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ABSTRACT 

Gladiolus is one of the most floral plants produced over in the world. In this investigation we 
tested the effect of using substrate soilless culture technique on the plant growth, flowering and corms 
production of Gladiolus cv. "chinon". Three types of soilless culture substrates were put under 
investigation as follow; mixture of sand and rice husk (1:1 v/v), mixture of peat moss: rice husk (1:1 
v/v) and perlite 100%. different measurements of Gladiolus cv. "chinon" were recorded during the 
experimental time such as: number of days taken for plant emergence, plant height, leaf width, fresh 
and dry weights of the remaining aerial parts, number of spikes per m2, number of florets per spike, 
number of days from cultivation to flower bud initiation, number of days from cultivation to 
appearance of first color, number of days from cultivation to corm harvesting, spike length, spike base 
diameter, spike fresh  and dry weights, number of corm and cormels per m2, the corm diameter, the 
average of fresh weight of one corm, the average dry weight of one corm, the chlorophyll content in 
leaves, percentages of nitrogen, phosphorus and potassium in the remaining aerial parts. Among the 
tested substrates the results show that the peat moss: rice husk (1:1 v/v) is the best substrate for 
Gladiolus production of flowers and corms. Gladiolus plants grown in peat moss: rice husk substrate 
gave the highest values inclouding plant height, leaf width, fresh and dry weights of the remaining 
aerial parts, number of spikes per m2, number of florets per spike, spike length, spike base diameter, 
spike fresh and dry weight, number of corm and cormels per m2, The corm diameter, The average of 
fresh and dry weights of one corm, chlorophyll content in leaves and potassium percentages in the 
remaining aerial parts. 
 
Keywords: Gladiolus, chinon, spike, corm, soilless, substrates, container, perlite, rice husk and sand. 

 
Introduction 
 

Gladiolus is very popular among ornamental bulbous plants mainly used as cut flower and 
greatly demanded in the world floral market. Production of inferior quality spikes is one of the major 
hurdles for their export. There is high demand of gladiolus in the world as cut flower. In USA, 60 
million gladiolus spikes were sold in the market having worth of 16 million dollars which is 4.5% of 
total produced cut flowers in 2011 (Sajjad  et al, 2014). Fusarium spp. causes yellowing, corm rot, 
browning of foliage and wilting in gladiolus. It reduces the quality, yield and market value of 
gladiolus. This disease is caused by the Fusarium species; namely Fusarium oxysporum f. sp. 
gladioli, F. solani, F. moniliforme and F. roseum in gladiolus. F. oxysporum f. sp. gladioli (Massay) 
Snyder and Hansen is the most common and worldwide in distribution. The fungus can survive in soil 
indefinitely as mycelium, clamydospores, microconidia and macroconidia. Infected corms show tissue 
discoloration. The corms become softened, wrinkled and mummified in storage. Despite many 
attempts to control this disease, the problem is still important world wide. The management practices 
generally employed for its control (Chandel and Deepika, 2010) Fusarium rot caused by Fusarium 
oxysporum f.sp. gladioli (Fog) is one of the most serious diseases of Gladiolus, both in the field and in 
stored bulbs (Lakshman et al, 2012). Thus, soil has been replacing by many organic and inorganic 
substrates, since they are disease and pest free inert material capable of holding required sufficient 
moisture and can be reused year after year (Asaduzzaman et al, 2015).  
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Soilless culture has predominant influence on the floriculture industries and can provide means 
of best quality flowers production throughout the year (Ahmed et al, 2012). The main reason of need 
for soil to soilless culture for horticultural crops is the problem related to proliferation of soil borne 
pathogen in the soil cultivation. Research studies reported that commercial production of greenhouse 
with soilless media adopted to reduce economic losses caused by soil-borne pathogens (Riviere and 
Caron, 2001). The need for soilless culture arose from plant protection issues with soil-borne 
pathogens and environmental regulations against groundwater pollution with industrial effluents, 
nitrate and pesticides. Soilless substrates either having organic or inorganic ingredients have been 
used as for finding suitable growing media for horticultural crop production.  

The types of raw material used vary according to their domestic availability in the world. Raw 
materials variations in different substrate influence the plant growth and development directly and/or 
indirectly. Thus selection of ideal substrate from various materials is imperative for productivity of 
each crop (Olympios, 1995). Increasing difficulties with greenhouse production is often due to soil 
borne root diseases. the crop yield can be limited even after soil sterilization as the disease organisms 
are persistent in the soil below the depth reached by normal doses of soil sterilants. This situation is 
common in old greenhouses. The problem can be solved by changing to soilless grown methods 
which can protect the crops from soil borne diseases (El Sharkawi et al, 2014). Most greenhouse 
grower use a peat based substrate for growing their crops; however there is a trend towards using 
alternative substrates such as rice hulls. Growers are continually looking to replace perlite in their 
growing mixes as perlite is a non renewable, inorganic rock. Some growers are experimenting with 
using rice hulls in their substrate mixes while others use it to top-dress containers. The hulls are a by-
product of the rice milling industry. Rice hulls can either be fresh or parboiled. Fresh rice hulls are the 
direct product after milling rice. Whole rice hulls are naturally high in silicon which decreases 
degradation. Similar to perlite, rice hulls increase the drainage and porosity of a substrate (Lindberg, 
2018).  

This study investigates the effect of different substrate types on the plant growth, flowering and 
corms production of gladiolus cv. "chinon". 
 
Materials and Methods 

An experiment was conducted under greenhouse conditions in the experimental sites of Central 
Laboratory for Agricultural Climate (CLAC), Agriculture Research Center, Ministry of Agriculture 
and Land Reclamation, Dokki, Giza, Egypt and Ornamental Horticulture Department, Faculty of 
agriculture, Cairo University, Giza, Egypt, during seasons of 2016 and 2017. The experiment was 
done to study the different types of soilless culture substrates for growth, flowering and quality of 
Gladiolus cv. "chinon". 
 
Treatments 
         Three types of soilless culture substrates have been put under investigation in this experiment as 
follow; 
Mixture of sand and rice husk (1:1 v/v) 
Mixture of peat moss: rice husk (1:1 v/v) 
Perlite 100%. 

These substrates were tested concerning growth, flowering and quality of Gladiolus cv. 
"chinon". 
 
Plant materials 

Imported Gladiolus corms cv. "chinon” used in this experiment. Gladioluse (cv. chinon) has a 
white flowers. The planting depth was between 5- 6 cm at the three different substrates. The planting 
time was April 2016 for the first season and April 2017 for the second season. The corms were treated 
with a fungicide before planting. The planting density was 10 corms per m2.  
 
The container system 

The container system has been used in this experiment. The container system consisted of 
rectangular polyethylene containers (70 cm length × 50 cm width × 25 cm depth), using a closed 
irrigation system 
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The nutrient solution 

 
The nutrient solution described by El-Behairy, (1994) was used in this experiment 

.Concentrations of macro and micro elements in the nutrient solution are illustrated in Table (1). The 
Electrical Conductivity (EC) was adjusted at the range of 2.0- 2.5 m.mhos-1 throughout the 
experimental time. Digital EC meter was used to adjust the EC to the required level. 
 
Table 1: Composition of the nutrient solution 

Elements Concentrations (ppm) 
Nitrogen 250 
Phosphorus 35 
Potassium 350 
Calcium 180 
Magnesium 50 
Iron 3 
Manganese 1 
Copper 0.1 
Zinc 0.06 
Boron 0.1 
Molybdenum 0.01 

 

Harvesting 
          The experiment was extended from the beginning of April to the end of December in both 
seasons 2016 and 2017. The flowering spikes were harvested when the basal floret revealed color. 
After harvesting, the rest of the plants were lifted in substrate to help forming the corms. The new 
corms were collected when the aerial parts of the plant turned yellow.  
 
The measurements 
Plant growth measurements No. of days from cultivation to plant emergence 
Plant height (cm) Leaf width (cm) 
Fresh weight of remaining aerial parts (g/ plant) Dry weights of remaining aerial parts (g/plant) 
The spikes measurements 
No. of spikes per m2 No. of florets per spike 
No. of days from cultivation to flower bud 
initiation 

No. of days from cultivation to appearance of 
first color 

No. of days from cultivation to corm collection Spike length (cm) 
Spike base diameter (cm) Spike fresh weight (g) 
Spike dry weight (g)  
The corms measurements 
number of cormels per m2 corm diameter (cm) 
average of fresh weight of one corm (g) average dry weight of one corm (g) 
Chemical measurements: 
chlorophyll content in leaves (nmol/cm2) Nitrogen percentage in leaves (N %) 
Phosphorus percentage in leaves (P %) Potassium percentage in leaves (K %) 
 
Experimental Design and Statistical analysis  
 The experiment was arranged in complete randomized blocks design with three replicates. 
The collected data were analyzed using ANOVA statistical analysis as described by Snedicor and 
Cochran (1980) and the least significant difference (LSD) was used in comparison among means. 
 
Result 
 
 Number of days taken for plant emergence 
 
                 Data in Figure (1) illustrate the effect of different substrate types on the number of days 
from cultivation to plant emergence of Gladiolus. Data collected from the first season indicate that the 
shortest period from cultivation to plant emergence above substrate surface was recorded with the 
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mixture of sand and rice husk (1:1 v/v) (14. 67 days) while the longest period was recorded with 
perlite substrate (25 days). Moreover, all differences among treatments were significant. Similar trend 
was observed in the second season. 

  

Fig. 1: Effect of different substrate types on number of days taken for plant emergence of Gladiolus 
cv. "Chinon" grown during seasons of 2016 and 2017 using soilless culture technology. 

 
Plant height 
               Data in Figure (2) illustrate the effect of different substrate types on the plant height of 
Gladiolus plants. Data collected from the first season illustrate that the mixture of peat moss and rice 
husk (1:1 v/v) gave the highest plant height value (87.50 cm) followed by the mixture of sand and rice 
husk (1:1 v/v) (81.33 cm) and finally perlite substrate (80.67 cm). Furthermore, all the differences 
among treatments were significant except for the difference between sand: rice husk substrate and 
perlite substrate. In the second season the highest value of plant height was in peat: rice husk substrate 
(91.33 cm) followed by perlite (82 cm) substrate then sand: rice husk substrate (74.83 cm). 
Differences among treatments were significant. 

  

Fig. 2: Effect of different substrate types on plant height of Gladiolus cv. "Chinon" grown during 
seasons of 2016 and 2017 using soilless culture technology. 

 
Leaf width 
            Data in Figure (3) illustrate the effect of different substrate types on the leaf width of 
Gladiolus. Data collected from the first season show that the highest leaf width was recorded in peat: 
rice husk substrate (3.42 cm) followed by perlite (3 cm) then sand: rice husk substrate (2.83 cm). The 
differences among treatments were significant. Similar trends were observed in the second season. 
While the lowest values recorded in perlite (3.17cm) 
 
Fresh weight of remaining aerial parts 
          Data in Figure (4) illustrate the effect of different substrate types on the fresh weight of the 
remaining aerial parts of Gladiolus.  Data collected from the first season illustrate that the highest 
fresh weight values were recorded with peat: rice husk substrate (86.85g), followed by sand: rice husk 
substrate (68.11 g) then perlite (56.54 g). There were significant differences between all treatments. 
Similar trends were observed in the second season. 
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Fig. 3: Effect of different substrate types on leaf width of Gladiolus cv. "Chinon" grown during 
seasons of 2016 and 2017 using soilless culture technology. 

 

  
 

 
Fig. 4: Effect of different substrate types on the fresh weight of remaining aerial parts of Gladiolus cv. 

"Chinon" grown during seasons of 2016 and 2017 using soilless culture technology. 
 
Dry weights of remaining aerial parts 
 
               Data in Figure (5) illustrate the effect of different substrate types on the dry weight of 
remaining aerial parts of Gladiolus. Data collected from the first season illustrate that peat: rice husk 
substrate gave the highest dry weight value (17.37 g) followed by sand: rice husk substrate (13.62 g) 
and finally perlite (11.31 g). Furthermore, all the differences among treatments were significant. 
Similar trend was observed in the second season. 
 
Number of Spikes per m2 

 

               Data in Figure (6) illustrate the effect of different substrate types on the number of spikes per 
m2 of Gladiolus. Data collected from the first season show that peat: rice husk substrate produced 
more spikes than all other treatments (20) followed by perlite substrate (13.67). On the other hand, 
sand: rice husk substrate recorded the lowest number of spikes (13.33). Furthermore, data show that 
all differences among peat: rice husk substrate and the other treatments were significant, but there 
were insignificant differences between perlite substrate and sand: rice husk substrate. Data show a 
similar trend in the second season, except for significant differences among all the treatment. 
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Fig. 5: Effect of different substrate types on dry weight of remaining aerial parts of Gladiolus cv. 
"Chinon" grown during seasons of 2016 and 2017 using soilless culture technology. 

 

  

Fig. 6: Effect of different substrate types on number of spikes per m2 of Gladiolus cv. "Chinon" 
grown during seasons of 2016 and 2017 using soilless culture technology. 

 
Number of florets per spike 
 
            Data in Figure (7) illustrate the effect of different substrate types on the number of florets per 
spike of Gladiolus. Data collected from the first season show that peat: rice husk substrate gave the 
highest number of florets per spike (12.67) followed by perlite substrate (11.67) and finally sand: rice 
husk substrate (9.33). In addition, all the differences among treatments were significant. The similar 
trend was observed in the second season. 
 

  

Fig. 7: Effect of different substrate types on number of florets per spike of Gladiolus cv. "Chinon" 
grown during seasons of 2016 and 2017 using soilless culture technology. 
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Number of days from cultivation to flower bud initiation 
 
             Data in Figure (8) illustrate the effect of different substrate types on the number of days from 
cultivation to flower bud initiation of Gladiolus. Data collected from the first season show that sand: 
rice husk substrate produced flower buds in a shorter time (84.67 days) than all the other treatments. 
Data also show that Peat: rice husk substrate was earlier for producing flower buds (96 days) than 
Perlite substrate (102.33 days); perlite substrate came at the last position. All differences among 
treatments were significant. In the second season data show that sand: rice husk substrate produced 
flower buds in a shorter time than all other treatments (85 days), Peat: rice husk substrate (93 days) 
and the latest treatment was perlite substrate (96 days). Data show that all differences among 
treatments were significant. 
 

 
 

Fig. 8: Effect of different substrate types on number of days from cultivation to flower bud initiation 
of Gladiolus cv. "Chinon" grown during seasons of 2016 and 2017 using soilless culture 
technology. 

 
Number of days from cultivation to appearance of first color 
 
                  Data in Figure (9) illustrate the effect of different substrate types on the number of days 
from cultivation to appearance of first color on Gladiolus. Data collected from the first season indicate 
that the shortest period from cultivation to the appearance of first color was recorded with sand: rice 
husk substrate (87.33 days) while the longest period was recorded with perlite substrate (106 days). 
Moreover, all differences among treatments were significant, the same trend was observed in the 
second season.  

  

Fig. 9: Effect of different substrate types on number of days from cultivation to appearance of first 
color on Gladiolus cv. "Chinon" grown during seasons of 2016 and 2017 using soilless culture 
technology. 
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 Number of days from cultivation to corm harvesting 
 
               Data in Figure (10) illustrate the effect of different substrate types on the number of days 
from cultivation to corm harvesting of Gladiolus. Data collected from the first season show that the 
treatment of sand: rice husk substrate produced corms ready to harvest in a shorter time (150 days) 
than all the other treatments. Data also show that peat: rice husk substrate showed earlier indication of  
corm formation (165 days) than all the other treatments. All differences among treatments were 
significant. A similar trend was observed in the second season. 
 

  

Fig. 10: Effect of different substrate types on number of days from cultivation to corm  harvesting of 
Gladiolus cv. "Chinon" grown during seasons of 2016 and 2017 using soilless culture 
technology. 

 

Spike length 
 
                  Data in Figure (11) illustrate the effect of different substrate types on the spike length of 
Gladiolus. Data collected from the first season illustrate that peat: rice husk substrate produced the 
longest spikes (69.67 cm) followed by perlite (56.50 cm), then sand: rice husk substrate (51.33 cm). 
Moreover, the differences among treatments were significant. In the second season the longest spikes 
recorded with peat: rice husk substrate (63.62 cm) followed by peat: rice husk substrate (53.73 cm), 
then perlite substrate (38.77 cm), there were significant differences among treatments.  
 

 
 

Fig. 11: Effect of different substrate types on the spike length of Gladiolus cv. "Chinon" grown during 
seasons of 2016 and 2017 using soilless culture technology. 

 
 Spike base diameter 
 
           Data in Figure (12) illustrate the effect of different substrate types on the spike base diameter 
of Gladiolus. Regarding first season, data show that plants grown in peat: rice husk substrate recorded 
the highest value for the spike base diameter (1.12 cm) follows by sand: rice husk substrate (0.87 cm) 
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then Perlite (0.60 cm). Moreover, all the differences among treatments were significant. Similar trends 
were observed in the second season. 
 

  

Fig. 12: Effect of different substrate types on the spike base diameter of Gladiolus cv. "Chinon" 
grown during seasons of 2016 and 2017 using soilless culture technology. 

 
Spike fresh weight 
 
             Data in Figure (13) illustrate the effect of different substrate types on the spike fresh weight of 
Gladiolus. Data collected from the first season illustrate that peat: rice husk substrate gave the highest 
spike fresh weight value (60.17g) followed by perlite (52.65g) and finally sand: rice husk substrate 
(46.33g). All the differences among treatments were significant. Similar trend was observed in the 
second season. 
 

  

Fig. 13: Effect of different substrate types on the spike fresh weight of Gladiolus cv. "Chinon" grown 
during seasons of 2016 and 2017 using soilless culture technology. 

 
Spikes dry weight 
 
           Data in Figure (14) illustrate the effect of different substrate types on the spike dry weight of 
Gladiolus. Data collected from the first season show that the highest spikes dry weight values were 
recorded with peat: rice husk substrate (13.24g), while the lowest values were recorded with sand: rice 
husk substrate (10.19g). The difference between treatments was significant. Similar trends were 
observed in the second season. 
 
The number of cormels per m2 
 

                   Data in Figure (15) illustrate the effect of different substrate types on the number 
of cormels per m2of Gladiolus. Data collected from the first season show that peat: rice husk 
substrate produced more cormels than all the other treatments (18.67) followed by sand: rice 
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husk substrate (15) then perlite substrate (14). Furthermore, data show that all the differences 
among treatments were significant. Data show a similar trend in the second season except for 
the substrate of sand: rice husk (14.33) record lower number of cormels production than 
perlite treatment (14.67) and there was insignificant different between both of sand: rice husk 
substrate and perlite treatment. 
 

  

Fig. 14: Effect of different substrate types on the spike dry weight of Gladiolus cv. "Chinon" grown 
during seasons of 2016 and 2017 using soilless culture technology. 

 
 

Fig. 15: Effect of different substrate types on number of cormels per m2 of Gladiolus cv. "Chinon” 
grown during seasons of 2016 and 2017 using soilless culture technology. 

 
The corm diameter 
 
                 Data in Fig (16) illustrate the effect of different substrate types on the corm diameter of 
Gladiolus. In the first season, data show that the highest corm diameter was recorded in peat: rice 
husk substrate (8.29 cm) while the lowest value was recorded in perlite substrate (5.84 cm). 
Moreover, sand: rice husk substrate gave higher corm diameter values (7.32 cm) than perlite substrate. 
Furthermore, data indicate that differences among treatments were significant. Similar trends were 
observed in the second season. 
 
The average corm fresh weight  
 
             Data in Figure (17) illustrate the effect of different substrate types on the average corm fresh 
weight of Gladiolus. Regarding the first season, data show that the highest average of fresh weight of 
one corm values were recorded in peat: rice husk substrate (75.87g), then sand: rice husk substrate 
(54.57g) and finally perlite (48.07g) gave the lowest values. Furthermore, differences among 
treatments were significant. Similar trends were observed in the second season. 
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Fig. 16: Effect of different substrate types on corm diameter of Gladiolus cv. "Chinon" grown during 
seasons of 2016 and 2017 using soilless culture technology. 

 

 
 

Fig. 17: Effect of different substrate types on the average of fresh weight of one corm of Gladiolus cv. 
"Chinon" grown during seasons of 2016 and 2017 using soilless culture technology. 

 
The average corm dry weight 
 
            Data in Figure (18) illustrate the effect of different substrate types on the corm dry 
weight of Gladiolus. Data collected from the first season show that the highest dry weight 
values were recorded with peat: rice husk substrate (55.53g), while the lowest values were 
recorded with perlite substrate (28.95g). The difference between peat: rice husk substrate and 
all the other tested substrates was significant. Similar trends were observed in the second 
season. 
 

  

Fig. 18: Effect of different substrate types on the average of dry weight of one corm of Gladiolus cv. 
"Chinon" grown during seasons of 2016 and 2017 using soilless culture technology. 
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Chlorophyll content in leaves 
 
          Data in Figure (19) illustrate the effect of different substrate types on chlorophyll content in 
leaves of Gladiolus. Regarding the first season, data show that the highest chlorophyll content was 
recorded with peat: rice husk substrate (67.20 nmol/cm2) while the lowest value was recorded with 
perlite substrate (56.87 nmol/cm2). The difference between treatments was significant. The same trend 
was observed in the second season, but the difference among perlite substrate and sand: rice husk 
substrate was not significant. 
 

  
 

Fig. 19: Effect of different substrate types on chlorophyll content in leaves of Gladiolus cv. "Chinon" 
grown during seasons of 2016 and 2017 using soilless culture technology. 

 
Nitrogen percentage in leaves  
 
                 Data in Figure (20) illustrate the effect of different substrate types on the nitrogen 
percentage (N %) in leaves of Gladiolus. Data collected from the first season indicate that the highest 
N % was recorded with perlite substrate (1.88 %) followed by peat: rice husk substrate (1.55%) while 
the lowest value was recorded with sand: rice husk substrate (1.44%). There were no significant 
differences among treatments. In the second season the highest N% was recorded with peat: rice husk 
substrate (1.62%) followed by peat: rice husk substrate (1.52%). then perlite substrate (1.11%) there 
were significant differences among treatments.  
 

  

Fig. 20: Effect of different substrate types on nitrogen percentage in leaves of Gladiolus cv. "Chinon" 
grown during seasons of 2016 and 2017.  

 
Phosphorus percentage in leaves 
 
          Data in Figure (21) illustrate the effect of different substrate types on the phosphorus 
percentage (P %) in leaves of Gladiolus. Data collected from the first season indicate that the highest 
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P % was recorded with perlite substrate (0.41%) while the lowest value was recorded with sand: rice 
husk substrate (0.28%). Furthermore, all the differences among treatments were no significant. In the 
second season the highest value was recorded with peat: rice husk substrate followed by perlite 
substrate (0.25%) then sand: rice husk substrate (0.21%) and all the differences among treatments 
were significant. 

  

Fig. 21: Effect of different substrate types on phosphorus percentage in leaves of Gladiolus cv. 
"Chinon" grown during seasons of 2016 and 2017 using soilless culture technology. 

 
Potassium percentage in leaves  
 

Data in Figure (22) illustrate the effect of different substrate types on the potassium percentage 
(K %) in leaves of Gladiolus. Data collected from both seasons show that the highest K % was 
recorded with peat: rice husk substrate (1.58 %) while the lowest value was recorded with sand: rice 
husk (1.45%) substrate. There were significant differences among treatments. The same trend was 
observed in the second season except for the lowest value which was recorded with perlite substrate 
(1.52%).  
 

  

Fig. 22: Effect of different substrate types on potassium percentage in leaves of Gladiolus cv. 
"Chinon" grown during seasons of 2016 and 2017 using soilless culture technology. 

 
Discussion 
 
             From the overall results, it is clear that using the substrate mixture of peat moss and rice husk 
(1:1 v/v) gave more yield with high quality of Gladioluse spikes and corms, This could be a result of 
improving the growing conditions in the root zone resulting from better physical and chemical 
properties of the growing media which increase water and nutrient uptake. This was reflected on 
better vegetative growth. This better vegetative growth improved spike and corms production. A 
suitable combination of different growing substrate components positively influences the growth and 
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yield of horticultural crop production (Rahman et al, 2017). Furthermore, Incorporation of peat moss 
substrate to rice husk substrate improves the physical and chemical properties of rice husk mainly the 
air-water relationship. Incorporation of coarser materials into the substrate components could improve 
the aeration and drainage status of the substrate mixtures (Sambo et al., 2008). Issa et al., (1999) 
recorded that using peat moss based substrates gave more yield with high quality of flower comparing 
with single substrate. Maloupa et al., (2001) reported that mixed substrates can maintain favorable 
physical conditions over longer period than the single substrate. 
 
Conclusion 
 
        "Peat moss: rice husk 1:1 v/v " substrate gave the best results of the Gladiolus growth parameters 
and the production of both of spikes and corms. It’s clear that substrate culture can be used 
successfully for producing Gladiolus.  
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