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Abstract 
This study was carried out in 2012 to determine the effects of different irrigation intervals and irrigation water amounts 
on the cut flower performance of oriental lilium (Lilium L.) ‘Casa Blanca’ cultivated in greenhouse conditions. 
Different ratios of the plant water consumption (Tr) calculated using exterior radiation values of the greenhouse were 
applied to the plants as irrigation water. Irrigation water amounts varied between 199.3-589.0 mm, whereas measured 
plant water consumption (ETa) varied between 314.9-613.8 mm according to the treatments. Different irrigation 
water amounts and irrigation intervals had statistically significant effects on flower stem length, flower stem diameter, 
stem weight and number of flowers. In the study the stem length varied between 26.4-74.7 cm, stem weight varied 
between 72-175 g, stem diameter varied between 5.0-9.5 mm and the number of flowers buds varied between 3.6 and 
8.0. The experimental treatment on which about 1.25 times of the potential plant water consumption calculated in 
two day intervals and the experimental treatment on which about 1.50 times of the potential plant water consumption 
calculated in four day intervals were selected as irrigation program.
Key words: Lilium, Plant water consumption, Irrigation interval, Deficit irrigation, Irrigation schedule.

Introduction
The worldwide cultivation area of ornamental 

plants in 2009 was about 1.519×103 ha, which reached 
1.573×103 ha in 2012 by an increase of 3.57%. While 
outdoor plants are ranked highest among ornamental 
plants with 893×103 ha, it is followed by cut flowers 
and pot plants with 652×103 ha. The worldwide 
ornamental plant production value was € 44.530×103 
according to 2009 and reached € 50.276×103 in 
2012. The Europe is the continent with the highest 
ornamental plant production share in the world with 
37% which is followed by Asia-Pacific with a ratio 
of 32%. When the world ornamental production 
values are evaluated according to the activity areas, 
cut flowers and pot plants are ranked highest with € 
28.192 billion production value (Anonymous, 2010; 
Anonymous 2013). Ornamental plant production in 
Turkey has increased by 213% during the last fourteen 
years (1999-2013) and reached 4,512.57 ha in 2013. 
While outdoor plants are ranked number one in this 
production area with a share of about 72% (3242 ha), 
they are followed by cut flowers with a ratio of 25% 
(1105 ha). According to the 2013 year data of Turkey, 
ornamental plants export took place as $ 71.345×103. 
$ 35.000×103 of this amount was cut flowers, whereas 
$ 33.000×103 was outdoor plants (Kazaz et al., 2015).

Lilium L. is a monocotyledonous genus of the 
family Liliaceae and comprises over 80 species 
(Comber, 1947; De Jong, 1974). Lilium is a native 
of the Northern Hemisphere and mainly spreads over 
Asia, North America, and Europe (Lim et al., 2000). 
Lilies are used as cut flowers and pot plants and 
cultivated all year round (Treder, 2005). Cultivated 
lilies are classified into six sections, and the most 
important hybrid groups cultivated for cut flower 

production are Longiflorum, Asiatic, and Oriental 
hybrids (Lim et al., 2000). Lily ranks fourth in the sales 
ranking of cut flowers at Flora Holland auction, where 
the largest number of cut flowers is sold worldwide, 
after cut rose, chrysanthemum, and tulip (Anonymous, 
2010). In Turkey, it ranks fifth in terms of production 
area (51.8 ha) after carnation (Dianthus caryophyllus 
L.), cut rose (Rosa hybrida L.), chrysanthemum 
(Chrysanthemum morifolium Ramat), and gerbera 
(Gerbera jamesonii Bolus) (Kazaz et al., 2015).

Photosynthesis, biomass production and dry 
matter play an important role on the visual quality of 
ornamental plants. One of the most important factors 
that affects this in plants is water potential (Jones and 
Tardieu 1998; Peri et al., 2003). Therefore, optimizing 
water management is an important step for optimizing 
water management in order to determine the effects 
of water on the growth period of ornamental plants 
as well as their visual quality (Carvalho et al., 2005; 
Lin et al., 2011). Hence, it is obligatory to consider 
different factors such as soil, plant and water resource 
in order to irrigate larger areas with the current water 
resources and to prevent possible efficiency and 
quality losses. In addition, plant water consumption 
values in sufficient and limited water conditions 
during the growth period should be known and water 
efficiency functions should be generated accordingly. 
These data can be acquired via many studies for each 
plant (Doorenbos and Kassam, 1979).

The objective of this study was to determine the 
effects of different irrigation intervals and irrigation 
water levels on the quality parameters of oriental 
hybrid lily cultivated under greenhouse conditions at 
the Mediterranean climate zone.



83RESEARCH FOR RURAL DEV ELOPMEN T 2015, V OLUME 1 

Materials and Methods
The research was conducted in a polyethylene-

covered greenhouse of 255 m2 (6 m x 42.5 m) on 
the Research and Application Farm of the Faculty 
of Agriculture at  Süleyman Demirel University (lat. 
37.83° N, long. 30.53° E, altitude 1020 m) in 2012. 
The soil texture of the greenhouse is clay loam, bulk 
density is 1.28-1.34 g cm-3, field capacity is 23.19-
27.64%, permanent wilting point is 7.63-8.11% and 
total available water holding capacity in 0-60 cm is 
136.9 mm. 

The irrigation applications were carried out via 
drip irrigation method. The dripper lateral space 
was 20 cm, whereas the dripper discharge was 2 L 
s-1 (Uçar et al., 2011). The soil water content in the 
root zone of the plant was measured by means of 
watermarks (Irrometer, Model; Watermark200SS, 
USA). Watermarks were placed in two different 
depths (15 and 45 cm) from the soil surface, with 
each experimental plot containing 2 watermarks. 
Potential plant water consumption was calculated 
using equations 1 and 2 developed by N. Katsoulas et 
al. (2006). Potential plant water consumption can be 
calculated via this equation using the radiation values 
outside the greenhouse.

Tr = r ζ RGo   (1)
ζ = kc τ α/λ   (2)

In the equation;
ζ: the coefficient depends on plant coefficient, 

greenhouse covered material, evaporation coefficient 
and latent heat coefficient, Tr: the calculated potential 
plant water consumption (Potential evapotranspiration), 
(mm), r: shading factor, (r=Ps/85<=1), RGo: solar 
radiation amount in the irrigation interval considered, 
(kJ m-2), kc: plant coefficient, τ: greenhouse cover 
material solar radiation permeability ratio, (%),  
α: evaporation coefficient, λ: latent heat, (kJ kg-1).  
The solar radiation values required for calculations 
were obtained from the nearby agricultural 
meteorology station (DAVIS, Model ‘Vantage Pro II 
Plus’, USA).

Different irrigation water amounts were 
determined on the basis of the potential plant water 
consumption (Tr) calculated with Equations 1 and 2. 
Different irrigation water amounts were computed 
considering the different rates (150%, 125%, 100%, 
75%, 50%, and 25%) of the potential plant water 
consumption (Tr) calculated. Thus, in the study, 6 
different water levels (Tr1=Tr×1.50, Tr2=Tr×1.25, 
Tr3=Tr×1.00, Tr4=Tr×0.75, Tr5=Tr×0.50, Tr6=Tr×0.25), 
3 different irrigation intervals (I1=2 days, I2=4 days 
and I3: once every 6 days) were used for a total of 
18 irrigation schedules carried out as 3 replications 
according to the split plots experiment pattern. Plant 
water consumption was calculated using Equation 3 

in accordance with the water budget (Kırnak et al., 
2013);

ET = I + P - DP± RO ± ΔS  (3)

In the equation;
ET: plant water consumption (mm); I: irrigation 

water (mm), P: rain (mm), R: surface flow (mm), 
ΔS: change in water content at the root zone in mm. 
Since the experiment was carried out in greenhouse, 
P and, since irrigation was carried out by way of drip 
irrigation method, R was accepted as ‘0’. In cases 
when the reading limits of the soil moisture sensors 
were exceeded (199 kPa), soil samples were taken 
from the experiment plots and soil moisture content 
was determined by way of gravimetric methods.

The plant materials used for the experiment were 
Oriental hybrid lily, ‘Casa Blanca’. Lily bulbs (18/20 
cm in circumference) were planted on 25th of May 
with 20 × 15 cm spacing. The plants were harvested 
on September 15. Stem length, stem diameter, number 
of flower buds and stem weight parameters were 
examined. 

Variance analysis was performed on the acquired 
data via MINITAB 16 computer software, LSD 
Multiple Comparison test was applied for the 
comparison of the averages using MSTAT-C computer 
software.

Results and Discussion
Plant water consumption and irrigation water 

amount: All of the irrigation water (121.3 mm) 
calculated for about 25 days was applied at the start 
of the experiment to all experiment plots to avoid  
any problems in the germination emergence of the 
bulbs, after the emergence was completed, irrigation 
water was applied to the experiment plots in the 
ratios given in the method section. The irrigation 
water amounts applied according to the experiment 
plots varied between 199.3-589.0 mm (Table 1). The 
highest water consumption in the study was measured 
at I1Tr1 (613.8 mm) and I2Tr1 (608.6 mm) for which 1.5 
times of Tr was applied as irrigation water with 2 and 
4 day intervals. This was followed by I1Tr2 (567.1 mm) 
and I2Tr2 (551.4 mm) for which 1.25 times the plant  
water consumption amount calculated was applied 
with 2 day intervals. However, the lowest water 
consumption was observed in I3Tr6 (314.9 mm). As can 
be seen in Table 1, application of the same amount of 
irrigation water with different intervals has resulted in 
variations of the measured plant water consumption. 
In general, higher plant water consumption values 
were obtained for plots to which irrigation water 
was applied at shorter irrigation intervals and  
higher irrigation water amounts. The reason for the 
high plant water consumption in plots with small 
irrigation intervals might be the fact that the soil 
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surface is always wet because it is irrigated more 
frequently.

Quality parameters: Different irrigation water 
amounts (Tr) had statistically significant effects on 
stem length, stem weight, stem diameter and number 
of buds per plant (p<0.01). Irrigation intervals 
had statistically significant effects (p<0.01) on the 
parameters other than the number of flowers per 
plant. Whereas Tr×I interaction was determined to be 
statistically significant with regard to stem length and 
stem weight at a ratio of 1%, it was not statistically 
significant for the number of buds and stem diameter. 
The significance of Tr×I interaction puts forth that the 
effect of increasing irrigation water differs according 
to irrigation intervals (Table 2).

The longest stem was observed in I1Tr2 (74.7 
cm), I1Tr1 (73.7 cm) and I2Tr2 (73.4 cm). These three 
experiment plots were in the same group statistically. 
The shortest stems were determined in I3Tr6 (26.4 
cm). When examined according to the irrigation 
water levels, the longest flowers were observed in Tr1 
(72.4 cm) followed by Tr2 (68.1 cm), Tr3 (62.1 cm), 
Tr4 (52.5 cm), Tr5 (45.4 cm) and Tr6 (30.8 cm). The 
longest stems in terms of irrigation intervals were 
observed in I1 followed by I2 and I3 plots (Table 3). 

Although increasing irrigation water amounts in I2 
and I3 plots and the corresponding increase in the 
plant water consumption caused an increase in stem 
length, it caused a decrease in stem length in plots 
to which the irrigation water was applied with 2 day 
intervals. This decreasing might be due to excessive 
irrigation. When Table 3 is examined, it is observed 
that shorter stem lengths have been obtained from 
plots with the same amount of irrigation water applied 
but at less frequent irrigation intervals. As can be 
seen in Figure 1, polynomial relationships have been 
observed between stem length and irrigation water in 
I1 and I2, whereas linear relationships were observed 
in I3 (p<0.01). Similarly, statistically significant 
polynomial relationships have been observed between 
plant water consumption and stem length in I1 and 
I2 (p<0.01), whereas the relationship in I3 was linear 
(p<0.01). Thus, it can be stated that after a certain 
point, applying irrigation to the root zone of the 
plant increases plant water consumption but does not 
increase stem length. Similarly, it is observed that the 
increasing plant water consumption with increasing 
irrigation had no increase effect on stem length. It has 
also been emphasized by Harbaugh et al. (1982) that a 
general increase in applied irrigation water increases 
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Table 1
Plant water consumption and irrigation water amount values in the treatments

Irrigation 
treatments

Irrigation water, mm Plant water consumption, mm

IWa IWb IWT I1 I2 I3

Tr1

121.3

467.7 589.0 613.8 608.6 592.3

Tr2 389.8 511.1 567.1 551.4 549.5

Tr3 311.8 433.1 510.9 498.2 496.7

Tr4 233.9 355.2 472.3 474.8 450.3

Tr5 155.9 277.2 411.2 398.4 390.1

Tr6 78.0 199.3 332.0 320.5 314.9
IWa: The irrigation water amount applied to the experimental treatments before making a transition to scheduled irrigation 
(mm), IWb: The irrigation water amount applied after making a transition to scheduled irrigation (mm); IWT: Total irrigation 
water (mm), I1: Irrigation interval 2-d, I2: Irrigation interval 4-d and I3: Irrigation interval 6-d.

Table 2 
The results of variance analysis of the mean values of the investigated parameters

Variation Source df
Mean Square

Stem length Number flower bud Stem diameter Stem weight

Replication 2 1.53 0.1439 0.4096 150.1
Irrigation interval (I) 2 371.98** 0.2917 2.6924** 950.0**
Irrigation level (Tr) 5 2,178.22** 21.8519** 22.0682** 12,858.0**
Tr×I 10 29.59** 0.2826 0.1733 187.7**
Error 34 5.51 0.2804 0.3565 62.5
Total 54 1,2121.53 122.4883 130.3987 7,0491.5

** F-test significant at p<0.01, respectively, df: Degrees of freedom.
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stem length. It is stated in another study carried out on 
chrysanthemum that there are statistically significant 
polynomial relationships between plant water 
consumption and yield and flower length (Turan, 
2013). Safi et al., (2007) have carried out a study on 
the effects of different irrigation water qualities on the 
quality parameters of the Elite, Prato and Pollyana 
type of Lilium in which it was observed that the stem 
lengths varied between 99.3-106.5 cm, 105.1-110.1 
cm and 91.7-94.5 cm, respectively for wastewater, 
treated wastewater and the combination of these 
two types of water. Sirin (2011) and Kahraman 
(2014) have examined the quality parameters of lily 
at different growth media. Sirin (2011) states that 
the stem length varies between 42.16 and 45.12 cm, 
whereas Kahraman (2014) states that it is between 
47.63-64.64 cm. The results obtained in this study are 
in accordance with Kahraman (2014), whereas they 
are not in accordance with those of Safi et al. (2007) 
and Sirin (2011). This is thought to be due to irrigation 
water quality, cultivation methods and environmental 
conditions. It is stated according to the Dutch Flower 
Auction criteria, flowers with stem lengths of 70 cm 
and above are classified as high quality (Anonymous, 
2015). According to this evaluation, the flowers 

obtained from the I1Tr1 (73.7 cm), I1Tr2 (74.7), 
I2Tr1 (73.4 cm), I2Tr2 (70.5 cm) and I3Tr1 (70.1 cm) 
treatments meet the requirements in terms of quality. It 
can be stated that high quality flowers will be obtained 
from these programs if these irrigation schedules are 
applied.

In this study, stem weights were significantly 
affected by different irrigation intervals as well as 
irrigation water amounts (p<0.01) (Table 2). The 
highest stem weights were obtained from I1Tr1, I1Tr2, 
I2Tr1, I2Tr2 and I3Tr1. These combinations were in the 
same group statistically. However, the lowest stem 
weight was determined in I3Tr6. In terms of irrigation 
water amounts, the highest stem weight was observed 
in Tr1, the lowest stem weight was observed in Tr6. 
All of the different irrigation water amounts were in 
different groups statistically. Although there was no 
statistically significant difference between I1 and I2 
with the highest stem weight, there was a statistically 
significant difference between I3 and I1 and I2 with the 
lowest stem weights. When the irrigation interval and 
irrigation water amount combinations were evaluated 
together, it was observed that in general stem weights 
were higher for treatments to which greater irrigation 
water as applied and which had shorter irrigation 
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Table 3 
Mean values and significance groups of quality parameters of Oriental hybrid lily ‘Casa Blanca’

Treatments
Stem length, cm

Average
Stem diameter, mm

Average
I1 I2 I3 I1 I2 I3

Tr1 73.7 ab 73.4 ab 70.1 bc 72.4 A 9.5 9.4 9.3 9.4 A

Tr2 74.7 a 70.5 bc 59.2 de 68.1 B 9.4 9.0 7.9 8.7 B

Tr3 68.6 c 62.6 d 55.2 f 62.1 C 7.4 7.1 6.8 7.1 C

Tr4 57.7 ef 54.2 f 45.4 gh 52.5 D 6.6 6.3 6.0 6.3 D

Tr5 47.7 g 43.4 h 45.2 gh 45.4 E 6.2 6.1 5.5 5.9 E

Tr6 32.5 i 33.6 i 26.4 j 30.8 F 6.0 5.6 5.0 5.6 F

Average 59.2 A 56.3 B 50.2 C 7.5 A 7.3 A 6.8 B

LSD0.01 LSDI:1.59, LSDTr:2.249, LSDIxTr:3.895 LSDI:0.4045, LSDTr:0.572, LSDIxTr:ns

Stem weight, g Number of flower buds, number

Tr1 175 a 174 a 167 a 172 A 7.5 7.8 8.1 7.8 A

Tr2 173 a 169 a 141 b 161 B 8.0 7.9 7.8 7.9 A

Tr3 111 cd 115 c 119 c 115 C 7.1 7.5 6.9 7.2 B

Tr4 102 de 117 c 91 e-h 103 D 6.1 6.6 6.3 6.3 C

Tr5 95 e-g 97 ef 83 g-i 92 E 5.0 5.1 4.7 5.0 D

Tr6 86 f-h 81 hi 72 i 80 F 4.6 4.1 3.6 4.1 E

Average 124 A 126 A 112 B 6.4 6.4 6.2

LSD0.01 LSDI:5.355, LSDTr:5.574, LSDIxTr: LSDI:ns, LSDT:0.5073, LSDIxTr:ns

*The difference among the averages is significant at 5% level, ns: not significance
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intervals. This can be interpreted by stating that similar 
to the stem length, high irrigation water application 
increases stem weight well.

Stem diameter is an important criteria for 
determining the strength of the stem. In terms of 
irrigation water amounts, the largest stem diameter 
was observed in Tr1 treatment with 9.4 mm which 
was followed by Tr2, Tr3, Tr4, Tr5 and Tr6. The stem 
diameters of these treatments were 8.7 mm, 7.1 mm, 
6.3 mm, 5.9 mm and 5.6 mm, respectively. When the 
irrigation intervals were examined, the highest stem 
diameter was observed in I1 with 7.5 mm which was 
followed by I2 (7.3 mm) and I3 (6.8 mm). The largest 
stem diameter was obtained in the I1Tr1 combination, 
whereas the smallest stem diameter was obtained 
from the I3Tr6 (5.0 mm) combination to which at the 
least amount of irrigation water was applied with 
an irrigation interval of 6 days (Table 3). Safi et al. 
(2007), determined the stem diameter to be between 
7.7-10.4 mm. Kahraman (2014) also determined 
6.4-7.5 mm under full irrigation conditions. Turan 
(2013), has stated that increasing water amounts and 
shorter irrigation intervals in chrysanthemum result in 
increased stem diameters. The stem diameter results 
acquired in this study were in accordance with the 
aforementioned literature data.

The increase of buds per stem in lily increases the 
attractiveness of the plant by giving it a more aesthetic 
look. Hence, the number of buds per stem is one of 
the most important quality criteria for lily marketing. 
When the number of buds per plant was evaluated in 
terms of irrigation water amount, it was observed that 
the highest number of buds has been obtained from 
Tr2 plots with 7.9 number. This was followed by Tr1, 
Tr3, Tr4, Tr5 and Tr6. The difference between Tr1 and 
Tr2 plots was not statistically significant, whereas 
the difference between other plots was statistically 
significant. When the number of buds was evaluated 

with respect to irrigation interval, the average number 
in I1 and I2 plots was 6.4 on average, whereas it was 6.2 
for I3 plots. Kahraman (2014) stated that the number 
of buds was between 2.25 and 3.55. It was observed 
that the number of buds was greater than that stated by 
Kahraman (2014). It is thought that this difference was 
due to the difference between cultivation conditions 
and climate differences.

Conclusions
The increase of irrigation water along with a 

decrease in irrigation interval in this study, which 
examined the effect of different irrigation water 
amounts and irrigation intervals on Oriental lily 
important for cut flowers sector, resulted in an increase 
in stem length, stem diameter, number of buds and 
stem weight. Given the stem length and stem weight, 
the experimental treatments in which the irrigation 
interval is 2 days and 1.5 times and 1.25 times the Tr 
are applied as irrigation water (I1Tr1 and I1Tr2), and the 
treatment in which the irrigation interval is 4 days and 
1.5 times the Tr is applied as irrigation water (I2Tr1) 
can be used as irrigation schedules in Oriental lily 
cultivation. In case savings from irrigation water is 
desired, the treatment for which the irrigation water 
of 1.25 times that of Tr calculated with 2 day intervals 
(I1Tr2) can be used, and if savings from irrigation labor 
is desired, the treatment for which an irrigation water 
of 1.50 times that of Tr calculated with 4 day intervals 
(I2Tr1) can be used. When one of these schedules is 
used, Oriental lily growth can be carried out without 
any efficiency loss.
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The increase of buds per stem in lily increases the attractiveness of the plant by giving it a more aesthetic look. 
Hence, the number of buds per stem is one of the most important q uality criteria for lily marketing. When the
number of buds per plant was evaluated in terms of irrigation water amount, it was observed that the highest 
number of buds has been obtained from Tr2 plots with 7 .9 number. This was followed by Tr1, Tr3 , Tr4, Tr5 and Tr6 .
The difference between Tr1 and Tr2 plots was not statistically significant, whereas the difference between other 
plots was statistically significant. When the number of buds was evaluated with respect to irrigation interval, the 
average number in I1 and I2 plots was 6 .4 on average, whereas it was 6 .2 for I3 plots. K ahraman (2014) stated 
that the number of buds was between 2.25 and 3 .55. It was observed that the number of buds was greater than 
that stated by K ahraman (2014). It is thought that this difference was due to the difference between cultivation 
conditions and climate differences.

Conclusions
The increase of irrigation water along with a decrease in irrigation interval in this study, which examined the 
effect of different irrigation water amounts and irrigation intervals on Oriental lily important for cut flowers 
sector, resulted in an increase in stem length, stem diameter, number of buds and stem weight. Given the stem 
length and stem weight, the experimental treatments in which the irrigation interval is 2 days and 1.5 times and 
1.25 times the Tr are applied as irrigation water (I1Tr1 and I1Tr2), and the treatment in which the irrigation 

Figure 1. Relationship between stem length and plant water consumption and between stem length and 
irrigation water.
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