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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 April, 2012 to November, 2012to investigate the effect of germplasm 

and time of cleft grafting on the success, survivability and growth of grafts in Amra. The 

experiment consisted of two factors such as (i) three germplasm viz., DeshiAmra, 

BaromashiAmra and BorishaliAmra and (ii) ten different times of grafting viz., each 10 and 

25 of April, May, June, July and August, 2012 following randomized complete block design 

(RCBD) with three replications under observation in poly tunnel condition. Results revealed 

that, the lowest time to bud breaking (3.15 days) and first leaf opening (8.94 days) with the 

highest number of leaves (32.12), graft height (26.21 cm),graftsuccess (86.59%) and 

survivability (83.48%) were required by the grafts of BaromashiAmra when grafted on 25 

May. On the other hand, the highest time for bud breaking (10.89 days) and first leaf opening 

(14.27 days) with the lowest number of leaves (15.89), graft height (22.86 cm),graftsuccess 

(70.14%) and survivability (69.45%) were needed by the grafts of BorishaliAmra when 

grafted on 25 August. Therefore, the results of the present investigation suggest that 25 May 

grafting with BaromashiAmra performed the best; yet cleft grafting can be performed during 

April to August with above 70% success and survivability in different germplasm of Amra.
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Introduction 

Amra, Spondias spp. L. (Synonyms: Spondiasdulcis, Spondiasmangifera, Spondiascytherea) 

isan equatorial or tropical tree species, with edible fruit containing a fibrous pith belongs to 

Anacardiaceae family. The tree is easy to grow from seed and can be used as landscape tree 

in urban area. The vegetatively propagated plants has become popular for limited spaces and 

roof gardening. The vegetative propagation through cleft grafting is easier to use and more 

promising compared to other methods of grafting such as veneer and contact grafting 

(Muzaffar and Kumar, 2011).Germplasm and time of grafting are important factors for higher 

success, survivability and growth of graft (Rabbani, 2006; Kafi, 2005). In Bangladesh 

grafting is carried out during the period from May-August with higher rate of success 

(Basunia, 2012). For a grafting union to be successful, it is necessary that temperature 

during the period of cellular activity, callus formation as well as during healing should 

be favorable. The favorable temperature for cellular activity varies from 12°C to 35°C. 

The grafting should therefore be carried out when the temperatures are favorable for cambial 

activity and there is the high humidity in the vicinity of the cambial region of the graft 

union. The presence of a film of water around the callusing surface is therefore a prerequisite 

for successful graft union. In poly tunnel fine water spray at frequent intervals (intermittent 

mist) reduces the transpiration rate and leaf temperature to a lower level thereby helps in 

creating a favorable condition for grafting (Aralikatti, 2005).The amount of moisture and 

temperature are comparatively high during summer season. This environmental condition is 

favorable for the increasement of the cellular activities through rapid establishment of 

vascular connection thus results in the highest percentages of graft success and survivability. 

The failure of union in grafting during winter months in Bangladesh is due to low 

temperature and low humidity in the atmosphere. The varietal difference of germplasmeffects 

on grafting. The possibility of performing grafting with good success if environmental 

requirements like optimum temperatureand higher humidity are favorable.Considering the 

above facts, the present study was undertaken to investigate the effect of germplasm and time 

of grafting on the success and survivability ofAmra. 

 

Materials And Methods 

Experimental site: The present experiment was conducted at the„Germplasm Centre‟ (GPC) 

of Fruit Tree Improvement Program (FTIP), Department of Horticulture, Bangladesh 
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Agricultural University, Mymensingh during the period from April to November, 2012.The 

experimental area is situated under the sub-tropical monsoon climate, which is characterized 

by high temperature, high humidity and heavy rainfall during the months of April to 

September and scanty rainfall associated with moderately low temperature during the rest 

period of the year.  

 

Experimental materials: The rootstocks used in the experiment were raised in poly bag 

from the Amra seeds of unknown germplasm collected from “Foragy Nursery” of 

Muktagacha. The scion shoots were collected from good bearing, well established mother 

plants of Baromashi, Deshi and Borishaligrown at the Germplasm Centre of the Fruit Tree 

Improvement Program (FTIP), Bangladesh Agricultural University. A standard length of 10 

cm long scion was made with its green terminal part. 

 

Treatment of the experiment: The experiment consisted of two factors: 

Factor A: Germplasm viz., G1 = DeshiAmra; G2 = BaromashiAmra; G3 = BorishaliAmra 

Factor B: Time of grafting vizT1= 10April, 2012; T2= 25 April, 2012; T3= 10 May, 2012; T4= 

25 May, 2012; T5= 10 Jun, 2012; T6= 25 Jun, 2012; T7= 10 July, 2012; T8= 25 July, 2012; 

T9=10 August, 2012; T10= 25 August, 2012. 

 

Treatment combination: The two-factor experiment consisting of 30 treatment 

combinations was laid out in Randomized Complete Block Design with three 

replications. For each treatment combination grafting were performed on twenty 

rootstocks of each plot of a block. Thus in total 1800 grafts (3×10×3×20= 1800) were 

made. The treatment combinations were randomly assigned to each unit plot, so as to 

allot one treatment combination only in each block. 

 

Data collection: Data on different parameters were recorded at one month interval except the 

time required to bud breaking, first leaf opening, percentage of graft success and percentage 

of graft survivability. Data regarding days required for bud breaking, first leaf opening, graft 

height, number of leaves per graft, percentage of graft success and survivability were 

recorded periodically and 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‟ 
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variance test. The significance of differences between treatments means were compared 

by Least Significant Difference (LSD) test (Gomez and Gomez, 1993). 

 

Results And Discussion 

Bud Breaking: There was significantly variation in the time required for bud breaking due to 

effect of germplasm. The maximum time (7.19 days) was found with the scion ofBorishali 

and minimum time (5.88 days) required when the grafting was done with the scion of 

Baromashi (Table 1). The probable cause behind the minimum time (5.88 days) required to 

bud breaking, early healing of the grafts and varietal difference of the species. This is in 

agreement with the findings of Acharya et al.(2010). They also observed significant 

variations in the grafts of Spondias spp. In respect of time, the maximum time (9.66 days) 

required for bud breaking was found in the plants which were grafted on 25 August while it was 

minimum (4.05 days) when the grafting  was done on 25 May (Table 2) due to the favorable 

temperature and relative humidity that prevailed in 25 May. Due to the combined effect of 

germplasm and time of grafting, the highest time (10.89 days) was found in Borishali when the 

grafting was done on 25 August whereas the lowest time (3.15 days) was required in Baromashi 

on 25 May (Table 3). 

 

First Leaf Opening: Significant variation was found in the time required for first leaf 

opening in respect of germplasm, time and combined effect respectively. The maximum time 

(13.64 days) was required in Borishali and minimum time (9.95 days) was required in 

Baromashi (Table 1). In respect of time, the maximum time (13.66 days) was found when 

grafting was done on 25 August and the minimum time (10.57 days) when grafting was done 

on 25 May (Table 2). In respect of combined effect, the highest time (14.27 days) was found 

in Borishali when grafting was done on 25 August whereas the lowest time (8.94 days) was 

found in Baromashi when grafting was done on 25 May (Table 3). 

 

Graft height: Significant variation was found in the time required for graft heightin respect 

of germplasm, time and combined effect respectively. The highest (24.88 cm)and lowest 

(24.38cm) increase in graft height were recorded in BaromashiAmra and BorishaliAmra 

respectively (Table 1). These results are similar with the findings of Bhadra (2012) due to the 

amount of nutrient supply to the growing shoots. In respect of time the maximum height 

(25.96 cm) was found on 25 August and the minimum height (23.23 cm) was found on 25 

May (Table 2). In respect of combined effect, the highest graft height (26.21 cm) was found 
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in Borishali when grafting was done on 25 August whereas the lowest graft height (22.86 cm) 

was found in Baromashi when grafting was done on 25 May (Table 3). 

Number of new leaves: The data showed that germplasm and time had significant effect on 

the number of new leaves which were recorded at 90 DAG. After 90 days of grafting, the 

maximum number of new leaves (27.33) was produced in Baromashi and the minimum 

number of leaves (17.66) was produced in Borishali (Table 1). This variation is due to the 

varietal difference among the species. In case of time, the maximum number of new leaves 

(26.07) was recorded when grafted on 25 May and the minimum number (18.00) was 

recorded when grafted on 25 August (Table 2). The second highest (25.07)was found on 10 

June. This variation is due to favorable ambience which accelerated early bud breaking and 

thus affected on maximum leaf emergence of new growth. There are cumulative effects of the 

two factors in the production of new leaf number. The maximum number of new leaves 

(32.12) was found in Borishali when grafting was done on 25 August whereas the minimum 

number of leaves (13.89) was found in Baromashi when grafting was done on 25 May (Table 

3). 

Graft success: There was significant variation due to the effect of the germplasm in respect 

of graft success. The higher (80.80%) and lower (76.15%) graft survival percentage were 

noticed Baromashi and Borishali respectively (Figure 1).The percentage of graft success was 

significantly influenced by the different time of grafting. The highest graft success (84.97%) 

was recorded on 25 May and the lowest graft success (71.66%) was recorded on 25 August. 

This difference in success might be due to the prevalence of varied climatic conditions at that 

time of grafting. Grafting done in May with Baromashi scion gave the highest success 

(86.59%) and the lowest (70.14%) was in August with the scion of Borishali.  

 

Graft survivability: The percentage of graft survivability was significantly influenced by 

different germplasm of Amra. The highest graft survivability (77.65%) was achieved in 

Baromashi and the lowest (74.71%) was in Borishali (Figure 2). The highest percentage of 

graft survival (81.78%) was obtained from the grafting conducted in May while grafting 

conducted in August gave the lowest (69.86%) survival rate (Figure 3). The combined as well 

as interaction effects of germplasm and time of grafting on the percent survival of grafts were 

found to be significant at 90 DAG. The grafting conducted in May with Baromashi scion was 

observed to have the highest survival rate (83.48%). The lowest survival rate (69.45%) was 

noticed in the treatment combination of August with Borishali scion (Table 3) 
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Table 1. Main effect of time of grafting on the days required for bud breaking, first leaf 

opening, percentage of graft success, percentage of graft survivability. 

 

Germplasm 

 

Days required for 

bud breaking 

Days required for 

first leaf opening 

Graft height (cm) 

at 90 DAG 

Number of leaves at 

90 DAG 

G1 6.65 11.74 24.58 22.74 

G2 5.88 9.95 24.88 27.33 

G3 7.19 13.64 24.38 17.66 

LSD at 5% 0.046 0.095 0.040 0.116 

LSD at 1% 0.061 0.127 0.053 0.154 

Level of 

significance 

** ** ** ** 

G1: DeshiAmra, G2: BaromashiAmra, G3: BorishaliAmra, DAG: days after grafting,  

**= significant at 1%  level of  probality. 

Table 2. Main effect of time of grafting on the days required for bud breaking, first leaf 

opening, number of leaves at 90 DAG, percentage of graft success.

Germplasm Days 

required for 

bud breaking 

Days 

required for 

first leaf 

opening 

Graft height 

(cm) at 90 

DAG 

Number of 

leaves at 

90DAG 

Percentage of 

graft success 

T1 5.35 11.18 24.94 21.85 81.14 

T2 4.93 10.88 25.20 22.92 82.62 

T3 4.66 10.61 25.62 24.25 83.53 

T4 4.05 10.57 25.96 26.07 84.97 

T5 5.95 11.48 24.75 25.08 79.55 

T6 6.64 11.66 24.49 24.47 78.10 

T7 7.59 11.98 24.25 23.02 76.48 

T8 8.27 12.44 23.96 21.00 74.53 

T9 8.61 13.25 23.67 19.11 73.28 

T10 9.66 13.66 23.23 18.00 71.66 

LSD at 1% 0.084 0.174 0.073 0.211 0.537 

LSD at 5% 0.112 0.231 0.097 0.280 0.713 

Level of ** ** ** ** ** 



pg. 67 

 

significance 

T1 : 10 April, T2 : 25 April, T3 : 10 May, T4 : 25 May, T5 : 10 Jun, T6 : 25 Jun, T7 : 10 July, T8 : 

25 July,T9 : 10 August, T10 : 25 August, DAG: days after grafting, **: significant at 1%  

level of  probability 

 

Table 3. Combined effect of germplasm and time of grafting on the days required for 

bud breaking, first leaf opening, percentage of graft success, percentage of graft 

survivability. 

 

 

 

Treatment 

Days 

required 

for bud 

breaking  

Days 

required 

for first 

leaf 

opening 

Graft 

height at 

90 DAG 

Number of 

leaves at 

90 DAG 

Graft 

success 

(%) 

Graft 

survivability 

(%) 

G1T1 5.50 11.25 24.93 22.53 80.47 78.55 

G1T2 5.25 10.50 25.23 23.87 82.14 79.69 

G1T3 5.00 10.00 25.65 24.76 83.47 80.82 

G1T4 4.00 9.25 25.91 26.98 85.19 81.40 

G1T5 5.98 11.50 24.70 25.12 80.12 75.69 

G1T6 6.25 11.50 24.49 24.76 78.69 74.12 

G1T7 7.13 12.12 24.19 22.43 76.12 72.34 

G1T8 8.25 13.15 23.94 20.54 75.69 71.35 

G1T9 9.00 13.89 23.57 18.65 74.13 70.12 

G1T10 10.11 14.25 23.18 17.76 72.16 69.59 

G2T1 4.57 9.00 25.19 26.12 84.26 79.48 

G2T2 4.25 9.00 25.48 27.45 85.20 80.49 

G2T3 4.00 8.99 25.87 29.23 85.70 81.95 

G2T4 3.15 8.94 26.21 32.12 86.59 83.48 

G2T5 5.62 9.25 24.96 31.13 82.33 79.15 

G2T6 6.56 9.72 24.67 30.12 80.49 78.49 

G2T7 7.52 9.94 24.47 28.98 78.22 74.55 

G2T8 7.56 10.25 24.23 25.45 77.14 74.44 

G2T9 7.58 11.88 24.02 22.34 75.40 73.89 



pg. 68 

 

G2T10 8.00 12.48 23.65 20.34 72.68 70.55 

G3T1 6.00 13.29 24.71 16.89 78.69 78.05 

G3T2 5.29 13.14 24.91 17.43 80.52 78.20 

G3T3 5.00 12.86 25.36 18.76 81.44 79.66 

G3T4 5.00 13.54 25.76 19.12 83.14 80.48 

G3T5 6.25 13.69 24.59 19.00 76.20 75.12 

G3T6 7.12 13.78 24.33 18.54 75.12 73.45 

G3T7 8.12 13.84 24.10 17.65 75.12 72.12 

G3T8 9.00 13.94 23.71 17.00 70.77 70.54 

G3T9 9.25 13.99 23.43 16.34 70.32 69.99 

G3T10 10.89 14.27 22.86 15.89 70.14 69.45 

LSD at 1% 

level 

0.146 0.301 

0.126 0.365 

0.928 0.899 

LSD at 5% 

level 

0.194 0.400 

0.168 0.485 

1.236 1.197 

 Level of 

significance 

** ** 
** ** 

** 
** 

T1 : 10 April, T2 : 25 April, T3 : 10 May, T4 : 25 May, T5 : 10 Jun, T6 : 25 Jun, T7: 10 July, T8 : 

25 July ,T9: 10 August,T10 : 25 August, G1 : DeshiAmra, G2: BaromashiAmra, G3: 

BorishaliAmra. DAG: days after grafting, **: significant at 1% of probability. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1. Main effect of germplasm on the percentage of graft success. Vertical bar  represents 

LSD  at 0.01 level of probability. 
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Fig 2. Main effect of germplasm on the percentage of graft survivability. Vertical bar  

represents LSD  at 0.01 level of probability. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3. Main effect of grafting time on the percentage of graft survivability. Vertical bar 

represents LSD at 0.01 level of probability.T1=10April, 2012; T2=25 April, 2012; T3= 10 

May, 2012; T4= 25 May, 2012; T5= 10 Jun, 2012; T6= 25 Jun, 2012; T7= 10 July, 2012; T8= 

25 July, 2012; T9=10 August, 2012; T10= 25 August, 2012. 
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Future Application

Amra is very nutritious fruit. So if we will be able to cultivate this all year round variety fruit 

commercially, at one side this will be fulfill our daily requirement and other side we will be 

benefitted economically. This experiment works on germplasm and grafting time. The future 

plan is to apply nano technology with grafting system. So that we can get better production.
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