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A POT experiment under greenhouse was conducted during 2017/18 and 2018/19 at 
Sakha Horticulture Research Station, North Nile Deltat of ind the impact of irrigation 

scheduling on freesia-water productivity, its yield, vegetative, flowering, cormsparameters and 
chlorophyll content. Four irrigation intervals of 3, 6, 9 and 12 days with four irrigation levels 
of 100 (control), 120, 80, and 60% cumulated pan evaporation (CPE) were tested. Results 
showed that irrigation scheduling significantly influenced the stated items. The mean seasonal 
irrigation water for the highest economical yield of fresh weight of spike was 12.58 cm, while 
it was 14.05 cm for new corm under 9 days and 60% or 12 days and 80%, respectively with 
mean value of 13.32cm.Regarding irrigation water productivity (IWP), the stated irrigation 
scheduling gave the highest IWP for spike (0.7g.cm-1) and new corm of 0.43 g.cm-1. For freesia 
marketable yield of fresh weight of spike and new corm, maximum spike weight was obtained 
from 9 days and 60% and for fresh weight of new corm was obtained from 12 days and 80% 
CPE. By applying 12 days and 120% level, the highest values of plant height, number of leaves 
per plant and weight of fresh and dry vegetative growth were recorded, whereas, 3 days and 
120% level gave the highest leaf area. Moreover, wateringeach 9 days and 80% CPEis the 
effective irrigation scheduling on flowering parameters. Mean while, 12 days and 60% is the 
proper irrigation scheduling for the highest total chlorophyll content.

Keywords: Freesia, Irrigation scheduling, Cumulated pan evaporation, Irrigation water 
productivity.
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Introduction                                                                                        

Freesia (Freesia refracta cv. Aurara) is a cut flower 
crop and it was originated in South Africa. Freesia 
flowers come in different colors such as white, 
yellow, lavender, orange, golden, pink, red and 
violet. The Netherland has the largest production 
in the world with 280 cultivated hectares (Ali et 
al., 2011). They also stated that it is important 
to bring and acclimatize more and more freesia 
cultivars because of its aesthetic and economic 
value. The cut flowers grew in the world presently 
begun in the beginning of the 20th century and it 
has become an important commercial activity 
in many developed and developing countries as 

well due to its high commercial values. The total 
production land for ornamental plants reached 
about 610,000 ha. It is known that there are more 
than 50 countries in the world performing cut 
flower growing. The most important producers 
of the European Union are Italy, Netherlands and 
Spain. The countries of the European produce 
47% of the total cut flower production of the 
world (Aydinsakir et al., 2011).

Water is fast becoming a scarce resource 
in arid and semi-arid regions such as the 
Mediterranean basin (Gregory, 1984). There 
is high pressure on the ornamental floriculture 
industry to reduce water regimes and to produce 
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plants more efficiently in the face of government 
regulations on water use (Sanchez-Blanco et al. 
2009). The irrigation scheduling, in particular the 
water amount and frequency in most ornamental 
nurseries, is based on arbitrary personal 
experience, which is rarely modified to match 
the crop water requirements (Grant et al. 2012).
Water-saving irrigation management strategies 
are among the options available to horticultural 
growers to reduce water consumption and 
improve water use efficiency (WUE). Possible 
strategies include deficit irrigation (DI), regulated 
deficit irrigation, and partial root-zone drying. 
DI involves the application of water at a rate 
and volume lower than the evapotranspiration 
rate (ET) throughout the whole growth period 
and may be used in potted ornamental plants to 
improve plant quality by reducing excessive vigor 
and increasing WUE (Alvarez et al. 2009). In the 
last three decades, interest in DI has primarily 
centered on its potential to save water and/or to 
control excessive vegetative growth in fruit trees 
and vegetables (Costa et al., 2007). It’s application 
to ornamental crops has received limited interest 
so far, because flowering ornamental plants 
are generally grown in pots, which provide a 
small water storage capacity in the root zone 
compared with open-field conditions. This small 
water-holding capacity makes it technically 
more difficult to apply DI without causing stress 
damage to the plants (Cameron et al., 2006).

In general, the impact of irrigation factor, 
particularly irrigation interval and irrigation 
amount under different cultivated crops showed 
a clear and significant effect on yield and 
water productivity. In other words, irrigation 
management of when to irrigate and how much 

water should be applied could be considered as 
a proper approach to sustain the soil and water 
resources in particular under arid and semi-arid 
regions (Saad and Abo-Koura, 2018; Darwesh 
2018; Amer et al., 2019; Gewaily, 2019 and Amer 
et al., 2020).

Therefore, the aim of this study was to assess 
the effects of different irrigation scheduling (IS) 
on freesia cut flower crop grown in pots under 
greenhouse conditions. Specific goals were to 
find out: irrigation water productivity, impact 
of different irrigation scheduling on vegetative, 
flowering and yield characteristics of freesia.

Materials and Methods                                                       

A pot experiment was conducted under a 
plastic greenhouse during the two successive 
freesia growing seasons2017/2018 and 2018/2019 
at Sakha Horticulture Research Station, Kafr El-
Sheikh Governorate, Egypt. The site represents the 
circumstances and conditions of North Nile Delta 
area with an elevation of 30º-57\ North, longitude 
31º-07\ East with altitude of about 6 meter above 
sea level. The study aimed to find out the response 
of freesia to different irrigation schedules, i.e. 
when to irrigate and how much water should be 
applied). Therefore, on 1st October of each season, 
corms of 4-6 cm. circumferences (one corm per 
pot) were planted in20 cm plastic pots at a depth 
of 2-3cm. Each pot has surface area of 314 
cm2and contained a mixture of clay and sand (1:1, 
w/w) with 3.81 kg. Some physical and chemical 
properties of the growing soil media are presented 
in Table 1. In addition, some climatic elements 
during the growing seasons of the freesia crop are 
shown in Table 2.

TABLE 1. Soil characteristics of the pot experiment including clay and sandy soils

Particle size distribution (%) Clayey soil Sandy soil
Clay 60.00 2.60
Silt 37.80 0.00
Sand 2.20 97.40
Soil Texture Clayey Sandy
pH 7.94 7.70
EC, dS m-1 0.79 0.58
Soluble cations (mmol L-1)
Ca++ 1.24 3.20
Mg++ 1.76 1.15
Na+ 4.10 1.30
K+ 0.80 0.15
Soluble anions (mmol L-1)
CO3

-- - -
HCO3

-- 2.23 2.66
Cl- 4.00 1.36
SO4

 -- 1.57 1.78
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Four doses of NPK fertilizers (20:20:20) with 
a rate of 2g pot-1 were added. When plants started 
developing, the first dose was added at the rate 
of 2g pot-1 NPK fertilizer, and then three doses at 
monthly intervals were applied. Irrigation water 
was applied at planting with a rate of 750 ml pot-1, 
then corms were irrigated regularly for complete 
standing i.e. till the appearance of 4 leaves with 
total amount of 800 ml pot-1. In other words, each 
pot received irrigation water amounted with 1550 
ml from planting till complete stand. Following to 
that, irrigation treatments were practiced.

Irrigation treatments
In both seasons of study, irrigation treatments 

were executed after one month following planting 
i.e. 1st November as follows:

Main treatments: irrigation intervals
Treatment A: Irrigation every 3 days
Treatment B: irrigation every 6 days
Treatment C: irrigation every 9 days
Treatment D: irrigation every 12 days

Sub main treatments: irrigation levels
1-	 Irrigation with 120 % CPE
2-	 Irrigation with 100 % CPE (control)
3-	 Irrigation with 80 % CPE
4-	 Irrigation with 60 % CPE
CPE = cumulative pan evaporation.

In both seasons, irrigation events were stopped 
in the last week of April when the leaves started 
yellowing. Furthermore, the new corms and 
cormels of freesia were picked after one month 
from the flowering. The amount of irrigation 
water was applied based on irrigation interval and 

evaporation from a class A pan (CAP) installed 
inside the greenhouse. The pan was located on a 
wooden support at a height of 15 cm above the 
soil surface and evaporation was recorded daily.

Data collected
Irrigation water
Under each irrigation interval, irrigation 

water was computed based on the cumulated pan 
evaporation (CPE) for each treatment.

Irrigation water productivity (IWP)
Irrigation water productivity (IWP) represents 

a useful parameter under the umbrella of crop-
water functions which reflects the capability of 
irrigation water in producing the marketable yield 
as follows (Bos, 1980):

IWP = Y/IW
As : Y = marketable yield; IW = applied irrigation 
water

Vegetative characteristics
Vegetative characteristics were determined 

during the vegetative period at the beginning of 
the first flower, the parameters were as follows: 
Plant height (cm) Number of leaves plant-1; Leaf 
area (cm2), Vegetative fresh and dry weights 
(gpot-1).

It should be notified that leaf area per plant 
was estimated according to Metwally et al.(1998) 
which calculated for the fourth upper leaf as 
follows :
Leaf area (cm2) = (fresh weight of leaves /fresh 
weight of disks)× area per disk (cm2), and then 
multiplied by number of leaves.  

TABLE 2. Climatological data of Sakha during the seasons (2017/18 and 2018/19)

2017/2018
Year Month T, C° RH, % U2, m sec-1 EP, mm day-1

2017
Oct 26.4 67.9 0.85 3.26
Nov. 21.8 71.9 0.61 2.06
Dec. 20.0 76.5 0.50 1.47

2018

Jan. 16.4 76.9 0.35 2.64
Feb. 18.0 75.1 0.37 2.74
Mar. 21.0 65.3 0.54 4.24
Apr. 23.9 62.4 0.85 5.32
May 27.6 59.7 1.10 6.34

2018/2019

2018
Oct. 25.1 66.1 0.66 3.24
Nov. 20.6 72.7 0.29 1.71
Dec. 16.0 76.4 0.33 1.16

2019

Jan. 16.9 67.8 0.25 1.18
Feb. 18.1 72.6 0.41 2.21
Mar. 20.2 73.5 0.60 3.61
Apr. 24.6 60.12 0.60 4.67
May 30.2 54.4 1.09 8.56

Source:  Sakha Meteorological Station;T°:Mean air temperature,RH: Relative Humidity, U2: Wind Speed, EP:pan evaporation
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Flowering characteristics
Flowering characteristics were determined 

during the flowering period after the opening of 
two flowers, the parameters were as follows :
•	 Flowering date, days, number of days from 

planting to the first bud opening 
•	 Spike stem length, cm, the length of the last 

flower between cutting point and the tip.
•	 Rachis length, cm, the length between the 

first and last flower, cm
•	 Number of florets/ spike
•	 Spike fresh and dry weights, g

Corms and cormels productivity
Corms and cormels productivity were 

determined at the end of the growing season of 
freesia, the parameters were as follows: number 
of the produced cormels plant-1, fresh weight of 
the produced corms, g (corms yield), fresh weight 
of the produced cormels (g), 

Chemical analysis
Total chlorophyll (SPAD)
Total chlorophyll content was estimated using 

a portable chlorophyll meter SPAD-502 (Konica-
Minolta, Osaka, Japan).

Statistical design and analysis
The experiment was carried out under split 

plot design in three replicates. The main plots 
represented irrigation intervals, while the subplots 
were allocated for irrigation levels. Analysis 
of variance was applied to the obtained results 
and the Duncan’s multiple range test was used 
to compare the mean of treatments (Gomez and 
Gomez, 1984).

Results and Discussion                                                          

Irrigation water
An amount of 1551 ml of irrigation water was 

applied to each cultivated pot during the 30 days 
following planting for complete standing of the 
corms, after that, different irrigation scheduling 
was implemented. Irrigation based on different 
irrigation scheduling i.e. irrigation intervals and 
irrigation levels which calculated based on the 
pan evaporation during each irrigation period. 
Seasonal values of water applied which started on 
1st  October and ended on 27th April i.e. one month 
before harvesting in the two seasons of study are 
presented in Table 3. It is clear from that table 
that the values of IW have the reverse trend of 
irrigation interval and vice versa with irrigation 
level. Meaningfully, the shortest irrigation 
interval, the highest in IW, while it has the same 
trend of irrigation levels. These results could be 
attributed to by decreasing irrigation intervals, 
more frequent watering events were came out 
compared to other longer irrigation intervals. In 
that regard, mean number of irrigations in the 
two seasons were 46, 23, 15 and 11for irrigation 
intervals (3, 6, 9 and 12 days, respectively). 
On the contrary under each irrigation interval, 
increasing irrigation level resulted in high amount 
of irrigation water and vice versa.

The obtained results are emphasized those 
obtained by Khanam and Patra (2015) who stated 
that spike yield of Gladiolus was found maximum 
at 118 mm water use through low cost gravity drip 
system.Therefore, seasonal mean value of IW that 
gave the highest economical yield of freesia could 
be taken as 13.32 cm (1cm. irrigation water depth 
= 42 m3fad-1 = 100 m3 ha-1) which resulted from 
either 9 days and 60% or 12 days and 80% CPE 
as water level.

TABLE 3. Seasonal irrigation water (IW, L pot-1) as affected by different irrigation intervals and irrigation levels 
for freesia in the two seasons

Irrigation water (cm)Irrigation water (L pot-1)Irrigation 
Level

Irrigation 
Intervals Average2nd season1st seasonAverage2nd season1st season

18.8318.8218.8259.1259.1059.401
A

(3 days)

21.6221.6221.6167.8967.9067.872
16.0516.0516.0550.4050.3950.413
13.2813.2913.2841.7141.7241.694
18.8318.8218.8359.1259.1059.141

B
(6 days)

21.6221.6321.6167.9067.9267.872
16.0416.0216.0550.3650.3050.423
13.2913.2913.2841.7141.7341.694
17.9117.9017.9256.2356.2056.261

C
(9 days)

20.5220.5220.5164.4364.4361.412
15.3415.3615.3248.1748.2248.113
12.5812.4212.7339.4839.0039.964
16.3116.3116.3251.2251.2051.241

D
(12 days)

18.6118.6118.6058.4158.4258.392
14.0514.0614.0444.1344.1644.093
11.7611.7511.7636.9236.9036.944

1-(100% CPE), 2-(120% CPE), 3-(80% CPE), 4-(60% CPE). CPE= Cumulative pan evaporation, IW,cm= IW,L.pot-1/ 314 (surface area 
of pot).
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Predicting air temperature and pan evaporation 
inside greenhouse

It is useful to predict both air temperature and 
pan evaporation inside the greenhouse (Tin and 
Ep in). In this regard two regression equations 
represent the values of Tin and Epin as affected 
with the corresponding values in the outdoor (Fig. 

1 and 2). So, to determine the amount of irrigation 
water should be applied to the growing crops 
under the greenhouse conditions, it is useful to 
use such relationships. In other words more effort 
could be gained by predicting the evaporation 
inside the greenhouse and hence applied irrigation 
water could be determined.
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Irrigation water productivity 
Irrigation water productivity as stated 

before reflects the capability of applied waterin 
producing the marketable yield. The relationship 
between yield of freesia flower and different 
applied irrigation water (IW) under each irrigation 
interval is presented in Table 4. Here with, for 
freesia, there are two main marketable yields; 
fresh spikes and fresh new corms. Regarding 
fresh weight of spike, it is clear from the data in 
Table 4 that the highest values of IWP in the two 
seasons are obtained from irrigating freesia each 
9 days with 60% CPE as water level (Trt.C4), 
with an average of 0.7 g.cm-1. On the contrary, 
the corresponding lowest values of IWP were 
recorded under 3 days and 100% level (Trt.A1), 
with an average of 0.27g/cm.

For fresh weight of new corm, data presented 
in that Table show that the highest values of IWP 
were achieved from 12 days interval and 60% 

level (Trt.D4) in the first season and from Trt.C4 
in the second season with 0.48 and 0.46g.cm-3, 
respectively. On the other hand, the lowest values 
of IWP were recorded under 3 days and 120% (Trt.
A2) with an average of 0.09g.cm-1. It should be 
notified that the lowest irrigation level of 60% is 
associated with the highest values of IWP because 
of irrigation water is the dominator of the equation 
of computing IWP. In other words, decreasing 
IW, higher values of IWP could be attained and 
vice versa. Therefore, as illustrated in Figure 
1, it is clear that 1 cm. irrigation water produce 
maximum 0.7g fresh spike and 0.43 g fresh new 
corm under the pot cultivation in greenhouse. The 
obtained results are in the same direction with that 
reported by Fereres and Soriano (2007) who stated 
that irrigation management in arid and semi-arid 
regions will shift from emphasizing production 
per unit area towards maximizing the production 
per unit of water consumed.

TABLE 4. Irrigation water productivity (IWP, gcm-1) as affected by different irrigation intervals and levels for 
freesia in the two seasons

IWP, fresh weight of new cormIWP, fresh weight of spikeIrrigation 
Level

Irrigation 
Intervals Average2nd season1st seasonAverage2nd season1st season

0.140.110.160.270.290.241
A

(3 days)
0.090.080.100.290.290.292
0.200.200.190.460.470.453
0.270.280.250.510.490.534
0.170.180.160.380.390.361

B
(6 days)

0.120.110.120.280.320.242
0.250.240.250.490.510.473
0.350.350.340.570.590.544
0.190.190.190.450.450.441

C
(9 days)

0.130.110.150.380.380.372
0.310.310.300.550.570.533
0.420.460.370.700.740.654
0.220.220.220.470.480.461

D
(12 days)

0.190.190.190.420.410.432
0.400.400.400.510.510.513
0.430.380.480.590.600.574

1-(100% CPE), 2-(120% CPE), 3-(80% CPE), 4-(60% CPE). CPE= Cumulative pan evaporation

Fig. 3. Productivity of 1cm IW of fresh weight of spike and new cormvegetative parameters.
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Plant height 
As shown in Table 5, it is clear that plant 

height of freesia is highly significant affected with 
both irrigation intervals and levels, i.e. irrigation 
scheduling. The highest plant height 47.67 and 
53.67 cm were recorded under irrigation interval 
of 12 days and 120% water level (Trt.D2) in the 
two seasons, respectively. On the other hand, the 
lowest plant height values of 28.50 and 29.67 
cm were recorded under 6 days + 100% CPE 
and 9 days + 60% CPE in the first and second 
season, respectively. So, to achieve the highest 
plant height of freesia cultivated under protected 
greenhouses, 12 days as irrigation interval along 
with 120% CPE as irrigation level (Trt.D2) could 
be executed. 

Number of leaves/plant
It is obvious from data present in Table 5, 

that irrigation scheduling has a significant effect 
on number of leaves/plant. Where as, either 
different irrigation intervals or levels has no 
individualimpact on that trait. The highest values 
10.67 and 10.00 leaves /plant were recorded under 
3 days, 60% water level (Trt.A4) or 12 days and 
120% (Trt.D2) in the first and second season, 
respectively. So, the highest number of leaves/
plant was obtained under 3 days + 60% (Trt.A4) 
or 12 days + 120% (Trt.D2) i.e. by decreasing 
both irrigation interval and level or increasing 
both of them.

Leaf area
Irrigation scheduling has a significant effect 

on that parameter as shown in Table 5. The 
highest leaf area values 15.89 and 19.83 cm2 for 
freesia plant were recorded under 3 days irrigation 
interval and 100% irrigation level (Trt.A1) in the 
two seasons. Therefore, to attain the highest leaf 
area for freesia under the protected greenhouse 
pots cultivation, frequent irrigation interval of 3 
days with 120% CPE as irrigation level (Trt.A2) 
could be practiced. 

Fresh and dry weight of vegetative growth 
Results of fresh weight as present in Table 5, 

show significant difference between treatments 
due to different irrigation scheduling. The highest 
values 11.27 and 11.50 g were obtained from 
irrigation interval 12 days with 120% irrigation 
level (Trt.D2) in the two seasons. For irrigation 
level factor, it is cleared that 120% followed by 
80% has the highest rank in the two seasons, while 
12 days irrigation interval is the most suitable 
in connection with that trait of fresh weight of 
vegetative growth. Regarding dry weight of 

vegetative growth, it is clear from Table 5, that 
irrigation scheduling has a significant effect on 
that parameter. The highest values 3.50 and 3.17 
g were recorded under 3 days and 60% irrigation 
level (Trt.A4). For the effect of irrigation level, 
it is clear that 80% has the first rank in the two 
seasons. Further more, 3 days has the highest 
rank in the first season and nodifference among 
the investigated irrigation intervals in the second 
season.

The obtained findings are in the same line with 
that stated by Lin et al. (2011) who reported that 
optimizing water management is an important 
step in order to determine the effects of water on 
the growth period of ornamental plants as well 
as their visual quality. Moreover, Bazaraa et al. 
(2012) pointed out that all growth parameters 
of Gladiolus cv. Novalux were progressively 
decreased by prolonging irrigation intervals, 
such as plant height, spike stem length and rachis 
length. So, to attain the highest fresh and dry 
weights of vegetative growth, 12 days as irrigation 
interval and 120% CPE as irrigation level could 
be implemented. Therefore, by applying 12 days 
and 120% level, the highest values of plant height, 
number of leaves per plant and fresh and dry 
weights of leaves were recorded. Meanwhile, 3 
days irrigation interval and 120% level gave the 
highest leaf area of freesia.

Flowering characteristics
Flowering date 
The flowering date significantly affected with 

different irrigation scheduling (Table 6). The 
longer duration 135 and 136 days after planting 
(DAP) were recorded under 6 days and 120% 
level (Trt.B2), while the earliest days 101.67 and 
100.33 are recorded under 3 days and 80% level 
in the two seasons, respectively. 

Spike length
Data obtained in Table 6, revealed that there 

is a significant effect of irrigation scheduling on 
spike lengthin the two seasons, the longestspikes 
12.37 and 13.70 cm were recorded under 3 days 
and 80% irrigation level (Trt.A3), while the 
shortest 8.83 and 8.50 cm were registered under 
the treatment A1 of 3 days and 100% (control). 
Irrigation level of 80% has the highest effect in 
the two seasons, while there was no effect for 
different irrigation intervals on that parameter. In 
other words, irrigation level is the most effective 
factor on spike length.
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Rachis length (cm)
Datain Table 6, showed a significant effect of 

irrigation scheduling on rachis length in the two 
seasons. In this regard, the longest rachis 7.93 
cm was recorded in the first season under 6 days 
and 80% level (Trt.B3). In the second season, the 
highest value 7.33 cm was achieved undereither12 
days and 120% (Trt.D2) or 3 days and 80% (Trt.
A3). On the contrary, the shortest values 4.50 
and 4.97 cm were resulted under 3 days and 
100% (Trt.A1) in the two seasons, respectively. 
Irrigation with 80% is the most effective level on 
that parameter in the first season, while irrigation 
with either 80 or 60% has the same effect in the 
second season. In connection with the impact of 
irrigation interval, watering each 6 days has the 
highest value in the first season and no difference 
among irrigation intervals in the second season.

Number of florets/spike
As shown in Table 6, it is cleared that 

irrigation scheduling has a significant effect on 
that parameter. In the first season, the highest 
value 7.67 was recorded under different irrigation 
intervals and levels; 3days and 60% (Trt.A4), 6 
days and 80% (Trt.B3) and 12 days and 120% 
(Trt.D2). In the second season, the highest value 
8.00 was obtained under 12 days and 120% (Trt.
D2). On the contrary, the lowest values 4.67 and 
5.00 were recorded under 3 days and 100% water 
level (Trt.A1) in the two seasons, respectively. 
For irrigation level factor, the highest values were 
obtained under either 80 or 60% in the two seasons. 
Moreover, in the two seasons, no significant effect 
of the tested irrigation intervals on that parameter. 
The obtained results are in harmony with that 
obtained by Taylor et al. (2008), who reported that 
the maximum flower yield and the best quality of 
carnations were obtained when the soil moisture 
tension was kept at 45 kPa. Therefore, number 
of florets /spike is mainly affected with the water 
level i.e. the amount of applied irrigation water. 
The most effective irrigation level is either 80% 
or 60% CPE.

Fresh and dry weight of spike
The impact of irrigation scheduling on fresh 

and dry weight of spike is significant as shown 
in Table 6. In the two seasons, the highest 
values 8.30 and 9.13 g as fresh weight, while 
the corresponding values 2.57 and 2.62 gas dry 
weight were obtained under 9 days and 60% 
irrigation level (Trt.C4). On the other hand, in 
the two seasons, the lowest values 4.47 and 5.43 
g as fresh weight were resulted under 3 days and 
100% irrigation level (Trt.A1). However, for dry 
weight of spike, the lowest values 1.37 and 1.60 

g were recorded under 3days and 100% (Trt.A1) 
in the first season and 3 days and 120% (Trt.A2) 
in the second season, respectively. Regarding 
the impact of irrigation level, the highest values 
of fresh and dry weight were obtained under 
80%. The irrigation interval 9 followed by 12 
days has the first rank for fresh and dry weight 
of spike. Therefore, irrigating freesia each 9 
days with 80% CPE as water level produced the 
highest values of fresh and dry weight of spike.
The obtained results are in the same direction 
with that found by Bazaraa et al. (2012) who 
concluded that by prolonging irrigation intervals 
of Gladiolus, number of flowers/spike, number of 
days to flowering and fresh weight of cut spike 
were decreased. So, irrigation scheduling has a 
significant effect on flowering characteristics 
of; flowering date, spike length, rachis length, 
number of florets/spike and fresh and dry weight 
of spike. In general, irrigation interval of 9 days 
with 80% CPE as irrigation level is the most 
effective irrigation scheduling on flowering 
parameters.

Corms and cormels productivity
Fresh weight of new corm/pot 
Irrigation scheduling of freesia has a clear 

significant effect on that economic product of 
new corms present in Table 7. In this regard, 
the highest values 5.60 and 5.68 g are recorded 
under 12 days and 80% level (Trt.D3) in the two 
seasons, respectively. For irrigation level, the 
highest rank of that parameter was visually under 
60%. Furthermore, irrigation interval of 12 days 
produced the highest value in the two seasons. 
Therefore, by implementing irrigation interval of 
12 days with 80% or even 60% CPE as water level 
produced the highest weight of new corm.

Number of cormels
As present in Table 7, it is clear that irrigation 

scheduling has a significant effect on number of 
cormels for freesia flowers in the two seasons. 
In the first season, the highest number 6 was 
recorded three times; under 9 days and 60% level 
(Trt.C4), 12 days and 80% (Trt.D3)and 12 days 
and 60% (Trt,D4), while in the second season, 
the highest number 6.33 was obtained under 12 
days and 80% level (Trt.D3). Regarding the effect 
of irrigation level 60% has the highest value in 
the two seasons. Meanwhile, irrigation interval 
of 9 and 12 days produced the highest number of 
cormels in first and second season, respectively. 
Therefore, irrigation interval of 9 or 12 days 
accompanied with 80 or 60% CPE produced the 
highest number of cormels. 



68

Env. Biodiv. Soil Security Vol. 4 (2020) 

IBRAHIM M. ABDEL-FATTAH  et al.

TA
B

L
E

 6
. E

ffe
ct

 o
f d

iff
er

en
t i

rr
ig

at
io

n 
in

te
rv

al
s a

nd
 le

ve
ls

 o
n 

flo
w

er
in

g 
ch

ar
ac

te
ri

st
ic

s f
or

 fr
ee

si
a 

cu
t-

flo
w

er
 d

ur
in

g 
tw

o 
se

as
on

s

   
   

   
 F

ir
st

 se
as

on
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 S
ec

on
d 

se
as

on
     

     
     

     
     

     
     

     
     

     
     

     
     

     
     

     
     

     
     

     
     

     
    

(A
) I

nt
er

va
ls

 (d
ay

s)
L

ev
el

s B
3 

6 
9 

12
 

m
ea

ns
3 

6 
9 

12
 

M
ea

ns
Fl

ow
er

in
g 

da
te

10
0%

 (C
on

tr
ol

)
12

4.
67

 d
e

12
5.

00
 c

de
12

8.
00

 b
11

3.
67

 h
i

12
2.

83
 a

12
7.

00
 b

12
3.

67
 c

12
9.

00
 b

11
3.

67
 f

12
3.

33
 a

12
0%

12
0.

00
 f

13
5.

00
 a

11
6.

33
 g

11
2.

33
 i

90
.9

2 
b

11
9.

00
 d

e
13

6.
00

 a
11

7.
00

 e
11

2.
00

 fg
12

1.
00

 b
80

%
10

1.
67

 k
12

0.
00

 f
12

7.
67

 b
c

10
8.

33
 j

11
4.

42
 c

10
0.

33
 i

12
1.

00
 d

12
8.

67
 b

10
9.

00
 h

11
4.

75
 c

60
%

11
5.

67
 g

h
12

7.
33

 b
cd

12
7.

00
 b

cd
12

4.
00

 e
12

3.
50

 a
11

1.
00

 g
h

12
8.

33
 b

12
7.

00
 b

12
4.

67
 c

12
2.

75
 a

M
ea

ns
11

5.
50

 b
12

6.
83

 a
12

4.
75

 a
11

4.
58

 b
11

4.
33

 b
12

7.
25

 a
12

5.
42

 a
11

4.
83

 b
Sp

ik
e 

le
ng

th
 (c

m
)

10
0%

(C
on

tr
ol

)
8.

83
 f

10
.1

7 
cd

e
9.

93
 d

e
10

.8
0 

bc
d

9.
93

 c
8.

50
 j

9.
80

gh
10

.9
0 

ef
11

.0
0 

ef
10

.0
5 

c
12

0%
10

.6
7 

cd
9.

37
 e

f
9.

10
 e

f
11

.7
7 

ab
10

.2
3 

bc
9.

60
 g

h
8.

77
 ij

9.
47

 h
i

11
.8

7 
cd

9.
93

 c
80

%
12

.3
7 

a
12

.3
3 

a
10

.7
0 

bc
d

9.
97

 d
e

11
.3

4 
a

13
.7

0 
a

12
.2

3 
bc

11
.1

0 
de

f
10

.4
0 

fg
11

.8
6 

a
60

%
10

.9
0 

bc
d

11
.2

0 
bc

11
.1

3 
bc

9.
37

 e
f

10
.6

5 
b

12
.7

3 
b

10
.9

7 
ef

11
.5

0 
cd

e
9.

63
 g

h
11

.2
1 

b
M

ea
ns

10
.6

9 
a

10
.7

6 
a

10
.2

1 
a

10
.4

7 
a

11
.1

3 
a

10
.4

4 
a

10
.7

4 
a

10
.7

3 
a

R
ac

hi
s l

en
gt

h 
(c

m
)

10
0%

(C
on

tr
ol

)
4.

50
 i

6.
67

 b
cd

5.
70

 e
fa

6.
83

 b
c

5.
93

 b
c

4.
97

 g
6.

13
 d

ef
6.

20
 c

-f
6.

90
 a

b
6.

05
 b

12
0%

4.
80

 h
i

6.
23

 c
de

5.
17

 g
h

7.
20

 b
5.

85
 c

6.
07

 e
f

5.
23

 g
5.

33
 g

7.
33

 a
5.

99
 b

80
%

6.
03

 d
e

7.
93

 a
6.

30
 c

de
5.

97
 e

f
6.

56
 a

7.
33

 a
7.

07
 a

b
6.

70
 a

-d
6.

00
 f

6.
78

 a
60

%
5.

93
 e

f
7.

00
 b

6.
67

 b
cd

5.
30

 fg
h

6.
23

 b
6.

67
 b

-e
6.

80
 a

bc
6.

93
 a

b
6.

13
 d

ef
6.

63
 a

M
ea

ns
5.

32
 c

6.
96

 a
5.

96
 b

6.
33

 b
6.

26
 a

6.
31

 a
6.

29
 a

6.
59

 a
N

um
be

r 
of

 fl
or

et
s /

 S
pi

ke
10

0%
(C

on
tr

ol
)

4.
67

 d
6.

33
 b

c
5.

33
 d

6.
67

 a
bc

5.
75

 b
5.

00
 h

6.
00

 e
fh

6.
33

 d
ef

7.
33

 a
bc

6.
17

 b
12

0%
5.

00
 d

5.
33

 d
5.

00
 d

7.
67

 a
5.

75
 b

5.
67

 fg
h

5.
33

 g
h

5.
33

 g
h

8.
00

 a
6.

08
 b

80
%

7.
00

 a
b

7.
67

 a
6.

33
 b

c
5.

67
 c

d
6.

67
 a

7.
67

 a
b

7.
33

 a
bc

6.
67

 c
de

6.
67

 c
de

7.
08

 a
60

%
7.

67
 a

6.
67

 a
bc

7.
00

 a
b

5.
33

 d
6.

67
 a

7.
33

 a
bc

7.
00

 b
cd

7.
33

 a
bc

5.
67

 fg
h

6.
83

 a
M

ea
ns

6.
08

 a
6.

50
 a

5.
92

 a
6.

33
 a

6.
42

 a
6.

42
 a

6.
42

 a
6.

92
 a

Fr
es

h 
w

ei
gh

t o
f S

pi
ke

 (g
)

10
0%

(C
on

tr
ol

)
4.

47
 g

6.
83

 d
e

7.
83

 a
bc

7.
43

 b
cd

6.
64

 b
5.

43
 h

7.
40

 c
de

8.
10

 b
7.

77
 b

cd
7.

18
 c

12
0%

6.
30

 e
5.

23
 f

7.
50

 a
-d

8.
07

 a
b

6.
78

 b
6.

17
 g

6.
97

 e
f

7.
87

 b
c

7.
70

 b
cd

7.
18

 c
80

%
7.

27
 b

cd
7.

50
 a

-d
8.

07
 a

b
7.

10
 c

de
7.

48
 a

7.
47

 c
de

8.
20

 b
8.

80
 a

7.
23

 d
e

7.
93

 a
60

%
7.

07
 c

de
7.

13
 c

d
8.

30
 a

6.
73

 d
e

7.
31

 a
6.

47
 fg

7.
87

 b
c

9.
13

 a
7.

00
 e

f
7.

62
 b

M
ea

ns
6.

28
 d

6.
68

 c
7.

93
 a

7.
33

 b
6.

38
 c

7.
61

 b
8.

48
 a

7.
43

 b
D

ry
 w

ei
gh

t o
f s

pi
ke

 (g
)

10
0%

(C
on

tr
ol

)
1.

37
 f

1.
49

 e
f

1.
90

 c
de

2.
21

 a
bc

1.
74

 b
1.

88
 d

e
1.

76
 d

e
1.

93
 c

de
2.

30
 a

bc
1.

97
 a

b
12

0%
1.

61
 d

ef
1.

88
 c

de
1.

80
 c

-f
2.

42
 a

b
1.

93
 a

b
1.

60
 e

1.
76

 d
e

1.
84

 d
e

2.
42

 a
b

1.
90

 b
80

%
1.

88
 c

de
2.

05
 b

cd
2.

13
 b

c
1.

91
 c

de
1.

99
 a

1.
95

 c
de

2.
48

 a
b

2.
09

2.
02

 c
d

2.
13

 a
60

%
1.

76
 c

-f
1.

85
 c

de
2.

57
 a

1.
52

 e
f

1.
93

 a
b

1.
73

 d
e

2.
12

 b
cd

2.
62

 a
1.

96
 c

de
2.

11
 a

M
ea

ns
1.

66
 c

1.
82

 b
2.

10
 a

2.
01

 a
1.

79
 b

2.
03

 a
2.

12
 a

2.
18

 a
M
ea
ns
 w
ith
 th
e 
sa
m
e 
le
tte
r (
s)
 a
re
 n
ot
 si
gn
ifi
ca
nt
ly
 d
iff
er
en
t a
t 5
%
 D
un
ca
n 
m
ul
tip
le
 ra
ng
e 
te
st.



69

Env. Biodiv. Soil Security Vol. 4 (2020) 

IRRIGATION SCHEDULING AND ITS IMPACTS ON FREESIA-WATER PRODUCTIVITY...

Fresh weight of cormels
Irrigation scheduling has a pronounced 

significant effect on fresh weight of cormelsin the 
two seasons as figurate in Table 7. The highest 
values 5.82 and 6.96 g are recorded respectively 
under 12 days and 80% level (Trt.D3) in the two 
seasons. On the other hand, the lowest values 2.98 
and 2.25 g in the two seasons were respectively 
obtained under 3 days and 120% (Trt.A2). The 
obtained results are in a good agreement with 
that reported by Youssef (2013) on gladiolus 
concluding that decreasing the amount of 
irrigation water i.e. irrigation with 80 or 60% of 
evapotran spiration (ETc) significantly decreased 
the number of cormels per plant, cormels fresh 
weight and diameter and weight of corm in 
comparison with 100% ETc. Moreover Bazaraa 
et al. (2012) stated that all corms and cormels 
parameters of Gladiolus were gradually increased 
by prolonging irrigation intervals. So, the highest 
values of fresh weight of cormels have the same 
trend with elongating irrigation interval and 
vice versa regarding irrigation level. Therefore, 
irrigating freesia each 12 days with 80% CPE 
as water level produced the highest values of 
corm productivity and its attributes of number of 
cormels and fresh weight of cormels.

Total chlorophyll
Irrigation scheduling has a clear significant 

effect on total chlorophyll content of freesia 
flowers as show in Table 8. The highest values 
47.57 and 48.00 in the two seasons, respectively 
were recorded under 12 days interval and 60% 
irrigation level (Trt.D4). On the contrary, the 
lowest values 35.90 and 36.30 were obtained in the 
two seasons, respectively under 3 days and 120% 
irrigation level (Trt.A2). Meaningfully, the highest 
values of total chlorophyll were recorded under 
the less irrigation level and the longest irrigation 
interval.  In other words, total chlorophyll content 
of freesia flowers was increased by increasing 
irrigation interval and decreasing the applied 
irrigation level. In Contrary, decreasing the 
amount of irrigation water from 1882 to 1129 
m3. fad-1 (1fad=0.42 ha) on gladiolus caused 
significant reduction in both chlorophyll a,b 
and chlorophyll a+b (Youssef 2013). Therefore, 
in general, productivity of corms and cormels 

expressed with their items; fresh weight of new 
corm, number of cormels and fresh weight of 
cormels which considered as the main economic 
production of freesia flowers could have the same 
trend with elongating irrigation intervals and 
decreasing applied irrigation level. Moreover, 
total chlorophyll has the same direction with that 
of corms productivity.

Conclusion                                                                    

The obtained results revealed that irrigation 
intervals and levels play an effective role on freesia 
grown in pots under plastic greenhouse regarding 
its attributes of vegetative, flowering and yield. 
Mean seasonal irrigation water that gives the 
highest values of economical yield of fresh 
weight of both spike and new corm was 13.32cm 
recorded under 9 days + 60% or 12 days +80%, 
respectively. The stated irrigation scheduling 
gave also the highest values of irrigation water 
productivity of 0.7g fresh spike and 0.43g fresh 
weight of new corm’. Irrigation interval of 12 
days with 120% CPE as water level followed 
by 3 days and 60% had the highest values of 
vegetative characteristics except leaf area which 
was recorded under 3 days and 120%. Irrigation 
interval of 9 days and 80% CPE as irrigation 
level is the most effective irrigation scheduling 
on flowering parameters. The economical yield 
of freesia cut flower crop includes two main 
products of fresh weight of both spike and new 
corm. Irrigation interval of 9 days and 60% 
produced the highest fresh weight of spike, where 
as 12 days and 80% produced the highest weight 
of new corm. The highest total chlorophyll was 
determined under 12 days and 60%. Therefore, 
it could be concluded that irrigating freesia cut 
flower each 12 days with 80% water level gave 
the highest yield as well as most of the studied 
parameters. That finding was obtained for pot 
cultivation with mixed soils of clay and sand 
(1:1). Irrigation amount for different irrigation 
intervals for freesia was computed based on pan 
evaporation under plastic greenhouse in North 
Nile Delta. Lastly but not last, further studies 
should be carried out to emphasize the role of 
irrigation on ornamental crops owing to achieve 
the goal of “produce more per less”.
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