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Introduction 
 

Litchi (Litchi chinensis Sonn.) a subtropical 

fruit crop belonging to the family Sapindaceae 

is one of the major fruit crop of India having 

export potential. Large scale cultivation of 

suitable cultivars are constrained by the 

absence of easy and reliable clonal 

propagation methods and the use of modern 

techniques like micro propagation is not very 

successful in litchi (Amin, 1996). 

Indiscriminate use of planting material from 

unreliable source and its substitution for good 

quality planting material has resulted in low 

production and productivity (Wahab et al., 

2001). There is very low success rate with 

grafting and cuttings (Abutiate and Nakasone, 

1972) and incompatibility between stock and 

scion is pronounced (Mergen, 1954) in litchi. 

Seedling trees are not true-to-type and results 
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Litchi (Litchi chinensis Sonn.) is one of the major crops of India having high demand both 

in domestic and international market. Availability of genuine planting material at low cost 

is one of the major issues for area expansion under this crop. Currently the widely adopted 

method of propagation is air layering, which is practiced mostly during the monsoon 

season, as a result only limited numbers of planting materials are generated. The success 

rate of air layering is dependent upon various factors like season, hormones, physiology 

and environmental condition. The objective of our study was to test the feasibility of 

extending the time of operation of air layering based on success percentage and other 

growth parameters. The result of the investigation revealed a reasonable performance of all 

the parameters throughout the seasons, although significant higher values were noticed 

during monsoon season in most of the parameters. A significant (p < 0.05) highest values 

in terms of number of secondary root (19.50), fresh weight (1.85 g), dry weight (1.05 g) 

and earliest root initiation (36.00 days) were observed during the month of July. Maximum 

success percent (85 %) and number of primary root (10.20) were recorded during the 

month of August. While the maximum values for shoot length (50.30 cm), number of 

leaves (56.25) and root length (8.57 cm) were noticed during the month of September, 

March and June respectively. 
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in fruits of various size and quality (Crane and 

Balerdi, 2008). 

 

Low rooting potential, high transplanting 

shock and poor field establishments are other 

factors that contribute to low rate of 

production of quality planting materials 

(Kumar, 2012). Air layering is the 

commercially adopted method of propagation 

in litchi; however operational period is 

restricted to few months (monsoon season) at 

present, which is inadequate to generate 

sufficient quantity of planting material to meet 

the growing demands of genuine planting 

material. The rate of success of air layering 

also varies with location. The success in air 

layering is a function of several factors like 

season, physiological maturity of shoot, 

hormones, environmental factors 

(temperature, humidity and rainfall), 

orientation of branch, skill and their 

interaction (Kumar, 2012). Hence we 

hypothesized that season could hold a vital 

clue in extending the time of operation of air 

layering. 

 

The previous research in the related area 

includes; effects of dates on layering 

performance in particular agro ecological zone 

(Dhillon and Mahajan, 2000), Combined 

effect of time and plant growth regulator to 

enhance rooting and survival (Rahman et al., 

2002), selection of best season and rooting 

medium (de Linss et al., 2015) effects of 

rooting media in relation to air layering 

success (Ali et al., 2016), optimum dose of 

growth regulator (NAA) to enhance success 

percentage (Abbas et al., 2016) etc. 

 

However the problem of low production of 

quality planting material is yet to be fully 

addressed. Therefore, the objective of our 

study was to test the feasibility of extending 

the time of operation of air layering based on 

success percentage and other growth 

parameters. 

Materials and Methods 

 

The study was conducted at Horticultural 

Research Station (HRS), Mondouri under 

Faculty of Horticulture. Bidhan Chandra 

Krishi Viswavidyalaya, West Bengal during 

the year 2013 and 2014. The experimental site 

experiences a sub tropical humid climate in 

general, with distinct winter (November to 

February) and summer (June to October). The 

mean minimum and maximum temperatures 

are in the range of 10 to 40° C and the average 

annual rainfall varies from 1200 to 1500 mm. 

 

The technical procedure for selection of shoots 

and mother plants were done as per the 

method described by Patel et al., 2012. For the 

purpose of study, ten mother plants (cv. 

Bombai) of uniform age and vigour, free from 

disease and pest were selected. Each of the 

mother plants were considered as individual 

blocks and all the blocks were given uniform 

cultural practice during the experimental 

period. Ten uniform twigs from all the 

directions were selected from each of the 

mother plant. 

 

The method of Kumar (2012) was followed 

for air layering. A bark along with cambium 

and phloem was removed just below the node, 

leaving the xylem intact. This was achieved by 

making two parallel cuts 1½ inch apart using 

sharp knife around the stem, through the bark 

and cambium layer. The parallel cuts were 

connected by an incision and the ring of bark 

was removed, exposing the inner woody 

tissue. The cambial tissue present over the 

xylem was scrapped to prevent the formation 

of callus bridge. The wound portion of the 

stem was sealed by surrounding it with a 

handful of moist soil ball to act as rooting 

media. The moist soil ball was wrapped with a 

transparent plastic and fastened with jute 

thread at the top and bottom, so as to retain the 

moisture. 
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The layers were severed from the mother plant 

after 90 days of operation and five layers were 

randomly selected from each replication 

(Kumar, 2000) and subsequently the data for 

all the parameters were recorded. Root length 

(longest root) was assessed as per the method 

described by Bouma et al., (2000) using image 

analysis software. Dry weights of the roots 

were recorded after drying in an oven for 72 

hours at 70° C (Abbas et al., 2016).  

 

The experiment was conducted following 

complete randomised design, consisting of 

three replications. The mean data of two years 

was subjected to analysis of variance 

(ANOVA) and the significance of treatment 

was detected by least significant difference 

(LSD) at 5% probability level, which was 

computed using SAS V.9.1 (SAS Institute 

Inc., NC, USA) software. 

 

Results and Discussion 

 

The overall performance of air layering across 

different months revealed encouraging trends, 

although better performance in most of the 

parameters were observed in the monsoon 

months the other seasons also presented a 

satisfactory performance.  

 

The air layering operation conducted across 

various seasons showed a significant (p ˂ 

0.05) influence over the number of days 

required to initiate rooting (Fig. 1). Layers 

took lesser time to initiate rooting when 

conducted during monsoon months (July, 

August and September), whereas layer took 

relatively longer time to initiate rooting in the 

month of February and March. A significant 

(p ˂ 0.05) superior result was recorded in the 

month of July; in contrast the month of March 

took longest time to initiate rooting. This may 

be attributed to high metabolic activity leading 

to greater synthesis and storage of 

carbohydrate during monsoon as opined by de 

Lins (2015). Kumar (2012) also reported that 

season has pronounced effect in regeneration 

of roots in air layering. The results 

corroborates the findings of Nautiyal (2002) 

where he reported that root initiation was 

more in July, compared to other months due to 

higher temperature.  

 

The effect of season showed a significant (p ˂ 

0.05) influence on success percentage of 

layers which revealed a unique pattern, where 

a peak was observed in the month of August 

and a gradual decline thereafter to the lowest 

value in the month of February (Fig. 2). The 

availability of requisite moisture could be the 

reason for higher success during monsoon 

season as reported by Kadami and Debral 

(1954) and Nautiyal (2002), in addition health 

and vigor of the trees that were used could 

have also played a significant role (Hartmann 

et al., 2002). Our results support the earlier 

findings of Dhillon and Mahajan, 2000 on the 

same crop where they recorded the success 

percent in the range of 80-85% during the 

monsoon season. A similar result (85 %) was 

also reported by Souza et al., (2016) in litchi 

through the use of bio-stimulants. However 

the report of Rajendra et al., (2013) 

contradicts our result where they obtained 

higher values up to 95 % in Jamaican ackee. 

 

The values recorded for number of leaves 

revealed an unusual trend where spring and 

summer months recorded better results 

contrary to the notion that better results are 

obtained only in the monsoon season (Table 

1). A significant (p ˂ 0.05) superior value 

(56.25) was recorded in the month of March 

which is statistically similar to the values 

recorded in the month of February. The better 

results during summer months in terms of 

number of leaves can be explained by the fact 

that vegetative growth is favoured in the 

temperature range of 20 and 35° C with 

optimum around 30° C, furthermore the rising 

temperature also favours cell division 

resulting in more sprout production (de Lins, 
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2015). Our results are in line with that of Ali 

et al., 2013 on the same crop, whereas the 

report of Dhillon and Mahajan, 2000 

contradicts our results owing to much inferior 

results (24.5). 
 

A similar pattern was also observed in length 

of shoot (cm), where better performance can 

be observed across all the seasons and not 

confined to a particular season (Table 1). The 

maximum value was recorded in the months 

of September (50.30) and lowest during June 

(31.60). The optimum environmental 

condition prevailing during the experimental 

period may have favoured greater cell division 

leading to more production of vegetative 

growth (L.C.R. de Lins, 2015). These results 

support the earlier findings of Sud (2005) on 

the same crop. However it is in contradictory 

with the finding of Patil et al., (2004) in 

pomegranate. 

 

The values for number of primary root 

obtained for layering under different season 

showed a pattern corresponding with that of 

success percentage, where higher values were 

observed during the rainy season and lower 

values during the other season (Table 1). A 

significant (p ˂ 0.05) maximum value was 

noticed in the month of August (10.20) while 

the month of March recorded the minimum 

value (4.50). The greater values during the 

rainy season may be attributed to several 

factors like physiological conditions, age of 

the mother plant, hormonal balance, 

temperature, light, humidity and substrate 

(Hartman, 2011 and Rios et al., 2012). In 

addition the favourable water balance during 

monsoon due to high rainfall and humidity 

may be the other factor for the better result. 

Rajendra et al., (2013) working with different 

dose of IBA obtained a higher result (40.0) in 

Jamaican ackee. Our result contradicts the 

report of Souza et al., (2016) where they 

reported a much lower value (0.71). However, 

our results are in line with that of Rahman et 

al., (2002). 

The data on secondary root (Table 1) revealed 

a pattern where a good performance was 

observed across all seasons although 

maximum (14.20) and minimum (8.30) were 

observed during the month of July and 

September. The better results in secondary 

root formation can be ascribed to factors like 

mineral nutrition, hormonal balance and water 

availability (Almeida et al., 2004). The results 

of our study are in conformity with the result 

(18.0) of Kumar (2000) when air layering was 

done in the month of July in litchi cv. Shahi. 

Lavania et al., (1995) in jackfruit and Singh 

(2002) in guava also observed similar results 

with regard to secondary roots. 

 

Root length determines the ability to adapt to 

stress conditions, as layer roots have been 

associated with high efficiency to assimilate 

water and nutrient from the soil (Ruiz- 

Sanchez et al., 2005). Air layering in different 

months exhibited a significant (p ˂ 0.05) 

influence on root length. The trends in data 

recorded across different seasons were at par, 

except for the month of June where the 

maximum value (8.57) was recorded. The 

availability of carbohydrates which acts as a 

source of carbon and energy for the 

biosynthesis of nucleic acids and proteins, and 

other substances essential to the formation of 

roots could be the probable reason for better 

performance (Lima et al., 2011). Rajendra et 

al., 2013 reported a higher result (13.4), while 

similar results were reported by Souza et al., 

2016 and Rahman et al., (2002). 

 

A significant (p ˂ 0.05) influence of season on 

fresh weight (gm) of roots were observed 

(Table 1). The higher values were detected 

when the operations were performed during 

the rainy season, while relatively lower values 

were observed in the other months. The peak 

performance was observed in the month of 

July (1.85 gm). The better result with fresh 

weight (gm) can be due to enhanced rooting as 

a result of higher photosynthetic products like 
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carbohydrates coupled with favourable 

environmental condition (Rajendra et al., 

2013). These results are in comparison to the 

findings of Singh (2002). A similar finding 

was also reported by Lavania et al., (1995) 

where they obtained maximum value of 4.0 g 

by treatment with 10000 ppm IBA in the 

month of July. These results also corroborate 

the earlier findings of Kumar et al., (2000). 

However our results contradicts the findings 

of Rajendra et al., (2013) as they have 

reported a lower value (0.7) 

 

Table.1 Effect of seasons of operation of air layers on growth parameters of litchi 

 

 Length of 

shoot (cm) 

 

(90 DAO) 

No. of 

leaves 

per layer 

(90 DAO) 

No. of 

primary 

roots 

(90 DAO) 

No. of 

secondary 

roots 

(90 DAO) 

Root 

Length 

(cm) 

(90 DAO) 

Fresh weight 

of roots (g) 

(90 DAO) 

Dry 

weight of 

roots (g) 

(90 DAO) 

 

June 31.60 b 51.31 abc 8.80 ab 14.70 b 8.57 a 0.99 bc 0.50 bc 

July 37.20 ab 49.68 bc 7.20 b 19.50 a 7.80 ab 1.85 a 1.05 a 

August 40.90 ab 49.81bc 10.20 a 16.30 b 6.87 bc 1.49 abc 0.77 ab 

September 50.30 a 46.88 c 6.90 b 15.20 b 6.12 c 1.71 ab 0.97 a 

February 45.40 ab 54.71 ab 4.60 c 11.70 c 6.21c 0.70 c 0.42 a 

March 32.70 b 56.25 a 4.50 c 10.30 c 6.49 c 0.75 c 0.44 bc 

LSD 0.05 1.39 6.22 2.19 1.72 1.30 0.80 0.33 

DAO – Days after operation 

 

Fig.1 Effect of seasons of operation on days required to initiate rooting.  The data points 

represent LSD at 5% probability level 
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Fig.2 Effect of seasons of operation on success percentage of air layers. Vertical bars represent 

LSD at 5% probability level 

 

The trend of data on dry weight (gm) revealed 

a corresponding lower values to that of fresh 

weight (gm) (Table 1), where a significant (p 

˂ 0.05) highest value was observed in the 

month of July (1.05 gm). The similar causes, 

as in the fresh weight may the probable 

reason for the results obtained in dry weight. 

These results corroborates the findings of 

Tomar (2011) in guava, but differed with the 

findings of Kumar et al., (2000) where they 

obtained higher values through application 

higher concentration of indole butyric acid 

ranging from 2000 to 12000 ppm. 
 

In spite of the sincere effort, our study suffers 

from certain limitations like it pertains to only 

a particular agro ecological zone and a 

cultivar. Besides the use of hormones and 

other practices to enhance the success percent 

could not be exploited due to manpower and 

infrastructure constraints. Hence future 

studies can be focused in these areas to 

generate more information for better results. 

 

In conclusion, it can be deduced from the 

present study that there is a possibility to 

extend the time of operation of air layering to 

other seasons, which allows generation of 

more number of planting materials. This is 

evident from the fact that performance of 

certain parameters (number of leaves, shoot 

length and root length) are either at par or 

better when conducted during spring and 

early summer. However, success percent and 

other growth parameters (days to initiation, 

number of primary and secondary root, fresh 

and dry weight) showed better results when 

performed during monsoon season, which 

suggest that there is a need for further 

research using combination of various factors 

to obtain better results in all the season. 
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