
Japan J Res. 2026; Vol 7 Issue 5 Page 1 of 7

Original Article

Citation: Padilla-Ramírez JS, González-Gaona E, Reyes-Muro L, Acosta-Díaz E, Maldonado-Ramírez JL, 
Acosta-Zamarripa AM. Evaluation of Substrates And Indolbutiric Acid Concentration in The Propagation of 
Guava (Psidium guajava L.) By Air Layering. Japan J Res. 2026;7(5):192.

Japan Journal of Research

Gal le
y  P

ro
of

Evaluation of Substrates And Indolbutiric Acid 
Concentration in The Propagation of Guava 
(Psidium guajava L.) By Air Layering

José Saúl Padilla-Ramírez1*, Ernesto González-Gaona1, Luis Reyes-Muro1, Efrain Acosta-
Díaz2, J. Luis Maldonado-Ramírez3, Ana Ma. Acosta-Zamarripa3

1National Institute of Forestry, Agricultural and Livestock Research (INIFAP). Pabellón Experimental Station. Aguascalientes, 
Mexico.
2INIFAP-General Teran Experimental Station, Mexico
3Technological University of Northern Aguascalientes, MexicoCorrespondence

José Saúl Padilla-Ramírez
National Institute of Forestry, Agricultural 
and Livestock Research (INIFAP). 
Pabellón Experimental Station. Km 32.5 
Aguascalientes-Zacatecas Highway 
C.P. 20660, Pabellón de Arteaga, 
Aguascalientes, Mexico.

•	 Received Date:  21 Jul 2026

•	 Accepted Date: 31 Jul 2026

•	 Publication Date: 03 Aug 2026

Keywords

vegetative propagation, auxin, rooting 
media, root number, root length.

Copyright

2026 Authors. This is an open- access article 
distributed under the terms of the Creative 
Commons Attribution 4.0 International 
license.

Introduction
The guava tree (Psidium guajava L.) 

belongs to the Myrtaceae family; it is native 
to South America, and its domestication 
began in the southwestern Amazon [1]. It is 
currently distributed across many countries 
with tropical and subtropical climates. In 
Mexico, it is a major fruit crop. During the 
2020–2024 period, an average of 21,422 
hectares were cultivated nationwide, yielding 
an annual production of 313,275 tons. 
Currently, the largest areas dedicated to this 
crop are located in the states of Michoacán 
(61.1%), Aguascalientes (21.0%), and 
Zacatecas (7.4%), which are the leading 
producing states (Figure 1). The remaining 
10.5% is distributed across other five states, 

where guava is cultivated in areas from 100 
to 850 hectares, and another 12 states, where 
guava is grown in small-scale orchards 
covering less than 100 hectares [2]. 

Internationally, Mexico ranks fourth 
in guava production; India is the leading 
producer, with a cultivated area of 255,000 
hectares and a fruit production of 4.1 million 
tons, followed by Pakistan with 66,300 
hectares and 496,000 tons, and Sudan in third 
place with 22,000 hectares and 473,000 tons. 
Other significant guava producing countries 
include Bangladesh, Egypt, and Brazil [3]. 
However, guava cultivation has been reported 
to be economically important in more than 50 
countries [4].
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although the guava tree is considered difficult to root, various 
studies cited by Sánchez et al. [11]  and De Luna-Jiménez et al. 
[12] have reported that the use of auxins specifically indole-
butyric acid (IBA) is necessary to improve cutting rooting. 
While this method is still practiced in some nurseries for 
guava propagation in Mexico, its use is declining due to low 
rooting percentages.

Another propagation technique that has given good results for 
guava is the rooting of young, non-lignified shoots (cuttings), 
utilizing the apical section of young stems approximately 12 
cm in length—placed in rooting beds and treated with root-
promoting phytohormones such as indole-3-acetic acid (IAA), 
indole-3-butyric acid (IBA), or naphthaleneacetic acid (NAA). 
Additionally, it is important to reduce solar radiation and 
maintain high relative humidity using misting systems within 
the rooting chambers to keep the cuttings hydrated and their 
leaves turgent [13].

Propagation by grafting has certain disadvantages, as 
it requires the production and management of rootstocks, 
entailing a greater investment of human and financial resources 
[13,14]. In the other hand, micropropagation requires the 
optimization of a regeneration protocol specific to each 
genotype, including the culture medium and hormonal balance 
for each particular cultivar [15], which complicates its use in 
commercial propagation.

Air layering is considered an easy, rapid, and cost-effective 
method for cloning guava plants; consequently, it is a popular 
and suitable propagation technique for guava [8,16,14] and 
is commonly used in countries such as Taiwan, Bangladesh, 
Venezuela, and India [3]. Although the propagation of 
guava by air layering has not been employed commercially 
in Venezuela, despite being a fairly simple technique, it is 
widely used in Mexico [17]. This is particularly evident in the 
aforementioned major guava producing regions [18].

Air layering is an adequate method for the vegetative 
propagation of plants to produce uniform individuals; 
besides it is important to use branches of similar shape and 
age to ensure clonal propagation, a particularly significant 
factor for fruit species such as the guava [19,20]. However, 
a major disadvantage of air layering is its low yield regarding 
the number of plants obtained per mother tree compared to 
cuttings or grafting [3].

Although air layering is considered a suitable method for 
guava propagation, various factors, such as, climatic conditions 
(humidity and temperature), the type and concentration of 
auxin, the substrate used, and the type of branch, among others 
are important aspects to consider regarding the efficiency of 
propagating guava plants by air layering [8,14,19].

Singh et al. [8] indicate that this method presents no rooting 
issues and that the use of rooting hormones is not essential, 
although the authors note that root formation takes up to 2 to 
3 months, depending on climatic conditions. However, several 
researchers mention that the exogenous application of auxins 
to layers stimulates root production and can shorten the time 
required for rooting [14,16,17,20,21].

Auxins reported for use in air layering propagation include: 
indoleacetic acid (IAA), naphthaleneacetic acid (NAA) and 
indole-3-butyric acid (IBA); these are used either individually 
or in combination, applied at concentrations ranging from 
2,000 ppm to 9,000 ppm [3,14,17,19,20,21]. Saroj et al. [16] 
mentioned that high rooting percentages and optimal root 

Furthermore, the guava fruit is highly valued in the human 
diet for its high nutritional value, as it is rich in minerals and 
functional components with antioxidant properties, such as 
phenolic compounds and vitamins. In addition, various parts 
of the plant—including the leaves, fruit, stem bark, branches, 
and roots have been used in traditional medicine. Medicinal 
applications of the guava plant include antimicrobial, 
antispasmodic, antidiabetic, anticancer, antiallergic, anti-
inflammatory, hepatoprotective, analgesic, and antidiarrheal 
uses, as well as treatment for stomach pain [5,6]. 

Regarding the propagation of the guava tree, it can be carried 
out sexually—using seeds—or through asexual or vegetative 
propagation.

Propagation by seeds
Although propagating guava trees from seed was common in 

the past, this method is not used, because trees grown from seed 
exhibit significant diversity in plant and fruit characteristics, 
such as tree vigor and size, growth habit, ripening time, and 
yield, as well as fruit shape, size, and quality [7,8]. This 
variation is attributed to natural cross-pollination carried out 
primarily by honeybees (Apis mellifera), which can reach 
rates of 35% to 41.3% and is the main cause of the variability 
observed in plants grown from seed [9,10].

Another disadvantage of guava trees grown from seed is that 
they do not bear fruit as early as those propagated vegetatively, 
since the latter have a shorter juvenile period before fruiting 
begins [3,4].

The variability in plant and fruit characteristics observed in 
the progeny of seed-propagated plants, along with the extended 
juvenile period, constitutes a significant disadvantage that 
limits their use. However, this method is advantageous when 
the goal is to obtain rootstocks for grafting productive cultivars 
with high fruit quality, or to generate segregating populations 
where variability is desired for selection in breeding programs 
[3,8].

Vegetative propagation
The advantage of this type of propagation is that the resulting 

plants retain the characteristics of the mother plant from which 
they originated and also have a shorter juvenile period. There 
are various methods of asexual propagation; among the most 
widely used are: rooting of semi-hardwood and non-lignified 
cuttings, air layering, grafting, and micropropagation [3] .

Propagation by semi-hardwood cuttings generally utilizes 
mature branches from the previous growth of the last year; 

Figure 1. Location of the main guava producing states in Mexico. 
Numbers in parentheses indicate the area cultivated with guava in 

2024 (SIAP, 2026).
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characteristics (length and number) have been achieved in 
guava air layers through the exogenous application of IBA.

Regarding the substrates used for layering, a wide variety 
is reported, a fact attributed to regional availability. The most 
common ones are peat moss, coconut husk, river silt, phenolic 
foam, and poultry manure [16,17,19]. According to Punasya 
et al. [20], the rooting substrate must possess, among other 
characteristics, sufficient porosity and water-holding capacity 
to maintain moisture and facilitate the easy penetration and 
healthy growth of the roots newly formed during air layering.

Therefore, the objective of this study was to evaluate the 
propagation of guava by air layering using different substrates 
and auxin (IBA) concentrations to promote root development.

Materials And Methods

Location and climate of the experimental site
The study was conducted at the INIFAP "Los Cañones" 

Experimental Site (21° 44.7′ N, 102° 58.0′ W; 1,508 masl), 
located in the municipality of Huanusco, in the state of 
Zacatecas, Mexico. The experimental site lies within the 
guava-growing region known as "Los Cañones," situated in 
the southern part of the state. The prevailing climate in the 
study region is classified as BS1hw(w), a semi-dry, semi-warm 
climate, according to García's [22] classification. Mean annual 
maximum, minimum, and average temperatures in the study 
area are: 31.0, 9.8, and 20.5 °C, respectively. Average annual 
precipitation ranges from 550 to 600 mm, occurring primarily 
between June and September [23].

 For this study on propagation by layering, a guava mother 
15-year-old plant, typical of the region and established at the 
“Los Cañones” experimental site was used; it produces sweet, 
aromatic, ovoid fruits with yellow skin, cream-colored pulp, 
and an average weight of 60 to 90 g per fruit (Figure 2).

Layering was done in early spring on actively growing 
branches from the previous cycle, on unpruned mother plant, 
at the beginning of the productive cycle, which had been 
induced by irrigation applied the previous month. The layers 
were made at 20 to 30 cm from the base of branches that were 
approximately 1.0 to 1.5 cm in diameter.

For each layer, a ring of bark approximately 2.0 cm wide 
was removed from the branch, and the corresponding rooting 
treatment was subsequently applied with a small brush on the 
ringed area. The substrates were pre-moistened, and a portion 
of the substrate assigned to each treatment was then applied to 
cover the ringed section. Finally, the substrate was wrapped 
in a clear plastic bag, which was tied securely at both ends to 
prevent moisture loss (Figure 3). The layering treatments were 
applied randomly to branches distributed throughout the tree 
canopy.

After fifty-one days, the layers were separated from the 
mother plant, and the substrate was removed by washing with 
water to expose the rootlets, taking care not to damage them 
(Figure 4). The variables recorded were the number and length 
of the largest root on each layer. Root length was measured 
using a Mitutoyo Series 500 digital caliper and expressed in 
millimeters.

Figure 2. Guava fruit typical produced at the region around the 
Experimental Site “Los Cañones”.

Factors and levels evaluated

•	 Substrates: Three different substrates were evaluated: 1) 
Coconut husk, composed of coconut fiber (Cocos nucifera 
L.); 2) Peat moss, derived from genus Sphagnum; and 3) 
Rockwool (Agrolan®), obtained from natural volcanic 
rocks such as basalt. Table 1 shows the physicochemical 
characteristics of the substrate types used.

•	 Rooting agent: The application of auxins (Indole-3-
butyric acid, "IBA") (RADIX 10000®) as a promoter 
of root development was evaluated, considering three 
concentrations: 1) 100%, only IBA; 2) 50% (50%-50% 
wt./wt. mixture of IBA and talcum powder); and 3) 0% 
(without IBA, talcum powder only).

Caracteritics  Coconut 
husk1

Peat 
moss1

Rock 
wool2

Porosity (%) 86.4 80.1 97.0
Bulk density (g/cm3) 0.05 0.15 0.04

Water holding capacity (%) 910 750 ND
Electric conductivity (mS/cm1) 1.0 0.14 ND

pH 5.6 5.7 8.4
NH4-N (mg/L) 1.45 1.50 ND

P (mg/L) 0.08 0.02 ND
K (mg/L) 1.87 0.05 ND
Ca (mg/L) 0.50 0.30 ND

Source. 1Arancon et al., 2015; 2https://agrolan.com.mx/Productos; ND = Not 
determined.

Table 1. Physical and chemical characteristics of the coconut husk 
and peat moss substrates.

Figure 3. Details of the air-layering process for guava: From left to 
right: girdling the branches and applying the IBA treatment, placing 
the substrate to cover the girdled area, and wrapping and tying the 

clear plastic bag.
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Clear trends regarding the influence of both factors on guava 
air layers were observed in the number of roots. Regarding the 
effect of the substrates, coconut husk and peat moss performed 
similarly, with an average of 4.2 and 4.3 roots respectively, 
while rock wool was the substrate with the lowest average 
number of roots (3.0). Meanwhile, IBA concentrations also 
showed variation in the average number of roots per air layer; 
the 100% IBA treatment outperformed the control without 
IBA (4.4 vs. 3.1), whereas the 50% IBA treatment showed 
intermediate values (4.0) (Figure 5).

Regarding the effects of the interaction between substrates 
and IBA concentrations on the number of roots, the best 
combination was observed to be coconut husk with the IBA 
at 100% concentration, which showed the highest number of 
roots (6.5 roots/layer); conversely, the lowest number of roots 
was recorded for the coconut husk treatment without IBA and 
the rock wool treatment with 100% IBA, both producing only 
2.3 roots/layer (Figure 6).

The data were analyzed using the SAS statistical package 
version 8 [24] with a factorial experimental design (3 x 3) 
giving a total 9 treatments, with 10 replications per treatment. 
The experimental unit consisted of one layer per branch of the 
mother plant. When significant differences between treatments 
were detected, Tukey's mean comparison test was applied at a 
significance level of p ≤ 0.05.

Results
The number of roots per layer showed no statistical 

significance for the main effects of both factors or its 
interaction (substrates × IBA concentration). However, root 
length showed a statistically significant effect regarding the 
substrates and the interaction with the IBA concentrations.

Figure 4. Details of the evaluation of different substrates and IBA 
concentrations in guava air layers: From left to right: separation 

of the air layer from the mother plant, harvesting of air layers, and 
substrate removed for data recording.

Figure 5. Main effects of substrate type (left) and IBA concentration 
(right) on the number of roots in guava layers.

Figure 6. Effect of the interaction between substrate type and IBA 
concentration on the number of roots in guava layers.

The length of the longest root on the layers was statistically 
different for the substrate type (p≤0.05), and the substrate × 
IBA concentration interaction (p≤0.01). Mean root length was 
similar in the rockwool and coconut husk substrates (41.6 mm), 
whereas in peat moss, root length was greater, averaging 56.2 
mm. Regarding IBA concentrations, although no statistical 
differences were detected, the trend showed that the 100% 
IBA treatment achieved the greatest mean root length (50.3 
mm), followed by the 50% concentration (46.7 mm), while the 
control without auxin exhibited the shortest roots, averaging 
only 42.3 mm (Figure 7).

The interaction between substrates and IBA concentration 
showed differential effects on the root length of the layers; in 
the rockwool substrate, a decrease was observed as the auxin 
concentration increased, dropping from 54.0 mm without 
auxin to just 25.0 mm when the rooting agent was applied at 
100% concentration. In contrast, root length increased with 
higher IBA concentrations in both the coconut husk and peat 
moss substrates. In the coconut husk substrate, root length 
went from 28.1 mm without auxin to 55.4 mm with 100% 
IBA, while in peat moss, root length was 44.8 mm without IBA 
versus 70.5 mm at the highest concentration, the latter being 
the best treatment, showing the greatest root length (Figure 8).
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Discussion
The values for root number and length found in this 

study are similar to those reported by Albany et al. [17] in 
a study on guava layering; they evaluated IBA and NAA at 
5,000 ppm as root development promoters and concluded 
that NAA promoted a greater number and length of primary 
roots compared to IBA (7.8 vs. 4.2 and 41.3 mm vs. 28.4 mm, 
respectively). Regarding the substrates evaluated, a mixture of 
river sand and phenolic foam performed better than river sand 
alone. In contrast, Sánchez-Urdaneta et al. [19] describe a study 
evaluating four IBA concentrations ranging from 0 to 6,000 
ppm in guava layers; where not significant effect was observed 
on the number or length of the primary root, with an average 
of only 0.96 roots per layer, all measuring less than 10 mm in 
length. The absence of the IBA effect was attributed to the fact 
that endogenous auxin levels were insufficient to promote root 
development, as well as to the substrate used (phenolic foam + 
wood shaving) and the method of application (IBA was applied 
as a paste, prepared with odorless petrolatum Vaseline®). In 
our study, the substrate rock wool showed negative effect on 
number and length of roots when IBA concentration increased, 
as in Sánchez-Urdaneta et al., [19] with foam + wood shaving, 
which root development was deficient, even at 6000 ppm IBA.

In another study, Awasthi et al. [14] evaluated the rooting 
response of the 'Shweta' guava cultivar to different IBA 
concentrations (0 to 9,000 ppm), substrates, and two air-
layering timings. Sixty days after the air layers were made, 
they observed that the highest IBA concentration showed the 

greatest average number and length of roots compared to the 
control (20.2 vs. 8.8 and 59.7 vs. 25.3 mm, respectively) and 
that a peat moss and coconut husk mixture outperformed the 
control using soil as the substrate. The authors concluded 
that the combination of a 9,000 ppm IBA concentration, the 
mixture of peat moss + coconut fiber, and doing the air-layering 
in August represented the best option for efficient rooting of 
guava air layers. The number of roots reported by Awasthi et 
al. [14] was considerably higher than those found in our study 
(4 - 7 roots per layer), although root length was similar in both 
studies (59.7 vs 55.4 mm). It is possibly that leaving the air 
layers for a little longer (60 to 65, instead of 51 days) attached 
to the mother plant, the number of roots may be increased.

Punasya et al. [20] conducted a study to evaluate different 
IBA concentrations (2,000, 4,000, and 6,000 ppm), substrates 
(peat moss and coconut husk), and polyethylene colors (black 
and white) for covering guava air layers. The results showed a 
trend toward an increase in the number and length of roots in 
response to higher IBA concentrations; the average number of 
primary roots per air layer was 17.8, 22.8, and 27.6, while root 
length was 75.0, 90.0, and 110.6 mm for 2,000, 4,000, and 6,000 
ppm of IBA, respectively. These results are in concordance 
with those observed in our study, as both, root number and 
length increased with the IBA concentrations. Punasya et al. 
[20] attribute this effect to the fact that the amount of auxin 
reaching the cambium capable of initiating root primordia 
increases as the concentration of IBA is increased. In addition, 
peat moss yielded better results, likely due to its high moisture-

Figure 7. Main effects of substrate type (left) and IBA concentration (right) on root length in guava air layers. *Means with different letters in 
the substrate column are statistically different (Tukey, p ≤ 0.05).

Figure 8. Effect of the interaction between substrate type and IBA concentration on root length in guava layers. *Means with different letters are 
statistically different (Tukey, p≤ 0.05).
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retention capacity and high porosity, which promotes better 
aeration. Coconut husk was less efficient due to its low water-
retention capacity. The best response was observed with the 
treatment involving the application of 6,000 ppm IBA, peat 
moss, and black polyethylene covers. However, in our case, 
coconut husk showed a good response in promoting root 
number when IBA was applied at higher concentrations, 
similar to peat moss. 

Regarding the results for the substrates, Punasya et al. [20] 
noted that peat moss was the best substrate due to its superior 
moisture-retention capacity compared to coconut fiber; 
meanwhile, Awasthi et al. [14]  reported that a mixture of peat 
moss + coconut fiber was the best substrate for rooting guava 
air layers. In contrast, our study observed a differential effect: 
coconut fiber promoted a greater number of roots, whereas 
peat moss favored root length, suggesting that a mixture of 
both substrates could be a suitable option, as mentioned by 
Awasthi et al. [14].

Conclusions
Propagation of guava by air layers at one of the main 

producing region of Mexico, showed good root development 
observed at 51 days after the layering process was initiated. 
The highest number of roots was observed with coconut husk, 
whereas the greatest root length was achieved with peat moss; 
in both instances, at 100% IBA concentration. Furthermore, 
both concentrations of the IBA contributed to an increase in the 
number and length of roots, although the 100% concentration 
showed the best results. The control treatment (without IBA) 
showed the lowest values for both, root number and length. 
Based on these results, it is concluded that coconut husk is a 
suitable substrate for propagating guava by air layering, and it 
is also less expensive than the other substrates tested. Using 
coconut husk combined with IBA is recommended to enhance 
rooting efficiency in guava air layers.
Acknowledgments

We thank the technical staff of the INIFAP- “Los Cañones” 
Experimental Site for their support with fieldwork activities.
References
1.	 Arévalo-Marín E, Casas A, Landrum L, Shock MP, Alvarado-Sizzo 

H, Ruiz-Sanchez E, Clement CR. The taming of Psidium guajava: 
Natural and cultural history of a neotropical fruit. Front Plant Sci. 
2021;12:714763. doi:10.3389/fpls.2021.714763 

2.	 Servicio de Información Agroalimentaria y Pesquera (SIAP). Servicio 
de Información Agroalimentaria y Pesquera. Secretaría de Agricultura, 
Ganadería, Desarrollo Rural, Pesca y Alimentación. Accessed May 
2026. https://nube.agricultura.gob.mx/cierre_agricola/ 

3.	 Mendes PF, Usman M, Mayer NA, Costa NJ, Ranny MMO, Willemse 
S. Advances in guava propagation. Rev Bras Frutic. 2017;39(4):e-
358. doi:10.1590/0100-29452017 

4.	 Yadava UL. Guava (Psidium guajava L.): An exotic tree fruit 
with potential in the southeastern United States. HortScience. 
1996;31(5):789-794. doi:10.21273/HORTSCI.31.5.789 

5.	 Barbalho SM, Farinazzi-Machado FMV, de Alvares GR, Saad 
Brunnati AC, Machado BOAM, Teixeira NC. Psidium guajava 
(guava): A plant of multipurpose medicinal applications. Med Aromat 
Plants. 2012;1(4):1-6. doi:10.4172/2167-0412.1000104 

6.	 Chechani B, Roat P, Hada S, Kumar Y, Kumari N. Psidium guajava: An 
insight into ethnomedicinal uses, phytochemistry and pharmacology. 
Comb Chem High Throughput Screen. 2024;27(1):2-39. doi:10.2174
/1386207326666230426093315 

7.	 Martínez-De Lara J, Barrientos-Lara MC, Reyes-De Anda AC, 

Hernández-Delgado S, Padilla-Ramírez JS, Mayek-Pérez N. 
Diversidad fenotípica y genética en huertas de guayabo de Calvillo, 
Aguascalientes. Rev Fitotec Mex. 2004;27(3):243-249. doi:10.35196/
rfm.2004.3.243 

8.	 Singh G, Sahare H, Maninderdeep. Recent trends in guava 
propagation: A review. Biosci Biotechnol Res Asia. 2019;16(1):143-
154. doi:10.13005/bbra/2732 

9.	 Menzel CM. Guava: An exotic fruit with potential in Queensland. 
Queensland Agric J. 1985;111(2):93-98. Accessed August 1, 2026. 
https://www.researchgate.net/publication/286781042_Guava_An_
exotic_fruit_with_potential_in_Queensland 

10.	 Morton JF. Guava (Psidium guajava L.). In: Fruits of Warm Climates. 
Miami, FL; 1987:356-363. Accessed August 1, 2026. http://www.
hort.purdue.edu/newcrop/morton/guava.html 

11.	 Sánchez LLA, Salazar CR, Torres MR, Chois JA. Propagación del 
guayabo, Psidium guajava L., mediante el enraizamiento de estacas. 
Rev ICA. 1984;21(1):8-14. Accessed August 1, 2026. http://hdl.
handle.net/20.500.12324/15453 

12.	 De Luna-Jiménez A, Luna-Ruíz JJ, Fuántos-Mendoza J, Martínez 
de Lara J. Propagación clonal de guayabo en distintos medios de 
enraizamiento. Rev Cient Biol Agropecu Tuxpan. 2019;7(2):174-181. 
doi:10.47808/revistabioagro.v7i2.61 

13.	 Ramos HL, Arozarena DNJ, Lescaille AJ, et al. Dosis de Pectimorf® 
para enraizamiento de esquejes de guayaba var. Enana Roja Cubana. 
Rev Mex Cienc Agríc. 2013;(Spec 6):1093-1105. Accessed August 1, 
2026. https://www.scielo.org.mx/pdf/remexca/v4nspe6/v4spe6a2.pdf 

14.	 Awasthi M, Malik S, Kumar M, Kumar MS, Kumar A, Kumar 
R. Assessment of different IBA concentration, rooting media and 
time for rooting behaviour of air layered guava (Psidium guajava 
L.) cv. Shweta. Pharma Innov J. 2021;10(5):1298-1305. Accessed 
August 1, 2026. https://www.thepharmajournal.com/archives/2021/
vol10issue5/PartQ/10-4-170-146.pdf 

15.	 Domínguez-Perales LA, Domínguez-Álvarez JL, Cruz-Izquierdo 
S, et al. Propagación in vitro de selecciones de guayabo (Psidium 
guajava L.). Rev Fitotec Mex. 2016;39(3):285-295. Accessed August 
1, 2026. https://www.scielo.org.mx/pdf/rfm/v39n3/0187-7380-
rfm-39-03-00285.pdf 

16.	 Saroj, Kumar KS. Vegetative propagation of guava (Psidium guajava 
L.) through air layering: A review. Plant Arch. 2020;20(1):1179-
1188. Accessed August 1, 2026. https://www.researchgate.net/
publication/343821302_VEGETATIVE_PROPAGATION_
OF_GUAVA_PSIDIUM_GUAJAVA_L_THROUGH_AIR_
LAYERING_A_REVIEW 

17.	 Albany VNR, Vilchez PAJ, Viloria ZJ, Castro C, Gadea LJ. 
Propagación asexual del guayabo mediante la técnica de acodo aéreo. 
Agron Trop. 2004;54(1). Accessed August 1, 2026. https://dialnet.
unirioja.es/servlet/articulo?codigo=7444157 

18.	 Padilla-Ramírez JS, González-Gaona E, Osuna-Ceja ES, et al. 
Mycorrhizae effect on growth of guava plants (Psidium guajava) 
under nursery conditions. Eur J Appl Sci. 2026;14(2):198-206. 
doi:10.14738/aivp.1402.20193 

19.	 Sánchez Urdaneta AB, Suárez E, González MR, et al. Efecto del ácido 
indolbutírico sobre el enraizamiento de acodos aéreos de guayabo 
(Psidium guajava L.) en el municipio Baralt, Venezuela. Rev UDO 
Agríc. 2009;9(1):113-120. Accessed August 1, 2026. https://dialnet.
unirioja.es/descarga/articulo/3293830.pdf 

20.	 Punasya A, Kanwar J, Dubey R. IBA and rooting media influenced 
survival, rooting and vegetative growth in air layering of guava 
(Psidium guajava L.) cv. L-49. Int J Curr Microbiol Appl Sci. 
2018;7(8):1505-1510. doi:10.20546/ijcmas.2018.708.171 

21.	 Haque T, Farooque AM, Rahim MA, Islam S. Effect of layering methods 
and growth regulators on guava propagation. J Bangladesh Soc Agric 
Sci Technol. 2004;1(1-2):13-17. Accessed August 1, 2026. https://
researchportal.murdoch.edu.au/esploro/outputs/journalArticle/Effect-
of-layering-methods-and-growth/991005542717507891 



Page 7 of 7

José Saúl Padilla-Ramírez, et al. Japan Journal of Research. 2026;7(5):192

Japan J Res. 2026; Vol 7 Issue 5

22.	 García E. Modificaciones al Sistema de Clasificación Climática de 
Köppen para Adaptarlo a las Condiciones de la República Mexicana. 
Instituto de Geografía, Universidad Nacional Autónoma de México; 
2004. 

23.	 Padilla-Ramírez JS, Rodríguez-Moreno VM, González-Gaona E, 
Osuna-Ceja ES, Pérez-Ballesteros MH. Influencia de paclobutrazol 
en el crecimiento de brotes y rendimiento de Psidium guajava L. en 
alta densidad. Rev Mex Cienc Agríc. 2017;(Spec 19):3965-3977. 
Accessed August 1, 2026. https://cienciasagricolas.inifap.gob.mx/
index.php/agricolas/es/article/view/666/524 

24.	 SAS Institute Inc. SAS/STAT User's Guide. Version 8. Cary, NC: SAS 
Institute Inc; 1999. 

25.	 Arancon NQ, Schaffer N, Converse CE. Effects of coconut husk and 
sphagnum moss-based media on growth and yield of romaine and 
buttercrunch lettuce (Lactuca sativa) in a non-circulating hydroponics 
system. J Plant Nutr. 2015;38(8):1218-1230. doi:10.1080/01904167.
2014.983117 

26.	 Agrolan. Productos. Accessed August 1, 2026. https://agrolan.com.
mx/Productos


