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ABSTRACT 

The study was conducted in the years 1998-2002, at two private nursery farms in the Lublin region, and comprised the estimation 
of the productivity of the stool bed, and of the quality and the growth dynamics of two apple-tree rootstocks with the greatest 
economic importance – M.9 and M.26.  

Comparing the growth of rootstocks in M.9 and M.26 nurseries on the basis of their length and diameter, and estimating the 
weight of a single leaf, it was found that all of those traits achieved higher values in the mother plantation of the M.26 rootstock. 
The growth dynamics of both rootstocks under estimation was similar – the greatest growth increments were recorded during the 
initial three months. In each of the experiment the nursery of M.26 rootstocks was more productive than that of M.9 rootstocks. 
The number of rootstocks taken out depended on the age of the mother plantations and increased in the successive years. On 
average, in the final year of the experiment nearly 80% rootstocks more were obtained than in the first year of the experiment. 
The highest percentage share, for both M.9 and M.26 rootstocks, was noted for offshoots with diameters above 8 mm – 43.9% 
and 68.2%, respectively. In the M.9 nursery twice as many non-rooted offshoots were obtained (15.6%) than in the case of the 
M.26 rootstock.  

It was demonstrated that there are correlations among the growth parameters studied, the correlations being stronger between the 
offshoots diameters and their length than between the length of rootstock offshoots and the weight of a single leaf.  

Key words: stool bed, offshoot diameter and length, productivity. 

INTRODUCTION 

The quality of nursery material used to establish an orchard is highly important. Mistakes made in the process of 
rootstock production and then trees will have an effect on the productivity of the orchard, and losses resulting from 
the use of unsuitable material will increase year by year. Therefore it is important to get to know the optimum 
conditions for the production of the initial material, i.e. rootstocks.  



A very important aspect in the nursery practice is the ease of rootstock multiplication, permitting the obtainment of a 
large number of well grown and rooted rootstocks in a short period of time [3, 14, 18]. 

The necessary condition for the production of strong and branched trees is that they must be produced on healthy 
and virus-free rootstocks of high quality [1], which emphasises the importance of stool beds. Rootstocks acquired 
from a mother plantation are highly varied in terms of quality. The shares of offshoots with various thickness 
depends on the conditions of rootstock growth [11]. The type of rootstock and its thickness have a bearing on its 
taking root after planting in a nursery. Bielicki and Czynczyk [1] obtained the highest rates of taking root (90–92%) 
for rootstocks with diameters of 7–9.9 mm and with numbers of roots higher than 5. The percentage of rootstocks 
that have taken root was increased by soil fertility, greater number of roots, and irrigation. However, in a study by 
Kiczorowski [8] there were no differences in the rate of taking root in the nursery with relation to the clone and the 
rootstock thickness. 

In numerous experiments the rootstock and its thickness had an effect on the quality of the scions obtained. The 
height and the diameter of the trees increased with increase in the rootstock thickness [1, 4, 5, 7, 8]. 

The objective of the study presented here was the estimation of the productivity of stool beds, and of the quality and 
growth dynamics of two apple tree rootstocks of the greatest economic importance.  

MATERIAL AND METHODS 

The study was conducted in the years 1998–2002, at two private nursery farms in the Lublin Province. The 
experiment comprised model-maintained stool beds of apple tree rootstocks M.9 and M.26, free of viruses, 
originating from Holland. In both stool beds the rootstocks were multiplied through vertical offshoots.  

The mother plants had been planted in 1995, on similar soils. The particle size distribution of the soils classifies 
them among silty clay formations. The formations are characterised by a low content of sand (2–9%), a considerable 
share of the silt fraction (46-64%) and of the fine fraction (30–48%). 

The following measurements and observations were performed:  

- shoot length on four dates: 20th June, 20th July, 20th August, 30th September, 

- shoot diameters at the height of 30 cm above the base, 

- fresh mass of a single leaf, 

- productivity of 1 hectare of stool bed, 

- percentage shares of shoots with different diameters, 

- percentage share of shoots with no roots, 

- correlation between the growth indices studied. 

The measurements were taken from the one running meter of stool bed plants in 10 replications. 

The mean monthly air temperatures and precipitation during vegetative seasons in the individual years of study in 
the Table 1 and 2 are presented. 

Table 1. Average monthly temperatures (°C) during vegetative season in 1998–2002 

Year/Month April May June July August September October 

1998   9.5 13.8 17.5 17.5 15.9 12.3   6.4 

1999   8.8 11.1 18.5 20.0 17.3 14.7   7.2 

2000 11.1 14.4 17.0 17.0 18.2 11.1 10.6 

2001   8.5 13.9 15.3 21.6 19.7 11.9 10.2 

2002   8.6 12.4 17.8 21.8 25.0 12.9   8.3 

 

  



Table 2. Monthly sums (mm) of precipitation during vegetative season in 1998–2002 

Year/Month April May June July August September October 

1998 63.9 49.6 61.5 84.0 100.8 59.7 62.6 

1999 81.6 45.9 160.9 102.1 33.5 37.6 34.9 

2000 68.0 50.7 36.4 138.1 28.3 66.7 2.2 

2001 64.9 19.9 47.6 260.9 67.5 125.8 19.3 

2002 18.3 28.6 116.8 126.2 18.7 42.5 92.9 

The results were subjected to analysis of variance. The significance of differences was assessed on the basis of the 
Tukey test, at confidence level of α = 0.05% 

RESULTS 

In all the years of the experiment shoots of rootstock M.26 were longer than those of M.9. in the mother bed of 
rootstock M.26 a tendency was observed for the length of the shoots to increase in the successive years (except for 
2001, when they were shorter than in 2000). A similar tendency occurred in the case of rootstock M.9, where the 
exception was the September measurement date (Tab. 3). 

Table 3. Rootstock shoot length (cm) on four measurement dates and in the years of experiment 

Year Rootstock 
Date of measurement 

20th June 20th July 20th August 30th September 

1998 
M.9 – – – 65.7 

M.26 – – – 81.9 

1999 
M.9 36.3 58.1 62.5 69.9 

M.26 45.1 77.7 82.9 96.1 

2000 
M.9 36.4 53.8 72.1 83.4 

M.26 46.2 67.0 93.9 106.7 

2001 
M.9 20.4 51.8 73.3 83.1 

M.26 25.0 69.4 91.1 101.2 

2002 
M.9 35.1 55.2 77.2 84.1 

M.26 40.7 71.2 103.5 109.8 

Mean for the years 
M.9 32.1 a* 54.7 bc 71.3 cd 77.2 de 

M.26 39.3 ab 71.3 cd 92.9 ef 99.1 f 

* Mean values followed by the same letter are not statistical different at α = 0.05 

The most intensive growth of shoots was observed during the period from the beginning of vegetation till mid June, 
then the rate of growth decreased (Fig. 5). The shortest shoots were observed in August 1999 (for M.9 the shoot 
length increase was 4.4 cm, and for M.26 – 5.2 cm) (Fig. 1), whereas the longest were noted in June 2000 for both 
rootstock types (M.9 – 36.4 cm; M.26 – 46.2 cm) (Fig. 2). In 2001 the rootstocks under study achieved the greatest 
length increase during the period from 20th June till 20th July (Fig. 3). The year 2002 was characterised by similar 
shoot length increments in July (Phot.  1) and August (Fig. 4). 
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Fig. 4. Dynamics of growth of shoots of rootstocks M.9 and M.26 in 2002 

 

 

Fig. 5. Dynamics of growth of shoots of rootstocks M.9 and M.26 (mean for four years and the two rootstock types) 

 

 

Photo 1. Stool bed of M.9 rootstock in July 



The thickest shoots were obtained in both stool beds in 2002. On average, rootstock M.26 had shoots 13.2% thicker 
than M.9; significant differences in shoot thickness were also recorded in the particular years of the experiment, 
except 2001. Shoot thickness of rootstock M.9 increased with the age of the mother plantation. A similar 
relationship was observed in the stool bed of rootstock M.26, with the exception of 2001, and also in the case of the 
mean value for both clones (Tab. 4). 

Table 4. Shoot diameter (mm) measured at the height of 30 cm 

Year 
Rootstock 

Mean for the years 
M.9 M.26 

1998 5.8 a* 7.6 bc 6.7 A* 

1999 7.4 b 7.9 cd 7.6 B 

2000 8.2 de 9.3 g 8.7 C 

2001 8.3 def 8.7 f 8.5 C 

2002 8.5 ef 9.7 g 9.1 D 

Mean for the rootstocks 7.6 A 8.6 B  

* Mean with the same kind of letter (small or big) are not significantly different at α = 0.05. 

In the particular years and on the particular dates of measurement leaves of rootstock M.26 were characterised by 
greater weight than those of M.9. The greatest weight of one leaf of rootstock M.9 was recorded in 2000 (0.723 g), 
and for rootstock M.26 in 2000 and 2002 that trait reached the same value – 0.744 g. The weight of leaves of both 
rootstocks increased on the successive dates of measurement during the vegetation period (Tab. 5). 

Table 5. Weight of a single leaf (g) 

Year Rootstock 

Date of measurement 
Mean for 
rootstock 

Mean for 
year 20th June 20th July 20th August 

30th 
September 

1999 
M.9 0.564 0.611 0.602 0.711 0.622 

0.642 a* 
M.26 0.623 0.665 0.633 0.723 0.661 

2000 
M.9 0.527 0.755 0.737 0.873 0.723 

0.733 b 
M.26 0.495 0.758 0.865 0.857 0.744 

2001 
M.9 0.538 0.720 0,591 0.716 0.641 

0.658 a 
M.26 0.594 0.813 0.632 0.657 0.674 

2002 
M.9 0.660 0.651 0.779 0.691 0.695 

0.719 b 
M.26 0.685 0.662 0.839 0.788 0.744 

Mean for the 
rootstocks 

M.9 0,572 0.684 0.677 0.747   

M.9 0.599 0.725 0.742 0.756   

Means  0.586 a 0.704 b 0.710 b 0.752 b   

* For explanations, see Table 3. 

The relationships between the shoot growth indices calculated for the two rootstock types were highly significant. 
The closest correlation was obtained between the length and the diameter of the shoots (Tab. 6). 

  



Table 6. Values of correlation coefficients 

Traits compared Correlation coefficient 

Shoot length × shoot diameter 0.71 ** 

Shoot length × weight of 1 leaf 0.63 ** 

Shoot diameter × weight of 1 leaf  0.45 n.i. 

** correlation significant at α = 0.01% 

In every year of the experiment the stool bed of rootstock M.26 was more productive than that of rootstock M.9, on 
average by 69.6% for all the years. The highest productivity of both mother plantations was recorded in 2002, when 
the yield per 1 ha reached 122,000 shoots of rootstock M.9 and 201,000 shoots of M.26. The number of rootstocks 
produced depended on the age of the mother plantations and increased in the consecutive years. In 1998 the yield 
per hectare was 70,100 shoots of rootstock M.9, while in 2002 as many as 122,000 shoots. Likewise in the mother 
plantation of rootstock M.26: in 1998 – 109400, and in 2002 – 201,000 shoots. On average, in the final year of the 
experiment the yield of rootstocks was almost 80% higher than in the first year of the experiment (Tab. 7). 

Table 7. Productivity of 1 ha of stool bed (pcs.) 

Year 
Rootstock 

Mean for the years 
M.9 M.26 

1998 70,100 a 109,400 d 89,750 A 

1999 89,890 b 149,200 f 119,545 AB 

2000 91,200 b 153,330 f 122,265 B 

2001 100,700 c 191,000 g 145,850 BC 

2002 122,000 e 201,000 h 161,500 C 

Mean for the rootstocks 94,778 A 160,786 B  

* Mean with the same kind of letter (small or big) are not significantly different at α = 0.05. 

 
Table 8. Percentage share of shoots with different diameters 

Year 

Rootstock 

M.9 M.26 

> 8 mm 5–8 mm < 5 mm no roots > 8 mm 5–8 mm < 5 mm no roots 

1998 35.9 25.3 21.5 17.3 72.1 14.4 5.6 7.9 

1999 46.6 16.5 20.7 16.2 73.3 16.4 5.1 5.2 

2000 53.2 12.8 17.0 17.0 66.7 23.1 4.6 5.6 

2001 43.9 31.2 11.7 13.2 64.1 25.3 5.2 5.4 

2002 39.7 33.2 12.6 14.5 65.0 22.5 6.3 6.2 

Mean for years 43.9 d 23.8 c 16.7 c 15.6 bc 68.2 e 20.3 c 5.4 a 6.1 ab 

* For explanations, see Table 3. 

In all the years of the study the share of shoots of rootstock M.26 with diameters >8 mm was higher than in the case 
of rootstock M.9. The greatest number of rootstocks with diameters >8 mm was obtained in the M.26 mother 
plantation in 1999 (73.3%), while in the M.9 mother plantation – in 2000 (53.2%). In both mother plantations a 
similar percentage share of rootstocks with diameters of 5–8 mm was obtained. The difference between M.9 and 
M.26 was 3.5%. The number of rootstocks with diameters < 5 mm was almost three-fold greater in the case of M.9 
compared to M.26. In the stool bed of rootstock M.9 a rather high proportion of shoots with no roots was observed – 
an average of 15.6%, compared to 6.1% for the M.26 mother plantation (Tab. 8). 

  



DISCUSSION 

The quality of rootstocks produced on mother plantations depends both on the rootstock type and on a number of 
agricultural practice measures. Comparing the growth of shoots in the stool beds of rootstocks M.9 and M.26 on the 
basis of their length and diameter and by estimating their weight of a single leaf it was observed that all the traits 
under study achieved higher values in the stool bed of rootstock M.26. That advantage of M.26 over M.9 may result 
from genetic differences [15], or from more favourable soil conditions in the mother bed of rootstock M.26. Similar 
results were obtained by Stachowiak and Świerczyński [17] in a study where rootstock M.26 had taller and larger-
diameter shoots than rootstocks M.9 and MM106. In turn, in a study by Kopytowski [9], rootstock M.9 in the 
mother plantation had shoots longer than those of M.26. The same author reports that shoots of rootstock M.26 had 
larger diameters than shoots of rootstock M.9, which is in agreement with the present results. Whereas, in a study by 
Bulgarian researchers [19] the thickest rootstock among the five types studied (M.9, M.26, J-TE-H, J-OH-A, J-TE-
F) was M.9 with a mean diameter of 10.1 mm. 

The study showed the existence of correlations between the growth parameters studied, stronger correlations 
occurring between rootstock diameters and their length than between the shoot length and the weight of a single 
leaf. Masseron (cited after Ugolik) [21], studying subclones of rootstock M.9, demonstrated a variation in 
morphological traits and in the capacity for taking root in the mother bed. Subclones M.9 EMLA, T337 and SP1, 
with large leaves (101×63 mm), had shorter shoots (50–70 cm) and greater diameters (8.7 mm). Shoots of subclones 
with small leaves (76×54 mm), e.g. Cepiland, were longer (100–120 cm) and thinner (6.5 mm). In the experiment 
under discussion the shoots of rootstock M.9 T337 had a mean length of 77.2 cm and diameter of 7.6 mm.  

The mean weight of a single leaf of M.26 was 0.705 g, and of M.9 – 0.670 g, whereas in a French study [22] leaves 
of rootstock M.9 (0.45 g) were heavier than those of M.26 (0.35 g). 

According to Czynczyk [2, 3], the productivity of a mother plantation depends primarily on the rootstock clone, and 
also on soil fertility, fertilisation applied, plant care, and age of the mother plant. Rootstock M.26 is classified 
among medium-productive rootstocks, while the productivity of rootstock M.9 depends primarily on its subclone. 
Generally, juvenile forms more shoots with roots in mother plantations than senile forms do [15, 21]. However, 
Tamai et al. [20], comparing four Japanese senile forms of rootstock M.9 with European clones, obtained very good 
rootage of all objects studied. In this study the productivity of rootstock M.26 was higher than that of M.9, and in 
both cases increased with the age of the plantation. An identical relation was observed by Rusnak [16] in a mother 
plantation of rootstock MM 106. 

The number of shoots obtained from the mother stool bed of rootstock M.26 was nearly 70% higher than that of 
M.9. The mean number for the five years was 160,786 in the case of M.26, and for M.9 – 94,778 rooted shoots. 
Poorer results were obtained by Czynczyk [3]: for M.26 – 50–80 thousand shoots, for M.9 T337 – 60–80 thousand 
shoots. Better rooting of shoots of rootstock M.26 as compared to M.9 was shown in a study by Quamme and 
Brownlee [12], whereas Kopytowski [9] obtained more shoots rooted on sawdust in the case of rootstock M.9 (174 
thousand) than of M.26 (134 thousand). The productivity of a mother plantation depends also on the manner in 
which it is maintained. The productivity of stool beds with horizontal shoots is higher. Rejman and Makosz [14] 
report after Krzewiński that 6 to 10 rootstocks per plant can be obtained from four years old mother plants of 
rootstock M.9. Tamai et al. [19] obtained 10 rooted shoots from one plant of M.9 Nagano, the same number was 
obtained by Przybyła [13] from a mother plant of M.26, Quamme et al. [12] obtained 21.1 rooted shots from 1 
running meter of a mother bed, and Kozłowski [10] – 30 rooted shoots of rootstock M.26. Stachowiak and 
Świerczyński [17] obtained from one mother plant 11.5 rootstocks M.9 and 13.6 rootstocks M.26. In the present 
experiment – mean for the five years –1 running metre of plantation yielded 23 rootstocks for M.26, and for M.9 – 
13 rooted shoots. 

Rootstocks produced on mother plantations are highly differentiated in terms of quality. The shares of shoots with 
various diameters depend on the growth conditions and on the rootstock type. In this experiment the highest 
percentage share was recorded for shoots with diameters above 8 mm, for both M.9 and M.26, at 43.9% and 68.2%, 
respectively. Likewise, in the study by Tabakov and Yordanov [19], the diameter of most shoots from the stool beds 
of M.9 and M.26 was greater than 8 mm, while Stachowiak and Świerczyński [17], in a mother plantation of 
rootstocks M.9 and M.26, obtained over 70% of shoots meeting the requirements of the Polish Standard PN-R-
67010. Whereas, Kiczorowski [6] reports that rootstock M.9 had only 6% of shoots with diameters of 9–11 mm, and 
as much as 63% of shoots with diameters of 5–7 mm.  
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