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Abstract 

Experiments were conducted in one of the private laboratories of Al-Fahama / 

Baghdad for August 2020 to June 2022 period. This study aimed to achieve an 

appropriate protocol for propagation the roortstock of peach Garnem (Prunus persica 

cv. Garnem) In vitro. The shoot tips and nodes of this rootstock were used as explant 

for the stages of emergence it was sterilized with several levels of sodium 

hypochlorite NaOCl (0.5 and 1%) for three periods of 15, 20 and 25 minutes cultured 

on MS media with free hormone, after which an experiment was conducted to find out 

the appropriate medium for multiplication, so it was used WPM and MS media added 

to it the best concentration of Kin. which he reached from previous experiments by 

interfering with concentrations of BA(0, 1 and 2 mg l
-1

) in order to multiply the 

shoots. Use concentrations of IBA for rooting shoots are 0, 0.5, 1, 2 and 3 mg l
-1 

added to media1/2 WPM and WPM. The results of the study were analyzed 

statistically as factorial experiments using a completely randomized design (CRD), 

and the statistical program SAS (2003) was used to analyze the results, and the 

averages of the coefficients were compared according to Duncan's multiple test in the 

probability level of 0.05. The results showed efficient use NaOCl in the sterilization 

of peach rootstock shoot tip Garnem, the best multiplication was achieved when the 

shoot tips were grown on WPM media added to it 1 and 2 mg l
-1

BA. also, the highest 

number and length of shoots were obtained at 1 mg l
-1

. It gave shoots planted on the 

1/2WPM to which a concentration of 2 mg l
-1

 was added IBA the highest rooting 

percentage, the highest number of roots, and the highest length of roots. 
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Introduction 

 Garnem rootstock is a hybrid between 

the Spanish Garfi almond [Prunus 

amygdalus Batsch, syn.p.dulcis (Mill) 

DA Webb] selected as a mother and 

the North American Nemared peach 

[P. persica L. Batsch] as pollen 

donors. These new origins are 

characterized by their high activity, 

more tolerant of biotic and abiotic 

stresses, it tolerates calcareous soils 

and is resistant to root-knot nematodes 

and is the ideal rootstock for increasing 

the efficiency and productivity of 

orchards (16 and 24). New cultivars 

are being produced for rootstocks that 

possess diverse vegetative 

characteristics for stone fruit crops 

including peaches, through the use of 

public and private breeding 

programs(16 and 9). 

Pollution constitutes a real problem 

that opposes the progress and 

development of tissue culture 

technology(31). The surface of plant 

tissues in its nature contains different 

types of microbes (bacteria, fungi, 

molds, etc.), and since the micro 

propagation technique requires that the 

explants should be free of any surface 

pollutants before starting cultivation or 

before establishing tissue cultures, 

because these pollutants can grow in 

the middle of the farm making it 

inefficient(14). Used(2)
 
four types of 

sterilizers are sodium hypochlorite 

NaOCl (5, 10 and 15% for 5 and 10 

minutes), hydrogen peroxide H2O2 (5 

and 10% for 10 and 20 minutes) and 

fungicide Captan 50% (1 , 2, 3 and 4% 

for 5 minutes) and boric acid 3(COH) 

at 1 and 2% for 5 and 10 minutes to 

study the percentage of contamination 

percentage, survival rate for shoot tips 

and nods of peach (P. persica L. 

Batsch) during initiation stage, and it 

was found that sodium hypochlorite 

had the most effective effect with a 

survival rate of 50% at concentration 

15% for 5 minutes and 60% at 

concentration 10% for 10 minutes. The 

buds continued to grow strongly and 

the multiplication stage began. Explain 

(30) from his experiments through 

using four sterilization agents on peach 

root DO-1 P. domestica, namely 

HgCl2, NaOCl, H2O2, and AgNO3 to 

reduce the percentage of contamination 

of axillary buds, and obtained the 

highest survival rate of 91% when 

treated with hypochlorite NaOCl at a 

concentration of 2% for 15 minutes, 

while the lowest survival rate was 

23.33% when treated with mercury 

chloride HgCl2 at a concentration of 

0.5% within ten days. Added 

Cytokinins to the nutrient media in 

stages and multiplication with the aim 

of stimulating cell division and 

encouraging the opening of axillary 

buds to give new branches after 

eliminating the phenomenon of apical 

dominance(23 and 15), as cytokinins 

are among the most important 

determining factors in the success of 

plant tissue culture, especially in the 

reproductive stage proliferation, as it 

plays multiple roles in plant growth 

and development, such as stimulating 

cell division, cell expansion, and 

protein building, in addition to its role 

in the effectiveness of the activities of 

some enzymes (25 and 11). The 

composition of the nutrient media is 

one of the main factors that control the 

success of any tissue culture, and in 

order to develop any plant part outside 

the living body after it is separated 

from the mother plant, the necessary 

nutritional needs for its growth must be 

provided, due to the inability of the 

cultivated parts or tissues to perform 

the process of photosynthesis in 

addition to the different nutritional 

needs according to the type of plant, so 

the quantities that must be available of 
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inorganic salts depend mainly on the 

type of tissue or plant part grown and 

its developmental stage (27 and 18). 

Used (26) BA with the aim of 

stimulating the multiplication of peach 

shoots Garnem and Myroplan Plum 

and it obtained the best multiplication 

at 2 mg l
-1

, as the number of shoots 

reached to 11.34 shoot.explant
-1

. 

Conducted (19) from their study on the 

pear plant, Othoman variety, by 

cultivating the shoot tips on two types 

of nutrient media: MS and WPM by 

adding different concentrations of BA 

(0, 1, 2, 3 and 4 mg l
-1

) and Kin. At 0, 

2, 4, 6 and 8 mg l-1, it was clear from 

this study that WPM media was 

significantly superior to MS medium in 

the traits of the number of shoots 

which achieved to 5.60 shootsexplant
-1

, 

and the number of leaves (37.01 leaves 

explant
-1

) after 8 weeks from 

cultivation, as for adding the Kin. It 

was clear from the results that there 

were no significant differences 

between the two mediums except for 

the lengths of shoots, in which the MS 

medium recorded the highest length of 

the shoots was 2.60 cm. Recorded(6) 

through his experiment on the peach 

rootstock GF677 by cultivating the 

nodes of this rootstock on three types 

of nutritional media: MS, WPM, and 

DKW, to which different 

concentrations of BA (0, 0.5, 1, and 2 

mg l
-1

) were added, the best 

multiplication it reached 100% when 

growing the shoots on MS medium 

supplied with 2 mg l
-1

, and did not 

differ significantly with the 

concentration 2 mg l-1 that was added 

to WPM medium, and the percentage 

reached 87.5%. shoots length (2.4 cm). 

Complete the formation of roots on the 

shoots resulting from the multiplication 

stage by stimulating the initiation of 

adventitious roots from the base of the 

shoots (13),as the resulting vegetative 

growths can be invested in new 

propagation stages after cutting them 

and planting them on auxin-containing 

media, and thus the numbers of these 

plants can be increased according to a 

numerical sequence, and the selection 

of a suitable growth regulator for 

rooting is taken into account, often 

IBA(4). Indicated(1)
 
in his experiment 

on pear plant (Osmani variety), that 

1/2WPM medium was superior to the 

other media that had been used in the 

percentage of rooting, the number of 

roots and their length, which reached 

to 40%, 2.81 root shoot
-1

 and 1.72 cm, 

respectively. Demonstrated (7)
 

from 

their study which used three types of 

nutrient media (MS, 1/2 MS and 

WPM) plus different concentrations of 

IBA (0, 0.5, 1, 2 and 3 mg l
-1

) to find 

out their effect on rooting of peach 

rootstock Garnem and it was found that 

the highest number of roots were 

obtained in 1/2 MS supplemented with 

2 mg l
-1

 IBA, as the number of roots 

reached 6.2 root shoot
-1

, and the 

highest average length of roots was in 

the same medium except that it 

contained 1 mg l
-1

 IBA. Reported(12) 

from their experiment on kiwi using 

concentrations of IBA the best rooting 

was at 1 mg l
-1

, it gave the highest 

number of roots reaching to 6.10 root 

shoot
-1

 and the highest length of roots 

was 2.45 cm.  

The aimes of this study is to find a 

suitable protocol for peach rootstock 

propagation Garnem through using of 

appropriate combinations of nutrient 

media and hormones to increase 

multiplication and rooting In vitro. 

Materials and Methods 

 This experiment was conducted in one 

of the private laboratories in Baghdad / 

Al-Fahhama, as they used cuttings of 

juicy stems of plants cultivated in the 

Taj Al-Din station of El-ssaouira and 
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growing under field conditions for the 

period from August 2020 to June 2022, 

Control program was used for mother 

plants using 1 ml l
-1

 of pesticides 

Beltanol at a rate of one watering every 

10 days. Pens with a length of 5 cm 

were taken from the new growths, their 

leaves were removed and divided into 

two types of explants, shoot tips with a 

length of 1 ± 0.2 cm and nodes with a 

length of 0.5 - 1 ± 0.2 cm from the 

second and third nodes after 

developing summit. The explants were 

washed with water and liquid soap to 

ensure the removal of dirt, dust and 

suspended materials, then left to wash 

with running water for half an hour and 

then transferred to the laminar air flow 

table to start the surface sterilization 

process, The explants were sterilized 

with sodium hypochlorite solution 

NaOCl concentration at 0.5% (dilute 

0.5ml each 9.5ml sterile distilled 

water) and 1% (at a dilution of 1 ml 

per 9 ml distilled water) for three 

periods 15, 20 and 25 minutes with 

continuous stirring of the explants and 

then washed with sterile double 

distilled water for 4 times to 5 minutes 

each time to remove traces of the 

sterile substance(27). The shoots where 

obtained from previous experiments 

were taken and cultured on two types 

of nutrient MS media and WPM added 

to them the best concentration of Kin. 

which was reached from previous 

experiments overlapping with several 

concentrations of BA 0, 1 and 2 mg l
-1

 

to determine the best medium and the 

best combination in multiplying the 

cultivated explants, represented by 

calculating the number of shoots for 

each cultivated explants, the length of 

the shoots (mm), the number of total 

leaves, the percentage of 

multiplication, the number of shoots 

and their length, and the number of 

leaves after 4 weeks of cultivation. 

Then, the shoots resulting from the 

aforementioned multiplication 

experiments, 1-2 cm long, were taken 

and cultivated on WPM media with 

different concentrations of salts (1/2 

WPM and WPM) plus different 

concentrations of IBA 0, 0.5, 1, 2 and 3 

mg l
-1

 with 5 replications for each 

treatment and one shoots for each 

replicate to show their effect on the 

number of days required for rooting, 

the rooting percentage, the number of 

roots, the length of roots (mm), the rate 

of callus formation and the size of 

callus after 6 weeks of cultivation. Use 

prepared nutrient medium MS (20) and 

WPM in experiments, then it was 

distributed in glass bottles of 300 ml 

capacity, at the rate of 30 ml for each 

bottle, and the pH number was 

adjusted 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 

± 1 °C and a light intensity of 2000 lux 

for 16 hours of light and 8 hours of 

darkness on Day
-1

, and the results were 

taken after 4, 6 and 8 weeks of 

cultivation. The CRD (Completely 

Randomized Design) was used in the 

implementation of the experiments, 

and the averages were compared 

according to Duncan's multiple limit 

test at the probability level of 0.05(3), 

and the ready-made program SAS (28) 

was used to analyze the data. 

Results and Discussion 

Effect of surface sterilization and its 

duration on the percentage of 

contamination and the survival buds of 

explants, The results in Table 1 

indicate the efficiency of the 

sterilization process when using 

different concentrations of commercial 

bleach, as it is noted that there are no 

significant differences between the 
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concentrations of bleach used and 

periods in the percentage of 

contamination,. Table 1 also shows the 

effect of the concentration of the minor 

on the duration of soaking, and it is 

noted that there are significant 

differences between the treatments in 

in the same table in survival buds, as 

the concentration of 5% with a soak for 

20 minutes recorded the highest 

percentage of survival buds 100%, 

while the lowest percentage of survival 

buds was obtained when the treatment 

with 10% for a period of 25 minutes of 

soaking reached to 55%,  

Table 1. Effect of different concentrations of NaOCl In the 

percentage of contaminated and the survival buds (%) for the shoot 

tips and nods of the peach rootstock Garnem after 4 weeks have 

passed from cultivation on MS media hormone free 

 

 

 

 

 

 

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

significant differences between them according to Dunkin's multinomial test at the probability 

level of 0.05 

The reason for the varying response of the 

plant parts may be due to the fact that 

increasing the concentration of the active 

substance and increasing the duration of 

exposure has a harmful effect on the plant 

parts, and this harmful effect of sodium 

hypochlorite is due to acid Hypochlorous 

(HOCl) which is a strong oxidizing 

substance, as this acid is formed as a result 

of the solubility of chlorine with water(22) 

 

 

  

 

 

 

 

 

 

Survival buds 

% 

Contaminated 

buds % 

Treatments & exposure times (minutes) 

95.00 ab 5,000 a 0.5% NaOCl for 15 minutes 

100.00 a 0.000 a 0.5% NaOCl for 20 minutes 

70.00 bcd 0.000 a 0.5% NaOCl for 25 minutes 

65.00 cd 0.000 a 1% NaOCl for 15 minutes 

85.00 abc 0.000 a 1% NaOCl for 20 min 

55.00 d 5.000 a 1% NaOCl for 25 min 

 

Cl2 + H2O = HCl + HOCl 

 

15 

 

20 

 

25 

 

15 

 

20 

 

25 

 

5% 10% 
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Figure 1. Concentrations NaOCl and the duration of exposure to the 

shoot tips and nodes of the peach rootstock Garnem4 weeks after 

cultivation 

Media type influence and BA in 

multiplication of shoot tips and nodes 

of peach rootstock Garnem 

Multiplication ratio (%): The results 

are shown in the Table2 superiority 

WPM media recorded the highest 

multiplication ratio reached to 83.33% 

compared to 50% for MS media, and 

about impact the explant the shoot tips 

recorded the highest multiplication 

ratio reached to100%, compared to 

33.33% for the contract, and with 

regard to the effect of BA the 

concentrations 1 and 2 mg l
-1

 were 

successful in obtaining multiplication 

ratio, which amounted to 75% for each 

of them, while the media free from it 

failed to multiply. 

Table 2. Effect of explant and type of nutrient media provided with 

the best concentration of Kin. in addition to different concentrations 

of BA in multiplication ratio for explants of peach rootstock 

Garnem4 weeks after cultivation 
 

 

 

 

 

 

 

 

 

 

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

significant differences between them according to Dunkin's multinomial test at the probability 

levelof0.05 

It may be attributed to the superiority 

of the shoot tips planted on the 

1/2WPM media over those planted on 

MS media for all concentrations BA to 

nutrient and hormonal balance of the 

shoot tips grown in 1/2WPM, it may 

also be due to the different types of 

salts and their concentrations between 

the two mediums, as indicated(17) the 

importance of nutrient salts and plant 

hormones as they are considered 

among the determinants of plant 

growth and development, and that the 

mutual influence between them plays a 

major role in guiding growth and 

development. These results are in line 

with what he found(19)
 

from their 

experiment on pear plant, Osomani 

variety, which showed moderate 

superiority WPM on MS media in 

Type of media 

* Type of 

explant 

 BA concentration mg l
-1

  
Type of 

explant 
Type of media 

2 1 0 

100 a 100 a 100 a 100 a Shoot tip 
WPM 

66.67 b 100 a 100 a 0.000 b Nod 

100 a 100 a 100 a 100 a Shoot tip 
MS 

0.000 c 0.000 b 0.000 b 0.000 b Nod 

Effect of media  

83.33 a 100 a 100 a 50 b WPM Type of media 

* BA mg l
-1

  50.00 b 50 b 50 b 50 b MS 

Effect of 

explant 
 

100 a 100 a 100 a 100 a Shoot tip Type of explant  

* BA mg l
-1 

33.33 b 50 b 50 b 0.000 c Nod 

 

 75 a 75 a 50 b Effect of BA mg l
-1
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multiplication and(6)
 

from his 

experiment on the origin of peaches 

GF677 which indicated that the best 

multiplication was in WPM to which a 

concentration of 2 mg l
-1

 was added 

BA. 

Number of shoots: Table 3 explains 

that a significant increase was obtained 

when using WPM media in compare 

with MS media that gave the highest 

number of shoots, which reached 3.097 

shoot explant
-1

 WPM media compared 

to 1.833 shoots explant
-1

 for MS 

media, as for the effect of the type of 

explant, the shoot tips gave the highest 

number of shoots, amounting to 3.430 

shoot explant
-1

 compared to 1.500 

shoot explant
-1

 for the node, and with 

regard to the effect of concentrations of 

BA the concentration 1 mg l
-1

 recorded 

the highest number of shoots, reaching 

3.125 shoot explant
-1

, outperforming 

the treatment of medium devoid of BA 

and the medium supplemented with a 

concentration 2 mg l
-1

, which gave the 

least number of shoots reached 2.125 

shoot explant
-1

. 

Table 3. Effect of explant and type of nutrient media provided with 

the best concentration of Kin. in addition to different 

concentrations of BA in average number of shoots peach 

rootstock Garnem4 weeks after cultivation 

 

 

 

 

  

 

 

 

 

 

 

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

significant differences between them according to Dunkin's multinomial test at the probability 

level of 0.05 

Branches Length (mm): Table 4 shows 

the effect medium type used and notes 

the superiority WPM media which 

giving it the longest length for the 

shoots, it reached 9.266 mm, compared 

with 7.465 mm for MS media, as for 

the effect of the explant, the nodes 

excelled by giving it the highest length 

of the shoots, which reached 8.837 

mm, compared to 7.895 mm for the 

shoot tips.as for the effect of BA it is 

noted that the concentration 2 mg l-1 

Type of media 

* Type of 

explant 

 BA concentration mg l
-1

  Type of 

explant 
Type of media 

2 1 0 

4.194 a 3.331 cd 5.000 a 4.250 b Shoot tip 
WPM 

2.000 c 2.000 e 3.000 d 1.000 f Nod 

2.666 b 2.168 e 3.500 c 2.331 e Shoot tip 
MS 

1.000 d 1.000 f 1.000 f 1.000 f Nod 

Effect of media  

3.097 a 2.666 b 4.000 a 2.625 b WPM Type of media 

* BA mg l
-1

  1.833 b 1.584 c 2.250 bc 1.666 c MS 

Effect of 

explant 
 

3.430 a 2.749 b 4.250 a 3.291 b Shoot tip Type of explant  

* BA mg L
-1 

1.500 b 1.500 cd 2.000 c 1.000 d Nod 

 

 2.125 b 3.125 a 2.145 b Effect of BA mg l
-1
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was superior in recording the highest 

length of the shoots, which reached 

9.333 mm, while the media with free 

hormone gave the lowest length of 

shoots reached 7.497 mm. Number of 

leaves: Table (5) shows impact the 

type of media in terms of the number 

of leaves, and it is noted that there are 

no significant differences between MS 

media and WPM media, as for the 

impact the vegetative part has 

outgrown the tips of the shoots, the 

contract recorded the highest number 

of leaves, amounting to 23.70 leaves, 

explant
-1

 for 14.42 sheets to contract, 

concerning impact BA concentration 

was higher than 2 mg l-1by recording 

the highest number of leaves, it 

reached 21.64 leaf, while the lowest 

number was in media free from BA 

reached 6.73 leaves explant
-1

. The 

difference in the response of explant 

may be due to multiplication when 

cultivated on MS and WPM media to 

lower nitrogen concentration in the 

WPM media which is approximately a 

quarter of its concentration in the MS 

media which made it more efficient to 

multiply shoot tips(5), as well as the 

high concentrations of BA in the 

multiplication stage, it has an 

inhibitory effect on the multiplication 

and growth of peach shoots
[8]

, as the 

positive effect of multiply is the result 

of an interaction between the salts of 

the WPM media and BA at 1 mg l
-1

, it 

may be due to the explant gaining the 

optimal physiological state of activity 

from this overlap if taking into account 

the different quality and composition 

of the salts of the media and their 

different concentrations, such as the 

formula of nitrogen and calcium 

constituting a WPM media represented 

by a substance Ca(NO3) which are 

more ready for the plant compared to 

NH4NO3 and CaCl2 located in the MS 

media(29), Or it may be due to the 

positive effect of the presence of 

cytokinins in the medium, which led to 

increased branching through its role in 

reducing apical dominance and thus 

encouraging buds to grow through its 

main and important contribution to the 

production of nucleic acids and amino 

acids because it increases the 

production of transporter DNA (tRNA) 

it also reduces acid hydrolysis by 

decreasing enzyme activity RNAse (15 

and 21) . 

Table 4. Effect of plant part and type of nutrient media provided 

with the best concentration of Kin. in addition to different 

concentrations of BA to average length of shoots (mm) peach 

rootstock Garnem 4 weeks after cultivation 

 

 

 

 

 

 

Type of media 

* Type of 

explant 

 BA concentration mg l
-1

 Type of 

explant 
Type of media 

2 1 0 

8.713 ab 7.310 d 9.119 c 9.709 bc Shoot tip 
WPM 

9.820 a 13.74 a 10.46 b 5.260 f Nod 

7.077 c 6.301 e 7.120 de 7.810 d Shoot tip 
MS 

7.853 bc 9.980 bc 6.370 e 7.210 de Nod 

Effect of media  

9.266 a 10.525 a.d 9.789 a.d 7.484b WPM Type of media 

* BA mg l
-1

  7.465 b 8.141b 6.745b 7.510 b.d MS 

Effect of 

explant 
 

7.895 b 6.806 c 8.119 b 8.759 b Shoot tip Type of 

explant  

* BA mg l
-1

 8.837 a 11.86 a 8.415 b 6.235 c Nod 

 

 9.333 a 8.267 b 7.497 c Effect of BA mg l
-1
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* Coefficients that share the same letters for each factor or their overlaps, there are no 

significant differences between them according to Dunkin's multinomial test at the probability 

level of 0.05 

These results are consistent with the 

findings of 
[19]

 from their experiment 

on pear plant, Osmani variety, which 

showed moderate superiority WPM on 

medium MS in multiplication and (6) 

from his experiment on the peaches  

Table 5. Effect of explant and type of nutrient medium provided with 

the best concentration of Kin. in addition to different concentrations 

of BA average number of leaves for peach root cultivar Garnem4 

weeks after cultivation 

 

 

 

 

 

 

 

 

 

 

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

significant differences between them according to Dunkin's multinomial test at the probability 

level of 0.05 

 

 

 

 

 

 

 

 

Type of media 

* Type of 

explant 

 BA concentration mg l
-1

 
Type of 

explant 
Type of media 

2 1 0 

21.14 b 22.00 c 22.50 c 18.92 d Shoot tip 
WPM 

17.35 c 27.75 b 17.30 d 7.000 g Nod 

26.28 a 23.83 c 23.50 c 31.50 a Shoot tip 
MS 

11.50 d 13.00 e 12.00 ef 9.500 fg Nod 

Effect of media  

19.25 a 24.88 a 19.90 ab 12.96 c WPM Type of media 

* BA mg l
-1

 18.89 a 18.42 b 17.75 bc 20.50 ab MS 

Effect of 

explant 
 

23.71 a 22.92 ab 23.00 ab 25.21 a Shoot tip Type of 

explant  

* BA mg l
-1

 
14.43 b 20.38 b 14.65 c 8.250 d Nod 

 

 21.65 a 18.83 b 16.73 c Effect of BA mg l
-1

  

 

shoot tip 

1BA 
node 

1BA 

Shoot tip 

0 BA 

 

node 

2BA 
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rootstock GF677 which indicated that 

the best multiplication was in the 

WPM media to which a concentration 

of 2 mg l
-1

 was added BA. It is also 

consistent with his findings (26)
 

in 

their experiment on the peaches 

rootstock Garnem and Myroblan plum 

to be better multiply was when using 

BA at 2 mg l
-1

. 

The effect of the strength of the salts of 

the nutrient media WPM and levels 

IBA in the rooting of micro shoots 

Number of days for rooting (day): It is 

noted from the results in Table 6 that 

the 1/2 WPM it gave rooting within 

9,300 days of cultivation while in WPM 

media gave rooting within 14.92 days 

of cultivation, and with regard to the 

effect of concentrations of IBA a 

concentration of 0.5 mg l
-1

 recorded 

rooting within 11.25 days of 

cultivation, and a concentration of 3 mg 

l-1 gave rooting within 21.50 days of 

cultivation, while the shoots grown on 

hormone-free media failed to stimulate 

rooting. As for the effect of the 

interaction between concentrations of 

IBA and salts of the nutrient media 

WPM it formed shoots cultured on 

WPM in addition to the hormone, at 3 

mg l
-1

, roots were formed within 19 

days of cultivation, and the shoots 

grown on WPM the hormone added to 

it at a concentration of 1 mg l
-1

 took 

root within 31 days of cultivation, while 

the shoots grown on hormone-free 

media were not recorded in stimulating 

rooting. The same applies to the shoots 

grown on WPM media added IBA At a 

concentration of 0.5 mg l
-1

, as well as 

the shoots grown on 1/2 WPM media to  

 

 

 

which the concentration of 1 and 2 mg 

l
-1

 was added IBA. 

 

 

Rooting ratio: Data in Table 6 indicate 

that the shoots grown on WPM media 

at full strength, its salts gave the highest 

rooting rate 18%, and it did not differ 

significantly from 1/2 WPM media in 

which the rate of rooting reached 12%, 

as for the effect of concentrations IBA 

the concentration of 2 mg l
-1

 recorded 

the highest rooting rate 35%, 

outperforming the treatment of 0.5 mg 

l
-1

 and the comparison treatment, in 

which no root emergence rate was 

recorded, and the effect of the 

interaction between the concentrations 

of IBA and salts of the nutrient medium 

WPM the highest rooting percentage 

reached 50% for the shoots planted on 

WPM media with the addition of the 

hormone at a concentration of 2 mg l
-1

, 

it was significantly superior to the 

control treatment that did not record 

any root formation. 

number of roots: The results are shown 

in Table 6 of the mean superiority 

WPM media significantly, by giving it 

the highest number of roots, it reached 

2.466 root shoot
-1

, compared to 1.560 

roots shoots
-1

 for 1/2 WPM media, with 

regard to the effect of concentrations 

IBA, the concentration of 2 mg l
-1

 

recorded the highest number of roots, 

reaching 3,550 root shoots
-1

, 

outperforming all treatments, while the 

hormone-free media failed to give roots 

to the shoots planted in it. As for the 

effect of the interaction between the 

concentrations of IBA and WPM media 

Figure 2. the shoot tips and the nodes of the peach rootstock 

Garnem planted in WPM media adding Kin. at 6 mg l
-1

 with BA 

in 1 and 2 mg l
-1

 after 4 weeks of cultivation 
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it gave shoots planted on the WPM to 

which the hormone was added at 2 mg 

l
-1

 the highest number of roots reached 

7.100 roots shoot
-1

, which was 

significantly superior to the rest of the 

treatments, while the hormone-free 

media failed to form roots WPM to 

which a concentration of 0.5 mg l
-1

 was 

added IBA So is the 1/2 WPM to which 

the concentration of 1 and 2 mg l
-1

 was 

added. Roots length (mm): Table 6 

shows that the WPM media gave long 

root length was 4.794 mm, significantly 

superior to 1/2 WPM media in which 

the root length reached 1.598 mm, and 

the effect of concentrations IBA it is 

noted that its addition had a significant 

effect on increasing the length of the 

roots, reaching a maximum of 5.245 

mm at 2 mg l
-1

, outperforming the 

control treatment, while the shoots 

grown on hormone-free media failed to 

form roots in addition to the shoots 

grown on WPM media added IBA at 

0.5 mg l
-1

 

 

Table 6. Effect of the strength of the medium salts WPM and IBA 

levels in rooting tissue of Garnem peach rootstock after 6 

weeks of cultivation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Callus 

training 

% 

root length 

mm 

Number of 

roots Root 

% 

Days to 

roots 

 Traits 

 

Treatments 

Effect of explant type  

20 A 4.794 A 2.460 A 12 A 14.92 A WPM 

6 B 1.598 B 1.560 B 6 B 9.30 A 1/2 WPM 

Effect of IBA mg l
-1 

0.00 C 0.000 E 0.000 E 0.000 B 0.00 D 0 

5 BC 2.730 D 2.000 C 10 AB 11.25 C 0.5 

5 BC 4.475 B 1.500 D 5 AB 15.50 B 1 

25 AB 5.245 A 3.550 A 20 A 12.30 C 2 

30 A 3.530 C 3.000 B 10 AB 21.50 A 3 

IBA * Explant type 

0.00 c 0.000 f 0.000 e 0.00 b 0.00 d WPM 
0 

0.00 c 0.000 f 0.000 e 0.00 b 0.00 d 1/2 WPM 

0.00 c 0.000 f 0.000 e 0.00 b 0.00 d WPM 
0.5 

10 c 5.459 c 4.000 b.c 20 ab 22.50 b 1/2 WPM 

10 c 8.950 b.d 3.000 c 10 b 31.00 a WPM 
1 

0.00 c 0.000 f 0.000 e 0.00 b 0.00 d 1/2 WPM 

50 a 10.490 a 7.100 a 40 a 24.60 b WPM 
2 

0.00 c 0.000 f 0.000 e 0.00 b 0.00 d 1/2 WPM 

40 ab 4.530 d 2.200 d 10 b 19.00 c WPM 
3 

20 bc 2.530 e 3.800 b 10 b 24.00 b 1/2 WPM 
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*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 

as well as the shoots grown on 1/2 

WPM media and the hormone added to 

it at 1 and 2 mg l
-1

. 

Callus ratio: The results are shown in 

Table 6 to mean that WPM The highest 

rate of callus formation was recorded at 

20%, surpassing that of medium1/2 

WPM in which the percentage of callus 

formation was 6%, as for the effect of 

concentrations IBA the concentration of 

3 mg l
-1

 gave the highest rate of callus 

formation amounting to 30%, while no 

callus formation was observed in the 

shoots grown on a hormone-free 

medium. As for the effect of the 

interaction between the concentrations 

of IBA and WPM it is noted that the 

concentration of 3 mg l
-1

 added to the 

WPM it gave the highest percentage of 

callus formation reaching 40%, while 

callus formation was not observed in 

the hormone-free media as well as 

WPM full strength of its salts with the 

hormone added at a concentration of 

0.5 mg l
-1

 in addition to 1/2 WPM 

media to which the concentration of 1 

and 2 mg l
-1

 was added IBA. The 

positive effect of rooting may be 

attributed to reducing the nitrogen 

concentration. On the other hand, the 

total nitrogen content in the nutrient 

medium affects the phenotypic 

composition WPM few when compared 

to its concentration in the MS media it 

is noted that the dilution of the media 

has made the nitrogen concentration 

less than the normal value for it and 

thus led to a decrease in nitrogen to less 

than the appropriate concentration (10 

and 11), as well as the presence of 

auxin in the nutrient medium, which 

may make the interaction of factors 

combined lead to an increase in the rate 

of the number of roots formed in the 

medium, or to the harmony of the 

added concentrations of IBA with the 

existing hormones in the shoots, which 

contributed to the formation of the 

highest number of roots for each shoots 

(1). These results are in line with what 

have reached (7) in its experiment on 

the origin of peach Garnem and (1) 

from his experiment on pear plant, 

Osomani variety, who concluded that 

the best rooting percentage was the 

result of using a WPM media it is also 

in line with the findings of (12) when 

using IBA at a concentration of 1 mg l
-1

 

in rooting kiwi shoots. 
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Figure 3. Micro shoots cultured on WPM media added 

concentrations of IBA 6 weeks after cultivation 

Conclusion 

There are avariable effects among BA 

concentration on shoot multiplication, 

so we recommended using BA at 1 

mg l
-1

interfering with Kin. at 6 mg l
-1

 

for multiplication using WPM media. 

For rooting stage we recommend 

using IBA at 2 mg l
-1

 addition to 

WPM media.  

Conflict of interest 

The authors declare no conflict of 

interest. 

 

References 

1- Ahmed, A. M. 2011. Physiological 

study of the production of Othmani 

pear grafts by tissue culture. Master 

Thesis. College of Agriculture and 

Forestry, University of Mosul, Iraq. 

2- Al Ghasheem, N.; F. Stanica,; A. 

G. Peticila; and O. Venat. 2018. 
In vitro effect of various 

sterilization techniques on peach 

(Prunus persica L. Batsch) 

explants. Scientific Papers, 227. 

3- Al-Rawi, K. and A. M. Khalaf. 

1980. Design and Analysis of 

Agricultural Experiments. Ministry 

of Higher Education and Scientific 

Research, Dar Al-Kutub 

Foundation for Printing and 

Publishing, University of Mosul, 

Iraq 

4- Al-Sumaida'i, K. M. I. 2017. 
Applicatio in Plant Biotechnologies 

(Part One), First Edition. Al-

Nahrain University, Ministry of 

Higher Education and Scientific 

Research, Republic of Iraq. 

5- Banno, K.; K. Yoshida; S. 

Hayashi; and K. Tanabe. 1989. In 

vitro propagation of Japanese pear 

cultivars J. Japan. Soc. Hort. Sci. 

58(1):37-42. 

6- Borkheyli, M.; S. M. Miri and A. 

Nabigol.2021.Invitromultiplication 

and rooting of GF677 rootstock. 

Journal of Horticulture and 

Postharvest Research, 4(2), 243-

252. 

7- Erfani, M.; S. M. Miri and A. 

Imani. 2017. In vitro shoot 

proliferation and rooting of 

Garnem rootstock as influenced by 

basal media, plant growth 

regulators and carbon sources. 

Plant Cell Biotechnology and 

Molecular Biology, 18(3&4), 101-

109. 

8- Felek, W.; M. Firew and A. 

Belayneh. 2017. Micropropagation 

of Peach, P. persica L. Batsch. Cv. 

Garnem. African Journal of 

Biotechnology, vol. 16 (10): 490-

498. 

9- Felipe, A. J. 2009. Felinem, 

Garnem, and Monegro almond X 

Peach hybrid rootstocks. Hort. 

Science, 44 (1):196-197. 
https://doi.org/10.21273/HORTSCI.4
4.1.196 

10- Fotopoulos, S. and T. E. 

Sotiropoulos, 2005. In vitro 

propagation of the PP204/84 

(Prunus persica × Prunus 

amygdalus) rootstock: Axilary 

shoot production and rhizogenesis, 

Newzealand Journal of crop and 

horticulture science 33:75-

79.https://doi.org/10.1080/01140671.2

005.9514333 

11- George, E. F.; M. A. Hall; and G. 

J. D. Klerk. 2008. Effects of the 

physical environment. Plant 

Propagation by Tissue Culture: 

Volume 1. The Background, 423-

464 

https://doi.org/10.21273/HORTSCI.44.1.196
https://doi.org/10.21273/HORTSCI.44.1.196
https://doi.org/10.1080/01140671.2005.9514333
https://doi.org/10.1080/01140671.2005.9514333


Kufa Journal for Agricultural Sciences-2026: 18(2):  64-78      Al-Hayani and Obaid  
___________________________________________________________________ 
 

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

 
 

12- Hamdiy, M. A. and A. A. Obaid. 

2018. Effect of benzyladenine and 

brassinolid and indol butyric acid 

on micropropagation of Kiwifruit 

Atinidia deliciosa. Diyala 

Agricultural Sciences Journal. Vol. 

10 (2): 87-99. 

13- Hartmann, H. T.; D.E. Kester; 

F.T. Davies; and R. L. Geneve. 

2002. Plant propagation principles 

and practices, 7th Ed. Prentice 

Hall, Upper Saddle River, New 

Jersey. USA 

14- Hiremath, R. C. 2006. Micro 

propagation of Ginger Zingiber 

officinale Rosc. M.Sc. Thesis. 

Department of Hortucultural 

College of Agriculture, Dharma 

University of Agricultural 

Sciences, Dharma. 
https://doi.org/10.22077/jhpr.2020.360

8.1157. 

15- Jundia, H. 2003. Physiology of 

fruit trees (the latest methods in 

treating the problems of 

cultivation, breeding and 

production of fruit trees in different 

lands), Arab House for Publishing 

and Distribution, Cairo, Egypt. 

16- Moreno, M. A. 2002. Breeding 

and selection of Prunus rootstocks 

at the Aula Dei experimental 

station, Zaragoza, Spain. In I 

International Symposium on 

Rootstocks for Deciduous Fruit 

Tree Species 658 (pp.519-528). 
10.17660/ActaHortic.2004.658.79 

17- Muhammad, A. K. 1985. Plant 

Physiology–The second part, 

Directorate of Dar Al-Kutub for 

Printing and Publishing, University 

of Mosul, Iraq. 

18- Muhammed, A. S. and S. Omar. 

1990. Key Concepts in the Culture 

of Plant Cells, Tissues, and Organs. 

Dar Al-Kutub for printing and 

publishing, University of Mosul, 

Iraq. 

19- Murashige, T. and F. Skoog 

1962. A revised medium for rapid 

growth and bioassays with tobacco 

tissue cultures. Physiologia 

plantarum, 15(3), 473-497. 

20- Pruski, K.; T. Astatkie and J. 

Nowak. 2005. Tissue culture 

propagation of Mongolian Cherry 

(P. froticosa) and Nanking Cherry 

(P. tomentosa). Plant Cell, Tissue 

and Organ Culture, 82:207-211. 

https://doi.org/10.1007/s11240-

004-7836-6 

21- Qassab Bashi, A. Z. and A. A. 

Mohamed. 2019. The effect of 

some growth regulators (BA and 

Kin.) and food media (MS and 

WPM) in the propagation of pear 

Osmani cultivar ex vivo. Al-

Rafidain Agriculture Journal, 

Volume 47, additional issue (1). 

Proceedings of the Third 

International Agricultural 

Conference, College of Agriculture 

and Forestry, University of Mosul 

and College of Agricultural 

Engineering, University of Dohuk, 

2-3 October. 

22- Ramawat, K. G. 2004. Plant 

Biotechnology. Reprint of the 

second edition. S. Chand and 

Company. Ltd. New Delhi. India. 

23- Razdan, M. K. 2002. Introduction 

To Plant Tissue Culture, 2
nd

 Ed. 

Oxford and IBH. 

publishing. Science publisher, INC, 

USA. 

24- Reighard, G. L., and F. Loreti. 

2008. Rootstock development. In 

The peach: botany, production and 

uses (pp. 193-220). Wallingford 

UK: CABI 

25- Ružić, D.V. and T. I. Vujović. 

2008. The effects of cytokinin 

types and their concentration on in 

vitro multiplication of sweet cherry 

cv. Lapins (Prunus avium L.). 

Horticultural Science, 35(1), 12-21 

https://doi.org/10.22077/jhpr.2020.3608.1157
https://doi.org/10.22077/jhpr.2020.3608.1157
https://doi.org/10.17660/ActaHortic.2004.658.79


Kufa Journal for Agricultural Sciences-2026: 18(2):  64-78      Al-Hayani and Obaid  
___________________________________________________________________ 
 

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

 
 

26- Salman, M. A. and M. I. Salih. 

2016. Effect of Brassinolide, 

Benzyl adenine and Auxines on In 

vitro propagation of Myroblan 

plum and Garnem rootstock. 

Diyala Agricultural Sciences 

Journal. Vol.8 (2):142-150. 

27- Salman, M.A. 1988. Fundamentals 

of Cultivation of Plant Cells and 

Tissue, Dar Al-Kutub for Printing 

and Publishing. University of Al 

Mosul. 

28- SAS. Copyright ©2002-2003. 
Institute Inc. Cary, Nc 27513, 

USA. 

29- Taxier, F. and M. Faucher. 1985. 
Culture In vitro d'apex d'eucalyptus 

agé (Eucalyptus parvifolia Camb.) 

Ann. Rech. Sylv. AFQCEL. 

30- Uğur R. 2020. Hybrid rootstock 

propagation in vitro. VII. Umteb 

international congress on 

vocational & technical sciences. 

31- Webster, S.K.; S.A. Mitchell and 

M. H. Ahmad. 2003. A novel 

surface sterilization method for 

reducing microbial contamination 

of field grown medicinal explants 

intended for in vitro culture. 

Biotechnology Centre, UWI, 

Mona, Kingston, 7. 


