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Optimizing Plant Density, Planting Depth and Postharvest

Preservatives for Lilium longifolium

A study was conducted to standardize production and postharvest
handling of lily (Lilium longifolium L. cv. Mero Star). In production trial,
three plant densities viz. 10, 20 and 30 cm between plants in 60 cm spaced
rows and two planting depths viz. 7.5 and 15 cm were compared. Increased
plant growth, yield and quality was recorded when plants were grown at a
close spacing of 10 cm with 15 cm planting depth. In postharvest experiment,
holding preservative solutions revealed significant superiority of cobalt
chloride @ 5 × 10-4 M with longer vase life (9.0 Days), higher relative fresh
weight (98.0%) and higher vase solution uptake rate (0.25 g g-1 IFW).
However, for pulsing solutions, longer vase life (8.0 days) and higher
relative fresh weight (93.0%) was recorded with 500 mg L-1 8-hydroquinoline
sulphate (8-HQS) while higher vase solution uptake rate (0.28 g g-1 IFW)
for 200 mg L-1 8-HQS. For lilium production, higher plant density with
deeper bulb planting proved better and pulsing with 8-HQS followed by
placement in cobalt chloride solution improved postharvest performance
and extended longevity rather than sucrose. Moreover, lilium did not like
sucrose during postharvest handing. These results would help growers and
stakeholders to increase lilium yield and improve flower quality and longevity.
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INTRODUCTION

The lily (Lilium longifolium L.), a member of family Liliaceae, is one of the most fascinating
bulbous flowering plant grown all over the world for its use as cut flower and potted plant. Lilies are
native of the northern hemisphere up to south Canada and Siberia and their southern limit is Florida
and India. Majority of lily cultivars are either hybrids or have developed through selection. At present,
maximum cultivation of lilies is in Netherlands (3,699 ha) followed by France (438 ha) and Chile (240
ha) with total area of 5,172 ha in the world (Anonymous, 2009).

Plants require proper space to grow and to take other available essentials like water, air and
light. Plants have to get these from the limited space in which they grow. Therefore, they are more
vulnerable to deprivation of essentials, if they are not provided enough living space (Anonymous,
2011). Correct planting depth influences the available space for development of plant and, therefore,
bulbs, corms and seeds should be planted according to their requirement. Additionally, the planting
depth influences time to emergence and subsequently the flowering time and total crop duration.
Hence, planting at a uniform depth is necessary for a uniform crop time (Padhye and Cameron, 2007).

Vase-life, a yardstick for evaluation of postharvest quality, is an important attribute for improv-
ing flower characteristics (Yamada et al., 2003). For many years, floral preservatives have been acid-
ified and biocides are added to inhibit bacterial proliferation. Use of preservatives is strongly
recommended to extend vase life of cut flowers which is true at all stages of distribution. Preservatives
are required as some are used as biocides and others contain carbohydrates which maintain the fresh-
ness and increase the vase life. These preservatives often double the vase life as well as improve general
keeping qualities (Nowak and Rudnicki, 1990).

Short postharvest life is one of the most important problems of cut flowers (Kader, 2003). Ad-
dition of chemical preservatives to the holding solution is recommended to extend the vase life. Dif-
ferent concentration of sucrose viz. 0, 20, 40, 60, 80, 100 and 120 g L-1 combined with 200 mg L-1

8-HQS were used as pulse for 10 h and observed that pulsing with less than 80 g L-1 sucrose increased
vase life by 4 days; more than 80 g L-1 extended the vase life for 6-7 days, wile 120 g L-1 sucrose in-
creased 9-10 days vase life of cut roses (Liao et al., 2000). Sucrose combined with 8-HQS were tested
on six lisianthus cultivars, which revealed that application of  200 mg L-1 8- HQS and 200 g L-1 sucrose
as pulse extended the vase life and promoted floret opening in all cultivars (Ichimura and Korenaga,
1998). Vase life and floret opening in cut snapdragon (Antirrhinum majus cv. Yellow Butterfly) have
also been reported to be improved with 50 g L-1 sucrose in combination of 200 mg L-1 8-HQS (Ichimura
and Hisamatsu, 1999). Higher carbohydrate levels in vase solution also improve petal color, bud open-
ing and extend the flower longevity of lisianthus up to 8 days (Soo Cho et al., 2001). Therefore, the
optimizing techniques of extending vase life of cut flowers will be of great importance to the growers
and stake-holders (Nermeen et al., 2010). 

As lilium cultivation is gaining popularity in Pakistan on account of its beautiful colors and
longer vase life, higher market demand has been noticed in local markets during recent years. To fulfill
this demand, lilium is being imported which is quite expansive, therefore, the growers have started
growing their own on small scale. However, very limited information is available for its successful
cultivation and postharvest handling in the country. Keeping in view this situation, this study was con-
ducted to optimize the planting density, depth and postharvest preservatives for extending vase life.
The specific objectives of the study were to evaluate the performance of Lilium longifolium L. cv.
Mero Star at different plant densities, planting depths and to study the effect of holding and pulsing
preservatives for extending vase life.

MATERIALS AND METHODS

A study was conducted at Institute of Horticultural Sciences, University of Agriculture, Faisal-
abad, during 2009-2010 for evaluation of lily (Lilium longifolium L. cv. Mero Star) to determine its
suitability for growing as cut flower in Punjab (Pakistan). Soil was thoroughly tilled and blocks were
laid out according to the RCBD with factorial arrangements.
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Expt. 1: Effect of plant densities and planting depths on lilium production.

Oriental lilium cv. Mero Star bulbs were placed in laboratory at 25 ± 2оC for 48 h before
planting. After layout, bulbs were planted during 3th week of October, 2009 at two planting depths
viz. 7.5 and 15 cm and three plant densities viz. 10, 20 and 30 cm between plants in 60 cm spaced
rows. There were six treatments replicated thrice. Treatments included 10, 20 and 30 cm spacing at
7.5 and 15 cm planting depth. Five bulbs were planted in each row and each treatment had two rows
planted at ridges. Other cultural practices like weeding, plant protection measures, nutrition, earthing
up, staking, etc. were similar for all the treatments during entire study period.

Expt. 2: Effect of pulsing and holding solutions on vase life of lilium.

2.1. Plant Material. Cut stems of lilium were harvested, when one flower bud was open on
the stem, from field plantings at Institute of Horticultural Sciences, University of Agriculture, Faisal-
abad. Cut stems were transferred to laboratory within 1 h of harvest. Harvests were conducted be-
tween 0700 – 0900 h with clean sharp secateurs, placed into buckets of clean tap water and shifted.

2.2. Treatments and Experimental Design. In pulsing trial, stem ends were dipped in 10 and
20% sucrose and 100, 200 and 500 mg L-1 8- HQS for 24 h after which individual stems were shifted
in glass jars containing 400 ml of distilled water. The control stems were placed in distilled water
during pulsing period.

In holding trial, stems were directly placed in glass jars containing 400 ml of distilled water
(control), 1, 2, 3, 4% sucrose solution and cobalt chloride at 5×10-4 M containing 200 mgL-1 8-HQS
each. In both experiments, five replicates were used in each treatment.

2.3. Data Collection. Data were collected on relative fresh weight (RFW) using following
formula:

Relative fresh wt. (%) = (FWt /FWt-0) × 100
Where, FWt is weight of stem (g) at t = day 0, 1, 2, 3, …..
FWt-0 is the fresh weight of same stem (g) at t = day 0 (Ahmad et al., 2011).
Vase solution uptake rate (g g-1 initial fresh weight (IFW) = (St-1-St)/IFW of stem
Where, 
St is the wt. of vase solution (g) at t = day 1, 2, 3,….
St-1 is wt. of vase solution (g) on previous day
Initial fresh weight is the fresh weight on day 0 (Ahmad et al., 2011).
Vase life was recorded in days and stems were considered dead when more than 50% petals

were wilted or faded.
Data were analyzed statistically according to Fisher’s analysis of variance technique and treat-

ment means were compared using Tukey’s test at 5% level of probability (Steel et al., 1997).

RESULTS AND DISCUSSION

Greater sprouting  (88.3%) was recorded when plants were spaced at 10 cm between plants
with 15 cm depth while plants spaced at 20 and 30 cm had less sprouting(76.6% and 83.3%, re-
spectively; data not presented). It may be due to the proper planting procedures or moisture and
temperature availability which helped in higher sprouting of the bulbs. Increasing planting depth
and density produced taller plants (Table 1). These results are in accordance with the findings of
Sharma and Talukdar (2002) who reported wider spacing (45×20 and 60×25 cm) better than closer
spacing for gladiolus corm sprouting. Plants were taller (38.6 cm) when bulbs were planted deep
because of better soil temperature for growth and soil holding around the bulbs which helped in
maximum nutrients uptake from the soil. These results are in line with the findings of Singh and
Sangama (2001) who reported larger plant height with deeper planting and closer spacing of glad-
iolus. Results revealed that at higher planting density and planting depth, the number of leaves per
plant were greater (28.7). This may be due to the early emergence of the plants from soil or due to
the less internodal distance which increased the number of leaves. Plants closely spaced (10 cm)
with deeper planting had larger leaf area (15.6 and 16.7 cm2, respectively; Table 1). Leaf area was
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greater when plants were closely spaced and deeply planting which might be due to more soil anchorage
as well as more nutrients available from wider area around the bulbs. Plant foliage had higher chloro-
phyll contents when grown at higher density (48.2 SPAD) and deeper planting (49.3 SPAD) than shallow
planting (Table 1). Close planting developed competition among plants which caused growth towards
light which increased photosynthesis in plants and thereby leaf chlorophyll contents. 

Analysis revealed that at wider plant spacing, higher number of flowering buds were recorded
(3.3) while planting depth had no effect on flowering buds as shown in Table 1. These findings are in
contrast to the findings of Mishra et al., (2002) who recorded higher number of flowering buds at higher
density. This may be due to more light availability and less nutrient competition among plants. Planting
density and depth had no effect on stem diameter and averaged 0.76 cm for all planting depths and den-
sities (Table 2). Higher fresh weight of a stem was recorded at deep planting (64.2 g) and higher plant
density (60.4 g; Table 2). Larger plant population increased competition between plants which increased
photosynthetic rate and thereby assimilation of more carbohydrates. Dry weight of stem was also higher
at higher planting density (8.6 g) and deeper plantings (8.9 g) as shown in Table 2. This may be due to
competition between plants which resulted in higher nutrient uptake and higher photosynthetic assim-
ilation rates. 

For postharvest handling of lilium, in pulsing trial, longer vase life (8.0 days)was recorded when
stems were pulsed with 500 mg L-1 8-HQS for 24 h while in holding trial, cobalt chloride at 5 x 10-4M
had longer vase life of 9.0 days (Table 3). Interestingly, in both experiments, lilium did not like sucrose
and had shorter vase life than control. In holding experiment, with increase in sucrose concentration,
vase life gradually reduced. Results revealed that stems have sufficient stored carbohydrates and do
not like additional ones; however, addition of a biocide to kill microbes in vase solution as well as to
lower the pH of solution proved beneficial and extended vase life. In holding solutions, stems placed
in cobalt chloride maintained their relative fresh weight (RFW) and had higher RFW at end of vase pe-
riod (Fig. 1). While, RFW of stems placed in 4 and 3% sucrose containing treatments started to de-
crease from day 1 and was minimum at end of vase life. For uptake rate, cobalt chloride followed by
distilled water (control) had higher uptake rate than those sucrose containing treatments which de-
creased sharply till day 2 and was minimum at end of vase life (Fig. 2). Reduction in relative fresh
weight of stems with sucrose solutions may be due to the blockage of the stem vessels due to bacterial
populations in the solutions on account of sugars present in vase solution. The stems with cobalt chlo-
ride and distilled water maintained relative fresh weight for first 2 days of vase life period. Reduction
in vase solution uptake rate by the stems placed in sucrose treatments may also be due to stem end
blockage by microbes. These findings are in accordance with the findings of Williamson et al., (2002)
and Ahmad (2009) who reported that microbes can secrete toxic compounds like pectins which can
reduce the postharvest life of cut stem by senescence or by blockage of the stem end and excessive
sugars in vase solution may also increase bacterial proliferation ultimately causing stem end blockage
and death of stems. 

In pulsing solutions, stems placed in 500 mg L-1 8-HQS followed by 200 mg L-1 8-HQS had
higher relative fresh weight at end of vase life (Fig. 3). While those pulsed with 10 and 20% sucrose
had rapid reduction in RFW and had minimum fresh weight at end of vase life. Results revealed that
sucrose concentrations proved toxic for the lilium stems and should be avoided in commercial handling.
Regarding uptake rate, initially 500 mg L-1 8-HQS had higher uptake rate which decreased than 200
mg L-1 8-HQS towards the end of vase period (Fig. 4). Toxic effects of higher sucrose concentrations
blocked stem ends and inhibited water uptake which ultimately lead to stems senescence. Results have
suggested that 8-HQS pulsing is better as it helps control microbial growth in the solution, while sucrose
increased bacterial population which caused stem end blockage and death of stems. 

In summary, plants with closer spacing (10 cm between plants) with 15 cm deep planting pro-
duced good quality and higher yield. For postharvest handling, cobalt chloride proved best holding so-
lution while 500 mg L-1 8-HQS pulsing for 24 h helped better to extend vase life and maintain higher
relative fresh weight while vase solution uptake rate was higher with 200 mg L-1 8-HQS. However, use
of sucrose did not prove effective and should be avoided during commercial handling of lilium stems.

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

Journal of Ornamental and Horticultural Plants, 2 (1): 13-20, March, 2012 17

Literature Cited 

Ahmad, I. 2009. Production potential and postharvest management of cut rose flowers in Punjab (Pakistan).
Ph.D. Thesis. Univ. of Agric., Faisalabad, Pakistan.

Ahmad, I., Joyce, D.C. and Faragher, J.D. 2011. Physical stem-end treatment effect on cut roses and
acacia vase life and water relations. Postharvest Biology and Technology. 59:258-264.

Anonymous. 2009. Hydroponic forcing. www.bulbsonline.org. 
Anonymous. 2011. www.hydroasis.com/growingtips/plantspacing.html.
Ichimura, K. and Hisamatsu, T. 1999. Effect of continuous treatment with sucrose on the vase life,

soluble carbohydrate concentrations and ethylene production of cut Snapdragon flowers. J.
Japan. Soc. Hort. Sci. 68:61-66.

Ichimura, K. and Korenaga, M. 1998. Improvement of vase life and petal color expression in several
cultivars of cut Eustoma flowers by sucrose with 8- HQS. Bull. Natl. Res. Inst. Veg., Ornam.
Plants and Tea. 13:31-39.

Kader, A.A. 2003. A perspective on postharvest horticulture. J. Hort. Sci. 38:1004-1008.
Liao, L., Lin, Y. Huang, K. Chen, W. and Cheng, Y. 2000. Postharvest life of cut rose flowers as affected

by silver thiosulfate and sucrose. Bot. Bull. Acad. Sin. 41:299-303.
Mishra, M., A. Mohapatra and Mohanty, C.R. 2002. Effect of N, P and spacing on tuberose. Floriculture

research trend in India. Proceedings of the national symposium on Indian floriculture in the
new millennium, Lal-Bagh, Bangalore. pp. 338-339.

Nermeen, S.T. Emara, S.K. and Barakat, S.O. 2010. Prolonging vase life of Carnation flowers using 
natural essential oils and its impact on microbial profile of vase solutions. Australian Journal 
of Basic and Applied Sciences. 4:3559-3574.

Nowak, J. and Rudnicki, R. 1990. Postharvest Handling and Storage of Cut Flowers, Florist Greens 
and Potted Plants. Timber Press, Inc., Oregon, USA.

Sharma, S. and Talukdar, M.C. 2002. Effect of time, spacing and depth of planting on gladiolus. Floriculture 
research trend in India. Proceedings of the national symposium on Indian floriculture in the 
new millennium, Lal-Bagh, Bangalore. pp. 243-245.

Singh, K. and Sangama, P. 2001. Effect of planting densities on growth, flowering and postharvest 
quality of cut spike in tuberose (Polianthes tuberosa) cv. 'Single'. J. Appl. Hort. 2:54-55.

Soo Cho, M. Celikel, F.G.. Dodge, L. and Reid, M.S. 2001. Sucrose enhances the postharvest quality 
of cut flowers of Eustoma grandiflorum (raf.) shinn. Acta Hort. 543:305-315.

Steel, R.G.D. Torrie, J.H. and Dicky, D.A. 1997. Principles and Procedures of Statistics: A Biometric 
Approach. 3rd ed. McGraw Hill Book Co. Inc., New York.

Williamson, V.G., Faragher, J.D., Parsons, S. and Franz, P. 2002. Inhibiting the post-harvest wound 
response in wildflowers. Rural Industries Research and Development Corporation (RIRDC), 
Publication No. 02/114.

Yamada, T. Takatsu, Y., Manabe, T., Kasumi, M and Marubashi, W. 2003. Suppressive effect of trehalose 
on apoptotic cell death leading to petal senescence in ethylene-insensitive flowes of gladiolus. 
Pl. Sci. 164:213-221.

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

Journal of Ornamental and Horticultural Plants, 2 (1): 13-20, March, 201218

Table 1. Plant height, leaf area, leaf chlorophyll contents and number of flowering buds per plant of Lilium
longifolium L. cv. Mero Star as influenced by various plant densities and depth.

Tables

Treatments Plant height

(cm)

Leaf area

(cm2)

Leaf chlorophyll

contents (SPAD)
Number of flower buds

per plant

Planting depth

7.5 cm

15 cm

Plant spacing

10 cm

20 cm

30 cm

Significance

Plant depth (D)

Plant spacing (S)

D×S

32.2b

38.6a

38.5

33.2

34.5

*

ns

ns

12.1b

16.7a

15.6

13.5

14.1

**

ns

ns

45.3b

49.3a

48.2

47.2

46.5

*

ns

ns

3.1a

3.1a

2.9

3.1

3.3

*

ns

ns

Table 2. Stem diameter, fresh weight of stem  and dry weight of stem of Lilium
longifolium L. cv. Mero Star as influenced by various plant densities and depth.

*   Significant at p ≤ 0.05.

ns Non-significant at p ≤0.05

**  Significant at p ≤ 0.01.

*   Significant at p ≤ 0.05.

ns Non-significant at p  ≤  0.05.

Treatments Stem diameter

(cm)

Fresh weight

of stem (g)

Dry weight of stem

(g)

Planting depth

7.5 cm

15 cm

Plant spacing

10 cm

20 cm

30 cm

Significance

Plant depth (D)

Plant spacing (S)

D×S

0.76

0.76

0.76

0.76

0.76

*

ns

ns

50.5b

64.2a

60.4

53.4

58.1

*

ns

ns

6.9b

8.9a

8.6

7.4

7.8

*

ns

ns

Means sharing same letter in a column are statistically similar at p ≤ 0.05.

Holding solution Pulsing solution

Treatments

Distilled water (control)

1% sucrose

2% sucrose

3% sucrose

4% sucrose

Cobalt Chloride (5×10-4 M)

Vase life (days)

7.0 b

5.0 b

5.0 b

3.0 c

2.0 c

9.0 a

Treatments

Distilled water (control)

10% sucrose

20% sucrose

100 mg L-1 8-HQS

200 mg L-1 8-HQS

500 mg L-1 8-HQS

Vase life (days)

7.0 ab

1.0 c

1.0 c

5.0 b

6.0 ab

8.0 a

Table 3. Vase life of Lilium longifolium L. cv. Mero Star as influenced by various holding and pulsing pre-

servative soultions.
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Figures

Fig. 1. Relative fresh weight of Lilium longifolium L. cv. Mero Star as influenced

by different holding solutions. All treatments had 200 mg L-1 8-HQS as biocide.

Fig. 2. Vase solution uptake of Lilium longifolium L. cv. Mero Star as influenced

by different holding solutions. All treatments had 200 mg L-1 8-HQS as biocide.
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Fig. 3. Relative fresh weight of Lilium longifolium L. cv. Mero Star as influenced

by different pulsing solutions. 

Fig. 4. Vase solution uptake of Lilium longifolium L. cv. Mero Star as influenced

by different pulsing solutions. 
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