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2. Introduction 

Vegetative propagation of selected plant materials by means of cuttings 

is an established method for many species in horticulture. In forestry 

the interest in this propagation method has increased in recent years 

(Samuelson 1975). Although the production cost for the plants obtained 

from cuttings may be higher than the cost of seedlings the advantages of 

using selected clones with desirable genetical properties is expected to 

outweight the increased costs (Kleinschmit 197*+). 

Cuttings of forest tree species are often difficult to root. Although conr 

siderable progress has been made in rooting of species like Picea abies 

(Girouard 1974), Pinus radiata (Libby and Conkle 1966, Cameron 1968) and 

Pinus contorta (Bowen et al. 1975) other conifer species including pinus 

sylvestris have been reported to root poorly. The work of Whitehill and 

Schwabe (1975) indicates, however, that cuttings from greenhouse-grown 

plants of Scots pine may have a high rooting percentage provided that the 

cuttings are taken from stock plants pre^treated with shortrdays and cold 

temperatures and cuttings are treated with auxin. 

The purpose of this investigation was to study environmental and physiolo^ 

gical factors interacting on the rooting process mainly in Scots pine (Pinus 

sylvestris L.) cuttings but in one investigation cuttings of Norway spruce 

(Picea abies Karst.) have been used, It was also intended to develop better 

methods for rooting cuttings of Scots pine on a commercial scale. 
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20 30 40 50 60 
Rooting period, days 

Figure 1. Time course of rooting in pine hypocotyl cuttings of Scots 

pine from four different seen sources. The experiment was done in 

a growth chamber at 20 °C. The irradiance during stock plant growth 

and rooting was 8 Wm 

o= seed nr 291> 

-2 Symbols |f= seed nr 5003 • ~ seed nr 296s  

= seed nr 456. 
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3. Methods for rooting experiments 

3.1 Hypocotyl cuttings 

Rooting experiments with pine hypocotyl cuttings from 6 week-old stock 

plants were carried out under controlled condition in a growth chamber. 

Cuttings were rooted in water which allowed recording of the rooting 

during the rooting period. The rooting period lasted mostly for 65-70 

d a y s  ( I I ,  V ) .  

3 . 2  C u t t i n g s  f r o m  2 - 1 2  y e a r - o l d  m a t e r i a l  

Rooting experiments with cuttings of current year shoots from field 

grown stock plants were done in a greenhouse with a mist unit. Cuttings 

were rooted in drained trays filled with sphagnum peat (Hasselfors Kil 

Superfine). Rooting was recorded after 3 months (IV). 

4. Selection of seed material for pine hypocotyl rooting test 

One experiment was done to check if there were significant differences 

in rooting between different seed sources. In this experiment the rooting 

of hypocotyl cuttings from four different seed sources were tested stmulr-

taneously in a growth chamber experiment. The seeds were obtained from 

the Institute for Forest Improvement and were marked 291 h-72, 296 h-72, 

U56 h-72, 50Q h-^72. They all came from a latitude of about 63 °N and a 

longitude about 19. °E and the altitude of approximately 270 m. The irra-

diance during stock plant growth as well as during the rooting period 

- 2  
was maintained at 8 Wm 



100 

20 30 40 50 60 70 
Rooting period, days 

Figure 2. The influence on rooting of fertilization of stock 

plants. Cuttings from fertilized Ü and unfertilized Ö (grown in 

distilled water) stock plants were rooted in tap water. The 

results are the mean of two experiments with 100 cuttings in 

each. Vertical lines indicate standard error (SE — 0 for un~ 

fertilized stock plants). 
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The results demonstrated that there were no significant differences 

in rooting between different seed sources (Fig 1). The seed material 

used in the experiments reported in II and V c onsisted of a seed 

mixture of seeds from these four sources. 

5. Influence of growth conditions during stock plant growth 

5.1 Light 

Growth conditions during stock plant growth are very important for 

the subsequent root formation (II). The irradiance during the period 

of stock plant growth did have a pronounced effect on the rooting 

process. Hypocotyl cuttings from plants grown at 8 Wm rooted faster 

- 2  and better than cuttings from plants grown at 40 Wm 

5 . 2  N u t r i e n t s  

Cuttings from stock plants grown in nutrient solution did not form roots 

to the same extent as cuttings from stock plants grown in distilled water 

(Fig 2 ), Rooting in Norway spruce is also affected by nutrients, too 

much or too little fertilization of the stock plants is harmful to the 

rooting process (Kleinschmit 1973), 

5 . 3  S t a g e  o f  d e v e l o p m e n t  

Rooting of Scots pine cuttings is strongly dependent on the develop^ 

mental stage. If cuttings are taken from field grown plants in the 

autumn they will root poorly compared to those from a spring collection, 

Rooting is also reduced during the period of active growth (IV). 
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Figure 3. Rooting of pine hypoaotyl cuttings as influenced by 

ages induced dormancy of the stock plants and growth condition. 

= long day and BO °C. 

KftMl - short day and +2Q °C, 

EOT = short day and +4 °C. 

For further explanation see text. 



13 

Also, in pine hypocotyl cuttings from plants grown in a growth chamber 

(II) rooting is reduced when dormancy is induced (Fig 3). Stock plants 

- 2  were grown from seed m a growth chamber at an irradiance of 8 Wm . The 

first cuttings were taken after a growth period of 48 days after which 

- 2  150 cuttings were taken at monthly intervals and rooted at *+0 Wm . During 

the first 100 days growth conditions were as described in IX, then the 

cuttings were induced to form apical buds by a period of 17 short days 

(8 h). The dormant winter period lasted for 5 months and was maintained 

by short days at +4 °C. A period of 17 days at short day and 20 °C 

followed the dormant winter period. Half of the plants, were maintained in 

the growth chamber (solid line) and the other half were put in a green

house (dotted line) where they were covered with white cheese cloth. In 

cuttings from stock plants that were put in the greenhouse after the winter 

period rooting increased compared to cuttings, from the growth chainber. 

The seasonal periodicity of rooting is a wellknown fact for many different 

species. Thé best rooting period for Norway spruce was found to be in De

cember (Deuber 1940} and for Douglas fir in February - March (Roberts et al. 

1973). This experiment also indicates that it i$ possible to increase rooting 

by choosing appropriate growth conditions for the stock plants* 

6. Influence of growth conditions during the rooting period 

611 Light 

The influence of light on the formation of roots in cuttings is complex 

(II, III). Inhibitory effects of light on rooting are known for other 

species, especially for cuttings of bean (Kawase 1965, Hermann and Hess 

1963} and pea (Went and Thimann 1937, Leroux 1965, Hansen and Eriksen 

1974). Shapiro (1958) showed that light could inhibiti rooting in woody 

cuttings. 
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I SE 

Rooting period, days 

Figure 4, Effect of stem base illumination on pine hypoootyl 
—2 cuttings from stock plants grown a t 8 Wm . Ivradiance during 

—2 ^ the rooting period was 40 Wm . Symbols 4P ~ no stem base 

illwitnaticm O - stem base illumination (10 Wm ). 
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_2 In Norway spruce cuttings, rooting was reduced by high irradiance (40 Wm ) 

- 2  compared to 8 Wm . If the cutting base was illuminated rooting was almost 

completely inhibited (III). The effect of irradiance on pine hypocotyl 

cuttings during the rooting period was not pronounced (II). When the base 

of pine cuttings were illuminated a delay in rooting was observed (Fig 4). 

In another experiment the results suggested that the period most sensitive 

to base illumination is during the first three weeks of the rooting period 

(data not shown). 

6.2 Nutrients 

- 2  When hypocotyl cuttings from plants grown at 40 Wm were rooted in 1:10 

Hoagland solution, rooting was improved compared to that in the tap 

water control (Fig 5). Promotory effects on root formation in cuttings 

by adding nutrients to the rooting medium has also been shown for 

Phaseolus (Fernqvist 1966). Calcium and boron deficiency caused a re

duction in root formation in pea (Eliasson 1978) and a boron deficiency 

reduced rooting in bean (Hemberg 1951), 

6.3 Temperature 

The role of temperature in adventitious root formation was not thoroughly 

investigated in this study. But indications were obtained that the com

bination of high day temperatures and low night temperatures are bene

ficial for rooting (IV). A probable cause for this is that high tempera

tures accelerate the rooting process during the day and low temperatures 

restore the water blance during the night. 

6.4 Relative air humidity 

The water balance of cuttings during the rooting period is important for 

rooting (Hartmann and Kester 1975). It was a major advance for propa^ 
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20 30 40 50 60 70 
Rooting period, days 

Figure 5. The influence of nutrients in the rooting medium 

on the rooting of pine hypocotyl cuttings from st ock plants 
—2 —2 grown at an irradiance of 40 Wm and rooted at 8 Km . Fi~ 

gures are means of 100 cuttings. The rooting medium was 1:10 

Hoagland ( ) tap water f  Q J .  Standard error day 57 were 

for .both treatment * 1 %. 
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gating plants by cuttings when the mist technique was introduced (Gardner 

1941). 

The purpose of mist is to maintain a water film on the leaves which 

results in a high relative humidity and low temperatures, factors, tending 

to lower the transpiration rate. The temperatures of leaves under mist 

were found to be 5.5° to 8.5 °C cooler than leaves not under mist (Lang-

hans 1955). The positive effect of mist on rooting was also demonstrated 

for Scots pine cuttings in the experiment shown in Figure 6 . 

This experiment illustrates the need for mist 

even when relative air humidity was kept above 80 %. 

7. Effect of stock plant age on rooting 

One of the most important factors for rooting is the age of the stock 

plant. Rooting decreases rapidly with increasing age and cuttings 

taken from 12 year-old field grown stock plants formed hardly any roots 

at all unless certain precautions are made such as, debudding of annual 

shoots to promote short shoots to develop into long shoots which gave 

better rooting (IV), The effect of age on rooting is a wellknown fact 

for other conifer species e.gt Norway spruce (Kleinschmit 1961), Pinus 

radiata (Libby and Conkle 1966). 

So far good rooting has been obtained with material up to an age of five 

years (17), 

8, Cold storage treatment 

One storage experiment was made in order to investigate if material 

from field grown 4 year-old plants could be collected in the autumn 
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40-50 80-90 90-100 Mist 
Relative air humidity, percentage 

Figure 6. The effect of relative air humidity and mist on 

rooting of pine cuttings from four year-old, field grown 

stock plants. Vertical lines indicate standard error. The 

number  o f  cu t t ings  in  each  t rea tment  w as  240 .  
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and stored at low temperatures during winter and show good rooting the 

following spring. 

The experiment showed that cold storage for seven months completely re

stored rooting (IV), The beneficial effect of cold storage on rooting is 

also known from Pinus radiata (Libby and Conkle 1966). The action of 

cold storage is probably mainly through its effect on breaking dormancy, 

9. Individual differences in rooting 

In most of the experiments with 2-12 year-old plants cuttings from 

different trees were mixed. In one experiment cuttings from each indi

vidual stock plant were marked to allow identification when rooting was 

recorded. In this experiment 20 cuttings from four-year-old and 20 from 

five-year-old plants from the northern part of Sweden marked Z nr 71^26 

altitude 575 m and BD 429. latitude 67°, longitude 67° and altitude 300-350 

m were taken. Cuttings from nine five-year-old plants from Germany, marked 

Kluss DDR nr 19D testcrossing nr 55 latitude 53°, longitude 12° and alti

tude 110 m were also tested. There was a strong individual variation in 

rooting (Table 1), To what extent this variation is due to genetic factors 

directly involved in root formation or to differences in response to en

vironmental factors remains to be clarified. Clonal differences in rooting 

have been reported for lots of species among which are spruce species 

(review of Girouard 1974) and Pinus contorta (Bowen et al. 1975). 

10, Auxin 

1Ö.1 Synthetic auxin 

Synthetic auxins such as indolylbutyric acid (IBA) and naphthalene acetic 

acid (NAA) are widely used to stimulate root formation in cuttings of 



Table 1. Differences in rooting between cuttings from individual stock 

plants. Rooting of cuttings from 49 individual stock plants 

were tested. In parenthesis number of individuals. 

Provenance and Rooting percentage Number of 

age of stock plants Mean Max Min stock plants cuttings 

Germany 5 year 35 75(1) 0(2) 9 69 

Northern Sweden 5 year 58 100(1) 0(2) 20 86 

" " ' 4 year 63 100(5) 20(1) 20 126 



many species (Hartmann and Kester 1975). Many species may be easily 

rooted without auxin treatment but to get good rooting in Pine cuttings 

auxin treatment is necessary (IV). The method used in practise today 

is a quick dip in an auxin solution or a mixture of auxin and talk. In 

our experiments with Scots pine, cuttings from 2^-12 year^-old field grown 

plants have been treated with a one minute dip in 500-5000 ppm IBA solu

tion (in 50 % ethanol), followed by five minutes "dry-off" before in

sertion in the rooting bed. The effect of auxin seems also to be depen

dent on age of the stock plants and season (IV). 

10.2 Endogenous auxin 

Root formation is under the control of hormones and nutrients. The 

auxin indolylacetic acid (IAAl is known to affect rooting. It has been 

repeatedly demonstrated that a factor polarly transported from growing 

buds or leaves is necessary for rooting (Went and Thimann 1937, Van 

Oyerbeek et al, 1946, Eriksen 1973). This factor can be substituted by 

IAÀ. Efforts to establish differences in the IAA content that could ex

plain individual differences in rooting have also been made (Hemberg 

1954, Kawase 1965), Jn cuttings of Begonia (Heide 1968) and chestnut 

(^ieitez 1974) there are indications of such differences but no con-r 

vincing evidence of a general correlation between IAA content and rooting 

ability has been presented so far. The possible presence of a specific 

cofactor complex also make such correlations questionable (Kefeli 1978), 

The reason why so little evidence about the eventual difference in auxin 

contents may be because of the problems involved in isolation and identi

fication of auxin. In pine there are special problems in isolating and 

identifying IAA because pine extracts contain substances interfering with 

the analytical identification methods used. Efforts have been made to 



determine the IAA level in pine hypocotyls grown at an irradiance of 

-2 -2 either *40 Wm or 8 Wm . The method used for IAA determination is de

scribed in I. 

The pine extracts have been prepared as follows; 

a) Pine hypocotyls were homogenized in cool methanol for five minutes, 

14 At this moment OIAA was added to the extract as an internal 

standard. After 3 hours at about +4 °C the methanol has been evapo

rated under reduced pressure. 

b) After pH adjustment to pH 3 the aqueous residue was transferred to 

a combined column which consisted of glass column with 20 mm 0 in 

which was put, from the top, 0.6 g celite, 2 g FVP (insoluble poly-^ 

vinylpyrrolidene) and *+ g Sephadex LH 20. The elution medium was 

0.05 M Na^PO^ adjusted to pH 3 with H^PO^). Retention time for IAA 

on this column is about 3QQ mi

ci The IAA fraction was collected and shaken with dietylether. 

d) The ether phase was collected and the ether was: allowed to evaporate 

at +401 °c. 

e) The dry residue was dissolved in 1 ml methanol and stored at -20 °C 

until measured (I). 

All organic solutions were redistilled before use« The levels of IAA 

were not significantly different in the two different kinds of material 

Mean values of IAA from seven independent determinations were for 40 Wm 

88 ng g_1 FV SE - 17 and for 8 Wm~2 59 ng g~X FV SE ~ 9. 

11, Carbohydrate 

To obtain optimum rooting a proper balance between auxin and carbohyd^ 

rates is necessary (Nanda et al. 1971 a, b). Measurements of levels of 
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different carbohydrates were made during the first 30 days of the rooting 

period of hypocotyl cuttings taken from plants grown at 2 different ir-

-2 -2 radiances 40 Wm or 8 Wm 

If calculations of the carbohydrate levels are made on a dry weight 

-2 bases little difference is found. Since plants grown at 40 Wm are 

-2 considerably larger than plants grown at 8 Wm , they also contain more 

-2 carbohydrates per plant than the 8 Wm material. One explanation for 

- 2  the reduced rooting percentage in 40 Wm material could be that the 

carbohydrate content is supraoptimal for rooting. In pea cuttings such 

negative effect of high carbohydrate levels was postulated (Hansen and 

Eriksen 1974). It has also been demonstrated that low carbohydrate 

levels could be a limiting factor for rooting in pea cuttings (Eliasson 

1978). In our material the carbohydrate levels increased during the 

rooting period and therefore carbohydrates are probably not limiting 

for rooting in this material (II). 

12. Conclusions 

The results presented here demonstrate that rooting in cuttings of Pinus. 

sylvestris is strongly influenced by the age of the stock plants, by 

season, by environmental factors affecting the stock plants before the 

cuttings are taken and by the conditions during the rooting period. 

While a certain level of light is necessary for photosynthesis, high 

irradiances were found to have a negative effect on rooting especially 

when applied to the stock plants before the cuttings were taken. The 

adverse effect of high irradiances during rooting of pine cuttings was 

less pronounced than for Norway spruce cuttings which were found to be 

very sensitive to illumination of the base of the cutting during the 

rooting period. 

Treatment with synthetic auxin (IBA) stimulated rooting in pine cuttings. 



Determinations of endogenous IAA showed no significant differences 

in the level of IAA in cuttings with slow or rapid rooting. 

Extensive experiments with cuttings from 2-5 year-old field grown 

plants of Scots pine have given a lot of experience in rooting this 

material. These experiences may be summerized under the following 

points. 

A. Cuttings should be collected in the middle of May about 14 days 

before commencement of shoot growth. 

B. Cuttings should be reçut immediately before IBA treatment, 

C. Auxin treatment should always be used. A quick dip in 500t-500Q ppm 

IBA for one minute followed by five minutes ffdry-offff before inser

tion is convenient and efficient, 

D. The most succesful rooting medium is sphagnum peat (Hasselfors K 1 1 

super fine), 

E. The use of mist is necessary (about 5 sec each 12 min). 

F. Temperature during rooting could be very high (30-35 °C) during day 

time without damaging the cutting if night temperatures are low 

(" 10 °C) to restore a, proper water balance. 

G. Bottom heat is not necessary. 

A rooting öf 5Q-9Q % was obtained in the experiments when these rer 

commendations were followed. Results obtained in preliminary experi

ments indicate that further improvements are possible. 
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