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EFFECT OF PLANTING DATES AND INDOLE-BUTYRIC ACID

ON ROOTING OF BEAUMONTIA GRANDIFLORA WALLICH.
CUTTINGS AND CONSEQUENT PLANT GROWTH

[55]

Hussein', M.M.M.

ABSTRACT

This study was conducted in a glasshouse at the Experimental Nursery of the
Ornamental Horticulture Department, Faculty of Agriculture, Cairo University. The
study included two experiments. The first experiment was carried out during the

1999/2000 and 2000/2001 seasons, with the aim of investigating the effect of differ-

ent planting dates on the rooting of Beaumontia grandiflora Wallich. cuttings, as

well as consequent plant growth and chemical composition. Semihardwood stem

cuttings (15 cm long, defoliated, with 3 nodes) were planted on 21* March, 21

June, 21* September and 21* December.

Results recorded 4 months after each planting date showed that:

- Planting the cuttings in March gave the highest rooting percentage, the highest
vegetative growth of the resulting plants (in terms of plant height, number of
leaves, as well as the fresh and dry weights of leaves and stems/plant). The highest
total carbohydrates content, C/N ratio and total soluble indoles content, as well as
the lowest total soluble phenols content were recorded in the cuttings planted in
March, whether before planting or in the basal parts of cuttings after 30 days from
planting. Moreover, plants formed on cuttings planted in March had the highest
total carbohydrates content in the leaves, compared to plants formed on cuttings
planted on other dates. ‘

- Planting in March or June gave the best root growth in terms of root length, num-
ber of roots/plant, as well as the fresh and dry weights of roots/plant.

- A positive relation was recorded between seasonal variations in the C/N ratio and
the rooting percentage of cuttings, i.e. planting dates at which the cuttings had a
high C/N ratio also gave a high rooting percentage.

The second experiment was conducted during the 2001 and 2002 seasons, with
the aim of investigating the feasibility of using IBA for improving the rooting of
cuttings planted in March, as well as the subsequent vegetative plant growth and
chemical composition. The bases of the cuttings taken in March were immersed in
an [BA solution at concentrations of 0 (control), 1000, 2000, 3000 and 4000 ppm for

10 seconds prior to planting.
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~ Results recorded four months after planting showed that:

- IBA at 3000 ppm gave the highest rooting percentage. Also, increasing IBA con-
centration up to 3000 ppm significantly increased most of the root growth
parameters and vegetative growth characteristics.

- - IBA at 3000 or 4000 ppm gave the highest contents of total soluble indoles at the
base of cuttings after planting, and the highest total carbohydrates in the leaves of

resulting plants.

- No logical relation was detected between the C/N ratio in basal parts of cuttings
after planting and the increase in rooting percentage as a result of increasing IBA

concentrations up to 3000 ppm.

From the above results, it can be recommended that for the best rooting and most
vigorous vegetative growth of Beaumontia grandiflora, cuttings should be dipped in
an IBA solution at 3000 ppm before planting in March,
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sonal variation
INTRODUCTION

-Beaumontia - grandiflora Wallich.

(Family: Apocynaceae), known as Her-.

ald’s trumpet, is a vigorous, evergreen,
twining climber native to the area from
India to Viemam. Its leaves are broadly
oblong-ovate, downy, glossy deep green
{when mature). Its trumpet-shaped, fra-
grant, white flowers (8-13 cm long) are
bome in terminal and axillary corymbs
from late spring to summer (Brickell,
1996). It has high heat requirements, and
thrives in subtropical areas, where mean
daily maximum temperatures may reach
41-42° C. It is quite a rare plant which
may be difficult to find. However, its
potential uses for landscape purposes
include growing it asan unusual speci-
men plant in the garden, as a climber
against a fence, or as a perfumed plant for
a summer garden (Rudjiman, 1987). The
propagation of B. grandiflora by stem
cuttings was investigated by Bhattachar-
jee and Balakrishna (1990), who re-
ported that IBA or NAA, each at 4000
ppm, failed to improve the rooting per-

centage of two-leaf cuttings planted in
sand.

Several environmental factors affect
the rooting of cuttings, including humid-
ity, temperature and light (Janick, 1986).
Thus, seasonal variations in these factors
may have a considerable influence on the
rooting ability of cuttings, by causing
changes in the endogenous plant growth
regulators or carbohydrate concentrations
(Day and Loveys, 1998). Several re-
searchers have investigated the influence
of the timing of planting on the rooting of
cuttings, and on plant growth [Darwesh
(2000) on Ficus retusa "Hawaii",
DengXiong et al (2000) on Quisqualis
indica, and Rowezak (2001) on Ficus
benjamina var. exotica]. In general, these
plants gave the best rooting and vegeta-
tive growth when the cuttings were
planted during the spring months (March
and April). However, some species gave
the best results when the cuttings were
planted in July and August (YongKweon
and KiSun, 1996 a, on Abeliophyllum
distichum), or in January (Rowezak,
2001, on Ficus retusa “Hawaii”).
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The adventitious roots which are de-
veloped on cuttings, directly from the
stem or from the callus tissue near a cut
surface, are important in plant propaga-
tion in the rooting of stem cuttings. In
young stems, the cells that form the root
primordium are derived from the interfas-
cicular parenchyma, while in older stems
from a vascular ray (Pandey, 1979).
Cells from which the roots are initiated
renew their cell division activity with
stimulation from auxins. Auxin levels are
closely associated with adventitious
rooting of stem cuttings [Janick (1986),
and Taiz and Zeiger (1998)]. However,
the effectiveness of different types and
levels of auxin differs from one species to
the other. In several ornamental plants,
the use of indole-3-butyric acid at con-
centrations ranging from 2000 to 4000
ppm proved to have a beneficial effect on
the rooting of stem cuttings [Bhattachar-
jee and Balakrishna (1990 and 1991) on
Hiptage madhablota, Ipomoea beravien-
sis, Clerodendrum splendens, Ipomoea
tuberosa, Tecoma jasminoides, Thunber-
gia grandiflora and Vernonia elaegnifo-
lia, El-Boraie (1998) on Gardenia jasmi-
noides, Schoellhorn (2001) on Dichori-
sandra thyrsiflora and Cestrum elegans,
Sharma et al (2002, a) on Gardenia
lucida, and Sharma et al (2002, b) on
Acalypha wilkesiana cv. Tahiti].

This study was conducted to investi-
gate the effect of seasonal variations
(planting dates) and IBA (indole-3-
butyric acid) treatments on the rooting of
defoliated Beaumontia grandiflora cut-
tings, as well as the growth and chemical
composition of the resulting plants.

MATERIAL AND METHODS

This study was conducted in a semi-
shaded uncontrolled glasshouse (well
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ventilated during summer to avoid any
excessive rise in air temperature) at the
Experimental Nursery of the Ornamental
Hortjculture Department, Faculty of Ag-
rculture, Cairo University, during the
period from 1999 to 2002. The study in-
cluded two separate experiments:;

Experiment I: Effect of planting dates
on the rooting of Beauwmontia grandi-
flora cuttings, and subsequent plant
growth.

This experiment was conducted dur-
ing the two successive seasons of
1999/2000 and 2000/2001, with the aim
of determining the best time for propa-
gating Beaumontia grandiflora Wallich.
using semihardwood cuttings. The cut-
tings (15 cm long, defoliated, with 3
nodes) were taken on 21 March, 21*
June, 21" September and 21* December
of the years 1999 and 2000. The bases of
the cuttings were dipped in hot water (40°
C) for 5 seconds to coagulate the latex
prior to planting in 25-cm diameter plas-
tic pots (4 cuttings/pot). The pots were
filled with a mixture of peat moss and
sand (3:1, v/v), and were placed on
benches under a frame of wires covered
with polyethylene sheets (110 cm high,
120 cm wide and 6.50 m long). The
physical properties of the sand . used in
preparation of the potting mixture, as well
as the chemical characteristics of the
mixture are shown in Table (1). The
minimum and maximum daily air tem-
peratures under the polyethylene were
recorded using Mini Max Recording
Thermometers, and the mean tempera-
tures for the duration of the experiments
(Figure 1) were calculated. The pots were
watered daily during the spring and
summer months (from March till Sep-
tember), and every 2 days during the
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Table 1. Physical properties of the sand used in preparation of the potting mixture of
Beaumontia grandiflora during the period from 1999 to 2002, as well as the
chemical characteristics of the peat moss + sand mixture

Physical properties of the sand
. . CEC Field
Coarse Finesand  .Silt CaCO, .
Texture Clay (% C
© T R I ARSI ORI s S
Sand 70.39 2420 3.81 1.60 0.56 1.9 6.5
Chemical characteristics of the peat moss + sand mixture
; Macro-nutrients content (%)
O‘ttg;nf; EC (dS/m) pH
matter (%) N P K
68.9 1.1 5.8 0.7 0.3 08
40
£ 30-
2
g
£
g
w20 -
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202 20/3 20/4 20/5 2006 20/7 20/8 209 20010 20/11 20/12 20/1
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Fig. 1. Average air temperature during the study
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autumn and winter months (from October
till February).

The contents of total soluble indoles
(using the method described by Larsen et
al 1962) and total soluble phenols (ac-
cording to Swain and Hillis, 1959) were
determined in fresh samples taken before
planting from the basal parts of cuttings.
Also, chemical analysis of dry samples of
basal parts of cuttings was conducted
before planting to determine their total

carbohydrates content (using the method

described by Dubois et al 1956). The
total nitrogen contents was also con-
ducted (according to Pregl, 1945) after
sample digestion (using the method de-
scribed by Piper, 1947), and the C/N
ratio was calculated. After 30 days from
planting (during root emergence), chemi-
cal analysis of the basal 2 cm of fresh and
dry cutting samples was conducted to

determine the same chemical characteris-

tics that had been determined before
planting.

Four months after each planting date,
the plants were dug out, and the data were
recorded on rooting, and on plant vegeta-
tive growth. The recorded data included
rooting percentage, average root length,
number of roots/plant, plant height, num-
ber of leaves/plant, as well as the fresh
and dry weights of leaves, stems and
roots/plant. Chemical analysis of the
dried leaves was also conducted to -de-
termine their total carbohydrates contents.

Experiment II: Effect of IBA concen-
trations on the rooting of Beawmontia
grandiflora cuttings, and subsequent
plant growth :

From the results obtained in the first
season of Experiment I, it was concluded
that propagation in March gave the best
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results in terms of rooting and most
vegetative growth parameters. Thus,
Experiment II was conducted during the
two successive seasons of 2001 and 2002,
with the aim of investigating the feasi-
bility of using IBA (indole-3-butyric
acid) for improving the rooting of Beau-
montia grandiflora semihardwood cut-
tings taken in March, and the subsequent
vegetative growth of the resulting plants.
The cuttings (15 cm long, defoliated, with .
3 nodes) were taken on 21* March, 2001
and 2002, and their bases were dipped in
hot water (40° C) for 5 seconds to co-
agulate the latex prior to dipping for 10
seconds in a solution of [BA (indole-3-
butyric acid) in 40% ethyl alcohol, at
concentrations of 1000, 2000, 3000 and
4000 ppm. In addition, control cuttings
were dipped in 40% ethyl alcohol for 10
seconds. Immediately after treatment, the
cuttings were planted (4 cuttings/pot) in
25-cm  diameter plastic pots. The pots
were filled with the same growing me-
dium and were placed under similar con-
ditions as described in Experiment I. The
pots were irrigated daily till the termina-
tion of the experiment four months after
planting the cuttings. At the termination
of the experiment, the recorded data in-
cluded the same parameters mentioned in
Experiment L.

The layout of both experiments was a
randomized complete blocks design with
3 replicates. Each replicate consisted of
20 cuttings/treatment, in addition to 4
spare cuttings/treatment used for deter-
mination of the chemical composition of
the base of the cuttings (and that were not
included in the statistical analysis).

The data on the vegetative growth
characteristics were subjected to analysis
of variance, and the means were com-
pared using the "Least Significant Dif-
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ference (L.S.D.)" testat the 5% level, as
described by Little and Hills (1978). The
rooting percentage data were arcsine
transformed, and the transformed data
were statistically analysed.

RESULTS AND DISCUSSION

Experiment I: Effect of planting dates
on the rooting of Beaumontia grandi-
flora cuttings, and subsequent plant
growth

1- Rooting percentage

The data presented in Table (2) show
that the rooting percentage of Beaumontia
grandiflora cuttings was significantly
affected by the planting date. In both sea-
sons, cuttings planted in March had the
highest rooting percentage (56.7% and
58.3% in the first and second seasons,
respectively), followed by those planted
in September, whereas the lowest rooting
percentage was obtained when the cut-
tings were planted in June. Similar results
have been reported by Karaguzel (1997)
on Bougainvillea glabra, Agnihotri and
Ansari (2000) on Bambusa vulgaris var.
striata and Dendrocalamus strictus, and
DengXiong er al (2000) on Quisqualis
indica.

The reduction in the rooting percent-
age that was observed in cuttings planted
in June can be easily explained, since the
plants tended to flower at this time,
causing the utilization of auxins for floral
bud development (Taiz and Zeiger,
1998), and the depletion of the carbohy-
drate reserves within the plant. This con-
clusion is similar to that reached by Jan-
ick (1986), who mentioned that vegeta-
tive shoots are likely to root better than
flowering shoots, and this may be related
in part to auxin levels and the amount of
stored food. A similar conclusion was

reached by Heller et al (1994), who
found that the rooting ability of Co-
leonema aspalathoides cuttings declined
during the plant's natural flowering sea-
son. The data presented in Table (4) con-
firm these results, since a decrease in the
total carbohydrates content was recorded
in cuttings taken in the summer batch (in
most cases), as compared with cuttings
taken in other planting dates and, as pre-
viously mentioned, this was associated
with the lowest rooting percentage. Also,
HeiChing and YuSen (1999) reported
that high temperature and high humidity
in summer decreased the rooting of Bou-
gainvillea glabra.

Moreover, the data recorded in the
first season showed that the rooting per-
centage of cuttings planted in March was
significantly higher than that of cuttings
planted at any other date, but in the sec-
ond season, no significant difference was
detected between the rooting percentage
of cuttings planted in March and that of
cuttings planted in September. Also, no
significant difference was detected in
both seasons between the rooting per-
centage of cuttings planted in June and
that of cuttings planted in December, nor
between the rooting percentage of cut-
tings planted in September and that of
cuttings planted in December. The rela-
tively low rooting percentage of cuttings
planted in December may be attributed to
the reduction in the temperature of the
rooting medium, since rooting of most
species requires a temperature of about
24°C, in order to stimulate cell division in
the rooting area (Janick, 1986).

2- Root growth

The growth of roots formed on
Beaumontia grandiflora cuttings (in
terms of root length, number of
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Table 2. Effect of planting dates on the rooting percentage, root length, number of
roots/plant, as well as the fresh and dry weights of roots/plant of Beaumontia
grandiflora during the 1999/2000 and 2000/2001 seasons.

Planting dates *Rooting  Root length Nu;r}ber wcl:irgehs?of o ;\?lght
percentage (cm) roots/plant roots/plant  roots/plant
_(®) (8)
First season (1999/2000)
21 March 56.7a 11.5 4.0 5.39 0.86
21 June 350c 12.8 - 42 5.74 0.98
21 September 450b 80 35 3.85 0.70
21 December 40.0bc 45 24 343 0.58
L.S.D. (0.05) — 1.6 0.4 0.39 0.14
Second season (2000/2001)
21 March 583a 9.9 3.7 6.27 1.05
21 June 40.0b 10.5 4.1 6.34 1.09
21 September 51.7ab 9.1 29 343 0.54
21 December 450b 85 1.3 3.29 0.46
L.S.D. (0.05) — 09 0.6 0.28 0.09

* Within the columns for rooting percentage, means sharing one or more letters are insignificantly different at
the 5% level, according to the “Least Significant Difference"” test.

roots/plant, as well as the fresh and dry
weights of roots/plant) was significantly
affected by the planting date (Table, 2).
In both seasons, the highest values for the
different root growth characteristics were
achieved by planting the cuttings in June,
followed by planting in March, with no
significant difference between the values
obtained with these two planting dates.
This stimulation of vigorous root growth
on cuttings planted in March or June may
be attributed to the relatively high tem-
perature of the root zone, and to the in-
crease in the photosynthetic rate as a re-
sult of the increase in air temperature
(Fig. 1) during the spring and summer

months (Devlin and Witham, 1986),
which leads to the production of more
carbohydrates needed for root growth.
The increase in root growth during the
spring months is in agreement with the
findings of El-Malt (1989) on Ficus
benjamina var. exotica, and DengXiong
et al (2000) on Quisqualis indica.

Delaying the propagation date to
September or December gave -signifi-
cantly lower values for most of the root
growth parameters, compared to values
obtained with propagation in March or
June. The lowest values were recorded in
both seasons when the cuttings were
planted in December.
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3- Plant vegetative growth

From the data presented in Table (3),
it can be noticed that the planting date of
Beaumontia grandiflora cuttings had a
significant effect on all the vegetative
growth parameters (plant height, number
of leaves/plant, as well as the fresh and
dry weights of stems and leaves/plant)
recorded four months after planting. In
both seasons, cuttings planted at the earli-
est date (March) gave significantly higher
values for most of the vegetative growth
characteristics, compared to cuttings
planted at any other date. Moreover, the
values recorded for the different studied
vegetative growth characteristics were
decreased steadily as the planting date
was delayed from March to June, Sep-
tember or December.

The relatively high growth rate of
plants resulting from cuttings planted in
March or June may be attributed to the
increase in temperature (as shown in Fig.
1), which stimulates vegetative growth.
The favourable effect of planting the cut-
tings in spring (March) on plant vegeta-
tive growth is similar to that obtained by
Darwesh (2000) on Ficus retusa "Ha-
waii", and Rowezak (2001) on F. ben-
Jjamina var. exotica.

The relative reduction in the vegeta-
tive growth rate of plants formed from
cuttings planted in June, compared to that
resulting from cuttings planted in March,
may be attributed to the excessively high
temperatures during the months of July
and August, which led to an inhibition of
photosynthesis. As pointed out by Devlin
and Witham (1986), photosynthesis in-
creases with the increase in temperature,
until an optimum temperature is reached,
above which photosynthesis is inhibited.
On the other hand, the reduction in the

vegetative growth rate of plants formed
from cuttings planted in September or
December may be attributed to the cold
weather (i.e. temperatures were lower
than the optimum) during the autumn and
winter months, which reduced the photo-
synthetic rate.

4- Chemical composition of basal part
of cuttings

a- Total carbohydrates content,
total N content and the C/N ra-
tio

The results recorded in the two sea-
sons (Table 4) show that cuttings taken in
March had higher contents of total car-
bohydrates at base of cuitings (whether
before planting, or after 30 days after
planting), compared to cuttings taken at
other months of the year, The increase in
the total carbohydrates content in cuttings
planted in March may be the reason for
the increase in rooting percentage of
these cuttings, as shown in Table (2).
This result is in agreement with that re-
ported by YongKweon and KiSun
(1996, a) on Abeliophyllum distichum,
who found that cuttings which rooted
well had relatively high contents of total
carbohydrates. On the other hand, the
relation between the contents of total car-
bohydrates in cuttings taken in June,
September or December differed from
one season to the other. The data in Table
(4) also show that no clear trend was de-
tected for the seasonal variations in the
total N content at the bases of cuttings.
Generally, the total carbohydrates and
total N contents in the basal parts of the
cuttings were decreased after planting,
compared with the values recorded before
planting. This is in agreement with the
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Table 3. Effect of planting dates on plant height, fresh and dry weights of stems/plant,
number of leaves/plant, as well as the fresh and dry weights of leaves/plant of
Beaumontia grandiflora during the 1999/2000 and 2000/2001 seasons

t Eresh ny F'resh L

g daes b VSULE VRSO gl VL el

@™ plant(g) /plant(®)  PE /plant(e) /plant(g)

First season (1999/2000)
21 March 20.1 9.61 2.84 5.7 35 0.58
21 June 18.5 8.00 1.87 45 34 0.46
21 September 182 7.10 1.47 4.1 28 0.41
21 December 16.4 6.95 1.43 3.6 1.9 0.23
L.S.D. (0.05) 04 0.31 0.06 04 0.3 0.03
Second season (2000/2001)

21 March 185 10.40 2.50 6.9 42 0.75
21 June 176 9.01 1.72 6.5 38 0.53
21 September 16.5 8.55 1.54 54 3.0 0.36
21 December  16.0 6.87 119 3.1 25 0.34
L.S.D. (0.05) 0.5 023 0.09 03 0.5 0.02

findings of Mohamed (1992) on Carya
illinoensis. However, the C/N ratio fol-
lowed a similar trend in both seasons
(before and after planting), giving the
highest values in cuttings taken in March,
followed by cuttings taken in September,
whereas cuttings taken in June gave the
lowest values. These results indicate that
the C/N ratio may be an important factor
influencing the rootability of cuttings,
since the values recorded for the C/N
ratio were positively related with the
rooting percentage of the cuttings taken at
different times of the year, as previously
mentioned in Table (2). This conclusion
is in agreement with the findings of

El-Boraie (1998) on Gardenia jasmino -
des, and Mahros (2000) on Bougainvil-
lea glabra var. sanderiana, B. glabra var.
variegata and B. spectabilis "Snow
White",

The C/N ratio was increased after
planting, as compared with the values
recorded before planting. This is in
agreement with the findings of Mohamed
(1992) on Carya illinoensis.

b- Total soluble indoles content
The total soluble indoles content at

the bases of Beaumontia grandiflora cut-
tings (before planting, and after 30 days
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from planting) was clearly affected by the
planting date (Table, 4). In both seasons,
planting the cuttings in March gave the
highest values. This result indicates that
the total soluble indoles content may be
one of the factors affecting the rootability
of cuttings since, as previously men-
tioned, cuttings taken in the March batch
gave the highest rooting percentage (Ta-
ble 2). These resuits confirm the findings
of YongKweon and KiSun (1996, a) on
white forsythia (4beliophyllum distichum
Nakai), who reported that cuttings which
rooted well had a relatively high content
of endogenous IAA.

On the other hand, delaying the
planting of cuttings from March to June,
September or December caused a gradual
reduction in the recorded values, which
reached their lowest level with the latest
planting date (December). These results
are somewhat in agreement with those
obtained on - rooting percentage, since
cuttings taken in September and Decem-
ber gave alower rooting percentage than
cuttings planted in March (the values of
rooting percentage were associated with
the values of total soluble indoles content
in the cuttings in these three batches). On
the other hand, although the total soluble
indoles content was relatively higherin
cuttings taken in June than in cuttings
taken in September and December, the
rooting percentage of cuttings planted in
September and December was higher
than those planted in June. This result
may be related to the lower total carbo-
hydryates content and C/N ratio in cut-
tings planted in June, compared to cut-
tings planted in September and Decem-
ber. '

© Within each batch, the total soluble
indoles contents recorded after planting in
the basal part of cuttings were relatively

lower, in most cases, than those recorded
before planting. This result is in agree-
ment with the findings of Mohamed
(1992) on pecan and Abo-El-Ez (1994)
on mango, avocado, annona and papaya.

¢- Total soluble phenols content

The effect of planting dates on the
total soluble phenols content at the base
of Beaumontia grandiflora cuttings (Ta-
ble 4) was opposite to their effect on the
total soluble indoles content. In both sea-
sons, delaying the planting of cuttings
from March to June, September or De-
cember caused a gradual increase in the
recorded values (whether before planting,
or after 30 days from planting), which
reached their highest level with planting
the cuttings at the latest date (December).
The above results indicate that the rooting
percentage was adversely affected by the
total soluble phenols content in the cut-
tings, since the increase in rooting per-
centage was associated with a decrease in
the total soluble phenols content. Only
one exception to this trend was observed
in the cuttings planted in June (which had
relatively a lower total soluble phenols
content than cuttings planted in Septem-
ber or December) which gave lower
rooting percentages than cuttings planted
in September or December. This may be
related to the higher total carbohydrates
content and C/N ratio in cuttings planted
in September and December than in cut-
tings planted in June. These results are in
agreement with the findings of Abo-
Hassan ef al (1994), who mentioned that
the poorest rooting of Ficus infectoria
cuttings was associated with the highest
levels of total phenols in the basal parts
of the cuttings.
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Table 4. Effect of planting dates on the total carbohydrates and nitrogen contents, the C/N ratio, and the total soluble
indoles and total soluble phenols contents at the base of cuttings (before planting, and after 30 days from
planting), as well as the total carbohydrates content in the leaves of Benaumontia grandiflora during the

1999/2000 and 2000/2001 seasons

Chemical composition of basal part of cuttings :
Before planting 30 days after planting g =
g ) = 3 g g o = =18, %
mgines § § g 8 T
Planingdates 5§ Bs_ o 25 dS-| 2.3 Bs; g fif i8f fi5
58 £ £ 8F E 2Py 2pY | 58 S £ 8% F F8z gdg (%@
e - - d - - b -a o
58‘3 '§§E % 'gaﬁ 'g‘EE 58% '§§E é g:gi g%'ﬁ) g <
: Qo ol = > = =
I IF i3 [& & € Bg "ag|d
First season (1999/2000)
21 March 30.5 2.57 11.9 035 0.52 26.9 1.98 13.6 0.37 0.40 11.6
21 June 219 2.75 8.0 0.34 0.62 15.1 1.87 81 029 0.60 11.0
21 September 23.6 2.10 112 0.28 0.69 21.6 1.80 120 0.27 0.62 9.6
21 December 22.7 “2.20 10.3 0.21 0.77 17.9 1.70 10.5 0.12 0.69 8.0
’ Second season (2000/2001)
21 March 26.4 “1.99 13.3  0.50 0.60 24..1 144 167 035 0.49 10.8
21 June 188 ° 232 8.1 0.38 0.71 15.9 1.68 95 034 0.66 9.6
21 September 18.5 -1.72 108 0.36 0.78 16.9 1.30 13.0 030 0.75 7.9
21 December - 204 . 202 10.1 0.30 0.99 19.1 148 129 0.28 0.90 7.5

p.40}fipup.48 pyuOwNDag 3O 3UNOOY
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In general, the total soluble phenols
content in the basal parts of the cuttings
was decreased after 30 days from plant-
ing, as compared with the values recorded
before planting. This result isin agree-
ment with the results recorded by
Mohamed (1992) on pecan and Abo-El-
Ez (1994) on mango, avocado, annona
and papaya.

From the results on the chemical
composition of the basal parts of cuttings,
it is worth mentioning that the increase in
rooting percentage was not only associ-
ated with the increase in the total soluble
indoles content and the decrease in the
total soluble phenols content, but was
mainly associated with the increase in the
total carbohydrates content and the C/N
ratio of the cuttings. These factors indi-
rectly affect root growth and vegetative

growth, since the increase in rooting per- .

centage was associated (in most cases)
with an increase in the root growth and
vegetative growth of the resulting plants.
The only exception to this trend was re-
corded in cuttings planted in June, which
gave the lowest rooting percentage (be-
cause of their low total carbohydrates
content and C/N ratio), but gave the high-
est root growth, as well as relatively high
vegetative growth. The increase in tem-
perature during the summer months may
explain the increase in root growth and
vegetative growth, as previously dis-
cussed (Tables 2 and 3). Thus, it can be
concluded that the rooting percentage,
root growth and vegetative growth were
directly and indirectly affected by the
chemical composition of the cuttings
(which varied in mother plants according
to different seasons and growth stage),
environmental factors and the interaction
between them.

5- Leaf chemical composition
Total carbohydrates content

Planting Beaumontia grandiflora cut-
tings on different dates had a consider-
able effect on the total carbohydrates
content in the leaves of resulting plants
(Table, 4). In both seasons, the highest
values were recorded when the cuttings
were planted at the earliest date (in
March). A high carbohydrates content
was also detected by Darwesh (2000) in
leaves of plants formed from cuttings of
Ficus retusa "Hawaii" planted in March,
The recorded values were decreased
steadily as the planting date was delayed
from March to June, September or De-
cember. The relatively high total carbo-
hydrates content of leaves formed on cut-
tings planted in March may be caused by
the promoting effect of warm temperature
in spring on photosynthesis. Devlin and
Witham (1986) mentioned that photo-
synthesis reaches its highest level at a
critical optimum temperature, and it
seems that in this study the optimum
temperature was reached in spring when
maximum photosynthetic activity oc-
cured, resulting in the highest carbohy-
drates content. The same scientists also
stated that under natural conditions, prac-
tically all water absorption takes place
through the root system. Thus, the rela-
tively vigorous root growth on cuttings
planted on this date (21* March) causes a
high efficiency of water uptake needed
for photosynthesis.

Conclusion: From the above results,
it can be concluded that planting Beau-
montia grandiflora cuttings on 21* March
gave the best results in terms of rooting
percentage, vegetative growth of resulting
plants, as well as relatively high root
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growth. However, it was observed that
although cuttings taken in March gave
better results than those taken at other
times of the year, the rooting percentage
of these cuttings (taken in March) was
considerably low.

Experiment II: Effect of IBA concen-
trations on the rooting of Beaumontia
grandiflora cuttings, and subsequent
plant growth

This experiment was aimed at im-
proving the rooting of cuttings taken in
March and the subsequent vegetative
growth of the resulting plants by treating
the cuttings with different IBA concen-
trations prior to planting.

1- Rooting percentage

The results recorded in the two sea-
sons (Table, 5) show that treating Beau-
montia grandiflora cuttings with IBA had
a considerable effect on the rooting per-
centage. In both seasons, untreated cut-
tings had the lowest rooting percentage,
while cuttings treated with [BA showed a
steady increase in their rooting percent-
age as the IBA concentration was raised
to 1000, 2000 or 3000 ppm. However, a
further increase in the IBA concentration
to 4000 ppm caused a slight (insignifi-
cant) reduction in the rooting percentage
(compared to that obtained with IBA at
3000 ppm). Cuttings treated with IBA at
2000 ppm showed a significant increase
in the rooting percentage, as compared to
the untreated cuttings in both seasons. In
the second season, IBA at 3000 ppm sig-
nificantly increased the rooting percent-
age of cuttings as compared to 2000 ppm.
Bilgrami e al (1980) attributed the
stimulation of root formation and the in-
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crease in the rooting percentage of cut-
tings treated with IBA to the activation of
rhizocaline (a growth cofactor present in
the plant tissues), as well as the activation
of division of cells from which the roots
are initiated. Thus, auxin levels have a
considerable effect on  adventitious
rooting of stem cuttings [Janick (1986),
and Taiz and Zeiger (1998)]. The gener-
ally favourable effect of IBA on the
rooting of Beaumontia grandiflora cut-
tings is in agreement with the findings of
Bhattacharjee and Balakrishna (1990
and 1991) on different woody ornamental
climbers (including Hiptage madhablota,
Ipomoea  beraviensis, Clerodendrum
splendens, Ipomoea tuberosa, Tecoma
Jasminoides, Thunbergia grandiflora and
Vernonia elaegnifolia), as well as Pan-
war et al (1999), Singh (2001) and Singh
(2002) on Bougainvillea peruviana cv.
Thimma. In general, the results recorded
by these scientists indicated that IBA had
a favourable effect on rooting of cuttings
when applied at concentrations of 2000-
4000 ppm.

2- Root growth

Treatment of Beaumontia grandifiora
cuttings with IBA had a significant effect
on the root growth parameters, viz. root
length, number of roots/plant, as well as
the fresh and dry weights of roots/plant
(Table, 5). In both seasons, cuttings
treated with IBA gave significantly
higher values for the different root
growth characteristics (in most cases),
compared to untreated cuttings. The
values recorded for all the studied root
growth parameters showed a steady
increase as the IBA concentration was
raised to 1000, 2000 or 3000 ppm. For
all the studied root growth parameters,
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Table 5. Effect of IBA concentrations on the rooting percentage, root length, number of
roots/plant, as well as the fresh and dry weights of roots/plant of Beaumontia
grandiflora during the 2001 and 2002 seasons

’ Fresh Dry
IBA - *Rooting  Rootlength  Number of weight of weight of
concentrations  percentage (cm) roots/plant  roots/plant  roots/plant
g _ (& (EH
First season (2001)

Control 533¢ 12.6 3.9 581 0.81
1000 ppm 56.7bc 15.1 5.6 6.30 0.95
2000 ppm 66.7 ab 223 8.6 8.47 1.40
3000 ppm 75.0a 253 8.9 9.98 2.14
4000 ppm 71.7a 19.4 9.5 9.07 1.75
L.S.D. (0.05) - 1.8 03 0.42 0.21

Second season (2002)

Control - 50.0d 85 - 48 6.41 0.74
1000 ppm 60.0¢c 13.1 6.0 1.35 1.09
2000 ppm 66.7 bc 17.5 9.8 8.58 1.19
3000 ppm 76.7a 217 11.2 9.49 1.44
4000 ppm 71.7ab 18.2 12.5 8.16 1.26
L.S.D. (0.05) - 2.1 0.5 0.56 0.14

* Within the columns for rooting pércentage, means sharing one or more letters are insignificantly
different at the 5% level, according to the "Least Significant Difference” test.

cuttings treated with IBA at 3000 ppm’

gave significantly higher values than
control cuttings, or cuttings treated with
lower IBA concentrations. Similar in-
creases in root growth on cuttings treated
with IBA at 2000-5000 ppm have been
reported by Hosni et al (2000) on Bou-
gainvillea x buttiana 'Mrs Butt', Singh
(2001) and Singh (2002) on Bougainvil-
lea peruviana cv. Thimma.

IBA at the highest level (4000 ppm)
caused a significant increase in the num-
ber of roots, whereas root length, as well

as the fresh and dry weights of roots were
significantly decreased, compared to val-
ues obtained with IBA at 3000 ppm. The
increase in number of roots as a result of
raising the IBA concentration is in
agreement with the findings of Devlin
and Witham (1986), who reported that
application of IAA in lanolin paste to the
severed end of a young stem stimulates
the rate of formation and number of roots
initiated. On the other hand, the reduction
in the root length as well as root fresh and
dry weights which occurred at the highest
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IBA concentration (4000 ppm) confirms
the conclusion reached by Taiz and Zei-
ger (1998) who mentioned that the opti-
mum auxin concentration for root elon-
gation and growth is lower than that
needed for root initiation.

3- Plant vegetative growth

Treatment of the cuitings with IBA
had a marked effect on plant vegetative
growth (Table, 6). In both seasons, cut-
tings treated with IBA gave significantly
higher values for most of the studied
growth characteristics (plant height,
number of leaves/plant, as well as the
fresh and dry weights of stems and
leaves/plant), compared to control cut-
tings. In general, raising the IBA concen-
tration up to 3000 ppm caused steady
significant increases in the values of all
the different growth parameters. In most
cases, values recorded with IBA at 4000
ppm were insignificantly higher than
those recorded with IBA at 3000 ppm.
The increase in vegetative growth asa
result of IBA treatments is in agreement
with the findings of Panwar et al (1999)
on Bougainvillea peruviana, Schoelthorn
(2001) on Dichorisandra thyrsiflora and
Cestrum elegans, Singh (2001) on Bou-
gainvillea peruviana, Sharma e al
(2002, a) on Gardenia lucida,. and,
Sharma et al (2002, b) on Acalypha
wilkesiana cv. Tahiti, who reported that
IBA at concentrations of 1000-5000 ppm
improved plant vegetative growth. The
favourable effect of IBA treatments on
plant vegetative growth may be attributed
to the enhancement of rooting percentage
and root system growth on treated cut-
tings (especially in terms of number of
roots), which leads to an increase in the
uptake of water and nutrients from the
growing medium (Devlin and Witham,
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1986), resulting in an increase in vegeta-
tive growth. Also, some growth charac-
teristics are promoted when certain
growth factors (called calines) present in
the plant tissues are activated by auxins.
For example, stem elongation is pro-
moted by the combination of auxin and
caulocaline (Bilgrami et al 1980).

4- Chemical compvosition at base of
cuttings

a- Total carbohydrates content,
total N content and the
ratio :

The data recorded in the two seasons
(Table, 7) show that after 30 days from
planting, the content of total carbohy-
drates at the base of Beaumontia grandi-
Jflora cuttings treated with IBA was
higher than the values determined at the
same time in control cuttings. These re-
sults are in harmony with those reported
by Singh (1985) on Pyrostegia venusta,
Mitra and Bose (1991) on litchi cuttings,
and El-Boraie (1998) on Jasminum
sambac and Gardenia jasminoides. In
contrast, untreated cuttings had higher
total N contents at the base of cuttings
after planting than cuttings receiving the
different IBA treatments. As a resultof
the above.observations, the C/N ratio at

. the base .of cuttings after planting was

lower in untreated cuttings than in cut-
tings dipped in the different IBA concen-
trations.

The relatively high total carbohy-
drates content in the basal parts of cut-
tings after planting found in cuttings re-
ceiving IBA treatments (which showed
improved rootability), combined with a
low total nitrogen content, are in agree-
ment with those obtained by YongKweon
and KiSun (1996, b) on white forsythia
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Table 6. Effect of IBA concentrations

on plant height, fresh and dry weights of |

stems/plant, number of leaves/plant, as well as the fresh and dry weights of
leaves/plant of Beaumontia grandiflora during the 2001 and 2002 seasons

BA Plant wfir;h?of - Dry weight  Number wgthsrof wegrhyt of
concentrations height of stems of leaves leaves leaves
™ plant(g)  PE@® PRI o) plant )
' First season (2001)
Control 18.5 10.02 2.83 6.5 3.5 0.57
1000 ppm 20.7 12.74 3.03 6.8 45 0.68
2000 ppm 21.7 14.83 4.12 76 5.5 0.79
3000 ppm 229 17.90 4.64 8.1 6.0 0.85
4000 ppm 24.8 18.40 4.69 8.4 6.2 0.99
L.S.D.(0.05) 0.9 062 0.16 0.4 0.3 0.04
Second season (2002)
Control 16.4 10.55 2.87 46 4.1 0.65
1000 ppm 20.4 11.02 3.19 - 53 43 0.73
2000 ppm 242 12.34 3.29 6.5 4.9 0.79
3000 ppm 26.2 13.40 4.00 7.1 5.5 1.00
4000 ppm 270 16.00 417 7.1 5.9 1.04
L.S.D. (0.05) 0.6 0.41 0.25 0.5 0.5 006

cuttings which rooted well. Also, the
relatively high C/N ratio in cuttings
treated with IBA may explain the high
rooting percentage and root growth of
these cuttings, compared to untreated
cuttings, as proposed by Rama and
Chadha (1989) on Prunus species and
El-Boraie (1998) on Gardenia jasminoi-
des.

Generally, no appreciable trend was
noted for the total carbohydrates content,
total N content, and the C/N ratio in the
basal part of cuttings 30 days after plant-
ing, in response to raising the IBA con-
centrations from 1000 to 4000 ppm.
Moreover, it could be stated that the

C/N matio in the basal part of stem
cuttings 30 days after planting showed
no apparent logical relationship to rooting
percentage and root growth. A similar
results was reported by El-Boraie (1998)
on Jasminum sambac.

The total carbohydrates and total N
contents in the basal parts of the cuttings
30 days after planting were lower than in
cuttings before planting, regardless of
IBA concentration. In contrast, the /N
ratio in the cuttings before planting was
lower than in the basal parts of cuttings
30 days after planting, regardless of IBA
concentration.
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Table 7. Effect of IBA concentrations on the total carbohydrates and total nitrogen con-
tents, C/N ratio, total soluble indoles and total soluble phenols contents at the
base of cuttings (after 30 days from planting), as well as the total carbohy-
drates content in the leaves of Beaumontia grandiflora during the 2001 and

2002 seasons
Chemical composition of basal part of cuttings
$ & _ 5 ) §§£
IBA concentration K g §° % 2 2 g 3 g T E'—é :
f3f f50 § i3y 2:lg)5is
§55 355 g gi3f 3E8Fd| 758
3¢ & ¢ - E8FE &fshe°°
{g s < [=3)
First season (2001)
*Before planting 289 233 12.4 0.54 0.85
After planting:
Control 25.0 198 12.6 034 082 100
1000 ppm 26.9 1.96 13.7 0.48 0.76 107
2000 ppm 253 1.87 13.8 0.52 0.78 124
3000 ppm 26.8 1.84 14.6 0.58 0.67 13.5
4000 ppm 26.5 1.91 139 0.60 0.68 13.8
Second season (2002)
*Before planting 25.2 225 112 0.52 0.75
After planting: ~
Control 232 2.03 114 0.30 0.63 9.1
1000 ppm 2.9 1.88 127 038 0.50 103
2000 ppm 247 1.55 159 0.42 0.54 109
3000 ppm 24.8 1.81 13.7 0.44 0.54 114
4000 ppm 47 L7 ' 141 0.48 0.57 13.5

* The values recorded prior to planting were determined before treatment with IBA.
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b- Total soluble indoles content

The data in Table (7) show that treat-
ment of Beaumontia grandiflora cuttings
with [BA increased the total soluble in-
doles content in the basal parts of cuttings
30 days after planting, compared to that
recorded at the same time in untreated
cuttings. In both seasons, control cuttings
gave the lowest values after planting,
whereas raising the IBA concentration
from O (control) to 1000, 2000, 3000 or
4000 ppm caused a gradual increase in
the content of total soluble indoles.
Similar results were reported by Zagzog
(1995), who found that treatment of Le-
Cont pear and Romi grape cuttings with
IBA at concentrations of 1000, 3000 or
5000 ppm increased their total soluble
indoles content after one month from
planting, compared to untreated cuttings
after the same period.

From the data in Tables (5) and (7) it
can be secen that in general, cuttings
which had a high total soluble indoles
content also had a high rooting percent-
age and a high number of roots. This
observation is in agreement with the con-
clusion reached by YongKweon and
KiSun (1996, b) who stated that forsythia
(Abeliophyltum distichum) cuttings which
rooted well had relatively high contents
of endogenous IAA. Also, Hosni et al
(2000) reported that dipping Bougainvil-
lea x buttiana "Mrs Butt' cuttings in [BA
at 5000 ppm increased their total soluble
indoles content and boosted the number
of roots formed, possibly as a result of the
increase in the total indoles content.

Generally, the total soluble indoles
content was higher in the cuttings before
planting than in basal parts of the cuttings
30 days after planting, regardless of IBA
concentration.

Hussein

¢- Total soluble phenols content

The data presented in Table (7) show
that the total soluble phenols content in
the basal part of cuttings after 30 days
from planting was lower than before
planting, The total soluble phenols con-
tent at the base of Beaumontia grandi-
flora cuttings was considerably affected
by the IBA treatments. In both seasons,
cuttings treated with IBA gave lower
values 30 days after planting than control
cuttings. The decrease in total soluble
phenols content as a result of IBA treat-
ments is similar to that detected by Zag-
zog (1995) on Le-Cont pear and Romi
grape cuttings.

§- Leaf chemical composition
Total carbohydrates content

Dipping Beaumontia grandiflora
cuttings in an IBA solution prior to
planting had a marked effect on the total
carbohydrates content in the leaves of
resulting plants (Table 7). In both sea-
sons, control cuttings gave the lowest
values. Moreover, raising the IBA con-
centration in the dipping solution caused
a steady increase in the total carbohy-
drates content, which reached its highest
level when the highest IBA concentration
(4000 ppm) was used. The enhancement
of the synthesis and accumulation of
carbohydrates in the leaves of resulting
plants following treatment of the cuttings
with IBA confirms the results recorded
by Darwesh (2000) on Ficus retusa
"Hawaii", who reported that the total car-
bohydrates content in the leaves was in-
creased steadily by raising the IBA con-
centration up to 2000 ppm. This increase
in the total carbohydrates content of
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plants formed from cuttings treated with
IBA may be an indirect effect resulting
from the stimulation of vegetative growth
by IBA, which causes an increase in the
photosynthetic rate and, consequently, in
the synthesis and accurnulation of carbo-
hydrates in the tissues.

Conclusion: From the results of the sec-
ond experiment, it could be concluded
that rooting of Beaumontia grandiflora
semihardwood cuttings taken in March
and the subsequent vegetative growth of
the resulting plants were improved by
IBA treatments, especially at 3000 ppm.

Recommendations

- From the results of the first experiment,
it can be recommended that for the best
rooting and most vigorous vegetative
growth of Beaumontia grandiflora,
cuttings should be planted at the begin-
ning of spring (on 21* March).

- From the results of the second experi-
ment, it can be recommended that
Beaumontia grandiflora cuttings should
be dipped in an IBA solution at 3000
ppm prior to planting in March.
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Rooting of Beawmontia grandiflora
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