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Abstract 

The study aimed to find an accurate propagation program for the rootstock of peach Prunus 

persica cv. Garnem. The apical shoots and nodes of this rootstock were used as explants for 

the stages of initiation and multiplication, and they were planted on MS medium after adding 

different concentrations of Active Charcoal (AC), Polyvinyl Pyrrolidone (PVP), and Benzyl 

adenine (BA). The shoots were planted for the purpose of rooting on MS medium containing 

different concentrations of salts (1/4 MS, 1/2 MS and full MS salts) with different 

concentrations of IBA. In the establishment phase, the apical shoots grown on medium 

supplied with AC were given the highest response rate, the highest average length of plantlet, 

and the highest number of leaves. The best multiplication of explants in terms of the number 

of shoots and their length were obtained when cultivated on a medium supplemented with 

BA at 1 and 2 mg.L-1, whereas the application of BA at 1 mg. L-1 to the cultivated nodes 

gave the highest number of leaves. The best rooting percent was obtained when plantlets 

were s treated with 2 mg. L-1 was applied to 1/4 MS medium. The highest number of roots 

was obtained from plantlets grown in 1/2 MS medium treated with IBA at 3 mg.L-1, whereas 

the longest root was obtained from plantlets grown in 1/2 MS medium treated with 1 mg.L-

1IBA. 

Keywords: Garnem, Antioxidant, Micropropagation, Cytokines, PVP 

 

 

 

 

 

 

 

 

http://creativecommons.org/licenses/by/4.0/
mailto:saraali174455@yahoo.com
https://doi.org/10.36077/kjas/2024/v16i2.10942


Kufa Journal For Agricultural Science – 2024. 16:(2): 135-149              Al-Hayany and Obaid  

. Creative Commons Attribution 4.0 International License is licensed under a  KJAS 
 

 

Introduction 

Garnem is a hybrid of Spanish almonds 

Garfi Prunus amygdalus Batsch, syn. P. 

dulcis (Mill) DA Webb by selecting as 

mother and north American Nemaguard 

peach [P. persica L. Batsch] as pollen 

donors, these new origins are characterized 

by being highly active, more tolerant to 

biotic and abiotic stresses, calcareous 

soils, and are tolerant and resistant to root-

knot nematodes, which is the ideal 

rootstock for increasing the efficiency and 

productivity of orchards (12 and 25). 

Browning is a common problematic 

phenomenon in plant tissue cultures, and it 

has been recorded in many fruit studies 

such as peaches )20(, pears (22), and 

berries (34). Browning in plant tissue 

culture refers to a phenomenon carried out 

by the excised plant taht releases brown 

matter or phenols into the medium from its 

tissues during the process of de-

differentiation and/or differentiation (14). 

Added cytokinins to the nutrient media in 

the initiation and multiplication phases 

with the aim of stimulating cell division 

and encouraging the opening of the 

axillary buds to give new shoot after 

eliminating the phenomenon of apical 

dominance(18 and 25), as cytokinin is one 

of the most important factors determining 

the success of plant tissue culture, 

especially in the proliferation stage, as 

they play multiple roles in growth and 

development of plants, such as stimulating 

cell division, cell expansion, protein 

building, in addition to their role in the 

effectiveness of the activities of some 

enzymes(13 and 26).Auxines are plant 

hormones that are used in many aspects of 

plant growth and development, and one of 

the auxins used in this field is indole-3-

butyric acid IBA, which is the first plant 

hormone to be used for enhancement of 

rooting cuttings, currently used 

commercially to root many types of plants 

all over the world (9 and 16). Numerous 

studies have been conducted in this field, 

including the findings of Singh and Patel 

(29) through cultivation of the 

pomegranate plant (Punica granatum L.) 

on MS medium supplemented with 100, 

200, and 300 mg.L-1AC and 5, 10, and 15 

mg.L-1PVP and observed a decrease in the 

appearance of phenols (browning) at 200 

mg.l-1AC and 15 mg.L-1PVP. Noticing 

from his experiment (32) on the kiwi plant 

Dingdong cultivated stem sections of this 

plant containing two buds in MS medium 

supplemented with PVP at 0, 100, 200, 

and 300 mg.L-1and AC 0, 50, 10, 0, and 

200 mg.L-1and it was found that the 

growth rate increased when using PVP at a 

concentration of 300 mg.L-1and reached 

50%, the lowest percentage of browning 

appeared in farms containing AC at 100 

mg.L-1was 3.33%. 

It was referred, by Ak et al. (4) in their 

experiment on the peaches rootstock 

Garnem that using the apical shoots and 

nodes of this plant and growing them on 

MS medium to which different 

concentrations of BA were added (0.5, 1, 

and 2 mg.L-1) which the best 

multiplication was achieved when 

cultivating the nodes in the media that 

contained 2 mg.L-1, as the number of 

shoots reached to 4.63 shoots.explant-1. As 

for apical shoots, the proportion of the 

parts suitable for taking and replanting 

them reached 21.30% at the same 

concentration. It was explained by Humdy 

and Obaid that a node of peach rootstock 

Garnem containing one axillary bud was 

used and cultured on MS supplemented 

with BA (0, 0.5, 1, 2 mg.L-1) and found 

that BA in 2 mg.L-1 gave the best 

multiplication reached to 2 shoots.explant-

1, the highest length reached 2.42 cm, and 

the highest number of leaves reached 5.27 

leaves explant-1. Referred Salman (27) in 

their experiments on Myroblan plum and 

Garnem rootstock that using MS medium 

supplemented with 2mg.L-1 BA gave the 
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highest number of the shoot (11.34 

shoots.explants-1). Using 1/2 MS 

supplemented with IBA(1) for rooting 

peach rootstock Nemaguard obtained the 

highest rooting rate of 90% in this medium 

enhanced with a concentration of 3 mg.L-

1compared to the hormone-free half-

strength media, and also obtained the 

highest number of roots, the longest root 

length was 8.5 cm at the same 

concentration. It was included (4) from 

their experiment on peach rootstock root 

Garnem that the highest rooting 

percentage was in MS medium at half 

strength containing a concentration of 2 

mg.L-1IBA reaching 42.8%, while a 

concentration of mg.L-1 for the same 

medium gave the highest number of roots 

reached 3.10 root.shoot-1.Using MS 

medium supplemented with IBA (15) for 

rooting of Kiwifruit Actinidia deliciosa 

and found that concentration 1 mg.L-1 

gave the highest number of roots 6.10 

roots. Shoots-1 and the highest length of 

roots is 2.45 cm. 

The objectives of this study were to find 

out the best method for decreasing the 

browning problem and increasing the 

multiplication performance of Garnem 

peach rootstock explants in vitro.   

Materials and Methods 

Tissue culture experiments were carried 

out in one of private the tissue culture 

laboratories in Baghdad / Al-Fahhama, as 

they used stem cuttings of plants cultivated 

in the Taj Al-Din station of El-ssaouira 

growing under field conditions, the 

cuttings with a length of 5 cm were taken 

from the new growths, their leaves were 

removed, and they were divided into two 

types of explants, the apical shoots with a 

length of 1±0.2 cm and single nodes with a 

length of 0.5–1±0.2 cm from the second 

and third nodes after the developing apex. 

Explants were sterilized with sodium 

hypochlorite solution NaOCl 6% 

concentration (diluted 1 ml per 9 ml sterile 

distilled water) for 20 minutes with 

continuous stirring, then washed with 

sterile double distilled water 4 times for 5 

minutes each time to remove traces of the 

sterilizing substance (28). AC (Activated 

Charcoal) was used at a concentration of 

1.5 mg.L-1and PVP (Polyvinyl 

Pyrrolidone) at 600 mg.L-1by 10 

replications in each vial, culturing an 

apical shoot and node to see its effect on 

the response rate, plant length and a 

number of leaves. Different concentrations 

of BA (6-benzyl adenine) were used (0, 

0.5, 1, and 2 mg.L-1) with 6 repetitions. 

Apical shoots and nodes were planted in 

each bottle to see its effect on the response 

percentage, the length of plantlets, the 

number of shoots, shoot length, and the 

number of leaves. As for rooting, a 

medium was used. 1/4MS quarter, 1/2, MS 

and a full concentration of salts added to it 

IBA at different concentrations of 0, 0.5, 

1, 2, and 3 mg.L-1to see its effect on the 

response to rooting, the number and length 

of roots, and the percentage of callus 

formed, with 5 replications. Use prepared 

nutrient medium MS (23) in experiments, 

then distributed in glass bottles of 300 ml 

capacity, at the rate of 30 ml for each vial, 

and adjusted the pH number to 5.7–5.8 

then it was sterilized at a temperature of 

121 C and a pressure of 1.04 kg cm-2, 

using an autoclave for 15 minutes. All 

experiments were incubated in the growth 

chamber at a temperature of 25 

degrees±1mo the illumination intensity 

was 2000 lux for 16 hours of light and 8 

hours of darkness on Day, and the results 

were taken after 4, 6, and 8 weeks of 

cultivation. Use complete random design 

CRD (Completely Randomized Design) in 

the implementation of the experiments, 

and the comparison between the averages 

was made according to Duncan's multiple 

range test, at the level of probability 5% 

(7), and the ready-made program was used 

for data analysis (29). 

Results and Discussion 
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The effect of antioxidants on apical shoots 

and nodes response  

Results presented Table1 indicate there 

were no significant differences between 

the apical shoots and nodes in terms of 

their response to growth, and with regard 

to the effect of AC and PVP, it turns out 

that the medium to which AC was added 

gave the highest response rate of 100%, 

outperforming the medium PVP and 

medium without addition (comparison), in 

which the response rates were 70 and 60% 

respectively. As for the effect of the 

interaction between antioxidant substances 

and the type of explant, it appears from the 

results presented below that there are 

clearly significant differences between the 

treatments. circles added to it PVP which 

recorded a similar rate of 100% for them, 

while the nodes planted on media free 

from any addition (comparison) gave the 

lowest response percentage of 40% and 

didn’t differ significantly from the apical 

shoots and nodes cultivated on a medium 

equipped with a substance PVP. 

The results presented in Table 1 show that 

the apical shoots were significantly 

superior in giving them the long length of 

the plantlets, amounting to 8.585 mm, 

outperforming the nodes that recorded the 

lowest length of 6.818 mm. PVP is noted 

in the same table that media added to AC 

were significantly superior as it gave the 

highest increase in the length of new 

growths amounting to 9.066 mm, while the 

media devoid of any addition recorded the 

least increase in the length of new growths 

amounting to 6.220 mm. Table 1 indicates 

that there are significant differences in the 

interaction between the type of explant and 

the antioxidants. Also, it was noticed that 

the highest increase in the length of new 

growths was when apical shoots were 

cultivated on media with AC and reached 

to10.23 mm, while the least increase in the 

length of the new growths occurred when 

the nodes were cultivated on media free of 

any addition (comparison) and amounted 

to 5.321 mm. 

The results presented in Table 1 show that 

there are significant differences between 

the apical shoots and nodes in terms of the 

number of leaves, as it reached 7.741 leaf 

plantlet-1 for the apical shoots, while it was 

6.625 leaf plantlet-1 for the node. 

Regarding the effect of adding AC and 

PVP for the same quality, it is noted that 

the superiority of these two treatments on 

media without addition (comparison) 

amounted to 7.600 and 7.771 leaf plantlet-

1, while it reached 6.179 leaf plantlet-1 in 

media without addition. The same table 

shows the interaction effect between the 

type of explant and the addition of AC and 

PVP it is noted that the highest number of 

leaves was when growing the apical shoot 

on a medium to which AC was added, and 

it reached 8,700 leaves, while the nodes 

grown on a medium devoid of additives 

gave the least number of leaves, 

amounting to 5.500 leaves.  

As for the effect of the explant, it may be 

attributed to the difference in the degree of 

maturity and the differentiation of the cells 

that make up the tissues of the explant and 

the consequent difference in their 

hormonal and nutritional contents [12], as 

for the effect of AC, it may be attributed to 

the effectiveness of various antioxidants in 

controlling the browning phenomenon, 

which varies according to the plant and its 

type, and this may be attributed to the 

specificity of these chemicals for some 

plants and species. AC is characterized by 

being a strong adsorbent for phenol, as it 

absorbs toxic substances and phenols, in 

addition to its adsorption of growth 

regulators and nutrients in the medium(14 

and 35). Its use in certain concentrations 

has a positive effect on reducing the 

phenomenon of browning (brown color) 

that the explant released into the medium, 

and it decreased significantly when it was 

included in the medium. The effectiveness 

in overcoming this phenomenon may be 
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due to the association of phenols by AC 

and the PVP (24 and 33). These results are 

in agreement with the results of both Singh 

and Patel (29) from their experiment on 

pomegranate and Sui et al. (31) from their 

experiment on the kiwi plant. 

 

Table 1. Effect of antioxidants AC and PVP, types of explant and their 

interaction on the multiplication of Garnem peach explants after 4 weeks 

of culturing in vitro. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 *Coefficients share the same letters for each factor or their overlaps, there are no significant differences 

between them according to Dunkin's multiple range test at level of probability 5%  

 

Number of 

leaves/explant 

Plantlet length 

mm 

Shoot response  

% 

         Traits 

 

Treatments  

Explant effect 

7.741     a 8.585      a 73.333   a Apical shoot 

6.625     b 6.818       b 80        a Nodes 

Antioxidant effect 

6.179     b 6.220     c 60     b Without addition 

7.600       a 9.066     a 100    a AC 

7.771      a 7.819      b 70      b PVP 

Antioxidant effect X  Explant effect 

6.858     bc 7.118        c 80        a 
Apical 

shoot Without 

addition 
5.500       d 5.321       d 40        b Nodes 

8.700       a 10.230      a 100       a 
Apical 

shoot AC 

6.500      cd 8.108      bc 100       a nodes 

7.666      ab 8.615        b 40       b 
Apical 

shoot PVP 

7.875       ab 7.024        c 80        a nodes 

AC 

 

PVP 

 

Control 
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Figure 1. Effect of AC and PVP on growth of the apical shoots and nodes of the peach 

rootstock Garnem after 4 weeks of cultivation 

Effect of BA on the apical shoots and 

nodes multiplication of the peach 

rootstock Garnem. 

The results in Table (2) show that there are 

no significant differences between apical 

shoots and nodes in terms of the response 

rate, and with regard to the effect of BA it 

was noted that 1 mg.l-1was significantly 

superior, which gave the highest response 

rate of 100%, and didn’t differ 

significantly from the hormone-free 

medium (comparison), which gave a 

response rate of 90%, while the 

concentration of 0.5 mg.L-1recorded 

lowest percentage response 50%. For the 

effect type of explant and BA where added 

to the media, it is noted highest response 

rate of 100% was when growing apical 

shoots on a medium added to it BA at 1 

mg.L-1, it didn’t differ significantly from 

the apical shoots and nodes grown on 

media to which the rest of the 

concentrations were added, except for the 

apical shoots grown on medium added to it 

BA at 0.5 mg.L-1, which recorded the 

lowest response rate 20%. 

The results explain (Table 2) that there are 

significant differences between the apical 

shoots and nodes with regard to the 

characteristic of plant length (mm), it was 

18.06 mm for the apical shoots while it 

was 12.875 mm for the nodes BA to the 

nutrient medium, it is noted from the 

results that the highest plant length was at 

0.5 mg.L-1and reached to 19.005 mm, 

which was significantly superior to the 

free hormone used, except for the media to 

which the hormone was not added 

(comparative), which gave the lowest 

length of plants amounted to 11.598 mm. 

The same table shows the effect of the 

interaction between the type of explant and 

plant concentrations of BA that were used 

and found that apical shoots planted on 

media added to it BA at 0.5 mg.L-1gave 

the long length of the plantlet reaching 

22.678 mm, significantly superior to the 

media with free hormone, while the 

nodules cultured on a hormone-free 

medium recorded the lowest length of 

plantlet amounted to 7.438 mm. The 

results presented in Table 2 indicate that 

there are no significant differences 

between apical shoots and nodes in the 

number of shoots. 

BA results showed in the same Table that 

the highest number of shoots recorded 

when BA was added at 1 and 2 mg l-1, it 

reached 2,800 and 3,000 shoots. explant-1, 

and they didn’t differ significantly 

between them, but they differed 

significantly on the comparison treatment, 

which didn’t give any shoots, either with 

regard to the interaction between type of 

explant and BA where added, it gave the 

nodes planted on media added to it BA at 

1 and 2 mg.L-1 the highest number of 

shoots reached to 3,600 and 4,000 shoots. 

Explant-outperforming the rest of the 

concentrations, while the hormone-free 

media didn’t give any shoots. 

Table 2 shows that there are significant 

differences between apical shoots and the 

nodes in relation to the characteristic of 

the length of shots (mm), as it was 6.749 

mm for the apical shoots, while the nodes 

had 5.264 mm. And the effect of 

concentrations BA the superior 

concentration of 1 and 2 mg.L-1was 

noticed by giving them the longest shoot 

length 8.383 and 8.793 mm compared to 

media without addition which didn’t give 

any shoots. Regarding the effect of type of 

explant and concentrations of BA, it is 

noted that apical shoots cultivated on 

media equipped with 2 mg.L-1were 

superior, as the length of shoots reached to 

10.858 mm, while the explant didn’t give 
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any branches when cultivated on media 

free of the hormone. The results presented 

in Table 2 indicate that there are 

significant differences between apical 

shoots and the nodes in terms of the total 

number of leaves, as it amounted to 23,764 

leaves for the nodes, while it was less for 

apical shoots and amounted to 19,300 

leaves. Explant-1 

Table 2. Impact of benzyl adenine (BA) concentration, type of explant and 

their interaction on the multiplication of Garnem peach explants after 8 

weeks of culturing in vitro. 

*Coefficients that share the same letters for each factor or their overlaps, there are no significant differences 

between them according to Dunkin's multiple range test at the level of probability 0.05 

Concerning the effect of concentrations 

BA added to the nutrition media, the 

results showed in the same table that the 

concentrations of BA the used one gave 

the highest number of leaves at the 

concentration of 0.5 mg.L-1and reached 

25,730 leaves.explant-1, and didn’t differ 

significantly between them, except that it 

differed over the comparison treatment, 

which recorded the lowest number of 

Shoots  

length  

Mm 

Shoots 

number/ 

explant 

Leaves 

number/ 

explant 

Plantlet 

length 

 Mm 

response 

% 

         Traits  

 

Treatments  

explant type  

6.749     a 1.300     b   19.300  b 18.062    a 75    a Apical shoot 

5.264     b 2.275     b 23.764  a 12.875    b 85    a Nodes 

1-BA  mg.L 

0.000     c 0.000     c 9.750    b 11.598    c 90     a 0 

6.848     b 1.350     b 25.730   a  19.005    a 50     b 0.5 

8.383     a 2.800     a 25.350   a 15.881    b 100    a 1 

8.793     a 3.000    a 25.297   a 15.388    b 80   ab 2 

BA X  Explant type 

0.000     e 0.000     c 8.000    f  15.758    c 100      a 
Apical 

shoot 0 

0.000     e 0.000     c 11.500   f 7.438     d 80        a nodes 

7.798    bc 1.200      b 23.600  cd 22.678    a 20        b 
Apical 

shoot 0.5 

5.898    d 1.500     b 27.860   b 15.332    c 80        a nodes 

8.338      bc 2.000     b 18.100  e 13.103    c 100      a 
Apical 

shoot 1 

8.428       b 3.600     a 32.600    a 18.660     b 100      a nodes 

10.858     a 2.000     b 
27.500    

bc 
20.708    ab 80       a 

Apical 

shoot 2 

6.729    cd 4.000     a 23.094   d 10.068    d 80       a nodes 
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leaves amounting to 9,750 leaves.explant-

1. Regarding for the effect of interaction 

between the type of explant and BA 

hormones, the used nodes when planted on 

media added to it BA at 1 mg.L-1, recorded 

the highest number of leaves reached to 

32,600 leaves.explant-1, while the number 

was less when growing apical shoots on a 

hormone-free medium, and reached to 

8,000 leaves.explant-1. 

  

                 Figure 2. a- BA at 0.5 mg l-1              b- BA at 2 mg l-1 after 8 weeks of cultivation 

The difference in the ideal concentration in 

the multiplication of apical shoots and 

nodes may be attributed to the difference 

in the degree of maturity and 

differentiation of the cells that make up the 

tissues of the explant such as the terminal 

and lateral buds, and the consequent 

difference in their hormonal and 

nutritional contents (11 and 6). As for the 

effect of BA, the superiority of some 

circles equipped with it may be attributed 

to its role in increasing the building of 

RNA and proteins, and enzymes inside the 

cell, which encourages the division of 

plant cells in addition to reducing the 

phenomenon of apical dominance and 

stimulating the growth of lateral shoots 

and increasing the vascular differentiation 

of the shoots, which facilitates their 

growth and branching(8 and 18) and is 

also attributed to its role in attracting and 

collecting metabolites at the site of lateral 

buds and stimulate the transfer of nutrients 

and other growth materials to start the 

growth of buds and the growth of the 

vegetative system (10) and (31). These 

results are in agreement with Ak  et al. (4), 

Abo Elyazid et al. (2), and Salman (26). 

The effect of salts strength and auxins in 

rooting the shoots by in vitro 

The results presented in Table 3 refer to the 

characteristic of the number of days for 

rooting that there are significant differences 

between the salts of the nutrient medium, 

as it gave a quarter and a half of the 

strength of the medium salts MS rooting 

during 10.58 and 11.93 days of cultivation, 

while no roots were observed when 

cultured on media with full concentration 

of salts. The same table also shows the 

effect of using concentrations of IBA in the 

number of days for rooting, it was found 

that the concentration of 2 mg.L-1gave 

rooting after 22.41 days of cultivation, and 

the concentration of 1 mg.L-1gave rooting 

within 3,000 days of planting. Regarded 

the effect of interaction between IBA with 

the salts of the nutrient medium, the results 

showed that the concentration of 2 mg.L-

1added to media with a quarter of the salts 

concentration gave rooting within 40.25 

days of cultivation, while the shoots 

planted on media with half the 

concentration of the salts added to it gave 

rooting. IBA at a concentration of 1 and 3 

A B 
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mg.L-1rooted during 9,000 days of 

cultivation, while the media with full 

concentration of salts didn’t give any 

rooting with or without the presence of all 

the used concentrations of the hormone. 

Results in Table 3 indicate that there are no 

significant differences with regard to the 

rooting percentage trait between the two 

mediums MS a quarter and a half of the 

strength of the salts, as the planted shoots 

recorded a rooting rate of 20 and 24%, 

outperforming the average MS at a full 

concentration of salts, in which no roots 

were observed. As for the effect of 

concentrations IBA, the same table shows 

the concentration 2 mg.L-1was superior by 

giving it the highest rooting percentage of 

33.33%, and it didn’t differ significantly 

from the concentrations 0.5 and 3 mg.L-1, 

outperforming the comparison treatment 

that didn’t give any percentage of rooting. 

It is noted in the same table the effect of 

overlapping IBA with the salts of the 

nutrient medium, it was found that the 

concentration of 2 mg.L-1added to the 

media MS with a quarter of the 

concentration of salts, the highest rooting 

rate was recorded at 80%, and it didn’t 

differ significantly from concentration 0.5 

mg.L-1added to the media. MS with half the 

concentration of salts, in which the rooting 

rate was 60%, while the hormone-free 

nutrient medium salts didn’t give any 

percentage of rooting, nor did it differ 

significantly with the media. MS at full 

concentration of added salts IBA all of 

which didn’t record any percentage of 

rooting when planting. 

Results in Table3 show significant 

differences between the salts of the nutrient 

medium used in relation to the number of 

roots, as the medium was superior MS with 

half the strength of the salts by giving it the 

highest number of roots formed, it reached 

3,800 roots shoot-1, while it is noted that no 

roots are formed when the shoots are 

planted in a media MS in the full strength 

of its salts. As for the effect of 

concentrations IBA results show that there 

were significant differences, 3 mg.L-1gave 

the highest number of roots, reaching 5,000 

roots. Shoot-1 outperformed the rest of the 

concentrations while the comparison 

treatment didn’t give any roots. As for the 

effect of medium salts with IBA, the results 

show that the concentration of 3 mg.L-1 

added to the medium was superior to MS 

significantly half the strength of its salts, as 

the number of roots in it reached 10,000 

roots.shoot-1, while the salts of the medium 

with its different levels didn’t give any 

roots with or without the presence of the 

hormone. 

Results presented in Table 3 show the 

superiority of MS with half the 

concentration of salts in the root length 

characteristic was significant and amounted 

to 38.17 mm, while no was given MS 

medium in a full concentration of salts any 

roots, as for the effect of concentrations 

IBA the results show superiority 2 mg.L-

1concentration by giving it highest average 

root length of 29.04 mm. The same table 

also shows the effect of overlap between 

concentrations of IBA and the salts of 

nutrient medium, and it turned out that the 

concentration of  1 mg.L-1added to media 

with half the concentration of salts gave the 

highest average root length of 68.81 mm, 

outperforming the rest of the treatments, 

while no was given MS media with 

different concentrations of its salts, to 

which the hormone has not added any roots 

of the cultivated branches, as it didn’t 

differ from the shoots grown on media MS 

with the full concentration of salts added to 

it IBA in various concentrations. 

Notes from results presented in Table 3 

superiority of the MS with half strength of 

its salts significantly by giving it the 

highest percentage of secondary root 

formation which amounted to 16.00% 

compared to the medium MS with the full 

concentration of salts, which didn’t record 

any percentage of root formation. As for 

the effect of concentrations of IBA, the 
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results showed that there were no 

significant differences between the 

treatments with regard to the percentage of 

formation of secondary roots. The same 

table also shows the effect of IBA and salts 

of the medium, and it was found there were 

no significant differences between the 

treatments. 

Table 3 shows that there are significant 

differences between the salts of the nutrient 

medium, as it was given a half MS the 

highest average number of secondary roots 

was 2 secondary roots shoot-1, while no 

secondary roots were observed in the rest 

of the media. And the effect of 

concentrations IBA results show there were 

significant differences between the 

concentrations used, as the concentration of 

0.5 mg. L-1 gave the highest average 

number of secondary roots reaching 1.33 

secondary roots.shoot-1, while the 

hormone-free media didn’t give any 

secondary roots. The same table also shows 

the effect of interaction between 

concentrations of IBA and medium salts. 

The table shows that the highest average 

number of roots was when the shoots were 

grown on half MS the concentration of 

salts and added to it IBA at a concentration 

of 0.5 mg.L-1, in which the number of 

secondary roots was 4 secondary 

roots.shoot-1, while the media with 

different strengths of salts didn’t give any 

secondary roots, and it didn’t differ from 

the MS medium with the full concentration 

of salts added to it IBA in various 

concentrations. 

The results in Table 3 refer to the effect of 

medium salts on the average length of 

secondary roots, MS By half strength gave 

the highest average length of secondary 

roots, which reached 3.614mm, compared 

to MS with full strength which didn’t 

record any formation of secondary roots. 

As for the effect of concentrations of IBA 

the concentration of 0.5 mg. L-1 was 

superior by giving it the highest average 

length of secondary roots it reached 2.063 

mm compared to hormone-free media 

(comparison), in which secondary roots 

were not observed. 

The same table also shows the effect of 

overlap between IBA concentrations and 

the salts of medium and it turned out that 

the concentration 0.5 mg.L-1added to the 

1/2MS of the salts, the highest average 

length of secondary roots was given, which 

reached 6.190 mm, while the formation of 

secondary roots was not observed in all 

medium salts free of the hormone. 

The explanation for the positive effect of 

half-strength medium salts on rooting may 

be due to the fact that reducing the ratio of 

nutrient medium salts to half caused a 

decrease in the carbohydrate-to-nitrogen 

ratio to the extent that the best conditions 

for rooting were provided compared to the 

rest of the medium salts (5 and 14), and it 

may also be due to the fact that keeping the 

crops in a dark atmosphere for a short 

period before transferring to light 

conditions can enhance the ability of the 

shoots to root by In vitro because the 

Photoreceptor active in the dark, which is 

one of the factors affecting the growth 

process(3 and 17). As for the effect of IBA 

in improving the rooting process to its role 

in increasing levels of IBA inside the plants 

or modification through the build process, 

IAA is synergistically internal (18).  

In addition to the division of rootstock cells 

Root initial cells Depends on the 

concentration of auxin, whether internal or 

added to the nutrient medium, and the 

increased number and length of roots may 

be due to the suitability of this 

concentration for greater stimulation of the 

division of cambium cells and their 

increase in elongation (21 and 22). These 

results are in agreement with Ak et al.(4), 

but they didn’t agree with the findings of 

Abd Alhady(1) and Humdy and Obaid (15) 

in their experiments on peaches 

Nemaguard which concentration of 3 mg.L-

1 was the best in rooting and Kiwifruits that 
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concentration of 1mg.L-1 is the best for 

routings. 

  

 

 

 Table 3. Effect of salt strength, IBA concentration and their interaction on 

rooting of micro shoots of Garnem peach rootstock explants after 6 weeks 

of culturing in vitro. 

secondar

y root 

length 

mm 

Secondar

y rooting 

number 

Secondar

y rooting 

 

percentag

e  

Roots 

lengt

h 

mm 

Numbe

r of 

roots/ 

explant 

Root 

percentag

e 

Days 

to root 

     Traits  

 

Treatments  

explant type Effect of  

0.000 

B 

00000 

b 

0.000 

B 

5.958 

b 

1.500 

b 

00000 

A 

10.58 

A 
1/4 MS 

3.614 

A 

2.000 

a 

16.00 

A 

71083 

a 

3.800 

a 

24.00 

A 

11.93 

A 
1/2 MS 

0.000 

B 

0.000 

b 

0.000 

B 

0.000 

c 

0.000 

c 

0.000 

B 

0.000 

B 
MS 

1-Effect of IBA  mg.L 

0.000 

E 

0.000 

e 

0.000 

A 

00000 

e 

00000 

d 

00000 

B 

0.000 

C 
0 

2.063 

A 

1.333 

a 

6.667 

A 

13.05 

c 

80000 

c 

20.00 

Ab 

90114 

Bc 
0.5 

1.013 

D 

0.333 

d 

6.667 

A 

22.93 

b 

80..3 

b 

6.670 

B 

3.000 

Bc 
8 

1.493 

B 

1.000 

b 

6.667 

A 

04009 

a 

808..3 

c 

77077 

A 

00098 

A 
0 

1.453 

C 
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c 

6.667 

A 

10.0 

d 

5.000 

a 

87077 

Ab 

7.667 

B 
7 

IBA X  Explant type 
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c 
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1/4 MS 

0 
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e 
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A 
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e 
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e 
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c 
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e 

0.000 

A 

0.000 

e 

0.000 

e 

0000 

c 

00000 

d 
MS 

0.000 

e 

0.000 

e 

0.000 

A 

0.000 

e 

0.000 

e 

0000 

c 

00000 

d 
1/4 MS 

0.5 
6.190 

a 

90000 

a 

20.00 

A 

39.16 

b 

70000 

c 

.0000 

ab 

890.. 

c 
1/2 MS 
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e 
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e 
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A 
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e 
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e 
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MS 
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1/4 MS 

8 
3.040 
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A 

.1018 

a 

5.000 

b 

20.00 

bc 

40000 

cd 
1/2 MS 

*Coefficients that share the same letters for each factor or their overlaps, there are no significant differences 

between them according to Dunkin's  multiple  range test at  the level of probability 0.05 
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Effect of salts strength and auxins on callus 

formation of Garnem shoots In vitro  

Table 4 shows the percentage of callus 

formation for the tissue branches, it was 

noted that the concentration of 2 and 3 

mg.l-1added to an MS medium with a 

quarter and a half of the strength gave the 

highest percentage of callus formation, 

which reached 60%, but it didn’t record 

the appearance of callus among MS at a 

full concentration of salts and at all  

Table 4. Interaction effect of salts strength and IBA concentration on callus 

formation (%) of Garnem peach explants after 6 weeks of culturing on MS 

medium. 

Effect of IBA MS 1/2 MS 1/4 MS 

MS salts 

 
1-.LmgIBA  

0.00     b 0.00     b 0.00       b 0.00     b 0 

6.67     b 0.00     b 20.00    ab 0.00     b 0.5 

0.00     b 0.00     b 0. 00      b 0.00     b 8 

33.33     a 0. 00     b 42.00    ab 60.00    a 0 

40.00     a 0. 00     b 60.00    a 60.00   a 7 

 0.00    b 24.00   a 24.00   a MS salts 

*Coefficients that share the same letters for each  factor or their overlaps, there are no significant differences 

between them according to Dunkin's multiple range  test  at  the  level  of  probability 0.05 

Concentrations of IBA were added. As for 

the average effect IBA it appears from the 

table that the concentrations of 2 and 3 

mg.L-1were significantly superior, giving 

the highest percentage of callus formation, 

which amounted to 33.33 and 40% 

respectively, while no callus was recorded 

in hormone-free media (comparison). The 

same table also shows the average effect 

of medium salts and notes the superiority 

of MS medium with a quarter and a half of 

strength by giving them the highest 

percentage of callus formation, which 

amounted to 24% for both of them, while a 

medium with full concentration of salts 

didn’t give any callus formation. 

Conclusion 

   From the results, we conclude that the 

activated charcoal was useful in giving 

good vegetative growth and a good 

response, and for using BA we found that 

the concentration 1 and 2 mg.L-1 gave the 

best multiplication for explants, and the 
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best rooting was obtained when the shoots 

were grown on 1/4 MS medium supplied 

with a concentration 2 mg.L-1 and given 

1/2 MS medium supplemented with a 

concentration of 3 mg.L-1 the largest 

number of roots. 

 

Figure 3. a- Concentration of 1 mg L-1 IBA in the 1/2 MS b- Concentration of 0.5 mg l-1 IBA in the 

1/2 MS c- Concentrate 3 mg l-1 in 1/2 MS 

 

 

 

 

 

 

   

Figure 4. Rooting and Callus formation after 6 weeks of cultivation on 1/2 MS medium  
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