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Abstract 

In this experiment the combined effect of cutting size (15, 20 and 25 cm), number of buds on cuttings (1, 2 and 3) and planting 

soft wood cutting in potatoes and without potatoes was studied relative to the sprouting of axillary buds and adventitious root 

formation of 3 months old rose semi hardwood cuttings. The experiment was replicated at two different times. First, the 

experiment was conducted in 2016 to study the effects of high elevation. Furthermore, the roses were cultivated in high elevation 

and was planted in low elevation. While in the second experiment the roses were cultivated in low elevation and was planted in 

the same elevation. In the first experiment, even though, most of the cuttings sprouted in the initial stage of development, but 

none of them produced roots. In the second experiment, cuttings planted in soil, leaves were developed and also most of them 

produced roots, while those cutting planted in potatoes, most of the cuttings sprouted in the initial stage of development, but none 

of them produced roots. In terms of cutting size and bud number, from the second experiment it was revealed that the numbers 

of bud and cutting size have significant effects on both shoot length (p < 0.001), (p= 0.009) and root formation (p< 0.001), (p= 

0.022) , respectively. It was also found out that the two factors together (bud number and cutting size) have significant effect (p 

< 0.001) on both shoot elongation and root formation. The test of least significant difference (LSD) suggested that those 

treatments having 15 cm cutting size and 2 buds are significantly different in terms of both sprouting and roots formation. 
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1. Introduction 

 

Pot roses are grown in 8-12-week cycles [1]. Root 

formation and axillary bud growth are the initial growth 

of vegetatively propagated plants. Vegetative 

propagation is a good method for producing large 

numbers of uniform plants, however, it is not always 

successful because of the variation in root formation and 

further growth can be observed [1,2]. The inhomogeneity 

may be caused by variation in the formation and 

development of roots [3] and in the onset of axillary bud 

growth [4,5]. Moreover, mineral contents specifically 

nitrogen and the amount of carbohydrate in the cuttings 

have a significant effects on the formation of 

adventitious roots [6]. Carbohydrates help support the 

formation of adventitious roots by providing energy and 

the carbon essential for cell division, new roots 

meristems and root formation [7]. Taking into account 

these arguments, it is assumed that potatoes would 

provide the initial carbohydrate for the rose cutting to 

produce roots. Studies reported that in rose, axillary 

sprout length is positively correlated with root weight of 

cuttings. However, it is not clear whether the axillary bud 

growth is caused by root formation or not [2]. 

 

Afghanistan is a country having a huge amount of 

agriculturally productive soils where farmers can grow 

various types of crops, but unfortunately due to the 

insufficient soil and crops information, farmers are not 

able to decide growing different types of crops. Khost 

province is one of those provinces where mono-cropping 

system is accustomed [8]. Most of the farmers around 

Khost, cultivate only wheat, maize and rice in the 

province. The idea of rose production and cultivation has 

already been in the mind of farmers, but the problem is 

having insufficient rose’s propagation information and 

the techniques which have to be considered during the 

vegetative reproduction of roses. A well developed and 

systematic rose’s production system first needs the 

knowledge of vegetative and reproductive propagation 

of roses. As in vegetative production of roses the primary 

objective is the root and shoot formation of a cutting. 

Therefore, our objective of the present work is to 

investigate the effects of cutting size, number of buds 

and the use of potatoes on roots formation and sprouting. 

When the terminal flower bud is visible on a rose shoot, 

the axillary buds on that shoot contain more than 50% of 

the final leaf primordia so they may be regarded as 

ontogenetically mature for use in cuttings. At that time, 

the auxin export from the apex might decrease [9]. 

 

In rose, the position of the cutting on the stock plant 

affects root formation [10,11] and axillary bud growth 

[4,12]. Also, the length of the stem below the node of the 

cutting influences root formation and axillary bud 

growth [11], and generally, cutting morphology and 

stored photosynthates influence rooting [13]. In rose, 

exogenous auxins advance root formation [1,10,11,14]. 

While Dieleman et al. (1998) proposes a positive role for 

endogenous cytokinins in axillary bud growth [9]. Still 

no scientific study has been conducted on rose’s 

propagation in Khost province of Afghanistan. Since 

rose is a high value plant that can return more revenues 

than other field crops e.g. wheat, rice and maize. 

Conducting such a systematic experiment could reveal 

the chances of low cost rose’s production. 

 

2. Materials and Methods 

 

This research was conducted to find out the most 

effective, easy and economic ways of rose’s propagation. 

Rose’s production and the business of roses is a type of 
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business that can shift the current mono-cropping system 

of Khost province into more complex agricultural 

system. In this research two experiments were 

conducted. Roses were cultivated in area of high 

elevation (2500 m) above sea level in the first 

experiment. The cuttings were planted in area that has 

low elevation (900 m) above sea level, while in the 

second experiment cuttings were prepared from areas of 

low elevation and were planted in the same area. For the 

first experiment the cuttings were taken from rose plants 

cultivated in rose garden located near governor office, 

Paktya province, while for the second experiment, rose 

plants were raised in the research farm of agriculture 

faculty, Shaikh Zayed University. The cuttings were 

taken in winter. It was kept moist under soil. At the 

beginning of the experiment the following hypothesis 

were considered. 

 

Both cutting size and bud number have significant 

effects on sprouting and adventitious root formation.  

𝐻0: 𝜇 = 1  

𝐻1: 𝜇 ≠ 1  

The use of potatoes has significant effects on 

sprouting and adventitious root formation of rose’s Semi 

hardwood cuttings. 

𝐻0: 𝜇 = 1  

𝐻1: 𝜇 ≠ 1  

In both experiments, 9 treatments were assigned to 

eight blocks randomly. Each block containing 9 cuttings. 

Each experiment was replicated three times during the 

same period. The cuttings were cultivated in four blocks 

with potatoes and four blocks without potatoes. Analyses 

of variance was carried out for 1) length of the sprout 

from the main axillary bud after 3 months, and 2) oven 

dried weight of roots after 3 months. Each treatment 

received similar amount of sunlight, soil conditions, 

temperature, water, irrigation times and other 

environmental factors. Only the effects of the cutting 

size, bud number and the use of potatoes were studied 

against the number of roses that produce roots and 

shouts. In this experiment the combined effect of cutting 

size (15, 20 and 25 cm), number of buds on cuttings (1, 

2 and 3) and planting cuttings with potatoes and without 

potatoes have been studied relative to the sprouting of 

axillary buds and adventitious root formation of 3 

months old rose semi hardwood cuttings (Table 1).  

 

Table 1: Treatments applied randomly to the 

experimental units. 

Treatments Details 

A 15 cm and Bud 1 (with potato) 

B 15 cm and Bud 2 (with potato) 

C 15 cm and Bud 3 (with potato) 

D 20 cm and Bud 1 (with potato) 

E 20 cm and Bud 2 (with potato) 

F 20 cm and Bud 3 (with potato) 

G 25 cm and Bud 1 (with potato) 

H 25 cm and Bud 2 (with potato) 

I 25 cm and Bud 3 (with potato) 

 

Randomized Completely Block Design (RCBD) was 

considered (Table 1). All of the 9 treatments in table 1 

were assigned randomly as (Fig. 1). 

 

 

 Fig. 1. Randomly assigned treatments to blocks. 
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3. Results 

 

3.1. First experiment 

 
Sprouting 

 

 A few days after planting, the main axillary bud of 

most cuttings broke and developed into the main sprout; 

in some treatments more than one sprout developed. 

After 21 days the main sprout always bore a number of 

leaves, while in several of the longest ones the apical 

flower bud was already visible. After 45 days most of the 

axillary buds were dried and shoot development stopped.  

 

Adventitious Root formation 

 

After 45 days, all of the cuttings were removed from 

the pots. There is no root development. The cutting ends 

were spoiled, and only dead tissues were remained (Fig. 

2). 

The suitable planting time in Khost province for rose 

cutting is 15 March. This time was passed. The cuttings 

were planted on May 15, 2017. The roses in Khost 

province were sprouted at that time. It has to be in a 

dormant condition when planting rose cuttings. We 

decided to use un-sprouted cuttings from colder region 

of Afghanistan to study the effects of elevation. The 

results are negative in the first experiment. It means that 

both cultivation time and elevation gradient is very 

important for rose cuttings to produce roots. Therefore, 

the whole experiment was replicated again. 

 

 

 

 

 

(a)                                                                            (b) 

Fig. 2. (a) Beginning of planting and (b) after 45 days of planting. 

 

3.2. Second experiment 

 

The second experiment was conducted on 15 March, 

2018. This time similar species of roses were selected 

from the research farm of agriculture faculty. The cutting 

were planted in small open fields. Our aim was to study 

the effects of cutting size, bud numbers and cultivation 

with potatoes and without potatoes. In the second 

experiment cuttings cultivated with potatoes neither 

sprouted nor produced any roots, therefore, it is difficult 

to claim that potatoes have significant role in rose cutting 

root formation. In the experiment without the use of 

potatoes, most of the cuttings produced roots and shouts. 

The details are described in the following paragraphs.  
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Sprouting 

 

A few days after planting, the main axillary bud of 

most cuttings broke and developed into the main sprout; 

in some treatments more than one sprout developed. 

After 21 days the main sprout always bore a number of 

leaves, while in several of the longest ones the apical 

flower bud was already visible. After 90 days most of the 

axillary buds were developed and the cuttings were in 

good conditions. The effects of bud number and cutting 

size on bud elongation in cm and root formation after 90 

days were studied. Table 2 shows the analysis of 

variance. 

 

Table 2: Analysis of variance table for shoot length.    

Grand mean 5.2769, CV 84.09 

DF (degrees of freedom), SS (sum of squares), MS (mean sum of squares), F (F-statistic), P (P-value). 

 

Table 2 shows that the number of buds and cutting 

size have significant effects on the shoot elongation after 

cultivation. The P value for bud number and cutting size 

is less than 0.05 alpha level. It was concluded that there 

is significant difference among treatments in bud number 

and cutting size, but treatments with bud number have 

more significant effects than cutting size on shoot 

elongation. To understand which treatments are 

significantly different, the least significant difference 

(LSD) test between the treatments of cutting size and bud 

number was performed.  

 

The results are presented in a triangular matrix 

format Table 3. The triangular matrix identifies means 

that are significantly different. The treatment levels are 

listed along the top and down the left side of the 

table.  The values in the body of the table are differences 

between pairs of means.  The critical value for a 

comparison, 3.6002, is the minimum difference between 

two means needed for significance.  

 

Pairs that are significantly different are flagged with 

an asterisk. Table 3 displays the LSD all-pairwise 

comparisons test of shoot length for bud number*cutting 

size. Alpha: 0.05, Standard Error for Comparison: 

1.8116, Critical T Value: 1.987, Critical Value for 

Comparison: 3.6002 

* Represent treatments that are significantly 

different. 

 

Source DF SS MS F P 

Replication  2 21.67 10.836 - - 

Block 3 423.17 141.058 - - 

Bud No. 2 535.28 267.638 13.59 < 0.001* 

Cutting size 2 193.89 96.944 4.92  0.0094* 

Bud No*Cutting size 4 1386.85 346.714 17.61 < 0.001* 

Error 88 1732.89 19.692 - - 

Total 107 4295.21 - - - 
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 Table 3: LSD all-pairwise comparisons test of shoot length for bud number*cutting size. 

Bud 

No. 

Cutting Size 

(cm) 
Mean 15,15 1,20 1,25 2,15 2,20 2,25 3,15 3,20 

1 15 1.150 
        

1 20 3.975 2.825 
       

1 25 3.075 1.925 0.900 
      

2 15 16.417 15.267* 12.44* 13.342* 
     

2 20 2.450 1.300 1.525 0.625 13.967* 
    

2 25 5.600 4.450* 1.625 2.525 10.817* 3.150 
   

3 15 2.375 1.225 1.600 0.700 14.042* 0.075 3.225 
  

3 20 3.950 2.800 0.025 0.875 12.467* 1.500 1.650 1.575 
 

3 25 8.500 7.350* 4.525* 5.425* 7.917* 6.050* 2.900 6.125* 4.550* 

 

Adventitious root formation 

 
After 90 days, all of the cuttings were removed from 

the pots. Most of the cuttings produced good amount of 

roots. All of the cuttings were washed in water and the 

roots of each cutting were cut and weighted both fresh 

and oven dried. The effects of bud number and cutting 

size on the roots formation was studied after 90 days. 

Table 4 shows the analysis of variance.

  

Table 4: Analysis of variance table for roots formation. 

Grand Mean 49.148, CV: 107.84 

DF (degrees of freedom), SS (sum of squares), MS (mean sum of squares), F (F-statistic), P (P-value) 

 

Table 4 shows that the number of buds and cutting size 

have significant effects on the roots formation and 

elongation after cultivation. The P value for bud number 

and cutting size is less than 0.05 alpha level. It was 

concluded that there is significant difference among 

treatments in bud number and cutting size, but treatments 

with bud number have more significant effects than 

cutting size on roots formation and elongation. The 

Source  DF SS MS F P 

Replication   2 630 315.1   

Block  3 61893 20631.0   

Bud No.  2 73888 36944.0 13.15 < 0.001* 

Cutting size  2 22357 11178.5 3.98  0.0222* 

Bud No*Cutting size  4 127685 31921.2 11.36 < 0.001* 

Error  88 247195 2809.0   

Total  107 533704    
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effects of both cutting size and bud number is also 

significant; therefore, the test of least significant 

difference (LSD) was performed to understand, which 

treatments are more significant in terms of both factors. 

The results of LSD are presented in a triangular matrix 

format (Table 5).

Table 5: LSD all-pairwise comparisons test of oven dried weight of roots for bud number*cutting size. 

Bud No. Cutting Size (cm) Mean 1,15 1,20 1,25 2,15 2,20 2,25 3,15 3,20 

1 15 6.25 
       

 

1 20 33.25 27.00 
      

 

1 25 30.75 24.50 2.50 
     

 

2 15 170.83 164.58* 137.58* 140.08* 
     

2 20 33.75 27.50 0.50 3.00 137.08* 
    

2 25 50.50 44.25* 17.25 19.75 120.33* 16.75 
   

3 15 24.75 18.50 8.50 6.00 146.08* 9.00 25.75 
  

3 20 29.25 23.00 4.00 1.50 141.58* 4.50 21.25 4.50 
 

3 25 63.00 56.75* 29.75 32.25 107.83* 29.25 12.50 38.25 33.75 

Alpha: 0.05, standard error for comparison: 21.637, critical T value: 1.987, critical value for comparison: 43.000 

* Represent treatments that are significantly different 

 

 

4. Discussion 

 

4.1. Sprouting 

 

The initial assumptions for the first experiment was 

to study the effects of high elevation and low elevation 

on semi hardwood rose cutting roots formation and also 

It was assumed that potatoes could provide sustained 

moisture and initial carbohydrates for the cuttings to 

root. Very little is known about the effects of high and 

low elevation on rose cuttings adventitious roots 

formation. The sudden change of temperature may have 

caused the rose cutting to stop its growth and 

development. In our first experiment it was difficult to 

accept that elevation gradient does not have or have little 

effects on rose cuttings roots formation, because none of 

the cutting sprouted. While from the second experiment 

only those cuttings planted in soil, most of them sprouted 

and those planted in potatoes, none of them were able 

sprout, however, there is a common belief and some 

researchers [15] think that potatoes provide the right 

amount of nutrients and moisture to rose cuttings, 

therefore, to develop roots.  

 

4.2. Adventitious root formation 

  

In terms of adventitious root formation, similar 

results were obtained as the sprouting from the first 

experiment. While from the second experiment only 

those cuttings planted in soil, most of them produced 

roots and those planted in potatoes, none of them were 

able produce roots. It was difficult to accept the 

assumption that potatoes help rose cutting to produce 

better roots. Analysis of variance was carried out for the 

remaining 108 cuttings in three replications. These 

remaining cuttings were cultivated in soil. Table 4 shows 

that both factors cutting size and bud number have 
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significant effects on the semi hardwood rose cutting 

adventitious roots formation, but the effects of bud 

number are more when compared to cutting size. Further 

analysis was needed to find out which treatments are 

more significant. Table 5 represents the least significant 

difference (LSD) test results. The results show that 

treatments having 2 buds and 15 cm cutting size, when 

compared to treatments having 1 bud, 15 cm, 1 bud, 20 

cm, 1 bud, 25 cm, 2 buds, 20 cm, 2 buds, 25 cm, 3 buds, 

15 cm, 3 bud, 20 cm and 3 buds, 25 cm are significantly 

different than other treatments. 

 

5. Conclusion 

 

The first experiment determined that elevation has 

significant effects on sprouting and adventitious root 

formation. It was decided to use un-sprouted cuttings 

from colder areas of Afghanistan and see the effects of 

another area. The results are negative in the first 

experiment. It means that both cultivation time and 

elevation gradient is very important for rose cuttings to 

produce roots. In the second experiment, those cuttings 

planted in potatoes produced neither roots nor sprouted. 

Therefore, it was difficult to accept our null hypothesis 

that the use of potatoes has significant effects on 

sprouting and root formation. In terms of cutting size and 

bud number, from the second experiment it was 

understood that the number of buds and cutting size have 

significant effects on both roots formation and sprouting 

after cultivation. It was also found out that the two 

factors together (bud number and cutting size) has 

significant effect (p < 0.001) on both shoot elongation 

and root formation. The LSD suggest that those 

treatments having 15 cm cutting size and 2 buds are 

significantly different in terms of both sprouting and 

roots formation. 
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