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Abstract 

An experiment was conducted to develop a regeneration protocol from seedling explants of 

higher yield Psidium guajava cv. safeda. Initially surface sterilized guava seeds were germinated 

inside the conical flasks. Explants taken from 49-day old seedlings were cultured on MS-medium 

modified with different concentration of plant growth regulators. Maximum explants showing 

shoot response (48%) was observed on MS-medium supplemented with 6-benzyladanin (BA) 1.0 

mgl-1combined with 0.5 mgl-1ziatin. On the same media after 38-days of culturing, maximum 

number of 3.6 shoots per explant, 2.6 cm long was also recorded. On MS containing combination 

of BA (2.0 mgl-1) and zeatin (1.0 mgl-1), 37% explants responded which produced 2.3 shoot per 

explant after 42 days of culturing. Whereas on MS containing glutamin 250 mgl-1, 25% explants 

responded and gave 2.2 shoots per explants after 46-days. However, when the concentration of 

glutamin alone was increased from 250 to 500 mgl-1 the shoot formation potential of explant 

decreased to 10%. Addition of BA, glutamin and zeatin alone to MS medium was less effective. 

However, combination of BA with zeatin was effective in shooting response, number of 

shoot/explants and shoot length. Maximum number of explants (76.6%) responded to rooting 

with 1.5 mgl-1 IAA in combination with 1.0 mgl-1 NAA. On average, maximum of (2.5) roots 

were also recorded per explants in 42 days. In vitro plantlets were acclimatized and shifted to 

soil successfully. 

Keywords: Psidium guajava L; Micropropagation; Zeatin; Glutamin and auxins 

Introduction   

Guava (Psidium guajava L.) is one of the 

most common fruit crops of Pakistan which 

ranks third after citrus and mango in area 

and production wise [1]. Guava was 

originated in tropical America stretching 

from Mexico to Peru [2].  Guava is grown 

throughout the tropical and subtropical 

regions of the world but the average yield, 

however, is much less than its potential, 

probably because the orchards established 

from seedling plants [3]. The importance of 
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guava is increasing due to its nutritional 

value, biannual bearing and affordable 

prices [4]. It is a well-known fruit of tropical 

and subtropical regions, where it is 

consumed fresh or processed into different 

products [5]. Guava is usually propagated by 

seeds and natural cross pollination is 

responsible for diversity in seedlings plants 

[4]. Guava propagation by layering, 

inarching, and budding is achievable but 

cumbersome and time consuming [6]. 

During the past three decades, several 

techniques have been practiced for 

propagation of guava but no one could be 

perfected. Guava is recalcitrant specie for 

tissue culture when the explants are taken 

from mature part of the plant [7]. It is 

difficult to establish aseptic cultures from 

field grown mature woody plants due to 

endophytic microorganisms [8].  

Clonal propagation of guava through 

micropropagation has been demonstrated 

using seedling explants, shoot tips and nodal 

segments [9-11]. Micropropagation of guava 

has been achieved by single node cuttings 

from seedlings raised in green house and in 

vitro raised seedlings [12]. A regeneration 

protocol from hypocotyl seedling explants 

of guava was also carried out by [9]. 

Micropropagation can be exploited to 

produce guaranteed quality, reliable and true 

to type plants for farmer community. It is 

rapid, efficient and cost effective 

technology, which will help in germplasm 

preservation and genetic improvement of the 

crop. Moreover, true to type plants can be 

produced throughout the year for the 

growers through micropropagation. The 

present studies were carried out to 

investigate rapid production of true-to-type 

plants in vitro from seedling explants of elite 

Guava cv. safeda. 

Materials and methods 

Seed extraction and sterilization  

Seeds from well ripen fruits of Guava cv. 

safeda were extracted. After thoroughly 

washing, seeds were surface sterilized with 

0.1% Mercuric Chloride for 5 minutes 

followed by four rinsing with autoclaved 

sterile distilled water according to [4]. These 

were cultured in 500 ml conical flasks inside 

laminar flow bench on sterilized filter paper 

laid on cotton below. The flasks were kept 

in the dark for the first three weeks and then 

shifted to16 hour photoperiod produced by 

white fluorescent lamps. Forty-nine-day old 

contamination free in vitro seedlings were 

used as explants source. 

Explants sterilization, culturing and 

media composition 

The explants (0.5 - 1cm) were aseptically 

excised from the seedlings and given a quick 

rinse with 70% ethanol followed by two 

rinses with sterile distilled water. The 

excised explants were cultured according to 

[13] containing 6- benzyladanine (BA) (1.0 

and 2.0 mgl-1) and zeatin (0.5 and 1.0 mgl-1) 

alone and in combinations. One combination 

of MS media was also supplemented with 

glutamin 250 and 500 mgl-1. Solidification 

of media was done with 0.8% agar. The 

media was also supplemented with 30 g l-1 

sucrose. The pH of the medium was adjusted 

with pH meter (Inolab Germany) to 5.80 

before autoclaving at (1.02 kg/cm2 for 15 

min). Cultures were kept in dark on  (25 + 2 

°C) for initial 24 hours and then shifted to 

light from cool white fluorescent lamps 

(3000 Lux) maintained at 16 hours 

photoperiod.  

Shoot organogenesis  

The cultures were observed for regeneration 

of shoot and shoot multiplication. The 

parameters on days to shooting, % shooting, 

number of shoot/explants and length of 

microshoot were recorded on regeneration 

media after 8-9 weeks of culturing.  

Root organogenesis  

The Micro shoots produced from seedling 

explants on MS media supplemented with 

different cytokinin were excised and shifted 

to rooting medium containing different 
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concentrations and combinations of Indol-3-

butyric acid (IBA), Indole-3-acetic acid 

(IAA) and Naphthalene acetic acid (NAA). 

The parameters on % rooting, days to 

rooting, number of roots/shoot and root 

length was recorded after 7-8 weeks of 

culturing. 

Acclimatization of plantlets  

When the micro shoot rooted successfully 

they were thoroughly washed with sterile 

doubled distilled water and transplanted in 

to small pots containing mixture of sterile 

soil of sand, silt and clay at (1:1:1). They 

were covered with transparent polythene 

sheet to arrest humidity. The hardened 

plantlets (35-45 days) with 2-4 fully 

expanded leaves were again shifted to 7.5cm 

diameter plastic pots containing sand, silt 

and clay. They were then transferred to the 

glasshouse. The plants were covered with 

polyethylene bags for 15-20 days. These 

pots were kept at 25°C in 16 hour 

photoperiod for 3-4 weeks before 

transferring to lathe house. 

Experimental design  

The experiment was laid out in Completely 

Randomized Design with three replications.  

The data were statistically analyzed by using 

the software Stat. 8.1 USA analysis of 

variance. Duncan's Multiple Range test was 

used to compare the treatments among 

themselves. 

Results and discussion 

Percent shooting  
The data presented in figure-1 revealed that 

different PGRs have significantly affected 

percent shootings in seedling explants of 

guava. Explants cultured on MS with 1.0 

mgl-1 BA in combination with 0.5 mgl-1 

zeatin gave maximum (48%) shooting. With 

the same combinations when the 

concentration of cytokinin was doubled the 

shooting frequency reduced to 37%. Twenty 

two percent explants on MS medium 

with1.0 mgl-1 BA responded to shoot 

regeneration after seven weeks of culturing. 

However, an increase in BA from 1.0 mgl-1 

to 2.0 mgl-1 decreased shoot regeneration 

potential of explants. Compared to 22% 

explants regeneration, only 15% explants 

responded. Only 25% explants responded to 

shoot regeneration when glutamin 250 mgl-1 

was added to MS medium. All concentration 

of zeatin and BA alone gave less shooting 

frequency as compared to their 

combinations. On the other hand, lower 

concentration of glutamin (250 mgl-1) gave 

higher response in shoot regeneration as 

compared to the higher concentration (500 

mgl-1) which gave only 10% shooting 

response (Fig.1). When cytokinins alone 

were used, the shooting frequency of 

explants decreases. However, combination 

of BA with zeatin was effective in shooing 

response, number of shoot/explants and 

shoot length.  

Most of the literature on micro propagation 

indicates that cytokinin and other hormone 

play a key role in shoot organogenesis in 

guava [14-16]. The present study reveals 

that combination of cytokinins had 

encouraged regeneration and it was almost 

doubled as compared to their use alone. 

Lower concentrations of BA combined with 

zeatin have proved to be the best one in the 

regeneration and shoot induction of guava. 

In contrast to [10], maximum number of 

shoot per explant in seedling tip of guava 

was reported when the medium was 

supplemented with 2.0 mgl-1 BA. Similar 

results were recorded by [9, 11] of seedling 

explants regeneration on Ms-medium 

supplemented with lower concentration of 

BA (0.0l-1.0 mgl-1). Many researchers 

suggested low level of cytokinins in 

regeneration of guava for proper growth of 

leaves and uniform growth in micro-shoots 

[11, 17, 18]. It was reported that prolonged 

exposure to high level of cytokinin caused 

necrosis in leaves [6, 11]. BA is a powerful 

cytokinin in shooting of guava and its use 

has been reported by several researchers [11, 

http://dx.doi.org/10.19045/bspab.2017.60014


  Zamir et al. 

200 

17, 19]. glutamin and tryptophan had no 

positive effect on the tissue culture system 

of upland rice cultivars (except cultivar 

Lamsan) regarding callus induction [20]. 

These results strongly support the findings 

of our results that higher concentration of 

glutamin gave lower response (10%) only. 

Figure 1. Effect of PGRs on % shooting. Means with same letters are not significantly  

different at P<0.05 using DMR test 

 

Days to shoot induction  
The data presented in figure-2 revealed that 

the lowest number of days (39) was 

recorded when MS media was augmented 

with 1.0 mgl-1 BA combined with 0.5 mgl-1 

zeatin followed by 41.5 days on the medium 

containing 2.0 mgl-1 BA combined with 1.0 

mgl-1 zeatin. The highest number of days 

(51.8) to shooting was recorded when MS 

medium was supplemented with 1.0 mgl-1 

zeatin. It followed with 51 days on media 

with 2.0 mgl-1 BA and 50 days on media 

with 500 mgl-1 glutamin. The present studies 

reveal that combination of BA and zeatin 

has encouraged early shooting. Higher 

concentrations of BA and zeatin alone have 

delayed soot induction. In earlier studies on 

guava shoot tips and nodal explants, it was 

recorded 4-6 weeks for shoot induction on 

MS medium supplemented with 4.5 µM BA 

[21]. In contrast, [11] recorded the 

maximum number of days (52.5) and the 

minimum days to shoot induction (35.8) in 

seedling explant of guava on 2.22 µM BAP 

and TDZ + NAA. The earliness in shooting 

in this study might be due to different media 

formulation (incorporation of NAA and 

TDZ) or could be due to explants difference. 

However, single shoot formation per 

explants was recorded on medium 

containing BA at 0.01-1 mgl-1 after 8 weeks 

of culturing and higher concentrations of 

cytokinins have created negative effects on 

the regeneration of guava in vitro [17]. In 

case of our studies the combination of BA 

with zeatin in both concentrations has 

reduced the number of days to shoot 

induction. It is likely due the fact that both 

cytokinin play a key role in regeneration and 

their combined effect have synergistically 

reduced the number of days to shoot 

regeneration. 
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Figure 2. Effect of PGRs on days to shoot formation. Means with same letters are not 

significantly different at P<0.05 using DMR test 

 

Number of shoot per explant  

Maximum average number of shoots (3.6) 

per explants was recorded on medium 

supplemented with 1.0 mgl-1 BA in 

combination with 0.5 mgl-1 zeatin (Fig-3). 

This was followed by BA alone at 1.0 mgl-1 

with 3.3 shoots per explants. This parameter 

once again confirms the effectiveness of BA 

irrespective of its combination with other 

cytokinin. The findings of our results is 

confirmed from the earlier studies of [9, 10, 

19] who reported that multiple shoots were 

induced to form by enhancement of axillary 

branching with BA (1.0-2.0 mgl-1) without 

addition of any auxin and gibberellins.  In 

contrast, [11] reported maximum of 5.2 

shoot per explants when BAP and kinetin 

were incorporated in MS medium at 2.2 and 

2.32 µM respectively. They further observed 

that BAP was effective alone in lower 

concentrations for producing shoots. The 

high shooting frequency in this study may 

be due to incorporation of Kinitin or likely 

due to varietal difference. In our studies, 

glutamin at 500 mgl-1 and zeatin at both 

concentrations (0.5 and 1.0 mgl-1) produced 

single shoot on average. However, the 

average number of shoot per explants was 

doubled when the concentration of glutamin 

was decreased from 500 to 250 mgl-1
. These 

results are in line with those reported [22] 

who investigated the effect of glutamin and 

asparagine on the growth and metabolic 

changes in French bean under in vitro 

conditions and observed that all growth 

parameters were increased by 1and 2 mM 

glutamin or asparagine but when the 

concentration was increased the regeneration 

response was decreased. 
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Figure 3. Effect of PGRs on number of shoots/explant. Means with same letters are not 

significantly different at P<0.05 using DMR test 

Shoot length (cm) 
The data in figure-4 revealed that on 

average, all concentrations of BA produced 

1.5 cm long shoot in seven weeks. However, 

the longest shoot of 2.3 cm was produced 

when 1.0 mgl-1 BA was combined with 0.5 

mgl-1 zeatin. This was followed by 

combination of BA (2.0 mgl-1) and zeatin 

(1.0 mgl-1). zeatin alone at both 

concentrations (0.5 and 1.0 mgl-1) produced 

0.8 and 1.0 cm long shoots. The most 

inferior results in case of shoot length was 

recorded when the medium was 

supplemented with glutamin 250 and 500 

mgl-1 with maximum of 0.6 cm long shoot. 

The longest shoots were also recorded in  

guava from green house grown explants by 

the application of  lower concentrations 

(0.25 mgl-1) of BAP [17] while the longest 

shoot of 2.5 cm on medium containing BAP 

2.2 µM+kinitin 0.93 µM was achieved by 

[11]. In our studies all the concentrations of 

BA alone and in combination with zeatin 

was effective in shoot length. Among 

different cytokinin used for the proliferation 

of shoots from seedlings explants of guava, 

BA and zeatin was found superior to all. 

Similar results has been found during in 

vitro regeneration of many tropical fruit 

species such as guava [23], jack fruit [24-

26], carambola [27], pomegranate [28] and 

jujube [29]. 
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Figure 4. Effect of PGRs on average length of microshoot. Means with same letters are not  

significantly different at P<0.05 using DMR test 

 

Percent rooting  
The percent rooting among all the treatments 

tried, maximum number of plantlets 

showing roots (76.6%) was observed on 

MS-medium containing 1.5 mgl-1 IAA and 

1.0 mgl-1 NAA after 42 days. This was 

followed by 1.0 mgl-1 IAA and 0.5 mgl-1 

NAA with 76% rooting. However, when the 

concentration of IBA increased to 1.5 mgl-1 

with 1.0 mgl-1 NAA, reduced rooting to 

73.3% of micro shoots. Again when the 

concentration of IBA decreased from 1.5 to 

1.0 mgl-1 and NAA from 1.0 to 0.5 mgl-1, 

rooting response decreased to 70 %. Most of 

the relevant literature reported on the 

application of auxin indicates that IAA is 

very effective in various species of tropical 

trees [14], [30- 33]. In our studies at both 

concentrations of IAA or IBA, rooting 

response increases when NAA increase from 

0.5 to 1.0 mgl-1. These results are confirmed 

by those reported by [11, 32] on the rooting 

of guava in vitro. In contrast, the highest 

rooting response of 95.9% on medium 

containing IBA 4.90 µM + 100 mgl-1 

activated charcoal was reported by [11]. The 

high response of rooting in this case may be 

due the addition of activated charcoal in the 

medium. Addition of 100 mgl-1 activated 

charcoal had adsorbed toxins and phenolic 

compounds resulting in high rooting 

frequency. 

Days to rooting  

The data presented in table-1 revealed that 

among all the combinations, the lowest 

numbers of days (42) were taken to roots 

when the medium was supplemented with 

either 1.0 or 1.5 mgl-1 IAA or 0.5 or 1.0 mgl-

1 NAA. It was followed by 1.5 mgl-1 IBA + 

1.0 mgl-1 NAA with (45) days. The highest 

numbers of days (49) were taken to roots by 

the medium containing 1.0 mgl-1 IBA + 0.5 

mgl-1 NAA. From present studies it is clear 

that IAA has played role and seems effective 

in reducing days to rooting.  The lowest 

days of 22.5 to rooting in seedling explants 
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of guava on medium containing IBA 4.90 

µM combined with activated charcoal 100 

mgl-1 was reported by [11]. However, the 

highest number of days taken to rooting was 

38.9 on the medium that containing 2.46 µM 

IBA. The lowest days to rooting than our 

studies may be due to the addition of 

activated charcoal in the medium. 

 

 

Table 1.  Response of micro shoot from seedling explants of guava to rooting using various 

concentrations and combinations of auxin 

Auxins (mgl-1) Days to root induction % root response No. of roots/shoot 

IBA 1.0 +NAA 0.5 49 a 70.0 c 1.9 d 

IBA 1.5+NAA 1.0 45 b 73.3 b 2.2 b 

IAA 1.0 + NAA0.5 42 c 76.0 a 2.0 c 

IAA 1.5 + NAA1.0 42 c 76.6 a 2.5 a 

LSD 2.2 1.2 0.15 

Means not followed by same letters are significantly different at P<0.05 using LSD test 
 

Number of roots per shoot  

Maximum number of roots per shoot (2.5) 

was recorded on medium containing1.5 mgl-

1 IAA + 1.0 mgl-1 NAA followed by 2.2 

roots per shoot on the medium contained 1.5 

mgl-1 IBA + 1.0 mgl-1 NAA (Table-1). 

Lower concentrations of NAA irrespective 

of combination with IBA or IAA have 

decreased the number of roots per explants. 

The number of roots per shoots was 2.0 on 

the medium containing IAA 1.0 mgl-1 + 

NAA 0.5 mgl-1
. However, it was decreased 

to 1.9 with the same concentration of NAA 

when the combination was with 1.0 mgl-

1IBA. Maximum 4.3 numbers of roots per 

shoot in seedling explants of guava on 

medium containing IBA 4.90 µM combined 

with activated charcoal 100 mgl-1.was 

achieved by [11].  The highest number of 

roots per shoot may due to the combination 

of activated charcoal as activated charcoal 

acts as adsorbents to toxins, excess 

phytohormones and other phenolics. 

Conclusions  

It can be concluded from results that 

combination of BA 1.0 mgl-1 with 0.5 mgl-1 

zeatin proved to be the best one in case of in 

vitro regeneration from seedlings explants of 

cv. safed (48 % shoot organogenesis). On 

the same medium maximum of 3.6 shoots 

per explant was produced followed by BA 

1.0 mgl-1 that produced 3.3 shoots per 

explant. In case of root organogenesis the 

best medium was IAA 1.5 mgl-1 combined 

with 1.0 mgl-1 NAA which induced root 

organogenesis in (76.6 %) micro shoots in 

42-days. On the average, it gave 2.5 roots 

per explants. 
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