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Abstract: The effect of 6 sucrose concentrations (5, 10, 15, 20, 25, 30 g/l) over 4 incubation periods
(30, 45, 60, 75 days) on in vitro rooting of Moris pineapple cultured in liquid half strength MS medium
enriched with IBA at 2.0 mg/l was investigated. At all incubation periods, all shoots in medium en-
riched with sucrose at 5 g/l failed to root, and no roots formed within the first 30 days in medium en-
riched with sucrose at 10 g/l. After 30 days of incubation, the highest rooting percentage (66 %), tallest
plantlets (23 mm tall), highest (3.4 roots) and longest (5.3 mm) root per shoot were obtained in medium
enriched with sucrose at 25, 10, 15, 15 g/l respectively, while after 45 days, the highest of all rooting
aspects (75 %, 32.3 mm tall, 3.7 roots, 7 mm long), were obtained in medium enriched with sucrose at
15 g/l. After 60 days, the highest rooting percentage (91.7 %) and tallest plantlets (36.7 mm tall) were
obtained in medium enriched with sucrose at 20 g/ while highest roots per shoot (3.7 roots) and longest
root (10.7 mm) were obtained in medium enriched with sucrose at 15 g/l. After 75 days, all shoots
rooted (100 %) in medium enriched with sucrose at 10 and 20 g/I, while sucrose at 25 g/I resulted in
tallest plantlets (46.3 mm tall) and at 20 g/l resulted in highest (4.7 roots) and longest roots (27.3 mm).
At each incubation period, there was a different optimum sucrose enrichment for different rooting pa-
rameters.
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INTRODUCTION

Different combinations of sucrose and incuba-
tion periods were used for the in vitro rooting
of pineapple. In vitro rooting was reported us-
ing sucrose at10 g/l and incubation for 30 days
and 70 days (Soneji et al., 2002b), sucrose at
20 g/1 for 30 days (Ko et al., 2006; Mengesha
et al., 2013; Souza et al., 2016; Sunitibala Devi
et al., 1997) and 70 days (Soneji et al., 2002b),
sucrose at 30 g/l for 30 days (Almeida et al.,
2002; Aydieh et al., 2000; Bhatia & Ashwath,
2000; Fitchet, 1990; Singh & Manual, 2000;
Teng, 1997), 45 (Khan et al., 2004; Sripaoraya
et al., 2003), 60 (Gangopadhyay et al., 2005;
Hamad et al., 2013; Mathews & Rangan, 1979,
1981) and 75 days (Hamad & Taha, 2008) and
sucrose at 35 g/l for 30 days (Kofi & Adachi,

1993) and sucrose at 40 g/l for 60 days of in-
cubation (De Almeida et al., 1997). In all of
these studies, each of the sucrose and incuba-
tion periods was fixed at one level and the fo-
cus was on hormone types and concentrations
and medium strength. The effect of different
sucrose concentrations and incubation periods
were neither compared individually nor in
combinations of the two factors. In addition,
many times the results were reported as a gen-
eral statement or the rooting response was as-
sessed based only on one parameter, rooting
percentage (Bhatia & Ashwath, 2000), root
number (Danso et al., 2008). In some cases,
two parameters, root number and length
(Aydieh et al., 2000; Khatun et al., 1997) and
in few cases, three parameters: rooting percent-
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age, root number, and length (Amin et al.,
2005; Soneji et al., 2002a), were used for the
assessment of rooting treatments. The plant-
lets’ height, on the other hand, was rarely re-
ported (Be & Debergh, 2006; Hamad et al.,
2013; Souza et al., 2016). Sucrose and incuba-
tion period are not only important for its effect on
rooting, but also for their effect on cost and man-
agement of the rooting stage and plantlets survival
of acclimatization. Sucrose made the highest
proportion of the medium components. And for
the incubation period, lamps and air condition-
ing is required to maintain constant tempera-
ture and photoperiod. In large scale propaga-
tion, using higher sucrose and longer incuba-
tion would make the medium cost and electrici-
ty bill too expensive. Using the lowest possible
concentration of sucrose and the shortest incu-
bation period would reduce the cost of rooting
stage and the overall cost of propagules produc-
tion. The objective of this study is to compare the
effect of different sucrose concentrations over dif-
ferent incubation periods on all rooting aspects of
Moris pineapple cultivar. And to determine the best
compromise of lowest possible concentration and
shortest incubation period at which the best root-
ing responses, particularly the plantlets’ height,
could be obtained. The goal is to minimize the
cost in terms of the sucrose amount and month-
ly electricity bill per single propagule.

MATERIALS AND METHODS

A half-strength MS medium (450 ml) enriched
with IBA at 2.0 mg/l (Murashige and Skoog,
1962) was prepared and divided into 6 glass jars
(75 ml each) marked 1 to 6. Sucrose at 5, 10, 15,
20, 25 and 30 g/l were added to each glass jar
respectively. The medium was adjusted to pH
5.0 and autoclaved at 121° C and 1.5 kg/ cm” for
20 minutes. The content of each glass jar was
dispensed into 12 culture tubes (6 ml each) un-
der a laminar cabinet using a sterilized syringe
and the tubes marked with the same glass jar
mark. Shoots from Moris pineapple stock cul-
tures were cultured at a density of five shoots
per culture. The cultures were incubated under
constant temperature (25° C) and 16 hours of

light provided by fluorescent lamps for 30, 45,
60 and 75 days. After 30 days of incubation,
three culture tubes of each sucrose concentration
were taken for data collection. The shoots were
picked out to count the number of rooted shoots,
number of roots per shoot, and to measure the
roots length and plantlet height. A table for each
rooting parameter of the different sucrose con-
centrations with three replicates was established
and named the 30 days incubation tables. After
45, 60 and 75 days, three culture tubes of each
sucrose concentration were taken out of the cul-
ture room, and a table for each rooting parame-
ter of the different sucrose concentrations at
each incubation period was established as were
done after 30 days incubation. The tables of the
same parameter obtained after different incuba-
tion periods (30, 45, 60 and 75 days) were com-
bined in one table containing all combinations
of sucrose and incubation periods and used for
the analysis of variance and testing the signifi-
cance of means by Duncan Multiple Range Test
at p < 0.05 using SPSS statistical package
No.11.

RESULTS

Two-way analysis of variance (Table 1) showed
that both of the sucrose and incubation periods
had a significant effect on all in vitro rooting
aspects of pineapple. However, the sucrose
seemed to have a higher influence on rooting
percentage, root number, and length than the in-
cubation period, while incubation periods af-
fected plantlets’ height more than the sucrose.
The two factors exerted their influence inde-
pendently from each other except in root length,
where a significant interaction was detected at p
< 0.055. Overall sucrose concentrations, incuba-
tion for 30 and 45 days, had statistically an
equal effect in root formation (2 roots), elonga-
tion (4 mm) and plantlets height (24 mm) but
the rooting percentage increased from 32 to 43.1
% as the incubation increased from 30 to 45
days (Table 2). Incubation for 60 days resulted
in intermediate responses where 55.6 % of the
shoots rooted, forming 2.5 roots/shoots, 6.7 mm
long roots, and the plantlets reached 31.7 mm in
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height. Incubation for 75 days, on the other
hand, (76.4%), more roots per shoot (3.1 roots),
longest roots (12.1mm long), and tallest plant-
lets (39.17 mm). Similarly, across all incubation
periods, none of the shoots cultured on MS en-
riched with sucrose at 5 g/l produced roots, and
the plantlets were the shortest (20.1 mm tall) of
all sucrose concentrations. No significant differ-
ence between the plantlets’ height in media en-
riched with sucrose at 10, 15, 20, 25, and 30 g/l
(31.3 mm on average). In medium enriched with
sucrose at 10 g/l, 35.4 % of the shoots rooted,
forming 1.5 roots per shoot each 5.5 mm long,
and the plantlets were 30.1 mm tall. No signifi-
cant difference in rooting percentage in media
enriched with sucrose at 15, 20, 25, and 30 g/l
(68.75 % on average). Medium enriched with
sucrose at 15 g/l resulted in highest root for-
mation (3.8 roots) and medium enriched with
sucrose at 10 g/l resulted in fewest roots (1.5
roots), while intermediate root formation (3
roots) was obtained in a media enriched with
sucrose at 20 and 25 g/l. Medium enriched with
sucrose at 20 g/l resulted in longest roots (11.5
mm) and those enriched with sucrose at 10 and
30 g/l resulted in shortest roots (5.4 mm), while
intermediate root length (8.4 mm) obtained in
media enriched with sucrose at 15 and 25 g/I.

Under 30 days of incubation, none of the shoots
rooted in medium enriched with sucrose at 5 and
10 g/l and the plantlets were the shortest (15.7

mm) compared to plantlets rooted in the other su-
crose concentrations (22.3 mm). The highest root-
ing percentage (67%) was obtained in medium en-
riched with sucrose at 25 g/l while the highest
roots per shoot (3.4 roots) and longest roots (5.3
mm) were obtained in medium enriched with su-
crose at 15 g/l. For 30 days incubation, the best
sucrose enrichment was 25 g/l according to root-
ing percentage and 15 g/l according to the other
parameters (root per shoot, root length, and plant-
let height). Under 45 days of incubation also none
of the shoots rooted in medium enriched with 5
g/l. The highest rooting percentage (75%), roots
per shoot (4 roots) and longest roots (7 mm) were
obtained in medium-enriched with sucrose at 15
g/l and the tallest plantlets (32.3 mm) were ob-
tained in medium enriched with sucrose at 20 and
15 g/l while medium enriched with sucrose at 5
g/l resulted in the shortest plantlets (19 mm) and a
medium enriched with sucrose at 10 g/l resulted in
the lowest rooting percentage (16.7 %), fewest
roots per shoot (1 root) and shortest roots (1.7
mm). For 45 days incubation, the best sucrose en-
richment was 15 g/l according to all parameters.
Under 60 days of incubation, none of the shoots
rooted in medium enriched with 5 g/l. The highest
rooting percentage (91.7%), roots per shoot (4
roots), and tallest plantlets (36.7 mm) were ob-
tained in medium enriched with 20 g/l and the
longest roots (11.7 mm) were obtained in medium
enriched with sucrose at 25 g /1.

Table (1). Significant of main and interaction effect of incubation periods and sucrose concentrations on in vitro rooting
response of Moris pineapple cultures on a liquid half-strength medium enriched with IBA at 2.0 mg/1.

Factors df Rooting parameters

Plantlet height Rooting % Root No. Root length
Incubation periods 3 6.4E-08** 9.8E-06** 0.0500%* 0.0002%*
Sucrose 5 0.0015%* 2.3E-10%* 7.3E-07** 7.5E-05%*
Incubation*Sucrose 15 0.8063 0.0879 0.4769 0.0054**
Error 48
Total 72
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Table (2). Effect of incubation periods and sucrose concentrations on in vitro rooting of Moris pineapple cultured on lig-
uid half-strength MS medium enriched with IBA at 2.0 mg/1

Incubation periods Sucrose concentrations (g/1)

(Days) 5 10 15 20 25 30 Average
Plantlet height (mm)
30 15.7h 23.0 defgh 21.7 defgh 22.3 defgh 20.3 efgh 22.0 defgh 20.8 C
45 19.0 gh 28.0 cdefgh  32.3 abcdefg 31.3 abedefg  19.7 fgh 25.7 defgh 26.0 C
60 21.3 defgh 34.0 abcdefg 36.0 abede 36.7 abed 29.7 bedefgh  32.7 abedefg  31.7B
75 243 defgh  35.3 abcdef  43.0 abe 43.7 ab 46.3 a 42.3 abc 39.17 A
Average 20.1B 30.1 A 333A 335A 29.0 A 30.7 A
Rooting %
30 0.0f 0.0f 50 bede 41.7 cdef 66.7 abcd 33.3 cdef 32.0D
45 0.0 f 16.7 ef 75 abc 50 bede 66.7 abcd 50 bede 43.1C
60 0.0f 25 def 75 abc 91.7 ab 75 abc 66.7 abcd 55.6B
75 0.0f 100 a 91.7 ab 100 a 91.7 ab 75 abc 76.4 A
Average 0.0C 354B 729 A 70.8 A 75.0 A 56.3 A
Root No.
30 0.0d 0.0d 3.4 abc 1.7 bed 2.7 abed 2.3 abed 1.7B
45 0.0d lecd 3.7 abc 2.0 abed 2.7 abed 2.3 abed 2.0B
60 0.0d lecd 4.0 ab 4 ab 3.3 abc 2.7 abed 2.5 AB
75 0.0d 4 ab 4.3 ab 4.7a 3 abc 2.7 abed 31A
Average 0.0D 1.5C 38A 3.1 AB 2.9 AB 2.5BC
Root length (mm)
30 0.0d 0.0d 53cd 3.7 cd 6 cd 3.0cd 3.0B
45 0.0d 1.7 cd 7 bed 5.7 cd 53cd 5.7 cd 42 B
60 0.0d 4.3 cd 10.7 be 9.3 bed 11.7 be 4.7 cd 6.8B
75 0.0d 16 b 10.3 bed 273 a 10.7 be 8.0 bed 12.1 A
Average 0.0C 5.5B 8.3 AB 11.5A 8.4 AB 53B

Data were means of 15 shoots cultured at a density of 5 shoots per culture tube containing 6 ml of liquid, half-strength MS medium
enriched with IBA at 2.0 mg/I.

Means of each rooting parameter followed by the same letters were not significantly different at p < 0.05 according to Duncan Multi-
ple Range Test.

In summary, no rooting was obtained in medi-
um enriched with 5 g/l no matter how long the
shoots were incubated. None of the shoots in
medium enriched with 10 g/l produced roots
during the first 30 days of incubation, and only
a few shoots rooted after 45 and 60 days. How-
ever, all shoots rooted if the incubation extend-
ed to 75 days. The lowest root formation (1 root
per shoot) and root elongation (1.7 mm long)
obtained in medium enriched with sucrose at 10
g/l and incubated for 45 and 60 days and the
shortest plantlets (15.7 mm) obtained in medium
enriched with sucrose at 5 and 10 g/l for 30
days. The highest rooting percentage (100 %),
the highest root formation (4.7 roots/shoot), root
elongation (27.3 mm) and tallest plantlets (46.3

mm) were all obtained after 75 days incubation
but at different sucrose enrichment, 10, 20, 20
and 25 g/l respectively.

DISCUSSION

Enrichment of medium with sucrose at 30 g/l
and incubation for 30 days which is the most
common practice for in vitro rooting was not the
proper treatment for Moris pineapple. It resulted
in the rooting of only 33 % of the shoots, and
the plantlets were shorter than 25 mm. At any
fixed incubation period sucrose at 15, 20 and 25
g/l were a better choice for rooting than sucrose
at 30 g/l, and at any fixed sucrose content any
incubation periods resulted in a better rooting
response than the 30-day long incubation (Table
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2). Out of 24 combinations of sucrose concen-
trations and incubation periods, sucrose at 30 g/l
and incubation for 30 days resulted in lower a
rooting percentage than 15 of the combinations,
shorter plantlets than 13, fewer roots than 8§, and
shorter roots than 9 of the tested combinations.
Incubation for 75 days was the best incubation
period for all rooting parameters. However,
each parameter had different optimal sucrose
concentration. The tallest plantlets (46.3 mm)
were obtained in medium enriched with sucrose
at 25 g/, the highest (4.7 roots) and the longest
(27.3 mm) roots were obtained in medium en-
riched with sucrose at 20 g/l, while the highest
rooting percentage (100 %) was obtained in me-
dium enriched with sucrose at 10 and 20 g/l. Not
only at each incubation period different rooting pa-
rameters had different optimum sucrose, but also
the same rooting parameter had different optimum
sucrose at different incubation periods. The best
sucrose concentration for the highest rooting per-
centage of shoots incubated for 30, 45, 60, and
75 days was 25, 15, 20, and 10 g/I respectively.
On the contrary, the best sucrose concentration
for plantlet height of the shoot incubated for 30,
45, 60 and 75 days was 10, 15, 20, and 25g/1 re-
spectively. The optimum sucrose concentration
for root formation (root number) and root elon-
gation (root length) if shoots were incubated for
30, 45, and 60 days was 15 g/l, and if shoots
were incubated for 75 days was 20 g/l.

Since different rooting parameters have differ-
ent optimum combinations of sucrose and incu-
bation periods, different combinations could be
recommended depending on whether one, two,
or all of the parameters were used for assess-
ment. For obtaining over 90 % rooting and roots
longer than 10 mm, the choice would be be-
tween sucrose at 10 g/l and incubation for 75
days and sucrose at 15 g/l and incubation for 60
days. For the formation of more than three roots
per shoot, the choice is sucrose at 10 g/l and in-
cubation for 75 days and sucrose at 15 and in-
cubation for 30 days. Plantlets obtained after 45
days of incubation in medium enriched with su-
crose at 15 and 20 g/l and after 60 and 75 days
of incubation irrespective of sucrose enrichment

were taller than 35 mm. Sucrose at 15 g/l and
incubation for 45 days and sucrose at 10 g/l and
incubation for 60 days was the best compromise
for lowest sucrose and shortest incubation in
which plantlets were taller than 35 mm. The com-
bination of sucrose and incubation for lowest cost
of rooting (Table, 3) appears to be one of the fol-
lowing: the low sucrose level of 10 g/l but longer
incubation of 75 days, intermediate sucrose of 15
g/l and shortest incubation of 45 days and high su-
crose of 20 g/l and intermediate incubation of 60
days. Low sucrose reduces the sucrose cost, but
long incubation increases the monthly electricity
bill. Selection among these alternatives would
depend on the cost of each added or saved 5 g/l
of sucrose and the electricity bill of each in-
crease or decrease of 15 days of incubation ac-
cording to the price prevailed in the district at
which the propagation takes place. The calcula-
tion of cost (Table, 3) showed that the cost of
rooting was mainly due to incubation periods
more than the concentration of sucrose. At a
density of 5 shoots per culture, the minimum
rooting cost per shoot was 3.95 cents, obtained
when the shortest incubation (30 days) and low-
est sucrose (5 g/l) was applied while the highest
cost was 5.88 cents when the longest incubation
(75 days) and highest sucrose (30 g/l) was ap-
plied. At any incubation period, the difference
in rooting cost per shoot at different sucrose
concentrations was negligible (less than 0.02
cents), while incubation of 30 days decreased
the cost by 2 cents compared to 75 days of in-
cubation. In a previous report, we estimated the
multiplication cost per shoot after 4 cycles of
multiplication to be 0.9 (Hamad, 2017a) and if
one liter of medium was used, to be 1.6
(Hamad, 2017b) cents. This study showed that
the rooting cost per shoot (rooting stage) ranges
from 3.95 to 5.88 cents, which i1s 2 to 6 times
the multiplication cost per shoot (multiplication
stage). Hence, to efficiently minimize the cost
of micropropagation, the effort should be con-
centrated on reducing the cost of rooting rather
than the cost of multiplication. Otherwise, the
complaints about the high cost of micropropagat-
ed materials would always be there even if the
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multiplication was fully automated and at the highest rate.
Table (3). Effect of incubation periods and sucrose concentrations on the rooting cost per shoot of Moris pineapple

Incubation periods Sucrose concentration (g/1)

(Days) 5 10 15 20 25 30 Average
Rooting cost per shoot (cents)
30 3.95 3.97 3.98 4.00 4.02 4.03 3.99
45 4.57 4.58 4.60 4.62 4.63 4.65 4.61
60 5.18 5.20 5.21 5.23 5.25 5.26 522
75 5.80 5.81 5.83 5.85 5.86 5.88 5.84
Average 4.87 4.89 4.91 4.92 4.94 4.96 4,92

Mediums were prepared in glass jars, autoclaved at 121°C and 1.5 kg/cm? for 20 minutes and dispensed into culture tubes under a lam-
inar cabinet. Shoots were rooted at a density of 5 shoots per culture tubes containing 6 ml of liquid half-strength MS medium enriched
with IBA at 2.0 mg/I. and incubated under constant temperature (25°C and 16 hours of light provided by cool white fluorescent lamps.

The selection of the best combination of incuba-
tion and sucrose should depend on whether the
purpose of the experiment would be the reduction
of propagation cost and obtaining plantlets that
could survive acclimatization or physiological
study of rooting. Minimum sucrose and shorter
incubation which result in plantlet quality above
that required for highest acclimatization survival
are very important for low-cost micropropagation,
while the determination of the time at which root-
ing takes place, and monitoring of increase in root
number and length, and plantlet height over time,
are important for the physiological study of roots
and proper timing of histological and physiobio-
chemical analysis. Published studies did not elabo-
rate on the relationship between rooting percent-
age, root per shoot and root length, and plantlet
survival. It is not known which one or two of the-
se parameters are very crucial for the survival of
acclimatization. (Escalona et al., 1999) reported
that the survival percentage of ex vitro acclima-
tized rootless shoots increased from 20 to 100 %
as the size of the shoots increased from 20 to 80
mm long. (Be & Debergh, 2006; Dal Vesco et al.,
2001; DeWald et al., 1988; Ko et al.,, 2006;
Soneji et al., 2002a) respectively reported that
over 90 % of 35, 50, 60, 70 and 80 mm long-
rooted pineapple shoots survived the acclimatiza-
tion stage. For pineapple, plantlet height is prob-
ably more crucial for acclimatization survival.
Therefore, the selection should be for a combina-
tion of sucrose and an incubation period that re-

sults in plantlets taller than the minimum required
height (35 mm) for survival at the lowest cost. If
plantlets taller than 35 mm are suitable for suc-
cessful acclimatization, there will be two combi-
nations of sucrose and incubation period (sucrose
at 15 g/l and 60 days and sucrose at 15 g/l and 75
days) to choose from.

But if the plantlet has to be taller than 40 mm, su-
crose at 15 g/l and incubation for 75 days is the
cheapest combination. In this study, all of the plant-
lets obtained after each incubation, irrespective of
sucrose enrichments and its rooting response, were
used for acclimatization. Following Hamad, (2016)
recommendation, plantlets were placed in pots full
of sand under a polyethylene enclosure for 21 days
and a shade house for 60 days. The survival of
plantlets that were rooted for 30, 45, 60 and 75
days was 70.0; 80.5; 84.5, and 94.3 % respective-
ly. Some of the plantlets of the 30 days incuba-
tion were rootless, and some were with fewer and
shorter roots and the plantlets were less than 35
mm in height. The low survival of these plantlets
(70 %) may be due to one or more of these root-
ing parameters. If the survival of acclimatization
is not of major interest, as in the case of physio-
logical study of rooting, different sucrose en-
richment has to be used at different incubation
periods depending on which parameter was of
major interest. After 45 days incubation, sucrose
at 15 g/, and after 60 days of incubation, sucrose
at 20 g/l was the best enrichment for obtaining
taller plantlets, highest rooting percentage and
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more and longest roots while after 30 and 75 days
of incubation, three sucrose enrichments could be
used depending on the parameter of major inter-
est. In the case of 30 days incubation, sucrose at
10 g/l for tallest plantlet, sucrose at 25 g/l for
highest rooting percentage, sucrose at 15 g/l for
more and longer roots, while in the case of 75
days incubation, sucrose at 25 g/l for tallest plant-
lets, sucrose at 10 g/l for highest rooting percent-
age and sucrose at 20 g/l for more and longer
roots.

The optimum sucrose for rooting percentage un-
der 30, 45, 60, and 75 days of incubation was 25,
15, 20 and 10 g/l (Table, 2). On the contrary, the
optimum sucrose for plantlet height under 30, 45,
60, and 75 days of incubation was 10, 15, 20, and
25 g/1. This means that high sucrose enrichments
improved shoot rooting (rooting percentage) un-
der a short incubation regime but retarded the
shoot growth (plantlet height). While under a
long incubation regime they retarded shoot root-
ing but improved shoot growth. This indicated
that the two processes of root initiation and plant-
let elongation did not occur simultaneously, but
one of them followed the other. Under low su-
crose enrichment, the shoot directed the sucrose
use for shoot growth and then for root initiation,
and under high sucrose enrichment, the shoot di-
rected the sucrose use first for root initiation and
then for shoot growth. Both of the two parame-
ters increased as the incubation periods increase
up to 75 days, but the time at which most shoots
rooted and the highest increase in plantlet height
occurred varied over each 15 day period among
the different combinations of incubation period
and sucrose concentration. Being that no rooting
occurred in medium enriched with 5 g/l even if
the incubation period increased to 75 days while
the plantlet height reached 24 mm tall indicated
that initiation of the rooting process in the pres-
ence of 5 g/l requires shoots longer than 24 mm.
Failure of shoots to form roots for the first 30
days in medium enriched with sucrose at 10 g/l
while 75 % of shoots form roots in the period be-
tween 60 and 75 days indicated that the shoot
length limit for rooting in the presence of sucrose
at 10 g/l is 35 mm long shoots. Noticing the peri-

od at which 50 % of the shoots rooted indicated
that the required shoot length for rooting in me-
dium enriched with 15, 20, and 20 g/l was 22
mm. Similarly, it can be noticed that the required
shoot length for rooting of over 75 % of shoots in
medium enriched with 10, 15, 20, 25, and 30 g/l
was 35, 32, 37, 30, and 42 mm respectively. It
seemed that the rooting started after the shoots
attain a certain size, and the sucrose is not in-
volved in rooting directly, but by enhancing the
shoot to reach the size required for the shoot to
gain root forming ability.

Sucrose was involved in controlling the time at
which the root initiation occurred and also the
pattern of root formation and elongation over
time. In medium enriched with sucrose at 5 g/l,
the shoots failed to root even if the incubation ex-
tended to 75 days. In medium enriched with su-
crose at 10 g/, no rooting occurred in the first 30
days and only 25 % rooted in the first 60 days of
incubation, but all of the shoots rooted when the
incubation extended to 75 days. That is, 75 % of
rooting occurred in the last 15 days of incubation.
Incubation shorter than 75 days will result in poor
rooting. On the contrary, in medium enriched
with sucrose at 15 g/l, 75 % of rooting occurred
within the first 45 days of incubation, no rooting
occurred in the period between 45 and 60 days
and only 17 % rooted in the period between 60
and 75 days of incubation. Under this sucrose en-
richment, incubation should be terminated after
45 days. In medium enriched with sucrose at 20
and 25 g/1, 92 % of shoots rooted within the first
60 days and only 8 % rooted in the period be-
tween 60 and 75 days of incubation. In medium
enriched with sucrose at 30 g/l, 67 % of shoots
rooted in 60 days, 8 % in the period between 60
and 75 days, and 25 % of the shoots failed to root
even if the incubation extended to 75 days. That
is if the medium is enriched with sucrose at 20,
25, and 30 g/l the incubation should be terminat-
ed after 60 days of incubation.

Similarly, depending on sucrose enrichment, the
process of root formation (root number), and
elongation (root length) ranged from did not start,
stopped after 30, 45 or 60, days to be a continu-
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ous process for 75 days. In medium enriched with
sucrose at 10 g/l, no root formation occurred in
the first month and most of the roots occurred in
the last 15 days of the 75 days incubation (60 to
75 days). On the contrary, in medium enriched
with sucrose at 30 g/l, shoot rooting occurred in
the first month and no root formed after that even
if the incubation extended to 75 days. In medium
enriched with sucrose at 15 and 25 g/1, root for-
mation occurred in alternative cycles. Root for-
mation occurred in the first month of incubation
and the period between 45 — 60 days, and no
formation occurred in the period between 30- 45
and 60- 75 days of incubation. In medium en-
riched with sucrose at 20 g/1, root formation was
a non-stop continuous process of alternative slow
and fast root growth over 75 days of incubation.
Similarly, root elongation was also a continuous
non-stop process for 75 days in medium enriched
with 10 and 20 g/I. However, in medium enriched
with sucrose at 15, 25, and 30 g/l no root elonga-
tion occurred after 60 days of incubation. Daily
and weekly records of the changes in rooting pa-
rameters would determine the time of fast, slow
and no growth, and the best time for histological
and biochemical analysis.

Although the weight and length of the shoots
used during rooting were not taken into consider-
ation,(Ramirez-Malagon et al., 2001) found that
heavy shoots of Spathiphyllum floribundum ob-
tained during multiplication had a higher chance
of survival during acclimatization. Hamad
(2017¢) found that the period of the highest in-
crease in shoot weight and length of Smooth cay-
enne pineapple over each 15 days of 105 days of
incubation varied depending on the hormone
treatments and occurred after the shoots incubat-
ed for more than 45 days. Weight, length, and
density of shoots at the beginning of the rooting
stage may have great influence in its rooting re-
sponse to sucrose and incubation period and pro-
posed for future testing. (Hamad et al., 2013)
found that the different rooting parameters of
Moris pineapple had different optimum hormone
type and concentration and medium strength and
the rooting percentage ranged from 30 to 100 %,
root number from 1 to 10 roots, root length from

5 to 65 mm and plantlet height from 19 to 65
mm. For taller plantlets they recommended the
use of IBA at 0.5 mg/l in quarter strength solid
MS and TAA at 2.5 mg/l in full strength liquid
MS. Quarter strength MS and IAA at 2.5 mg/l is
suggested for future testing in combination with
shoots of different length and density under dif-
ferent photoperiods at 5, 10 and 15 grams of su-
crose per liter of medium over 30 and 45 days of
incubation. Such testing may come up with a
treatment that overcomes the no rooting in medi-
um enriched with sucrose at 5 g/l and incubated
for 30 days, or shorten the incubation in medium
enriched with sucrose at 10 g/l from 75 to 30
days and would reduce the cost and result in
plantlets with the quality required for survival of
acclimatization.
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