ST
c54

EFFECT OF ROOT-PROMOTING SUBSTANCES AND DATE OF PLANTING
ON BOOTING OF OLIVE CUTTINGS

By

Inayatullah Khan

A Thesis submitted to the Faculty of Agricultural
Sciences in Partial fulfillment of the
requirements for the degree of

MASTER OF SCIENCE IN AGRICULTURE

Major: Horticulture

Minor: Plant Pathology

AMERICAN UMMVERSITY CF BEIRUT
SCIENGE & AGRICULTURE
LIBRARY

Chairman, Graduste Committee

American University of Beirut

1964



CLIVE PROPAGATION



ACKNOWLEDGEMENTS

I wish to acknowledge with sincere gratitude the
valuable guidance and help extended to me by Dr: R, M.

Khalidy in directing the research for this dissertation.

I am greatly indebted to Dr. E.,E, Barnard for his
advice, help and valuable suggestions in reviewing the

manuvscript of this thesis,

Inayatullah Khan



ABSTRACT

Rooting of softwood cuttings of the olive variety
"Chatawi" was examined at the American University of Beirut,
Cuttings were tzken at twenty regular fortnightly intervals
starting on July 21, 1963. They were treated with solutlons
of root-promoting substances and were planted in vermiculite
and provided with bottom heat at 20 to 22C.

Callusing was retarded but faster and higher percen-
teges of rooting were obtained when the cuttings were taken
during the winter and spring months and were treated with
solutions of root-promoting substances. Among these subs-
tances, IBA at 3000 ppm gave the best results.

Treatment with IBA at 3000 ppm also gave significantly
higher percentage of well-rooted cuttings. Cuttings treated
with methylene blue at 25 ppm gave the lowest percentage of
callusing and rooting.

Mortality of cuttings was high when plantings were made
during July or August. Untreated cuttings or cuttings treated
with IBA at 3000 ppm had the least mortality as compared with
that of the cuttings treated with IBA at 5000 ppm or NAA
at 4000 ppm,
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INTRODUCTION

Rooting of olives (Qlea europea L.) by cuttings is
highly important for the production of clonal scion varie-
ties and uniform stocks for budding or grafting. Cuttings
from meny olive varieties are, however, difficult to root
without any treatment such as the use of a root-promoting
substance,

Recently in plant propegation trials in the United
States of America and elsewhere a number of growth regu-
1ators have been shovm to promote rooting of cuttings (7).
In addition it appears that cuttings of many olive varie-
ties root fairly well in clean sharp sand, especially with
bottom heat and high humidity, provided attention 1is given
to other factors such as proper timing in obtaining the
cuttings (16),

Work on similar lines has not been reported so far
from the Middle Eest.

Olives play an important role in the economy of most
Middle Eastern countries., In Pakistan, schemes for estab-
lishing large scale olive plantations are under government
consideration with a view of producing enough olive oil to
meet the acute shortage of edible oils and fats in the
oquﬂtry (18).

The expected vast expansion in the area under olives
in the Middle East warrants the establishment of sound

methods for rapid multiplication of improved varieties. The



present investigation has been, therefore, concernmed with
determining an efficient and economical method for rooting
olive cuttings by utilizing the most recent and advancel

technigues.



REVIEW OF LITERATURE

Many different types of cuttings have been used for
propagating olives but the use of leafy shoot cuttings has
been found to be the most promising (7). According to Elant
and Perrot (9) 100,000 olive trees are propagated annually
by softwood cuttings for the "Beni Amir" (Algeria) irrigation
area, In California a large proportion of the olive trees
produced each year are propagated by softwood cuttings (13).

A number of synthetic growth regulators ald the rooting
of cuttings (11), The two now in common use are Beta-indole-
butyric acid (IBA) and Alphe-naphthalene-acetic acid (NAA)
either in their acid forms or as salts,

Evenari and Konis (10) treated dormant cuttings of
olive, fig and vines with Beta-indole-acetic acid (IAA) in
golutions or in lanolin pastes. The effectiveness of the
treatments in inducing root formation was shown to depend
on the method of application. They found that treatment of
the basal portion of the cuttings minimized inhibition of
bud development, For leafy cuttings the solution method was
superior to the lanolin paste method; the latter,when applied
to the base of the cutting, hindered the up~take of water
with consequent wilting. In certain cases a better rooting
response was obtained by the addition of sugar to the solutions,

The method of appliczation of root=-promoting substances
used by Hitchcock and Zimmerman and deseribed by Cooper (8)

consisted of dipping the bases of the cuttings for a few
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seconds in a 50% alcohol solution containing I to 20 mg/ml

of the root-promoting substance. Thls method was found part-
jcularly effective with such difficult-to-root specles as
apple and rhododendron., The large volume of alcohol used

in these concentrated solutions made the method helpful in
preparing solutions of scme of the relatively insoluble
compounds such as naphthalene acetamide.

Hartmamm (1%4), working on olive propagation, found that
the concentrated-solution-dip method of applying root-pro=-
moting substances was almost as satisfactory as the low-cone-
centration-soaking method in rooting softwood olive cubtings.
While TRA at 4000 to 5000 ppm gave the best results in the
concentrated-solution-dip method almost as good results were
obtained in concentrations ranging from 3000 to 7000 ppm. In
comparisons made using vitamin Bl as a preplanting treatment,
no benefits were obtained from this material with hardwood
olive cuttings.

Dipping the bases of softwood cubtings, 9 to 12 cm
long, of the olive variety Mission in concentrated solutions
of either IBA (2g/l) or a combination of IBA and NAA (each
at 0,5g/1) resulted in 14% and 34% rooting respectively, as
compared to the untreated controls (4), Additional treat-
ment with ammonium sulphate and sucrose had no beneficial
effect,

Hartmanm and Hansen (16) tested the Sevillano olive
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for its rooting ability under mist, It proved to be rela-
tively easy to root provided attention was given to other
factors,such as proper timing in obtaining the cuttings and
the usé of root-promoting substances, Of the treatments
employed, the use of root-promoting substances was the most
important,

When cuttings of an olive variety of poor rooting
quality were treated with different root-promoting substances,
there was no increase in rooting over the water control.
However, there was more root growth and number on cuttings
treated with NAA (2).

Rooting in eight olive varieties ranged from 3% in
Coratina and 3.3% in Leccino to 49,4% in Maurino (19). The
treatments were comprised of IBA =nd JTAA each at 10,50 and
T00 ppm and vitamin Bé at 10,30 and 60 ppm. With a single
exception, the highest rooting percentages (29.4 = 67.I%)
were obtained with I00 ppm IBA, The differences in varietal
responses to the three substances were considerable. In
general, callus formation and shoot growth were not affected
by the treatments,

- The application of a I1:1,000 aqueous solution of
methylene blue, for 30 minutes, stimulated the formation
of roots and general growth of hop (Hﬁgulgs lupulug) cuttings
(3). The roots of the treated cuttings were four times

longer and.contained up to 3I% greater substance than the controls.
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Hartmann (14) reported that, in rooting softwood
cuttings of the olive, the use of sand as a rooting medium
resulted in a long, unbranched type of root, whereas several
mixtures of other materials gave a more desirable, compact,
branching type of root system, A good mixture was found to
be one made of vermiculite plus Haydite.

Experiments to show the effect of the rooting media
on olive cuttings were made by Blommaert (4) at Stellen-
bosch, The best results were obtained with sifted sand
alone and with a mixture containing two parts of sand to
one part of vermiculite, These gave 70% rooting. Vermi-
culite alone gave almost as good results,

Reduction in rotting and improvement in rooting occurred
when vermiculite was used instead of sand for rooting cuttings,
treated with root-promoting substances, under constant
mist (21).

Olive cuttings of the variety Leccino rooted best in
medium-size-grained vermiculite (5)., Results were also good
with coarse or fine vermiculite and with sphagnum moss or
building sand, but fine sea sand was not satisfactory.

Depth of planting cannot properly be considered apart
from the length of the cutting, According to Garner's
report (11), Casella, working with olives, used short thick
hardwood cuttings which were planted either horizontally or
vertically 6 to I0 cm below the surface., By slanting the
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cutting the depth of planting was adjusted without exposing
un-necessary above ground length.

. Stcherbakoff (22) discussed the respective merits of
propagating olives from seeds or cuttings. He suggested
that the one-~or two=year old cuttings must be 8 to 9 cm long
with 3 to 4 buds, the leaves must be removed from the lower
two buds and the cuttings set to a depth of two=-thirds of
their length, leaving one or two buds above the sand.

According to Garner (11) Knight found that a high water
content of the medium favored callusing but reduced rooting
in hardwood cuttings, However, he quoted Hunter who re-
ported indications that root formation, as distinct from
callusing, took place under falrly wet conditions. Hunter
recommended increasing the water supply of the media after
callusing.

Hartmann (13,14) observed that in general better results
were obtained when bottom heat, controlled at 23C,was used
together with high humidity in rooting softwood cuttings of olive.

Success in the application of root=promoting substances
to cuttings was found to depend on optimum environmental con=-
ditions (20)., At 20 to 25C results were much better than at
lower temperatures in propsgating chrysanthemums by cuttings,
treated with the preparation P604%, (The chemical compound
not stated). Low levels of moisture in the medium induced

better rooting than high levels,
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Anzilotti (1) was able to root olive cuttings fully in
60 to 90 days, without the removal of any leaves, by keeping
the substrate temperature maintained at 22 to 26C and the
relative humidity at 60 to 85%., The percentage of success
ranged from 70 to 90 in lignified and 30 to 60 in softwood
cuttings,

The time at which cuttings are to be taken, 1s appa=-
rently, related to the condition of the plant and to the
climate rather than to the calender. In England'- temperate
climete hardwood cuttings are prepared and planted in Sept-
ember and October, whereas in parts of North America they
are collected in the aubumm, stored during the winter and
plented in the spring (11).

Tukey and Brase (23), working in New York with apple
found that those taken in autumn and stored until spring
rooted better than cuttings taken and planted in the spring.

Untreated olive cuttings formed rcots more readily
when taken in the fall and winter months than in late spring{
(13). When root-promoting substances wefe used very good

results were obtained with cuttings taken in the spring.



MATERTALS AND METHODS

Rooting of cuttings of the olive variety "Chatawi® was
examined using softwood cuttings taken at different times of
the year snd treated with root-promoting substances before
planting, Cuttings were obtained from six bearing trees growing
*on the campug of the American University of Beirut that recelved
pruning, fertilizer and one summer irrigation. The terminal 12
to 15 cm leafy shoots were removed from the harvested branch and
discarded snd cuttings approximately 10 cm long and 1 to 1.5 em
thick were mede of the remaining material with a sharp pruning
secateur. Only mature wood of the latest growth (Fig. 1A) was
gmploydd, The cuttings were wrapped in a moist towel during
their handling to keep them from desiccation.

Before planting, 21l leaves from the cuttings, except
the uppermost two, were removed, The cuttinge were treated
with a number of root-promoting substances in different con=-
centrations. The treatmente were applied using the concen-
trated=-solution-dip method as described by Cooper (8).

Planting was carried out in flats of vermiculite., The
cuttings were set 6 cm deep and 2,5 cm from one another, in
rows 4 cm apert., In all, twenty plantings were made at regular
fortnightly intervals starting on July 21, 1963.

During the winter and spring months from the 18th of
Octcﬁer 1963 to the 15th of June 1964 the flats were placed
in a2 thermostatically controlled electric heated bed with a
bottom temperature ranging from 20 to 24C, During the rest
of the period the flats were kept outside the hot bed.
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Water was sprinkled over the cuttings as and when
required, The cuttings remained in the flats for a period

of 90 days after which the experiment was terminated.

The experiment was laid out on a randomized block
system in which there were eight treatments (root-promoting
substances) and twenty blocks (planting dates). The treat-

ments were as follows:

1, Control

2. 2,4=Dichlorophenoxy acetic 2cid (2,4=D).ceessss.+200 ppm,
3. 3=Indole butyric acid (IBA).ceeessscsssccsssssas.3000 ppm,
4k, 3=Indole butyric acid (IBA)..;...................5000 ppm,

5. Nutrient solution consisting of':

Water ceeesscescssessceees 1000 CC,
SUCTOBBecssesscssssssssses 5000 ppm,
UreBecseccscsscssssnsscssses 1000 ppm,
Thiamin,sessecesscsacssssas 25 ppm.
Nicotinic acidecececsvenes 25 ppm.

6, DNutrient solution plus IBA at 3000 ppm.
7. Tetra methylthionin chloride (Methylene blue).... 25 ppm.
8. ' --Naphthalene acetic acid (NAA)oooco.t--u..!.t.'.""ooo PPrme.

Each treatment consisted of 20 cuttings.
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The twenty planting dates were as follows:

1, July 21, 1963 11, December 21, 1963
2, August 6, 1963 12, January 6, 1964
3. August 21, 1963 13, Jenuary 21, 1964
4, September 6, 1963 14, February 6, 1964
5. September 21, 1963 15, February 21, 1964
6. October 6, 1963 16, March 6, 1964

7. October 21, 1963 17, March 21, 1964

8. November 6, 1963 18, April 6, 1964

9, November 21, 1963 19, April 21, 1964
10. December 6, 1963 20, May 6, 1964,

Treatments 2 =nd 7 were dropped from the experiment
ag of March 6, 1964 on account of shortage of cuttings and
the relatively poor performsnce of these treatments.,

The cuttings were examined 30, 45, 60, 75 and 90 days
after being placed in the rooting medium for callusing,
ro;££;g and survival, Cuttings were considered as callused
when c=2llus formation was observable (Fig., 1 B). Rooted
cuttings were classified as well-rooted or poorly-rooted
according to the number of roots formed and the length
attéined by them. Only the cuttinge that formed at least
three roots five centimeters long were classed as well-

rooted (Fig. 1 C & D), After every observation the cuttings

were replanted discarding the well-rooted snd dead cuttings.



Fig. 1. Softwood olive cuttings before planting (A),

-

after callusing (B), poorly-rooted (C) and

e e e

well=rooted (D),



EXPERTMENTAL RESULTS

The results obtained from the rooting of softwood leafy
cuttings of olives are reported in tables 1 to 20. The analysls
of variance for each character studiéd is given in the appendix
in tables 22 to 25, The experimental findings are reported in

three sections, namely callusing, rooting and mortality.

Callusing:

Both time required for callusing and percentage of cuttings
callused were affected by planting dates and growth regulators,
As seen in tsbles 1 te 5 callusing started earlier on cubttings
planted in mid-summer (July and August) and early spring
(February). The above cuttings had the highest amount of
callusing 45 days after planting. . As rooting time advanced
differences in percentage of callusing due to planting dates
gradually decreased, After a period of 90 days the highest
mean percentages of callusing (30,0 to 33.33% - Table 5) due
to planting dates were found on winter and early spring
(December 21 to February 21) planted cuttings.,

All growth regulators except methylene blue produced
faster and higher callusing than the control throughout the
period under observation,

Of the growth regulators IBA at 3000ppm and 5000ppm and
IBA_af 3000prm with nutrient solution produced faster and
higher callusing than the rest of the growth regulators.

The highest percentage of callusing (29.5%) resulted from

- 13 = .
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the 3000 ppm IBA treatment followed by IBA at 3000 ppm plus
nutrient solution (18,25%) and IBA at 5000 ppm (17.0%).

Two of the chemicals, 224D and methylene blue, produced
significantly lower callusing percentages than the rest of
the growth regulators, The mean percentage of callusing
obtained with '3, 4<D in 90'days was 10% and with methylene
blue only 37 which was apprecisbly less than the control
(5.09). With this in view these two treatments were dis-
continued as of March 6, 1964 when the supply of cuttings

ran short,

Rooting:

As shoym in tsbles 6 to 10 there was no rooting during
the first 30 days after planting ﬁhe cuttings, irrespective
of the planting dates and treatment with growth regulators.

Rooting started earlier with cuttings planted in late
winter (January 21) and esrly spring (February 21)., Percen-
tage of rooting increased under all treatments as time advan-
ced. As shown from the means of planting dates in table 10
the highest rooting percentages (29,16 to 14,16%) were obtained
in 90 days after planting during the period from December 21,
1963 to April 6, 1964,

In general, all growth regulators produced faster and

higher percentages of rooting than the control, IBA at 3000 ppm
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gave the highest rooting percentage ( 16.5% ) in 90 days which
was significantly different from the rooting percentages (1ll.5
to 4,25%) obtained with the rest of the growth regulators. The
control produced the lowest (2.25%) percentage of rooted cuttings,

Quality of Rooting:

As shovmn in tables 11 to 15 quality of rooting was more
affected by planting dates than by growth regulators, Plantings
on January 21 and February 21, 1964 produced significantly
higher percentages of well-rooted cuttings than the rest of
the planting dates,

Cuttings treated with growth regulators produced good
quality roots faster than control cuttings. However after 90
days there were no differences among them as the non treated
cuttings had the same quality roots as those treated,

TBA at 3000 ppm, however, was found to differ significantly

from the control in inducing better root guality.

Mortality:

As 1s evident from tables 16 to 20 survival of the cuttings
was affected by planting dates. High mortality was observed
during the first 45 days after planting but it decreased as
time advanced so that negligible numbers of cuttings died
during the period 75 to 90 days after planting.
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The highest mortality percentage was recorded for the
cuttings planted on July 21 (59.16%) and August 6 (45,0%) and
the least (Maximum of 8.33%) for the winter and spring plantings
(Jeanuery 6 to May 6, excepting, March 6)., Tt was observed
that cuttings started dying earlier when planted in summer
(July and August) and winter (December) as compared with cuttings
planted in spring (February to April).

The growth regulator treatments employed in this study
did not show significant effects on the percentage of mortality,
The final mortality percentege recorded 90 days after planting
was appreclably lese (13.75%) with the control cuttings, cuttings
treated with IBA at 3000 ppm (11.25%) or cuttings treated with
IBA at 3000 ppm plus nutrients (12,0%) as compared with data
recorded for the cuttings treated with IBA at 5000 ppm (17.75%),
nutrients solution (17.25%) or NAA (19.5%).
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