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Introduction 

West Indian cherry (Malpighia glabra L.), commonly known as 

acerola or barbados cherry, is a tropical fruit-bearing species in the 

family Malpighiaceae. Although it is believed to have originated in 

southern Mexico and parts of Central and South America, it is now 

widely cultivated across tropical and subtropical regions of Asia. This 

plant typically grows as a large shrub, reaching heights of 3 to 6 m (1). 

The edible portion of its fruit contains 2000–4000 mg of vitamin C per 

100 g (2). Its exceptionally high ascorbic acid content contributes 

significantly to its antioxidant capacity (3). Additionally, this fruit is 

rich in beneficial compounds such as carotenoids, flavonoids and 

anthocyanins (4). Although propagation through seeds is possible, it 

is often ineffective due to the low germination rate caused by non-

viable embryos. Therefore, vegetative propagation methods such as 

modified crown or cleft grafting, air layering, budding and stem 

cuttings are commonly used. In natural environments, air layering is 

a widely occurring method of vegetative reproduction in many plant 

species. When branches meet the soil, they develop adventitious 

roots, leading to the formation of new plants. Eventually, these 

branches are separated from the parent plant, resulting in an 

independent plant. Although layering is more challenging than 

cutting, it offers the benefit of keeping the developing part 

connected to the parent plant, enabling it to obtain water and 

nutrients while forming roots (5). 

 Biofertilizers contribute significantly to enhancing soil fertility 

by fixing atmospheric nitrogen, either in symbiosis with plant roots 

or independently. Additionally, they support plants in resisting 

diseases and tolerating stress through various mechanisms, which 

differ based on the specific biofertilizer organisms used (6). An 

effective approach to reducing the environmental buildup of 

chemical fertilizers is to integrate them with biofertilizers. One of the 

most well-studied free-living diazotrophs among plant growth-

promoting rhizobacteria (PGPR), the Azospirillum spp., which can 

colonize hundreds of different plant species. They promote plant 

growth by improving the process of nitrogen fixation, by synthesizing 

phytohormones and releasing compounds that possess 

antimicrobial activity. As a producer of plant hormones, primarily 

auxins, which are well known to have a favorable impact on the 
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Abstract  

This study evaluated the efficacy of air layering in combination with biofertilizer treatments for the successful propagation of West Indian 
cherry (Malpighia glabra L.) during 2022–2023 at the North Farm, School of Agricultural Sciences, Karunya Institute of Technology and 

Sciences, Coimbatore, Tamil Nadu, India. Air layering was performed on a 9-year-old tree using 1-year-old, pencil-thick shoots of 60 cm length. 

Once rooted, the air layers were gradually detached from the mother plant and transplanted into polybags. Biofertilizer treatments were 
applied to the potting medium and as soil drenches, including Trichoderma viride (3 g L-1), vermiwash (1 %), humic acid (20 g L-1), Azospirillum 

brasilense (2 g kg-1 planting medium), plant growth-promoting rhizobacteria (PGPR; 10 g plant-1) and vesicular-arbuscular mycorrhiza (VAM; 

100 g plant-1), along with an untreated control. Data recorded at 60 days after detachment (DAD) showed that vermiwash @ 1 % (T3) 

significantly enhanced shoot and root growth parameters. It resulted in the highest plant height (45.23 cm), number of leaves (38.22), number 
of shoots (6.45), survival percentage (81.04 %), root length (13.80 cm), primary roots (26.31), secondary roots (78.23) and root diameter (4.88 

mm). The improved performance under vermiwash treatment is attributed to its rich content of plant growth regulators, enzymes, 

micronutrients and beneficial microbes, which positively influenced both vegetative and root development. The results underscore the 

potential of integrating air layering with nutrient-enriched organic treatments like vermiwash to enhance the propagation efficiency and field 
establishment of West Indian cherry. The objective of this study was to identify an effective biofertilizer-based strategy to enhance survival, 

growth and nursery establishment of air-layered West Indian cherry saplings. 
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rooting process, Azospirillum may play a part in this context. 

Consequently, it would probably enhance the performance of 

rootstocks, especially those that have low rooting potential. Plant 

growth-promoting rhizobacteria , such as species from the genera 

Azospirillum, Azotobacter and others, enhance plant growth by 

colonizing the root zone (7). These beneficial microbes not only 

stimulate growth but can also offer protection against certain plant 

diseases. Their influence on plant development varies with the 

bacterial strain, operating through either direct mechanisms or 

indirectly by producing growth-promoting substances. Vermiwash, 

a by-product of the vermicomposting process is a brown colour 

liquid that is formed, is a substance that is brownish in colour that is 

created when water in the vermicomposting units moves through 

the earthworms' burrows. Vermiwash has been reported to contain 

soluble macro- and micronutrients, B-group vitamins and plant 

growth regulators. Quantitative analyses have shown the presence 

of auxin (0.98 µg L-1) and cytokinin (0.68 µg L-1), while gibberellins 

have been reported qualitatively, along with appreciable levels of 

potassium, magnesium, phosphorus and trace elements, which 

collectively contribute to enhanced plant growth and early 

establishment. It functions as a biostimulant and has been reported 

to enhance plant growth, yield and disease resistance (8). 

Trichoderma spp. can act as a natural decomposition agent and 

biological agent of bioremediation (9). It can detoxify pesticides and 

herbicides in various crops. It provides the agriculture sector an 

important advantage for overcoming pollution-related problems 

(10). Humic acid is made up of a variety of organic acids that are 

aromatic in nature and contain a variety of heterogeneous 

functional groups that have an impermeable interaction with a 

variety of metallic ions like Mg, Zn, Ca and Cu. It can be applied as soil 

and foliar spray. Foliar application of humic acid ensures improved 

photosynthetic rate, permeability and nutrient uptake (11). Microbial 

inoculants, particularly the VAM inoculation to fruit plants, increase 

the possibility of reducing P fertilizers by roughly 50 % without 

lowering crop production.  

 

Materials and Methods 

Experimental site and plant material 

This study was conducted during 2022–2023 at the North Farm, 

School of Agricultural Sciences, KITS, Coimbatore, Tamil Nadu, India.  

 Air layering was performed on West Indian cherry tree which 

is 9-year-old. For the study, 1-year-old, pencil-thick branches located 

on the lower part of the tree were selected. These shoots averaged 

60 cm in length and had a smooth bark surface (12).  

Air layering procedure 

A section of bark containing the cambium and phloem was removed 

just below a node, leaving the xylem intact. This was done by making 

two parallel cuts, approximately one inch apart, around the stem 

with a sharp knife, cutting through the bark and cambium. The cuts 

were then joined by a vertical incision and the ring of bark was 

carefully peeled away to expose the underlying wood. The cambial 

layer over the xylem was carefully scraped to prevent the 

development of a callus bridge. Finally, the exposed area was 

wrapped with a ball of sphagnum moss. Once roots had developed, 

the rooted air layers were partially cut in 3 stages at weekly intervals 

to minimize shock from sudden separation. After 90 days, they were 

completely detached from the mother plant.  

Transplanting and growth conditions 

After the detachment of rooted air layers from the mother plant, they 

were planted in the poly bags (5 x 7 inch) containing rooting media 

(Red soil, Sand and FYM (1:1:1)). All saplings were maintained under a 

50 % shade net house. Irrigation was provided once daily using tap 

water to maintain optimum moisture levels. No additional chemical 

fertilizers or growth regulators were applied during the experimental 

period.  

Experimental design 

The experiment was laid out in a randomized complete block design 

(RCBD) with 7 treatments and four replications. Each replication 

consisted of 5 plants, resulting in 20 plants per treatment. 

Observations recorded 

Five air layers were selected at random from each treatment in each 

replication. Five saplings per treatment were labelled for recording 

the observations throughout the study. 

Plant height 

Five randomly selected plants from each replication were taken for 

recording the data on the plant height. The plant height was 

recorded from ground level to the tip of apical bud with the help of 

scale at 60th day after imposing treatment and mean value was 

calculated and was expressed in centimetre. 

Leaves per layer 

The number of new leaves per plant was counted at the 60th day 

after planting of detached air-layers from the mother plant and 

mean leaf number was then calculated and expressed in numbers. 

Length of roots per layer 

It was recorded on 60th day after air layering with the help of 

measuring scale in replicated samples (one longest root in each 

sample). The mean was calculated and expressed in centimetre. 

Shoots per layer 

The total number of newly emerged shoots was counted at the 15 

days interval after planting of detached air-layers from the mother 

plant up to 60 days and the mean number of shoots per planted 

layer was then calculated. 

Primary roots per layer 

The number of primary roots per layer was counted in each 

replication after detachment of air layers from the mother plants 

from all treatments and these were expressed in numbers. 

Secondary roots per layer 

The number of secondary roots per layer was counted in each 

replication after detachment of air layers from the mother plants 

from all the treatments and these were expressed in numbers. 

Diameter of primary root 

Diameter of primary root was recorded on the 60th day after air 

layering with the help of measuring scale in replicated samples (one 

thickest root in each sample). The mean was calculated and 

expressed in centimetre. 

Survival percentage of air layers 

The number of successfully developed air layers were counted on 

the 60th day after detachment from the mother plant and the result 

was calculated in percentage by using the following formula;  
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Results and Discussion  

Shoot parameters 

Plant height showed significant variation among the different 

biofertilizer treatments at 60 DAD. The highest plant height (45.23 

cm), the highest number of leaves per layer (38.22), the highest 

number of shoots per layer (6.45), The enhanced performance under 

vermiwash treatment indicates improved physiological activity 

during early establishment (Table 1). Among the various treatments, 

West Indian cherry air layers showed better nourishment in the 

medium containing soil, sand and FYM (1:1:1) supplemented with       

1 % vermiwash, recording the highest number of leaves (38.22) and 

survival rate (81.04 %) after 60 DAD (Fig. 1). The rich mixture of plant 

growth regulators, enzymes, micronutrients and helpful 

microorganisms found in the vermiwash treatment is responsible for 

the improved growth and survival shown during the treatment. 

These elements supported the development of both shoots and 

roots in a homogeneous growing medium. It was reported that 

vermiwash being a nutrient-rich liquid extract derived from 

vermicomposting, is known to contain various plant growth-

promoting substances, such as hormones, enzymes, vitamins and 

beneficial microorganisms. Newly detached air-layered saplings 

may quickly absorb the soluble nutrients, enzymes, vitamins and 

plant growth regulators found in vermiwash, such as auxins, 

cytokinins and gibberellins. During the early post-detachment 

period, when saplings are under physiological stress and need quick 

metabolic support for shoot emergence and root elongation, this 

instant availability is especially crucial. On the other hand, microbial 

inoculants like VAM,  Azospirillum and other biofertilizers mainly work 

through biological colonization and symbiosis, which take time to 

form and function well. Vermiwash is therefore more effective in 

short-term evaluation periods, like 60 DAD. Similar growth 

enhancement under vermiwash application has been reported 

under nursery conditions (19). As the young plants are placed in the 

shade net condition, the prevailing amiable condition boosts the 

growth of the plant while comparing the plants grown under open 

field conditions. Other horticultural crops have shown similar 

improvements in shoot and root growth after applying vermiwash; 

these improvements have been linked to the presence of easily 

accessible nutrients, plant growth regulators and advantageous 

microbial metabolites that promote early vegetative development 

and root proliferation (20–23). The treatment effects on shoot 

parameters of West Indian cherry air layers at 60th DAD are 

presented in Fig.  2. 

Survival percent = 

No. of air layers developed 

Total number of saplings 
X 100 

Treatments 
60 DAD 60 DAD 60 DAD 60 DAD 

Plant height (cm) 
No. of leaves per 

layer 
No. of shoots per 

layer 
Survival 

percentage 

Control (T1) 30.34 25.13 2.17 53.21 

Trichoderma viride (T2) 32.75 28.77 2.78 56.48 

Vermiwash (T3) 45.23 38.22 6.45 81.04 

Humic acid (T4) 37.15 30.13 3.83 65.23 

Azospirillum brasilense (T5) 41.07 33.69 4.89 72.50 

VAM (Vesicular- Arbuscular mycorrhiza) (T6) 42.16 36.12 5.87 79.61 

PGPR (Plant Growth Promoting Rhizobacteria) (T7) 35.89 31.56 3.00 60.00 

Mean 37.80 31.95 4.14 66.87 

SE. d 0.31 0.26 0.09 0.65 

CD @ 5 % 0.68* 0.58* 0.21* 1.43* 

Table 1. Effect of biofertilizers on shoot parameters in air layers of West Indian cherry on 60th day after detachment from mother plant 

* Significant @ 0.05, DAD: Days after detachment. 

 

Fig. 1. Effect of biofertilizers on survival percentage in air layers of West Indian cherry on the 60th day after detachment from mother plant. 



BHARANIDHARAN ET AL  4     

https://plantsciencetoday.online 

Root parameters 

The data of changes in the length of roots on application of different 

biofertilizers varied significantly (Table 2). The highest length of the 

roots (13.80 cm), the highest number of primary roots (26.31), the 

highest number of secondary roots (78.23), the highest diameter of 

primary roots (4.88 mm) was recorded in the T3 (Vermiwash). In the 

present investigation, the root parameters of air layers of West Indian 

cherry, viz., number of primary and secondary roots, diameter of 

primary roots and length of roots were significantly influenced by 

biofertilizers. Among the treatments, better nourishment of air layers 

of West Indian cherry was seen in the media (soil, sand, FYM, (1:1:1)) 

with vermiwash at 1 % which showed significant influence on 

maximum number of primary roots (26.31), secondary roots (78.23), 

diameter of primary root (4.88 mm) and average length of root s

(13.80 cm) at 60 DAD respectively (Fig. 3). This response can be 

attributed to the biostimulatory effect of vermiwash, which 

enhances root growth dynamics and soil biological activity (19). 

Moreover, the use of a balanced media composition, consisting of 

soil, sand and FYM in equal proportions, provided a suitable 

substrate for the development of healthy and robust roots. This 

combination of materials likely provides adequate drainage, 

aeration and nutrient availability, promoting optimal root growth in 

the air layers. It was reported that the presence of biochemical 

constituents in the vermiwash improved the length of tip of the root 

which in turn increased the root length (24). In safflower, vermiwash 

has been reported to function as a biostimulant supplying enzymes, 

hormones, microorganisms and nutrients (25). Vermiwash has been 

shown to improve root activity and stress tolerance during early 

plant establishment in cowpea, gladiolus, chickpea and mango, 

especially in nursery or early growth conditions (26–29). Collectively, 

these studies support the view that vermiwash acts as a 

multifunctional organic input, providing both nutritional and 

physiological stimuli that are particularly effective during the early 

stages of plant establishment.  

 

Conclusion  

The present study demonstrated that air layering is an effective 

method for the vegetative propagation of West Indian cherry (M. 

glabra), particularly when combined with organic and biofertilizer 

treatments. Among the various treatments tested, the application of 

vermiwash (1 %) significantly enhanced both shoot and root 

development of air-layered saplings. This treatment recorded the 

highest values in key growth parameters including plant height, 

number of leaves and shoots, root length, number of primary and 

secondary roots, root diameter and survival percentage at 60 DAD. 

The superior performance of vermiwash can be attributed to its rich 

content of plant growth hormones, enzymes, beneficial microbes 

and micronutrients that promote vigorous growth and better 

establishment. These findings suggest that integrating air layering 

with organic inputs such as vermiwash can serve as a cost-effective 

and sustainable strategy for large-scale propagation of West Indian 

cherry, especially under the agro-climatic conditions of Coimbatore. 

 

T1 T3 T4 

Fig. 2. Comparison of treatment effects in West Indian cherry air layers on shoot parameters on the 60th day after detachment. 

Treatments 

60 DAD 60 DAD 60 DAD 60 DAD 

Length of roots 
(cm) 

No. of Primary 
roots 

No. of secondary 
roots 

Diameter of primary 
roots (mm) 

Control (T1) 5.22 16.56 62.43 2.11 

Trichoderma viride (T2) 6.34 18.50 65.45 2.37 

Vermiwash (T3) 13.80 26.31 78.23 4.88 

Humic acid (T4) 8.25 21.62 69.66 3.87 

Azospirillum brasilense (T5) 10.09 22.42 72.78 4.03 

VAM (Vesicular- Arbuscular mycorrhiza) (T6) 11.12 24.22 75.12 4.39 

PGPR (Plant Growth Promoting Rhizobacteria) (T7) 7.56 19.11 67.89 2.72 

Mean 8.91 21.25 70.22 3.48 

SE. d 0.17 0.20 0.32 0.06 

CD @ 5 % 0.38* 0.44* 0.71* 0.13* 

Table 2. Effect of biofertilizers on root parameters in air layers of West Indian cherry on 60th day after detachment from mother plant 

* Significant @ 0.05, DAD: Days after detachment. 
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