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Influence of FeSO4.7H2O, Indole-3-Butyric Acid and Different Nutrient Medium on In 

Vitro Sapling Propagation and Micrografting of Walnut (Juglans Regia L.)  

FeSO4.7H2O, İndol-3-Bütirik Asit ve Farklı Besin Ortamlarının In Vitro Ceviz (Juglans Regia 

L.) Fidanı Çoğaltımı ve Mikroaşılma Üzerine Etkisi 

 

Tuba TÜREN1, Şeyda SAVALAN2*, Elif Ceren PEHLİVAN3 

Abstract 

Walnuts are considered a functional food and play a significant role worldwide in people's regular diets. The 

cultivation and trade of walnut rootstocks and saplings are crucial agricultural activities globally and in Türkiye. 

Rootstocks are used for grafting and propagating different walnut varieties, and they are essential for tree 

development, fruit yield, product quantity, and most importantly, their ability to adapt to various ecological 

conditions and resist diseases and pests. Fruit growing and production of fruit rootstocks of deep-rooted plants in 

horticulture is given high importance in many countries. However, poor rooting and slow-growing sapling prevent 

establishing high-yield clonal production. Especially walnut sapling propagation is more complicated and time-

consuming than other woody plants. Our research aims to grow high-quality saplings by using biotechnological 

techniques. This study used modifications to the current in vitro basal medium and evaluated the effects on in vitro 

rooting and micrografting of walnut species. The optimal medium for shoots induction (2.93±0.90) of the plant 

was determined as 4 number medium (Murashige and Skoog (MS) nutrient medium with 5.4 µM NAA + 6.9 µM 

TDZ + 0.6 µM GA3 and solidified with 0.7% agar). In trials to develop sapling, the 10.33 and 6 rooted (2.5cm 

root length) shoots were obtained from MS nutrient medium with 14.7 and 19.6 µM of IBA and 348.42 µM of 

FeSO4. 7H2O, and two micrografted plants in MS medium with 19.6 µM of IBA and 348.42 µM of FeSO4.7H2O 

survived. After three months in the growth chamber, six saplings were ready for transfer to the field. Our findings 

suggested that FeSO4.7H2O and high dose IBA treatment in MS medium is efficient for in vitro rooting and 

obtaining in vitro micrografted saplings. 
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Öz  

Dünya genelinde Düzenli beslenme alışkanlığında önemli bir yere sahip olan ceviz, fonksiyonel gıda olarak 

tanımlanmaktadır. Ceviz bitkisinin adaptasyon kabiliyetinin yüksek olması, kaliteli yağ ve protein 

içerdiğinden besin değerinin yüksek olması, sanayide kullanımı ve bunlara bağlı ekonomik getirisi nedeniyle 

üzerinde durulması gereken bir tür konumundadır. Ceviz bitkisinde anaç ve fidan yetiştiriciliği Dünya'da önemli 

tarım faaliyetlerinden biri sayılır. Ancak çelik köklendirme ve fidanların büyüme süresinin uzun ve zor olması, 

yüksek verimli klonal üretim tesislerinin kurulmasına bir engeldir. Özellikle sağlıklı ve kaliteli ceviz fidanı üretim 

süreci diğer odunsu bitkilere göre daha karmaşık ve zaman alıcıdır. Bu araştırmada biyoteknolojik teknikler 

kullanılarak kısa zamanda kaliteli fidanların yetiştirilmesi amaçlanmıştır. Denemelerde genel olarak in vitro 

mikroçoğaltım tekniklerinde kullanılan besiyeri üzerine modifikasyonlar yapılmıştır ve bu modifiye besi 

yerlerinin, in vitro şartlarında yetişen sürgünlerin köklendirmesi ve in vitro mikroaşılama üzerindeki etkileri 

değerlendirilmiştir. Çalışmanın sonucuna bakıldığında ortalama sürgün (2.93±0.90) oluşumu için en uygun ortam 

4 numaralı (5.4 µM NAA + 6.9 µM TDZ + 0.6 µM GA3 içeren Murashige ve Skoog) besin ortamından elde 

edilmiştir. Sürgün köklendirmeye yönelik denemelerde 14.7 ve 19.6 µM IBA ve 348.42 µM FeSO4. 7H2O içeren 

MS besin ortamından 10.33 ve 6 köklü (2.5cm kök uzunluğu) sürgünler elde edilmiştir. Mikroaşılama 

çalışmalarında 19.6 µM IBA ve 348.42 µM FeSO4.7H2O içeren MS ortamında iki mikro aşılanmış fide elde 

edilmiştir.  Elde edilen 6 fidan 3 ay tam kontrollü yetiştirme odasında alıştırma süresini atlattıktan sonra bahçeye 

transfer edilmiştir. Çalışma sonucunda besi yerine uygulanan FeSO4.7H2O ve yüksek doz IBA in vitro köklenme 

ve in vitro mikroaşılı fidan elde etmede etkili olduğu gözlemlenmiştir. Çalışmanın sonuçları diğer odunsu 

bitkilerde yapılan klonal çoğaltım çalışmalara yardımcı olacaktır.  

Anahtar Kelimeler: Klonal çoğaltım, Mikroçoğaltım, Bitki büyüme düzenleyicisi, Bitki doku kültürü, Odunsu 

bitkiler 
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1. Introduction 

Rapid, large-scale, and sustainable propagation of high quality, disease-free, and homogenous plant materials 

using plant tissue culture techniques is highly desired. These techniques use induce regeneration from cells, tissues, 

and organs under aseptic conditions in a solid, liquid, or semi-solid nutrient medium (Chandra et al., 2010; Deb 

and Imchen, 2010). The Walnut (Juglans regia L.) is a precious cultivated dry fruit species of economic 

significance for producing nuts.  

Sapling cultivation is among the essential agricultural activities. Principally, the prominent method of 

vegetative proliferation of walnuts is grafting. However, low proliferation and rooting rates are among the factors 

that prevent the propagation of walnut. (Martinez et al., 2010; Paunović et al., 2013; Xiaoying et al., 2014) 

There is trend to propagate these plants through tissue culture to avoid intense labor force, loss of time, and 

high cost through conventional propagation methods on a large scale (McGranahan et al., 1988; Scaltsoyiannes et 

al., 1997). Rodriguez (1982a, 1982b) and Rodriguez and Sanchez-Tames (1981) were among the first to report the 

improvement of walnut cultures in vitro and describe the development of shoots or roots from the cultured walnut 

embryos. Later, a full of work was conducted on various walnut species using several types of explants, media 

especially DKW medium developed by Driver and Kuniyuki (1984), rooting metods with satisfying outcomes(Jay-

Allemand et al., 1992). In vitro vegetative propagation of Juglans sp. is highly significant during these days with 

fast growth of human population (Land and Cunningham, 1994; Scaltsoyiannes et al., 1997).  

Micrografting was first described by Murashige et al. (1972) and later by many researchers in woody (Ribeiro 

et al., 2022; Sammona et al., 2018) and herbaceous plants (Khawar and Özcan, 2002) as a tool to root and recover 

difficult to root recalcitrant plant species and produce virus-free plants. Therefore, this technique has been used 

for many different intentions. Exemplarily, propagation through micro cuttings from adult tree-derived shoots 

could be employed to produce true-to-type plants. Micrografting strongly depends on the formation of a vascular 

connection between the scion and the rootstock (Ribeiro et al., 2015) to elucidate plant systemic signaling (Tsutsui 

and Notaguchi, 2017) of different species (Estrada-Luna et al., 2002). In vitro micrografting can be envisaged as 

an alternative technique for reproducing walnut species. The main objective of this study was to research the 

benefit of different concentrations of PGRs (Plant Growth regulators) on shoot regeneration, as well as to 

investigate the effects of FeSO4.7H2O and indole-3-butyric acid on the rooting and micrografting ability of walnut. 

2. Materials and Methods 

2.1. Plant Material 

Chandler, Yalova-1, and Vlach walnut saplings were obtained from a sapling vendor in Tekirdağ, Türkiye, and 

kept in a fully controlled growth chamber (Figure 1). All treatments for propagation and rooting experiments were 

carried out in the Department of Agricultural Biotechnology Plant Biotechnology Laboratories in Tekirdağ Namık 

Kemal University. 

 

Figure 1. Rootstocks from which explants are provided for in vitro sapling propagation 
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2.2. Explant Sterilization 

Soon after procurement of the rootstocks, they were kept in the fully controlled growth chamber for 60 days. 

The diseased leaves if any were removed from the plants; followed by cutting 2 cm long fresh apical and lateral 

buds. These were disinfected and cleaned, followed by rinsing with antibacterial liquid detergent, and brushed 

under running tap water for 3 hours. These explants were further treated with a dip in 70% ethyl alcohol for 2 

minutes and rinsed with distilled water (Pehlivan et al., 2017) The following stages of sterilization were performed 

in a laminar flow sterile cabinet using two techniques described below: 

(a) The apical and lateral buds were sterilized for 5 minutes with 70% (v/v) Actijen ensured by 2×5 times rinsing 

with bidistilled sterilized water.  

(b) In another sterilization method, explants were sterilized in 30 and 50% commercial bleach for five min ensured 

by 3×5 times rinsing with bidistilled-sterilized water (Daneshvar, 2019). 

Table 1. PGRs combinations and concentrations in MS medium for shoot regeneration  

Medium 

Number 

 

BAP TDZ NAA 

 

GA3 

 

2.4-D 

 
Medium for Shoot Regeneration (µM) 

1 8.9 - 2.7 0.6 - 

2 6.7 - 2.7 0.6 - 

3 - 9.1 5.4 0.6 - 

4 - 9.6 5.4 0.6 - 

5 - 4.6 5.4 0.6 - 

 
2.4. Shoot Regeneration 

Apical and lateral bud’s explants (Kefayeti et al., 2019) were cultured on semi-solid [gelled with 0.65% Plant 

agar (Duchefa)] MS medium and 3% sucrose (C12H22O11, Duchefa) containing five different concentrations of 

Cytokines (TDZ and BAP), Auxin (NAA), Gibberellin (GA3) and control MS medium for shoot regeneration 

(Table 1) (Royandazagh and Pehlivan, 2016) 

2.5. Shoot Rooting 

All rooting treatments were performed on shoots of an average of 8 cm length. The rooting study was carried 

out in DKW, MS, ½×MS basal medium with 4.90, 9.8, 14.7, and 19.6 µM IBA and 174.20 µM, 348.42 µM, and 

522.62 µM FeSO₄.7H₂O. After the root culture with three replications that were kept in the dark for four days, they 

were held in the plant growth chamber at 24 ± 2 °C under the red and white LED light (luxury) for 16 hours of 

light and 8 hours of dark photoperiod 

2.6. In Vitro Micrografting 

Before in vitro micrografting, the leaves and cotyledons of 6 seedlings of Vlach species were removed followed 

by a vertical cut of 0.5 cm made at the apical end. Chandler species in vitro shoots arising from apical and lateral 

buds micropropagation was used as a source of scions. In vitro grafting was performed by inserting the wedge-

shaped end of scions into the vertical cut of rootstocks, and the grafts were made by placing rootstocks and scions 

together in one place followed by wrapping them together using a sterilized transparent tape after in vitro grafting. 

The plantlets were cultured for 63 days (3×subculture) on MS, ½×MS medium with 4.90, 9.8, 14.7, and 19.6 µM 

IBA and 174.20 µM, 348.42 µM, and 522.62 µM FeSO₄7H₂O. 

2.7. Transfer Plantlets to Ex Vitro Condition and Acclimatization 

The micropropagated walnut plantlets (rooted shoot with 8-12 cm in length) and micrografting plantlets were 

washed with tap water without harming the leaves and roots. These were transferred to sterilized peat moist in jars. 

These pots were covered with transparent polythene bags and were left to grow in a growth chamber. The bags 

were gradually perforated at the end of the second week to increase air circulation and reduce humidity to 50% at 

24 ± 2 °C. This app was done to adapt the plants to external conditions. The polythene bags were removed entirely 
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later, and the plants were left to grow and harden in the growth chamber. These plants were watered with liquid 

fertilizer (water-soluble) once a month. 

2.8. Statistical Analysis  

All treatments of regeneration experiments used 15 explants which were divided equally into three replicates 

containing five explants treatments were repeated twice afterward. The data were subjected to a one-way analysis 

of variance (ANOVA, IBM® SPSS® statistics 24.0 for Windows), and the post hoc tests were performed using 

either Tukey’s b or Least Significant Difference (LSD) test. 

3. Results and Discussion 

3.1. Explant Sterilization 

The decontamination of micro-organisms from the explants has great importance for in vitro tissue cultures of 

plants; therefore, in this study, surface sterilization of apical and lateral bud’s explants isolated from 3 different 

walnut species was used Actigen at 70-90% and NaOCl at 30-50% concentrations for 5 minutes. In the sterilization 

process performed with commercial bleach, the proportion of necrosis and contamination was determined at a 

higher level than Actijen, as well as necrosis was observed in the sterilization process performed for 5 minutes in 

a 90% solution of the Actijen. According to the results of the trials, the best sterilization and explant vitality result 

(100%) was obtained from a 70% Actijen solution. During tissue sterilization for control of necrosis and 

contamination, as suggested by (Pehlivan et al., 2017), 70% Actijen solution was used to disinfect, effectively 

controlling the contamination and vitality of explants. Additionally, in clematis, plants were used with 70% ethyl 

alcohol (for 1 min), 0.3-0.4% Cl2 (15 min), and 1% thimerosal (10 min) for explant sterilization (Mitrofanov et 

al., 2021), Dong et al. (2007) and Yulan et al. (2004) stated that walnut explants were kept in 70% ethyl alcohol 

for a while, followed by sterilization with HgCl2. Also, in most studies, sodium hypochlorite was used as a 

disinfectant to sterilize these plant explants. For example, the microcuttings in Chandler, Franquette, and Jupaneşti 

cultivars were sterilized by washing carefully with a regular detergent and water, followed by the washing with 

ethyl alcohol hypochlorite 5% and sterile distilled water apart from NaOCl (Gotea et al., 2012). 

3.3. Shoot Regeneration 

Tissues from woody plant species are somewhat challenging to grow and differentiate in vitro (Jain et al., 

2012). The apical and lateral bud’s explants (Onay, 2000; Rathore et al., 2004; Fidancı, 2005; Royandazagh, 2019) 

were transferred to an MS medium containing different concentrations and combinations of BAP, TDZ, NAA, and 

GA3. After 3×subcultures (63 days), the data were collected by testing the growth of the propagated shoots. 

Although the analysis of variance results showed significant differences among treatments, mean in terms of shoot 

induction per explant, shoot length, and the number of leaves per shoot, these analysis results showed no significant 

difference between species. The shoot propagation was noted on all explants regardless of their concentrations and 

combinations of BAP, TDZ, NAA, and GA3. The maximum number of shoot induction per explant was obtained 

as 2.93±0.90 on 4 number medium (MS medium containing 6.9 µM TDZ + 5.4 µM NAA + 0.6 µM GA3) in Vlach 

species. In terms of the longest shoots were obtained as 5.03±0.60 on 3 number medium  (MS medium containing 

9.1 µM TDZ + 5.4 µM NAA + 0.6 µM GA3 ) and the maximum number of leaves per shoot was obtained as 

5.66±0.00 on 4 number medium (MS medium containing 6.9 µM BAP+ 5.4 µM NAA + 0.6 µM GA3) in Yalova 

species (Table 2 and Figure 2).  

For shoot regeneration in walnuts, Al-Mizory and Mayi (2012) explained best results were obtained from the 

combination of nodal explants and 1 mg/L KIN + 2 mg/L BAP. On the other hand, Sekmen et al. (2017) has been 

indicated that the best micropropagation result is 45% shoot growth in DKW-C nutrient medium in which 1 mg/L 

GA3 + 0.5 mg/L IBA + 1 mg/L BAP and activated charcoal was added. According to recent studies, Mitrofanova 

et al. (2021) in clematis plants explained that most adventitious micro shoot regeneration without any 

morphological abnormalities was obtained on the medium supplemented with BAP or TDZ. The best shoot 

propagation was determined on 1-cm long segments with a single node and basal MS medium supplemented with 

4.40 µM BAP or 6.0 µM TDZ. 
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Table 2. Effects of different concentrations and combinations of PGRs on regeneration of shoots after 63 

days of culture from apical and lateral buds of walnut species 

Medium Number   

(Table 1)  

1 2 3 4** 5 

Number of shoot induction per explant 

Chandler 1.60±0.20bc 1.00±0.00cd 2.50±0.42ab 2.90±0.80a 0.70±0.60d 

Yalova 1.80±0.20bc 1.06±0.93dc 2.50±0.42ab 2.90±0.23a 0.90±0.23d 

Vlanch  1.50±0.30bc 1.30±0.30bc 2.33±0.60ab 2.93±0.90a← 0.70±0.56c 

Average shoot length 

Chandler 3.11±0.20b 2.60±1.40b  5.03±0.60a← 4.22±1.20ab 0.90±0.60c 

 Yalova 1.80±0.85ab 1.11±0.20cb 1.60±0.21b 2.70±0.60a 0.60±0.21c 

 Vlanch  1.40±0.40b 1.60±0.21b 1.70±0.34b 2.70±0.60a 0.51±0.90c 

Number of leaves per shoot 

Chandler 2.70±0.58b 3.00±0.00b 3.00±0.00b 5.00±0.00a 2.00±0.00c 

 Yalova 3.00±0.00b 3.00±1.00b 4.00±0.00b 5.66±0.60a← 3.33±0.60b 

 Vlanch 2.00±0.00b 3.00±1.00b  5.00±0.00a 4.66±0.60a 2.66±0.60b 

 

 

**Means shown by different small letters in a single column are statistically different at 0.01 level of significance using Duncans multiple 

range test 

 

Figure 2. In vitro shoot regeneration from apical and lateral bud’s explants of chandler (A) Single shoots 

elongated as a result of 3 subcultures of chandler (B) Yalova1 species (C) Vlach (D and E) Yalova1 species 

(H) Rooting of in vitro regenerated shoots using MS medium with 19.61µM of IBA and 348.42 µM of 

FeSO₄7H₂O in Yalova1(I). Scale bar =0.5 cm 
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3.4. Rooting and acclimatization 

In the propagation of woody plants, the rooting of shoots is often problematic. Rooting the obtained shoots is 

a time-consuming process. Survival of rooted microcuttings requires that the roots support the plant while new 

leaves and stems are produced during acclimatization (McClelland, 1990). Losses at this stage have vast economic 

consequences. Rooting of walnut shoots is more challenging and difficult than other woody plants (Ahuja, 2013). 

In this study, in vitro regenerated 6-8 cm long shoots in 3 species of walnut were transferred to DKW, MS, ½×MS 

medium basal medium (Saadat et al., 2002) with 4.90, 9.8, 14.7, and 19.6 µM IBA and 174.20 µM, 348.42 µM, 

522.62 µM FeSO₄.7H₂O. The first indications of rooting appeared after 2×subcultures (42 days) on MS medium 

containing 14.7 and 19.6 µM IBA and 348.42 FeSO₄.7H₂O with 10.33 rooted shoots obtained in 19.6 µM of IBA 

and 348.42 FeSO₄7H₂O with an average 2.5 cm long roots, and six rooted shoots obtained in 14.7 µM of IBA and 

348.42 µM FeSO₄.7H₂O with an average of 2.2 cm root length (Figure 3). DKW basal medium with 4.90, 9.8, 

14.7, and 19.6 of IBA caused necrosis on the treated shoots. Prolonged culture of the shoot on MS and ½×MS 

medium with 4.90, 9.8, 14.7, 19.6 µM of IBA and 174.20 µM, 348.42 µM, 522.62 µM FeSO₄.7H₂O tended to 

induce callus formation that inhibited root growth.  

 

Figure 3. Yalova 1 sapling was transferred to pots in growth chamber (A and B) The saplings are ready for 

transfer to fields with profuse growth of leaves (C and D). Scale bar=1 cm 

It was visible that this basal medium with different concentrations of IBA FeSO₄.7H₂O was unsuitable for 

rooting. Only 6 rooted plantlets were acclimatized to external conditions after their transfer to pots. After 90 days, 

rooted plants were available for transfer to the field (Figure 3) (Table 3). These results were supported by Kepenek 

ve Kolağası (2016), who reported that they obtained the best rooting in walnut from a medium containing 5 mg L-

1 IBA. Tuan et al. (2016) defined the best root growth in different hybrid walnuts in the culture conditions of 

vermiculite + gelrite added to a DKW medium containing 12 µM IBA. Zarghami and Salari (2015) evaluated 

different IBA concentrations for rooting and reported that the medium containing 3 mg L -1 IBA gave successful 

results in Chandler species. Licea-Moreno et al. (2015) substituting ethylenediaminetetraacetate ferric sodium 

(FeEDTA) with ethylenediamine di-2-hydroxy-phenyl acetate ferric (FeEDDHA) diminished chlorotic symptoms 

and significantly improved the rooting ability of all genotypes in walnut shoots, with up to 90 % micro shoots with 

viable developing roots using 6.81 mg L-1 Fe3
+. Considering the results obtained from rooting of other plants, 

Sotiropoulos et al. (2006) described that explants of pear rootstock 'OHF 333' (Pyrus communis L.) supplied with 

0.1 mM Fe in the form of (NH4) (2) [Fe(SO4)2].6H2O had higher rooting percentage, as well as significantly more 
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number of roots. Trejgell et al. (2012) explained that treatment of Carlina onopordifolia shoots with IBA for 5 s 

(short pulse) and growing them on MS medium supplemented with FeEDTA, increased induction of roots per 

shoot that were significantly higher than the number of roots on medium containing FeEDDHA. Similarly, 

Zawadzka et al. (2009) investigated the dependence of in vitro rooting and acclimatization to greenhouse 

conditions on the source of iron used in the shoot multiplication and rooting medium using five raspberries (Rubus 

idaeus L.) cultivars (‘Beskid’, ‘Canby’, ‘Malling Seedling’, ‘Norna’ and ‘Veten’). FeEDDHA in the rooting 

medium led to higher chlorophyll contents, earlier and more abundant rooting (8.7 vs. 5.3 roots per shoot), 30% 

higher fresh and dry weights, and thus higher quality micro plants than FeEDTA. 

Table 3. Effect of high dose of IBA, FeSO₄.7H₂O and nutrient medium on in vitro rooting number/ 

acclimatization of walnut shoots 

 

 

 

IBA (µM) IBA (µM) IBA (µM) IBA (µM)** 

4.90 9.82 14.73 19.6 1 

FeSO₄.7H₂O     FeSO₄.7H₂O     FeSO₄.7H₂O    FeSO₄.7H₂O    

174.2 348.4 522.6 174.2 348.4 522.6 174.2 348.4  522.6 174.2 348.4 522.6 

MS 

medium 

- - - - - - - 6/0b - - 10.33/6a** - 

½ MS 

medium 

- - - - - - - - - - - - 

DKW 

medium 

- - - - - - - - - - - - 

**Means shown by different small letters in a single line are statistically different at 0.01 level of significance using Duncans multiple range test 

3.5. In Vitro Micrografting 

In vitro micrografting is a technique consisting of an apex taken from a mother plant onto a decapitated young 

plant grown from a seedling under aseptic conditions or a micro-cutting obtained from in vitro micropropagation 

(Camas et al., 2014). As a result of this study, six seedlings of Vlach species were prepared after removed leaves 

and cotyledons. The seedlings were decapitated then a vertical cut of 0.5 cm was made from the apical end. 

Chandler species in vitro micropropagated shoots were used as a source of scions. In vitro grafting was performed 

by inserting the wedge-shaped end of scions into the vertical cut of rootstocks, and the grafted place was wrapped  

 
Figure 4. Micrografted sapling Vlach with in vitro micropropagation Chandler shoots (A) Successful 

micrografted sapling Vlach with in vitro micropropagation Chandler shoot MS medium with 19.6 1 

µM of IBA and 348.42 µM of FeSO₄7H₂O (B) Micrografted sapling transferred to pots in growth 

chamber (C) Micrografted sapling Vlach with in vitro micropropagation (D) Could not be survived 

micrografted sapling in 0MS medium (E). Scale bar=1 cm 
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using sterilized transparent tape after grafting. Micrografting was performed by using the wedge technique. After 

the plants were cultured for 63 days (3×subculture) on MS basal medium with 4.90, 9.8, 14.7, and 19.6 µM IBA 

and 174.20 µM, 348.42 µM, 522.62 µM FeSO₄7H₂O two micrografted plants in MS medium survived. No 

difficulties were observed during the formation of the micrografted plants (Figure 4).  

Our findings are consistent with those of Koufan et al. (2020) seedlings of Argania Spinosa L. to half-strength 

Murashige and Skoog (½×MS) medium reinforced with 1 mg/L GA3 and 1 mg/L BAP resulted in the highest 

shoot and root lengths (2.05 and 5.73 cm, respectively). Scions were taken from axillary shoots developed in vitro 

from micro-cuttings of genotype G41. After two months of culture, 65-100% of the micrografted plants survived, 

explaining similar results in other plant species such as cashew (Anacardium occidentale L.). The remarkable 

growth of micro-scions was observed with hypocotyls rather than with epicotyls. Rooting of micrografted shoots 

of mature tree origin was poor (13.3%) because the shoots were only partially rejuvenated (Mneney and Mantell, 

2001). 

4. Conclusions 

Based on the results, a challenging-to-generate species of walnut can be produced with the appropriate amount of 

FeSO4.7H2O, a high dosage of indole-3-butyric acid, a nutrient medium, and an established trial plan. Developing 

effective shoot propagation, rooting, acclimatization, and micrografting, using apical and lateral buds gave a chance to 

utilize biotechnological techniques with high potential outcomes for propagation in this plant. The effect is considerable 

and assigns admissible data on commercial and agricultural proliferation in walnut species. Expansion of this study 

intentionally may help in the multiplication of different species of walnuts with unlimited consistent and safe access 

throughout the year. 
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