bears fruit every year and yield is 30-
35  ton/ha.  The  fruit  is  elongated  in  shape  and  almost
seedless. Average weight of fruit is 50-130 g, peel width is
0.50  cm.  Average  seed  number  of  each  fruit  is  1.  It  is
smaller and bushy shrub/under tree. In Bangladesh lemon
is  mainly  propagated  by  seed  and  stem  cutting  in  the
country.  In  case  of  seed  propagation,  seedlings  are  not
true-to-type  with  mother  tree;  due  to  juvenility  factors,
seedling trees do not usually bear fruit until they are nearly
a decade old; and they are vulnerable to unfavorable soil
conditions, diseases, and so forth. In case of stem cutting;
there  are  some disadvantages  such  as  adventitious roots
are produced, which are weaker than the tap root system.
Thus the resultant plant becomes poor, short lived and less
yielder.  It has been reported that cleft grafting is easier to
use  and  more  promising  compared  to  other  methods  of
grafting such as veneer and contact grafting (Muzaffar and
Ajay,  2011).  Optimum time  of  grafting  operation  depends
mainly on environmental conditions (Hartman et al., 1997). In
Bangladesh grafting is carried out during the period from
May-August with higher rate of success  (Basunia, 2012).
The  grafting  operation  should  therefore  be  carried  out
when the temperatures are favourble for cambial activity
and  there  is  the  high  humidity  in  the  vicinity  of  the
cambial region of the graft union. The failure of union in
grafting during winter months in Bangladesh is due to low
temperature and low humidity in the atmosphere. There is
the possibility of performing grafting with good success if
environmental requirements like optimum temperature and
humidity  are  provided  artificially  by  constructing  poly
tunnel.  Year  round grafting  operation  under  poly  tunnel
condition  can  ensure  the  smooth  supply  to  fulfill  the
demand of grafts at any time of the year. Considering the
above fact,  the aim of cleft  grafting is to supply grafted

plants to fulfill the demand and to earn money and to keep
the nursery busy round the year with the benefit of tap root
system of seed propagated plant.

Materials and Methods
The  present  experiment  was  conducted  at  the  ‘BAU
Germplasm  Centre’  (GPC)  of  Fruit  Tree  Improvement
Program  (FTIP),  Bangladesh  Agricultural  University,
Mymensingh during the period from 25 March, 2013 to 10
November,  2013.  High  yielding  cultivar  namely  FTIP
BAU Lebu-3(semi seedless) was used in this study. The
rootstocks used in the experiment were raised in polybag
from  the  lemon  seeds  of  unknown  variety.  The  scion
shoots used, were collected from mother plants of lemon
(cv.  BAU  Lebu-3).  The  two-factor  experiment
consisting of 30 treatment combinations was laid out in
Randomized  Complete  Block  Design  (RCBD)  with
three replications.  For  each  treatment  combination
grafting  operations  were  performed  on  twenty
rootstocks  of  each  plot  of  a  block.  Thus  in  total
3×10×3×20=  1800  grafts  were  made.  The  experiment
consisted  of  two  factors,  Factor  A:   three  scion  wood
maturities viz., terminal/apical portion used as scion (M1),
mid portion i.e;  just  below apical  portion used as  scion
(M2) and basal portion i.e; just below mid portion used as
scion (M3) and  Factor B: ten time of grafting operations
viz.,  25 March, 2013 (T1), 10 April, 2013 (T2), 25April,
2013 (T3), 10 May, 2013 (T4), 25 May, 2013 (T5), 10 June,
2013 (T6), 25 June, 2013 (T7), 10 July, 2013 (T8), 25 July,
2013 (T9) and 10 August, 2013 (T10). The collected data on
the  different  parameters  of  study  were  statistically
analyzed  to  find  out  the  significance  of  differences
between the treatments and treatment combinations. The
means  of  all  the  treatments  were  calculated  and  the
analyses  of  variances  (ANOVA)  for  all  the  characters
were  performed by ‘F’ variance test.  The significance
of  differences  between  treatments  means  were
compared  by  Least  Significant  Difference  (LSD)  test
(Gomez and Gomez, 1984).

Results and Discussion 
Leaf  opening:  The  average  time  required  for  first  leaf
opening of grafts was significantly influenced (P<0.01) by
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the  different  scion  wood  maturities.  The  minimum  time
(17.93  days)  required for first leaf opening was observed
when  mid  portion  of  scion  was  used  (M2)  and  the
maximum time  (19.63  days)  was  needed  when  terminal
portion of  scion  was used  (M1) (Table 1). The probable
cause behind the  lowest  time required  for  leaf  opening
might be due to  early healing of the grafts components.
Presence  of  more  concentrated  cell  sap  and  hardiness,
scions  used  as  basal  portion  required  more  time  to
establish graft union process, which required more time to
leaf opening.  Significant variation was found in respect of
time (Table 2). The maximum time required for first  leaf
opening (20.63 days) was found when grafting was done on
25 March, 2013  (T1) while it  was minimum (15.95  days)
when grafting was done on 25 June, 2013 (T7). The earliest
leaf opening might be due to the favorable temperature and

relative humidity that prevailed in 25 June. Similar results
were  also found in the  experiments  of  Hasan (2011)  and
Sumi (2011).  They  observed  that  the  lowest  time  was
needed  for  bud  breaking  (14.81  and  14.37  days
respectively) and  first  leaf  opening  (18.66  and  19.62
days respectively)  when grafting was done on 1st week
of June. The combined effect of scion wood maturity and
time of grafting significantly influenced (P<0.01) on the
time  required  for  first  leaf  opening  of  grafts.  The
combined effect was also found to be significant (Table 3).
The  maximum  time  (21.67  days)  required  for  first leaf
opening was found in the grafts where terminal portion was
used as scion and the grafting operation was done on  25
March,  2013 (M1T1), whereas  the  minimum time  (15.05
days) was required in case of mid portion used as scion and
grafted on 25 June, 2013 (M2T7). 

Table 1. Main effect of scion wood maturity on the days required for leaf opening, number of branches per graft, number
of leaves per graft, total graft height, percentage of graft success and survivability

Scion wood maturity
Days required

for leaf
opening

Number of
branches per graft

at 90 DAG

Number of leaves
per graft at 90

DAG

Total graft
height (cm) at

90 DAG

Graft
success

(%)

Graft
survivability

(%)
Terminal portion (M1) 19.63 2.37 15.70 38.17 89.07 87.17
Mid portion (M2) 17.93 2.78 17.57 41.12 91.13 89.16
Basal portion (M3) 18.83 2.63 16.99 39.17 89.78 87.86
LSD at 1% 0.13 0.08 0.44 0.13 0.18 0.15
Level of significance ** ** ** ** ** **

**= Significant at 1% level of probability

Table 2. Main effect of time of grafting on the days required for leaf opening, number of branches per graft, number of
leaves per graft, total graft height, percentage of graft success and survivability

Time of grafting
Days required

for leaf
opening

Number of
branches per graft

at 90 DAG

Number of leaves
per graft at 90

DAG

Total graft
height (cm) at

90 DAG

Graft
success

(%)

Graft
survivability

(%)
25 March (T1) 20.63 1.99 12.83 35.09 85.85 83.97
10 April (T2) 20.41 2.16 13.82 36.53 86.54 84.67
25 April (T3) 20.14 2.25 14.24 37.68 86.94 85.06
10 May (T4) 16.78 3.13 19.94 42.43 87.75 85.85
25 May (T5) 17.69 3.03 18.57 41.69 95.42 93.42
10 June (T6) 18.19 2.87 17.74 40.66 92.84 90.86
25 June (T7) 15.95 3.19 20.87 43.15 96.35 94.35
10 July (T8) 18.91 2.50 17.26 40.05 90.48 88.54
25 July (T9) 19.54 2.45 16.36 39.13 89.48 87.55
10 August (T10) 19.75 2.32 15.89 38.46 88.26 86.36
LSD at 1% 0.24 0.14 0.80 0.24 0.33 0.28
Level of significance ** ** ** ** ** **

**= Significant at 1% level of probability

Number of  branches:  Scion wood maturity significantly
influenced on the increased number of branches at 90 DAG.
The highest number of branches per successful graft (2.78)
was found when the  grafting  was  done with the  mid
portion of shoot used as scion (M2) and the lowest number
of  branches (2.37)  was  recorded  with  the  scion  of
terminal (M1) portion (Table 1). The number of branches
was also found to be varied significantly  (P<0.01)  due to
the  effect  of  time  of  grafting.  Grafting  operation
performed  on  25  June,  2013 (T7)  gave  the  maximum
number of branches per graft (3.19) at 90 DAG, whereas
the minimum number of new branches (1.99) was found
when grafting was done on 25 March, 2013 (T1) (Table 2).
A  significant  variation  was  observed  at  every  counting
date  at  30,  60  and  90  DAG.  At  90  DAG,  the  highest
number  of branches (3.40)  was  recorded  due  to  the

combined effect of mid portion of shoot used as scion and
grafting  was  done  on  25  June,  2013  (M2T7)  while  the
lowest number of branches (1.73) was observed in terminal
portion when grafting was done on 25 March, 2013 (M1T1)
(Table  3).  The  maximum number  of  leaves  (17.57)  and
branches  (2.78)  per  graft  were  recorded  in  case  of  mid
portion of shoot used as scion and this might be due to early
bud breaking and thus secondarily influenced on maximum
leaf flushing as well as maximum number of leaves.
Number of leaves:  The number of leaves per successful
graft  was  significantly  (P<0.01)  influenced by  the
different  scion wood maturities of  lemon  at every date
of  data  collection. At  90  DAG,  the  highest number  of
leaves (17.57)  per successful graft  was found when the
grafting was done with the mid portion of shoot used as
scion  (M2)  and the lowest number of leaves (15.70)  was
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found when the  grafting  was  done with  the  scion  of
terminal portion of shoot (M1)  (Table 1).  The number of
leaves  per  graft  was  found  to  be  varied  significantly
(P<0.01) at every date of data recording due to the effect of
time of grafting. Grafting performed on 25 June, 2013 (T7)
gave the maximum number of leaves (20.87) at 90 DAG,
whereas the minimum number of leaves (12.83) was found
when grafting was done on 25 March, 2013 (T1) (Table 2).
The  combined  effect  was  also  found  to  be  significant
(Table  3).  At  90  DAG,  the  highest  number  of  leaves
(22.47) was recorded in the combination of mid portion of
shoot  used as  scion and grafting  was done on 25 June,
2013 (M2T7)  while  the lowest  number  of  leaves  (12.43)

was  observed  in  terminal  portion  used  as  scion  and
grafting was done on 25 March, 2013 (M1T1). The highest
number  of  leaves  (20.87)  produced  in  25  June  grafting
might  be  due  to favorable  conditions  which  accelerated
early  bud  breaking  and  thus  secondarily  influenced  on
maximum leaf  flushing as  well  as maximum number of
leaves. Again  the  maximum (3.19)  number  of  branches
might  be due to the supply  of proper amount of  reserved
food  materials,  produced  by  the  leaves. However,  the
favorable  environmental  conditions  of  25  June  grafting
also helped to  maintain higher  growth rate  of  leaves  so
that the maximum length and breadth of the largest  leaf
were recorded on that day. 

Table 3. Combined effect of scion wood maturity and time of grafting on the days required for leaf opening, number of
branches per graft, number of leaves per graft, total graft height, percentage of graft success and survivability

Scion 
maturity

Time of
grafting

Days required
for leaf
opening

Number of
branches per graft

at 90 DAG

Number of leaves
per graft at 90

DAG

Total graft
height (cm)
at 90 DAG

Graft
success

(%)

Graft
survivability

(%)

M1

T1 21.67 1.73 12.43 33.80 85.19 83.33
T2 20.97 1.87 13.20 34.75 85.96 84.10
T3 20.82 1.93 13.87 36.18 86.35 84.49
T4 17.63 3.07 18.38 41.2 87.01 85.14
T5 18.33 2.87 18.13 40.55 94.27 92.33
T6 19.39 2.80 16.67 39.23 91.61 89.67
T7 16.82 3.07 18.60 41.95 95.42 93.48
T8 20.20 2.18 15.37 38.85 89.42 87.50
T9 20.25 2.09 15.20 37.73 88.33 86.41
T10 20.31 2.07 15.11 37.5 87.10 85.23

M2

T1 19.93 2.13 13.58 36.66 86.53 84.63
T2 19.95 2.35 14.67 38.66 87.50 85.60
T3 19.32 2.50 14.73 39.69 87.85 85.92
T4 15.62 3.23 21.07 43.82 88.91 86.98
T5 16.85 3.20 18.96 43.08 96.18 94.12
T6 17.05 2.92 18.43 42.46 94.73 92.67
T7 15.05 3.40 22.47 44.38 97.39 95.33
T8 17.50 2.73 18.33 41.45 91.72 89.75
T9 18.84 2.73 17.07 41.03 90.87 88.90
T10 19.21 2.57 16.37 39.95 89.62 87.69

M3

T1 20.29 2.10 12.47 34.8 85.82 83.95
T2 20.33 2.27 13.60 36.17 86.17 84.30
T3 20.30 2.32 14.11 37.16 86.63 84.76
T4 17.11 3.10 20.37 42.28 87.34 85.44
T5 17.90 3.02 18.63 41.44 95.80 93.80
T6 18.13 2.90 18.13 40.3 92.17 90.23
T7 16.00 3.12 21.53 43.13 96.23 94.23
T8 19.04 2.58 18.07 39.84 90.31 88.37
T9 19.54 2.54 16.80 38.62 89.23 87.33
T10 19.74 2.33 16.20 37.92 88.05 86.15

LSD at 1% 0.42 0.24 1.38 0.41 0.57 0.49
Level of significance ** ** ** ** ** **

**= Significant at 1% level of probability

Total  graft  height:  The  graft  height  was  significantly
(P<0.01) influenced by different scion wood maturities of
lemon (Table  1).  At  90  DAG,  the  highest  graft  height
(41.12  cm)  was  found  when  the  grafting  was  done
with  the  scion  of  mid  portion  of  shoot  (M2)  and  the
lowest  (38.17 cm)  was  recorded  from terminal  portion
(M1). The significant variations in the  graft height found
in  different  scion  wood  maturities  might  be  due  to  the
variations in the level of graft union, time required for bud
breaking  and  amount  of  nutrient  supply  to  the  growing
shoot. Otherwise due to immaturities of scion and lack of
reserved food materials survivability is lower in terminal

portion of shoot than mid and basal portions of shoot. Data
on the increased graft height showed significant (P<0.01)
variations due to the effect of different times of grafting
(Table 2). Grafting operation performed on 25 June 2013,
(T7) gave the highest graft height (43.15 cm) at 90 DAG,
whereas the lowest (35.09 cm) was found when grafting
was  done  on  25  March,  2013  (T1). The  highest  graft
height  (43.15 cm) was found  in 25 June  might be also
due to the favorable environmental conditions prevailed at
that time and the availability of dormant and swollen buds
of  scion  in  bulging  condition  which  encouraged  earlier
sprouting and their continual growth.  This result is also in
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agreement with Islam (2012).  In his experiment he found
the  highest  (93.41 cm)  graft  height  when grafting was
done in June.
The combined effect of scion wood maturity and time of
grafting on the graft height was significant (P<0.01) at 90
DAG  (Table  3).  At  90  DAG,  the  highest  graft  height
(44.38 cm) was recorded  from the mid portion of scion
when grafting was done on 25 June, 2013 (M2T7) while the
lowest (33.8 cm) was observed from the terminal portion
when grafting was done on 25 March, 2013 (M1T1). 
Graft  success: The scion wood maturity had significant
(P<0.01) effect on the success of grafting (Table 1). The
highest  graft  success  (91.13%)  was  achieved  when mid
portion of  shoot  was used as  scion  (M2) and  the  lowest
(89.07%) was found when terminal portion (M1) was used
as  scion.  This  is  probably  due  to  more  food  materials
reserved in young scion used as mid and actively growing
stage that enhanced early bud breaking and leaf opening.
Mid portion of shoots was most vigorous and in juvenile
condition  which  helped  on  the  highest  success  in  graft
union. The percentage of graft  success  was significantly
(P<0.01)  influenced  by  the  different  times  of  grafting
(Table  2).  The  highest  graft  success  (96.35%)  was
obtained from 25 June, 2013 (T7) grafting while the lowest
(85.85%) was recorded from 25 March, 2013 (T1) grafting
(Table  1). The  percentages  of  graft  success  and
survivability  and  growth  of  grafts  are  influenced  by
various  environmental  factors  of  which temperature  and
relative  humidity  are  most  important.  Beside  these,
rainfall, sunshine and light are also important. The amount
of these elements is not same during summer and winter
seasons. So differentiations are found on the percentages
of  graft  success  and  survivability  and  growth  of  grafts
during  the  period  of  study.  Generally  the  success,
survivability  and  growth  of  grafts  are  much in  summer
(May  to  August)  because  the  amount  of  moisture  and
temperature are comparatively higher during this period.
The highest grafting success could be due to favorable
temperature  and  relative  humidity during  grafting  and
rapid  flow of  sap  in  stock  and  scion  that  might  have
contributed  in  the  healing  process  and  established  the
continuity of cambial and graft take. The combined effect
was also significant.  Grafting performed on 25 June, 2013
with the mid portion of shoot used as scion (M2T7) gave
the highest graft success (97.39%) while the lowest graft
success (85.19%) was found in 25 March, 2013 grafting
with the scion of terminal portion (M1T1) (Table 3).
Graft survivability: The percentage of graft survivability
was  significantly  (P<0.01)  influenced  by different  scion
wood  maturities  of  lemon  (Table  1).  The  maximum
percentage of  survivability (89.16)  was found when the
grafting  operation  was  done  with  the  scion  of  mid
portion  of  shoot  (M2) and  the  minimum (87.17%)  was
found when the  grafting  was  done with  the  scion  of
terminal  portion  (M1).  This  might  be  due  to  having
optimum nutrient and hormonal status of mid portion of
shoot used as scion. The final survival of grafts responded
significantly (P<0.01) due to the effect of time of grafting.

The  maximum (94.35)  percentage  of  graft  survivability
was found when the grafting operation was conducted on
25 June,  2013 (T7)  while  the  grafting  conducted  on  25
March, 2013 (T1) gave the minimum (83.97) percentage of
graft  survivability  (Table  2).  This  might  be  due  to  the
cellular activities through rapid establishment of vascular
connection.  The  combined  effect  was  also  found  to  be
significant (Table 3). The highest  survival rate (95.33%)
was found from mid portion of shoot used as scion when
grafting  was  done  on  25  June,  2013  (M2T7)  while  the
lowest  survival  rate  (83.33%)  was  found  from terminal
portion  when  grafting  was  done  on  25  March,  2013
(M3T1).
From the results, it  reveals that  BAU-3 lemon (terminal,
mid  and  basal  portion  of  shoot  used  as  scion)  can  be
propagated by cleft grafting during May to August with
higher  success  and  survivability and  better  growth  of
grafts  under  poly tunnel  condition.  But  for  the highest
percentages of success and survivability of grafts the cleft
grafting could be done in  the  month of  June with  Mid
portion of shoot used as scion. 
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