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ABSTRACT

The effect of rooting hormones, substrate and bottom heat was studied on the rooting of the cuttings of Picea abies. 
The treatments included bottom heat at two levels, hormones at six levels and rooting substrate at three levels. The 

recorded traits included rooting percentage, the number of roots; root length and root dry weight. It was found that 

the applied hormones had no considerable effect on rooting and the recorded traits, so that the application of 2000 

and 4000 mg/l IBA had no significant difference with no-hormone application on all three substrates with or 

without the use of bottom heat. Cuttings treated with NAA produced no roots in any of the studied three substrates. 

The highest number of roots was produced under the treatment of sand + perlite × 4000 mg/l IBA × no-bottom heat. 

The treatment of no-bottom heat × no-hormone × perlite produced the longest root. The highest root dry weight 

was devoted the treatments of no-bottom heat × no-hormone × sand and no-bottom heat × 2000 mg/l IBA× sand. 
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1. INTRODUCTION 

Norway spruce (Picea abies (L.) Karst ‘Nidiformis’) is a short conifer with 

needle-like leaves similar to cushion from the family of Pinaceae which is 

usually grown as an ornamental plant in gardens and parks [1]. It is 

propagated by seeds and cuttings. But since propagation by cutting is the 

easiest, cheapest and best method of producing true-to-type plants, it is 

recommended to propagate by cutting. It is known that semi-hardwood 

cuttings of spruce hardly start rooting and so, it is very important to 

understand the most appropriate conditions for the rooting of this species 

to maximize their rooting [2]. The rooting of cuttings, especially hardly 

rooting cuttings, is influenced by various environmental and internal 

factors including the preparation of the cutting at the right time during 

plant growth cycle, the use of proper rooting substrate, the optimum 

temperature and moisture in the rooting medium, and the application of 

growth regulators with correct dose; so, these factors must be taken care 

of to obtain acceptable rooting rate [3,4]. One of the environmental factors 

that affect the rooting of the cuttings, especially hard-to-root cuttings, is to 

use bottom heat. It is reported that bottom heat at rooting substrate can 

activate cofactors and initiate rooting [5,6]. 

Rooting substrate is an important factor in the rooting of hard-to- root 

cuttings; the selection of appropriate substrate increases the efficiency of 

rooting induction. The lack of appropriate planting substrate can decrease 

water uptake efficiency, cause plant wilting and reduce cell size. It seems 

that the use of appropriate planting substrate is an important step in the 

propagation of horticultural crops which can improve rooting rate and the 

number of rooted cuttings per unit area. The simplest, widely used rooting 

medium for cuttings is sand. Sand is the heaviest and most common 

rooting substrate for cuttings. It lacks nutrients and has a high rate of 

aeration. The rooting of leafy cuttings is reported to be increased in sandy  

substrate [7]. A researcher reported sandy substrate as the most 

appropriate substrate for the rooting of semi-hardwood cutting of 

Callistemon viminalis [8]. Perlite is a rooting substrate that is composed of 

gray-while silicon with mineral and volcanic origins. Perlite can absorb 

and hold water 3-4 times as much as its weight. It has a great drainage, but 

it lacks nutrients and cation exchange property [9]. A previous researcher 

reported that the application of perlite mixed with other substrates like 

peat can improve the growth and development of the roots [10]. 

Another factor that can improve the rooting of the cuttings is the rate of 

hormones and growth regulators. Among these factors, the highest effect 

is observed to be of auxins [11]. IBA and NAA are the most common auxins 

used for the rooting of cuttings. The application of auxins for most tree 

species increases the rooting and improves root quality. Auxins stimulate 

the formation of roots on cuttings by stimulating cellular division and 

activating rhizokalin [12]. Today, it is well accepted that the adventitious 

roots on stems are initiated by natural or application of synthetic auxins 

and in fact, the rate of rooting on stems is proportional to the rate of auxin 

application. Based on a study, the number of roots was significantly 

influenced by the interaction between cutting and growth regulators [13]. 

The rooting of the cuttings of Jojoba and Guava by the application of IBA is 

reported. It is argued that auxin improves cellular division, which in turn, 

results in a higher number of roots [14,15]. 

Spruce is hard-to-root. Consequently, the objective of the present study 

was to examine the effect of synthetic auxins and different rooting 

substrates as well as bottom heat on the rooting of the cuttings of Norway 

spruce (Picea abies (L.) Karst ‘Nidiformi’).

2. MATERIALS AND METHODS 
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The study carried out as a factorial experiment based on a Randomized 

Complete Block Design with three factors. The first factor was bottom heat 

[including the lack of bottom heat (a1) and the application of bottom heat 

(a2)], the second factor was the application of rooting hormones [no 

hormone (b1), 2000 mg/l IBA (b2), 4000 mg/l IBA (b3), 2000 mg/l NAA 

(b4), 4000 mg/l NAA (b5), 2000 mg/l IBA + 2000 mg/l NAA (b6)] and third 

factor was rooting substrate [sand (c1), perlite (c2), sand + perlite  (v/v) 

(c3)] at three replications in a tunnel plastic greenhouse at 18-20°C 

equipped with bottom heat and mist systems. 

2.2 Plant materials 

The leafy cuttings of Norway spruce with the length of 8-12 cm and a 

diameter of 1.5-2.5 mm were obtained from an ornamental propagator 

company in Ramsar, Iran in February 2014. Then, the final 2 cm of the 

cuttings was soaked in the hormone solution for 10 seconds. After that, 

they were weathered for about 10 seconds for the alcohol of the solution 

to vaporize. Afterwards, they were planted in rooting substrates. Before 

planting, all substrates were disinfected with copper oxychloride. The 

cuttings were daily irrigated with mist system. The bottom heat was 

adjusted at 22-24°C during winter and it was stopped in early spring. 

The cuttings were taken from the substrate 140 days after planting date to 

record the studied traits. The recorded traits included rooting percentage,  

the number of roots per cutting and the length of the longest root. To 

measure the dry weight of the roots, they were parted from the cuttings 

and weighed. Then, they were oven-dried at 105°C for 24 hours to 

estimate their dry weight. The data were analyzed by the MSTATC 

statistical software package and the means were compared with LSD test. 

3. RESULTS 

3.1 Rooting percentage 

Means comparison of the data of rooting percentage revealed that the 

highest rooting was related to the treatments of no hormone and different 

rates of IBA at three substrates and in both with and without bottom heat. 

The highest rooting percentage (99%) was observed in the treatments of 

no bottom heat × no hormone × sand, no bottom heat × 2000 mg/l IBA × 

sand, no bottom heat × 4000 mg/l IBA × perlite, no bottom heat × 4000 

mg/l IBA × sand, bottom heat × no hormone × perlite, and bottom heat × 

no hormone × perlite. Different NAA concentrations had no effect on the 

rooting of the cuttings and in total, NAA had no specific effect on the 

rooting of Norway spruce (Table 1). 

2.3 Experimental traits 

Table 1: Means comparison of the effect of different treatments on the measured traits 

Rooting 
percentage 

Number 
of roots 

Root length 
(cm) 

Root dry 
weight (g) 

No bottom heat + no hormone + sand 99 a 4.00 bcd 4.25 cde 0.036 d-h 
No bottom heat + no hormone + perlite 88 a 2.66 def 6.19 ab 0.04 d-h 
No bottom heat + no hormone + sand + perlite 88 a 4.66 a-d 6.14 ab 0.096 b 
No bottom heat + 2000 mg/l IBA + sand 99 a 5.66 abc 2.04 ghi 0.023 f-i 
No bottom heat + 2000 mg/l IBA + perlite 88 a 4.33 bcd 6.22 ab 0.063 b-e 
No bottom heat + 2000 mg/l IBA + sand + perlite 66 a 5.33 abc 3.37 c-g 0.046 d-g 
No bottom heat + 4000 mg/l IBA + sand 99 a 4.33 bcd 2.94 e-h 0.04 d-h 
No bottom heat + 4000 mg/l IBA + perlite 99 a 4.3 bcd 4.70 b-e 0.043 d-h 
No bottom heat + 4000 mg/l IBA + sand + perlite 88 a 7.00 a 4.90 bc 0.07 bcd 
No bottom heat + 2000 mg/l NAA + sand 0 a 0.00 g 0.00 j 0.00 i 
No bottom heat + 2000 mg/l NAA + perlite 0 a 0.00 g 0.00 j 0.00 i 
No bottom heat + 2000 mg/l NAA + sand + perlite 0 a 0.00 g 0.00 j 0.00 i 
No bottom heat + 4000 mg/l NAA + sand 0 a 0.00 g 0.00 j 0.00 i 
No bottom heat + 4000 mg/l NAA + perlite 0 a 0.00 g 0.00 j 0.00 i 
No bottom heat + 4000 mg/l NAA + sand + perlite 0 a 0.00 g 0.00 j 0.00 i 
No bottom heat + 2000 mg/l IBA + 2000 mg/l NAA + sand 33 a 1.33 fg 1.45 hij 0.016 ghi 
No bottom heat + 2000 mg/l IBA + 2000 mg/l NAA + perlite 0 a 0.00 g 0.00 j 0.00 i 
No bottom heat + 2000 mg/l IBA + 2000 mg/l NAA + sand + perlite 0 a 0.00 g 0.00 j 0.00 i 
Bottom heat + no hormone + sand 88 a 4.33 cde 4.32 cde 0.136 a 
Bottom heat + no hormone + perlite 99 a 5.66 abc 7.88 a 0.06 cde 
Bottom heat + no hormone + sand + perlite 88 a 4.33 bcd 4.91 bc 0.093 bc 
Bottom heat + 2000 mg/l IBA + sand 99 a 5.33 abc 4.11 cde 0.136 a 
Bottom heat + 2000 mg/l IBA + perlite 77 a 5.66 abc 4.85 bcd 0.053 def 
Bottom heat + 2000 mg/l IBA + sand + perlite 44 a 4.66 a-d 3.31 c-g 0.066 b-e 
Bottom heat + 4000 mg/l IBA + sand 66 a 6.33 ab 3.95 c-f 0.063 b-e 
Bottom heat + 4000 mg/l IBA + perlite 44 a 3.66 cde 2.30 f-i 0.043 b-h 
Bottom heat + 4000 mg/l IBA + sand + perlite 44 a 2.66 def 3.05 d-h 0.033 e-i 
Bottom heat + 2000 mg/l NAA + sand 0 a 0.00 g 0.00 j 0.00 i 
Bottom heat + 2000 mg/l NAA + perlite 22 a 0.66 fg 0.00 j 0.01 hi 
Bottom heat + 2000 mg/l NAA + sand + perlite 0 a 0.00 g 0.00 j 0.00 i 
Bottom heat + 4000 mg/l NAA + sand 0 a 0.00 g 0.00 j 0.00 i 
Bottom heat + 4000 mg/l NAA + perlite 0 a 0.00 g 0.00 j 0.00 i 
Bottom heat + 4000 mg/l NAA + sand + perlite 0 a 0.00 g 0.00 j 0.00 i 
Bottom heat + 2000 mg/l IBA + 2000 mg/l NAA + sand 0 a 0.00 g 0.00 j 0.00 i 
Bottom heat + 2000 mg/l IBA + 2000 mg/l NAA + perlite 0 a 0.00 g 0.00 j 0.00 i 
Bottom heat + 2000 mg/l IBA + 2000 mg/l NAA + sand + perlite 33 a 2.66 def 1.03 ij 0.036 d-h 

Means followed by the same letters in each column are not significantly different in LSD test. 

3.2 The number of roots 

According to means comparison of root number data, the treatment of no 

bottom heat + 4000 mg/l IBA × sand × perlite produced the highest 

number of roots (7 roots) followed by the treatment of bottom heat × 4000 

mg/l IBA × sand with 6.33 roots. No roots were produced under the 

application of NAA at all three substrates with and without bottom heat as 

well as the treatments of no bottom heat × 2000 mg/l IBA + 2000 mg/l 

NAA × perlite, no bottom heat × 2000 mg/l IBA + 2000 mg/l NAA × sand + 

perlite, bottom heat × 2000 mg/l IBA + 2000 mg/l NAA × sand and bottom 

heat × 2000 mg/l IBA + 2000 mg/l NAA × perlite. Among the treatments 

which resulted in the growth of roots, the lowest number of roots was 

observed in the treatment of bottom heat × 2000 mg/l NAA × perlite 

(Table 1). 

3.3 Root length 

Means comparison of root length indicated that the longest roots (7.88 cm) 

were produced under the treatment of bottom heat × no hormone × perlite 

followed by the treatment of no bottom heat × 2000 mg/l IBA × perlite 
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with the root length of 6.22 cm. After the treatments in which no roots 

were produced and so, the root length was zero (Table 1), the shortest 

roots were related to bottom heat × 2000 mg/l IBA + 2000 mg/l NAA × 

sand + perlite with the length of 1.03 cm followed by the treatment of no 

bottom heat × 2000 mg/l IBA + 2000 mg/l NAA × sand with the root length 

of 1.45 cm (Table 1). 

3.4 Root dry weight 

Means comparison showed that the treatments of bottom heat × no 

hormone × sand and bottom heat × 2000 mg/l IBA × sand resulted in the 

highest root dry weight (0.136 g). The lowest root dry weight was related 

to the treatment of NAA at three substrates with and without bottom heat. 

Also, the root dry weight was zero in the treatments of bottom heat × 2000 

mg/l IBA + 2000 mg/l + perlite, bottom heat × 2000 mg/l IBA + 2000 mg/l 

NAA × sand, no bottom heat + 2000 mg/l IBA + 2000 mg/l NAA + sand + 

perlite, and no bottom heat + 2000 mg/l IBA + 2000 mg/l NAA × perlite. 

Besides, the treatments of bottom heat × 2000 mg/l NAA × perlite and no 

bottom heat + 2000 mg/l IBA + 2000 mg/l NAA × sand produced the 

lowest root dry weights, respectively (Table 1). 

4. DISCUSSION

As mentioned in the Results section, cuttings which were not treated with 

hormones had better rooting than those treated with hormones in all three 

substrates with or without bottom heat. It implies that the cuttings of 

Norway spruce prepared in February did not need hormone treatments 

for rooting and can readily initiate rooting in sand or perlite under mist 

system. A researcher argued that semi-hardwood cuttings have an 

optimum auxin level and that the increase in exogenous hormone 

concentration disrupts the plant hormone balance, resulting in the loss of 

rooting which is consistent with our results. 

Among IBA and NAA treatments, the treatment of 2000 mg/l IBA had the 

second highest rooting after control. The treatments of NAA and IBA + NAA 

exhibited the lowest rooting. These results are in agreement with a 

researcher who found that IBA was more effective than NAA in rooting and 

another researcher who found that IBA was superior over other auxins in 

successful rooting of different types of cuttings [16,17]. 

The failure of hormones in inducing roots of Norway spruce cuttings as 

compared to control can be related to some factors, for example 

inappropriate concentrations of the hormones which can be confirmed 

only by an experiment on a much wider range of hormone concentrations. 

However, it should also be noted that the treatment of auxin is not effective 

on the rooting of all species. The application of NAA alone or combined 

with rooting substrate and bottom heat system had a negative effect on the 

rooting of Norway spruce so that the increase in its concentration not only 

did not increase rooting but also decreased. This result is consistent with 

a researcher who believe that high auxin concentrations can be harmful to 

the tissue of the bottom of the cuttings and Arteca (1997) who argued that 

NAA is stronger and more stable than natural auxins and so, it is better to 

be used in lower concentrations [18,19]. 

It is known that rooting percentage and the quality of cuttings directly 

depend on planting substrate in most cases [20]. Many researchers 

suggest that the use of substrate with neutral pH like sand and perlite 

improves rooting of the cuttings. In the present study too, sand and perlite 

increased the rooting. A researcher reported that IBA and sand + perlite 

substrates were effective on the rooting of the cuttings of Thuja 

occidentalis [21]. Qasemi et al., (2013) also, suggested sand as the best 

substrate for the rooting of semi-hardwood cuttings of guava and stated 

that a substrate with neutral pH and improved drainage increased the 

rooting which is in agreement with our results [22]. 

One advantage of auxin is reportedly the increase in the number of roots 

per cutting [23]. It is believed that auxin increases the number of roots 

through stimulating the growth of adventitious roots and the development 

of latent and preformed root initiators [24]. However, it should be noted 

that the treatment of NAA adversely impacted the number of roots in the 

present study. The normal number of roots in control implies that the 

control cuttings had indigenous auxin required for optimum production of 

roots. A scholar believes that 1-2% IBA increased the number of roots in 

magnolias cuttings and very high concentrations of NAA decreased it, 

which is consistent with our results [25]. 

In a study on rooting of guava stem cuttings, a researcher showed that the 

longest roots and the highest number of roots were observed in the 

treatment of 1000 mg/l IBA and NAA [26]. The highest rooting of jojoba 

and guava cuttings was obtained under IBA treatments. They believed that 

auxin improved cellular division resulting in a higher number of roots. 

Finally, it can be concluded that although hormone treatments had no 

significant impact on the rooting percentage of Norway spruce, they 

improved the production of roots alone or in combination with other 

treatments like rooting substrate. 

The highest root length was obtained under the treatment of no hormone 

on perlite with bottom heat. The treatments of IBA were more appropriate 

for the increase in root length than NAA. The increase in the root length 

under the application of growth regulators can be caused by higher 

hydrolysis of carbohydrates. By increasing metabolism in their application 

spot and synthesis of new proteins, auxins contribute to the development 

and division of cells, which in turn, results in higher numbers and length 

of roots [27,28]. The increase in root length under the application of 1000 

mg/l IBA is reported for Poinsettia pulcherrima, too [29]. A researcher 

reported that the best treatment for rooting and root length was 2000 

mg/l IBA + sand [30]. The highest root length of Thuja occidentalis was 

found under perlite and 2000 mg/l IBA. 

It was found that root dry weight was the highest under the application of 

bottom heat on sand substrate without the application of hormone and 

with the application of 2000 mg/l IBA. According to a research, the 

application of high concentrations of IBA positively influenced the quality 

and dry weight of roots in carnation and chyrsanthemum, which is 

inconsistent with our results. However, he reported that different 

concentrations of NAA had no significant effect on this process which is in 

agreement with our results. 

A researcher obtained the highest root weight (1.12 g) from the treatment 

of NAA. In a study on the effect of auxin and different substrates on rooting 

of Thuja occidentalis, another researcher stated that the highest root dry

weight was produced under the treatment of perlite × 4000 mg/l IBA. 

Based on a research, different substrates and hormone concentrations had 

a positive effect on the dry weight of Dodoneae viscosa L. roots [31-34]. 

5. CONCLUSION 

In the present study, it was revealed that the highest rooting of of P. abies 
(L.) Karst ‘Nidiformis’ cuttings was obtained under the treatment of no 

hormones and sand or perlite substrates. Therefore, it can be concluded 

that the appropriate substrate and environmental factors are more 

important for the rooting of cuttings of Norway spruce than internal 

factors. In fact, the hard- to- root feature of this plant cuttings is not 

correlated to the deficiency of auxin in the stem tissues; although further 

studies are required to confirm this hypothesis. 

ACKNOWLEDGEMENTS 

Financial support by Rasht Branch, Islamic Azad University Grant No. 

4.5830 is gratefully acknowledged. 

REFERENCES 

[1] Zare, H. 2001. Native and non-native conifer species in Iran. Tehran,

Iran: Research Institute of Forests and Rangelands Press. 

[2] Sedaghathoor, S. 2012. Medicinal and aromatic trees and shrubs. 
Islamic Azad Univeristy Rasht Branch. Rasht, Iran. 

[3] Hartmann, H.T., Kester, D.E., Davies, Jr. F.T., Geneve, R.L. 2011. Plant 

propagation, principles and practices (8th ed.). New Jersey: Printice Hall, 

Upper Saddle River. 

[4] Khoshkhoy, M., Sheybani, B., Rouhani, A., Taffazoli A. 2004. Principles 

of horticulture. Shiraz, Iran: Shiraz University Press.

[5] De Klerk, G.J., Krieken, W.D. and Jong , J. 1999. The formation of 

adventitious roots: New concepts, new possibilities. In Vitro Cellular and 

Developmental Biology Plant B, 35: 189-199. 



Malaysian Journal of Sustainable Agriculture (MJSA) 3(2) (2019)01-04 

Cite The Article: Shahram Sedaghathoor, Somayeh Abdizadeh Sarem (2019). Study On The Rooting Of Picea Abies Cuttings Under Auxins, Substrates And Bottom 
Heat. Malaysian Journal of Sustainable Agriculture, 3(2): 01-04.

[6] Jalili Marandi, R. 2012. Fruit production. Uromia, Iran: Jahad-e 

Daneshghahi Press. 

[7] Marin, M., Koko, V., Duletic-Lausevic, S., Marin, P.D., Rancic, D., Dajic-

Stevanovic, Z. 2006. Glandular trichomes on the leaves of Rosmarinus
officinallis: Morphology, stereology and histochemistry. South African 

Journal of Botany, 72(3): 378-382. 

[8] Shokri, S., Zarei, H., Alizadeh, M. 2013. Effect of substrate on rooting of 

ornamental shrubs of Callistemon viminalis. 7th Iranian Conference of 

Horticulture Science. Isfahan: Isfahan University of Technology.

[9] Garillass, S., Lucas, M., Bardopoulou, E., Sarafopouios, S., Voulgari, M. 

2001. Perlite based soilless culture system: Current commercial 

application and prospects. Acta Horticturae,  434: 103-112. 

[10] Smith, C.A., Hall D.A. 1994. The development of perlite as a potting 

substrate for ornamental plants. Acta Horticulturae, 361: 159-166. 

[11] Arteca, R.N. 1997. Plant growth substances: Principles and 

applications. Chapman and Hall.

[12] Rugini, E. 1992. Involvement of polyamides in auxin and 

Agrobacterium rhizogenes induced rooting of fruit trees in vitro. Journal 

of American Soceity of Horticultural Science, 117: 532-536. 

[13] Taghvaei, M., Sadeghi, H., Bagheramiri, M. 2012. Interaction 

between the concentration of growth regulators, type of cutting and 

rooting medium of Cappari spinosa L. cutting. International Journal of

Agriculture: Research and Review, 2(6): 783-788. 

[14] Bashir, M., Anjum, A., Chandhry, M.A., Rashid, H. 2009. The response 

of jojoba (Simmodsia chinensis) cutting to various concentrations of auxin.

Pakistan Journal of Botany, 41: 2831-2840. 

[15] Lugman, M., Ali, A., Sujid, M. 2004. Effect of different concentration 

of indole butyric acid (IBA) on semi hard wood guava cutting. Sarhad 

Journal of Agriculture, 20: 219-222. 

[16] Kroin, J. 1992. Advances using Indolde-3-butyric acid (IBA) 

dissolved in water for rooting cutting, transplanting and grafting. 

Combined Proceedings, International Plant Propagators Society. 42: 489-

489. Washington, D.C.: Univ. Washington-Int. Plant Propagation Soc. 

[17] MacDonald, B. 2000. Practical woody plant propagation for nursery 

growers. Timber Press. 

[18] Puri, S., Verma, R. 1996. Vegetative propagation of Dalbergia sisso
using soft wood and hard wood stem cutting. Journal of Arid Enviroments, 

34: 335-345. 

[19] Blythe, E.K., Sibley, J.L., Ruter, J.M., Tilt, K.M. 2004. Cutting 

propagation of foliage crops using a foliar application of auxin. Scientia 

Horticulturea, 103: 31-37. 

[20] Sadhu, M.K. 1998. Plant propagation. New Dehli, India: Wiley

Eastern Limited. 

[21] Shafaghi, J., Sedaghathoor, S., Tabatabaei A.R. 2013. A study on the 

effect of IBA hormones and substrate on the rooting of Thuja occidentalis
cuttings. 8th Iranian Conference of Horticulture Science, 2420-2423. 

[22] Qasemi, H., Salehi Sardoei, A., Mighani, H., Momen M.J. 2013. A study 

on the effect of planting substrates on the rooting of semi-hardwood 

cuttings of guava. 8th Iranian Conference of Horticultural Science, 2451-

2455. 

[23] Fathi, G., Ismailpour, B., Jalilvand, P. 2012. Plant growth regulators. 
Mashhad, Iran: Jahad-e Daneshghahi Press. 

[24] Mirsoleimani, A., Rahemi M. 2007. The effects of two types of 

synthetic auxin on rooting of hardwood stem  cutting of almond x peach 

hybrid under outdoor conditions. Pajohesh and Sazandeghi (Persian),  76: 

89-96. 

[25] Bojarczuk, K. 1985. Propagation of magnolias from green cutting 

using various factors stimulation rooting and growth of plants. Acta 

Horticturae, 167: 423-431. 

[26] Rahman, N., Gholamnabi, T., Jan, T. 2004. Effect of different growth 

regulators, and types of cutting on rooting of guava (Psidium guajava).

Science Vision, 9: 1-5. 

[27] Stryden, D.K., Hartman, H.T. 1960. Effect of indole butyric acid and 

respiration and nitrogen metabolism in Marianna 2624 plum softwood 

stem cuttings. Proceeding of American Society of Horticulture, 45(1-2): 

81-82. 

[28] Susila, T., Styanarayana Reddy, G. 2013. Influence of IBA and NAA on 

rooting of Adathoda vaica. Academic Journal of Plant Science, 6(2): 61-63.

[29] Ramtin, A., Khalighi, A., Hadavi, E., Hekmatim J. 2011. Effect of 

different IBA concentrations and types of cuttings on rooting and 

flowering Poinsettia pulcherrima L. International Journal of Agricultural 

Science, 1(5): 303-310. 

[30] Galavi, M., Karimian, M.A., Mousavi, S.R. 2013. Effects of different 

auxin (IBA) concentrations and planting substrates on rooting grape 

cuttings (Vitis vinifera). Annual Review and Research in Biology, 3(4): 517-

523. 

[31] Saffari, M., Saffari, V.R. 2012. Effects of media and indole butyric acid 

(IBA) concentrations on hophush (Dodoneae viscose L.) cuttings in 

greenhouse. Annals of Forest Research, 55(1): 61-68. 

[32] Camiel, H. 1985a. The effect of NAA and IBA auxins and their mixture 

on rooting of carnation cv. 'Scania 30'. Acta Horticturae, 167: 161-167. 

[33] Camiel, H. 1985b. The influence of NAA and IBA auxin and their 

mixture on rooting of chrysanthemum cutting cv. Super yellow. Acta 

Horticturae, 167: 369-378. 

[34] Jull, L.G., Warren S.L., Blazich, F.A. 1994. Rooting Yoshino
cryptomeria stem cutting a influenced by growth stage, branch order and 

IBA treatment. Scientia Horticulturea, 29(12): 1532-1535.  




