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ABSTRACT

This study was carried out to investigate the effect of bulb size (6, 8 or

10 cm circumference), some pre-planting treatments fcold storage of bulbs at 5° C

for i5 days, soaking the bulbs in boiling-water (100° C) for 10 second then in hot

water (35° C) for 24 hours], and spraying the foliage with the following
microelement treatments: (1) a mixture of Fe, Zn and Mn at concenfrations of

0.15, 0.15 and 0.14%, respectively, (2) Zn at 6.15%, or (3) Mn at 0.14%, on

growth, flowering, bulb production and stem apex development of Polianthes

tuberosa. The most important resuits can be summarized as follows:

- Cold storage of the largest bulbs (10 cm circumference) prior to planting, and
spraying the plants with a mixture of microclements (Fe+Zn+Mn) gave the
tallest plants and the greatest number of florets/stalk (in both seasons).

- Hot water pre-treatment gave the earliest flowering in both seasons. Also, this
treatment significantly increased flower stalk length in the first scason,
compared to the control.

- Hot water pre-treatment significantly reduced the number of florets/stalk.

- Soaking the largest bulbs (10 cm circomference) in hot water, and spraying
the plants with microelements (Fe+Zn+Mn) gave the greatest number of
bulbs/plant in both seasons.

- Inboth seasons, the greatest number of bulbelts /plant was obtained as a result
of soaking the smallest size buibs (6 cm circumference) in hot water, and
spraying the plants with Mn alone.

- Cold storage of the bulbs and spraying the plants with Zn at the concentration
of 0.15% resuhed in maximum development of siem apex (in terms of
initiation of leaf and flower primordia, and differentiation of flower parts)
after 120 days from planting, compared to the other treatments.

INTRODUCTION
Tuberase (Polianthes tuberosaj is one of the most important flowering

bulbs in Egypt. Siudies conducted by a number of researchers have shown that
cold storage of bulbs influences the vegetative growth, flowering characteristics
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and flowering period of tuberose. For example, Dhua et al. (1987) reposted that
storage of tuberose bulbs at 10° C for 30 days increased the yield of spikes and
flowers. In another study, Gomaa (2000) stated that storage of tuberose buibs for
15 days at 5° C enhanced the flowering parameters and prolonged the flowering
period. In contrast, the flowering of some ornamental bulbs can be promoted by
pre-planting heat treatments. This was shown by Beijer (1961), who reported that
iris bulbs that were stored for a weck at 30° C, then treated with hot water (at
43.5° C) for 4 hours, followed by storage for one more week at 30° C gave earlier
flowering, compared to the unireated bulbs.

Bulb size also has a great effect on growth and flowering of many bulb
species. This was shown by Szlachetka er a/. (1995), Sathyanarayana et al. (1994)
and Reddy er a/. (1994), who reported that using large-size tuberose bulbs
significantly enhanced the sprouting time, number of leaves and flowering
parameters, compared to small-size bulbs,

Application of microeclements may also play a great role in the growth
and flowering of many plant species. Manganese is an essential element in
respiration and nitrogen metabolism; in both processes it functions as an enzyme
activator. More than likely, manganese is involved in electron transfer from water
to chlorophyll during the light reactions of photosynthesis. On the other hand,
zinc may be involved in the biosynthesis of the plant auxin indole-3-acetic acid
(Skoog, 1940),

Iron is incorporated divectly into the cytochromes, into compounds
necessary to the electron tzansport system in mitochondria, and into ferredaxin.
Ferredaxin is indispensable to the light reactions of photosynthesis. Iron is
essential for the synthesis of chlorophyll, and it plays an essential chemical role in
both the synthesis and degradation of chlorophyll (Nason and McElory, 1963).
Iron is required in the synthesis of chloroplast proteins. Protoporphyrinin-9 is one
of the intermediates in chlorophyll biosynthesis, and may represent a branch point
in the biosynthesis of either cytochromes or chiorophyll. The synthetic path is
dependent on which metal, magnesium or iron, is incorporated into the porphyrin
structure (Granick, 1950).

The anatomical development of various plant species passes through
three stages, viz. the vegetative growth stage, the flower initiation stage and the
flower differentiation stage. This was illustrated by Gomaa (2000) on
Ornithogalum thyrsoides. Soliman (2002), on some ornamental bulbs, found that
after three months from planting the flower primordia were initiated, besides the
clear appearance of a protrusion on the capitalum.

The objective of this study was to investigate the effect of bulb size, pre-
planting treatments (cold storage, hot water), and spraying with microelements on
growth, flowering, bulb production and stem apex development of Polianthes
tuberosa.
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MATERIALS AND METHODS

This investigation was conducted in the open field at the Floriculture
Nursery of the Horticulture Research Institute, and in the Ornamental Horticuliure
Department, Faculty of Agriculiure, Cairo Univ., Giza, during the seasons of
2002 and 2003.

The objective of this study was to investigate the effect of bulb size, pre-
planting treatments (cold storage, hot water}, and spraying with microclements on
growth, flowering, bulb production and stem apex development of Polianthes
tuberosa plants.

Plant material:
Three sizes of tubcrose bulbs (6, 8 or 10 cm circumference, with average
weights of 18, 32 or 43 g, respectively) were used.

Pre-planting treatments:
The bulbs of each size received the following pre-planting treatments:
- Cold storage at'5° C for 15 days (from 15 to 30 of April, 2002 and 2003).
- Soaking the bulbs in boiling water (100° C) for 10 second followed by
soaking in hot water (35° C) for 24 hours,
- DUntreated bulbs (at roomn temperature 28 + 3° C).

Planting procedures:

In both scasons, the bulbs were planted on the 1* of May in 120-cm long
rows, with a distance of 50 cm between rows. Seven bulbs were planted in each
row, at a spacing of 20 cm between bulbs, and at a depth of 7-8 cm. The soil in
the experimental area was a clay loamy soil. The physical and chemical
characteristics of the soil (Tables A and B) were determined at the Soil and Water
Research Institute, Agriculture Research Center, Ministry of Agriculture, Giza.

After one month from palnting, the bulbs were supplied with NPK
feriilization using ammonivm sulfate (20.6% N), calcium superphosphate (15.5%
P>0,) and potassium sulMate (48% K;0). A mixture of the three fertilizers, with a
ratio of 1:2:1 (N : P,Os : K;O), was prepared and applied to the experimental area
at the rate of 50 g/m®. Commion agricultural practices (irrigation, manual weed
conirol, .... efc.) were carricd when needed.

Microclement treatments:
The following treatments were applied 1o the foliage:
1. Spraying with a mixture of Fe, Zn and Mn at concentrations of 0.15, ¢.15 and
0.14%, respectively.
2. Spraying with Zn at the concentration of 0.15%.
3. Spraying with Mn at the concentration of 0.14%.
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Table (A): The physical characteristics of the soil used for planting tuberose
{(Polianthes tuberosa) buibs during the 2002 and 2003 seasons,

Physical characteristics %
Sand fine Sand caurse Silt clay
22.4 1.4 21.5 54.7

Table (B): The chemical characteristics of the soif used for planting tuberose
(Polianthes tuberosa) bulbs during the 2002 and 2003 seasons.

EC (mmhos/cm) pH
3.40 7.40
Soluble anions (meq/L)
HCO;_ CL” S0,
3.50 27.30 51.60
Soluble cations (meq/L)

Cao {[Mg”[Na” | K | Fe | Zn | Mn | Cu B | Mo
28.00 [ 12,10 | 3430 | 7.90 | 7.48 | 5.66 | 20.92 | 17.18 | 3.77 | 11.31
Total macronutrient contents (ppm)

N ) K
232,40 8.05 780.00

In each smsbn, the foliage was sprayed four times at monthly intervals
during the growth period, starting one month after planting date (on the 1* of
June, 1* of July, 1* of August and 1™ of September).

Experiment layout:
' The design of the experiment was a split-split plot design, with 27
treatments (3 bulb sizes X 3 pre-planting treatments X 3 microclement
treatments), replicated 3 times (each replicate consisted of one row, with 7
bulbs/row). Pre-planting treatments were assigned to the main plots, the bulb
sizes were assigned to the sub plot, while the microclements spray treatments
were assigned to the sub-sub plots, The least significant differences (LSD) test
was used for comparison among means (according to Snedecor and Cochran

(1971).

Data recorded:

a- Morphologlcal characteristics:
Plant height (cm), measured from the surface of the soil to the top of the
highest leaf, _

- Number of days from planting till flowering (first floret opening on spike).

- Number of florets/stalk. '

- Flower stalk length (cm), measured from the surface of the soil to the top of
the highest floret.

- Number of bulbs and bulbelts /plant.
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b~ Anatomical study

Stem apex development (after 60 and 120 days from plantuxg) was
observed by microscopic examination of longitudinal sections in samples of the
terminal buds, which were prepared using the method described by Sass (1951),
as follows: the buds were excised and fixed in F A A, solution {formalin, acetic
acid and alcohol, at concentrations of 5% : 5% : 90%, respectively). The buds
were transferred from F.AA, and were dehydrated in a graded series of ethyl
alcohol and cleared in xylol. Then, the buds were embedded in paraffin wax at
60° C for three days. A series of sections of 7-10 um in thickness were prepared
using a rotary microtome. Prior to staining, the mounted sections were
deparaffinized in three changes of xylof for 15 minutes. The sections were later
double stained with safranine and light green, and mounted by DPX. The sections
were microscopically examined and photographed.

RESULTS AND DISCUSSION

1- Plant height (Table 1):

The data recorded in the twb seasons indicated that a significant increase
in plant height was obtained from the pre-treated bulbs, compared to the untreated
contro} bulbs. In the first season, plant height ranged from 44.09 to 50.31 cm,
with piants resulting from pre-treated bulbs (buibs kept in cold storage, or soaked
in hot water) being significantly taller than those resulting from untreated bulbs,
However, in the second season only the cold storage of bulbs prior to planting
caused a significant increase in plant height. Results recorded on the effect of
. bulb size revealed that increasing the bulb size from 6 10 8 or 10 cm caused
steady significant increases in plant height (in both seasons). Accordingly, the
tatlest plants (53.27 and 51.29 cm in the first and second scasons, respectively)
were those obtained from the largest bulb size (10 cm circumference). Also, foliar
spray applications using a mixture of microelements (Fe+Zn+Mn) resulted in -
significantly taller plants (in both seasons), compared to those sprayed with Za or
Mn alone.

In general, one can observe that in both seasons, the tallest plants were
those obtained when the largest bulbs (10 cm circumference)} were pretreated with -
cold storage or hot water treatments, followed by spraying the plants with a
mixture of microelements (Fe+Zn+Mn). The data recorded on the interaction
between bulb size and bulb pretreatments revealed that combining the fargest bulb
size (10 cm circumference) with cold storage or hot water pretreatments gave the
tallest plants.

Regarding the interaction between bulb size and microclement
treatments, the data showed that combining the largest bulb size (10 cm
circumference) with spray application of the microclement mixture (Fe-+Zn-+Mn)
gave the tallest plants. .

Also, the best combination of pre-treatments and microelement
applications {in terms of plant height) was cold storage of bulbs, followed by
spraying the resulting plants with a mixture of microelements (Fe+Zn+Mn).
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Table (1): Effect of bulb size, pre-planting treatments, and microelements application on plant height (cm) of
Polianikes tuberosa in the 2002 and 2003 scasons.

B First season
Controt 45 days cold (5°C) Soaking i bot wrter.
*Micro-
elements Size 6 Slzed Size 10 Shze b Size ¥ Size 10 Stze§ | Stze8 | St 10
[ 3148 a7 51352 4533 5138 $8.22 45,76 5334 | SRl
1 4D.45 4332 4713 [T¥F] 51.07 $517 41.08 STee | 574
B E] 40.00 31.02 8454 4205 50.00 52.18 4101 5008 | 5542
[ L5.0008 EET
Cowtrol 15 days cold storage (5° C) Hot water LS.D.
Pre-piznting {restments - (0.0%)
PTr) $0.09 $0.31 564
Size & Sl £ Stze 10
Bulb size - 2.3 883 127 133
- 1 ] 3
*Mier 3039 % w36 187
Coatral 15 days told storage (5° C) Het water
Pretrestments X S0 | Sizes | Size 10 | Sice6 | Sizef | Sizeld | Sx b | Size8 | Size 10
] tulls size IR I MRS 4.26
g D70 ] 4334 | 4173 43,87 5122 55,19 | 4262 | 5144 | 5689
5 1 i 3 1 7 3 i ) 3
e Pr X 168
s “unicroelenventy 46.71 970 | 4185 5204 5015 4808 | $207 | 5003 | 4884 :
= Sizx 6 Size 8 She 10
, Bulb size X i T 1 1 3 T3 3 T 2 [ 3 1.68
i 3418 | 4198 | 41021 5070 | 4876 1 4704 ] 5598 | 5315 [ 307§
Second season
*Micre- Control 15 days coid storage (5° C) Soaking fu hot water
clements Size 6 Size 8 Size 10 Size® Sized Size 19 Stae 6 Size8 | Sizetd
3 4516 5005 034 | sl 5347 56.23 46.76 5218 5511
2 44.0) 45,78 4522 47.53 5178 54.11 4505 4762 | 8107
3 3.6 53,13 4153 4455 4766 42.9% 43.17 43533 | 5063
1.5.D 0.05 4.52
. LS5,
Pre-planting Control 15 days el storage (5° C) Hot water ©.95)
16.05 50.60 48354 441
Size b Size 8 Size 19
Bulb size 1535 @5 51.39 2.8
. . . i 3 3
Micr HE] FEYE) 4543 412
Tondrol 15 days coM storsge (5° C} Hat water
Pre-treatments X
o b sioe Stze € | Size8 | Sizei0 | Stze6 | Size® | Size10 | Slze6 | Stre$ | Sizeto | 284
.g 43.65 46.33 |- 48.16 47.40 5097 53,45 4499 4%.37 2.1
o — 1
Id Pre-treatmenis X i 2 3 ! 2 3 ! 2 k| 12
g *microctements 5032 | 4534 | 4248 [ 5327 | 5104 | 4746 § 5134 | 4791 | 4638 :
—_—
- Size 6 Size 8 Size 10
1 s
e X A A I i1 | 3 N N 182
4734 | 4534 ] 424 5089 | 4g39 | 453g 5569 | 5047 | 47.72

* Microelement treatments: | : (Fe+Zn+Mn}0.15, 0.15, 0.14%).

2 :Zn0.15%.
3 :Mn(.14%,
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The best combination of the three studied factors (bulb pre-treatments,
bulb size and microelement treatments) was pre-treatment of the large size bulbs
(10 cm circumference) with hot water (in the first season) or cold storage (in the
second season), and spraying the plants with the mixture of microclements
(Fe+Zn+Mn).

These results were similar to those ebserved on Polianthes tuberosa by
Mostafa et af, (1996), Chakraborti and Ghosh (1993) and Barman and Pal (1993).

2- Flowering characteristics:
a- Number of days to flowering (Table 2):
The data recorded in the two scasons revealed that the effects of pre-
planting treatments, bulb size and microelements application on the number of
days to flowering differed from one season to the other. For example, soaking the
bulbs in hot water was the most effective treatment in enhancing early flowering
in the first season (4 days earlier than bulbs stored for 15 days at 5° C), but in the
second season the earliest flowering was obtained from untreated (control) bulbs.
Also, the medium size bulbs (8 cm circumference) gave significantly earlier
flowering than the large size bulbs (10 cm circumference) in the first season, but
in the second scason the earliest flowering was obtained from the largest bulbs
(10 cm circumference). Application of Zn at 0.15% was the most effective
treatment in promoting early flowering in the first season, whereas in the second
scason the earliest flowering was obtained from plants treated with the
microclement mixture (Fe+Zn+Mn).

The interaction between pre-planting treatments and builb size showed
that in the first season, soaking the small size bulbs (6 cm circumference) in hot
water prior to planting gave the earliest flowers, but in the second season the
earlicst flowering was obtained from medium size bulbs that received no
treatment before planting. Also, the interaction between pre-planting treatments
and microclements indicated that in both scasons, the earliest flowering was
obtained from bulbs that received no pre-treatment, but were sprayed with the
mixture of microelements (Fe+Zn+Mn). On the other hand the greatest delay in
flowering was obtained from plants sprayed with Zn alone, combined with pre-
treatment of the bulbs using cold storage (in the first season) or hot water (in the
second season).

The interactions between the bulb size and microelements revealed that
the mixture of microelements (Fet+Zn+Mn) gave the earliest flowering when
applied to the medium size bulbs (in the first season) or the large size bulbs (in
the second season, whereas the greatest delay in flowering was obtained when Zn
was applied to the laxge size bulbs (in the first season) or the smafl size bulbs (in
the second season).

b- Number of florets/stalk (Table 3):

Data in Table (3} revealed that the hot water treatment had a significant
effect on reducing the number of florets/stalk. In both seasons, untreated bulbs
and bulbs that were kept in cold storage gave significantly higher values than
those that were soaked in hot water. No significant differénce was detected
between untreated bulbs and those kept in cold storage prior to planting
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Table (2): Effect of pre-planting treatments, bulb size and microelements application on the

number of days from planting til! flowering of Polianthes tuberosa L. in the 2002

and 2003 seasons.

First season
Countrol 15 days cold storage (5" C) Soaking in hot water,
“Micro-
elements Size 6 Size 8 Size 10 Size € Stze 8 Size 10 Size 6 Size8 | Size 10
1 140,36 139.0 137.66 149.28 13751 146.39 138.96 13930 4222
e 1 14225 143.03 139.42 144.44 139.81 140.08 136.12 137.78 | 14505
3 142.03 140.54 142,08 14492 145.24 14494 133.12 140.31 16.84
L.S.D 0.85 7.55
. L.S.D.
Pre-planting treatments Contral 15 days cold storage (5° C) Hot water 0.05)
141.15 14338 139.97 333
Size 6 Size 8 Size 10
2.4
Bulb size 14145 140.17 142.74 !
N 1 2 3
Mier 14115 146.78 14240 1.61
Control 15 dayx cold storage (5* C) Hot water
Pre-treatments X Size6 | Size8 | Size 10 | Size6 | Slze8 | Size 10 | Size® | Size8 | Size 10
@ buib size 342
g 14221 | 14052 | 139.72 | 14607 | 14085 | (4380 | 13607 { 1393 | 14470
E Pre-treatments X 1 2 3 1 2 3 L E 3 228
Ik *microctements 13901 | 14023 | 14222 | 4439 | 14148 | 14489 | 140006 | 139.65 | 14009 -
£ Size 6 Size 8 Size 10
. I!lulb s|lu X . i 2 3 1 T 1 3 [ 2 [ 3 2.28
e 14287 | 14094 | 140,55 | 13860 | 13987 | 14203 | 142.00 | 141.52 | 14462
Second season
~Micro- Control 15 days cold storage (5° C} Soaking Im bot water
clements Size & Size 8 Size 19 Slze 6 Size 8 Size 10 Slze 6 Size8 | Size 10
1 139.67 13711 13833 i40.22 138.98 138.42 1414 13932 | 13731
2 140.57 139.54 139.15 142.18 140.96 139.44 143,71 14307 | 138.12
3 143.66 139.88 139.78 14341 145.67 140.90 147.11 14442 | 14285
1..5.D 0.08 5.58
Pre-planting Control 1S days cold storage (5° C) Hot water :‘650?}
139.76 141,13 141.93 3.25
Size 6 Size 8 Size 10
Bulb size 14346 140.99 139.37 233
1 1 3 506
*Microelements 139.00 140.74 141.29 -
Control 15 days coid storage (5* C) Sonking In kot water
Pretreatments X | Size6 | Sizes | Size10 [ Sies | sizes | So° | Smes | Sizes | Suers | ;5
bulb size I
§ 14135 | 13884 | 13909 | 14194 | 14187 [ 53959 | 14408 | 14227 | 13943
':-;: Pretreat X 1 2 3 1 2 3 t 2 3 292
& *microelements 13844 | (3974 | 1411y | 139 14086 | 14333 | 13935 | 141.63 | 1449 ’
=
- Size 6 Slze 8 Size 19
o e X 1 2 3 1 2 3 1 2 3| 2w
14051 | 142,04 | 14473 | 13847 | 14019 [ 14332 | 13802 [ 13890 | ta118
* Microelement treatments: 1 - (Fe+Zn+Mn) 0.15, 0.15, 0.14%).
2 :Zn0.15%.
3 :Mno0.14%.
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Table (3): Effect of pré-plaming treatments, bulb size and microelements applications on the

number of florets/stalk of Polianthes tuberosa L. in the 2002 and 2003 seasons.

First season

-Soaldng im hot water.

Contral 1] d.n)u cold storage {(5"C)
* Micre
clements Siee 6 Size 8 Size 10 Slze 6 Size 8 Stze 10 Size 6 Stz | Stzelo
1 24.13 28405 18.22 23.50 27.73 2873 21.67 2013 1.0
2 24.00 2641 28.03 21.29 23.42 24.69 20.55 23,73 20.42
3 21.76 23.55 27.86 2011 27.00 23,93 17.57 23.36 19.3%
L.5.D 0.05 1.85
Control 15 dayt cold storage {(5°C) Seaking In hot water. L.S.D .05
Fre-planting 75.78 24.49 2058 132
Size 6 Slze 8 Size 19
1.26
Bulb size 2162 24 82 4.7 2
1 2 k)
| . L
* Micro - 24.81 1362 22.73 ®
Control 15 days cold sterage (5°C) Soaking in hot water.
[
InterpreXsize | Size6 | Swe8 | St | Stes | Swed | Szeto | sie6 | smes | 57 | 366
H] 23.30 26.00 25.04 21.63 26.05 25.78 19.93 2241 | 2030
'% Int X Control 15 days cold storape (5°C) Soaking in hot water,
E ml:r::ltrn:ems ! —L L r 3 1 1 2 ! 3 1 ] 2 3 240
= 2680 | 2615 | 2439 2665 | 2313 | 2368 2097 | 2157 | 20.01
¢ X Slze 6 Size 8 Size 10
Incer size 1 1 3 [ 3 1 3 3 240
microelements
23.10 21.95 19.81 2530 24,52 24.64 26.02 24.38 | 23.73
Second season
* Micro Control 15 days cold storage (5*C) Soaking In hot water.
elementy
Size 6 Size 8 Size 10 Size 6 Size 8 Slze 10 Slze 6 Size 8 Size 10
1 28.22 29.05 112 29.14 3164 34.81 26.89 21.59 2270
2 25.16 27.76 28.05 27.32 3243 32.40 25.10 22.28 21.62
3 23.33 2587 28.02 25.68 1245 30.73 24.6% 21.27 20.36
L.S.D 0.05 0.142
Pre-planti Control 15 days cold storage (5°C) Soaldng 1n hot water, L.S.D .65
- l 27.62 3084 2294 3.97
Size & Size 8 Slze 10
Bulb size 2617 736 27.98 336
. 1 1 2 3
Micro 78.68 2690 25.82 13t
15 days cold storage {5°C) Soaking in hot water.
frter pre X szes | sizes | S L sizes Sed | Sueto | simes | sumes | S g0
E 25.57 27.56 29.73 2738 32.51 32.65 25.56 21.71 { 21.56
£ 1 .
g Inter pre X Cnnt;nl p 5 days cold storage (5°C) Soaking In hot water. -
§ microelements ! 1 1 3 1 ? 3 :
£ 3003 26.99 25.74 32.20 Je72 962 32713 23.00 | 2211
Size 6 Slze 8 Size 190
later slze X I
microelements ! 2 3 1 2 3 ¥ 2 3 542
28.08 15.86 24.57 27.76 27.49 26.53 30.21 27.36 | 2637

* Microelement treatments: 1 : (Fe+Zn+Mn) 0.15, 0.15, 0.14%).

2 :Zn0.15%.

3 :Mn0.14%.
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Increasing the bulb size from 6 to 8 or 10 cm increased the number of
florets/stalk. However, this effect was significant in the first season only. In the
second season, the small size bulbs (6 cm) also gave the lowest number of
florets/stalk, but no significant differences were recorded between values
obtained from the three bulb sizes.

The results recorded on the effect of microelement treatments indicated
that application of the microelement mixture (Fe+Zn+Mn) was the most effective
treatment for increasing the number of florets/stalk.

The interaction between pre-planting treatments and bulb size indicated
that the greatest number of florets/stalk were obtained from large size bulbs (10
cm) that received no pre-treatment (in the first season), or that were kept in cold
storage (in the second season). Also spraying the plants with (Fe+Zn+Mn) gave
the greatest number of florets/stalk when the bulbs received no pre-treatment (in
the first season), or when they were soaked in hot water prior to planting (in the
second season).

Regarding the interaction between bulb size and the microelement
treatments, the data indicated that in both seasons, combining the large size bulbs
(10 cm circumference) with application of the microelements mixture
(Fet+Zn+Mn) gave the greatest number of florets/stalk.

Among the various combinations of the different bulb sizes, pre-
treatments and microelement treatments, the best combination (i.e. giving the
highest number of florets/stalk) was cold storage of the largest bulbs (10 cm
circumference) prior to planting, and spraying the plants with a mixture of
microelements (Fe+Zn+Mn),

c- Flower stalk length (Table 4):

The data showed that the pre-planting treatments had a significant effect
on this character. Both cold storage and hot water treatments gave significantly
longer stalk than those formed by untreated bulbs. In general increasing the bulb
size caused steady increases in flower stalk length, with the large size bulbs (10
cm) giving significantly taller flower stalks than those produced by small or
medium size (6 or 8 cm) bulbs.

The data on the microelement treatments indicated that the three
treatments used in this study also had a significant effect on this character. In this
respect, spraying the plants with the microelements mixture (Fe+Zn+Mn) gave
significantly taller flower stalks (with tengths of 71.56 and 72.47 cm in the first
and second seasons, respectively), compared to those produced by plants sprayed
with Zn or Mn alone.

The results recorded on the interaction between pre-planting treatments
and bulb size showed that the tallest flower stalks were produced by the largest
bulbs (10 cm circumference) which were pre-treated by soaking in hot water (in
the first season) or kept in cold storage (in the second season). Regarding the
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Table (4): Effect of pre planting treatments, bulb size and microclements application on flower

stalk length (cm) of Polianthes tuberosa L. in the 2002 and 2003 seasons.

First season

* Micro Control 15 days cold sterage (5°C) . Soaking in hot water.
elements Size Slze & Size 10 She 6 Size 8 Shze 10 Size § Stze8 | Size10
1 5123 60,07 63.41 68.25 8.26 81.51 7198 §0.13 £9.16
2 49.15 5534 62.03 66.02 7257 7156 61.47 7046 7859
3 46.73 49.66 6050 62.09 73.66 67.19 59.05 6734 1200
L.S.0.0.05 2.21
Conirol 15 days cold storage (5°C) Seaking ln hot water. LS.D .85
Fre-planting 5535 7134 7148 6.31
i Size 6 Size 8 Slze 10
Bulh size 39.79 67.50 089 an
* Micte element ! z 3 —
71.56 6558 52.04 19
. " Control 15 days cold storage {(5*°C) Soaklng in ket water.
""’:'::’ Sizc6 | Size8 | Sizel0 | Shes Slze8 | Skel0 | Size§ | SlzeB | Sizel0
a 904 | 5502 | 6199 65.45 74.83 13.35 6487 | 7264 | 79.92 522
(=3 2
£ Inter preX 'M__l Control 15 days cold ‘“Eﬁﬂ%@;ﬁ‘fﬂ;" water.
g microtlements 2 3 1 2 ' 3 2.20
& 5824 | 3551 | 5230 76.01 7038 | 6165 8042 | 70.84 | 66.16
= Inter size X Size 6 Slze 8 Slze 10
microelements +— 1 3 L P 3 ! H 3_ | 110
63 82 5955 55,99 72.82 66.12 63.55 7803 | T1.06 | 66.56
Second season
* Micro Control 15 days cold storage (5°C) Soaking in kot water,
elements Size 6 Slze 8 Size 10 Size 6 Size$ Stze 10 Stze6 | SizeB | Sizelo
i 53.64 55.61 60,02 7547 B4.08 8R.57 7026 78.48 8611 |
1 50.13 53.43 56,76 7162 7.6 8244 65.85 7331 T8.63
3 4905 5100 5233 67.12 1547 745 61.59 68.90 T59R_ |
L.8.0. 0,05 &9
Pre-planting Control ISduyscold storage(5°Cj |  Soaking in hot water. LS.D 05
53.35 7176 7312 693
Size & Size 8 Size 10
Bully size .86, 68.49 LN 438
e i 1 3
Miero 247 §1.70 6429 1|
Inter pre X Coutrol 15 days cold storage (5°C} Soaking in hot waier, ’
siae Size b | Size$ | Sizell Size6 | Slze® [ Size 10 Size 6] Size® | Size 30 415
e 5094 1 5335 [ 5637 Ti7A | 71890 | #2172 6590 { 73,23 | 8024
,é Interpre X : Cunllrol . | 15 duys :;Id (5'C) ; Sln-ldn In ;ot \uuter.3 4 L5
15 :
£ microclements a0 1 na | ww | 8 | AaAl [ B 28 ) 7236 | e8gr | |
= . Size 6 Size 8 Size 10
— Inter size X 1 1 3 1 1 k] 1 2 3 150
microtlements | 66.64 6287 59.25 7172 67.63 6512 7823 | 7261 | 68.49 8

* Microelement treatments: |

2 Zn0.15%.
Mn 0.14%.

3

- {(Fe+Zn+Mn) 0.15, 0.15, 0.14%]).
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interaction between pre-planting treatments with the microelement treatments, the
recorded data showed that the tallest flower stalks were obtained as a result of
spraying the plants with the microelement mixture (Fe+Zn+Mn), in combination
with pre-treatment by soaking the bulbs in hot water (in the first season) or by
keeping them in cold storage (in the second season). Also, results recorded on the
interaction between bulb size and microelement treatments showed that in both
seasons, the tallest flower staiks (78.03 and 78.23 cm in the first and second
seasons, respectively) were produced when plants formed by the large size bulbs
(10 cm) were sprayed with the microelements mixture (Fe+Zn+Mn).

In conclusion, it can be stated that the longest flower stalk can be
obtained by combining large size bulbs with application of a micronutrient
mixture (Fe+Zn+Mn) and pre-treatment using hot water (in the first season) or
cold storage (in the second season). These results were in agreement with the
findings of Mahanta and Paswan (1995) on tuberose. They reported that large size
bulbs gave more florets/stalk.

3- Bulb production
a- Number of bulbs/plant (Table 5):

The results presented in Table (5) indicated that pre-planting treatments,
bulb size and microelement treatments had a significant effect on number of
bulbs/plant. Among the pre-treatments that were tested, the hot water treatment gave
the highest number of bulbs tn both seasons (9.02 and 8 40 bulbs/plant in the first and
second seasons, respectively). Also, bulb production was enhanced by the increase in
bulb size, with the large size bulbs (10 cm) giving the highest number of bulbs (8.27
and 7.89 bulbs/plant in the first and second scasons, respectively). Eman (2004)
obtained similar results using large rhizome size, whichgavethebestrtuzome
productivity of Zantedeschia and Hedychium. Also, spraying the plants with the
microelements mixiure (Fe+Zn+Mn) gave the highest number of bulbs/plant in the
first season (8.32 bulb/plant), but in the second season, the highest value (7.33
buibs/plant) were obtained from plants sprayed with Mn alone.

The data on the interactions revealed that in both seasons, soaking the
large size of bulbs (10 cm) in hot water gave a significantly higher number of
bulbs/plant, compared to other combinations of pre-treatments and bulb sizes.
Also, the best combination of pre-treatments and microelements was soaking the
bulbs in hot water, and spraying with Fe+Zn+Mn (in the first season) or Mn alone
(in the second season). Regarding the interaction between bulb size and
microelement treatments, the recorded results showed that the greatest number of
bulbs/shoot (9.51 and 8.09 bulbs/plant in the first and second seasons,
respectively) was obtained when the large size bulbs (10 cm) were used, and the
plants were sprayed with Fe+Zn+Mn (in the first season) or Mn alone (in the
second season).

Regarding the effect of the different combinations of the three factors
(bulb size, pre-ireatments and microelement treatments), the results recorded in
the two seasons showed that soaking the largest bulbs (10 cn circumference) in
‘hot water, and spraying the plants with microclements (FetZn+Mn) gave the
greatest number of bulbs/plant.
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Table (5): Effect of pre-planting treatments, bulb size and microelements applications on the
number of bulbelts/ of Polianthus tuberosa L., (2002 and 2003).

First season

Control 15 days cold storage (5°C) Soaking In hot water,
* Micro el j Slze
Size 6 Size 8 Slze 10 Size 6 Size 8 Slze 10 Shze 6 Size 8 0
1 6.35 7.8) B.44 431 73T 9.50 9.57 8.9¢ 10.59
2 312 7.57 7.99 592 681 7.7 9.09 8.57 986
[ 3 403 6.08 6.13 436 EXE) 6.2 872 792 794
1..5.D. 0.05 §.48
Pre-planting Control 15 days cold storage (5°C) Scakdng in hot water. L.S.D.0%
v 6.51 667 2.02 1.01
Size 6 Size 8 Sixe 10 i
Buth size - 635 738, 827 043
- 1 ] 3
" Micro - [%7) 732 3%
Slze & Size 8 Slze 10 Size Size 8 Slize 10 Size 6 Size8 | Size 10 086
g | InterpreXsize 41 716 753 5.70 650 781 2.13 847 | 946
2
° Inter pre X 1 1 3 1 1 3 1 2 3 06l
E micraelements T.54 6.56 5.42 7.3 681 547 9.69 9.17 8.19 )
- Size ¢ Size 8 Size 10
&
- X -
e size 1 2 3 1 1 3 1 2 3 061
7.41 638 587 8.04 7.65 6.44 9.51 8.52 6.77
Second season
Cantrol 15 days cold storage (5°C) Soaking in hot water.
Micro ¢l
Size 6 Size 8 Size 10 Size 6 Stze 8 Size 10 Skze & Size § Size 10
1 6.66 1.05 1.97 596 642 6.9 112 7.4 94|
2 593 611 7.43 645 6.66 $.4% 131 8.37 9.10
3 5.76 5.35 7.02 6.44 6.91 788 7.84 9.37 9.36
L.5.D._0.05 107
Pre-planting C:nsl;ol 15 duys tul.: ;;onge 5°C) Sonking llln:(.)n( water, I...Sl.lza.ns
Bulb size Shze & Size 8 Size 10 118
6.61 711 7.89 i
B 1 1
* Micro el 719 7.09 733 022
Control 15 dayy cold storage (5°C) Soaking in hot water.
Size & Size 8 Size 10 Size 6 Slze 8 Size 10 Size 6 | Size8 | Size 10 3
1 0.6
" merpre Xsize | (o 6.17 147 5.28 6.66 692 742 | 849 | 920
2
£ Inter pre X 1 ) 3 1 1 3 1 2 3 ot
E microtlements 713 649 64 626 653 7.08 B.O9 B.26 B.36 '
& Size & Size 8 Size 10 —1
- X —
e alte X 1 1 3 i P 3 1 2 3 031
658 6.56 6.68 707 7.05 721 7.92 7167 5.09
—

* Microelement treatments: | (Fe+Zn+Mn)0.15, 0.15, 0.14%).
2 Zn 0.15%.

3

Mn 0.14%.
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b- Number of bulbelts /plant Table (6):

The recorded data indicated that cold storage of the bulbs or soaking
them in hot water prior to planting significantly increased the number of bulbelts
/plant in the first season (giving values of 27.86 and 27.85, respectively),
compared to the control (which gave 23.36 bulbelts /plant). However, in the
second season the pre-treatment of bulbs had no significant effect on the number
of bulbelts /plant.

In the first season, bulb size had a significant effect on the number of
bulbelts /plant, with the large size bulbs (10 cm} giving a significantly higher
value (27.47 bulbelts /plant) than the medium size bulbs (8 cm), which gave
25.27 bulbelts /plant. However, in the second season, bulb size had no significant
effect on the number of bulbelts /plant. Regarding the ¢ffect of microclement
treatments, the data presented in Table (6) show that in both seasons, plants
sprayed with Fe+Zn+Mn gave the highest number of bulbelts /plant (27.42 and
28.77 bulbelts /plant in the first and second seasons, respectively), compared to
plants sprayed with Zn or Mn alone. These results are supported by the views of
Brown and Clark (1997), who reported that micronutrients are known to be
important in carbon-dioxide assimilation and in nitrogen metabolism, suggesting
that plants may have metabolic systems that predominately require microeclements
application

The data recorded on the interaction between bulb pre-treatments and
bulb size showed that the smallest bulb size (6 cm) gave the greatest number of
bulbelts /plants when they were pre-treated with hot water (in the first season} or
cold storage (in the second season) prior to planting. Results obtained with
different combinations of bulb pre-treatments and microelements application
differed from one scason to the other. In the first season, using hot water and
spraying the plants with Mn alone produced the greatest mumber of bulbelts /plant
(32.17), whereas in the second season, the highest value (29.56 bulbelts /plant)
was obtained from bulbs that received no pre-treatment, but were sprayed with
Fe+Zn+Mn. The interaction between bulb size and microelement treatments
showed that using the smallest size bulbs (6 cm) and spraying with Mn alone
gave the greatest number of bulbelts /plant in the first season, but in the second
season, the highest value (29.01 bulbelts /plant) was obtained when large siz¢
bulbs (10 cm) were used, and the plants were sprayed with Fe+Zn+Mn.

Stem apex development:

Stem apex development of Pofianthes tuberosa after planting passed
through three stages, namely: vegetative growth, flower initiation and flower
differentiation (Figures 1 to 5). The same stages were mentioned by Rees (1972).

With respect to the anatomical features of the stem apex of the bulb, it is
clear from Fig. (1) that after 60 days from the planting date, a new growing point
was formed (represcnting the vegetative growth stage), which was clearest in
plants sprayed with (Fe+Zn+Mn), compared to plants receiving the other
treatments. Also, the cell nuclei were dividing actively after 60 days from
planting, and the active division of periclinal cells led to the initiation of leaf
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Table (6): Effect of pre-planting treatments, bulb size and microelements applications on the
number of bulbelts /sub of Polianthus uberosa L. (2002 and 2003).

First season
Cantrol 15 days cold storage (5°C) Soaking In hot water .
* Micre
slements Size 6 Size 8 Size 10 Size 6 Size 8 Stze 19 Size § Size® | Sizel0
1 2205 24.15 28.53 28.81 3L10 31.67 27.48 2875 27.28
2 19.97 23.23 26.43 .97 2132 2001 23.29 24 85 2548
3 19.66 2207 24.17 21.52 2717 30.01 50.15 2i .80 24.55
L.5.D. 0.05 269
Pre-planti Controt 15 days cold storage (S°C) |  Soakdug in bot water . L.S.D 03
repinting 2136 7.86 2785 2.13
Size 6 Size ¥ Slze 19
Bulb size 2,33 3537 3747 215
. 1 ] 3
* Micro 7742 T} %79 238
tmterprex | es | Sized ['Stefo | Swee | Sie® [ Slaet® | Sipe6 [Sized[Siedo|”
E slze 20.56 23.13 26.38 2477 28.53 3026 3164 24.13 25.77 ’
S
"3 Inter pre X 1 2 3 1 2 3 1 2 3 027
= micr it 2491 23.21 21.95 30.53 26.77 2627 26.84 24.54 32.17 )
3 Inter size X Size 6 Slze 8 Size 10
£ ’n !r.s ze 1 2 3 1 2 3 1 2 3 .27
i 26.22 2241 30.44 27.00 25.13 13.66 29.16 2697 | 26,28
Second season
Control 15 days cold storage (5°C) Soaking in hot water,
Micra ek t:
Slze & Size s Size 10 Size 6 Size 8 Size 1¢ Size & Size 8 Size 10
1 28.34 19.89 30.44 30.11 29.79 27.39 27.61 26.12 29.20
1 27.15 2799 29.23 28.07 2674 22.68 25.61 2462 25,63
3 2355 25.08 27.07 18.76 26.56 20.38 30.99 22.86 19.38
[__LS.D. 003 NS
Pre N Control 15 days cold storage (5°C) | Sosking in hot water .
- = 27.63 26.72 25.78 N.S.
Size b Size 8 Size 10
Bulb size 7780 26.62 75,71 NS.
1 2 3
* Micro elemenis 28.97 26,42 24,96 16
Control 15 days cold storape (5°C) Soaking In bot water .
Inter pre X Size 6 Size 8 Size 10 Size 6 Slze 8 Size 10 Size 6 Size® | Slze 10
E size 26.35 2764 2891 2398 AN 2348 28.07 24.53 2474 406
e
£ Inter pre X 1 3 3 1 ? ] i 2 3 226
E microclements .56 28.12 25.12 910 2583 25.23 27.64 25.29 24.4) ’
£ [mter size X Size 6 Size B Slze 10
microelements ! 2 3 1 1 3 1 2 3 226
28.69 1693 21.77 28.60 26.45 24 .82 29.01 25.85 2228
* Microelement treatments: 1 (Fe+Zn+Mn) 0.15. 0.15, 0.14%).
2 - Zn0.15%.

3 Mn0.14%.
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primordia (Fig 2). The initiation of leaf primordia was clearest after pre-
treatment of bulbs with cold storage at 5°C for 15 days. These results indicate that
the soil contents of both Fe and Mn (previously mentioned in Table B) were
sufficient for active division of the nuclei, and for leaf primordia initiation.
Moreover, in some cases, anticlinal cell division started in the first and second
layers of mnica, and the division of the central mother cells and of the apical
meristem resulted in the appearance of a dome shape, which was clearest after
pre-treatment of the bulbs by soaking in hot water, and spraying the plants with
Zn (Fig 3). The same observations were recorded by Banker (1991).

After 120 day from planting, the leaf primordia continued their growth,
Also, the continued growth of the stem apex gave rise to more leaf primordia (Fig
4). These morphogenic changes were most evident after pre-treatment of the
bulbs with cold storage for 15 days at 5°C, and spraying the plants with Zn.
Figure (5) shows that after the formation of leaf primordia, the apical meristem
begins to produce flower primordia as a result of vertical and horizontal cell
division. The initially dome shaped stem apex starts to show a clear flattening at
its top, and the various flower parts (sepals, petals, stamens and pistil) can be
distinguished in the individual flower primordia as development proceeds. The
same vision was observed by Rodrigues (1962) and John (1977).

Fig. (1): Longitudinal medium section (X 100) of Polianthes tuberosa L. apex.
after 60 days from planting. Bulbs received mo preplanting
treatment, and plants were sprayed with Fet+Zn+Mn. Vegetative

apex (new growing point) is visible.
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Fig. (5): Longitudinal medium section (X 100) of Poliarthes tuberosa 1. apex after
120 days from planting The apical meristem, which is producing leaf
primordia, begins to produce flower primordia, and its originally dome-
shaped surface starts to flatten,
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