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Abstract: Top-veneer grafting muf veneer grafting were evaluated during 2000, 2001 in out door 1111rsery a11d 2002 in greenhouse. 
Scion woods of some co111111ercial 111a11go (Mangifern i11dica.L) were grafted onto one year old wild rootstock by top-uelleer and 
conventional veneer methods at a van;ing height of 10-40 c111 fro111 surface durill(S ]uly-A11g11st. About 011e half of the yo1111g 
rootstocks seedlings were 100 per cent defoliated by beheading up to 10-40 cm height and subseq11ent grafting was done by lop­
ve11eer method for top ve11eer grafting while res t was conventionally veneer grafted. The goal of this research work was to find 0111 
an altem ative, viable and successful method to veneer grafting. Propagation trials were conducted with scio11 wood from four 
co11miercial rnltivars viz., 'A 111rapali', 'Mal/ika ', 'Dashehari' a11d 'Maida'. Scion woods were prewred (defolia ted) 7-10 days prior 
to grafting operation. With regard lo total success per ce11t, top-veneered plant recorded 92.49 per cwt whereas 77.41 per ceul 
success was fo un d in veneer grafting method in 2001 . As much as 25 cm scion growth (length) was obtaiued by lop veneer method 
where as conventional veneer grafting accounted fo r 17.40 w1 scion growth with in a stipulated period of90 days. Plant fro111 top­
veneer grafting in seco11d year had lower root-rootstock: sdo11 ratio (1.65) wl1ic/1 clearly indicated higher vegetative growth (scion 
length, leaf 1111111ber and _flash n11111ber) achieved wit/Jin a short period (90 days) of ti111e as compare to ve11eer grafti11g method 
(2.02). From method a11d cultivar i11ternclio11 we fo1111d that i11 top veneer grnfti11g method 'Daslteliari' and 'Mallika' had (95.79%) 
and (95.13%) success, respectively i11 2001. 'Amrapali' produced higher scion length (29.77 c111) a11d lower root-rootstock and 
scion ratio (1.39) in the same year. In a second study, field survival, top ve11eer grafted plant had better s11n1i71al per cent (90.62) 
than that of veneer grafted plant (66. 15). A third study in green house condition (T=32° C, RH=80%), showed thr.t top veneer 
grafted plant attended the highest 25.36 rn1 scion growth with 98% success in 90 days. Veneer grafting find 011/y 90.53 % success 
and 20.05 cm scio11 growth. We co11cl11de that top-veneer grafting from young roots tocks is an effective way to multiply commercial 
clones of Mangifera indicn, partirnlarly when salable grafted plants are obtained 90 days after grnpi11g opernt10n. 
Keywords: Top veneer grafting, success per cent, root s/Joot ratio, rainy season, nursery, greenhouse, field s11n1iva/. 

INTRODUCTION 

Mango (Mang1fera indicn L.), the king of fruits 
belonging to the family Anncardincene, is believed to 
be originated in south-east Asia. The demand for 
quality-grafted plants of high yie lding cultivars is 
increasing adapted to different Indian agro-climatic 
condition. India being the h omeland has vast scope 
for its economic production. Conventional veneer 
grafting technique for vegetative propagation was 
deve loped in Florida, USA and was successfully 
adopted in India during early sixties (Gour, 1988). In 
recent years various methods and techniques of 
propagation in mango have been gaining importance, 
while choosing a particu Jar technique for propagating 
mango, time of operation and climatic condition taken 

in to consideration (Singh et.al., 1984). July-Au gust is 
the ideal conditi0n for grafting in Indian sub continent 
as well as south East Asia (Singh and Srivastava, 
1982). In a different experiment Singh (1979) et. al. 
observed that August was the suitable time fo r veneer 
grafting for Indian sub-continent. For veneer grafting, 
better success (70-80%) was recorded in the rainy 
season (June-July) in coastal humid conditi ons 
(Sadhu, 1999). In a different experiment Nayak and 
Sen (2000) reported that 78.8 % success was achieved 
during July-August compared to 75% in January­
March. Gour (1988) reported that unde r Lucknow 
condition (Central Mango Research Station, India) 
grafting success is very poor (35 to 40% at salable graft 
s tage). In the veneer and side grafting experiments 
conducted in south India revealed that better results 
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were obtained d uring mild weather i.e. in the absence 
of s trong winds, intense heat and heavy rains (Rao, 
1967). Based on this observation, we designed a trial 
ori grafting operation during rainy season. We look 
fo ur mango cultivars fro m different region of India, 
i.e., no rth (' Am rapal ' a nd 'Dashehari') , south 
('Mallika') and north-east India ('Maida' ) to examine 
how different grafting methods perform and to assess 
the provenance effect for survival and scion growth 
on two successive years. In our knowledge, no s tudies 
were attempted to evaluate the new meth od and 
compare it with the traditional veneer g rafting 
method in mango. Top veneer grafting with 100% 
defoliation by beheading the plant is the new conce pt, 
usua lly done during peak commercial season (July­
August) in India. The objectives of this s tudy were 
three fold . First, we wanted to examine the d ifferences 
in success per cent, plant growth and root-rootstock 
and sc ion wood ratio among fo ur cu ltivars of 
Mnngifera indicn over the course of their two typical 
mode of propagation by grafting in nursery. Second, 
we wanted to compare the field performance of the 
gr afted plant obtained from two propagation 
methods. Graft performance of 'Amrapali' cultivars 
green house to produce graft plants through out the 
year with out location barrier (among major mango' 
growing area of the world) was the third objective. 

MATERIALS AND METHODS 

The experiment was conducted at Horticulture and 
Agro Forestry Research Program a t Ra nchi under 
Indian Council of Agricultural Research Complex for 
Eastern Region, Patna. This area is s itua ted 620 m 
above mean sea levei (ms!) and at 23° 25' N latitude 
and 85° 20' Eas t longitude experienc ing av~ rage 
annual rainfall of 80-140 cm. High humidity (78.14 -
84.14%) and low evaporation rate (4.04 mm / d ay) is 
experienced after June which continues up to onset 
of winter (Singh, 1999). During the winter (November­
February) humidity is high and evaporation rate is 
low but after February it increases. Higher humidity 
favors better s tands of plants in out door and at the 
same time the condition is favorable for growth and 
development of scion wood. 

Trial 1. Collection of wild mango seeds began in 
July 1999 from Jharkhand forest areas. Seed lings were 
planted in poly-bags that were held in 1.5 m x 5 m 
shallow plot. In each plot, 125 poly-bags were placed 
for better acco mmodation . Filled poly-bags we re 
covered with surface soil to curtail summer heat. In 
each poly-bags Oone-two, wild mango seedlings were 
raised. We started gra fting operation on 13.08.2000. 

After one year (2000), when seedl ing mango attend ed 
a height of 50 cm and stalk thickness of 3-5 cm about 
one half (1500) of these plants were beheaded to a 
height of 10-40 cm to achieve 100% defoliation for top­
veneer grafting and rest (1500) was conventionally 
veneer grafted. In the top-veneer grafting method, a 
sha llow downward and inward cut of 3-5 cm length 
was made just below the top of the beheaded 
rootstock. The piece of wood and bark were removed 
by severing off the separated portion by making a 
clean cut at its base. The precured scion wood of 
(defoliated 7-10 days before grafting) of 3-4 months 
old shoots of' Amrapali', ' Mallika', 'Dashehari' and 
'Malda' cultivars were collected for grafting. These 
four varieties were also taken for veneer grafting. 

The experiment was a factorial randomized block 
design. We took two grafting methods as two factors. 
Each treatment was replicated three times . An 
experimental unit consisted of 125 plants, grafting as 
replication from one of the 4 varieties. Propagation 
procedure for top-veneer grafting comprised of 4 x 3 
replications. Twelve experimental units were similar 
and equal to another 12 experimental units for veneer 
grafting. Data were subjected to analysis of variance 
using general linear method (Panse and Sukhatm e, 
1961). Mean sprouting days were calculated when 
80% sprouting Oust unfurl condition) occurs whereas 
root-rootstock scion ratio was obtained from fresh 
weight of stock and scion (90 days grow th).Number 
of mature leaves considered as func tional lea f 
number. Number of flash was the number of fresh 
growth over previous one. Experiment was repeated 
in July-August (21.07.01-16.08.01) in 2001. 

Trial 2. In order to assess the fie ld surviva l of 
grafted plant in second trial was s tarted on 27.07.01 
by planting top veneered plant in main plot w ith 
square method. Planting distance was 6m x 6 m. 
Veneer grafted plants were planted on 8.10.01. An 
initial fertilizer dose of 73 gm nitrogen 18 gm Pp

5 
and 68 gm Kp per plant was applied. In second year, 
same dose was repeated. Fertilizer was applied before 
arrival of monsoon (3'd week of June). Total 120 plants 
were taken for experiment where 15 plan ts were 
allotted for each treatment. Data with regard to plant 
survival was taken after two years. We finished our 
experiment on 27.7.03. Data were subjected to factorial 
randomized block design. 

Trial 3. These two grafting methods were also tried 
in green house in an attempt to d ete rmine suitable 
method for success per cent and its yea r ro und 
production. Tempera ture and humidity we re 
determined from two years experiment and weather 
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data (Table 4). We came to a conclusion that for 
greenhouse trial temperature and humidity would 
be around 32°C and 80 pe r cent, respectively. 
Intermittent mist was automatically controlled over 
their set humidity. The night tempera tu re was 
systematically lowered with O.s'C per week. The wind 
side kept closed as long as possible . Only if the 
temperature in green house rose above 32°C. The wind 
side came open automatically. We took cultivar 
'Amrapali' and its 96 plants for each method Growth 
data regarding scion growth, mean sprouting days 
were taken at 15 days interva l. We winded up this 
experiment by 141

h June. Da ta were subjected to 
ANOV A and treatment means were separated by 
Fisher protected LSD test (p :::; 0.05). 

RESULTS AND DISCUSSION 

Grafting Success and Mean Sprouting Days 

Top veneer grafting and veneer grafting performed 
well in both years (2000, 2001) in sub-humid and sub­
tropical conditions at Ranch i, India . In 2000, top­
veneer grafting recorded success as h igh as 91.21 per 
cent (Table 1), which was similar to 2001 (92.49%); 

Table 1 
Effect of Grafting Methods and Cultivars on Graft Success 

and Scion Growth Characters after 90 Days (2000) 

Treat111e11 t S11cccss Mea11 Scio11 Leaf Flash Root-
(%) sprout- length trnmber munlier stock: 

i 11g days (cm) scion 

Methods of graft111g 
(M) 
Veneer (Ml) 78.27 16 .08 17.79 16.87 2.48 2.11 
Top-veneer (M2) 91.21 10.96 24.01 19.83 2.67 1.71 
Cultivars (CJ 
'Amrapali' (Cl ) 85 .19 13.00 23.80 16.36 2.67 1 .67 
'Mallika' (C2) 88.57 12.59 20.95 20.58 2.62 1.91 
' Dashehari'(C3) 85.03 13 .00 20.11 20.50 2.63 1.79 
'Maida' (C4) 80.17 15.5 18.75 15.96 2.39 2.28 
Trea tment illteraction 
(M XC) 
MIX CI 79.36 16.00 18.16 15.26 2.63 1.78 
MIXC2 81.39 15.33 16.90 17.73 2.20 1.98 
Ml XC3 75.07 15.66 18.36 20.13 2.n 1.9 
Ml XC4 77.26 17.33 17.73 14 .36 2.35 2.79 
M2XC1 91 .01 1000 29.43 17.46 2.70 1.56 
M2X C2 95.75 9.86 25.00 23.43 3.03 1.85 
M2XC3 95.00 10.33 21.86 20.86 2.53 1.68 
M2XC4 83.08 13.66 19.76 17.56 2.43 1.76 
Sign ificance 
M *2.32 *0 .50 *1 .75 *1.20 NS *003 
c *3 .27 *0.41 *1.93 *1.59 NS *0.73 
MXC *6.57 *O 83 *3.67 NS NS *0.36 

*Significance, NS. Nonsigniikance, CD at o.o5, 
Factorial random ized block design.125plants/block, 
Out door nursery experi ment, duration 90 days . 

--- · 
Vol. 27, No. 3-4, July-December 2009 

.' ....... 
~ .· ..... 

whereas veneer grafting accounted for lower success 
rate, i.e. 78.27 per cent and 77.41 per cent in 2000 and 
2001, respectively . In respect of cultivar's success, 
Mallika had the maximum success of 95.75 per cent 
in top veneer grafting method in 2000, (Table 1), which 
was higher than that of 2001 (95.13%). However, the 
study was not conducted Jong enough for these 
varieties and limited to salable s tage (90 days). Overall 
success of 2001 were little bit higher because of hum id 
climate (Table 4) prevailed for a longer time than 2000. 
In a study with conventional veneer grafting method 
of 'Langra' cultivar of mango, Singh et al. (1984) 
reported that veneer grafting with immediate top 
removal (50% defoliation) resulted in highest success 
of 81.0 per cent under (Uttar Pradesh) North Indian 
condition. Kumar et al. (2000) achieved more than 85% 
success when 'Dashehari' scions were grafted by 
veneer method at higher grafting height (75 and 100 
cm). In a study with seasonal effec t on success of 
veneer grafting in mango cultivar 'A mrapali' 
Bramachari et al. (1997) found that the maxim um 91, 13 
per cent success was obtained in July grafting. 
However our result on success percentage of veneer 
grafting could not directly compared with those of 
Brahmachari et al. (1997). They conducted a 
preliminary season based experiment. We found a 
maximum of 78 per cent success in veneer grafting 
and it was also very low in two successive seasons 
than that of top-veneer grafting. 

In our experiment, we found that mean sprouting 
days for top veneer grafting varied from 10.96 days 
in 2000to10.79 days in 2001. 'Mallika' had the lowest 
sprouting duration (9.86 and 9.50 days in top veneer 
grafting in 2000 and 2001, respectively). The veneer 
grafting method had the maximum mean sprouting 
days of 17.33 and 17.16 for 'Maida' cultivar in 2000 
and 2001, respectively. Previous experiment laid 
down by Nayak and Sen (2000) revealed that the mean 
sprouting duration was 26 days for veneer graftin g 
during July-August. All top veneer grafted variety 
showed lower mean sprouting days than that of 
veneer grafting, which clearly indicated that new 
method paved the way for quicker and heav ier 
growth than that of traditional veneer grafting. 

Grafting Methods and Vegetative Growth 

Shoot growth of all cultivars in top veneer grafting 
method was higher than that of veneer graftin g 
method in 2001 but not in 2000. Veneer grafted 
'Amrapali' cultivar had 19.23 cm scion growth, which 
was higher than that of 'Maida' cultivar in top veneer 
grafting method. We obtained 25 cm scion growth 
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from 90 da ys growth during 2001 in top veneer 
grafting. Similar results were also found in 2000 (24.01 
cm). Among variety and me thod inte raction it has 
been observed that ' Amrapali ' accounted for 29.77 cm 
scion growth where as 'Maida' in veneer grafting gave 
lowes t scion wood grow th of 15.58 cm in 2001. In a 
different experiment Bra machari et al. (1997) observed 
tha t venee r gra fted p lant of cul ti var ' Amrapali' 
attended the maximum 18.70 cm scion growth in 180 
days in June. Upadhayay and Prasad (1988) achieved 
higher scion growth of 26.4 cm from 180 d ays growth 
period of ' Dashehari ' cultivars of mango when veneer 
grafted in the month of June. As shown in Table 1, 
leaf number produced in new method was 19.83 in 
2000 and 21 .15 in 2001 which w as significantly h igher 
than tha t of year 2000 (1 6.87) and 2001 (14.92) in 
veneer me thod . Interaction among methods and 
cultivars in respect of leaf number was significan t in 
2001 but not in 2000 (Table 1). Though leaf number is 
a genetic characte r; it is not influenced by different 
methods of grafting. Here more leaves were produced 
through quick immergence of flush that led to more 
leaf production. Two methods significantly differed 
in respect of flush number in 2001 but not in 2000. 
Same trend w as also obse rved in methods and 
cultivars interaction. We observed that more flush 
was produced by top veneer grafting method and 
cultivar ' Amnw ali' produced highest flush number 
of 2.86 (Table 2), which was only significant in 2001 
but not in 2000 (2.70). Flush production depends on 
length of the internodes and growing duration. 
Internodes length was cultivar's character therefore 
we got significant result in at least one year (2001) 

Grafting Method and Root-rootstock and Scion 
Ratio: 

Top veneer grafting significantly increased ove rall 
scion growth in fresh weight basis in both the years 
than vegetative growth possessed by conventional 
veneer grafting propagation. We have achieved an 
interesting result from root-rootstock and scion ratio. 
Cultivar 'Amrapali' had the minimum ratio of 1.39 
and 1.56 in 2001 and 2000, respectively. The highest 
-ratio (1.7) was fo und in ' Maida' cultivar in both 
the years (2000, 2001). Lower the ratio, higher is 
the ve ge ta tive growth. Cultiva r ' Amrapali ' in 
co mbina tion w ith top venee r grafting method 
recorded maximum growth. 

Field Survival of Grafted Plants: Grafted plants from 
both methods w ere p lanted duriDg 27.01.01 and 
8.10.01. They thrived well unde r Ranchi agro climatic 
condition. Eva luation was done d uring 2 years. Top-

Table 2 
Effect of Grafting Methods and Cultivars on Graft Success 

and Scion Growth Characters after 90 Days (2001) 

Treatment Success Mean Scion Leaf Flash Root-
(%) sprout- length 1111111ber number stock: 

i ng days (cm) scion 

Methods of grafting 
(M) 
Veneer (Ml ) 77.41 15.66 17.40 14.92 2.26 
Top-veneer (M2) 92.49 10.79 25.00 21 .15 2.65. 
Cultivars (C) 
'Amrapali' (Cl) 85.30 12.66 24.50 18.80 2.64 
'Mallika' (C2) 87.40 12.16 21.18 18.55 2.44 
'Dashehari' (C3) 85 .47 12.58 22.54 20.66 2.50 
'Maida' (C4) 81 .65 15.50 16.59 14.13 2.23 
Treatment Interactions 
(M XC) 
Ml XCI 78.18 15.50 19.23 15.5 2.42 
MI XC2 79.67 14.83 16.60 14.88 2.10 
Ml X C3 75.16 15.16 18.20 16.33 2.33 
Ml XC4 76.64 17.16 15.58 12.96 2.20 
M2X C1 92.41 9.83 29.77 22.10 2.86 
M2 XC2 95.13 9.50 25.77 22.23 2.78 
M2X C3 95.79 10.00 26.89 24.98 2.68 
M2XC4 86.66 13.83 17.60 15.30 2.26 
Significance 
M *2.43 *0.75 *1 .82 *1.28 *0.20 
c *3.18 *0.53 *l.89 *1.72 *0.25 
MXC *6.73 *0.98 *3.95 *1.94 

*Significance, NS Nonsignificance, CD at o.oS, 
Factorial randomized block design.125plants/ block, 
Out door nursery experiment, duration 90 days. 

*0.34 

2.03 
1.65 

1.68 
1.90 
1.79 
2.28 

1.60 
2.02 
2.01 
2.47 
1.39 
1.83 
1.62 
1.75 

*0.31 
*0.45 
*0.42 

veneered plants had highest su rvival percen tage 
(90.62) than veneer-grafted p lants (66.15) (Table 3). 
All four varieties in new method had greater survival 
over conventional method. It had been fo und tha t 
cultivar 'Amrapali' had 100 per cent field survival 
followed by ' Mallika' (90%) in new method, whereas 
lowest su rvival percen tage w a s recorded in 
'Amrapali', 'Mallika' and 'Maida' cultivars (60% each) 
in conventional veneer grafting (Table 3). 

Green House Performance of Grafted Plants: Two 
methods were also practiced on 'Amrapali' cultivar 
under green house condition . The experiment was 
started on 14.03.02. Tem perature and humidity were 
maintained 32°C and 80%, respectively. We completed 
our experiment by 15.06.02. Success per cen t mean 
sprou ting days and scion growth were the characters 
of choice. We found that top-veneer grafting achieved 
the maximum 98 % success over venee r gra fting 
(90.53%). A close perusal of Table 5, revealed that 
mean sprouting d ays fo r top-veneer grafti n g 
and veneer grafting were 22 days and 30 days, 
respectively. Here we observed tha t days taken fo r 
sprouting were a little longer. Intermitte n t mist 
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Table 3 
Field Survival of Grafted Mango Plant (27.7.01 to27.7.03) as 

Affected by Different Propagation Methods 

Tre11t 111cnl Fie/ d s11111ivnl (~) 

Mc/hod of grnfl111g 
(M) 
Veneer (M1 ) 
Top-veneer (M2) 
Cul tivar (C)' 
Amrapali ' (Cl ) 
' Mallika ' (C2)' 
Dashehari' (Ci)' 
Maida' (C4) 
Trent111c11l llllernclions 
(M x C) 
Ml XCl 
:Vil X C2 
rvn x c3 
Ml XC! 
M2XC1 
M2XC2 
M2XC3 
M2XC4 
Significa nee 
M 
c 
MXC 

dSignificance, NS. Nonsignificance, CD at o.o5, 
Factorial randomized block design.5 plants/block, 
Out door fiel d experiment, du ration 2 years. 

Table 4 

66.15 
90.62 

80.0 
75.0 
85.0 
73.0 

60.0 
60.0 
84.6 
60.0 

100.0 
90.0 
85.7 
86.8 

*17.52 
*4.5 

*14.7 

Meteorological Observation as Recorded at Horticulture and 
Agro-forestry Research Program, Ranchi during 

Experimentation Period 

Total Te111pernt11re 
rni11fnil 
(11t111) 

Mont/is 2000 2001 

June 21 .J 503.S 
July 309 326.5 
Augus t 223 185.5 
September 243 92.0 
October 190 32.0 
November .. •• 
**No ra infall 

2000 

28.23-25.53 
29.43-24.89 
31 .87-29.26 
30.48-29.00 
30.30-18.72 
28.36-13.70 

Table 5 

Max.­
Min. (•C) 

2001 

30.50-20.90 
29.20-21.60 
30.90-23.00 
30.60-22.70 
29.70-18.80 
28.40-13.80 

Relative 
hu111idity 

(%) 

2000 2001 

82.58 79.30 
83.14 77.30 
84.13 79.30 
82.17 82.20 
70.58 70.50 
70.10 73.80 

Success Per cent, Mean Sprouting Days and Growth of Scion 
of Mango Plant (90 days) as Affected by Propagation Methods 
in G reenhouse Conditions (T= 32° C, RH = 80%) during 2002 

Method Success Menn spro11ti11g Menn scio11 
(% )' days' growth ( c111)' 

Veneer grafting 90.53h 30"' 20.05°w 
Top veneer graft ing 98.00" 22" 2~36"w 

Significance *2.098 *1.982 *2.045 

z Mean separa tion within column by Fisher protected LSD 
p $ 0.05. 
All values are means of four blocks, 2.J grafted plants/ block. 

"grafted 1.J March, kept under greenhouse 90 days. 
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fo llowed by drifted wet air and imposed shade 
resulted in quite slow rate of sprouting. However, 
scion growth was quite normal (25.36 cm) for top­
veneer grafting followed by conventional method 
(20.05 cm). 

Based on these two years of nursery (Figure 1) 
testing in one location, all of the four cultivars 
popularly grown in different region that we examined 
were particularly well adapted for top veneer grafting 
fer large scales multiplication in the sub humid su b­
tropical plateau region of Eastern India. Better success 
was obtained in cultivars 'Mallika' and ' Dashehari' 
whereas maximum vegetative growth was achieved 
in ' Amrapali' in the newly adapted method as 
compared to conventional veneer grafting. Result of 
our second study suggested that top veneer grafted 
plant had better field survival ca·pacity irrespective 
of cultivar's impact. From green house performance 
of 'Amrapali' cultivar, in the both methods, we 
conclude that top- veneer grafting may be viable for 
greater success of commercial benefit in major mango 
growing area of the world without location and 
season barrier. 

Q.I 120 
:100 
5 80 u 

t 60 0.. 

~ 40 
<:J 

~ 20 
;:l 

Cf) 0 

Nursery Nursery Greenhouse Field survival 

l!il veneer grafting 

11!1 top veneer grafting 

2000 2001 2002 2001-
Year 2003 

Figure1 : Differences Recorded between Two Methods in 
Respect of Success in Nursery (2000 and 2001), 
Greenhouse (2002) and Transplanted Plant (2001-03) 
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