
Effect of media composition and growth regulators
on mass propagation of Juniper (Juniperus Procera)
(#107112)

1

First submission

Guidance from your Editor

Please submit by 16 Dec 2024 for the benefit of the authors (and your token reward) .

Structure and Criteria
Please read the 'Structure and Criteria' page for guidance.

Author notes
Have you read the author notes on the guidance page?

Raw data check
Review the raw data.

Image check
Check that figures and images have not been inappropriately manipulated.

If this article is published your review will be made public. You can choose whether to sign your review. If
uploading a PDF please remove any identifiable information (if you want to remain anonymous).

Files
Download and review all files
from the materials page.

13 Figure file(s)
1 Raw data file(s)

https://peerj.com/submissions/107112/reviews/1834051/guidance/
https://peerj.com/submissions/107112/reviews/1834051/materials/


For assistance email peer.review@peerj.com
Structure and
Criteria

2

Structure your review
The review form is divided into 5 sections. Please consider these when composing your review:
1. BASIC REPORTING
2. EXPERIMENTAL DESIGN
3. VALIDITY OF THE FINDINGS
4. General comments
5. Confidential notes to the editor

You can also annotate this PDF and upload it as part of your review
When ready submit online.

Editorial Criteria
Use these criteria points to structure your review. The full detailed editorial criteria is on your guidance page.

BASIC REPORTING

Clear, unambiguous, professional English
language used throughout.
Intro & background to show context.
Literature well referenced & relevant.
Structure conforms to PeerJ standards,
discipline norm, or improved for clarity.
Figures are relevant, high quality, well
labelled & described.
Raw data supplied (see PeerJ policy).

EXPERIMENTAL DESIGN

Original primary research within Scope of
the journal.
Research question well defined, relevant
& meaningful. It is stated how the
research fills an identified knowledge gap.
Rigorous investigation performed to a
high technical & ethical standard.
Methods described with sufficient detail &
information to replicate.

VALIDITY OF THE FINDINGS

Impact and novelty is not assessed.
Meaningful replication encouraged where
rationale & benefit to literature is clearly
stated.
All underlying data have been provided;
they are robust, statistically sound, &
controlled.

Conclusions are well stated, linked to
original research question & limited to
supporting results.

mailto:peer.review@peerj.com
https://peerj.com/submissions/107112/reviews/1834051/
https://peerj.com/submissions/107112/reviews/1834051/guidance/
https://peerj.com/about/author-instructions/#standard-sections
https://peerj.com/about/policies-and-procedures/#data-materials-sharing
https://peerj.com/about/aims-and-scope/
https://peerj.com/about/aims-and-scope/


Standout
reviewing tips

3

The best reviewers use these techniques

Tip Example

Support criticisms with
evidence from the text or from
other sources

Smith et al (J of Methodology, 2005, V3, pp 123) have
shown that the analysis you use in Lines 241-250 is not the
most appropriate for this situation. Please explain why you
used this method.

Give specific suggestions on
how to improve the manuscript

Your introduction needs more detail. I suggest that you
improve the description at lines 57- 86 to provide more
justification for your study (specifically, you should expand
upon the knowledge gap being filled).

Comment on language and
grammar issues

The English language should be improved to ensure that an
international audience can clearly understand your text.
Some examples where the language could be improved
include lines 23, 77, 121, 128 – the current phrasing makes
comprehension difficult. I suggest you have a colleague
who is proficient in English and familiar with the subject
matter review your manuscript, or contact a professional
editing service.

Organize by importance of the
issues, and number your points

1. Your most important issue
2. The next most important item
3. …
4. The least important points

Please provide constructive
criticism, and avoid personal
opinions

I thank you for providing the raw data, however your
supplemental files need more descriptive metadata
identifiers to be useful to future readers. Although your
results are compelling, the data analysis should be
improved in the following ways: AA, BB, CC

Comment on strengths (as well
as weaknesses) of the
manuscript

I commend the authors for their extensive data set,
compiled over many years of detailed fieldwork. In addition,
the manuscript is clearly written in professional,
unambiguous language. If there is a weakness, it is in the
statistical analysis (as I have noted above) which should be
improved upon before Acceptance.



Eûect of media composition and growth regulators on mass
propagation of Juniper (Juniperus Procera)
Alae A Jabbour Corresp., 1 , Abdulaziz Khidhran Abdullah Alzahrani 2

1 Department of Biology, Faculty of Applied Science, Umm Al-Qura University, Makkah, Saudi Arabia., Umm Al-Qura University, Makkah, Makkah, Saudi
Arabia
2 Department of Biology, Faculty of Science,, Al-Baha University, Alaqiq,, Al-Baha, Saudi Arabia

Corresponding Author: Alae A Jabbour
Email address: alaeperesearch@hotmail.com

Abstract :The medicinal Juniperus procera trees found in Saudi Arabia mostly, in the
Enemas region. Die-back disease and problems with seed reproduction, including as
dormancy, malformed embryos, and a germination rate of less than 40%, pose dangers to
it. Therefore, alternate techniques for reproducing Juniperus procera are essential for their
conservation and large-scale production for use in pharmaceuticals. We described the
successful in vitro shoot multiplication of J. procera. Explants were cultivated in MS media
with varying combinations of plant growth regulators (PGRs) added at varying amounts.
The concentration of BAP at 1.0 mg/l showed the highest survival rate (70%) followed by
v0.5mg/l then the control treatment. Similarly, concentration of BAP 1.0 mg/l produced
higher number of responded explants (2.66) and shoot number (2.67) compared with the
other treatments. In multiplication media BAP at 2.0 mg/l without NAA produced higher
percent of responded shoots; the lower concentrations of BAP gave lower response. The
highest shoot number was observed into multiplication medium supplemented with BAP at
2.0 mg/l then by BAP at 2.0 mg/l +0.2 mg/l NAA. Meanwhile, shoot length showed a
diûerent trend in this experiment, as the highest shoot length was occurred at the control
treatment (0.0 BAP +0.0 NAA) followed by all BAP treatments, while, addition of NAA to
BAP into multiplication medium gave lower shoots length. Juniper shoots are hardly to root
as, most of the treatments were ineûcient. OM medium was responsible for rooting only
when addition of IBA was implemented. The maximum percentage of rooted shoots was
obtained with olive medium supplemented with IBA at 1.0 mg/l.
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9 Abstract: The medicinal Juniperus procera trees found in Saudi Arabia mostly, in the Enemas 

10 region. Die-back disease and problems with seed reproduction, including as dormancy, 

11 malformed embryos, and a germination rate of less than 40%, pose dangers to it. Therefore, 

12 alternate techniques for reproducing Juniperus procera are essential for their conservation and 

13 large-scale production for use in pharmaceuticals. We described the successful in vitro shoot 

14 multiplication of J. procera. Explants were cultivated in MS media with varying combinations of 

15 plant growth regulators (PGRs) added at varying amounts. The concentration of BAP at 1.0 mg/l 

16 showed the highest survival rate (70%) followed by v0.5mg/l then the control treatment. 

17 Similarly, concentration of BAP 1.0 mg/l produced higher number of responded explants (2.66) 

18 and shoot number (2.67) compared with the other treatments. In multiplication media BAP at 2.0 

19 mg/l without NAA produced higher percent of responded shoots; the lower concentrations of 

20 BAP gave lower response. The highest shoot number was observed into multiplication medium 

21 supplemented with BAP at 2.0 mg/l then by BAP at 2.0 mg/l +0.2 mg/l NAA. Meanwhile, shoot 

22 length showed a different trend in this experiment, as the highest shoot length was occurred at 

23 the control treatment (0.0 BAP +0.0 NAA) followed by all BAP treatments, while, addition of 

24 NAA to BAP into multiplication medium gave lower shoots length. Juniper shoots are hardly to 

25 root as, most of the treatments were inefficient. OM medium was responsible for rooting only 

26 when addition of IBA was implemented. The maximum percentage of rooted shoots was 

27 obtained with olive medium supplemented with IBA at 1.0 mg/l.

28 Keywords: Micropropagation; Juniperus procera; Plant Growth Regulators; Medicinal Endanger 

29 plant.

30 1. Introduction

31 The second most common family of conifers on Earth is the genus Juniperus, which belongs to 

32 the Cupressaceae family. Numerous juniper species can be found in the Northern Hemisphere, 

33 Africa, Central America, and Europe and Asia Certain juniper species can withstand arid regions 
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34 and adjust to challenging environmental circumstances Juniperus procera, also known as "Arar" 

35 in Arabic, is a plant that grows in the Enemas region in south Saudi Arabia (Seca et al., 2015; 

36 Hazubska-PrzybyC, 2019; Loureiro et al., 2007). Coniferous evergreen shrub or tree is called 

37 Juniperus procera; Juniperus comprises more than 75 species (Loureiro et al., 2007). Juniperus 

38 procera leaves, fruits and seeds are rich with bioactive compounds, with high anticancer, 

39 antimicrobial, and antioxidant activities (Nuñez et al., 2008; Tumen et al., 2013; Abdel Ghany et 

40 al., 2014; Bitew, 2015). According to reports, J. procera leaves are a source of novel flavonoids 

41 (Mujwah, 2010). In addition, fruits can be used medicinally to treat skin conditions and 

42 headaches. Its resin was used as a stimulant and medication to treat liver disorders and ulcers 

43 when combined with honey (Jansen, 1981; Ahani et al., 2013; Tounekti et al., 2019). 

44 Nevertheless, juniper forests are disappearing from many of today's woods because of both 

45 human activities and natural causes. The species has been steadily diminishing in many parts of 

46 the world; the urgency for conservation of J. navicularis is mostly due to drought, soil erosion, 

47 and increased runoff (Sriskandarajahet et al., 1994; Ortiz et al., 1998; Aref et al., 2016). 

48 Additionally, the distribution of populations of many juniper species may have been negatively 

49 impacted by climate change. Because of this, certain juniper species are currently considered rare 

50 or endangered and need to be protected right away (Romme et al., 2009; Abrha et al., 2018; 

51 Miller et al., 2019). The development of efficient ex situ conservation techniques, reproduction 

52 for upcoming reintroduction and restoration projects is therefore critically needed (Mestanza-

53 Ramón et al., 2020). Traditional forestry reintroduction procedures as seed propagation, rooted 

54 cuttings, and grafting have been employed with conservation strategies (Varshney, and Anis, 

55 2014) .With the ability to conserve and mass clonally propagate many coniferous tree species, in 

56 vitro culture technology is becoming more and more popular (Lynch, 1999) .Certain species of 

57 Juniperus have either produced extremely few viable or anatomically underdeveloped seeds, 

58 moreover high percentage of empty seeds (Ortiz et al., 1998; Mohammadi et al., 2018), in 

59 addition to mechanical dormancy and presence of germination inhibitors (Juan et al 2006). As a 

60 result, in vitro culture technique is gaining more and more attention as a potential substitute for 

61 mass clonal propagation and conservation of many coniferous tree species (Hazubska-PrzybyC, 

62 2019). In vitro propagation techniques are useful for mass production, conservation and 

63 restoration of forestry trees and overcome the problem of deforestation (Zaidi et al., 2012). On 

64 the other hand, plant in vitro propagation can solve the issues with conventional conservation 
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65 methods because it is affected by the environment conditions, ageing of the plants, diseases and 

66 pests (Panis et al., 2020). As a result, it has proven to be a trustworthy technique for plant 

67 multiplication, particularly when it comes to producing uncommon and endangered species 

68 (Francis et al., 2007; Joshi and Dhawan, 2007; Offord and Tyler, 2009; Gonçalves et al., 2010). 

69 The first research on the in vitro propagation of juniper associates carried out by Javeed et al. 

70 (1980). On the topic of juniper in vitro propagation, a few investigations have been conducted 

71 and published  (Zaidi et al., 2012; Gomez and Segura, 1994; Gomez and Segura, 1995; Negussie, 

72 1997; Khater and Benbouza, 2019). Because micropropagation may be the sole other means of 

73 plant reproduction for this group, in vitro propagation of juniper species should be overstated 

74 (Hazubska-PrzybyC, 2019). Prioritizing it would be beneficial for both mass propagation for 

75 pharmaceutical applications and the possibility of conservation (Harry et al., 1995). Plant tissue 

76 culture is an effective way to increase the production of secondary metabolites, claims (Hussain 

77 et al., 2012). Because J. promethea regeneration through seeds is difficult, bulk propagation 

78 material for pharmaceutical purposes can be produced using the micropropagation technology, 

79 which will preserve natural regeneration through seeds in the wild. Consequently, the main goal 

80 of the current experiment was to optimize the medium and growth regulator concentrations for in 

81 vitro proliferation of J. procera shoots and roots to overcome the issues with vegetative 

82 reproduction and seed regeneration.

83 2. Materials and Methods
84 2.1. Plant material and explant sterilization

85 Shoots of selected Juniper trees (Juniperus procera), were collected from Baljurashi, Al-Baha 

86 region (41°35'4"E, 19°50'53.7"N) on the western south of Kingdom of Saudi Arabia(Figure, 1) 

87 and immediately transferred to the tissue culture lab., shoots were divided into segments each 

88 included 2-3 nodes

89 Shoot segments were washed under running water for half an hour then rinsed with alcohol at 

90 70% (Taha, 2022). Four sterilization treatments were processed using Clorox (commercial 

91 bleach containing 5.5% of NaOCl) and mercuric chlorate (MC) as the following

92 1. Clorox at 50% for 15 min. followed by MC at 0.2 g/l.

93 2. Clorox at 50% for 30 min. followed by MC at 0.1 g/l.

94 3. Clorox at 50%for 30 min followed by Clorox at 30% for 15 min

95 4. Clorox at 50%for 30 min followed by Clorox at 30% for 30 min
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96 Explants were rinsed three times with distilled sterilized water and cultured on autoclaved MS 

97 media (Murashige and Skoog, 1962), supplemented with benzyl amino purine (BAP) at 0.5 mg/l, 

98 sucrose at 30 g/l and agar at 8.0 g/l, cultured explants were incubated at growth chamber (25)±)2 

99 °C and 16 h photoperiod) for three weeks. Survival rate and contamination percentage were 

100 conducted.

101 2.2. Initiation stage

102 Juniper sterilized explants were cultured in MS media, supplemented with sucrose at 30 g/l and 

103 agar at 8.0 g/l and BAP at 0.0, 0.5 and 1.0 mg/l for initiation. Cultured explants were incubated 

104 under growth chamber conditions (16 hours light, 8 hours dark a day with 1500 flux and 23± 

105 2ºC). Nine jars each contained one explant were used for each treatment. Four weeks later, 

106 survival rate, number of sprouted buds and number of shoots per explant were recorded.

107 2.3. Multiplication stage

108 The sprouted Juniper explants from initiation media were and sub-cultured into multiplication 

109 medium.MS medium supplemented with BAP at 0.5, 1.0 and 2.0 mg/l with NAA at 0.0, 0.2 and 

110 0.4 mg/l in addition to the control treatment (MS free growth regulators) were used for 

111 multiplication rate assessment. Nine jars each contained two shoots were used for this treatment. 

112 Sprouted shoots percentage, average shoot number per explant, average leaf number and shoot 

113 length were estimated.

114  2.4. Elongation stage

115 Every shoot from the earlier therapies was moved to ¾ MS + 0.5 mg/l kinetin + 1.0 mg/l IAA as 

116 described by (Taha et al., 2021). Two subcultures exploited this medium (4-weeks interval). 

117 Cultures were incubated at 23 ± 2 °C and 2000 lux of light intensity is required for the transfer to 

118 rooting media.

119  2.5. Rooting stage

120 In vitro growing Juniper shoots with length of 2-3 cm from elongation medium were cultured in 

121 half strength MS or full strength olive medium (Rugini, 1984), supplemented with IBA at 0.0, 

122 0.5, 1.0 and 1.5 mg/l. Ten shoots were cultured for each treatment and incubated at growth 

123 chamber with 16 hours light of 3000 flux. Plantlet length, rooting percentage, root number and 

124 root length were determined.

125 2.6. Statistical design:
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126 The treatments of the current research were arranged in complete randomized design, with three 

127 replicate (three jars with three explants in each jar) for each treatment, and each replicate 

128 involved. Data were data was subjected to analysis of variance (ANOVA) and means were 

129 compared by LSD test (Snedecor and Cochran 1967).

130

131 3. Results

132 3.1. Effect of type of sterilization agent, concentration and duration on Juniperus procera 

133 explants

134 Data in Figure(2) revealed that the highest survival rate (80%) for juniper explants was recorded 

135 when Clorox was used at 50% then 30% each for 30 min. followed by the same concentrations 

136 but for 30 min and 15 min, respectively. The lowest survival rate was recorded when Clorox was 

137 used at 50% for 15 min then explants were immersed in mercuric chloride at 0.2 g/l. This later 

138 treatment also showed a dramatically high contamination level. MC showed a toxic effect on 

139 juniper explants and did not decrease the contamination levels to a satisfied level. Fortunately, 

140 treating explants with Clorox at 50% then 30%, each for 30 min, lowered the contamination to 

141 the lowest level (40%). Moreover, sterilize shoot tip and nodal bud using sodium hypochlorite.

142 3.2. Effect of BAP concentration on initiation stage of Juniperus procera explants

143 Data in Figure (3) indicated that BAP is crucial for sprouting of juniper explants. The 

144 concentration of 1.0 mg/l showed the highest sprouting rate (70%) followed by 0.5 mg/l 

145 compared with the control treatment. Similarly, the concentration of 1.0 mg/l obtained that the 

146 highest number of sprouted buds per explants. Average number of shoots per explants also took 

147 the same previous trend as the concentration of 1.0 mg/l showed the highest shoot number 

148 (Figure, 4).

149 3.3. Effect of BAP and NAA concentrations on multiplication stage of Juniperus procera 
150 shoots

151 Data in Figure (5-8) indicated that growth regulator (BAP) had a significant effect on 

152 multiplication rate of juniper shoot. The highest percentage of responded shoots was occurred 

153 with 2.0 mg/l BAP without NAA while; the lower concentrations of BAP gave lower response 

154 Figure (5). NAA combination with BAP, lower the percentage of responded shoots. The best 

155 results with addition of NAA were noticed when combined with BAP at 2.0mg/l. With respect to 

156 shoot number parameter, data in Figure (6) showed that the highest shoot number was observed 

157 into medium supplemented with BAP at 2.0 mg/l followed with BAP at 1.0mg/land 2.0 mg/l 

PeerJ reviewing PDF | (2024:10:107112:0:2:NEW 19 Oct 2024)

Manuscript to be reviewed

Acer
Metinle İlgili Yorum Yap
(Snedecor and Cochran, 1967).

Acer
Metinle İlgili Yorum Yap
The statement 'Data were subjected to analysis of variance (ANOVA) and means were compared by LSD test' lacks sufficient detail. To enhance clarity and reproducibility, it is recommended to specify the type of ANOVA used (e.g., one-way or two-way), the significance level applied in the LSD test (e.g., 0.05 or 0.01), and the software or tools utilized for the statistical analysis. Providing these details would strengthen the methodological rigor of the study and improve transparency for readers.

Acer
Metinle İlgili Yorum Yap
The manuscript mentions that ANOVA was performed, but the results of this analysis are not explicitly provided. For transparency and to ensure the validity of the statistical methods, it is essential to include detailed ANOVA results. Specifically, the following information should be presented:

F values to indicate the variation between groups.
p values to show the significance levels of the differences observed.
A clear description of the factors analyzed and how the variance was partitioned.
Detailed group comparisons supported by LSD test results.
Without this information, it is difficult to evaluate the robustness of the statistical analysis. Including these details in the manuscript, preferably in a table or as part of the results description, would significantly enhance its clarity and scientific rigor.

Acer
Metinle İlgili Yorum Yap
??? Figure 4 !!!



158 BA+0.2 mg/l NAA (Figure9B and C).The higher concentration of NAA negatively affected 

159 shoot number. Meanwhile, shoot length showed a different trend as the highest shoot length was 

160 occurred at the control treatment (0.0 BA +0.0 NAA) followed by all BAP treatments without 

161 NAA while, addition of NAA to BAP into multiplication medium recorded lower shoot length 

162 (Figure 7). Leaf number had the same trend with shoot length as the control treatment gave the 

163 highest leaf number of juniper shoots. The higher concentration of BAP was added the lower leaf 

164 number was obtained. NAA had a negative effect on leaf number of juniper shoots (Figure 6).

165 .
166

167 The profiled shoots on the different multiplication media were transferred to ¾ MS 

168 supplemented with 0.5 mg/l kinetin and 1.0 mg/l IAA. After two subcultures the cultured shoots 

169 showed enhanced shoot length and become suitable to sub-culture on the rooting media (Figure 

170 9, D and E). 

171 Shoots (2-3cm in length) produced from elongation medium were selected to use in rooting 

172 experiment (Figure 8, D and E).Data assured that juniper shoots are hard to root; most of the 

173 examined media and IBA concentration were inefficient to induce root formation on Juniperus 

174 micro-shoots. All juniper shoots cultured on½MS media with all IBA concentration failed to 

175 root, OM medium was responsible for rooting only when addition of IBA was implemented; 

176 Olive medium supplemented with IBA at 1.0 mg/l gave the highest percentage of rooted shoots 

177 (Figure,10 and 13).

178 With respect to shoot length, the highest value was occurred at ½ MS+1.5 IBA and OM+1.0 IBA 

179 followed by ½ MS+0.5 IBA and OM+0.5 IBA or 1.5 IBA. With respect to leaf number, the 

180 highest value was occurred at ½ MS+1.5 IBA and OM+1.0 IBA followed by ½ MS+0.5 IBA 

181 then OM+0.5 IBA (Figure,11 and 12). 

182 4. Discussion

183 Juniperus procera is a medical plant that grows in the Saudi Arabia (Seca et al., 2015), Juniper 

184 leaves, fruits and seeds are rich with bioactive compounds and antioxidant (Nuñez et al., 2008; 

185 Tumen et al., 2013; Abdel Ghany et al., 2014; Bitew, 2015). Nevertheless, juniper forests are 

186 steadily diminishing and many juniper species are considered rare (Romme et al., 2009; Abrha et 

187 al., 2018; Miller et al., 2019). In vitro culture technique has potential substitute for mass clonal 

188 propagation and conservation of many tree species (Hazubska-PrzybyC, 2019). Contamination 

189 with different microorganism is a serious problem, of micro-propagation; eliminate microbial 
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190 contamination is a basic requirements for establishment of cultured plant tissues. Our results 

191 indicated that Clorox (5% sodium hypochlorite) is an important sterilization agent for juniper 

192 and its duplicated treatment (50% then 30%) gave the highest survival rate and the lowest 

193 contamination percentage. The sterilization efficiency of sodium hypochlorite was reported 

194 previously; Juniprus navicularis micro-cuttings was sterilized using 70% ethanol, 3% 

195 commercial bleach, and in 1% Castro et al 2011. Also, J. excels shoot tip explants showed higher 

196 sterilizing when treated with 2.5% sodium hypochlorite (Kashani et al., 2018). A high sterilized 

197 degree was obtained by using ethanol, followed by immersion in commercial bleach, and 1% 

198 Benlate solution Snedecor and Cochran 1967.  Immersing of explant in a fungicide solution, 

199 followed by immersion in NaOCl solution, a very high level of sterilization was obtained (Khater 

200 and Benbouza, 2019). Sodium hypochlorite recorded higher survival percentage for pomegranate 

201 explants (Sanjy et al., 2010). Using a combination of NaOCl successfully sterilize axially bud 

202 and segments in pomegranate and Jack fruit with good survival rate (Damisno and Padro, 2008 

203 and Faisal et al., 2010). Shoot multiplication is highly affected by plant genotype, growth 

204 medium, and cytokinin; our results indicated that BAP was essential for proliferation and 

205 multiplication of juniper explant. Similarly, Qarachoboogh et al. (2022) found that the optimal 

206 culture medium for shoot growth of was supplemented with BAP at 1.0 mg/l and IAA at 0.1 mg/l 

207 J. foetidissima, while Salih et al. (2021) assured that the highest shoot multiplication was 

208 obtained with 0.5 ¿M BAP combined with 0.5 ¿M IAA or 0.5 ¿M IBA. Higher shoots number 

209 was produced in medium containing 0.5 mg/l BAP as J. excelsa produced 6 shoots, J. 

210 horizontalis 8 shoots while J. chinensis produced 9 shoots per explant. However, presence of 

211 auxin maybe inefficient or retard shoots growth as we noticed in the current experiment; NAA 

212 had a negative effect on shoot number and shoot length.  Kuritskaya et al. (2016) assured that 

213 when the IBA concentration was raised in the medium of J. chinensis var. sargentii the number 

214 of buds and the length of shoots reduced. In addition, 0.5mg/L of BAP resulted in a greater shoot 

215 proliferation rate (5.37 shoots per explant) of a dwarfing cherry rootstock (Mahdavian et al., 

216 2011). In addition, sweet cherry cultivar "Lapins" demonstrated high frequency shoot 

217 proliferation when grown on the basic MS medium with reduced BAP concentrations added. 

218 Conversely, a greater concentration of BAP also produced good shoot elongation (Ruzic and 

219 Vujovic 2008). The highest shoots number of Jack fruit explant was obtained on MS medium 

220 with BAP (Damisno and Padro, 2008). Many researchers tried to produce juniper rooted plantlets 
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221 but it seems that juniper is hard to root.  Ioannidis et al. (2023) studied Juniperus drupacea 

222 micropropagation; they found that using IBA, NAA, or IAA in various concentrations was 

223 proven to be ineffective for its rooting. According to  Qarachoboogh et al. (2022)  juniper is 

224 rarely propagation by cuttings due to the poor rooting of stem cuttings; which may be overcome 

225 by in vitro rooting. Root induction depends on the composition of culture media and 

226 phytohormones; moreover, auxin concentration and method of treatment are important factors 

227 affecting root induction (Amiri et al., 2019). IBA is the commonly applied at low concentrations 

228 for root induction (Beyramizadeh et al., 2020), further increase in auxin concentration inhibited 

229 rooting growth (Negussie, 1997).  Farzan et al. (2023) reported that root formation of juniper 

230 shoots was not observed until six months, but about 10% of these regenerated shoots produced 

231 roots eight months after shoot proliferation. They claimed that various factors such as genotype, 

232 polyploidy or hybrid formation, slow plant growth (which is common in conferrals), or 

233 secondary compounds are the reasons for the low rate of regeneration, especially rooting. Also, 

234 the duration of cultivation can be effective in rooting. Nevertheless, rooting occurred in three 

235 species of juniperus using shoots with length of 4-7cm. The best roots produced in WPM with 

236 IBA at 1.0mg/l but these roots not enough to support plantlet (Zaidi et al., 2012). Similarly, 

237 Castro et al. (2011) reported that more rooting was obtained in juniper micro-shoots cultured on 

238 Olive Medium (OM) supplemented with IBA at 12.3¿M. However, Negussie (1997) indicated 

239 that spontaneous rooting at a low percentage (10.0%) could be observed on WPM media with 0.1 

240 mg/l IBA after a long period of cultures, further increase in IBA concentration inhibited root 

241 growth. In addition, Kuritskaya et al. (2016) assured that adventitious roots developed in M. 

242 decussate after three months of cultivation on MS medium with 0.1 mg/l IBA. Nevertheless,  

243 Kocer et al. (2011) said that adventitious root-like structures were formed in multiple 

244 experimental trials using 0.005, 0.03, and 0.05 mg/l of indole-3-butyric acid; however, none of 

245 these structures went on to grow into a real root system. Rugini medium has enriched 

246 composition compared to MS and contains folic acid which was found to be useful in root 

247 induction (Mustafa et al., 2018). OM supplemented with 3mg/L IBA achieved rooting 

248 percentage of 85% (Peixe et al., 2007). Also, MS medium containing 2.0 mg/L IBA has been 

249 found essential for obtaining good rooting during in vitro rooting (Sanjay et al., 2010).

250 5. Conclusions
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251  Juniper is valuable medicinal tree growing it the Saudi Arabia, it challenges with seed 

252 dormancy, underdeveloped embryo, and low germination rate. In vitro propagation considered as 

253 an alternate technique for large-scale production. The current study aimed to optimizing in vitro 

254 propagation of Juniper trees. However Juniper is a recalcitrant species to in vitro conditions; the 

255 micropropagation of Juniper is highly depends on the nutrient media and growth regulators. The 

256 highest proliferation rate, shoot number was recorded for BAP at 2.0 mg L-1; addition of NAA 

257 negatively affected multiplication rate and shoots growth. Juniper shoots demonstrated a low 

258 rooting potential, as, most of the examined treatments were inefficient; addition of 1.0 mg l-1 

259 IBA to Olive media exhibited better results than the other treatments. Future studies are required 

260 to improve the current micropropagation protocol.
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Figure 1
Map of the sample collection with its ordination, Baljurashi, Al-Baha, Kingdom of Saudi
Arabia.
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Figure 2
Eûect of sterilization agent, concentration and duration on Juniperus procera explants;
diûerent letters indicate statistical diûerences between treatments at 1% according LSD
Test. Error bars represent the standard deviation.
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Figure 3
Eûect of BAP concentration on sprouting percentage of Juniperus procera explants;
diûerent letters indicate statistical diûerences between treatments at 1% according LSD
Test. Error bars represent the standard deviation
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Figure 4(on next page)

Eûect of BAP concentration number of sprouted buds and shoot number per explant of
Juniperus procera; diûerent letters indicate statistical diûerences between treatments at
1% according LSD Test. Error bars represent the standard deviation.
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Figure 5(on next page)

Eûect of BAP and NAA combination on responded shoots percentage of Juniperus
procera; diûerent letters indicate statistical diûerences between treatments at 1%
according LSD Test. Error bars represent the standard deviation.
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Figure 6(on next page)

Eûect of BAP and NAA combination on shoot number of Juniperus procera; diûerent
letters indicate statistical diûerences between treatments at 1% according LSD Test.
Error bars represent the standard deviation
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Figure 7(on next page)

Eûect of BAP and NAA combination on shoot length of Juniperus procera; diûerent
letters indicate statistical diûerences between treatments at 1% according LSD Test.
Error bars represent the standard deviation.
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Figure 8(on next page)

Eûect of BAP and NAA combination on shoot length of Juniperus procera; diûerent
letters indicate statistical diûerences between treatments at 1% according LSD Test.
Error bars represent the standard deviation
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Figure 9
Sprouted juniper shoots (A); multiple shoots produced on MS medium supplemented
with 2.0mg/l BAP (B and C); elongated shoots cultured on ¾MS medium with 0.5 mg/l
kinetin + 1.0 mg/l IAA (D and E).
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Figure 10
Eûect of type of media and IBA concentrations on rooting percentage of Juniperus
procera shoots; diûerent letters indicate statistical diûerences between treatments at
1% according LSD Test. Error bars represent the standard deviation.
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Figure 11
Eûect of type of media and IBA concentrations on shoot length of Juniperusprocera
shoots; diûerent letters indicate statistical diûerences between treatments at 1%
according LSD Test. Error bars represent the standard deviation.
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Figure 12
Eûect of type of media and IBA concentrations on leaves number of Juniperus procera
shoots; diûerent letters indicate statistical diûerences between treatments at 1%
according LSD Test. Error bars represent the standard deviation
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Figure 13
Rooted Juniperus procera shoots growing on OM supplemented with IBA

PeerJ reviewing PDF | (2024:10:107112:0:2:NEW 19 Oct 2024)

Manuscript to be reviewed


	Juniperus procera



