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Abstract: Planting depth and bulb size are the most effective of parameters affecting growth and flowering in
bulbous plants. So, for study of planting depth and bulb size on yield and flowering quality in tuberose, effect
of three bulb sizes, including 1.5, 2.5 and 3.5 cm in diameter and planting depths: 4, 6 and 10 cm, on vegetative
and flowering characteristics evaluated under greenhouse condition. The experiments were carried out as a
factorial plot in a complete randomized block design with four replications. All the data was subjected to
analysis of variance (ANOVA) using of SAS software and the means separated using the Duncan's Multiple
Rang Test. In study of interaction of planting depth and bulb size, difference between treatments was not
significant in parameters of days to emergence of spike, length of flower spike; total number of nodes per spike
and length of inflorescence but differences in other characteristics were significant. Bulb size had any influence
on time of emergence of flower spike, diameter and length of spike, as well as germination percentage of bulbs,
but influenced on other characteristics. Results revealed that smaller bulbs, Due to failure in physiological
maturity, produced any flowers. Larger bulbs had the better quality in flowering, as well as because of more
active metabolically processes such as carbohydrates breakdown latter germinated but developed earlier, So
for increasing of yield and producing of desirable flowers with more value economically, the best of bulb size
is advised 3.5 cm in diameter and planting depth of 6 cm for cultivation of tuberose flowers.
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INTRODUCTION cm in tuberose while these depths will varying under

Tuberose (Polianthes tuberosa) is an important [5, 6].
flower from the aesthetic and commercial point  of  view. The influence of planting depth on growth and
It belongs to the family Amarylladaceae and is native of flowering  of  some  bulbous  ornamental   plants  has
Mexico. Its importance among the commercially grown been  reported  [7-9].  Research  work on planting  depth
flowers is due to its potential for cut flower trade, long of  many   geophytes   was   reported   by   Galil  [10].
vase life and essential oil industry [1]. Who  defined two types of depth, linear (mm) and

It is cultivated commercially  from  bulbs  and  yield absolute depth which is the physiological depth reflecting
of flowers depend on the size of bulbs used at planting the array of physical conditions to which the plant is
time [2, 3]. Planting depth has also been found useful in exposed.
improving the growth, flowering and quality of flowers [4]. In an experiment on effect of planting depth on
Workers believed that interactions of bulb size and several geophytes, increasing of planting depth delayed
planting distance, bulb size and planting depth, as well as emergence and reduced the percentage of emerging
planting distance and depth of planting, are very plants. Developing shoots, leaves, flowering stems and
important factors in improving the growth, flowering and their fresh and dry weights were negatively correlated
quality  of florets. It reported that planting depth for with the  planting   depth,   the  geophytes  were
bulbs- distance from soil surface to top of bulb - is 3-10 Anemone,  Ranunculus, Iris, Allium, Aconitum, Narcissus,

different  conditions  of planting, soil type and bulb size
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Table 1: Analyses of physical parameters of soli used in experiment location
Soil components (%) Elements contents  (mg/kg soil weight)
--------------------------------------------------------- -----------------------------------------------------------

Soil texture Silt Sand loam pH N P K
Loamy 17 44 39 7.1 160 26 1900

Ornithogalum and Hyacinthus [4, 11, 12]. These workers harvest time. All the data was subjected to analysis of
concluded that deeper planting of bulbs might give less variance (ANOVA) and the means separated using the
vegetative propagation. Planting of corms of Sparaxis Duncan's Multiple Rang Test. Average of greenhouse
tricolour at depths of 4-8 cm had no significant temperature  was  27±2 °C;  moisture  percentage  was
differences on flowering, but at depths of 6 - 8 cm 70±5 % ; the soil texture was loamy and pH=7.1 (Table 1).
produced larger flowers and more length leaves [13]. The land fed in three steps; planting time, 30 and 60 days

In Freesia, the best effect on the flowering and the after planting-with NPK fertilizers. Bulbs planted at
quality of inflorescences was obtained by corms planting distance of 20×20 cm. First irrigation was given just after
at depth of 7 cm in comparison to shallow planting at 3 cm planting while subsequent irrigation was applied at the
and deep planting at 12 cm [7]. Also,  Choi  et  al.  [7, 8] interval of 3-7 days while it needed. Throughout the
the positive effect of depths of planting reported in vegetation period, the plots were manually weeded as the
Freesia (at the depth of 5-7 cm), in Frittilaria thunbergii recommended cultural practices were adopted regularly.
(at the depth of 3 cm) and in Lily on the length of the During experiments no growth substances used for
leaves and inflorescence. Gladioluses cultivated at depths plantlets and plants.
of 8 cm had desirable influences on visual quality of
inflorescences, spike length, florets number in RESULTS AND DISCUSSION
inflorescence, florets diameter and even durability of
flowers after harvesting in comparison to depths of 2 - 6 According to results, no significance difference
cm [14]. Similar results reported from cultivation of found between treatments of planting depth in factors
Acidanthera bicolor at depths of 4 - 12 cm too, so that related to nodes number and germination percentage but
more flowers and larger produced from deeper depths [15]. significant differences observed in diameter of flower

So, because of in Polianthes cv. Double, interaction spike, inflorescent length and harvest time (p<0.05) and in
of planting depths and bulb size has not investigated yet, the others factors in probability level 0.01 (Table 2). 
this study carried out with the aim of evaluating the effect Planting depth similar to reports of Kariuki [12]
of planting depth, bulb size and especially their revealed no influence on germination percentage. In study
interactions on growth and flowering and yield of on size of bulbs, no significant differences found in
Polianthes cv. Double due to the importance of this emergence time of spike, length of spike and nodes
flower commercially and economically. number between treatments but differences were

MATERIALS AND METHODS number and inflorescent length in level of 0.05 % and in

The experiment was conducted at the Floriculture Flower spike on Bulbs that cultivated at depths of 4
Research Area, Department of Horticulture, University of and 6 cm, developed averagely after 92 day and those
Ferdowsi. A two-factor field experiment with cultivar cultivated  in  depth  of 10 cm appeared after 107 day
'Double' were conducted in a randomized complete block (Table 3). 
design with four replications that the planting depths Flower spike at shallow plantings appeared earlier in
were evaluated as first factor statistically and the bulbs of comparison to deeper plantings that clearly it reported
tuberose that were planted at three depths; 4, 6 and 10 cm; due to decrease in distance of growth point to soil surface
were as the second factor. The evaluated factors were [6, 14]. Spike length in plantlets produced from bulbs
including germination time, percentage of germination, the cultured at depth of 10 cm, was shortest (37 cm). In higher
visible leaf number and content of vegetative growth of depths of soil, produced the more spikes with the lowest
plantlets, emergence of flower spike as well as its length, diameter (2.4 cm) and at lower depth produced spikes with
diameter and number, total number of nodes per more diameter (Table 3). Also the more flower spikes
inflorescence, emergence of first floret, diameter of the number produced at depth of 4 cm, similar to reports of Le
first floret, length and number of inflorescence and Nard and De Hertogh [5] first floret at depth of 4 cm earlier

significant in number and diameter of spike, florets

the other characteristics in level of 0.01 (Table 2). 
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Table 2: Analysis of variance of treatments in evaluated characteristics

Mean Square 

Spike Spike Number Number Opening Diameter Inflorescence
Germination Germination Number Emergence length diameter of of time of of first Number length Harvesting

Treatments time (%) of leaves. time of Spike (cm) (cm) spikes Nodes first floret floret (cm) Florets (cm) time

Planting
Depth (A) 342.370 ** 400.516 ns 244 ** 500.389 ** 169.389 ** 0.321 * 5.527 ** 0 ns 193.167 ** 1.007 ** 100.056 ** 20.667 * 126.389 *
Bulb Size(B) 616.926 ** 5063.022 ** 650.111 ** 12.500 ns 2.722 ns 0.201 * 1.076 * 0 ns 1184.222 ** 1.389 ** 37.556 * 18 * 1042.722 **
Interactions
(AB) 25.704 * 28.599 * 42.944 * 60.500 ns 20.722 ns 0.037 * 0.284 ** 0 ns 12.389 * 0.111 * 22.389 ** 0.667 ns 82.389 *
CV (%) 6.61 17.21 20.61 5.22 8.68 8.69 19.29 8.26 3.46 11.30 7.89 7.69 4.55

** Non significant at 1% level of probability using Duncan test
* Significant at 5% level of probability Duncan test
ns Non significant

Table 3: Comparison of the mean of individual effects of treatments

Emergence Spike Spike
Treatments Germination time Germination Number time of spike length diameter
Planting depth (days after planting) (%) of leaves (days after planting) (cm) (cm)

10 cm 52.4 a 59.8 a 13.8 b 107 a 36.7 b 2.4 b
6 cm 44.9 b 71.4 a 22.4 a 94.7 b 47.2 a 2.7 a
4 cm 40.2 c 71.4 a 23.1 a 89.2 b 43.3 a 2.9 a

Bulb size
3.5 cm 52.2 a 84.1 a 27.7 a 96.1 a 42.8 a 2.8 a
2.5 cm 45.7 b 78.2 b 20.9 b 97.8 a 42.0 a 2.6 b
1.5 cm 37.7 c 40.4 c 10.8 c - - -

Means in each column having the same letters are not significantly different at 5% level of probability using Duncan test.

Table 3: Continued 

Treatments Number Number Opening time of first floret Diameter of Number Inflorescence Harvesting
Planting depth of Spikes of Nodes (days after planting) first floret (cm) Florets length (cm) time

10 cm 1.0 c 7.3 a 126.7 a 2.7 b 20.8 c 22.3 b 133.0 a
6 cm 2.0 b 7.3 a 122.8 a 3.5 a 24.8 b 26.0 a 130.7 b
4 cm 2.9 a 7.3 a 115.5 b 3.2 a 29.0 a 24.7 ab 123.2 c

Bulb size
3.5 cm 2.2 a 7.3 a 113.5 b 3.4 a 26.3 a 25.3 a 117.8 b
2.5 cm 1.7 b 7.3 a 129.8 a 2.9 b 23.4 b 23.3 b 133.0 a
1.5 cm - - - - - - -

Means in each column having the same letters are not significantly different at 5% level of probability using Duncan test.

Table 4: Comparison of the mean of interaction effects of treatments

Emergence Spike Spike
Treatments Germination time Germination Number time of spike length diameter
Planting depth - bulb Size (days after planting) (%) of Leaves (days after planting) (cm) (cm)

10 cm - 3.5 cm 61 a 72 a 19 cde 108 a 36 c 2.4 bc
10 cm - 2.5 cm 50 c 72 a 14 def 106 a 38 bc 2.3 c
10 cm - 1.5 cm 46 cd 35 b 8 f - - -
6 cm - 3.5 55 b 90 a 35 a 96 b 50 a 2.9 ab
6 cm - 2.5 cm 44 cd 81 a 23 bcd 94 bc 45 ab 2.6 abc
6 cm - 1.5 cm 35 e 43 c 10 ef - - -
4 cm - 3.5 cm 46 cd 90 a 30 ab 85 c 43 ab 3 a
4 cm - 2.5 cm 43 d 81 a 26 abc 94 bc 44 ab 2.7 abc
4 cm - 1.5 cm 32 e 43 b 14 def - - -

Means in each column having the same letters are not significantly different at 5% level of probability using Duncan test.
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Table 4: Continued 

Treatments Number Number Opening time of first floret Diameter of Number Inflorescence Harvesting
Planting depth - bulb Size of Spikes of Nodes (days after planting) first floret (cm) of Florets length (cm) time

10 cm - 3.5 cm 1 c 7 a 117 a 2.9 bc 21 c 23 bc 121 cd
10 cm - 2.5 cm 1 c 7 a 136 a 2.5 c 21 c 21 c 140 a
10 cm - 1.5 cm - - - - - - -
6 cm - 3.5 2.4 b 7 a 115 bc 4 a 25 b 27 a 113 d
6 cm - 2.5 cm 1.7 bc 6 a 131 a 3.1 bc 24 bc 25 abc 133 ab
6 cm - 1.5 cm - - - - - - -
4 cm - 3.5 cm 3.3 a 7 a 109 c 3.4 ab 33 a 25 ab 119 cd
4 cm - 2.5 cm 2.5 b 8 a 122 b 3 b 25 b 24 abc 126 bc
4 cm - 1.5 cm - - - - - - -

Means in each column having the same letters are not significantly different at 5% level of probability using Duncan test.

than other depths appeared; 115 day after bulbs planting; In this manner, flowers produced from larger bulbs
and bulbs at  depths  of  6  and  10  cm  flowered  latter
(125 day after planting). While, Mahros [16] reported
depth of planting have no effect on flowering time and
Rao [17] confirmed depth planting have no significant
differences on characteristics of growth and flowering
that these differences can be due to different condition of
cultivation and interaction of factors affecting flowering.
Also, it reported that early flowering and high yield is due
to vigorous vegetative growth and sufficient supply of
essential nutrients by bigger bulbs [5, 15, 18]. 

Kariuki [12] reported that planting depth was not
significant on florets number too. Deeper plantings have
significant effects on diameter of first floret was reported
by Marcinek and Hetman [13]. Diameter of first floret at
planting depth of 10 cm was the lower than depths of 4
and 6 cm (2.7 cm). Similar reports, in deeper plantings,
vegetative  growth  of  plantlets  remarkably was weaker
[4, 8, 9]. Germination in depths of 4, 6 and 10 cm happened
52, 45 and 40 days after bulbs planting, respectively. A
many of workers reported delayed germination in deeper
plantings [4]. 

None of bulb size and planting depth had significant
differences on total number of nodes in flower spike, while
Kariuki [12] confirmed that deeper plantings reduced the
nodes number and subsequently strength of florescence
stem. In experiments of effect of bulb size separately on
growth and flowering characteristics, germination time
was 54, 46 and 38 days after planting of large, moderate
and small bulbs respectively. The best vegetative growth
and leaf number related to plantlets produced from larger
bulbs (28 leaves) and the weakest of vegetative growth
related to small bulbs (11 cm). Dao [19] believed that
increasing bulb size only to a given range increasing
vegetative growth and the reason for it is more growth of
large bulbs due to presence of more water and nutrients
rather than smaller bulbs [18]. 

harvested earlier (118 days after planting) in comparison
to moderate bulbs (118 days after planting). While, Smaller
bulbs (smaller than 2.5 cm), produced any flower spikes in
different depths (with only 11 leaf), so relevant data not
included in statistical analyses.

Similar results were obtained by Rees [18] that small
bulbs of Iris and Lily only leaves produced. This is for
weak vegetative growth due to insufficient essential
material for flowering; such as nutrients, enzymes and
hormones in small bulbs [6, 20]. 

In study on interaction of planting depth and bulb
size, difference between treatments was not significant in
parameters of emergence time of spike, spike length,
nodes number and florescence length, but significant
differences observed in the other characteristics (Table 2).

Also, experiments revealed that germination of small
bulbs at shallow depths happened earlier. The
germination of large bulbs at depth of 10 cm happened 61
days after planting and the germination of small bulbs at
depth of 4 cm happened 32 days after planting (Table 4)
that reported due to little activity of the enzymes such as
Amylase in apex of larger bulbs, presence of many layers
of covering laminas around of large bulbs that affect on
gasses  exchange  and  inhibit from metabolic processes
[6, 20]. Furthermore, researches confirmed that in large
bulbs, effective concentrations of hormones such as
gibberellins that improve flowering are in higher levels
[20].

The  flowers  produced  from  bulbs  in  diameter  of
3.5 cm and at depths of 6 cm was produced more
diameters of first floret, florescence length, length and
diameter of flower spike and also produced more vigorous
plantlets and the more balanced number of florets and
flower spikes rather than other treatments. So, these
conditions, are the better treatments for increasing of
yield and producing of flowers with more desirable quality
and more market value (Table 4).
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CONCLUSIONS 9. Choi, S.T.  W.Y. Jung, H.G. Ahn and Y.D. Chang,

Larger bulbs had better yield and quality. planting depth on growth and flowering of Lilium
Smaller bulbs produced any flower due to failure in spp.  Korean  Society   of   Horticultural  Science,
physiological maturity. 39(6): 765-770.
Larger bulbs due to more active metabolically 10. Galil, J., 1961. Kinetics of geophytes (bulbs and
processes; such as carbohydrates breakdown corms). (In Hebrew with English summary). Hakibbutz
germinated later but earlier developed for harvesting. Hameuchad Ltd. pp: 224.
The best of bulb size for planting of tuberose bulbs in 11. Lee,   J.J.,  J.S.  Jeong,  D.K.  Kim,  S.W. Kwon and
similar conditions is diameters 3.5 cm and planting J.C. Kim, 1997. Effect of planting depth on growth and
depths of 6 cm. flowering in summer cultivation of cut freesia. Korean
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