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INTRODUCTION 

Guava (Psidium guajava) L. is a commercially im-

portant fruit tree cultivated worldwide for its delicious 

fruits, which are rich in vitamins, minerals, and antioxi-

dants (Sarkar, 2018). While propagation from seeds 

offers a low-cost method, it results in offspring with un-

predictable characteristics and fruit quality 

(Rajamanickam et al., 2021). Conversely, vegetative 

propagation techniques like air-layering and ground-

layering ensure genetic uniformity and allow selection 

for desired traits like high yield and disease resistance. 

However, these traditional methods can be labor-

intensive and time-consuming, often taking several 

weeks to months for successful rooting (Hartmann et 

al., 2002). This is a significant drawback for large-scale 

guava production, especially when nurseries employ 

shade nets to create favourable environmental condi-

tions for cuttings. 

Terminal cuttings have emerged as a promising alter-

native for rapid and efficient guava propagation 

(Prakash et al., 2018). This method utilizes actively 

growing shoots from the terminal end of branches, 

which are more likely to root than mature wood. How-

ever, successful rooting of guava cuttings, particularly 

under shade net environments commonly used in 

nurseries, remains a challenge.  While beneficial for 

regulating temperature and moisture, shade nets can 
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also reduce light intensity, hindering root development 

(Singh et al., 2015).  Zinc is a crucial mineral for numer-

ous plant physiological processes, including auxin syn-

thesis, which plays a vital role in root initiation and de-

velopment. Zinc, a vital micronutrient for plants, plays a 

critical role in promoting adventitious root formation. It 

acts as a cofactor for several enzymes involved in auxin 

synthesis and metabolism, hormones essential for stim-

ulating cell division and elongation in developing roots . 

Consequently, sufficient zinc availability in the plant's 

growing medium enhances root development by pro-

moting these auxin-mediated processes (Alloway, 

2012. This study investigates the potential of zinc appli-

cation to enhance rooting efficiency in guava (Psidium 

guajava) cuttings grown under shade nets. 

MATERIALS AND METHODS 

The present research was conducted in a shade net 

house (50% shade) within the protected cultivation area 

of the agriculture farm at the School of Agriculture, 

Lovely Professional University, Phagwara, Punjab, In-

dia, from May to November 2022 and 2023. A split-plot 

design was employed, with factors A and B represent-

ing foliar and basal zinc application, respectively and 

factor C representing the recommended dosage of IBA 

@ 5000 ppm (Singh,2011) and control i.e. no applica-

tion of zinc or  Indole-3-butyric acid (IBA). Each treat-

ment combination was replicated three times, resulting 

in eight treatment groups. 

 

Plant material 

Healthy, uniform guava trees of six-year-old of the culti-

var Allahabad Safeda were identified in an orchard at 

the School of Agriculture, Lovely Professional Universi-

ty. Plants were randomly assigned to receive one of the 

following treatments.  

 

Preparation of growing media and cuttings 

Polybags were filled with a well-mixed growing medium 

of garden soil, cocopeat, sphagnum moss, and ver-

micompost in a 1:1:1:1 ratio (v/v), supplemented with 

FYM (farmyard manure). Stem cuttings, 20-25 cm long 

and containing 3-4 viable buds, were collected using 

secateurs from the treated guava plants where different 

levels of a zinc sulfate solution were sprayed on the 

plants or poured around the base of the plants, as per 

treatments. This was done about one month before 

cuttings were taken from the plants. A clean, slanting 

cut was made at the base of each cutting to maximize 

surface area for root development without damaging 

the bark (Afzal et al.,2023). 

 

Treatments 

Zinc treatments (Factor A): 

Foliar application (Factor A): The following zinc sulfate 

solutions were applied as a foliar application to 6-year-

old guava trees in May in the year 2022 and 2023. A  

single application was applied  and stem cuttings were 

collected from trees after 30 and 60 days of foliar appli-

cation.  

ZF1 (0.25% zinc sulfate solution) 

ZF2 (0.50% zinc sulfate solution) 

ZF3 0.75% zinc sulfate solution) 

 

Basal application (Factor B):  

Zinc sulfate fertiliser was applied to separate group of 6 

years old guava trees in May in the years 2022 and 

2023 and stem cuttings were collected from trees after 

30 and 60 days of the following basal applications. 

ZB1 (50 g zinc sulfate per tree) 

ZB2 (75 g zinc sulfate per tree) 

ZB3 (100 g zinc sulfate per tree) 

 

Recommended Dosage (Factor C):  

I0: Stem cuttings taken from the untreated (No zinc ap-

plication in any form) trees during the month of July in 

both years (Control) 

I1: Stem cuttings taken from untreated trees and these 

cuttings were treated with a recommended dose of IBA 

(indole-3-butyric acid) @ 5000 ppm (Singh,2011) 

Stem cuttings taken from zinc-treated trees were com-

pared to those treated with IBA from untreated plants.  

 

Planting and data collection: 

The first set of stem cuttings was collected 30 days 

after the one foliar or basal zinc applications cuttings 

were planted in individual polybags placed under the 

shade net with a light transmission of 75%. A second 

set of cuttings was collected 60 days after foliar or ba-

sal zinc application and planted under similar condi-

tions. Additionally, cuttings for the recommended IBA 

(indole-3-butyric acid) dosage and control groups were 

collected and planted simultaneously. 

 

Data analysis 

Data collected from observations in 2022 and 2023 

were pooled. Rooting behaviour was observed for both 

sets of cuttings 90 days after planting. Rooting efficien-

cy was evaluated by measuring the percentage of cut-

tings with roots, the average number of roots per cut-

ting, and root length Data was analysed using statistical 

software OP STAT to determine the significant effects 

of zinc application methods, concentrations, and their 

interaction on rooting parameters such as root length, 

number of roots, and root biomass in guava plants.. 

RESULTS AND DISCUSSION 

Days to root initiation 

Table 1 reveals significant influences on root initiation 

time by both Zn and IBA treatments (p < 0.05). Within 
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the Zn groups, the 75 g/tree basal dose exhibited the 

quickest root emergence (22.25 days) after 60 days of 

treatment, compared to higher or lower Zn applications. 

Notably, IBA at 5000 ppm surpassed all Zn-treated and 

control groups (29.28 days) by achieving root initiation 

in a mere 19.13 days. This result showed the remarka-

ble efficacy of IBA in accelerating root development, 

demonstrating its potential for promoting early root es-

tablishment in plants regardless of Zn application. The 

observed superiority of IBA in expediting root initiation 

aligns with findings by Kumar and Singh (2020) in kagzi 

lime (Swingle), who also reported significantly faster 

root emergence in IBA-treated cuttings than in controls. 

This phenomenon can be attributed to the well-

established role of auxins like IBA in stimulating cell 

division and differentiation, particularly in root meri-

stems (De Klerk et al., 2010). IBA application likely trig-

gers the enhanced downward movement of auxins and 

carbohydrates within the cuttings (Blazich, 2006), 

providing essential resources for the initial physiological 

processes associated with root initiation and develop-

ment. The observed dose-dependent response within 

the Zn treatments suggests a potential interplay be-

tween Zn and auxin signalling pathways in regulating 

root emergence.  

 

Rooted cuttings (%) 

Table 2 reveals that Zn and IBA treatments had a nota-

ble impact on rooting percentage. The highest Zn-

related rooting percentage, at 52.13%, was observed 

with a basal dose of 75g/tree after 60 days of treat-

ment. However, regardless of Zn application, IBA at 

5000 ppm achieved the highest rooting percentage, 

reaching 68%, a substantial difference from the control 

group, which had a rooting percentage of 32.61%. 

These results emphasised the significant influence of 

IBA in enhancing rooting success, surpassing both the 

Zn-treated group and the control, suggesting its effica-

cy as a growth regulator in promoting root develop-

ment. The substantial disparity in rooting percentages 

underscores the potential utility of IBA for improving 

overall rooting outcomes in horticultural practices. The 

explanation could be that using auxins has increased 

cambial activity, resulting in the migration of reserve 

food material to the root initiation location. When natu-

ral and synthetic auxins are administered exogenously 

to stem cuttings, they often promote the development 

of pre-existing root primordial cells, and increase the 

number of roots per cutting, aiding sprouting and 

growth. The increased proportion of IBA could be at-

tributed to increased hydrolytic activity in the presence 

of IBA.  

Zinc application significantly enhances root develop-

ment in cuttings. This is potentially attributed to zinc's 

ability to modulate carbohydrate and nitrogen metabo-

lism, resulting in a favorable internal environment for 

root initiation and growth. Previous studies support this 

mechanism (Mourão Filho et al., 2009 in swingle citru-

melo; Akakpo et al., 2014 in shea nut tree; Singh and 

Tomar, 2015 in phalsa;Mehta et al., 2018 in pomegran-

ate).  

 

Survival plants (%) 

Analysis of Table 3 shows that Zn and IBA treatments 

significantly influenced the success percentage of cut-

ting rooting.  The results of this study demonstrate the 

independent effects of Zn and IBA application on the 

rooting success and survival of cuttings. While Zn ap-

plication at 50g/tree yielded a considerable rooting suc-

cess percentage of 79.92%, using IBA at 5000 ppm led 

to an even more significant outcome with an 81.32% 

rooting rate. This finding aligns with established re-

search highlighting the efficacy of IBA as a potent aux-

in in promoting root initiation and development (Rani et 

al., (2015 in guava; Soni et al., (2016) in guava. 

The increased rooting success with IBA treatment sug-

gests its ability to mobilise carbohydrates and other 

essential nutrients to the rooting zone. Increased car-

bohydrate availability likely provides the necessary 

energy reserves for root development, enhancing sur-

vival rates. Although Zn application also demonstrated 

a positive impact on rooting, the greater effectiveness 

of IBA underscores the critical role of auxin signalling 

pathways in root formation. This distinction is im-

portant, as it indicates that while micronutrient availabil-

ity (like Zn) contributes to the overall health and vigour 

of the cutting, the targeted action of auxins is a signifi-

cant driver of the rooting process itself. This study 

breaks new ground by independently evaluating the 

contributions of IBA and Zn to rooting success, demon-

strating Zinc application effectiveness compared to IBA 

application and highlighting its potential for improving 

plant propagation. 

 

Primary and secondary number of roots 

Examination of Tables 4 and 5 shows that the applica-

tion of Zn and IBA significantly impacted the number of 

primary and secondary roots. The present  results 

demonstrate that both Zn and IBA significantly influ-

enced root development in cuttings. Specifically, Zn 

application at 75 g/tree led to the highest average num-

ber of primary (12.77) and secondary (24.86) roots 

after 60 days. This finding suggests that Zn is crucial in 

promoting both root initiation and subsequent branch-

ing. Previous research aligns with this observation, 

indicating a positive correlation between Zn availability 

and root system development IBA treatment, independ-

ent of Zn, also exhibited a profound effect. Cuttings 

treated with 5000 ppm IBA produced the highest 

counts of primary (17.08) and secondary (30.15) roots, 
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exceedingly even in the control group. This aligns with 

the established role of IBA as a potent auxin, promoting 

root initiation and elongation Kaur (2017) in peach; 

Kaur et al. (2018) in Rolaniya et al. (2018) in grapes; 

Siddiqua et al. (2018) in dragon fruit; Singh et al. (2019) 

in peach, and Kumar et al. (2020) in pomegranate. In-

terestingly, present study also revealed distinct mor-

phological differences in the root systems induced by 

IBA treatments. This observation highlights the poten-

tial for differential responses to various auxin types, 

warranting further investigation. 

While the individual effects of Zn and IBA on rooting 

are documented, the present work offers new insights 

into their relative efficacy, dosage-dependent respons-

es, and the specific impact of Zn on secondary root 

development within this particular species. Further re-

search is needed to elucidate the precise mechanisms 

by which Zn modulates root architecture and to explore 

potential interactions between Zn and auxin signalling 

pathways. 

Length of primary root and secondary root 

 Figure 1 and Tables 6 and 7 show that applying Zn and 

IBA significantly influenced the length of both primary 

and secondary roots. The results demonstrate the inde-

pendent and significant effects of zinc and IBA applica-

tion on promoting root development in guava stem cut-

tings. Zinc exerted its primary influence on root length, 

with the optimal dose of 75g/tree significantly increasing 

both primary and secondary root lengths (8.65 cm and 

3.20 cm, respectively). This finding aligns with the role 

of zinc in modulating plant metabolism, potentially en-

hancing nutrient uptake and cell elongation for root 

growth. Conversely, IBA exhibited a more pronounced 

effect on both primary and secondary root lengths, with 

the 5000 ppm treatment resulting in remarkable in-

creases (10.22 cm and 4.22 cm, respectively). This 

surpasses previous findings in guava and other spe-

cies, highlighting the efficacy of IBA treatment in this 

context. The observed effect is consistent with the well-

established role of auxins (like IBA) in stimulating root 

 Zinc Foliar (Factor A) Zinc Basal (Factor B) IBA (Factor C)  

 
ZF1 (0.25%/

tree) 

ZF 2 (0.50%/

tree) 

ZF 3 (0.75%/

tree) 

ZB1 (50g/

tree) 

ZB2 (75g/

tree) 

ZB3 (100g/

tree) 

I1 (5000 

ppm) 

I0  

Control 
Mean 

30 Days * 24.59 24.31 24.10 23.59 22.40 23.18 19.19 31.74 23.64 

60 Days** 24.39 24.01 24.00 23.21 22.25 22.98 19.13 29.28 23.19 

Mean 24.49 24.16 24.05 23.4 22.33 23.08 19.16 30.51  

  
Factor 

A 

Factor 

B 

Factor 

C 

Interaction A 

X B 

Interaction A X 

C 

Interaction B X 

C 

Interaction A X 

B X C 

C.D. 0.004 0.004 0.007 0.006 0.1 0.1 0.017 

SE(m) 0.001 0.001 0.002 0.002 0.003 0.003 0.006 

*Stem cuttings taken from the mother plant 30 days after zinc application; ** Stem cuttings taken from the mother plant 60 days after 

zinc application 

Table 1. Influence of zinc application methods and concentrations on the time (in days) taken for root initiation of guava 

stem cuttings 

  Zinc Foliar (Factor A) Zinc Basal (Factor B) IBA (Factor C)  

  
ZF1 (0.25%/  

tree) 

ZF 2 (0.50%/

tree) 

ZF 3 (0.75%/

tree) 

ZB1 (50g/

tree) 

ZB2 (75g/

tree) 

ZB3 (100g/

tree) 

(I1 (5000 

ppm) 

I0  

Control 
Mean 

30 Days* 41.90 44.79 46.05 46.13 49.91 48.97 66.79 29.09 48.74 

60 Days** 44.21 47.01 48.04 48.41 52.13 50.14 68.00 32.61 50.82 

Mean 43.06 45.9 47.05 47.27 51.02 49.56 67.4 30.85  

  
Factor 

A 

Factor  

B 

Factor 

C 

Interaction A X 

B 

Interaction A X 

C 

Interaction B X 

C 

Interaction A X 

B X C 

C.D. 0.048 0.048 0.083 0.002 0.004 0.004 0.007 

SE(m) 0.016 0.016 0.028 0.019 0.001 0.001 0.002 

*Stem cuttings taken from the mother plant 30 days after zinc application;**: Stem cuttings taken from the mother plant 60 days after 

zinc application. 

Table 2. Influence of zinc application methods and concentrations on the rooting percentage (%) of guava stem cuttings 

after 90 days of planting   
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initiation, cell division, and elongation (Shukla et al., 

2010; Kaur, 2015) Maurya et al. (2022) in lemon. 

Notably, the present work underscored how zinc and 

IBA influenced root development in guava cuttings. 

While previous studies have suggested synergistic in-

teractions between micronutrients and auxins, the pre-

sent results indicated that these substances act inde-

pendently to enhance different aspects of root growth. 

This finding offered new insight into optimizing propa-

gation strategies for guava. 

 

Diameter of primary root and secondary root 

 This study confirms the significant influence of both 

zinc (Zn) and indole-3-butyric acid (IBA) on the diame-

ter of primary and secondary roots in guava stem cut-

tings (Tables 8 & 9). Our findings align with prior re-

search demonstrating the positive impact of these com-

pounds on root development, This potentially relates to 

Zn's role in auxin metabolism (Zhang et al., 2004), en-

hancing the effectiveness of exogenously applied IBA. 

Additionally, Zn is a vital component of enzymes in-

volved in cell wall synthesis and stabilization 

(Marschner, 2012), further promoting root thickening. 

The present results concur with Singh and Tomar 

(2015) and Akakpo et al. (2014), who observed signifi-

cant increases in root diameter with IBA application in 

guava and shea nut trees, respectively. IBA directly 

influences cell wall plasticity and elongation through 

interactions with plant hormones and signalling path-

ways (Pizarro and Díaz-Sala (2022).). In the present 

study, IBA at 5000 ppm consistently led to the highest 

root diameters, irrespective of Zn application, as Mau-

rya et al. (2022) reported in lemon. 

This work sheds light on the independent and potential-

ly interactive effects of Zn and IBA on root development 

in guava. The findings support the established roles of 

Zn in auxin metabolism and IBA in cell wall modifica-

tion, and further investigation is needed to explore: The 

results show the complex interplay between Zn and IBA 

in regulating root development, while the Zn application 

optimises auxin action and  IBA exhibits a potent root 

growth-promoting effect. Further research could ex-

plore the underlying molecular mechanisms and opti-

mise Zn and IBA combinations for specific plant spe-

cies and agricultural applications. 

 

Fresh weight of primary root and secondary root 

 Tables 10 and 11 revealed a significant impact of Zn 

and IBA treatment on the fresh weight of both primary 

and secondary roots. Both zinc (Zn) and indole-3-

butyric acid (IBA) significantly influenced the fresh 

weight of primary and secondary roots in guava stem 

cuttings. Zn application markedly (3.11 g) increased 

root fresh weights, particularly at 75 g/tree.  This aligns 

with previous findings where Zn supplementation en-

hanced root growth in  mulberry (Sourati et al., 2022). 

The observed effect is likely due to Zn's crucial role in 

auxin metabolism, cell division, and root elongation. 

Furthermore, IBA treatment at 5000 ppm led to the 

most substantial (3.69g) (1.52) increase in root bio-

mass, exceeding even the effects of the highest Zn 

dose. This underscores IBA's well-established function 

Fig. 1. Showing the comparative root growth of guava propagation through stem cuttings taken from zinc treated trees 

and treated with IBA application:(a) control (b) zinc application (basal) @ 75g/tree (c) stem cutting treated with IBA 

5000ppm (d ) Zinc (foliar) @ 0.75%\tree 

1019 



 

Vijayvargiya, V. et al. / J. Appl. & Nat. Sci. 16(3), 1015 - 1024 (2024) 

as a potent root-promoting hormone. Notably, the pre-

sent findings surpassed those reported in similar stud-

ies by (Chakraborty and Rajkumar, 2018) on muscat 

grapes; Rolaniya et al. (2018) on grapes; Siddiqua et 

al. ( 2018) on dragon fruit and İşçi et al. (2019) on 

grapevine, suggesting that guava cuttings may be par-

ticularly responsive to IBA treatment. Importantly, while 

a combined effect of Zn and IBA on rooting is evident, 

the present work refrains from describing it as synergis-

tic in the absence of a specific investigation into their 

interaction. This study offers valuable insights into opti-

mizing Zn and IBA applications for enhanced rooting 

  Zinc Foliar (Factor A) Zinc Basal (Factor B) IBA (Factor C)  

  
ZF1 (0.25 

%/ tree) 

ZF 2 (0.50 

%/ tree) 

ZF 3 (0.75%/

tree) 

ZB1 (50g/

tree) 

ZB2 (75g/

tree) 

ZB3 (100g/

tree) 

(I1 (5000 

ppm) 

I0  

Control 
Mean 

30 Days* 63.07 64.46 66.95 73.79 78.79 76.21 80.61 31.88 69.24 

60 Days** 64.28 64.85 68.37 73.65 79.92 76.98 81.32 31.95 69.89 

Mean 63.67 64.66 67.66 73.72 79.36 76.60 80.97 31.91   

  
Factor 

A 

Factor  

B 

Factor 

C 

Interaction A 

X B 

Interaction  

A X C 

Interaction B 

X C 

Interaction A X 

B X C 

C.D. 0.019 0.019 0.015 0.033 0.027 0.027 0.046 

SE(m) 0.007 0.007 0.005 0.011 0.009 0.009 0.016 

* Stem cuttings taken from the mother plant 30 days after zinc application;**Stem cuttings taken from the mother plant 60 days after zinc 

application. 

Table 3. Influence of zinc application methods and concentrations on the survival percentage(%) of guava stem cuttings 

90 days after planting 

  Zinc Foliar (Factor A) Zinc Basal (Factor B) IBA (Factor C)  

  
ZF1 

(0.25%/tree) 

ZF 2 (0.50 

%/tree) 

ZF 3 (0.75 

%/tree) 

ZB1 (50g/

tree) 

ZB2 (75g/

tree) 

ZB3 (100g/

tree) 

(I1 (5000  

ppm) 

I0  

Control 
Mean 

30 Days* 6.56 6.75 7.55 10.03 12.13 11.12 16.58 3.84 10.11 

60 Days** 6.82 6.94 7.93 10.25 12.77 12.15 17.08 4.29 10.55 

Mean 6.69 6.85 7.74 10.14 12.45 11.64 16.83 4.06  

  
Factor 

A 

Factor 

B 

Factor  

c 

Interaction A X 

B 

Interaction  

A X C 

Interaction B X 

C 

Interaction A 

X B X C 

C.D. 0.007 0.007 0.009 0.012 0.015 0.015 0.026 

SE(m) 0.002 0.002 0.003 0.004 0.005 0.005 0.009 

* Stem cuttings taken from the mother plant 30 days after zinc application;** Stem cuttings taken from the mother plant 

60 days after zinc application 

Table 4. Influence of zinc application methods and concentrations on the number of primary roots of guava stem  

cuttings 90 days after planting 

Table 5. Influence of zinc application methods and concentrations on the number of secondary roots of guava stem cut-

tings 90 days after planting 

  Zinc Foliar (Factor A) Zinc Basal (Factor B) IBA (Factor C)  

  
ZF1 (0.25 

%/tree) 

ZF 2 (0.50 

%/tree) 

ZF 3 (0.75 

%/tree) 

ZB1 (50g/

tree) 

ZB2 (75g/

tree) 

ZB3 (100g/

tree) 

(I1 (5000 

ppm) 

I0  

Control 
Mean 

30 days* 20.32 21.05 21.60 22.98 24.51 23.55 29.83 10.85 22.65 

60 days** 20.70 21.33 21.93 23.30 24.86 23.83 30.15 11.15 22.97 

Mean 20.51 21.19 21.76 23.14 24.69 23.69 29.99 11   

  
Factor 

A 

Factor 

B 

Factor 

c 

Interaction A X 

B 

Interaction  

A X C 

Interaction 

B X C 

Interaction A X 

B X C 

C.D. 0.01 0.01 0.008 0.017 0.014 0.014 0.024 

SE(m) 0.003 0.003 0.003 0.006 0.005 0.005 0.008 

*Stem cuttings taken from the mother plant 30 days after zinc application;** Stem cuttings taken from the mother plant 60 days after zinc 

application 
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success in guava propagation. The observed root fresh 

weights indicated the potential for these treatments to 

improve cutting establishment and overall plant health. 

Further research exploring the potential synergistic in-

teractions between Zn and IBA in guava could lead to 

even more refined propagation strategies. 

Conclusion 

The findings on zinc application and IBA treatment on 

the rooting efficiency of guava (Psidium guajava) cut-

tings under shade net environments revealed a signifi-

cant influence of both treatments on various rooting 

  Zinc Foliar (Factor A) Zinc Basal (Factor B) IBA (Factor C)  

  
ZF1 (0.25 %/

tree) 

ZF 2 (0.50 

%/tree) 

ZF 3 (0.75 

%/tree) 

ZB1 (50g/

tree) 

ZB2 (75g/

tree) 

ZB3 (100g/

tree) 

(I1 (5000 

ppm) 
I0 Control Mean 

30 days* 6.71 6.78 7.31 7.54 8.38 7.93 10.09 5.92 7.81 

60 Days** 6.77 6.85 7.36 7.66 8.65 8.01 10.22 6.00 7.92 

Mean 6.74 6.82 7.34 7.6 8.52 7.97 10.16 5.96  

Table 6. Influence of zinc application methods and concentrations on the length of the primary root (in centimetres) of 

guava stem cuttings 90 days after planting 

  
Factor 

A 

Factor 

B 

Factor 

c 

Interaction A X 

B 

Interaction A X 

C 

Interaction B X 

C 

Interaction A X 

B X C 

C.D. 0.009 0.009 0.007 0.015 0.012 0.012 0.021 

SE(m) 0.003 0.003 0.002 0.005 0.005 0.004 0.007 

* Stem cuttings taken from the mother plant 30 days after zinc application;** Stem cuttings taken from the mother plant 60 days after 

zinc application 

  Zinc Foliar (Factor A) Zinc Basal (Factor B) IBA (Factor C)  

  
ZF1 (0.25 

%/tree) 

ZF 2 (0.50 

%/tree) 

ZF 3 (0.75 

%/tree) 

ZB1 (50g/

tree) 

ZB2 (75g/

tree) 

ZB3 (100g/

tree) 

(I1 (5000 

ppm) 

I0  

Control 
Mean 

30 days* 2.68 2.71 2.92 3.01 3.25 3.17 4.13 2.16 3.11 

60 days** 2.70 2.74 2.94 3.06 3.20 3.36 4.22 2.21 3.16 

Mean 2.69 2.73 2.93 3.04 3.22 3.27 4.18 2.19  

  
Factor 

A 

Factor 

B 

Factor 

c 

Interaction A 

X B 

Interaction  

A X C 

Interaction B X 

C 

Interaction A X 

B X C 

C.D. 0.008 0.008 0.006 0.014 0.1 0.1 0.0017 

SE(m) 0.003 0.003 0.002 0.005 0.003 0.003 0.006 

*Stem cuttings taken from the mother plant 30 days after zinc application;** Stem cuttings taken from the mother plant 60 days after zinc 

application 

Table 7. Influence of zinc application methods and concentrations on the length of the secondary root (in centimetres) of 

guava stem cuttings 90 days after planting 

  Zinc Foliar (Factor A) Zinc Basal (Factor B) IBA (Factor C)  

  
ZF1 (0.25  

%/tree) 

ZF 2 (0.50 

%/tree) 

ZF 3 (0.75 

%/tree) 

ZB1 (50g/

tree) 

ZB2 (75g/

tree) 

ZB3 (100g/

tree) 

(I1 (5000 

ppm) 

I0  

Control 
Mean 

30 days* 1.24 1.37 1.48 1.58 1.69 1.59 2.04 1.11 1.56 

60 days** 1.26 1.37 1.48 1.54 1.75 1.63 2.06 1.17 1.58 

Mean 1.25 1.37 1.48 1.56 1.72 1.61 2.05 1.14   

Table 8. Influence of zinc application methods and concentrations on the diameter of the primary root of guava stem cut-

tings 90 days after planting 

  Factor Factor Factor Interaction A X Interaction  Interaction  Interaction  

C.D. 0.017 0.017 0.009 0.029 0.015 0.015 0.026 

SE(m) 0.006 0.006 0.003 0.01 0.005 0.005 0.009 

* Stem cuttings taken from the mother plant 30 days after zinc application;** Stem cuttings taken from the mother plant 60 days after 

zinc application 
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parameters. Basal application of zinc sulfate at 75 g/

tree resulted in a 52.13% increase in rooting percent-

age, a 7.66 cm increase in average root length, and a 

1.52 g increase in root fresh weight compared to the 

control group. These results suggest that basal zinc 

application can effectively enhance rooting in guava 

cuttings grown under shade nets. However, IBA treat-

ment at 5000 ppm consistently outperformed all zinc 

treatments across all measured parameters, demon-

strating its well-established role as a potent auxin-

based rooting promoter.Applying rooting hormones to 

multiple cuttings is challenging, time-consuming, and 

labor-intensive.  The observed improvement in rooting 

efficiency with basal zinc application suggests that 

  Zinc Foliar (Factor A) Zinc Basal (Factor B) IBA (Factor C)  

  
ZF1 (0.25 

%/tree) 

ZF 2 (0.50 

%/tree) 

ZF 3 (0.75 

%/tree) 

ZB1 (50g/

tree) 

ZB2 (75g/

tree) 

ZB3 (100g/

tree) 

(I1 (5000 

ppm) 

I0  

Control 
Mean 

30 days* 0.33 0.42 0.51 0.62 0.79 0.71 0.94 0.22 0.6 

60 days** 0.42 0.51 0.62 0.70 0.79 0.76 0.94 0.25 0.65 

Mean 0.38 0.47 0.57 0.66 0.79 0.74 0.94 0.24  

Table 9. Influence of zinc application methods and concentrations on the diameter of the secondary root of guava stem 

cuttings 90 days after planting 

  
Factor 

A 

Factor 

B 

Factor 

C 

Interaction A 

X B 

Interaction  

A X C 

Interaction B 

X C 

Interaction A X 

B X C 

C.D. 0.009 0.009 0.015 0.015 0.008 0.008 0.014 

SE(m) 0.003 0.003 0.002 0.005 0.003 0.003 0.005 

*Stem cuttings taken from the mother plant 30 days after zinc application;** Stem cuttings taken from the mother plant 60 

days after zinc application 

  Zinc Foliar (Factor A) Zinc Basal (Factor B) IBA (Factor C)  

  
ZF1 (0.25 

%/tree) 

ZF 2 (0.50 

%/tree) 

ZF 3 (0.75 

%/tree) 

ZB1 (50g/

tree) 

ZB2 (75g/

tree) 

ZB3 (100g/

tree) 

(I1 (5000 

ppm) 

I0  

Control 
Mean 

30 days* 2.34 2.47 2.55 2.68 2.93 2.79 3.53 2.07 2.73 

60 days** 2.36 2.49 2.57 2.75 3.11 2.88 3.69 2.16 2.83 

Mean 2.35 2.48 2.56 2.72 3.02 2.84 3.61 2.12   

  
Factor 

A 

Factor 

B 

Factor  

c 

Interaction A X 

B 

Interaction  

A X C 

Interaction B 

X C 

Interaction A X 

B X C 

C.D. 0.007 0.007 0.008 0.013 0.014 0.014 0.024 

SE(m) 0.002 0.002 0.003 0.004 0.005 0.005 0.008 

Table 10. Influence of zinc application methods and concentrations on the fresh weight of the primary root (in grams) of 

guava stem cuttings 90 days after planting 

*Stem cuttings taken from the mother plant 30 days after zinc application; ** Stem cuttings taken from the mother plant 60 days after 

zinc application 

  Zinc Foliar (Factor A) Zinc Basal (Factor B) IBA (Factor C)  

  
ZF1 

(0.25%/tree) 

ZF 2 (0.50 

%/tree) 

ZF 3 (0.75 

%/tree) 

ZB1 (50g/

tree) 

ZB2 (75g/

tree) 

ZB3 (100g/

tree) 

(I1 

(5000 ppm) 

I0  

Control 
Mean 

30 days* 0.94 1.07 1.19 1.31 1.49 1.39 1.71 0.76 1.27 

60 days** 0.95 1.06 1.18 1.31 1.52 1.38 1.75 0.77 1.28 

Mean 0.95 1.07 1.19 1.31 1.51 1.39 1.73 0.77   

  
Factor 

A 

Factor 

B 

Factor 

C 

Interaction A 

X B 

Interaction  

A X C 

Interaction B X 

C 

Interaction A X 

B X C 

C.D. 0.0 0.0 0.006 0.017 0.011 0.011 0.019 

SE(m) 0.003 0.003 0.002 0.006 0.004 0.004 0.006 

*Stem cuttings taken from the mother plant 30 days after zinc application;** Stem cuttings taken from the mother plant 60 

days after zinc application 

Table 11. Influence of zinc application methods and concentrations on the fresh weight of the secondary root (in grams) 

of guava stem cuttings 90 days after planting 
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these cuttings might be "pre-primed" with auxins,  

potentially leading to faster rooting upon subsequent 

IBA treatment.  For large-scale guava propagation, fu-

ture research should explore combining basal zinc ap-

plication with lower IBA concentrations, investigate 

zinc's potential to pre-condition cuttings for improved 

IBA response, and elucidate the physiological  

mechanisms by which zinc enhances rooting, including 

interactions with endogenous auxin levels and 

transport. 
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