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Keywords: to investigate the effect of indole butyric acid and seasonal changes on stem
Rooting, Indole  cuttings and rooting growth of Croton plants (Codiaeum variegatum L.). The
butyric acid, cuttings were treated with four different concentrations of IBA at the rate of
Seasonal 1000, 2000, 3000 and 4000 ppm besides the control. Both 2000 and 3000
changes, ppm IBA significantly improved rooting percentage%, survival % of cuttings
Codiaeum and produced a significant increase in all vegetative root growth parameters
variegatum. (number of roots, fresh and dry weight of roots and root length). In addition,

treated cuttings with 2000ppm also decreased the number of days to root.
After 45 days, the rooting percentage gradually increased in comparison to
the increase in IBA concentration to over 2000ppm, with results exceeding
88 percent in February. Furthermore, low-efficiency doses of growth
regulators have led to fewer roots per cutting, potentially jeopardising the
cuttings' survival under greenhouse conditions. In contrast, the greater
temperature beneath the greenhouse and endogenous -auxin in the cuttings
may be responsible for the rise in rooting percentage and improvement in root
system metrics seen in the winter and spring after the autumn.

INTRODUCTION

Croton (Codiaeum variegatum L.) belongs to the family Euphorbiaceae grows
naturally in southern Asia, Indonesia, and other eastern pacific islands in open forests. The
family Euphorbiaceae comprises nearly 322 genera and 8910 species (Bingtao et al.,2008).
Croton is in demand as a landscape plant because it is an evergreen shrub with alternate,
simple leaves mottled with white and has yellow or red flowers. At maturity, plant color may
be changed (Ogunwenmo et al., 2007). Crotons are, also well known for their medicinal
value, where leaves extracts have many medicinal properties including purgative, sedative
antifungal and anti-cancerous activities (Deshmukh and Borle,1975). The plant is considered
a good natural source for the production of secondary metabolites of alkaloids, terpenes and
flavonoids (Puebla et al., 2003; Simona et al., 2008). According to high decoration values
in outdoor and indoor house plants, and the ability of shrubs to thrive well in many regions
of the world (Deepa and Shanthi,2013), concrete attention has been paid towards increasing
the percentage of cuttings propagation, however, it is one of the difficult-to-root woody
plants. Plant propagation from cuttings is the most effective way to clone plants that are
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identical to the stock plant than other successful methods (cuttings, grafting, by seeds and
air layering (Kroin, 2016).

Generally, croton can be propagated by shoot tip cuttings, but this process is slow in
response and requires large numbers of mother/stock plants. One mother/stock plant, for
example, may only produce 20 plants each year from shoot tip cuttings (Nasib et al., 2008).
Some authors have investigated that the substrate can improve root induction (Tillmnaa et
al., 1994; Dai-Bisheng, 2007). Ornamental cuttings are rooted well when treated with IBA (
Ibironke, 2017). Auxins are important agents for rooting difficult-to-root cuttings of woody
plants. IBA was reported to have higher activity, a broader range of effectiveness in many
species, it is usually used in woody plant propagation, (Hartmann and Kester, 1983). Ercisli
et al. (2001) investigated that IBA is suitable for rooting when studying the effects of IBA
on the adventitious root formation of woody cuttings plants.

Rooting in cuttings as influenced by plant species and cultivar, cutting wood
conditions, cutting kinds (hardwood, semi-hardwood, softwood, and herbal cuttings),
season, and a variety of other variables (Hartmann et al., 2002; Daneh-loueipour as al.,
2006). While (Rosier et al., 2006) reported that the interaction of many factors in stem cells,
such as auxin level, number of leaves and buds on the cuttings, amount of carbohydrate
reservoir in the cuttings, stage of plant growth, stem location, and type of cutting tissue, will
determine rooting capacity for stem cuttings.

The goal of this study was to look into the effects of rooting ingredients (IBA) on
root ability and seasonal fluctuations in order to develop an efficient and reliable
methodology for vegetatively propagating Croton plants by rooting softwood cuttings. The
effects of varying concentrations of IBA sprayed on cutting during four distinct propagation
seasons were studied.

MATERIALS AND METHODS

The studied experiments were conducted during the two years of 2019 and 2020 at
Antoniades Research Branch, Horticulture Research Institute, A. R. C. Alexandria.

Softwood cuttings were selected from the middle of developed shoots in Croton
plant. They had 3 nodes and all sizes of cuttings were 10-12 cm with two expanded leaves
at studied seasons, i.e.; winter (February), spring (March), summer (June), and fall
(November). After sterilization with Captan fungicides and the basal ends of croton, cuttings
were dipped in hormonal treatments (IBA) in talc powder at 0.0,1000,2000,3000
and4000ppm, the cuttings planted in bags containing a mixture of sandy-clay soils(2:1)
volume: volume that is used for rooting of softwood and semi-hardwood cuttings in the
greenhouses, the bags potted under a tunnel in a greenhouse at an Environment temperature
of cuttings was 21-27 °C and tunnel temperature was usually 22-29 °C with greenhouse
humidity was maintained in the range of 80-95%, and the soil temperature was about 22-
25°C. Soil pH was about 6.5. The layout of the experiment was a randomized complete block
design in a factorial arrangement between the two studied factors. The first one consisted of
four seasons (winter, spring, summer and fall), however, the second factor consisted of five
IBA concentrations (0,1000,2000,3000 and 4000ppm). Each treatment was carried out in 4
replicates, each replication consisted of five cuttings per treatment and totally, 100
experimental units were for each bed tunnel. At the end of the experiment, after (45 days),
all cuttings were excluded from the beds tunnel and the rooting response was evaluated,
traits such as days of rooting (rooting start), percentage of rooting, survival percentage,
number of roots, root length, number of new leaves, were determined when more than 50%
of the cuttings showed roots at the tunnel. Fresh and dry weights also, were calculated. The
data were carried out and from Least Significant Difference was used in the comparison of
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mean data at a 5% probability level. Data presented in Table (1) showed maximum,
minimum and average air temperatures(c), percentage of relative humidity for each month
during 2019 and 2020 years. Data were collected from a Meteorology Environmental Station
located in the same experimental and research station at past weather in Alexandria, Egypt.
https://www.timeanddate. come/weather/egypt/alexandria/historic/month.

Table 1: Air temperature and relative humidity in 2019 and2020 at twelve months in
Alexandria for seasons.

Air Relative Air Relative

temperature humidity Months temperature humidity
Months ©C) % ©C) %

2019 Max. | Min. | Avg. 2020 Max. |Min. | Avg.

January 22 4 13 69 January 19 8 14 71
February 27 6 14 69 February 24 8 15 69
March 24 8 16 70 March 29 9 17 68
April 34 9 18 65 April 31 12 19 67
May 44 13 23 61 May 41 14 23 61
June 33 20 27 68 June 41 15 25 65
July 38 22 28 66 July 32 23 27 71
August 34 21 28 69 August 33 21 28 70
September | 32 19 27 67 September 35 22 28 69
October 34 17 25 69 October 34 16 25 67
November | 31 12 21 67 November 27 12 20 71
December 24 9 17 68 December 25 10 17 70

RESULTS AND DISCUSSION

1. Number of Days to Rooting:

The above-mentioned results in a table (2), generally, indicated that growth
regulators as IBA application significantly decreased the time needed for rooting of Croton
cuttings in the four seasons. The IBA at 2000 ppm decreased the time rooting to 14.35 and
14.84 in 2019 and2020, respectively. While the mean control treatment, the time to rooting
ranged to 17.50 and 17.35 days in 2019 dnd2020, respectively. The maximum decrease was
obtained at 2000 ppm IBA (12.80 days) in the spring season in2020. However, at 3000ppm
IBA gave the most significant decrease in the number of days to rooting (13.68 days) in
spring2019 compared to the control during the four seasons. These results are probably due
to the application of IBA at suitable concentrations, that increased IBA oxidase activity and
promoted earlier roots formation (Carpenter and Cornell,1992). Cutting was taken in March
and Nov. was rooted more quickly than those taken in Feb. Spring cuttings rooted very well
in the shortest time. These results might be to the existing environmental conditions at the
propagation times, and/ or the endogenous auxin levels needed for promoting root formation
(Hartman and Kester, 1983). According to Hartmann et al. (2002), IBA is the best root
promoter due to its fast auxin activity and an enzymatic system of fairly slow destruction.
Auxin treatment may have increased rooting in treated cuttings by supplementing the
endogenous auxin concentration at the base of the cuttings, which expedited root initiation
and development of root primordia (Gaspar and Hofinger, 1988). Plant growth regulators
can speed up the vegetative propagation of ornamental plants and increase the number of
rooted cuttings, according to Peter (2015).


https://www.time/

138 Hoda I. M. EI-Gedawy

Table 2: Effect of various concentrations of IBA at the four propagation times on the days
to rooting of croton (Codiaeum variegatum) L. cuttings during 2019 and 2020

seasons.
2019 2020

IBA | Winter | Spring | Summer Fall Mean | Winter | Spring | Summer Fall Mean

PPm (Feb.) | (Mrc.) (June) (Nov.) (Feb.) | (Mrc.) (June) (Nov.)
0.00 21.50 14.64 18.39 15.49 17.50 2043 15.62 18.16 15.20 17.35
1000 18.75 14.10 1546 14.74 15.76 17.70 14.05 16.04 14.70 15.62
2000 15.64 14.00 14.57 13.19 14.35 16.16 12.80 15.87 14.54 14.84
3000 16.37 13.68 16.37 13.61 15.01 16.53 13.42 15.80 14.61 15.09
4000 17.10 13.97 15.85 13.77 15.17 17.58 15.02 15.87 14.52 15.75
Mean 17.87 14.08 16.13 14.16 17.68 14.18 16.35 14.71
L.S.D. at0.05 for IBA conc. 0.74 0.66
L.S.D.at 0.05 for prop. times 0.66 0.59
L.S.D. at 0.05 for interaction 1.48 1.33

Rooting Percentage:

In contrast, when shoots were cultured, they showed good signs and best roots, all IBA
concentrations increased the rooting percentage of the treated cutting (Table 2) and Fig1, all
IBA concentrations increased significantly the rooting percentage compared to untreated
cuttings
The rooting percentages of the control ranged to 33.50%in2019and 34.81%in 2020. 2000
ppm IBA gave the best rooting percentage (73.75% and72.56% in 2019 and2020,
respectively). On the other side, Winter was the best season (79.40%&80.60 in two
successive seasons) in results compared to the other seasons, followed by Spring season
which non -significant with Fall. Interaction between winter and 2000ppm IBA gave the
highest rooting percentage (88.0&96.75 in two years, respectively).

These results are probably due to the role of IBA in increasing cambial activity and
stimulating root primordial formation (Eriksen and Mohammed 1974, and Hassig 1972).
Many physiological studies have shown that auxin plays a central role in the developmental
process of root initiation (Jarvis, 1986). Auxin has an effect on speed and increases the
percentage of rooting of the stem cuttings (Kasim and Rayya, 2009). These findings could
be achieved due to the mode of action of auxin for enhancing and controlling various
distinctive processes such as cell growth and elongation (George and Sherrington, 1984 and
Wilkins,1989).

Temperature, rainfall, and photoperiod can all alter the quantity of free auxin on
mother plants, resulting in suboptimal rooting levels (Fragoso et al., 2017). (Osterc &
Stampar, 2011). On Ficus retusa, Haikal (1992) and Eltorky and EL-Shennawy (1992)
observed similar results. Cunha et al. (2012) found that cuttings of C. Zehntneri treated with
a greater concentration of IBA had a higher rooting percentage. Furthermore, Naier et al.
(2008) investigated the effect of auxin concentration on Stewartia pseudocamellia rooting
and discovered that rooting hormone-treated cuttings had higher rooted percentages (71.9
percent to 93.6 percent) than control cuttings (53 percent). Admas et al. (2020) investigated
how rooting response success was impacted by the injection of IBA rooting hormone, soil
type, and the season in November. Cuttings of P. serrulata mother plants treated with
2700mg I-1 IBA resulted in 88.8% rooting, however low-efficiency concentrations of growth
regulators led to fewer roots per cutting, according to the researchers.
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Table 3. Effect of various concentrations of IBA at the four propagation times on the rooting
percentage of croton (Codiaeum variegatum L.) cuttings during 2019 and 2020.

2019 2020
IBA | Winter | Spring | Summer | Fall Mean Winter | Spring | Summer | Fall Mean
PPm (Feb.) | (Mrc.)) | (June) | (Nov.) (Feb.) | (Mrc.) | (June) | (Nov.) )

0.00 63.25 19.25 13.00 38.50 | 33.50 | 5825 | 26.25 14.75 40.00 34.81
1000 86.25 | 67.50 18.75 5250 | 56.25 | 87.00 | 60.05 23.75 55.00 56.50
2000 88.00 | 78.75 47.50 73.75 | 72.00 | 96.75 79.50 40.75 73.25 72.56
3000 82.00 | 76.25 25.50 75.00 | 64.68 | B83.75 76.50 27.50 73.25 62.25
4000 77.50 | 71.25 18.00 58.75 | 56.37 | 77.25 71.00 20.00 59.25 56.87

Mean | 79.40 62.60 24.55 59.70 80.60 62.70 25.35 60.15
L.S.D. at 0.05 for IBA conc. 8.86 6.02
L.S.D.at 0.05 for seasons 7.92 5.38
L.S.D. at 0.05 for interaction 17.70 12.03

Survival Percentage:

Data presented in Table (4) and Fig 2 showed that survival percentage was highly
significant for all seasons, concentrations and their interactions. The highest results of
survival (90.75% and 88.95% in two seasons, respectively), resulted from propagation
cuttings of Codiaeum variegatum during Feb., and the highest values (65.43% and 69.25%
in two seasons, respectively) resulted with 2000ppm IBA. Also, the highest values of
survival percentage (100% &99.25%, in two years, respectively) resulted from the
interaction between winter (Feb.) and 2000ppm IBA. The survival percentage of the control
treatment was lower than those of the IBA concentrations and studied seasons. The lowest
values of survival percentage were in summer in both years. As for the significant
differences between propagation times, it may be realized that it is correlated with good
characters of the root system due to IBA treatments. IBA is the most effective in promoting
root initiation and adventitious root production in stem cuttings (Waisel et al.,1991). Auxin
as IBA is widely used on stem cuttings for accelerating the formation of adventitious roots
(Galavi et al., 2013). Earlier rooting and better root characteristics will obviously lead to
the formation of healthy plants and higher survival percentage accordingly, similar results
were reported by Haikal (1992) on F. retusa. , EL-Torkey and EL-Shennawy (1992)on
Ephorbia cuttings and Shiri et al.,(2019) on Duranta erecta tip cuttings

Table 4: Effect of various concentrations of IBA at the four propagation times on the
survival percentage of croton (Codiaeum variegatum L.) cuttings during 2019 and

2020.
2019 2020
IBA Winter | Spring | Summer Fall Mean Winter | Spring | Summer Fall Mean
PPm (Feb.) | (Mrc.) (June) (Nov) | (Feb.) | (Mrc.) (June) (Nov.) |
0.00 73.75 27.50 7.50 10.0 29.68 63.25 34.25 10.00 15.00 30.62

1000 96.25 65.75 25.00 36.25 55.81 97.75 57.25 27.50 36.25 54.68
2000 100.0 56.75 43.75 61.25 65.43 99.25 67.75 48.75 61.25 69.25
3000 95.50 50.00 17.50 32.50 48.87 95.50 50.00 17.50 28.75 47.93

4000 88.25 28.75 12.50 13.75 35.81 89.00 30.25 8.75 15.75 35.93
Mean 90.75 45.75 21.25 30.75 88.95 47.90 22.50 31.40

L.S.D. at 0.05 for IBA conc. 5.23 4.66

L..S.D.at 0.05 for prop .times 4.68 4.17

L.S.D. at 0.05 for interaction 10.46 9.32
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Fig. 1. Effect of mdole butyric acid at 2000 ppm in Feb on hlghly rootlng percentage
formatlon of stem cuttms of Croton plant

Fig.2: Effect mdole butyrlc acid (IBA) at 2000 ppm in winter on survival percentage
of stem cuttings of Croton plant.

Number of Roots Per Cutting:

It is generally known that the formation of adventitious roots in plants is controlled
by growth substances and auxins are the principal hormones playing a direct role in this
process (Gaspar and Hofinger, 1988). Accordingly, the formation of adventitious roots is
related to an increase in the level of auxin at the stem base. Auxins can control the meristemic
activity of tissues and also enhance the supply of substances at the sites of root formation.
This confirms that IBA is one of the widely applicable root-forming stimulants. IBA is
known to induce a high number of adventitious roots (Hartmann et al., 2002). All IBA
treatments in Table (5) Fig 3 led to the formation of a considerable number of roots and the
highest number of roots per cutting obtained at 2000 ppm IBA (13.81 and 13.03 roots per
cutting in 2019 and 2020, respectively). The best season cuttings were in winter, since it
was significantly better in respect to the number of roots than spring, while the differences



Propagation of Croton Cuttings Relation to Hormones and Seasonal Changes 141

were not significant between summer and fall. The cuttings were taken in Feb. and Mar. and
treated with 2000ppm, giving the best results during the two years study.

These results may be attributed to the fact that in certain plant species, the ability to
cut to root differed greatly according to the time of propagation (Hatmann and Kester 1983).
Thus, cutting taken in Feb and Mar.., might have a high level of endogenous auxin, which
was responsible for stimulating the root growth, and the temperature degree may be more
suitable for the formation of the roots. On several woody ornamental plants, Eltorky and EL-
Shennawy (1992) found similar findings, as did Yeshiwas et al., (2015) on roses. Cunha et
al., (2012) also found that when Croton cuttings were treated with greater amounts of IBA,
the root number of the plants varied. Nasri et al., (2015) found that dipping cuttings of 5
genotypes of Rosa damascena in 1,000 mg I-1 IBA for 24 hours before cultured resulted in
the maximum rooting, callus formation, number of roots, root fresh and dry weights.

Table 5. Effect of various concentrations of IBA at the four propagation times on the number
of roots per cuttings of croton (Codiaeum variegatum L.) cuttings during 2019 and

2020.
2019 2020
IBA | Winter | Spring | Summer | Fall Mean Winter | Spring | Summer | Fall Mean
PPm (Feb.) | (Mrc.) | (June) (Nov.) (Feb.) | (Mrc.) (June) (Nov.)
0.00 5.30 2.00 1.12 1.20 2.40 4.30 2.58 0.50 1.25 2.15
1000 12.51 10.15 4.45 4.83 7.98 11.75 8.81 4.23 7.90 8.12
2000 18.06 | 14.35 11.67 11.18 13.81 17.55 13.05 7.33 14.21 13.03
3000 10.94 | 12.56 6.21 6.64 9.08 9.51 10.20 7.97 5.44 8.28
4000 9.02 7.60 5.18 7.40 7.30 8.75 5.81 6.69 2.97 6.05
Mean 11.16 9.33 5.72 6.25 10.37 8.09 5.34 6.35
L.S.D. at 0.05 for IBA conc. 1.01 1.38
L.S.D.at 0.05 for prop .times  1.13 1.23
L..S.D. at 0.05 for interaction  2.25 2.76

Root Length:

Data presented in Table (6) Fig4 indicated that there were highly significant
differences between IBA concentrations, IBA at 2000 and 3000 ppm gave an excellent root
system with respect to the total root length regardless of propagation time or season. The
tallest root length was obtained at 2000 and3000 ppm (2.35&2.27cm and2.58&2.55cm in
the two years 0f2019 and2020, respectively), while the control gave the shortest root length
(0.58and0.73cm in 2019 and2020). On the other side, propagation in the spring season gave
the highest tallest root length compared with all seasons. Peter (2015) said the IBA as a
plant hormone with physiological effects on cell elongation and rooting has stood out. And
can be accelerated the vegetative propagation of ornamental plants and IBA stimulates the
absorption of nutrients and growth of croton cuttings.

The reduction of root length by high concentrations of IBA could be caused either
by inhibition in the growth of the root primordial or a reduction in the number of root
primordial formed (Carpernter and Cornell,1992). On the other hand, Yeshiwas et al.,
(2015) obtained those results deciphered that rose cuttings treated with 1000ppm of IBA
had shown significant positive effects on most of the root and shoot parameters including
root length, the number of roots per cutting, root fresh weight, root dry weight, shoot fresh
and dry weight, leaf number and shoot length in December 2013 to January 2014 and the
higher temperature in propagation house caused to use a low concentration of IBA.

These results, also similar to the findings of Ramtin et al., (2011) who found that
the low concentration of IBA (1000 ppm) produced the best results for root length, number
of leaves of poinsettia. These results accordance, also with Younis (2005) in the
propagation of rose plants by cutting.
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As mentioned earlier, the best result in most growth parameters of stem cuttings
resulted from observed by the low concentration of IBA (2000ppm) used in this study and
that probably due to daily average temperature (about 25°c) that was more suitable and
prevailed in the propagation house during the time of the experiment that increases growth
and developmental activities of plant cells, so that low concentration of hormone was
enough for both growth and development of plants. This implies the optimum response
curve of IBA depends on the intensity of temperatures prevailing in the propagation house.
This finding is also in agreement with Taghvaei et al., (2012) they concluded that the higher
the temperature in the propagation house the lower is the optimum IBA-hormone
concentration required for the successful vegetative propagation of stem cuttings.

Table 6. Effect of various concentrations of IBA at the four propagation times on the root
length (cm) of croton (Codiaeum variegatum L.) cuttings during 2019 and 2020.

2019 2020

IBA | Winter | Spring | Summer Fall Mean Winter | Spring | Summer Fall Mean
PPm (Feb.) | (Mrc.) (June) (Nov.) | ~ (Feb.) | (Mrc.) (June) (Nov.)
0.00 0.55 0.66 0.57 0.54 0.58 0.67 1.03 0.65 0.56 0.73
1000 1.26 2.33 0.76 1.03 1.03 1.96 2.46 0.87 1.13 1.61
2000 2.76 2.74 2.40 2.35 2.35 2.93 2.76 243 2.12 2.58
3000 2.79 2.74 2.28 2.27 2.27 2.81 2.77 2.41 222 2.55
4000 1.11 2.04 2.04 2.04 2.04 1.83 2.07 2.17 2.00 2.02
Mean 1.69 2.10 1.61 1.65 2.04 222 1.71 1.62

L.S.D. at 0.05 for IBA conc. 0.11 0.14

L.S.D.at 0.05 for prop .times 0.10 0.13

L.S.D. at 0.05 for interaction 0.22 0.29

Root Fresh and Dry Weights:

Results showed that IBA had a significant influence on root fresh and dry weights
ata 5% level (Table 7 and 8). Among the experiment, the highest root fresh and dry weights
(4.63&4.65 and 1.79&1.61 mg, respectively) were recorded in the rooted cutting of croton
plants with 2000 ppm IBA that showed a not significant difference compared to 3000ppm
(with 4.56 and 1.65 mg of root fresh weight and root dry weight, respectively), especially
in 2019. The lowest root fresh and dry weights (2.65 and 0.55 mg respectively) were
recorded with the summer season of 2019 and2020, respectively. Our results were similar
to those reported by Al-Salem and Karam (2001) on Arbutus. Stimulation of rooting
process with auxin, carbohydrate transportation from leaf to root increases, therefore, it
causes increasing of the dry weight of root (Hartmann et al., 2002). Also, Nasri et al.,
(2015) showed that the cuttings of Rosa damascena treated with IBA had higher root fresh
weight than the control.

Table 7. Effect of various concentrations of IBA at the four propagation times on the root
fresh weight of croton (Codiaeum variegatum L.) cuttings during 2019 and 2020

2019 2020
IBA | Winter | Spring | Summer | Fall Mean Winter | Spring | Summer | Fall Mean
PPm (Feb.) | (Mrc.)) | (June) | (Nov.) (Feb.) | Mrc.) | (Jume) | (Nov.) )
0.00 2.04 2.09 1.77 1.53 1.85 2.13 2.01 1.85 2.10 2.02
1000 4.29 2.85 3.22 2.94 3.32 431 3.00 3.52 3.00 3.46
2000 7.80 4.25 2.25 4.24 4.63 7.70 4.26 2.73 3.93 4.65
3000 5.77 4.48 3.84 4.15 4.56 5.76 4.82 3.66 4.00 4.56
4000 4.90 4.23 2.17 2.88 3.54 4.90 4.10 2.08 2.63 3.43
Mean 4.96 3.58 2.65 3.14 4.96 3.64 3.13 2.27
L.S.D. at 0.05 for IBA conc. 0.20 0.21
L.S.D.at 0.05 for prop .times 0.17 0.19
L.S.D. at 0.05 for interaction 0.40 043
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Table 8. Effect of various concentrations of IBA at the four propagation times on the root
dry weight of croton (Codiaeum variegatum L. ) cuttings during 2019 and 2020

2019 2020

IBA | Winter | Spring | Summer Fall Mean Winter | Spring | Summer Fall Mean
PPm (Feb.) | (Mrc.) (June) (Nov.) (Feb.) | (Mrc.) (June) (Nov.)
0.00 0.12 0.20 0.20 091 0.36 0.43 0.30 0.29 0.26 032
1000 1.07 0.69 1.16 1.14 1.01 1.18 0.56 0.76 0.91 0.85
2000 3.76 1.38 0.93 1.11 1.79 3.08 1.74 0.63 1.14 1.61
3000 2.37 141 1.49 1.33 1.65 1.47 1.65 0.97 1.01 1.30
4000 2.30 1.69 0.44 0.90 1.33 2.48 1.31 0.12 0.47 1.09
Mean 1.92 1.07 0.84 1.08 1.73 1.11 0.55 0.76

L.S.D. at 0.05 for IBA conc. 0.18 0.15

L.S.D.at 0.05 for prop .times 0.16 0.14

L.S.D. at 0.05 for interaction 0.36 0.31

Fig. 3: Effect of indole butyric acid on root Fig. 4. Effect IBA at 2000 and 3000ppm
formation of stem cuttings of Croton plant. A 0n root length compare to control of stem
=1000ppm,  B=2000ppm,  C=3000ppm, cuttings of croton plant

D=4000ppm and E=0 (control).

Fig.5. Effect ofindole butyric acid at the rate of 2000 ppm on new leaves formation of
stem cuttings of croton plant.
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Number of New Leaves:

IBA significantly increased the number of new leaves in rooted cuttings (Table 9).
the highest number of leaves per cutting (8.09 and 6.70at 2000 ppm IBA) were recorded in
rooted cuttings that showed a significant difference compared to the control (2.91 and 2.39
leaves per cut in 2019 and2020 years, respectively) as shown in (Table 9) Fig5. Increasing
new leaf production in cuttings might be attributed to increasing root number and root
length in growth regulator treated cuttings that might have enabled cuttings to absorb more
water and nutrients from rooting media, leading to better growth and production of new
leaves. Since the root is considered as the main source of cytokinin, it may help for
producing a higher leaf number. These findings are similar to those of Ingle and VVenugopal
(2009) on Stevia and Saed (2010) on five different pomegranate cultivars. The weight of
adventitious roots was larger when cuttings had more roots. Cuttings of R. damascena have
a link between the number of leaves and the weight of adventitious roots that matches the
results of different R. canina 'Inermis' clones (De Vries and Dubois, 1987) In addition,
Cunch et al., (2012) found that the percentage of rooting, root number, root length, and the
number of leaves on C. Zehntneri cuttings showed similar behaviour in response to IBA
concentration. Brondani et al., (2012) on Eucalyptus benthamii, Fragoso et al., (2017) on
Prunus serrulata, Kaur (2017) on Prunus persica L. Batch, and Shadparvar et al., (2021) on
Hibiscus rosa-sinensis obtained similar findings.

Table 9. Effect of various concentrations of IBA at the four propagation times on the number
of new leaves per cutting of croton (Codiaeum variegatum) L. cuttings during 2019

and 2020.
2019 2020
IBA | Winter | Spring | Summer | Fall Mean Winter | Spring | Summer | Fall Mean
(PPm) | (Feb.) | (Mrc.) | (June) | (Nov.) (Feb.) | (Mrc.) | (June) | (Nov.) ]
0.00 2.25 3.81 0.25 1.75 2.01 2.91 2.50 1.16 2.98 2.39
1000 6.00 6.88 1.25 5.41 4.88 5.42 5.50 2.97 3.32 430
2000 8.75 12.50 4.25 6.87 8.09 8.16 9.88 4.00 4.78 6.70
3000 6.71 9.25 2.25 5.75 5.97 5.84 7.07 3.58 4.53 5.25
4000 4.25 4.50 2.00 3.50 3.56 3.36 3.75 0.25 3.57 2.73
Mean 5.59 7.39 1.99 4.65 5.14 5.74 2.39 3.84
L.S.D. at 0.05 for IBA conc. 0.68 0.78
L.S.D.at 0.05 for prop .times 0.60 0.69
L.S.D. at 0.05 for interaction 1.36 1.56
Conclusion:

The present investigation indicated that the best rooting was obtained with 2000 ppm
IBA for Codiaeum variegatum. Cuttings were taken and propagated in Feb. and Mar. rooted
batter than those were taken in Nov. and June. Generally, the almost studied concentration
of IBA gave good results of rooting, especially in winter. And it helped to form a good
rootstock.
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