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SUMMARY
Experiments with hardwood cuttings of rootstocks for apples and plums in different soils led to the
conclusion that, with a given source of material, moisture is the predominant factor in the rooting
of these cuttings.
Hardwood cuttings of apple, pear, plum and cherry varieties could be rooted by grafting an easy
rooting cutting or a root onto the cutting that was difficult to root. From the data available, the
fact that rooting took place can be explained by assuming that through a provisional graft union
moisture was taken up till the shy rooting cutting was on its own roots.
The moisture requirements of softwood cuttings were then investigated with a view to adapting the
new technique of mist propagation to a modern version of the old and very successful practice of
watering at short intervals and exposing at the same time to full sunshine. With mist it might be
possible to combine optimal moisture requirements with optimal light requirements, better than
hitherto. It is, therefore, reasonable to expect an important improvement in the technique of cutting
propagation. From a practical point of view, the most important gain will be the saving of labour,
as the careful attention of the propagator will be replaced almost entirely by automatic devices.
The above research programme has made good progress since 1953. Good rooting has been obtained
with cuttings under constant mist in a frame covered with glass. A special flat spraying nozzle has
been developed for the purpose.
EXPERIMENS WITH HARDWOOD CUTTINGS

At the Institute for Horticultural Plant Breeding at Wageningen research on plant
propagation was started in 1947.
In the early years, with few facilities available, the propagation of rootstocks by hardwood cuttings was mainly investigated. This method is attractive as it is simple and
requires little labour. Moreover, isit quite conceivable that the method willlend itself
to mechanisation. However, rootingisnot alwaysveryreliable,which canbea serious
drawback for the commercial propagator. To improve on this, the conditions essential to rooting have been studied, such as source of material, time of collecting and
handling of cuttings prior to planting, the soil as the planting medium, growth substance treatment and climatic conditions.
M O I S T U R E , THE P R E D O M I N A N T F A C T O R IN R O O T I N G

Various experiments, and also results obtained at the Boskoop Research Station,
pointed to the conclusion that moisture is a predominant factor in the rooting of
cuttings. Best rooting was obtained in a good moisture holding sandy soil. Growth
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substances were here of little use as the rooting percentages of treated and untreated
cuttings did not greatly differ, although the growth of treated cuttings was usually
better than that of the controls. However, in a soil with less adequate moisture conditions, significantly better rooting was obtained with a growth substance treatment.
On claywith an inadequate moisture supply, rooting was very poor and the effect of a
growth substance treatment of no significant importance.
G R A F T I N C AS AN A I D IN R O O T I N C

In experiments of VAN OVERBEEK and GREGORY adifficult-to-root white-flowered form
of Hibiscus wasrooted by grafting a shoot of an easy-rooting red Hibiscus on cuttings
of the white form, provided the base of the white cuttings was treated with growth
substances. To adapt this method for propagation inthefield,two hardwood cuttings
were approach-grafted, one of a shy rooting plant, theother of acloselyrelated, easily
rooting species. Because of theire shape, such grafted cuttings were called X-cuttings
(fig. 1). Various difficult plants were rooted by this method. Fig. 2and 3show examples of rooted X-cuttings at the end of one season.
VAN OVERBEEK and GREGORY explained the rooting of their grafted cuttings by the

FIG. 1. X-cutting.

Fio. 2. Rooted X-cutting (1) roots of quince,
(2) roots of pear.
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FIG. 3. Rooted X-cutting
(1) Populus lasiocarpa
(tr) P. tremula.

combined action of auxin and nutritional factors coming from the leaves of the red
Hibiscus. Similarly the rooting of X-cuttings was explained by assuming that nutritional and perhaps specific substances from the leaves of the easily rooting species
would pass across the graft union and cause rooting at thebase of the difficult-to-root
variety. To test this hypothesis, side-grafted cuttings were made in which the easily
rooting component was leafless (fig. 4). Where a union could be established, sidegrafted cuttings and X-cuttings rooted similarly. It appears, therefore, that no substances from the leafy shoot of the easily rooting component pass across the graft
union, which in any way add materially to the rooting performance of the shyly
rooting component.
In X-cuttings, as well as in side-grafted cuttings, the root system of the easily rooting
component will supply the shy-rooting cutting with moisture, as soon as a provisional
graft-union makes this possible. Thus the shy rooting cutting is kept alive until it has
mobilised all the substances necessary for root formation. That a difficult-to-root
cutting can indeed mobilise these substances isindicated by an experiment with hardwood cuttings of the pear variety Nouveau Poiteau. In a cold greenhouse these cuttings were given bottom heat, while the temperature of the air was kept at least 5°C

J. FLOOR
FIG. 4. Side-grafted cuttings of May-Duke.

lower. Thus activities at the base of the cuttings were speeded up, whereas those at
the top wereslowed down. Without atreatment with growth substances these cuttings
formed roots,apparently intimeto supplyadequate moisture duringtheperiod ofleaf
development. Sohere again, moisture comes to thefore asa predominant factor in the
rooting of cuttings.
This explanation for the rooting of X-cuttings differs from those given by VAN OVERBEEKand GREGORYfor therootingoftheirgrafted cuttings. Isthereperhaps something
wrong somewhere? I don't think so. VAN OVERBEEK and GREGORY worked with
leafy cuttings which were placed in a frame where the air humidity was kept high.
Under such conditions the moisture supply is more or less optimal, so that other
factors can come into play. X-cuttings, however, are hardwood cuftings planted in
thefieldduring the second half of March. The weather in spring isvariable, but spells
of dry winds always occur. The moisture conditions can then hardly be worse.
Therefore, factors other than moisture will not often get a chance to come into action.
There is still another difference. VAN OVERBEEK and GREGORY took cuttings of the
semi-hardwood type. The soft terminal part of the shoots was removed as this part
is in all probability a source of natural auxin. A treatment with growth substances
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FIG. 5. Rooting
under mist versus
closed case.
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also appeared necessary. X-cuttings, ontheother hand, donotrequire such treatment. They form natural auxin and perhaps other specific substances when the buds
start todevelop,and tojudgefrom therooting obtained,thesesubstances are produced
in adequate amounts.
E X P E R I M E N T S W I T H MIST P R O P A G A T I O N

When theconclusion wasreached that moistureisapredominant factor inthe rooting
ofhardwood cuttings,themoisturerequirements ofsoftwood cuttingswasinvestigated.
These cuttings areplaced ina closed case where conditions ofmoisture aremoreor
less optimal, although a slight wilting of the cuttings during themiddle of the day
cannot always beavoided. Itwas noticed that inmany cases improved rooting could
be obtained by the practice of watering at short intervals, in combination with
exposure to full sunshine. BAILEY BALFOUR reported onthemethod asfar back as
1912, and itturned out that anurseryman inHolland, with anexcellent reputationas
a propagator, followed thesame practice.
The first report that came to hand ona modern version ofthis oldpractice is from
EVANS, who obtained a spectacular effect with the rooting ofdifficult clones ofcacao
by combining humidification with optimal light andtemperature requirements. He
found Tee Jetnozzles theideal solution totherooting ofcacao stem cuttings under
a continuous spray. Therefore, inourfirstexperiments in 1953thesame nozzles were
used. No shade wasgiven andwhen thetemperature rose to 30°C the greenhouse
was ventilated. Thefirstaim wasjust to reconnoitre thepossibilities of humidification
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FIG. 6. Mist propagation
in a frame.
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or mist application according to the American definition. To do this, cuttings of
various plants were placed under a constant mist (comparable lots in a closed case).
The difference in rooting between the two methods is shown in fig. 5.
With nearly allplants best rooting was obtained under mist. For Lonicera tibetica the
comparison was not good, as we took very soft cuttings which did not have a chance
in a closed case. Chaenomeles, on the other hand, was better in a closed case. This
might be due to the rooting medium, which was sand for cuttings under mist and a
mixture of sand and peat in a closed case. The following year we found that even
under constant mist Chaenomeles was significantly better in a mixed medium.
Thesameyearconstantmistwastried inan unshaded frame covered withglass. Results
were comparable with those obtained in a greenhouse, although rooting was much
slower. It was then decided to adapt mist for outdoor propagation, and to exploit
to the utmost the possibilities of saving labour, which this new technique offers.
Firstly, a new nozzlewas developed in cooperation with the Physico-Technical Service for Agriculture, which uses less water and gives a more even distribution than
Tee jet nozzles. Nozzles of this type have subsequently been used for constant mist
propagation in an unshaded frame, under glass cover (fig. 6). Rooting has been considered stisfactory as even difficult plants such as Chaenomelesand Tiliahave done
well (fig. a7).
Practically no attention to the cuttings proved necessary during the constant cool
weather of last summer, except turning on of the water supply in the morning and
turning it off in the evening.
However, further improvements areconceivable asthetemperature of the propagating
medium was mostly sub-optimal, although the maximum temperature reached 20°C
every day with hardly an exception.
This summer we had a reimproved nozzle of the deflection type in operation (fig. 8).
It delivers approx. 101 of water per hour per m2 and covers one meter of frame. A
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FIG. 7. Rooting in a frame under constant mist.

single line of nozzles has been placed above the centre of the propagation bed. Because of dripping no cuttings were placed directly under a nozzle. It is presumed
that the overhead system might have the advantage of a somewhat higher water
temperature than the in-bed system, especially so as we apply intermittent spraying
with an 'on' period of 20 seconds at the maximum. The cuttings were inserted in
boxeswith abottom of saran gauze,whichwereplaced some 10cmabove soil level for
the benefit of drainage and the required temperature of the propagating medium.
Mistpropagation wasalso applied in a plastictent incomparison with a frame (fig.9).
After the experience of one season, I am inclined to prefer the plastic tent, because it
allows the line of nozzles to be installed higher than would be possible in a frame.
Moreover, a plastic tent can be closed more tightly than a frame.
More details willbe given of one of the plants which hold our special interest, namely,

FIG. 8. Nozzle used for
mist propagation.
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FIG. 9. Mist propagation
in a plastic tent.

linden. In a small scale experiment, in 1953,rooting under mist was faster than in a
closed case where the cuttings were treated with growth substances (fig. 10). The
cuttings established thefollowing yearwere42 out of49 from those rooted under mist,
and 40out of 42from cuttings rooted inaclosedcase. Theaverage height of all these
cuttings was 58 cm, varying from 18-98 cm.
In 1954from 360cuttings of the samelinden,treated with 4mg IB/ml, 85%rooted in
a greenhouse under mist, while 72 % of the original number of cuttings were established.
To conclude, the experience gained through three seasons has given us the firm belief
PERCENTAGEOF ROOTING
100

£o

QO

80
10
/ 0

60
50
A0
30
20
10

/
- - MI6T
— CLOSECASE
0. l /aRE5PA:wg T.*/cC
PATE Of INSERTION2<J.6.S5
NUMBER 0FCUTT1N66
P E R T R E A T M E N T : 2 0 , C0NTR0LI6

MEDIUM 5ANC?

0
FIG. 10. Tilia europaea
'Koningslinde'.

10
\1
TIME INWEEKS

1148

SECTION 4A

that mist propagation has come to stay. Improved rooting has already been achieved
and further progress seemslikely, as this new technique makes it possible to combine
optimal requirements for moisture, light and temperature better than hitherto. From
a practical point of view the most important gain may be the saving of labour, as the
careful attention of the propagator will be replaced almost entirely by automatic
devices.
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